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ABSTRACT

A thermoplastic elastomex composition comprising from 35
to 50 parts by mass of a hydrogenated block copolymer (a) having
a welght-average molecular weight of £xrom 70000 to 120000, from
30 to 50 parts by mass of a rubber softener (b) and from S5 to
25 parts by mass of a polystyrene-based resin (¢) having a
weight -average molecular weight of from 100000 to 400000
[provided that the total of (a), (b) and (¢) 1s 100 parts by
mass], wherein the hydrogenated block copolymer (a) is prepared
by hydrogenating a block ¢opolymer having at least two polymer
blocks A mainly comprising a vinyl aromatic compound unit and
att least one polymer block B mainly comprising a conjugated
diene unit, and has a vinyl aromatic compound unit content of
from 35 to 45 ¥ by mass, and at least 50 ¥ of the carbon-carbon
double bonds derived from the conjugated diene in the polymer

block B are hydrogenated.
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SPECIFICATION
THERMOPLASTIC ELASTOMER COMPOSITION
TECHNICAT, FIELD
[0001]
The present invention relates to a thermoplastic
elastomer composition.
BACKGROUND ART

[0002]

Heretofore, urethane-based thermoplastic elastomer and
vualcanized rubber are used for elastic films excellent in stress
relaxability and elasticity recoverability. However, though
excellent in stress relaxability and elasticity recoverability,
films of urethane-based thermoplastic elastomer lack
flexibility and are prxoblematic in water resistance and weather
resistance. Films of wvulcanized rubber are £flexible and
excellent in stress relaxability and elasticity recoverability,
but require vulcanization, and therefore their productivity is
low, and in addition, since they are not thermoplastic, thelir
recyclability is poor.

{0003]

Given that situation, as thermoplastic elastomer
compositions for £films that are flexible and excellent in stress
relaxability and elasticity recoverability, for example, [1]
a material comprising from 20 to 80 % by weight of an elastomeric

block copolymer, from 5 to 60 % by weight of a process oil and
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from 3 to 60 % by weight of a vinylarene resin (see Patent
Reference 1); and [2] a thermoplastic polymer composition for
elastomexr £films, comprising fxrom 52 to 60 % by weight of a block
polymer having at least two terminal polystyrene blocks and a
center block of a hydrogenated diene polymer having a vinyl
content of at most 45 % by weight, from 19 to 28 % by weight
of an oil and from 13 to 22 % by weight of a polystyrene (see

Patent Reference 2) are proposed.

[0004]
Patent Referxrence l1: JP-T 2003-509565
Patent Reference 2: JP~T 2003-509564
[0005]

However, the elastomer compositions proposed in Patent
References 1 and 2 axre not always satisfactory in point of their
stress relaxability and flexibility, and thexe is room for
improving them.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]

An object of the present invention is to provide a
thermoplastic elastomer composition that solves the problems
and is excellent in stress relaxability, flexibility, weather
resistance and elasticity recoverability.

MEANS FOR SOLVING THE PROBLEMS

[0007]
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According to the present invention, the above object can
be attained by providing a thermoplastic elastomer composition
comprising from 35 to 50 parts by mass of a hydrogenated block
copolymer (a) having a weight-averxage moleculaxy weight of £fxrom
70000 £to 120000, from 30 to 50 parts by mass of a rubber softener
(b) and from § to 25 parts by mass of a polystyrene-based resin
(¢) having a weight-average molecular weight of from 100000 to
400000 [provided that the total of (a), (b) and (¢) is 100 parts
by mass], wherein the hydrogenated block copolymexr (a) is
prepared by hydrogenating a block copolymer having at least two
polymer blocks A mainly comprising a vinyl aromatic compound
unit and at least one polymexr block B mainly comprising a

conjugated diene unit, and has a vinyl aromatic compound unit

content of from 35 to 45 % by mass, and at least 50 % of the
carbon~carbon double bonds derived from the conjugated diene
in the polyvmer block B axe hydrogenated.

EFFECT OF THE INVENTION

[0008]

According to the present invention, there is provided a
therxrmoplastic elastomer composition excellent 1in stress
relaxability, flexibility, weather resistance and elasticity
recoverability.

BEST MODE FOR CARRYING OUT THE INVENTLON

[0009]

The present invention is desgscribed in detail hereinafter.
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The hydrogenated block copolymer (a) that constitutes the
thermoplastic elastomer composition of the present invention
is a hydrogenated block copolymer prepared by hydrogenating a
block copolymer having at least two polymer blocks A mainly
comprising a vinyl aromatic compound unit and at least one
polymer block B mainly comprising a conjugated diene unit.

[0010]

The vinyl aromatic compound unit constituting the polymer

block A in the hydrogenated block ¢opelymer (a) includes, for

example, stxyuctural units derived from styrene,
a-methylstyrene, 2~methylstyrene, 3-methylstyrene,
4 -methylstyrene, 4 -propylstyrene, 4-cyclohexylstyrene,
4 -dodecylstyrene, 2-ethyl-4-benzylgstyrene,

4 - (phenylbutyl) styrene, vinyltoluene, Il-vinylnaphthalene,
2~vinylnaphthalene, etc. Of those, preferred are structural
units derived from styrene or a-methylstyrene. The polymer
block A may be constituted of only one type of those aromatic
vinyl compound units, or may be constituted ol two or more types
thereof.

[0011]

The conjugated diene unit constituting the polymerx block
B in the hydrogenated block copolymer (a) includes, for example,
structural wnits derived from 1,3-butadiene, isoprene,
2,3-dimethyl-1,3~butadiene, 1,3-pentadiene, 1,3~-hexadiene,

etc. Of those, preferred are structural units derived L[rom
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1l,3-butadiene, isoprene, or a mixture of 1l,3-butadiene and
isoprene. The polymer bloc¢k B may be conétituted ¢f only one
type of those conjugated diene units, or may be constituted of
two or more types thereof. In case where the polymexr block B
i8 congstituted of two or more types of conjugated diene units
(for example, 1,3-butadiene unit and isoprene unit), the
constitution ratio and the polyvmerization mode (block, random,
etc.) are not specifically restricted. In case where the
polymer block B is constituted of 1,3-butadiene units alone,
the 1,2-bond ratio is preferably at least 25 % for the purpose
of preventing the cquality degradation of the elastomer owing

to crystallization after hydrogenation.

[0012]

The content of the polymexr block A in the hydrogenated
block copolymer (a) falls within a range of from 35 to 45 % by
mass, preferably from 36 to 43 % by mass, more preferably from
37 to 42 % by mass. When the content of the polymer block A
in the hydrogenated block copolymer (a) is less than 35 % by
mass, then the stress relaxability of the obtained
thermoplastic elastomer composition may lowex; but when more
than 45 % by mass, then the flexibility and the stress
relaxability thereof may Jlower. The content of the polymer
block A in the hydrogenated Dblock copolymer (a) may be

determined, for example, through 'H-NMR spectrometry.

[0013]
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In the polymer block B 1in the hydrogenated block copolymer
(a), from the wviewpoint of heat resistance and weather
resistance, at least 50 % of the carbon-carbon double bonds
derived from the conjugated diene must Dbe hydrogenated,
preferably at least 80 ¥, more preferably at least 90 ¥ thexeof
are hydrogenated. The degree of hydrogenation may be obtained
from the found data of the content of the carbon-carbon double
bonds derived from the conjugated diene units in the polymer
block B that is measured by iodine wvalue titration, IR
spectrometry, ‘H-NMR spectrometry or the like before and after
hydrogenation.

[0014]

The bonding mode of the polymer Rlock A and the polymer
block B in the hydrogenated block copolymer (a) may be linear,
branched, radial or in any combination of these. For example,
when the polymer block A is represented by A and the polymer
block B is B, the copolymer includes a triblock copolymer of
A-B-A, a tetra-block copolymer of A-B-A~-B, a penta-block
copolymer of A-B-A-B-A or B-A-~B-A-B, an (A-B) X type copolymer
(X represents a coupling agent residue, n indicates an integer
of at least 2), etc. Of those, the hydrogenated block copolymer
(a) is preferably a triblock copolymer of A-B~-A Oor a tetra-block
copolymer of A-B-A-B, more preferably a triblock copolymer of
A-B-A, from the point of easy productivity.

[o015]
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The weight-average molecular weight of the hydrogenated
block copolymer (a) falls within a range of from 70000 £to 120000,
preferably from 75000 to 118000, more preferably from 80000 to
115000, When the welght-average molecular weight of the
hydrogenated block copolymer (a) 1s less than 70000, then the
stress relaxability of the obtained thermoplastic elastomer
composition may lower; but when more than 120000, then the
moldability of the thermoplastic elastomer composition may be
POOY . The weight-average wmolecular weight as referred to
herein means a welght-average molecular weight 1in texrms of
polystyrene, as measured through gel permeation chiromatography
(GPC) . The weight-~average molecular welght is measured under
the following condition. Apparatus; GPC-8020 (Tosoh's GPC),
solvent: tetrahydrofuran, test temperature: 40°C, flow rate:
1 ml/min, amount to be fed: 150 ul, concentration: 5 mg/1l0 c¢
(hydrogenated block copolymer/THF) .

[0016]

The hydrogenated block copolymer (a) may have one or more
functional groups such as a carboxyl group, a hydroxyl group,
an acid anhydride group, an amind group and an epoxy group in
the molecular chain and/or at the molecular terminals, not
interfering with the object and the effect of the present
invention. As the hydrogenated bloc¢k copolymer (a), also
usable is a mixture of the above-mentioned hydrogenated block

copolymer having a functional group and a hydrogenated block
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copolymer not having a functional group.
[0017]

The hydrogenated block copolymer (a) may be produced, for
example, according to an anion polymerization method.
Concretely, it may be produced accorxrding to (i) a method of
successive polymerization of an aromatic vinyl compound and a
conjugated diene with an alkyllithium compound serving as an
initiator; (ii) a method of successive polymerization of an
aromatic vinyl compound and a conjugated diene with an
alkyllithium compound serving as an initiator followed by
coupling with a coupling agent added thereto; (iii) a method
of successive polymerization of a conjugated diene and then an

aromatic vinyl compound with a dilithium compoimd serving as

an lnitiator, etc.

[0018]

The above mentioned alkyllithium compound includes, for
example, methyllithium, ethylliithium, n-butyllithium,
sec-butyllithium, tert-butyllithium, pentyllithjium, etc. The
coupling agent includes dichloromethane, dibromomethane,
dichlorocethane, dibromoethane, dibromobenzene, etc. The
dilithium compound includes naphthalenedilithium,
dilithiohexylbenzene, etc,.

(0019]

Preferably, the polymerization is performed in the

presence of a solvent. The solvent is not specifically



CA 02646427 2008-09-18

restricted so far as it is inert to the initiator and has no
negative influence on the reaction. For example, it includes
saturated aliphatic hydrocarbons or aromatic hydrocarbons such
as hexane, cyclohexane, heptane, octane, decane, toluene,
benzene and xylene.

[0020]

A Lewlis base may be used as a <¢o-¢atalyst in the
polymerization. The Lewilis base includes, for example, ethers
such as dimethyl ether, diethyl ether and tetrahydrofuran:
glycol ethers such as ethylene glycol dimethyl ether and
diethylene glycol dimethyl ethexr; amines such as triethylamine,
N, N,N'" N'-tetramethylethylenediamine and N-methylmorpholine,
etc. Only one, or two or more of these Lewis bases may be used.
[(0021]

After the polymerization ac¢ccording to the method
mentioned above, the gained polyvmerization liguid is poured
into a poor solvent for the block copeolymer, such as methanol,
to thereby coagulate the block copolymer, or the polymexization
Ligquid may be pourxed into hot water along with steam, then the
solvent ig removed (by steam stripping) through azeotropy, and
thereaftex the residue ig dried to isolate the block copolymer.

[0022]

Next, the block copolvmer obtained in the above is

hydrogenated to give the hydrogenated block copolymer (a). The

hydrogenation may be attained generally at a reaction
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temperature of from 20 to 150°C and under a hydrogen pressure

of from 0.1 to 20 MPa, in the presence of a hydrogenation catalyst,
for example, Raney nickel; a heterogeneous catalyst such as Pt,
Pd, Ru, Rh ox Ni supported by a carriexr such as carbon, alumina
or diatomaceous earth; a Ziegler catalyst comprising a
combination of a transition metal compound (nickel octylate,
nickel naphthenate, nickel acetylacetonate, cobalt octylate,
cobalt naphthenate, cobalt acetylacetonate or the like) and an
organic aluminium compound such as triethylaluminium or
triisobutylaluminium or an organic lithium compound; a
metallocene catalyst comprising a combination of a
bis (cyclopentadienyl) compound with a transition metal such as
titanium, zirconium or hafnium and an oxganometallic¢c compound
comprising lithium, sodium, potassium, aluminium, zinc,
magnesium or the like, etc. Without isolating the block
copolymer from the block ¢opolymer-containing polymerization

liquid obtained in the above, the polymerization licuid may be
hydrogenated directly as 1t 1is.

(0023]

The hydrogenated block copolymer (a) obtained in the
above hydrocgenation may be isolated by pouring the
hydrogenation liguid into a poor solvent for the hydrogenated
block copolymer (a) such as methanol for coagulation, or by
pouring the hydrogenation ligquid into hot water along with steam

and removing the solvent (by steam stripping) through azeotropy,

10
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and thereaftexr drying the residue.

[0024]

The content of the hydrogenated block copolymer (a) in
the thermoplastic elastomer composition of the present
invention falls within a range of from 35 to 50 parts by mass,
preferably from 40 to 50 parts by mass, more preferably from
45 to 50 parts by mass. When the content of the hydrogenated
block ¢copolymer (a) is less than 35 parts by mass, then the stress
of the obtained thermoplastic elastomer composition may lower;

but on the othexr hand, when more than 50 parts by mass, then

the moldability of the obtained thermoplastic elastomer

composition may worsen.

[0025]

The rubber softener (o) that constitutes  the
thermoplastic elastomer ¢omposition of the present invention
includes, for example, mineral oils such as paraffinic process
oil and naphthenic process oil; vegetable oils such as peanut
0il and rosin; phosphoric ester; low-molecular-weight
polyethylene glycol; ligquid paraffin; synthetic oils such as
low-molecular-weight polvethylene, ethylene-a-olefin
co-oligomer, liquid polybutene, ligquid polyisoprene or its
hydrogenated  products, licuid  polybutadiene ox its
hyvdrogenated products, etc. Of those, preferred are
paraffinic oils such as paraffinic process o0il and liquid

paraffin. As the paraffinic oils, preferred are those having

1A
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a kinematice viscosity at 40°C of from 20 to 1500 mm?/s, more
preferably from 50 to 1000 mm®/s, most preferably from 70 to

500 mm>/s. One or more of these may be used either singly or

as combined.

[0026]

The content of the rubber softener (b) in the
thermoplastic elastomer composition of the present invention
falls within a range of from 30 to 50 parts by mass, preferably
from 32 to 48 parts by mass, more preferably from 35 to 45 parts
by mass. When the content of the rubber softenexr (b) is less
than 30 parts by mass, then the moldability of the obtained
thermoplastic elastomer composition may worsen; but when more
than 50 parts by mass, then the strxess of the obtained

thermoplastic elastomer composition may greatly lower.

[0027]

The polystyvrene-based resin (¢) in the thexrmoplastic

elastomer composition of the present invention includes, for

example, polystyrene, polyorthomethylstyrene,
polyparamethylstyrene, polydimethylstyrene,
polymetaethylstyrene, polychlorostyrene,
polyisopropylstyrene, poly-tertiary butyl styrene,
polyalphamethylstyrene, polyethylvinyltoluene,
styvrene-maleimide copolymex, styrene~N-phenylmaleimide

copolymer, styrene~-N-phenylmaleimide-acrylonitrile copolymer,

styrene-N~phenylmaleimide-methyl methacrylate copolymer,

12



CA 02646427 2008-09-18

styrene-N-phenylmaleimide-~-butyl acrylate copolymer,
rubber-reinforced impact-resistant polystyrene,
styrene-ac¢xrxylonitrile copolymer (AS resin) ,
styrene-acrylonitrile-butadiene copolymer (ABS resin) ,

ethylene-propylene rubber-reinforced styrene-acrylonitrile
copolymer (AES resin) , polvacrylate rubber-reinforced
styrene-acrylonitrile copolymer (AAS resin), styrene-methyl
methacrylate copolymer (MS resin), styrene-methyl
methacrylate~-butadiene copolymer (MBS xesin), etc. In the
present invention, polystyrene and polyalphamethylstyrene are
preferred for the polystyrene-based resin (c).

[0028]

The weight -average molecular weight of the
polystyrene-based resin (c¢) falls within a range of from 100000
to 400000, preferably from 120000 to 350000, more preferably
from 150000 to 300000. When the weight-average molecular
welight of the polystyrene-based resin (¢) is less than 100000,
then the stress relaxability of the obtained thermoplastic
elastomer composition may worsen; but when more than 400000,
then the moldability of thermoplastic elastomer composition may
worsen.

[0029]

The content of the polystyrene-based resin (c) in the
thermoplastic elastomer composition of the present invention

falls within a range of fxrom 5 to 25 parts by mass, preferably

13
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from 7 to 22 parts by mass, more preferably from 8 to 18 parts
by mass.
[0030]

In accordance with the object, any other component may
be incorporated in the thermoplastic elastomer composition of
the present invention in addition to the above-mentioned
componernts, not detracting from the effect of the present
invention. The other components include, for example, various
additives such as a filler, an antioxidant, a heat stabilizer,
a light stabilizexr, a UV absorbent, a neutralizing agent, a
lubricant, an antifogging agent, an antiblocking agent, a
colorxrant, a flame retardant, an antistatic agent, a
crosslinking agent, a conductivity-;.mparting agent, an
antimicrobial agent and an antifungal agent; thermoplastic
resins other than the above-mentioned indispensable
ingredient; elastomers othexr than the above-mentioned
indispensable ingredient; a tackifying resin, a filler, etc.
One or more selected from these may be suitably used elthex
singly or as combined. The thermoplastic resins othex than the
indispensable ingredient include polyolefin-based resins such
as ethylene-based resins and polypropylene. The
ethylene-based resins include ethylene homopolymexrs such as
high-density polyethylene and low-density polyethylene;

ethylene copolymers, for example ethylene~a-clefin copolymexs

such as ethylene-propylene copolymer, ethylene-l-butene

14



CA 02646427 2008-09-18

copolymer, ethylene-l-hexene copolymer, ethylene-l-heptene

copolymer, ethylene-1l-octene copolymer,
ethylene-4-methyl-1-pentene copolymer, ethylene-l-nonene
copolymer, ethylene-l-decene copolymer; ethylene~-vinyl
acetate copolymer, ethylene-acrylic acid copolymerx,

ethylene-acrylate  copolymer, ethylene-methacrylic acid
copolymer, ethylene-methacrylate copolymer or resins derived
from these by modifying them with maleic anhydride or the like;
etc. In case where the polyolefin-based resin is incorporated,
its content may be at most 30 % by mass of the total mass of
the thermoplastic elastomer composition, preferably at most
20 % by mass. Of the above, when an ethylene-based resin is
incorporated, then it may increase the stress not worsening the
stress relaxability and residual strain. The ethylene~based
resin in this case is prefexrably an ethylene homo-~copolymer and
an ethylene-g~olefin copolymer, more preferably an ethylene
homopolymer. The ethylene-based resin content is preferably
within a range of from 2 to 40 parts by mass relative to 100
parts by mass of the total of the hydrogenated block copolymer
(a) , the rubber softener (b) and the polystyrene-based resin

(c), more preferably from 3 to 25 parts by mass.

[0031]

The above-mentioned hydrogenated block copolymer (a),

rubber softener (b)), polystyrene-based resin (¢) and other

optional constitutive ingredients are mixed to produce a

15
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thermoplastic elastomer composition of the present invention.
They may be mixed in any oxdinaxy method; and for example, they
may be uniformly mixed with a mixing device such as a Henschel
mixery, a ribbon blender or a V-type Dblender and then

melt-kneaded with a kneading device such as a mixing roll, a

kneader, a Banbury mixer, a Brabender mixer or a single-screw

or twin-screw extruder. The kneading may be attained generally

at 120 to 280°C.
[0032]

The obtained thermoplastic¢ elastomexr composition may be
molded and worked in an orxrdinaxy manner in accordance with
various shapes, thereby producing various shaped articles.
For example, in case where the obtained thermoplastic elastomer
composition is molded into films such as elastic films, the
films may be single-layered f£ilms of the thermoplastic
elastomer composition of the present invention alone, oxr may
be multilavered films produced through coextrusion with a
thermoplastic resin such as polyethylene. For the method of
producing single-layered or multilayered f£ilms, for example,
employable is a known molding technicue of T-die f£ilm formation
with a single-layered or multilayered die, extrusion lamination,
coextrusion or the like. In general, the film thickness 1is

within a range of f£from 15 to 200 um.

EXAMPLES

[0033]

L6
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The present invention is described more concretely with
reference to the following Examples; howevexr, the present
invention is not limited to these Examples. The weight-~average
molecular weight of the hydrogenated block copolymer given
below is a molecular weight in terms of polystyrene thxrough GPC;
and the styrene content, the degree of hydrogenation and the
vinyl bond content are determined through *H-NMR.

In the following Examples and Comparative Examples, the
physical properties of the thermoplastic elastomer composition
were evaluated according to the methods mentioned below.
[0C034]

(1) Evaluation of Dispersibility:

The thermoplastic elastomer composition obtained in
Examples and Comparative Examples is press-formed at 240°C into
a sheet having a thickness of about 1 mm. The gsheet is visually
checked for transparency as the index of dispersibility.

(O: The sample has high transparency and good dispexsibility.
A : The sample is transparent, and its dispersibility is
relatively good.

X : The sample is poorly transparent, and its dispersibility
18 not good.

[0035]
(2) Cycle Hysteresis Test:

The thermoplastic elastomer composition obtained in

Examples and Comparative Examples is press-formed at 240°C into

17
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a sheet having a thickness of about 0.5 mm. A test strip having
a width of 25 mm and a length of 75 mm is cut out of the sheet.
Using an Instron tensile tester with a chuck-to-chuck distance
of 25 mm, the test strip is stretched by 200 % at a test
temperature of 25°C and at a test speed of 250 mm/min, kept as
such for 30 seconds, and then shrunk down to 0% at a test speed
of 250 mm/min, whereupon the 100 % elongation stress, the 200 %
elongation stress, the retention stress after stretched by 200 %
and kept as such for 30 seconds, and the residual strain (the

elongation at which the tensile strxess to shrink down to 0% is

0) are measured.

The stress relaxation at 200 % elongation in the cycle
hystexesis test is computed according to the following formula
(1) :

[0036]

[Numerical Formula 1]

Stress Relaxation (%) = [(faeox - f200v @ 30 sec) /£2008] X 100 (1)
fzo0y: Stress at 200 % elongation,

f200% @ 30 gec: Retention stress after 30 seconds.

[0037]

(3) Long~Time Stress Relaxation Test:

The thermoplastic elastomer composition obtained in

Examples and Comparative Examples 1s press-formed at 240°C into

a sheet having a thickness of about 1 mm. A test strip having

a width of 25 mm and a length of 75 mm is cut out of the sheet.

18
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Using an Instron tengile tester with a chuck-to-chuck distance

of 25 mm, the test strip is stretched by 50 % at a test temperature

of 38°C and at a test speed of 125 mm/min, kept as such for 10

hours, whereupon the initial stress and the retention stress
after 10 hours are measured.
The stress relaxation at 50 ¥ elongation in the long-time

stress relaxation test is computed according to the following

formula (2) :

[0038]

[Numerical Formula 2]

Stress Relaxation (%) = [(fsos - fsov @ 20 ne) /Es0x] x 100 (2)
feor: Initial stress at 50 % elongation,

fsog— @ 10 hr? Retention stress after 10 hours.

[00389]

The details of the ingredients used in the following
Examples and Comparative Examples are as follows:
Hydrogenated Block Copolymer
Hydrogenated Block Copolymer (a-1):

3000 ml of a solvent, c<yclohexane and 9.3 ml of an
initiator, sec~-butyllithiumhaving a concentrationof 10.5wt. %
were put into a nitrogen-purged dried pressure container,

heated up to 50°C, and then 130 ml of gtyrene was added thereto

and polyvmerized for 1 hour. Subsequently, 540 ml of a mixture
of isoprene and butadiene (50/50 by mass) was added to it and

polymerized £for 2 hours, then 130 ml of styrene was added thereto

19
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and polymerized for 1 hour, and therecafter the polymerization
was stopped with 0.49 ml ¢of methanol thereby giving a block
copolymer-containing polymerization liquid. A Ziegler
hydrogenation catalyst compxising nickel
octylate/triethylaluminium was added to the reac¢tion mixture,
and hydrogenated under a hydrogen pressure of 0.8 MPa at 80°C
for S5 hours, thereby giving a hydrogenated block copolymer
(hereinafter this is referred to as a hydrogenated block
copolymer (a-1l)). The styrene content ©f the hydrogenated
block copolymer (a-l) was 40 % by mass, the degree of
hydrogenation thereof was 98 %, the vinyl bond content thereof

was 9 %, and the weight-average molecular weight thereof was
99000.

[0040]
Hydrogenated Block Copolymer (a-2):

3000 ml of a solvent, cyclohexane and 18.0 ml of an
initiatox, sec-butyllithiumhaving a concentrationof 10.5wt. %
were put Iinto a nitrogen-purged dried pressure container,
heated up to 50°C, and then 170 ml of styrene was added thereto
and polymerized for 1 hour. Subsequently, 720 ml of a mixture

of isoprene and butadiene (50/50 by mass) was added to it and

polymerized for 2 hours, then 170 ml of styrene was added thexeto
and polymerized for 1 hour, and thereafter the polymerization

was stopped with 0.95 ml of methanol thexeby giving a block

copolymer~containing polymerization liquid. A Zieglerx
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hydrogenation catalyst comprising nickel
octylate/triethyvlaluminium was added to the reaction mixture,
and hydrogenated under a hydrogen pressure of 0.8 MPa at 80°C
for 5 hourxs, thereby giving a hydrogenated block copolymer
(hereinafter this is refexrrxed to as a hydrogenated block
copolymer (a-2)). The styrene content ¢f the hydrogenated
block copelymer (a-2) was 40 % by mass, the degree of
hydrogenation thereof was 97 %, the vinyl bond content therxreof
was 8 ¥, and the weight-average molecular weight thereof was
68000.

[0041]

Hydrogenated Block Copolymer (a-3):

3000 ml of a solvent, c¢vclohexane and 8.2 ml of an
initiator, sec~butyllithiumhaving a concentrationof 10.5wt. %
were put into a nitrogen-purged dried pregssure container,
heated up to 50°C, and then 161 ml of styrene was added thereto
and polymerized for 1 hour. Subsecquently, 450 ml of a mixture
of isoprene and butadiene (50/50 by mass) was added to it and
polymerized for 2 hours, then 161 ml ¢of styxene was added thereto
and polymerized for 1 hour, and thereafter the polymerization
was stopped with 0.47 ml of methanol thereby giving a block
copolymer-containing polymerization liquid. A Ziegler
hydrogenation catalyst comprising nickel

octylate/triethylaluminium was added to the reaction mixture,

and hydrogenated undex a hydrogen pressure of 0.8 MPa at 80°C

21



CA 02646427 2008-09-18

for 5 hours, thereby giving a hydrogenated block copolymer
(hereinafter this is referred toc as a hydrogenated block
copolymer (a-3)). The styrene content of the hydrogenated
block copolymer (a-3) was 50 % by mass, the degree of
hydrogenation thereof was 98 %, the vinyl bond content thereof

was 9 %, and the weilght-average molecular weight thereof was

101000.
(0042]
Hydrogenated Block Copolymer (a-4):

Septon 4033 (Kuraray's trade name, hydrogenated
styrene-isoprene/butadiene-styrene block copolymer having a
styrene content of 30 % by mass and a weight-average molecular
weight of 95000).

{0043}
Hydrogenated Block Copolymer (a-5):

The hydrogenated block c¢opolymer (a-l1l) and the
hydrogenated block ¢opolymexr (a-4) was mixed in a ratio by mass
of 71/29 to give a hydrogenated block c¢opolymer (this is
referred to as a hydrogenated block copolymer (a-5)). The
styrene content of the hydrogenated block copolymer (a-5) was
37 % by mass, the degree of hydrogenation thereof was 98 %, the
vinyl bond content thereof was 9 %, and the weight-average
molecular weight thereof was 98000.

[0044)])

Rubber Softener
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(b-1): Paraffinic process oil (Idemitsu Kosan's trade name,
Diana Process 0il PW-90 having a kinematic viscosity at 40°C
of 95.54 mm*/s).

[0045]

Polystyrene-based Resin
(c-1) ; GPPS (PS Japan's trade name, 679 having MFR of 18 g/10

min and a weight-average molecular weight of 198000).

[0046]

Ethylene-baged Resin
Low-density polyethylene (Nippon Polychem's trade name, LC500

having MFR of 4.0 g/10 min).
[0047]
Examples 1 to 6, Comparative Examples 1 to 7:

The hydrogenated block copolymexrs (a-1) to (a-5), the
rubber softener (b-1), the styrene-based resin (c-1) and the
ethylene-based resin were mixed in a ratio by mass shown in
Tables 1 and 2, and a phenolic antioxidant (Irganox 1010) was
added to it in an amount of 0.1 % of the total mass of all
components, then premixed, and thereafter using a Brabender
mixer, this was melt-kneaded at 240°C for 5 wminutes. The
obtained thermoplastic elastomer composition was tested and
evaluated according to the above-mentioned methods (1) to (3).
The results are shown in Tables 1 and 2.

[0048]

[Table 1]
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S il i

Hydrogenated Block -
a-M>IIIIllI

Copolymer
IIIIIIIIIIIIIIIIEIEHlllllllllllllmllllllllllllllIIIIIIIll!Illl

Rubber Softener ==_—

(b-1) 43 | 37
------
Resin

(c- l)
Ethylene-based Resln
- --—
polyethylene)

Quality Evaluation
Disperaibility
Cycle Hysteresis Test -
Stress at 100 % 0 65 .
e e p) -
Stress relaxation at
200 % elongation (%) 10 & -
Stress relaxation (%¥)| 28 30 |
Retention stress
Time taken for stress
relaxation to reach | 10« L0« 10«¢ 10« 10
30 & (hr)
[0049]

elongation (MPa)

Stxress at 200 %

Residual strain (%) 7 ;
Relaxation Tesat

[Table 2]
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Hydrogenated Block
Copolymer

Rubbgp Softener

Polystyrene-based
Resin

Quality Evaluation

Digpersibility
Cy¢le Hysteresls Test

Stregs at 100 %
elongation (MPa)
Stress at 200 %
elongation (MPa)
Stress relaxation at
200 % elongation (%)
Residual strain (%)
Long-Time Stress
Relaxation Test
Stress relaxation (%
Retention stress
after 10 hours (MPa)
Time taken for stress
relaxation to xeach
30 ¥ (hx)

[0050]
From the results in Tables 1 and 2, the thermoplastic

elastomer compositions obtained in Examples of the present

invention are excellent in sStress relaxability and elasticility

recoverability.
TNDUSTRIATL, APPLICABILILITY
[0051]
The thermoplastic elastomer composition of the present

jnvention is excellent in stress relaxability, flexibility,
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weatherx resistance and elasticity recoverability, and does not
contain a substance to c¢ause environmental pollution.
Therefore it can be effectively used in wide various
applications, for example, for sanitary materials such as paper
diapers, toilet training pants, sanitary protections and
underwear; medical materials such as poultice substrates,
elastic tapes, bandages, gowns, supporters and correctional
wear: bands such as hair bands, wrist bands, wristwatch bands
and eyeglass bands; miscellanedus goods such as rubber bands
and training tubes; and especially it is favorable for sanitary

materials such as paper diapers and sanitary protections.
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CLATMS
[1] A thermoplastic elastomer composition comprising £from 35
to 50 parts by mass of a hydrogenated block copolymer (a) having
a weight-average molecular weight of from 70000 to 120000, from
30 to 50 parts by mass of a rubber softener (b) and from S5 to
25 parts by mass of a polystyrene-based resin (c¢) having a
welght-average molecular weight of from 100000 to 400000
[provided that the total of (a), (b) and (c¢) is 100 parts by
mass)] , wherein the hydrogenated block copolymer (a) is preparxed
by hydrogenating a block copolymer having at least two polymerx
blocks A mainly comprising a vinyl aromatic compound unit and

at least one polymer block B mainliy comprising a ¢onjugated

diene unit, and has a vinyl aromatic compound unit content of
from 35 to 45 ¥ by mass, and at léast 50 ¥ of the carbon-carbon
double bonds derived from the ¢onjugated diene in the polymer
block B are hydrogenated.

[2] The thermoplastic elastomer composition as claimed in
claim 1, which contains from 2 to 40 parts by mass of an
ethylene-based resin relative to 100 parts by mass of the total
of the hydrogenated block copolymer (a), the rubber softener
(b) and the polystyrene-based resin (c).

[3] The thermoplastic elastomer composition as claimed in

claim 1 or 2, wherein the polymer block B mainly comprising a

conjugated diene unit that constitutes the hydrogenated block

copolymexr (a) comprises a 1,3~butadiene unit and an isoprene
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unit, and at least 80 % of the carbon~carbon doubkle bond derived
from the c¢onjugated diene in the polymer block B are
hydrogenated.

(4] The thermoplastic elastomer composition as claimed in any
one of claims 1 to 3, wherein the hydrogenated block copolymer
(a) is a triblock copolyner of A-B-A in which A represents the
polymer block A and B represents the polymer block B.

(5] The thermoplastic elastomery composition as ¢laimed in any
one o©f ¢laims 1 to 4, wherein the rubber softener (b) is a
paraffini¢c oil.

[6] A film comprising a thermoplastic elastomer composition

as claimed in any one of claims 1 to 5.
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