Description

Title of Invention: METHOD FOR PRODUCING POLYMER

Technical Field
[0001]
The present invention relates to a method for

producing a polymer.

Background Art
[0002]

In a method for polymerizing a conjugated diene
monomer or an aromatic vinyl monomer in a solution with
an organolithium compound as a polymerization initiator,
the organolithium compound is usually diluted with a non-
polar solvent and thereafter supplied to a polymerization
tank in terms of mixing properties and suppression of gel
generation in the polymerization tank. A procedure for
dilution includes a method in which a storage tank
equipped with a stirring blade is used to mix and stir an
organolithium solution of a high concentration and a non-
polar solvent. The method, however, may cause the
difference in concentration every mixing batch, and
therefore the problem of a reduction in stable
productivity is pointed out.

[0003]



In order to solve the above problem, a method has
been proposed in which an organolithium solution of a
high concentration and a non-polar solvent are combined
and mixed in a pipe.

[0004]

A method has also been proposed in which a mixture
of a hydrocarbon solvent and 1,3-butadiene is brought
into contact and mixed with an organolithium compound in
the presence of a trace amount of an ether compound and a
trace amount of 1,2-butadiene in advance and thereafter
subjected to continuous polymerization at a high
temperature (see, for example, Patent Document 1).

[0005]

Furthermore, a reactor for continuous preparation of
a synthetic rubber has been proposed which is provided
with a rotatable, tubular reactor housing (see, for

example, Patent Document 2).

List of Prior Art Documents

Patent Documents

[0006]

Patent Document 1: Japanese Patent Laid-Open No. 59-
176311

Patent Document 2: National Publication of International

Patent Application No. 2012-531515

Summary of Invention



Problems to be Solved by Invention
[0007]

Uniformity of mixing, however, is insufficient even
by the prior art, and a problem is that a portion of a
high concentration, partially generated, causes gel
generation in a polymerization tank.

[0008]

An object of the present invention is to prepare a
uniform organolithium compound solution having no
concentration distribution to thereby suppress gel
generation in a polymerization tank and prevent
incorporation of gel into a product in a method for
producing a polymer by polymerization of a monomer
containing a conjugated diene compound and/or an aromatic
vinyl compound by use of an organolithium compound as a

polymerization initiator.

Means for Solving Problems
[0009]

The present inventors have made intensive studies in
order to solve the problems of the conventional art, and
as a result, have found that, when a step of mixing
(diluting) an organolithium compound as a polymerization
initiator with a non-polar solvent in a pipe is comprised
and the organolithium compound and/or the non-polar
solvent is in the state of turbulent flow in the step,

gel generation in a polymerization tank is significantly



suppressed and gel incorporation into a product is also
sufficiently suppressed, leading to the present invention.
[0010]

The present invention is as follows.
[1] A method for producing a polymer by polymerization of
a monomer comprising a conjugated diene compound and/or
an aromatic vinyl compound by use of an organolithium
compound as a polymerization initiator, comprising

step (1) of mixing an organolithium compound
solution I and a non-polar solvent to provide an
organolithium compound solution II, and

step (2) of feeding the organolithium compound
solution II to a polymerization tank,

wherein at least one selected from the group
consisting of the organolithium compound solution I, the
organolithium compound solution II and the non-polar
solvent is in the state of turbulent flow in step (1).
[2] The method for producing the polymer according to [1},
wherein

step (1) is performed in a pipe,

the pipe has a pipe (i) through which the
organolithium compound solution I passes, a pipe (ii)
through which the non-polar solvent passes, and a pipe
(iii) through which the organolithium compound solution

II passes,



the pipe (i) and the pipe (ii) are coupled in the
pipe to thereby combine the organolithium compound
solution I and the non-polar solvent, and

one or more pipes selected from the group consisting
of the pipes (i), (ii) and (iii) have at least one point,
at which a cross-sectional area is 50% to 99% relative to
a maximum cross-sectional area of the pipe within 100 cm
from a coupling point (Z) of the pipe (i) and the pipe
(ii), within 100 cm from the coupling point (Z).
[3] The method for producing the polymer according to [2],
wherein the pipe (ii) has at least one point, at which a
cross-sectional area is 50% to 99% relative to a maximum
cross-sectional area of the pipe within 100 cm from the
coupling point (Z), within 100 cm from the coupling point
(Z).
[4] The method for producing the polymer according to any
one of [1] to [3], wherein step (1) is performed in a
Venturi tube.
[5] The method for producing the polymer according to any
one of [1] to [3], wherein step (1) is performed by a
static mixer or by stirring in the pipe by a stirring
blade.
[6] The method for producing the polymer according to any
one of [1] to [5], wherein the polymerization tank is a
continuous type tank.
[7] An apparatus for producing a polymer, comprising

a polymerization tank,




a plpe a for feeding a monomer comprising a
conjugated diene compound and/or an aromatic vinyl
compound to the polymerization tank,

a pipe b for feeding an organolithium compound
solution II, in which an organolithium compound solution
I and a non-polar solvent are mixed, to the
polymerization tank,

a pipe c¢ for feeding the non-polar solvent to the
pipe b, and

a pipe d for feeding the organolithium compound
solution I to the pipe b,

wherein one or more pipes selected from the group
consisting of the pipes b, ¢ and d have a structure that
forms turbulent flow.

[8] The apparatus for producing the polymer according to
[7], wherein one or more pipes selected from the group
consisting of the pipes b, c and d have a structure that
forms turbulent flow within 100 cm from a coupling point
of the pipe ¢ and the pipe d.

[9] The apparatus for producing the polymer according to
[7] or [8], wherein one or more pipes selected from the
group consisting of the pipes b, ¢ and d have at least
one point, at which a cross-sectional area is 50% to 99%
relative to a maximum cross-sectional area of the pipe
within 100 cm from a coupling point of the pipe ¢ and the
pipe d, within 100 cm from the coupling point of the pipe

c and the pipe d.



[10] The apparatus for producing the polymer according to
any one of [7] to [9], wherein the pipe ¢ has at least
one point, at which a cross-sectional area is 50% to 99%
relative to a maximum cross-sectional area of the pipe
within 100 cm from a coupling point of the pipe c and the
pipe d, within 100 cm from the coupling point of the pipe
c and the pipe d.

[11] The apparatus for producing the polymer according to
any one of [7] to [10], wherein one or more pipes
selected from the group consisting of the pipes b, c and

d are a Venturi tube.

Advantages of Invention
[0011]

The method of the present invention allows gel
generation in a polymerization tank to be significantly
suppressed, and also allows gel incorporation to a

product to be sufficiently suppressed.

Brief Description of Drawings
[0012]
[Figure 1] Figure 1 is one example of a schematic
view of a Venturi tube for use in the present invention.
[Figure 2] Figure 2 is a schematic view of a pipe
with no throttle part, used in Comparative Example 1.
[Figure 3] Figure 3 is one example of a schematic

view of a pipe for use in the present invention.




Mode for Carrying Out Invention
[0013]

Hereinafter, an embodiment for carrying out the
present invention (hereinafter, referred to as the
"present embodiment”.) 1is described in detail.

[0014]

It is to be noted that the present invention is not
limited to the following embodiments and can be performed
with being variously modified within the gist thereof.
[0015]
<<Method for producing polymer>>

A method for producing a polymer of the present
embodiment is a method for producing a polymer by
polymerization of a monomer containing a conjugated diene
compound and/or an aromatic vinyl compound by use of an
organolithium compound as a polymerization initiator,
comprising

step (1) of mixing an organolithium compound
solution I and a non-polar solvent to provide an
organolithium compound solution II, and

step (2) of feeding the organolithium compound
solution II to a polymerization tank,

wherein at least one selected from the group
consisting of the organolithium compound solution I, the
organolithium compound solution II and the non-polar

solvent is in the state of turbulent flow in step (1).



[0016]
<Polymer>

The polymer produced in the present embodiment
includes a polymer containing a conjugated diene compound,
a polymer containing an aromatic vinyl compound, a
copolymer of a conjugated diene compound and an aromatic
vinyl compound, a polymer of a conjugated diene compound
and a monomer copolymerizable with the conjugated diene
compound, and a polymer of an aromatic vinyl compound and
a monomer copolymerizable with the aromatic vinyl
compound. The copolymer of a conjugated diene compound
and an aromatic vinyl compound may contain other monomer
copolymerizable with the conjugated diene compound or the
aromatic vinyl compound.

[0017]

In the production method of the present embodiment,
for example, a monomer containing a conjugated diene
compound and/or an aromatic vinyl compound can be fed to
a polymerization tank and polymerized by a polymerization
initiator to thereby provide a polymer.

[0018]
<Conjugated diene compound>

The conjugated diene compound for use in the method
for producing the polymer of the present embodiment is
not particularly limited as long as it is a polymerizable
monomer, and examples include 1,3-butadiene, isoprene,

2,3-dimethyl-1, 3-butadiene, 1,3-pentadiene, 3-methyl-1,3-



pentadiene, 1,3-heptadiene and 1,3-hexadiene. Among them,
1,3-butadiene or isoprene is preferable from the
viewpoint of industrial availability. These may be used
singly or in combinations of two or more. When allenes,
acetylenes, and the like are contained as impurities in
the conjugated diene compound, a modification reaction at
the terminal of a polymer chain may be inhibited.
Therefore, the total content concentration (mass) of such
impurities in the conjugated diene compound is preferably
200 ppm or less, more preferably 100 ppm or less, further
preferably 50 ppm or less.

[0019]

Allenes and acetylenes that are impurities in the
conjugated diene compound are preferably treated with an
organometallic compound before the polymerization
reaction because a polymer having an active terminal in a
high concentration tends to be obtained and a high
modification rate tends to be achieved when a
modification reaction is performed after the
polymerization.

[0020]

Examples of allenes include, but not particularly
limited, propadiene and 1,2-butadiene. Examples of
acetylenes include, but not particularly limited, ethyl
acetylene and vinyl acetylene.

[0021]

<Aromatic vinyl compound>



Examples of the aromatic vinyl compound for use in
the method for producing the polymer of the present
embodiment include, but not particularly limited, styrene,
m- or p-methylstyrene, a-methylstyrene, vinylethylbenzene,
vinylxylene, vinylnaphthalene, diphenylethylene and
divinylbenzene. Among them, styrene is preferable from
the viewpoint of industrial availability. These may be
used singly or in combinations of two or more.

[0022]
<Other monomer copolymerizable with conjugated diene
compound or aromatic vinyl compound>

Examples of other monomer copolymerizable with a
conjugated diene compound or an aromatic vinyl compound
include, but not particularly-limited, methacrylate,
acrylate, acrylonitrile, acrylamide, cyclohexene,
cyclohexadiene and cyclopentene. These may be used
singly or in combinations of two or more.

[0023]
<Polymer structure>

When the polymer is a copolymer of a conjugated
diene compound and an aromatic vinyl compound, such a
copolymer may be a random copolymer or a block copolymer.
[0024]

Examples of the random copolymer include, but not
particularly limited, a butadiene-isoprene random
copolymer, a butadiene-styrene random copolymer, an

isoprene-styrene random copolymer and a butadiene-



isoprene-styrene random copolymer. Examples of the
composition distribution of each monomer in the copolymer
chain include, but not particularly limited, a complete
random copolymer whose composition is close to
statistically random composition, and a taper (gradient)
random copolymer having a gradient in its composition
distribution. The bonding modes of conjugated dienes,
namely, the compositions of a 1,4-bond, a 1,2-bond, and
the like may be uniform or different depending on the
molecular chain.

[0025]

Examples of the block copolymer include, but not
particularly limited, a 2 type block copolymer having two
blocks, a 3 type block copolymer having three blocks, and
a 4 type block copolymer having four blocks. When the
block of an aromatic vinyl compound such as styrene is
designated as S, and the block of a conjugated diene
compound such as butadiene or isoprene and/or the block
of a copolymer of an aromatic vinyl compound and a
conjugated diene compound is designated as B, examples of
the block copolymer include, but not particularly limited,
an S-B 2 type block copolymer, an S-B-S 3 type block
copolymer and an S-B-S-B 4 type block copolymer.

[0026]

In the above formulae, the boundary between

respective blocks is not necessarily required to be

clearly distinguished. For example, when the block B is



a copolymer of an aromatic vinyl compound and a
conjugated diene compound, the aromatic vinyl compound in
the block B may be uniformly distributed, or may be
distributed in a tapered manner. In addition, a
plurality of moieties in which the aromatic vinyl
compound is uniformly distributed and/or a plurality of
moieties in which the aromatic vinyl compound is
distributed in a tapered manner may coexist in the block
B. Furthermore, a plurality of segments having a
different aromatic vinyl compound content may coexist in
the block B. When a plurality of the blocks S and a
plurality of the blocks B are present in the copolymer,
the molecular weights, the compositions, and the like
thereof may be the same or different.
[0027]
<Non-polar solvent>

The polymerization reaction of the conjugated diene
compound, the polymerization reaction of the conjugated
diene compound and the aromatic vinyl compound, or the
polymerization reaction of the aromatic vinyl compound is
preferably performed in a non-polar solvent. Examples of
the non-polar solvent include, but not particularly
limited, hydrocarbon type solvents such as a saturated
hydrocarbon and an aromatic hydrocarbon. Examples of the
hydrocarbon type solvent include, but not particularly
limited, C4 to C8 aliphatic hydrocarbons, and toluene and

xylene, and the hydrocarbon type solvent may be a cyclic



hydrocarbon or may have an unsaturated bond and/or a
branched structure. Specifically, examples include
aliphatic hydrocarbons such as butane, pentane, hexane
and heptane; alicyclic hydrocarbons such as cyclopentane,
cyclohexane, methyl cyclopentane and methyl cyclohexane;
aromatic hydrocarbons such as benzene, toluene and xylene,
and hydrocarbon type solvents including mixtures thereof.
[0028]

The non-polar solvent is preferably any of C5 and C6
aliphatic hydrocarbons because such hydrocarbons have a
boiling point and a vapor pressure so as to be easily
handled in a production process, and specifically,
pentane, normal hexane (n-hexane) or cyclohexane 1is
preferably used.

[0029]
<Organolithium compound>

In the method for producing the polymer of the
present embodiment, examples of the organolithium
compound for use as the polymerization initiator include,
but not particularly limited, an organolithium compound
of a low-molecular compound or an oligomer solubilized.
Examples of the organolithium compound represented by the
bonding mode of an organic group and lithium include, but
not particularly limited, an organolithium compound
having a carbon-lithium bond, an organolithium compound
having a nitrogen-lithium bond, and an organolithium

compound having a tin-lithium bond.



[0030]

Examples of the organolithium compound having the
carbon-lithium bond include, but not particularly limited,
n-butyllithium, sec-butyllithium, tert-butyllithium, n-
hexyllithium, benzyllithium, phenyllithium and
stilbenelithium.

[0031]

Examples of the organolithium compound having the
nitrogen-lithium bond include, but not particularly
limited, lithium dimethylamide, lithium diethylamide,
lithium dipropylamide, lithium di-n-hexylamide, lithium
diisopropylamide, lithium hexamethyleneimide, lithium
pyrrolidide, lithium piperidide, lithium
heptamethyleneimide and lithium morpholide.

[0032]

As the organolithium compound, not only the above
monoorganolithium compound, but also a polyfunctional
organolithium compound can be used, or the
monoorganolithium compound and a polyfunctional
organolithium compound can be used in combination.
[0033]

Examples of the polyfunctional organolithium
compound include, but not particularly limited, 1,4-
dilithiobutane, a reaction product of sec-butyllithium
with diisopropenylbenzene, 1,3,5-trilithiobenzene, a
reaction product of n-butyllithium with 1,3-butadiene and

divinylbenzene, and a reaction product of n-butyllithium



with a polyacetylene compound. Furthermore, the
organolithium compounds disclosed in U.S. Patent No.
5,708,092, GB Patent No. 2,241,239, U.S. Patent No.
5,527,753, and the like can also be used. As the
organolithium compound, n-butyllithium or sec-
butyllithium is preferable from the viewpoint of
industrial availability and ease of control of a
polymerization reaction.

[0034]

The organolithium compound may be used singly or as
a mixture of two or more.

[0035]
<Organolithium compound solution I>

The organolithium compound is preferably stored in a
storage tank as an organolithium compound solution I
formed by dilution with a non-polar solvent, from the
viewpoint of handleability. Examples of the non-polar
solvent used here include, but not particularly limited,
non-polar solvents which are the same as the non-polar
solvents for use in the polymerization reaction described
above.

[0036]

The concentration of the organolithium compound in
the organolithium compound solution I is preferably 5 to
50% by mass, more preferably 10 to 40% by mass, further
preferably 15 to 25% by mass from the viewpoint of

suppression of deactivation.



[0037]
<Organolithium compound solution II>

When the organolithium compound is used as the
polymerization initiator for polymerization, an
organolithium compound solution II is preferably formed
by further diluting and mixing the organolithium compound
solution I with a non-polar solvent in order to improve
handleability and dispersibility in the polymerization
solution. Examples of the non-polar solvent used here
include, but not particularly limited, non-polar solvents
which are the same as the non-polar solvents for use in
the polymerization reaction described above.

[0038]

The organclithium compound solution II preferably
has a concentration of the organolithium compound in the
range from 0.002 to 0.2% by mass, more preferably 0.005
to 0.1% by mass, further preferably 0.01 to 0.05% by mass
from the viewpoint of polymerization initiation
efficiency, and uniform mixing properties with the
monomer.

[0039]
<Polar compound>

A polar compound may be contained in the
organolithium compound solution I and the organolithium
compound solution II. In this case, the polar compound
may be added to the non-polar solvent with which the

organolithium compound solution I is mixed. The polar



compound can be used in order to randomly copolymerize
the aromatic vinyl compound with the conjugated diene
compound, and can also be used as a vinylating agent for
controlling the microstructure of a conjugated diene
moiety. In addition, the polar compound is also
effective for an improvement in polymerization rate, and
the like.

[0040]

Examples of the polar compound include, but not
particularly limited, ethers such as tetrahydrofuran,
diethyl ether, dioxane, ethylene glycol dimethyl ether,
ethylene glycol dibutyl ether, diethylene glycol dimethyl
ether, diethylene glycol dibutyl ether, dimethoxybenzene
and 2,2-bis(2-oxclanyl)propane; tertiary amine compounds
such as tetramethylethylene diamine, dipiperidinoethane,
trimethylamine, triethylamine, pyridine and gquinuclidine;
alkali metal alkoxide compounds such as potassium-t-
amilate, potassium-t-butyrate, sodium-t-butyrate and
sodium amilate; and phosphine compounds such as
triphenylphosphine. These polar compounds may be used
singly or in combinations of two or more.

[0041]

The amount of the polar compound to be used is not
particularly limited, and can be selected depending on
the object and the like. Usually, the amount is
preferably 0.01 to 100 mol per mol of the polymerization

initiator. The polar compound (vinylating agent) can be
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used as a modulator of the microstructure of a conjugated
diene moiety in the polymer in a proper amount depending
on the desired amount of a vinyl bond.

[0042]

Most polar compounds also have an effective effect
of randomly copolymerizing the conjugated diene compound
and the aromatic wvinyl compound, and can be used for
adjustment of the aromatic vinyl distribution or as an
adjuster of the amount of a styrene block. The method
for randomly copolymerizing the conjugated diene compound
and the aromatic vinyl compound is not particularly
limited, and for example, the method described in
Japanese Patent Laid-Open No. 59-140211 can also be used
which comprises intermittently adding a part of 1,3-
butadiene during copolymerization.

[0043]
<Step (1)>

The method for producing the polymer of the present
embodiment comprises step (1) of mixing an organolithium
compound solution I and a non-polar solvent to provide an
organolithium compound solution II, and at least one
selected from the group consisting of the organolithium
compound solution I, the organolithium compound solution
IT and the non-polar solvent is in the state of turbulent
flow in step (1).

[0044]
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Step (1) is specifically described. For example,
the organolithium compound solution I may be in the state
of turbulent flow and then mixed with the non-polar
solvent to provide the organolithium compound solution II,
the non-polar solvent may be in the state of turbulent
flow and then mixed with the organolithium compound
solution I to provide the organolithium compound solution
II, both the organolithium compound solution I and the
non-polar solvent may be simultaneously or separately in
the state of turbulent flow and the organolithium
compound solution I and the non-polar solvent may be then
mixed to provide the organolithium compound solution II,
or the organolithium compound solution I and the non-
polar solvent in the state of laminar flow may be mixed
and the resulting organolithium compound solution II may
be then in the state of turbulent flow.
[0045]

In the present embodiment, the state of turbulent
flow refers to a turbulent state where the flow of a
medium in a pipe is not in parallel with the inner wall
of the pipe, and is distinguished from the state of
laminar flow, where the flow of a medium in a pipe is in
parallel with the inner wall of the pipe and has a
regular flow line.

The flow state in the pipe can also be represented
by the Reynolds number, and a larger Reynolds number

exhibits turbulent flow and a smaller number exhibits




laminar flow. While the Reynolds number at the boundary
between turbulent flow and laminar flow is not clear, it
is within the range from 300,000 to 500,000. A Reynolds
number of 500,000 or more is preferable because a good
mixing property of the organolithium compound solution I
and the non-polar solvent is achieved, and a Reynolds
number of 700,000 is more preferable and a Reynolds
number of 1,000,000 or more is particularly preferable
because a good mixing property is achieved even in a
small amount of the organolithium compound solution I.

The Reynolds number (Re) is defined by the following

expression.

Re = (d) (u) (p)/(n)

d: pipe diameter [m], u: average flow rate [m/sec], p:
density [kg/m’], and p: viscosity [kg/ (mesec)]

[0046]

At least one selected from the group consisting of
the organolithium compound solution I, the organolithium
compound solution II and the non-polar solvent can be in
the state of turbulent flow to thereby provide an
organolithium compound solution II in which the
organolithium compound solution I and the non-polar
solvent are uniformly mixed.

[0047]

A procedure for forming the state of turbulent flow

is not particularly limited, and when step (1) 1is

performed in a pipe, examples of the procedure include a



- 22 -

method of providing a mixer in the pipe, a method of
providing a protruding object or a disposing object, such
as a plate that holds flow, in the pipe, a method of
combining fluids flowing in different directions at the
intersection between branched pipes, and a method of
using a Venturi tube as the pipe. Examples of the method
of providing a mixer in the pipe include, but not
particularly limited, a method of providing a static type
mixer with no driving portion, like a static mixer, and a
method of providing a stirring blade to thereby stir a
solution in the pipe. The Venturi tube means a tube
using the Venturi effect, and specifically means a tube
having a mechanism where a pipe has a portion having a
locally narrow cross-sectional area to thereby increase
the flow rate of a fluid in such a narrow portion,
resulting in the state of turbulent flow in the fluid.

In particular, step (1) is preferably performed in the
Venturi tube from the viewpoint of ease of the occurrence
of turbulent flow. Step (1) may be performed by a static
mixer or by stirring in the pipe by a stirring blade.
[0048]

The Venturi tube for use in the present embodiment
is exemplified in Figure 1. Hereinafter, one example of
the method for forming turbulent flow by use of the
Venturi tube is specifically described with reference to
Figure 1. An organolithium compound solution I (4) of a

high concentration before dilution flows in a pipe (3),




and a non-polar solvent (2) for dilution flows in a pipe
(1) . The non-polar solvent (2) is in the state of
laminar flow in flowing in the pipe (1), and is changed
to be in the state of turbulent flow in passing through a
portion (5) having a narrow cross-sectional area. The
organolithium compound solution I (4) is combined with
the non-polar solvent (2) at the position of the portion
(5). The organolithium compound solution I (4) and the
non-polar solvent (2) are uniformly mixed to provide an
organolithium compound solution II (4'), and the
organolithium compound solution II (4') passes through a
pipe (6) and is fed through a feed port (7) of a
polymerization tank to the polymerization tank.

[0049]

A point at which the organolithium compound solution
I and the non-polar solvent are combined is located in a
pipe coupled to the polymerization tank, and may be, for
example, a place where the state of turbulent flow occurs
in step (1) or a place before the state of turbulent flow
occurs.

[0050]

When step (1) is performed in a pipe, the pipe
preferably has a pipe (i) through which the organolithium
compound solution I passes, a pipe (ii) through which the
non-polar solvent passes, and a pipe (iii) through which
the organolithium compound solution II passes. The pipe

(1) through which the organolithium compound solution I



passes and the pipe (ii) through which the non-polar
solvent passes are preferably coupled to thereby combine
the organolithium compound solution I and the non-polar
solvent. Furthermore, one or more pipes selected from
the group consisting of the pipes (i), (ii) and (iii)
preferably have at least one point, at which the cross-
sectional area is 50% to 99% relative to the maximum
cross—-sectional area of the pipe within 100 cm from a
coupling point (Z) of the pipe (i) and the pipe (ii),
within 100 cm from the coupling point (Z). A pipe having
such a point is used to thereby easily form turbulent
flow.

[0051]

Moreover, from the viewpoint of ease of formation of
turbulent flow, the pipe (ii) through which the non-polar
solvent passes preferably has a point, at which the
cross-sectional area is 50% to 99% relative to the
maximum cross-sectional area of the pipe within 100 cm
from the coupling point (Z) of the pipe (i) and the pipe
(ii), within 100 cm from the coupling point (Z).

[0052]

The point at which the cross-sectional area is 50%
to 99% relative to the maximum cross-sectional area of
the pipe is more preferably within 100 cm from the
coupling point (Z), more preferably within 50 cm, further
preferably within 20 cm from the coupling point (Z). The

rate of reduction of the cross-sectional area of the pipe
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within 100 cm from the coupling point (Z) is more
preferably from 50% to 99%, further preferably from 60%
to 97%, particularly preferably from 70% to 95%.

When one or more pipes selected from the group
consisting of the pipes (i), (ii) and (iii) have at least
one point, at which the cross-sectional area is 50% to
99% relative to the maximum cross-sectional area of the
pipe within 100 cm from the coupling point (Z) of the
pipe (i) and the pipe (ii), within 100 cm from the
coupling point (Z), the cross-sectional area at the point
(throttle part) where the area is minimum in the pipe is
preferably 15% or less, preferably 10% or less, more
preferably 5% or less relative to the maximum cross-
sectional area. The lower limit is preferably 1% or more.
The pipe (ii) through which the non-polar solvent passes
preferably has the point (throttle part), where the
cross-sectional area is minimum, within 100 cm from the
coupling point (Z) of the pipe (i) and the pipe (ii), and
the cross-sectional area at the coupling point (Z) is
more preferably minimum.

The diameters of the pipe (ii) and the pipe (iii)
are each preferably 6.5 to 81 mm, more preferably 9.2 to
22 mm, further preferably 12.7 to 41.6 mm.

The diameter of the pipe (i) is preferably 1/5 to
4/5 times, more preferably 1/4 to 3/4 times, further
preferably 1/3 to 2/3 times the diameter(s) of the pipe

(ii) and/or the pipe (iii).
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The diameter of the pipe at the point (throttle
part) where the cross-sectional area is minimum is
preferably 1 to 50 mm, more preferably 1 to 20 mm,
further preferably 1 to 10 mm.

The maximum cross-sectional area of the pipe having
a point where the cross-sectional area is 50% to 99%
relative to the maximum cross-sectional area is
preferably 0.33 to 51.1 cm?, more preferably 0.66 to 22
cm?, further preferably 1.27 to 13.6 cm?.

The relationship between the diameter (D mm) of the
pipe and the distance (X cm) from the coupling point (Z)
to the point, where the cross-sectional area is 50% to
99% relative to the maximum cross-sectional area of the
pipe, is preferably X/D < 36, more preferably X/D < 18,
further preferably X/D < 6.

[0053]

Particularly preferably, step (1) is performed in
the Venturi tube and the coupling point (Z) corresponds
to the point where the cross-sectional area is locally
narrow in the Venturi tube described above.

[0054]

In the present embodiment, step (1) is performed
before step (2) described later, to thereby continuously
mix the organolithium compound solution I and the non-
polar solvent.

[0055]



The organolithium compound subjected to dilution in
step (1) is fed to a polymerization tank, and is reacted
as the polymerization initiator with the above monomer in
the polymerization tank.

[0056]
<Step (2)>

The method for producing the polymer of the present
embodiment comprises step (2) of feeding the
organolithium compound solution II obtained in step (1)
to a polymerization tank.

[0057]

As described above, the organolithium compound
solution I is mixed with the non-polar solvent before
being fed to the polymerization tank, to provide the
organolithium compound solution II more dilute than the
organolithium compound solution I. A preferable
concentration of the organolithium compound in each of
the organolithium compound solution I and the
organolithium compound solution II is as described above.
[0058]
<Polymerization tank>

The polymerization tank may be any of continuous
type, batch type and semi-batch type polymerization tanks,
and is preferably a continuous type polymerization tank
because the effect of the present invention is remarkably
exerted. In the continuous type polymerization tank, the

organolithium compound is usually continuously fed to the



polymerization tank and thus gel generation easily occurs
around the feed port, but the method for producing the
polymer of the present embodiment has the special steps
described above and thus can suppress gel generation
around the feed port even in use of the continuous type
polymerization tank.

[0059]

As the continuous type polymerization tank, one, or
two or more polymerization tanks coupled can be used.

Two or more polymerization tanks coupled are preferable
from the viewpoint of controlling the molecular weight
distribution, for example, enabling the molecular weight
distribution of the polymer to be narrow. The type of
the polymerization tank is not particularly limited, and
for example, a bath type or tube type polymerization tank
equipped with a stirrer can be used.

In the continuous type polymerization tank, the
position at which the organolithium compound solution II
is fed is not particularly limited, and is preferably the
bottom of the polymerization tank from the viewpoint of
the yield of the polymerization reaction. The bottom
here means a portion located lower than half the height
of the polymerization tank in the longitudinal direction,
more preferably a portion located at or lower than a
fifth of the height of the polymerization tank in the
longitudinal direction. In continuous type

polymerization, the inside of the polymerization tank is
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preferably completely filled with the polymerization
solution because adhesion of the polymerized product onto
the inner wall surface of a gas phase portion is
suppressed.
[0060]
<Polymerization conditions>

The polymerization temperature is not particularly
limited as long as it is a temperature at which
polymerization of the monomer containing the conjugated
diene compound and/or the aromatic vinyl compound
progresses, and is preferably 0°C or higher from the
viewpoint of productivity and is preferably 120°C or
lower from the viewpoint of suppression of deactivation
during polymerization. From the viewpoint of preventing
cold flow of the polymer, a polyfunctional aromatic vinyl
compound for control of branching, such as divinylbenzene,
may be used.
[0061]
<Other steps>

The method for producing the polymer of the present
embodiment may have, after completion of polymerization,
a step of adding a deactivator, a neutralizer or the like
depending on the reaction solution, if necessary.
Examples of the deactivator include, but not particularly
limited, water; and alcohols such as methanol, ethanol
and isopropanol. Examples of the neutralizer include,

but not particularly limited, carboxylic acids such as




stearic acid, oleic acid and versatic acid, an aqueous
solution of an inorganic acid, and carbon dioxide.
[0062]

Furthermore, the method for producing the polymer of
the present embodiment preferably comprises a step of
adding a stabilizer for rubber to the resulting polymer
from the viewpoints of prevention of gel generation after
polymerization and improvement in stability during
processing. The stabilizer for rubber is not
particularly limited, a known one can be used, and for
example, an antioxidant such as 2,6-di-tert-butyl-4-
hydroxytoluene (BHT), n-octadecyl-3-(4'-hydroxy-3',5'-di-
tert-butylphenol)propionate or 2-methyl-4,6-
bis[ (octylthio)methyl]phenol is preferable.

[0063]

The method for obtaining the polymer from the
polymer solution is not particularly limited, and a known
method can be used. Examples include a method in which
the solvent is separated by steam stripping or the like,
and thereafter the polymer is separated by filtration and
furthermore dehydrated and dried to provide the polymer,
and a method in which concentrating is conducted in a
flushing tank and devolatilizing is conducted by a vent
extruder or the like, and a method in which direct
devolatilizing is conducted by a drum dryer or the like.
[0064]

<Apparatus for producing polymer>
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An apparatus for producing a polymer of the present
embodiment has a polymerization tank, a pipe a for
feeding a monomer containing a conjugated diene compound
and/or an aromatic vinyl compound to the polymerization
tank, a pipe b for feeding an organolithium compound
solution II, in which an organolithium compound solution
I and a non-polar solvent are mixed, to the
polymerization tank, a pipe ¢ for feeding the non-polar
solvent to the pipe b, and a pipe d for feeding the
organolithium compound solution I to the pipe b, wherein
one or more pipes selected from the group consisting of
the pipes b, ¢ and d have a structure that forms
turbulent flow.

[0065]

One or more pipes selected from the group consisting
of the pipes b, c¢ and d preferably have a structure that
forms turbulent flow within 100 cm from a coupling point
of the pipe ¢ and the pipe d.

[0066]

Distinction among the pipe b, the pipe c¢ and the
pipe d is determined depending on the types of liquids
flowing therein. That is, when the liquid flowing in a
pipe is the organolithium compound solution II, the pipe
is referred to as the pipe b; when the liquid flowing in
a pipe is the non-polar solvent, the pipe is referred to

as the pipe c¢; and when the liquid flowing in a pipe is



the organolithium compound solution I, the pipe is
referred to as the pipe d.
[0067]

The turbulent flow is as described above. Examples
of the pipe having a structure that forms turbulent flow
include, but not particularly limited, a pipe provided
with a static mixer, a pipe in which the area and the
shape of the cross-section are varied, and a pipe
provided with a protruding object or a disposing object
that holds flow.

[0068]

As one or more pipes selected from the group
consisting of the pipes b, c and d, a Venturi tube 1is
preferably used from the viewpoint of stress strain on
the pipe, retention property of a fluid, and
precipitation properties of the organclithium compound.
[0069]

In the apparatus for producing the polymer of the
present embodiment, one or more pipes selected from the
group consisting of the pipes b, c and d preferably have
at least one point, at which the cross-sectional area is
50% to 99% relative to the maximum cross-sectional area
of the pipe within 100 cm from a coupling point of the
pipe ¢ and the pipe d, within 100 cm from the coupling
point of the pipe ¢ and the pipe d from the viewpoint of
precipitation properties of the organolithium compound.

The point at which the cross-sectional area is 50% to 99%
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relative to the maximum cross-sectional area of the pipe
is more preferably within 100 cm from the coupling point
of the pipe c and the pipe d, further preferably within
50 cm from the coupling point of the pipe ¢ and the pipe
d. The rate of reduction of the cross-sectional area of
the pipe within 100 cm from the coupling point of the
pipe c and the pipe d is more preferably 50 to 99%,
further preferably 70 to 97%.

[0070]

The pipe in which the cross-sectional area is
reduced is preferably the pipe ¢ from the viewpoint of
ease of formation of turbulent flow. Furthermore, the
pipe ¢ more preferably has at least one point, at which
the cross-sectional area is 50% to 99% relative to the
maximum cross-sectional area of the pipe within 100 cm
from the coupling point of the pipe ¢ and the pipe d,
within 100 cm from the coupling point of the pipe ¢ and

the pipe d.

Examples
[0071]

The present invention is described in more detail
with reference to the following Examples. It is to be
noted that the present invention is not limited to the
following Examples.

[0072]

(Example 1)



A copolymer of 1,3-butadiene and styrene was
produced as follows.
[0073]

As the polymerization tank, a polymerization tank
(inner volume: 10m’) equipped with a stirring blade with
four paddles was used.

[0074]

As the production apparatus, used was an apparatus
having the polymerization tank, a pipe a for feeding a
monomer containing a conjugated diene compound and/or an
aromatic vinyl compound to the polymerization tank, a
pipe b for feeding an organolithium compound solution II,
in which an organolithium compound solution I and a non-
polar solvent were mixed, to the polymerization tank, a
pipe ¢ for feeding the non-polar solvent to the pipe b,
and a pipe d for feeding the organolithium compound
solution I to the pipe b. Furthermore, the pipes b, c
and d were each a Venturi tube having a structure that
formed turbulent flow as illustrated in Figure 1.

[0075]

1,3-Butadiene from which impurities such as moisture
were removed, styrene and n-hexane were mixed under
conditions of 22 kg/min, 7.1 kg/min and 129 kg/min,
respectively, and the resulting mixture was further mixed
with n-butyllithium (84 mmol/min) by a static mixer
immediately before being fed to the polymerization tank,

providing a monomer mixture in which a deactivation agent



of the polymerization initiator contained in the monomer
was treated. The resulting monomer mixture was
continuously fed from the bottom of the polymerization
tank to the polymerization tank, and 2,2-bis(2-
oxolanyl)propane was continuously fed from the bottom of
the polymerization tank to the polymerization tank at a
flow rate of 40 g/min.

[0076]

A Venturi tube illustrated in Figure 1, separately
from the above, was used, and n-butyllithium was
subjected to dilution and fed to the polymerization tank,
as described below. n-Hexane (2) was fed through a pipe
(1) at a flow rate of 165 kg/min. n-Hexane (2) was in
the state of laminar flow in flowing in the pipe (1), but
was changed to be in the state of turbulent flow due to
an increase in flow rate in passing through a throttle
part (5) of the pipe where the cross-sectional area was
minimum. This point of the throttle part (5) passed
through a pipe (3), and a 20% by mass n-butyllithium
solution in cyclohexane (4) was fed at a flow rate of 112

g/min. A n-butyllithium solution diluted to a

concentration of 0.02% by mass (4') passed through a
polymerization initiator feed pipe (6), and was fed from

a polymerization initiator feed port (7) to the bottom of
the polymerization tank. Here, the inner diameter of
each of the pipes (1) and (6) was 27.6 mm, the inner

diameter of the pipe (3) was 16.1 mm, the inner diameter
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of the throttle part (5) was 5 mm, and the Reynolds
number (Re) of the n-hexane fluid at the coupling point
(5) was as follow: Re = 2,184 x 10°. The point at which
the area was 50% to 99% relative to the cross-sectional
area of the pipe (1) was located within 100 cm from the
coupling point (5), and the ratio (X/D) of the distance X
cm to the diameter of the pipe, D mm, was as follows: X/D
< 5. Copolymerization of 1,3-butadiene and styrene
progressed in the polymerization tank, and a living
polymer solution at a temperature of 90°C was discharged
through the outlet pipe at the top portion of the
polymerization tank. After the polymerization reaction
was continued for 120 hours, feeding of the starting
materials was stopped, the solution in the polymerization
tank was entirely drained, and the inner wall of the
polymerization tank was observed and gel adhesion was not
observed.

[0077]

(Example 2)

The polymerization reaction was performed in the
same manner as in Example 1 except that the flow rate of
n-hexane (2) in the pipe (1) was changed to 110 kg/min
and the flow rate of the 20% by mass n-butyllithium
solution in cyclohexane (4) to be fed through the pipe
(3) was changed to 336 g/min. n-Hexane (2) was in the
state of laminar flow in flowing in the pipe (1), but was

changed to be in the state of turbulent flow due to an



increase in flow rate in passing through the throttle
part (5) of the pipe where the cross-sectional area was
minimum. The Reynolds number (Re) of the n-hexane fluid
at the coupling point (5) was as follow: Re = 1,460 x 10°.
The point at which the area was 50% to 99% relative to
the cross-sectional area of the pipe (1) was located
within 100 cm from the coupling point (5), and the ratio
(X/D) of the distance X cm to the diameter of the pipe, D
mm, was as follows: X/D < 5. After the polymerization
reaction was continued for 120 hours, feeding of the
starting materials was stopped, the solution in the
polymerization tank was entirely drained, and the inner
wall of the polymerization tank was observed and gel
adhesion was not observed.

(Example 3)

The same manner as in Example 1 was performed except
that the monomer to be fed to the polymerization tank was
styrene (30.0 kg/min) instead of the mixture of 1,3
butadiene and styrene. n-Hexane (2) was in the state of
laminar flow in flowing in the pipe (1), but was changed
to be in the state of turbulent flow due to an increase
in flow rate in passing through the throttle part (5) of
the pipe where the cross-sectional area was minimum. The
Reynolds number (Re) of the n-hexane fluid at the
coupling point (5) was as follow: Re = 2,184 x 103. The
point at which the area was 50% to 99% relative to the

cross-sectional area of the pipe (1) was located within



100 cm from the coupling point (5), and the ratio (X/D)
of the distance X cm to the diameter of the pipe, D mm,
was as follows: X/D < 5. After the polymerization
reaction was continued for 120 hours, feeding of the
starting materials was stopped, the solution in the
polymerization tank was entirely drained, and the inner
wall of the polymerization tank was observed and gel
adhesion was not observed.

[0078]

(Comparative Example 1)

The polymerization reaction was performed in the
same manner as in Example 1 except that a pipe without
the throttle part illustrated in Figure 2 was used
instead of the Venturi tube. A specific feeding method
in the pipe illustrated in Figure 2 was as follows.
First, n-hexane (9) was fed at a rate of 165 kg/min
through a pipe (8). In addition, a 20% by mass n-
butyllithium solution in cyclohexane (11) was fed at a
rate of 112 g/min through a pipe (10). A n-butyllithium
solution diluted to a concentration of 0.02% by mass (13)
was fed from a polymerization initiator feed port (12) to
the bottom of a polymerization tank. The flow of n-
hexane (9) in the pipe (8), the flow at the point where
the n-butyllithium solution in cyclohexane (11) was
combined with n-hexane (9), and the flow of the n-
butyllithium solution (13) after such combining were each

laminar flow. The Reynolds number (Re) here was as
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follows: Re = 397 x 10°. After the polymerization
reaction was continued for 120 hours, feeding of the
starting materials was stopped, the solution in the
polymerization tank was entirely drained, and the inner
wall of the polymerization tank was observed and gel
adhesion was observed.

(Comparative Example 2)

The polymerization reaction was performed under the
same conditions as in Example 1 except that a pipe
without the throttle part illustrated in Figure 2 was
used, the inner diameter of the pipe (8) was 80.7 mm, the
flow rate of n-hexane in the pipe (8) was 30 kg/min, and
the flow rate of 1,3-butadiene to be fed to the
polymerization tank and the flow rate of n-hexane to be
mixed with styrene were each 265 kg/min. The Reynolds
number (Re) at the point where combining with the pipe
(10) was made was as follows: Re = 24,700, and laminar
flow was formed. After the polymerization reaction was
continued for 120 hours, feeding of the starting
materials was stopped, the solution in the polymerization
tank was entirely drained, and the inner wall of the
polymerization tank was observed and gel adhesion was
observed.

(Example 4)

The polymerization reaction was performed under the

same apparatus and conditions as in Example 1 except that

a pipe without the throttle part illustrated in Figure 3




was used, a stirring blade having four paddle blades was
provided as an inline mixer at a point where a pipe (15)
having an inner diameter of 155.2 mm and a pipe (17)
having an inner diameter of 16.1 mm were combined, n-
hexane was allowed to flow in the pipe (15) at a flow
rate of 4 kg/min, a 20% by mass n-butyllithium solution
in cyclohexane was allowed to flow in the pipe (17) at a
flow rate of 112 g/min, the stirring blade at the point
where the pipes (15) and (17) were combined was rotated
at 300 rpm, a mixed liquid obtained by formation of
turbulent flow of the liquid at the combining point was
fed from the bottom of the polymerization tank, and a
monomer mixture which was prepared in the same manner as
in Example 1 except that the flow rate of n-hexane to be
mixed with the monomer was 290 kg/min was used. After
the polymerization reaction was continued for 120 hours,
feeding of the starting materials was stopped, the
solution in the polymerization tank was entirely drained,
and the inner wall of the polymerization tank was
observed and gel adhesion was not observed.

(Example 5)

The polymerization reaction was performed in the
same manner as in Example 4 except that a static mixer
was provided at the point, where the pipes (15) and (17)
were combined, to provide the liquid at the combining
point in the form of turbulent flow. After the

polymerization reaction was continued for 120 hours,



feeding of the starting materials was stopped, the
solution in the polymerization tank was entirely drained,
and the inner wall of the polymerization tank was
observed and gel adhesion was not observed.

(Comparative Example 3)

The polymerization reaction was performed in the
same manner as in Example 4 except that no stirring blade
was provided. The Reynolds number (Re) at the point
where the pipes (15) and (17) were combined was as
follows: Re = 1,710, and laminar flow was formed. After
the polymerization reaction was continued for 120 hours,
feeding of the starting materials was stopped, the
solution in the polymerization tank was entirely drained,
and the inner wall of the polymerization tank was
observed and gel adhesion was observed.

[0079]

The present application is based on Japanese Patent
Application (Japanese Patent Application No. 2013-148936)
filed on July 17, 2013 and Japanese Patent Application
(Japanese Patent Application No. 2013-222605) filed on
October 25, 2013, the contents of which are herein

incorporated by reference.

Industrial Applicability
[0080]
The production method of the present invention

enables gel adhesion in the polymerization tank



(particularly, gel adhesion around of the initiator feed
port) to be suppressed, resulting in producing a polymer

without any gel incorporated.

Reference Signs List

[0081]

1: pipe through which non-polar solvent passes, 2: non-
polar solvent, 3: pipe through which organolithium
compound solution I passes, 4: organolithium compound
solution I, 4': organolithium compound solution II, 5:
throttle part of the pipe where cross-sectional area is
minimum, 6: polymerization initiator feed pipe, 7:
polymerization initiator feed port, 8: pipe through which
n-hexane passes, 9: n-hexane, 10: pipe through which 20%
by mass n-butyllithium solution in cyclohexane passes,
11: 20% by mass n-butyllithium solution in cyclohexane,
12: polymerization initiator feed port, 13: n-
butyllithium solution diluted to 0.02% by mass, 14: pipe
through which n-hexane passes, 15: n-hexane, 16: pipe
through which 20% by mass n-butyllithium solution in
cyclohexane passes, 17: 20% by mass n-butyllithium
solution in cyclohexane, 18: polymerization initiator
feed port, 19: n-butyllithium solution diluted, 20:

inline mixer




Claims

[Claim 1]

A method for producing a polymer by polymerization of a
monomer comprising a conjugated diene compound and/or an
aromatic vinyl compound by use of an organolithium compound as
a polymerization initiator, comprising

step (1) of mixing an organolithium compound solution I
and a non-polar solvent to provide an organolithium compound
solution II, and

step (2) of feeding the organolithium compound solution
IT to a polymerization tank,

wherein at least one selected from the group consisting
of the organolithium compound solution I, the organolithium
compound solution II and the non-polar solvent is in the state
of turbulent flow in step (1), and

a concentration of the organolithium compound in the
organolithium compound solution II is from 0.002 to 0.1% by mass.
[Claim 2]

The method for producing the polymer according to claim
1, wherein

step (1) is performed in a pipe,

the pipe has a pipe (i) through which the organolithium
compound solution I passes, a pipe (ii) through which the non-
polar solvent passes, and a pipe (iii) through which the

organolithium compound solution II passes,
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the pipe (i) and the pipe (ii) are coupled in the
pipe to thereby combine the organolithium compound
solution I and the non-polar solvent, and

one or more pipes selected from the group consisting
of the pipes (i), (ii) and (iii) have at least one point,
at which a cross-sectional area is 50% to 99% relative to
a maximum cross-sectional area of the pipe within 100 cm
from a coupling point (Z) of the pipe (i) and the pipe
(ii), within 100 cm from the coupling point (Z).

[Claim 3]

The method for producing the polymer according to
claim 2, wherein the pipe (ii) has at least one point, at
which a cross-sectional area is 50% to 99% relative to a
maximum cross-sectional area of the pipe within 100 cm
from the coupling point (Z), within 100 cm from the
coupling point (Z).

[Claim 4]

The method for producing the polymer according to
any one of claims 1 to 3, wherein step (1) is performed
in a Venturi tube.

[Claim 5]

The method for producing the polymer according to
any one of claims 1 to 3, wherein step (1) is performed
by a static mixer or by stirring in a pipe by a stirring
blade.

[Claim 6]
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The method for producing the polymer according to any one
of claims 1 to 5, wherein the polymerization tank is a

continuous type tank.

[Claim 7]

An apparatus for producing a polymer, comprising

a polymerization tank,

a pipe a for feeding a monomer comprising a conjugated
diene compound and/or an aromatic vinyl compound to the
polymerization tank,

a pipe b for feeding an organolithium compound solution
IT, in which an organolithium compound solution I and a non-
polar solvent are mixed, to the polymerization tank,

a pipe c¢ for feeding the non-polar solvent to the pipe b,
and

a pipe d for feeding the organolithium compound solution
I to the pipe b,

wherein one or more pipes selected from the group
consisting of the pipes b, ¢ and d have a structure that forms
turbulent flow, and

a concentration of an organolithium compound in the
organolithium compound solution II is from 0.002 to 0.1% by mass.
[Claim 8]

The apparatus for producing the polymer according to
claim 7, wherein one or more pipes selected from the group
consisting of the pipes b, ¢ and d have a structure that forms
turbulent flow within 100 cm from a coupling point of the pipe
c and the pipe d.

[Claim 9]



The apparatus for producing the polymer according to
claim 7 or 8, wherein one or more pipes selected from the
group consisting of the pipes b, ¢ and d have at least
one point, at which a cross-sectional area is 50% to 99%
relative to a maximum cross-sectional area of the pipe
within 100 cm from a coupling point of the pipe c and the
pipe d, within 100 cm from the coupling point of the pipe
c and the pipe d.

[Claim 10]

The apparatus for producing the polymer according to
any one of claim 7 to 9, wherein the pipe ¢ has at least
one point, at which a cross-sectional area is 50% to 99%
relative to a maximum cross-sectional area of the pipe
within 100 cm from a coupling point of the pipe c¢ and the
pipe d, within 100 cm from the coupling point of the pipe
c and the pipe d.

[Claim 11]

The apparatus for producing the polymer according to
any one of claim 7 to 10, wherein one or more pipes
selected from the group consisting of the pipes b, ¢ and

d are a Venturi tube.



