DESCRIPTION

VINYL ALCOHOL POLYMER, AQUEOUS SOLUTION, COATING AGENT, INK JET RECORDING
MATERIAL, THERMAL RECORDING MATERIAL AND BASE PAPER FOR RELEASE PAPER
CONTAINING SAME

{TECHNICAL FIELD]
[0CG01]

The present invention relates to a vinyl alcohol polymer having
a silyl group, and an aqueous solution, a ccating agent, an ink jet
recording material, & thermal recording material and a base paper for

a release paper containing same.

[BACKGROUND ART]
[0002]

Vinyl alcohel polymers (hereinafter, may be abbreviated as “PVAs™)
typified by polyvinyl alcohol are known as water-soluble synthetic
macromolecules, and are widely used in intended usages including raw
materials for vinylon, which is a synthetic fiber, paper coating agents,
fiber coating agents, adhesives, stabilizers for emulsion
polymerization and suspension polymerization, binders for inorganic
substance, and films. 1In particular, PVA is superior in strength
characteristics and film-forming property as compared with other

water-soluble synthetic macromelecules, and based on these properties,

PLUPELLLIES UL SUUSLLALES SUCH &5 Padpels (Uledl Cudlllly dyells, DLiLuess
in pigment coating, coating agents (sealing agent) for a paper surface
of reilease papers, and the like), materials for forming an ink-receiving
layer in ink jet recording materials, materials for forming a cocating
layer such as a thermal coloring layer or an overccat layer in thermal
recording materials.

[0003]

In order to further enhance the characteristics of such PVA,
various types of modified PVAs have been developed. As one example of
the modified PVAs, silyl group-containing PVA is exemplified. The silyl
group-containing PVA has high water resistance and binder force to

inorganic substances. However, the silyl group-containing PVA is
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accompanied by the following disadvantages that: (a) in the preparation
of agueous sclutions of thereof, the silyl group-containing PVA is less
likely to be sufficiently dissolved unless an alkali such as sodium
hydroxide or an acid is added; (b) viscosity stability of the prepared
agqueocus solutions tends to be readily deteriorated; (c) in the formation
of a coating film containing inorganic substances, it is difficult to
obtain a coating film having the water resistance and the binder force
to the inorganic substance both being satisfactory:; and the like.
[0004]

In addition, when an ink jet recording material is produced using
such silyl group-containing PVAs in an ink-receiving layer, a
disadvantage is observed that strength and water resistance of the
coating film are insufficient, and unevenness (printing unevenness) is
likely to be caused in printing.

[0005]

Further, thermal recording materials produced using the PVA in
the coating layer fail to exhibit water resistance and resistance to
plasticizers sufficient to satisfy a high level of reguirements fox
thermal recording materials in recent years.

[0006]

In addition, sealability (low gas—-permeability and/or superior
solvent-barrier properties) and water resistance ¢f the coating film
obtained from an aquecus solution of the silyl group-containing PVA are
insufficient.

[0007]
In light of the foregoing, there have been proposed a silyl

PULYIGL LAQLLWLL L) Gl G LUlLSile 0. MWL 0) Ul GUILUINS L Wil Lo LG v iy o
silyl group to fall within a predetermined range, and the like (see
Japanese Unexamined Patent Application, Publication No. 2004-43644),
a coating agent containing the silyl group-centaining PVA, an ink jet
recording material produced from the coating agent, and a thermal
recording material (see Japanese Unexamined Patent Application,
Publication No. 2005-194437), and a base paper for a release paper
including a coating layer containing a silyl group-containing PVA that
has improved barrier properties and water resistance and the like by

adjusting a product (Pw x S) of a weight average degree of polymerization
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{Pw) and a percentage content ($: mol%) of monomer units having a silyl
group to fall within a predetermined range, and the like (see Japanese
Unexamined Patent Application, Publication No. 2005-194672). However,
in the silyl group-containing PVAs, the upper limit of the product (P
x S) has been proposed to be 370, and a trade-off relationship between
enhancing the characteristics as the silyl group-containing BVA through
an increase of the content of the monomer units having a silyl group
and enhancing a solubility in water and the like thereof has not been
overcome. More specifically, the silyl group-containing PVA has a
disadvantage in handling that in a case where the product (P x §) is
370 or greater, in preparing an aqueous solution of the silyl
group-containing PVA, it is occasionally impossible todissolve the silyl
group-containing PVA unless an alkali or an acid is added, as disclosed
in paragraph 0009 of Japanese Unexamined Patent Application, Publication
No. 2004-43644 cited above. Accordingly, the silyl group-containing PVA
also has not sufficiently solved the aforementicned disadvantages.
[PRIOR ART DOCUMENTS]
[PATENT DOCUMENTS]
[0008]

Patent Document 1: Japanese Unexamined Patent Application,
Publication No. 2004-43644

Patent Document 2: Japanese Unexamined Patent Application,
Publication No. 2005-194437

Patent Document 3: Japanese Unexamined Patent Application,
Publication No. 2005-194672
[SUMMARY OF THE INVENTION]

{0009]

The present invention was made in view of the foregoing
circumstances, and an object of the present invention is to provide a
vinyl alcohol polymer that provides a coating film having superior water
resistance and binder performances, and has a sufficient sclubility in
water and viscosity stabllity even in a neutral pH region, and an agueous
solution containing the winyl alcohol polymer. In addition, another
object of the present invention is to provide a c¢oating agent being
capable of providing a coating film that has superior water resistance,
binder force to inorganic substances, surface strength and sealability,

and having sufficient handleability and viscosity stability, as well
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as a coated article produced by applying the coating agent, and a method
for producing the same. Still another object of the present invention
is to provide an ink jet recording material having superior coating film
strength and water resistance and allowing for reduced occurrence of
the printing unevenness, a method for producing the ink jet recording
material, and a method for producing a printed article using the ink
jet recording material. Yet another object of the present invention is
to provide a thermal recording material having superior water resistance
and resistance to plasticizers, a method for producing the thermal
recording material, and a method for producing a printed article using
the thermal recording material. Other object of the present invention
is to provide a base paper for a release paper having superior sealability
and water resistance, a method for producing the base paper for a release
paper, as well as a release paper and a peelable laminate using the base
paper for a release paper.
[MEANS FOR SQOLVING THE PROBLEMS]
[0010]

According to a first aspect of the present invention made for
solving the aforementioned problems, a vinyl alcohel polymer comprises
a monomer unit represented by the following formula (1):

[Chemical Formula 1]
R5

|
~-CHy;—C )

|7 R R,

R*

wherein in the formula (1)}, X represents & direct bond, a divalent
hydrocarbon group, or a divalent organic group having an oxygen atom
or a nitrogen atom; R! represents a hydrogen atom or an alkyl group having
1 to 5 carbon atoms; R® represents an alkoxyl group, an acyloxyl group
or a group represented by OM, wherein M represents a hydrogen atom, an
alkali metal or an ammonium group; R® and R' each independently represent
a hydrogen atom or an alkyl group, wherein hydrogen atoms included in
the alkyl group, the alkoxyl group and the acyloxyl group represented

by R' to R* are unsubstituted or substituted with a substituent having
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an oxygen atom or a nitrogen atom; R® represents a hydrogen atom or a
methyl group; m is an integer of 0 to 2; and n is an integer of 3 or
greater, wherein in a case where R' to R® are each present in a plurality
of number, a plurality of R's are each independently as defined above,
a plurality of R?s are each independently as defined above, a plurality
of R’s are each independently as defined above, a plurality of R's are
each independently as defined above, and a plurality of R®s are each
independently as defined above,

and wherein the following inequality (I) is satisfied:

370 £ P x § £ 6,000 (1)

wherein, P represents the viscosity average degree of
polymerization of the vinyl alcohol polymer; and $ represents the
percentage content (mol%) of the monomer unit.
[0011]

The PVA according to the aspect of the present invention comprises
a monomer unit having a group represented by the above formula (1), and
more specifically a structure in which a silyl group is bound to the
main chain via an alkylene group having 3 or more carbon atoms.
Therefore, according tce the PVA, even when the degree of modification
with the silyl group is increased, deterioration of the solubility in
water and the viscosity stability can be inhibited. In addition,
according to the PVA, since the product {P x §) of the viscosity average
degree of polymerization (P) and the percentage content {S) of the moncmer
unit falls within the above range, the degree of modification with silyl
group can be increased, whereby a coating film having superior water

resistance and binder performances can be obtained.

a - a

are further satisfied:

200 £ P £ 4,000 (I1)

0.1 £ 5 < 10 (IIT})

wherein, P represents the viscosity average degree of
polymerization; and S represents the percentage content (mol%) of the
monomer unit, and that

n in the above formula (1) is an integer of 6 or greater and 20
or less.
[0013]
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When the viscosity average degree of polymerizaticon (P) and the
percentage content (S) of the monomer unit thus fall within the above
range, the solubility in water and the viscosity stability of the PVA
as well as the water resistance and the binder performances of the
resultant coating film can be improved. When n falls within the above
range, the content of a crosslinking agent used in combination with the
vinyl alcohol polymer can be reduced, and aiso in a case where the
crosslinking agent is not used, the water resistance and the binder
performances of the resultant coating filmcanbe sufficiently exhibited.
f0014]

It is preferred that X in the above formula (1) is represented
by -CO-NR®-*, wherein, R® represents a hydrogen atom or an alkyl group
having 1 to 5 carbeon atoms; and * denotes a binding site on a side where
a 8i atom is included shown in the above formula (1), and n is an integer
of 12 or less. When the monomer unit thus has an amide structure at a
position away from the silyl group, the solubility in water and the
viscosity stability can be more improved while maintaining the
performances resulting from the silyl group. When the monomer unit has
such a structure, the performances of the PVA such as the solubility
in water and the viscosity stability can be further improved, and the
production of the PVA can be easily carried out.

[0015]

The aqueous solution according to another aspect of the present
invention comprises the vinyl alcchol polymer in an amount of 4% by mass
or more and 20% by mass or less, and has a pH of 4 or higher and 8 cr

lower. The agqueous solution contains a high concentration of the

has superior viscosity stability and a pH falling within the above range,
leading to superior handleability.
[0016]

In addition, a ceoating agent comprising the PVA is also encompassed
within the scope of the present invention. The PVA comprised in the
coating agent includes a monomer unit having a group represented by the
above formula (1), and more specifically a structure in which a silyl
group is bound to the main chain via an alkylene group having 3 or more
carbon atoms. Accordingly, in the cecating agent, the degree of

modification with the silyl group can be increased, and therefore a

(N
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coating film having superior water resistance, binder force, surface
strength and sealability, and the like can be provided, as described
above.
[0017]

In addition, the cecated article according to another aspect of
the present invention is produced by applying the coating agent on the
surface of a substrate. The coated article comprises a coating film that
exhibits superior water resistance, binder force to inorganic
substances, surface strength and sealability.

[0018]

rfurther, a method for producing the coated article according to
an aspect of the present invention comprises applying the coating agent
cn the surface of a substrate. The method for production enables the
coated article to be easily provided.

[0019]

Furthermore, an ink jet recording material comprising the vinyl
alcohol polymer is also encompassed within the scope of the present
invention. The PVA comprised in the ink jet recording material includes
a monomer unit having a group represented by the above formula (1), and
more specifically a structure in which a silyl group is bound to the
main chain via an alkylene group having 3 or more carbon atoms.
Accordingly, for example, in producing an ink-receiving layer of the
ink jet recording material using a coating agent for an ink jet recording
material comprising the PVA, even when the degree of modification with
the silyl group of the PVA comprised in the coating agent for an ink

det recordinag materizal is increased. handleabilitv of the coatinag agent

solubility in water in a neutral pH region. Therefore, according to the
ink jet recording material, the degree of modification with the silyl
group of the PVA comprised can be increased, and improvement of strength
and water resistance of the coating film and reduction of the generation
cf printing unevenness can be achieved.
[0G20]

The ink jet recording material preferably comprises a substrate
and an ink-receiving layer provided on the surface of the substrate,
and the ink-receiving layer is preferably formed by applying a ccating

agent for an ink jet recording material comprising the PVA. According
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to such a configuration, the ink-receiving layer of the ink jet recording
material can be produced from the PVA and the like, whereby the coating
film strength and the water resistance can be more effectively improved,
and the printing unevenness can be reduced.

[0021]

The present method for producing the ink jet recording material
comprises applying on a substrate a coating agent for an ink jet recording
material comprising the PVA. According to the method for production,
the ink jet recording material can be easily provided.

[0022]

Furthermore, the present invention encompasses a method for
producing a printed article comprising subjecting the ink jet recording
material to ink jet printing. According to the method for production,
due to using the aforementioned ink jet recording material, superior
coating film strength and high-speed printing can be achieved, and in
addition, printed articles accompanied by reduced generation of printing
unevenness and having superior water resistance can be obtained.
[0023]

Furthermore, a thermal recording material comprising the vinyl
alcohol polymer is also encompassed within the scope of the present
invention. The PVA comprised in the thermal recording material has a
monomer unit having a group represented by the above formula (1), and
more specifically a structure in which a silyl group is bound to the
main chain via an alkylene group having 3 or more carbon atoms.

Accordingly, for example, in producing a ceoating layer (a thermal

group of the PVA comprised in the coating agent for a thermal recording
material is increased, handleability of the coating agent for & thermal
recording material is favorable, and deterioration of the viscosity
stability is also inhibited, since the PVA has a high solubility in water
in a neutral pH region. Therefore, according to the thermal recording
material, the degree of modification with the silyl greoup of the PVA
comprised can be increased, and the water resistance, the resistance
to plasticizers, and the like can be improved.

[0024]

N
R
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It is preferred that the thermal recording material comprises a
substrate, a thermal coloring layer provided on the surface of the
substrate, and an overcoat layer provided on the surface of the thermal
coloring layer, and at least one of the thermal coloring layer and the
overcoat layer are formed by applying a coating agent for a thermal
recording material comprising the PVA. According to such a
configuration, the layers of the thermal recording material can be
produced from the PVA and the like, the water resistance and the
resistance to plasticizers can be more effectively improved.

[0025]

The present method for producing the thermal recording material
comprises applying a coating agent for a thermal recording material
comprising the PVA on a substrate. According to the method for
production, the thermal recording material can be easily provided.
[0026]

Furthermore, the present invention encompasses a method for
producing a printed article, the method comprising subjecting the thermal
recording material to printing. According to the methoed for production,
since the thermal recording material is used, a printed article having
superior water resistance and resistance toplasticizers canbe ocbtained.
[(0027]

In addition, a base paper for a release paper comprising the vinyl
alcohol polymer is also encompassed within the scope of the present
invention. The PVA comprised in the base paper for a release paper
includes a monomer unit having a group represented by the above formula

{1y. and more snecificallv a striuctiire in whirh a 21i1vl aronn ia hnind

for a release paper using a coating agent for a base paper for a release
paper comprising the PVA, even when the degree of modification with the
silyl group of the PVA comprised in the coating agent is increased,

handleability of the coating agent for a base paper for a release paper
is favorable, and detericration of the viscosity stability is also

inhibited, since the PVA has a high solubility in water in a neutral
pH region. Therefore, according to the base paper for a release paper,
the degree of modification with the silyl group of the PVA comprised
can be increased, whereby the sealability and the water resistance can

be improved.
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[0028]

It is preferred that the base paper for a release paper comprises
a paper substrate, and a coating layer provided on the surface of the
paper substrate, and the coating layer is provided by applying a coating
agent for a base paper for a release paper comprising the PVA. According
to such a configuration, the coating layer of the base paper for a release
paper can be produced from the PVA and the like, and the sealability
and the water resistance can be more effectively improved.

[0029]

The present method for producing the base paper for a release paper
comprises applying a coating agent for a base paper for a release paper
comprising the PVA on a paper substrate. According to the method for
production, the base paper for a release paper can be easily provided.
[0030]

Furthermore, the present invention encompasses a release paper
comprising the base paper for a release paper, and a release layer
provided on the surface of the base paper for a release paper. In the
release paper, the release layer is provided on the surface of the base
paper for a release paper, and therefore penetration of a varnish used
in the formation of the release layer into the paper is effectively
prevented, whereby peeling performances of the release paper are
improved.

[0031]

Furthermore, the present invention encompasses a laminate

comprising the base paper for a release paper, a release layer provided

on the surface of the base papver for a release paper, and a tacky layer

[EFFECTS CF THE INVENTION]
[0032]

As explained in the foregoing, the vinyl alcohol polymer according
to the present invention provides a coating film having superior water
resistance and binder performances, and has sufficient solubility in
water and viscosity stability even in a neutral pH region. In addition,
the aqueous solution according to the present invention has high
viscosity stability, and can provide a coating filmhaving superior water
resistance and binder performances. In addition, the coating agent

according to the present invention exhibits sufficient handleability

M
A

)
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and viscosity stability, and can provide a coating film having high water
resistance, binder force to inorganic substances, surface strength and
sealability; the ink jet recording material according to the present
invention comprises a coating film having high strength and water
resistance, and allows for reduced generation of printing unevenness;
the thermal recording material accerding to the present invention can
exhibit high water resistance and resistance to plasticizers due to
containing the aforementicned specific PVA; and the base paper for a
release paper according to the present invention exhibits high
sealability and water resistance due to containing the specific PVA.
[DESCRIPTION OF EMBODIMENTS]

[0033]

Hereinafter, the vinyl alcohol polymer, and the agueous solution,
the coating agent, the ink jet recording material, the thermal recording
material and the base paper for a release paper containing same according
to embodiments of the present invention will be explained in more detail.
[0034]

PVA

The PVA according te¢ an embodiment ¢f the present invention
comprises a monomer unit having & group represented by the above formula
(1) . More specifically, the PVA is a copolymer comprising a monomer unit
having a group represented by the above formula (1) and a vinyl alcohol
unit (-CH;-CHOH-), and may further comprise other monocmer units.
[0G35]

In the above formula (1), R' represents a hydrogen atom or an alkyl

group having 1 to 5 carbon atoms. Examples of the alkyl group include

R* represents an alkoxyl group, an acyloxyl group or a group
represented by OM. M represents a hydrogen atom, an alkali metal or an
ammonium group ('NH4). Examples of the alkoxyl group include a methoxy
group, an ethoxy group, and the like. Examples c¢f the acyloxyl group
include an acetoxy group, a propionyloxy group, and the like. Examples
of the alkali metal include sodium, potassium, and the like. Among these
groups which may be represented by R?*, an alkoxyl group and a group
represented by OM are preferred; an alkexyl group having 1 to 5 carbon
atoms and a group represented by OM in which M represents a hydrogen

atom or an alkali metal atom are more preferred; and a methoxy group,
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an ethoxy group and a group represented by OM in which M represents sodium
or potassium are still more preferred.
[(0037]

R* and R? each independently represent a hydrogen atom or an alkyl
group. The alkyl group is exemplified by the aforementioned alkyl group
having 1 to 5 carbon atoms. R’ and R' are preferably a hydrogen atom
or a methyl group. R’ represents a hydrogen atom or a methyl group.
[0038]

Hydrogen atoms included in the alkyl group, the alkoxyl group and
the acyloxyl group represented by R' to R! are unsubstituted or
substituted with a substituent having an oxygen atom or a nitrogen atom.
Examples of the substituent having an oxygen atom include an alkoxyl
group, an acyloxyl group, and the like. 1In addition, examples of the
substituent having a nitrogen atom include an amino group, a cyano group,
and the like.

[0039]

It is to be noted that in a case where R' to R’ are each present
in a plurality of number, a plurality of R's are each independently as
defined above, a pluralityof R’s are each independently as defined above,
a plurality of R’s are each independently as defined above, a plurality
of R's are sach independently as defined above, and a plurality of R’s
are each independently as defined above.

[0040]

m is an integer of 0 to 2, and preferably 0. Whenmis 0, in other

words, the monomer unit has three R? groups, the effectis exerted by the

modification can be more enhanced.

is not particularly limited, the upper limit of n is 20 for example,
and preferably 12. When n in the above formula (1) is 3 or greater, and
more specifically the PVA comprises a structure in which a silyl group
is bound to the main chain via an alkylene group having 3 or more carbon
atoms, deterioration of sclubility in water and viscosity stability of
the PVA can be inhibited even when the degree of modification with the
silyl group is increased. Although the reasons for the exertion of such
effects are not sufiiciently clarified, it is presumed, for example,

that the alkylene group having 3 or more carbon atoms that exhibits

S
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hydrophobicity reduces the rate of hydrolysis of Si-R® in an aqueous
soluticn, whereby the reaction is inhibited.
[0042]

Furthermore, n is more preferably an integer of 6 or greater. When
n falls within such a range, the content of a ¢rosslinking agent typically
used in combination with the vinyl alcohol polymer can be reduced, and
also in a case where the crosslinking agent is not used, water resistance
and binder performances of the resultant coating filmcanbe sufficiently
exhibited.

[0043]

X represents a direct bond, a divalent hydroccarbon group, or a
divalent organic group having an oxygen atom or a nitrogen atom. When
the monomer unit has a structure represented by the above formula (1},
various performances such as the solubility in water and the viscosity
stability of the PVA, as well as the water resistance and the binder
performances of the resultant coating film can be more improved.
[0044]

Examples of the divalent hydrocarbon group include a divalent
aliphatic hydrocarbon group having 1 to 10 carbon atoms, a divalent
aromatic hydrocarbon group having 6 to 10 carbon atoms, and the like.
Examples of the aliphatic hydrocarbon group having 1 to 10 carbon atoms
include a methylene group, an ethylene group, a propylene group, and
the like. Examples of the divalent aromatic hydrocarbon group having
6 to 10 carbon atoms include a phenvlene group, and the like. Examples

of the divalent organic group having an oxygen atom include an ether

b T, L . - - . . 1 + 1

—————— e U, O,

an imino group, an amide group, a group derived by linking these groups
with a divalent hydrocarbon group, and the like.
[0045]

Among the groups represented by X, a divalent organic group having
an oxygen atom or a nitrogen atom is preferred, a group having an amide
group is more preferred, and a group represented by —-CO-NR°~*, wherein,
R® represents a hydrogen atom or an alkyl group having 1 to 5 carbon atoms;
and * denotes a binding site on a side where a Si atom is included shown
in the above formula (1) is still more preferred. When the monomer unit

thus has a polar structure, preferably an amide structure, at a position
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away from the silyl group, the solubility in water, the viscosity
stability and the like can be more improved while maintaining the
performances resulting from the silyl group. It is to be noted that R®
preferably represents a hydrogen atom in light of more enhancing the
aforementioned functions, and allowing the PVA to be easily produced;
and it is more preferred that R® represents a hydrogen atom and n is an
integer of 3 to 12.
[0046]

The monomer unit is still more preferably represented by the
following formula (2).
[0047]

[Chemical Formula 2]

R5

|
JrCHz—T%
| (F§1)m (2)
X —Q(lz%n—,CHz—c H,—Si~—(R?),
R4’

[0048]

In the above formula (2), R!, R?, R, X and m are as defined in
the above formula (1). Inaddition, preferred groups or numerical ranges
thereof are alsc identical to those cf the above formula (1).

[0049]

In the above formula (2), R* and R* each independently represent

preferably represent a hydrogen atom or a methyl group, and more

preferably a hydrogen atom. Hydreogen atoms inciuded in the alkyl group
represented by R¥ and RY are unsubstituted or substituted with a

substituent having an oxygen atom or a nitrogen atom. Examples of the
substituent having an oxygen atom include an alkoxyl group, an acyloxyl
group, and the like. In addition, examples of the substituent having
a nitrogen atom include an amino group, a cyano group, and the like.
It is to be noted that in a case where R* and R* are each present in

a plurality of number, a plurality of R*s are each independently as
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defined above, and a plurality of R"s are each independently as defined
above.
[0050]

In the zbove formula (Z), n’ is an integer of 1 or greater.
Although the upper limit of n’ is not particularly limited, the upper
limit of n* is 18 for example, and preferably 10. Furthermore, n’ is
more preferably an integer cof 4 or greater. When n’ falls within such
a range, the content of a crosslinking agent typically used in combination
with the vinyl alcohel polymer can be reduced, and also in a case where
the crossiinking agent is not used, the water resistance and the binder
performances of the resultant coating filmcanbe sufficiently exhibited.
[0051]

When the monomer unit is represented by the above formula (2),
varicus functions of the PVA can be exhibitedmore effectively. Although
the reasons for this effect are also unclear, it is presumed that the
aforementioned functions of reducing the rate of hydrolysis of Si-R? in

the aqueous solution and inhibiting the reaction are exerted more

effectively.

[0052]
According to the PVA, the following inequality (I} is satisfied:
370 £ P x 5 £ 6,000 (1)

wherein, P represents the viscosity average degree of
polymerization; and S represents the percentage content (mol%) of the
monomer unit.
[0053]

The viscosity average degree of polymerization (P) is determined

resaponified such that the degree of saponification thereof is 99.5 mol%
or higher, and purified. Thereafter, the viscosity average degree of
polymerization (P} can be determined according to the following formula
based on a limiting viscosity [n] (unit: deciliter /g) as determined
in water at 30°C.

P = ([n] x 1000/8.29) /%52
{0054]

The percentage content (S: mol%) of the monomer unit is determined
based on proton NMR of the vinyl ester polymer befcre the saponification.

In measuring proton NMR of the vinyl ester polymer before the
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saponification, the vinyl ester polymer is purified by reprecipitation
with hexane-acetone to sufficiently remove the unreacted monomer having
a silyl group from the polymer, dried under reduced pressure at 90°C
for 2 days, then dissolved in a CDCl; solvent, and thereafter analyzed.
[0055]

The product {P x S) of the viscosity average degree of
polymerization (P) and the percentage content (S) of the monomer unit
corresponds to the number (average) of the monomer units with respect
to 100 moclecules. When the product (P x 3) is less than the lower limit,
various characteristics resulting from the silyl group such as the water
resistance and the binder performances of the coating film produced from
the PVA cannot be sufficiently exhibited. To the contrary, when the
product (P % 8) exceeds the upper limit, the solubility in water and
the viscosity stability of the PVA may be deteriorated. The product (P
x 5) preferably satisfies the following inequality (I'), more preferably
the following inegquality (I""}.

400 £ P x S8 £ 3,000 (1)

500 < P x 8§ £ 2,000 (I'7)

{0056]

It is preferred that the following inequalities (II) and (III)
are further satisfied according to the PVA:

200 £ P £ 4,000 {I1)

0.1 £ 8 £ 10 {ITI)

wherein, P represents the viscosity average degree of
polymerization; and S represents the percentage content (mol%) of the

monomer unit.

percentage content (3) of the monomer unit each thus £all within the
above range, the solubility in water and the viscosity stability of the
PVA, as well as the water resistance and binder performances of the
resultant coating film can be increased.

[0058]

Furthermore, the viscosity average degree of polymerization (P)
preferably satisfies the fellowing inequality (II'), andmore preferably
the following inequality (II’'").

500 £ P £ 3,000 (II7)

1,000 £ P £ 2,400 (II'")

)
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[0059]

When the viscosity average degree of polymerization (P) is less
than the lower limit, the water resistance and the binder performances
of the resultant coating film and the like may be deteriorated. To the
contrary, when the viscosity average degree of polymerization (P) exceeds
the upper limit, the solubkility in water, the viscosity stability and
the like may be deteriorated.

[0060]

In addition, the percentage content (S} of the monomer unit more
preferably satisfies the following inequality (III’), and still more
preferably the following inequality (III’’).

0.25 £ 5 £ 6 (ITII7)

0.5 £8 <5 (III'")

[0061]

When the percentage content (S) of the monomer unit is less than
the lower limit, the water resistance and the binder performances of
the resultant coating film may be deteriorated. To the contrary, when
the percentage content (S) of the monomer unit exceeds the upper limit,
the solubility in water, the viscosity stability and the like may be
deteriorated.

[(0062]

Although the degree of saponification of the PVA is not
particularly limited, the degree of saponification of the PVA is
preferably 80 mol% or higher, more preferably 90 mol% or higher, still
more preferably 95 mol% or higher, and particularly preferably 927 mcl$%

or hicher. When the deagree of savonification of the PVA is less than

upper limit of the degree of saponification of the PVA is not particularly
limited, the upper limit is, for example, 29.9 mol% in light of
productivity of the PVA and the like. The degree of saponification of
the PVA as referred to herein means a value determined in accordance
with the method specified in JIS-K6726.
[0063]
Method for Producing PVA

Although the method for producing the PVA is not particularly
limited, for example, the PVA can be produced by copolymerizing a vinyl

ester monomer with a menomer that gives a unit represented by the above
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formula (1), and saponifying the resultant copolymer {vinyl ester
polymer) .
[0064]

The vinyl ester monomer is exemplified by vinyl formate, vinyl
acetate, vinyl propionate, vinyl valerate, vinyl caprate, vinyl laurate,
vinyl stearate, vinyl benzoate, vinyl pivalate, vinyl versatate, and
the like, and among these, vinyl acetate is preferred.

[0065]

In addition, upon the copolymerization of the monomer that gives
a unit represented by the above formula (1) with the vinyl ester monomer,
for the purpose of regulating the viscosity average degree of
polymerization (P) of the resultant PVA, and the like, the polymerization
may be carried out in the presence of a chain transfer agent within a
range not leading to impairment of the gist of the present invention.
Examples of the chain transfer agent includes: aldehydes such as
acetaldehyde and propionaldehyde; ketones such as acetone and methyl
ethyl ketone; mercaptans such as 3-mercaptopropyltrimethoxysilane,
3-mercaptopropyltriethoxysilane, 2-hydroxyethanethiol,
n-dodecanethiol, mercaptoacetic acid and 3-mercaptopropionic acid;
halogens such as tetrachloromethane, bromotrichloromethane,
trichloroethylene and perchloroethylene; and the like.

[0066]

The monomer that gives the unit represented by the above formula
(1) is exemplified by a compound represented by the following formula
(3). When the compound represented by the following formula (3) is used,

PVA comprising the monomer unit having the group represented by the above

[Chemical Formula 3]

R5
CH=—C
! T3 (T‘I )m ( 3 )
X Jrcl:%n—Si—-(Rz)&m
R4

[0068]

S
R
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In the above formula (3), R' to R®, ¥, m and n are as defined in
the above formula (1). 1Inaddition, preferredgroups oxr numerical ranges
thereof are also identical to those of the above formula (1).

[C0685]

Examples of the compound represented by the above formula (3)
include 3-(meth)acrylamidopropyltrimethoxysilane,
4-{meth)acrylamidecbutyltrimethoxysilane,

8- {(meth)acrylamidocctyltrimethoxysilane,

&- (meth)acrylamidohexyltrimethoxysilane,
12-(meth)acrylamidododecyltrimethoxysilane,

18- (meth)acrylamidooctadecyltrimethoxysilane,
3-(meth)acrylamidopropyltriethoxysilane,

3- (meth) acrylamidepropyltributoxysilane,

3-(meth) acrylamidecpropylmethyldimethoxysilane,
3-{meth)acrylamidoprepyldimethylmethoxysilane,
3-(meth})acrylamido-3-methylbutyltrimethoxysilane,
4- (meth)acrylamido-4-methylbutyltrimethoxysilane,
4-(meth)acrylamido=-3-methylbutyltrimethoxysilane,
5-(meth)acrylamido-5-methylhexyltrimethoxysilane,
4-pentenyltrimethexysilane, 5-hexenyltrimethoxysilane, and the like.
[0070]

The method for copolymerizing the vinyl ester monomer with the
monomer that gives a unit represented by the above formula (1} is
exemplified by a well-known process such as a bulk polymerization

process, a sclution polymerization process, a suspension polymerization

Nnrareaca armd an amiileinn nAalumari za+iAan mrarace Trn vmartdm~al o whAan A

temperature of 30°C or higher is desired, the bulk polymerization process
in which the polymerization is carried out in the absence of a solvent
or the solution polymerization process in which the polymerization is
carried cut using a solvent such as an alcohol is typically employed.
[0071]

In the case of the emulsion polymerization process, the solvent
is exemplified by water, and a lower alcohol such as methanol and ethanol
may be used in combination therewith. In addition, well-known
emulsifying agents can be used as the emulsifying agent. As an initiator

in the copolymerization, a redox type initiator provided by a combination
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of an iron ion, an oxidizing agent and a reducing agent is preferably
used for the purpose of controlling the polymerizaticn. 1In the case of
the bulk polymerization process and the solution polymerization process,
the copolymerization reaction can be carried out in either a batchwise
system or a continuous system. When the solution polymerization process
is employed for carrying out the copclymerization reaction, the alcohol
used as the solvent is exemplified by a lower alcchol such as methanol,
ethanol and propanol. The initiator used in this copolymerization
reaction is exemplified by weil-known initiators which may include azo
initiators such as 2,2’ -azobisiscbutyronitrile,

2,27 -azobis (2, 4-dimethylvalerconitrile),

1,1’ -azobis (cyclohexane-l-carbonitrile) and

2,2 -azobis (N-butyl-Z2-methylpropionamide); peroxide initiators such as
benzoyl peroxide and n-propyl peroxycarbonate. Although the
temperature at which the copolymerization is carried out is not
particularly limited, a range of 5°C to 50°C is suitable.

[0072]

In the copolymerization reaction, a copolymerizable monomer can
be copolymerized, as needed, within a range not leading to impairment
of the gist of the present invention. Examples of the monomer include:
o-olefins such as ethylene, propylene, 1-butene, isobutene and 1-hexene;
carboxylic acids such as fumaric acid, maleic acid, itaconic acid, maleic
anhydride and itaconic anhydride, or derivatives thereof; (meth)acrylic
acid or salts or esters thereof; acrylamide derivatives such as
acrylamide, N-methylacrylamide and N-ethylacrylamide; methacrylamide

derivative such as methacrylamide, N-methylmethacrylamide and

vinyl ether; hydroxy group-containing vinyl ethers such as ethylene
glycol vinyl ether, 1,3-propanediol vinyl ether and 1, 4-butanediol vinyl
ether; allyl acetate; allyl ethers such as propyl allyl ether, butyl
allyl ether and hexyl allyl ether; monomers having an oxyalkylene group;
isopropenyl acetate; hydroxy group-containing a-olefins such as
3-buten-1-0l, 4-penten-1-o0l, 5-hexen-l-ol, 7-octen-1l-ol, 9-decen-l-ol
and 3-methyl-3-buten-1-o0l; monomers having a sulfonic acid group such
as ethylenesulfonic acid, allylsulfonic acid, methallylsulfonic acid
and 2-acrylamido-2-methylpropanesulfonic acid; monomers having a

cationic group such as vinyloxyethyltrimethylammenium chloride,
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vinyloxybutyltrimethylammonium chloride, vinyloxyethyldimethylamine,
vinyloxymethyldiethylamine, N-acrylamidomethyltrimethylammonium
chloride, N-acrylamidoethyltrimethylammonium chloride,
N-acrylamidodimethylamine, allyltrimethylammonium chloride,
methallyltrimethylammonium chloride and dimethylallylamine and
allylethylamine; and the like. The amount of these monomers used may
vary depending on their purposes of use and intended usages and the like,
and is typically 20 mol% or less, and preferably 10 mol% or less with
respect to all the monomers used in the copolymerization.

[0073]

The vinyl ester polymer produced by the copolymerization is then
saponified in a solvent according to a well-known method, and derived
to PVA.

[0074]

An alkaline substance is typically used as a catalyst for the
saponification reaction, and examples thereof include alkali metal
hydroxides such as potassium hydroxide and sodium hydroxide, and alkali
metal alkoxides such as sodium methoxide, and the like. The amount of
the alkaline substance used, in terms of molar ratic with respect to
the vinyl ester monomer unit in the vinyl ester polymer, falls preferably
within a range of 0.004 to 0.5, and more preferably within a range of
0.005t0c 0.05. Inaddition, the total amount of the catalyst may be added
in the initial stage of the saponification reaction, or a portion of
the catalyst may be added in the initial stage of the saponification
reaction, followed by the addition of the rest of the catalyst during

the saponification reaction.

exemplified by methancl, methyl acetate, dimethyl sulfoxide,
dimethylformamide, and the like. Among these sclvents, methanol is
preferred. In addition, when methanol is used, a moisture content of
methanol is preferably adjusted to 0.001 to 1% by mass, more preferably
0.003 to 0.9% by mass, and particularly preferably 0.005 to 0.8% by mass.
[0076]

The saponification reacticn is preferably carried out at a
temperature of 5 to 80°C, and more preferably at a temperature of 20
to 70°C. The period of time required for the saponification reaction

is preferably 5 min to 10 hours, and more preferably 10 min to 5 hours.
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The saponification reaction can be carried out in either a batchwise
system or a continuous system. After completion of the saponification
reaction, the remaining saponification catalyst may be neutralized, as
needed, and examples of a neutralizing agent that can be used include
organic acids such as acetic acid and lactic acid, and ester compounds
such as methyl acetate, and the like.

[0077]

The PVA produced by the saponification reaction may be washed,
as needed. Examples of a washing liquidused in the washing include lower
alcohols such as methanol, lower fatty acid esters such as methyl acetate,
mixtures thereof, and the 1ike. A small amount of water, an alkali, an
acid, or the like may be added to the washing liguid.

[0078]

Intended Usages etc.

The PVA can be stored and transported in a powdery state. In
addition, the PVA may be used directly in the powdery state, or in a
state of being dissclved or dispersed in a liguid such as water. When
the PVA is used as an aqueous soclution, a homogeneous agueous solution
can be prepared by dispersing the PVA in water, followed by heating the
dispersion with stirring. It is to be noted that according to the PVA,
the homogeneous aqueous solution can be prepared without particularly
adding an alkali such as sodium hydroxide or an acid to water.

[0079]

The PVA exhibits the following characteristic features that: (1)

in the preparation of the aqueous solution, the PVA can be dissolved

in water without adding an alkali such as sodium hydroxide or an acid;

inte a coating film, the PVA exhibits superior binder force to the

inorganic substance; (4) a coating film formed exhibits superior water
resistance; and the like. Therefore, the PVA may be used, for example,
as a coating agent for papers. As other usages, the PVA may be used in
various intended usages utilizing the function of the functional groups
such as the hydroxyl group, the vinyl ester group and the silyl group.
Examples of the intended usages include: internal sizing agents for
papers, fiber coating agents, dyes, coating agénts for glass fibers,
surface coating agents for metals and glass, and coating materials such

as anti-fogging agents; adhesives for woods, papers, aluminum feoils,

‘\'_\_/
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plastics and the like; binders for nonwoven fabrics, fibrous binders,
binders for building materials such as gypsum boards and fiberboards;
thickening agents for various types of emulsion adhesives; additives
for urea resin adhesives; additives for cement and mortar; various types
of adhesives such as hot melt adhesives and pressure-sensitive adhesives;
dispersants for emulsion polymerization of various types of ethylenic
unsaturated monomers such as ethylene, vinyl acetate and vinyl chloride;
stabilizers for dispersing a pigment in paints, adhesives and the like;
dispersion stabilizers for suspension polymerization of wvarious types
of ethylenic unsaturated monomers such as vinyl chloride, vinylidene
chloride, styrene, (meth}acrylic acid esters and vinyl acetate; molded
articles such as fibers, films, sheets, pipes, tubes, water-soluble
fibers and temporary coating films; agents for imparting hydrophilicity
to hydrophobic resins; compounding agents for synthetic resins such as
additives for composite fibers, films and other molded articles; soil
conditioners, soll stabilizers, and the like.
(00807

In addition, vinyl acetal polymers obtained by acetalizing the
PVA with an aldehyde compound such as acetaldehyde and butyraldehyde
are useful for intended usages such as safety glass interlayers, binders
for ceramics, ink dispersants and photosensitive materials.
[0081]
Agueous Solution

The aguecus solution according to an embodiment of the present
invention comprises the PVA according to the embodiment of the present

invention in an amcunt of 4% bv mass or more and 20% bv mass or less.

usages of the PVA.
[(0082]

The agqueous scolution may contain other components in addition to
the PVA and water. Examples of the other components include: alcchols
such as ethanol; other solvents such as diethyl ether; alkalis such as
sodium hydroxide and ammonia; acids such as hydrochloric acid; incrganic
particles such as silica, titanium dioxide, c¢lay and calcium carbonate,
and the like.

[0083]
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The aqueous solution contains a high concentration of the modified
PVA, and can provide a coating film having superior water resistance
and binder performances. In addition, the aqueous solution also has
superior viscosity stability. Furthermore, the aqueous solution has
superior handleability, since its pH falls within the above range.
Therefore, the aquecus solution may be preferably used in the respective
intended usages described above as the intended usages of the PVA.
[0084]

Coating Agent

The coating agent according to an embodiment of the present
invention comprises the PVA.
[0685]

In the above formula (1), preferred structures and numerical
ranges thereof as well as the method for production of the PVA are as
described above.

[0086]

When the monomer unit has the aforementioned structure, various
performances such as the solubility in water and the viscosity stability
of the PVA, as well as the water resistance and the binder performances
of the resultant c¢oating film can be more improved.

[0087]

The monomer unit is more preferably a unit represented by the above

formula (Z}.
[0088]
When the monomer unit is represented by the above formula (2),

various functions of the coating agent can be exhibited more effectively.

of 8i-R? in the agqueous solution and inhibiting the reaction are exerted
more effectively.
[0G89]

According to the PVA, the above inequality {I) is satisfied,
preferably the above inequality (I’) is satisfied, and more preferably
the above inequality (I'7) is satisfied.

[0090]

The product (P x 8) of the viscosity average degree of

polymerization (P} and the percentage content (5) of the monomer unit

corresponds to the number (average) of the monomer units with respect

i
\“-—/
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t0 100 molecules. When the product (P x §) is less than the lower limit,
various characteristics resulting from the silyl group such as the water
resistance and the binder performances of the coating film produced from
the coating agent cannot be sufficiently exhibited. To the contrary,
when the product (P x S) exceeds the upper limit, the solubility in water
and the viscoesity stability may be deteriorated.

[0091]

It is preferred that the above inequalities (II) and (III) are
further satisfied according tc the PVA.
[0092]

When the viscosity average degree of polymerization (P) and the
percentage content (S) of the monomer unit each thus fall within the
above range, the solubility in water and the viscosity stability of the
PVA, as well as the water resistance, the binder performances, the surface
strength, the sealability and the like of the resultant coating film
can be improved.

[0093]

Furthermore, the viscosity average degree of polymerization (P)
more preferably satisfies the above inequality (II’), and still more
preferably the above inequality (II"’7).

[0094]

When the viscosity average degree of polymerization {P) is less
than the lower limit, the water resistance and the binder performances
and the like of the resultant coating film may be deteriorated. To the
contrary, when the viscosity average degree of polymerization (P) exceeds

the upper limit, the solubility in water, the viscosity stability and

In addition, the percentage content of the monomer unit more
preferably satisfies the above inequality (III’), and still more
preferably the above inequality (III’'"}.

[0096]

When the percentage content ($) of the monomer unit is less than
the lower limit, the water resistance and the binder performances and
the like of the resultant coating film may be deteriorated. To the
contrary, when the percentage content (3) of the monomer unit exceeds
the upper limit, the solubility in water, the viscosity stability and

the like may be deteriorated.
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[0097]

Although the degree of saponification of the PVA is not
particularly limited, the degree of saponification of the PVA is
preferably 80 mol% or higher, more preferably 20 mol% or higher, and
still more preferably 95 mol% or higher, and particularly preferably
97 mol% or higher. When the degree of saponification of the PVA is less
than the lower limit, the water resistance and the like of the resultant
coating film may be deteriorated. It is tco be noted that, although the
upper limit of the degree of saponification of the PVA is not particularly
limited, the upper limit is, for example, 99.9 mol% in light of the
productivity of the PVA and the like. The degree of saponification of
the PVA as referred to herein means a value determined in accordance
with the method specified in JIS-K6726.

[0098]

Although the proportion of the PVA contained in the coating agent
is not particularly limited, the proportion of the PVA is preferably
4% by mass or higher and 20% by mass or lower. Since such a comparatively
high concentration can be attained in the coating agent, strength and
water resistance and the like of the resultant coating film can be
effectively improved.

[0099]

The coating agent is typically an agueous sclution of the PVA,
However, the coating agent may be a solution prepared using other solvent.
The coating agent may additionally contain:

other solvent such as an alcohol such as ethancl, and ether such

Ao Al AFer] AathAare

a water-soluble resin such as albumin, gelatin, casein, starch,
cationized starch, gum arabic, a polyamide resin, a melamine resin,
poly(meth)acrylamide, polyvinylpyrrolidone, sodium
poly(meth)acrylate, anion-modified PVA, sodium alginate and a
water-soluble polyester, as well as a cellulose derivative such as
methylcellulose, hydroxvethylcellulose, and carboxymethylcellulose
(CMC)

a water dispersible resin such as SBR, NBR, a vinyl acetate-based
resin such as an ethylene-vinyl acetate copolymer, a (meth)acrylic acid

ester-based resin and a vinyl chloride-based resin;

N

-
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inorganic particles such as kaolin, clay, talc, calcium carbonate
particles, calcined clay, titanium oxide particles, diatomaceous earth,
precipitated silica, gelled silica, colloidal silica, aluminum oxide
particles and aluminum hydroxide particles; and

a crosslinking agent such as an aldehyde compound such as glyoxal
and glutaraldehyde, a zirconium ceompound such as ammonium zirconium
carbonate, a titanium compound such as titanium lactate, an epoxy
compound such as polyamidcamine-epichlorohydrin, and polyoxazoline; and
the like.

[0100]

Although the pH of the coating agent is not particularly limited,
the pH is preferably 4 or hicher and 8 or lower. In the coating agent,
a homogeneous aqueous solution can be prepared without particularly
adding an alkall such as sodium hydroxide or an acid to water, leading
to supericr handlezability, since the PVA used has superior solubility
in water. 1In addition, according to the coating agent, sufficient
viscosity stability can be exhibited even in a neutral pH region.
[0101]

Specifically, the coating agent can be used as fiber coating
agents, coating agents for glass fibers, surface coating agents for
metals or glass, and coating materials such as anti-fogging agents;
agents for imparting hydrophilicity to hydrophobic resins; clear coating
agents; white or colored coating agents containing a pigment and the
like; as well as coating agents for forming an ink-receiving layer in

ink jet recording materials; coating agents for forming an overcoat layver

I T S A R S S, b T T R L INLEE PR LI P T e 1
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[0102]
Coated Article and Method for Production Thereof

The coated article according to an embodiment of the present
invention is a coated article provided by applying the coating agent
on the surface of a substrate. The coated article has a coating film
that exhibits superior water resistance, binder force to inorganic
substances, surface strength and sealability. In addition, a method for
producing the coated article according to the present invention comprises
applying the coating agent on the surface of a substrate. The method

for production enables the coated article to be easily provided. After
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the coating agent is applied on the substrate, the coating agent is
typically dried.
[0103]

Although the substrate is not particularly limited, examples
thereof include papers (including synthetic papers), fabrics, wooden
boards, metal plates, films, and the like. Among these, papers are
preferred in light of a possibility of allowing the coating agent to
penetrate into the interior of the substrate paper, and preferably
enhancing, for example, water resistance, and the like.

[0104]

Although the method for application is not particularly limited,
well-known means such as size presses, air knife coaters, roll coaters,
bar coaters, blade coaters, curtain coalers and cast coaters can be
employed.

[0105]

The coated article typically comprises a substrate, and coating
layer (coating film) provided by applying the coating agent on at least
one face of the substrate; however, other layer may be further provided
between the substrate and the ccating layer, or on the surface of the
coating layer. In this regard, in order for superior water resistance
and the like of the coated article to be preferably exhibited, it is
preferred that the coating layer is provided on the outermost surface.
[0106]

Specifically, the coated article can be used as a coated paper
as generally referred to such as art papers, coated papers and cast coated

papers; thermal recording materials; ink jet recording materials; base

Ink Jet Recording Material

The ink jet recording material according to an embodiment of the
present invention comprises the PVA. The ink jet recording material
preferably comprises a substrate and an ink-receiving layer provided
on the surface of the substrate, and the ink-receiving layer is preferably
provided by applying a coating agent for an ink jet recording material
comprising the PVA.
[0108]

Substrate
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Any conventicnally well-known transparent or opague supporting
base material can be used as the substrate of the ink jet recording
material. Examples of the transparent supporting basematerial include:
films made of polyesters, polystyrene, polyvinyl chloride, polymethyl
methacrylate, cellulose acetate, polycarbonates, polyimides,
cellophanes, cellulecids or the like; sheets; highly transparent papers:;
and the like. Examples of the opague supporting base material include
normal papers, pigment-coated papers, fabrics, woods, metal plates,
synthetic papers, opacified synthetic resin-based films, sheets, and
the like. Among these, papers are preferred in light of a possibility
of allowing the coating agent for an ink Jet recording material to
penetrate into the interior of the substrate paper, and preferably
enhancing, for example, the water resistance, and the like.

[0109]

Coating Agent for Ink Jet Recording Material

The coating agent for an ink jet recording material is typically
an agqueous solution of the PVA, and may contain other components as
described later.

[0110]

In the above formula (1), preferred structures and numerical
ranges thereof as well as the method for production of the PVA are as
described above.

[0111]

When the monomer unit has the aforementioned structure, various

performances such as the solubility in water and the viscosity stability

of the PVA, as well as the water resistance and the binder performances

The monomer unit is still more preferably a unit represented by
the above formula (2).

[0113]

When the monomer unit is represented by the above formula (2),
various functions of the ink jet recording material can be exhibited
more effectively. Although the reasons for this effect are also unclear,
it is presumed that the aforementioned functions of reducing the rate
of hydrolysis of $i-R® in the coating agent for an ink jet recording
material (aqueous solution) that contains the PVA, and inhibiting the

reacticn are exerted more effectively.
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[0114]

According to the PVA, the above inequality (I} is satisfied,
preferably the inequality (I’) is satisfied, and more preferably the
inequality (I’’) is satisfied.

[0115]

The product (P x S) of the viscosity average degree of
polymerization (P) and the percentage content (S) of the monomer unit
corresponds to the number (average) of the monomer units with respect
to 100 molecules. When the product (P x §) is less than the lower limit,
various characteristics resulting from the silyl group such as coating
film strength and water resistance of the ink jet recording material
cannot be sufficiently exhibited. To the contrary, when the product (P
x 8) exceeds the upper limit, solubility in water of the PVA and viscosity
stability of the agueous solution may be deteriorated, and printing
unevenness is likely to occur on the resultant ink jet recordingmaterial.
[0116]

It is preferred that the above inequalities (II) and (III) are
further satisfied according to the PVA,

[0117]

When the viscosity average degree of polymerization (P) and the
percentage content (S) of the monomer unit each thus fall within the
above range, the solubility in water, the viscosity stability and the
like can be improved, the coating film strength, the water resistance
and the like of the resultant ink jet recording material can be improved,
and the generation of printing unevenness can be further reduced.
01181

preferzbly the above inequality (II"’).
[0119]

When the viscosity average degree of polymerization (P) is less
than the lower limit, the coating film strength, the water resistance
and the like of resultant ink jet recording material may be deteriorated.
To the contrary, when the viscosity average degree of polymerization
(P) exceeds the upper limit, the solubility in water, the viscosity
stability and the like may be deteriorated.

[0120]

| h
e
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In addition, the percentage content of the monomer unit more
preferably satisfies the above inequality (III'), and still more
preferably the above inequality (III"").

[0121)

When the percentage content (8) of the menomer unit is less than
the lower limit, the ccating film strength, the water resistance and
the 1ike of the resultant ink jet recording material may be deteriorated.
To the contrary, when the percentage content (S5) of the monomer unit
exceeds the upper limit, the solubility inwater, the viscosity stability
and the like may be deteriorated.

[0122]

Although the degree of saponification of the PVA is not
particularly limited, the degree of saponification of the PVA is
preferably 80 mol% or higher, more preferably 90 mol% or higher, still
more preferably 95 mol% or higher, and particularly preferably 97 mol%
or higher. When the degree of saponification of the PVA is less than
the lower limit, the coating film strength, the water resistance and
the like of the resultant ink jet recording material may be deteriorated.
It is to be noted that although the upper limit of the degree of
sapeonification of the PVA is not particularly limited, the upper limit
is, for example, 99.2 mol% in light of the productivity of the PVA, and
the 1ike. The degree of saponification of the PVA as referred to herein
means a value determined in accordance with the method specified in
JIS-K6726.

[0123]
Although the proportion of the PVA contained in the coating agent

or lower. Since such a comparatively high concentration can be attained
in the coating agent for an ink jet recording material, the coating film
strength, the water resistance and the like of the resultant ink jet
recording material can be effectively improved.

[0124)]

The coating agent for an ink jet recording material may contain,
in addition to the PVA and water as the solvent, other component such
as a water-soluble resin, a water dispersible resin, a filler, and a
fixative for inks.

[0125]
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Water-soluble organic solvents, and agueous solutions that
contain dissolved acids, bases, salis and the like may alse¢ be used as
the solwvent.

[0126]

Examples of the water-soluble resin include albumin, gelatin,
casein, starch, cationized starch, gum arabic, polyamide resins,
melamine resins, poly(meth)acrylamide, polyvinylpyrrolidone, sodium
poly{meth)acrylate, anion-modified PVA, sodium alginate, water-soluble
polyesters, as well as cellulose derivatives such as methylcellulose,
hydroxyethylcellulose and carboxymethylcellulose (CMC), and the like.
[0127]

Examples of the water dispersible resin include SBR, NBR, vinyl
acetate-based resins such as ethylene-vinyl acetate copolymers,
(meth) acrylic acid ester-based resins, vinyl chloride-based resins, and
the like.

[0128]

Examples of the filler include precipitated silica, gelledsilica,
vapor-phase silica, colloidal silica, colloidal alumina, aluminum
hydroxide, pseudoboehmite, clay, talc, diatomaceous earth, zeolites,
calcium carbonate, alumina, zinc oxide, satin white, organic pigments,
and the like. 1In this regard, although the proportion of the PVA with
respect to the filler is not particularly limited, typically the mass
ratio of PVA/filler preferably falls within a range of 3/100 or higher
and 100/100 or lower, more preferably within a range of 5/100 or higher
and 80/100 or lower, still more preferably within a range of 6/100 or
higher and 30/100 or lower, and particularly preferably within a range

is thus reduced, the coating £film strength and the water resistance are
favorable, and the generation of printing unevenness can be also
inhibited. It is to be noted that when the mass ratio of PVA/filler is
too large or too small, the printing unevenness are likely to occur.
In addition, when the mass ratio of PVA/filler is small, the coating
film strength may be deteriorated.
[0129]

The fixative is exemplified by cationic resins. The cationic
resins refer to a monomer, an oligomer or a polymer, preferably an

oligomer or a polymer, that has a primary to tertiary amine or a quaternary

\\2
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ammonium salt that is dissociated and develops & cationic character when
being dissclved in water. Specific examples of the fixative include
dimethylamine-epichlorohydrin polycondensates,
acrylamide-diallylamine copolymers, polyvinylamine copolymers,
dimethyldiallylammonium chloride polymers, polyethylene imine, and the
like.

[0130]

Although the pH of the coating agent for an ink Jet recording
material is not particularly limited, the pH is preferably 4 or higher
and 8 or lower. In the ccoating agent for an ink jet recording material,
since the PVA used has superior solubility inwater, a homogeneous agqueous
solution can be prepared without particularly adding an alkali such as
sodium hydroxide or an acid to water, leading to superior handleability.
In addition, according to the ccating agent for an ink jet recording
material, sufficient viscosity stability can be exhibited even in a
neutral pH region. Therefore, reduction of the printing unevenness in
the ink jet recording material can be achieved.

[0131]

The method for producing the ink jet recording material is
exemplified by a method involving: preparing a coating agent for an ink
jet recording material comprising the PVA by dissolving or dispersing
the PVA and filler, fixative for inks and the like, as needed, in an
aqueous medium; and applying the obtained coating agent for an ink jet
recording material on a substrate. The applying can be carried out using
size presses, air knife coaters, roll cocaters, bar coaters, blade

coaters, curtain coaters, cast coaters or the like. Although the amount

- -

content equivalent is preferably 3 g/m® or more and 30 g/m® or less, and
more preferably 5 g/m‘ or more and 20 g/m° or less. By thus applying
the coating agent for an ink jet recording material on the substrate,
and impregnating the substrate with the PVA or providing a coating layer
containing the PVA on one side or both sides of the substrate, an ink
jet recording material having superior water resistance, coating film
strength and the like can be produced. After the application of the
coating agent for an ink jet recording material on the substrate, drying
is typically carried out.

[0132]
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It is to be noted that the ink jet recording material may comprise,
in addition to the substrate and the ink-receiving layer, other layer
or the like, for example, between the substrate and the ink-receiving
layer. 1In addition, the ink jet recording material may comprise the PVA
in the substrate. Even in such a case, the ink jet recording material
can exnibit superior coating film strength, water resistance and the
like.

[0133]
Method for Producing Printed Article

By subjecting the ink jet recording material to ink jet printing,
a printed article having reduced generation of printing unevenness and
superior water resistance can be obtained. Examples ¢of the ink used in
the ink jet printing include agueous ink jet inks containing water and
a small amount of an organic solvent.

[0134]
Thermal Recording Material

The thermal recording material according to an embodiment of the
present invention comprises the PVA. The thermal recordingmaterial has
a layer structure in which, for example, a substrate, a thermal coloring
layer and an overcoat layer are laminated in this order, and at least
any one of the thermal coloring layer and the overcoat layer is provided
is formed as a coating laver by applying the coating agent for a thermal
recording material comprising the PVA. In this regard, the overcoat
layer is preferably provided by applying the coating agent for a thermal
recording material comprising the PVA. According to such a

configuration, the laver of the thermal recording material can be formed

[0135]

Substrate

Any conventionally well-known transparent or opaque supporting
base material can be used as the substrate of the thermal recording
material. Examples of the transparent supportingbasematerial include:
films made of polyesters, polystyrene, polyvinyl chloride, polymethyl
methacrylate, cellulose acetate, polycarbonates, polyimides,
cellophanes, celluloids, or the like; sheets; highly transparent papers;
and the like. Examples of the opaque supporting base material include

normal papers, plgment-coated papers, fabrics, woods, metal plates,
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synthetic papers, opacified synthetic resin-based films, sheets, and
the like. Among these, papers are preferred in light of a possibility
of allowing the coating agent for a thermal recording material to
penetrate into the interior of the substrate paper, and suitably
enhancing, for example, the water resistance, and the like.

[0136]

Coating Agent for Thermal Recording Material

The coating agent for a thermal recording material is typically
an agueous solution of the PVA, and may contain other components.
Examples of the other components in a case where the overcoat layer is
provided include a crosslinking agent, a water-soluble polymer, a polymer
dispersion, a lubricant and a filler, and the like, whereas examples
of the other components in a case where the thermal coloring layer is
provided include a thermal dye, a color develeper, a crosslinking agent,
a water-soluble polymer, a polymer dispersiocn, a lubricant and a filler,
and the like.

[0137]

In the above formula (1), preferred structures and numerical
ranges thereof as well as the method for producticon of the PVA are as
described above.

[0138]

When the monomer unit has the aforementiconed structure, various
performances such as the solubility in water and the viscosity stability
of the PVA, as well as the water resistance and the resistance to

plasticizers of the resultant thermal recording material can be more

F . |

the above formula (2).
[0140]

When the monomer unit is represented by the above formula (2),
various functions ¢f the thermal recording material can be exhibited
more effectively. Although the reasons for this effect are also unclear,
it is presumed that the aforementioned functions of reducing the rate
of hydrolysis of Si-R® in the coating agent for a thermal recording
material (aquecus solution) that comprises the PVA, and inhibiting the
reaction are exerted more effectively.

[0141]
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The above inequality (I) is satisfied according to the PVA,
preferably the inequality (I') is satisfied, and more preferably the
inequality (I'7) is satisfied.

[0142]

The product (P x 8) of the viscosity average degree of
polymerization (P) and the percentage content (S) of the monomer unit
corresponds to the number (average) of the monomer units with respect
to 100 molecules. When the product (P x 8) is less than the lower limit,
various characteristics resulting from the silyl group such as coating
film strength and -water resistance of the thermal recording material
cannot be sufficiently exhibited. To the contrary, when the product (P
x §) exceeds the upper limit, solubility in water of the PVA and viscosity
stability of the aqueous solution may be deteriorated, and various
performances of the resulting thermal recording material is likely to
be deteriorated.

[0143]

It is preferred that the PVA further satisfies the above
inegqualities (II) and (III).

[0144]

When the viscosity average degree of polymerization (P) and the
percentage content (S) of the monomer unit each thus fall within the
above range, the solubility in water, the viscosity stability and the
like can be improved, and the water resistance, the resistance to
plasticizers and the like of the resulting thermal recording material
can be improved.

[0145]

preferably the above ineguality (II1'7).
[0146]

When the viscosity average degree of polymerization (P) is less
than the lower limit, the water resistance, the resistance to
plasticizers and the like of the resulting thermal recording material
may be deteriorated. To the contrary, when the viscosity average degree
of polymerization (P) exceeds the upper limit, the solubility in water,
the viscosity stability and the like may be deteriorated.

[0147]

()
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In addition, the percentage content of the monomer unit more
preferably satisfies the above inequality (III’}, and still more
preferably the above inequality (III’’).

[0148]

When the percentage content (S) of the monomer unit is less than
the lower limit, the water resistance, the resistance to plasticizers
and the like of the resultant thermal recording materizl may be
deteriorated. To the contrary, when the percentage content (8) of the
monomer unit exceeds the upper limit, the solubility in water, the
viscosity stability, the like may be deteriorated.

[0149]

Although the degree o¢f saponification of the PVA is not
particularly limited, the degree ¢f saponification of the PVA is
preferably 80 mol% or higher, more preferably 90 mol% or higher, still
more preferably 95 mol% or higher, and particularly preferably 97 mol%
or higher. When the degree of saponification of the PVA is less than
the lower limit, the water resistance, the resistance to plasticizers
and the like of the resultant thermal recording material may be
deteriorated. It is to be noted that although the upper limit of the
degree of saponification of the PVA is not particularly limited, the
upper limit is, for example, 99.9%9 mol% in light of the productivity of
the PVA and the like. The degree of saponification of the PVA as referred
to hereinmeans a value determined in accordance with the method specified
in JIS-K6726.

[0150]
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or lower. Since such a comparatively high concentration can be attained
in the coating agent for a thermal recording material, the water
resistance, the resistance to plasticizers and the like of the resultant
thermal recording material can be effectively improved.

[0151]

The crosslinking agent is exemplified by an aldehyde compcund such
as glyoxal and glutaraldehyde, a zircornium compound such as ammonium
zirconium carbonate, a titanium compound such as titanium lactate, an
epoxy compound such as polyamidoamine-epichlorohydrin, polyoxazoline,

and the like. When the coating agent for a thermal recording material
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for use in forming the thermal colcoring layer, the overcoat layer cor
the like contains the crosslinking agent in addition to the PVA, the
water resistance, the resistance to plasticizers and the like of the
resultant thermal recording material can be more improved.
[0152]

Examples of the water-soluble polymer or the polymer dispersion

include: starch and derivatives thereof; cellulecse derivatives such as

hydroxymethylcellulose, hydroxyethylcellulose,
carboxymethylcellulose, methylceliulose and ethylcellulose;
water-soluble polymers such as gum arabic, polyvinyl alcohol, alkali
salts (sodium salt and the like) of polyacrylic acid,
polyvinylpyrrolidone, (meth)acrylamide- {(meth)acrylic acid ester

copolymers, (meth)acrylamide-(meth)acrylic acid ester-{meth)acrylic
acid ternary copolymers, alkali salts (sodium salts and the like) of
styrene-maleic anhydride copolymers, alkali salts (sodium salt and the
like) of isobutylene-maleic anhydride copolymers, polyacrylamide,
sodiumalginate soda, gelatin and casein; emulsions of polyvinyl acetate,
polyurethanes, polyacrylic acid, polyacrylic acid esters, wvinyl
chloride-vinyl acetate copolymers, polybutyl methacrylate,
ethylene-vinyl acetate copolymers and the like; latexes such as
styrene-butadiene copolymers and styrene-butadiene-acrylic acid
copolymers; and the like.

[0153]

Examples of the filler include kaolin, clay, talc, calcium

carbonate particles, calcined clay, titanium oxide particles,

AiarAamare~ns erarth. nrecinitated silica. acelled silica. colloidal

particles, polystyrene fine particles, polyvinyl acetate-based fine
particles, urea-formalin resin fine particles, and the like.
[0154]

In addition, examples of the lubricant include higher aliphatic
acids, higher aliphatic acid amides, higher aliphatic acid metal salts
such as zinc stearate, paraffin waxes, microcrystalline waxes, and the
like.

[0155]
Although the thermal dye is not particularly limited, examples

thereof include: triarylmethane compounds such as
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3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalide {crystal
viclet lactone),

3- (p~dimethylaminophenyl} -3~ {1, 2~-dimethylindol-3-yl}phthalide,
3-{p-dimethylaminophenyl)-3-(2-phenylindol-3-yl)phthalide and
3,3-bis-(%-ethylcarbazol-3-yl)-5-dimethylaminophthalide;
diphenylmethane compounds such as 4,4’ -bisdimethylaminobenzhydrin
benzyl ether and N-halophenylleucoauramine; xanthene compounds such as
rhodamine B-anilinolactam, 3-diethylamino-7-benzylaminofluoran,
3-diethylamino-7-butylamincfluoran,
3-diethylamino-7-(chloroanilino) fluoran,
3-diethylamino-6-methyl-7-anilinofluoran,
3-piperidino-6-methyl-7-anilinofluocran,
3-ethyl-tolylamino-6-methyl-7-anilinofluoran,
3-cyclohexyl-methylamino-6-methyl~7-anilinofluoran,
3-diethylamino-6é-chloro-7- (p-ethoxyethyl)aminoflucran,
3-diethylamino-6-chloro-7- (y-chloropropyl)aminofluoran,
3-{N-ethyl-N-iscamyl)-6-methyl-7-phenylaminofluoran and
3-dibutylamino-6-methyl-7-anilinofluoran; thiazine compounds such as
benzoyl leuco methylene blue and p-nitrobenzoyl leuco methylene blue;
spiro compounds such as 3-methyl-spiro-dinaphthopyran,
3-ethyl-spiro-dinaphthopyran, 3-benzylspiro-dinaphthopyran,
3-methylnaphtho- {3-methoxy-henzo)-spiropyran; and the like. These
thermal dyes may be appropriately selected in accordance with intended
usages of the thermal recording material, or the like, and may be used
either alcne or as a mixture of two or more types thereof.

rolsel
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bisphenols are particularly preferred. Specific examples of phenol
derivatives include p-octylphencl, p-tert-butylphenol, p-phenyliphenol,
1,1-bis (p-hydroxyphenyl)propane, 2,2-bis(p-hydroxyphenyl)propane,
1,1-bis (p-hydroxyphenyl)pentane, 1,1-bis{(p-hydroxyphenyl)hexane,
2,2-bis{p-hydroxyphenyl)hexane,
1,1-bis(p-hydroxyphenyl)-2-ethyl-hexane,

2,2~bis(4-hydroxy-3, 5-dichlorophenyl)propane, dihydroxydiphenyl ether
, and the like. Specific examples of the aromatic carboxylic acid
derivatives include p-hydroxybenzoic acid, ethyl p-hydroxybenzoate,

butyl p-hydroxybenzoate, 3,5-di-tert-butylsalicylic acid,
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3,5-di~o—methylbenzylsalicylic acid, multivalent metal salts of the
aforementioned carboxylic acids, and the like.
[0157]

Although the solid content concentration of the coating agent for
a thermal recording material is not particularly limited, the solid
content concentration is preferably 5% by mass or higher and 20% by mass
or lower in light of coating characteristics thereof and the like.
[0158]

Although the pH of the coating agent for a thermal recording
material is not particularly limited, the pH is preferably 4 or higher
and 8 or lower. In the coating agent for a thermal recording material,
since the PVA used has superior solubility inwater, a homogeneous aqueous
solution can be prepared without particularly adding an alkali such as
sodium hydroxide or an acid to water, leading to superior handleability.
In addition, according to the coating agent for a thermal recording
material, sufficient viscosity stability can be exhibited even in a
neutral pH region. Therefore, various performances of the thermal
recording material can be effectively exhibited.

[0159]

The method for producing the thermal recording material by
applying the coating agent for a thermal recording material on a substrate
is not particularly limited, and the production may be carried out using
well-known methods. Specifically, in a case where the thermal coloring
layer is provided by applying the coating agent for a thermal recording
material, examples of the method of production include a method of

applying the coating agent for a thermal recordingmaterial on the surface

material, examples of the method of production include a method of
applying the coating agent for a thermal recordingmaterial on the surface

of the thermal coloring layer provided on the substrate, and the like.

As the application method, methods such as an air knife coating method,

a blade coating method, a gravure coating method, a roll coating method,
a spray coating method, a dip coating method, a bar coating method and
an extrusion method may be employed.
[0160]

For example, in a case where the overcoat layer is provided, the

amount of the coating agent for a thermal recording material applied

s
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may be appropriately selected within a range not leading to inhibition
of heat transfer from a thermal head of a thermal recording apparatus
to the thermal coloring layer of the thermal recording material, and
is typically 1 to 1¢ g/m’ and preferably 2 to 7 g/m® in terms of solid
content equivalent. Alternatively, for example in a case where the
thermal coloring layer is provided, the amount of the coating agent is
typically 3 to 10 g/m” and preferably 4 to 8 g/m® in terms of solid content
equivalent.

[0161]

It is to be noted that the thermal recording material may comprise
other layer in addition to the substrate, the thermal coloring layer
and the overcoat layer. The other layer is exemplified by an undercoat
layer provided between the substrate and the thermal coloring layer.
In addition, the thermal recording material may contain the PVA in the
substrate. Even in such a case, the thermal recording material can
exhibit high water resistance and resistance to plasticizers.

[0162]
Method for Producing Printed Article

By subjecting the thermal recording material to printing, a
printed article having superior water resistance and resistance to
plasticizers can be produced. The printer used in the printing is not
particularly limited, and conventionally well-known thermal recording
apparatuses equipped with a thermal head may be used.

[0163]
Base Paper for Release Paper

The base paper for a release paper according tec an embodiment of

paper comprises, IOr exXample, a paper substrate, wherein a coating layer
provided on the surface of the paper substrate, and the coating layer
is provided by applying a coating agent for a base paper for a release
paper comprising the PVA. According to such a configuration, the coating
layer of the base paper for a release paper can be provided from the
PVA and the like, and the sealability and the water resistance can be
improved more effectively.
[0164]

Paper Substrate

As the paper substrate of the base paper for a release paper, a

well-known paper or synthetic paper prepared using a chemical pulp such
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as a hardwood kraft pulp and a softwood kraft pulp, a mechanical wood
pulp such as GP, RGP and TMP, and the like may be used. The paper substrate
includes premium quality papers, medium quality papers, alkaline papers,
glassine papers, semi-glassine papers and the like, and the semi-glassine
papers are preferred.

[0165]

Although the grammage of the paper substrate is not particularly
limited, the grammage is preferably 10 g/m? or higher and 120 g/m’ or
lower, and more preferably 40 g/m? or higher and 100 g/m® or lower in
light of sealability and handleability and the like of the resultant
base paper for a release paper.

[0166]

Coating Agent for BRase Paper for Release Paper

The coating agent for a base paper for a release paper is typically
an aqueous solution of the PVA. The coating agent for a base paper for
a release paper may contain other components within a range not leading
to significant inhibition of the effects of the present invention. 1In
addition, a solvent other than water {for example, an alcohol, an ether,
or the like) may be also used.

[0167]

In the above formula (1), preferred structures and numerical
ranges thereof as well as the method for production of the PVA ‘are as
described above.

[0168]
When the monomer unit has the aforementioned structure, solubility

in water and viscosity stability of the PVA, and various performances

PUpPG L Auh @ b e dvUeme U ea i e s n e dame s —g e on - o mmm e e —
the PVA can be easily performed.
[0169]

The monomer unit is still more preferably a unit represented by
the above formula (2).

{0170]

When the monomer unit is represented by the above formula (2),
various functions of the thermal recording material can be exhibited
more effectively. BAlthough the reasons for this effect are also unclear,
it is presumed that the aforementioned functions of reducing the rate

of hydrolysis of Si-R? in the coating agent for a base paper for a release
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paper (agueous solution) that comprises the PVA, and inhibiting the
reaction are exerted more effectively.
[0171]

The above inequality (I} is satisfied according to the PVA,
preferably the ineguality (I’) is satisfied, and more preferably the
inequality (I'’) is satisfied.

[0172]

The product (P x 3) of the viscosity average degree of
polymerization (P) and the percentage content (S) of the monomer unit
corresponds to the number (average) of the monomer units with respect
to 100 molecules. When the product (P x S) is less than the lower limit,
various characteristics resulting from the silyl group such as the
sealability and the water resistance of the base paper for a release
paper canncot be sufficiently exhibited. To the contrary, when the
product (P x 5) exceeds the upper limit, the solubility in water of the
PVA and the viscosity stability cf the agueocus solution are likely Lo
be impaired, leading to deterioration of various performances of the
resultant base paper for a release paper.

[0173]

It is preferred that the above inequalities (II) and (III) are
further satisfied according to the PVA.
[0174]

When the viscosity average degree of polymerization (P} and the
percentage content (S) of the monomer unit thus fall within the above
range, the solubility in watexr, the viscosity stability and the like

can be improved, and the sealability, the water resistance and the like

Furthermore, the viscosity average degree of polymerization (P)
more preferably satisfies the above inequality (II'}), and still more
preferably the above inequality (II’').

[0176)

When the viscosity average degree of polymerization (P) is less
than the lower 1imit, the sealability, the water resistance and the like
of the resultant base paper for a release paper may be deteriorated.
To the contrary, when the viscosity average degree of polymerization
(P) exceeds the upper limit, the solubility in water, the viscosity

stability and the like may be deteriorated.
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[0177]

In addition, the percentage content of the monomer unit mere
preferably satisfies the above inequality (III1’), still more preferably
the above inequality (III’’).

[0178]

When the percentage content (S) of the monomer unit is less than
the lower limit, the sealability, the water resistance and the like of
the resultant base paper for a release paper may be deteriorated. To
the contrary, when the percentage content (S) of the monomer unit exceeds
the upper limit, the solubility in water, the viscosity stability and
the like may be deteriorated.

[0179]

Although the degree of saponification of the PVA is not
particularly limited, the degree of saponification of the PVA is
preferably 80 mol% or higher, more preferably 20 mol% or higher, still
more preferably 95 mol% or higher, and particularly preferably 97 mol%
or higher. When the degree of saponification of the PVA is less than
the lower limit, the sealability, the water resistance and the like of
the resultant base paper for a release paper may be deteriorated. It
is to be noted that although the upper limit of the degree of
saponification of the PVA is not particularly limited, the upper limit
is, for example, 99.9%9 mol% in light of the productivity of the PVA and
the like. The degree of saponification of the PVA as referred to herein
means a value determined in accordance with the method specified in
JIS-K6726.

[0180]

proportion of the PVA is preferably 4% by mass or higher and 20% by mass
or lower. Since such a comparatively high concentration can be attained
in the coating agent for a base paper for a release paper, the sealability,
the water resistance and the 1like of the resultant base paper for a release
paper can be effectively improwved.
[0181]

Examples of components other than the PVA which may be contained
in the coating agent for a base paper for a release paper include various
types of polymers (water-soluble polymers, polymer dispersions, and the

like), a filler, a water proofing agent, a surfactant (nonionic, anionic,

P
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and the like), a lubricant, a defoaming agent, a dispersant, a humectant,
a pH adjusting agent, an ultraviolet ray absorbing agent, and the like.
[0182]

Examples of the water—-scluble polymers and the polymer dispersions
include: starch and derivatives thereof; cellulose derivatives such as
hydroxymethylcellulose, hydroxyethylcellulose,
carboxymethylcellulose, methylcellulose and ethylcellulose;
water-soluble polymers such as gum arabic, polyvinyl alcohel, alkali
salts (sodium salts and the like) of polyacrylic acid,
polyvinylpyrrolidone, (meth)acrylamide- (meth)acrylic acid ester
copolymers, (meth)acrylamide-{meth)acrylic acid ester-{meth)acrylic
acid ternary copolymers, alkali salts (sodium salts and the like) of
styrene-maleic anhydride copolymers, alkali salts (sodium salts and the
like) of isobutylene-maleic anhydride copolymers, alkali salts (sodium
salts and the like) of diisobutylene-maleic anhydride copolymers,
polyacrylamide, sodium alginate, gelatin and casein; emulsions of
polyvinyl acetate, polyurethanes, polyacrylic acid, polyacrylic acid
esters, vinyl chloride-vinyl acetate copolymers, polybutyl
methacrylate, ethylene-vinyl acetate copolymers and the like; latexes
such as styrene-butadiene copolymers and styrene-butadiene-acrylic acid
copelymers; and the like.

[0183]

Examples of the filler include kaolin, clay, calcium carbonate
particles, calcined clay, titanium oxide particles, diatomaceous earth,
silica, colloidal silica, aluminum oxide particles, aluminum hydroxide

particles. svnthetic aluminum silicate marticlies. svnthetic macnesinm

LLUS AL LLIGLASO, ULSA LULINALLL LSOLIl L1US Pal LLLIES, LiUUL, allu LIS L1Re.
[0184]

Examples of the water proofing agent include glyoxal, urea resins,
melamine resins, multivalent metal salts, water-soluble polyamide
resins, and the like.

[0185]

Although the solid content concentration of the coating agent for
a base paper for a release paper is not particularly limited, the solid
content concentration of the coating agent is preferably 1% by mass or
higher and 20% by mass or lower in light of coating characteristics

therecf and the like.
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[0186]

Although the pH ¢of the coating agent for a base paper for a release
paper is not particularly limited, the pH is preferably 4 or higher and
8 or lower. In the coating agent for a base paper for a release paper,
since the PVA used has superior seolubility inwatexr, a homogeneous agqueocus
solution can be prepared without particularly adding an alkali such as
sodium hydroxide or an acid to water, leading to superior handleability.
In addition, according to the coating agent for a base paper for a release
paper, sufficient viscosity stability can be exhibited even in a neutral
pH region. Therefore, various performances of the base paper for a
release paper can be effectively exhibited.

[0187]

The method for producing the base paper for a release paper by
applying the coating agent for a base paper for a release paper on a
paper substrate is not particularly limited, and the producticn may be
carried out using well-known methods. As a specific application method,
methods such as an air knife coating method, a blade coating method,
a gravure coating method, a roll coating method, a spray coating method,
a dip coating method, a bar coating method and an extrusion method may
be employed.
f0188]

Although the amount of the coating agent for a base paper for a
release paper applied is not particularly limited, the amount of the
coating agent is preferably 0.1 g/m” or more and 3 g/m? or less, and more
preferably 0.2 g/m? or more and 2 g/m® or less (per side in a case where

the applving is carried ocut on both sides) in terms of solid content

be exhibited. To the contrary, when the amount of the coating agent
exceeds the upper limit, coating characteristics of the coating agent
may be deteriorated, and/or the applying process may be uneconomical.
[0189]

After the application of the coating agent for a base paper for
a release paper, adrying treatment is typically carried cut. The drying
may be executed using a method involwving, for example, a hot air, an
infrared light, a heating cylinder or a combination thereof. 1In
addition, the sealability and the like of the dried base paper for a

release paper may be further improved by subjecting the dried base paper
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for a release paper to humidity conditicning and a calendar treatment,
particularly supercalendar treatment. The humidity conditioning is
preferably carried out s¢ as to result in a moisture content in paper
of 10 to 30% by mass. In addition, calendar treatment conditions
involving a roll temperature of normal temperature to 200°C and a linear
pressure between the rolls of 20 to 350 kg/cm are preferred.

[0190]

The air resistance (hereinafter, may be also abbreviated as “air
permearnce”) of the base paper for a release paper is preferably 10,000
sec or higher, more preferably 30,000 sec or higher, still more preferably
50,000 sec or higher, and particularly preferably 100,000 sec or higher.
When the air permeance is lower than 10,000 sec, the sealability against
an overcoating agent (the aforementioned varnish, and the like) to be
applied on the base paper for a release paper may be insufficient. The
ailr permeance is determined in accordance with JIS-P8117 using an Oken
type smocthness and air-permeability tester.

[0191]

It is to be noted that the base paper for a release paper may
comprise, in addition to the paper substrate and the coating layer, other
layer or the like, for example, between the paper substrate and the
coating layer. In addition, the base paper for a release paper may
comprise the PVA in the paper substrate. Even in such a case, the base
paper for a release paper can exhibit high sealability and water
resistance.

[0192]

- —
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layer provided on the surface of the base paper for a release paper.
The base paper for a release paper in the release paper typically
comprises a paper substrate and a coating layer provided on the surface
of the paper substrate, as described above. The release layer of the
release paper is provided on the surface of the coating layer in the
base paper for a release paper. The release paper can be precduced by
applying on the base paper for a release paper, as the overcoating agent,
a releasing agent for providing the release layer. Examples of the
releasing agent include solvent type silicones, and non-solvent type

(emulsion type, oligomer type) silicones. Examples of the solvent
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contained in the releasing agent include organic solvents such as
toluene.
[G193]
Laminate

Furthermore, the laminate according to an embodiment of the
present invention at least comprises the base paper for a release paper,
a release layer provided on the surface of the base paper for a release
paper, and a tacky layer provided on the surface of the release layer.
In the laminate, it is preferred that a substrate layer such as a paper
layer or a plastic layer is further provided on the face of the tacky
layer opposite to the face in contact with the release layer. Such a
laminate has superior peelability between the release layer and the tacky
layer. The laminate can be produced by applying on the release layer
in the release paper, as the overcoating agent, a tacky material for
providing the tacky layer. The tacky material is exemplified by solvent

type tacky materials and emulsion type tacky materials.

EXAMPLES

[0194]

Hereinafter, the embodiments of the present invention will be
explained in detail by way of Examples, but the present invention is
not in any way limited thereto. In addition, in the following Examples,
Comparative Examples and Synthesis Examples, parts and percentages
indicate parts by mass and % by mass, respectively, unless otherwise

specified.

A) used in Examples and Comparative Examples is as follows:
MAmMPTMS: 3-methacrylamidopropyltrimethoxysilane
MAmMPTES: 3-methacrylamidopropyltriethoxysilane
MAmMBTMS: 4-methacrylamidobutyltrimethoxysilane
MAmMOTMS: 8-methacrylamidooctyltrimethoxysilane
MAmMDDTMS: 1Z2-methacrylamidododecyltrimethoxysilane
MAmMODTMS: 18-methacrylamidooctadecyltrimethoxysilane
AMBTMS: 3-~acrylamido~3-methylbutyltrimethoxysilane
4-PTMS: 4-pentenyltrimethoxysilane

VMS: vinyltrimethoxysilane

o

.


ip-temp
Rectangle


49

MAMMTMS: methacrylamidomethyltrimethoxysilane

AMPTMS: 2-acrylamido-2-methylpropyltrimethoxysilane
[0196]
PVA

Production of Silyl Group-Containing PVA

PVAs were produced according to the following method, and the
degree of saponification, the percentage content (S} of the monomer unit
having a group represented by the above formula (1) {in several Examples,
corresponding to the percentage content of the monomer unit having a
silyl group), and the viscosity average degree of polymerization (P)
thereof were determined. In addition, according to the following
evaluation methods, performances of the coating films and binder force
between the PVA and an inorganic substance were evaluated.
[0197]

Method of Analysis of PVAs

Analysis of the PVAs was carried out in accordance with the method
specified in JIS-K6726, unless otherwise specified.
[0198]

Example 1-1: Production of PFVAl-1

Into a 6 L separable flask equipped with a stirrer, a reflux
condenser, a nitrogen inlelt tube, a comonomer dripping port and an
addition port of the initiator were charged 1,500 g ¢f vinyl acetate,
500 g of methanol and 1.87 g of MAmPTMS as the monemer having a group
represented by the above formula (1) (monomer A}, and replacement with

nitraagen gas in the svstem was carried out for 30 min bv nitroaen bubbling.
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replacement with nitrogen by bubbling of nitrogen gas. An elevation of
the temperature of the reaction vessel was started, and 0.8 g of
2,2"-azobisisobutyronitrile (AIBN) was added to initiate the
polymerization when an internal temperature of 60°C was attained. The
polymerization was allowed to proceed at 60°C for 2.7 hours while adding
the delay solution dropwise such that the monomer composition (proportion
of vinyl acetate and the monomer A {MAmPTMS)) was kept constant in the
polymerization solution, followed by cooling to stop the pelymerization.
The total amount of the comonomer solution added until the polymerization
was stopped (sequentially added liquid) was 99 g. In addition, the solid

content concentration was 29.0% when the polymerization was stopped.
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Subsequently, unreacted vinyl acetate monomer was eliminated while
adding methanol at 30°C under a reduced pressure at intervals to obtain
a methanol solution of polyvinyl acetate (PVAc) having a group
represented by the above formula (1} at a concentration of 40%.
Furthermore, Lo this methanol solution were added methanol and a methanol
solution containing sodium hydroxide at a concentration of 10% by mass
in this order with stirring so that the molar ratio of sodium hydroxide
to the vinyl acetate unit in the PVAc was 0.04 and the solid content
cencentration of PVAc was 30% by mass, to start a saponification reaction
at 40°C. Gelatinous matter was produced about 5 min after the alkali
solution was added. The gelatinous matter was ground with a grinder,
and left to stand at 40°C for 1 hour to allow the saponification to proceed.
Thereafter, methyl acetate was added to neutralize remaining alkali.
After confirming the completion of the neutralization using a
phenolphthalein indicator, the mixture was filtered to obtain a white
solid. Methanol was added to the white selid, and the mixture was left
to stand at room temperature for 3 hours to permit washing. After this
washing operation was repeated three times, a white solid obtained by
deliquoring through centrifugation was left to stand in a dryer at 65°C
for 2 days to obtain PVAl1-1 having a group represented by the above formula
(1y. PVAl-lhadaviscosityaverage degreeof polymerization {(P) of1,700
and a degree of saponification of 98.6 mol%.
[0199]

The percentage content of the monomer unit having a greup

represented by the above formula (1) (percentage content of the monomer

1mat+t hamrina o o1 1arl A in DWVAT—-1 +hite Aahtairnad wae AotarminoAd hsr

by reprecipitation in n-hexane/acetone at least three times, and dried
at 50°C under a reduced pressure for 2 days to prepare PVAc for analysis.
The PVAcC was dissolved in CDCl,, and subjected to measurement using a
proton NMR (JEOL GX-500) at 500 MHz at room temperature. The percentage
content (8) of the monomer unit having a group represented by the formula
(1) was calculated based on a peak o derived from the main chain methine
of the vinyl acetate unit (4.7 to 5.2 ppm) and a peak B derived from
the methyl of the methoxy group in the monomer A unit (3.4 to 3.8 ppm)

using the following formula. In PVAl-1, the percentage content (35) was

2N
s
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0.5mol%. Results of the analysis of the obtained PVAs are shown in Table
1.

percentage content (8: mol%) of the monomer unit having a group
represented by the formula (1)

= {(peak area of B /9)/(peak area of o + (peak area of f /9))}
x 100
[0200]

Examples 1-2 to 1-31 and Comparative Examples 1-1 to 1-22:
Production of PVA1-2 to PVA1l-53

PVA1-2 to PVAl-53 were produced in a similar manner to Example
1-1 except that: polymerization conditions such as the amount of vinyl
acetate and methanol charged, and the type and amount of addition of
the monomer A; and saponification conditions such as the concentration
of PVAc and the molar ratio of sodium hydroxide to the vinyl acetate
unit in saponification were changed as shown in Table 1 and Table 2.
Results cf analyses of each PVA obtained are shown in Table 1 and Table
2.
[0201]
[Table 1]
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[2ozo]

Polymerization conditions izﬂz:iii::tien Results of analysed
NaOH  [viseosity average
o et [Tz e mesoro [t ot SO, e
Type ¢f BVA initiater ) ™
concentration of
@ | @ | @ ) [menoner iy leemrialy jmmmmaM @ - - mon | - | weim
imethansl liquidy
(3581 181 gk

Example 1-1 PVAL-1 1,500 500 0.8 7 MAMPTMS 1.87" B ag 30 0.04 1,700 0.5 850 98.6
Example 1-2 PVA1-2 1,500 500 0.8 MAMPTHS 0.33 5 79 ac 0.04 1,700 a.23 425 98.4
Example 1-3 PVRL-3 1,500 500 9.8 2.7 MAMPTHS 15,49 50 131 30 0.04 1,700 3.5 5,950 9%. 6
Example 1-4 PYAL-4 1,500 500 0.8 MAMPTHS 11.5 40 12z 30 0.04 1,7¢0 3.0 5,100 98.1
Example 1-5 PVAl-5 1,500 500 0.8 2.7 MAmMPTMS 5.66 25 96 30 0.04 1,700 1.5 2,550 98.7
Example 1-6 PVAl-6 1,500 70 0.8 1.0 MAmMETHMS 5.60 50 24 15 0.04 4,000 1.5 6,000 98.4
Example 1-7 PVAL1-7 1,500 70 0.8 1.0 MAMETHS 1.87 50 ] 15 G.04 4,000 0.5 2,000 98.3
Example 18 PVAL-8 1,500 70 ¢.8 1.0 MARMBTHS 0.37 1 80 15 0.04 4,000 0.1 400 98,7
Example 1-9 PVAL-2 1,500 147 0.8 1.8 MAMETMS 3.75 50 25 20 0.0¢ 3,000 1.0 3,000 58.8
Example 1-10 PVAL-10 1,500 157 0.8 1.9 MAMETHS 1.87 50 13 20 0.04 3,000 0.5 1,500 98.7
Example 1-11 BVAI-11 1,500 265 D.8 2.1 MAMPTMS 3.75 20 mn 20 0,04 2,400 1.0 2,400 98.4
Example 1-12 PYAL-12 1,500 265 0.8 2.1 MAMPIHS 2.87 58 12 20 0.04 2,400 a.5 1,200 88.3
Example 1-12 PYAL-13 1,500 320 0.8 2.3 MATMPTMS 11.5 40 162 20 0.04 2,000 2.8 5,800 ¢8.8
Example 1-14 PVA1-14 1,500 1,000 1.3 3.0 MAMPTMS 23.75 30 41 30 0.04 1,000 3.8 5,800 96.5
Example 1-15 PVAl-15 1,500 1,000 1.8 3.0 MAMPTMS 11.5 3e 203 30 0,04 1,000 3.0 3,000 98.5
Example 1-16 PVAl-16 1,500 1,000 1.5 3.0 MAMPTMS 7.58 25 161 30 0.04 1,000 2.0 2,000 98.6
pxample 1-17 | Pvai-17 | 1,500 1,000 1.5 3.0 MAmETHS 1.87 B 124 30 0,04 1,000 0.5 500 98,4
Example 1-18 EVA1-18 1,500 2,250 3.0 3.e HARPTHS 23.75 B0 201 35 0.04 500 6.4 3,000 98.8
Example 1-19 PVA1-19 1,500 2,250 3.0 3.8 MAMPTHS 3.75 50 51 35 9.04 500 1.0 500 98.3
Example 1-20 PVA1-20 1,500| &,000 6.0 4.4 MAMPTMS 1%.58 80 177 &0 0.04 200 5.0 1,000 98.5
Example 1-21 PYAL-21 1,500 500 9.8 2,7 MAMPTHS 1.87 8 99 30 0.011 1,700 Q.5 850 95.2
Example 1-22 PVAL-22 1,500 500 G.8 2.7 MAMETMS 1.87 8 k] 30 0.01 1,700 6.5 850 93.5
Example 1-23 PVAL-23 1.500 500 0.9 2.7 MAMETMS 1.87 8 98 30 0.00% 1,700 0.5 850 g9.2
Example 1-24 BVAL-24 1,500 1,000 1.5 3.0 MAMPTHS 1.87 8 124 kI .01 1,000 0.5 S00 82.3
Example 1w25 PUAL-25 1,500 500 ¢.8 2.7 HMAMPTES z.18 10 93 30 0.04 1,700 0.5 aso 88.5
Example 1-26 PYR1-26 1,500 500 0.8 2.7 MAMBTHS 1.87 10 84 30 0.04 1,700 0.5 850 8.6
Example 1-27 PVAL1-27 1,500 500 0.8 2.1 MAMOTHS 2.24 10 00 30 0.04 1,700 0.5 850 98.4
Example 1-24 PYA1-28 1,500 500 0.8 2.7 MAMDDTHS 2.82 10 119 30 0.04 1,700 0.5 850 8.4
Example 1-29 PYA1-22 1,500 500 0.8 2.7 MAMOTTMS 3.45 15 9g 30 0.04 1,700 4.5 450 98.35
Example 1-30 BVAL-3D i,500 500 0.8 2.7 AMBTMS 1.97 i0 a3 30 0.04 1,700 0.5 8§50 98.4
Example 1-31 PVA1-31 1, 500 500 0.8 2.7 4-PTHS 14.49 1 65 30 0.04 1,700 0.3 850 98,7

*1: Menomer A was directly charged without dilution with methanol.

MAmMPTMS :
MRMPTES:
MAMBTMS:
MAMOTMS :

4-PTHS: 4-pentenylbrimethoxysilane

3-methacrylamidoprepyltrimethorysilane
3-methacrylamideprepylteietherysilane
4-methacrylamidebutyltrimethoxysilane
B-methacrylamideostyltrimethoxysilane
MAMDDTMS: 12-methacrylomidododecyltrimethoxysilane
MAMODTMS: le-methacrylamidooctadecyltrimethoxysilane
AMBTMS: J-acrylamido-3-methylbutyltrimethoxysilane

4
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=30 L,20u &4 U.4 2.6 = - - - 30 [ 8.02 | 1,700 0 | o | 98.5
| -37 1,500 285 a.8 1.9 s 11.2¢ 0.5

| -38 1,500 265 0.8 1.9 vMS Z2.25 0.1

-39 1,500 | 1,000 1.5 3.0 wis 11.29 0.5 i

-40 1,500 | 1,000 1.5 3.0 wis 6.76 0.3 170 30 0.03( 1,000 0.3 a0 98.7
| ~41 1,500 | 2,250 3.0 3.6 VMS 22.7 2 105 35 0.03 500 1 500 98.2
-42 1,500 2,250 3.0 3.6 VS 11.29 1 105 35 0.03 500 0.5 250 98.9
=43 1,500 500 0.8 2.9 MAMMTMS 1.66 10 74 30 0.035% 1,700 0.5 850 98.1
- 44 1,500 500 .8 2.5 MAMMTHS 0.66 4 73 30 0.03 1.700 0.2 340 98.7
| -45 1,500 500 a.8 2.8 AMPTHS 1.86 10 81 30 0.03 1,700 0.5 850 96.46
-46 1,500 500 0.9 2.8 AMETHS 0.74 4 81 30 0.03 1,700 0.2 340 98.3
-47 1,500 500 0.8 2.8 MAMPTHS 0.74 4 81 30 0.03| 1,700 0.2 349 98.7
L-48 1,500 500 0.8 2.8 HAmPTHS Q.37 2 B1 30 0.03 1,700 0.1 170 98.2
| -49 1,500 ¢ 2,250 3.0 3. MARPTMS 1.87 50 26 35 0.04 500 0.5 250 86.4
| -50 1,500 167 0.8 1.9 MANPTHS .37 1 130 20 G.04 3,000 0.1 300 98.7
=51 1,500 | 1,600 1.5 3.0 HAmMPTHS 25.8 30 45 30 0.04 1,000 6.5 6,500 98.5
| -52 1,500 265 0.8 2.1 HANPTNS 11.5 40 105 20 0.04 2,400 3.0 7,200 99.4
1-53 1,500 70 0.8 1.0 MAMPTHS 6.9 50 29 15 0.04 4,000 1.8 7,200 8.3
s directly charged without dilution with methanol.

® percentage content of the monomer unit having a silyl group other than the monomer unit having a group represented by the formula

howysilane
ylamidomethyltrimethoxXysilane
nido-2-methylpropyltrimethoxysilane
crylamidopropyltrimethoxysilane

€S

|
[
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the coating film, water resistance of the coating film containing an
inorganic substance, and binder force between the PVA and an inorganic
substance were evaluated in accordance with the following evaluation
methods. The type of the PVAs used and the pH of the agueous solutions
as well as the results of the evaluations are shown in Table 3.
[0204]

Viscosity Stability of Aqueous PVA Solution

An 8% PVA aguecus solution was prepared and left to stand in a
thermoregulated bath at 20°C, and a viscosity of the aqueous PVA solution
immediately after the temperature of the agueous PVA solution reached
20°C and & viscosity of the aqueous PVA solution after 7 days were
determined. A value obtained by dividing the viscesity after 7 days by
the viscosity immediately after the temperature of the aqueous PVA
solution reached 20°C (the viscosity after 7 days /the immediate
viscosity) was calculated, and the evaluation was made in accordance
with the following criteria:

A: the calculated value being lower than 2.5 fold;

B: the calculated value being 2.5 fold or higher and lower than
3.0 fold;

C: the calculated value being 3.0 fold or higher and lower than
5.0 fold;

D: the calculated value being 5.0 fold or higher, but the agqueous
PVA solution not being gelled; and

E: the aqueous PVA scolution having lost fluidity, and being gelled.
[0205]

Water Resistance of Coatinag Film

film was cut into a piece having a size of a length of 10 cm and a width
of 10 cm to prepare a test piece. The test piece was immersed indistilled
water at 20°C for 24 hours, and taken out {recovered). Then, moisture
adhered to the surface was wiped off with gauze, and the mass of the
test piece when swollen in water was determined. The test piece after
the determination of the mass when swollen in water was dried at 105°C
for 16 hours, and thereafter its mass in a dry state was determined.
Then, a value which was designated as a degree of swelling (fold) was

obtained by dividing the mass when swollen in water by the mass in a
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dry state, and the evaluation was made in accordance with the following
criteria:

S: the degree of swelling being lower than 3.0 fold;

A: the degree of swelling being 3.0 fold or higher and lower than
5.0 fold;

B: the degree of swelling being 5.0 fold or higher and lower than
8.0 fold;

C: the degree of swelling being 8.0 fold or higher and lower than
10.0 fold;

D: the degree o¢of swelling being 10.0 fold or higher; and

E: recovery of the immersed test piece failed.
[02086]

Water Resistance of Coating Film Containing Inorganic Substance

A 4% PVA aqueous solution was prepared, and a 20% dispersion of
colloidal silica (manufactured by Nissan Chemical Industries, Ltd.:
Snowtex ST-0) in water was added thereto so that a mass ratio of PVA
/colloidal silica on the solid content basis was 100/10, and the mixture
was flow cast at 20°C to obtain a coating film having a thickness of
40 um. The obtained coating £ilm was cut into a piece having a size of
a length of 10 cm and a width of 10 ¢m to prepare a test piece. The test
piece was immersed in distilled water at 20°C for 24 hours, and taken
out (recovered). Then, moisture adhered to the surface was wiped off
with gauze, and the mass ¢f the test piece when swollen in water was
determined. The test piece after the determination of the mass when
swollen in water was dried at 105°C for 16 hours, and thereafter its

mass in a dry state was determined. Then, a value which was designated

.................. md miin s Sas G ) mne b iine i e ¥ M Cwas Te atisan
in accordance with the following criteria:

A: the degree of swelling being lower than 3.0 fold;

B: the degree of swelling being 3.0 fold or higher and lower than
5.0 fold;

C: the degree of swelling being 5.0 fold or higher and lower than
8.0 fold;

D: the degree of swelling being 8.0 fold or higher and lower than
10.0 fecld; and

E: the degree of swelling being 10.0 fold or higher, or recovery

of the immersed test piece failed.
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02071

Binder Force between PVA and Inorganic Substance

Silica (manufactured by Mizusawa Industrial Chemicals, Ltd.:
MIZUKASIL P78D) and 0.2% (with respect to the mass of the silica) of
a dispersant (manufactured by Toagosei Co., Ltd.: Aron T40) were
dispersed in water using a homomixer to prepare a 20% dispersion of silica
in water. To the dispersion of silica in water was added a PVA agueous
solution in which the concentration of PVA was adjusted to 8%, so that
the mass ratio of silica /PVA on the solid content basis was 100/20,
and a necessary amount of water was added, whereby a silica-dispersed
agueous PVA solution having a concentration of the total of the silica
and the PVA of 15% was produced.
[0208]

The obtained silica-dispersed aqueous PVA solution was applied
on the surface of a premium quzlity paper using a wire bar so that a
grammage of 60 g/m® was achieved. Thereafter, the premium quality paper
was dried at 100°C for 3 min using a hot-air dryer to obtain a sample
for evaluatioen. The amount of application on the premium quality paper
after drying (the sample for evaluation) was 11 g/m’.
[0209]

Using an IGT printability tester {manufactured by Kumagai Riki
Kogyo Co., Ltd.), the sample for evaluation was measured at a printing
pressure of 50 kg/cm®. The printing speed (cm/sec) at which peeling of
the surface of the sample for evaluation occurred was defined as a binder
force between the PVA and the inorganic substance, and the binder force

was evaluated in accordance with the following criteria. It is to be

Chemicals, Incorporated) was used, and a mechanism of spring drive B
was employed.

A: 260 cm/sec or higher;

B: 220 cm/sec or higher and lower than 260 cm/sec;
C: 180 cm/sec or higher and lower than 220 cm/sec;
D: 140 cm/sec or higher and lower than 180 cm/sec; and
E: lower than 140 cm/sec.
[0210]

[Table 3]

P
A
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::zdaquenns sxlution Evaluation results
WaTer
AR M St s vt ooy
Tvpe of FVA aqueogs ?vg ;;iegu: iisézatiﬁz zg:taiﬁing ard incrgchic
solution snlurion filn inorganic scbhstance
substancs
Example 1-32 PVRi-1 &.0 # A i A
Example 1-33 PVL.-2 5.5 A B B B
Example 1-34 PVAL-3 7.9 hod A A A
Exzample 1-35 PVAL-3 B.5~1 A B B B
Example 1-36 PVAl-3 3.5%2 B B B B
Ezample 1-37 BVAI-¢ 7.0 o a A A
Example 1-3B BVAL-5 £.0 C A A A
Example 1-38 PVARI-1 8.571 A ol C c
Exampla 1-40 PVAL-1 3.572 A c C ¢
Example 1-41 PVRi-6 €.2 ] A A A
Example 1-42 rVal-7 .0 C A A A
Examcle 1-43 PVR1-8 €.0 1 B B A
Example 1-44 PVAI-9 €.0 hu] A R A
Example 1-45 PVAl-10 C.0 [ A A A
Example 1-16 FYAl-11 €.0 D A A A
Exampls 1-47 EVAl-12 £.0 B E: A a
Example 148 PYAL1-13 €.0 D n s A
Example 1-49 PVAL-14 E.2 D A A A
Ezample 1-50 PVAl-15 L0 C A A A
Example 1-51 PVAY-16€ 7.0 B A A A
Examplc 1=5 Pyal-17 E.0 n n I B
Example 1-33 BvAl-18 8.0 D A A B
Evanple 1-%4 PVAl-19 £.0 A C B [
Example 1-% pval-20 8,0 J] C A C
Example 1-56 PVA1~21 €.0 B B I I
Evample 1-57 PVAl-22 6.0 B B B A
Example 1-E8 PYA1-23 €.0 A o B B
Example 1-%59 PvAl-Z4 6.0 A B B A
Fxample 1-60 PYAI-25 6.0 ) a A A
Example 1-€1 BVA1-26 £.0 B L A A
Example 1-€2 PVA1-27 6.0 A 5 A A
Example 1-63 PVAl-28 6.0 el 8 A A
Example 1-64 pYAi-29 6.0 o s A [~
Example 1-65 BYR1~-30 €.0 A B A 2
Example 1-66 PVR1-31 6.0 C A A A
Comparative Exanpple 1-23 PYAL-32 6.0 -3 -*3 —-*3 -*3
Compararive Example 1-24 PYRI-33 5.5 R E E C
Comparative Example 1-25 PVAl1-34 5.5 A E E D
Comparstive Example 1-26] PVA1-35 5.5 A E E ]
Comparative Example 1-27 EVA1-36 6.0 A E E E
Comparative Example 1-28 PVA1-32 .51 a L E jo)
Comparative Example 1-29 PVAl-32 3.52 B E E ]
Comparative Example 1-30 PVR1-37 6.0 —3 —3 —*3 —*3
Comparative Example 1-30 PVAl-36 5.5 B E E C
Comparative EZxample 1-37 PVAL-44 5.% A D D C
Comparative Zxample 1-38 BVA1-45 6.0 ] c < <
Comparative Example 1-39 PVAl-16 5.5 A D D ¢
Comparative Example 1-40 PYAL-47 5.5 A < D E
Comparalive Ixample 1-41 PVAl-48 5.5 a D D c .
Comparative Ixample 1-42 2VA1-49 9.6 a o D &
Comparative Example 1-43 PVAL-E0 5.5 A n C JH]
Conparativa fxzmple 1-44 PYAR1-E1 5.6 4 A )
Comparative Sxzmple 1-45] 2VAl-EZ 5.6 -*3 -3 -3 =3
Curparative Zxample 1-46 PVR1-E2 5.5 -3 —-*3 -3 —*3
*1: pH was adjusted by addirg a small amcunt of armonia when the aguesus so.uiion was prepared,

i

pH was adjusted

was prepared.

3

[0211]

As shown in Table 3,

Examples 1-1 to 1-31

by sddirg a small amourt of hydrechleric acid when the agueous solutlon

it can be seen that the PVAs obtained in

! PVA wes not completcly cdissolved in the aqucous solution.

(PVAl-1 to 1-31) had high solubility in water and
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superior viscosity stability, and the cecating films produced therefrom
had superior water resistance and binder performances (i.e., binder

force). Regarding the evaluation criteria, for the viscosity stability,
A to D indicated an evaluation as having practically sufficient viscosity
stability, whereas for other three items, Ato Cor 8§ and A to C suggested
an evaluation to be superior. Furthermore, the aguecus solutions in
Examples 1-32, 1-38, 1-42, 1-45, 1-47, 1-50 to 1-52, 1-56, 1-60 to 1-63,
1-65 and 1-66 in which the viscosity average degree of polymerization
{P), the degree of saponification and the structure of the monomer unit
of the PVA, and the percentage content (8) of the monomer unit, the product
(P x 8) of the viscosity average degree of polymerization (P} and the
percentage content (S) of the PVA as well as the pH of the aquecus solution
were as specified exhibited particularly superior viscosity stability,
and the coating films produced therefrom were particularly excellent
in water resistance and binder performances (i.e., binder force), with
the evaluation criteria of: A to C for the viscosity stability; A or
A and § for two or more items among the other three items; and B for
the rest of the items. In addition, it can be seen that the viscosity
stability of the aqueous solutions in, for example, Examples 1-33, 1-34,
1-37, 1-41, 1-43, 1-44, 1-46, 1-48, 1-49, 1-53 to 1-55 and 1-57 to 1-59,
and the water resistance of the coating films produced therefrom were
slightly inferior. This may be attributed to a low viscosity average
degree of polymerization {P) and/or a low degree of saponification,

and/or a small or great product (P x S) of the viscosity average degree
of polymerization (P) and the percentage content ($). In addition, it

can be seen that the agueous solutions in Examples 1-35, 1-36, 1-39 and

In addition, in Example 1-€4, the alkylene group linking the silyl group

to the main chain has a long chain of a&s many as 18 carben atoms, and

thus it is believed that interaction between hydrophcobic groups was too

strong, leading to deterioration of the viscosity stability.
[0z212]

On the other hand, it can be seen that when the PVA did not satisfy
the above specified requirements (Comparative Examples 1-23 to 1-46),
the solubility in water of the PVA and the viscosity stability of the
solution as well as the water resistant performances and/or the binder

performances (i.e., binder force) of the coating films produced therefrom
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were inferior. Moreover, in comparison of Example 1-32 (PVAl-1} with
Comparative Example 1-36 {PVA1l-43) and Comparative Example 1-38
(PVA1-45), it can be seen that although the pH of the agueous sclutions,
as well as the viscosity average degree of polymerizaticon (P), the degree
of saponificaticon and the percentage content (S) of the PVAs used were
substantially the same, the coating film obtained in Example 1-32
resulted in more superior water resistance and binder force, and
furthermore the solution according to Example 1-32 exhibited superior
viscosity stability. Although the reasons for these findings are not
sufficiently clarified, since the alkylene group having 3 or more carbon
atoms which l1inks the main chain and the silyl group is present in PVAl-1
according to Example 1-32, it is presumed that (1) high mobility of the
silyl group leads to superior water resistance and binder force of the
ccating film, and furthermore (2) the alkylene group causes a reduction
of the rate of hydrolysis of the Si-R? or inhibition of the reaction in
the agueous solution, leading to superior viscosity stability.
[0213]
Coating Agent

Coating agents were prepared using the PVA, and performances of
the coating films and performances of the coated article were evaluated
in accordance with the following evaluation methods.
[0214]

Synthesis Examples 2-1 to 2-31 and Comparative Synthesis Examples
2-1 to 2-22: Preoduction of PVA2~1 to PVA2-53

PVA2-1 to PVA2-53 were produced in a similar manner to Example

as the amount of vinyl

OI FVAC, ana tne moLar ratlo oI SOQLlum nyaroxlae TO VINYL acetate unlt
in saponification were changed as shown in Table 4 and Table 5. Results
of analyses of each PVA cobtained are shown in Table 4 and Table 5.
[0215]

[Table 4]
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mumwnwmmwmwo: Results of analyses
viscosity average
”M”Mmﬂnnmn»o: ”Mwu”ﬂ ””wﬂManWnPOq, MMMMMMMaan Frs ”MWM”MmMMmEn:
tatle e (&1}
sefquentially
added amount. M - - {mol1) - (mol?)
99 kls) 0.04 1,700 0.5 850 98.6
79 30 0.04 1,700 G.25 425 98.4
131 2w .04 1,700 3.5 5,950 98.6
kld] 0.04 1,700 3.0 3,100 98.4
30 0.04 1,700 1.5 2,550 98.7
24 15 Q.04 4,000 1.5 &, 000 98.4
8 15 0.04 4,000 0.5 2,000 98.3
80 15 0.04 4,000 9.1 400 98.7
z5 20 0.04 3,000 1.0 3,000 50.8
13 20 0.04 3,000 0.% 1,500 8.7
70 20 G.04 2,400 1.0 2,400 98.4
12 20 0.04 2,400 0.5 1,200 98.3
102 20 ¢.0¢ 2,000 2.9 5,800 98.8
41 30 0.04 1,000 5.8 5,800 98.5
203 30 0.04 1,000 3.0 3,000 58.5 [5))]
161 lsd 0.04 1,000 2.0 2,000 98.86 o
124 30 0.04 1,000 0.5 500 98.14
201 35 0,04 300 6.0 2,000 98.8
31 25 2.04 500 1.0 500 98.3
177 €0 0.04 200 5.0 1,000 94.5
99 30 9.011 1,700 0.5 850 95.2
ag 30 0.01 1,7C0 0.5 BS0O 33,5
o9 30 0.609 1,700 Q.5 B50 §9.2
124 20 0.01 1,000 0.5 500 92.3
93 30 Q.04 1,700 0.5 850 98.5
a4 30 0.04 1,700 0.5 B850 93,6
100 30 0.04 1,700 2.5 850 98.4
119 10 0.04 1,700 0.5 850 98.4
@8 30 0.04 1,700 0.5 B50 98.5
83 30 0.04 1,700 0.5 850 98.4
85 30 0.04 1,700 0.5 850 98.7
FanY
S

"~
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VA2 =35

ATAZ- 4G

VHS

PVAZ-41

Vs

PVRZ-12

VHS

PVAZ2-43

MAmMMTME

PVAL-14

MARMTME

PVAZ~45

AMPTMS

850

ar el

AMPTMS

340

VR =47

MAMPTMS

340

58.7

VAL 4

R

MAmETME

.z

VAZ~4F

MAMZTMS

98.4

VAL 50

MAMPTMS

VAZ-51

MADPTHS

YA2-52

MAM2TMS

VAZ-S3

MAMPTUS

¢l without dilution with methanol.
ent of the monomer unit having a ailyl group other than the monomer unit baving a

rethoxysilane
nyltrinethoxysilane
rinethoxysilanc

group represanted by
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Using PVAZ-1 to PVA2-53, aqueous PVA solutions {cocating agents)
were prepared so that the concentration and the pH as predetermined were
attained. Viscosity stability of the aqueous PVA solution, water
resistance of the coating film, water resistance of the coating film
containing an inorganic substance, and binder force between the PVA and
an inorganic substance were evaluated in accordance with evaluation
methods identical to the aforementioned ones. The type of PVAs used and
the pH of the agueous solutions as well as the results of the evaluations
are shown in Table 6.

[0218]
[Table 6]

N

NS

o~

-~


ip-temp
Rectangle


63

PVA agqueous solutien

Evaluation results

used
Type of |pH of_aqueous :é:;giitﬁ of pvp Jwater rgsistance ;:f;rc;::::zz:geizgzsgzzing bindgr forcg betwsen PVA
PVA solution aqueots soluticn of cecating film substance = and inerganic substance
Example 2-1 | PVA2-1 6.0 B A A A
Example 2-2 § PVA2-2 5.5 B B B
Example 2-3 | PVA2-3 7.0 D A A A
Example 2-4 | PVAZ-3 8.5*1 A B B B
Example 2-5 | FVA2-3 3.5%2 B B B B
Ezample 2-6 | PVAZ-4 7.0 D A A A
Example 2-7 | PVA2-5 €.0 c A A A
Example 2-8 [ PVA2-6 €.1 D A A A
Example 2-9 | pvaz-7 6.0 C B A A
Example 2-10| PVAZ-8 6.0 B B B A
Bxample 2-11} PVAZ-9 6.0 D A 4 A
Example 2-12| PVa2-10 6.0 C A A A
Example 2-13| PVA2-11 6.0 D A A A
Example 2~14{ PVA2-12 6.0 B A A A
Example 2-15| BVAZ-13 6.0 D I A a
Example 2-16| PVAZ-14 6.2 D A A A
Example 2-17| PVA2-15 7.0 C A A A
Example 2-18| PVA2-1€ 7.0 B A A A
Example 2-1% | PVA2-17 6.0 A A A B
Ezample 2-20| PVA2-18 8.0 D p:N A B
Example 2-21| BVA2-19 6.0 A Cc B c
Example 2-22| PVAZ-20 B.0O B C A [
Example Z-23| PVA2-21 6.0 A B A A
Example 2~24 | PVA2-22 6.0 B B B A
Example 2-25| FVAZ-23 6.0 A [of B B
Example 2-26} PVA2-24 6.0 A B B A
Example 2-27| PVAZ-25 8.0 A A A A
Example 2-28| PVA2-26 6.0 B A A A
Erample Z-29| PVA2-27 6.0 A 5 A A
Example 2~30| PVAZ2-20 6.0 B s A A
Ezample 2-31) PVAZ-Z9 6.0 D s A C
Example 2-32[ PVAZ-30 6.0 A B A =N
Example 2-33| PVAZ-31 &.0 [ A A A
S e I 3 g F -3
ﬁ;{:“;f; PuA2-33 5.5 B E E c
..E_:E;EL;‘:; PVA2-34 5.5 A E E b
gz’;‘gg’;:‘;fj PVAZ-35 5.5 A E E D
g:ﬁ:iz‘;fg PVA2-36 6.0 R E E E
Comparative | pypy s a8 Gt n = - -
Comparative PVA2-39 6.0 E D D c
Example 2-10
;::;5;’1‘: wve [ evaz-so 5.0 A E E D
pame tive | evaz-n 7.0 D E D D
_;);‘g;li“;_"g PVE2-42 6.0 A E E E
E'zx"a“r;:;f‘lfe A | Bvae-as 6.0 E c B B
%Tf: tive | evpr-44 5.5 A D D c
;{‘:’;ﬂppal? T evnz-4s 6.0 B C c C
o Sy | PUAZ-46 5.5 A D D c
z{ifa":;i:alrea s | BVAZ-47 5.3 A € D B
R tive [ svaz-4s 5.5 A D D e
Ecx‘:_l’"rf:; eive | evna-a9 5.6 F) D D D
SompaTative [ pvaz-50 5.5 A D c B
;‘;‘jﬂ‘;‘:‘ S| -y 5.6 E 2 A 2
;:’ammp;lre‘“;_‘g PVAZ-52 5.6 -3 -3 —+3 —+3
Ei:;i;’;l’e“;_‘; PYA?-53 5.5 -3 ~+3 -3 —*3

*i: pH was adjusted by adding & smel
*2: pH was adjusted by adding a small amount of hydrochloric

amount of ammonia when

*3: PVA was not completely dissclved in the agueous sclutich.

the agueous solution was prepared.
acld when the aguecus solution was prepared.
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[0219]

As shown in Table 6, it can be seen that the PVAs obtained in
Synthesis Examples 2-1 to 2-31 (PVA2-1 to 2-31) had sufficient solubility
in water and viscosity stability, and the coating films produced
therefrom had superior water resistance and binder performances (i.e.,
binder force). Regarding the evaluation criteria, for the viscosity
stability, A to D suggested an evaluation as having practically
sufficient viscosity stability, whereas for other three items, A to C
or 8 and A to C, with A to B or 5 and A to B for at least one item of
these, suggested an evaluation to be superior. Furthermore, agquecus
solutions in Examples 2-1, 2-7, 2-9, 2-12, 2-14, 2-17 to 2-19, 2-23,
2-27 to 2-30, 2-32 and 2-33 in which the viscosity average degree of
polymerization (P), the degree of saponification and the structure of
the monomer unit of the PVA, and the percentage content (S) of the monomer
tnit, the product (P x S) of the viscosity average degree of
polymerization (P} and the percentage content (S8) of the PVA as well
as the pH of the agueous solution were as specified exhibitedparticularly
superior viscosity stability, and the coating films produced therefrom
were particularly excellent in water resistance and binder performances
{i.e., binder force), with the evaluation criteria of: A to C for the
viscosity stability; A or A and S for two or more items among the other
three items; and A to B or S and & to B for the rest of the items. 1In
addition, it can be seen that the viscosity stability of the aqueous
solutions in, for example, Examples 2-2, 2-3, 2-6, 2-8, 2-10, 2-11, 2-13,
2-15, 2z-16, 2-20 to 2-22 and 2-24 to 26, and thé water resistance and

the like of the coating films produced therefrom were slightly inferior.

(P x 3) of the viscosity average degree of polymerization (P) and the
percentage content (3). In addition, it can be seen that the aqueous
solutions in Examples 2-4 and 2-5 had an acidic or alkaline pH value,
the water resistance and the binder force of the coating films were
inferior. In addition, in Example 2-31, the alkylene group linking the
silyl group and the main chain has a long chain of as many as 18 carbon
atoms, and therefore it is presumed that interaction between the
hydrophobic groups was too strong, leading to deterioration of the
viscosity stability.

[02201

N

. 4

\-.v‘
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On the other hand, it can be seen that when the PVA did not satisfy
the above specified requirements {(Comparative Examples 2-1 to 2-24}),
the solubility in water and the viscosity stability of the PVA, as well
as the water resistant performances and/or the binder performances (i.e.,
binder force) of the cecating films produced therefrom were inferior.
Moreover, in comparison of Example 2-1 (PVAZ2-1) with Comparative Example
2-14 {PVA2-43) and Comparative Example 2-16 (PVAZ2-45), it can be seen
that although the pH of the aqueous solution, as well as the viscosity
average degree of polymerization (P}, the degree of saponification and
the percentage content (38) of the PVA used were substantially the same,
the coating film obtained in Example 2-1 resulted in more superior water
resistance and binder force, and furthermore the solution according to
Example 2-1 exhibited superior viscosity stability. Although the
reasons for these findings are not sufficiently clarified, since the
alkylene group having 3 or more carbon atoms which links the main chain
to the silyl group 1s present in PVA2-1 according to Example 2-1, it
is presumed that (1} high mobility of the silyl group leads to superiocr
walter resistance and binder force of the coating film, and furthermore
{2) the alkylene group causes z reduction of the rate of hydrolysis of
the S1i-R* or inhibition of the reaction in the aqueous solution, leading
to superior viscosity stability.
[0221]

Example 2-34: Production of Coated Paper

Coated paper (coated article) was produced according to the
following method, and surface strength, air resistance (sealability;

hereinafter, may be also abbreviated as “air permeance”) and water

An aqueocus solution of PVA2-1 (coating agent) having a
concentration of 4% was applied by hand on a premium quality paper having
a grammage of 60 g/m® (substrate) using a Mayer Bar so that the amount
of the application was 0.5 g/m?’. Thereafter, the applied agueous
solution was dried at 110°C for 1 min using & hot-air dryer and humidity
conditioning was carriedout at 20°C and 65% RHE for 72 hours, and subjected
once to a supercalendar treatment under the conditions involving 150°C,
250 kg/cm and 10 m/min to obtain a coated paper according to Example

2-34. A surface strength measurement, an air permeance test and a water
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resistance test were carried out on the obtained cecated paper in
accordance with the method described below.
[0223]

Surface Strength

Using an IGT printability tester (manufactured by Kumagai Riki
Kogyo Co., Ltd.), the surface strength measurement was carried out on
the obtained coated paper in accordance with JIS-P812%. More
specifically, the measurement was carried out at a printing pressure
of 25 kg/cm?, and a printing speed (cm/sec) at which peeling occurred
on the surface of the coated paper was defined as a surface strength.
Thus, the surface strength on the surface of the coated paper was
evaluated in accordance with the following criteria. It is to be noted
that in carrying out the measurement with the IGT printability tester,
IGT Pick 0il M (manufactured by Dainippon Ink and Chemicals,
Incorporated) was used, and a mechanism of spring drive B was employed

A: 260 cm/sec or higher:;
220 cm/sec or higher and lower than 260 cm/sec;
180 cm/sec or higher and lower than 220 cm/sec;

120 cm/sec or higher and lower than 180 cm/sec; and

0 o O W

lower than 120 cm/sec.
[0224)

Air Permeance {Sealability)

Air permeance (sealability) was measured in accordance with
JIS-P8117 using an Cken type smoothness and air-permeabllity tester,
and the evaluaticn was made in accordance with the following criteria:

A; 100,000 sec or higher:;

D: 10,000 sec or higher and lower than 30,000 sec; and
E: lower than 10,000 sec.
[0225]

Water Resistance (Wet Abrasion Resistance Test)

Cne ml of ion exchanged water at 20°C was dripped on the coated
surface of the coated paper, thereafter the wet portion was rubbed with
fingertips, and the number of feelings of sliminess on the finger was
counted and the evaluation was made in accordance with the following
criteria:

S5: 120 times or more;

ZEaN

e
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100 times or more and less than 120 times;
50 times or more and less than 100 times;
30 times or more and less than 50 times;

10 times or more and less than 30 times; and

m o N0 m

less than 10 times.
[0226]
Examples 2-35 to 2-54 and Comparative Examples 2-25 to 2-37
Each coated paper was produced in a similar manner to Example 2-34
except that the PVA shown in Table 7 was used in place of PVA2-1 used
in Example 2-34. Surface strength, air permeance and water resistance
of the cbtained ccated paper were evaluated. The results are shown
together in Table 7.
[0227]
[Table 7]
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Type of Evalt.?ation results
PVA surface Jair watexr
strength |permeance {resistance
Example 2-34 PVA2-1 A A A
Example 2-35% PVA2-2 A A B
Example 2-36 PVAZ-6 A A A
Example 2-37 PVA2-8 A A B
Example 2-38 PVAZ2-9 A A A
Example 2-39 PVA2-11 A A A
Example 2-40 PVA2-13 A A A
Example 2-41 PVA2-14 A B A
Example 2-42 PVA2-16 A B B
Example 2-43 PVAZ~17 B B B
Example 2-44 PVAZ2-18 B B B
Example 2-45 PVAZ2-19 B C B
Example 2Z-46 PVA2-22 A A A
Example 2-47 PVAZ-23 B B B
Example 2-48 PVAZ-25 A A A
Example 2-49 PVAZ~26 A A A
Example 2-50 PVAZ-27 A A S
Example 2-51 PVAZ-2B A B S
Example 2-52 PVA2-29 B B S
Example 2-53 PVA2-30 A A B
Example 2-54 PVA2-31 A A B
Comparative Example 2-25 | PVAZ-32 —*71 —*7 —*1
Comparative Example 2-26 | PVA2-33 C E D
Comparative Example 2-27 | PVA2-34 D E D
Comparative Example 2-28 | PVA2-37 —*], —*1 —*1
Comparative Example 2-32 | PVA2-43 C C C
Comparative Example 2-33 | PVA2-49 E D D
Comparative Example 2-34 | PVA2-50 B C D
Comparative Example 2-35 | PVAZ-51 B D A
Comparative Example 2-36 | PVA2-52 —%*1 —*1 —*1
Comparative Example 2-37 | PVA2-53 ~*] —%] —*1
*1: PVA was not completely dissolved in the agueous
solution.
[0228]

As shown in Table 7, it can be seen that the coated papers produced

using the coating agents according to Examples 2-34 to 2-54 had favorabie

T
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surface strength, air permeance {(i.e., sealability) and water resistance
of the coated paper. Regarding the evaluation criteria, A to C or S and
A to C for each evaluation item, and A to B or S and A to B for at least
two items among the three items suggested an evaluation to be favorable.
Furthermore, the coating agents in Examples 2-34 to 2-41, 2-46, 2-48,
2-49, 2-50, 2-51, 2-53 and 2-54 in which the viscosity average degree
of polymerization (P), the degree of saponification and the structure
of the monomer unit of the PVA, and the percentage content (3} of the
monomer unit, the product (P = S) of the viscosity average degree of
polymerization (P) and the percentage content (S) of the PVA were as
specified exhibited particularly superior surface strength, air
permeance (i.e., sealability) and water resistance of the coated paper,
with the evaluation criteria of: A to B or S and A to B for one item;
and A or A and S for two or more items. In addition, it can be seen that
the coating agents in, for example, Examples 2-42 to 2-45, 2-47 and 2-52
resulted in slight deterioration of the surface strength, the air
permeance {(i.e., sealability) and the water resistance. It is believed
that this is attributed to a low viscosity average degree of
polymerization (P) and/or a low degree of saponification, and/or the
difference of the structure of the monomer unit.
[G229]

On the other hand, it can be seen that when the PVA did not satisfy
the above specified requirements (Comparative Examples 2-25 to 2-37),
the surface strength, the air permeance (i.e., sealability) and the water

resistance of the coated paper were inferior. It is believed that this

of polymerization (F) and the percentage content ().
[0230]
Ink Jet Recording Material

Ink jet recording materials were prepared using the PVA, and
performances of the ink jet recording materials were evaluated in
accordance with the fellowing evaluation methods.
[0231]

Synthesis Examples 3-1 to 3-21 and Comparative Synthesis Examples
3-1 to 3-15: Production of PVA3-1 to PVA3-36

PVA3-1 to PVA3-36 were produced in a similar manner to Synthesis

Example 2-1 except that: polymerization conditions such as the amount
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| 265 0.8 1.9 wMs 2.35 0.1 105 -
| 1,000 1.5 3.0 vMS 11.29 8.5 170

2,250 3.0 3.6 ViS 22.7 2 108 35 c.03 500 1 500 9§.2
{500 0.8 2.9 |MamTMs| 1.66 10 74 30 0.03 | 1,700 0.5 850 98.1
| s00 0.8 2.6 | aMpmMs | 1.86 10 81 36 0.03 | 1,700 0.5 850 8.6
| 2,250 3.0 3.8 | MAmMPTMS| 1.87 50 26 35 c.0¢ 500 0.3 250 9g.4
1 167 0.8 1.9 | MAmETMS| 0.37 1 130 20 0.05 | 3,000 0.1 300 96.7
| 1,000 1.5 3.0 |MAmMPTMS{ 25.8 30 45 k1 0.04 | 1,000 6.5 (6,500 8.5
| 283 0.8 2.1 |uAmETMS| 11.5 19 105 20 0.04 | 2,430 3.0 7,200 99.4
L 70 0.8 1.0 |[MAmMPTMS| 6.9 50 28 15 0.04 | 4,000 1.8 (7,200 98.3

jed without dilution with methanol.

1tent of the monomer unit having a silyl group osther than the monomer unit having a group represented by the

imethoxysilane
spyltrimethoxysilane
crimethoxysilane

TL
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A 10% agueous solution of PVA3-1 was prepared. In addition, a
20% dispersion of silica in water was prepared by dispersing silica
(manufactured by Grace: SYLOID P409) as a filler in water using a
homomixer. To the dispersion of silica in water were added an agqueous
solution of PVA3-1 having a concentration of 10% and a caticnic resin
{manufactured by Sumitomo Chemical Co., Ltd.: Sumirez resin 1001} so
that the mass ratio ¢of silica/PVA/cationic resin on the solid content
basis was 100/10/3, and a necessary amount of water was added thereto,
whereby a coating liquid for forming an ink-receiving layer (coating
agent for an ink jet recording material) having a total solid content
concentration of the silica, PVA and the cationic polymer of 14%. WNext,
the coating liquid for forming an ink-receiving layer thus prepared was
applied on the surface of a paper (a premium quality paper having a
grammage of 60 g/m’) as a substrate at a rate of 11 g/m” in terms of solid
content equivalent using a wire bar ccater, and thereafter dried using
a hot-air dryer at 100°C for 3 min to obtain an ink jet recording material
(ink jet recording paper).
[0235]

Coating Film Strength of Ink-Receiving Layer

Using an IGT printability tester (manufactured by Kumagai Riki
Kogyo Co., Ltd.), coating film strength was measured on the cbtained
ink jet recording paper in accordance with JIS-P8129. More
specifically, the measurement was carried out at a printing pressure
of 50 kg/cm?, and the printing speed (cm/sec) at which peeling of the

surface of the ink jet recording paper occurred was defined as a coating

FoRCHE ol I e - PR P I =2 . F R R R U . S

tester, IGT Pick o0il M {manufactured by Dainippon Ink and Chemicals,
Incorporated) was used, and a mechanism of spring drive B was employed.
A: 260 cm/sec or higher;
B: 220 cm/sec or higher and lower than 260 cm/sec;
C: 180 cm/sec or higher and lower than 220 cm/sec; and
D: lower than 180 cm/sec.
[0235]
Printing Unevenness
Halftone solid printing with black ink was carried out on the

cbtained ink jet recording paper using an ink-jet printer (manufactured
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by EPSON: PM-3300C), and printing unevenness in the obtained printed
article was visually evaluated in accordance with the following criteria:

A: no printing unevenness being observed, with a favorable image
produced;

B: printing unevenness being very slightly observed, without
significant influence on the image;

C: printing unevenness partially cccurred, with the quality of
the image impaired; and

D: printing unevenness entirely occurred, with the quality of the
image significantly impaired.
[G237]

Water Resistance

Solid printing with black ink was carried out on the obtained ink
jet recording paper using an ink-jet printer (manufactured by EPSON:
PM-3300C) to obtain a printed article. One wlL of water was dripped to
a boundary portion of the solid printing using a syringe, and left to
stand for 24 hours. Thereafter, a degree of blur of the printing was
visually evaluated in accordance with the following criteria:

S: no blur was observed, and no blur was produced upon rubbing;

A: no blur was observed, but slight blur was produced upcon rubbing;

B: blur was cbserved very slightly:;

C: blur was observed partially; and

D: blur was observed entirely.
[(0238]

Examples 3-2 to 3-23 and Comparative Examples 3-1 to 3-15

Tnk 9t recordinag namner was nrodneced in a similar manner o Fxamnle

- ce-

used in Example 3-1; and a blending ratio of the PVA used and silica
was changed as shown in Table 10. Coating film strength, printing
unevenness and water resistance of each ink jet recording paper obtained
were evaluated in accordance with the aforementioned method. The
results are shown in Table 10.

[0239]
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[Table 10]
Fvaluations
PVA/silica/ — il
Tyve of | catipnic (€@ating film .
PVA resin strength 01_.’ printing watl_er
(mass ratio) ink-receiving junevenness |resistance
. layer
Example 3~1 | PVA3-1 10/100/3 A A A
Erample 3-2 | PVA3-2 10/100/3 a A B
Example 3-3 ] PVA3-3 5/160/3 A C S
Example 3-4 | PVA3-4 5/100/3 A A B
Example 3-5 | PVA3-5 5/100/3 A B A
Example 3~6 | PVA3-6 5/100/3 A B A
Example 3-7 | PVA3-7 5/100/3 A C A
Example 3-8 | PYA3-8 5/100/3 A C )
Example 3-9 | PVA3-5 i0/100/3 A p:Y A
Example 3-10| PVA3-10| 15/100/3 A A A
Example 3-11]Pva3-11| 15/100/3 B B A
Example 3-12| BVA3-12{ 20/100/3 B A A
Example 3-13| PVA3-13| 10/100/3 A A B
Example 3-14|PVA3~14| 10/100/3 B b B
Example 3-15] BvA3-15{ 10/100/3 A A A
Example 3-16] pva3-16| 10/100/3 A A A
Example 3-17}BVA3-17| 10/100/3 A A s
Example 3-18|Pva3-18| 106/100/3 A B g
Example 3-13| PvA3-18| 10/100/3 A C s
Example 3-20)PVA3-20| 10/100/3 A F:\ B
Example 3-21|pva3-21| 10/100/3 A A B
Example 3-22] PVA3-1 7/100/3 B A A
Example 3-23| PVA3-1 5/100/3 B A B
Comparative _ g -1 3
sxample 3-1 | FVAI"22 10/100/3 - - -
Comparative »
Exomple 3-2 pva3~-2z3! 10/100/3 Cc C
Comparative _
Example 3-3 PVA3-24| 10/100/3 D C C
Cemparative B
Example 3-4 PVA3~25| 10/100/3 D D D
Camparative - . 1 1
Example 3-3 | FVA3-26 25/100/3 - -
Exainple 3_3 cvaad—Lz LusfLuuy/sa [ “— A
Comparative _
Example 3-g | EVA3-30 10/100/3 C C C
Comparative _ - B
Examole 3-10 PVA3-31| 10/100/3 C C C
Comparative _
Example 3-11 PVA3-32| 25/100/3 D C c
Comparative _ ,
Example 3-12 PvA3-33) 10/100/3 B C c
Comparative _
Example 3-13 | FV23 34 5/100/3 <} T B
Comparative _ 3 -1 .1 -1
Example 3-14 | FVA3™3S 5/100/3 - -
Comparative _ P -1 1 a1
Example 3-15 | FYA3-36 5/100/2 - - -

*1: PVA was
[0240]

not completely dissolved in the aguecus solution.

o
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As shown in Table 10, it can be seen that the coating agents for
an ink jet recording material used in Examples 3-1 to 3-23 resulted in
superior coating film strength of the obtained ink jet recording
material, even when the amount of PVA used with respect to silica was
as small as about 5 to 20 parts; in addition, the coating agents for
an ink jet recording material caused only slight printing unevenness
upon the printing on the recording paper using the ink-jet printer; and
additicnally, the ceoating agents for an ink jet recording material
imparted favorable water resistance. Regarding the evaluation
criteria, A to C or S and A to C for each evaluation item, and A to B
or 8 and A to B for at least two items among the three items suggested
an evaluation to be favorable., Furthermore, the ink jet recording paper
in Examples 3-1, 3-2, 3-4 to 3-6, 3-%, 3-10, 3-12, 3-13, 3-15 to 3-18,
3-20, 3-21 and 3-22 in which the viscosity average degree of
poclymerization (P}, the degree of saponification and the structure of
the monomer unit of the PVA, and the percentage content {S) of the monomer
unit, the product (P x 3) of the wviscosity average degree of
polymerization (P) and the percentage content (S} of the PVA as well
as the blending ratio with the silica were as specified were evaluated
to be particularly superior in ferms of coating fiilm strength, printing
unevenness and water resistance, with the evaluation criteria of: A to
B or S and A to B for one item; and A or A and 5 for two or more items.
In addition, it can be seen that the evaluations of the ink jet recording
materials according to, for example, Examples 3-3, 3-7, 3-8, 3-11, 3-14
and 3-19 in terms of the coating film strength, printing unevenness and

water resistance suggested slightly worse results. This may be

o L Llle Violiodl oy GVCJ.G.HC e A S MWL yieL Lol VL) CALllvd w11

percentage content {S), as well as the difference of the structure of
the monomer unit, and the like. In addition, it can be seen that in
Example 3-23, although the PVA used was identical to those in Examples
3-1 and 3-22, the coating film strength and the water resistance were
inferior. Although detailed reasons for these findings are not clear,
it is presumed that a low blending ratio of the PVA with respect to the
silica led to impairment of the binder force, accompanied by aggregation
of the silica.

[0241]
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On the other hand, it can be seen that when the PVA did not satisfy
the above specified requirements (Comparative Examples 3-1 to 3-15),
the coating film strength of the ink-receiving layer was deteriorated,
evaluations on printing unevenness and water resistance suggested worse
results, and solubility in water of the PVA itself was impaired. It is
believed that this is attributed t¢ impairment of the binder force and
the water resistance due to the difference of the structure of the monomer
unit, as well as a decrease in the product (P x 3) of the viscosity average
degree of polymerization (P) and the percentage content (S), and
impairment of the handleability of the coating agent for an ink jet
recording material due to an increase in {P x S), and the like.
[0242]
Thermal Recording Material

Thermal recording materials were prepared using the PVAs, and
performances of the thermal recording materials were evaluated in
accordance with the following evaluation methods.
[0243]

Synthesis Examples 4-1 to 4-21 and Comparative Synthesis Examplies
4-1 tc 4-15: Production of PVA4-1 to PVA4-36

PVA4-1 to PVA4-36 were produced in a similar manner to Synthesis
Example 2-1 except that: polymerization conditions such as the amount
of vinyl acetate and methanol charged, and the type and the amount of
addition of the monomer A; and saponification conditions such as the
concentration of PVAc, and the molar ratio ¢of scdium hydroxide to vinyl
acetate unit in saponification were changed as shown in Table 11 and

Table 12. Results of analyses of each PVA obtained are shown in Table

|lapble L1
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1,500

320

0.8

!C. RAM

MAmPTMS 11.5 40 102 2n ?.Nn0a ?4a QR R
/Bd-8 [ 1,500 1,060 1.5 .0 MAMPTMS | 23.75 30 41
As-3 | 1,500 1,000 1.5 3.0 MAMPTMS 7.58 25 161 30 0.04 1,000 2.0 2,000 98.6
A4-101 1,500 1,000 1.5 3.0 MAMPTMS 1.87 8 124 30 0.04 1,000 0.5 500 a8.4
nd-11 1,500 2,250 3.0 3.8 MAmMPTMS | 23.75 a0 201 35 0.04 300 6.0 3,000 98.8
Ad-12{ 1,500 2,250 3.0 3.8 MAmMPTMS 3.75 50 51 35 0.04 500 1.0 500 98.3
a4-13] 1,500 500 0.8 2.7 MAmPTMS 1.87 B 9% 30 .01 1,700 Q.5 850 3.5
Ad-14f 1,500 500 0.8 2.7 MAMETMS 1.87 3 93 30 0.008{ 1,700 0.5 850 89.2
A4-15( 1,500 580 0.8 2.7 MAmPTES 2.18 10 93 ED) G.04 1,700 0.5 450 98.5
A4-18| 1,500 500 G.B 2.7 MAMBTMS 1,97 10 84 30 0.04 1,700 0.5 850 98.86
A4-17] 1,500 500 0.8 2.7 MAMOTHS 2.34 i0 100 30 0.04| 1,700 0.5 850 98.4
hd4-18) 1,500 500 0.8 2.7 MAMDDTMS 2.82 10 119 30 .04 1,700 0.5 B350 98,4
A4-19( 1,500 500 0.8 2.7 MANQDTMS 3.45 i5 98 30 0.04 1,700 0.5 850 98.5
A4-20| 1,500 500 G.B 2.7 AMBTMS 1.97 10 83 30 0.04 ] 1,700 0.5 850 98.4
Ad=21 1,5q0 500 0.8 2.7 4-PTMS 14,49 1 65 30 0.04{ 1,700 ¢.5 850 98,7

, was directly charged without diluticn with methanol.
thacrylamidopropyltrimethoxysilane
thacrylamidopropyltriethoxysilang
thacrylamidobutyltrimethoxysilane
thacrylamidocctyltrimethoxysilane

methacrylamidododecyltrimethoxysilane
methacrylamidooctadecyltrimethoxysilane
ylamido-3-methylbutyltrimethoxysilane
tenyltrimethoxysilane

LL
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] U3 A v.ua L UU v AT 0.
5 0.1 105 20 0.03( 2,400 0.1 240 98.
0 | 1,000 1.5 3.0 VMS 11.29 0.5 170 30 0.03 ] 1,000 0.5 500 98.
0| 2,250 3.0 3.6 VM3 22.7 2 105 35 0.03 500 1 500 98.
0 500 0.8 2.9 MAmMMTMS 1.66 10 14 30 0.03§ 1,700 0.5 850 98.
10 300 0.8 2.8 AMPTMS 1.86 10 81 30 0.03( 1,700 0.5 850 98,
0 | 2,250 3.0 3.8 MAmPTMS 1.87 50 26 35 0.04 500 0.5 250 98.
0 167 0.8 1.9 MAMPTMS 0.37 1 130 20 0.04 3,000 0.1 300 98.
)0 | 1,000 1.5 3.0 MAMPTMS 25.8 3c 45 e 0.044{ 1,000 6.5 6,500 8.
10 265 0.8 2.1 MAmMPTMS 11.5 40 105 20 0.04( 2,400 3.0 7,200 98,
0 70 0.8 1.0 MAmPTMS 6.9 50 29 15 0.04 | 4,000 1.8 7,200 98.

- dilution with methancl.

1e monomer unit having a silyl group other than the monomer unit having a group represented by the

lang

noxysilane

silane

8L

()

—_

Fan

\._.//‘.
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[0246]

Example 4-1: Production of Thermal Recording Material

B thermal recording paper (thermal recording material) was
produced in accordance with the following methods, and water resistance
and resistance to plasticizers thereof were evaluated.
[0247]

(1) Preparation of Each Agqueous Dispersion of Thermal Dye, Color
Developer and Pigment
Composition of Agueous Dispersion A of Thermal Dye

Leuco dye (manufactured by Yamamoto Chemicals Inc., trade name;:
OBD-2): 20%

Agueous solution of PVA (manufactured by Kuraray Co., Ltd.: 2VA
203) having a concentration of 10%: 20%

Water: 60%
Composition of Agquecus Dispersion B of Color Developer

Color developer (manufactured by Nippon Soda Co., Ltd.: D-8): 20%

Aqueous solution of PVA (manufactured by Kuraray Co., Ltd.: PVA
233) having a concentration of 10%: 20%

Water: 60%
Composition of Aqueous Dispersion C of Pigment

Stearic acid amide: 10%

Calcined kaolin: 20%

Aqueous solution of PVA (manufactured by Kuraray Co., Ltd.: PVA
205) having a concentration of 5%: 30%

Water: 40%

FND AGT

dispersion C each having the aforementioned composition were separately
prepared, and each pre~-stirred in a beaker for 15 min.
[0249]

Next, the agueous dispersiocon A was transferred into & sand grinder
(manufactured by Kansai Paint Co., Ltd.: batch-type desktop sand
grinder), to which 300 mL of glass beads (soda-gquartz glass beads having
a diameter of 0.5 mm) were added, and the mixture was rotated at a high
revolution (2,170 rpm) under cooling conditions for 6 hours to disperse
the dispersoid. The dispersoid particle size of the obtained aqueous
dispersion A of the thermal dye was analyzed using a laser

diffraction-type particle size analyzer (manufactured by Shimadzu
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Corporation: SALD-1000) and found tobe 0.46 ym. In addition, the degree
of whiteness of the aqueous dispersion A was analyzed using a
color-difference meter {manufactured by Nippon Denshoku Industries Co.,
Ltd.: Z-1001DP), and found tobe -8.1. Regarding the degree of whiteness,
0 means being completely white, and a larger minus value means being
colored to a larger extent.
[0250] _
anaéimilarnmnner,theaqueousdispershnleastransferredinto
the sand grinder, to which 300 mL of glass beads (soda-guartz glass beads
having a diameter of 0.5 mm) were added, and the mixture was rotated
at a high revolution (2,170 rpm) under cooling conditions for 6 hours
to disperse the dispersoid.
[0251]

In addition, the aqueous dispersiocn C was transferred intc a
homogenizer, and its dispersoid was dispersed at a revolution of 10,000
rpm for 2 min.

[0252]

{2) Preparation of Coating Agent for Thermal Coloring Layer

Two parts of the aqueous dispersion A, 4 parts of the agueous
dispersion B, 2 parts of the aqueous dispersion C and 2 parts of a 10%
aqueous solution of PVA 117 (manufactured by Kuraray Co., Ltd.) were
mixed and the mixture was stirred, to which a necessary amount of water
was added to prepare a coating agent for a thermal coloring layer having
a solid content concentration of 21i%.

[0253]

{3) Preparation of Coating Agent for Overcoat Layer

(manufactured by Shionogi & Co., Ltd.: Carplex CS$-5) were added 72.5
parts of water. To the mixture were slowly added 828 parts of a 10%
agueous solution of PVA4-1 at room temperature while sufficiently
dispersing it. Thereafter, 7.5 parts of a zinc stearate dispersion
(manufactured by Chukyo Yushi Co., Ltd., Hidorin Z730; having a solid
content concentration of 30%) were further added thereto to prepare a
silica-dispersed aqueous solution of PVA4-1. To the silica-dispersed
agqueous solution of PVA4-1 thus obtained a necessary amount of water
was added to prepare a coating agent for an overcoat layer having a solid

content concentration of 12%.

=
Mo’

()
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[0254]

(£) Production of Thermal Recording Paper

The coating agent for a thermal coloring layer prepared in the
above section (2) was applied on the surface of a base paper (a premium
guality paper having a grammage of 52 g/m?) in an amount of 6 g/m® in
terms of solid content equivalent using a wire bar coater, and dried
at 50°C for 5 min. The obtained coated paper was surface-treated with
a supercalendar {linear pressure: 30 kg/cm). Then, the coating agent
for an overcoat layer prepared in the above section (3) was applied on
the surface of the coated paper in an amount of 3 g/m? in terms of solid
content equivalent using a wire bar coater, and dried at 50°C for 10
min. Furthermore, the coated paper was surface-treated with a
supercalendar (linear pressure: 30 kg/c¢m) to produce a thermal recording
paper.

[0255]

Immediately after the production of the thermal recording paper,
the thermal recording paper was subjected Lo printing using a thermal
printer for facsimiles (manufactured by Ricoh Company, Ltd.: RIFAX 300)
to produce a printed article, and water resistance and resistance to
plasticizers of the printed article were evaluated in accordance with
the following methods. The results are shown in Table 13.

[0256]

Water Resistance

The printed thermal recording paper (printedarticle) was immersed
in distilled water at 30°C for 24 hours, and the recording density and

the wet abrasion resistance thereof were evaluated in accordance with

Lvzory

Recording Density

The color density of the printed area was measured using a Macbeth
densitometer (manufactured by Mackheth, model: RD-514) before and after
the immersion indistilledwater. A smaller decrease of the color density
of the printed area after the immersion in distilled water as compared
with the color density of the printed area before the immersion in
distilled water was considered to be an indicative ¢f more excellent
water resistance of the thermal recording paper, and the coclor density

of the printed area was evaluated on a 5-point scale of A to E with A
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indicating the most excellent water resistance and E indicating the
poorest water resistance.
[0258]

Wet Abrasion Resistance Test

After the immersion in distilled water, the surface of the printed
area was rubbed with fingertips, and the state of elution of the overceoat
layer of the thermal recording paper was observed. Less elution of the
overcoat layer of the thermal recording paper was considered to be an
indicative of excellent water resistance of the thermal recording paper,
and the state of elution was evaluated on a 5-point scale of 5 to E with
A indicating the most excellent water resistance and E indicating the
poorest water resistance.
[0259]

Resistance to Plasticizers

A soft polyvinyl chloride film (containing a plasticizer) was
overlaid on the printed thermal recording paper (printed article), and
the both were brought into contact at 30°C for 24 hours under a load
of 300 g/m?’. The color density of the printed area was measured using
a Macbeth densitometer (manufactured by Macbeth, model: RD-514) before
and after the contact. A smaller decrease of the color density of the
printed area after the contact as compared with the color density of
the printed area before the contact was considered to be an indicative
of the thermal recording paper exhibiting more excellent resistance to
plasticizers, and the color density of the printed area was evaluated
ona S5-point scaleofAtoEwithA indicating themost excellent resistance

to plasticizers and E indicating the poorest resistance to plasticizers.

Thermal recording papers were produced in a similar manner to
Example 4-1 except that the PVA shown in Table 13 was used in place of
PVA4-1 used in the overcoat layer in Example 4-1, and water resistance
and resistance to plasticizers therecof were evaluated. The results are
shown together in Table 13.

[0261]
[Takle 13]
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PVA used Evaluations
in
overcoat
layer recording wet . resistance to
density i:iiziggce clasticizers
Example 4-1 PVA4-1 A A
Example 4-2 PVA4=-2 B B A
Example 4-3 PVA4-3 B C A
Example 4-4 PVA4-4 B B A
Example 4-5 PVRA4-5 B B A
Example 4-6 PVA4i-~6 A B A
Example 4-7 PVA4-7 B c A
Example 4-8 PVA4-8 B c A
Example 4-9 PVA4-0 A A A
Example 4-10 PVR4-10 a A A
Example 4-11 BPVA4-11 B B B
Example 4-12 PVA4-12 B B B
Example 4-13 PVA4-13 A A B
Example 4-14 PVA4-14 B B B
Example 4-15 PVA4-15 A A A
Example 4-16 PVA4-16 A Py A
Example 4~17 PVA4-17 a 3 A
Example 4-18 PVA4-18 A S B
Example 4~18 PVA4-~19 A s B
Example 4-20 PVA4-20 A B A
Example 4-21 PVA4-21 4 B B
Comparative Example 4-1 bpva4-22 —*] -*1 —*1
Comparative Example 4-2 PVA4-23 D b
Comparative Example 4-3 PVR4-24 D
Comparative Example 4-4 PVA4-25 E E
o mple 4-5 | PVA4-26 1 —*1 —*1
e v s 3 cvea zu - v B
Comparative Example 4-8 PVA4-29 C C B
Comparative Example 4-9 PVA4~30 c c B
Comparative Example 4-10 PVA4-31 c c R
Comparative Example 4-11 PVA4-~-32 cC D c
Comparative Example 4-12 PVA4-33 c C B
Comparative Example 4-13 PVA4-34 D D C
Comparative Example 4-14 PVA4-35 —*1 —+1 —*1
Comparative Example 4-15 BYVR4-36 —*1 —*1 —-*1

*1: PVA was not completely dissolved in the aquecus solution.
[0262]
As shown in Table 13, it can be seen that when the coating agents

according to Examples 4-1 to 4~21 were used to provide an overcoat layer
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and produce thermal recording papers, the water resistance and the
resistance to plasticizers of the thermal recording paper were favorable
even when PVA was used alone without a crosslinking agent. Regarding
the evaluation criteria, Ato Cor S and & to C for each evaluation item,
and A to B or S and A to B for at least two items among the three items
suggested an evaluation to be favorable. Furthermore, the thermal
recording papers in Examples 4-1, 4-2, 4-4 to 4-6, 4-9, 4-10, 4-13, 4-15
to 4-18, 4~192 and 4-20 in which the viscosity average degree of
polymerization (P), the degree of saponification and the structure of
the monomer unit of the PVA, the percentage content (S) of the monomer
unit, and the product (P x $) of the viscosity average degree of
polymerization (P) and the percentage content (S} of the PVA were as
specified exhibited particularly superior water resistance and
resistance to plasticizers, with the evaluation criteria of: A to B or
S and A to B for the wet abrasion resistance and the resistance to
plasticizers; and A or A and § for either one of the two items. In
addition, it can be seen that the thermal recording papers in, for
example, Examples 4-3, 4-7, 4-8, 4-11, 4-12, 4-14 and 4-21 resulted in
slight deterioration of the water resistance and the resistance to
plasticizers. This may be attributed to a low viscosity average degree
of polymerization (P) and/or a low degree of saponification, and/or a
small or great product (P x S) of the viscosity average degree of
polymerization (P} and the percentage content (3), as well as the
difference of the structure of the monomer unit. Inparticular, inregard
to Examples 4-3, 4-7 and 4-8, it is believed that the coating agent has

ahighviscositydue toa large value of the product (P x ) of the viscosity

deterioration of the wet abrasion resistance performances, although
detailed reason for this are not clear.
[0263]

On the other hand, it can be seen that when the PVA did not satisfy
the above specified requirements (Comparative Examples 4-1 to 4-15}),
the water resistance and the resistance to plasticizers of the thermal
recording paper were deteriorated, or the solubility in water 6f the
PVA itself was decreased. It is believed that this is attributed to
impairment of the water resistant due to the difference of the structure

of the monomer unit and a decrease in the product (P x S) of the viscosity

. ’
Sy
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average degree of polymerization (P) and the percentage centent (3),
as well as impairment of the handleability of the coating agent due to
an increase in (P x 8), and the like.
[0264]
Base Paper for Release Paper

Further, base papers for a release paper were prepared using the
PVAs, and performances of the base paper for a release paper were
evaluated in accordance with the following evaluation methods.
[0265]

Synthesis Examples 5-1 to 5-21 and Comparative Synthesis Examples
5-1 teo 5-15: Preducticn cof PVA5-1 to PVA5-36

PVAS-1 to PVA5-36 were produced in a similar manner to Synthesis
Example 2-1 except that: polymerizaticn conditions such as the amount
of vinyl acetate and methanol charged, and the type and the amount of
addition of the monomer A; and saponification conditions such as the
concentration of PVAc, and the molar ratio of sodium hydroxide to vinyl
acetate unit in saponification were changed as shown in Table 14 and
Table 15. Results of analyses of each PVA obtained are shown in Table
14 and Table 15.
[0266]
{Table 14]
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UL <02 v.a Za.l mams s EE ) <« b <y U1 < 40U 4.4 ’ 25.4
, 500 320 0.9 2.5 MAMPTMS 11.5 40 inz 20 0.04 2,000 2.9 5,800 98.8
, 500 i,000 1.5 3.0 MAmMPTMS 23.75 30 41 30 0.04 1,000 5.8 S, 800 98.5
. 500 1,000 1.5 3.0 MAMPTHMS 7.58 25 161 3 0.04 1,000 2.0 2,000 98.6
, 500 1,000 1.5 3.0 MamPTMS 1.87 8 124 30 0.04 1,000 0.5 500 98.4 g
+ 500 2,250 3.0 3.8 MAmMPTMS 23.75 80 201 35 0.04 500 6.0 3,000 98.8
+500 2,250 3.0 3.8 HMANMPTMS 3.75 50 51 35 0.04 500 1.0 5C0 98.3
500 500 0.8 2.7 MAMPTMS 1.87 8 99 30 0.01 1,700 0.5 850 93.5
., 500 500 0.8 2.7 MPmPTMS 1.87 5 99 30 g.002 1,700 0.5 850 89.2
., 500 500 0.8 2.7 MAmMBTES 2.18 10 93 30 0.04 1,700 0.3 850 98.5
500 300 0.8 2.7 MAmBTMS 1.97 10 g4 30 0.04 1,700 0.5 850 98.6
L, 900 500 0.8 2.7 MAMGTMS 2.34 10 190 30 0.04 1,700 2.5 B50 98.4
., 500 500 G.8 2.7 MAMDDTMS 2.82 10 119 30 0.04 1,700 0.5 850 88,4
. 500 500 0.8 2.7 MAmMODTMS 3.45 15 g8 30 0.904 1,700 0.5 850 %8.5
., 500 500 0.8 2.7 AMBTMS 1.97 10 83 30 0.04 1,700 0.5 850 96.4
L, 500 500 0.8 2.7 4-PTMS 14.49 1 8% 30 0,04 1,700 0.5 §50 98.7
rged without dilution with methanol.
ltrimethoxysilane
ltriethoxysilane
trimethexysilane
trimethoxysilane
ecyltrimethoxysilane
adecyltrimethoxysilane
utyltrimethoxysilane
lane
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vAS-26| 1,500 265 0.8 1.9 VMS 11.29 0.

vAS-27{ 1,500 265 0.8 1.9 s 2.25 0.1> 105 20 0.03 2,400 0.1 240 98.1
VAS-28| 1,500 1,000 1.5 3.0 VS 11.2¢9 0.5 170 30 0.03 1,000 0.5 500 88.4
vAS-29| 1,500 2,250 3.0 3.6 VMS 22.7 2 105 33 ¢.03 500 1 500 98.2
VAS-30( 1,500 500 G.8 2.9 MAMMTMS 1.66 10 74 30 0.03 1,700 0.5 8350 98.1
vA5-31( 1,500 500 0.8 2.8 AMPTMS 1.86 14 81 36 0.03 1,700 ¢.5 850 98.6
VAS-32| 1,500 2,250 3.0 3.8 HMAMPTME 1.87 30 26 35 0.04 300 0.5 250 96.4
VAS-33| 1,500 167 0.8 1.9 MAmPTMS 0.37 1 130 20 0.04 3,000 ¢.1 3060 98.7
VAS-24[ 1,500 1,000 1.5 3.0 MAMPTMS 25.8 30 45 30 0.04 1,000 6.5 6,500 98.5
VAS-35] 1,500 265 0.8 2.1 MAMPTMS 11.5 40 105 20 0.04 2,400 3.0 7,200 98.4
VAS-36| 1,500 0 0.8 1.0 MAmMPTMS 6.9 50 29 15 0.04 4,000 1.8 7,200 98.3

v

tly charged without dilution
ntage content of the monomer

ane

methyltrimethoxysilane
methylpropyltrimethoxysilane
dopropyltrimethexysilane

with methanol.
unit having a silyl group other than the monomer unit having a group represented by the

L8
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Base papers for a release paper were produced in accordance with
the following method, and sealability {(air permeance and toluene barrier
property) and water resistance thereof were evaluated.

An aqueous solution of PVAS-1 having a concentration of 4% was
applied by hand using a Mayer Bar on a semi-glassine paper having a
grammage of 80 g/m’ and an air permeance of 140 sec so that the amount
of the application in terms of solid content equivalent was 0.5 g/m°.
Next, the aqueous solution was dried at 110°C for 1 min using a hot-air
dryer and humidity conditioning was carried out at 20°C and 65% RH for
72 hours, and subjected once to a supercalendar treatment under the
conditions involving 150°C, 250 kg/cm, and 10 m/min to obtain a base
paper for a release paper. Anair permeance (sealability) test, a toluene
barrier property test and a water resistance test were carried out on
the obtained base paper for a release paper in accordance with the method
described below,

[02689]

Air Permeance

Air permeance of the base paper for a release paper was measured
in accordance with JIS-P8117 using an Oken type smoothness and
alr-permeability tester, and the air permeance {(i.e., sezlability) was
evaluated in accordance with the following criteria:

A: 100,000 sec or higher;

53,000 sec or higher and lower than 100,000 sec;
30,000 sec or higher and lower than 50,000 sec;
13,000 sec or higher and lower than 30,000 sec¢; and
lower than 10,000 sec.

= o Q W

R N L L I B R [QF SN L o i e T L

surface of the coating layer of the base paper for a release paper, and
thereafter the toluene barrier property (i.e., sealability) was
evaluated as a degree of strike—~through to the back face (uncoated face)
indicated by small red spots or colering of the uncoated face in
accordance with the following criteria:

A: no spots found on the back face;

B: a few (at most 3) spots found:

C: a lot of spots found (less than 20% of the coated area colored);

D

20% or more and less than 50% of the coated area colored; and

o
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50% or more of the coated area colored.

Water Resistance (Wet Abrasion Resistance Test)

One ml of ion exchanged water at 20°C was dripped on the surface
of the coating layer of the base paper for a release paper, thereafter
the wet portion was rubbed with fingertips, and the number of feelings

of sliminess on the finger was counted and the evaluation was made in

accordance with the following criteria:

5:

0 o Q W W

[0272]

Examples 5-2 to 5-21 and Comparative Examples 5-1 to 5-15

Base papers for a release paper were produced in a similar manner
to Example 5-1 except that the PVA shown in Table 16 was used in place
of PVA5~1 used in Example 5-1, and the air permeance, the toluene barrier
property and the water resistance of the base paper for a release paper

were evaluated.

[0273]

120 times or more;

100 times or more and less than 120 times;
50 times or more and less than 100 times;

30 times or more and less than 50 times;

10 times or more and less than 30 times; and

less than 10 times.

[Table 16}

The results are shown together in Table 16.
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Evaluations
Type of air tolu.ene water
FVR permeance barriex resistance
property
Example 5-1 PVA5-1 A A A
Exanple 5-2 PVAS-2 yiy A B
Example 5-3 PYAS-3 A A C
Example 5-4 PVAS5-4 B A C
Example 5-5 PVA5S-5 A A B
Examnple 5-6 PVR5-6 A A A
Example 5-7 PVAS-T A A C
Example 5-8 PVAS~8 B A C
Exanple 5-9 PVA5-9 A A A
Example 5-10 PVA5-10 A A A
Example 5-11 PVA5-11 B B C
Example 5-12 PVAL-12 C B B
Example 5-13 PVAS-13 B A A
Example 5-14 PVAS5-14 B B B
Example 5-15 PVA5-15 A A A
Example 5-16 PVA5-16 A A A
Example 5-17 PVA5-17 A A S
Example 5-18 PVAL-18 B B 5
Example 5-19 PVAB-19 B B S
Example 5-20 PVAS-20 A A B
Example 5-21 PVAR5-21 A A B
Comparative Example 5-1 PVRE-22 —*1 —*1 —*1
Comparative Example 5-2 PVAS-23 D D D
Comparative Example 5-3 PVA5-24 E D D
Comparative Example 5-4 PVA5E-25 F E E
Comparative Example 5-5 PVA5-26 —*1 ~*1 —*1
Comparative Example 5-6 PVa5-27 E E b
GRLG LAV LA LS o Lvere v o v -
Comparative Example 5-10 | PVA5-31 B - D C
Comparative Example 5-11 | PVA5-3Z2 D D D )
Comparative Example 5-12 | PVA5-33 C C b
Comparative Example 5-13 | PVA5-34 D C A
Comparative Example 5-14 | PVA5-35 —*1 —*7 —*1
Comparative Example 5-15 [ PVAS-36 —*1 —*1 —*1
*1: PVA was not completely dissolved in the agueous
solution.
[0274]

As shown in Table 16, it can bhe seen that the base papers for a

release paper according to Examples 5-1 to 5-21 exhibited favorable air

TN
ol
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permeance, toluene barrier property and water resistance as a base paper
for a release paper. Regarding the evaluation criteria, A to Cor S and
A to C for each evaluation item, and A to B or S and A to B for at least
two items among the three items suggested an evaluation to be favorable.
Furthermore, the base papers for a release paper in Examples 5-1, 5-2,
5-5, 5-6, 5-9, 5-10, 5-13, 5-15, 5-16, 5-17, 5-20 and 5-21 in which the
viscosity average degree of polymerization (P), the degree of
saponification and the structure of the monomer unit of the PVA, the
percentage content ($) of the monomer unit, and the product {P x S) of
the viscosity average degree of polymerization (P} and the percentage
content {8) of the PVA were as specified exhibited particularly superior
air permeance, toluene barrier property and water resistance, with the
evaluation criteria of: A to B or S and A to B for one item; and A or
A and S for two or more items. In addition, it can be seen that the base
papers for a release paper in, for example, Examples 5-3, 5-4, 5-7, 5-8,
5-11, 5-12, 5-14, 5-18 and 5-19 resulted in slightly inferior air
permeance, toluene barrier property or water resistance. It is believed
that this is attributed toc a low or high viscosity average degree of
polymerization (P), a low or high percentage content (S), a low or high
product (P x 3) of the viscosity average degree of polymerization (P)
and the percentage content (S), a low degree of saponification, and/or
the difference of the structure of the mcnomer unit.
[0275]

On the other hand, it can be seen that when the PVA did not satisfy
the above specified reguirements (Comparative Examples 5-1 to 5-15),

the toluene barrier property, and

The SOLUP1l1TY 1n water oI tne prva 1tself was impaired. It is believed
that this is attributed to the difference of the structure of the monomer
unit, and/or a small or great product (P x 3) of the viscosity average
degree of polymerization (P) and the percentage content (S).
[INDUSTRIAL APPLICABILITY]

[0276]

The PVA according to the embodiment of the present invention can
be used in, for example, coating agents for paper, internal sizing agents,
fiber ceoating agents, dyes, coating agents for glass fibers, surface
coating agents for metals and glass, and coating materials such as

anti-fogging agents; adhesives for woods, paper, aluminum foils,
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plastics and the like; binders for nonwoven fabrics, fibrous binders,
binders for building materials such as gypsum boards and fiberboards;
thickening agents for various types of emulsion adhesives; additives
for urea resin adhesives; additives for cement and mortar; various types
of adhesives such as hot melt adhesives and pressure-sensitive adhesives;
dispersants for emulsion pelymerization of various types of ethylenic
unsaturated monomers such as ethylene, vinyl acetate and vinyl chloride;
stabilizers for dispersing a pigment in paints, adhesives and the like;
dispersion stabilizers for suspension polymerization of various types
of ethylenic unsaturated monomers such as vinyl chloride, vinylidene
chloride, styrene, [(meth)acrylic acid and vinyl acetate; molded article
such as fibers, films, sheets, pipes, tubes, water-soluble fibers and
temporary coating films; agents for imparting hydrophilicity to
hydrophobic resins; compounding agents for synthetic resins such as
additives for composite fibers, films and other molded articles; soil
conditicners, scil stabilizers, and the like. In addition, the PVA is
contained. In addition, the cecating agent according to the embodiment
of the present invention that contains the PVA can be suitably used in,
for example, the production of coated paper. In addition, the ink jet
recording material according to the embodiment of the present invention
that contains the PVA has superior coating film strength and water
resistance, and reduced generation of printing unevenness, and therefore
can be suitably used as ink jet recording materials. In addition, the
thermal recording material according to the embodiment of the present
invention that contains the PVA has superior water resistance and

resistance to plasticizers, and therefore can be suitably used as thermal

the PVA has superior sealability and water reslstance, and thererore

can be suitably used in the production of release paper.

Vi)
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CLATIMS
1. A vinyl alcohol polymer, comprising a monomer unit
represented by formula (1):
RS
~-CHy—c
3 (Rl (1)
T (T)m
i (R2
X +?%n~s| GO
R4
wherein:

X represents a direct bond, a divalent hydrocarbon group,
or a divalent organic group having an oxygen atom or a
nitrogen atom;

R' represents a hydrogen atom or an alkyl group having 1
to 5 carbon atoms;

R? represents an alkoxyl group, an acyloxyl group or a
group represented by OM, wherein M represents a hydrogen atom,
an alkali metal or an ammonium group;

R’ and R® each independently represent a hydrogen atom or
an alkyl group, wherein hydrogen atoms included in the alkyl
group, the alkoxyl group and the acyloxyl group represented by
R! to R! are unsubstituted or substituted with a substituent
having an oxygen atom or a nitrogen atom;

R® represents a hydrogen atom or a methyl group;

m is an integer of 0 to 2; and

n is an integer of 6 to 20,

wherein in a case where R!' to R’ are each present in a
plurality of number, a plurality of R's are each independently
as defined above, a plurality of R?’s are each independently as

AV L L LLNe A LARSNS Ve f N L L T P R R M A e Al e kel il AN el A Ll el ) ——

defined above, and a plurality of R’s are each independently as
defined above,

and inegualities (I), (II), and (III) are satisfied:

370 £ P x S £ 6,000 (I)

200 £ B £ 4,000 (I1)
0.1 £ 8 £ 10 (III);
wherein:

P represents a viscosity average degree of polymerization of
the vinyl alcohol polymer; and S represents a percentage
content (mol%) of the monomer unit.

2. The vinyl alcohol peolymer according to claim 1, wherein:
X in formula (1) is represented by -CO-NR®°-*;
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R® represents a hydrogen atom or an alkyl group having 1 to 5
carben atoms;

* denotes a binding site on a side where a 3i atom is included
in formula (1}; and

n is an integer of 6 to 12.

3. An aqgueous solution, comprising water and the vinyl
alcchol polymer according to claim 1 in an amount cf 4% by
mass or more and 20% by mass or less, and having a pH of 4 or
higher and 8 or lower.

4. A coating agent, comprising:
at least cone of water and a non-agueous solvent, and
the vinyl alcochol polymer according to claim 1.

5. An ink jet recording material, comprising the vinyl
alcohol polymer according to claim 1.

6. A thermal recording material, comprising the vinyl
alcohol polymer according to claim 1.

7. A base paper for a release paper, the base paper
comprising the vinyl alcohol polymer according to claim 1.

8. The wvinyl alcohol polymer according to claim 1, wherein X
represents a direct bond.

9. The vinyl alcohol polymer according to claim 1, wherein X
represents a divalent hydrocarbon group selected from the
group consisting cof a divalent aliphatic hydrocarbon group
having 1 to 10 carbon atoms and a divalent aromatic
hydrocarbon group having 6 to 10 carbon atoms.

10. The wvinyl alcohol polymer according to claim 1, wherein X
represents a divalent organic group having an oxygen atom or a
nitrogen atom selected from the group consisting of an ether

KJJ_UU}_J Uz Liveu J\_J_y LALILALILY il ©ullel KJJ_UU.]:J, dll ©oLcl YLuup,s a
carbonyl group, or an amide group with a divalent hydrocarbon
group, an imino group, an amide group, and a group derived by
linking an imino group or an amide group with a divalent
hydrecarbon group.

11. The vinyl alcohol polymer according to claim 1, wherein
400 < P x 8§ £ 3,000, 500 £ P £ 3,000 and 0.25 < 38 £ 6.

12. The vinyl alcohcl polymer according to claim 1, wherein
500 £ P xS < 2,000, 1,000 £ P < 2,400 and 0.5 £ 8 £ 5,

13. The vinyl alcohol polymer according to claim 24, wherein
X represents a direct bond, a divalent hydrocarbon group
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selected from the group consisting of a divalent aliphatic
hydrocarbon group having 1 to 10 carbon atoms and a divalent
aromatic hydrocarbon group having € toc 10 carbon atoms, or a
divalent organic group having an oxygen atom or a nitrogen
atom selected from the group consisting of an ether group, an
ester group, a carbonyl group, an amide group, a group derived
by linking an ether group, an ester group, a carbonyl group,
or an amide group with a divalent hydrocarbon group, an imino
group, an amide group, and a group derived by linking an imino
group or an amide group with a divalent hydrocarbon group.

14. The vinyl alcohol polymer according te claim 25, wherein
X represents a direct bond, a divalent hydrocarbon group
selected from the group consisting of a divalent aliphatic
hydrocarbon group having 1 to 10 carbon atoms and a divalent
aromatic hydrocarbon group having 6 to 10 carbon atoms, or a
divalent organic group having an oxygen atom or a nitrogen
atom selected from the group consisting of an ether group, an
ester group, a carbonyl group, an amide group, & group derived
by linking an ether group, an ester group, a carbonyl group,
or an amide group with a divalent hydrocarbon group, an imino
group, an amide group, and a group derived by linking an imino
group or an amide group with a divalent hydrocarbon group.



ip-temp
Rectangle




