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[57] ABSTRACT

[ Disclosed herein is a vinylamine copolymer having
the structural units represented by the following formu-

las (I), (ID), (IIT), (IV) and (V):

—CH2—<I:H— [1]
ENH; X©

—CH;—(IJH— [11]
NHCHO

—-CH;—(':R- [111)

CN

—CHy—CR— (V]
CONH>

—CHg-zi:R— [V]

CO0e MO

wherein XOrepresents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group,
M®©®represents a hydrogen ion or a monovalent cation,
in which the molar fraction of the structural unit (I) is 5
to 85% by mole, the molar fraction of the structural unit
(I1) 1s 2 to 85% by mole, the molar fraction of the struc-
tural unit (IIT) is 5 to 80% by mole, the molar fraction
of the structural unit (IV) is 0 to 409% by mole, all of said
molar fractions being based on the vinylamine copoly-
mer and the molar fraction of the structural unit (V) is
0 to 89 by mole which is based on the total content of
the structural units (IIT), (IV) and (V), a flocculating
agent and a paper strength increasing agent using the
vinylamine copolymer, and a process for producing the
vinylamine copolymer.}

Disclosed herein is a vinylamine copolymer comprising
structural units represented by the following formulas:

(Abstract continued on next page.)
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(A)

(B)

(C)

(D)

wherein X© represents an anion or hydroxyl ion, R repre-

sents a hydrogen atom or a methy! group, M® represents a
hydrogen ion or a monovalent cation, in which the molar
Sfraction of the structural unit (A) is 5 to 85% by mole, the
molar fraction of the structural unit (B) is 2 to 85% by
mole, the molar fraction of the structural unit (C) is 5 to
80% by mole, all of said molar fractions being based on the
vinylamine copolymer, and the molar fraction of the struc-
tural unit (D) is 0 to 20% by mole which is based on the
total content of the structural units (C) and (D), wherein
the total of the molar fractions of all structural units of the
vinplamine copolymer is equal to 100%.

31 Claims, No Drawings
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VINYLAMINE COPOLYMER FLOCCULATING
AGENT ETC.

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation of copending application(s) Ser.
No. 07/065,296 filed on June 22, 1987 now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a novel vinylamine copoly-
mer, a flocculating agent for the treatment of waste
water using the vinylamine copolymer and a paper
strength increasing agent using the vinylamine copoly-
mer in the paper making industry, as well as a process
for producing the vinylamine copolymer. More particu-
larly, the present invention relates to a vinylamine co-
polymer having structural units represented by the fol-

lowing formulas (I), (1I), (IINH[,] AV) [and (V)]:

- CHy—CH— (1]

!
BNH; X©

—CH;—CH— [IT)

;
NHCHO

—CH;—CR~— [1H]

I
CN

[—CHy—CR— [TV]]

I
CONH;

—CH;—CR— L[Vi3L/V]

(l?DDB MD

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M&
represents a hydrogen ion or a monovalent cation), in
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural unit
(II) 1s 2 to 85% by mole, the molar fraction of the struc-
tural unit (I11) 1s 5 to 80% by mole, the molar fraction
of the structural unit (IV) [is 0 to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] 1s O to 8% by mole which is based on the total
content of the structural units (III}[,] and (IV) [and
(V)], a flocculating agent for the treatment of waste
water and a paper strength increasing agent using the
vinylamine copolymer in the papermaking industry, as
well as a process for producing the vinylamine copoly-
mer, a flocculating agent using the vinylamine copoly-
mer, a paper strength increasing agent using the vinyla-
mine copolymer and a process for producing the vinyla-
mine copolymer.

The novel vinylamine copolymer according to the
present invention exhibits excellent effects in the field of
apphication of cationic polymers such as flocculating
agents for use in the treatment of waste water, dehy-
drating agents for organic sludges, drainage aids, reten-
tion aids, paper strength increasing agents, etc. in the
papermaking industry.
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For the preparation of the polyvinylamine, a method
by Hofmann reaction of polyacrylamide and hydrolysis
of poly-N-vinylamide has been known. Particularly, the
method of hydrolysis of a homopolymer of N-vinylfor-
mamide 1s an excellent method which is capable of
synthesizing a polyvinylamine of high molecular weight
with high stability. However, the resultant polymer is
extremely hydrophilic and has only an insufficient ef-
fect in the case of using it as a flocculating agent for
dehydration. For providing a polyvinylamine with hy-
drophobic properties, a method of copolymerizing N-
vinylformamide and ethylene and then hydrolyzing the
resulting product has been known. However, it was
difficult to solve the problem by use of the copolymer
of N-vinyl formamide and ethylene, since copolymeriz-
ability between N-vinylformamide and ethylene is not
favorable and, in addition, it is difficult to obtain a co-
polymer of high-molecular weight.

The present inventors had previously proposed a
method of preparing a flocculating agent with good
dehydrating properties by copolymerizing N-vinyla-
mide with acrylonitrile, followed by hydrolysis thereby
modifying not less than 10 mol % of nitrile groups into
carboxyl groups [refer to Japanese Patent Application
Laid Open (KOKAI) No. 59-39399(1984)]. Although
the effect was remarkable for N-vinylacetamide copoly-
mer shown in the examples, there has been a problem
for N-vinylformamide copolymer in that the dehydrat-
ing property is remarkably reduced in the case where
not less than 10 mol % of the nitrile groups are modified
into carboxyl groups. As a result of a further study, the
present inventors had proposed a process for producing
a flocculating agent by using a basic hydrolyzate of a
copolymer of N-vinylformamide and (metha)acryloni-
trile [refer to Japanese Patent Application Laid Open
(KOKAI) No. 61-118406(1986)]. However, the pro-
posed hydrolyzate still involves a problem in that most
of the nitrile groups are modified into carboxyl groups
and, in the case where the content of the nitrile group in
the starting copolymer is high, water-insoluble polymer
is formed or an amphoteric polymer predominantly
containing anionic groups results and accordingly, it
had been difficult to reduce the water content in the
dehydrated sludges in the case of its use as a flocculat-
ing agent for dehydration.

For overcoming the foregoing drawbacks, as a result
of the present inventors’ further studies, it has been
found that a vinylamine copolymer of high-molecular
weight having hydrophobic properties is obtained by
partially modifying a vinylformamide copolymer under
acidic conditions. Such vinylamine copolymer has an
excellent flocculating effect in the treatment of waste
water and also has an excellent paper strength increas-
ing effect in the papermaking industry. The present
invention has been attained based on the above findings.

SUMMARY OF THE INVENTION

In a first aspect of the present invention, there is
provided a vinylamine copolymer having the structural
units represented by the following formulas (I), (II),

(IIDL,. JAV) [and (V)]:

—CHy—CH— [1]

I
&NH; X©
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-continued

—CH:—?H—
NHCHO

[11]

—CH>—CR— [TIT]

I
CN

[—CH>—CR— [IV]]

|
CONH>

~CHy—CR— CIVI1[IV]

|
COOO M®

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I)i1s 5 to
85% by mole, the molar fraction of the structural unit
(ID) is 2 to 85% by mole, the molar fraction of the struc-
tural unit (III) is § to 80% by mole, the molar fraction
of the structural unit (IV) [is to 40% by mole, all of
said molar fraction being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 8% by mole which is based on the total
content of the structural units (IIN[,] and AV) [and
(V). The total molar fractions for structural units (1),
(ID) and (I1I) is preferably at least 40%, more preferably at
least 60%.

In a second aspect of the present invention, there 1s
provided a flocculating agent comprising a vinylamine

copolymer having the structural units represented by
the following formulas (I), (I1), (IID[,} and (IV) [and

(V)1

—CH;—CH— 1}

BNH; X©O

—CH;—CH— [11)

NHCHO

—CHQ—(llR— 1]

CN

[ —CH,—CR— [IV]]

|
CONH;

—CHy—CR— CIvi1lv]

|
COOO M®

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I)1s § to
85% by mole, the molar fraction of the structural unit
(I1) is 2 to 85% by mole, the molar fraction of the struc-

tural unit (III) is 5 to 80% by mole, the molar fraction 60

of the structural unit (IV) [is to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is O to 8% by mole which is based on the total
content of the structural units (IID[,] and (IV) [and
(V)YY. The total molar fractions for structural units (1),
(I and (I1I) is preferably at least 40%, more preferably at
least 60%.
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In a third aspect of the present invention, there 1s
provided a paper strength increasing agent comprising a
vinylamine copolymer having the structural units repre-
sented by the following formulas (1), (IT), (IID [, and

(IV) [and (V)1]:

—CH;—CH— (1]

|
®NH3 X©

~CH;—CH— {II]

l
NHCHO

—CH;—CR— [XKI)

;
CN

[—CH;—CR— vl

|
CONH>

—CH2—(|3R—'
COoOCS MO

CVIIUY]

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural umit
(ID) is 2 to 85% by mole, the molar fraction of the struc-
tural unit (III) is 5 to 809% by mole, the molar fraction
of the structural unit (IV) [is O to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 209% by mole which 1s based on the total
content of the structural units (IID[,] and (IV) [and
(VYY. The total molar fractions jfor structural units (1),
(I1) and (III) is preferably at least 409, more preferably at
least 60%.

In a fourth aspect of the present invention, there 1s
provided a drainage aid for papermaking comprising a
vinylamine copolymer having the structural units repre-
sented by the following formulas (I), (II), (IID[,] and

(1V) [and (V)]:

-CH;—-(IZH—- (1]
BNH; XO
—Cﬂz—?H— [I1}
NHCHO
—CH,—CR— [111}
|
CN
[——CHz—-cl:R— [IVi]
CONH?>
—CH»—CR— [[VI1[iV]
I
COOS M®

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, In
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural unit
(II) is 2 to 85% by mole, the molar fraction of the struc-
tural unit (IID) is 5 to 80% by mole, the molar fraction



Re. 34,713

S

of the structural unit (IV) [is 0 to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 209% by mole which is based on the total
content of the structural units (III)[,] aend (IV) [and
(V). The total molar fractions for structural units (),
(II) and (II]) is preferably at least 40%, more preferably at
least 60%.

In a fifth aspect of the present invention, there is
provided a retention aid for papermaking comprising a
vinylamine copolymer having the structural units repre-
sented by the following formulas (I), (II), JIDK,} and

(IV) [and (V)]:

—CHy—CH— (1]

|
BNH; X©

—CH;—CH— ()

I
NHCHO

-_— CHE_(I:R_ [111}

CN

[—CH;—CR~ vl

|
CONH;

~CHy—CR— LIVII[IV]

|
CO0° M®

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural unit
(I1) 1s 2 to 85% by mole, the molar fraction of the struc-
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tural unit (IIT) 1s 5 to 80% by mole, the molar fraction 4

of the structural unit (IV) [is O to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 209 by mole which is based on the total
content of the structural units (IIN[,J and (IV) [and
(V)]. The total molar fractions for structural units (1),
({1) and (I11) is preferably at least 40%, more preferably at
least 60%.

In a sixth aspect of the present invention, there is
provided a process for producing a vinylamine copoly-
mer having structural units comprising the following

formulas (I), (AY), (IID .} and(IV) [and (V)]:

—CHz-(I:H— (1]
SNH; X©

—CHZ—-o:l:'H— [11]
NHCHO

-—CHg-—(lL‘R— (111

CN

[—CHz--(lL'R- [IV]]

CONH;
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-continued

-—CH;—(I:R-—
CO0OS M@

LIV 1{/V]

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I} is 5 to
85% by mole, the molar fraction of the structural unit
(I@) 1s 2 to 85% by mole, the molar fraction of the struc-
tural unit (I1I) is 5 to 809 by mole, the molar fraction
of the structural unit (IV) [is to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] 1s 0 to 89 by mole which is based on the total
content of the structural units (IID[,] and (IV) [and
(V)], which comprises polymerizing a mixture of N-
vinylformamide and a compound of the following gen-
eral formula (V1)

CH;=CR-CN (VI
(wherein R represents a hydrogen atom or a methyl
group) at a molar ratio from 20:80 to 95:5 under the
presence of a radical polymerization initiator, and then
modifying formyl groups in the resultant polymer under
acidic conditions.

DETAILED DESCRIPTION OF THE
INVENTION

The vinylamine copolymer according to the present
invention has the structural units represented by the

formulas (1), (II), (AID[,] and AV) [and (V) ]:

"‘CHZ'—(I:H'— [1]
ONH; XO
—CHZ—(IZH— [1I]
NHCHO
—cnz—(':n— (11}
CN
[—CH>— <':R— (1V]]
CONH,
—CH;—CR— [ivVi1liv]
|
COOCS M

(wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation), in
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural unit
(11} 1s 2 to 85% by mole, the molar fraction of the struc-
tural unit (III) is 5 to 80% by mole, the molar fraction
of the structural unit (IV) [is O to 409 by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 8% by mole which is based on the total
content of the structural units (IIN[,] and (IV) [and
(V)}. The toral molar fractions for structural units (1),
(II) and (II1) is preferably at least 40%, more preferably at
least 60%.
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A preferred structural unit composition for the co-
polymer according to the present invention is: from 5 to
85 mol % of the structural unit (I) in the molar fraction,
from 2 to 85 mol % of the structural unit (II) in the
molar fraction, from $ to 60 mol 9% of the structural unit
(JII) 1n the molar fraction, [from 0 to 30 mol % of the
structural unit (IV) in the molar fraction,} all of said
molar fractions being based on the vinylamine copoly-
mer, and from O to 5 mol % of the structural unit [(V)]
(I¥) in the molar fraction which is based on the total
content of the structural units (IIN[,] and (IV) [and
(V)}, and a particularly preferred structural unit com-
position is: from 5 to 85 mol % of the structural unit (1)
in the molar fraction, from 5 to 60 mol 9% of the struc-
tural unit (II) in the molar fraction, from 10 to 60 mol %
of the structural umit (III) in the molar fraction, [from
0 to 30 mol % of the structural unit (IV) in the molar
fraction, ] all of said molar fractions being based on the
vinylamine copolymer, and from 0 to 2.5 mol % of the
structural umit (V)] (7F) in the molar fraction which
1s based on the total content of the structural units
(IDE,] and AV) [and (V)]}. The total molar fractions
Jor structural units (I), (II) and (II]) is preferably at least
65%, more preferably at least 70%.

The novel vinylamine copolymer according to the
present invention is a water soluble polymer having a
reduced viscosity from 0.1 to 10 dl/g, preferably from
0.5 to 10 dl/g measured as a solution thereof prepared
by dissolving the copolymer in agqueous 1IN sodium
chloride solution to a concentration of 0.1 g/dl at a
temperature of 25° C.

The novel vinylamine copolymer according to the
present invention can be easily obtained by modifying
the formyl groups in an N-vinylformamide copolymer
under acidic conditions. The N-vinylformamide co-
poiymer used as the starting material 1s a copolymer
prepared by polymerizing a mixture of N-vinylforma-
mide and a compound represented by the following
general formula (VI)

CH>=CR-CN (VD
(wherein R represents a hydrogen atom or a methyl
group), that is, acrylonitrile or methacrylonitrile at a
molar ratio from 20:80 to 95:5, preferably, from 40:60 to
95:5 and, more preferably, from 40:60 to 90:10, in the
presence of a radical polymerization initiator. It is, pref-
erably, a copolymer of N-vinylformamide and acryloni-
trile.

As a polymerization method for producing the N-
polyvinylamide copolymer, there can be used mass
polymenzation, solution polymerization or precipita-
tion polymenzation using various solvents, and aqueous
solution polymerization or the precipitation polymeri-
zation which initiates the polymerization by using an
aqueous solution of the monomer is preferred. In the
case of polymenzing the monomer in the form of an
aqueous solution, the monomer concentration, poly-
merization method and a polymerizing reactor are
properly selected in consideration with the molecular
weight of an objection polymer and the calorific con-
trol from heat of polymerization. The polymerization is
conducted, for example, by the following method: (1) a
method of polymerizing in a state of solution with a
monomer concentration of from 5 to 20% by weight
and preparing the polymer as a precipitate, (2) a method
of polymerizing in a state of hydrous gel with a mono-
mer concentration of from 20 to 60% by weight and
preparing the copolymer as a hydrous gel-like product
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or precipitate, (3) a method of polymerizing an aqueous
solution of the mixture with a monomer concentration
of 20 to 60% by weight 1n a state of an oil-in-water or
water-in-oil type emulsion by using a hydrophobic sol-
vent and an emulsifier, and (4) a method of polymeriz-
ing an aqueous solution of the mixture with a monomer
concentration of 20 to 60% by weight in a state of a
water-in-oil type dispersion by using a hydrophobic
solvent and a dispersion stabilizer, etc. A particularly
preferred polymerization method is precipitation poly-
merization in water.

As the radical polymerization initiator, there can be
used any of the ordinary initiators which are commonly
used for the polymerization of water-soluble or hydro-
philic monomers. Azo compounds are preferred for
producing a polymer 1in high yield. Particularly pre-
ferred are water-soluble azo compounds, for example,
hydrochlorides and acetates of 2,2—-azobis-2-amidino-
propane;, sodium salt of 4,4—-azobis-4-cyanovaleric
acid; and hydrochlorides and sulfates of azobis-IN,N—-
dimethylene 1sobutylamidine. The amount of the poly-
merization initiator used is usually within a range from
0.01 to 1% by weight based on the weight of the mono-
mer. Further, the polymerization reaction is usually
carried out under an inert gas stream at a temperature
from 30° to 100° C. .

The thus obtained N-vinylformamide copolymer can
be modified in the form it is, in a solution, in a dispersion
or in a dilute solution of the polymer or in a powder
obtained by dehydrating or drying the polymer in the
known method, under acidic conditions, whereby the
novel polyvinylamine can be obtained. While on the
other hand, in the case where the resultant N-vinylfor-
mamide copolymer is subjected to basic hydrolysis in
water, nitrile groups in the polymer are substantially
eliminated. Particularly, in the case where the content
of the nitrile group in the polymer is high, it tends to
result in an insoluble polymer or an amphoteric copoly-
mer predominantly containing anionic groups.

As the modification method for the N-vinylforma-
mide copolymer, there can be mentioned, for example,
(1) a method of hydrolyzing 1n water under acidic con-
ditions, (2) a method of hydrolyzing in a hydrophilic
solvent such as water-containing alcohol, and (3) a
method for subjecting to alcohol-addition degration and
modifying formyl groups while separating as an ester of
formic acid. As the alcohols in the case of alcohol-addi-
tion degration, those alcohols of 1 to 4 carbon atoms can
be mentioned and methanol is preferred. The structural
unit (V) may partially be converted into esters depend-
ing on the case by the alcohol-addition degration, but
the effect of the copolymer according to the present
invention does not substantially change even when it
contains not more than 5 mol % of esters.

As the modifying agent used in the case of the acidic
modification, any strongly acidic compounds can be
used such as, hydrochloric acid, bromic acid, hydroflu-
oric acid, sulfuric acid, nitric acid, phosphoric acid,
sulfamic acid and alkanesulfonic acid. The amount of
the modifying agent used may properly be selected
from a range of 0.1 to 2 times to the molar quantity of
the formyl groups in the polymer according to the de-
sired rate of modification. The modifying reaction is
usually carried out under temperature conditions of
from 40 to 100° C., by which a novel vinylamine co-
polymer containing nitrile groups in the molecules with
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low carboxyl group content and having preferable
water solubility is formed.

The vinylamine copolymer according to the present
invention exhibits an excellent effect as a cationic floc-
culating agent for the treatment of waste water for
flocculating organic suspensions, a flocculating agent
for the dehydration of organic sludges, etc. Particu-
larly, 1t exhibits an excellent effect as a dehydrating
fluocculating agent for primary settled raw sludges in
the treatment of sewage, sludges produced by the acti-
vated sludge treatment of water soluble organic materi-
als, the sludges produced in the aerophobic treatment of
water soluble organic materials and mixtures thereof.
The novel vinylamine copolymer is used in the same
manner as in the method of using the conventional cati-
onic flocculating agent, for example, polymers of di-
methylaminoethyl methacrylate. That is, the vinyla-
mine copolymer is used in the form of a 0.1-0.5% by
welight aqueous solution, and it is added and mixed in an
organic sludge-containing suspension in an amount of
20 to 20,000 ppm based on the weight of the suspention.

In the case of using the vinylamine copolymer ac-
cording to the present invention as a flocculating agent,
it is preferred that the vinylamine copolymer is a water
soluble polymer having a reduced viscosity of 1 to 10
dl/g measured as a solution thereof prepared by dis-
solving the copolymer in aquecus 1N sodium chloride
solution to a concentration of 0.1 g/dl at a temperature
of 25° C. Since the organic sludges subjected to the
flocculating treatment by using the vinylamine copoly-
mer according to the present invention are formed more
firm and solid flocks than in the case of using a polymer
obtained by modifying a homopolymer of N-vinylfor-
mamide, the dehydrating speed is improved, the
throughput rate is increased and the water content in
the dehydrated sludges is reduced by subjecting to ma-
chine dehydration such as compression dehydration,
centrifuging vacuum filtration etc. by use of a belt press,
screw press, filter press, etc.

The vinylamine copolymer according to the present
invention can be used also as a cationic water-soluble
polymer for the papermaking industry and exhibits an
excellent effect in use as a drainage aid, retention aid
and paper strength increasing agent. In the case of using
the vinylamine copolymer for these applications, a
water-soluble polymer having a reduced viscosity of 0.5
to 10 dl/g measured as a solution thereof is prepared by
dissolving the copolymer in 1N aqueous sodium chlo-
ride solution to a concentration of 0.1 g/dl at a tempera-
ture of 25° C.

Also, for using the vinylamine copolymer as a drain-
age aid, a retention aid and a paper strength increasing
agent, 0 to 8% by mole of the structural unit (V) in the
molar fraction based on the total content of the struc-
tural units (III) to (V) is preferred. However, the molar
fraction of the structural unit is not restricted to the
above-mentioned value. The molar fraction of the struc-
tural unit (V) of 0 to 209% by mole based on the total
content of the structural units (III) to (V) can be
adapted. It can be used by any of the known papermak-
ing methods. That is, a cationic polymer of an amount
equivalent to 0.05-2% by weight based on the dry
welght of pulp is added as a 0.1-5 wt % aqueous solu-
tion to a pulp slurry containing 0.5-3 wt % of pulp and
then subjected to a papermaking step. Particularly, in
the case of using the polymer of the present invention as
a paper strength increasing agent, a method of adding it
to the pulp slurry as an internal additive to the pulp
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slurry may be used, or it may be coated onto wet or dry
web by a roll coater, size press or dipping machine. If
necessary, cationic starch, aluminum sulfate and anionic
polyacrylamide may be used jointly with the polymer
of the present invention. It can be used with ground
pulp, sulfide pulp, craft pulp and beaten wastepaper
with no restriction to the type of the pulps.

The cationic polymer is extremely stable in the form
of an aqueous solution irrespective of the quality of the
solutton in which the polymer is dissolved or even if in
a diluted aqueous solution. Further, it is stable and does
not lose its effect even under weakly alkaline paper-
making conditions when using calcium carbonate as a
filler. The additive is excellent under neutral or weakly
alkaline papermaking conditions.

The novel vinylamine copolymer containing nitrile
groups in the molecule according to the present inven-
tion contributes much to the field of applying flocculat-
ing agents and papermaking additives.

The present invention will now be described in more
detail by way of examples, but it should be noted that
the invention is in no way limited to the following ex-
amples.

Examples (A1-A10) of Preparation of N-Vinylamine
Copolymer

Into a 50 ml four-necked flask equipped with a stirrer,
a nitrogen introduction tube and a cooling tube, 39.9 g
of an aqueous solution containing 4.0 g of a mixture of
each of the monomer compositions as shown in Table 1
was charged. After increasing the temperature to 60° C.
under stirring in a nitrogen gas stream, 0.12 g of 10 wt
%0 aqueous solution of 2,2—-azobis-2-amidinopropane
dihydrochloride was added. The resultant mixture was
maintained under stirring at 60° C. for three hours to
obtain a suspension in which a polymer was precipitated
In water. The remaining monomer in the water was
measured by liquid chromatography to calculate the
composition of the polymer.

A concentrated hydrochloric acid in an amount
equivalent to molar quantity of formyl groups in the
polymer was added and maintained under stirring at 75°
C. for 8 hours to hydrolyze the polymer. The solution
of the resultant polymer was added in acetone to precip-
itate the polymer, which was dried in vacuum to obtain
a solid polymer (hereinafter referred to as polymer
A-T).

Each of the compositions of the formed products was
determined based on the composition of the copolymer
before hydrolysis, the colloidal equivalent value of the
product, the atomic ratio for carbon, nitrogen and chlo-
rine based on the elemental analysis, as well as the 13C-
NMR spectrum shown together with the reduced vis-
cosity of the product.

Measurement for the Colloidal Equivalent Amount

Solid polymer was dissolved into distilled water to a
concentration of 0.1% by weight. After diluting 5.0 g of
the aqueous solution by into 200 ml of desalted water
and adjusting pH value of the solution to 3 by using a
diluted hydrochloric acid, the colloidal equivalent
value was determined by the colloidal titration method
by using 1/400 N polyvinyl potassium sulfate and using
toluidine blue as an indicator.

Measurement for the Reduced Viscosity

The solid polymer was dissolved in 1N aqueous solu-
tion of sodium chloride to a concentration of 0.1 g/d],
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. ' ity at 25° C. . . . :
z::lgth :n r&:ﬁ:]dd \:issc:::lgt:r. was measured by Comparative Example cc;fpgi';;aer:uon of N-Vinylamine

Reduced viscosity (dl/g)=(t—1tg)/t0/0.1 (wherein to
represents descending speed of aqueous sodium chlo-
ride and t represents descending speed of polymer solu- 5

The procedures are the same as those in Example AS
except for using one equivalent of an aqueous 40%

tion). sodium hydroxide solution to the formyl groups of the
TABLE 1 N-vinylformamide copolymer instead of concentrated
— hydrochloric acid in Example 5. The resultant polymer
——Ml-qmm-—e-" c—"i—mp";m“MB ——  was a slightly soluble amphoteric copolymer not sub-
Example vr AN AC 10 stantially containing the nitrile groups.
Al 90 10 O

A2 75 25 0 Examples B1-B7 and Comparative Example B8-B10

ii £ i‘g g (Flocculating Properties)
AS 50 50 0 100 ml (2.0% by weight of solid content) of mixed
Ab 40 60 O 15 raw sludges obtained from the city sewage treatment
:g ;’g gg g plant were put into a 200 ml - polyethylene beaker and
AQ 50 46.5 3 6 ml of an aqueous 0.2 wt. % solution of each of the
A10 50 45 5 polymers shown in Table 3 was added thereto. The
Note: suspension was agitated by using a stirrer having at its
;I;:- N-vinylformamide 20 end three rods 5 mm in diameter and 20 mm in length a
SAC: sodiam acrylate at a speed of 1000 rpm for 10 sec. The flocculated
sludges were charged in a cylinder bottomed with a 60
TABILE 2 mesh nylon screen having a diameter of 65 mm and

subjected to gravity filtration, and after 10 sec, the

Ex- Structural unit of Reduced 25 amount of the filtrate was measured. Further, a portion
am-  Poly- _____ theproduct(mol%) __  Viscosity of the gravity-filtered sludges was charged in a centri-
ple  mer : - i v M (d\/e) fuging basket having a dish drainer at the bottom and
Al A 76 14 8 % O 1.9 centrifuged at a speed of 3000 rpm for 30 sec for dehy-
Ao 5 [;?,] [165 L [23]] [ﬁl o 28 dration. The sludges after the dehydration were dried at
(641 [111 [181 [73 30 110° C. for 6 hours and the solid content were measured
A3 C 51 3 32 0 0 3.6 to calculate the water content in the sludges after centri-
[57 031 [253 (L1141 [11] fuging dehydration. .
Ad D [gé] [;g] [';::] [g] 0 20 While on the other hand, the sludges are gravity-fil-
AS E 40 3 43 0 0 25 tered under the same conditions as described above.
£33 [171 351 [141 1]} 35 The sludges after the filiration were put between poly-
A6 F 29 3 34 0 0 3.1 ester filter cloths, which were put between polyvinyl
AT G [2,;] [151] l:gg] [zg 1 [;] 5 s chloride plates provided with draiqing grooves and
(171 [221 471 [111 23 dehydrated by a hydraulic press having a piston of 20
A8 H 22 4 27 0 0 3.0 mm in diameter under the conditions of a piston pres-
(461 [41 [32] [16]1 1I2] 40 sure at 50 kg/cm?for 30 sec. The sludges after the dehy-
AS ! [;;] [133] [gg] [1‘;] 4 2.8 dration were dried at 110° C. for 6 hours and the solid
A10 I £2 3 39 0 5 2.9 contents were measured to calculate the water contents
[31] [193 [321 [12] in the sludges after the press dehydration.
Note: These results are shown collectively in Table 3.

0.5 &q of hydrochloric acid was used to the formyl groups in the polymer upon
modification in Examples A4 and A7. Modifying reaction was carried out at 95° C.
in Example A8. X is chlorine ion in the structural unit (I}, and R and M are hydrogen

atom in the structural uniis (I1I) and (V).

TABLE 3
Amount of Water content Water content
filtrate of sludges of sludges

Example 10 sec. after after after

and the gravity centrifuging press-
Comparative filtration dehydration dehydration

Example Polymer (ml) (wt %) (wt %)
Bl A 35 78.2 75.4
B2 B 60 78.4 75.2
B3 C 60 718.0 74.6
B4 E 65 77.6 74.6
B5 F 65 71.2 74.4
Bo6 H 65 77.0 73.8
B7 | 60 78.8 75.6
BR J 55 81.6 77.8
B9 K! 45 83.4 80.5
B10 L2 not — —

agulated
{Nute)
Polymer K: Copolymer of 2-methacryloyloxyethyl trimethyl ammonium chloride and acrylamude

gmahr ratio; 2/8) (reduced viscosity: 10.7 di/g)
Polymer L.: Hydrolyzate of N-vinylamide - ethylene copolymer (molar ratio: 56/44) Modification
ratio: 59 mol 9, reduced viscosity: 0.2 dl/g
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Examples C1-C9 and Comparative Example C10 (Paper
Strength Increasing Effects)

A 0.69% LBKP slurry having freeness of 400 ml mea-
sured by Canadian Standard was present together with 5
calcium carbonate in an amount of 17% based on the
pulp, and the mixture was put into a S00 ml-beaker.
After adding the chemicals shown below in the form of
an aqueous solution under stirring, papers of 60 g of
basis weight were made by using a TAPPI Standard g
square type paper machine, pH value upon paper mak-
ing being 8.5.

{Condition of Using Added Chemicals)

Concentration 15
of aqueous Addition amount
solution to pulp dry weight
(wt %) (wt %)
Cationic starch 1.0 0.5
Polymers A-G, I and J 0.5 0.5 20
Sizing agent 1.0 0.2
{alkyl ketene dimer)
Filler retention improving 0.1 0.02
agent
25

For the comparison, paper was made 1n the same
manner without adding any of the polymers A14 G, 1
and J among the added chemicals.

The thus obtained wet papers were dried for three
minutes by using a drum drier at 120° C. After allowing
to stand the resultant papers under the conditions of a
temperature of 20° C. and relative humidity of 60%, the
specific burst factor and the burst length were measured
according to JIS-P 8112 and JIS-P 8113.

30

35
S
Specific burst factor = —W-l— X 100 (kg/cm?)
S2
Burst length = B W »x 1000 (km)
40
where
Sj: burst strength (kg/cm?)
W: basis weight of test paper (g/m?)
S2: tensile strength (kg)
B: width of the test piece (mm) 45
The results are shown 1n Table 4. 8c
TABLE 4
Specific burst
factor Burst length
Example Polymer (Kg/cm?) (Km) 50
Cl A 1.46 2.55
C2 B 1.47 2.54
C3 C 1.63 2.69
C4 D 1.57 2.38
C5 E 1.39 2.44
C6 F 1.39 2.17 35
C7 G 1.38 2.40
C38 I 1.42 2.38
C9 J 1.35 2.21
Compara- not 1.12 1.92
tive added
Example 60
C10
Examples C11-C19 and Comparative Example C20
(Paper Strength Increasing Effects) 65

1% slurry of waste liner boar paper having a freeness
of 300 m] measured by Canadian Standard was put into
a 500 mli-beaker and an aqueous 0.5 wt. % solution of

14

each of the polymers A-G was added in an amount of
0.3% by weight based on the dry weight of the pulp and
then the resultant mixture was maintained for one min-
ute. Papers of basis weight of 120 g were made by using
a TAPPI Standard square type paper machine. After
treating the thus resultant wet papers in the same proce-
dures as in Example C1, the paper strength of the resul-
tant papers was measured. For the comparison, paper
was made in the same procedures as above but without
adding any of the polymers and the strength of the
resultant paper was measured. The results are shown In
Table 5.

TABLE 5
Specific burst factor
Example Polymer (Kg/cm?)
Cll A 2.51
C12 B 2.71
C13 C 2.72
C14 D 2.71
C15 E 2.86
C16 F 2.82
C17 G 2.71
C18 I 2.76
C19 J 2.52
Compara- not 2.26
tive added
Example
C20

Examples D1-D9 and Comparative Example D10
(Drainage Aid Effects for Papermaking)

One liter of 0.3% slurry of LBKP having a freeness of
220 ml measured by Canadian Standard was put into a
2 liter-beaker and each of the polymers A-G, I and J 1n
the form of 0.2 wt. % aqueous solution was added 1n an
amount of 0.2% by weight based on the dry weight of
the pulp under stirring. After stirnng the mixture at a
speed of 200 rpm for one minute, the freeness of each
product was measured by using a Canadian Freeness
Tester. For the comparison, an experiment was con-
ducted in the same way without adding any of the poly-
mers. The results are shown in Table 6.

TABLE 6

Example Polymer Freeness (ml)
D1 A 270
D2 B 260
D3 C 300
D4 D 285
D5 E 285
D6 F 255
D7 G 250
D8 I 280
D9 J 260

Compara- not 220
tive added

Example
D10

Examples E1-E9 and Comparative Example E10
(Retention Aid Effects for Papermaking)

One liter of 0.5% L.BKP slurry having a freeness of
410 ml measured by Canadian Standard was put into a
2 liter-beaker and 30% by weight of papermaking talc,
0.3% by weight of reinforcing rosin and 4% by weight
of aluminum sulfate based on the dry weight of the pulp
were respectively added under stirring. Further, after
adding an aqueous 0.2 wt. 90 solution of each of the
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polymers A-G, 1 and J in an amount of 0.03% by
welght based on the pulp and stirring at a speed of 200
rpm for one minutes, papers of 70 g basis weight were
made by the same procedures as in Example Cl.

The ash content in the thus obtained resultant papers
were measured and the results are shown in Table 7.

For the comparison, paper was made in the same
procedures but without adding any of the polymers.

TABLE 7
Example Polymer Ash content (%)
El A 15.7
E2 B 15.6
E3 C 17.1
EA4 D 18.0
E5 E 16.7
Eé6 F 16.5
E? G 15.7
EZ I 15.5
E9 J 15.0
Comparative not 12.7
Example added
E10

What 1s claimed is:
1. A vinylamine copolymer having the structural
units represented by the following formulas (I), (II),

(IIDL,] and (IV) [and (V)]:

—CHz—t'IZH— (I)
BNH;, X
—CH;—(|3H— (11}
NHCHO
—CH;—CR— (1II)
I
CN
[—CI—I;——(':R (IV)]
CONH>
—CHy—CR— LvV)1av)
I
COOOMD

wherein X© represents an anion, R represents a hydro-
gen atom or a methyl group, M® represents a hydrogen
1on or a monovalent cation, in which the molar fraction
of the structural unit (I) is 5 to 85% by mole, the molar
fraction of the structural unit (II) is 2 to 85% by mole,
the molar fraction of the structural unit (II1) is 5 to 80%
by mole, the molar fraction of the structural unit (IV)
Lis O to 40% by mole, all of said molar fractions being
based on the vinylamine copolymer, and the molar
fraction of the structural unit (V)] is O to 8% by mole
which is based on the total content of the structural
units (IID[,] and V) [and (V)] and the total of the
molar fractions of the structural units [I-V is equal to
100% ] I-IIT is at least 60%:
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (1) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and

hydrolyzing the resultant polymer.

2. A vinylamine copolymer according to claim 1,
wherein the reduced viscosity of the vinylamine co-
polymer 1s from 0.1 to 10 dl/g measured as a solution
thereof prepared by dissolving said copolymer in an
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aqueous 1N sodium chloride solution to a concentration
of 0.1 g/dl at 25° C.

3. A vinylamine copolymer according to claim 1,
wherein the composition of said vinylamine copolymer
1s from 5 to 85 mol % of the structural unit (I) in the
molar fraction, from 2 to 85 mol % of the structural unit
(II) in the molar fraction, from 5 to 60 mol % of the
structural unit (1II) in the molar fraction, [from O to 30
mol % of the structural unit (IV) in the molar fraction, }
all of said molar fractions being based on the vinylamine
copolymer, and from 0 to 5 mol % of the structural unit
L(V)] (IV) in the molar fraction which is based on the
total content of the structural units (IIDE,Y and (IV)
[and (V)]

4. A vinylamine copolymer according to claim 3,
wherein the composition of said vinylamine copolymer
18 from 5 to 85 mol % of the structural unit (I) in the
molar fraction, from 5 to 60 mol % of the structural unit
(II) 1n the molar fraction, from 10 to 60 mol % of the
structural unit (III) in the molar fraction, [from 0 to 30
mol % of the structural unit (IV) in the molar fraction,}
all of said molar fractions being based on the vinylamine
copolymer, and from O to 2.5 mol % of the structural
unit [(V)(ZV) in the molar fraction which is based on
the total content of the structural units (IID[,J and
(IV) [and (V)].

3. A flocculating agent comprising a vinylamine co-
polymer having the structural units represented by the
following formulas (I), (II), (IIDE,] and (f¥) [and

(V)1:
_CHQ"-?H_ (I)
PNH;, X®
"CHZ—(':H-— (I
NHCHO
—-CH;—(IJR— (111)
CN
[—CHQ—?R (a1
CONH>
—CH;—CR— [LCV)Y1TV)
I
COOOMS

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural unit
(II) 1s 2 t0 85% by mole, the molar fraction of the struc-
tural unit (1IT) is 5 to 809% by mole, the molar fraction
of the structural unit (IV) [is 0 to 40% by mole, all of
sald molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 8% by mole which is based on the total
content of the structural units (IINDE,TY and (IV) [and
(V)1, and the total of the molar fractions of the struc-
tural units [1-V is equal to 100 I-I17 is at least 60%;
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (1) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and
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hydrolyzing the resultant polymer.

6. A flocculating agent according to claim S, wherein
the reduced viscosity of the vinylamine copolymer is
from 0.1 to 10 dl/g measured as a solution thereof pre-
pared by dissolving said copolymer in an aqueous IN
sodium chloride solution to a concentration of 0.1 g/dl
at 25° C.

7. A flocculating agent according to claim §, wherein
the composition of said vinylamine copolymer is from 5
to 85 mol % of the structural unit (I) in the molar frac-
tion, from 2 to 85 mol % of the structural unit (II) in the
molar fraction, from 5 to 60 mol % of the structural unit
(II1) in the molar fraction, [from 0 to 30 mol % of the
structural unit (IV) in the molar fraction,] all of said
molar fractions being based on the vinylamine copoly-
mer, and from 0 to 5 mol % of the structural unit [(V)]}
(7V) in the molar fraction which is based on the total
content of the structural units (IIN[L,] and AV) [and
(V1.

8. A flocculating agent according to claim 7, wherein
the composition of said vinylamine copolymer is from 5
to 85 mol % of the structural unit (I) in the molar frac-
tion, from 5 to 60 mol % of the structural unit (I1) in the
molar fraction, from 10 to 60 mol % of the structural
unit (ITI) in the molar fraction, [from 0 to 30 mol % of
the structural unit (IV) in the molar fraction, ] all of
said molar fractions being based on the vinylamine co-
polymer, and from O to 2.5 mol % of the structural unit
L(V)] (IV¥) in the molar fraction which is based on the
total content of the structural units (IINDL,] and (IV)
[and (V)].

9. A paper strength increasing agent comprismg of a
vinylamine copolymer having the structural units repre-
sented by the following formulas (I), (II), (IID[,] and

(IV) [and (V)]:

‘-CHg—(I:H— (D
SNH;, XD
—CHsy— (l?.I-I—- (1)
NHCHO
—CHI—(l.‘.R— (I1I)
 CN
[—CH;—CR avy}
CONH,
—~CH;—CR— LV)3(IV)
COOOMS

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural umt (I)1s 5 to
85% by mole, the molar fraction of the structural unit
(IT) 1s 2 to 85% by mole, the molar fraction of the struc-
tural vnit (III) is 5 to 80% by mole, the molar fraction
of the structural unit (IV) [is 0 to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is O to 209 by mole which is based on the total
content of the structural units (IID[L,] and AV) [and
(V)], and the total of the molar fractions of the struc-
tural units [1-V is equal to 100% ]} I-III is at least 60%;
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wherein the vinylamine copolymer is prepared by:

polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (1) N-
vinplformamide and (2) acrylonitrile or methacryloni-
trile and

hydrolyzing the resultant polymer.

10. A paper strength increasing agent according to
claim 9, wherein the reduced viscosity of the vinyla-
mine copolymer is from 0.1 to 10 dl/g measured as a
solution thereof prepared by dissolving said copolymer
in an aqueous 1N sodium chloride solution to a concen-
tration of 0.1 g/dl at 25° C.

11. A paper strength increasing agent according to
claim 9, wherein the composition of said vinylamine
copolymer is from 5 to 85 mol % of the structural unit
(I) in the molar fraction, from 2 to 85 mol % of the
structural unit (II) in the molar fraction, from 5 to 80
mol % of the structural unit (III) in the molar fraction,
[ from O to 40 mol % of the structural unit (IV) in the
molar fraction,] all of said molar fractions being based
on the vinylamine copolymer, and from 0 to 8 mol % of
the structural unit [(V)] IV in the molar fraction
which is based on the total content of the structural
units (IIDE,Y and (IV) [and (V)].

12. A paper strength increasing agent according to
claim 11, wherein the composition of said vinylamine
copolymer is from 5 to 85 mol % of the structural unit
(I) in the molar fraction, from § to 60 mol % of the
structural unit (II) in the molar fraction, from 10 to 60
mol % of the structural unit (III) in the molar fraction,
[ from O to 30 mol % of the structural unit (IV) in the
molar fraction,] all of said molar fractions being based
on the vinylamine copolymer, and from 0 to 2.5 mol %
of the structural unit [(V)]} (V) in the molar fraction
which is based on the total content of the structural
units (II[,} and (IV) [and (V)].

13. A drainage aid for papermaking comprising of a
vinylamine copolymer having the structural units repre-
sented by the following formulas (I), (I1), I [,] and

(IV) [and (V)1:

—Cﬂz—?H-—- (1)
SNH;, X©
—CHz—(I':H— (II)
NHCHO
—CH;—CR~— (11I)
!
CN
[—CH2—('Z‘.R (V)]
CONH;
~CH;—CR— LV(TY)
|
COOOM®

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, 1n
which the molar fraction of the structural unit (I)1s 5 to
85% by mole, the molar fraction of the structural umt
(IT) is 2 to 85% by mole, the molar fraction of the struc-
tural unit (III) is 5 to 80% by mole, the molar fraction
of the structural unit (IV) [is 0 to 40% by mole, all of
said molar fractions being based on the vinylamine co-
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polymer, and the molar fraction of the structural unit
(V)] is 0 to 20% by mole which is based on the total
content of the structural units (II[,] end (AV) [and
(V)], and the total of the molar fractions of the struc-
tural units [I-V is equal to 100% ] I-III is at least 60%:
wherein the vinplamine copolymer is prepared by:
polymerizing, in the presence of a radical polymeriza-
tion nitiator, a mixture consisting essentially of (/)
N-vinylformamide and (2) acrylonitrile or methacry-
lonitrile and

hydrolyzing the resultant polymer.

14. A drainage aid according to claim 13, wherein the
reduced viscosity of the vinylamine copolymer is from
0.1 to 10 dl/g measured as a solution thereof prepared
by dissolving said copolymer in an aqueous 1N sodium
chloride solution to a concentration of 0.1 g/dl at 25° C.

15. A drainage aid according to claim 13, wherein the
composition of said vinylamine copolymer is from 5 to
85 mol % of the structural unit (I) in the molar fraction,
from 2 to 85 mol % of the structural unit (II) in the
molar fraction, from 5 to 80 mol % of the structural unit
(III) in the molar fraction, [from 0 to 40 mol % of the
structural unit (IV) in the molar fraction,} all of said
molar fractions being based on the vinylamine copoly-
mer, and from 0 to 8 mol % of the structural unit [(V)}
(IV) in the molar fraction which is based on the total
content of the structural units (IIN[,] and (V) [and
(V)1

16. A drainage aid according to claim 15, wherein the
composition of said vinylamine copolymer is from 5 to
85 mol % of the structural unit (I) in the molar fraction,
from 5 to 60 mol % of the structural unit (II) in the
molar fraction, from 10 to 60 mol % of the structural
unit (III) in the molar fraction, [ from 0 to 30 mol % of
the structural unit (IV) in the molar fraction,] all of
said molar fractions being based on the vinylamine co-
polymer, and from 0 to 2.5 mol % of the structural unit
L(V)] (IV} in the molar fraction which is based on the
total content of the structural units (IIN[,] and OV)
[and (V)].

17. A retention aid for papermaking comprising of a
vinylamine copolymer having the structural units repre-
sented by the following formulas (I), (IT), TID[,] and

(IV) [and (VOJ:
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tural unit (III) is 5 to 80% by mole, the molar fraction
of the structural unit (IV) [is O to 40% by mole, all of
said molar fractions being based on the vinylamine co-
polymer, and the molar fraction of the structural unit
(V)] is 0 to 20% by mole which is based on the total
content of the structural units (IIN)[,] end (IV) [and
(V)1, and the total of the molar fractions of the struc-
tural units [I-V is equal to 100% Y I-II1 is at least 60%:;
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (I) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and

hydrolyzing the resultant polymer.

18. A retention aid according to claim 17, wherein the
reduced viscosity of the vinylamine copolymer is from
0.1 to 10 dl/g measured as a solution thereof prepared
by dissolving said copolymer in an aqueous IN sodium
chloride solution to a concentration of 0.1 g/dl at 25° C.

19. A retention aid according to claim 17, wherein the
composition of said vinylamine copolymer is from 5 to
85 mol % of the structural unit (I) in the molar fraction,
from 2 to 85 mol % of the structural unit (II) in the
molar fraction, from 5 to 80 mol % of the structural unit
(III) in the molar fraction, [from 0 to 40 mol % of the
structural unit (IV) in the molar fraction,} all of said
molar fractions being based on the vinylamine copoly-
mer, and from 0 to 8 mol % of the structural unit [(V)]}
(IV) in the molar fraction which is based on the total
content of the structural units (III)[,] and (IV) [and
(V)1.

20. A retention aid according to claim 19, wherein the
composition of said vinylamine copolymer is from 5 to
85 mol % of the structural unit (I) in the molar fraction,
from 5 to 60 mol % of the structural unit (II) in the
molar fraction, from 10 to 60 mol % of the structural
unit (I1I) in the molar fraction, [from 0 to 30 mol % of
the structural unit (IV) in the molar fraction,] all of
sald molar fractions being based on the vinylamine co-
polymer, and from 0 to 2.5 mol % of the structural unit
L(V)] (1I¥V) in the molar fraction based on the total
content of the structural units (IIDL,] and (IV) [and
(IV)1].

21. A vinylamine copolymer comprising structural units

45 represented by the following formulas:
—CH;—(IL‘H— (D
®NH;, X9 —CHZ-—CI'.‘H-- (A)
SNH XD
NHCHO — CHy— (|:'H— (B)
—CH,— (I:R_ (11D NHCHQ
CN —CH;—CR— (C)
55 |
[—CH,—CR (v} CN
I (D
CONH; —CHy— t'Z'R— /
—CHy—CR— [V1aw COOSMS
I
COOSMS wherein X© represents an anion, R represents a hydrogen

atom or a methyl group, M® represents a hydrogen ion or
a monovalent cation, in which the molar fraction of the
structural unit (A) is 5 to 85% by mole, the molar fraction
65 of the structural unit (B) is 2 to 85% by mole, the molar
Sraction of the structural unit (C) is 5 to 80% by mole, all
of said molar fractions being based on the vinylamine
copolymer, and the molar fraction of the structural unit

wherein X© represents an anion or hydroxyl ion, R
represents a hydrogen atom or a methyl group, M®
represents a hydrogen ion or a monovalent cation, in
which the molar fraction of the structural unit (I) is 5 to
85% by mole, the molar fraction of the structural unit
(IT) 1s 2 to 85% by mole, the molar fraction of the struc-
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(D) is 0 to 20% by mole which is based on the total content
of the structural units (C) and (D);
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (I) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and hydrolyzing the resultant polymer.
22. A flocculating agent comprising a vinylamine copoly-
mer comprising structural units represented by the follow-
ing formulas:

SNHL XD
— CHy— (i:'H — {B)
NHCHO
- CHy— tiZ'R -_— (C)
CN
—CHy— (l?R — (D)
COOOM®

wherein X© represents an anion, R represents a hydrogen
atom or a methyl group, M® represents a hydrogen ion or
a monovalent cation, in which the molar fraction of the
structural unit (4) is 5 to 85% by mole, the molar fraction
of the structural unit (B) is 2 to 85% by mole, the molar
Jraction of the structural unit (C) is 5 to 80% by mole, all
of said molar fractions being based on the vinylamine
copolymer, and the molar fraction of the structural unit
(D) is 0 to 20% by mole which is based on the total content
of the structural units (C) and (D);
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (I) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and
hydrolyzing the resultant polymer.
23. A paper strength increasing agent comprising a vinyl-
amine copolymer comprising structural units represented

by the following formulas:

—CHy— fH_.. (4)

DNH3 XD
—CH;-—fli'H— (B)

NHCHO
—CHy— 1:.'2— (<)

CN
—CH,— (I'_'; R— (D)
CoOOM®

wherein X© represents an anion, R represents a hydrogen
atom or a methyl group, M® represents a hydrogen ion or
a monovalent cation, in which the molar fraction of the
structural unit (A) is 5 to 85% by mole, the molar fraction

of the structural unit (B) is 2 to 85% by mole, the molar ¢5

fraction of the structural unit (C) is 5 to 80% by mole, all
of said molar fractions being based on the vinylamine
copolymer, and the molar fraction of the structural unit

22
(D) is 0 to 20% by mole which is based on the total content
of the structural units (C) and (D),
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (I) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and
hydrolyzing the resultant polymer.
24. A drainage aid for papermaking comprising a vinyla-

10 mine copolymer comprising structural units represented by

15

20

25

the following formulas:

—CHy— ('j 2 — (A)

SNHL XP
— CHy— fH— (B)

NHCHO
—CH;——(li'R—- (C)

CN
—CHy— (i:'R— (D)
cCoooM®

wherein X© represents an anion, R represents a hydrogen
atom or a methyl group, M© represents a hydrogen ion or
a monovalent cation, in which the molar fraction of the

30 structural unit (A) is 5 to 85% by mole, the molar fraction

35

435
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of the structural unit (B) is 2 to 85% by mole, the molar

Sfraction of the structural unit (C) is 5 to 80% by mole, all

of said molar fractions being based on the vinylamine
copolymer, and the molar fraction of the structural unit
(D) is 0 to 20% by mole which is based on the total content
of the structural units (C) and (D);
wherein the vinylamine copolymer is prepared by:
polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (1) N-
vinylformamide and (2) acrylonitrile or methacryloni-
trile and
hydrolyzing the resultant polymer.
25. A retention aid for papermaking comprising a vinyla-
mine copolymer comprising structural units represented by
the following formulas:

— CHy—CH— (4)

|
DNH3 XS

—CHy— CH— (8)

l
NHCHO

—CHy—CR— (C)

i
CN

— CHy=—CR~ (D)

cI;'ooew

X© represents an anion, R represents a hydrogen atom or
a methyl group, M® represents a hydrogen ion or a mono-
valent cation, in which the molar fraction of the structural
unit (A) is 5 to 85% by mole, the molar fraction of the
structural unit (B) is 2 to 85% by mole, the molar fraction
of the structural unit (C) is 5 to 80% by mole, all of said
molar fractions being based on the vinylamine copolymer,
and the molar fraction of the structural unit (D) is 0 to
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20% by mole which is based on the total content of the
structural units (C) and (D) ; —CHy— CH— (4)
wherein the vinylamine copolymer is prepared by: $.lh.rH o
polymerizing, in the presence of a radical polymerization >
initiator, a mixture consisting essentially of (I) N- > — CHy— CH— (B}
vinylformamide and (2) acrylonitrile or methacryloni- |
trile and NHCHO
hydrolyzing the resultant polymer. — CHo=~CR— (C)
26. A vinylamine copolymer prepared by: 10 éN

polymerizing, in the presence of a radical polymerization
initiator, a mixture consisting essentially of (I) N-

wherein X© represents an anion, R represents a hydrogen
vinylformamide and (2) acrylonitrile or methacryloni- 4 P yarog

atom or a methyl group, M® represents a hydrogen ion or

trile, at a molar ratio of 20:80 to 95.5, respectively; a monovalent cation, in which the molar fraction of the
and | 15 structural unit (A) is 5 to 859 by mole, the molar fraction
hydrolyzing the resultant polymer. of the structural unit (B) is 2 to 85% by mole, the molar
27. A vinylamine copolymer comprising structural units Sfraction of the structural unit (C) is 5 to 80% by mole, all
represented by the following formulas: of said molar fractions being based on the vinylamine
"0 copolymer;
 CH o CH— ‘o) wherein the vinylamine copolymer is prepared by:
2 polymerizing, in the presence of a radical polymerization
SNH, X initiator, a mixture consisting essentially of (I} N-
vinylformamide and (2) acrylonitrile or methacryloni-
—CHy— fH_ (B) s m'i;', at @ molar ratio of 20:80 to 95:5, respectively;
an
NHCHO hydrolyzing the resultant polymer under acidic condi-
P C) tions.
it fR 31. A vinplamine copolymer having the structural units
CN 30 represented by the following formulas (I), (II), ({Il) and
IV):
wherein X© represents an anion, R represents a hydrogen
atom or a methy! group, M represents a hydrogen ion or — CHy— CH— (1)

a monovalent cation, in which the molar fraction of the @JIVH o
structural unit (A) is 5 to 85% by mole, the molar fraction 3s >

of the structural unit (B) is 2 to 85% by mole, the molar — CHy= CH— (1)
Sfraction of the structural unit (C) is J to 80% by mole, ali |

of said molar fractions being based on the vinylamine NHCHO
copolymer; — CHy—CR— (11I)
wherein the vinylamine copolymer is prepared by: 40 |
polymerizing, in the presence of a radical polymerization v
initiator, @ mixture consisting essentially of (I) N- — CHy—CR— (IV)
vinylformamide and (2) acrylonitrile or methacryloni- (I: SOOME
trile and 45

hydrolyzing the resultant polymer. . wherein X© represents an anion, R represents a hydrogen
28. A vinylamine coplymer prepared by polymerizing a atom or a methyl group, M® represents a hydrogen ion or

mixture comprising (1) N-vinylformamide and (2) acrylo- a monovalent cation, in which the molar fraction of the
nitrile or methacrylonitrile, at a molar ratio of 20:80 io structural unit (I) is 5 to 85% by mole, the molar fraction
95:5, respectively, in the presence of a radical polymeriza- 50 of the structural unit (II) is 2 to 85% by mole, the molar

tion initiator and hydrolyzing the resulting polymer under  fraction of the structural unit (11I) is 5 to 80% by mole, the
acidic conditions. molar fraction of hte structural unit (IV) is 0 to 20% by

29. A vinylamine copolymer prepared by polymerizing a mole which is based on the total content of the structural
mixture comprising (1) N-vinylformamide and (2) acrylo- units (II1) and (IV) and the total of the molar fractions of
. . . 33 the structual units I-111 is at least 40%;
nitrile or methacrylonitrile, at a molar ratio of 20:80 to herein the vinvlamine conolvmer is  ronare d by
95:3, respectively, in the presence of a radical polymeriza- % POLY prepa V-

C d & toring th ” ; P polymerizing, in the presence of a radical polymerization
tion initiator and hydrolyzing the resulting polymer under initiator, a mixture consisting essentially of (1) V-

acidic conditions until at least part of formy! unit is hydro- vinplformamide and (2) acrylonitrile or methacrylo-
lyzed to amino unit. 60 nitrile and

30. A vinylamine copolymer comprising structural units hydrolyzing the resultant polymer.
represented by the following formulas: A
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