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ABSTRACT OF THE DISCLOSURE

A paper additive composition comprising an amide compound
(a) obtained by reacting a polyamine and a carboxylic acid or a salt of
the amide compound (a) is provided. The polyamine is shown by
formula (1)

R-(NH-RY)n-NH, (1)

(wherein R is H.N-R' or R? and each R' is independently an alkylene
group having 1 to 4 carbon atoms, R® is an alkyl group or alkenyl group
having 12 to 22 carbon atoms, and n is an integer of 1 to 3); the number
of carbon atoms of the carboxylic acid is 10 to 24, the amide
compound 1s obtained by reacting the carboxylic acid at a ratio of 0.5 to
4.3 moles per 1 mol of the polyamine; and the ratio of a tertiary amine

value to a total amine value of the amide compound (a) is 0.60 to 0.99.
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SPECIFICATION

Paper additive composition and

method for producing paper using the same

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a paper additive composition
that can provide bulky and soft paper having a sufficient strength and

a method for producing paper using the same.

2. Description of the Related Art

In recent years, in view of shortage of pulp resources and a
consequent increase in the price of pulp, effective utilization of the
resources and environment protection, it has been attempted to reuse
waste paper pulp, reduce the amount of pulp used for paper
production, and reduce the basis weight of various paper products. In
addition, in order to reduce the production cost of paper product or
increase the production amount, and further to prevent accidents such
as the toppling over of vehicles or the falling of the load due to
overloading when paper products are being transported, it is very
important to reduce the basis weight of paper to make it light.
However, for thin paper whose basis weight i1s reduced or paper
containing a large amount of waste paper pulp, the bulkiness is
insufficient, and printed ink penetrates the paper to the back face.
For these reasons, there 1s a demand for a method for producing bulky

paper even when the amount of pulp is small or when a large amount
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of waste paper pulp is contained.

The following methods are disclosed as methods that provide
bulky paper: a method that employs an additive comprising a
polyoxyalkylene adduct of a fatty acid or a polyoxyalkylene adduct of a
fatty acid ester in Japanese Laid-Open Patent Publication (Tokkai) No.
11-200284; a method that employs an additive containing oils or fats or
a nonionic surfactant derived form sugar alcohol in Japanese Laid-
Open Patent Publication (Tokkai) No. 11-200283; and a method that
employs a cationic compound, amine or its salt, an amphoteric
compound, a nonionic surfactant or the like as an additive 1n Japanese
Laid-Open Patent Publication (Tokkai) No. 11-269799. However,
these methods failed to provide a sufficient bulkiness effect, and the
strength of the resultant paper is also insufficient. In order to
increase the strength of paper, a method of adding a polymer
compound such as starch, polyacrylamide, or polyamidepolyamine-
epichlorohydrin resin is known. However, when the above-described
additives for providing bulky paper and the polymer compound are
used together in a paper formation system, the bulkiness effect of the
additive is reduced.

Japanese Laid-Open Patent Publication (Tokkai) No. 2002-
275786 discloses a method of using an additive comprising a fatty acid
polyamidepolyamine. @ The paper obtained by this method has
improved bulkiness, but foaming occurs in a higher degree during
paper formation.

Furthermore, in all of the methods described above, paper
dust tends to occur in the paper formation process or in the obtained
paper.

In recent years, there is a demand for soft paper desired for

comic books or paperbacks, and it 1s also desired to improve softness
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and touch for handy sanitary paper (e.g., bathroom tissue and facial
tissue). Examples of softening agents to improve the softness of paper
include glycerin, polyethylene glycol, urea, paraffin emulsifier, and a
quaternary ammonium salt. For example, Japanese Laid-Open
Patent Publication (Tokkai) No.5-156596 discloses a moisture
absorbent for paper containing salts, polyhydric alcohols, or
saccharides having hygroscopicity; Japanese Laid-Open Patent
Publication (Tokkai) No.60-139897 discloses a softening agent for
paper that 1s a fatty acid ester additive comprising oleic acid
polyethylene glycol ester and diocleoyl phthalate; and Jaspanese Laid-
Open Patent Publication (Tokuhyo) No.9-506683 discloses a softening
agent for paper employing a polyhydroxyfatty acid amide compound.
However, with these additives, a sufficient effect of improving the
softness cannot be obtained and the foaming in the paper formation
process 1s not suppressed.

When paper 1s produced by the use of pulp containing a large
amount of waste paper pulp, much loading material such as fine fibers
or calcium carbonate 1s contained in a pulp slurry of the system, so
that the drainage of the pulp slurry is reduced. A method of adding a
polymer compound such as polyacrylamide, polyethyleneimine in order
to improve the drainage is known. However, when any of the above-
described additives for providing bulky paper and such a polymer
compound are used together in a paper formation system, the
bulkiness effect of the additive is reduced. In the paper formation |
process, 1t 1s also desired to incorporate a large amount of fine fibers
and loading material that are contained in the slurry into the paper
(i.e., high retention is desired).

As described above, an additive for paper that can provide

bulky and soft paper having a sufficient strength, that hardly causes



CA 02461629 2004-03-22

foaming in the paper formation process, that provides a high retention
and good drainage, and that causes no reduction 1in operability due to

occurrence of paper dust has not been obtained yet.

SUMMARY OF THE INVENTION

As a result of in-depth research to solve the conventional
problems as described above, the inventors of the present invention
found that Wheri a paper additive composifion containing an amide
compound obtained by reacting a specific carboxylic acid and a specific
polyamine, in which an amine value 1s controlled is used, paper that 1s
more bulky and soft than conventional paper can be obtained, and the
foaming during paper formation can be suppressed to a low level, and
thus achieved the present invention.

The paper additive composition of the present invention
comprises an amide compound (a) obtained by reacting a polyamine
and a carboxylic acid or a salt of the amide compound (a); wherein the
polyamine is shown by formula (1):

R-(NH-R')n-NH, (1)

(wherein R is H,N-R' or R? and each R' is independently an alkylene
group having 1 to 4 carbon atoms, R? is an alkyl group or alkenyl group
having 12 to 22 carbon atoms, and n is an integer of 1 to 3); the number
of carbon atoms of the carboxylic acid is 10 to 24; the amide compound
1s obtained by reacting the carboxylic acid at a ratio of 0.5 to 4.3 moles
per 1 mol of the polyamine; and the ratio of a tertiary amine value to a
total amine value of the amide compound (a) is 0.60 to 0.99.

In a preferred embodiment, the composition further comprises
an ammonium compound (b), wherein the ammonium compound (b) is

at least one selected form the group consisting of a quaternary

ammonium salt shown by formula(2):
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RS' CH-, CHo O)m H
 /
AW

AN

. X" (2)

(wherein each R? is independently a hydrocarbon group having 10 to 24
carbon atoms, R* is an alkyl group having 1 to 3 carbon atoms or a
benzyl group, m is 1 to 10 and X~ is an anion), and a quaternary

ammonium salt shown by formula (3):

R5 CO-—0ORS R"—0H
\ / _
Ni - X (3)
R500—0R6/ R?®

(wherein each R°CO is independently an acyl group having 10 to 24
carbon atoms, each R® is independently an alkylene group having 2 to 4
carbon atoms, R’ is an alkylene group having 2 to 4 carbon atoms, R? is
an alkyl group having 1 to 3 carbon atoms or a benzyl group, and X~ is
an anion).

In a preferred embodiment, the composition further comprises
a polyacrylamide compound (c).

In a preferred embodiment, the carboxylic acid has at least
one of an unsaturated bond and a branched chain, or the carboxylic
acid 1s a mixture of carboxylic acids that comprise a carboxylic acid
having at least one of an unsaturated bond and a branched chain at a
ratio of at least 40 wt%.

The method for producing paper of the present invention
comprises the step of adding the above-mentioned paper additive

composition at a ratio of 0.03 to 8 parts by weight with respect to 100
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parts by weight of pulp in production of paper.

In a preferred embodiment, the addition step comprises an
“addition of the paper additive composition to a mixture comprising
pulp and water in a paper formation process.

In a preferred embodiment, the addition step comprises an
application of the paper additive composition onto a surface of a pulp
sheet obtained in a paper formation process.

Thus, the invention described herein makes possible the
objectives of: providing a paper additive composition with which bulky
and soft paper can be obtained and the foaming during paper formation
can be suppressed to a low level; providing a paper additive
composition having the above properties with which paper having a
sufficient strength can be produced and the drainage and the retention
are good 1n the paper formation process; providing a paper additive
composition having the above properties with which paper dust hardly
occurs in the paper formation process or in the obtained paper; and
providing a method for efficiently producing paper having the excellent

properties as described above, using the above-described composition.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, the materials employed in the present invention,
the paper additive composition containing the same, and the method

for producing paper using the same will be described 1n order.

(I) Amide compound

The amide compound that is the main component of the paper
additive composition of the present invention i1s an amide compound
obtained by reacting a polyamine and a carboxylic acid or a salt of the

amide compound (a). In this specification, such an amide compound
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or its salt may be referred to as “amide compound (a)” or simply
“compound (a)”.
The polyamine is shown by the following formula(1):
R-(NH-R)n-NH, (1)

wherein R is H,N-R'! or R? and each R' is independently an
alkylene group having 1 to 4 carbon atoms, R* is an alkyl group or
alkenyl group having 12 to 22 carboﬁ atoms, and n 1s an integer of 1 to
3.

In other words, this polyamine is an amine compound having
at least two or three amino groups in the molecule, and shown by the
following formula (1.1):

H,N-R'-(NH-R')n-NH, (1.1)
or formula(1.2):
R?*-(NH-R)n-NH, (1.2)

wherein R', R% and n are as defined in formula(1).

Specific examples of R' in formula(l) include a methylene
group, an ethylene group, a trimethylene group, a tetramethylene
group, and a butylene group. Different R' may be present in one
molecule, and two or more polyamines may be used. A preferable R'
1s an ethylene group. When the number of carbon atoms of the
alkylene group exceeds 4, the handling of the resultant amide
compound becomes difficult.

R? is an alkyl group or alkenyl group having 12 to 22 carbon
atoms as described above and may be linear or have a branched chain.
Specific examples of R? include a dodecyl group, a tridecyl group, an
1sotridecyl group, a tetradecyl group, a tetradecenyl group, a
pentadecyl group, a hexadecyl group, an isohexadecyl group, a
hexadecenyl group, a heptadecyl group, an octadecyl group, an

octadecenyl group, a nonadecyl group, an icosyl group, a henicosyl
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group, and a docosyl group. Preferably, R® is an alkyl group or alkenyl
group having a branched chain and having 16 to 22 carbon atoms.
When the number of carbon atoms 1s less than 12, a sufficient
bulkiness effect cannot be obtained, and when the number of carbon
atoms 18 more than 22, the handling of the obtained amide compound
becomes difficult.

When the amide compound obtained from the compound
shown by formula(1) is used, bulky and soft paper can be prepared.

As the carboxylic acid used to prépare the amide compound
(a), a carboxylic acid having 10 to 24 carbon atoms is used. This
carboxylic acid may be either a saturated carboxylic acid or an
unsaturated carbokylic acid, and may be either a linear carboxylic acid
or a carboxylic acid having a branched chain. It is preferable that at
least 40 wt% of the carboxylic acid have at least one of an unsaturated
bond and a branched chain. When a composition comprising the
amide compound obtained using such a carboxylic acid is used, bulky
and soft paper can be prepared.

Examples of the carboxylic acid having 10 to 24 carbon atoms
include capric acid, lauric acid, myristic acid, palmitic acid, palmitoleic
acid, 1sopalmitic acid, stearic acid, oleic acid, linoleic acid, linolenic
acid, 1isostearic acid, arachic acid, behenic acid, erucic acid, and
lignoceric acid; and mixed fatty acids derived from natural oils or fats
such as cocoanut oil fatty acid, palm oil fatty acid, beef tallow fatty
acid, lard fatty acid, soybean oil fatty acid, rape seed oil fatty acid, tall
ol fatty acid, olive oil fatty acid, cocoa butter fatty acid, sesame oil
fatty acid, corn oil fatty acid, sunflower oil fatty acid, cotton seed oil
fatty acid, and hydrogenated substances thereof. These fatty acids
can be used alone or in combination of two or more. Among these, a

carboxylic acid having 12 to 22 carbon atoms is preferable, a carboxylic
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acid having 16 to 22 carbon atoms 1s more preferable, and a carboxylic
acid having 14 to 18 carbon atoms is particularly preferable. With a
carboxylic acid having less than 10 carbon atoms, the resultant amide
compound can provide only a low effect of improving the bulkiness and
the softness, and with a carboxylic acid having more than 24 carbon
atoms, the handling of the resultant amide compound becomes
difficult.

Examples of carboxylic acids having an unsaturated bond
include oleic acid, linoleic acid, linolenic acid, erucic acid and
palmitoleic acid. Examples of carboxylic acids having a branched
chain 1include 1sopalmitic acid and isostearic acid. These fatty acids
may contain other fatty acids as impurities, and such fatty acids
containing 1impurities can be utilized as well. Examples of natural
mixed fatty acids having 40 to 100 wt% of an unsaturated carboxylic
acid include soybean oil fatty acid, palm oil fatty acid, olive oil fatty
acid, cocoa butter fatty acid, sesame o1l fatty acid, corn oil fatty acid,
sunflower oil fatty acid, cotton seed oil fatty acid, beef tallow fatty acid,
and lard fatty acid. Particularly preferable examples of carboxylic
acids having at least one of unsaturated bonds and branched chains or
a mixture of these carboxylic acids include soybean oil fatty acid, oleic
acid, and erucic acid.

The amide compound contained in the paper additive
composition of the present invention can be obtained by reacting the
polyamine shown by formula(l) with the above-described carboxylic
acid. In this reaction, the carboxylic acid is used at a ratib 0of 0.5 t0 4.3
moles per 1 mol of the polyamine. When the amount of the carboxylic
acld 1s less than 0.5 moles, a composition containing the resultant
amide compound cannot provide sufficiently bulky and soft paper.

When the amount is more than 4.3 moles, the handling of the resultant
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amide compound becomes difficult.
When the polyamine is a compound shown by formula(1.1):
H,N-R!-(NH-R)n-NH, (1.1

(wherein R! and n are the same as defined above), it is preferable to
react the carboxylic acid at a ratio of 1.5 to 4.3 moles per 1 mol of the
polyamine to obtain sufficient bulkiness. The number of moles of the
carboxylic acid used for reaction depends on the number n, and
preferably is 1.5 to (n+1.3) moles, more preferably 1.7 to (n+1.3) moles,
and particularly preferably 1.9 to (n+1.1) moles.

When the polyamine is a compound shown by formula(1.2):

R*(NH-R')n-NH, (1.2)

(wherein R', R? and n are the same as defined above), it is preferable to
react the carboxylic acid at a ratio of 0.5 to 3.3 moles per 1 mol of the
polyamine for better handling of the resultant amide compound (a).
The number of moles of the carboxylic acid used for reaction depends
on the number n, and preferably is 0.5 to (n+0.3) moles, more
preferably 0.7 to (n+0.3) moles, and particularly preferably 0.9 to
(n+0.1) moles.

When the polyamine shown by formula(l) is reacted with the
carboxylic acid, an amidation reaction in which the carboxylic acid is
reacted with amino groups predominantly proceeds until the acid value
‘of the reaction mixture reaches about 10% of the theoretical acid value
of the initial mixture of the raw materials, and a compound in which
the ratio of the tertiary amine value to the total amine value is 0 to 0.4
1s produced. However, when the acid value becomes less than 10% of
the theoretical acid value of the initial mixture of the raw materials, a
reduction of the acid value relative to the reaction time becomes small,
so that the regular amidation reaction should be stopped at this stage.

From this stage, a reaction proceeds under predetermined conditions so

10
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that a dehydration and condensation reaction between the amide
groups and amino groups in the formed amide compound occurs,
resulting in an amide compound having tertiary amine moieties.
According to the reaction, the ratio of the tertiary amine value to the
total amine value of the resultant amide compound exceeds 0.4. In
the present invention, an amide compound (i.e., an amide compound
having tertiary amine moieties) in which the ratio of the tertiary amine
value to the total amine value 1s 0.60 to 0.99 1s employed. Such a
compound can be obtained by, for example, allowing the reaction to
proceed until the acid value i1s reduced to 75% or less of the acid value
at the stage in which the acid value reached 10% or less of the
theoretical acid value of the initial reaction mixture. There is no
limitation regarding the method for proceeding such a reaction G.e., a
dehydration and condensation reaction between the amide groups and
amino groups in the amide compound). For example, a method of
performing the reaction under reduced pressure after an amide
compound 1s produced, or a method of performing the reaction at a
higher temperature can be employed. The ratio of the tertiary amine
value to the total amine value of the resultant amide compound is 0.60
to 0.99, as described above, and preferably 0.70 to 0.99. When this
value 1s less than 0.60, the foaming of pulp slurry in the process of
producing paper becomes high and the handling of the polyamide
comopound becomes difficult.

Although the amide compound itself can be used as an
additive for paper, the handling becomes even easier if the amide
compound 1s used in the form of an acid salt by being neutralized with
an inorganic acid or an organic acid or in the form of a quaternary
ammonium salt obtained by being reacted with a quaternizing agent.

Examples of the inorganic acid include hydrochloric acid,

11
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sulfuric acid, carbonic acid, nitric acid and phosphoric acid. Examples
of the organic acid include formic acid, acetic acid, propionic acid,
octylic acid, butyric acid, oxalic acid, malonic acid, itaconic acid, adipic
acid, succinic acid, sebacic acid, citric acid, hydroxybenzoic acid, malic
acid, hydroxymalonic acid, lactic acid, salicylic acid, hydroxyvaleric
acid, aspartic acid, glutamic acid, taurin, sulfamic acid, lauric acid,
myristic acid, palmitic acid, stearic acid, and oleic acid. @ Among
these, organic acids are preferable, and among these, formic acid,
acetic acid and lactic acid are particularly preferable. For the amount
of the acid used to form a salt, the total amine value of a product
obtained by the above-described reaction is measured, and a necessary
amount 1s determined, depending on the purpose. It is preferable that
an inorganic acid or an organic acid is added 1n an equivalent of the
total amine value to form a salt of the amide compound.

Examples of the quaternizing agent include dimethyl sulfate,
diethyl sulfate, and methyl chloride. The quaternizing agent is used
at a ratio of 0.8 to 2.3 equivalent of the total amine value.

The thus obtained amide compound (a) or its salt can be
handled easily, and can provide bulky and soft paper. Furthermore, it
1s advantageous to add this compound in a pulp slurry in which pulp
fibers are dispersed in water in an arbitrary ratio, which hardly causes

foaming.

(II) Ammonium compound

The paper additive composition of the present invention
comprises an ammonium compound, if necessary, in addition to the
amide compound. This ammonium compound is at least one of the
quaternary ammonium salts shown by formula (2) and the quaternary

ammonium salts shown by formula (3). In this specification, this

12
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ammonium compound may be referred to as “ammonium compound
(b)” or simply “compound (b)”. When this ammonium compound is
contained, even more soft paper can be produced, and paper dust in the
paper formation process or of the resultant paper can be suppressed

from occurring effectively.
\N . ' . X (2)

wherein each R’ is independently a hydrocarbon group having
10 to 24 carbon atoms, R* is an alkyl group having 1 to 3 carbon atoms

or a benzyl group, mis 1 to 10 and X is an anion.

RSCO~OR6\M/R7“OH
| N+ - X (3)

N
RSCO*ORS/ R®

wherein each R°CO is independently an acyl group having 10
to 24 carbon atoms, each R° is independently an alkylene group having
2 to 4 carbon atoms, R’ is an alkylene group having 2 to 4 carbon
atoms, R® is an alkyl group having 1 to 3 carbon atoms or a benzyl
group, and X~ 1s an anion. -

In the quaternary ammonium salt shown by formula(2) of the
ammonium compound (b), specific examples of R? include the following

groups: an alkyl group such as a decyl group, an undecyl group, a

13
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dodecyl group, a tridecyl group, an isotridecyl group, a tetradecyl
group, a pentadecyl group, a hexadecyl group, an isohexadecyl group, a
heptadecyl group, an octadecyl group, a nonadecyl group, an icosyl
group, a henicosyl group, and a docosyl group; and an alkenyl group
such as tetradecenyl group, a hexadecenyl group, an octadecenyl group,
and a docosenyl group. The number of carbon atoms of R’ is
preferably 12 to 22, and it is more preferably that at least 40 wt% of R’
that 1s present have an unsaturated bond or a branched chain. When
an additive composition containing a quaternary ammonium salt with
R® having less than 10 carbon atoms is used, the effect of improving the
softness and the effect of suppressing paper dust in the production
process may be 1nsufficient. When the number of carbon atoms
exceeds 24, the handling of the compound becomes difficult.

In thé gquaternary ammonium compound shown by formula(2),
m 1s 1 to 10, as described above, and this corresponds to the mole
number of ethylene oxide attached. Preferably, mis1to7. When m
is 0, the effect of reducing paper dust cannot be obtained. When m
exceeds 10, the effect of improving the softness is hardly obtained.

Examples of the alkyl group having 1 to 3 carbon atoms of R*
in formula(2) include a methyl group, an ethyl group, a propyl group
and an isopropyl group. Preferable examples thereof include a methyl
group and an ethyl group. X 1s an anion, and examples thereof
include a fluorine ion, a chlorine ion, a bromine ion, an iodine ion, a
methyl sulfate ion, and an ethyl sulfate ion. Preferable examples
include a chlorine ion and a methyl sulfate ion.

In the quaternary ammonium salt shown by formula(3) of the
ammonium compound (b), specifically, R*CO can be acyl derived from a
carboxylic acid having 10 to 24 carbon atoms. Examples of such a

carboxylic acid include a fatty acid such as capric acid, lauric acid,

14
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linderic acid, myristic acid, myristoleic acid, palmitic acid, palmitoleic
acid, stearic acid, 1sostearic acid, oleic acid, linoleic acid, linolenic acid,
elaidic acid, arachic acid, eicosenoic acid, behenic acid, erucic acid,
lignoceric acid, and selacholeic acid; and a mixed fatty acid derived
from natural oils or fats such as coconut oil fatty acid, palm oil fatty
acid, beef talldw fatty acid, lard fatty acid, soybean oil fatty acid, rape
seed oil fatty acid, tall oil fatty acid, olive oil fatty acid, cocoa butter
fatty acid, sesame oil fatty acid, corn oil fatty acid, sunflower oil fatty
acid, cotton seed o1l fatty acid, and hydrogenated substances thereof.
Different R°CO groups may be present in one molecule, and two or
more types of the quaternary ammonium salts shown by formula (3)
can be employed.

When the number of carbon atoms of R*CO is less than 10, the
effect of improving the softness may be insufficient, and the effect of
suppressing occurrencé of paper dust 1s poor. When the number of
carbon atoms is more than 24, the handling becomes difficult.

Specific examples of R® and R’ in formula(3) inélude an
ethylene group, a propylene group and a butylene group. A preferable
example 1s an ethylene group.

Specific examples of the alkyl groups having 1 to 3 carbon
atoms of R® include a methyl group, an ethyl group, a propyl group and
an 1sopropyl group. Preferable examples thereof include a methyl
group and an ethyl group. Specific examples of X include a fluorine
1on, a chlorine ion, a bromine ion, an iodine ion, a methylsulfate ion,
and an ethylsulfate ion. Preferable examples include a chlorine ion
and a methylsulfate ion.

All of these ammonium compounds (b) can be produced by any

known method.

The ammonium compound (b) can be contained at a ratio of

15
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300 parts by weight or less, preferably 1 to 300 parts by weight, more
preferably 1 to 200 parts by weight, per 100 parts by weight of the
amide compound (a). This makes it easy to obtain the effect of
reducing the occurrence of paper dust in the paper formation process or

of the obtained paper.

(IT1) Polyacrylamide compound

The paper additive composition of the present invention
contains a polyacrylamide compound, if necessary, in addition to the
amide compound. In this specification, this polyacrylamide compound
may be referred to as “polyacrylamide compound (c)’ or simply
“compound (c)”.

As this polyacrylamide compound, anionic polyacrylamide,
cationic polyacrylamide, amphoteric polyacrylamide, which are
commonly used as additives for producing paper, can be utilized.
Examples of anionic polyacrylamide include a product obtained by
copolymerizing acrylamide and an anionic monomer (e.g., acrylic acid,
methacrylic acid, and the like), and a partially hydrolyzed 'product of
polyacrylamide. @ Examples of cationic polyacrylamide include a
Mannich modified product or a Hofmann degradation product of
polyacrylamide and a product obtained by copolymerizing acrylamide
and a cationic monomer (e.g., dimethylaminoethyl methacrylate,
diallyldimethylammonium chloride, diallyldiethylammonium chloride,
methacryloyloxyethyl trimethylammonium methyl sulfate,
methacryloyloxyethyl trimethylammonium methyl chloride,
methacryloylamidopropyl trimethylammonium chloride, or the like).
Examples of amphoteric polyacrylamide include a product obtained by
copolymerizing acrylamide, an anionic monomer and a cationic

monomer; and a Mannich modified product or a Hofmann degradation

16
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product of a product obtained by copolymerizing acrylamide and an
anionic monomer as described above. Among these, cationic
polyacrylamide and amphoteric polyacrylamide are preferable. The
polyacrylamide compound can be used alone or in combination of two
or more.

The polyacrylamide compound (c) can be contained at a ratio
of 500 parts by weight or less, preferably 1 to 200 parts by weight, per
100 parts by weight of the amide compound (a).

(IV) Paper additive composition and method for producing paper
using the same

The paper additive composition of the present invention
contains the amide compound (a), or contains at least one of the
ammonium compound (b) and the polyacrylamide compound (c), in
addition to the amide compound (a). This composition may further
contain other additives that are described later, if necessary.

When the composition of the present invention contains the
ammonium compound (b), particularly soft paper can be produced, and
the occurrence of paper dust in the paper formation process and of the
obtained paper can be reduced. When the composition of the present
invention contains the polyacrylamide compound (c), particularly, the
retention and the drainage in the paper formation process are good,
and paper having a sufficient strength can be produced.

As other additives that can be contained in the composition of
the present invention, the following compounds or materials can be
employed: a paper strength additive, the examples of which include
plant gum; a sizing agent, the examples of which include alkyl ketene
dimmer, rhodine, and the like; filler, the examples of which include

kaoline, talc, calcium carbonate, and the like; a drainage and retention
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aid, the examples of which 1nclude polyethyleneimine, cationic
polymer, and the like; an internal additive, the examples of which
include aluminum sulfate, sodium chlornnde, sodium aluminate,
polyvinyl alcohol, latex, and the like; a pitch control agent; and a slime
control agent.

A method for producing paper of the present invention 1is
characterized by the use of the paper additive composition described
above in the production of paper. More specifically, in the process of
producing paper, it is preferable to add the composition in the range
from 0.03 to 8 parts by weight, preferably 0.1 to 4 parts by weight, per
100 parts by weight of pulp. When the amount of the additive
composition is too small, bulky and soft paper may not be obtained.
With an excessive amount, an effect commensurate to the amount used
cannot be obtained, which leads to an increase in the cost, and it is
rather an economical disadvantage.

The composition of the present invention can be utilized in
various processes 1n the production of paper. More specifically, the
composition of the present invention can be added to a paper formation
system in any stage in the paper formation process (this is an internal
addition method), or it is also possible to apply the composition onto
the surface of a pulp sheet obtained by the paper formation process
(this is an external addition method). For example, an internal
addition method of adding the composition to a pulp slurry in a process
of a mixing chest, a machine chest, a headbox or the like in the paper
formation process can be employed. Alternatively, an external
addition method including the process of size press, gate roll coater,
spraying or the lhke in which the composition is applied onto the
surface of a pulp sheet obtained by paper formation can be employed.

Each component of the additive composition can be mixed in a
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solvent, if necessary, and the mixture can be added to the paper
formation system or applied to a she'et. Alternatively, each
component can be added to a paper formation system or apphed to a
sheet separately.

In particular, the internal addition methods are preferably
employed. For example, each component of the paper additive
composition is added to a mixture containing pulp and water (e.g., pulp
slurry) in a suitable process, and paper can be obtained by using the
resultant mixture by conventional processes.

As the pulp (.e., raw pulp), for example, chemical pulp
(bleached or unbleached kraft pulp of softwood and hardwood, and the
like), mechanical pulp (groundwood pulp, thermomechanical pulp,
chemi-thermomechanical pulp, and the like), deinked pulp (pulp from
waste paper of newspaper, magazines, etc.) can be used. They can be
used alone or used in combination 1in any ratio.

In the paper formation process, when adding the additive for
paper of the present invention, it i1s preferable that each of the
components (the compound (a), and, if necessary, the ammonium
compound (b), the polyacrylamide compound (c¢), and other additives)
are previously mixed with a water-soluble alcohol that 1s monohydric,
dihydric, or trihydric alcohol, because the viscosity of the additive 1s
reduced so that the handling becomes easy. Examples of such a
water-soluble alcohol include ethanol, 1l-propanol, isopropanol, 1-
butanol, t-butanol, 3-methoxy-3-methyl-butanol, propylene glycol,
dipropylene glycol, 2-methyl-1,3-propanediol, 1,3-butanediol, 3-methyl-
1,3-butanediol, glycerin and polyethylene glycol having a molecular
weight of 150 to 600. Among these, 3-methoxy-3-methyl-butanol,
propylene glycol, and polyethylene glycol having a molecular weight of

150 to 600 are preferable. These alcohols can be used in combination
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of two or more.

In the method for producing paper of the present invention,
any types of machines such as a Fourdrinier paper machine, a twin-
wire paper machine, and a Yankee paper machine, which are
commonly used for paper formation, can be used.

According to the present invention, a paper additive
composition that can provide bulky and soft paper and suppresses foam
from occurring in the paper formation process can be provided. With
this composition, bulky and soft paper having a sufficient strength can
be obtained. Furthermore, paper dust in the paper formation process,
or of the obtained paper hardly occurs. Such paper can be utilized as
paper in various fields such as sanitary paper, paper for books, paper

for newspaper, paper for printing and information, containerboards,

and cardboards.

Examples
The present invention will be described more specifically by

way of examples and comparative examples, but the present invention
1s not limited by these examples.

The contents (wt%) of fatty acids in of soybean oil fatty acid «,
oleic acid o, erucic acid o, mixed fatty acid a, and mixed fatty acid B
that are used for synthesis in the following examples, comparative
examples and synthesis examples are as follows:

Soybean oil fatty acid a: palmitic acid (11.6%), stearic acid
(4.2%), oleic acid (33.3%), linoleic acid (42.2%), linolenic acid (7.2%),
and others (1.5%); ‘

Oleic acid o palmitic acid (2.0%), stearic - acid (1.5%),
palmitoleic acid (2.0%), oleic acid (91.0%), linoleic acid (2.0%), and
others (1.5%);
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Erucic acid a: stearic acid (0.4%), linoleic acid (0.4%), linolenic
acid (2.7%), arachic acid (0.4%), behenic acid (1.0%), erucic acid
(90.4%), lignoceric acid (2.0%), and othérs (2.7%);

Mixed fatty acid a: lauric acid (10.3%), myristic acid (7.5%),
palmitic acid (10.2%), stearic acid (3.0%), oleic acid (26.4%), linoleic
acid (34.2%), linolenic acid (5.8%) and others (2.6%); and

Mixed fatty acid B: palmitic acid (9.8%), stearic acid (39.8%),
oleic acid (45.6%), linoleic acid (3.2%), and others (1.6%).

<I> Preparation of amide compound (a)
Example 1.1

First, 283.0 g (1 mol) of soybean oil fatty acid o was placed in a
500 mL four-necked flask provided with a stirrer, a condenser, a
thermometer and a nitrogen inlet tube (first stage). Then, the
mixture was heated to increase the temperature to 90°C in a nitrogen
atmosphere while stirring. Then, 515 g (0.5 moles) of
diethylenetriamine was added thereto, and a reaction was carried out
at 180°C for 2 hours while removing water to the outside of the system
(second stage). Further, a dehydration reaction was carried out at
180°C under a reduced pressure of 10 torr for 5 hours, so that a
polyamide compound was obtained (third stage).

In the above reactions, the acid values of the reaction products
in the second and the third stages were measured. The acid value of
the reaction product 1n the second stage was 6.6, the total amine value
was 92.1, and the tertiary amine value was 29.6 (the ratio of the
tertiary amine value to the total amine value was 0.32). The amount
of water distilled off was 17.8 g (the theoretical amount of water to be
distilled off was 18.0 g, which is equivalent to the mole number of the
fatty acid used). The acid value of the polyamine-polyamide
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compound (a-1) in the third stage was 3.2, the total amine value was
91.1, and the tertiary amine value was 82.1 (the ratio of the tertiary
amine value to the total amine value was 0.90). The amount of water
distilled off was 25.1 g.

Next, 60 g of the obtained compound (a-1), acetic acid in an
amount of 5.9 g, which is the molar amount corresponding to the total
amine value of the compound (a-1), and 534.1 g of ion exchanged water
were placed in a 1 L beaker, and dispersed by stirring, so that a paper
‘additive dispersion A (concentration: 10 wt%) shown in Table 1 was
obtalned in an amount of 600g.

Table 1 shows the names and the molar ratio of the polyamine
and the carboxylic acid used for synthé‘sis and the acid values in the
first, the second, and the third stages of the reaction product obtained
from the polyamine and the carboxylic acid (the acid value in the first
state 1s a theoretical value calculated from that of the raw materials).
Table 1 further shows the total amine value, the tertiary amine value
and the ratio of the tertiary amine value/ the total amine value of the
obtained compound (a), and the type of the salt of the compound (a).
Table 1 also shows these values of Examples 1.2 to 1.17 and
Comparative Examples 1.1 to 1.9 described later.

Example 1.2
A paper additive dispersion B was obtained by performing the
same operation as in Example 1.1 except that no acetic acid was added

and the amount of 1on exchanged water was 540 g.

Examples 1.3 to 1.9

Paper additive dispersions C to I were obtained by performing

the same operation as in Example 1.1, using the compounds shown in
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Table 1 in the ratios shown in Table 1. In Example 1.5, formic acid

was used instead of acetic acid.

Examples 1.10 to 1.12

Paper additive dispersions J to L were obtained by performing
synthesis 1n the same manner as in Example 1.1, using the compounds
shown 1n Table 1 in the ratios shown 1n Table 1. In these examples,
the dehydration reaction under a reduced pressure was carried out for

one hour.

Examples 1.13 to 1.16
Paper additive dispersions M to P were obtained by
performing the same operation as in Example 1.1, using the

compounds shown in Table 1 in the ratios shown in Table 1.

Example 1.17

A paper additive dispersion Q was obtained by performing
synthesis in the same manner as in Example 1.1, using the compound
shown in Table 1 in the ratio shown in Table 1. In this example, the
dehydration reaction under a reduced pressure was carried out for one

hour.

Comparative Example 1.1
A paper additive dispersion R was obtained by performing the
same operation as in Example 1.1, using the compound shown in Table

1 in the ratio shown in Table 1.

Comparative Example 1.2

A paper additive dispersion S was obtained by performing the
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same operation as in Example 1.1, using the compound shown in Table
1 i the ratio shown in Table 1, except that no acetic acid was added

and the amount of ion exchanged water was 540 g.

Comparative Example 1.3
A paper additive dispersion T was obtained by performing the
same operation as 1n Example 1.1, using the compound shown in Table

1 in the ratio shown 1n Table 1.

Comparative Examples 1.4 to 1.9

Paper additive dispersions U to Z were obtained by performing
synthesis in the same manner as in Example 1.1, using the compounds
shown 1n Table 1 in the ratios shown in Table 1. In these comparative
examples, the dehydration reaction under a reduced pressure was not

carried out.

24



CA 02461629 2004-03-22

spioe 0l|Axoqued jo oljed JyBieps (£ * ‘(2 *
euleAjod o} proe ol|AX0qIed jo onjed Jejo (| x

" . . " c. (L/€) PlOB oLiER}S
ioe 01380 (E»
l > Sy L5t $'68 /0 ploe Alje} |10 ueaqAog
poeoneoy| 680 081 688 pioe oLiee}s
plo. 0l3edy y80 6'6L . D ploe o8|
ploe opaoy 690 2'6S . D pioe ojonig

pioe oljouiony

ploe oLIea}808]

p!o8 O}8ly 690

¥90 8°69

pioe onavy

0 ploe Ajje} |10 uesqAog

(2w (G.7G) pioe dlieayg

pioe dijeoy
/0 pioe Aqje4 |to ueeghog

G600 16L

pIOB 01380y 16°0 L'28 piog ofjouloly

H 0'[8 ploe oliee}sos]
H ) 4! D pioe 0jonig
H £v6 e m._om 0180
H b oy 0 pioe Ajje} |10 ueaqhog

9LC) 0 pioe Aj3ey |l0 uBagAog

D proe Ajje} jio uesgiog

-
s
o

} 0 ploe Ajjey (10 uBBqAOS

-
()
_ emmpoy |

enjeA suille

je30 ] /enjeaA
aultle Asenua |

uoistadsi(y }jeg

(s)pioe oljAxoqse)

e st ¢ 4 -
. frr i £ e e it e e | e e LR . - . - L L — A — - — — S s+ o s - . — ———— T P——— — - v - . e

autlulernsusjAylei(

—

g1} X3

sulLielLneus|ALpaIQ 614 X3

eulWweipsuejAdoud
|Aj8mol|e |

sullieipausjAdo.id jAsjQ €11 X3
sulieLBUBALRRIQ 211 X3
euiwellsue|AYlei( {1°] X3

sulweLneus|Aiylsig

suiweLiieus|Ayiel()

auleLneuUsjAL}eiI(g

suielsjaue|Ayreli(]

sulweLnaus|Ay}eI(]

euluBjuadausiAlieena |

Bulliel}8}8us|AyaLt |

aulwiel}aus|Ayisi(g

aulweLl}eudfALf}el(]

aulwerLieuejAyiel(g

suiwielsleus|Ayis1(

‘ 1 8|qe |

euileAio4

25




CA 02461629 2004-03-22

'I

uolsiadsi(}

pioe dijaoy

pioke 21380y

p1oe o180y

pioe 01eoy

pioe 01180y

pioe odi}8ay

HeS

100

it 0
GEO

€90

BNjeA etitue
|830 | /enjeaA

euitue Aleipe {

't

3 4

gt

Vil

A

en(eA suiwe

Aietyie |

00¢8
LVil
1°26
1 £6

A
08
L'6L]

snieA

suie |ejo |

9

o

edu)s

P41y

|

1

ode}s
puooeg

- o~
o~ =

-
o
o

- | ?
. -] e

Ol ™| &
™ | © I N | v
M~ WO M~ 1 ™M
- | vy | = | e

=~
|
(& o
P
2
—

N
o
Y

L'10¢

odels
18414

enfea pioy

0i-®

Li-®

(®)

punoduio))

v

0¢

(| OPe

JB|OAf

0

0

X pioe Ajje4 lio ueegAog

0

dullieAjod o3 ploe dijAXoqied jo ol JejojN( | x

sulweipeus|Adoad jAxiemojje |

pioe Ajey jo uesgAog

67} X Wwoyp

ploe dlouexaj auiwelpsusi{Adoud |As|(

8’1 X4 woey

ptoe ofjealg sulleLnsudAReI()

L) X4 WwojH

pioe dijouioiy eulluelIIous|AY8I( 9] X3 Wwon

ploe oilea}sas] eLjuLBlLIIOUS|AULSI(] G| X3 Wwon

26

proe Ajjey {lo ussqhog auitueL.Reua|ALYl8I(g

b1 X3 woj

proe Apey jio ueagqiog suluisLBuUBjAL}8I(] £4 X3 wo)

auleipsusjAL3 2t X3 wo)

pioE 9114300

sujeLReus|ALel] '] X3 wag

(s)ploe JlAxoqie

auueA(od

(penuruod) | ejqe|



CA 02461629 2004-03-22

<II> Preparation of ammonium compound (b)

Synthesis examples of ammonium compounds (b-2) to (b-7)
that are quaternary ammonium salts shown by formula(3) and that are
some of the ammonium compounds (b) used in the examples described
later will be shown below.

Synthesis Example 1.1

First, 298.5 g (1.0 mole) of methyl oleate and 74.5 g (0.5 moles)
of triethanol amine were placed in a four-necked flask provided with a
stirrer, a condenser, a thermometer and a nitrogen inlet tube, and the
mixture was heated to increase the temperature to 180°C i1n a nifrogen
atmosphere, and a reaction was carried out at 180°C for 15 hours while
removing methanol to the outside of the reaction system. Then, an
ester compound having a hydroxyl group value of 84.1 and a total
amine value of 80.3 was obtained. Then, 314.4 g (0.45 moles) of this
ester compound and 330.0 g of ethanol were placed 1n a pressure-
resistant reactor provided with a stirrer and a thermometer, and the
gas phase was substituted with nitrogen at 60°C. Thereafter, 48.1 g
(0.95 moles) of methyl chloride was added at 90 °C while stirring, and
the resultant mixture was further stirred for 4 hours. Then,
unreacted methyl chloride was removed under a reduced pressure, and
thus a quaternary ammonium salt (ammonium compound (b-2)) having
a total amine value of less than 0.1 was obtained. Table 2 shows

names of groups corresponding to those in formula(3) of this compound.

Synthesis Example 1.2

A quaternary ammonium salt (b-3) shown in Table 2 was
obtained by performing the same operation as in Synthesis Example

1.1, using methyl isostearate instead of methyl oleate.
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Synthesis Example 1.3

First, 340.0 g (1.0 mole) of erucic acid a and 74.5 g (0.5 moles)
of triethanolamine were placed in a four-necked flask provided with a
stirrer, a condenser, a thermometer and a nitrogen inlet tube, and the
mixture was heated to increase the temperature to 180°C in a nitrogen
atmosphere, and a reaction was carried out at 180°C for 15 hours while
removing water to the outside of the system. Then, an ester
compound having a hydroxyl group value of 71.5 and a total amine
value of 69.4 was obtained. Then, 323.3 g (0.4 moles) of this ester
compound and 370.0 g of ethanol were placed in a reactor provided
with a stirrer and a thermometer, and the gas phase was substituted
with nitrogen at 60°C. Thereafter, 50.1 g (0.4 moles) of dimethyl
sulfate was added at 70°C while stirring and a reaction was carried out
for 2 hours. As a result, a quaternary ammonium salt (ammonium
compound (b-4)) having a total amine value of less than 0.1 was

obtained.

Synthesis Examples 1.4 and 1.5

Quaternary ammonium salts (ammonium compounds (b-5)
and (b-6)) as shown in Table 2 was obtained by performing the same
operation as in Synthesis Example 1.3, using mixed fatty acid o or

mixed fatty acid B instead of erucic acid «a.

Comparative Synthesis Example 1.1

A quaternary ammonium salt (ammonium compound (b-7)) as
shown 1n Table 2 was obtained by performing the same operation as in

Synthesis Example 1.3, using octylic acid instead of erucic acid a.

28



CA 02461629 2004-03-22

108 O§jA100 .
Sm..__:mo_wﬁai SudlA3 | susiAipg Eoﬂ. uoz“_ow |AoYy 1"1"X3 sisatjpuis ‘won
108 AJje) paxiu .
oumw_umn“wﬁm_z SuaAi3 | SusiAing .Wcoﬂ* vm>:wﬂﬂ>o< G I'X] SisatuAg
N 0 pioe A1} paxiw —
Bmm_amnﬂwfci SuslAt | susiiun Eoﬂ_ vo>_..o.."uv_>o< b’ 1'X3 SISBYIUAS
n v D pIoe J1onse £°1°%3 m,waic_u:\am

auajAyy] | sauajALig

S gy

ausjAyl1l | eusj)Ayng

W04 POALIDP JADY
pioe 0LIea1sos!
Wol} PaALIap JADY

o1eyins jAYISN

Z'1'X3 SIS?YIUASG

uoi SuULIofYD

it wr—

1] ‘X3 SISO{IUASQ

Np—

G0C—-10¢ UOKLED

" 0 pioe o0
WoAy PAALISP |ADY

uol suuIolyd ausjAn] | eusjALlg

e App—

iy

uol suLIoIYyn

punodwoo
LINIUOLILLY/

¢ ®iqe |

29



CA 02461629 2004-03-22

<[II> Preparation of additive for paper
Example 2.1

' First, 244.4 g of a compound (a-1) as the compound (a), 23.8 g
of acetic acid, 8.4 g of an ammonium compound (b-1) (Cation 20L-205
manufactured by NOF Corporation; a quaternary ammonium salt
shown by formula(2); names of groups corresponding to those in
formula(2) are shown in Table 2) as the ammonium cdmpound (b), 60 g
of propylene glycol, and 60 g of 3-methoxy-3-methyl-butanol were
placed 1n a four-necked flask provided with a stirrer, a condenser, and
a thermometer, and the mixture was stirred at 50°C for 30 minutes,
and thus an additive for paper X-1 was obtained. Table 3 shows the
type or name of the compound (a) and the ammonium compound (b)
and their weight ratio (a/b). Table 3 also shows the same for
Examples 2.2 to 2.13 and Comparative Examples 2.1 to 2.5 described

later.

Example 2.2

First, 314.6 g of a compound (a-1) as the compound (a), 21.9 g
of acetic acid, 30.4 g of an ammonium compound (b-6) as the
ammonium compound (b), and 20 g of polyethylene glycol (average
molecular weight: 200) were placed in a four-necked flask provided
with a stirrer, a condenser, and a thermometer, and the mixture was

stirred at 50°C for 30 minutes, and thus an additive for paper X-2 was

obtained.

Examples 2.3 to 2.13
Additives for paper X-3 to X-13 were obtained by performing
an operation according to Example 2.2, using the compounds (a) and

the ammonium compounds (b) shown in Table 3 in the ratios shown in
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Table 3. In Example 2.7, the ammonium compound (b) was not used.

Comparative Example 2.1
An additive for paper X-14 was obtained by performing an
operation according to Example 2.2, using only the ammonium

- compounds (b) shown in Table 3.

Comparative Examples 2.2 to 2.5 |
Additives for paper X-15 to X-18 were obtained by performing

an operation according to Example 2.2, using the compounds (a) and

the ammonium compounds (b) shown in Table 3 in the ratios shown in

Table 3.
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<IV> Evaluation of additives for paper
<IV-1> Evaluation of additives for paper containing the amide
-compound (a) and additives for paper containing the amide compound

(a) and the ammonium compound (b)

- Example 3.1
<1> Preparation of paper and evaluation of bulkiness

First, 1 L of tap water, 50.0 g of LBKP (hardwood bleached
pulp) were fed into a 2L disintegrator (a pulper manufactured by
Kumagai Riken Co. Ltd.) for disintegration for 15 minutes, and thas
LBKP pulp slurry was obtained. A part of this slurry was taken and
placed in a 300 mL beaker and diluted with tap water, and thus 1.5
wt% LBKP pulp slurry was obtained in an amount of 80 g. The
additive dispersion A shown in Table 1 was added in an amount of 0.12
g (1.0 part by weight of the additive with respect to 100 parts by weight
of the pulp) to 80 g of this pulp slurry, and the resultant mixture was
stirred at 250 rpm for 2 minutes with a turbine blade having a
diameter of 4.5 cm in the 300 mL beaker. Thereafter, paper was
formed such that the basis weight was about 60 g/m® by a sheet
machine (TAPPI standard sheet machine manufactured by Yasuda
Seiki Seisakusho Ltd.), pressed at 0.35 Mpa for 5 minutes with a
pressing machine (manufactured by Yasuda Seiki Seisakusho Ltd.),
and dried at 105°C for 80 seconds with a drum dryer (manufactured by
Yasuda Seiki Seisakusho Ltd.), and thus test paper was obta.ined.

The basis weight and the thickness of this test paper were
measured, and the density was calculated. The basis weight was
measured according to JIS P 8124, and the thickness was obtained by
superimposing four of the obtained test papers and measuring the

thickness of different 10 portions with a JIS type paper thickness
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measuring device (MEI-10 manufactured by Citizen Watch Co., Ltd.)
and obtaining the average thereof. The percentage was calculﬁted,
taking the density of the test paper obtained in Comparativé Example
3.8 (the additive dispersion was not used) described later as 100%
(blank value), and evaluation was performed as follows.

The density is less than 95.0% of the blank value: the
bulkiness 1s sufficient, and thus, the effect of the additive can be
observed; shown by O in Tables.

The density is 95.0% or more of the blank value: the bulkiness
1s insufficient, and thus, the effect of the additive cannot be observed;
shown by X 1n Tables. \

Table 4 shows the results.

<2> Preparation of paper and evaluation of softness

Paper was prepared in the same manner as in the above item
<1>, except that the additive dispersion was not added, and paper
having a basis weight of 20g/m® was obtained. The additive dispersion
A was uniformly sprayed manually onto the surface of this papei' in an
amount corresponding to 1.0 part by weight with respect to 100 parts
by weight of the paper pulp in terms of dry weight. This was dried at
105°C for 120 seconds with a drum drier and thus, test paper was
obtained. Five of the test papers constituted one set, and a functidn
evaluation of the softness was performed by touching the test paper
with both hands that had been washed sufficiently with soap. Table 4
shbws the results. The evaluation was performed according to the
following five criteria, and the average of values obtained from 10

people was taken as the evaluation value.
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- Evaluation Softness
1 Hard
2 - Substantially the same level as when no softening

agent 1s used

3 Slightly soft
4 Soft
5 Very soft

<3> Evaluation of brightness of paper

The brightness (WB) of test paper having a basis weight of 60
‘g/m® prepared by the same method as in the above item <1> was
measured with a color meter (ZE-2000 manufactured by NIPPON
DENSHOKU CO. LTD.). The brightness was evaluated according to
' the following criteria.

The brightness is 81.0 dr- more: the brightness is sufficient;
shown by O in Table 4.

The brightness is less than 81.0: the brightness is not
sﬁfﬁcient; shown by X in Table 4.

Table 4 shows the results.

<4> Evaluation of peeling property

Filter paper (5A manufactured by Advantech Toyo) and
aluminum foil were cut into squares of 10 cm X 9 cm. Separately, a
commercially available liquid paste (O'GLUE GF5 manufactured by
FUEKINORI KOGYO Co. Ltd.) and the additive dispersion A were
mixed 'such that the weight ratio is 9/1, and the obtained mixture was
applied uniformly onto the portion of 10 cm X 6 cm of the filter paper in
‘an amount of about 1 g, and then the aluminum foil was attached

thereto with i1ts back face as the attached face. This was sandwiched
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between chromium plated copper plates (circular, a diameter of 16 cm)
and pressed at 0.35 MPa for 5 minutes, and then it was dried at 105°C
for one hour. This was pulled in the direction of 180° with fespect to
the attached face with a tensile strength tester (a tension / compression
tester SV-201-0-SH manufactured by IMADA SEISAKUSHO CO.
LTD.), and the peel strength of the force with which the paper was
peeled Was measured. The peeling property was evaluated according
to the following criteria.

The peel strength is less than 2.0 N: the peel strength is low
and the effect regarding the peeling property is good; shown by O in
Table 4. '

The peel strength is 2.0 or more: the peel strength is high and
the effect regarding the peeling property is insufficient; shown by X
in Table 4.

Table 4 shows the results.

<5> Evaluation of foaming property
Foaming property test: test using a floatater
First, 10.5 g of LBKP was added to 2089.5 g of tap water and
disintegrated so that 0.5 wt% pulp slurry was prepared in an amount
of 2100 g, which was kept at 25°C in a bath. Then, 10% calcium
carbonate and the paper additive dispersion A were added thereto such
that the ratios were 50 parts by weight and 1.0 part by weight,
respectively, with respect to 100 parts by weight of the pulp. ' Then,
the mixture was stirred until it became uniform. This was stirred for .
5 minutes in a floatater manufactured by Ota Kikai Seisakusho G.e., a
Kyoto University type floatater in which a baffle for removing foam
was removed), and the height of the foam occurring in this case was

measured. Table 4 shows the results. When the height of the foam
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is 70 mm or less, the foaming is low (shown by O in Tables). When
the height of the foam exceeds 70 mm, the foaming is high (shown by

X in Tables).

Example 3.2

The bulkiness, the softness, the brightness and the foaming
property were evaluated in the same manner as in Example 3.1, except
that the amount of the additive dispersion A added was changed such
that the ratio of the additive became 0.5 parts by weight with respect
to 100 parts by weight of the pulp. Regarding the peeling property, a
test was performed under the same conditions as in Example 3.1.

Table 4 shows the results.

Example 3.3

The bulkiness, the softness, the brightness and the foaming
property were evaluated in the same manner as in Example 3.1, except
that the amount of the additive dispersion A added was changed such
that the ratio of the additive became 5.0 parts by weight with réSpéct
to 100 parts by weight of the pulp. Regarding the peeling property, a
test was performed under the same conditions as in Ekample 3.1.

Table 4 shows the results.

Examples 3.4 to 3.16
The same operation as in Example 3.1 was performed, 'except

that the additive dispersion was changed to dispersions B to N of Table
1. Table 4 shows the results. .

Examples 3.17 to 3.19

The same operation as in Example 3.1 was performed, except
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that the additive dispersion was changed to dispersions O to Q of Table
1. As a result, paper having sufficient bulkiness was obtained.
Regarding the softness, the brightness, the peeling property, and the

foaming property of this paper, the evaluations were shghtly lower
than those of Example 3.1.

Comparative Examples 3.1 to 3.7

The same operation as in Example 3.1 was performed, except

that the additive dispersion was changed to dispersions R to X shown

in Table 1. Table 4 shows the results.

Comparative Example 3.8

The same operation as in Example 3.1 was performed, except

that no additive dispersion was added. Table 4 shows the results.

Comparative Examples 3.9 and 3.10
The same operation as in Example 3.1 was performed, except

that the additive dispersion was changed to dispersions Y and Z shown
in Table 1. Table 4 shows the results.
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Referring to the results of Examples 3.1 to 3.16 of Table 4,
when a dispersion containing the paper additive composition of the
present invention containin‘g a specific amide compound is used, foams
hardly occur in the paper formation process, and bulky and soft paper
can be obtained. The brightness and the peeling property of the

- obtained paper are also good.

Example 4.1

Using the additive for paper X-1 obtained in Example 2.1 as
the additive for paper, preparation of paper and evaluation of
bulkiness 1n item <1>, preparation of paper and evaluation of softness
in item <2>, and foaming property test in item <5> were performed
according to Example 3.1. Furthermore, occurrence of paper dust

shown in the following item <6> was also evaluated.

<6> Evaluation of occurrence of paper dust

A black adhesive tape was attached onto the surface of test
paper having a basis weight of 60 g/m® prepared according to the
method described in item <1> of Example 3.1, and then detached. The
area ratio of pulp fibers attached onto the black adhesive tape was
measured with an image analysis device (SP 500F manufactured by
OLYMPUS OPTICAL COMPANY LIMITED). The occurrence of
paper dust was evaluated i1n the following criteria. _

The area ratio of the attached pulp is less than 10%: little
- paper dust occurs; shown by O in Table.

The area ratio of the attached pulp is 10% or more: a lot of
paper dust occurs; shown by X in Table.

Table 5 shows the results of evaluations mentioned above

together.
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Examples 4.2 to 4.12
The same operation as in Example 4.1 was performed, except
that the paper additives X-2 to X-12 obtained in Examples 2.2 to 2.12

as the paper additive were used. Table 5 shows the results.

Example 4.13

The same operation as in Example 4.1 was performed, except
that the paper additive X-13 obtained in Example 2.13 as the paper
additive was used. As a result, paper having sufficient bulkiness was
obtained. Regarding the softness, the occurrence of paper dust and
the foamiﬁg property of this paper, the evaluations were slightly lower
than those of Example 4.1.

Comparative Example 4.1
The same operation as in Example 4.1 was performed, except

that no paper additive was used. Table 5 shows the results.

Comparative Examples 4.2 to 4.6

The same operation as in Example 4.1 was performed, except
that the paper additives X-14 to X-18 obtained in Comparative
Examples 2.1 to 2.5 as the paper additive were used. Table 5 shows

the results.
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As evident from the results of Table 5, when each of the paper
additives of Examples 4.1 to 4.6, 4.11 and 4.12 of the present invention
is used, foams hardly occur in the paper formation process, and bulky
and soft paper can be obtained. Furthermore, occurrence of paper
dust can be limited to a very small amount. In Examples 4.7 to 4.10,
paper dust of the obtained paper occurs in a relatively large amount,
but the bulkiness and the softness are sufficient.

On the other hand, in Comparative Example 4.1, no paper
additive was added, so that bulky and soft paper could not be obtaine.d
and a large amount of paper dust occurred. In Comparative Example
4.2, the compound (a) was not used, so that bulky and soft paper could
not be obtained and a large amount of paper dust and foams occurred.
In Comparative Example 4.3, the number of carbon atoms of the fatty
acid as a raw material of the compound (a) was smaller than the range
defined in the present invention, so that bulky and soft paper could not
be obtained and a large amount of paper dust occurred. Ih
Comparative Examples 4.4 to 4.6, the molar ratio of the fatty acid as a
raw material and the polyamine shown by formula(l) in the compound
(a) was outside the range defined in the present invention, so that
bulky and soft paper could not be obtained and a large amount of paper

dust and foams occurred.

<IV-2> Evaluation of additives containing amide compound (a) and
polyacrylamide compound (c)
Example 5.1

~ Using the additive for paper containing the amide cdmpound
(a) and the polyacrylamide compound (c¢) shown in Table 6 in the
amounts (parts by weight with reépect to 100 parts by weight of pulp;

solid contents) shown in Table 6, preparation of paper and evaluation
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of bulkiness were performed according to Example 3.1. The bulkiness
was evaluated, taking the density of the test paper obtained in
Comparative Example 5.1 (no additive dispersion was used)' described
later as 100% (blank value).

Next, the obtained paper was subjected to humidity control for
17 hours in a constant humidity thermostatic chamber at a
temperature of 23°C and a humidity of 50%. The strength of this
paper was evaluated by the method described in the following item
<7>.  Furthermore, the drainage and the retention of a system
containing the above-mentioned additive were evaluated according to

the method described in each of the following items <8> and <9>

<7> Evaluation of strength of paper

The above paper was cut into 15 X 120 mm to prepare a test
piece. The tensile strength of this test piece was measured with a
tension / compression tester (manufactured by IMADA SEISAKUSHO
Co. Ltd.). The tensile index was calculated from the following
equation, based on the obtained tensile strength, the width and the
basis weight of the paper.

Tensile index (km) = (tensile strength (N) x 1000) / (9.81 x
width (mm) of test piecex basis weight (g/m®) of test piece)

Next, the percentage was calculated, taking the tensile index
of the test piece obtained in Comparative Example 5.1 described later
as 100% (blank value), and the strength of the paper was evaluated as
follows.

The tensile index 1s 90.0% or more: the strength 1s sufficient;
shown by O in Table.

The tensile index 1s less than 90.0%: the strength is

insufficient; shown by X in Table.
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<8> Evaluation of drainage

LBKP was disintegrated with a disinte gratbr (manufactured
by Kumagai Riken Co. Ltd.) to prepare 0.5 wt% pulp slurry. Then,
500 g of this pulp slurry were placed in a dynamic drainage jar having
" a diameter of 10.1 cm, height of 15.2 cm, and a filter provided at the
drainage portion with a 50 mesh filter fabric. Calcium carbonate
slurry was added in this slurry such that the ratio of the calcium
carbonate was 10 parts by weight with respect to 100 parts by weight
 of the pulp. Furthermore, the amide compound (a-1) obtained in the
above example and a cationic polyacrylamide compound o shown in
Table 6 were added such that the ratios thereof were 0.3 parts by
weight and 0.2 parts by weight, respectively, with respect to 100 parts
by weight of the pulp. The obtained mixture was stirred at 1000 rpm
for one minute, and then, the cock in the lower portion was opened for
30 seconds to collect filtered water, and the weight thereof was
'measured. '

The amount of the filitered water 1s 450 g or more: the
drainage is good; shown by O in Table. ‘

The amount of the filtered water is less than 450 g° the

drainage is insufficient; shown by X in Table.

<9> Kvaluation of retention

The filtered water collected in the above item <8> was filtered
with a filter paper (A of type 5 defined in JIS P3801), the filter paper
was dried at 105°C for two hours, and the weight of the solid that

remained on the filter paper was measured. This was taken as the

solid weight in the filtered water.
The solid weight 1s less than 300 mg: the retention in the
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paper formation process is good; shown by O in Table.

The solid weight is 300 mg or more: the retention in the paper
formation process is insufficient; shown by X in Table.

Table 6 shows the evaluation results of the bulkiness and the
results of the items <7> to <9> above. Table 6 also shows the results
of Examples 5.2 to 5.5 and Comparative Examples 5.1 to 5.4 described

later.

Examples 5.2 to 5.5

The same operation as in Example 5.1 was performed, except
that an additive containing the amide compound (a) and
polyacrylamide compound (c) shown in Table 6 was used as the

additive for paper.

Comparative Example 5.1
The same operation as in Example 5.1 was performed, except

that the additive for paper was not used.

Comparative Example 5.2
The same operation as in Example 5.1 was performed, except
that an additive containing the polyacrylamide compound (¢) shown in

Table 6 was used as the additive for paper.

Comparative Examples 5.3 and 5.4

The same operation as in Example 5.1 was performed, except
that an additive containing the amide compound (a) and
polyacrylamide compound (c) shown in Table 6 was used as the

additive for paper.
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As evident from Table 6, when the additive containing the amide
compound (a) and the polyacrylamide compound (¢) is used, bulky
paper having a sufficient strength can be obtained. The drainage and

the retention during production were also excellent.

The 1invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof. The
embodiments disclosed in this application are to be considered in all
respects as illustrative and not limiting. The scope of the invention is
indicated by the appended claims rather than by the foregoing
description, and all changes which come within the meaning and range

- of equivalency of the claims are intended to be embraced therein.
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"What is claimed 1s:

1. A paper additive composition comprising an amide compound (a)
obtained by reacting a polyamine and a carboxylic acid or a salt of the

amide compound (a),

wherein the polyamine is shown by formula (1):

\ R-(NH-R)n-NH, (1)

wherein R is H,N-R! or R? and each R' is independently an
alkylene group having 1 to 4 carbon atoms, R* is an alkyl grdup or
alkenyl group having 12 to 22 carbon atoms, and n is an integer of 1 to
. |

the number of carbon atoms of the carboxylic acid 1s 10 to 24,

the amide compound 1s obtained by reacting the carboxylic
acid at a ratio of 0.5 to 4.3 moles per 1 mol of the polyamine, and

the ratio of a tertiary amine value to a total amine value of the

amide compound (a) is 0.60 to 0.99.

2. The paper additive composition of claim 1, further cdmprising an

ammonium compound (b),

wherein the ammonium compound (b) is at least one selected

form the group consisting of a quaternary ammonium salt shown by

formula(2):

+
g

RB
\N
7/ \

RS R

(2)

wherein each R’ is independently a hydrocarbon group having

10 to 24 carbon atoms, R!is an alkyl group having 1 to 3 carbon atoms
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or a benzyl group, m1s 1 to 10 and X is an anion, and

a quaternary ammonium salt shown by formula (3):

R° co-—-ORG\ /R7 —-0OH
N"l" ..X" (3)

R° CO-—-ORB/ \R8

wherein each R°CO is independently an acyl group having 10
to 24 carbon atoms, each R°® is independently an alkylene group having
2 to 4 carbon atoms, R’ is an alkylene group having 2 to 4 carbon

atoms, R® is an alkyl group having 1 to 3 carbon atoms or a benzyl

~group, and X~ is an anion.

3. The paper additive composition of claim 1 or 2, further comprising

a polyacrylamide compound (c).

4. The paper additive composition of any one of claims 1 to 3, wherein
the carboxylic acid has at least one of an unsaturated bond and a
branched chain, or the carboxylic acid is a mixture of carboxylic acids
that comprise a carboxylic acid having at least one of an unsaturated

bond and a branched chain at a ratio of at least 40 wt%.

5. A method for producing paper comprising the step of:

adding the paper additive composition of any one of claims 1 to
4 at a ratio of 0.03 to 8 parts by weight with respect to 100 parts by
weight of pulp 1in production of paper.

6. The method for producing paper of claim 5, wherein the addition

step comprises an addition of the paper additive composition to a
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mixture comprising pulp and water in a paper formation process.
7. The method for producing paper of claim 5, wherein the addition

step comprises an application of the paper additive composition onto a

surface of a pulp sheet obtained in a paper formation process.
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