Description Title of Invention: HYDROGENATED BLOCK COPOLYMER CRUVMB, AND

METHOD FOR PRODUCI NG THE SAME Technical Field [0001] The present
invention relates to a hydrogenated bl ock copol ymer crunb, and a nethod for
produci ng the sane. Background Art [0002]- Si nce hydrogenat ed bl ock

copol ynmers whi ch are hydrogenated substances of bl ock copol yners conposed
of a vinyl aromatic hydrocarbon and a conjugated di ene have properties
excel lent in inpact resilience and;dowtemgrature properties, the

hydr ogenat ed bl ock copol yners are conventionally used as a nodi fyi ng agent
to inprove inpact resistance, |owtenperature properties, processability
and the |ike of thernoplastic resins. Conposi tions of the hydrogenated
bl ock copol¥yinere and ntderimpl astirogmReiTs A droadinowsek iagrihe fiel ds of
el ectric and el ectroni c conponents, autonobile conponents, various types of
i ndustri al Bonposgnt!s, @i IR0 BEMOditHes /afd the |1 ke

Technical Field
[0001]

The present invention relaltes to a hydrogenated
blcck copelymer crumb, and a method for producing the

same .

Background Art
[G002]

Since hydrogenated block copolymers which are
hydrogenated substances of block copolymers composed of a
vinyl aromatic hydrocarbon and a conjugated diene have
properties excellent in impact resilience and low-
temperature properties, the hydrogenated block copolymers
are conventionally used as a modifying agent to improve
impact resistance, low-temperature properties,
processability and the like of thermcoplastic resins.

Compositions of the hydrogenated block copolymer and
a thermeoplastic resin are broadly used in the fields of
electric and electronic components, automobile components,
various ltypes of industrial components, daily commodities

and the like.



2 Since particularly high-nol ecul ar wei ght hydrogenated bl ock copol yners
are excellent in nechanical properties besides the above-nentioned vari ous
properties, the copolyners are used as materials for various types of

i ndustrial conponents such as electric 4M+e cabl es, and autonobile
conponents by conbining the copolyners with a liquid softening agent such

as an oil, a plasticizer, and a thernoplastic resin such as pol ypropyl ene.
[0003] The, ;abavenentiqned Jhi.ghymplecular wekght, -hydrogenat ed bl ock
copol ynmers are handl ed usually ngt ina formof pellets but in a form of

porous dry jGfdiised N R LaseS Il erder 4o make geod kneadabidditas with an

oil and the like at the tinme of conpoundi ng. Many of nethods of
obt ai ni ng porgus-dres aranhs: oft isuch dhydneganatredi block copotopmrs have
conventional |y been proposed. [0004] For exanple, a nethod is known

whi ch obt aitrise a-qued ywmerr craurdd Jraevd g anamesitaurse feontventicofs I vypeess &% or
| ower by renoving a solvent by steamstripping froma solution of a
hydr ogenat eidi<bisgoki aclopoinpmersrobt aiuted doy < ccopoly meniez atdloe sst epdand a
hydr ogenati on step, and thereafter dehydrating and drying the resultant by
an extrusi o ideHydirat srongrerexanpl €;0M8de 1Pt erte Dogiietites 51 vddd' 2) . [ 0005]
liguid softening agent such as an oil, a plasticizer, and
a thermoplastic resin such as polypropylene.
[CC03]
The above-mentioned high-molecular weight
hydrogenated block copclymers are handled usually not in
a form of pellets but in a form of porous dry crumbs in
many cases in crder to make good kneadabilility with an oil
and the like at the time of compounding.
Many c¢f methods of obtaining porous dry crumbs of
such hydrogenated block copolymers have conventionally
been proposed.
(0004}
For example, a methocd is known which obltains a
polymer crumb having a moisture content of 1 mass % or
lower by removing a sclvent by steam stripping from a
solution of a hydrogenated block copolymer obtained by a
copolymerization step and a hydrcocgenation step, and
thereafter dehydrating and drying the resultant by an
extrusion dehydrator (for example, see Patent Documents 1

and 2).

[0005]



3 As met hods of inproving the oil absorption of a high-nol ecul ar

wei ght hydrogenated bl ock copol ynmer crunb, there are proposed a dehydration
and dryi ng nmethod using an extrusi on dehydrator in which the operational
tenperature of the extruder to dehydrat® -t he hydrogenated bl ock copol yner
crunmb, and the amount of slurry noisture before the crunb is placed in the
extruder are regulated (for exanple, see Patent Docunent 3), and a nethod

of subjecting the Qbé%%gi%”%tfe%ﬁg%ﬁn%OFE%'eyQEﬁ, %‘b%%*fptt%ﬂ EyLng treatment

under a specific tenperature condition by using a hot air drying machi neor

exanpl e, seg; fHatent. Document; 4. H?dé&géﬂ&téQPQ%Qﬁﬂ$Sy%?ﬁl e Docyngnt [ 0006]
Pat ent Docunent 1. Japanese Patent” Laid-Open No. 64-56713 Patent Docunent

2: JapaneserRatentrd aipan No.qdr 89304 Patrent Docuyment: 135q Natiepal
Publ i cation of International Patent Application No. 2002-542963 Pat ent
Docunment 4:an nernadiconaleRubldweat iion WNoi.c WY 5péb2Summary of | nventi on
Probl ens To Be Sol ved By The I nvention [0007]
temperature of the extruder to dehydrate the hydrogenated
block copolymer crumb, and the amount of slurry moisture
before the crumb is placed in the extruder are regulated
(for example, see Patent Document 3), and a method of
subjecting the hydrogenated block copolymer crumb to a
drying treatment under a specific temperature condition

by using a hot air drying machine (for example, see

Patent Document 4}.

Prior Art Documents

Patent Document

[0006]

Patent Document 1: Japanese Patent Laid-Open No. 64-567132
Patent Document 2: Japanese Patent Laid-Open No. Z-189304
Patent Document 3: National Publication of International

Patent Application Neo. 2002-542963

Patent Document 4: International Publication No.

WCO9/5575H2

Summary of Invention
Problems To Be Solved By The Invention

[0007]



However, al though the met hods disclosed in Patent Docunents 1 and 2 are
preferable as a nethod of obtaining a | ow nol ecul ar wei ght hydrogenat ed

bl ock copol ymer crunb, a sufficient property cannot yet be acquired for the
oi |l absorption at the tinme of conpoundit©g-of a hi gh-nol ecul ar wei ght

hydr ogenat ed bl ock copol yner crunb. Probl enms of the high-nol ecul ar
wei ght hydrogenated bl ock copol yner crunbs obtai ned by the nethods

discl osed In Palefle RoCURERLS, 5,00 4 ALG Ak (LhG COmPOUNELNG .

t
processability is still instabl’e, inc ing that at the tinme of conpounding
with a therpmphasti€ resid, 2 anoidrand hhe like, the:@lod ssinats i formy
di spersed entirely in the crunb, and the crunb does not conpletely nelt and

consequent |y 1&MahdS:@sl AN t@ad: po}yrefenaf{008lock cofdiUgnet tob@nan

obj ect of the present invention, in consideration of the above-nentioned
probl ens i na conVéntionalpteehnot agires;t tyoepriovidsya ryddricgendted bl ock

copol yner crunb having such an excel |l ent conpoundi ng processability that in
conpoundi ngalwi ¢ e al athertnoplastine resimmapraices s loid e thelddikiesr t he oi |
I's uniformy dispersed entirely in the crunb, and the anount of remaining
unnel t ed pot§Erts hytHeEewoifpound G's Eupprdssed: T8t a nmet hod for produci ng
t he hydrogenat ed bl ock copol yner crunb.. 5 _[0009] As a result of
exhaustive studifé$tdrme Cdchhicqlid P aCGH PN Y SSGEh &YSTaBIcdadE/pound
processability that in a conmpound qf a high-nolecul ar i ght hydrogenat ed
bl ock copol yHEr* cF b X% h (ng‘f i ﬁgbﬁ%ﬂs‘ﬁ(’g%ﬁésﬁk}ﬁ %%1¥%$&%%W§gent
such as a process. g Lo Lfig. aid Is,ynifornl y. di spersed, entLrely, in the
crunb, and ‘t'he Ambunt” o remal ni ng unmet te pol ynmer s i suppré%sed, t he

present ingg&{};%%,ﬁwdﬁg 'L%};a] hi,gh-.ol ecul ar, yei ght, ;hydr.ogenat ed bl ock

copol yner nmb conprising a vin aromati ¢ hydrocarbon and a conj ugat ed

di ene and hawidng, speghidedanges of 4 he.spegifds surface, area and the
particle dianeter distribution of the crunb, and a met hod for produci ng the

hydr ogenat eghdlaek ciopol wimr ©riunts cenpnisi Ngospec f4:6 dehy dnat i an @and
drying steps, can solve the above-nentioned problens in conventi onal
t echnol ogi eisy @nd dhing fiandi nghdhasrdned daed he>icanpletd ont fnd he present |
venti on.

censequently remains as unmelted polymers.

[G0O08]

Thus, 1t is an object of the present invention, in
consideration of the above-mentioned problems in
conventional technologies, to provide a hydrogenated
block copolymer crumb having such an excellent
compounding processability that in compounding with a
thermeplastic resin, a process cil and the like, the oil
is uniformly dispersed entirely in the crumb, and the
amount of remaining unmelted polymers in the compcund is

suppressed, and a method for producing the hydrogenated

block copolymer crumb.

Means For Solving The Problems



That is, the present invention is as follows. [0010] [1] A
hydr ogenat ed bl ock copol ynmer crunb conprising a hydrogenated substance of a
bl ock copol ymer of a vinyl aromatic hydrocarbon and a conjugated diene,

wherein the crunb satisfies the followhg (1) to 6 (1) a main peak
nol ecul ar wei ght is 200,000 to 600, 000; (2) a noisture content is 1
mass % or | ower; (3) a specific surface area is 0.3 to 1.0 nR/g; and

(4) conponeptsoppssi ng through a sieve having an aperture of 3.35 mm and
not passing through a sieve having an aperture of 0.425 nm account for 80
mass % or nore ofs theeenilir @ iCredustive studies on a technique for

acqguiring such a stable compound processability that in a
compound of a high-mclecular weight hydrogenated block
copolymer crumbk with a thermoplastic resin, and a
softening agent such as a process oll, the oil is
uniformly dispersed entirely in the crumb, and the amount
of remaining unmelted polymers ils suppressed, the present
inventor has found that a high-molecular weight
hydrogenated block copolymer crumb comprising a vinyl
arcmatic hydrocarbon and a conjugated diene and having
specific ranges of the specific surface area and the
particle diameter distribution of the crumb, and a method
for producing the hydrogenated block copolymer crumb
comprising specific dehydration and drying steps, can
sclve the above-mentioned problems in conventional
technologies, and this finding has led to the completion
of the present invention,

That is, the present invention is as follows.
[00107
(1]

A hydrogenated block copolymer crumb comprising a
hydrogenated substance of a block copolymer of a vinyl
aromatic hydrocarbon and a conjugated diene,

wherein the crumb satisfies the following (1) to



[ 2] A nmet hod for producing the hydrogenated bl ock copol yner crunb
according to above [1], conprising the following <step 1> to <step 3>:
<step 1>:. a step of subjecting an aqueous slurry containing a hydrogenated
bl ock copolynmer crunb to a dehydration éreatnment to thereby obtain a crunb
wherein the crunb has a noisture content of higher than 60 nmass % and 80
mass % or |ower, and crunb conponents not passing through a sieve having an

aperture of 3.359Mmagcqunt,£9r 60 MRSS %005 (MR € oh ghhegentiye crumb;
<step 2> a steg g?hsubjeckfﬁg Pheeérung‘obﬁgine bin t he <Stéb 1> to a

dehydrationsda gataent and a drying treatnment to thereby obtain a crunb
havi ng a noisture content of 3 to 30 mass % and <step 3>. a step of
subj ecting the crynh ebtiaitned icdnther<Step Zmsko addr Yibngrt:reat ment to

t hereby obtain a crunb having a noisture content of 1 mass% or |ower.

The nmethod for producispgctilfé chydrdgeratedabliack .Gopal yner mér ywbaadcor di ng
to above [2], wherein an apparatus outlet port tenperature in the drying
treatment in the4dSrepr@yens smpdesid3y ttort7sC @ mékusi ey ingdpn The
met hod for producing the hydrogenated bl ock copol ymer crumb according to
above [2] otPq@B]urechprd sithgim, and ugithg s lext ridsiomn ype idrsa ng machi ne
having a dehydration treatnment unit and a drying treatnment unit wherein the
dehydr at i on't¥e4t fEht2RfH T4 HEh P he dryiHy aGSatirertC Uit "% corfituni cat ed,

in the <St%&n%?5f the entire crumb.
[2]

A method for producing the hydrogenated block
copolymer crumb according to above [1}, comprising the
following <step 1> to <step 3>:

<step 1>: a step of subjecting an agueous slurry
centaining a hydrogenated block copolymer crumb to a
dehydration treatment to thereby obtain a crumb wherein
the crumb has a moisture content of higher than 60 mass %
and 80 mass % or lower, and crumb components not passing
through a sieve having an aperture of 3.35 mm account for
60 mass % or more of the entire crumb;

<step 2>: a step of subjecting the crumb obtained in
the <Step 1> Lo a dehydraticn treatment and a drving
treatment to thereby obtain a crumb having a moisture
content of 3 to 30 mass %; and

<step 3>»: a step of subjecting the crumb obtained in
the <Step 2> tc a drying treatment to thereby obtain a
crumb having a moisture content of 1 mass% or lower.

t3]



carrying out the dehydration treatnent by the dehydration treatnent unit;
and carrying out the drying treatnent by the drying treatnent unit.

[ 5] The net hod for producing the hydrogenated bl ock copol yner crunb
according to above [4], wherein an outléet-port tenperature of the
dehydration treatnment unit is 120C or |ower, and an outlet port tenperature
of the drying treatnent unit is 135 to 175C. Advant ageous Effects of

Invention [001lhhe metnPhe Bre%}%@hug@\h%ntt'h%nh%@o@%%‘é‘t‘é% @ 1hydrogenat ed
bl ock copol ymer crunb having such an excel | ent - conpoundi ng

processabi lédyothaty an-9hd dscdnifo My dispergsed e,méxr@,dry 4/ the crunb,
the oil absorption (oil holding power) is good, and unnelted polyners are
reduced. apparatus outlet port temperature in the drying Lreatment
in the <Step 2> is made 135 to 175°C {(inclusive).
[4]
The method for producing the hydrogenated block
copelymer crumbk according to above [2] or (3],
comprising:
using an extrusion type drying machine having a
dehydration treatment unili and a drying treatment unit
wherein the dehydration treatment unit and the drying
treatment unilt are communicated, in the <Step 2>;
carrying out the dehydration treatment by the
dehydration treatment unit; and
carrying out the drying treatment by the drying
treatment unit.
Lo
The method for producing the hydrogenated block
copolymer crumb according to above [4], wherein an outletl
port temperature of the dehydration treatment unit is
120°C or lower, and an outlet port temperature of the

drying treatment unit is 135 to 175°C.

Advantagecus Effects of Invention
[0011]
The present inventicn can provide a hydrogenated

block copolymer crumb having such an excellent



Brief Description of Drawings [0012] [Figure 11 Figure 1 shows a
cross-sectional photograph of a sheet having an unnelted pol yner. Mde For

Carrying Qut The Invention [0013] Herei nafter, an enbodi nent accordi ng
to the present invention (hereinafter; #eferred to as the present
enbodi nent) w Il be described. It is noted that the present invention
is not limted to the foll owi ng enbodi nent. In the present

descri ption, @, 4@t havingcnearl yi'c attiaghed, therefo \ndicates a neaning of
the termexcluding the "nearly” in the range of the general technical

know edge ofi dhoseskidd gtkip the s torand, ind udes Al so-@ mganiag i tsel f
excluding "nearly." [0014] [Hydrogenated bl ock copol yner crunb] A
hydr ogenat eth bl otk copolymes gsunb acConthag-d® pheypsesente enbodiagnt is a
crunb conprising a hydrogenated substance of a block copol ynmer of a vinyl
Brief Description of Drawings
[0012]

[Figure 1] Figure 1 shows a cross-sectional photograph of

a sheet having an unmelted polymer.

Mode For Carrying Out The Invention
[G013]

Hereinafter, an embodiment according to the present
invention (hereinafter, referred to as the present
embodiment) will be described.

Tt is noted that the present invention is not
limited to the following embodiment.

In the present description, a term having "nearly”
attached thereto indicates a meaning of the term
excluding the "nearly" in the range of the general
technical knowledge of those skilled in the art, and
includes also a meaning itself excluding "nearly."
[0014]

[Hydrogenated block copolymer crumb]

A hydrogenated block copolymer crumbk according to

the present embodiment is & crumb comprising a

hydrogenated substance of a block copolymer of a vinyl



aromati ¢ hydrocarbon and a conjugated diene, and satisfies the foll ow ng
(1) to (4): (1) the main peak nol ecul ar weight is 200,000 to 600, 000; (2)
the noisture content is 1 nmass % or lower; (3) the specific surface area is
0.3 to 1.0 n2/g; and (4) the conponent$ passing through a sieve having an
aperture of 3.35 mm and not passing through a sieve having an aperture of
0.425 ram account for 80 nass 96 or nore of the entire crunb. [0015]

The hydrogenat,ed. bl ack, copolyier, cf um-accarding §0.the present enbodi ment
is prepared by addi ng hydrogen to a bl ock copol ymer conprising a vinyl

aromati c hyglyocar bon and a conjugat ed) dienegspas described above; and as
shown in the above (1), the main peak nol ecul ar weight is 200,000 or higher

fromthe vi ewpoiind @fit he-aeohantcal a stwengih anhdahedmpactcr@si st ance in
the case of being nmade into a predeterm ned pol yner conposition, and is
600, 000 or lowerhd riom $therevi ewpoimit of 1 heapr ocesssabivéity and the
conpatibility with polyner substances such as a thernoplastic resin.

The mai n pebak noteciar! Wei ghtr facprafer abl YO 280;©00- @ 00300, GOQ, and nore
preferably 250,000 to 450, 000. ~ The nol ecul ar wei ght of the nmain peak
of a hydr ogehat €t b PEkCeTpot Vit s 1139 neastt@d bys PO (el pérdveat i on
chromat ography), and can be neasured using a calibration curve determ ned
fromthe nedsr ewentchbfs- 3> mm, and not passing through a sieve

L)

having an aperture of 0.425 mm account for 80 mass % or
more of the entire crumb.
[0015]

The hydrogenated block copolymer crumb according to
the present embodiment is prepared by adding hydrogen to
a block copclymer comprising a vinyl aromatic hydrocarbon
and a conjugated diene as described above; and as shown
in the above (1), the main peak molecular weight 1is
200,000 or higher from the viewpoint of the mechanical
strength and the impact resistance in the case of beilng
made into a predetermined polymer composition, and is
600,000 or lower from Lhe viewpoint of the processability
and the compatibkility with polymer substances such as a
thermoplastic resin.

The main peak molecular weight is preferably 230,000
to H00,00C, and more preferably 250,000 to 45G,000.

The molecular welght of the main peak of a
hydrogenated block copolymer is measured by GPC (gel
permeation chromatography), and can be measured using a

calibration curve determined from fthe measurement of



- 10 - comercially avail able standard pol ystyrenes. Specifically, the
nol ecul ar wei ght can be neasured by a nethod described in Exanpl es
described later. [0016] The hydrogenat ed bl ock copol ymer crunb
according to the present enbodi rent had as described in the above (2), a
noi sture content of 1 mass% or |lower. Thereby, in the case where a

t hernopl astic resin conposition is obtained by conpounding with a

predeterm n@&nﬁ@%ﬁ@pjﬁsg{y&ua@&i@,SEQ%QM%E{@@YE@%&.S due to the
occurrence of foanms, silver streaks and the |ike can be prevented.

The hydr ogemat € bk oTky COPOL YRl e GF LD Aecaidi dgh 1o thes i esent, exbodi ment
has a noisture content of preferably 0.9 mass % or | ower, and nore

preferably Be8homsseSoorbdowet . EfH047ds descrThed hydreogenat ed bl ock

copol ymer crunb according to the present enbodi nent has, as shown in the
above (3), BO&perific surface area of 0.3 to 1.0 n2/g, preferably 0.35 to
0.8 nk/g, and nore preferably 0.4 to 0.7 m /g. The hydr ogenat ed

bl ock copol ymer Téreuity cassorditig o dce qemeslemte remodiomestc chyak,nag:cshown i n
t he above (4), a crunb size in which the conponents passing through a sieve
havi ng an ape? tRFesdit 2B dReEhd hot pasdeng’ thrdugh &igi@vevhali hg an
aperture of 0.425 nmm account for 80 nass nore of the entire crunb,

| or
pref erabl y BIMESEITE orOhiot’e" thlerede S Snd ot @ Pr ef &8RP Y85 iadd v or

case where a thermoplastic resin composition is obtalned
by compounding with a predetermined thermoplastic resin,
the appearance faults due to the occurrence of foams,
silver streaks and the like can be prevented.

The hydrogenated block copolymer crumb according to
the present embodiment has a mgisture content of
preferably C.9 mass % or lower, and more preferably 0.8
mass % or lower,

[0017]

The hydrogenated block copolymer crumb according to
the present embodiment has, as shown in the above (3), a
specific surface area of 0.3 to 1.0 m®/g, preferably 0.35
to 0.8 mz/g, and more preferably 0.4 to 0.7 m/g.

The hydrogenated block copolymer crumb according to
the present embodiment has, as shown in the above (4), a
crumb size in which the components passing through a
sleve having an aperture of 3.35 mm, and not passing
through a sieve having an aperture of 0.425 mm account
for 80 mass % or more of the entire crumb, preferably 82

mass % or more thereof, and more preferably 85 mass % or



11 - nore thereof. Satisfaction of the requirenents of the above (3) and
(4) makes the oil absorption good, can suppress the oil absorption
unevenness, can uniformy plasticize the conpound at the tine of

manuf act uri ng the conpound, and can achileve the reduction of the number of
unnel ted pol yners. The noisture content, the specific surface area
and the size of a hydrogenated bl ock copol ynmer crunb can be determ ned by
met hods desesidechd nedixanphes sdeseniched rl ater r<(0018hehMet had fier produci ng
a hydrogenat ed bl ock copol yner crunb] First, a hydrogenated bl ock
copol yner iscdabriTatedi asi ddestidbechd atidr ,aland dthereafdet, stdj ected to
predeterm ned treatnents to thereby obtain a hydrogenated bl ock copol yner
crunb. (Produgticrs stiep ofl alhydnogenated: \biroode opolryneriformly A bl ock
copolynmer of a vinyl aromatic hydrocarbon and a conjugated di ene conpound
i s obtai ned s E POy nErd Znioniteact itore tdng tthereaftfercisubjrectide to a
hydr ogenation reaction to thereby obtain a hydrogenated bl ock copol yner.
<Po|ynerize&?WﬂPWQQHXQQﬂvgan achieve the reddction of the number of

unmelted polymers.

The moisture content, the specific surface area and
the size of a hydrogenated block copolymer crumb can be
determined by methods described in Examples described
later.

(00183
[Method for producing a hydrogenated block copolymer
crumk]

First, a hydrcgenated block copolymer is fabricated
as described later, and thereafter subjected to
predetermined treatments to thereby cbtain a hydrogenated
block copolymer crumb.

(Production step of a hydrogenated bhlock copolymer)

A block copolymer of a vinyl aromatic hydrocarbon
and a conjugated diene compound is obtained by a
polymerization reaction, and thereafter subjected to a
hydrogenation reaction to thereby obtain a hydrogenated
klock copolymer.

<Polymerization reaction>

The block copolymer can be manufactured by

polymerizing a vinyl aromatic hydrocarbon and a



The bl ock copol ynmer can be manufactured by polynerizing a vinyl aromatic

hydr ocarbon and a - 12 - conjugated diene in a hydrocarbon sol vent using
an organolithium conpound as a polynerlzatlon initiator. Exanpl es of
the vinyl aromatic hydrocarbon may incltdde styrene, a-nethylstyrene,

p- met hyl styrene, 2- vinyi napht hal ene and di vi nyl benzene. Exanpl es of
t he conjugated diene may include 1, 3- butadiene, isoprene,

2, 3-di met hydod 3ybutadiene s 3 pentad eng and dsr3- heptradi gne. The

content of the vinyl aromatic hydrocarbon of the bl ock copolynmer is

pref erabl y @0yavaski @ o |owgrqumbraes pr efenabd iyl .60 imassi 94t iortdower, and
still nore preferably 40 mass 96 or |lower, fromthe viewpoint of an

i npr ovenent effé@ﬁﬁmﬂeﬁh@fiW@&cwim@§ibk@n@éiC[QQﬁgpcarbon Exanpl es of a
met hod for producing the bl ock copol ymer may include nethods described in
Japanese Patrentudubtlicaticon dNow: 36119286 c 43 -1TFA79; 1 4632445, 249- 36957,
48- 2423, 48-4106 and 51-49567, and Japanese Pat ent Lai d- Open No. 59-166518.
Exanpl es ofVkWﬁ#%ﬁWWkHQﬁ%P%ﬁdﬁqmg%ﬂ%ﬂ%<QﬁﬂﬁﬂQﬁWer may i ncl ude ones

epresented by the Jeneral %CW%O%%U ate% diene may include 1,3~

butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, 1,3~
pentadiene and 1, 3-heptadiene.

l'!"l

'he content cof the vinyl arcomatic hydrocarbon of the

block ceopelymer is preferably 90 mass % or lower, more
preferakly 60 mass % or lower, and still more preferably
40 mass % or lower, from the viewpoint of an improvement

effect of the impact resilience.
[0019]

Examples of a method for producing the block
copolymer may include methods described in Japanese
Patent Publicaticon Nos. 36-19286, 43-17979, 46-32415, 49-
365857, 48-2423, 48-4106 and 51-49567, and Japanese Patent
Laid-Open No. 59-166518.

Examples of the structure of the block copolymer may
include ones represented by the general formulae [(A-B),,
(A-B),~-A and B~ {A~B),.

A represents a polymer block containing a vinyl
aromatic hydrocarbon as a main component; and B
represents a pclymer block containing a conjugated diene
as a main compenent. The boundary between the A block

and the B block does not necessarily need to be clearly



(A-B)"-A and B-(A-13)n. A represents a pol yner block containing a
vinyl aromatic hydrocarbon as a nain conponent; and B represents a pol yner
bl ock containing a conjugated diene as a main conmponent. The boundary
between the A block and the B bl ock doés not necessarily need to be clearly
- 13 - distinguished. n represents an integer of 1 or nore, and preferably
an integer of 1 to 5. [0020] In the above, the polyner block A

cont ai ni ng @& Vi Nyl anamati ¢ hydrocanban as ;a:e8iR eempopent--adi Gates a
copol yner bl ock, of the vinyl aromatic hydrocarbon and a conjugated di ene,

cont ai ni ng ﬁﬁbﬂ@ﬁébﬁ@cﬁnrﬂﬁﬁé§&ruﬁﬁjwhﬂyhgaronatlc hydr ocar bon, preferably
70 mass % or nore thereof, and/or a vinyl aromatic hydrocarbon honopol yner

bl ock. [0HE) pol yner bl ock B containing a conjugated diene as a main
conponent indicates a copol ynmer bl ock, of the conjugated diene and a vinyl
aronati ¢ hydrocdrbame edotvainichg morerehal 50 kmdsso¥efintihg eonjiugat ed

di ene, preferably 60 mass | or nore thereof, and/or a conjugated diene
honmopol yneraieek' C [fooZxjcarbon g5 a et igasemitiere & hepolafifer dl ock A and
the polyner block B are copol ymer bl ocks of a vinyl aromatic hydrocarbon
and a conj ugdted ¢l e, cdihe CVti myjte a‘PdWth |¥%WG&TWQ%Q% EEpot yner

bl ocks may be unlfCWJﬂagchstrlbuted ﬁ?y be QJstrlbuted‘Hn a tapered

form conjugate ene, contalnlng 50 mass % oxr more o
vinyl aromatic hydrocarbon, preferably 70 mass % or more
thereof, and/or a vinyl aromatic hydrocarbon homopolymer
block.
The polymer block B containing a conjugated diene as
a main component indicates a copolymer block, of the
conjugated diene and a vinyl arcmatic hydrccarben,

¢l

containing more than 50 mass % of the conjugated diene,
preferably 60 mass % cor more thereof, and/cr a conjugated
diene homopolymer block.

[0021]

In the case where the polymer block A and the
polymer bleock B are copolymer blocks of a vinyl aromatic
hydrocarbeon and & conijugated diene, the vinyl aromatic
hydrocarben in the copolymer blocks may be uniformly
distributed, or may be distributed in a tapered form.

In the copolymer block moiety, there may coexist a
plurality of meieties in which the vinyl aromatic
hydrocarbon is unifeormly distributed and/or a plurality
of moieties in which the vinyl aromatic hydrocarbon is

distributed in a tapered form.



In the copol yner block noiety, there may coexist a plurality of noieties in
whi ch the vinyl aromatic hydrocarbon is uniformy distributed and/or a
plurality of noieties in which the vinyl aronmatic hydrocarbon is

distributed in a tapered form - 1474 = Further in the copol ymer bl ock
noi ety, there may coexist a plurality of noieties in which the contents of
the vinyl aromatic hydrocarbon are different. A bl ock copol yner

constituting a hydriggenatredHel ack cdopely mErc i widd eagGordidtg: ot he present
enbodi ment may be any m xture of the bl ock copolyners represented by the
above generatefbshud aelufO0OR2} of moidhesproporticn (hefermeshto @8 a bl ock
ratio of a vinyl aromatic hydrocarbon) of a vinyl aromatic hydrocarbon
pol ymer bl oeke® i itoy ot atiedt 1o Tay b oekrleopot yeret L béforret bei ng hydr ogenat ed
with respect to the entire vinyl aromatic hydrocarbon in a hydrogenated
bl ock copol ymer ferUis acEoradiviity t ¢ A Re ‘pridsent ferbsdionsme test prlefaer abl y 50
mass % or higher, and is recommended to be nore preferably regulated at 70
to 98 mass 9% %m%ﬁr%ﬁ%c%rﬁ%rt%o%ﬁwwti SHYE O i%dng t he
hydr ogenat ed_ bl ock copol yner cru with predetermined materials, the
favorably flexibl emlrbﬁib%eér/yo%oti yeng%%co}ﬁpcb ?%%ﬁ?r%nﬁeﬁ?@%&%y coifposi tion
excel | ent igb(;\;k‘le (Pé}li%f %&irﬁﬁeaét npact resistance and the rigidity can be

t e

obt ai ned. 1S not hat" the block ratio of a vinyl aromatic
hydr ocar bon; g, geterm ned from (a content of a vinyl aromatic hydrocarbon
pol ynmer block) / (a content of the entire vinyl aromatic hydrocarbon

constituting a bieck coRRlYMRI )(r%fEed 1D s a block ratio of a
vinyl aromatic hydrocarbon) of a vinyl aromatic
hydrocarbeon polymer block incorporated in a block
copolymer before being hydrogenated with respect to the
entire vinyl aromatic hydrocarbon in a hydrogenated block
copolymer crumb according to the present embodiment is
preferably 50 mass % or higher, and is recommended to be
more preferably regulated at 70 to 98 mass %. Thereby,
when a polymer composition is made by mixing the
hydrogenated block copolymer crumb with predetermined
materials, the favorably flexible rubbery polymer
composition, and the polymer composition excellent in the
balance of the impact resistance and the rigidity can be
obtained.

It is noted that the block ratio of a vinyl aromatic
hydrocarbon is determined from (a content of a vinyl
aromatic hydrocarbon polymer block) / {(a content of the
entire vinyl aromatic hydrocarbon constituting a block

copolymer) x 100,



The bl ock ratio of a vinyl aromatic hydrocarbon is nmeasured by a nethod of
oxi datively deconposi ng a bl ock copolyner by tertiary butyl peroxide using
osm umtetraoxide as a catalyst (the nmethod described in|I. M Kolthoff, et
al., J. Polym Sci. 1, 429 (1946)). [0023] The microstructure (ratio
of cis, trans and vinyl) of a conjugated dienic polyner incorporated in a
bl ock copol yner before bei ng hydrogenated can be optionally changed by use
of a pol ar conpoud kand:it hevdike fdesarirbad dwatercic hydrddanddhe case of
usi ng 1, 3-but adi ene as a conjugated di ene, the anmount of the 1, 2-vinyl bond
of a bl ock copolyeerbhed onetbed ngt hydi dgehat bd dscpneferably 1lotio 80 %
and nore preferably 25 to 75 % and in the case of using isoprene or

1, 3- but adi eferand ¢ sopy eher k2 eonjwigat ek obehés, ut hey totral wianount  of t he

1, 2-vinyl bond and the 3,4-vinyl bond is preferably 3 to 80 % and nore
preferably 52t or70 96 &5 a Jhe hi &F osthactulfleodfdes conpegatied! diknic

pol ymer incor_pra%fd in a block copolyner can be determ ned by making a

bl ock copol@%ﬁ%h% for%tb%}ng ‘hy df at'eet i nto ¥ tarboh®idi sul fide sol ution
measuri ng aP 69§Lared spectrumin the range of 600 to 1,000 cm1 using a
solution ce ?,"a d using the cal cul ati on expression of the Hanpton nethod

(styrene-but adi gne gﬁ%g%ﬁr%g)c&?%teﬁb@%rtb%n%el_s At pr_(ai%ent&ﬁ)erar]rlidn%d1 ﬂmﬁ\ée nunbers.

- 16 - [0024] e hydrocar bon ‘sol'vent "usabl'e

production of a hlock,conel yier; my.inel ude, an-aljphatic, hydrpgar bon

sol vent such as butane, pentane, exdane, | sopent ane, eptane, octane or

i sooct ane; @fh@l {16yl d&r dydnacarpan, $olyen« syuch: 2s, £yghopsn ane,
met hyl cycl opent ane, cycl ohexane,  net hyl cycl ohexane or ethyl cycl ohexane; or

an aronati cciyefecaspomnssal ventpsuch asnhenzene:d tioldenee ethyl benzene or
xyl ene.

later.

In the case of using 1,3-butadiene as a conjugated

diene, the amount of the 1,2-vinyl bond of a block

copolymer before being hydrogenated is preferably 10 to

80 %, and more preferably 25 to 75 %; and in the case of

using isoprene or 1,3-butadiene and isoprene as

conjugated dienes, the total amount of the 1,2-vinyl bond

and the 3,4-vinyl bond is preferabliy 3 to 80 %, and more

i

preferably 5 to 70C
The microstructure of a conjugated dienic polymer
incorporated in a block copolymer can be determined by
making a block copelymer before being hydrogenated into a
carbon disulfide solution, measuring an infrared spectrum
in the range of 600 to 1,000 ecm™ using a solution cell,
and using the calculation expression of the Hampton
metheod {styrene-butadiene copclymer) by absorbances at

predetermined wave numbers.



These may be used singly, or may be used as a m xture of two or nore.

[ 0025] An organolithium conpound used as a pol ynerization initiator in
pol ynmeri zati on of a block copolynmer is a conmpound i n whose nol ecul e one or
nore |lithium atons are bonded, and exanpl es thereof may include
ethyllithium npropyllithlum isopropyllithium n-butyllithium
sechutyllithium tert-butyllithium hexanethylene |ithium

but adi enyl djddthj um and i soprenyidilithium These may be used singly,
or two or nore thereof nay be used. The organol ithium conpound may be

added fracti onalgsni dshe rcous & of- Adae 1Hpel wBki-zat henpR production of a
bl ock copol yner. [0026] At the tinme of production of a bl ock

copol yner, m@r@ieteter mhed polad conmpound: ealy bientisetk for dheipuwrpose - 17
- of a regulation of the polynerization velocity, a change of the
m cr ost r ucthuras wfa g ol yonerd rzte o wonj arg atueck rdi e nesmuoiret )y, hand @t her s.
isopentane, heptane, octane or isococtane; an alicyclic
hydrocarbon sclvent such as cyclopentane,
methylcyclopentane, cyclchexane, methylcyclohexane or
ethylcycleohexane; or an arcmatic hydrocarbon sclvent such
as benzene, toluene, ethylbenzene or xylene.
These may be used singly, or may be used as a
mixture of two or more,
[0025]
An organollthium compound used as a polymerization
initiator in polymerization of a block copolymer is a
compound in whose molecule one or more lithium atoms are
bonded, and examples therecof may include ethyllithium, n-~
propyllithium, isopropyllithium, n-butyllithium, sec-
butyllithiuvm, tert-butyllithium, hexamethylene lithium,
butadienyldilithium and isoprenyldiiithium.
These may be used singly, or two or more thereof may
be used.
The organoclithium compound may be added fractionally
in the course of the polymerization in production of a
block copelymer.
[0026]
At the time of production of a block copolymer, a

predetermined polar compound can be used for the purpose



Exanpl es of the polar conpound may include ethers such as tetrahydrofuran,
di et hyl ether, dioxane, ethylene glycol dinethyl ether, ethylene glycol

di butyl ether, diethylene glycol dinmethyl ether, diethylene glycol dibutyl
et her, di met hoxybenzene and 2, 2-bi s(2- 1@xel anyl ) propane; tertiary am ne
conpounds such as tetranethyl et hyl enedi am ne, di pi peri di noet hane,
trimethylam ne, triethylam.ne, pyridine and quinuclidine; alkaline netal

al koxi de canpoy Such as cppti?rﬁé'd}!:n‘ﬂ}n?em’:ﬂ A€o PafAasH U t ‘abl!?h)’aﬂﬂjéei sodi um
t-butyrate and sodi um anyl ate; and phosphi ne conpounds such as

tri phenyl phosphidies: Q047 ke polynerd ziakion temengiuy£ ahen & dl ock

copol ynmer is produced is preferably -10 to 150C, and nore preferably 30 to

120C. midie= 4+ mes fequiiteads for the pol ymeri zation is, though dependi ng on
the condition, preferably within 48 hours, and nore preferably 0.5 to 10
hours. The Eattmpdpherd ofca ppdkynmepirpatinon msystiemiusepeeherabl y an

i nert gas atnosphere such as nitrogen gas. The pol yneri zation pressure
suf fi ces i fsugi ngs i et whnge reough. atd i it e tchierorvonert fandersol vent
ina - 18 - liquid phase in the above polynerization tenperature range,

and is notqﬁgﬁg@iéﬁmvﬂhyﬁtqgher, ethylene glycol dibutyl ether,
diethylene glycol dimethyl ether, diethylene glycol

dibutyl ether, dimethoxybenzene and Z2,2-bis (2~
oxolanyl)propane; tertiary amine compounds such as
tetramethylethylenediamine, dipiperidinoethane,
ftrimethylamine, triethylamine, pyridine and guinuclidine;
alkaline metal alkoxide compounds such as potassium t-
amylate, potassium t-butyrate, sodium t~butyrate and
sodium amylate; and phosphine compounds such as
triphenylphosphine.

(0027}

The polymerization temperature when a bliock
copolymer is produced 1s preferably -10 to 150°C, and
more preferably 30 to 120°C.

The time required for the polymerization is, though
depending on the condition, preferably within 48 hours,
and more preferably 0.5 to 10 hours.

The atmosphere of a polymerization system is
preferably an inert gas atmosphere such as nitrogen gas.

The polymerizaticn pressure suffices if being in the

range enough to maintain the monomer and solvent in a



Further it is preferable that a state is made in which inpurities, such as

wat er, oxygen and carbon di oxi de gas, inactivating a catalyst and a living

polymer in the polynerization systemare not m ngled. [0028] <Hydrogenation
reacti on> The bl ock copol yner isl6bt-ai ned by the above-nentioned

<pol yneri zation reaction> thereafter a proton donor such as an al cohol or

wat er is added, and thereafter the resultant is subjected to a

hydr ogenat i pfy, f gactii o usi ng,a Nydrogenation &ﬁil%;yséen%?&%{t@r%d later, to
t hereby obtain the hydrogenated bl ock copolyner. [0 The

hydr ogenat i @M &at alysti 4 sndiote gspecd @aly yi dnindded, and convent| onal Iy known
ones of (1) carried heterogeneous hydrogenation catalysts in which carbon,

silica, alum najluditatomacequs pealfh20r ot healt ke scarki as aznet dln such as N,
Pt, Rd or Ru, (2) so-called Zegler type hydrogenation catalysts using a
transition vwet@dl sghdrisuchs,asswam orgardcacickgalt «ord amidget yl acet one sal t
of Ni, Co, Fe or Cr, and a reduci ng agent such as an organoal um num and
(3) honoger&ioust 4y draogeniatd onl wetial oy st sod el ywidi rgid ox dall Ve araganonet al
conpl exes Olfn -Qh’o %uo] yl?nhemz/ralo:lro ;[ hbeylilekme aaj:roe nuosiedmj ng-leldg )

[0028]

<Hydrogenation reaction>

The block copolymer is obtained by the above-

menticned <polymerization reacticn>, thereafter a proton

donor such as an alcohol or water is added, and

thereafter the resultant is subjected tce a hydrogenation

reaction using a hydrogenation catalyst described later,

to thereby obtain the hydrcgenated block copolymer.

[0029]

The hydrogenation catalyst 1s not especially limited,

and conventionally known cones of (1) carried

heterogensous hydrogenation catalysts in which carbon,

silica, alumina, diatomaceous earth or the like carries a

metal such as Ni, Pt, Pd or Ru, (2) so-called Ziegler

type hydrogenation catalysts using a transition metal

salt such as an organic acid salt or an acetylacelone

salt of Ni, Co, Fe or Cr, and a reducing agent such as an

organoaluminum, and {3) homogenecus hydrogenation

catalysts including so-called organometal complexes of Ti,

Ru, Rh, Zr or the like are used.



Speci fic hydrogenation catal ysts usable are, for exanple, hydrogenation
catal ysts descri bed in Japanese Patent Publication Nos. 42-8704, 43-6636,
63-4841, 1- 37970, 1-53851 and 2-9041. Preferable hydrogenation catalysts
include a titanocene conpound and/or ~alfi xture thereof with a reductive
or ganonet al conpound. The titanocene conpounds usabl e are conpounds
descri bed in Japanese Patent Laid-Qpen No. 8-109219, and exanpl es thereof

may include conpounds:ihaving Rferd2a%h ong Jigand haying A« substitut ed)

cycl opent adi enyl skel eton such as bi scycl opéntadi enyltitaniumdichloride or

nmonopent anet fyheye) opgnt gk enyi di tani Amgdvd chd oF i des g am | ndenyd s skel eton or
a fluorenyl skeleton. Exanpl es of the reductive organonetal conpound
may i ncl uderargani ulal kadi nen metal conpoundsd sueks@s @fr-gahol j thi uns,

or ganomagnesi um conpounds, organoal um num conpounds, organoboron conpounds
and or ganozi'ht’Conpouhtisl §:0030]9041. FFed chpdregénaticgmreedeti on i s
carried out preferably in the tenperature range of 0 to 200C, and nore
preferably @0aoyaspanclude Fhel priesstite ofnpydrdgear ised i tihere

hydr ogenati on reaction is nade preferably 0.1 to 15 MPa, nore preferably
0.2 to 10 NB:®rend st 12 nord& pricferapidn ottt b gompaind. The

hydr ogenat i on r%ﬁg%ion time is preferably 3 min to 10 hours, and nore

preferably 10 ni d 5 HREEESE compgunds usabpyge SRy FOGRITATICoN reaction can
use any of a batch process, a continuous, process, .and a comnbi nation

t her eof . [0%3 LR J‘nl'hJZdQ%%ea“T“’ ﬁ{%%@%r{a%“gn St il\go ‘af?e]r %fe&'hy?ﬁ%genati on
of unsatur I nds d. 0 conj i.ene. compound.
incprporatggigﬁggggH§g€900béﬁ§§§guﬁgfgiéggg#%gkﬁgdg%ggﬁﬁfgh %%%Q%e sel ected
optional Iy gecording 40,4 e, PUr pOss+ ANd-d$) NOt- BSNEGI Abd ¥, )4 m ted.

Preferably 70 %or nore, nore preferably 80 %or nore, and still nore
preferably 9& %0 mre ofs unsat\wrated double, bhonds, hased om & conj ugat ed

di ene conpound in a bl ock copol yner nay be hydrogenated, and only a part
t her eof maywbendiywtsogenadad:;lcyclopentadienyltitanium trichloride,
an indenyl skeleton or a fluorenyl skeleton.

Examples of the reductive organometal compound may
include organic alkaline metal compounds such as
organolithiums, organomagnesium compounds, organoaluminum
compounds, organoboron compounds and organozinc compounds.
[0030]

The hydrogenation reaction is carried out preferably
in the temperature range of 0 to 200°, and more
preferably 30 to 150°C.

The pressure of hydrogen used in the hydrogenation
reaction is made preferably 0.1 to 15 MPa, more
preferably 0.2 to 10 MPa, and still more preferably 0.3
to 5 MPa.

The hydrogenation reaction time is preferably 3 min

te 10 hours, and more preferably 10 min to 5 hours.



In the case where only a part thereof is hydrogenated, the hydrogenation
ratio is preferably 10 % or nore and less than 70 % nore preferably 15% or
nore and | ess than 65 % and still nore preferably 20 % or nore and | ess
than 60 % The hydrogenation rati?d of a hydrogenated bl ock copol yner
is neasured by a nucl ear magnetic resonance instrunment (NWVR). [0032]

As descri bed above, the hydrogenated bl ock copol ynmer constituting the

hydrogenat ed bl ogk. GAROIWIBY: G ACGOrd] NG 1 o, dhe, %sferat kggi ment has
a mai n peak nol ecul ar’ weight of 200,000 to 600, 6300 er The main

peak nol ecubascyes ght @@ﬁkﬂ%&@@tgﬁﬁéé@%bhrﬁ@%ﬂ@érhi:ﬂlﬂméihforamﬁ@%e@f. a
polyneri zation initiator. [0033] (Treatnent of obtaining a hydrogenated

bl ock copol yoes1crunb) <Step of obtaining an aqueous slurry> After
the solution of the hydrogenated bl ock copol ynmer is obtained as descri bed
above, as requirgd; tdie:lcatyalrysterrsgsicdualatiis regimeved,heand t hen, the

sol ution of the hydrogenated bl ock copolyner is placed in a hot water under
stirring; amgdtheesolventof sutenpvedtdy stdahe bonds based on a

conjugated diene compound incorporated in a block
copolymer before being hydrogenated can be selected
optionally according to the purpose, and is not
especially limited. Preferably 70 % or more, more
preferably 80 % or more, and still more preferably 85 %
or more ol unsaturated double bonds based on a conjugated
diene compound in a block copolymer may be hydrogenated,
and only a part thereof may be hydrogenated.

In the case where only a part thereof is
hydrogenated, the hydrogenation ratio is preferably 10 %
or more and less than 70 %, more preferably 15 % or more
and less than 65 %, and still more preferably 20 % or
more and less than 60 %.

The hydrogenation ratio of a hydrogenated block
copolymer is measured by a nuclear magnetic resonance
instrument (NMR}.

[0032]

As described above, the hydrogenated block copolymer

constituting the hydrcogenated block copolymer crumb

according te the present embodiment has a main peak

molecular weight of 200,000 to 600,000.



stripping, to thereby obtain an aqueous slurry in which a hydrogenated

bl ock copol ymer crunb is dispersed in water. The treatnment nethod in
the steamstripping is not especially limted, and a conventionally known
met hod can be enpl oyed. In the-skéam stripping, a crunbing agent may
be used; and the crunbing agent to be used is usually an anionic
surfactant, a cationic surfactant or a nonionic surfactant. A

surfactant as the crunbin a%g%%&gf%l%dd%% %%%akb% kR Qo%i?%]%%Qanppn]to

water in a stripping zon tion to the surfactant, a water-sol uble

salt of a netalisuchy a@lé—'amd\eﬁlt K)f ,p&?mﬂlﬁtl@l Wﬂﬁ%%ﬁd as a

di spersion aid of the crunb. <Step of recovering a
hydr ogenat eghdod ock copol yrer crunb> The aqueous slurry, in which the
hydr ogenat ed bl ock copol ynmer crunmb is dispersed in water, obtained by the

st eam st ri poing: @serdeser i dyed: iabove d S1subjeotad:d o dehw dratd opmand dryi ng
treatnents by the follow ng steps, to thereby recover a hydrogenated bl ock
copol ynmer c¢rumg} The recovery step of the hydrogenated bl ock
copolymer crunb carries out <step 1> a dehydration treatnent, <step 2> a
dehydration tredatmem cdndbaadnyingy ety @atiwents, sand r¥sStep 3> a drying
treatnent, which are described |ater.
After the sclution of the hydrogenated block
copolymer is obtalned as described above, as reguired,
the catalyst residual 1s removed, and then, the solution
of the hydrogenated block copolymer is placed in a hot
water under stirring; and the scolvent is removed by steam
stripping, to thereby cbtain an aqueous slurry in which a
hydrogenated block copolymer crumb is dispersed in water.
The treatment method in the steam stripping is not
especially limited, and a conventicnally known method can
be emploved.
In the steam stripping, a crumbing agent may be
used; and the crumbing agent to be used is usually an
anionic surfactant, a cationic surfactant or a nonionic
surfactant.
A surfactant as the crumbing agent is added usually
in 0.1 to 3,000 ppm to water in a stripping zone. In
addition to the surfactant, a water-soluble salt of a
metal such as Li, Na, ¥, Mg, Ca, Al or Zn may be used as

a dispersion aid of the crumb.

[0034]



In <step 2>, a dehydration treatnment and a drying treatnent may be carried
out using respective i ndependent apparatuses, or nmay be carried out using a
so-called integrated extrusion type drying nmachine having a structure
havi ng a dehydration treatnent unit andZa-drying treatnent unit, which are
comuni cated. [0035] [Step 1] The aqueous slurry is subjected to a
dehydration treatment to thereby obtain a crunb in which the moisture

content is hi gh%rSLte@a%fGQe%%%%r%%@nq 8QTRSS 1 %-Qy hawes, &g@@h@}b
conponent s not passing through a sieve'having an aperture of 3.35 mm
account for-8Q.4mss | or nore of the entire crunb. - 23 - The

noi sture content of the crunb after <step 1> is preferably 62 mass %to 80

mass % and nor enpr elekablsy s65 rrgss i% o i¢h Mass hlydrogenalklien 1sstep 1>,
crunmb conponents not passing through a sieve having an aperture of 3.35 mm
account f orcquaeferablorif® nessiilsperr st en and: avor eotpreefrercalily 180: mass % or
nore of the entire crunb. The dehydration treatnent in such <step 1>
can be car rdtethrowtt uigimig:a aotdrsesidreabmbar avilbr atilore derddrm or a
centrifugal dehydration machine.

dehydration and drying treatments by the following steps,

to thereby recover a hydrogenated block copolymer crumb.

The recovery step of the hydrogenated bklock
copolymer crumb carries out <step 1> a dehydration
treatment, <step 2> a dehydration treatment and a drying
treatment, and <step 3> a dryving treatment, which are
described later.

In <step 2>, a dehydration treatment and a drying
treatment may be carried out using respective independent
apparatuses, or may be carried out using a so-called
integrated extrusion type drying machine having a
structure having a dehydration treatment unit and a
drying treatment unit, which are communicated.

[0035]

[Step 1]

The agueous slurry is subjected Lo a dehydration
treatment to thereby obtain a crumb in which the moisture
content 1s higher than 60 mass % and 80 mass % or lower,
and crumb components not passing through a sieve having

an aperture of 3.35 mm account for 60 mass % or more of

the entire crumb.



The case where the noisture content of an obtained crunb exceeds 60 mass %
can suppress the decrease of polyner fluidity in an extruder in <step 2>
described |l ater; and the case where the npoisture content is nmade 80 mass %
or | ower can suppress a thermal |oad-t@3the polynmer crunmb in the extruder

in <step 2> described later. Furt her meki ng crunb conponents not
passi ng through a sieve havi ng an aperture of 3.35 nmaccount for 60 nass %

or more of the g 1%&%@% %&k%@%tsk bloy, Cant; %nng%E-QSQ%?quﬁtlon and a

drying treat nent |n <step escribed later, and thereby all ows providing

a desired specidig, sprface A ea @ntparddcle diameiare disdfd biti S\?%@f the
crunb and achi evi ng ‘excel | ent conpound processablllty [0036] [ Step 2]

The crunb hayvifng been;suhjected to the dehydration treatnment and nade to
have a predeterm ned noi sture content as descri bed above by <step 1> is
subj ected to a dehydr atdten treatment> anthpandnyisngotr eatsrenty ithresto@p 2> to
t hereby nake a crunb having a noisture content of 3 to 30 mass % which is
transferred tol xst ep@naescrifdred et ¥t 3.35 Mhergmistiuriecont ent of the
crunb after the <step 2> is preferably 3 to 25 nass % and nore preferably
3.2 to 20 nmmsstokably 70rhes dehydratiore t rast mente and: e dry ity treat ment
may be carried out using respective independent apparatuses, but nmay be
carried out"st ng A ¥ calted iht¥yrated €X't usi on type drying machine

havi ng a structure havi a dehydration treatnent unit gnd a dry| ng
treat nent unit, ¥g¥%ﬂ&6ﬁﬁhxré§t§@nt in such <ste %> can

carried out using a rotary screen, a vibratlon screen or
a centrifugal dehydration machine.

The case where the moisture content of an cbtained
crumb exceeds 60 mass % can suppress the decrease of
polymer fluidity in an extruder in <step 2> described
later; and the case where the moisture content is made 80
mass % or lower can suppress a thermal lcad te the
polymer crumb in the extruder in <step Z> described later.

Further making crumb components not passing through
a sieve having an aperture of 3.35 mm account for 60
mass % or more of the entire crumb allows stably carrving
out a dehydration and a drying treatment in <step 2>
described later, and thereby allows providing a desired
specific surface area and particle diameter distribution
of the crumb and achieving excellent compound
processability.

[0036]

[Step 2]



The extrusion type drying machine is an apparatus to carry out a
dehydration treatnent and a drying treatnent, has a dehydration treatnent
unit and a drying treatnent unit wherein the dehydration treatnent unit

enpl oys an extruder (extruder type waté&r squeezi ng nmachine); and the drying
treatment unit enploys a kneader type drying machi ne, a screw expander type
drying machine or the like. Particularly an extrusion type drying machine
having a constituld oft Jigviing iagTulddr SEREWEXLS Yder Sueh 8% sidgl e or a
twin screw extruder as the dehydration treatnent unit and‘a screw type

dryi ng machi pesascthesnd e df Yidge t4 et ROt M ted Snpreferable fromthe
vi ewpoi nt of the dehydration efficiency and the workability. I n order
to gently conttroh: the dehydiatd obofe aoeridibep a conbi hat{am-ef a-singl e
screw extruder and a screw type drying machine is especially preferable.

[ 0037] de iy dehydrat i omappar adus, 2 adoy yiagr appaiat usin and:-dprther an
extrusion type drying nachi ne having an integrated dehydration treatnent
unit and a deyingreleataenta unitnb specifd calhy] sanscrewtype ekt uder, a
screw type drying machine, an integrated screw extruder type drying machine
and the |ike&l Wh$eht ardr @t tarfsamny oute&Step 2P may besinstedl ed with a
vent nechanj sm and a dehydration slit according to use purposes. [0038]
Maki ng the Hi%ture content of the crunb to be 3 nass% or hi gher by <Step

2> allows preventing the crunb from being gel atinized and/or deconposed by
Che shoar i ho 1 onSt - ot rOSET id maes ng o et (6 Cotantt o be 30
mass% or-1 ower_allo asily controlling the noisture. content of a crunb
obtai ned i oot oy SRELeH  Hea T e s i MRl S S Thoay T

is preferable that +he outlet port tenperature of an apparatus to carry out
the drying treatnent in <Step 2>, that is, in the case where the

dehydration treatpent.rand the dnyidng dheatment, 1ar ,6and ed LUty
respective
may be carried out using respective independent
apparatuses, but may be carried cut using a so-called
integrated extrusion type drying machine having a
structure having a dehydration treatment unit and a
drying treatment unit, which are communicated.

The extrusion type drying machine is an apparatus to
carry out a dehydration treatment and a drying treatment,
has a dehvydration treatment unit and a drying treatment
unit wherein the dehydration treatment unit employs an
extruder (extruder type water squeering machine); and the
drying treatment unit employs a kneader type drying
machine, a screw expander type drving machine or the like.
Particularly an extrusion type drying machine having a
constitution having a multi-screw extruder such as a
single or a twin screw extruder as the dehydration

treatment unit and a screw type drying machine as the



- 26 - separate apparatuses, the outlet port tenperature of an apparatus to
carry out the dehydration treatnent is nmade 120C or |ower, and the outl et
port tenperature of an apparatus to carry out the drying treatnent is nmade
135 to 175C. It is nore preferabl’® that the outlet port tenperature
of the apparatus to carry out the dehydration treatnment is made 120C or

| ower, and the outlet port tenperature of the apparatus to carry out the
drying treatingntyi sromoeed38ud pr 172G r@ngh-iib1 & st 8 | ha0F e pref er abke t hat
the outlet port tenperature of the apparatus to carry out the dehydration
treat ment isheoadehdd84 oon | @hel¢iandy tded otitd eto poxiti 1 enperature of the
apparatus to carry out the drying treatnent is nmade 140 to 172C. I n
the case of using asEcdld egrttwg stcagecsonsthia utdhonlextirausicon & ype dryi ng
machi ne, in which a dehydration treatnment unit and a drying treatnment unit
are integrat@dnoi tajsoppefialhbt eof hatstiel ¢ epperat erlerofiex hendiast - st age
outlet port is made 120C or |ower, and the tenperature of the second-stage
outl et portSFECméPt ol pelnB5T QN ATEC s especielly wopeehileferabl e that the
terrperature[@és.me first-stage outlet port is nmade 120C or |ower, and the
tenperature e second-stage outlet port is nade 138 to 172C, and it is

;Stsl lmla_dgor1?_8gr ef & aé%heyc}rha%tiénheagp%qpa “ruast,urae OPLIyitnnge Jp!prasga-tst}sa;geanocyt let port

further an extrusion type drying machine having an
integrated dehydration treatment unit and a drying
treatment unit, specifically, a screw type extruder, a
screw lype drying machine, an integrated screw extruder
type drying machine and the like, which are for carrying
out <Step 2>, may be installed with a vent mechanism and
a dehydration slit according to use purposes.

[0038]

Making the moisture content of the crumb to be 3
mass% or higher by <Step 2> allows preventing the crumb
from being gelatinized and/ocr decomposed by the shearing
force of an extruder; and making the moisture content to
be 30 mass% or lower allows easily controlling the
moisture content of a crumb obtained in <Step 3>
described later at 1 mass% or lower.

[0039]

It is preferable that the cutlet port Lemperature of
an apparatus to carry out the drying treatment in <Step
2>, that is, in the case where the dehydration treatment

and the drying treatment are carried out by respective



or lower, and the tenperature of the second-stage outlet port is nade 140
to 172C. Setting the tenperatures in the above tenperature ranges
allows stably carrying out the dehydration treatnent and the drying
treatment, and thereby all ows providirngéa-desired specific surface area and
particle diameter distribution of the crunb and achi eving excel | ent
conpound processability. [0040] [Step 3] The crunb obtained in <Step

2> as descrided ghove, s subject ed d Qa4 drying  neatmmnt. ysi ng: g, hot air

drying nachine to thereby nake 'a crunmb having a noisture content of 1 mass%

or lower. apparding noi stare, cant anfe ofeithe ariwb afdemdhe <Steps3> is
made 1 mass% or | ower, preferably 0.95 nmass% or |ower, and nore preferably

0.9 mass% orzdewerr. lower, Mpki ngeot barmeispure eepbertiofet he dnied crunb to
be 1 nmass% or |ower allows preventing appearance faults due to the
occurrence adpdroansy Si laserrstaneakhcand: wihey | dea dnerer tikemmopd asii c resin
conposition obtained after a conpoundi ng step. [0041] As descri bed
above, an agueoUsCslurry is subjected to a dehydration treatnent to thereby
obtain a crumb in which the noisture content is higher than 60 mass% and BO
mass% or | ower, l&ndscirems ©oRpEHeRt € RHEtpassi Ay ttkonght

temperature of the apparatus to carry out the dehydration
treatment is made 120°C or lower, and the ocutlet port
temperature of the apparatus to carry out the drying
treatment is made 138 to 172°C; and it is still more
preferable that tThe outlet port fTemperature of the
apparatus to carry oult the dehydration treatment is made
118°C or lower, and the outlet port temperature of the
apparatus tco carry out the drying treatment is made 140
to 172°C.

In the case cf using a so-called tTwo~stage-
constitution extrusion type drying machine, in which a
dehydration treatment unit and a drying treatment unit
are integrated, it is preferable that the temperature of
the first-stage outlet port is made 120°C or lower, and
the temperature of Lhe second-stage outlet port is made
to be 135 to 175°C.

It is more preferable that the temperature of the
first-stage cutlet port 1s made 120°C or lower, and the
temperature of the second-stage outlelt port is made 138
to 172°C; and it is still more preferable that the

temperature of the first-stage outlet port is made 118°C



- 28 - a sieve having an aperture of 3.35 mm account for 60 nmass% or nore
of the entire crunb, by <Step 1>; the crunb is subjected to a dehydration
treatment and a drying treatnent to thereby make the crunb having a

noi sture content of 3 to 30 mass% by 2%tep 2>; and the crunb is subjected
to a drying treatnent using a hot air drying machine to thereby make the
noi sture content of the crunb to be regulated at 1 nass% or | ower, by <Step
3>. [0042] The | st aq[% i fia.h ed bl ock
copol yner corru Owceaﬁ:f ba(eMdZ'tHeJe{% ne ﬁgun]%?%oﬁdg%ﬁs%ﬁog]edd%tr?%g%ﬁ}g%
described latar.;s made BYisRECi{f)epg the size and the noisture content of a
crunb by the above <Step 1> and further specifying the outlet port

tenperatures of sthe iappanat usegcafdutrhe mi shur epeedt erkpeohitiiie crunmbs at
the outlet ports by <Step 1> to <Step 3>, the fluidity of the crunb is

rai sed and m@arreeasenablws foamed, eramy i(hawing @nd ategeydapeacidd ¢ surface area)
can be obtained. Further, the pulsating flowin the apparatuses is

suppr essed tarsh turd ftoramc ridreb st rgomtaai triasg nfeevi f iamel pdwderhy erliunbss (passi ng

t hrough a sieve having an aperture of 0.425 nm and bei ng sandy and hard)
and few | argerpalitic|e i sEnstcers aainss (Motf geas sinmg o uigh tal Sliceve havi ng
an aperture of 3.35 nm and havi ng nonuni form foans) can be obtai ned.

The hydr ogénat®d- 91 seie tcopol yifsr &r Ui &cedidiady! v tiife ipi%sent  enbodi ment
has a specific surface area of 0.3 - 2_% - to 1.0 e/g. Conponents passing
through a $iVe i P ER Be FYWE 619335 tm and not passing through a

si eve havi %ﬁ%aperture of 0.425 mm account for 80 mass% or nore of the
entire crunb. In order to obtain such a crunb, it is especially
effective that tb‘%eﬁi Zﬁ and the noisture content of a crunb before <Step 2>
are regul ated ar%éf t'he "dehydration and the drying conditions in <Step 2> are

optim zed. The crumb obtained in <Step 2> as described above is
subjected to a drying treatment using a hot air drying
machine to thereby make a crumb having a moisture content
cf 1 mass% or lower.

The moisture content of the crumb after the <Step 3>
is made 1 mass% or lower, preferably 0.85 mass% or lower,
and more preferably 0.9 mass% or lower.

Making the moisture content of the dried crumb to be
1 mass% or lower allows preventing appearance faults due
to the occurrence of foams, silver streaks and the like
in a thermoplastic resin composition obtained after a
compounding step.

[0041]

As described above, an aquecus slurry is subijected
to a dehydration treatment to thereby obtain a crumb in
which the moisture content is higher than 60 mass% and 80

mass% or lower, and crumb components not passing through



In detail, if the noisture content of a crunb after <Step 1> is too | ow,
60% or | ower, the dehydration excessively progresses in <Step 2> to thereby
reduce the fluidity. By contrast, if the noisture content is too high,

hi gher than 80% or with respect to thé&8crunb size, crunb conponents not
passi ng through a sieve having an aperture of 3.35 nmare too few, the
stabl e dehydration and drying treatnents cannot be carried out in <step 2>,

al so resul ting 4y oty Vi ding goad: fduididy wy accodit Fep@> if the
noi sture content of the tcrunb’is too high, the load in <Step 3> becones

| arge; and pfsdhe, mustdrer can el ofe thengs um, i-sdg0 1ow e fili dity of
the crunb decreases, foans becone nonuniform and the crunb sizes becone
nonuni f or mzekudfeorder:d a praventatihe: decreaseofartde fdwpdidy of the
crunb, the nonuniform zation of foans and the nonuniform zation of the
crunb si zestimafuatthero eXxcessiwenateyig: drhentoutd etngar trndienperat ure of the
apparatus in the drying treatnent in <Step 2> is preferably nade 135 to
175C. - 30entent Jhet éford) rgss sdesdni bed-eaboiie, ditd itdiefdwotd vies t hat t he
moi sture content of the crunb is regulated to be higher than 60 mass% and
80 mass% or3Woltehnd® ot uhty ‘dohporfentse ot  passihd athrioughila/ Sieve havi ng
an aperture of 3.35 mmare nmade to account for 60 mass% or nore of the
entire cruffCiina&stiep M cRhd'd e i StUrE Bont St Dt (He i 1@
controlled to be 3t 0 mass% in <Step 2> [00Q43] [ Polyner conposition
usi ng the ﬁ?ﬂ%&béﬁé?gﬁgﬁyggﬁ‘é%ﬁ%??%%ﬁj%r%ﬁﬂﬁg’(£y <é%§31 drogenat ed bl ock
copol yner Cﬁgﬂ¥;according to the present enbodi nent i s conpounded using a
pr edet er m ne 'Hernoplastic resin and a softening agent such as a process

oi1 to thereby habl htale .t lenraplastic GRSt lon o becoms 2t eri al
utilizable to various types of applications described l|ater.

block copclymer crumb can be determined by methods

described in Examples described later.

By specifying the size and the meisture content of a
crumb by the above <Step 1> and further specifying the
cutlet port temperaturegs of the apparatuses and the
meisture contents of the crumbs at the outlet ports by
<Step 1> to <S8tep 3>, the fluidity of the crumb is raised
and a reascnably foamed crumb (having a large specific
surface area) can be obtained. Further, the pulsating
flow in the apparatuses is suppressed and uniform crumbs
containing few fine powdery crumbs (passing through a
sieve having an aperture of 0.425 mm and being sandy and
hard) and few large-particle diameter crumbs (not passing
through a sieve having an aperture of 3.35 mm and having
nonuniform foams) can be obtained.

The hydrogenated block copolymer crumb according to

the present embodiment has a specific surface area of 0.3



In a conmpound with a thernoplastic resin such as propyl ene, and a softening
agent such as a process oil, various types of additives can be bl ended
according to the purposes. The kind of the additive is not especially
limted as |ong as being usually used £&r-fornul ati on of thernoplastic
resins and rubbery polyners. The additives are, for exanple, inorganic
fillers such as netal hydroxides, silica-based inorganic fillers and netal

oxi des, organic !nkz'/ﬁr.s, cﬁ%&%ﬁ@é%%s%& rayiohet absorbentsy;light

es, &
stabilizers, lubricants s as stearic - 31 - acid, behenic acid, zinc

stearate, cglciyupstearat e Jmghesiimsiealale and ptdygene his, st earam de,
rel ease agents, paraffins, plasticizers, flanme retardants, antistatic

agents, reinfonej ng naierdals Suah @s arganidcofibers; wanbond iders and
met al whi skers, pignments, and col orants. These additives may be added
to a sol ut irancofoi herchydriogenatrediddl ock copol ynmer crunb, or may be added in
t he dehydration step and/or the drying step, or may be added after the
dryi ng step. [00#dpriApplticcabitens eficthe hydnbgendt ed blspek iedpol yner
crunb] ~The hydrogenat ed bl ock copolymer crunmb according to the
present entyodiardntvecdmale Wit 1976d A nodi M iy wWgerit@ e vt cus types of
thernoplastic resins, materials for footwear, materials for
pressur e- sensit V& Hatfesi Vet erd @l & Sid Hdtbsiie Tt 15 & 2 Hsphal t
nodi fyi ng agepts, apd materials of industrial conponents such as electric
wire cabl esa%ﬁ;dﬁ{ﬁ’rd:gwlé‘@c it i eri | ort Wedita™i 1 enent s,
househol d el ectric produycts _and thei.r conponents, el.ectroni¢ devices and
their conponentgp'ﬁgﬁgégdl&fcénﬁogﬁﬁﬁégrgngopéfg? E%a%pfgghﬁoﬁiéfr

<Step 1> is teo low, 60% or lower, the dehydratiocn

excessively progresses in <Step Z> to thereby reduce the

fluidity. By contrast, if the moisture content is too

high, higher than 80%, or with respect te the crumb size,

crumb components not passing through a sieve having an

aperture of 3.35 mm are Loo few, the stable dehydration

and drying treatments cannot be carried out in <step 2>,

also resulting in not providing good f£luildity.

In <Step 2>, 1f the moisture content of the crumb is

too high, the lcad in <Step 3> becomes large; and if the

moisture content of the crumb is too low, the fluidity of

the crumb decreases, foams become nonuniform, and the

crumb sizes become nonuniformized. In order to prevent

the decrease cof the fluidity of the crumb, the

nonuniformizaticn of foams and the nonuniformization of

the crumb sizes by further excessive drying, the ocutlet

port temperature of the apparatus in the drying treatment

in <Step 2> is preferably made 135 to 175°C.



-- 32 Hereinafter, the present invention will be described by way of
Exanpl es. The present invention is not |limted to the foll ow ng Exanpl es.

[ 0046] Anal yses of sanples in Exanples were carried out by nethods
shown bel ow. <(1) Amount of bonded styfBéne> A chl orof orm sol uti on of
a nmeasurenent sanple (a bl ock copol yner fabricated by Production Exanple 1
descri bed bel ow) was prepared and the anount of bonded styrene (nass % was

measur ed by det absorpt.i 4 ny r.oup of
Ty ene. by Usi ng A Spactt oohororater (U 580, made by TASED Gorp Y. T 0047

<(2) Min peak nol ecutarc el gt >r the A-d@t rahydraf i@ sal ytd on of a

hydr ogenat ed bl ock copol yner was prepared, and a chromatogram of a sanple
was neasur egi gisd g ICRC {HLEG: 8320 ndrede hys osoh Gakp-,) Lofd azpehrystyreni c
gel (Shodex, made by Showa Denko K. K.).

compeonents not passing through a sieve having an aperturs

of 3.35 mm are made to account for 60 mass$ or more of

the entire crumb, in <Step 1>, and the moisture content

of the crumb is controlled to be 2 to 320 mass$%, in <Step

2.

(0043}

[Polymer composition using the hydrogenated block

copolymer crumb]

The hydrogenated block copolymer crumb according to
the present embodiment is compounded using a
predetermined thermoplastic resin and a softening agent
such as a process 0il to thereby fabricate a
thermoplastic composition to become a material utilizable
to various ltypes of applications described later.

In a compound with a thermoplastic resin such as
propylene, and a softening agent such as a process oil,
various types of additives can be blended according to
the purposes. The kind of the additive is not especially
limited as long as being usually used for formulation of
thermoplastic resins and rubbery polymers. The additives
are, for example, inorganic fillers such as metal
hydroxides, silica-based inorganic fillers and metal
oxides, organic fillers, antioxidants, ultravioclet

abscrbents, light stabilizers, lubricants such as stearic



The mai n peak nol ecul ar wei ght was determ ned using a calibration curve
made using peak nol ecul ar wei ghts of commercially avail abl e standard

pol ystyrenes. [0048] <Vinyl bond content> A carbon disul fide solution
of a nmeasurenent sanple (a bl ock copel gaer fabricated in Production Exanple
| described bel ow) was prepared, and an infrared spectrum -- 33 - was

nmeasured in the range of 600 to 1,000 cml an infrared spectrophotoneter

Spect r um 100, - i nElper. japan.Ga. . Ltd.), inyl bond
(Spect rum 100 e by Perdd nFl erc | apan Ga: - L Jo-and. 4e, il vt bon

content was _ € cal cul'ation expression of npt on net hod
(styrene- butagiena;cop ymrd fdomdhe ahsarbances: i ihe predeter m ned

wave nunbers. [0049] (3) Hydrogenation ratio>
agents, paraffins, plasticizers, flame retardants,
antistatic agents, reinforcing materials such as organic
fibers, carbon fibers and metal whiskers, pigments, and
colorants.

These additives may be added to a solution of the
hydrogenated block copolymer crumb, or may be added in
the dehydration step and/or the drying step, or may be
added after the dryving step.

[0044]
[Applications of the hydrogenated block copolymer crumb]

The hydrogenated block copolymer crumb according to
the present embodiment can be utilized as modifying
agents ¢f wvariocus types of thermoplastic resins,
materials for footwear, materials for pressure-sensitive
adhesive materials and adhesive materials, asphalt
modifying agents, and materials of industrial components
such as electric wire cables, automobile components,
materials for medical implements, household electrig
products and their components, electronic devices and

their components, household commodities and toys.

Examples

[0045)



The hydrogenation ratio of a hydrogenated bl ock copol yner was neasured
using a nucl ear nmagnetic resonance instrunment (DPX-400, nmade by Bruker
Corporation). [0050] (4) Moisture content in a crunb> A hydr ogenat ed
bl ock copol ynmer crunb was heated at 150€ for 8 m n by a hal ogen nvoisture
meter, and the mass | oss was determ ned and the noi sture content was
cal cul ated by the foll ow ng expression: Moi sture content (nass %9 - a

mass | oss (amount, r%fiéﬁﬁ‘%&“r %hie{‘ gge%%%%b)i_ Retween ?ﬁﬁg;@ eﬁ‘@%os%fertiﬁ%edt he

heating / a mass © _y_rdgena bl'ock copol'ynmer cr e heating
x 100 [005%], () Specififsurface areacoh ancbWihzn + <3for 1imicAR

adsorption 1'sotherm by nitrogen of a hydrogenated bl ock copol yner was
measur ed ang; tihe: speciddcsufage area was determned by the BET

mul ti - poi nt net hod.

[0046]

Analyses of samples in Examples were carried out by
methods shown below.
<{l) Amount of bonded styrene>

A chloroform solution of a measurement sample (a
klock copolymer fabricated by Production Example 1
described below) was prepared and the amount of bonded
styrene (mass %) was measured by detecting an absorption
at UV 254 nm by a phenyl greoup of styrene, by using a
spectrophotcemeter (V-550, made by JASCO Corp.).
[0047]
< (2} Main peak molecular weight>

A tetrahydrofuran solution of a hydrogenated block
copolymer was prepared, and a chromatogram of a sample
was measured using GPC (HLC-8320, made by Tosoh Corp.} of
a polystyrenic gel {Shodex, made by Showa Denko K.K.}).

The main peak molecular weight was determined using
a calibration curve made using peak molecular weights of
commercially available standard polystyrenes.
[(0048]
<Vinyl bond content>

A carbon disulfide sclution of a measurement sample
(a block copolymer fabricated in Production Example 1

described below) was prepared, and an infrared spectrum



The measurement instrunent used was a BELSORP-m ni (nmade by BEL | apan

Inc.) and the neasurenent was carried out at an adsorption tenperature of
77 K [0052] <(6) Crunb size> A sieve shaker (Cctagon Digital, nmade
by Seishin Enterprise Co., Ltd.) was-used; and a sieve having an aperture
of 3.35 mm was superposed on a sieve having an aperture of 0.425 mm a
crunb was placed on the sieve having an aperture of 3.35 mm and shaken for

anDHL?s ofgfﬁe 6%%%€g%%vpﬁd9%§ggg%ﬁ?ﬁiP'@93QQJ.PQMQ?%BFG L ¥e,3! §¥es an e

_ e respept|Vb sieves were neasured; and
the propor t4,00. £ /B$Ss 910 o 118 SranD. nod - having pagsed dhnough the sieve

havi ng an aperture of 3.3§%nn1 and the proportion (mass % of the crunb
whose size wask Ohdidhet Q7330 dam wergy cal o atied. v 006301 Dotdformty of
oi | absorption> 100 g of a paraffin-based process oil (D ana Process
O PWO0, nege dy:ddeimdsu Petiochen ciad Gm ,elpthds tol asedcmé th an ink
dropped therein was placed in 100 g of a hydrogenated bl ock copol yner
crunb, and dngtred so:tdat (4 ihe processadi dnextandedndn theenthee crunb,
and thereafter allowed to stand for 10 min. - 35 - An i mage of the
entire crundaftiernadre st andd ng-std td rwasedinare zedybarnd. t he areal ratio of
a colored portion (a ratio of the crunb having absorbed the oil) was

cal cul at ed. [§©054]

<{3) Hydrcgenatiocn ratio>

The hydrogenation ratio of a hydrogenated block
copolymer was measured using a nuclear magnetlc resonance
instrument {DPX~400, made by Bruker Corporation).
[0050]
<(4) Moisture content in a crumb>

A hydrogenated block copolymer crumb was heated at
150°C for 8 min by a halogen molsture meter, and the mass
loss was determined and the molsture content was

calculated by the following expression:

Moisture content {mass %) = a mass loss (amount of
moisture in a crumb) between before and after the heating
/ a mass of a hydrogenated block copolymer crumb before

the heating x 100

[0051]

<({5) Specific surface area of a crumb>



G 8) G| holding power> 10 g of a hydrogenated bl ock copol yner crunb
was put in a cylindrical vessel having a dianmeter of about 3 cm 10 g of a
par af fi n-based process oil (Diana Process Q| PWO0, nmade by idemtsu
Petrochenmical Co., Ltd.) colored with @& ink dropped therin was placed on
t he hydrogenated bl ock copol yner, and allowed to stand for 5 mn; and the
mass of the crunb not having been colored with the i nk was neasured.

The ratio of a massdsk0:1@)iof ithe Hamnaffy nribased Process Ridogolared W th
the ink and a mass of the crunb colored with the ink was cal cul ated by the
foll owi ng expsessian, | and: ana actrh etk vadiue wes dekent as amr Pide hol di ng

power : Ol holding power = a nmass (10 g) of the paraffin-based
process oilaYef amcendsdrermassd (0 g)e ofET hew L g inta maigisod g) of the crunb
not having been colored with the ink] In this evaluation, a state was

made i n whi ch outhcofrechaingmemy stradkedhant tusedyasndr iFddISORssEIni only the
- 36 - crunb of the upper part was dyed in the color of the oil, and the
crunmb of th@“qi%%?yp%ﬁ? s hot Teyed 39 tHee ditoruiofngHe wi$ . cafri¢@ oil

hol di ng power, was high, the oil stayed in the crunb of the upper part,

meani ng t hat“a Snef’t AHURT 01" t HEUT U DUt hol'S a certain anount of the
oi | . [0055]{§5§23 Number of unnelted polyners in a conpound>

<{6) Crumb size>

A slieve shaker (Octagon Digital, made by Seishin
Enterprise Co., Ltd.) was used, and a sleve having an
aperture of 3.35 mn was superposed on a sieve having an
aperture of 0.425 mm; a crumb was placed on the sieve
having an aperture of 3.35 mm, and shaken for 15 min; the
amcunts of the crumb remaining on the respective sieves
and the amounts of the crumb having passed the respective
sieves were measured; and the proportion (mass %) of the
crumb not having passed through the sieve having an
aperture of 3.35 mm, and the proportion {(mass %) of the
crumb whose size was 0.425 to 3.35 mm were calculated.
(00531
<(7) Uniformity of oil absorption>

100 g of a paraffin-based process coil (Diana Process
01l PW90, made by Idemitsu Petrochemical Co., Litd.)
colored with an ink dropped therein was placed in 100 g
of a hydrogenated block ceopolymer crumb, and stirred so
that the process o0il extended in the entire c¢rumb, and

thereafter allowed to stand for 10 min.



An unnel ted polymer refers to a polyner in a state where the crunb is not
conpletely nelted and remai ns as an unnelted pol yner in a conpound.

24.57 g of a paraffin-based process oil (Diana Process G| PWO0, made by
| dem tsu Petrochemical Co., Ltd.) was added to 16.38 g of a hydrogenated
bl ock copol yner crunb, and stirred so that the process oil was spread

uni formy. Then, the resultant was allowed to stand at room

Thereaf e, 9 017G 14 0ol yiropyl anc. (PLEOA " ‘Rada oy SunAT Sier Ltd.) and

Thereafter, 9.01 g pol ypropyl ene made

0.04 g of nsoctpdecyls3id3; psdi tybutyils 45 hydr oxyphenyd) s propsonat e (product
name: |rganox 1076) were added thereto, and kneaded at 160C at 70 rpm for

20 m n usingo@ Labo( Pl astomdt (AMSOimprade; Dyy TOyH Sei kit el saku- sho,
Ltd.). Each at 3 min and 20 mn after the initiation of the kneadi ng,
2 g of a compound. samplediwas sanpled, and a - 37 - sheet having a dianeter
of about 15 cm and a thickness of about 60 vimwas nmade by conpression
nol di ng; antbide! nunber of fish eyes (unneited polyners) having a dianeter
of about 100 pmor larger in the sheet was counted using a magni fying gl ass
(" Mei ster Lolpe @B "hovedienhypAs:Gne Corp., a magnification: 3.5 tines).
Figure 1 shows a cross-sectional photograph of a sheet having a fish eye
(unnel t ed pol yner, dicdmst érdrgpenadedalliyclt keralsmesy 63 Wikr eesbderived as

dots on the, surface, o :
in a cylindrical vessel having a diameter cof about 3 om;

10 g of a paraffin-based process oil (Diana Process 011l
PW90, made by Idemitsu Petrochemical Cc., Ltd.)} colored
with an ink dropped therein was placed on the
hydrogenated block copolymer, and allcocwed to stand for 5o
min; and the mass of the crumb nct having been colored
with the ink was measured.

The ratio of a mass (10 g) of the paraffin-based
precess oil colored with the ink and a masg of the crumb
celered with the ink was calculated by the following
expression, and an acquired value was taken as an oil

holding power:

0il holding power = a mass (10 g) of the paraffin-
based process oil / fan entire mass (10 ¢) of the crumb -
a mass (g) of the crumb not having been colered with the

ink]

In this evaluation, a state was made in which out of

the crumb stacked in the cylindrical vessel, only the



The difference in the nunber of fish eyes (unnelted polyners) between after
3 mn (the conpound becane a uniformstate, but unneited polyners remain)
and after 20 min (the unnelted polynmers were wholly nelted) was taken as
t he nunber of unnelted polyners in a-céfApound. [0056] (Production Exanple
1: a nethod for producing a bl ock copol yner) An aut ocl ave installed
with a stirrer and a jacket and capable of controlling the tenperature was

used as a reagiivrsr ant upderr g ud nagengas at msphere,r & cyglohexane
solution of 16 parts by mass of styrene fromwhich inpurities had been

renoved, O0.d patd scymprass fe tietwahydnof uran, nandi k03 parits by smss of
tetranethylenedianine was prepared, and after the tenperature of the

react or i ntefiwdre wast helld ahe50€1 0006 ipar bewhy masshotyhn- hutyldiilt hi um as a
pol ynerization - 38 - initiator was fed to the reactor to carry out

pol yneri zatitgnyed in thkhemn,un@8 qiarttis: byppvas @ft butediiene West fed and

pol ynerization was carried out, and finally, 16 parts by mass of styrene
was fed andTsolly rsvd wat ion Wes carti et 1. Herdbyk bt aiea bl ok

copol yner haV|ng an S-B-S structure (S represented a pol ystyrene bl ock, and
B represenﬂéﬂ3 Jp]olybutadlene bl ock) . The obt ai ned bl ock copolyner had
a styrene Cﬁﬂ%ﬁﬂt of 32 mass % a nmain peak nol ecul ar wei ght of 280, 000 and
a vinyl bond ‘ct tent of the butadiene noiety of 36 % [0057] (Production

Exanpl e 2: t for rodu |n a dro nated bl ock copol yner)
‘9Eﬂe um <Rp

20T PGS ymo compourn

An unmelted polymer refers tc a polymer in a state
where the crumb 1s not completely melted and remains as
an unmelted polymer in a compound.

24.57 g of a paraffin-based process oil (Diana
Process 01l PWO0, made by Idemitsu Petrochemical Co.,
Ltd.) was added te 16.38 g of a hydrogenated block
copolymer crumb, and stirred so that Lhe process oill was
spread uniformly.

Then, the resultant was allowed to stand at room
temperature for 20 min to thereby make the oil to be
absorbed.

Thereafter, 9.01 g of a polypropylene (PL500A, made
by SunAllomer Ltd.) and 0.04 g of n-octadecyl-3-(3,5~di~
t-butyl-d-hydroxyphenyl)~prepionate (product name:
Irganox 1076) were added theretc, and kneaded at 160°C at
70 rpm for 20 min using a Labo Plastomill (4M150, made by
Toyo Seiki Seisaku-sho, Ltd.).

Each at 3 min and 20 min after the initiation of the

kneading, 2 g of a compound sample was sampled, and a



100 ppmin ternms of Ti of a hydrogenation catalyst (the nolecular ratio of
bi s(115-cycl opent adi enyl )titaniumdichloride/trinethylaiumnum- 1/2)
obt ai ned by m xi ng cycl ohexane with a n-hexane sol ution containing

bi s(cycl opent adi enyl )titani umdichloridé€ and trinethyl al um num and
allowing the mxture to react at roomtenperature for 3 days, was added to
the solution of the block copolyner obtained in the above Production

Exanpl e 1, andewas.subj ected: ko & hydrogenati on.feaction afcg,bydrogen
pressure of 0.7 MPa at a tenperature of 95C for 1 hour. The hydrogenation

ratio of thg,but adi ape Jmi efynofL ¢ hesgbtal hedh hydregenatad; blypck copol ymer
was 98 % - 39 - [0058] [Exanples 1 to 4] and [Conparative Exanples 1 to
4] Waterbas @af readt | oegquencit ngedgent yrofrb modv indres dhenammunt  of
n-butyllithiumused in the polynerization was added to the solution of the
hydr ogenat edf bilock: copol ymesr adbtaienedii noitdestaboves Ry aduottion Exampl es 1
and 2, and thereafter 0.25 parts by mass of n-octadecyl- 3-

(3, 5-di -t - but§as AL hyidi o xyphehy )M erdpt onat e d gridvdudtadmane; 4% gamox 1076) as
a stabilizer was added with respect to 100 parts by mass of the

hydr ogenat éd°'B? ock? copal yingtat 1ot 3 Thilsitadr ogenat ed bl ock copol yner

sol ution was sugLected to a s;ean1stripping at 95C for 1 hour. The steam
stripping was carri’éd out® By Sadditng S8 ST ERERe & TARREN ¢d Copol ymrer Na
salt (hereinafter, a crunbing agent A) of the ampunt shown in Taple 1 as a
cr unbi ng agbgqn?@.L HavinGrg, ]%:J’once%fer aﬁ‘% e%otfeé]rpeo bﬁ?%ge(jr]ﬁaaf”éedubﬁb ) copol yrrer
crunb int i.ned Q. urry..was 5 . U t he aqueous
slurry con%%%i]'hg%grﬁoﬁgn%{%% %ﬁl%%ko%opo %S/dnegfb c(%outrﬁ) S ?Lg?erled in the

above was tdgansported to a vibrating screen having an aperture of 1 mm and
subjected to a dehydration treatnent (<step 1>); and thereafter, the

moi sture contentrref ctilie chydicegenated blagk copolsimer «Gun hawingpeen
subj ected to <step 1>
polymers) between after 3 min (the compound became a
uniform state, but unmelted polymers remain) and after 20
min (the unmelted polymers were wholly melted) was taken
as the number of unmelted polymers in a compound,
[0056]
(Production Example 1: a method for producing a block
copolymer)
An autoclave installed with a stirrer and a jacket
and capable of controlling the temperature was used as a
reactor; and under a nitrogen gas atmosphere, a
cyclohexane solution of 16 parts by mass of styrene from
which impurities had been removed, 0.14 parts by mass of
tetrahydrofuran, and 0.03 parts by mass of
tetramethylenediamine was prepared, and after the
temperature of the reactor interior was held at 50°,

0.06 parts by mass of n-butyllithium as a polymerization



- 40 - was neasured by the nethod of the above (4), and the crunb size was
nmeasured by the nethod of the above (6). The noi sture content (mass %
and the crunb size (a proportion of conponents not passing through a sieve
havi ng an aperture of 3.35 nmm (mass % 36f -t he hydrogenat ed bl ock copol yner
crunb obtained by <step 1> are shown in the followng Table 1. [0059]

For the hydrogenated bl ock copolyner crunb, in Exanples 1 to 4 and

Conpar ati ve; Exanpl &s Jad or i e ehydratd,on 4 reatent,and the drying
treatment were carried out using respective separat'e apparatuses.

First, the hydnegenated,bl ock copolyner crunb was fed to a single-screw
extruder type water squeezing machine, and extruded at a screw rotation
frequency of abauter8§0 aspmat-a sCakr yhaGut of defydriaticowatsr atdmentd (the first
stage of <step 2>). The outlet port tenperature of the single-screw
extruder t ypel waterzsigueeziarg amchiave awst showh Timdhey fold gw ngs Tapl e 1.
Then, the hydrogenated bl ock copol yner crunb obtained in the above was fed
to a singl erstt ew tSiper @xparideri af vimy Arelchice; zanidrextaudet ate@ screw
rotation frequency of about 80 rpmto carry out a drying treatnment (the
second st age ftQEQQqup%_obtaym_a blcck copolymer having an S-B-S

structure (S represented a polystyrene block, and B
represented a polybutadiene block).

The obtained block copolymer had a styrene content
of 32 mass %, a main peak molecular weight of 280,000 and
a vinyl bond content of the butadiene moiety of 36 %.
(00571
{(Production Example 2: a method for producing a
hydrogenated bhlock copolymer)

100 ppm in terms of Ti of a hydrogenation catalyst
(the molecular ratic of bis(nS5-cyclopentadienyl}titanium
dichleoride/trimethylaluminum = 1/2) obtained by mixing
cyclohexane with a n~hexane solution containing
bis(cyclopentadienyl)titanium dichloride and
frimethylaluminum, and allowing the mixture to react at
room temperature for 3 days, was added te the solution of
the block copolymer obtained in the above Production
Example 1, and was subjected to a hydrogenation reaction
at a hydrogen pressure of 0.7 MPa at a temperature of
95°C for 1 hour. The hydrogenation ratio of the
butadiene molety of the obtained hydrogenated block

o

copolymer was 98 %.



The outlet port tenperature of the single-screw type expander drying
machi ne and the noi sture content of the obtained crunb are shown in the
foll owi ng Table 1. [0060] Thereafter, the hydrogenated bl ock

copol yner crunb obtained in the above wés-subjected to a drying treatnent
with a hot air at about 90C using a vibrating transport drying machine
(<step 3>). The noi sture content, the specific surface area, the
crumb size, ghegpil absorption uniformty, the oil holding power, and the
nunber of unnelted polyners in the conpound of the dried crunb finally

obt ai ned ar gmsshgwned m the £pldow neordablbe: dve [0064)1es 1 «Mereas the

crunbs of Exanples 1 to 4 gave good oil absorption uniformties, exhibited
hi gh oil hol di ngigpewerss; aaneaad dohejuanaensy efgdmmeit ed rpal ynetess i n t he
conmpound of 10 or less, the crunbs of Conparative Exanples 1 to 4 could not
gi ve practiidat | amgood @i |n-dhsoyptiont wnidoran in eshe gndl wxd bidtedod ow oi |
hol di ng powers, and had the nunbers of unneited polyners in the conpound of
15 or nore.v§908X}jef Tabl erd]solution of the hydrogenated block

copolymer obtained in the above Production Examples 1 and
2, and thereafter 0.25 parts by mass of n-octadecyli-3-
{3,5-di~t-butyl-4~-hydroxyphenvl)~propionate {(product
name: Irgancx 1076) as a stabilizer was added with
respect tce 100 parts by mass of the hydrogenated block
copolymer.

This hydrogenated block copolymer solution was
subjected to a steam stripping at %5°C for 1 hour. The
steam stripping was carried cut by adding a styrene-
maleic anhydride copelymer Na salt (hereinafter, a
crumbing agent A) of the amount shown in Table 1 as a
crumbing agent.

The concentration of the hydrogenated block
copolymer crumb in the oblained agqueous slurry was 5
mass %

Then, the agueous slurry containing the hydrogenated
block copolymer crumb obtained in the above was
transported to a vibrating screen having an aperture of 1
mm, and subjected to a dehydration treatment (<step 1>);
and thereafter, the moisture content of the hydrogenated

block ceopolymer crumb having been subjected to <step 1>



- 43 - [0063] [Exanmples 5 to 8] and [Conparative Exanples 5 to 9]

Water as a reaction quenching agent of 5 nol tines the anount of
n-butyllithiumused in the polynerization was added to the solution of the
hydr ogenat ed bl ock copol ymer obt ai ned i4% t-he above Production Exanples 1
and 2, and thereafter 0.25 parts by nass of n-octadecyl- 3-
(3,5-di-t-butyl-4-hydroxyphenyl)-propi onate (product nane: |rganox 1076) as

a stabilizepawaseaddedawhihe RESREEEoH 0,200 Akt SyOY (IMBSS0f the
hydr ogenat ed bl ock copol yner. Thi s hydrogenated bl ock copol yner

sol ution wasrsubj ectedwto Besteamisthyi ppéNngedtioc®@5:€ f19¢ dbbodr (cThe steam
stripping was carried out by adding a crunbing agent A of the anDunt shown
in Table 2 as a Graniing agentontent [flees concentd atlieon:rafmit hei hydrogenat ed
bl ock copolynmer crunb in the obtained agueous slurry was 5 mass %

Then, the aguepbustsburey conraiaing the hyds ogenat edubh ozks cepel ymer crunb
obt ai ned in t he above was transPorted to a V|brat|ng screen having an
aperture of "aVHR§ and2Babjett ed! t &- &> dehy drats on t peatient (<step 1>); and
thereafter, the noisture content was neasured by the nethod of the above
(4), and thBYLramBaise Masc freashf bymdy %ﬁlém%@ﬁ%bﬂl%?dtl% abbbe (8). The

0,
noi st ure contgnthSSQSEn/%hgngo}P§Wl£gnPabige1(a proportion of conponents

[CO59]

For the hydrogenated block copolymer crumb, in
Examples 1 to 4 and Comparative Examples 1 to 4, the
dehydration treatment and the drying treatment werec
carried out using respective separate apparatuses.

First, the hydrogenated block copoclymer crumb was
fed to a single-screw extruder type water sgueezing
machine, and extruded at a screw rotation frequency of
about 80 rpm to carry out a dehydration treatment (the
first stage of <step 2>).

The cutlet port temperature of the single-screw
extruder type water squeezing machine is shown in the
following Table 1.

Then, the hydrogenated block copolymer crumb
obtained in the above was fed to a single-screw type
expander drying machine, and extruded at a screw rotation
frequency of abcut 80 rpm to carry out a drying treatment

(the second stage of <step 2>).



- 44 not passing through a sieve having an aperture of 3.35 mm)(mass % of
t he hydrogenat ed bl ock copol yner crunb obtained by <step 1> are shown in
the foll ow ng Table 2. The hydrogenat ed bl ock copol ymer crunmb was fed
to a two-stage single-screw extruder i Alwhi ch a dehydration treatnent unit
(first stage) and a drying treatnent unit (second stage) were integrated,
and extruded at a screw rotation frequency of about 80 rpmto carry out a
dehydr ation treatypent,ard %oQQy'L%leterr%%tu%an(th% fis et eSt-@ge and,

second stage of <step 2>). he two-stage single-screw extruder used

had a slit Mpcxrh@elde;tmdlrrajlmﬂf@tmtzwlnﬁom‘wﬁe ddlisdnistage; nbut was
operated with the slit totally closed in order to hold the noisture in the

crunmb unti lotithel ey i gy eataresttowni in ofhd hes secand; stage: 1. The
respective outlet port tenperatures (a first stage outlet port tenperature
and a secondi&t@ige outl et port tenperature) of the dehydration treatnent
unit and the drying treatnent unit, and the noisture content of the crunb
obt ai ned from t H&eggElfde rpoictheoh ide Igingiteg frleatmeme oumae rarcg tgtiown i n t he
followi ng Table 2. [0064] Thereafter, the hydrogenated bl ock copol yner
crunb obt ai B iR Hel aBtv e k@ stibj ettiad ¢t fdm treat et tugtth a hot
air at about 90 C using a V|brat|nq9transport drying machi ne to thereby
obtain a dried ¢t Ut (st e 3Hout using aTydPApitdiGr & TESSEERtt, t he
specific sq{face area, E%e(grunb the oil absorption uniformty, the
e

oi | hol di ng*'powet ,"Hnd" 't Ui efiaf unnel ted pol ymers in the conpound of

the hydrogenat edybl gk ;capal LI (oMb 4 Al (0Bt alned ar g shown in the

foll owi ng Tabl e
crumb size, the oil abscrpticn uniformity, the oil

holding power, and the number of unmelifed polymers in the
compound of the dried crumb finally obtained are shown in
the following Table 1.

0061 ]

Whereas the crumbs of Examples 1 to 4 gave good oil
absorption uniformities, exhibited high oil holding
powers, and had the numbers of unmelted polymers in the
compound of 10 or less, the crumbs of Comparative
Examples 1 to 4 could not give practically good oil
absorption uniformities, and exhibited low oil holding
powers, and had the numbers of unmelted polymers in the
compound of 15 or more.

[0062]

ITable 1]



absorption
and had t he nunbers of

exhi bited high oil holding powers,

Whereas the crunbs of Exanples 5 to 8 gave good oi l

uniformties,

the crunbs of Conparative

| ess,

unmel ted polymers in the conpound of 10 or
Exanples 5 to 8 could not give practically good oi

absorption
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Conparative Exanple 10 could not give a practically good oil absorption
uniformty, and exhibited a | ow oil hol di ng power, and had the nunber of
unmel ted polymers in the conpound of 15 or nore. [0067] [Conparative
Exanpl e 11] Water as a reaction dudenching agent of 5 nol tines the
anount of n-butyllithiumused in the polynerization was added to the

sol ution of the hydrogenated bl ock copol yner obtained in the above
Production Exgep]les 1 and 2, and thereafter 0.25 parts by nass of

n- oct adecyl-3- (3,5-di-t-butyl-4-hydroxyphenyl)-propionate (product nane:
| rganox 107@)x@sp best@abid i zeramas] @ddet i e respecled oo 10O parts by nass
of the hydrogenated bl ock copol yner. Thi s hydrogenat ed bl ock

copol yrmer sol ut it awas: ss ubjrectced. cno questodames targeppl g at @5 Cifrers 1 hour.
The steam stripping was carried out by adding 800 ppm of a pol yoxyet hyl ene
al kyl et hertiphoyphori coachdoyther el Hafwerysed uirbi e agehtma) i ast Beer unbi ng
agent to the hydrogenated bl ock copol ymer. The concentration of the

hydr ogenat et bl ek ¢ ool iftfers Tritint i > § He o Pt el et atuebus! &tarry was 5
mass% - Then, the aqueous slurry containing the hydrogenated

bl ock copof{ﬁfé‘?jwwkb%ja‘?%d“? n-thedbov & Wt ¢ r s gort'd 1 a Vidbrating
eoreen havig A ABELLUEL O T a0, ubletod 19,2, depydrgLgn L1 eatrent
O e SOV, (94, 30, e 110 125 V5 B, DY A, 0 of the
o Comonetis ot RSO LINOuh ¢ Sipte had s aner e el S8
Tabl e 2. respect. to 100 parts by mass of the hydrogenated block
copolymer.
This hydrogenated block copolymer solution was
subjected to a steam stripping at 95 °C for 1 hour. The
steam stripping was carried out by adding a crumbing
agent A of the amount shown in Table 2 as a crumbing
agent.
The concentration of the hydrogenated block

copolymer crumb in the obtained aqueous slurry was 5

mass %.

Then, the aqueous slurry containing the hydrogenated
block copolymer crumb obtained in the above was
Lransported to a vibrating screen having an aperture of 1
mm, and subjected to a dehydration treatment (<step 1>);
and thereaiter, the molsture content was measured by the
method of the ahove (4}, and the crumb size was measured

Iy the method of the above (6). The moisture content

(mass %) and the crumb size (a proportiocn of components



The crumb was not subjected to the above-nentioned <step 2> and was
subjected to a drying treatnent with a hot air at about 9000 using a
vibrating transport drying nmachine to thereby obtain a dried crunb (<step
3>). The noisture content, the spécific surface area, the crunb size,
the oil absorption uniformty, the oil hol ding power, and the nunber of
unnei ted polyners in the conpound of the hydrogenated bl ock copol ynmer crunb
finally obtatnegdaasenghomioidh thesfobd owkngndabh esZer{0068}r 3. 35 The crunb
of Conparative Exanple 11 could not give a practically good oil absorption
uni form ty, mahdmexhi b tetl ahd ovw ot dgdvod deage power goantyhad &hennunber of
unnei ted polyners in the conpound of 15 or nore. [0069] [Table 2] -48- -
49 obtained by <step 1> are shown in the following Table 2.

The hydrogenated block copolymer crumb was fed to a
two-stage single-screw extruder in which a dehydration
treatment unit (first stage) and a drying treatment unit
(second stage) were integrated, and extruded at a screw
rotation frequency of about 80 rpm to carry out a
dehydration treatment and a drying treatment {(the first
stage and the second stage of <step 2>).

The two-stage single-screw extruder used had a slit
in the dehydration treatment unit of the first stage, but
was operated with the slit totally closed in order to
hold the moisture in the crumb until the drying treatment
unit of the second stage.

The respective ocutlet port temperatures (a first
stage outlet port temperature and a second stage cutlet
port temperature) of the dehydration treatment unit and
the drying treatment unit, and the moisture content of
the crumb obtained from the cutlet port of the drying
Lreatment unit are shown in the following Table 2.

0064 ]

Thereafter, the hydrogenated block copolymer crumb

obtained in the above was subjected to a drying treatment

with a hot air at about 90 °C using a vibrating transport

drying machine to thereby obtain a dried crumb (<step 3>).



[ 0070] In Table 2, Conparative Exanple 10 was an exanple in which
after <step 1> and <step 2> were carried out under the sanme conditions as
in Conparative Exanple 8, <step 3> was not carried out; and properties of
the crunb after <step 2> were shown. = 45 “ In Table 2, for Conparative
Exanpl e 11, properties of the crunb after <step 1> was carried out, <step
2> was not carried out, and <step 3> was carried out were shown. [0071]
The present applitcaticndsdased o, Japanese Ratients AapldcCation Nhe
2010- 242313, filed on QOct. 28, 2010 to the japan Patent O fice, the subject
of which isciwncorporat ed:derel mibyoref esencel Ldndust ritdte Applicability

[ 0072] The hydrogenat ed bl ock copol yner crunb according to the
present i nvientdond hagwehe dmdusts iabmappl ¢ Cabitétyedspal yatesi ah flioe
materials for nedical inplenents, household electric products and their
conponent s, C@MREERBNP € Tewi lLedr e a hed rb ko orfert synsari ousb t ypes  of

i ndustri al {;,ongonent s_such as electric wire cables, autonobile conponents,
and toys. L 1 11y Qﬁ%ﬁ%ﬁpd are shown in the following Table 2

[0065)

Whereas the crumbs of Examples 5 to 8 gave good oil
absorption uniformities, exhibited high oil holding
powers, and had the numbers of unmelted polymers in the
compound of 10 cor less, the crumbs of Comparative
Examples 5 to 8 could not give practically gceod oil
absorption uniformities, and exhibited low oil holding
powers, and had the numbers of unmelted polymers in Lhe
compound of 15 or more.

The crumb of Comparative Example 9 had too much an
amount of moisture, and could not be placed in the drying
machine, making it impossible to carry out the
dehydraticn treatment and the drying treatment.

[0066]
[Comparative Example 10]

<Step 1> and <step 2> were carried oult under the
same conditions as in Comparative Example 8, and
thereafter, <step 3> was not carried out, to thereby
obtain a hydrogenated block copoclymer crumb.

The moisture content, the specific surface area, the
crump size, the oil absorption uniformity, the oil

holding power, and the number of unmelted polymers in the



[Claim1] A hydrogenated bl ock copol ymer crunb conprising a
hydr ogenat ed substance of a bl ock copolynmer of a vinyl aromatic hydrocarbon
and a conjugated diene, wherein the crunb satisfies the following (1) to

(4): (1.) a main peak nol ecul ar viei ght is 200,000 to 600, 000;
(2) a noisture content is 1 mass % or lower; (3) a specific surface area is
0.3to 1.0 n2/g; and (4) conmponents passing through a sieve having

an aperture.gf.3,35 &M and,not; passing,thy ?ﬂw&ur?iﬁY%ﬁ@thﬁﬂl%lgﬁgture

of 0.425 mm account for 80 mass % or nore o e entire cru 2]
A et hod fof,produci ng the hydrogenat ed bl ock copol yner crunb according to
claim1, conprising the following <step 1> to <step 3>:

Comparative Example 10 could not give a practically

good c¢il abscrption uniformity, and exhibited a low oil
holding power, and had the number of unmelted polymers in
the compound of 15 or more.

[0067]

[Comparative Example 11]

Water as a reaction quenching agent of 5 mol times
the amount of n-butyllithium used in the polymerization
was added to the solution of the hydrogenated bhlock
copolymer cobtained in the above Producticon Examples 1 and
2, and thereafter 0.25 parts by mass of n-octadecyl-3-
(3, 5-di~t-butyl-4~hydroxyphenyl) -propionate {product
name: Irganox 1076) as a stabilizer was added with
respect to 100 parts by mass cof the hydrcgenated hlock
copolynmer.

This hydrogenated block copeclymer sclution was
subjected to a steam stripping at 95 °C for 1 hour. The
steam stripping was carried out by adding 800 ppm of a
polyexyethylene alkyl ether phosphoric acid (hereinafter,
crumbing agent B) as a crumbing agent to the hydrogenated
block copelymer.

The concentration of the hydrogenated block

copolymer crumb in the obtained agueous slurry was 5

oD

masss.



<step 1>: a step of subjecting an aqueous slurry containing a hydrogenated
bl ock copol ynmer crunb to a dehydration treatnment to thereby obtain a crunb
wherein the crunb has a noisture content of higher than 60 nass % and 80
mass % or | ower, and crunb conponents WGt ~passi ng through a sieve having an
aperture of 3.35 mm account for 60 mass % or nore of the entire crunb; -
51- <step 2>. a step of subjecting the crunb obtained in the <Step 1>
to a dehydration,treatnrpent i treat Lher, tain,a crunb
havi ng a noi stu?geg’ldnttg%t a@%%gmt%o%%{#%ssw?/?dang%gt the<§ty(ea%)6 : a;alters}l@t ep of

subj ecti ng  he-erauh, ohial ned i dhe, SAEP; 22 A0 & slryifg treatment to
t hereby obtain a crunb having a noisture content of 1 mass% or | ower.

[Aaim3] trandbe-net had  ofiproducd ng: tdhe, hydragenat ed bl oeks copol ymer
crunb according to claim2, wherein an apparatus outlet port tenperature in
t he dryi ng rmeatm@ndub Tedded <St ep shydramoen 135% £1andriS5C {4 b uBt ve) .

[ aim 4] The nmethod for producing the hydrogenated bl ock copol yner
crunb accoraicghtored @iewm 2 ©Ore 3o iconpre siogtent wausigrpsareexity ushon type
dryi ng machi ne having a dehydration treatnent unit and a drying treatnent
uni t wher eitetined dehydratdlon ¢ r et mentd unie andnit el o yiag teesthent unit

are communi cated, in the <Step 2>; carw}i ng out the dehydration
treat ment B thHee dehifeirdtdon ts edtdent (uni t 7 hgndoisture content
(mass %) and the crumb size (a proportion of components

not passing through a sieve having an aperture of 3.35
mm) (mass %) of the crumb obtained by <step 1> are shown
in the following Table 2.

The crumb was not subjected to the above-mentioned
<step 2>, and was subjected Lo a drying ltreatment with a
hot air at about 90° using a vibrating transport drying
machine to thereby obtain a dried crumb (<step 3>).

The moisture content, the specific surface area, the
crumb size, the oil absorption uniformity, the oil
holding power, and the number of unmelted polymers in the
compound of the hydrogenated block copolymer crumb
finally obtained are shown in the following Table 2.
[0068]

The crumb of Comparative Example 11 could not give a
practically good il absorption uniformity, and exhibited
a low o0il holding pcwer, and had the number of unmelted
polymers in Lhe compound of 15 or more.

[0069]

iTable 2]



[ Cl ai m 5]

d bl ock copol yner crunb according

carrying out the drying treatnment by the drying treatnment unit.
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(00701

In Table 2, Comparative Example 10 was an example in
which after <step 1> and <step Z» were carried out under
the same conditions as in Comparative Example 8, <step 3>
was not carried out; and properties of the crumb after
<astep Z> were shown.

In Takle 2, for Comparative Example 11, properties
of the crumb after <step 1> was carried outl, <step 2> was
not carried out, and <step 3> was carried out were shown.
[Q071]

The present application is based on Japanese Patent
Application No. 2010-242313, [iled on Cct. 28, 2010 to
the Japan PFatent Office, the subject of which is

incorporated herein by reference.

Industrial Applicability
[0072]

The hydrogenated block copolymer crumb according to
the present invention has the industrial applicability as
a material for materials for medical implements,
household electric products and thelr components,
electronic devices and their components, varicus types of
industrial components such as electric wire cables,

automobile components, and toys.



Claims

[Claim 1]

A hydrogenated block copolymer crumb comprising a
hydrogenated substance of a block copolymer of a vinyl
aromatic hydrocarbon and a conjugated diene,

wherein the crumb satisfies the following (1) to

(1) a main peak molecular weight is 200,000 to
600, 000;

{2) a molisture content is 1 mass $ or lower;

{3) a specific surface area is 0.3 to 1.0 mg/g; and

(4} components passing through a sieve having an
aperture of 3.35 mm, and not passing through a sieve
having an aperture of 0.425 mm account for 80 mass % or
more of the entire crumb.

[Claim 2]

A method for producing the hydrogenated block
copolymer crumb according to claim 1, comprising the
following <step 1> to <step 3>:

<step 1>: a step of subjecting an aguecus slurry
containing a hydrogenated block copolymer crumb to a
dehydration treatment to thereby obtain a crumb wherein
the crumb has a moisture content of higher than 60 mass %
and 80 mass % or lower, and crumb components not passing

through a sieve having an aperture of 3.35 mm account for

60 mass % or more of the entire crumb;



<step Z>: a step of sublecting the crumb obtained in
the <Step 1> to a dehydration treatment and a drying
Lreatment to thereby obtain a crumb having a moisture
content of 3 to 30 mass %; and

<step 3>: a step of subjecting the crumb obtained in
the <Step Z» to a drving treatment to thereby obtain a
crumb having a moisture content of 1 mass% or lower.
[Claim 3]

The method for producing the hydrogenated block
copolymer crumb according to claim 2, wherein an
apparatus outlet port temperature in the drying treatment
in the <Step 2> is made 135 to 175°C (inclusive).

[Claim 4]

The method for producing the hydrogenated block
copolymer crumb according to claim 2 or 3, comprising:

using an extrusion type drying machine having a
dehydration treatment unit and a drying fTreatment unit
wherein the dehydration treatment unit and the drying
treatment unit are communicated, in the <Step 2>;

carrying out the dehydration treatment by the
dehydration treatment unit; and

carrying out the drying treatment by the drying
treatment unit.

[Claim 5]

The method for preducing the hydrogenated block

copolymer crumb according to claim 4, wherein an outlet

port temperature of the dehydration treatment unit is



120°C or lower, and an outlet port temperature of the

drying treatment unit is 135 to 175°C.





