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ABSTRACT:

Provided is a precursor for producing polyvinylamine aqueous solution having
high storage stability without any decrease in the viscosity of the precursor aqueous
solution even with long-term storage when producing polyvinylamine aqueous solution.
A powdered N-vinylcarboxamide polymer composition containing N-vinylcarboxamide
polymer, the viscosity of an aqueous solution of polyvinylamine obtained by
hydrolyzing the polymer being 1.0 x 10° mPa-s (25°C) or lower and the content of azo
initiator in the aqueous solution being from more than 0 parts by mass to (.05 parts by
mass per 100 parts by mass of polyvinylamine.
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POWDERED N-VINYLCARBOXAMIDE POLYMER COMPOSITION AND
METHOD FOR PRODUCING POLY VINYLAMINE SOLUTION

Field of the Invention
[0001]

The present invention relates to a powdered N-vinylcarboxamide polymer
composition and to a method for producing a polyvinylamine solution. More
specifically, the present invention relates to a production method of a
high-molecular-weight polyvinylamine that 1s effective when used in the water
treatment industry, especially when used as papermaking chemicals, and to a powdered
N-vinylcarboxamide polymer composition as a precursor for such polyvinylamine.

The present application is based upon and claims the benefit of priority to Japanese
Patent Application No. 2013-187060, filed September 10, 2013. The entire contents of
the application are incorporated herein by reference.

Background Art
[0002]

Polyvinylamine obtained by hydrolyzing part ot or the entire N-vinylcarboxamide
polymer (hereinafter, a copolymer or a homopolymer containing a vinylamine unit
produced by hydrolyzing part of or the entire copolymer or a homopolymer of
N-vinylcarboxamide is referred to as polyvinylamine) is widely used in flocculants,
papermaking chemicals, fiber treatment agents, coating additives and the like.
Depending on usage purposes, polyvinylamine 1s used in a wide variety of applications,
and 1ts molecular weight ranges from a high- molecular weight of 4000000 or greater to
a low-molecular weight of 100000 or less.

Polyvinylamine 1s a water-soluble polymer and is set ultimately to be in a solution
form when used in the aforementioned chemicals.

Examples of a method for producing N-vinylcarboxamide polymers are solution
polymerization as shown 1n Patent Publications 1 and 2, inverse suspension
polymerization as shown in Patent Publication 3, and photo belt polymerization as
shown in Patent Publication 4.

As for a polymerization initiator, a combination of redox 1nitiator and azo initiator
1s used in Patent Publications 1 and 2, an azo initiator 1s used in Patent Publication 3,
and a photoinitiator is used in Patent Publication 4. In Patent Publications 1 and 3, a
polymerization process is conducted to obtain an N-vinylcarboxamide polymer, which
is followed by direct hydrolysis, and powdered polyvinylamine 1s subsequently obtained.
By contrast, in Patent Publication 4, the N-vinylformamide polymer 1s formed into a
solution and is hydrolyzed to obtain a polyvinylamine solution.

PRIOR ART PUBLICATION

PATENT PUBLICATION

[0003]
Patent Publication 1: USP 67977835
Patent Publication 2: JP2010-59220A
Patent Publication 3: JP2012-59220A
Patent Publication 4: JP2004-75814A
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SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
10004

The ultimate usage form of polyvinylamine 1s usually a solution. However, when
a polyvinylamine solution 1s stored for a long duration, a decrease 1n the viscosity of the
solution may be observed.

Such a phenomenon occurs more often when the molecular weight of a
polyvinylamine is higher or when the solution itself shows a lower viscosity, that 1s,
when the solution is more diluted.

10005

The aforementioned problem is solved by obtaining powdered polyvinylamine and
dissolving it shortly before use. However, such a method requires each user to have
equipment for dissolving powdered polyvinylamine.

In addition, if polyvinylamine 1s produced through difterent methods and the
viscosity stability of each polyvinylamine solution 1s measured, it 1s found that the
viscosity stability differs depending on the method employed to produce the
polyvinylamine. Methods for polymerizing N-vinylcarboxamide are
photopolymerization, suspension polymerization, adiabatic solution polymerization and
the like, as described above. The viscosity stability of a polyvinylamine solution
obtained through hydrolysis, the stability of powdered N-vinylcarboxamide, and the
coloration degree during storage of the powder are observed to vary depending on the
method, the polymerization concentration and the like.

SOLUTIONS TO THE PROBLEMS
10006}

The inventors of the present invention have studied the aforementioned problems
extensively and have found the following: a factor having a significant impact on
change in the viscosity is the azo initiator remaining in a final polyvinylamine solution;
rather than on an N-vinylcarboxamide polymer, the residual azo initiator has a greater
impact on a polyvinylamine solution obtained when part of or the entire polymer is
hydrolyzed; and further greater impact is observed when the concentration of a polymer
solution is higher and when the molecular weight of the polymer is heavier. As a
result, the inventors have accomplished a production method capable of suppressing
change in the viscosity of a polyvinylamine solution, and subsequently accomplished a
polyvinyl amine solution produced by using such a method.

[0007]

An embodiment of the present invention is a powdered N-vinylcarboxamide
polymer composition that contains an N-vinylcarboxamide polymer. The viscosity of
a polyvinylamine solution obtained by hydrolyzing the polymer i1s 1.0x10° mPa's or
lower (25°C), and the amount of an azo initiator in the solution relative to 100 parts by
mass of polyvinylamine is more than O parts by mass but no greater than 0.05 parts by

mass.

[0008]
Another embodiment of the present invention is the powdered N-vinylcarboxamide

polymer composition, in which the N-vinylcarboxamide polymer 1s an
N-vinylformamide polymer.
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[0009]

Yet another embodiment of the present invention 1s the powdered
N-vinylcarboxamide polymer composition, in which the 10-hour half-life temperature
of the azo initiator 1s 110°C or lower.

[0010]

Yet another embodiment of the present invention 1s a method for producing a
polyvinylamine solution, and the method includes the following steps: a step for
polymerizing N-vinylcarboxamide by adding an azo initiator to a monomer composition
containing the N-vinylcarboxamide at a ratio of at least 0.05 parts by mass of the azo
initiator relative to 100 parts by mass of the N-vinylcarboxamide monomer so as to
obtain a polymerized composition containing an N-vinylcarboxamide polymer; a step
for reducing the amount of azo initiator remaining in the polymerized composition; and
a step for hydrolyzing part of or the entire N-vinylcarboxamide polymer.

[0011]

Yet another embodiment of the present invention 1s the method for producing a
polyvinylamine solution, in which the step for reducing the amount of azo initiator
remaining in the polymerized composition further includes a step for treating the wet
polymerized composition for an hour or longer at a temperature of at least 20°C higher
than the 10-hour half-life temperature of the azo initiator.

10012]

Yet another embodiment of the present invention 1s the method for producing a
polyvinylamine solution, in which the step for reducing the amount of azo initiator
remaining in the polymerized composition 1s conducted by applying heat on the
polymerized composition for an hour or longer at a temperature of at least 20°C higher
than the 10-hour half-life temperature of the azo initiator so as to obtain a powdered
N-vinylcarboxamide polymer composition. The powdered N-vinylcarboxamide
polymer composition after the thermal treatment contains at least 1 mass% of moisture
relative to the entire mass of the powdered N-vinylcarboxamide polymer composition.

10013}

The method for producing a polyvinylamine solution further includes a step tor
storing the polyvinylamine solution for at least 24 hours after the step for hydrolyzing
part of or the entire N-vinylcarboxamide polymer.

[0014]

Yet another embodiment of the present invention 1s the method tor producing a
polyvinylamine solution, in which the step for reducing the amount of azo initiator
remaining in the polymerized composition includes a step for forming a powdered
N-vinylcarboxamide polymer composition by adjusting the moisture content of the
polymer composition. Furthermore, the method includes a step for preparing an
N-vinylcarboxamide polymer solution by adding water to the powdered
N-vinylcarboxamide polymer composition so that the solution will contain the
N-vinylcarboxamide polymer at 30 mass% or less relative to the entire mass of the
N-vinylcarboxamide polymer solution, and the step for hydrolyzing part of or the entire
N-vinylcarboxamide polymer is conducted by hydrolyzing the N-vinylcarboxamide
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polymer contained in the N-vinylcarboxamide polymer solution to obtain a
polyvinylamine solution.

[0015]

Yet another embodiment of the present invention 1s the method for producing a
polyvinylamine solution, in which the step for hydrolyzing part of or the entire
N-vinylcarboxamide polymer i1s conducted by preparing an N-vinylcarboxamide
polymer solution that contains an N-vinylcarboxamide polymer at 30 mass% or less
relative to the entire mass of the N-vinylcarboxamide polymer solution and by setting a
condition of 50°C or higher.

[0016]
Yet another embodiment of the present invention 1s the method for producing a

polyvinylamine solution, in which the viscosity of the produced polyvinylamine
solution is 5x10° mPa-s or lower (25°C).

[0017]

Yet another embodiment of the present invention 1s the method for producing a
polyvinylamine solution, in which a powdered N-vinylcarboxamide polymer
composition obtained after the step for reducing the amount of azo initiator remaining in
the polymerized composition 1s set to have a moisture content of at least 1 mass% but
no greater than 20 mass% relative to the entire mass of the powdered
N-vinylcarboxamide polymer composition, and the powder 1s wrapped and stored for 24
hours or longer. Then, water 1s added to the powder to form an N-vinylcarboxamide
polymer solution for hydrolysis treatment.

[0018]

Yet another embodiment of the present invention is the method for producing a
polyvinylamine solution, in which an azo initiator having a 10-hour half-life
temperature of 70°C or lower 1s used for the step for obtaining a polymerized
composition. The step for reducing the amount of azo initiator includes a step for
treating the wet polymerized composition for an hour or longer at a temperature of at
least 30°C higher than the 10-hour half-life temperature of the azo initiator.

[0019]

Yet another embodiment of the present invention 1s the method for producing a
polyvinylamine solution, in which an azo initiator having a 10-hour half-life
temperature of 70°C or lower is used in the step for obtaining a polymerized
composition. The step for reducing the amount of azo initiator 1s conducted by
adjusting the moisture content by treating the polymerized composition for an hour or
longer at a temperature of at least 30°C higher than the 10-hour half-lite temperature of
the azo initiator so as to obtain a powdered N-vinylcarboxamide polymer composition.
After an hour of moisture adjustment, the powdered N-vinylcarboxamide polymer

composition contains moisture at 1 mass% or greater.

10020]
Yet another embodiment of the present invention 1s the method for producing a
polyvinylamine solution, in which after the N-vinylcarboxamide polymer 1s obtained,
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the aforementioned step is conducted without removing moisture or in a state containing
moisture content of 10 mass% or greater.

[0021]

Yet another embodiment of the present invention is the method for producing a
polyvinylamine solution, in which the amount of residual azo initiator in the
polyvinylamine solution is 0.05 parts by mass or less relative to 100 parts by mass of
polyvinylamine.

EFFECTS OF THE INVENTION
[0022]

When a polyvinylamine solution is produced by hydrolyzing an
N-vinylcarboxamide polymer according to the present invention, the viscosity of the
solution will not be lowered even after the solution is stored for a long duration, and the
storage stability is thus high. Moreover, the present invention 1s especially effective
when it is a solution of a high-molecular-weight polyvinylamine. Since
polyvinylamine is used as a solution, it is especially advantageous if its stability in a
solution is enhanced. In addition, polyvinylamine solutions transported to customers
and stored therein do not require any specific equipment for dissolving powdered
polyvinylamine.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0023]

In the following, the present invention 1s described in detail with reference to
embodiments. A powdered N-vinylcarboxamide polymer composition of an
embodiment of the present invention contains an N-vinylcarboxamide polymer: the
viscosity of a polyvinylamine solution obtained by hydrolyzing the polymer 1s 1.0x10°
mPa-s or lower (25°C), and the amount of azo initiator contained in the solution 1s more
than 0 parts by mass but no greater than 0.05 parts by mass relative to 100 parts by mass
of polyvinylamine. In addition, an embodiment of the present invention is a method
for producing a polyvinylamine solution that includes the following steps: a step for
polymerizing N-vinylcarboxamide by adding at least 0.05 parts by mass of azo initiator
to 100 parts by mass of monomer composition containing the N-vinylcarboxamide so as
to obtain a polymerized composition containing an N-vinylcarboxamide polymer; a step
for reducing the amount of azo initiator remaining in the polymerized composition; and
a step for hydrolyzing part of or the entire N-vinylcarboxamide polymer.

In a preferred embodiment, when N-vinylcarboxamide 1s polymerized using an azo
initiator, and when a polyvinylamine solution obtained from the N-vinylcarboxamide
polymer is stored for 24 hours or longer, it is preferred to reduce the amount of azo
initiator after N-vinylcarboxamide is polymerized but before the obtained polymer 18
hydrolyzed. For that purpose, the wet polymer prior to hydrolysis treatment 1s
preferred to be heated for an hour or longer at a temperature of at least 20°C higher than
the 10-hour half-life temperature of the azo initiator. Moreover, for longer storage
purposes, an N-vinylcarboxamide polymer prior to hydrolysis is preferred to be
powdered. In addition, to decrease coloration or the like of the stored powdered
N-vinylcarboxamide polymer, it is preferred to apply heat on the N-vinylcarboxamide
polymer so as to decompose the residual azo initiator.
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10024}
Embodiments of the present invention are described below in detail.

[N-vinylcarboxamide Polymer]}

N-vinylcarboxamide used as a main monomer 1n the present embodiment 1s shown
in a general formula of CH;=CH-NHCOR (in the formula, “R” represents a hydrogen
atom or an alkyl group having 1~6 carbon atoms.)

[0025]

Specific examples of N-vinylcarboxamide in the present embodiment are
N-vinylformamide (R=H), N-vinylacetoamide (R=CHa), N-vinylpropionamide
(R=C,Hj5), N-vinyl butyramide (R=C3H>), and the like. Among them,
N-vinylformamide is preferred because polyvinylamine is easily derived from it.

If applicable, N-vinylcarboxamide of the present embodiment may be
copolymerized with any monomer having unsaturated ethylenic bonding. Specific
examples of copolymerizable monomers are (meth)acrylic acids and their salts;
(meth)acrylates, (meth)acrylonitrile, (meth)acrylamides, N-alkyl(meth)acrylamides,

N, N-dialkyl(meth)acrylamides, dialkylaminoethyl(meth)acrylamides, their salts or their
quaternary products; dialkylaminopropyl(meth)acrylamides, and their salts or
quaternary products; diacetone acrylamides, N-vinylpyrrolidones, N-vinylcaprolactam,
vinylacetates, and the like.

The monomer composition used in the present embodiment mainly contains
N-vinylcarboxamide and may contain another monomer. To carry out polymerization
reactions, a monomer solution containing the above monomer composition dissolved 1n
a solvent such as water is used. In addition, since heat is applied in a step for reducing
the azo initiator remaining in the obtained polymer, it is preferred to increase the
concentration of a monomer during polymerization reactions so that the solvent is less
likely to boil when heated. More specifically, the concentration of the monomer
composition is preferred to be at least 20 mass% of the entire mass of the monomer
solution.

Regarding water as a solvent or water described 1n the embodiments below, pure
water, purified water, deionized water or the like may be used as selected.

[0026]

In the present embodiment, the amount of N-vinylcarboxamide in a monomer
composition containing N-vinylcarboxamide may vary depending on the target polymer.
Generally, N-vinylcarboxamide 1s a main monomer and its content is at least 50 mol%,
preferably at least 70 mol%, more preferably 90~100 mol%, relative to 100 mol% of the

entire monomer composition.

In the embodiments of the present invention, by adding a step for reducing the
amount of azo initiator remaining in a polymerized composition containing the polymer,
the stability of the obtained polyvinylamine is secured. Such an effect is described as
follows: after N-vinylcarboxamide is polymerized, part of or the entire
N-vinylcarboxamide polymer is hydrolyzed so that polyvinylamine is derived.
Polyvinylamine is used as an additive or a flocculant for papermaking. Especially
when used as a retention aid using its crosslinking flocculation-adsorption effects for
papermaking or as a flocculant for water treatment, polyvinylamine with a higher
molecular weight works better. However, when a solution of a high-molecular-weight

6 -
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polyvinylamine is stored, a decrease 1n viscosity is often observed. When the solution
1s measured through gel-filtration chromatography, a decrease 1n the average weight of
the polymer 1s observed. In addition, its properties are also lowered due to a decrease
1N VISCOSItYy.

[0027]

The aforementioned decrease in the molecular weight of a polymer 1s more
remarkable when the initial molecular weight of the polymer 1s higher, when more
moisture 1S contained, or when the concentration 1s lower. In addition, a decrease in
the molecular weight of a polymer is greater in N-vinylcarboxamide polymers than in
polyvinylamine polymers obtained through hydrolysis.

[0028]

The stability of a polymer depends largely on conditions for producing
N-vinylcarboxamide, more specitically, conditions for polymerization and subsequent
treatments. In particular, if a radical generating initiator used for polymerization
reactions remains even after hydrolysis treatment, the storage stability of
polyvinylamine decreases noticeably.

[0029]

Especially when an azo initiator with a relatively high decomposition temperature is
used, such an azo nitiator may remain until the final stage of the production method,
and the stability of the obtained polymer 1s remarkably lowered.

However, if the amount of azo initiator used for polymerization reactions is reduced
simply to prevent a decrease in the stability of a polymer, polymerization 1s not
sutficiently carried out, and the amount of residual monomer after polymerization may
increase.  For that matter, the impact of an azo initiator 1s greater on a polyvinylamine
obtained through hydrolysis than on an N-vinylcarboxamide polymer. Thus, it is
sufficient if the azo initiator is removed after polymerization but before hydrolysis
treatment.

[0030]

Polymerization without using an azo initiator, for example, polymerization using a
photoinitiator, does not use substances that may decrease stability. Thus, the stability
of obtained polymers 1s less likely to be lowered. However, use of a photoinitiator
requires specific equipment, and it 1s not a convenient polymerization method. Also, a
redox 1nitiator is less likely to remain after polymerization due to its lower
decomposition temperature, but it may be hard to enhance polymerization conversion
rates when only a redox 1nitiator 1s used.

By contrast, azo initiators are preferred since they are easier to use and reduce the
amount of residual monomer. However, it 1S necessary to use an excessive amount of
azo 1nitiator, which in turn results in aforementioned problems such as lowered stability
of the obtained polymer. Therefore, it 1s effective if a somewhat excessive amount of
azo initiator 1s used for polymerization, the azo initiator 1s decomposed and removed
from the polymerized composition containing an N-vinylcarboxamide polymer after the
polymerization is finished, and then hydrolysis treatment of the polymer 1s conducted.
By so doing, polymerization conversion rates and the stability of polyvinylamine are
both enhanced.
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[0031]

As a method for removing the azo initiator remaining in a polymerized composition,
1t 1S an option to purify the polymer through extraction or cleaning. In the present
embodiment, the excess amount of azo initiator is decomposed by applying heat during
a stable phase of N-vinylcarboxamide polymer so that the residual azo initiator 1s
removed in a simple and effective way.

The N-vinylcarboxamide polymer related to the present invention may also be a
copolymer as described above. The polymer includes a polymerized composition that
contains moisture and substances derived from production materials such as the residual
azo 1nitiator.

[0032]

In a step for producing an N-vinylcarboxamide polymer, the polymerization method
1s not limited specifically, and any generally employed method using an azo initiator
may be used. Examples of polymerization methods are bulk polymerization, solution
polymerization, adiabatic solution polymerization as a type of solution polymerization,
suspension polymerization, emulsion polymerization and the like. In addition, batch,
semi-batch or continuous polymerization may be employed.

[0033]

In a step for producing an N-vinylcarboxamide polymer, an azo initiator used for
polymerization may be water-soluble or oil-soluble. Examples of water-soluble azo
initiators are 2,2’ -azobis(amidinopropane)dihydrochloride, or 2,2’ -azobis[2-
(5-methyl-2-imidazolin-2-yl)propane]dihydrochloride, 4,4’ -azobis(4-cyanovaleric acid),
and the like.

Examples of oil-soluble azo initiators are 2,2’ -azobisisobutyronitrile, 1,1°-azobis
(cyclohexane carbonitrile), 2,2’-azobis(2-methylbutyronitrile), or 2,2’-azobis
(2-methylpropionate), 2,2’ -azobis(4-methoxy-2,4-dimethyl)valeronitrile, and the
like.  Also, it is especially preferred to use an azo 1nitiator having a predetermined
10-hour half-life temperature or lower.  Such temperature conditions are described
later.

[0034]

The amount of azo initiator for polymerization 1s 0.05~2 parts by mass, preferably
0.06~1 part by mass, relative to 100 parts by mass of an N-vinylcarboxamide monomer
used for polymerization reactions. An excessively small amount of azo initiator may
slow down the polymerization rate or increase the amount of residual monomer. The
addition of too much of an azo initiator 1s not preferred since the molecular weight of
the obtained polymer may be lowered, while removing the azo initiator remaining in the
polymer solution may require a longer treatment time or higher temperatures.

[0035]

A redox initiator may also be used together with an azo initiator for polymerization.
Examples of redox initiators are ammonium peroxodisulfate in combination with
sodium sulfite, sodium hydrogen sulfite, trimethylamine, tetramethylethylene diamine
or the like; and t-butylhydroperoxide in combination with sodium sulfite or sodium
hydrogen sulfite. Moreover, examples of peroxide are ammonium peroxodisulfate,
potassium peroxodisulfate, hydrogen peroxide, benzoyl peroxide, lauroyl peroxide,

-8 -
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octanoyl peroxide, succinic peroxide, t-butylperoxy-2-ethylhexanoate, and the like.

The most preterred example among them is to use t-butylhydroperoxide in
combination with sodium sulfite, sodium hydrogen sulfite or ferric sulphate as a redox
initiator, together with 2,2°-azobis(2-amidinopropane) as a water-soluble azo initiator.
When a redox 1nitiator is used, 1ts ratio relative to 100 parts by mass of
N-vinylcarboxamide monomer is preferred to be at least 0.001 parts by mass, preferably
at least (0.003 parts by mass, but no greater than 0.1 parts by mass, preferably no greater
than 0.06 parts by mass. In particular, the amount is selected appropriately, for
example, to be at 0.001~0.1 parts by mass, preferably 0.003~0.06 parts by mass. In
addition, two or more types of azo initiator may be used.

[0036]

The temperature for initiating polymerization varies depending on the monomer
concentration or the amount of an initiator. 'When no redox initiator is combined, the
polymerization temperature 1s generally set at 30~70°C. When a redox initiator is
combined, 1t 1s possible to 1nitiate polymerization at 0°C or lower.

The polymerization conversion rate is preferred to be high. When the polymerized
composition 1s heated subsequently, if the residual monomer amount is great, the
monomer may decompose and result in coloration, or the polymer after hydrolysis
treatment may become insoluble. Here, “become insoluble” means the amount of
insoluble residue of the polymer is great as described in the examples below (refer to:
Measuring Insoluble Residue of Polyvinylamine), and such an insoluble residue is
hardly made into a solution. More specifically, when a polymer is “insoluble,” the
insoluble amount of residual polymer is usually 50 grams or more relative to 500 grams
of a 1 mass% polyvinylamine solution. In addition, when a solution of a particulate
polymer 18 formed, and when the polymer is only swollen but is not dissolved
completely, the condition is also defined as being insoluble to water. Therefore, the
conversion rate of a polymer is preferred to be at least 95 mol%, more preferably at
least 98 mol%, even more preferably at least 99 mol%, relative to the entire molar
amount of the monomer. To enhance the polymerization conversion rate, it is usually
etfective to increase the amount of azo initiator. According to the embodiments of the
present invention, an excess amount of azo initiator is decomposed. In addition,
known methods are available to prevent the obtained polymer from becoming insoluble.
For example, an aldehyde component may be removed by using a reduction agent.

According to the aforementioned polymerization reactions, a polymerized
composition containing an N-vinylcarboxamide polymer 1s obtained. When
polymerization is carried out by aqueous polymerization, solution polymerization,
inverse suspension polymerization or emulsion polymerization, the obtained
polymerized composition is a hydrogel. When suspension or emulsion polymerization
1s employed, gel particles are dispersed in a hydrophobic solvent.

[0037]
[Reducing Azo Initiator Remaining in Polymer]

Atter the above step for producing an N-vinylcarboxamide polymer (after
polymerization or polymerization reactions), a step is conducted for reducing the azo
initiator remaining in the polymerized composition containing an N-vinylcarboxamide
polymer. The reduction step 1s preferred to be conducted for an hour or longer on the
wet polymer atter polymerization at a temperature of at least 20°C higher than the
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10-hour half-life temperature of the azo initiator. Such a treatment may be conducted
by applying heat or by vacuum (reduced pressure) conditions. Considering
productivity and equipment, applying heat is preferred.

As a step to reduce the amount of azo 1nitiator in the present embodiment, heat is
applied on the polymerized composition so as to decompose the azo initiator and to
reduce the residual amount. The time and temperature for such treatment are preferred
to be an hour or longer at a temperature of at least 20°C higher than the 10-hour half-life
temperature of the azo initiator, more preferably an hour or longer at a temperature of at
least 25°C higher, even more preferably an hour or longer at a temperature of at least
30°C higher than the 10-hour halt-life temperature.

[0038]

When the polymerized composition 1s heated for an hour at a temperature of 20°C
higher than the 10-hour half-life temperature of the azo initiator, the amount of residual
azo initiator will be reduced to one half of the amount before the reduction step. If the
polymerized composition is heated for an hour at a temperature of 30°C higher than the
10-hour half-life temperature of the azo initiator, the amount of residual azo initiator
will be reduced to 1/10 of the amount prior to the reduction step. When the initial
amount of azo initiator 1s 0.05 parts by mass, especially 0.06 parts by mass, relative to
100 parts by mass of the monomer, the effect achieved from the reduction step is
observed to be especially remarkable for the final decomposition removal of the azo
initiator.

10039]

It 1s preterred to use an azo initiator having a 10-hour half-life temperature of 110°C
or lower. Accordingly, the heating temperature can be set at 130°C or lower.
Moreover, if a 10-hour half-life temperature of an azo 1nitiator is 0°C or lower, the
heating temperature can be set at 100°C or lower and the process becomes more
simplified. When a 10-hour half-life temperature exceeds 110°C, the required heating
temperature 1s too high and may cause coloration or the like of the polymer. Also,
when a 10-hour half-life temperature exceeds 110°C, decomposition is slow, the amount
of radicals generated from the remaining 1nitiator 1s small, and the decrease in storage
stability 1s thereby low. Examples of azo initiators having a 10-hour half-life
temperature of 110°C or lower are 2,2’-azobis(2-amidinopropane)dihydrochloride or the
like among the examples listed above. '

When multiple azo mitiators are used, the heating temperature 1s set based on the
highest 10-hour half-life temperature among them to remove the azo initiators
remaining in the polymerized composition.

[0040]

As described above, an N-vinylcarboxamide polymer contained in the polymerized
composition prior to hydrolysis treatment is more stable than polyvinylamine.
Furthermore, the polymer 1s more stable when it contains less moisture. Thus, 1t
longer storage 1s required, 1t is preferred to make an N-vinylcarboxamide polymer 1n a
powdery state.
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[0041]
When a final polyvinylamine solution is formed, the amount of azo 1nitiator

remaining in a polymerized composition after the reduction process 1s preferred to be no
greater than 0.05 mass%, more preferably no greater than 0.04 mass%, relative to the
entire mass of an N-vinylcarboxamide polymer obtained in a step for producing the
polymer. In the present embodiment, the mass of the N-vinylcarboxamide polymer 1s
measured after heat is applied on the polymerized composition for adjusting its moisture
content so as to obtain a powdered polymer (namely, the mass of powdered
N-vinylcarboxamide polymer to undergo subsequent hydrolysis). Here, the mass of a
polymer is defined as the mass that excludes the mass of moisture contained 1n the
powder.

[0042]

A step for applying heat may include a step for aging and moisture adjustment to be
conducted after polymerization. Here, aging the polymer means further enhancement
of a polymerization conversion rate. Moisture adjustment in the present embodiment
mainly means adjusting the moisture content, that is, reducing the moisture content.

As described later, the polymer is powdered so that it is easier to store the polymer and
form a solution for hydrolysis. Especially, a step for achieving significant reduction of
moisture may be referred to as a drying step. It is preferred to apply heat on the wet
polymerized composition for an hour or longer so that the N-vinylcarboxamide polymer
is aged. Too much moisture causes the entire volume to increase, and productivity
thereby decreases. On the other hand, too little moisture causes a slow decomposition
rate for the residual azo initiator. Relative to the entire mass of N-vinylcarboxamide
polymer, the moisture content is preferred to be at least 1 mass%, more preferably at
least 2 mass%, even more preferably at least 3 mass%, and is preferred to be no greater
than 90 mass%, more preferably no greater than 80 mass%, even more preferably no
greater than 75 mass%. In particular, for example, it 1S preferred to be at least 1
mass% but no greater than 90 mass%, more preferably at least 2 mass% but no greater
than 80 mass% or less, even more preferably at least 3 mass% but no greater than 75
mass%.

To conduct a heating step on a polymerized composition, the heat generated during
polymerization may be utilized effectively. In such a case, the reaction vessel 1s
preferred to be insulated or to be heated from outside so as to minimize heat dissipation,
and the shape is preferred to have a smaller surface area, namely, it 1S preferred to be a
block shape rather than a thin sheet. Heat treatment is conducted under such
conditions that the maximum temperature from polymerization heat reaches at least
20°C higher, preferably at least 30°C higher, than a 10-hour half-life temperature of the
azo initiator, and that the temperature will be retained for an hour. In addition, 1t 1s
preferred to conduct heat treatment so that the temperature of a gel at the end of the
aging process is at least 20°C higher than the 10-hour half-life temperature. Here, the
temperature of the gel means a temperature that represents the temperature of the
majority of the gel. The temperature of a gel 1s measured by a known method, tor
example, by using a thermometer with an external sensor and by inserting the sensor
into the gel. The upper limit of the temperature for heat treatment 1s the temperature at
which the moisture in the gel would boil, and is determined appropriately based on the
amount of the polymer contained in the gel. Considering the above conditions, heat

treatment is preferred to be conducted at a temperature approximately 20~90°C higher,
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more preferably 30~90°C higher, than the 10-hour half-life temperature. In particular,
heat treatment 1s preferred to be conducted at approximately 60~130°C, more preferably
60~100°C, so that the gel 1s prevented from boiling or that the change 1n properties of
the gel 1s minimal.

Meanwhile, the gel may be pulverized first and heated from outside. In such a
case, the gel needs to be pulverized finely so that 1t 1s easier to apply heat thereon.

10043}

The average particle diameter of a gel to be pulverized 1s 5 cm or less, preferably 2
cm or less, even more preferably 1 cm or less.  To pulverize a gel, various known
methods may be employed; for example, a gel may be cut by a cutter or may be
extruded and cut by using a meat chopper. When a meat chopper is used, the hole
diameter of a dice of the meat chopper is set at 5 cm or less, preferably 2 cm or less,
even more preferably 1 cm or less.

To form a gel 1nto tine particles, a meat chopper or the like is used by adjusting the
hole diameter of the dice so as to obtain particles with a desired size. The particle
diameter 1s usually approximately 1~7 mm.

When suspension polymerization or emulsion polymerization is employed, since
the gel 1s 1n fine particles, a step for applying heat is conducted on the gel asis. When
the gel 1s pulverized or made into fine particles, an aid may be used to suppress
adhesion of particles to each other. Examples of aids are various oils such as
polyalkylene glycols and silicone oils, and various surfactants. An aid may be coated
on the surface of a soluble block gel before being pulverized, may be added to a
pulverizing machine along with a soluble gel, or may be mixed in the pulverized
particle gel.

For setting a polymerized composition to contain moisture, it 1s preferred to apply
heat under conditions to minimize evaporation of moisture. To prevent moisture
evaporation, a cover may be used, or an ambient humidity may be set high as a pre-step
for the subsequent moisture adjustment process, so that decomposition of the residual
azo 1nitiator 1s accelerated.

When heating treatment 1s conducted to include a step for adjusting the moisture in
a polymerized composition, it 1s preferred to be conducted for an hour or longer at a
temperature of at least 20°C higher than the 10-hour half-life temperature so that the
remaining moisture is 1 mass% or more relative to the entire mass of the polymerized
composition at the end of the moisture adjustment process, namely, the entire mass of a
gel. If the moisture content of a polymerized composition is too low, the
decomposition of the residual azo initiator 1s remarkably slow, and the initiator will
remain until the subsequent hydrolysis treatment. Thus, a polymerized composition is
preferred to retain moisture.

[0044]

When block polymerization 1s employed, a polymerized hydrogel composition is
first pulverized into fine particles and then 1ts moisture content is adjusted. The
atorementioned methods for pulverizing the gel will apply here. A known method tor
drying 1s employed for moisture adjustment. If the moisture content 1s less than 1
mass% to the entire mass of the polymerized composition, the decomposition of the
residual azo initiator slows. The azo initiator decomposes when the polymer 1s made
into a solution for hydrolysis treatment and causes a decrease in the molecular weight of
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the polymer.

When the particles after moisture adjustment are powdered again, the particle size
may be determined appropriately. When hydrolysis is conducted, if the particle
diameter is too large, dissolution takes more time, and if the particle diameter 1s too
small, lumping during dissolution or contamination may occur in the work environment.
Thus, the particle diameter is usually set so that particles go through a 4-mesh screen
but remain on a 500-mesh screen. The percentage of the particles that go through a
10-mesh screen but remain on a 100-mesh screen is preferred to be at least 80 mass%,
more preferably at least 90 mass%, relative to the entire mass of particles.

[0045]

In the present embodiment, a polymerized composition is made into powder by
applying heat on a gelatinous polymerized composition to adjust 1ts moisture content,
and is made into fine particles as described above, or by forming fine particles as above
and then by applying heat to adjust its moisture content, or by combining such
procedures. A state of powder means that 80 mass% of the entire particles can go
through a 4-mesh screen but remains on a 500-mesh screen.  Through such procedures,
a powdered N-vinylcarboxamide polymer composition is obtained.

(0046]

The powdered N-vinylcarboxamide polymer composition after moisture adjustment
is preferred to have a moisture content of at least 1 mass% but no greater than 20
mass% of the entire mass of the powered N-vinylcarboxamide polymer.

[0047]

The powdered N-vinylcarboxamide polymer composition atter moisture adjustment
is relatively stable. Thus, if an N-vinylcarboxamide polymer is kept for a long
duration without causing further reactions, namely, to store an N-vinylcarboxamide
polymer, it is preferred to keep it as a powdered N-vinylcarboxamide polymer
composition. When a polyvinylamine solution is stored, degradation is suppressed by
conducting the process of the present embodiment, but a powdered N-vinylcarboxamide
polymer composition is more stable. Thus, it is preferred to store a powdered
N-vinylcarboxamide polymer composition, and then to carry out hydrolysis so that the
duration for storing a polyvinylamine solution is shortened. When a powdered
N-vinylcarboxamide polymer composition is stored for 24 hours or longer, 1t 1S
preferred to wrap it up. “Wrapping” means to block direct sunlight or to prevent
contact with outside factors. It is not necessary to be air tight or water sealed, but
keeping the polymer composition in an air-tight condition can prolong its shelf lite.

The preferred storage duration is from one month to a few months. The storage
conditions may be set at room temperature, but it is an option to store the polymer
composition under high temperatures of 40~60°C for heat treatment of the polymer.
For example, a polymer composition may be stored at around 15~60°C.

[0048]
[Hydrolysis]

In the present embodiment, part of or the entire N-vinylcarboxamide polymer
contained in a powdered N-vinylcarboxamide polymer composition 1s hydrolyzed to
obtain a polyvinylamine solution. The present embodiment 1s especially effective
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when a polymer solution containing water and the polymer is hydrolyzed and the
solution after hydrolysis 1s used as is for a polyvinylamine solution. Water is added
again to the powdered N-vinylcarboxamide polymer composition so that the amount of
N-vinylcarboxamide polymer 1s no greater than 30 mass% of the entire mass of the
polymer solution.  After that, hydrolysis 1s preferred to be conducted on the polymer
solution. To sufficiently achieve the effect of the present embodiment, that is, to
suppress the subsequent change 1n viscosity of the produced polyvinylamine solution,
the viscosity of the polyvinylamine solution after hydrolysis is preferred to be 1x10°
mPa-s or lower, more preferably 5x10° mPa-s or lower (25°C). The viscosity may be
measured by any method capable of measuring the viscosity of a solution. In the
present embodiment, a Brookfield viscometer is used. When the viscosity of a
polyvinylamine solution is low, polymer chains are easy to move, and the polymer is
more likely to bump into radicals generated when an azo initiator is decomposed.
Accordingly, 1t 1s thought that the main chains tend to be cut. Therefore, the impact
from the aforementioned problems may be minimized by conducting hydrolysis at a
higher polymer concentration and by storing subsequently. However, under such
conditions, it is hard to transport solutions through a pump and may require extra
equipment. Thus, the effects of the present embodiment are especially significant
when the solution 1s set at a low viscosity to make it easier to transport.

10049]

The conditions for hydrolysis may be acidic or alkaline. Considering the reaction
rate, strong acid or strong alkali 1s preferred. When a solution 1s acidic, a monovalent
acid 1s preferred, and hydrochloric acid 1s most preferred. Examples of alkali are
LiOH, NaOH, KOH and the like. The hydrolysis rate of a formamide group in an
N-vinylcarboxamide polymer, namely, when the formamide group of the polymer is
converted to a vinylamine group, is preferred to be at least 10 mol% of the formamide
group prior to hydrolysis (100 mol%). If a target hydrolysis rate 1s too low, it may be
difficult to accurately adjust the hydrolysis rate. In addition, the hydrolysis rate is
preterred to be no greater than 80 mol% of the formamide group prior to the hydrolysis
process (100 mol%). If a target hydrolysis rate is too high, an excessive amount of
strong acid or strong salt may be required.

10050}

By applying heat on the polymer solution during hydrolysis, the reaction rate may
be enhanced. Depending on a target hydrolysis rate, when heat is applied at 50°C or
higher, preferably 60°C or higher, the reaction time 1s shortened. However, if an azo
Initiator remains in the solution under high temperature conditions, decomposition of
the azo initiator is also facilitated. Accordingly, a decrease in the molecular weight
tends to occur during hydrolysis.

[0051]

According to the present embodiment, a powdered N-vinylcarboxamide polymer 1s
obtained, which is a precursor of polyvinylamine. The powdered N-vinylcarboxamide
polymer can be ultimately formed in a solution state, and 1s capable of producing a
polyvinylamine solution whose viscosity 1s unlikely to be lowered during storage.
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[0052]

According to the embodiments of the present invention, a powdered
N-vinylcarboxamide polymer composition, a production method of a polyvinylamine
solution using the polymer composition, and a polyvinylamine solution obtained by
using the production method are achieved, and they are used preferably in water
treatment, wastewater treatment or the like. Especially, the production method and the
solution are used for water treatment and wastewater treatment in the papermaking
industry. Examples are papermaking agents or the like containing a polyvinylamine
solution produced by using the production method of the present embodiment. In
particular, a polyvinylamine solution produced by the production method related to the
present invention is used for papermaking chemicals, tlocculants, fiber treatment agents
or the like. In addition, a polyvinylamine solution produced by the production method
of the embodiment may also be used as the method for producing those papermaking
chemicals.

EXAMPLES
[0053]

The embodiments of the present invention are described in further detail by
referring to the examples below. However, the present invention 1s not limited to those
examples, and other variations are possible unless they deviate from the gist of the
present invention.

[0054]
The properties of a polymer in each of the examples and comparative examples are

measured as follows.

[0055]
(Measuring Viscosity of Solution)

The viscosity was measured by setting the temperature of a polymer solution at
25°C using a Brookfield viscometer under conditions of 6 rpm and spindle No. 4. The
unit of viscosity 1s denoted as mPa-s (25°C).

[0056]
(Measuring Reduced Viscosity)

A polymer sample was dissolved in 1N saline water to have a purity concentration
of 0.1 g/dL, and its flow time was measured at 25°C using an Ostwald viscometer. In

the same manner, the flow time of the 1N saline water was measured, and the reduced
viscosity was obtained by formula (1) below.

Reduced Viscosity: mg/ C = (t—tp) / tp/0.1 [d1/g] «- (1)
t: flow time of sample solution (second)
to: flow time of 1N saline water (second)

[0057]
(Evaluation of Solution Stability)

The obtained polyvinylamine solution was kept in an incubator set at 50°C. The
solution was taken out after a predetermined time, and the viscosity was measured by
the method described above. The measured viscosity was compared with the viscosity
of the solution prior to being stored in the incubator.
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[0058]
(Measuring Moisture Content of Powdered N-vinylformamide Polymer Composition)

Into a weighing bottle, 0.5 grams of a powdered N-vinylformamide polymer
composition was accurately weighed and added. Then, the bottle was placed into a
dryer set at 110°C and removed from the dryer after 2.0 hours.  The bottle was cooled
in a desiccator for 30 minutes and was weighed. The reduced weight was obtained as
the evaporated amount. The value obtained by dividing the reduced weight by the
sample weight (0.5 grams) was set as the moisture content (shown by mass%).

[0059]
(Measuring Insoluble Residue of Polyvinylamine)
Desalted water was added to a polyvinylamine solution obtained after hydrolysis to

have a concentration of 1 mass%, and the entire solution was measured to be 500 grams.

The solution was stirred for an hour at 280 rpm, and was filtered through a wire mesh
with an opening of 180 pm. The insoluble residue on the wire mesh was cleaned with
tap water. The amount of insoluble gel remaining on the mesh was measured.

(0060}
(Measuring Azo Initiator Remaining in Polyvinylamine)
Two grams of a polyvinylamine solution was weighed in a 50 mL Erlenmeyer flask,

into which 20 mL of an 80 vol% methanol solution was added and stirred for 5.5 hours.
After the stirring was finished, 2.5 mL of the supernatant was divided into a 25 mL
volumetric flask, and a mixed solution — 85 vol% of 0.1 M ammonium acetate/ 14 vol%
of acetonitrile/ 1 vol% of acetic acid — was added to a marked line for dilution. The
diluted solution was analyzed by liquid chromatography under the conditions below.

[0061]

Analysis Conditions
Analysis System: LC analysis system made by Shimadzu Corporation
Column: ODP column (Shodex ODP 4.6 mmx250 mm)
Eluent: 85 vol% of 0.1 M ammonium acetate/ 14 vol% of acetonitrile/ 1 vol% of

acetic acid
Flow Rate: 0.5 mL/min
Analysis Temperature: 40°C

Amount of Sample Injected: 400 uL
Detector: UV detector (wavelength: 370 nm)

[0062]
(Polymer Preparation A: Adiabatic Polymerization)
Relative to 70 parts by mass of deionized water, 0.3 parts by mass of polyethylene

glycol (average molecular weight of 20000) was dissolved, and 30 parts by mass of
N-vinylformamide (99 mass% purity) was mixed in. Then, phosphoric acid was added
to adjust the pH of the monomer solution to be at 6.3. Accordingly, a monomer liquid

was obtained.

[0063]
The monomer liquid was cooled to 0°C, the cooled liquid was transferred to an

adiabatic reaction vessel equipped with a thermometer, and nitrogen aeration was
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conducted for 15 minutes. Then, 0.15 mass% (relative to the monomer) of

2,2’ -azobis(2-amidinopropane)dihydrochloride (brand name V-50, made by Wako Pure
Chemical Industries, Ltd.: 10-hour half-life temperature of 56°C) and 0.024 mass%
(relative to the monomer) of t-butylhydroperoxide (brand name: Perbutyl H-69, made
by NOF) were made into a 10 mass% solution, which was added to the monomer liquid.
Then, 0.035 mass% (relative to the monomer) of sodium bisulfite made into a 10 mass%
solution was further added to initiate polymerization.

10064]

The temperature of the system reached 92°C 130 minutes after polymerization had
begun. The liquid was further kept in the reaction vessel for 60 minutes (the center
temperature of the polymerized gel was 90°C after 60 minutes). Then, the produced
polymer (polymerized composition) was removed from the reaction vessel and crushed
by using a meat chopper. Its moisture content was adjusted in a 110°C ventilation
dryer for 1.5 hours, pulverized to make powder (powdered N-vinylformamide polymer
composition). The powder contained 5 mass% of moisture. The reduced viscosity of
the polymer was 6.2 dL/g.

[0065]
(Polymer Preparation B: Adiabatic Polymerization)

A monomer liquid was prepared the same as in Polymer Preparation A except that
80 parts by mass of deionized water and 20 parts by mass of N-vinylformamide (99
mass% purity) were used. After the monomer liquid was cooled and nitrogen aeration
was conducted, 0.15 mass% (relative to the monomer) of
2,2’-azobis(2-amidinopropane)dihydrochloride (brand name V-50, made by Wako Pure
Chemical: 10-hour half-life temperature of 56°C) and 0.02 mass% (relative to the
monomer) of t-butylhydroperoxide (brand name: Perbutyl H-69, made by NOF) were
made 1nto a 10 mass% solution, which was added to the monomer liquid. Then, 0.02
mass% (relative to the monomer) of sodium bisulfite made into a 10 mass% solution
was further added to 1nitiate polymerization.

10066]

The temperature of the system reached 60°C 130 minutes after the start of
polymerization. The liquid was further kept in the reaction vessel for 60 minutes (the
center temperature of the polymerized gel was 38°C after 60 minutes). Then, the
produced polymer was removed trom the reaction vessel, and was pulverized by using a
meat chopper. Its moisture content was adjusted 1n a 60°C ventilation dryer for 24
hours and pulverized to make a powered polymer. The powdered polymer contained 5
mass% of moisture relative to the entire mass. The reduced viscosity of the polymer

was 5.8 dL/g.

[0067]
(Polymer Preparation C: Suspension Polymerization)

Into a reaction vessel equipped with a stirrer, dropping funnel and a jacket, 400 mL
of cyclohexane and 9.4 grams of an emulsifier: polyoxyethylene alkyl ether (HLB14)
were added. While nitrogen was mixed 1n and the content was stirred by adding
humidity at 55°C, 80 grams of N-vinylformamide (99 mass% purity), 45 grams of
deionized water, 30 mg of sodium hypophosphite, and 0.40 mass% ot
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2,2’ -azobis(2-amidinopropane)dihydrochloride (brand name V-50, made by Wako Pure
Chemical: 10-hour half-life temperature of 56°C) were put in the dropping funnel and
the entire content was dropped in 3 hours. The mixture was kept at 56°C for 2 hours,
and heated at 70~77°C for 30 minutes to condense the evaporated moisture and
cyclohexane. Then, the mixture was dehydrated by refluxing only cyclohexane to
obtain a powdered N-vinylformamide polymer. The moisture content was 1 mass%
relative to the entire mass of the powdered polymer. The reduced viscosity of the
polymer was 5.0 dL/g.

[0068]
(Hydrolysis Rate of N-vinylformamide Polymer)

Polyvinylamine obtained by hydrolyzing an N-vinylformamide polymer was
dissolved in desalted water to have a polyvinylamine concentration of 0.025 mass%.
Using toluidine blue as an indicator at pH=2.5, the polymer was titrated in a 1/400 N
polyvinyl potassium sulfate solution. The cation equivalent of polyvinylamine was
calculated tfrom the titrated amount, and the hydrolysis rate of the N-vinylformamide
polymer was obtained by the following formula.

Hydrolysis Rate (mol%)= cation equivalentx100 / ((1000—(cation equivalentx79.5)) /
71 + cation equivalent)

[0069]
(Example 1)

Into a solution formed by adding 7 grams of 48 mass% NaOH and 0.6 grams of
sodium dithionate 1nto 123 grams of water, 15 grams of a powdered N-vinylformamide
polymer obtained in Polymer Preparation A was added little by little and dissolved at
50°C for 2 hours. Then, hydrolysis was carried out at 80°C for 3 hours. After
hydrolysis, a polyvinylamine solution with a hydrolysis rate of 41 mol% was obtained
(concentration of polyvinylamine: 10 mass% relative to the entire mass of the solution).
The viscosity was 9.5%10" mPa-s (25°C). The amount of residual azo initiator was
0.015 parts by mass relative to 100 parts by mass of polyvinylamine. The
polyvinylamine solution was diluted to S00 grams of a 1 mass% solution. When the
insoluble residue of the gel was measured, the residual amount on the sieve was 0

grams.

[0070]
The 10 mass% polyvinylamine solution was stored at an ambient temperature of

50°C for 30 days. The viscosity was measured at 8.7x10* mPa-s (25°C), and the
decrease 1n viscosity was within 10%.

[0071]
(Comparative Example 1)

The same as in Example 1, a powdered N-vinylformamide polymer obtained in
Polymer Preparation B was hydrolyzed, and a solution of polyvinylamine converted at a
hydrolysis rate of 42 mol% was obtained (concentration: 10 mass% relative to the entire
mass of the solution). The viscosity was 7.2x10* Pa's (25°C). The polyvinylamine
solution was diluted to 500 grams of a 1 mass% solution. When the insoluble residue
of the gel was measured, the residual amount on the sieve was 0 grams.
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The 10 mass% polyvinylamine solution was stored at an ambient temperature of
50°C for 30 days. When the viscosity was measured, it was at 2.5x10* mPa-s (25°C),
and the decrease in viscosity was 65%. The amount of residual azo 1nitiator was 0.1
parts by mass relative to 100 parts by mass of polyvinylamine.

10072]
(Comparative Example 2)

The same as in Example 1, a powdered N-vinylformamide polymer obtained 1n
polymer preparation C was hydrolyzed (hydrolysis rate ot 40 mol%), and a
polyvinylamine solution was obtained (concentration: 10 mass% relative to the entire
mass of the polyvinylamine solution). The viscosity was 1.5x10* mPa-s (25°C). The
polyvinylamine solution was diluted to 500 grams of a 1 mass% solution. When the
insoluble residue of the gel was measured, the residual amount on the sieve was 0
grams.

The solution was stored at an ambient temperature of 50°C for 30 days. When the
viscosity was measured, 1t was at 3.0x10° mPa-s (25°C), and the decrease 1n viscosity
was 80%. The amount of residual azo initiator was 0.1 parts by mass relative to 100
parts by mass of polyvinylamine.

10073}
(Example 2)

The powder obtained in Polymer Preparation B was spread thinly on a batt, desalted
water was scattered to impregnate the powder to form gel particles containing 30
mass% of the polymer and 70 mass% of moisture. At that time, no liquidity was
observed. To avoid evaporation of moisture, the gel was covered with a thin PET film
and heated by blowing 95°C air for an hour.

Then, the gel was hydrolyzed the same as in Example 1 (considering the moisture
in the gel, the concentration of the NaOH solution was increased). Accordingly, a
polyvinylamine solution with a hydrolysis rate of 42 mol% was obtained. The
VISCOSIty was 7.2x10* mPa-s (25°C). The polyvinylamine solution was diluted to 500
grams of a 1 mass% solution. When the insoluble residue of the gel was measured, the
residual amount on the sieve was () grams.

The 10 mass% polyvinylamine solution was stored at an ambient temperature of
50°C for 30 days. When the viscosity was measured, 1t was at 6.6x10" mPa-s (25°C),

and the decrease in viscosity was within 10%. The amount of residual azo initiator
was 0.013 parts by mass relative to 100 parts by mass of polyvinylamine.

[0074]

(Comparative Example 3)
The same as in Example 2, heat was applied at 70°C for an hour. Also, a

polyvinylamine solution was prepared (hydrolysis rate of 42 mol%). The viscosity
was 7.6x10" mPa-s (25°C). The polyvinylamine solution was diluted to 500 grams of
a 1 mass% solution. When the insoluble residue of the gel was measured, the residual
amount on the sieve was O grams.

The 10 mass% polyvinylamine solution was stored at an ambient temperature of
50°C for 30 days. When the viscosity was measured, 1t was at 4.0x10* mPa-s (25°C),

and the decrease in viscosity was 47%.
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[0075]
(Example 3)

The same as in Polymer Preparation C, polymerization was carried out, and a gel
was separated without conducting a dehydration process. Cyclohexane adhered to the
surface was removed by circulating nitrogen, and the gel was spread thinly on a batt,
covered by a PET film, and heated at 90°C the same as in Example 2.

Then, the gel was hydrolyzed the same as in Example 1 (considering the moisture
in the gel, the concentration of the NaOH solution was increased). Accordingly, a
polyvinylamine solution with a hydrolysis rate of 42 mol% was obtained. When the
viscosity was measured, it was at 1.7x10" Pa-s (25°C).

The solution was stored at S0°C for 30 days. When the viscosity was measured, it
was at 1.6x10" mPas (25°C), and the decrease in viscosity was within 10%.

[0076]
(Example 4)

A polymer obtained in Polymer Preparation A was stored at S0°C for 100 days, and
a 10 mass% polyvinylamine solution was prepared the same as in Example 1. When
the viscosity was measured, it was at 8.6x10* mPas (25°C), and no degradation was
observed in the N-vinylformamide polymer. Furthermore, after the solution was stored
at 50°C for 30 days, the viscosity was 8.2x10* mPa-s (25°C), and no degradation was
observed. The polymer powder before being dissolved was light yellow. Meanwhile,
after the solution in Example 1 was stored at 50°C for 30 days, the viscosity was
7.2x10" mPa-s (25°C). Accordingly, it was found that the degradation speed was
slower than that in Comparative Examples, and that storing as a powder was eftective to
maintain the viscosity level.

[0077]
(Comparative Example 4)

The same procedure as in Polymer Preparation A was employed except that the
amount of 2,2’-azobis(2-amidinopropane)dihydrochloride (brand name V-50, made by
Wako Pure Chemical: 10-hour half-life temperature of 56°C) was changed to 0.03
mass% (relative to the monomer). Then, the gel was hydrolyzed the same as in
Example 1, the powder was not dissolved completely, and the solution contained
swollen gel. The polyvinylamine solution was diluted to 500 grams ot a 1 mass%

solution. When the insoluble residue of the gel was measured, the residual amount on
the steve was 100 grams. It was thought that a reduction 1n the amount of azo initiator
added for polymerization caused a greater amount of residual monomer, which in turn

caused insoluble residues during hydrolysis.

[0078]
(Comparative Example 3)
Polymerization was carried out the same as in Polymer Preparation B except that

the amount of 2,2’ -azobis(2-amidinopropane)dihydrochloride (brand name V-50, made
by Wako Pure Chemical: 10-hour half-life temperature of 56°C) was changed to 0.075
mass% (relative to the monomer), the amount of t-butylhydroperoxide (brand name:
Perbutyl H-69, made by NOF) was changed to 0.01 mass% (relative to the monomer),
and the amount of sodium bisulfite was changed to 0.015 mass% (relative to the
monomer). Then, the obtained gel after polymerization was hydrolyzed the same as in
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Example 1, it was found that the viscosity was high and the solution was wrapped
around a stirrer. When the viscosity was measured, 1t was at 1.21x10° mPa's (25°C).
The polyvinylamine solution was diluted to 500 grams of a 1 mass% solution. When
the insoluble residue of the gel was measured, the residual amount on the sieve was U
grams.

[0079]

The 10 mass% polyvinylamine solution was stored at 50°C for 30 days. When the
viscosity was measured, 1t was at 1.1x10° mPa-s (25°C). The decrease in viscosity was
within 10%. The amount of azo initiator was 0.05 mass% relative to the mass of
polyvinylamine.

Even if too much azo initiator remains in a solution, if the solution viscosity 1s high,
the viscosity will not decrease because the substances in the solution are kept from
moving. However, a solution with high viscosity is hard to handle. Thus, such a
solution is not suitable for practical use.

[0080]
(Reference Example 1)

To the hydrogel obtained by Polymer Preparation A and then pulverized,
2.2’ -azobis(2-amidinopropane)dihydrochloride (brand name V-50, made by Wako Pure
Chemical: 10-hour half-life temperature of 56°C) was added at 0.010 mass% relative to
the mass of the polymer, and its moisture content was adjusted at 60°C for 24 hours by
blowing air. Accordingly, a powdered N-vinylcarboxamide polymer containing the
270 initiator was obtained. The moisture content was 5 mass% of the entire mass of
the polymer. When the powdered polymer was stored under the same conditions as in
Example 4, the color of the powdered polymer turned dark pink or brown. Then, after
the powdered polymer was further stored at 50°C for 100 days the same as in Example 1,
a 10 mass% polyvinylamine solution was prepared. When the viscosity was measured,
it was 8.5x10* mPa-s (25°C), which was an approximate 10% degradation. Moreover,
when the viscosity was measured after the solution had been stored at 50°C for 30 days,

it had degraded to 8.0x10° mPa-s (25°C).

INDUSTRIAL APPLICABILITY

[0081]

The production methods of powdered N-vinylcarboxamide polymer compositions
and subsequent polyvinylamine solutions according to the embodiments of the present
invention are used in a wide variety of applications, for example, as papermaking
chemicals in the papermaking industry, as flocculants or fiber treatment agents in the
water or waste-water treatment industry, and the like.
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WHAT IS CLAIMED IS:

1. A powdered N-vinylcarboxamide polymer composition, comprising:

an N-vinylcarboxamide polymer,

wherein the viscosity of a polyvinylamine solution obtained by hydrolyzing the
polymer 1s 1.0x10° mPa-s or lower (25°C), and

the amount of an azo initiator in the solution relative to 100 parts by mass of
polyvinylamine is more than 0 part by mass but no greater than 0.05 parts by mass.

2. The powdered N-vinylcarboxamide polymer composition according to Claim 1,
wherein the N-vinylcarboxamide polymer is an N-vinylformamide polymer.

3. The powdered N-vinylcarboxamide polymer composition according to Claim 1,
wherein the 10-hour half-life temperature of the azo initiator is 110°C or lower.

4. A method for producing a polyvinylamine solution, comprising:

a step for polymerizing N-vinylcarboxamide by adding an azo 1nitiator to a
monomer composition containing N-vinylcarboxamide at a ratio of at least 0.05 parts by
mass of the azo initiator relative to 100 parts by mass of the N-vinylcarboxamide
monomer so as to obtain a polymerized composition containing an N-vinylcarboxamide
polymer;

a step for reducing the amount of azo initiator remaining in the polymerized
composition; and

a step for hydrolyzing part of or the entire N-vinylcarboxamide polymer.

5. The method for producing a polyvinylamine solution according to Claim 4,
wherein the step for reducing the amount of azo initiator remaining in the polymerized
composition further comprises a step for treating the wet polymerized composition for
an hour or longer at a temperature of at least 20°C higher than the 10-hour half-life
temperature of the azo initiator.

6. The method for producing a polyvinylamine solution according to Claim 4,
wherein the step for reducing the amount of azo initiator remaining in the polymerized
composition is conducted by applying heat on the polymerized composition for an hour
or longer at a temperature of at least 20°C higher than the 10-hour half-life temperature
of the azo initiator so as to obtain a powdered N-vinylcarboxamide polymer
composition, and the powdered N-vinylcarboxamide polymer composition after the
thermal treatment contains at least 1 mass% of water relative to the entire mass of the
powdered N-vinylcarboxamide polymer composition.

7. The method for producing a polyvinylamine solution according to Claim 4,
further comprising a step for storing the polyvinylamine solution for at least 24 hours
after the step for hydrolyzing part of or the entire N-vinylcarboxamide polymer.

8. The method for producing a polyvinylamine solution according to Claim 4,
wherein the step for reducing the amount of azo initiator remaining in the polymerized
composition comprises a step for forming a powdered N-vinylcarboxamide polymer
composition by adjusting the moisture content of the polymer composition, the method
further comprising a step for preparing an N-vinylcarboxamide polymer solution by
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adding water to the powdered N-vinylcarboxamide polymer composition so that the
solution contains the N-vinylcarboxamide polymer at 30 mass% or less relative to the
entire mass ot the N-vinylcarboxamide polymer solution, and the step for hydrolyzing
part of or the entire N-vinylcarboxamide polymer is conducted by hydrolyzing the
N-vinylcarboxamide polymer contained in the N-vinylcarboxamide polymer solution.

9. The method for producing a polyvinylamine solution according to Claim 4,
wherein the step for hydrolyzing part of or the entire N-vinylcarboxamide polymer is
conducted by preparing an N-vinylcarboxamide polymer solution that contains an
N-vinylcarboxamide polymer at 30 mass% or less relative to the entire mass of the
N-vinylcarboxamide polymer solution and by setting a condition of 50°C or higher.

10. The method for producing a polyvinylamine solution according to Claim 4,
wherein the viscosity of the produced polyvinylamine solution is 5%10° mPa‘s or lower

(25°C).

11. The method for producing a polyvinylamine solution according to Claim 4,
wherein a powdered N-vinylcarboxamide polymer composition obtained after the step
for reducing the amount ot azo initiator remaining in the polymerized composition is set
to have a moisture content of at least 1 mass% but no greater than 20 mass% relative to
the entire mass of the powdered N-vinylcarboxamide polymer composition, the powder
1s wrapped and stored for 24 hours or longer, and then water 1s added to the powder to
form an N-vinylcarboxamide polymer solution for hydrolysis treatment.

12. The method for producing a polyvinylamine solution according to Claim 4,
wherein an azo 1nitiator having a 10-hour half-life temperature of 70°C or lower is used
for the step for obtaining a polymerized composition, and the step for reducing the
amount of azo initiator comprises a step for treating the wet polymerized composition
for an hour or longer at a temperature of at least 30°C higher than the 10-hour half-life
temperature of the azo initiator.

13. The method for producing a polyvinylamine solution according to Claim 4,
wherein an azo initiator having a 10-hour half-life temperature of 70°C or lower 1s used
in the step for obtaining a polymerized composition, the step for reducing the amount of
azo 1nitiator 1s conducted by adjusting the moisture content by treating the polymerized
composition for an hour or longer at a temperature of at least 30°C higher than the
10-hour half-life temperature of the azo initiator so as to obtain a powdered
N-vinylcarboxamide polymer composition, and after an hour of moisture adjustment,
the powdered N-vinylcarboxamide polymer composition is set to contain moisture at 1
mass% or greater.

14. The method for producing a polyvinylamine solution according to Claim 4,
wherein after the N-vinylcarboxamide polymer 1s obtained, the reduction step 1s
conducted without removing moisture or in a state containing a moisture content of 10

mass% or greater.

15. The method for producing a polyvinylamine solution according to Claim 4,
wherein the amount of azo initiator remaining in the polyvinylamine solution is 0.03
parts by mass or less relative to 100 parts by mass of polyvinylamine.
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