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(54) METHOD FOR PRODUCING ACRYLAMIDE AQUEOUS SOLUTION

(57) There is provided a method for producing an
aqueous acrylamide solution by producing acrylamide
by reacting a composition including acrylonitrile with wa-
ter, in which the composition including acrylonitrile in-
cludes 20 to 80 mg of methacrylonitrile per 1 kg of the
total weight of the composition including acrylonitrile. Ac-

cording to the present invention, a production method
allowing stable obtainment of an aqueous acrylamide so-
lution can be provided as polymerization of the acryla-
mide can be suppressed without causing a decrease in
quality.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for producing an aqueous acrylamide solution.
[0002] The present application claims priority to Japanese Patent Application No. 2011-112429, which has been filed
in Japan on May 19, 2011, which is hereby incorporated by reference in its entirety.

BACKGROUND ART

[0003] Acrylamide has many applications, such as flocculating agents, petroleum recovering agents, paper strength
enhancers in the paper producing industry, and thickeners for papermaking, and is a useful substance as a raw material
for polymers.
[0004] Among industrial processes for acrylamide production, used long time ago is a sulfuric acid hydrolysis process
which consists of the step of heating acrylonitrile together with sulfuric acid and water to obtain an aqueous solution of
acrylamide sulfate salts. This process has then been replaced with a copper-catalyzed process in which acrylonitrile is
reacted with water in the presence of a copper catalyst (for example, metal copper, reduced copper, Raney copper, or
the like) to obtain an aqueous solution of acrylamide. In addition, in recent years, as a production process with fewer
by-products, industrial production based on a biocatalyst method is also carried out as a biocatalyst method for obtaining
an aqueous solution of acrylamide by using a biocatalyst such as nitrile hydratase derived from microorganisms (for
example, Patent Documents 1 to 4).
[0005] As in the case of many unsaturated monomers, acrylamide is easy to polymerize by the action of light or heat
and also has a property of very easily polymerizing particularly upon contact with the surface of iron, so that an aqueous
solution of acrylamide has been difficult to stably handle since the polymerization of acrylamide easily occurs during
each step of its production or during its preservation.
[0006] A method of using various stabilizers has been proposed as a method for stabilization by suppressing polym-
erization of acrylamide. Examples of the stabilizers include thiourea, ammonium rhodanide, nitrobenzol (Patent Document
5), ferron (Patent Document 6), furil dioxime (Patent Document 7), cyanide complex compound of chromium (Patent
Document 8), p-nitrosodiphenyl hydroxyamine (Patent Document 9), and so on. Those stabilizers are used for preventing
polymerization during a process of producing acrylamide or for stabilization of an aqueous solution of acrylamide.

CITATION LIST

Patent Document

[0007]

Patent Document 1: JP 56-17918 B
Patent Document 2: JP 59-37951 B
Patent Document 3: JP 02-470 A
Patent Document 4: WO 2009/113654 A
Patent Document 5: JP 39-10109 B
Patent Document 6: JP 40-7171 B
Patent Document 7: JP 40-7172 B
Patent Document 8: JP 41-1773 B
Patent Document 9: JP 45-11284 B

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0008] The stabilizers described above all correspond to polymerization inhibitors. Stabilizers with a small stabilizing
effect, that is, polymerization inhibiting effect, have problems of reduced quality of acrylamide, such as discoloration and
reduced purity of acrylamide, because they should be added in large amounts to acrylamide. On the other hand, stabilizers
with a high polymerization inhibiting effect may adversely affect the polymerization operations during production of
acrylamide polymers such as having a difficulty to obtain desired high molecular weight polymers or reduced polymer-
ization rate, even when used in small amounts.
[0009] The present invention is devised in view of the above circumstances, and an object of the present invention is
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to provide a production method with which it is possible to suppress acrylamide polymerization without lowering quality
and thereby obtain a stable aqueous acrylamide solution.

MEANS FOR SOLVING PROBLEM

[0010] As a result of intensive studies to solve the problems stated above, the inventors of the present invention have
found that when acrylamide is produced from acrylonitrile containing a predetermined amount of methacrylonitrile,
polymerization of acrylamide during its production and preservation can be suppressed without lowering the quality of
acrylamide to thereby significantly improve its stability, and the present invention is completed accordingly.
[0011] The present invention has following aspects.

[1] A method for producing an aqueous acrylamide solution by reacting acrylonitrile with water to produce acrylamide,
in which acrylonitrile containing 20 to 80 mg/kg of methacrylonitrile is used as the acrylonitrile,
[2] The method for producing an aqueous acrylamide solution described in [1], in which the reaction with water is
performed in the presence of a biocatalyst,
[3] The method for producing an aqueous acrylamide solution described in [1] or [2], in which the acrylonitrile also
contains 2 to 20 mg/kg of acetonitrile, and
[4] The method for producing an aqueous acrylamide solution described in any one of [1] to [3], in which the
concentration of the acrylamide in the aqueous acrylamide solution is 30 to 60% by mass.

[0012] Specifically, the present invention relates to the followings.

(1) A method for producing an aqueous acrylamide solution including reacting a composition containing acrylonitrile
with water to produce acrylamide, in which the composition containing acrylonitrile contains 20 to 80 mg of meth-
acrylonitrile per 1 kg of the total weight of the composition containing acrylonitrile,
(2) The method for producing an aqueous acrylamide solution described in (1), in which the method includes per-
forming the reaction of the composition containing acrylonitrile with water in the presence of a biocatalyst,
(3) The method for producing an aqueous acrylamide solution described in (1) or (2), in which the composition
containing acrylonitrile also contains 2 to 20 mg/kg of acetonitrile per 1 kg of the total weight of the composition
containing acrylonitrile, and
(4) The method for producing an aqueous acrylamide solution described in any one of (1) to (3), in which the
concentration of the acrylamide in the aqueous acrylamide solution is 30 to 60% by mass relative to the total mass
of the aqueous acrylamide solution.

EFFECT OF THE INVENTION

[0013] According to the production method of the present invention, a stable aqueous acrylamide solution is obtained
as polymerization of acrylamide can be suppressed without lowering the quality.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, embodiments of the present invention will be described. The following embodiments are merely
examples provided for illustrating the present invention, and the present invention is not intended to be limited thereto.
The present invention may be carried out in various embodiments without departing from the spirit of the present invention.
[0015] All publications cited in this specification, including technical literatures, patent laid-open publications, patent
publications and other patent documents, are incorporated herein by reference in their entirety.
[0016] The present invention relates to a method for producing an aqueous acrylamide solution by reacting acrylonitrile
with water to produce acrylamide. Examples of the method of reacting acrylonitrile with water include a sulfuric acid
hydration process which is the process for earlier industrial production of acrylamide, a copper-catalyzed process which
is a current major process for industrial production, and a biocatalyst process which is recently industrialized, and any
method can be used. By using specific acrylonitrile for the reaction with water, a stabilizing effect of suppressing polym-
erization of acrylamide to be produced can be obtained with any method. Further, the aqueous acrylamide solution to
be obtained has favorable quality, and therefore a negative influence on a polymerization process for producing an
acrylamide polymer is also not exhibited.
[0017] The composition containing acrylonitrile that is used in the present invention is a mixture of acrylonitrile and
methacrylonitrile; or a mixture of acrylonitrile, methacrylonitrile, and acetonitrile.
[0018] The composition containing acrylonitrile that is used in the present invention contains 20 to 80 mg, and preferably
30 to 60 mg of methacrylonitrile per 1 kg of the total weight of the composition containing acrylonitrile. When acrylamide



EP 2 711 355 A1

4

5

10

15

20

25

30

35

40

45

50

55

is produced by reacting a composition containing acrylonitrile in which methacrylonitrile content is less than 20 mg per
1 kg of the total weight of the composition containing acrylonitrile with water, the stabilizing effect of suppressing polym-
erization of acrylamide is hardly obtained. On the other hand, when the methacrylonitrile content is more than 80 mg
per 1 kg of the total weight of the composition containing acrylonitrile, the stabilizing effect is lowered.
[0019] In acrylonitrile as a raw material (that is, the composition containing acrylonitrile according to the present
invention), methacrylonitrile is generally present as impurities.
[0020] When the methacrylonitrile content in acrylonitrile as a raw material (for example, commercially available acry-
lonitrile or acrylonitrile synthesized by a method known in the field) has a desired value, the raw material can be directly
used for the reaction with water.
[0021] When the methacrylonitrile content in acrylonitrile as a raw material is lower than a desired value, it is possible
to add methacrylonitrile to the raw material to have a desired value. As for the methacrylonitrile to be added, commercially
available methacrylonitrile may be used or methacrylonitrile synthesized by a method known in the field may be used.
When the addition amount of methacrylonitrile is extremely tiny amount relative to acrylonitrile, a diluted methacrylonitrile
liquid may be also added for easy addition. At that time, as for the liquid for dilution, water may be used. However, when
a decrease in the concentration of acrylonitrile caused by addition of diluted methacrylonitrile liquid is not desirable, it
is possible that methacrylonitrile is diluted in acrylonitrile at a desired concentration and the diluted liquid is added to
acrylonitrile.
[0022] When the methacrylonitrile content in acrylonitrile as a raw material is higher than a desired value, methacry-
lonitrile can be removed by purification of the raw material. Examples of the purification method for removing methacry-
lonitrile in a composition containing acrylonitrile include rectification. Rectification of the composition containing acrylo-
nitrile can be carried out by a known method, for example, by a method described in JP 2010-222309 A.
[0023] Adjustment of the methacrylonitrile content in the composition containing acrylonitrile may be also carried out
by mixing a composition containing acrylonitrile which contains methacrylonitrile at high content (for example, higher
than 80 mg/kg) and a composition containing acrylonitrile which contains methacrylonitrile at low content (for example,
lower than 20 mg/kg). By adjusting the methacrylonitrile content in each composition containing acrylonitrile, their mixing
ratio, or the like, desired methacrylonitrile content can be obtained.
[0024] It is preferable that the composition containing acrylonitrile that is used in the present invention also contain 2
to 20 mg, and preferably 5 to 15 mg of acetonitrile per 1 kg of the total weight of the composition containing acrylonitrile.
When acrylamide is produced by reacting a composition containing acrylonitrile in which acetonitrile content is at least
2 mg per 1 kg of the total weight of the composition containing acrylonitrile with water, the stabilizing effect of suppressing
polymerization of acrylamide is enhanced. On the other hand, when the acetonitrile content is more than 20 mg per 1
kg of the total weight of the composition containing acrylonitrile, the stabilizing effect may be lowered.
[0025] Similar to methacrylonitrile, acetonitrile is generally present as impurities in acrylonitrile as a raw material (that
is, the composition containing acrylonitrile according to the present invention).
[0026] Adjustment of the acetonitrile content in the composition containing acrylonitrile may be carried out in the same
manner as methacrylonitrile.
[0027] Each of the methacrylonitrile content and the acetonitrile content in the composition containing acrylonitrile can
be measured by gas chromatography mass analysis, liquid chromatography mass analysis, or the like.
[0028] As for the method of reacting acrylamide with water in the present invention, a biocatalyst method is preferable
in that acrylamide with high purity can be obtained with fewer reaction by-products.
[0029] The biocatalyst method is a method of producing acrylamide by reacting acrylonitrile with water in the presence
of a biocatalyst, and it is described in many literatures, for example, JP 56-17918 B, JP 59-37951 B, JP 02-470 A, and
WO 2009/113654 A. In the present invention, except that a specific acrylonitrile is used for the reaction with water, a
known method can be used.
[0030] Herein, the biocatalyst includes animal cells, plant cells, cell organelles, or cell bodies of microorganisms (cell
bodies of living or dead microorganisms); or treated products thereof, which contain an enzyme catalyzing a desired
reaction (that is, nitrile hydratase).
[0031] Such treated products include an enzyme (that is, crude or purified enzyme) extracted from the animal cells,
plant cells, cell organelles, cell bodies of microorganisms; or animal cells, plant cells, cell organelles, cell bodies of
microorganisms, or enzymes themselves which are immobilized on a carrier; or the like.
[0032] Examples of the method for immobilization include entrapping, cross-linking, and carrier binding. Entrapping
refers to a technique by which cell bodies of microorganisms or enzymes are enclosed within a fine lattice of polymer
gel or coated with a semipermeable polymer membrane. Cross-linking refers to a technique by which enzymes are
cross-linked with a reagent having two or more functional groups (that is, a multifunctional cross-linking agent). Further-
more, carrier binding refers to a technique by which enzymes are bound to a water insoluble carrier.
[0033] Examples of a carrier (that is, an immobilization carrier) for use in immobilization include glass beads, silica
gel, polyurethane, polyacrylamide, polyvinyl alcohol, carrageenan, alginic acid, agar and gelatin.
[0034] Cell bodies of microorganisms or treated products thereof are particularly preferable as a biocatalyst.
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[0035] Examples of the above microorganisms include microorganisms belonging to the genus Nocardia, genus Co-
rynebacterium, genus Bacillus, genus Pseudomonas, genus Micrococcus, genus Rhodococcus, genus Acinetobacter,
genus Xanthobacter, genus Streptomyces, genus Rhizobium, genus Klebsiella, genus Enterobacter, genus Erwiniα,
genus Aeromonas, genus Citrobacter, genus Achromobacter, genus Agrobacterium and genus Pseudonocardia, or the
like.
[0036] Production of an aqueous acrylamide solution using a biocatalyst may be carried out by continuous reaction,
by which acrylamide is produced in a continuous manner, or by batch reaction, by which acrylamide is produced in a
non-continuous manner. Although not limited thereto, it is preferably carried out by continuous reaction.
[0037] When a continuous reaction is carried out, an aqueous acrylamide solution is produced in a continuous manner
without collecting the entire reaction mixture in the reactor while maintaining continuous or intermittent supply of raw
materials for reaction (containing a biocatalyst, water as a raw material, and acrylonitrile) to the reactor and continuous
or intermittent recovery of the reaction mixture (containing the produced acrylamide) from the reactor.
[0038] When a batch reaction is carried out, an aqueous acrylamide solution is produced by reaction after supplying
an entire amount of the raw materials for reaction to the reactor or by reaction with continuous or intermittent supply of
remaining part of the raw materials for reaction to the reactor after injecting part of the raw materials for reaction to the
reactor.
[0039] As for the type of the reactors, reactors of various types such as stirring tank type, fixed bed type, fluid bed
type, moving bed type, tubular type, or tower type may be used. It is possible that only one reactor is used or plural
reactors are used in combination. When plural reactors are used in combination, concentration of the recovered acry-
lamide in a reaction mixture is higher at a downstream side. For such reasons, based on the number of the reactors,
concentration of acrylamide in an aqueous acrylamide solution that is finally obtained can be controlled.
[0040] When continuously performing a reaction using plural reactors, the reactor into which the biocatalyst and
acrylonitrile are to be supplied is not limited to the most upstream reactor, and the materials may also be introduced into
a reactor downstream thereof, as long as it is within a range in which efficiency of the reaction or the like are not impaired
too much.
[0041] Among the raw materials for reaction, water as a raw material is used for the reaction of acrylonitrile with water
for producing acrylamide. Examples of the water as a raw material include water; or an aqueous solution containing
acids or salts that are dissolved in water. Examples of the acids include phosphoric acid, acetic acid, citric acid, and
boric acid. Examples of the salts include sodium slat, potassium salt, and ammonium salt of the acids. Specific examples
of the water as a raw material include, although not particularly limited thereto, pure water, tap water, tris buffer solution,
phosphate buffer solution, acetate buffer solution, citrate buffer solution, and borate buffer solution. pH of the water as
a raw material is preferably between 5 and 9 (25°C).
[0042] Although the use amount of the biocatalyst may vary depending on the type and form of the biocatalyst to be
used, it is preferably adjusted such that the activity of the biocatalyst to be introduced into a reactor is around 50 to 500
U per mg of dried cell bodies of microorganisms at a reaction temperature of 10°C. The above unit "U
[0043] (unit)" is intended to mean that one micromole of acrylamide is produced for one minute from acrylonitrile,
which is measured by using acrylonitrile to be used for production.
[0044] Although the use amount of the composition containing acrylonitrile may vary depending on the type and form
of the biocatalyst to be used, it is preferably adjusted such that the acrylonitrile concentration in the raw materials for
reaction is around 0.5% to 15.0% by mass with respect to the raw materials for reaction.
[0045] The reaction temperature (that is, temperature of the reaction mixture) is, although not particularly limited,
preferably 10 to 50°C, and more preferably 20 to 40°C. When the reaction temperature is at least 10°C, reaction activity
of the biocatalyst can be sufficiently increased. Further, when the reaction temperature is 40°C or lower, deactivation of
the biocatalyst can be easily suppressed.
[0046] The reaction time is, although not particularly limited, preferably 1 to 50 hours, and more preferably 3 to 30 hours.
[0047] When production of the aqueous acrylamide solution is carried out by continuous reaction, fluid rate at the time
of collecting the reaction mixture from the reactor is determined based on addition rate of acrylonitrile and the biocatalyst
such that the production can be made in a continuous manner without collecting the entire reaction mixture in the reactor.
[0048] For the purpose of facilitating stabilization, at least one water soluble monocarboxylic acid salt containing two
or more carbon atoms may be added to the raw materials for the reaction used for the reaction of acrylonitrile with water
or to the reaction mixture during or after the reaction with water.
[0049] The water soluble monocarboxylic acid salt may be any one of a salt of a saturated monocarboxylic acid or a
salt of an unsaturated monocarboxylic acid. Examples of the saturated carboxylic acid include acetic acid, propionic
acid, and n-caproic acid. Examples of the unsaturated carboxylic acid include acrylic acid, methacrylic acid, and vinyl
acetic acid. Typical salts are sodium salts, potassium salts, and ammonium salts.
[0050] Addition amount of the water soluble monocarboxylic acid is preferably an amount which is 20 to 5000 mg/kg
as an acid relative to acrylamide in the reaction mixture (aqueous acrylamide solution) that is finally obtained.
[0051] In the present invention, acrylamide concentration in the aqueous acrylamide solution is preferably 30 to 60%
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by mass, more preferably 35 to 55% by mass, and still more preferably 40 to 50% by mass relative to the total weight
of the aqueous acrylamide solution.
[0052] If the acrylamide concentration is higher than 60% by mass, crystals of acrylamide may easily precipitate near
ambient temperature and hence a heating apparatus is required, so that not only facility costs will be increased, but also
temperature control and other operations will be complicated. For such reasons, the concentration of the aqueous
acrylamide solution of the present invention is, for example, preferably 60% by mass or less, more preferably 55% by
mass or less, and most preferably 50% by mass or less, although it is not particularly limited as long as it is within the
range where crystals of acrylamide will not precipitate even near ambient temperature.
[0053] Meanwhile, if the acrylamide concentration is lower than 30% by mass, it is economically disadvantageous
from the industrial standpoint because the tank volume used for storage or keeping will be excessively large or transport
costs will also be increased. Thus, the acrylamide concentration in the aqueous acrylamide solution is, for example,
preferably 30% by mass or more, more preferably 35% by mass or more, and most preferably 40% by mass or more.
[0054] The acrylamide concentration in the aqueous acrylamide solution can be adjusted by concentration of acrylo-
nitrile in the raw materials for the reaction, type or shape of the biocatalyst to be used, or the reaction condition (that is,
reaction temperature, reaction time, or number of the reactor) or the like.
[0055] It is believed that, in the aqueous acrylamide solution obtained by reacting acrylonitrile containing a predeter-
mined amount of methacrylonitrile with water, methacrylonitrile or its reaction product with water is contained. However,
there is almost no bad influence on the polymerization (for example, difficulty in obtaining a polymer with desired high
molecular weight, decreased polymerization rate, or the like). Thus, the aqueous acrylamide solution obtained by the
production method of the present invention can be directly subjected, depending on the use thereafter, to a polymerization
process to obtain a desired acrylamide polymer.
[0056] The present invention will be further described in more detail by way of the following examples, but the present
invention is not limited to them.
[0057] In each example described below, "%" represents "% by mass", unless specifically described otherwise.
[0058] As for the pH, values at 25°C were measured by a glass electrode method.

[Example 1]

(Preparation of biocatalyst)

[0059] Rhodococcus rhodochrous J1 strain having nitrile hydratase activity (Accession number: PERM BP-1478;
internationally deposited to International Patent Organism Depositary, National Institute of Advanced Industrial Science
and Technology (Chuo 6, Higashi 1-1-1, Tsukuba-shi, Ibaraki, Japan) on September 18, 1987) was aerobically cultured
in a medium containing 2% glucose, 1% urea, 0.5% peptone, 0.3% yeast extract and 0.05% cobalt chloride (pH 7.0) at
30°C. Using a centrifuge and 50 mM phosphate buffer (pH 7.0), the obtained culture was subjected to harvest and
washing, thereby preparing a bacterial cell suspension as a biocatalyst (dried cell bodies: 15% by mass).

(Adjustment of methacrylonitrile concentration)

[0060] Methacrylonitrile concentration and acetonitrile concentration in acrylonitrile (hereinbelow, "acrylonitrile A")
manufactured by Dia-Nitrix Co., Ltd. were analyzed by gas chromatography (column: fused silica capillary No. 55 DB-
225, column length: 25 m, oven temperature: temperature was increased from 50°C to 200°C, detector temperature:
250°C, carrier gas: helium, split ratio: 1/50, detector: FID, and injection amount: 0.6 mL). As a result, in the acrylonitrile
A, methacrylonitrile concentration was 12 mg/kg and acetonitrile concentration was 1 mg/kg.
[0061] By adding 1.02 g of methacrylonitrile (manufactured by Kanto Chemical Co., Inc., purity of 98%) to 99 g of
acrylonitrile A, 1% diluted methacrylonitrile liquid was prepared. Next, by adding 0.20 g of the 1% diluted methacrylonitrile
liquid to 100 g of the acrylonitrile A, acrylonitrile in which methacrylonitrile concentration was 20 mg/kg and acetonitrile
concentration was 1 mg/kg was obtained (hereinbelow, "acrylonitrile B").

(Reaction from acrylonitrile to acrylamide)

[0062] With the following method, acrylonitrile B was reacted with water to obtain an aqueous acrylamide solution.
[0063] Reactors equipped with a jacket having internal volume of 1 L (internal diameter of 10 cm) were connected in
series to have seven tanks. To the first tank, 50 mM phosphate buffer solution (pH 7) was added at 780 mL/hr, the
acrylonitrile B was added at 175 mL/hr, and suspension of the cell bodies were added at 2.0 g/hr in a continuous manner.
To the second tank, only the acrylonitrile B was added at 175 mL/hr in a continuous manner. To the third tank, only the
acrylonitrile B was added at 146 mL/hr in a continuous manner, and to the fourth tank, only the acrylonitrile B was added
at 88 mL/hr in a continuous manner. Each tank was all subjected to stirring. The reaction temperature was controlled
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by using jacket cooling water (10°C) such that the liquid temperature of the first tank to the seventh tank becomes 21,
22, 23, 23, 24, 25, and 25°C, respectively.
[0064] One day later, the reaction liquid discharged from the seventh tank was analyzed by gas chromatography
(column: manufactured by Waters, PoraPak-PS, 1 m, 180°C, carrier gas: helium, detector: FID). As a result, only acry-
lamide was detected and non-reacted acrylonitrile was not detected. Acrylamide concentration in the reaction liquid was
50%.

(Evaluation of stability of aqueous acrylamide solution)

[0065] The aqueous acrylamide solution was taken in an amount of 30 g and introduced into a 50 mL polypropylene
container (a product of AS ONE Corporation, under the trade name of Ai-Boy wide-mouth bottle).
[0066] A stainless washer (SUS304, inner diameter: 9 mm, outer diameter: 18 mm) was washed with acetone and
then with pure water, followed by drying. After drying, the washer was introduced into the 50 mL polypropylene container
containing the aqueous acrylamide solution. This polypropylene container was held in a thermostat kept at 70°C to
measure the number of days required until the acrylamide in the aqueous acrylamide solution is polymerized (that is,
until a pop corn-like polymerized product was produced).
[0067] As a result, the pop corn-like polymerized product was produced after 19 days.

[Example 2]

[0068] By adding 0.685 g of 1% diluted methacrylonitrile liquid which has been prepared in Example 1 to 100 g of the
acrylonitrile A, acrylonitrile in which methacrylonitrile concentration is 80 mg/kg and acetonitrile concentration is 1 mg/kg
was obtained (hereinbelow, "acrylonitrile C"). The acrylonitrile C was reacted with water in the same order as Example
1 to obtain an aqueous acrylamide solution.
[0069] Stability of the obtained aqueous acrylamide solution was evaluated in the same order as Example 1. As a
result, a pop corn-like polymerized product was produced after 22 days.

[Example 3]

[0070] By adding 0.01 g of acetonitrile (manufactured by Kanto Chemical Co., Inc., purity of 99%) to 99.9 g of acrylonitrile
B, 0.01 % diluted acetonitrile liquid was prepared. Next, by adding 1.02 g of the 0.01% diluted acetonitrile liquid to 100
g of the acrylonitrile B, acrylonitrile in which methacrylonitrile concentration was 20 mg/kg and acetonitrile concentration
was 2 mg/kg was obtained (hereinbelow, "acrylonitrile D"). The acrylonitrile D was reacted with water in the same order
as Example 1 to obtain an aqueous acrylamide solution.
[0071] Stability of the obtained aqueous acrylamide solution was evaluated in the same order as Example 1. As a
result, a pop corn-like polymerized product was produced after 33 days.

[Example 4]

[0072] By adding 0.2 g of acetonitrile (manufactured by Kanto Chemical Co., Inc., purity of 99%) to 99 g of acrylonitrile
B, 0.2% diluted acetonitrile liquid was prepared. Next, by adding 0.96 g of the 0.2% diluted acetonitrile liquid to 100 g
of the acrylonitrile B, acrylonitrile in which methacrylonitrile concentration was 20 mg/kg and acetonitrile concentration
was 20 mg/kg was obtained (hereinbelow, "acrylonitrile E"). The acrylonitrile E was reacted with water in the same order
as Example 1 to obtain an aqueous acrylamide solution.
[0073] Stability of the obtained aqueous acrylamide solution was evaluated in the same order as Example 1. As a
result, a pop corn-like polymerized product was produced after 34 days.

[Example 5]

[0074] By adding 1.47 g of the 0.2% diluted acetonitrile liquid prepared in Example 4 to 100 g of the acrylonitrile B,
acrylonitrile in which methacrylonitrile concentration was 20 mg/kg and acetonitrile concentration was 30 mg/kg was
obtained (hereinbelow, "acrylonitrile F"). The acrylonitrile F was reacted with water in the same order as Example 1 to
obtain an aqueous acrylamide solution.
[0075] Stability of the obtained aqueous acrylamide solution was evaluated in the same order as Example 1. As a
result, a pop corn-like polymerized product was produced after 18 days.
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[Comparative example 1]

[0076] The acrylonitrile A was reacted with water in the same order as Example 1 to obtain an aqueous acrylamide
solution.
[0077] Stability of the obtained aqueous acrylamide solution was evaluated in the same order as Example 1. As a
result, a pop corn-like polymerized product was produced after 4 days.

[Comparative example 2]

[0078] By adding 0.889 g of the 1% diluted methacrylonitrile liquid prepared in Example 1 to 100 g of the acrylonitrile
A, acrylonitrile in which methacrylonitrile concentration was 100 mg/kg and acetonitrile concentration was 1 mg/kg was
obtained (hereinbelow, "acrylonitrile G"). The acrylonitrile G was reacted with water in the same order as Example 1 to
obtain an aqueous acrylamide solution.
[0079] Stability of the obtained aqueous acrylamide solution was evaluated in the same order as Example 1. As a
result, a pop corn-like polymerized product was produced after 7 days.

[0080] As described in the above results, by reacting acrylonitrile containing 20 to 80 mg/kg of methacrylonitrile,
polymerization of the acrylamide can be suppressed during storage so that the stability of the aqueous acrylamide
solution can be significantly improved.
[0081] In addition, as a result of evaluating the appearance of the aqueous acrylamide solution (that is, presence or
absence of coloration), the polymerization rate at the time of producing an acrylamide polymer, and the molecular weight
of the obtained acrylamide polymer or the like, favorable results were obtained from all of them, and no reduction in
quality of the aqueous acrylamide solution was exhibited.

INDUSTRIAL APPLICABLITY

[0082] According to the present invention, an aqueous acrylamide solution can be conveniently stabilized without
lowering quality of acrylamide. Therefore, the present invention is useful as a method for preventing polymerization of
acrylamide during production, storage and/or transport of the aqueous acrylamide solution.

Claims

1. A method for producing an aqueous acrylamide solution, the method comprising reacting a composition including
acrylonitrile with water to produce acrylamide, wherein the composition including acrylonitrile includes 20 to 80 mg
of methacrylonitrile per 1 kg of the total weight of the composition containing acrylonitrile.

2. The method for producing an aqueous acrylamide solution according to Claim 1, wherein the method includes
performing the reaction of the composition including acrylonitrile with water in the presence of a biocatalyst.

[Table 1]

Methacrylonitrile 
concentration in acrylonitrile 

[mg/kg]

Acetonitrile concentration 
in acrylonitrile [mg/kg]

Number of days required for 
polymerization of acrylamide 

[Days]

Example 1 20 1 19

Example 2 80 1 22

Example 3 20 2 33

Example 4 20 20 34

Example 5 20 30 18

Comparative 
example 1

12 1 4

Comparative 
example 2

100 1 7
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3. The method for producing an aqueous acrylamide solution according to Claim 1 or 2, wherein the composition
including acrylonitrile also includes 2 to 20 mg of acetonitrile per 1 kg of the total weight of the composition including
acrylonitrile.

4. The method for producing an aqueous acrylamide solution according to any one of Claims 1 to 3, wherein concen-
tration of the acrylamide in the aqueous acrylamide solution is 30 to 60% by mass relative to the total mass of the
aqueous acrylamide solution.
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