DESCRIPTION

PROCESS FOR PRODUCING AROMATIC VINYL/CONJUGATED DNE COPOLYMER
AND PRODUCT OF HYDROGENATION THEREOF

TECHNICAL FIELD
[0001]

The present invention relates to a method for ypcody a copolymer by separating a
solvent from a copolymer solution containing atsteane copolymer selected from an
aromatic vinyl compound-conjugated diene copolyn@ehydride of the copolymer, and a

mixture thereof.

BACKGROUND ART
[0002]

Among copolymers of a conjugated diene and an ationvinyl compound, block
copolymers which are composed of a conjugated dieleek mainly composed of a
conjugated diene unit and an aromatic vinyl compgotnock mainly composed of an
aromatic vinyl compound unit exhibit strength arldséc properties equal to those in
conventional vulcanized rubbers, without being auized, and therefore, they are widely
used alone or as a composition with other thernsbiglaesin or a softening agent in fields of
automotive components, household electrical comqisnelectrical wire coatings, medical
components, footwear, miscellaneous goods, anchso lo addition, it is also known that by
hydrogenating an unsaturated double bond derivad & conjugated diene, heat resistance,
oxidation resistance, weather resistance, ozorstaase, and so on of copolymers can be
improved.

These copolymers are commercially available inows shapes, such as a crumb
shape (agglomerate of porous fine particles), depedhape, a powdered shape, etc.
Especially, those in a crumb shape have such sacteaistic feature that due to a high
specific surface area, absorption of a softenirgnggsuch as an oil, etc., is good, so that on
producing a composition, kneading is readily achikev
[0003]

Now, a copolymer composed of a conjugated diegeasnaromatic vinyl compound
can be, for example, produced by a liquid phaserémipolymerization method of using an
organic alkali metal compound as a polymerizatiotiator in the presence of an inert gas and
a hydrocarbon solvent that is inert to the polyzegion initiator. In addition, hydrogenation



of the copolymer can be carried out in the presesfca hydrogen gas, a hydrogenation
catalyst, and a solvent that is inert to the hydrnagion reaction.
[0004]

Since the thus produced copolymer, hydrogenatpadlgmer, or mixture thereof is
obtained in a state where it is uniformly dissoh@dsuspended in the solvent used for the
reaction, it is necessary to obtain the copolymgrrémoving the solvent from such a
copolymer solution. For the purposes of removimg $olvent from the copolymer solution
with a less energy, increasing an oil absorptida od the resulting copolymer, and so on, a
variety of solvent separation methods have beesstiyated so far.

[0005]

As a representative method for obtaining a copelym a crumb shape by removing
the solvent from the copolymer solution, there xemaplified a steam stripping method
disclosed in PTLs 1 to 3 and so on. Specificdlig, steam stripping method is a method in
which a mixed liquid obtained by bringing the cgpokr solution into contact with steam in
the inside of a nozzle, or a suspension liquidiabthby mixing the copolymer solution with
an aqueous solvent in the inside of a nozzle,dsiriéo a desolvation tank where hot water
resides; the solvent is distilled off together watlwvater vapor to obtain an aqueous slurry of a
crumb; subsequently, the aqueous slurry is padsexigh a screen to obtain a hydrated
crumb; the hydrated crumb is subjected to dehyainaith a mechanical compression mode
using rolls, a Banbury type dehydrator, a screwusxn type press dehydrator, or the like;
and the resultant is then dried in a mechanicalpression mode using a screw extrusion type
dryer, a kneader type dryer, an expander type doyehe like, or in a non-compression mode
using a hot air dryer or the like. If desired, ls@ccrumb can also be pelletized by mixing
with other organic compound or inorganic compoufudipwed by treatment by using an
extruder.

[0006]

As a representative method for obtaining a copelym a pellet shape by removing
the solvent from the copolymer solution, therexsraplified a direct devolatilization method
for pellet production in which a highly concentit&uid is charged in a multi-vent extruder,
as disclosed in PTLs 4 to 10 and so on. Spedyictle direct devolatilization method for
pellet production is a method in which a highly centrated liquid obtained by subjecting a
non-copolymer solution heated to 200 to 3D@nder pressure to flash concentration is mixed
with water, if desired and charged in a mixing app#s having an internal movable mixing
section, such as a multi-vent extruder, etc., apellet is obtained while allowing the removal

of the solvent to proceed.



[0007]

As a representative method for obtaining a copelyim a powdered shape by
removing the solvent from the copolymer solutiomere is exemplified a direct
devolatilization method for powder production, asctbsed in PTL 11 and so on. PTL 11
discloses a method in which a mixture prepared bying the copolymer solution with a
heating fluid, such as water, etc., by a staticemiz heated at 60 to 28D and then sprayed
from a nozzle to obtain a powdered copolymer, atx$equently, the heating fluid component

is removed by using an extruder.

CITATION LIST
PATENT LITERATURE
[0008]
PTL 1: JP 2-189304 A
PTL 2: JP 7-13091 B
PTL 3: JP 4625148 B
PTL 4: JP 2010-155966 A
PTL 5: JP 2012-508800 A
PTL 6: JP 2013-522435 A
PTL 7: JP 4-175304 A
PTL 8: JP 2000-351808 A
PTL 9: JP 2008-231371 A
PTL 10: JP 2009-126947 A
PTL 11: US 5283021 A

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0009]

In the aforementioned steam stripping methods iattempted to produce a crumb
with a high oil absorption rate in a less energgstonption by a method of improving the
nozzle for bringing the copolymer solution into taet with steam, improving a stirring blade
of the desolvation tank and the steam feed, crgstiie crumb in the slurry by a crushing
pump, or the like. However, in view of the matteat an instrument, such as a compression
dehydrator, etc., and the energy for removing waternecessary, there was involved such a
problem that the economic efficiency is low.

[0010]
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In the aforementioned direct volatilization metHod pellet production, in order to
avoid a problem, such as vent-up, etc., it is remgsto increase a solid component
concentration in the highly concentrated liquid30 mass% or more. In general, flash
concentration or the like is adopted for productioh the highly concentrated liquid.
However, there were involved such problems thaashfconcentration tank is difficult for
cleaning due to a high viscosity of the highly cemirated liquid, and the process passing
properties are low; that in order to achieve sigdfit cleaning, it is necessary to provide a
stirring blade or the like in the flask concentatitank, so that the economic efficiency is
low; that in order to volatilize the solvent by mgithe extruder, thorough shearing and long
residence time are required, so that heat detéiparaf the copolymer or gelation by
three-dimensional crosslinking is liable to ocaesulting in worsening of a product's value;
and so on.

[0011]

In the aforementioned direct volatilization mettod powder production, there were
involved such problems that in the case of usieghtbating fluid, such as water, etc., a drying
step for removing the heating fluid is needed st the economic efficiency is low; that heat
deterioration of the copolymer or gelation by thdémensional crosslinking by the drying
steps is liable to occur, resulting in worsening @froduct's value; and so on.

[0012]

Furthermore, as a result of investigations made thg present inventors,
commercially available copolymers in a crumb shagee not satisfactory because the oll
absorption rate thereof is less than 10.

[0013]

Thus, a problem of the present invention is tadpoe a copolymer with a high oil
absorption rate by separating a solvent from a lgoper solution containing the copolymer
in a simple manner with a less energy consumptighowt requiring a dehydratidirying
step.

SOLUTION TO PROBLEM
[0014]

The present inventors made extensive and intensiestigations. As a result, it
has been found that the aforementioned problembeasolved by using a specified solvent
having a boiling point at atmospheric pressure t(h)af 30 to 100C and discharging a
heated copolymer solution at a specified lineapeig}, leading to accomplishment of the

present invention.



[0015]

Specifically, the present invention is concernéith whe following.
[1] A method for producing a copolymer (P), inclngiseparating a solvent contained in
a copolymer (P) solution to obtain the copolymér (P

the copolymer (P) being at least one copolymeecsetl from an aromatic vinyl
compound-conjugated diene copolymer composed déast one conjugated diene and at
least one aromatic vinyl compound and having a tesyerage molecular weight of 10,000
to 1,000,000, a hydride of the copolymer, and atunéthereof;

the solvent being a saturated aliphatic hydrocarbalvent or a saturated alicyclic
hydrocarbon solvent each having a boiling poinrd@to 100C; and

the method including the following Steps A to C:

Step A: a step of regulating a solid componenteatration (Ts) of the copolymer
(P) solution to a range of &Ts< 60) in terms of a mass%,

Step B: a step of heating the copolymer (P) smutibtained in the Step A such that
a temperature T°C) is in a range of {(225 - 1.9Ts)< T < (310 - 1.9x Ts)}, and

Step C: a step of discharging the copolymer (R)tem heated in the Step B from
any one nozzle selected from a rotary wheel ataomeaedwo-fluid nozzle atomizer, and a
pressure nozzle atomizer at a linear velocity b 100 m/sec to separate the solvent in an
inert gas stream at 0 to Z@
[2] The method for producing a copolymer (P) asfsgh in the item [1], wherein the
copolymer (P) is at least one copolymer selectedthfa block copolymer composed of a
polymer block (b) containing at least one conjudatiene unit and a polymer block (a)
containing at least one aromatic vinyl compound,unhydride of the block copolymer, and a
mixture thereof.
[3] The method for producing a copolymer (P) asfegh in the item [1] or [2], wherein
the copolymer (P) is one produced by liquid phaserac polymerization using an organic
alkali metal compound.
[4] The method for producing a copolymer (P) asfegh in any of the items [1] to [3],
wherein a molar weight distribution of the blockpotymer constituting the copolymer (P) is
in a range of 1.0 to 2.5.
[5] The method for producing a copolymer (P) asfegh in any of the items [1] to [4],
wherein the solvent is at least one selected fiwpéantane, pentane, cyclopentane, hexane,
cyclohexane, isoheptane, and heptane.
[6] The method for producing a copolymer (P) asfegh in any of the items [1] to [5],
wherein the temperature Q) in the Step B is in a range of 200 to 225



[7] The method for producing a copolymer (P) asfegh in any of the items [1] to [6],
wherein the solid component concentration (Tshefdcopolymer (P) solution in the Step A is
(10< Ts< 35) in terms of a mass%.

[8] The method for producing a copolymer (P) asfegh in any of the items [1] to [7],
wherein the linear velocity in the Step C is frono%0 m/sec.

[9] The method for producing a copolymer (P) asfggh in any of the items [1] to [8],
wherein the temperature of the inert gas in the Stés from 10 to 12TC.

[10] The method for producing a copolymer (P) asf@eh in any of the items [1] to [9],
wherein an amount of the inert gas used in the Stepfrom 0.01 to 5.0 NL relative to 1 kg
of the copolymer (P) solution.

[11] The method for producing a copolymer (P) ad@eh in any of the items [1] to [10],
wherein the copolymer (P) obtained through the Stépa fibrous copolymer.

[12] The method for producing a copolymer (P) adaeh in any of the items [1] to [11],
wherein an amount of the residual solvent in th@obomer (P) obtained through the Step C is
2 mass% or less.

[13] The method for producing a copolymer (P) ad@eh in any of the items [1] to [12],
wherein a bulk density of the copolymer (P) obtditierough the Step C is from 0.02 to 0.20
g/mL, and an oil absorption rate thereof is frontd 80.

ADVANTAGEOUS EFFECTS OF INVENTION
[0016]

In accordance with the production method of tresent invention, a solvent can be
removed from a copolymer solution in a simple manwéh a less energy consumption
without requiring a dehydratidrying step, and a copolymer with a high oil absorprate
can be industrially advantageously produced.

BRIEF DESCRIPTION OF DRAWINGS
[0017]

Fig. 1 is a diagrammatic view illustrating an agpas for separating a solvent from a
copolymer solution, which is used in the presemeittion.

Fig. 2 is a diagrammatic view illustrating a sture of a pressure nozzle atomizer
which is used in the present invention.

Fig. 3 is a diagrammatic view illustrating a diaskd a body of a pressure nozzle
atomizer which is used in the present invention.

Fig. 4 is a diagrammatic view of a copolymer prcithn apparatus used in Example



1 of the present invention.
Fig. 5 is a diagrammatic view of a pressure noaibenizer used in Example 1 of the

present invention.

DESCRIPTION OF EMBODIMENTS
[0018]

The copolymer (P) which is obtained by the promurctmethod of the present
invention is at least one selected from an aromuiiyl compound-conjugated diene
copolymer composed of at least one conjugated darck at least one aromatic vinyl
compound and having a weight average moleculariweif10,000 to 1,000,000, a hydride
of the copolymer, and a mixture thereof.

[0019]
(Aromatic Vinyl Compound-Conjugated Diene Copolyiner

Though a structure of the conjugated diene that@snstituent unit of the aromatic
vinyl compound-conjugated diene copolymer is natipalarly limited, it is preferred to use a
conjugated diene capable of being polymerized tnoanionic polymerization. For
example, examples of a conjugated diene having #5t@arbon atoms include butadiene,
isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-pentaien 2-methyl-1,3-pentadiene,
3-methyl-1,3-pentadiene, 1,3-hexadiene, 4,5-dieth§dbutadiene, phenyl-1,3-butadiene,
4,5-diethyl-1,3-octadiene,  3-butyl-1,3-octadiene,,3-dyclohexadiene, 1,3,7-octatriene,
myrcene (7-methyl-3-methyleneocta-1,6-diene), faene
(3,7,11-trimethyl-1,3,6,10-dodecatetraene), andlike These conjugated dienes may be
used either alone or in combination of two or mbereof.

Among them, examples of a conjugated diene ha&itm 8 carbon atoms, which is
readily industrially available, include butadienesoprene, 2,3-dimethyl-1,3-butadiene,
1,3-pentadiene, 2-methyl-1,3-pentadiene, 3-metlBdgkntadiene, 1,3-hexadiene,
4,5-diethyl-1,3-butadiene, 4,5-diethyl-1,3-octadieh,3-cyclohexadiene, 1,3,7-octatriene, and
the like. These conjugated dienes may be useérestlone or in combination of two or
more thereof.

Especially, in the case of using butadiene, isogrer a mixture of butadiene and
isoprene, in view of the fact that dynamic physipedperties of the polymer can be simply
altered by a change of binding mode or the likis ihore preferred to use such.

[0020]
Though a structure of the aromatic vinyl compotimat is a constituent unit of the

aromatic vinyl compound-conjugated diene copolyngrnot particularly limited, it is



preferred to use an aromatic vinyl compound capableeing polymerized through anionic
polymerization. For example, examples of an aramanyl compound having 8 to 15
carbon atoms include styrene;methylstyrenep-methyl-4-methylstyrene, 2-methylstyrene,
3-methylstyrene, 4-methylstyrene, 2,4-dimethylgtge 2,5-dimethylstyrene,
3,4-dimethylstyrene, 3,5-dimethylstyrene, 2-etlwishe, 3-ethylstyrene, 4-ethylstyrene,
4-n-propylstyrene, 4-isopropylstyrene, 4-tert-bsiytene, 4-cyclohexylstyrene,
4-dodecylstyrene, 2-ethyl-4-benzylstyrene, 4-(4m@-butyl)styrene, 1-vinylnaphthalene,

2-vinylnaphthalene, 1,1-diphenylethylene, N,N-diny&{p-aminoethylstyrene,
N,N-diethyl-p-aminoethylstyrene, 1,2-divinylbenzene 1,3-divinylbenzene,
1,4-divinylbenzene, 1,2-divinyl-3,4-dimethylbenzene 2,4-divinylbiphenyl,
1,3-divinylnaphthalene, 1,2,4-trivinylbenzene, 8 Srivinylbiphenyl,

1,3,5-trivinylnaphthalene, 1,5,6-trivinyl-3,7-digthaphthalene, and the like. These
aromatic vinyl compounds may be used either alone combination of two or more thereof.

Among them, examples of an aromatic vinyl compohading 8 to 9 carbon atoms,
which is readily industrially available, includeystne, a-methylstyrene, 2-methylstyrene,
3-methylstyrene, 4-methylstyrene, and the like. eSharomatic vinyl compounds may be
used either alone or in combination of two or mbereof.

Especially, in the case of using styrene, in vigwhe fact that dynamic physical
properties of the polymer can be simply alteredablinding repeating sequence with the
conjugated diene, styrene is more preferred.

[0021]

In a binding mode between the at least one cotgdgdiene and the at least one
aromatic vinyl compound constituting the aromatimyly compound-conjugated diene
copolymer, the binding mode is not particularly itex, and any of a random copolymer, a
block copolymer, a block copolymer having a tapestdcture, a star copolymer, and so on
may be adopted. Furthermore, the binding modehefdonjugated diene (in the case of
butadiene, a 1,2-binding unit and a 1,4-bindingd;wmd in the case of isoprene, a 1,2-binding
unit, a 3,4-binding unit, and a 1,4-binding ungtniot particularly limited, too.

[0022]

Among them, from the viewpoint of revealing strimgnd elastic properties equal to
those in conventional vulcanized rubbers at orginemperature without being vulcanized, a
block copolymer is preferred, and a block copolymemposed of a polymer block (b)
containing at least one conjugated diene unit apdlgmer block (a) containing at least one
aromatic vinyl compound unit is more preferred. a\sinding mode of the block copolymer,

a diblock copolymer represented by (a)-(b), a@cklcopolymer represented by (a)-(b)-(a), a



tetrablock copolymer represented by (a)-(b)-(a)-éo)d so on are preferred (in the formulae,
(a) represents the aforementioned polymer blockg@a)l (b) represents the aforementioned
polymer block (b)).

[0023]

The polymer block (b) containing at least one agajed diene unit is one containing
preferably 50 mass% or more, more preferably 70sfhasr more, and still more preferably
of 90 mass% or more of a constituent unit basedhenconjugated diene. The polymer
block (a) containing at least one aromatic vinyinpound unit is one containing preferably
50 mass% or more, more preferably 70 mass% or naock still more preferably 90 mass%
or more of a constituent unit based on the aromvatiil compound. That is, in the polymer
block (b), a constituent unit based on a monomkerothan the conjugated diene may be
contained; in the polymer block (a), a constituenit based on a monomer other than the
aromatic vinyl compound may be contained; and aibgh mode of the constituent units in
each of the polymer blocks is not particularly tieai.

[0024]

In the aromatic vinyl compound-conjugated dien@atgmer, the content of the
constituent unit derived from at least one aromairgyl compound is preferably 5 to 90
mass%, more preferably 5 to 60 mass%, and stillenpreferably 10 to 45 mass%. In
addition, in the aforementioned copolymer, the enhbf the constituent unit derived from at
least one conjugated diene is preferably 10 to 8Ss#b, more preferably 40 to 95 mass%,
and still more preferably 55 to 90 mass%. Whencthrgent of the constituent unit derived
from an aromatic vinyl compound or the constituanit derived from a conjugated diene
falls within the aforementioned range, a copolynvéh a less amount of the residual solvent
can be produced in high volumetric efficiency by throduction method of the present
invention.

In the case where the aforementioned copolymea islock copolymer of the
aforementioned polymer block (a) and the aforenoeetd polymer block (b), the content of
the polymer block (a) in the block copolymer isfprably 5 to 90 mass%, more preferably 5
to 60 mass%, and still more preferably 10 to 45s%as The content of the polymer block
(b) in the block copolymer is preferably 10 to 9as%%, more preferably 40 to 95 mass%,
and still more preferably 55 to 90 mass%.

[0025]

A weight average molecular weight (Mw) of the a&fmentioned copolymer is
10,000 to 1,000,000, more preferably 25,000 to 0@, still more preferably 30,000 to
500,000, and especially preferably 40,000 to 350,00N/hen the Mw falls within the



10

aforementioned range, a copolymer with a less amaodinthe residual solvent can be
produced in high volumetric efficiency by the protian method of the present invention.
In addition, in the case where the aforementiormmblymer is a block copolymer having the
polymer block (a) and the polymer block (b), the Mivthe polymer block (a) is preferably
2,500 to 400,000, more preferably 2,500 to 200,00%] still more preferably 3,000 to
100,000. The Mw of the polymer block (b) is prefgy 10,000 to 600,000, more preferably
20,000 to 450,000, and still more preferably 30,@0250,000.

[0026]

A molecular weight distribution (Mw/Mn) of the afmentioned copolymer is
typically in a range of 1.0 to 5.0, preferably imamge of 1.0 to 2.5, more preferably in a
range of 1.0 to 1.5, and still more preferably iraage of 1.0 to 1.25. When the molecular
weight distribution falls within the aforementionesthge, due to the matter that the resulting
copolymer is hardly influenced by hysteresis, tiiergith and elastic properties can be
maintained even when used for a long period of time
[0027]

(Production Method of Aromatic Vinyl Compound-Coggied Diene Copolymer)

The aromatic vinyl compound-conjugated diene cgpel can be produced through
a liquid phase anionic polymerization method ohgsan organic alkali metal compound as a
polymerization initiator in the presence of an tngas and a solvent that is inert to the
polymerization initiator.

[0028]

The aromatic vinyl compound-conjugated diene cgpelr can be controlled to a
block structure by successively adding the conpdjaliene or the aromatic vinyl compound
in the presence of a polymerization initiator; @so be controlled to a random structure by
adding a mixture composed of the conjugated diemkethe aromatic vinyl compound; can
also be controlled to a tapered structure by cdimigoan addition rate of each of the
conjugated diene and the aromatic vinyl compound; @an also be controlled to a branched
structure, such as a star structure, etc., by stibgea growing terminal anion to coupling
with a polyvalent organic group. In addition, oalymerizing a conjugated diene, in the
case of allowing a Lewis base to coexist, the bigdnode (for example, in the case of
butadiene, a 1,2-binding unit and a 1,4-binding;wamd in the case of isoprene, a 1,2-binding
unit, a 3,4-binding unit, and a 1,4-binding unitanc be controlled. The anionic
polymerization can be terminated with a polymer@atterminator which may have a
function as a terminal modifier. That is, the clgpzer in which such a structure is

controlled can be used in the present invention.
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[0029]

Examples of the inert gas include a nitrogen gasargon gas, and a helium gas.
Among them, a nitrogen gas is economically advasrdag because it is not only readily
available but also inexpensive.

[0030]

Examples of the organic alkali metal compoundudel organic lithium compounds,
such as methyllithium, ethyllithium, propyllithium,isopropyllithium, butyllithium,
sec-butyllithium,  tert-butyllithium,  isobutyllithim,  pentyllithium,  hexyllithium,
butadienyllithium, cyclohexyllithium, phenyllithium benzyllithium, p-toluyllithium,
styryllithium, trimethylsilyllithium, 1,4-dilithiolutane, 1,5-dilithiopentane, 1,6-dilithiohexane,
1,10-dilithiodecane, 1,1-dilithiodiphenylene, diibpolybutadiene, dilithiopolyisoprene,
1,4-dilithiobenzene, 1,2-dilithio-1,2-diphenyletlegan  1,4-dilithio-2-ethylcyclohexane,
1,3,5-trilithiobenzene, 1,3,5-trilithio-2,4,6-trigtlbenzene, etc.; organic sodium compounds,
such as methylsodium, ethylsodium, n-propylsodiusgpropylsodium, n-butylsodium,
sec-butylsodium, tert-butylsodium, isobutylsodiumphenylsodium, sodium naphthalene,
cyclopentadienylsodium, etc.; and the like. Thesganic alkali metal compounds may be
used either alone or in combination of two or mbereof.

Among them, butyllithium, sec-butyllithium, andttdutyllithium, each of which is
readily industrially available, are preferred. ¥$bemay be used either alone or in
combination of two or more thereof.

[0031]

As the solvent which is used for producing theefrentioned copolymer, preferred
is a hydrocarbon in which water, a hydroxy compquardalcohol, a ketone, etc. are removed,
each of which deactivates the polymerization itotia Examples thereof include saturated
aliphatic hydrocarbons, such as butane, isobutmm@ane, isopentane, 2,2,4-trimethylpentane,
hexane, heptane, isoheptane, octane, isooctanan@odecane, cyclopentane, cyclohexane,
methylcyclohexane, ethylcyclohexane, cycloheptanethylcycloheptane, etc.; and aromatic
hydrocarbons, such as benzene, toluene, ethylbenzpropylbenzene, butylbenzene,
o-xylene, m-xylene, p-xylene, etc. These solvemtay be used either alone or in
combination of two or more thereof.

Among them, a solvent that is suitable for sefragahe solvent from the copolymer
solution in the production method of the presewneition as mentioned later is preferably
used, and a saturated aliphatic hydrocarbon ort@atad alicyclic hydrocarbon having a
boiling point of 30 to 100C is preferably used as the solvent. The "boilp@int" as
referred to in the present specification meansinggoint at atmospheric pressure (1 atm).
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Examples of the solvent whose boiling point at apieric pressure (1 atm) is 2@0or
lower include saturated aliphatic hydrocarbonshagisopentane (27@©), pentane (36°C),
cyclopentane (49°€), hexane (68°C), cyclohexane (80°C), isoheptane (9C), heptane
(98.£C), etc. Though these solvents may be used eibee or in combination of two or
more thereof, it is preferred to contain, as a ncamponent, any one selected from saturated
aliphatic hydrocarbons or saturated alicyclic hgambons having a boiling point of 30 to
100°C in an amount of 80 mass% or more relative totoa weight of the polymerization
solvent.

Among them, the solvent is more preferably attleae selected from cyclopentane,
hexane, and cyclohexane. The case of using ssolvent is preferred from the standpoint
that the matter that the solvent's boiling poinhis range of 50 to 10Q, thereby achieving
an industrially advantageous polymerization raie tle matter that the heat energy necessary
for separating the solvent from the copolymer guced can be made compatible with each

other.
[0032]

Examples of the Lewis base include ethers, suctirsthyl ether, diethyl ether,
dipropyl ether, tetrahydrofuran, 1,2-dimethoxyethan 1,2-diethoxyethane,

1,2-diisopropoxyethane, etc.; glycol ethers, sucktaylene glycol dimethyl ether, diethylene
glycol dimethyl ether, etc.; amines, such as trigletmine, triethylamine,
N,N,N',N'-tetramethylethylenediamine, N,N,N',N'rgathylethylenediamine, N-methyl
morpholine, etc.; and the like. These Lewis basesbe used either alone or in combination
of two or more thereof. Among them, tetrahydrofuia suitable from the standpoint of
easiness of recovery of the Lewis base, and N,N'{i#¢tramethylethylenediamine is suitable
from the standpoint that the use amount can besdsed.

[0033]

Examples of the polymerization terminator whichynhave a function as a terminal
modifier include hydrogen; water; alcohols, suchmeghanol, ethanol, propanol, isopropanol,
butanol, heptanol, cyclohexanol, phenol, benzybladt, o-cresol, m-cresol, p-cresol, ethylene
glycol, propylene glycol, butanediol, glycerin, @alol, etc.; halogen compounds, such as
methyl chloride, methyl bromide, methyl iodide, Wtbhloride, ethyl bromide, ethyl iodide,
butyl chloride, butyl bromide, butyl iodide, benaloride, benzyl bromide, benzyl iodide,
trimethylsilyl fluoride, trimethylsilyl chloride, rimethylsilyl bromide, trimethylsilyl iodide,
triethylsilyl fluoride, triethylsilyl chloride, tethylsilyl bromide, triethylsilyl iodide,
tributylsilyl fluoride, tributylsilyl chloride, tibutylsilyl bromide, tributylsilyl iodide,
triphenylsilyl fluoride, triphenylsilyl chloride,riphenylsilyl bromide, triphenylsilyl iodide,
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etc.; ketones, such as 2-heptanone, 4-methyl-2apene, cyclopentanone, 2-hexanone,
2-pentanone, cyclohexanone, 3-pentanone, acetopéei@ebutanone, acetone, etc.; esters,
such as methyl acetate, ethyl acetate, butyl agetat.; epoxy compounds, such as ethylene
oxide, propylene oxide, etc.; and the like.

[0034]

(Hydride)

In the production method of the present inventaen mentioned later, a hydride
having been hydrogenated through a hydrogenatiction of the aforementioned copolymer
can also be used. The hydride is one which carfdoeexample, produced by exerting a
hydrogen molecule on the aforementioned copolynmutisn having been subjected to
polymerization termination in the presence of arbgénation catalyst, and an unsaturated
bond derived from the conjugated diene or an ariecmisty derived from the aromatic vinyl
compound can be hydrogenated within a desired rimgagh this hydrogenation reaction.
[0035]

Examples of the hydrogenation catalyst includéhenium compounds, rhodium
compounds, and the like. Examples of the ruthenoempound include halides, such as
RuCk, RuBg, etc.; organic acid salts, such as Ru(QARuU(OCOGH;1)s, etc. (wherein Ac
represents an acetyl group); acetylacetonate comglsuch as Ru(acgcgtc. (wherein acac
represents an acetylacetonate group); triphenysgiioe complexes, such as Ry{EPh)s,
RuChL(CO),(PPh),, RuCICp(PP§)2, RuCIH(PPR);, RuH(PPh)s, RuCIH(CO)(PPH)s,
RuH,(CO)(PPh),, etc. (wherein Cp represents a cyclopentadiengugy, and the like.
Examples of the rhodium compound include halideshsas RhG| Rhk, etc.; carbonyl
complexes, such as [RhCI(CQ)Rh(CO),, Rh(CO)s, etc.; organic acid salts, such as
Rh(OAc), [Rh(OAc)],, etc. (wherein Ac represents an acetyl group);tyéaeetonate
complexes, such as Rh(acac)Rh(acac)(CQ) etc. (wherein acac represents an
acetylacetonate group); cyclooctadiene complexes) as Rh(acac)(cod), [Rh(OAc)(cog)]
[RhCl(cod)}, etc. (wherein cod represents a cyclooctadiengupjy;, triphenyl phosphine
complexes, such as RhCI(CO)(RBh RhBr(CO)(PPk., RhH(CO)(PP§s RhCI(PPh)s,
etc.; and the like.

A titanium compound can also be used as the hediatgpn catalyst. Examples of
the titanium compound include compounds obtainealiyh activation of a halide compound,
such as bis(ethylcyclopentadienyl)titanium dictderas a Tebbe complex, CpTiGCp:TiCly,
CpTiBrs, CpTiBr,, Cp:TiF,, etc. (wherein Cp represents a cyclopentadieryligy; with a
reducing agent; and the like. Examples of the ceduagent include alkali metal hydrides,
such as lithium hydride, sodium hydride, potassibydride, etc.; organic alkali metal



14

compounds, such as methyllithium, ethyllithium, prtithium, isopropyllithium,
butyllithium, sec-butyllithium, tert-butyllithiumisobutyllithium, pentyllithium, hexyllithium,
butadienyllithium, cyclohexyllithium, phenyllithium benzyllithium, p-toluyllithium,
methylsodium, ethylsodium, n-propylsodium, isoprispgium, n-butylsodium,
sec-butylsodium, tert-butylsodium, isobutylsodiuphenylsodium, etc.; organic aluminum
compounds, such as trimethylaluminum, triethylalwma, tripropylaluminum,
tributylaluminum, triisobutylaluminum, chlorodiett®uminum, chlorodipropylaluminum,
chlorodibutylaluminum, chlorodiisobutylaluminum, cet organic magnesium compounds,
such as diethylmagnesium, di-n-propylmagnesium, sogiiopylmagnesium,
dibutylmagnesium, dihexylmagnesium, diphenylmagmasidibenzylmagnesium, etc.; silyl
hydride compounds, such as methyldichlorosilaneyl@ichlorosilane, propyldichlorosilane,
butyldichlorosilane,  phenyldichlorosilane,  dimetthjorosilane,  diethylchlorosilane,
dipropylchlorosilane,  dibutylchlorosilane,  dipermtylorosilane,  dihexylchlorosilane,
trimethylsilane, triethylsilane, tripropylsilaneributylsilane, triphenylsilane, methylsilane,
ethylsilane, propylsilane, butylsilane, phenylsdian  methyldiacetoxysilane,
polymethylhydrosiloxane, polyethylhydrosiloxane, lymwopylhydrosiloxane,
polybutylhydrosiloxane, etc.; and the like.

Furthermore, compounds obtained through activatioa nickel compound which
may contain water, or a cobalt compound which mantain water, with an organic
aluminum compound can also be used as the hydrogermatalyst. Examples of the nickel
compound include nickel formate, nickel acetatekel propionate, nickel 2-ethylhexanoate,
a nickel acetylacetonate complex, and the like;ngtas of the cobalt compound include
cobalt formate, cobalt acetate, cobalt propionatebalt 2-ethylhexanoate, a cobalt
acetylacetonate complex, and the like; and examplethe organic aluminum compound
include trimethylaluminum, triethylaluminum, triggglaluminum, tributylaluminum,
triisobutylaluminum, and the like.

[0036]
(Production Method of Copolymer (P))

The production method of the present inventionaisnethod for producing a
copolymer (P) including separating a solvent frorsopolymer (P) solution containing at
least one copolymer (P) selected from an aromainyl vcompound-conjugated diene
copolymer obtained by the aforementioned methdg,dside of the copolymer, and a mixture
thereof, the solvent being a saturated aliphatrdgarbon solvent or a saturated alicyclic
hydrocarbon solvent each having a boiling poind@to 100C; and the method including the
following Steps Ato C:
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Step A: a step of regulating a solid componenteatration (Ts) of the copolymer
(P) solution to a range of &Ts< 60) in terms of a mass%,

Step B: a step of heating the copolymer (P) smiutibtained in the Step A such that
a temperature T°C) is in a range of {(225 - 19Ts)< T< (310 - 1.9x Ts)}, and

Step C: a step of discharging the copolymer (R)tem heated in the Step B from
any one nozzle selected from a rotary wheel atomeadwo-fluid nozzle atomizer, and a
pressure nozzle atomizer at a linear velocity ¢ 100 m/sec to separate the solvent in an
inert gas stream at 0 to Z@

[0037]

As for the copolymer (P) solution, the aromatiowicompound-conjugated diene
copolymer is produced as mentioned previously,thadesulting copolymer solution may be
used as it is, or if desired, the resulting copaysolution may be concentrated or diluted and
then used. In addition, a solution prepared byeoseparating the solvent used for the
production from the aromatic vinyl compound-conjigghdiene copolymer solution by a
method, for example, coagulation, etc., to fornrokdsand then re-dissolving the solid in a
solvent suitable for separation may also be used.

In the case where the copolymer (P) is a hydrideth® aromatic vinyl
compound-conjugated diene copolymer or a mixturdn@faforementioned copolymer and the
hydride, the hydride is produced in the presence sflvent as mentioned previously, and the
resulting solution containing the hydride or migunay be used as it is, or if desired, the
resulting solution containing the hydride or mixunay be concentrated or diluted and then
used. In addition, a solution prepared by subjgcdtihe solution containing the hydride to an
extraction operation with an acidic aqueous sotubo a basic aqueous solution as the need
arises, followed by removing the catalyst componewty also be used. In addition, a
solution prepared by once separating the solvead déisr the production by a method, for
example, coagulation, etc., to form a solid andhtihe-dissolving the solid in a solvent
suitable for separation may also be used.

In the case of using a mixture of two or more kinof the aforementioned
copolymers, the case of using a mixture of two orerkinds of the aforementioned hydrides,
and the case of using a mixture of one or moresifithe aforementioned copolymers and
one or more kinds of the aforementioned hydrides)ixture prepared by mixing solutions
containing the same, respectively each other maysee; a mixture prepared by mixing a
solution and a solid may be used; or a mixture gmegh by mixing solids each other, followed
by re-dissolving in a solvent suitable for separabf the solvent may be used.

[0038]
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(Solvent)

The solvent which is used for the production mdtld the present invention is a
saturated aliphatic hydrocarbon or saturated dlyyydrocarbon solvent having a boiling
point of 30 to 10€C at atmospheric pressure (1 atm). Preferred ebesmmgd the solvent
include isopentane (27@), pentane (36°C), cyclopentane (49:€), hexane (68°C),
cyclohexane (80°C), isoheptane (9C), heptane (98°€), and the like. (The numerical
values in the parentheses are a boiling point @inl) These solvents may be used either
alone or in combination of two or more thereof.

Among them, the solvent is more preferably attleag selected from cyclopentane,
hexane, and cyclohexane. In the case of usingasolvent, the solvent's boiling point is in
a range of 50 to 10C, and the heat energy necessary for separatingallvent from the
copolymer (P) solution can be reduced. In addjtiorthe case of using a mixed solvent, a
mixed solvent containing 80 mass% or more of astleme selected from cyclopentane,
hexane, and cyclohexane is preferred. Cycloheisaespecially preferred as the solvent.
[0039]

Such a solvent may contain a Lewis base whichssduin the polymerization
reaction of the copolymer (P), a polymerizatiomierator which may have a function as a
terminal modifier, and a hydrogenation catalystakhis used in the hydrogenation reaction
within the range where the effects of the presaméntion are not impaired. Examples of
the Lewis base, the polymerization terminator, tredhydrogenation catalyst, each of which
may be contained in the solvent, include the sanaemals exemplified above for the
production method of the aromatic vinyl compoundjogated diene copolymer. In
addition, the aforementioned solvent may also éonsasolvent other than the saturated
aliphatic hydrocarbon or saturated alicyclic hy@dnton solvent having a boiling point of 30
to 100C, which is used for the polymerization reactior drydrogenation reaction of the
copolymer (P), within the range where the effedtshe present invention are not impaired.
Examples of such other solvent include esters, siscimethyl acetate, ethyl acetate, butyl
acetate, etc.; ketones, such as butanone, acettme,and the like. The matter that the
content of such other solvent is 5 mass% or ldasive to the aforementioned solvent having
a boiling point of 30 to 10@ is preferred from the viewpoint of enhancing swvent
separating efficiency.

[0040]
(Step A)

The present invention includes a step (Step Ayegjulating a solid component

concentration (Ts) of the copolymer (P) solutionatoange of (5 Ts < 60) in terms of a
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mass%. When the Ts falls within the aforementionmage, the solvent can be simply
separated from the copolymer (P) solution. ThéTaore preferably in a range of (¥0r's

< 35) (mass%), and still more preferably in a raobElO< Ts< 25) (mass%). When the Ts

is 35 mass% or less, the copolymer (P) solution loanused without concentrating the
copolymer (P) solution, and cleaning, etc. of acemtrated liquid intermediate storage tank is
not necessary, and hence, such is economicallgnoeei.

[0041]

The copolymer (P) solution which is used in thespnt invention may be one
containing only the copolymer (P) as the polymanponent, or may be one containing other
polymer than the copolymer (P) within the range rghtee effects of the present invention are
not impaired. Examples of such other polymer idelypolydienes (e.g., polybutadiene,
polyisoprene, polychloroprene, poly(2-ethylbutagien poly(2-butylbutadiene), etc.),
ring-opening metathesis polymers of cycloolefinsg.(e polyoctenylene, polypentenylene,
polynorbornene, etc.), polyethylene, polypropylgmaystyrene, a copolymer of ethylene and
styrene, a copolymer of acrylonitrile and styremeppolymer of acrylonitrile, butadiene, and
styrene, polyvinyl chloride, polyethylene terephdit@, polycarbonate, polyamides,
polybutylene terephthalate, polyoxymethylene, podfal, polyphenylene ether, polyurethane,
epoxy resins, polyacrylates, polyacrylate etherfosls, polyarylate ether ketones,
polyamide-imides, polyether-imides, and mixturesréiof, and the like. Though the content
of such other polymer may be suitable so long astiid component concentration (Ts) of a
combination of the copolymer (P) and other polyfiadis within the aforementioned range, it
is preferably 50 mass% or less, more preferablyn@8s% or less, and still more preferably
10 mass% or less of the content of the copolymper (P
[0042]

(Overall Picture of Apparatus for Separating thév&at from the Copolymer (P) Solution)

In the production method of the present inventtbe, separation of the solvent from
the copolymer (P) solution can be, for exampleriedrout by using an apparatus as shown in
Fig. 1. That is, a storage tank 1a is providedwitstirrer 2a, a jacket 3a, and an inert gas
feed port 4a, and an immanent copolymer (P) soiuii can be heated by using the jacket in
the presence of an inert gas under pressure comglitinder which the solvent does not
volatilize while stirring. The copolymer (P) sabn is fed into a pump 6a through
pressurization with the inert gas. Subsequerttly, dopolymer (P) solution is heated to a
desired temperature by a heater 7a and then dgadhdrom a nozzle 8a. The pressure of
the copolymer (P) solution in a section betweenpilm@p and the nozzle can be controlled by
balance between a pressure increase by dischangetfie pump and a pressure decrease by
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discharge from the nozzle. The nozzle 8a is camdewith a takeout tank 9a, and the
copolymer (P) heated to the desired temperatudescharged from the nozzle 8a in an inert
gas stream. Due to the matter that the dischaapgblymer (P) solution has a high
temperature and a specified linear velocity, theesd is promptly evaporated and separated
from the copolymer (P). In the takeout tank 9ajrart gas at 0 to 20C is continuously
fed from an inert gas feed port 10a, and the stlseparated from the copolymer (P) solution
is removed from an exhaust port 11a to the outsidée system together with the inert gas.
A copolymer (P) 12a having been separated fromsthleent is accumulated in a lower
portion of the takeout tank 9a and can be contislyotaken out from a transfer port 13a to
the outside of the system.

[0043]

The storage tank 1a is not particularly limitedhaiespect to a structure thereof so
long as it is able to store the copolymer (P) sofuin an inert gas atmosphere and has a
function to feed the copolymer (P) solution int@ goump; however, it is preferred that the
storage tank la has a stirrer, a jacket, and ahdae feed port for stable feed into the pump.

In the storage tank la, the solid component cdaraton (Ts) of the copolymer (P)
solution is regulated to an appropriate range astioreed previously. In addition, a solution
resulted from production of the copolymer (P) ia #torage tank can also be used as it is.

A stirring blade connected in the stirrer 2a i$ particularly limited, and examples
thereof include a maxblend blade, a fullzone bladeaddle blade, a propeller blade, a turbine
blade, a fan turbine blade, a pfaudler blade, anargin blade, and the like. A combination
of any two or more thereof may also be used. HEaligdn the case where the viscosity of
the copolymer (P) solution is high, use of a mantllblade or a fullzone blade is preferred
from the standpoint of feeding the copolymer (Pluton having stable temperature and
viscosity into the pump 6a. Though a stirring noelttmay be either upper stirring or lower
stirring, the upper stirring blade is preferrednfrehe standpoint of simplifying a cleaning
operation of the apparatus and a maintenance cpecku

The jacket 3a is not particularly limited with pest to a structure thereof, and
examples thereof include a full jacket type, a atvnozzle-equipped jacket, a spiral
baffle-equipped jacket, a split-coil type jacketwa-stage type jacket, a dimple type jacket,
an inner jacket, and the like. A combination oy &wo or more thereof may also be used.
Especially, it is preferred to use a full jackedrr the standpoints of a cleaning operation of
the apparatus, a maintenance checkup, and appa@dtss A heat transfer medium is not
limited, and examples thereof include a heatedw@im water, steam, and the like. Among

them, steam is preferably used from the standpadhiteasiness of temperature control,
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easiness of availability, and price.

The inert gas is not particularly limited, and exdes thereof include a nitrogen gas,
an argon gas, a helium gas, and the like. Amoemi{ta nitrogen gas is preferred in view of
the fact that it is not only readily available also inexpensive. In the case where the
pressure of the inert gas that pressurizes thelyropo (P) solution is lower than a saturated
vapor pressure of the solvent, there is a caseendndéong-term residual material is generated
due to attachment of the copolymer (P) onto an rinmell of the storage tank and
incorporated into the product. On the other héimel case where the pressure of the inert gas
is too high leads to an increase of instrumentscéstbe caused due to an increase of
withstand pressure of the storage tank. Accorgjngltotal pressure of the inside of the
storage tank in a pressurized state with the igast is preferably in a range of 0.1 to 5.0
MPaG, and more preferably in a range of 0.5 toMR&AG. In the present specification, the
"MPaG" as the pressure expression means a gauggupge
[0044]

The pump 6a is not particularly limited with respt a kind thereof so long as it is
a pump capable of subjecting the copolymer (P)t®oluto solution sending in a section
between the pump and the nozzle at a dischargsyreesigher than the saturated vapor
pressure of the solvent, and examples thereof decla piston pump, a plunger pimp, a
diaphragm pump, a gear pump, a vane pump, a scuemp,pand the like. From the
standpoint of subjecting a high-viscosity solutionsolution sending, a plunger pump and a
gear pump are preferred, and from the viewpoiriaxhogenizing the shape of the resulting
copolymer (P), a plunger pump capable of dischardgie copolymer (P) solution from the
nozzle at a fixed temperature without causing agtinlg flow is more preferred for the use.
[0045]

(Step B)

The present invention includes a step (Step B)eating the copolymer (P) solution
obtained in the Step A such that a temperaturéCy i€ in a range of {(225- 1.9 Ts)< T <
(310 - 1.9x Ts)}. In Step C as mentioned later, by dischaydgime copolymer (P) solution
heated in the Step B from the nozzle at a linedocity of 1 to 100 m/sec, the solvent is
vaporized and separated, whereby the copolymergiP}oe obtained.

In view of the matter that a heat energy capableporizing the solvent is required,
the temperature T is preferably 280 or higher. In addition, in order to prevent heat
decomposition of the copolymer (P) from occurrititg temperature T is preferably 3@0or
lower. That s, it is preferred to undergo thetimpsuch that the temperature °Cj is in a
range of {130< (225 - 1.9x Ts)< T < (310 - 1.9x Ts) < 300}.
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As the solid component concentration (Ts) beconngiser, the amount of the solvent
to be vaporized is decreased, and therefore, thedmergy necessary for the vaporization is
reduced. From the foregoing viewpoint, in the cakere the Ts is in a range of (¥0Ts<
35), the temperature T is preferably in a rangg7éf to 278C, and in the case where the Ts is
in a range of (1& Ts< 25), the temperature T is more preferably in @eaof 200 to 27%C.
[0046]

A heating method of the copolymer (P) solutionnct particularly limited. For
example, the heating may be performed by the stotagk la, or the heating may be
performed by the heater 7a; however, it is preteteeperform the heating under a pressure
under which the solvent is not volatilized. In tteese of performing the heating using the
storage tank 1a, there is a case where heat detéyio and discoloration of the copolymer
(P) are caused due to the matter that the copolyR®jesolution is stored for a long time at a
high temperature. Accordingly, from the viewpoaitinhibiting the heat deterioration and
discoloration of the copolymer (P), it is prefertedperform the heating using the heater 7a.
A heating time is preferably within 30 minutes, andre preferably within 10 minutes.

Examples of the heater 7a include a combustiotehean electric heater, a heat
exchange type heater, and the like, and a combmafiany two or more thereof may also be
used. It is preferred to use a heat exchangehgpéer from the standpoint of lowering the
risk of a fire to be caused due to chemical leakKemy@ a piping. Examples of a type to be
used as the heat exchange type heater includetatuhular type, a hairpin type, a colil type,
a double tube type, a plate type, a spiral typel #m® like. Among them, a vertical
multi-tubular type heater (shell-and-tube type &8ain which the copolymer (P) solution is
allowed to pass into the tube side is preferrethftbe standpoint of easiness of cleaning. A
heat transfer area of the vertical multi-tubulapeyheater can be set according to a
temperature and a flow rate of the heat transfetiune, a flow amount of the copolymer (P)
solution, and so on.

Prior to heating to the aforementioned temperaifuby the heater 7a, preheating in
the storage tank 1a may be performed. As a prieigetemperature of the copolymer (P)
solution is made higher, the feed of the copoly(@@@rsolution into the pump becomes stable
due to a lowering of the solution viscosity. Howewhen the preheating temperature is too
high, decomposition or discoloration with time bétcopolymer (P) is caused, and hence, the
preheating temperature is preferably in a rang#@0db 140C, and more preferably in a range
of 50 to 100C.

[0047]
(Step C)
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The present invention includes a step (Step Clliséharging the copolymer (P)
solution heated in the Step B from any one nozelecsed from a rotary wheel atomizer, a
two-fluid nozzle atomizer, and a pressure nozz@mater at a linear velocity of 1 to 100
m/sec to separate the solvent in an inert gasnsteg® to 200C.

As any one nozzle selected from a rotary wheeheter, a two-fluid nozzle atomizer,
and a pressure nozzle atomizer, ones incorporatedcommercially available spray dryers
from GEA, Inc. and so on can be used. In addittbe, nozzle design is described in, for
example, K. MastersSpray Drying Handbook", John Wiley and Sons, New York (1979), etc.

The rotary wheel atomizer is one for cutting tleated copolymer (P) solution by
shearing of a rotary disk, and the size and digtion, and so on of particles of the copolymer
(P) can be controlled by a rotation rate of thamptisk.

The two-fluid nozzle atomizer is able to contrbktshape of the copolymer (P)
obtained by feeding, as a high-speed gas, an gaertor steam, or the like into the heated
copolymer (P) solution from the outside. The twoef nozzle atomizer may be an internal
mixing nozzle in which the inert gas or steam ane heated copolymer (P) solution are
mixed under pressure prior to discharge, and theund is then discharged from the nozzle,
or may be an external mixing nozzle in which theatgmer (P) solution is discharged from
the nozzle and immediately thereafter, brought amotact with the inert gas or steam.

The pressure atomizer is a single-fluid atomirewhich the pressure of the heated
copolymer (P) solution is converted into a kinetitergy to generate a fast relative velocity
against the ambient gas. The atomizer with a gropkning is one for jetting the liquid at a
high speed through a small round-shaped hole.

In such nozzles, the nozzle may be a single-hoila having a single channel of
the heated copolymer (P) solution, or may be a irhole nozzle having two or more
channels of the heated copolymer (P) solution.

The copolymer (P) has such properties that iaisllly re-dissolved in a solvent vapor,
and in the case of using a multi-hole nozzle, wbee of the channels is once plugged, the
pressure tends to increase in each channel, aadamy-term continuous operation, the shape
of the obtained copolymer (P) changes with timeccadkdingly, from the viewpoint of
obtaining the copolymer (P) whose shape is stabthd long-term continuous operation, it is
preferred to use a single-hole nozzle.

Among them, a pressure nozzle atomizer is moréeqaiely used in view of the
matter that a heated inert gas or steam is noseane
[0048]

A diagrammatic view of a pressure nozzle atomizeishown in Fig. 2. The
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pressure nozzle atomizer is configured of a stenmaridb a body 2b, and a copolymer (P)
solution 3b passes through a gap between a digledip of the stem 1b and a contact port 4b
between the disk and the body and is subsequeisithatged from a discharge port 5b into
the takeout tank.

In the Step C, it is necessary to discharge tipelgmer (P) solution from the nozzle
at a linear velocity of 1 to 100 m/sec. In thesem invention, the linear velocity on
discharging the copolymer (P) solution from the zl@Zhereinafter sometimes referred to as
"nozzle linear velocity”) is defined as a maximumehr velocity in the case where the
solution is considered to pass through a sectidwdsn the contact port 4b of the disk with
the body and the discharge port 5b. By dischartiirgheated copolymer (P) solution within
the aforementioned range, the pressure of the goaol (P) solution abruptly decreases after
passing through the contact port 4b, and the sblgeparation from the copolymer (P)
solution is performed. The linear velocity is mgneferably 1 to 50 m/sec, and still more
preferably 3 to 30 m/sec. The linear velocity tendetermined by a method described in
the Examples.

From the viewpoint of controlling the linear veiige it is more preferred that an
opening degree of the nozzle tip can be regulate@rbactuator according to an internal
pressure of the piping. In addition, the presairthe copolymer (P) solution immediately
before it is discharged from the nozzle is prefgra a range of 0.5 to 50 MPaG, and more
preferably in a range of 0.5 to 25 MPaG. So losgtle pressure of the copolymer (P)
solution falls within this range, the withstand gsere to be designed regarding each of the
pump, the heater, and the nozzle can be decremsedhe equipment costs can be reduced.
[0049]

Examples of a shape of the disk that is a tipipomf the stem 1b include a cone, an
elliptic cone, a triangular pyramid, a quadrangyiramid, a polygonal pyramid, a cylinder,
an elliptic cylinder, a triangular prism, a quadyalar prism, a polygonal prism, and the like.
From the standpoint of stabilizing the dimensiohs anetal worked product, those mainly
composed of a conical structure are preferred. nmpkas of a channel of the body 2b include
a cone, an elliptic cone, a triangular pyramiduadyangular pyramid, a polygonal pyramid, a
cylinder, an elliptic cylinder, a triangular prism,quadrangular prism, a polygonal prism, a
curved channel, and the like. From the standpairgtabilizing the dimensions of a metal
worked product, those mainly composed of a corstrakcture are preferred.

Examples of a nozzle configured of a disk havirgylandrical or conical shape, etc.
and a body having a cylindrical or conical shape, iaclude nozzles 1c to 20c shown in Fig.
3. Examples of the body include shapes 1c to 8hie body may be in a cylindrical shape,
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may be in a shape of constriction structure, or im@ayn a curved shape. Furthermore, the
width and length of the channel are not limited.n e other hand, examples of the disk
include shapes 9c to 15c. The disk may be in &abshape or a curved surface shape, or
may be in a shape in which a part of a cone orazlisBhape is cut, or the cut portion is joined
with another shape. Furthermore, the width andtlenf the channel are not limited.

Among them, the shapes 16c¢ to 20c, each haviny awwtructure that when closing
the nozzle, the disk and the body come into goodamb with each other, are preferred. In
the case of using a nozzle having such a strudbyrellowing the stem to move up and down,
it becomes possible to control the pressure aneatinvelocity relative to wide-ranging
viscosity and flow rate of the copolymer (P) saluti
[0050]

The aforementioned nozzle is connected with tkedat tank, and it vaporizes and
separates the solvent from the copolymer (P) swmiutlischarged from the nozzle tip and
allows the copolymer (P) to drop toward the lowertjpn of the takeout tank, followed by
taking out the copolymer (P) batchwise or contirshpdrom the takeout tank to the outside
of the system. The separation of the solvent i$opmed in an inert gas stream at O to
200°C. By lowering the solvent gas concentration wittiie takeout tank with the inert gas
and also exhausting the solvent gas to the outdidiee system, fusion among the resulting
copolymers (P) can be inhibited. Accordingly, s preferred that the takeout tank is
provided with an inert gas feed port, an exhaust pbthe gaseous solvent, and a carry-out
port of the copolymer (P).

Though the nozzle installation position and thapghof the takeout tank are not
particularly limited, from the standpoints of inliibg fusion of the discharged copolymer (P)
onto the inner wall of the takeout tank and redgdhne amount of the inert gas used, a
cylindrical shape having an inside diameter suet the copolymer (P) discharged from the
nozzle does not come into direct contact with theer wall of the takeout tank is preferred,
and it is preferred that the nozzle is installethim center of the top of the takeout tank.

Though the connection positions of the inert ggedfport and the exhaust port are
not particularly limited, from the standpoint ohibiting fusion among the copolymers (P), it
is preferred that the inert gas feed port is itetialn the lower portion of the takeout tank,
whereas the exhaust port is installed in the uppetion of the takeout tank. In addition,
from the standpoint of inhibiting fusion among ttepolymers (P), it is more preferred that an
air hole-provided flat board as a partition boand @0 funnel is installed between an
accumulation portion of the copolymer (P) and aorgphase portion, and the inert gas is
allowed to pass in an upflow state from the undershereof. The inert gas may be fed
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through a usual piping, may be fed so as to gememagas stream, or may be used by
generating a gas stream in a vapor phase portiarsing a stirring blade separately installed
in the inside of the takeout tank. Examples ofitiegt gas which can be used herein include
a nitrogen gas, an argon gas, a helium gas, antkdhe Among them, a nitrogen gas is
preferred in view of the matter that it is not oeBsily available but also inexpensive.

[0051]

Though a volume of the takeout tank is not paldidy limited, a residence time of
the inert gas is preferably 0.1 to 5 minutes, anthfthe viewpoints of reducing the amount of
the inert gas used and inhibiting the fusion of ¢cgolymer, it is preferred to regulate the
volume of the takeout tank such that the residéinoe of the inert gas is in a range of 0.1to 1
minute.

Though a temperature of the inert gas has onbetan a range of 0 to 200, it is
preferably 10 to 12, more preferably 10 to 80, and still more preferably 10 to 8D, In
addition, the amount of the inert gas used is pablg in a range of 10 to 5,000 NL, and more
preferably in a range of 50 to 2,000 NL in termsanfamount of the inert gas used per kg of
the solvent of the copolymer (P) solution. The "Ndxpresses a normal liter and means a
volume of the inert gas at 0 MPaG an€@nd at a humidity of 0%.

Though an internal pressure of the takeout tamkbeaproperly set, if desired, it is
preferably 500 kPaG or less, and more preferablykEaG or less.

[0052]
(Transfer of Copolymer (P))

The copolymer (P) accumulated in the bottom cantrbasferred batchwise or
continuously to the outside of the system. From skandpoint of inhibiting the fusion
among the copolymers (P), it is preferred to cardiursly transfer the copolymer (P) by using,
for example, a gas stream of an inert gas or Kee @r an instrument, such as a conveyor, etc.
The copolymer (P) may be transferred by using asgasm of an inert gas or the like, or may
be transferred by using an instrument, such asnaeyor, etc. In the case of using a gas
stream of an inert gas or the like, a cyclone bag filter for separating the copolymer and
the inert gas from each other is necessary, andftre, it is more preferred economically to
use a conveyor as a mechanical transfer machine.

In view of the fact that the copolymer (P) is s#erred together with the gaseous
solvent and the inert gas, it is preferred to usdosed type conveyor. Examples of the
conveyor include a belt conveyor, a chain convegoller conveyor, a screw conveyor, a
vibrating conveyor, an elevating conveyor, andlike. Among them, a screw conveyor is

preferred from the standpoints of easiness of adgaand maintenance checkup. The screw
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conveyor may be of either a horizontal type or diea type.
[0053]

According to the production method of the preseméntion, the copolymer (P) can
be obtained more simply with a less energy consiomptithout using hot water as in the
conventional steam stripping method and withouuiréag a dehydration/drying step. An
amount of the residual solvent contained in thelteg copolymer (P) is typically 2 mass%
or less, and more preferably 1 mass% or less.

In the production method of the present inventithe, copolymer (P) in a fibrous
form is readily obtained. When the copolymer @a ifibrous copolymer, it is low in a bulk
density and excellent in oil absorptivity, as conmgghwith copolymers in a pellet shape or a
crumb shape. The "fibrous copolymer” as referrednt the present invention means a
copolymer having a shape in which a diameter isnihi or more, a length is 1 mm or more,
and a ratio of the length to the diameter is 5 sirmaemore, and preferably 10 times or more.
The bulk density (g/mL) of the resulting fibrouspodymer is preferably 0.02 to 0.20 g/mL,
and more preferably 0.05 to 0.15 g/mL from the \peimt of excellent oil absorptivity. The
"bulk density" means a value obtained in a manridillmg the copolymer in a container
having an already-known volume and dividing theuwoé including voids by the mass of the
copolymer. In addition, an oil absorption ratettlsaan indicator of the oil absorptivity is
preferably 10 or more, and more preferably 12 oremno

The copolymer (P) may be crushed more finelyesice, and the copolymer (P) may
be charged into an extruder to convert into a popmllet, or may be mixed with an oil or the
like to convert into an oil-extended pellet.

[0054]

The copolymer (P) obtained by the production méthbthe present invention can
also be processed into a resin composition upoitiaddvith other copolymer or an additive
(e.g., a heat stabilizer, an ultraviolet absorher,antioxidant, a flame retardant, a coloring
agent, a lubricant, a release agent, a filler),afdesired.

[0055]

Such other polymer is not particularly limited agah be properly selected according
to an application. Examples thereof include payeis (e.g., polybutadiene, polyisoprene,
polychloroprene, poly(2-ethylbutadiene), poly(2ydotitadiene), etc.), ring-opening
metathesis polymers of cycloolefins (e.g., polyogtene, polypentenylene, polynorbornene,
etc.), polyethylene, polypropylene, polystyrenecapolymer of ethylene and styrene, a
copolymer of acrylonitrile and styrene, a copolymémacrylonitrile, butadiene, and styrene,

polyvinyl chloride, polyethylene terephthalate, ymalrbonate, polyamides, polybutylene
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terephthalate, polyoxymethylene, polyacetal, poyptkene ether, polyurethane, epoxy resins,
polyacrylates, polyacrylate ether sulfones, poliaey ether ketones, polyamide-imides,
polyether-imides, and mixtures thereof, and the.lik

Examples of the antioxidant include 2,5-di-tertyiloydroquinone,
2,6-di-tert-butyl-p-cresol, 4,4'-thiobis(6-tert-glghenol),
2,2'-methylene-bis(4-methyl-6-tert-butylphenol),
octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyi@gpionate, 4,4'-thiobis(6-tert-butylphenol),
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbeyiy-4-methylphenyl acrylate,
pentaerythritol tetrakis(3-laurylthiopropionate), ,62li-(tert-butyl)-4-methylphenol,
2,2-methylenebis(6-tert-butyl-p-cresol), triphenphosphite, tris(nonylphenyl) phosphite,
dilauryl thiodipropionate, and the like.

Examples of the flame retardant include metalssaltstannous acid, such as zinc
stannate, zinc hydroxystannate, magnesium stanmaiealt stannate, sodium stannate,
potassium stannate, etc.; metal salts of boric, agiet borate, calcium borate, magnesium
borate, etc.; antimony trioxide, antimony pentoxidedium antimonate, sodium oxide, tin
oxide, zinc oxide, iron oxide, magnesium hydroxidgcium hydroxide, kaolin clay, calcium
carbonate, and the like.

Examples of the filler include silica, silica aluma, alumina, titanium oxide, zinc
oxide, boron nitride, talc, mica, potassium tit@yatalcium silicate, magnesium sulfate,
aluminum borate, asbestos, glass beads, carbork, bimaphite, molybdenum disulfide,
polytetrafluoroethylene, and the like.

[0056]
(Application)

The copolymer (P) which is obtained by the promuctmethod of the present
invention is usable in fields of electric and eflenic components, automotive components,
various industrial components, daily necessitieg]l ao on. In addition, in particular, in
view of the fact that the hydride of the copolyn{f) has excellent properties in impact
resilience and low-temperature properties, the idgdof the copolymer (P) is usable as a
modifier for improving impact resistance, low-temg@ire properties, processability, and so
on of thermoplastic resins, and for example, whemktined with a liquid softening agent,
such as an oil, etc., a plasticizer, and a therasbigl resin, such as polypropylene, etc., the
hydride of the copolymer (P) can be suitably usedaamaterial for various industrial

components, such as electrical wire cables, aitopzotive components, and so on.

EXAMPLES
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[0057]

The present invention is hereunder described imenuetail by reference to the
Examples, but it should be construed that the pteiseention is by no means limited by
these Examples.

[0058]

Chemicals used for production of copolymers arfob@ws.
[Cyclohexane:

One prepared by dehydrating a stabilizer-free atyekane, manufactured by Wako
Pure Chemical Industries, Ltd. with Molecular Se3A and further bubbling with a nitrogen
gas was used.

[sec-Butyllithium:

A cyclohexane solution of sec-butyllithium, maretfaed by Nippon Aluminum
Alkyls, Ltd., having a concentration of 1.32 mmoligs used.

[lsoprene:

Isoprene, manufactured by Kuraray Co., Ltd., fromtich moisture and a
polymerization inhibitor were removed with Moleculgieves 3A and neutral active alumina
and then substituted with nitrogen, was used.

[Styrene:

Stabilizer-containing styrene, manufactured by @Rkre Chemical Industries, Ltd.,
from which moisture and a polymerization inhibitarere removed with neutral active
alumina and then substituted with nitrogen, wasluse
[Nickel 2-ethylhexanonate:

A 2-ethylehexanoic acid solution of nickel(ll) (#sethylhexanoate), manufactured
by Wako Pure Chemical Industries, Ltd., containgngickel atom in an amount of 10 to 15
mass% as expressed in terms of a nickel metal sed as it was.

(Triisobutylaluminum:

Triisobutylaluminum, manufactured by Nippon Alumim Alkyls, Ltd. was used as
it was.
[Pentane:

One prepared by dehydrating a stabilizer-free grent manufactured by Wako Pure
Chemical Industries, Ltd. with Molecular Sieves &aAd further bubbling with a nitrogen gas
was used.

[Oil:

Diana Process Oil PW90, manufactured by Idemitsuoehemical Co., Ltd. as a

paraffin-based process oil was used as it was.



28

[0059]
(Measurement of Molecular Weight and Molecular Vi¢iDistribution of Copolymer)

A weight average molecular weight (Mw) and a molac weight distribution
(Ma/Mn) of a polymer obtained in each of the Exaespand Comparative Examples were
measured by means of gel permeation chromatogrdyanginafter referred to as "GPC") and
expressed in terms of standard polystyrene. Thasarement conditions are as follows.
[GPC Analysis]

Apparatus: HLC-8320GPC EcoSEC System, manufactoyelibsoh Corporation

Sample: A solution of 5 mg of the polymer dissdlve 10 mL of tetrahydrofuran

Sample injection amount; dL

Column: TSKgel SuperHzZ4000, manufactured by ToSamporation (4.6 mm in
inside diameter 150 mm in length)

Column temperature: 40

Eluent: Tetrahydrofuran

Flow rate of eluent: 1.0 mL/min

Detector: UV detector (detection wavelength: 268 n

Calibration curve: Prepared by standard polysgren
[0060]

(Measurement of Hydrogenation Rate of Copolymer)

With respect to a copolymer obtained in each @& tbllowing Examples and
Comparative Examples, théH-nuclear magnetic resonance spectroscopy (heteinaf
abbreviated as'M-NMR analysis") was performed. The number of deubonds (mol)
before hydrogenation relative to 1 mol of styrelam be calculated from an area integrated
value of a styrene site &f-NMR of a copolymer not subjected to hydrogenatod an area
integrated value of a conjugated diene double sited Similarly, the number of double
bonds (mol) after hydrogenation of a hydrogenatedotymer having been subjected to
hydrogenation relative to 1 mol of styrene can b&uwated. A difference between the
number of double bonds (mol) before hydrogenatioa @#e number of double bonds (mol)
after hydrogenation is the number of hydrogenatedbté bonds (mol), and mol% as a
proportion of the number of hydrogenated doubledsoimol) to the number of double bonds
(mol) before hydrogenation was defined as the tyeination rate (%). The measurement
conditions are as follows.

[*H-NMR Analysis]
Apparatus: AVANCE Ill 600US Plus, manufacturedBryker BioSpin K.K.
Sample: A solution of 50 mg of the polymer disgalyn 1.0 g of deuterochloroform
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Standard substance: Tetramethylsilane

Measurement temperature:*82(305K)

Cumulative number: 256 times
[0061]

(Calculation Method of Nozzle Linear Velocity)

A nozzle linear velocity on discharging the copo&r (P) solution was determined in
the following manner.

In a pressure nozzle atomizer used in each ofBkemples and Comparative
Examples, a conical disk is one prepared by cutiggne having a cone angle of Fla#d a
bottom diameter of 5.58 mm at a position wherediaeneter is 0.42 mm, and a body is one
having a shape coincident with the conical disk beithg cut at a position where an opening
having a diameter of 0.55 mm is formed in a tiptiporthereof. A lifting distance of a stem
is defined as a nozzle opening degree, and thelenagzening degree H (mm) and a
cross-sectional area S (rfinat which a maximum linear velocity is achievedrevealculated
from the structure of the pressure nozzle atorazeording the following equations.

OWhen the nozzle opening degree is in a range of {dozzle opening degree H
(mm)) < 0.65}, then the cross-sectional areas S frisi{(cross-sectional area S (=
0.152x (nozzle opening degree H (mm)) + 0.002}.

OWhen the nozzle opening degree is in a range .66{1x (nozzle opening degree H
(mm)) < 1.40}, then the cross-sectional areas S frisi{(cross-sectional area S (=
0.193x (nozzle opening degree H (mm)) - 0.029}.

[When the nozzle opening degree is in a range @i0{d (nozzle opening degree H
(mm)) }, then the cross-sectional areas S {jrig0.240 mrh

The nozzle linear velocity (m/sec) was calculatedm the above-obtained
cross-sectional area S (finand a solution flow rate F (L/hr) of the copolyn{®) solution
according to the following equation.

(Nozzle linear velocity (m/sec)) = (Solution flosate F (L/hr))+ (Cross-sectional
area S (mr)) + 3.6
[0062]

(Amount of Residual Solvent)

With respect to an amount of a residual solvemitaioed in a fibrous copolymer
obtained in each of the following Examples, a m@gsafter drying 10 g of an obtained
fibrous copolymer at 0.1 Pa and 205for one hour was weighed, a mass change (g)dhere
was defined as an amount (g) of the residual sblv@ntained in the copolymer before drying,
and a mass% of the amount (g) of the residual sblvelative to 10 g of the fibrous
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copolymer before drying was defined as an amouasédb) of the residual solvent.
(Measurement of Diameter and Length of Fiber)

A diameter (mm) and a length (mm) of a fibrousagmer obtained in each of the
following Examples were measured by analyzing imadggtal information obtained by
photographing a sample composed of a single fibroggolymer with ADK-1100 (11
mega-pixel CCD camera), manufactured by Flovel Ctol, by using Image-Pro Plus ver. 5.1,
manufactured by Flovel Co., Ltd. Five sampleshef tibrous copolymer having an average
shape were measured, respectively, and averagesvtiereof were adopted as a measured
diameter (mm) and a measured length (mm), resmdgtiv
(Bulk Density)

With respect to a bulk density of a copolymer oi#d in each of the following
Examples and Comparative Examples, the copolymerfilad up to a mark of 100 mL in a
100-mL metering cylinder having an already-knownssaa difference in mass before and
after filling the copolymer was considered as asn@3 of 100 mL of the copolymer, and a
value obtained by dividing the mass (g) per 100ahthe copolymer by a volume (100 mL)
was defined as the bulk density (g/mL).

(Oil absorption rate)

An oil absorption rate of a copolymer obtaineceach of the following Examples
and Comparative Examples was determined by theviollg method. In a 500-mL beaker,
Process Oil PW90 (300 g) was charged a&2%nd subsequently, the copolymer (10 g) was
charged and allowed to stand for 30 minutes, theieipregnating with the Process Oil
PW90. This was filtered with a 200-mesh nylon-méter cloth and allowed to stand on
the filter cloth for one hour. Thereafter, a mé@gsof the copolymer after oil absorption was
weighed, and a value obtained by dividing this n{g}®f the copolymer after oil absorption
by the mass (10 g) of the copolymer before oil gitsan was defined as an oil absorption
rate.

[0063]
[Example 1]

After purging the inside of a SUS 316-made autezlaaving a capacity of 20 liters
with a nitrogen gas, which was equipped with anualB®0-mL glass-made pressure bottle
having a thermometer, an electric heater, an eeetgnetic induction stirrer, a gas feed port,
a sampling port, a raw material feed port, and gemeooling type cooling tube installed
therein, 9,501.2 g of cyclohexane was added, amdetmperature was elevated tgCGver
30 minutes while stirring at 500 rpm. SubsequeBi1 g of a cyclohexane solution of 1.33
mmol/g of sec-butyllithium (77.2 mmol as sec-buthium) was forcedly fed with a nitrogen
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gas, and immediately thereafter, 470.6 g (4.5 miotyrene was forcedly fed with a nitrogen
gas. A total pressure was 0.3 MPaG. The styraaepmlymerized at a liquid temperature
of 70 to 80C for one hour. Subsequently, 2,194.5 g (32.2 mbijoprene was forcedly fed
with a nitrogen gas over one hour, and the conteet® further allowed to react with each
other for 1.5 hours. A total pressure was 0.4 MRai@ a liquid temperature was 70 t6@0
Thereafter, 470.6 g (4.5 mol) of styrene was folscéeld with a nitrogen gas, and the contents
were polymerized for one hour. A total pressures Wb MPaG, and a liquid temperature
was 70 to 80C. Thereafter, 4.00 g of a cyclohexane solutior2@0 mmol/g of ethanol
(80.0 mmol as ethanol) was forcedly fed with aagan gas to terminate the polymerization,
followed by cooling to 28C. There was thus obtained a copolymer solution.

[0064]

After substituting the copolymer solution with hgden, the resultant was
pressurized to 0.9 MPaG with hydrogen, and the &aipre was elevated to “ID over 30
minutes while stirring at 500 rpm. On the othendhain a one-liter three-necked flask
purged with nitrogen, 25.1 g of a 2-ethylhexanoicida solution of nickel(ll)
bis(2-ethylhexanoate) (42.8 to 64.1 mmol as a thiekem) was dissolved in 284.4 g of
cyclohexane, 31.8 g (160.3 mmol) of triisobutylalnom was added over 10 minutes, and
the contents were stirred for 30 minutes, therelparing a nickel catalyst.

To the copolymer solution at 70 which had been pressurized to 0.9 MPaG with a
hydrogen gas, the aforementioned nickel catalyst agded over 2 hours, and the reaction
was further performed for 4 hours. Subsequertily,resultant was cooled to &) and the
inside of the flask was then purged with nitrogeAn operation of adding a 30% hydrogen
peroxide aqueous solution and a 10% citric aciceags solution thereto, performing stirring
for 15 minutes, subsequently allowing to standlféminutes, and then extracting an aqueous
phase was repeated three time. Thereafter, aatopeof adding water, performing stirring
for 15 minutes, subsequently allowing to standlf®minutes, and then extracting an aqueous
phase was further repeated three time. There mas éobtained a hydrogenated block
copolymer solution from which the catalyst had beemoved. The hydrogenated block
copolymer contained in this hydrogenated block tgper solution is abbreviated as
"copolymer A".

[0065]

5 g of the copolymer solution A was dried at@&Gdor one hour. The GPC analysis
revealed that the copolymer A had a monomodal paakeight average molecular weight
Mw of 44,400, and a molecular weight distributionviin of 1.02.

A total molar number of isoprene of the copolyrAeelative to a total molar number
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of styrene is clear from the amounts of the chelsicharged for polymerization, whereas a
molar number of the non-hydrogenated double bomivetk from isoprene of the copolymer
A relative to a total molar number of styrene isatl from the!H-NMR analysis. Thus, it
was noted from this that the hydrogenation rata psoportion of the material hydrogenated
with the double bond derived from isoprene was 8.7

In addition, in view of the charged amounts, tbpalymer A was a (15.0 mass% of
styrene block)/(70.0 mass% of hydrogenated isopl#oek)/(15.0 mass% of styrene block)
copolymer, and the solution of the copolymer A eamtd 24.7 mass% of the copolymer A.
[0066]

For the production of the copolymer from the cepmér solution, an apparatus
shown in Figs. 4 and 5 was used.

The 20-liter autoclave used for the polymerization hydrogenation was used as a
storage tank 1d. Nitrogen was fed from a nitrofied port 2d and pressurized to 0.5 MPaG,
and a copolymer solution was heated t&70y using a steam jacket 5d while stirring at 200
rpm with a stirrer 4d.

A preheated copolymer solution 7d was subjectesotation sending to a plunger
pump 8d, passed through an electric heater 9d cheat240C at a solution flow rate of 7.3
L/hr by using a pump 8d, and then discharged fropnemsure nozzle atomizer 12d, thereby
separating the solvent.

In view of the fact that the nozzle opening degnees 0.8 mm, the nozzle linear
velocity was 16.2 m/sec, the solution pressuremeasure gauge 10d was 3.4 MPaG, and the
solution temperature at a thermometer 11d wa$@.34

From an inert gas feed port 15d, nitrogen &2Was fed at a rate of 23.4 NL/min,
namely in a nitrogen amount of 330 NL/kg per kgt solvent, and a gas composed of this
nitrogen and the solvent vapor was exhausted frorexhaust port 16d to the outside of the
system. The internal pressure of the takeout veaek 16 kPaG at a pressure gauge 17d, and
the internal temperature of the top of the takeank was 89.8C at a thermometer 18d.

The operation was performed for 30 minutes to iabafibrous copolymer A 19d.
A partition was provided at a knife gate valve 28dd a recovery container 21d was then
separated to obtain the fibrous copolymer A.

[0067]

The GPC analysis revealed that the fibrous copely had a weight average
molecular weight Mw of 44,400 and a molecular weidtstribution Mw/Mn of 1.02, and
thus, no change before and after the solvent relnwaa observed. The amount of the
residual solvent was 0.43 mass%. The fiber offitt®us copolymer A had a diameter of



33

0.12 mm and a length of .73 mm. The bulk densig 0.05 g/mL. The oil absorption
rate was 13.3. The results are summarized in Thble

[0068]

[Example 2]

A solution containing 24.7 mass% of the copolyrAewas produced in the same
method as in Example 1, and 3,640 g of cyclohexeethen distilled off, thereby obtaining
a copolymer solution containing 34.6 mass% of thyotymer A. The copolymer solution
was passed through the electric heater at a soléibav rate of 7.3 L/hr by using the pump
and then discharged from the pressure nozzle aéwritizhe same manner as in Example 1.
In view of the fact that the nozzle opening degmas 1.2 mm, the nozzle linear velocity was
10.0 m/sec, a solution pressure was 2.5 MPaG, aontLition temperature was 28 From
the inert gas feed port, nitrogen at°@7was fed at a rate of 23.4 NL/min, namely in a
nitrogen amount of 380 NL/kg per kg of the solveartd a gas composed of this nitrogen and
the solvent vapor was exhausted from the exhausttpdhe outside of the system. The
internal pressure of the takeout tank was 17 kRa@,the internal temperature of the top of
the takeout tank was 92@B. The operation was performed for 30 minutes ltaio a
fibrous copolymer A.

The amount of the residual solvent was 0.93 massPhe fiber of the fibrous
copolymer A had a diameter of 0.11 mm and a lemdth.68 mm. The bulk density was
0.06 g/mL. The oil absorption rate was 13.5. Tfdsailts are summarized in Table 1.

[0069]
[Example 3]

A copolymer solution containing 34.6 mass% of topolymer A was produced in
the same method as in Example 2. The copolymetisnlwas passed through the electric
heater at a solution flow rate of 5.8 L/hr by usthg pump and then discharged from the
pressure nozzle atomizer in the same manner agamp@e 1. In view of the fact that the
nozzle opening degree was 0.93 mm, the nozzlerlweacity was 10.8 m/sec, the solution
pressure was 3.3 MPaG, and the solution temperatase234C. From the inert gas feed
port, nitrogen at 2C was fed at a rate of 23.4 NL/min, namely in aagien amount of 460
NL/kg per kg of the solvent, and a gas composethisfnitrogen and the solvent vapor was
exhausted from the exhaust port to the outsiddefsystem. The internal pressure of the
takeout tank was 18 kPaG, and the internal temyeraif the top of the takeout tank was
87.5C. The operation was performed for 30 minuteshtaio a fibrous copolymer A.

The amount of the residual solvent was 0.49 massPhe fiber of the fibrous
copolymer A had a diameter of 0.13 mm and a lem§tB.89 mm. The bulk density was
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0.05 g/mL. The oil absorption rate was 14.5. Tfdsilts are summarized in Table 1.
[0070]
[Example 4]

A copolymer solution was discharged from the pressiozzle atomizer in the same
method as in Example 3. From the inert gas feet] piorogen at 107C was fed at a rate of
7.0 NL/min, namely in a nitrogen amount of 140 Ni/ger kg of the solvent, and a gas
composed of this nitrogen and the solvent vapor exdmusted from the exhaust port to the
outside of the system. The internal pressureetdkeout tank was 7 kPaG, and the internal
temperature of the top of the takeout tank was°@2.0 The operation was performed for 30
minutes to obtain a fibrous copolymer A.

The amount of the residual solvent was 0.21 massPhe fiber of the fibrous
copolymer A had a diameter of 0.47 mm and a leo§®00 mm or more. The bulk density
was 0.10 g/mL. The oil absorption rate was 13.8Bhe results are summarized in Table 1.
[0071]

[Example 5]

A solution containing 24.7 mass% of the copolyrAewas produced in the same
method as in Example 1, and 6,530 g of cyclohexeasethen distilled off, thereby obtaining
a copolymer solution containing 50.9 mass% of thgotymer A. The copolymer solution
was passed through the electric heater at a soléibav rate of 5.0 L/hr by using the pump
and then discharged from the pressure nozzle agorrizhe same manner as in Example 1.
In view of the fact that the nozzle opening degras 1.94 mm, the nozzle linear velocity was
5.8 m/sec, the solution pressure was 3.2 MPaG, tlamdsolution temperature was 209
From the inert gas feed port, nitrogen atQivas fed at a rate of 23.4 NL/min, namely in a
nitrogen amount of 730 NL/kg per kg of the solverrtd a gas composed of this nitrogen and
the solvent vapor was exhausted from the exhausttpdhe outside of the system. The
internal pressure of the takeout tank was 12 kRa@,the internal temperature of the top of
the takeout tank was 96Q. The operation was performed for 30 minutes litaio a
fibrous copolymer A.

The amount of the residual solvent was 0.57 massPhe fiber of the fibrous
copolymer A had a diameter of 0.44 mm and a lermdth.39 mm. The bulk density was
0.04 g/mL. The oil absorption rate was 11.3. Tfdslts are summarized in Table 1.

[0072]
[Example 6]

The apparatus was operated for 2 hours in the sastieod as in Example 1, thereby

obtaining about 2.8 kg of a fibrous copolymer An d 20-liter autoclave, 5,700.0 g of
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pentane was charged, and subsequently, 2,500 lgeoblitained fibrous copolymer A was
charged. The contents were stirred at 200 rpm mittbgen at a total pressure of 0.5 MPaG
and a liquid temperature of 8D for 10 hours, thereby obtaining a copolymer sofut
containing 30.6 mass% of the copolymer A.

The copolymer solution was passed through thdreldeater at a solution flow rate
of 7.3 L/hr by using the pump and then dischargethfthe pressure nozzle atomizer in the
same manner as in Example 1. In view of the fa&t the nozzle opening degree was 0.80
mm, the nozzle linear velocity was 16.2 m/sec,dbleition pressure was 4.0 MPaG, and the
solution temperature was 1%t From the inert gas feed port, nitrogen éiCG3@/as fed at a
rate of 23.2 NL/min, namely in a nitrogen amounédd NL/kg per kg of the solvent, and a
gas composed of this nitrogen and the solvent veyasr exhausted from the exhaust port to
the outside of the system. The internal presstitheotakeout tank was 39 kPaG, and the
internal temperature of the top of the takeout tamks 68.2C. The operation was
performed for 30 minutes to obtain a fibrous copudy A.

The amount of the residual solvent was 0.08 massPhe fiber of the fibrous
copolymer A had a diameter of 0.12 mm and a lem§tB.47 mm. The bulk density was
0.07 g/mL. The oil absorption rate was 12.9. Téwmlts are summarized in Table 1.

[0073]
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Table 1
Example 1 2 3 4 5 6
Polymer (P) A A A A A A
Solvent Cyclohexane | Cyclohexane | Cyclohexane | Cyclohexane | Cyclohexane Pentane
Step A Solid component concentration (Ts, mass%) 24.7 34.6 34.6 34.6 50.9 30.6
Step B Solution pressure (MPaG) 34 2.5 3.3 3.3 3.2 4.0
Solution temperature (T, °C) 234 232 234 234 209 174
Solution flow rate (L/hr) 7.3 7.3 5.8 5.8 5.0 7.3
Nozzle opening degree (mm) 0.80 1.20 0.93 0.93 1.94 0.80
Nozzle linear velocity (m/sec) 16.2 10.0 10.8 10.8 5.8 16.2
Step C Nitrogen temperature (°C) 27.0 27.0 27.0 107 27.0 33.0
Nitrogen flow rate (NL/min) 23.4 23.4 23.4 7.0 23.4 23.2
Amount of nitrogen used per kg of solvent (NL/kg) 330 380 460 140 730 440
Internal pressure of takeout tank (kPaG) 16 17 18 7 12 39
Internal temperature of top of takeout tank (°C) 89.5 92.5 875 92.0 96.2 68.2
Amount of residual solvent (mass%) 0.43 0.93 0.49 0.21 0.57 0.08
Physical Shape Fibrous Fibrous Fibrous Fibrous Fibrous Fibrous
properties Fiber diameter (mm) 0.12 0.11 0.13 0.47 0.44 0.12
Ofp%?;ij'g?d Fiber length (mm) 1.73 1.68 2.89 200 or more 4.39 2.57
Bulk density (g/mL) 0.05 0.06 0.05 0.10 0.04 0.07
Oil absorption rate (g/g) 13.3 135 145 13.8 11.3 12.9
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[0074]

According to Example 1, it is noted that the cgpmér solution produced through
polymerization and hydrogenation by using cyclomexaan be used for the production
method of the present invention as it is.

According to Examples 1 to 5, by using the cyckare solvent having a boiling
point of 80.7C and undergoing the Steps A to C, the copolynrerghich the amount of the
residual solvent is low, the bulk density is smalid the oil absorption rate is excellent are
obtained more simply with a less energy consumpéisrcompared with the conventional
method.

According to Example 6, even in the case of ugiegtane having a boiling point of
36.1°C as the solvent, by the production method of tlesgnt invention, the copolymer in
which the amount of the residual solvent is lowe thulk density is small, and the oil
absorption rate is excellent are obtained more Igimpth a less energy consumption as
compared with the conventional method.

[0075]
[Example 7]

By using a hydrogenated diblock copolymer havingramb shape, which was
obtained by producing a diblock polymer throughoait polymerization of styrene and
isoprene and hydrogenating this, followed by stestnpping (the hydrogenated diblock
copolymer will be hereinafter referred to as "cgpwoér B"), a copolymer solution was
prepared in the following manner and then subjetiettie production method of the present
invention. The copolymer B was composed of 38 fitasEa styrene block and 62 mass%
of a hydrogenated isoprene block and had a hydedsgenrate of 98% or more, a weight
average molecular weight Mw of 127,000, a molecwaight distribution Mw/Mn of 1.04,
and a bulk density of 0.38 g/mL.

In a 20-liter autoclave, 8,111.1 g of cyclohexames charged, and subsequently,
3,000 g of the copolymer B was charged. The casterre stirred at 200 rpm with nitrogen
at a total pressure of 0.5 MPaG and a liquid teatpee of 80C for 5 hours, thereby
obtaining a copolymer solution containing 27.0 riasd the copolymer B.

The copolymer solution was passed through theraldwater at a solution flow rate
of 5.8 L/hr by using the pump and then dischargedthfthe pressure nozzle atomizer in the
same manner as in Example 1. In view of the faat the nozzle opening degree was 1.13
mm, the nozzle linear velocity was 8.5 m/sec, thieteon pressure was 3.3 MPaG, and the
solution temperature was 222 From the inert gas feed port, nitrogen &i@was fed at a
rate of 23.0 NL/min, namely in a nitrogen amouné@0 NL/kg per kg of the solvent, and a
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gas composed of this nitrogen and the solvent veyasr exhausted from the exhaust port to
the outside of the system. The internal presstitheotakeout tank was 16 kPaG, and the
internal temperature of the top of the takeout tamks 93.3C. The operation was
performed for 30 minutes to obtain a fibrous copuy B.

The amount of the residual solvent was 0.60 massPhe fiber of the fibrous
copolymer B had a diameter of 0.13 mm and a lenfth.36 mm. The bulk density was
0.09 g/mL. The oil absorption rate was 13.9. Tfdsailts are summarized in Table 2.

[0076]
[Example 8]

By using a hydrogenated triblock copolymer havagcrumb shape, which was
obtained by producing a triblock polymer throughioaic polymerization of styrene, a
mixture of isoprene and butadiene, and styrentighdrder and hydrogenating this, followed
by steam stripping (the hydrogenated triblock cgpar will be hereinafter referred to as
"copolymer C"), a copolymer solution was preparedthe following manner and then
subjected to the production method of the presemention. The copolymer C was
composed of 30 mass% of a styrene block and 70 %nas$ a hydrogenated
isoprene/butadiene copolymer block and had a hyuaraigon rate of 98% or more, a weight
average molecular weight Mw of 88,000, a molecwaright distribution Mw/Mn of 1.03,
and a bulk density of 0.28 g/mL.

In a 20-liter autoclave, 7,101.0 g of cyclohexames charged, and subsequently,
3,000 g of the copolymer C was charged. The comteare stirred at 200 rpm with nitrogen
at a total pressure of 0.5 MPaG and a liquid teatpee of 80C for 5 hours, thereby
obtaining a copolymer solution containing 29.7 riasd the copolymer C.

The copolymer solution was passed through theraldwater at a solution flow rate
of 5.8 L/hr by using the pump and then dischargedthfthe pressure nozzle atomizer in the
same manner as in Example 1. In view of the faat the nozzle opening degree was 1.74
mm, the nozzle linear velocity was 6.7 m/sec, thieteon pressure was 3.3 MPaG, and the
solution temperature was Z&l From the inert gas feed port, nitrogen &i@Wwas fed at a
rate of 23.3 NL/min, namely in a nitrogen amounédd NL/kg per kg of the solvent, and a
gas composed of this nitrogen and the solvent vafar exhausted from the exhaust port to
the outside of the system. The internal presstitheotakeout tank was 13 kPaG, and the
internal temperature of the top of the takeout tamks 94.0C. The operation was
performed for 30 minutes to obtain a fibrous copady C.

The amount of the residual solvent was 1.61 massPhe fiber of the fibrous
copolymer C had a diameter of 0.16 mm and a lepgtB.69 mm. The bulk density was
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0.05 g/mL. The oil absorption rate was 13.4. Tfdsailts are summarized in Table 2.
[0077]
[Example 9]

By using a hydrogenated triblock copolymer havagcrumb shape, which was
obtained by producing a triblock polymer throughioarc polymerization of styrene,
butadiene, and styrene in this order and hydrogen#tis, followed by steam stripping (the
hydrogenated triblock copolymer will be hereinafteferred to as "copolymer D"), a
copolymer solution was prepared in the following nme&r and then subjected to the
production method of the present invention. Theotymer D was composed of 34 mass%
of a styrene block and 66 mass% of a hydrogenaittilene block and had a hydrogenation
rate of 98% or more, a weight average moleculaghteiiw of 280,000, a molecular weight
distribution Mw/Mn of 1.07, and a bulk density a28 g/mL.

In a 20-liter autoclave, 11,888.8 g of cyclohexaveess charged, and subsequently,
2,000 g of the copolymer D was charged. The castevere stirred at 200 rpm with
nitrogen at a total pressure of 0.5 MPaG and aditemperature of 8€ for 5 hours, thereby
obtaining a copolymer solution containing 14.4 résd the copolymer D.

The copolymer solution was passed through thdreldeater at a solution flow rate
of 8.2 L/hr by using the pump and then dischargethfthe pressure nozzle atomizer in the
same manner as in Example 1. In view of the faat the nozzle opening degree was 1.14
mm, the nozzle linear velocity was 11.9 m/sec,dblaition pressure was 3.8 MPaG, and the
solution temperature was 243 From the inert gas feed port, nitrogen éiC7Was fed at a
rate of 23.3 NL/min, namely in a nitrogen amoun®60 NL/kg per kg of the solvent, and a
gas composed of this nitrogen and the solvent veyasr exhausted from the exhaust port to
the outside of the system. The internal presstitheotakeout tank was 17 kPaG, and the
internal temperature of the top of the takeout tamks 92.1C. The operation was
performed for 30 minutes to obtain a fibrous copwy D.

The amount of the residual solvent was 1.98 massPhe fiber of the fibrous
copolymer D had a diameter of 0.14 mm and a len§800 mm or more. The bulk density
was 0.08 g/mL. The oil absorption rate was 12.The results are summarized in Table 2.
[0078]

[Comparative Example 1]

The bulk density of the copolymer B (in a crumias) was 0.38 g/mL, and as a
result of measuring the oil absorption rate, it wasnd to be 9.8. The results are
summarized in Table 3.

[0079]
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[Comparative Example 2]

The bulk density of the copolymer C (in a crumlad) was 0.28 g/mL, and as a
result of measuring the oil absorption rate, it wasnd to be 5.0.

summarized in Table 3.

[0080]

[Comparative Example 3]

The bulk density of the copolymer D (in a crumiast) was 0.28 g/mL, and as a
result of measuring the oil absorption rate, it wasnd to be 6.3.

summarized in Table 3.

The results are

The results are

[0081]
Table 2
Example 7 8 9
Copolymer B C D
Polymer molecular structure Diblock Triblock Triblock
Solvent Cyclohexane | Cyclohexane | Cyclohexane
Step A Solid component concentration (Ts, mass%) 27.0 29.7 14.4
Solution pressure (MPaG) 3.3 3.3 3.8
Step B
Solution temperature (T, °C) 222 234 243
Solution flow rate (L/hr) 5.8 5.8 8.2
Nozzle opening degree (mm) 1.13 1.74 1.14
Nozzle linear velocity (m/sec) 8.5 6.7 11.9
Nitrogen temperature (°C) 27.0 27.0 77
Step C Nitrogen flow rate (NL/min) 23.0 23.3 23.3
Amount of nitrogen used per kg of solvent 420 440 260
(NL/kg)
Internal pressure of takeout tank (kPaG) 16 13 17
Internal temperatur(e;(o:; top of takeout tank 933 94.0 92.1
Amount of residual solvent (mass%o) 0.60 1.61 1.98
Shape Fibrous Fibrous Fibrous
Physical - -
properties Fiber diameter (mm) 0.13 0.16 0.14
of obtained Fiber length (mm) 1.36 3.69 200 or more
polymer -
Bulk density (g/mL) 0.09 0.05 0.08
Oil absorption rate (g/g) 13.9 134 12.7

[0082]
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Table 3
Comparative Example 1 2 3
Polymer B C D
Solvent separation method from polymer solution SFea_m SFea_m SFea_m
stripping stripping stripping
Physical Shape Crumb Crumb Crumb
properties -
of obtained Bulk density (g/mL) 0.38 0.28 0.28
polymer Oil absorption rate (g/g) 9.8 5.0 6.3
[0083]

According to Examples 7 to 9, it is noted that finesent invention is applicable to
copolymers of various molecular structures. Initaltl according to Examples 7 to 9 and
Comparative Examples 1 to 3, the copolymers obthinge the production method of the
present invention are higher in the oil absorptiate than the copolymers having a crumb
shape.

INDUSTRIAL APPLICABILITY
[0084]

In accordance with the production method of thesent invention, by removing a
solvent from a solution of each of an aromatic Viogmpound-conjugated diene-based
copolymer and a hydride thereof in a simple manvidr a less energy consumption without
requiring a dehydratiddrying process, a copolymer with a high oil absorptrate can be
produced, and the obtained copolymer can be syitadgd for the aforementioned various
applications.

REFERENCE SIGNS LIST
[0085]
<Fig. 1>
la: Storage tank
2a: Stirrer
3a: Jacket
4a: Inert gas feed port
5a: Copolymer (P) solution
6a: Pump
7a: Heater
8a: Nozzle
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9a: Takeout tank
10a: Inert gas feed port
11a: Exhaust port
12a: Copolymer (P)
13a: Transfer port
<Fig. 2>
1b: Stem, a tip of which is referred to as a disk
2b: Body
3b: Heated copolymer solution
4b: Contact port between disk and body
5b: Discharge port
<Fig. 4>
1d: 20-liter autoclave as a storage tank
2d: Nitrogen feed port
3d: Charge port of solvent and copolymer
4d: Stirrer
5d: Steam jacket
6d: Thermometer
7d: Copolymer solution
8d: Plunger pump
9d: Electric heater
10d: Pressure gauge for measuring the pressitine tieated copolymer solution
11d: Thermometer for measuring the temperatutheoheated copolymer solution
12d: Pressure nozzle atomizer
13d: Takeout tank
14d: Heat insulating material
15d: Inert gas feed port
16d: Exhaust port
17d: Pressure gauge for measuring the internakpre of the takeout tank
18d: Thermometer for measuring the internal tecupee of the top of the takeout
tank
19d: Copolymer
20d: Knife gate valve
21d: Copolymer recovery container
<Fig. 5>
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2e:
3e:
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Se:
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fe:
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Stem

Packing for preventing leakage of heated gopei solution
Screw for rising and falling of the stem

Handle for rising and falling of the stem

Heated copolymer solution

Conical disk

Body for grounding with the conical disk withsubstantial gap
Bottom diameter of the conical disk and i8518n

Cone angle of the conical disk and is 11.4

10e: The tip of conical disk is cut at a positwinere the diameter is 0.42 mm

11e: The body tip has an opening having a dian@t@r55 mm
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CLAIMS

1. A method for producing a copolymer (P), compgsseparating a solvent contained
in a copolymer (P) solution to obtain the copolyr{y,

the copolymer (P) being at least one copolymeecsetl from an aromatic vinyl
compound-conjugated diene copolymer composed déast one conjugated diene and at
least one aromatic vinyl compound and having a tesyerage molecular weight of 10,000
to 1,000,000, a hydride of the copolymer, and atunéthereof;

the solvent being a saturated aliphatic hydrocarbalvent or a saturated alicyclic
hydrocarbon solvent each having a boiling poinrd@to 100C; and

the method including the following Steps A to C:

Step A: a step of regulating a solid componenteatration (Ts) of the copolymer
(P) solution to a range of &Ts< 60) in terms of a mass%,

Step B: a step of heating the copolymer (P) smutibtained in the Step A such that
a temperature T°C) is in a range of {(225 - 1.9Ts)< T < (310 - 1.9x Ts)}, and

Step C: a step of discharging the copolymer (R)tem heated in the Step B from
any one nozzle selected from a rotary wheel ataomeaedwo-fluid nozzle atomizer, and a
pressure nozzle atomizer at a linear velocity b 100 m/sec to separate the solvent in an

inert gas stream at 0 to Z@

2. The method for producing a copolymer (P) aceaydio claim 1, wherein the

copolymer (P) is at least one copolymer selectedhfa block copolymer composed of a
polymer block (b) containing at least one conjudatiene unit and a polymer block (a)
containing at least one aromatic vinyl compound,anhydride of the block copolymer, and a

mixture thereof.

3. The method for producing a copolymer (P) acemydob claim 1 or 2, wherein the
copolymer (P) is one produced by liquid phase aniponlymerization using an organic alkali

metal compound.
4. The method for producing a copolymer (P) acewdio any of claims 1 to 3,
wherein a molar weight distribution of the blockpotymer constituting the copolymer (P) is

in a range of 1.0 to 2.5.

5. The method for producing a copolymer (P) acewdio any of claims 1 to 4,
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wherein the solvent is at least one selected fiwpéantane, pentane, cyclopentane, hexane,

cyclohexane, isoheptane, and heptane.

6. The method for producing a copolymer (P) acewdio any of claims 1 to 5,
wherein the temperature TQ) in the Step B is in a range of 200 to 225

7. The method for producing a copolymer (P) acewdio any of claims 1 to 6,
wherein the solid component concentration (Tshefdcopolymer (P) solution in the Step A is
(10< Ts< 35) in terms of a mass%.

8. The method for producing a copolymer (P) acewdio any of claims 1 to 7,
wherein the linear velocity in the Step C is froro%0 m/sec.

9. The method for producing a copolymer (P) acewdio any of claims 1 to 8,
wherein the temperature of the inert gas in the Stés from 10 to 12TC.

10. The method for producing a copolymer (P) adogrdo any of claims 1 to 9,
wherein an amount of the inert gas used in the Stepfrom 0.01 to 5.0 NL relative to 1 kg
of the copolymer (P) solution.

11. The method for producing a copolymer (P) adogrdo any of claims 1 to 10,
wherein the copolymer (P) obtained through the Stépa fibrous copolymer.

12. The method for producing a copolymer (P) adogrdo any of claims 1 to 11,
wherein an amount of the residual solvent in th@obomer (P) obtained through the Step C is
2 mass% or less.

13. The method for producing a copolymer (P) adogrdo any of claims 1 to 12,
wherein a bulk density of the copolymer (P) obtditieough the Step C is from 0.02 to 0.20
g/mL, and an oil absorption rate thereof is frontd 80.



