Description

Title of Invention: ASPHALT COMPOSITION

Technical Field
[0001]
The present invention relates to asphalt

compositions.

Background Art
[0002]

Asphalt compositions have been used in broad
applications to road pavement, sound shielding sheets,
and asphalt roofing. Such asphalt compositions have a
variety of polymers added to provide the performance
according to each application. For example, block
copolymers of ethylene-vinyl acetate copolymers,
ethylene-ethyl acrylate copolymers, rubber latex, and
conjugated diene with vinyl aromatic hydrocarbons are
added.

[0003]

Recently, asphalt compositions having high strength,
flow resistance, and wear resistance have been
increasingly required with an increase in the number of
vehicles running on roads or an increase in speed of
vchicles. It is considered that asphalt compositions

having higher softening points and enhanced mechanical









However, satisfactory storage stability during
storage at high temperature is not obtained yet in the
methods for improving asphalt compositions disclosed in
Patent Literatures 1 and 2, and a further improvement in
storage stability during storage at high temperature is
desired.

[0012]

The composition disclosed in Patent Literature 3
does not have a good balance between the softening point
and the storage stability at high temperature, and has
inferior ductility.

[0013]

The composition disclosed in Patent Literature 4
comprises a typical block copolymer composed of a vinyl
aromatic hydrocarbon and a conjugated diene. For this
reason, the composition has insufficient storage
stability at high temperature, and therefore cannot be
used as shingles for asphalt waterprocof sheets.

[0014]

The composition disclosed in Patent Literature 5
contains a large amount of a vinyl aromatic compound,
which results in high storage stability at high
temperature. However, the composition does not have a
sufficient softening point and sufficient ductility, and
cannot be used in road pavement.

[0015]



It is known that the proportion of the four
components of asphalt, i.e., A: saturate fraction, B:
asphaltene fraction, C: resin fraction, and D: aromatic
fraction, is varied according to the area of production
of crude o0il and the refinery thereof. The physical
properties of the asphalt composition are significantly
affected by the difference in the proportions of these
components because of the structure of the polymer,
resulting in asphalt compositions having a low softening
point, insufficient storage stability at high temperature
that can be determined from a change in softening point
after storage at high temperature, inferior rutting
resistance, and inferior solubility.

[0016]

The present invention has been made in consideration
of these problems described above. An object of the
present invention is to provide an asphalt composition
having a high softening point, high ductility, low melt
viscosity, high rutting resistance, and high storage

stability at high temperature.

Solution to Problem
[0017]

The present inventors, who have conducted extensive
research to solve the problems above, have found that the
problems can be solved by a composition comprising a

block copolymer having a specific structure and an



asphalt comprising a specific composition, and have
completed the present invention.
[0018]

Namely, the present invention is as follows.

An asphalt composition, comprising

0.5 parts by mass or more and 20 parts by mass or
less of a block copolymer, and

100 parts by mass of an asphalt;

the block copolymer comprising a polymer block (A)
mainly comprising a vinyl aromatic monomer unit, and a
copolymer block (B) containing a conjugated diene monomer
unit and a vinyl aromatic monomer unit; the content of
the vinyl aromatic monomer unit in the block copolymer
being 20% by mass or more and 60% by mass or less;

a content of the polymer block (A) in the block
copolymer being 10% by mass or more and 40% by mass or
less;

a hydrogenation rate of a double bond in the
conjugated diene monomer unit of the block copolymer
being 40% or more and 100% or less; and

the asphalt having a colloidal index ((a saturate
fraction content + an asphaltene fraction content)/(a
resin fraction content + an aromatic fraction content))
of 0.30 or more and 0.54 or less, and a saturate fraction
content of 11% by mass or less.

(2]



The asphalt composition according to above-described
[1], wherein the block copolymer has a peak top of a loss
tangent in the range of -70°C or more and 0°C or less in
a spectrum of a dynamic viscoelasticity, and the value of
the peak top is 0.7 or more and 2.0 or less.

[3]

The asphalt composition according to above-described
[1] or [2], wherein the block copolymer has a peak top of
a loss tangent in the range of -45°C or more and -20°C or
less in the spectrum of the dynamic viscoelasticity.

[4]

The asphalt composition according to any one of
above-described [1] to [3], wherein the colloidal index
(Ci) of the asphalt and the peak temperature (Tg (°C)) of
the loss tangent in the spectrum of dynamic
viscoelasticity of the block copolymer satisfy the
following relationship:

Ci < 0.0127 x Tg + 0.94

The asphalt composition according to any one of
above-described [1] to [4], wherein the hydrogenation
rate of the double bond in the conjugated diene monomer
unit of the block copolymer is 50% or more and 90% or
less.

[6]
The asphalt composition according to any one of

above-described [1] to [5], wherein the hydrogenation



rate of the double bond in the conjugated diene monomer
unit of the block copolymer is 60% or more and 90% or
less.

(7]

The asphalt composition according to any one of
above-described [1] to [6], wherein the conjugated diene
moncmer unit of the block copolymer comprises a
conjugated diene monomer unit (a) derived from a 1,2-bond
and/or a 3,4-bond and a conjugated diene monomer unit (b)
derived from a 1,4-bond, and

where a total content of the conjugated diene
monomer units is 100% by mass,

a content of an alkenyl monomer unit (al) in the
conjugated diene monomer unit {(a) hydrogenated is 10% by
mass or more and 50% by mass or less,

a content of an alkenyl monomer unit (bl) in the
conjugated diene monomer unit (b) hydrogenated is 0% by
mass or more and 80% by mass or less, and

a sum of contents of a non-hydrogenated conjugated
diene monomer unit (a2) after hydrogenation and a non-
hydrogenated conjugated diene monomer unit (b2) after
hydrogenation is 0% by mass or more and 90% by mass or
less.

(8]
The asphalt composition according to any one of

above~described [1] to [7], wherein the block copolymer






Description of Embodiment
[0020]

An embodiment for implementing the present invention
(hereinafter, referred to as "the present embodiment")
will now be described in detail. The present invention
will not be limited to the present embodiment below, and
can be modified and implemented in various ways within
the scope of the gist.

[0021]
[Asphalt composition]

The asphalt composition according to the present
embodiment comprises

0.5 parts by mass or more and 20 parts by mass or
less of a block copolymer, and

100 parts by mass of an asphalt;

the block copolymer comprising a polymer block (A)
mainly comprising a vinyl aromatic monomer unit, and a
copolymer block (B) containing a conjugated diene monomer
unit and a vinyl aromatic monomer unit;

the content of the vinyl aromatic monomer unit in
the block copolymer being 20% by mass or more and 60% by
mass or less;

the content of the polymer block (A) in the block
copolymer being 10% by mass or more and 40% by mass or

less;












429 (1946)), the content of the polymer block (A) can be
determined from the following formula:

content (% by mass) of polymer block (A) = (mass of
vinyl aromatic polymer block component/mass of polymer) x
100
[0030]

In the hydrogenated polymer, the content of the
polymer block (A) in the polymer is approximately equal
to the content of the polymer block (A) relative to the
polymer before hydrogenation. Accordingly, the content
of the polymer block (A) in the hydrogenated polymer may
be determined as a content of the polymer block (A)
before hydrogenation in the present embodiment.

[0031]
[Polymer block (B)]

In the present embodiment, the copolymer block (B)
is a block comprising a conjugated diene monomer unit and
a vinyl aromatic monomer unit, preferably a block
comprising 5% by mass or more and 95% by mass or less of
a vinyl aromatic monomer unit.

[0032]

In the present embodiment, the content of the vinyl
aromatic monomer unit in the copolymer block (B) 1is
preferably 5% by mass or more, more preferably 20% by
mass or more, still more preferably 25% by mass or more
from the viewpoint of the softening point and the rutting

resistance (G*/sind) of the asphalt composition. The
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less in the spectrum of dynamic viscoelasticity. The
value of the peak top is preferably 0.7 or more and 2.0
or less. An asphalt composition tends to have a further
enhanced balance of performance between the softening
point, the ductility, and the rutting resistance
(G*/sind) .

[0045]

The peak top of the loss tangent is in the range of
more preferably -50°C or more and -10°C or less, still
more preferably -45°C or more and -20°C or less from the
viewpoint of the balance of performance between the
softening point and the ductility and the rutting
resistance (G*/sind) of the asphalt composition.

[0046]

The value of the peak top is more preferably 0.8 or
more and 1.6 or less, still more preferably 0.9 or more
and 1.4 or less, further still more preferably 1.0 or
more and 1.3 or less from the viewpoint of the softening
point and the ductility of the asphalt composition. The
peak height of tand and the temperature thereof can be
determined by the method in Examples described later.
[0047]

The peak temperature of tand can be adjusted through
control of the proportion of the content of the vinyl
aromatic monomer unit and that of the conjugated diene
monomer unit in the copolymer block (B), thec

microstructure of the conjugated diene compound, and the






In the present embodiment, the conjugated diene
monomer unit consists of a conjugated diene monomer unit
(a) derived from a 1,2-bond and/or a 3,4-bond and a
conjugated diene monomer unit (b) derived from a 1,4-bond.
[0050]

Throughout the specification, the term "conjugated
diene monomer unit (a) derived from a 1,2-bond and/or a
3,4-bond" indicates a unit per conjugated diene compound
generated as a result of polymerization of the conjugated
diene compound at a 1,2-bond and/or a 3,4-bond. The term
"conjugated diene monomer unit (b) derived from a 1,4-
bond" indicates a unit per conjugated diene compound
generated as a result of polymerization of the conjugated
diene compound at a 1,4-bond.

[0051]

The content of the conjugated diene monomer unit (a)
(hereinafter, also referred to as vinyl bond content)
based on the total content of the conjugated diene
monomer units in the block copolymer is preferably 10% by
mass or more and 50% by mass or less, more preferably 15%
by mass or more and 45% by mass or less, still more
preferably 20% by mass or more and 40% by mass or less
from the viewpoint of the balance of performance between
the softening point and the ductility of the asphalt
composition.

[0052]
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In the present embodiment, where the total content
of the conjugated diene monomer units is 100% by mass,
preferably, the content of the alkenyl monomer unit (al)
in the conjugated diene monomer unit (a) hydrogenated is
10% by mass or more and 50% by mass or less, the content
of the alkenyl moncomer unit (bl) in the conjugated diene
monomer unit (b) hydrogenated is 0% by mass or more and
80% by mass or less, and the sum of the contents of the
non-hydrogenated conjugated diene monomer unit (a2) after
hydrogenation and the non-hydrogenated conjugated diene
monomer unit (b2) after hydrogenation is 0% by mass or
more and 20% by mass or less. Use of such a block
copolymer tends to further enhance the balance of
performance between the softening point and the ductility
of the asphalt composition.

[0053]

The content of the alkenyl monomer unit (al) is
preferably 15% by mass or more and 45% by mass or less,
more preferably 20% by mass or more and 40% by mass or
less from the viewpoint of the balance of performance
between the softening point and the ductility of the
asphalt composition.

[0054]

The content of the alkenyl monomer unit (bl) is
preferably 10% by mass or more and 70% by mass or less,
more preferably 15% by mass or more and 65% by mass or

less, still more preferably 30% by mass or more and 65%
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by mass or less from the viewpoint of the balance of
performance between the softening point and the ductility
of the asphalt composition.

[0055]

Furthermore, the sum of the contents of the
conjugated diene monomer unit (a2) and the conjugated
diene monomer unit (b2) is preferably 0% by mass or more
and 80% by mass or less, more preferably 5% by mass or
more and 70% by mass or less, still more preferably 10%
by mass or more and 60% by mass or less from the
viewpoint of the balance of performance between the
softening point and the ductility of the asphalt
composition.

[0056]

The contents of the alkenyl monomer unit (al) in the
conjugated diene monomer unit (a) hydrogenated, the
alkenyl monomer unit (bl) in the conjugated diene monomer
unit (b) hydrogenated, the non-hydrogenated alkenyl
monomer unit (a2), and the non-hydrogenated alkenyl
monomer unit (b2) can be determined by the method in
Examples described later.

[0057]

The content of the conjugated diene monomer unit (a)
in the block copolymer before hydrogenation and the
microstructure (proportion of cis, trans, and vinyl) of
the conjugated diene monomer unit can be adjusted by use

of a polar compound described later.
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[0058]

The block copolymer used in the present embodiment
preferably has at least one functional group selected
from the group consisting of a hydroxyl group, an acid
anhydride group, an epoxy group, an amino group, an amide
group, a silanol group, and an alkoxysilane group in view
of high ductility, high stretch recovery, and high
ductility at low temperature such as 5°C of the asphalt
composition. Among these functional groups, the block
copolymer more preferably has at least one functional
group selected from an amino group and an amide group,
still more preferably has an amino group. The block
copolymer more preferably has 2 mol or more of the at
least one functional group selected from an amino group
and an amide group per mol of the molecule. The
functional group described above can be introduced by the
method of producing a block copolymer described later.
[0059]

In the present embodiment, the melt flow rate (MFR)
of the block copolymer is preferably 0.05 or more and 10
or less, more preferably 0.05 or more and 8 or less,
still more preferably 0.05 or more and 6 or less. An MFR
of the block copolymer within this range will lead to a
good balance between the processability and the softening
point of the asphalt composition. The MFR can be
determined through measurement of the hydrogenated block

copolymer with a Melt Indexer (L247; manufactured by
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TECHNOL SEVEN CO., LTD) and calculation by a method
according to JIS K7210. The measurement is preferably
performed on a condition L at a test temperature of 230°C
under a test load of 2.16 kgf in unit for the measured
value of g/10 min.

[0060]

In the present embodiment, the block copolymer has a
weight average molecular weight (Mw) of preferably 50000
or more and 300000 or less, more preferably 60000 or more
and 280000 or less, still more preferably 70000 or more
and 260000 or less, further still more preferably 70000
or more and less than 200000 from the viewpoint of the
balance between the softening point and the melt
viscosity of the asphalt composition.

[0061]

In the present embodiment, the block copolymer has a
molecular weight distribution (Mw/Mn) (ratio of the
weight average molecular weight (Mw) to the number
average molecular weight (Mn)) of preferably 2.0 or less,
more preferably 1.8 or less, still more preferably 1.5 or
less from the viewpoint of the balance between the
softening point and the melt viscosity of the asphalt
composition.

[0062]

The weight average molecular weight and the

molecular weight distribution can be determined by the

method in Examples described later. The weight average
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molecular weight and the molecular weight distribution of
the hydrogenated block copolymer are approximately equal
to the weight average molecular weight and the molecular
weight distribution of the block copolymer before
hydrogenation. Accordingly, the weight average molecular
weight and the molecular weight distribution of the
hydrogenated block copolymer may be determined as the
weight average molecular weight and the molecular weight
distribution of the block copolymer before hydrogenation.
[0063]

In the present embodiment, the block copolymer used
can have any structure. Examples thereof include
structures represented by the following formulae:

(A=B)n+1, A= (B-A)n, B-(A-B)ni1, [(A-B)nln=X, [(B-A)x-Bln-X,
[ (A=B)n=Aln=X, [(B-A)pu1ln—X

where A each independently represents a polymer block
(A); B each independently represents a copolymer block
(B); n is each independently an integer of 1 or more,
preferably an integer of 1 to 5; m is each independently
an integer of 2 or more, preferably an integer of 2 to
11; and X each independently represents a residue of a
coupling agent or a residue of a polyfunctional initiator.
[0064]

The block copolymer may be any mixture of block
copolymers having the structures represented by the above

formulae. Among these structures, preferred is the



structure A-B-A in view of the balance of performance of
the asphalt binder.
[0065]

In the present embodiment, the vinyl aromatic
monomer unit in the copolymer block (B) may be uniformly
distributed, or may be distributed in a tapered manner,
in a stepwise manner, in a projected manner,' or in a
depressed manner. Throughout the specification, the term
"tapered structure" indicates a structure in which the
content of the vinyl aromatic monomer unit is gradually
increased along the polymer chain of the copolymer block
(B) . The relationships S2/S1 > 1 and S3/S2 > 1 are
established in the tapered structure where the content of
the vinyl aromatic monomer unit in the copolymer block
(B) immediately after the start of polymerization of the
copolymer block (B) is S1, the content of the vinyl
aromatic monomer unit in the copolymer during
polymerization, for example, when 1/2 of the introduced
monomer is polymerized is S2, and the content of the
vinyl aromatic monomer unit in the copolymer block (B)
after polymerization is completed is S3.

[0066]

A plurality of portions where the vinyl aromatic
monomer unit is uniformly distributed and/or a plurality
of portions where the vinyl aromatic monomer unit is
distributed in a tapered manner may be present in the

copolymer block (B). A plurality of segments having the






In the present embodiment, during polymerization of
the conjugated diene compound with the vinyl aromatic
compound using an organic alkali metal compound as a
polymerization initiator, a tertiary amine compound or an
ether compound as a polar compound may be added to adjust
the vinyl bond content (1,2-bond or 3,4-bond) attributed
to the conjugated diene monomer unit incorporated into
the block copolymer and the random polymerizability
between the conjugated diene and the vinyl aromatic
compound.

[0071]

Examples of the tertiary amine compound include, but
should not be particularly limited to, compounds
represented by the formula R'R’R®N where R', R?*, and R® are
each independently a hydrocarbon group having hydrocarbon
group having 1 to 20 carbon atoms or a tertiary amino
group.

[0072]

Specifically, examples thereof include
trimethylamine, triethylamine, tributylamine, N,N-
dimethylaniline, N-ethylpiperidine, N-methylpyrrolidine,
N,N,N',N'-tetramethylethylenediamine, N,N,N',N'-
tetraethylethylenediamine, 1,2-dipiperidinoethane,
trimethylaminoethylpiperazine, N,N,N',N",N"-
pentamethylethylenetriamine, and N,N'-dioctyl-p-
phenylenediamine.

[0073]



Examples of the ether compound include, but should
not be particularly limited to, linear ether compounds
and cyclic ether compounds.

[0074]

Specifically, examples of the linear ether compound
include, but should not be particularly limited to,
dimethyl ether, diethyl ether, diphenyl ether; dialkyl
ether compounds of ethylene glycol such as ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, and
ethylene glycol dibutyl ether; and dialkyl ether
compounds of diethylene glycol such as diethylene glycol
dimethyl ether, diethylene glycol diethyl ether, and
diethylene glycol dibutyl ether.

[0075]

Specifically, examples of the cyclic ether compound
include, but should not be particularly limited to, alkyl
ethers of tetrahydrofuran, dioxane, 2,5-dimethyloxolane,
2,2,5,5-tetramethyloxolane, 2,2-bis(2-oxolanyl)propane,
and furfuryl alcohol.

[0076]

In the present embodiment, the method of
polymerizing the conjugated diene compound with the vinyl
aromatic compound using the organic alkali metal compound
as a polymerization initiator may be batch polymerization,
continuous polymerization, or a combination thereof. The
polymerization temperature is generally 0°C or more and

180°C or less, preferably 30°C or more and 150°C or less.
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Examples of polyfunctional coupling agents such as
tri- or higher functional coupling agents include, but
should be particularly limited to, polyhydric alcohols
such as tri- or higher hydric alcohols; polyvalent epoxy
compounds such as epoxidated soybean oil and diglycidyl
bisphenol A; and polyvalent halogen compounds such as
halogenated silicon compounds represented by the formula
R4-nSiX, (where R each independently represents a
hydrocarbon group having 1 to 20 carbon atoms, X each
independently represents a halogen atom; and n represents
3 or 4), such as methylsilyl trichloride, t-butylsilyl
trichloride, silicon tetrachloride, and brominated
products thereof; and halogenated tin compounds
represented by the formula R4 SnX, (where R each
independently represents a hydrocarbon group having 1 to
20 carbon atoms, X each independently represents a
halogen atom; and n represents 3 or 4), such as methyltin
trichloride, t-butyltin trichloride, and tin
tetrachloride. Dimethyl carbonate and diethyl carbonate
can also be used as the polyfunctional coupling agent.
[0080]

A functional group can be added to the resulting
block copolymer by use of a compound having a functional
group as an initiator, a monomer, a coupling agent, or a
terminator.

[0081]






Examples of the coupling agent and the terminator
having functional groups include the coupling agents
listed above having a hydroxyl group, an acid anhydride
group, an epoxy group, an amino group, an amide group, a
silanol group, and an alkoxysilane group.

[0084]

Among these coupling agents, preferred are those
having a nitrogen-containing group or an oxygen-
containing group. Examples thereof include tetraglycidyl
meta-xylene diamine, tetraglycidyl-1,3-
bisaminomethylcyclohexane, tetraglycidyl-p-
phenylenediamine, tetraglycidyldiaminodiphenylmethane,
diglycidylaniline, y-caprolactone, Y-
glycidoxyethyltrimethoxysilane, y-
glycidoxypropyltrimethoxysilane, y-
glycidoxypropyltriphenoxysilane, 7y-
glycidoxypropylmethyldimethoxysilane, y-
glycidoxypropyldiethylethoxysilane, 1,3-dimethyl-2-
imidazolidinone, 1,3-diethyl-2-imidazolidinone, N,N'-
dimethylpropyleneurea, and N-methylpyrrolidone.

[0085]
[Hydrogenation method]

In the present embodiment, the method of
hydrogenating the block copolymer is not particularly
limited and the block copolymer can be hydrogenated by
any known method.

[(0086]


















The aromatic fraction content is preferably 58% by
mass or less, more preferably 56% by mass or less, still
more preferably 54% by mass or less. An aromatic
fraction content of 60% by mass or less tends to further
enhance the softening point and the rutting resistance
(G*/sind). The aromatic fraction content is preferably
38% by mass or more, more preferably 40% by mass or more,
still more preferably 42% by mass or more. An aromatic
fraction content of 35% by mass or more tends to further
enhance the applicability (low melt viscosity) and the
ductility.

[0098]

The colloidal index (Ci) of the asphalt and the peak
temperature (Tg (°C)) of the loss tangent in the spectrum
of the dynamic visccelasticity of the block copolymer
preferably satisfy the following relationship.
Satisfaction of this relationship tends to further
enhance the softening point and the rutting resistance.

Ci £0.0127 x Tg + 0.94
[0099]

The peak top of the loss tangent at this time is in
the range of preferably -70°C or more and 0°C or less,
more preferably -50°C or more and -10°C or less, still
more preferably -45°C or more and -20°C or less.

[0100]
Throughout the specification, the term "saturate

fraction" indicates o0il contents having a molecular



weight of 300 to 2,000, i.e., paraffin and naphthene.

The term "asphaltene fraction" indicates a condensed
polycyclic aromatic compound having a molecular weight of
1,000 to 100,000 and a layered structure. The term
"resin fraction" indicates a condensed polycyclic
aromatic resin having a molecular weight of 500 to 50,000.
The "aromatic fraction" indicates an aromatic oil content
having a molecular weight of 500 to 2,000. These
components can be analyzed by a measurement method
according to JPI-5S8-70-10 of JPI Standard and Manuals
Testing Method for Petroleum Products specified by the
Japan Petroleum Institute.

[0101]

The colloidal index and the saturate fraction can be
determined by the method in Examples described later.
[0102]

The penetration of the asphalt is preferably more
than 40 and 120 or less, preferably 50 or more and 100 or
less, more preferably 60 or more and 120 or less. A
penetration of the asphalt of more than 40 tends to
decrease the melt viscosity and further enhance the
ductility. A penetration of the asphalt of 120 or less
tends to further enhance the softening point and the
rutting resistance. The penetration of the asphalt can
be measured by the method described in Examples. The

penetration of the asphalt can be adjusted through
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(Polymers other than block copolymer described above)

Polymers other than the block copolymer described
above can be contained in view of a high softening point,
high o0il resistance, or economy. Examples of the other
polymers include, but should not be particularly limited
to, natural rubber, polyisoprene rubber, polybutadiene
rubber, styrene butadiene rubber, styrene-butadiene-
styrene block copolymers (SBS), styrene-butadiene-
butylene-styrene copolymers (SBBS), styrene-ethylene-
butylene-styrene copolymers (SEBS), olefin elastomers
such as ethylene propylene copolymers; ethylene-ethyl
acrylate copolymers, chloroprene rubber, acrylic rubber,
and ethylene vinyl acetate copolymers.

[0106]

Among these polymers, preferred are styrene-
butadiene-styrene block copolymers (SBS) in view of low
viscosity and high ductility of the asphalt composition.
Furthermore, more preferred are SBSs containing styrene-
butadiene diblock portions. Examples of SBS include
D1101 and D1184 manufactured by Kraton Performance
Polymers, Inc.

[0107]
(Tackifier)

The asphalt composition according to the present
embodiment may contain a tackifier. Examples of the
tackifier include, but should not be particularly limited

to, known tackifiers such as rosin resins, hydrogenated



rosin resins, terpene resins, coumarone resins, phenol
resins, terpene-phenol resins, aromatic hydrocarbon resin,
and aliphatic hydrocarbon resins.

[0108]

These tackifiers may be used singly or in the form
of a mixture. Specific examples of usable tackifiers
include those described in "Gomu/Purasutikku Haigo
Yakuhin (Rubber/Plastic Compounding Chemicals)" (edited
by Rubber Digest).

[0109]

Use of the tackifier improves the applicability and
the elastic modulus of the asphalt composition according
to the present embodiment. The content of the tackifier
in the asphalt composition according to the present
embodiment is in the range of preferably 0 to 200 parts
by mass, more preferably 10 to 100 parts by mass when the
block copolymer is 100 parts by mass. A content within
this range ensures the effect of improving the
applicability and the elastic modulus.

[0110]
(Softening agent)

The asphalt composition according to the present
embodiment may contain a softening agent. Usable
softening agents are both mineral oil softening agents
and synthetic resin softening agents. Examples of
mineral oil softening agents usually include paraffinic

oils, naphthenic oils, and aromatic oils.



[0111]

A type in which the number of carbon atoms of a
paraffinic hydrocarbon is 50% or more of the total number
of carbon atoms is called a paraffinic oil. A type in
which the number of carbon atoms of a naphthenic
hydrocarbon is 30 to 45% of the total number of carbon
atoms is called a naphthenic oil. A type in which the
number of carbon atoms of an aromatic hydrocarbon is 35%
or more of the total number of carbon atoms is called an
aromatic oil.

[0112]

Examples of preferred synthetic resin softening
agents include, but should not be particularly limited to,
polybutene and low molecular weight polybutadiene. A
preferred softening agent is a paraffinic oil, which is a
softening agent for rubber. Addition of the softening
agent improves the applicability of the asphalt
composition according to the present embodiment.

[0113]

The content of the softening agent in the asphalt
composition according to the present embodiment is
preferably 0 to 100 parts by mass, more preferably in the
range of 0 to 50 parts by mass, still more preferably in
the range of 2 to 30 parts by mass when the block
copolymer is 100 parts by mass to prevent bleed of the

softening agent and ensure the practically sufficient
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mechanical strength of the asphalt composition according
to the present embodiment.

[0114]

(Stabilizer)

The asphalt composition according to the present
embodiment may contain a variety of stabilizers such as
antioxidants and light stabilizers.

(0115]

Examples of the antioxidant include, but should not
be particularly limited to, hindered phencl antioxidants
such as 2,6-di-t-butyl-4-methylphenol, n-octadecyl-3-(4"'-
hydroxy-3',5'-di-t-butylphenyl)propionate, 2,2'-
methylenebis (4-methyl-6-t-butylphenol), 2,2'-
methylenebis(4-ethyl-6-t-butylphenol), 2,4-
bis[ (octylthio)methyl]-o~-cresol, 2-t-butyl-6-(3-t-butyl-
2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate, 2,4-
di-t-amyl-6-[1-(3,5-di-t-amyl-2-
hydroxyphenyl)ethyl]lphenyl acrylate, and 2-[1-(2-hydroxy-
3,5-di-tert-pentylphenyl) Jacrylate; sulfur antioxidants
such as dilauryl thiodipropionate, lauryl stearyl
thiodipropionate, and pentaerythritol-tetrakis (B-
laurylthiopropionate); and phosphorus antioxidants such
as tris(nonylphenyl)phosphite and tris(2,4-di-t-
butylphenyl)phosphite.

[0116]
Examples of the light stabilizers include

benzotriazole ultraviolet absorbing agents such as 2-(2'-



hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hydroxy-
3',5'-t-butylphenyl)benzotriazole, and 2-(2'-hydroxy-
3',5"'-di-t-butylphenyl)-5-chlorobenzotriazole;
benzophenone ultraviolet absorbing agents such as 2-
hydroxy-4-methoxy benzophenone; and hindered amine light
stabilizers.

[0117]

The content of the stabilizer in the asphalt
composition according to the present embodiment is
preferably 0 to 10 parts by mass, more preferably in the
range of 0 to 5 parts by mass, still more preferably in
the range of 0 to 3 parts by mass, further still more
preferably in the range of 0.2 to 2 parts by mass based
on 100 parts by mass of the block copolymer.

[0118]
(Additives)

The asphalt composition according to the present
embodiment can contain a variety of other additives
usually used in conventional asphalt compositions, when
necessary.

[0119]

Examples thereof include fillers and reinforcing
agents such as silica, talc, calcium carbonate, mineral
substance powder, and glass fibers, aggregates of mineral
substances, pigments such as red iron oxide and titanium
dioxide, waxes such as paraffin wax, microcrystalline wax,

and low molecular weight polyethylene wax, foaming agents



such as azodicarbonamide, polyolefin or low molecular
weight vinyl aromatic thermoplastic resins such as
atactic polypropylene and ethylene-ethyl acrylate
copolymer, natural rubber, and synthetic rubbers such as
polyisoprene rubber, polybutadiene rubber, styrene-
butadiene rubber, ethylene-propylene rubber, chloroprene
rubber, acrylic rubber, isoprene-isobutylene rubber,
polypentenamer rubber, and styrene-butadiene block
copolymers other than those of the present invention,
styrene-isoprene block copolymers, hydrogenated styrene-
butadiene block copolymers, and hydrogenated styrene-
isoprene block copolymers.

[0120]

The content of the additives in the asphalt
composition according to the present embodiment is
preferably 0 to 100 parts by mass, more preferably in the
range of 0 to 50 parts by mass, still more preferably in
the range of 0 to 30 parts by mass, further still more
preferably in the range of 1 to 20 parts by mass based on
100 parts by mass of the block copclymer.

[0121]
(Others)

The following substances can be added in addition to

the above.
[0122]
Rubber vulcanizing agents, crosslinking agents:

Examples thereof include sulfur, sulfur compounds,









usable in drainage pavement preferably comprises 60 to
85% by mass of a coarse aggregate, 5 to 20% by mass of a
fine aggregate, 3 to 5% by mass of a filler, and 4 to 6%%
by mass of the asphalt based on 100% by mass of the total
amount of the aggregates and the filler (excluding the
asphalt).

[0128]

Water permeable pavement mainly requires an
improvement in water permeability. In this case, the
content of the block copolymer in the asphalt composition
is preferably 0.5 to 6% by mass based on 100% by mass of
the asphalt. The composition of the asphalt composition
usable in water permeable pavement preferably comprises
60 to 85% by mass of a coarse aggregate, 5 to 20% by mass
of a fine aggregate, 3 to 5% by mass of a filler, and 4
to 6% by mass of the asphalt based on 100% by mass of the
total amount of the aggregates and the filler (excluding
the asphalt).

[0129]

Fine and gap graded pavement mainly requires an
improvement in wear resistance, flow resistance,
durability, and slip resistance. In this case, the
content of the block copolymer in the asphalt composition
is preferably 5 to 12% by mass based on 100% by mass of
the asphalt. The composition of the asphalt composition
usable in fine and gap graded pavement preferably

comprises 50 to 60% by mass of a coarse aggregate, 30 to












Examples
[0136]

The present invention will now be described in
detail by way of specific Examples and Comparative
Examples, but the present invention will not be limited
to the Examples below. First, the evaluation methods and
the methods of measuring physical properties used in the
Examples and the Comparative Examples will be described
below.

[0137]

[I. Evaluation of composition and structure of block
copolymer]

(I-1) Content of vinyl aromatic monomer unit (styrene
content) in block copolymer

A predetermined amount of a polymer was dissolved in
chloroform. The content of the vinyl aromatic monomer
unit (styrene) was calculated from the peak intensity of
the absorption wavelength (262 nm) attributed to the
vinyl aromatic compound (styrene) based on the
calibration curve using an ultraviolet spectrophotometer
(manufactured by SHIMADZU Corporation, UV-2450).

[0138]
(I-2) Content of polymer block (A) in block copolymer

The measurement was performed by the osmium
tetroxide acid method described in I.M. Kolthoff, et al.,

J. Polym. Sci. 1, p. 429 (1946) to determine the content












Ci = (saturate fraction content + asphaltene
fraction content)/(resin fraction content + aromatic
fraction content)

The colloidal index can also be measured through
analysis of the asphalt components extracted from the
asphalt applied to road pavement.

[0144]
(ITI-2) Penetration of asphalt

The penetration of the asphalt was determined
according to JIS-K 2207 as follows: a sample was kept at
25°C in a thermostat water bath, and the length of a
specified needle invading into the sample for 5 seconds
was measured. The asphalt used in the Examples had a
penetration of 60 or more and 100 or less in the
measurement.

[0145]
[ITI. Properties of asphalt composition]
(ITI-1) Melt viscosity

The melt viscosity was measured at 160°C and 180°C
with a Brookfield viscometer (type DV-III). If the
measured value (mPa-s) of the melt viscosity was 500 or
less at 160°C for road pavement, and was 500 or less at
180°C for asphalt waterproof sheets, it was determined
that such asphalt compositions had high performance in

practice. If the measured value (mPa-s) of the melt

viscosity was 450 or less on each temperature condition,












1,000 (amount of 1,2-vinyl bond: about 85%) were
dissolved, and a solution of 60 mmol of n-butyllithium in
cyclohexane was then added to react these materials at
room temperature for 5 minutes. 40 mmol of n-butanol was
immediately added, was stirred, and the product was
stored at room temperature.

[0151]

[V. Preparation of block copolymer]

<Polymer 1>

Polymerization was performed with a tank reactor
having an inner volume of 10 L with a stirrer and a
jacket by the following method.

[0152]
(Stage 1)

10 parts by mass of cyclohexane was placed 1in the
reactor, and was adjusted to a temperature of 70°C.
0.058% by mass of n-butyllithium was then added based on
the mass of the total monomers (total amount of the
butadiene monomer and the styrene monomer charged in the
reactor), and 0.4 mol of N,N,N',N'-
tetramethylethylenediamine (hereinafter, referred to as
TMEDA) was added based on 1 mol of n-butyllithium.
Subsequently, a solution of 10.5 parts by mass of styrene
in cyclohexane (monomer content: 22% by mass) was added
as a monomer over about 3 minutes, and the reaction was

performed for 30 minutes while the reactor inner












to 20 minutes, and the amount of styrene to be fed in
Stage 3 was changed to 7.5 parts by mass.
[0161]

Next, a hydrogenation reaction was performed in the
same manner as in Polymer 1 except that the hydrogenating
catalyst was added to the resulting block copolymer in an
amount of 80 ppm of titanium based on the mass of the
block copolymer. A hydrogenated block copolymer
(hereinafter, referred to as Polymer 4) was thereby
prepared. The hydrogenation rate was 62%.

[0162]
<Polymer 5>

Polymerization was performed by the same method as
in Polymer 1 except that the amount of n-butyllithium to
be fed was 0.077% by mass, the amount of styrene to be
fed in Stage 1 was changed to 12.5 parts by mass, the
amount of butadiene to be fed in Stage 2 was changed to
45 parts by mass, the amount of styrene to be fed in
Stage 2 was changed to 30 parts by mass, the time to add
butadiene was changed to 45 minutes, the amount of
styrene to be fed in Stage 3 was changed to 12.5 parts by
mass, the reactor inner temperature was adjusted to 85°C,
and the reactor internal pressure was adjusted to 0.42
MPa.

[0163]
Next, a hydrogenation reaction was performed in the

same manner as in Polymer 1 except that the hydrogenating







































shown in Table 2. The asphalt having a colloidal index
(Ci value) of 0.36 used was a straight asphalt 60-80,
manufactured by Rekiseikouyu Co., Ltd., Korea.

[0194]

[Example 10]

As shown in Table 2 below, an asphalt composition
was prepared by the same kneading method as in Example 1
except that 8 g of Polymer 6 and 8 g of Polymer 18 were
added. The physical properties of the asphalt
composition were shown in Table 2.

[0195]
[Example 11]

As shown in Table 2 below, an asphalt composition
was prepared by the same kneading method as in Example 1
except that 12 g of Polymer 17 and 4 g of EVA polymer
were added. The physical properties of the asphalt
composition were shown in Table 2.

[0196]
[Example 12]

As shown in Table 2 below, an asphalt composition
was prepared in the same manner as in Example 1 except
that after 14 g of Polymer 6 was added, 0.1% by mass of
sulfur was added to the asphalt composition, and the
materials were stirred for 120 minutes after addition,
and were cured at 160°C for 12 hours to prepare an
asphalt composition. The physical properties of the

asphalt composition were shown in Table 2.
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Claim 1

An asphalt composition, comprising

0.5 parts by mass or more and 20 parts by mass or less of a block copolymer, and

100 parts by mass of an asphalt;

wherein the block copolymer comprises a polymer block (A) comprising a vinyl
aromatic monomer unit in a proportion of more than 95% by mass and 100% by mass or
less, and a copolymer block (B) comprising a conjugated diene monomer unit and a vinyl
aromatic monomer unit; the content of the vinyl aromatic monomer unit in the block
copolymer being 20% by mass or more and 60% by mass or less;

wherein a content of the polymer block (A) in the block copolymer is 10% by mass
or more and 40% by mass or less;

wherein a hydrogenation rate of a double bond in the conjugated diene monomer
unit of the block copolymer is 40% or more and 100% or less;

wherein the asphalt has a colloidal index ((a saturate fraction content+an asphaltene
fraction content)/(a resin fraction content+an aromatic fraction content)) of 0.31 or more
and 0.54 or less, and a saturate fraction content of 11% by mass or less; and

wherein the block copolymer has a peak top of a loss tangent in the range of -70 C
or more and 0C or less in a spectrum of a dynamic viscoelasticity, and a value of the peak

top is 0.8 or more and 1.6 or less.

Claim 2
The asphalt composition according to claim 1, wherein the block copolymer has a

peak top of a loss tangent in the range of -45°C or more and -20C or less in the spectrum
of the dynamic viscoelasticity.

Claim 3
The asphalt composition according to claim 1, wherein the colloidal index (Ci) of
the asphalt and the peak temperature (Tg(C)) of the loss tangent in the spectrum of the
dynamic viscoelasticity of the block copolymer satisfy the following relationship:
Ci<0.0127xTg+0.94.

Claim 4
The asphalt composition according to claim 1, wherein the hydrogenation rate of
the double bond in the conjugated diene monomer unit of the block copolymer is 50% or

more and 90% or less.

Claim 5
The asphalt composition according to claim 1, wherein the hydrogenation rate of
the double bond in the conjugated diene monomer unit of the block copolymer is 60% or

more and 90% or less.

Claim 6

The asphalt composition according to claim 1, wherein the conjugated diene
monomer unit of the block copolymer comprises a conjugated diene monomer unit (a)
derived from a 1,2-bond and/or a 3,4-bond and a conjugated diene monomer unit (b) derived
from a 1,4-bond, and

wherein a total content of the conjugated diene monomer units is 100% by mass,
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wherein a content of an alkenyl monomer unit (al) in the conjugated diene
monomer unit (a) hydrogenated is 10% by mass or more and 50% by mass or less,

wherein a content of an alkenyl monomer unit (b1) in the conjugated diene
monomer unit (b) hydrogenated is 0% by mass or more and 80% by mass or less, and

wherein a sum of contents of a non-hydrogenated conjugated diene monomer unit
(a2) after hydrogenation and a non-hydrogenated conjugated diene monomer unit (b2) after
hydrogenation is 0% by mass or more and 90% by mass or less.

Claim 7
The asphalt composition according to claim 1, wherein the block copolymer has a
weight average molecular weight of 50000 or more and 300000 or less.

Claim 8

The asphalt composition according to claim 1, wherein the block copolymer has at
least one functional group selected from the group consisting of a hydroxyl group, an acid
anhydride group, an epoxy group, an amino group, an amide group, a silanol group, and an
alkoxysilane group.

Claim 9

The asphalt composition according to claim 1, wherein a content of the conjugated
diene monomer unit (a) derived from a 1,2-bond and/or a 3,4-bond is 10% by mass or more
and 50% by mass or less based on the total content of the conjugated diene monomer units
of the block copolymer.

Claim 10
The asphalt composition according to claim 1, wherein the asphalt has a penetration

of more than 60 and 80 or less.



