DESCRIPTION

VINYL ALCOHOL POLYMER, THICKENING AGENT, STABILIZER FOR

EMULSION POLYMERIZATION, STABILIZER FOR SUSPENSION

POLYMERIZATION, COATING AGENT, COATED ARTICLE, SIZI NG AGENT
FOR FIBERS, SIZED YARN, AND PRODUCTION METHOD OF TE XTILE

[TECHNICAL FIELD]
[0001]
The present invention relates to a vinyl alcohol

polymer, a thickening agent, a stabilizer for emuls ion
polymerization, a stabilizer for suspension polymer ization,
a coating agent, a coated article, a sizing agent f or fibers,

a sized yarn and a production method of a textile.
[0002]
Vinyl Alcohol polymers (hereinafter, may be also

abbreviated as “PVAS”) are rare crystalline water s oluble
polymers and include a hydrophobic group and a hydr ophilic
group, thereby exhibiting a superior surface activi ty. In
addition, PVAs can be stored for a long period of t ime
without decomposition, and can form a coating film that is
superior in strength. Thus, PVAs have been extensi vely used
as a raw material of thickening agents, stabilizers for

emulsion polymerization, stabilizers for suspension

polymerization, coating agents for paper, adhesives , Sizing
agents for reinforcing textile warp yarns, binders, films
and fibers, and the like.

[0003]

For example, in a case where the PVA is used as a

thickening agent, an alkyl-modified PVA having an a Ikyl
group introduced thereinto exerts a superior thicke ning
property due to a hydrophobic group interaction of the alkyl

group in a water-based solvent (Patent Document 1, Patent
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Document 2 and see Patent Document 3). However, th
modified PVA is disadvantageous in that water solub
insufficient.

[0004]

Furthermore, when PVA is used as, for example, a

stabilizer for emulsion polymerization, superior di

stability, as generally referred to, is required to
aggregation of the aqueous emulsion during the emul
polymerization. In addition, when the aqueous emul
used as an adhesive, the aqueous emulsion obtained

the stabilizer for emulsion polymerization is requi

highly viscous. Moreover, when the aqueous emulsio

for a binder, a paint, etc., a coating film formed

aqueous emulsion is required to have superior stren

order to meet the foregoing demands, techniques hav

developed in which a modified PVA prepared through

copolymerization of ethylene, a modified PVA having
functional group such as a silyl group introduced t

or the like is used as a protective colloid for emu
polymerization (see Patent Documents 4 and 5). How
conventional stabilizer for emulsion polymerization

have inadequate water solubility and thickening pro
leading to an inconvenience that the dispersibility

the emulsion polymerization, and viscosity of the a
emulsion may be insufficient.

[0005]

Still further, when the PVA is used as, for exampl
stabilizer for suspension polymerization, the resul
vinyl polymer in a powder form is expected to have
bulk density in light of space saving during storag
improvement of transportation efficiency, improveme
throughput in extrusion molding, and the like. In
such expectations, a technique in which one or two

types of PVAs and hydroxypropyl methyl cellulose ar
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combination (see Patent Document 6 and Patent Docum
technique in which a modified PVA having an unsatur
double bond is used (see Patent Document 8 and Pate
Document 9), and the like were developed. However,
the conventional stabilizers for suspension polymer
have inadequate water solubility and thickening pro
variation in distribution of particle grades of the
polymer particles occurs, accompanied by unsatisfac
density of the vinyl polymer. Furthermore, they ar
disadvantageous in that a large quantity of the PVA
in  wastewater after completion of the suspension
polymerization to give the vinyl polymer, leading t
increase in cost of the wastewater treatment.
[0006]

Moreover, in a case where the PVA is used, for exa
as a coating agent, a method in which boric acid or
is added to the PVA such that crosslinking is permi
order to enhance the strength of the coating film f
from the coating agent has been employed. However,
reasons of toxicity of boron, and the like, the amo
boric acid, etc., used has begun to be restricted i

years. Thus, an alkyl-modified PVA having a hydrop

group
developed (see Patent Documents 10 and 11). Althou

group such as an alkyl introduced thereinto w
alkyl-modified PVAs are superior in thickening prop
inconvenience of unsatisfactory storage stability i
of the viscosity that the viscosity decreases while
aqueous solution is stored for a long period of tim
been found. Also, the strength of the coating film
from these alkyl-modified PVAs is insufficient.
[0007]

Moreover, in a case where the PVA is used as, for
example, a sizing agent for fibers, when the sized

divided into each yarn after a sizing agent for fib
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applied to a raw yarn bundle and dried, too great c oating
film strength may result in thread breakage, wherea s too low
coating film strength may result in low strength of the
sized yarn, and the like, leading to deteriorated w eaving
performances. In addition, when the coating film s trength
is too low, sizing drop, i.e., detachment of a hard ened
sizing agent for fibers from the sized yarn, tends to
increase during the dividing of the sized yarn. Fu rthermore,
in the case where the sizing agent for fibers conta ining the
PVA is used, an inconvenience of inferior desizing property
after weaving of the sized yarn occurs since the wa ter
solubility is insufficient. In view of such inconv eniences,
sizing agents for fibers each containing any of var ious
types of modified PVAs were developed. Examples of such
sizing agents for fibers include sizing agent for f ibers
containing an ethylene modified PVA and starch as b ase
materials (see Patent Document 12), a sizing agent for
fibers containing a carboxyl-modified PVA such as a Ikyl
acrylate (see Patent Document 13), and the like. H owever,
these sizing agents for fibers do not sufficiently satisfy
the weaving performance of the sized yarn, as well as the
desizing property, and acceptable sizing drop in di viding,
all together.
[0008]

Therefore, the PVA for use in a thickening agent, a
stabilizer for emulsion polymerization, a stabilize r for
suspension polymerization, a coating agent and a si zing

agent for fibers is desired to have adequate water
solubility, thickening property and coating film st rength,
and to have superior storage stability in terms of the

viscosity in an aqueous solution.

[PRIOR ART DOCUMENTS]
[PATENT DOCUMENTS]



[0009]

Patent Document 1: Japanese Unexamined Patent

Application, Publication No

. S55-47256

Patent Document 2: Japanese Unexamined Patent

Application, Publication No

. 2008-291120

Patent Document 3: Japanese Unexamined Patent

Application, Publication No

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

Patent Document

Application, Publication No.

. H10-338714

4: Japanese
H08-259659

5: Japanese
2007-23148

6: Japanese
2003-238606

7: Japanese
2005-281680

8: Japanese
2007-63369

9: Japanese
2009-108218

10: Japanese
2008-291120

11: Japanese
H10-338714

12: Japanese
H9-31849

Patent Document 13;: W095/23254

[SUMMARY OF THE INVENTION]
[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0010]
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and having superior storage stability in terms of t

viscosity in an aqueous solution.

[MEANS FOR SOLVING THE PROBLEMS]
[0011]

According to an aspect of the invention made for

solving the aforementioned problems, a vinyl alcoho

(hereinafter, may be also referred to as “PVA (A)")

provided having a ratio (Mw/Mn) of the weight avera

molecular weight (Mw) to the number average molecul
(Mn) being 3 or greater and 8 or less, and being ca
giving a vinyl alcohol polymer (hereinafter, may be
referred to as “PVA (B)”) having a ratio (Mw/Mn) of
weight average molecular weight (Mw) to the number
molecular weight (Mn) being 2 or greater and less t
when treated at 40 °C for 1 hour in a sodium hydrox
solution.
[0012]

When the ratio (Mw/Mn) in the vinyl alcohol polyme
(PVA (A)), and the ratio (Mw/Mn) in the vinyl alcoh
polymer (PVA (B)) obtained by subjecting the vinyl
polymer (PVA (A)) to an alkaline treatment under a
condition each fall within the above range, the vin
alcohol polymer is believed to have the water solub
the thickening property and the coating film streng
together improved in a well-harmonized manner, and
superior storage stability in terms of the viscosit
[0013]

The vinyl alcohol polymer (PVA (A)) is preferably

obtained by: polymerizing a vinyl ester monomer in
presence of at least one monomer (hereinafter, may
referred to as “monomer (a)”) selected from the gro
consisting of a carboxylic acid having an unsaturat

bond, an alkyl ester thereof, an acid anhydride the
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a salt thereof, and a silyl compound having an unsaturated
double bond; and thereafter saponifying and carrying out a
heat treatment of the polymerization product. When the vinyl
alcohol polymer (PVA (A)) is obtained by using a vinyl ester
polymer obtained through polymerizing the vinyl ester
monomer in the presence of the monomer (a), the wvinyl
alcohol polymer (PVA (A)) has a hydrophilic carboxyl group
or silyl group derived from the monomer (a), and thus it is
believed that the water solubility of the wvinyl alcohol
polymer (PVA (A)) can be more adequately regulated. In
addition, since the heat treatment £forms an ester bond
between the hydroxyl group and the carboxyl group, whereby a
branched structure can be entirely formed, it is believed
that the thickening propexrty of the wvinyl alcchol polymer,
and the strength of the «coating £ilm «can be more
appropriately adjusted.

[0014]

According to another aspect of the invention made for
solving the aforementioned problems, a thickening agent
containing the vinyl alcohol polymer (PVA (A)) is provided.
Due to containing the vinyl alcochol polymer (PVA (A)), the
thickening agent can be excellent in water solubility, and
can exhibit a superior thickening property.

[0015]

In addition, the hydrophilic carboxyl group or the
silyl group serves in further improving the water solubility
of the thickening agent. Moreover, the branched structure
is believed to further improve the thickening property of
the thickening agent.

[0016]

According to still another aspect of the invention made
for solving the aforementioned problems, a stabilizer for
emulsion polymerization containing the vinyl alcohol polymer

(PVA (A)) is provided. Due to containing the wvinyl alcohol
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polymer (PVA  (A)), the stabilizer  for  emulsion

polymerization exhibits superior dispersibility in
emulsion polymerization and enables a highly viscou
emulsion to be obtained, and further the coating fi
from the aqueous emulsion is superior in the streng
[0017]

Additionally, it is believed that the hydrophilic
carboxyl group or silyl group would further improve
hydrophilicity of the stabilizer for emulsion polym

Furthermore, due to the branched structure, the sta

for  emulsion polymerization can exhibit  superior

dispersibility in emulsion polymerization, and it i
believed that the viscosity of the resulting aqueou
emulsion as well as the strength of the coating fil

from the aqueous emulsion are further improved.

[0018]

In addition, it is preferred that the stabilizer f
emulsion polymerization further contains water. Wh
is thus contained, the vinyl alcohol polymer is dis
dissolved in water, and as a result, the stabilizer
emulsion polymerization enables the emulsion polyme
of a vinyl ester monomer to be more easily and cert
carried out.

[0019]

According to yet another aspect of the invention m
for solving the aforementioned problems, a stabiliz
suspension polymerization containing the vinyl alco
polymer (PVA (A)) is provided. Due to containing t
alcohol polymer (PVA (A)), the stabilizer for suspe
polymerization leads to polymerization stability du
suspension polymerization and enables a vinyl polym
a high bulk density to be obtained, and the amount
remaining vinyl alcohol polymer in wastewater after

polymerization can be decreased.
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[0020]

Additionally, it is believed that the hydrophilic
carboxyl group or the silyl group would further imp
hydrophilicity of the stabilizer for suspension
polymerization, and would enable a vinyl polymer be
superior in polymerization stability during the sus
polymerization, and having a high bulk density to b
obtained. Furthermore, due to the branched structu
bulk density of the vinyl polymer obtained by using
stabilizer for suspension polymerization is further
and it is believed that the amount of a remaining v
alcohol polymer in the wastewater after the polymer
can be further decreased.

[0021]

In addition, it is preferred that the stabilizer f
suspension polymerization further contains water.
is thus contained, the vinyl alcohol polymer is dis
dissolved in water, and as a result, the stabilizer
suspension polymerization enables the polymerizatio
vinyl monomer to be more easily and certainly carri
[0022]

According to the other aspect of the invention mad
solving the aforementioned problems, a coating agen
containing the vinyl alcohol polymer (PVA (A)) is p
Due to containing the vinyl alcohol polymer (PVA (A
coating agent is superior in storage stability of t
aqueous solution, and can form a coating film havin
superior strength. In addition, the coating film h
superior oil resistance, water resistance and print
[0023]

In addition, due to the hydrophilic carboxyl group
the silyl group, the coating agent is believed to b
superior in the storage stability of the aqueous so
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agent can be more superior in the storage stability
aqueous solution, and therefore it is believed that
coating film having further superior strength can b
Additionally, the coating film has more superior oi
resistance, water resistance and printability.

[0024]

According to still other invention made for solvin
the aforementioned problems, a coated article produ
applying the coating agent onto the surface of a ba
material is provided. Accordingly, due to the coat
applied on the surface of the base material, the co
film of the coated article has superior strength.
addition, the coating film has oil resistance, wate
resistance and printability. Therefore, the coated
can be suitably used for an thermal recording paper
paper for release paper, an oil resistant paper, an
like.

[0025]

According to still other aspect of the invention m
for solving the aforementioned problems, a sizing a
fibers containing the vinyl alcohol polymer (PVA (A
provided. Due to containing the vinyl alcohol poly
(A)), the sizing agent for fibers reduces a sizing
dividing sized yarns obtained by using the sizing a
fibers, leading to superior weaving performance and
property.

[0026]

Additionally, it is believed that the hydrophilic
carboxyl group or silyl group would further improve
hydrophilicity of the sizing agent for fibers, and
result, a desizing property after weaving of the si
obtained by using the sizing agent for fibers would
further improved.
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further reduced, and thus it is believed that a siz

for fibers can be obtained which gives the sized ya

more superior in the weaving performance and a desi
property.

[0027]

It is preferred that the sizing agent for fibers
further contains a wax. When a wax is thus contain
sizing drop in dividing the sized yarns obtained by
the sizing agent for fibers is further reduced, lea
further improved weaving performance.

[0028]

According to yet other invention made for solving
aforementioned problems, a sized yarn includes a ra
and a binder with which the raw yarn is impregnated
which the binder is formed from the sizing agent fo
Due to containing the sizing agent for fibers, the
yarn is accompanied by less sizing drop in the divi
leading to a superior weaving performance and desiz
property.

[0029]

Moreover, according to still further aspect of the
invention made for solving the aforementioned probl
production method of a textile, which includes a st
weaving the sized yarn is provided. According to t
production method of a textile, use of the sized ya
enables a sizing drop in dividing the sized yarns t
reduced, with superior weaving performance and desi
property, and as a result, the textile can be conve

provided.

[EFFECTS OF THE INVENTION]
[0030]
The vinyl alcohol polymer (PVA (A)) of the aspect

the present invention has water solubility and a th
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property in a well-balanced manner, and additionall
to superior strength of the dry coating film. Ther
the vinyl alcohol polymer can be suitably used
thickening agents for use in water-based solutions
water-based emulsion solutions such as paints, ceme
concretes, adhesives, binders and cosmetics, as wel
stabilizers for emulsion polymerization, stabilizer
suspension polymerization, coating agents and sizin

for fibers.

[DESCRIPTION OF EMBODIMENTS]
[0031]
PVA (A)

The vinyl alcohol polymer (A) (hereinafter, the vi
alcohol polymer may be abbreviated as “PVA”) includ
vinyl alcohol unit. In addition, the thickening ag
stabilizer for emulsion polymerization, the stabili
suspension polymerization, the coating agent and th
agent for fibers of the aspects of the present inve
each contain the PVA (A).

[0032]

The PVA (A) has a ratio (Mw (A)/Mn (A)) of the wei
average molecular weight (Mw (A)) to the number ave
molecular weight (Mn (A)) being 3 or greater and 8
The
preferably 3.4, and still more preferably 3.6, wher

lower limit of the ratio is preferably 3.2, mor

upper limit of the ratio is preferably 6, and more
preferably 5.
[0033]

The PVA (B) is obtained by subjecting the PVA (A)
treatment at 40 °C for 1 hour in a sodium hydroxide
As this treatment,
the

a method of complete saponificat

described in section of “average degree

polymerization” in JIS-K6726: 1994 may be employed,
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specifically, the PVA (B) may be obtained as in the
following. More specifically, the PVA (B) may be o

by a method including: weighing about 10 g of the P
into a 500 mL ground-glass Erlenmeyer flask; adding
of methanol thereto; thereafter, adding a 12.5 mol/
hydroxide solution in an amount of 3 mL in the case

the PVA (A) has a degree of saponification of 97 mo
greater, or 10 mL in the case in which the PVA (A)
degree of saponification of less than 97 mol%; then

the mixture; after heating in a water bath at 40 °C
hour, adding phenolphthalein as an indicator; washi
methanol until the alkaline reaction is not found t
sodium hydroxide; then transferring the material on
watch glass; and drying at 105 °C for 1 hour until

is evaporated off.

[0034]

The PVA (B) has a ratio (Mw (B)/Mn (B)) of the wei
average molecular weight (Mw (B)) to the number ave
molecular weight (Mn (B)) being 2 or greater and le
The lower limit of the ratio is preferably 2.1, and
preferably 2.2, whereas the upper limit of the rati
preferably 2.9, and more preferably 2.8.

[0035]

In regard to the PVA (A) according to the embodime
of the present invention, due to the (Mw (A)/Mn (A)

(Mw (B)/Mn (B)) falling within the above range, it
believed that the PVA (A) forms a branched structur
binding, which is cleaved under an alkaline conditi

PVA chains each other. Further, due to the branche
structure, the strength of the coating film formed

PVA (A) is improved, and it is believed that the th

property of the thickening agent containing the PVA
dispersibility during the emulsion polymerization o

stabilizer for emulsion polymerization containing t
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(A}, the polymerization stability during the suspension
polymerization carried out using the stabilizer for
suspension polymerization containing the PVA (A}, the
styength, oil resistance, water resistance and printability
of the coating film formed from the coating agent containing
the PVA (A), as well as possible reduction of the sizing
drop in the diwviding, and weaving performance and desizing
property of the sized yarns produced obtained by using the
sizing agent for fibers containing the PVA (A) are improved.
[0036] ‘

The method for forming the branched structure of the
pva (A) is not particularly limited. For example, a method
in which the PVA after saponification is subjected to a heat
treatment in a nitrogen or air atmosphere, a method in which
the PVA after the saponification is subjected to an acid
treatment, and the like may be involved.

[0037]

Examples of an acidic substance which can be used in
the method in which the PVA after the saponification is
subjected to an acid treatment include: inorganic acids such
as hydrochloric acid, sulfuric acid, nitric acid and
phosphoric acid; organic acids such as formic acid, acetic
acid, oxalic acid and p—toluenesulfonic acid; salts such as
pyridinium p-toluenesulfonate and ammonium chloride; Lewis
acids such as zinc chloride, aluminum chloride, iron
‘trichloride, tin dichloride, tin trichloride and a boron
trifluoride diethyl ether complex; and the like. Either one,
or two or more types of these in combination may be used.
In general, the amount of these acidic substances blended
with respect to 100 parts by mass of the PVA after the
saponification is preferably 0.0001 parts by mass to 5 parts
by mass.

[0038]
It is to be noted that the number average molecular
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weight (Mn) and the weight average molecular weight
the PVA (A) and PVA (B) may be determined in terms
polymethyl methacrylate equivalent value by a gel p
chromatography (GPC) measurement using hexafluorois
as a mobile phase, with a differential refractive i
detector. In a more specific method, the following
employed.

GPC column: Tosoh Corporation, “GMH HR(S)” x 2
mobile phase: hexafluoroisopropanol
flow rate: 0.2 mL/min
sample concentration: 0.100 wt/vol%
amount of injected sample: 10 ul
detector: differential refractive index detector
standard substance: polymethyl methacrylate (for
example, Agilent Technologies, “EasiVial PMMA 4 mL
pack”)
[0039]

To hexafluoroisopropanol for use as a mobile phase
is preferred that a salt such as sodium trifluoroac
added in order to inhibit adsorption of the sample
GPC column filler. The lower limit of the concentr
the salt is preferably 1 mmol/L, and more preferabl
On the other hand,

concentration of the salt is preferably 100 mmol/L,

mmol/L. the upper Ilimit of the
preferably 50 mmol/L.
[0040]

The ratio (Mw (A)/Mw (B)) of the weight average
molecular weight (Mw (A)) of the PVA (A) to the wei
average molecular weight (Mw (B)) of the PVA (B) is
particularly limited, and the lower limit is prefer
and more preferably 1.5. On the other hand, the up
of the ratio (Mw (A)/Mw (B)) is preferably 3.0, and

preferably 2.5.
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[0041]

When the ratio (Mw (A)/Mw (B)) is greater than the

lower limit, the thickening property of the thicken

containing the PVA (A), the viscosity of the aqueou

emulsion obtained by using the stabilizer for emuls
polymerization containing the PVA (A), the polymeri

stability during the suspension polymerization carr

using the stabilizer for suspension polymerization

containing the PVA (A), and the strength, oil resis
water resistance and printability of the coating fi

from the coating agent containing the PVA (A) are i
[0042]

On the other hand, when the ratio (Mw (A)/Mw (B))
less than the upper limit, the water solubility of
thickening agent containing the PVA (A), the disper
during the emulsion polymerization of the stabilize
emulsion polymerization containing the PVA (A), the
density of the vinyl polymer obtained by using the
stabilizer for suspension polymerization containing
(A), the decreasing property of the remaining amoun
PVA in the polymerization wastewater generated afte
suspension polymerization, and the storage stabilit
coating agent containing the PVA (A) are further im
[0043]

In addition, when the ratio (Mw (A)/Mw (B)) is les
than the lower limit, the sizing drop in dividing t
yarns obtained by using the sizing agent for fibers
increased. On the other hand, when the ratio (Mw (

(B)) is greater than the upper limit, the weaving
performance of the sized yarn obtained by using the
agent for fibers may be deteriorated.

[0044]

As the PVA (A), a product obtained from a vinyl es
polymer by saponification may be used. The PVA (A)
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only the vinyl alcohol unit, and preferably further
unit derived from the monomer (a).
[0045]

The vinyl ester monomer for use in the production
the vinyl ester polymer is not particularly limited
example, vinyl formate, vinyl acetate, vinyl propio
vinyl butyrate, vinyl isobutyrate, vinyl pivalate,
versatate, vinyl caprate, vinyl caprylate, vinyl la
vinyl palmitate, vinyl stearate, vinyl oleate, viny
benzoate and the like are exemplified. Of these, i
of economical aspects, vinyl acetate is preferred.
[0046]

The monomer (a) is at least one monomer selected f

the group consisting of a carboxylic acid having an

unsaturated double bond, an alkyl ester of the carb
acid, an acid anhydride of the carboxylic acid, a s

the carboxylic acid, and a silyl compound having an

unsaturated double bond.
[0047]

Examples of the carboxylic acid having an unsatura

double bond, the alkyl ester of the carboxylic acid
acid anhydride of the carboxylic acid and the salt
carboxylic acid include maleic acid, maleic acid mo

ester, maleic acid dimethyl ester, maleic acid mono

ester, maleic acid diethyl ester, maleic anhydride,

citraconic acid, citraconic acid monomethyl
citraconic acid dimethyl ester, citraconic acid die
ester, citraconic anhydride, fumaric acid, fumaric
monomethyl ester, fumaric acid dimethyl ester, fuma
monoethyl ester, fumaric acid diethyl ester, itacon
itaconic acid monomethyl ester, itaconic acid dimet
itaconic acid monoethyl ester, itaconic acid diethy

itaconic anhydride, acrylic acid, methyl acrylate,

acrylate, methacrylic acid, methyl methacrylate, et
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methacrylate, and the like.

[0048]

Examples of the silyl compound having an unsaturat ed
double bond include compounds having an unsaturated double
bond and a trialkoxysilyl group such as
vinyltrimethoxysilane and vinyltriethoxysilane, and the like.
[0049]

Of these monomers (a), maleic acid monomethyl este r,
citraconic acid monomethyl ester, itaconic acid mon omethyl
ester, methyl acrylate, methyl methacrylate and
vinyltrimethoxysilane are preferred, and maleic aci d
monomethyl ester, methyl acrylate, methyl methacryl ate, and
vinyltrimethoxysilane are more preferred.

[0050]

The lower limit of the degree of modification of t he
unit derived from the monomer (a) in the PVA (A) is , based
on the number of moles of all the monomer units con stituting
the PVA (A), preferably 0.02 mol%, more preferably 0.05
mol%, and still more preferably 0.1 mol%. On the o ther
hand, the upper limit of the degree of modification of the
unit derived from the monomer (a) in the PVA (A) is , based
on the number of moles of all the monomer units con stituting
the PVA (A), preferably 5 mol%, more preferably 2 m 0l%, and
still more preferably 1 mol%.

[0051]

When the degree of modification of the unit derive d
from the monomer (a) is greater than the lower limi t, the
thickening property of the thickening agent contain ing the
PVA (A), the viscosity of the aqueous emulsion obta ined by
using the stabilizer for emulsion polymerization co ntaining
the PVA (A), and the strength of the coating film f ormed
from the aqueous emulsion, the polymerization stabi lity
during the suspension polymerization carried out us ing the
stabilizer for suspension polymerization containing the PVA
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(A), as well as the strength, oil resistance, water
resistance and printability of the coating film for
the coating agent containing the PVA (A) are furthe
improved.

[0052]

On the other hand, when the degree of modification
the unit derived from the monomer (a) is less than
limit, the water solubility of the thickening agent
containing the PVA (A), the dispersibility during t
emulsion polymerization of the stabilizer for emuls
polymerization containing the PVA (A), the bulk den
the vinyl polymer obtained by using the stabilizer
suspension polymerization containing the PVA (A), t
of decreasing the remaining amount of the PVA in th
polymerization wastewater after the suspension
polymerization, and the storage stability of the co
agent are further improved.

[0053]

Also, when the degree of modification is less than
lower limit, the weaving performance of the sized y
obtained by using the sizing agent for fibers may b
deteriorated. To the contrary, when the degree of
modification is greater than the upper limit, the d
property of the sized yarn obtained by using the si
agent for fibers may be deteriorated.

[0054]

The PVA (A) may have a unit derived from other mon

except for the vinyl alcohol unit and the unit deri

the monomer (a) within a range not leading to impai
principles of the present invention. Examples of t
derived from the other monomer include units derive
a-olefins such as ethylene, propylene, n-butene and
isobutylene; vinyl ethers such as methyl vinyl ethe

vinyl ether, n-propyl vinyl ether, i-propyl vinyl e
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butyl vinyl ether, i-butyl vinyl ether, t-butyl vin yl ether
and 2,3-diacetoxy-1-vinyloxypropane; vinyl cyanides such as
acrylonitrile and methacrylonitrile; halogenated vi nyls such

as vinyl chloride and vinyl fluoride; halogenated

vinylidenes such as vinylidene chloride and vinylid ene
fluoride; allyl compounds such as allyl acetate, 2, 3-
diacetoxy-1-allyloxypropane and allyl chloride; iso propenyl
acetate; and the like. The degree of modification of the
unit derived from the other monomer in the PVA (A) may be,
based on the number of moles of all the monomer uni ts
constituting the PVA (A), for example, 15 mol% or | ess.
[0055]

The arrangement sequence of the vinyl alcohol unit :
the unit derived from the monomer (a) and the unit derived
from the other monomer in the PVA (A) is not partic ularly
limited, and may be any one of random, block, and a lternate
sequences.

[0056]

The primary structure of the PVA (A) may be
quantitatively determined by H-NMR.
[0057]

The degree of saponification of the PVA (A) (i.e., a
molar fraction of hydroxyl groups with respect to t he sum of
the hydroxyl groups and ester bonds in the PVA (A)) may be
measured in accordance with JIS-K6726: 1994. The | ower
limit of the degree of saponification is preferably 20 mol%,
more preferably 60 mol%, still more preferably 70 m 01%,
particularly preferably 80 mol%, and most preferabl y 87 mol%.
[0058]

When the degree of saponification of the PVA (A) i S
equal to or greater than the lower limit, the thick ening
property and water solubility of the thickening age nt
containing the PVA (A), the dispersibility during t he

emulsion polymerization of the stabilizer for emuls ion
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polymerization containing the PVA (A), the viscosit y of the
agueous emulsion obtained by using the stabilizer f or
emulsion polymerization and the strength of the coa ting film
formed from the aqueous emulsion, the polymerizatio n
stability during the suspension polymerization carr ied out

using the stabilizer for suspension polymerization

containing the PVA (A) and the bulk density of the resultant
vinyl polymer, the effect of decreasing the remaini ng amount
of the PVA in the polymerization wastewater after t he
suspension polymerization, the storage stability of the
coating agent containing the PVA (A), the strength, oil
resistance, water resistance and printability of th e coating
film formed from the coating agent, and the desizin g
property of the sized yarn obtained by using the si zing
agent for fibers containing the PVA (A) are further improved.
[0059]

The determination of the viscosity average degree of
polymerization (P) of the PVA (A) may include: comp letely
saponifying the PVA (A); purifying the product; and then
measuring the limiting viscosity | n] (unit: L/g) in an
aqueous sodium chloride solution (0.5 mol/L) at 30 °C for
the PVA (A) having the unit derived from the monome r (a), or
measuring the limiting viscosity | n] (unit: L/g) in an
aqueous solution at 30 °C for the PVA (A) not havin g the
unit derived from the monomer (a). The viscosity a verage
degree of polymerization (P) of the PVA (A) is dete rmined
from the limiting viscosity | n] according to the following
formula:

P=( n]x10 #8.29) 1062

[0060]

The upper limit of the viscosity average degree of
polymerization of the PVA (A) is preferably 5,000, and more
preferably 4,000. On the other hand, the lower lim it of the

viscosity average degree of polymerization of the P VA (A) is
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preferably 100,
preferably 1,000.

polymerization of the PVA (A) is equal to or greate

more preferably 500, and still more

When the viscosity average degre

the lower limit, the thickening property of the thi

agent containing the PVA (A), the viscosity of the
emulsion obtained by using the stabilizer for emuls
polymerization containing the PVA (A) and the stren
the coating film formed from the aqueous emulsion,
polymerization stability

during the suspension

polymerization carried out wusing the stabilizer for

the PVA (A), t

strength, oil resistance, water resistance and prin

suspension polymerization containing

of the coating film formed from the coating agent c
the PVA (A), and the weaving performance of the siz
obtained by using the sizing agent for fibers conta
PVA (A) are further improved. On the other hand, w
viscosity average degree of polymerization of the P
equal to or less than the upper limit, productivity
PVA (A) is improved, and therefore production of th
at a lower cost is enabled.
[0061]

In addition, the PVA (B)

subjecting the PVA (A) to a treatment in a sodium h

since is obtained by
solution at 40 °C for 1 hour, the viscosity average
of polymerization of the PVA (B) becomes a substant
identical value to the Vviscosity average degree of
polymerization of the PVA (A).
[0062]
Production of PVA (A)

The steps for producing the PVA (A) include, for
example: a step of polymerizing a monomer including
ester monomer (hereinafter, may be also referred to
“polymerization step”); and a step of saponifying a

ester polymer obtained in the polymerization step
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(hereinafter, may be also referred to as “saponifi
step”). In addition, it is preferred that a step o

the vinyl ester polymer or the PVA after the saponi
(hereinafter, may be also referred to as “heating s
further included.

[0063]

Polymerization Step

In this step, the monomer including the vinyl este
monomer is polymerized to synthesize the vinyl este
The monomer including the vinyl ester monomer may e
include only the vinyl ester monomer, or include th
ester monomer, and the monomer (a) and/or the other
as described above.

[0064]

The method of the polymerization of the monomer
including the vinyl ester monomer may be any one of
polymerization, semi-batch polymerization, continuo
polymerization, and semi-continuous polymerization.
polymerization procedure, a well-known arbitrary pr
such as a bulk polymerization procedure, a solution
polymerization procedure, a suspension polymerizati
procedure and an emulsion polymerization procedure
adopted. Of these, the bulk polymerization procedu
the solution polymerization procedure in which the
polymerization is carried out in the absence of a s
in a solvent such as an alcohol, may be usually ado
order to obtain a vinyl ester polymer having a high
of polymerization, the emulsion polymerization proc
be adopted as one candidate. The solvent for the s
polymerization procedure is not particularly limite
for example, an alcohol and the like may be exempli
The alcohol which may be used as the solvent in the
polymerization procedure is exemplified by a lower

such as methanol, ethanol and n-propanol. The solv
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be used alone of one type, or two or more types the
be used in combination. The amount of the solvent
the polymerization system may be appropriately sele
depending on an intended degree of polymerization o
(A), and the like, taking into consideration
to the solvent. For example, when the solvent is m
the lower limit of the mass ratio, {= (solvent)/ (t
monomers)}, of the solvent to the total monomers in
the polymerization system is preferably 0.01, and m
preferably 0.05. On the other hand, the upper limi
mass ratio is preferably 10, and more preferably 3.
[0065]

A polymerization initiator for use

polymerization may be appropriately selected from a

well-known polymerization initiators such as, e.g.,

type initiator, a peroxide type initiator, a redox

initiator, and the like, depending on the polymeriz

procedure. Examples of the azo type initiator incl
azobisisobutyronitrile,
dimethylvaleronitrile),

dimethylvaleronitrile), and the like. Examples of

peroxide type initiator include: percarbonate compo

as diisopropyl peroxydicarbonate, di-2-ethylhexyl
peroxydicarbonate and diethoxyethyl peroxydicarbona
perester compounds such as t-butyl peroxyneodecanat

cumyl peroxyneodecanate and t-butyl peroxydecanate;

peroxide; acetylcyclohexylsulfonyl peroxide;
trimethylpentyl 2-peroxyphenoxyacetate; and the lik

initiator may be used as a combined initiator with

persufate, ammonium persulfate, hydrogen peroxide o

like. Examples of the redox type initiator include

combinations of the peroxide type initiator with a
agent such as sodium bisulfite, sodium bicarbonate,

acid, L-ascorbic acid or Rongalit.

2,2’-azobis(2,4-
2,2’-azobis(4-methoxy-2,4-

reof may
used in
cted

f the PVA

chain transfer

ethanol,
otal
cluded in
ore

t of the

mong
an azo
type
ation
ude 2,2'-

the

unds such

te;
e, o=

acetyl

e. The
potassium
r the

reducing

tartaric



25

[0066]

Although the amount of the polymerization initiato r
used cannot be generally predetermined since the am ount may
vary depending on the polymerization catalyst and t he like,

it may be appropriately selected depending on the

polymerization rate. For example, when 2,2'-
azobisisobutyronitrile or acetyl peroxide is used a s the
polymerization initiator, the lower limit of the am ount of
the polymerization initiator used with respect to t he vinyl
ester monomer is preferably 0.01 mol%, and more pre ferably
0.02 mol%. On the other hand, the upper limit of t he
content of the polymerization initiator is preferab ly 0.2

mol%, and more preferably 0.15 mol%.
[0067]
The lower limit of the temperature in the

polymerization step is preferably 0 °C, and more pr eferably
30 °C. The upper limit of the polymerization tempe rature is
preferably 200 °C, and more preferably 140 °C. Whe n the
polymerization temperature is equal to or greater t han the
lower limit, the polymerization rate is improved. On the
other hand, when the polymerization temperature is equal to
or less than the upper limit, even in a case where the
monomer (a) is used, for example, maintaining the d egree of
modification of the unit derived from the monomer ( a) in the

PVA (A) at an appropriate level may be facilitated.

Exemplary procedure for adjusting the polymerizatio n
temperature so as to fall within the above range ma y
include: a procedure in which the polymerization ra teis
regulated to make a balance between heat generated by the
polymerization and heat radiation from the surface of the
reactor; and a procedure of adjusting the polymeriz ation
temperature by an external jacket in which an appro priate
heating medium is used; or the like, and in light o f safety,

the latter procedure is preferred.
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[0068]

The polymerization may be carried out in the prese
of a chain transfer agent within the range not lead
impairment of the principles of the present inventi
Examples of the chain transfer agent include: aldeh
as acetaldehyde and propionaldehyde; ketones such a
and methyl ethyl ketone; mercaptans such as 2-
hydroxyethanethiol; halogenated hydrocarbons such a
trichloroethylene and perchloroethylene; phosphinic
salts such as sodium phosphinate monohydrate; and t
Of these, aldehydes and ketones are preferred. The
of the chain transfer agent added to the polymeriza
system may be predetermined depending on the chain
coefficient of the chain transfer agent added, the
degree of polymerization of the PVA (A), and the li
general, the amount of the chain transfer agent wit
to 100 parts by mass of the vinyl ester monomer is
preferably 0.1 parts by mass to 10 parts by mass.
[0069]

It is to be noted that in a case where the
polymerization is carried out at a high temperature
coloring, etc., of the PVA (A) resulting from degra
the vinyl ester monomer may be found. In such an i
an antioxidant such as tartaric acid may be added i
amount of about 1 ppm to 100 ppm with respect to th
ester monomer to the polymerization system for the
of preventing the coloring.

[0070]

Saponification Step

In this step, the vinyl ester polymer is saponifie
The saponification of the polymer allows the vinyl
unit in the polymer to be converted into the vinyl

unit.
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[0071]

Although the reaction for the saponification of th
vinyl ester polymer is not particularly limited, a
known alcoholysis reaction or hydrolysis reaction c
out in a state in which the polymer is dissolved in
solvent may be adopted.

[0072]

Examples of the solvent for use in the saponificat
include: lower alcohols such as methanol and ethano
such as methyl acetate and ethyl acetate; ketones s
acetone and methyl ethyl ketone; aromatic hydrocarb
as benzene and toluene; and the like. These solven
used alone of one type, or two or more types thereo

used in combination. Of these, methanol, and a mix

solution of methanol and methyl acetate are preferr
[0073]

Examples of the catalyst for use in the saponifica
include: alkali catalysts such as alkali metal hydr
(potassium hydroxide, sodium hydroxide, etc.) and s
alkoxide (sodium methoxide, etc.); acid catalysts s

toluenesulfonic acid and mineral acid; and the like

these, sodium hydroxide is preferably used due to t

convenience.
[0074]

The temperature for carrying out the saponificatio
not particularly limited, but is preferably 20 °C t

In a case where gelatinous products are deposited a

saponification proceeds, the products may be ground

followed by further allowing the saponification to
Thereafter, the resulting solution is neutralized t
complete the saponification, and is washed and drie
obtain the PVA. The saponification process is not

to the foregoings, and a well-known process may be
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[0075]

Heating Step

In this step, the vinyl ester polymer or the PVA a
the saponification is heated. Specifically, the vi
polymer may be heated concurrently with the saponif
step, or the PVA obtained may be heated after compl
saponification step. The heating enables PVA (A) h
branched structure formed therein to be easily obta
the thickening property of the thickening agent con
the PVA (A), the dispersibility during the emulsion
polymerization of the stabilizer for emulsion polym
containing the PVA (A), the viscosity of the aqueou
emulsion obtained by the emulsion polymerization, a
strength of the coating film formed from the aqueou
emulsion are further improved. Furthermore, the
polymerization stability during the suspension
polymerization carried out wusing the stabilizer for
suspension polymerization containing the PVA (A) an
bulk density of the resultant vinyl polymer, and th
of decreasing the remaining amount of the PVA in th
polymerization wastewater after the suspension
polymerization are improved. In addition, the stor
stability of the coating agent containing the PVA (
strength of the coating film formed from the coatin
oil resistance, water resistance and printability,
weaving performance of the sized yarn obtained by u
sizing agent for fibers containing the PVA (A) and
property are further improved. The heat treatment
preferably carried out in an air or nitrogen atmosp
addition, the heating treatment is preferably execu
the PVA after the saponification.
[0076]

The lower limit of the heating temperature in the

heating step is preferably 70 °C, and more preferab
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The upper limit of the heating temperature is prefe
170 °C, and more preferably 150 °C. The lower limi
heating time in the heating step is preferably 30 m
preferably 1 hour, and still more preferably 2 hour
upper limit of the heating time period is preferabl
hours, more preferably 7 hours, and still more pref
hours.

[0077]

Thickening Agent

The thickening agent contains the PVA (A). Althou
the state of the thickening agent is not particular
limited, powders containing the PVA (A), liquids co
the PVA (A) and water or water-containing solvent,
like may be exemplified. The liquid thickening age
suitable for the case in which the agent is used fo
dispersible emulsion-containing matter such as pain
adhesives.

[0078]

Although the solvent which is other than water and
contained in the water-containing solvent is not
particularly limited, examples thereof include: alc
solvents such as methanol and ethanol; ester solven
as methyl acetate and ethyl acetate; ether solvents
diethyl ether, 1,4-dioxane, methylcellosolve, cello
butylcellosolve, MTBE (methyl-t-butyl ether) and
butylcarbitol; ketone solvents such as acetone and
ketone; glycol solvents such as ethylene glycol, pr
glycol, diethylene glycol and triethylene glycol; g
ether solvents such as diethylene glycol monomethyl
triethylene glycol monomethyl ether, propylene glyc
monomethyl ether and 3-methoxy-3-methyl-1-butanol;
ester solvents such as ethylene glycol monomethyl e

acetate, PMA (propylene glycol monomethyl ether ace
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diethylene glycol monobutyl ether acetate and dieth ylene

glycol monoethyl ether acetate; and the like.

[0079]

When the thickening agent is a liquid, the lower | imit
of the content of the PVA (A) with respect to 100 p arts by
mass of the solvent is preferably 1 part by mass, a nd more
preferably 3 parts by mass. The upper limit of the content
of the PVA (A) is preferably 50 parts by mass, and more
preferably 30 parts by mass. Such a liquid thicken ing agent

is produced by heating and mixing water or a water-
containing solvent with the PVA (A).
[0080]

The liquid thickening agent may contain a plastici zer,
a surfactant, a defoaming agent, an ultraviolet ray
absorbing agent and the like within a range not lea ding to
impairment of the effects of the present invention.

[0081]

In addition, the thickening agent may contain othe r
water soluble polymers such as well-known various t ypes of
PVAs, starch, carboxymethyl cellulose, methyl cellu lose,

hydroxymethyl cellulose, hydroxyethyl cellulose and

hydroxypropyl methyl cellulose, similarly within a range not
leading to impairment of the effects of the present

invention. The content of these other water solubl e
polymers is, with respect to 100 parts by mass of t he PVA
(A), preferably 50 parts by mass or less.

[0082]

Production Method of Thickening Agent

Although the production method of a thickening age nt
is not particularly limited, for example, the metho d
includes: a step of producing the PVA (A); and a st ep of

mixing the PVA (A) and optional component(s).
[0083]

Stabilizer for Emulsion Polymerization
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The stabilizer for emulsion polymerization contain s the
PVA (A). In addition, the stabilizer preferably co ntains
water, and may contain other component such as a su rfactant
other than the PVA (A) within a range not leading t 0
impairment of the effects of the invention. By usi ng the
stabilizer for emulsion polymerization, an aqueous emulsion
can be obtained from an ethylenic unsaturated monom er.

[0084]

Due to containing water, the stabilizer for emulsi on
polymerization can be used in emulsion polymerizati on in a
state in which the PVA (A) is dispersed or dissolve d in
water. As a result, the stabilizer for emulsion
polymerization enables emulsion polymerization of t he vinyl
ester monomer to be more easily and certainly carri ed out.
The upper limit of the content of water in the stab ilizer
for emulsion polymerization is preferably 99.5% by mass, and
more preferably 99% by mass. On the other hand, th e lower
limit of the content of water is preferably 70% by mass, and
more preferably 75% by mass. When the content of w ater is
greater than the upper limit, the emulsion polymeri zation
reaction may not be sufficiently caused. To the co ntrary,
when the content of water is less than the lower i mit, the
dispersion or dissolution of the PVA (A) may be
insufficient.

[0085]

Examples of the solvent include: lower alcohols su ch
as methanol and ethanol; esters such as methyl acet ate and
ethyl acetate; ketones such as acetone and methyl e thyl
ketone; aromatic hydrocarbons such as benzene and t oluene;
and the like. These solvents may be used alone of one type,
or two or more types thereof may be used in combina tion.

[0086]

Examples of the surfactant include: anionic

surfactants such as alkylnaphthalenesulfonic acid s alts and
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dialkylsulfosuccinic acids; cationic surfactants su
alkylamine salts and lauryltrimethylammonium chlori
nonionic surfactants such as polyoxyethylene alkyl
polyoxyethylene alkylphenyl ethers and sorbitan fat
esters; amphoteric surfactants such as alkylbetaine
amine oxide; macromolecular surfactants such as vin
alcohol polymers other than the PVA (A) and hydroxy
cellulose; and the like.
[0087]
Production Method of Stabilizer for Emulsion Polyme

The production method of the stabilizer for emulsi
polymerization is exemplified by a method including
of appropriately mixing the PVA (A) obtained by the
aforementioned production method, and optional comp
[0088]

Agueous Emulsion

The aqueous emulsion is suitably used for various

types of adhesives, paints, fiber coating agents, p
coating agents, inorganic binders, cement admixture
primers, and the like. In an exemplary production

the aqueous emulsion, an ethylenic unsaturated mono
added once or continuously in the presence of
polymerization initiator in an aqueous solution of
stabilizer for emulsion polymerization to allow for
emulsion polymerization. Also, a method in which a
ethylenic unsaturated monomer emulsified by using t

stabilizer for emulsion polymerization is continuou

to a polymerization reaction system may be employed

Although the amount of the stabilizer for emulsion
polymerization dispersant used is not particularly

the lower limit of the amount used with respect to

by mass of the ethylenic unsaturated monomer is pre

part by mass, and more preferably 2 parts by mass.
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parts by mass, and more preferably 20 parts by mass

[0089]

Furthermore, when the stabilizer for emulsion
polymerization is used in emulsion polymerization, a
stabilizer for emulsion polymerization containing o ther
polyvinyl alcohol polymer may be used in combinatio n. The
lower limit of the degree of saponification of the other PVA
is preferably 70 mol%, and more preferably 80 mol%. On the
other hand, the upper limit of the degree of saponi fication
is preferably 99 mol%. Moreover, the lower limit o f the
degree of polymerization of the other PVA is prefer ably 300,
and more preferably 500. On the other hand, the up per limit
of the degree of polymerization is preferably 4,500 , and
more preferably 3,500.

[0090]

Additionally, water resistance may be imparted to the
other PVA by introducing an ethylene group, an acet oacetyl
group, etc. In a case where the stabilizer for emu Ision
polymerization containing the other PVA is used in
combination, it is impossible to readily define the weight
ratio of the amount of the stabilizer for emulsion
polymerization added, to the amount of the stabiliz er for
emulsion polymerization containing the other PVA ad ded (the
stabilizer for emulsion polymerization/ the stabili zer for
emulsion polymerization containing the other PVA) s ince it
may vary depending on the type and the Ilike of the
stabilizer for emulsion polymerization employed, bu t this
weight ratio falls within the range of preferably 9 5/5 to
5/95, and particularly preferably 90/10 to 10/90. These
stabilizers for emulsion polymerization may be char ged once
at the initial stage of the emulsion polymerization , Or may
be charged in fractions during the emulsion polymer ization.
[0091]

Examples of the ethylenic unsaturated monomer incl ude:
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olefin monomers such as ethylene, propylene and iso butylene;
halogenated olefin monomers such as vinyl chloride, vinyl
fluoride, vinylidene chloride and vinylidene fluori de; vinyl
ester monomers such as vinyl formate, vinyl acetate , vinyl
propionate and vinyl versatate; acrylic acid; metha crylic
acid; acrylic acid ester monomers such as methyl ac rylate,
ethyl acrylate, butyl acrylate, 2-ethylhexyl acryla te,
dodecyl acrylate and 2-hydroxyethyl acrylate; metha crylic
acid ester monomers such as methyl methacrylate, et hyl
methacrylate, butyl methacrylate, 2-ethylhexyl meth acrylate,
dodecyl methacrylate and 2-hydroxyethyl methacrylat e;
dimethylaminoethyl acrylate; dimethylaminoethyl
methacrylate; acrylamide monomers such as acrylamid e,
methacrylamide, N-methylolacrylamide, N,N-dimethyla crylamide
and acrylamide-2-methylpropane sulfonic acid; styre ne
monomers such as styrene, a-methylstyrene and  p-
styrenesulfonic acid; N-vinylpyrrolidone, diene mon omers
such as butadiene, isoprene and chloroprene; and th e like.
[0092]

Of these, the ethylenic unsaturated monomer is
preferably a vinyl ester monomer, a (meth)acrylic a cid ester
monomer, and a styrene monomer, more preferably a v inyl
ester monomer, and still more preferably vinyl acet ate. The
ethylene unsaturated monomer may be used alone of o ne type,
or two or more types thereof may be used as a mixtu re.
[0093]

To the aqueous emulsion, conventionally well-known
additives may be added, e.g., a filler such as tita nium
oxide, an organic solvent such as toluene, a plasti cizer
such as dibutyl phthalate, a film-forming aid such as glycol
ether. Alternatively, a powder emulsion, as genera lly
referred to, may be also prepared by powder making through
spray drying of aqueous emulsion. Such an aqueous emulsion
and a powder emulsion can be suitably used for exte nsive
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intended usages such as various types of adhesives, paints,
fiber coating agents, paper coating agents, inorgan ic
binders, cement admixtures, mortar primers, and the like.
[0094]
Stabilizer for Suspension Polymerization

The stabilizer for suspension polymerization conta ins
the PVA (A). In addition, it is preferred that wat er is
further contained, and other component such as a PV A other
than the PVA (A) may be contained within a range no t leading
to impairment of the effects of the invention. By using the
stabilizer for suspension polymerization, a vinyl p olymer

can be obtained from a vinyl monomer.
[0095]
The stabilizer for suspension polymerization

preferably contains water in addition to the PVA (A ).
Moreover, exemplary other components which may be ¢ ontained
in the stabilizer for suspension polymerization inc lude
additives such as a PVA other than the PVA (A), a w ater
soluble cellulose ether, a water soluble polymer, a n oil
soluble emulsifying agent and a water soluble emuls ifying

agent, as well as a solvent and the like.
[0096]

When the stabilizer for suspension polymerization

contains water, a dispersion liquid or solution of the PVA
(A) may be provided. As a result, the stabilizer f or
suspension polymerization enables the suspension
polymerization of the vinyl monomer to be more easi ly and
certainly carried out. The upper limit of the cont ent of the
PVA (A) in a case where the stabilizer for suspensi on
polymerization is a dispersion liquid or solution o f the PVA
(A) is preferably 20% by mass, and more preferably 15% by
mass. On the other hand, the lower limit of the co ntent of
the PVA (A) is preferably 0.1% by mass, and more pr eferably

0.5% by mass. When the content of the PVA (A) is g reater
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than the upper limit, dispersion or dissolution may
insufficient. To the contrary, when the content of

(A) is less than the Ilower Ilimit, the suspension
polymerization reaction may not be sufficient cause

[0097]

The PVA other than the PVA (A) is exemplified by:
PVA having a degree of saponification of 70 mol% or
and less than 98.5 mol%, and a viscosity average de
polymerization of 500 to 3500; a PVA having a degre
saponification of 20 mol% or greater and less than
and a viscosity average degree of polymerization of
600; and the like.

[0098]

Examples of the water soluble cellulose ether incl
methyl cellulose, hydroxyethyl cellulose, hydroxypr
cellulose, hydroxypropyl methyl cellulose, and the
Examples of the water soluble polymer include gelat
the like.

[0099]

Examples of the oil soluble emulsifying agent incl
sorbitan monolaurate, sorbitan trioleate, glycerin
tristearate, ethylene oxide-propylene oxide block ¢
and the like. Examples of the water soluble emulsi
agent include polyoxyethylene  sorbitan = monolaurate,
polyoxyethylene glycerin oleate, sodium laurate, an
like.

[0100]

Although the amount of these additives is not
particularly limited, the amount with respect to 10
by mass of the vinyl compound is preferably 0.01 pa
mass or greater and 1.0 parts by mass or less.

[0101]
Examples of the solvent include: lower alcohols su

as methanol and ethanol; esters such as methyl acet
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ethyl acetate; ketones such as acetone and methyl e thyl
ketone; aromatic hydrocarbons such as benzene and t oluene;
and the like. These solvents may be used alone of one type,
or two or more types thereof may be used in combina tion.
[0102]

Production Method of Stabilizer for Suspension
Polymerization

The production method of the stabilizer for suspen sion
polymerization is exemplified by a method including a step

of appropriately mixing the PVA (A) obtained by the

aforementioned production method, and optional comp onent(s).
[0103]

Vinyl Polymer

The vinyl polymer may be obtained by suspension
polymerization of a vinyl monomer. In addition, a monomer
other than the vinyl monomer may be further copolym erized.
The stabilizer for suspension polymerization may be suitably
used in the suspension polymerization. Although th e amount
of the stabilizer for suspension polymerization use d is not
particularly limited, it is preferably 0.008 parts by mass
or grater and 0.025 parts by mass or less with resp ect to

100 parts by mass of the vinyl monomer.
[0104]

Examples of the vinyl monomer include: halogenated

vinyls such as vinyl chloride; vinyl esters such as vinyl
acetate and vinyl propionate; acrylic acid, methacr ylic acid,
acrylic acid esters, methacrylic acid esters, acryl ic acid
salts, methacrylic acid salts; maleic acid, fumaric acid,
maleic acid esters, fumaric acid esters, maleic aci d salts,
fumaric acid salts; styrene, acrylonitrile, vinylid ene

chloride, vinyl ether; and the like.
[0105]
Examples of the monomer other than the vinyl monom er

include: vinyl esters such as vinyl acetate and vin yl
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propionate; (meth)acrylic acid esters such as methy I

(meth)acrylate and ethyl (meth)acrylate; a-olefins such as
ethylene and propylene; unsaturated dicarboxylic ac ids such
as maleic anhydride and itaconic acid; acrylonitril e,
styrene, vinylidene chloride, vinyl ether; and the like.
[0106]

Of these, vinyl chloride is preferably used, and i tis
more preferred that vinyl chloride alone is polymer ized.
[0107]

As the polymerization initiator for use in the
suspension polymerization, those conventionally use d in
polymerization such as a vinyl chloride monomer may be used.

The polymerization initiator is exemplified by an o il
soluble or water soluble polymerization initiator. The
polymerization initiator may be used alone, or two or more
types may be used in combination.
[0108]

Examples of the oil soluble polymerization initiat or
include: percarbonate compounds such as diisopropyl

peroxydicarbonate, di-2-ethylhexyl peroxydicarbonat e and
diethoxyethyl peroxydicarbonate; perester compounds such as
t-butyl peroxyneodecanate, t-butyl peroxypivalate, t-hexyl
peroxypivalate and a-cumyl peroxyneodecanate; peroxides such

as acetylcyclohexylsulfonyl peroxide, 2,4,4-trimeth ylpentyl
2-peroxyphenoxyacetate, 3,5,5-trimethylhexanoyl per oxide and

lauroyl peroxide; azo compounds such as azobis-2,4-
dimethylvaleronitrile and azobis(4-2,4-
dimethylvaleronitrile); and the like.

[0109]

Examples of the water soluble polymerization initi ator
include potassium persufate, ammonium persulfate, h ydrogen
peroxide, cumene hydroperoxide, and the like.

[0110]

The temperature in the suspension polymerization m ay
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be as low as about 20 °C, or as high as exceeding 9
addition, in one preferred embodiment, a polymeriza
container equipped with a reflux condenser may be a

in order to enhance the heat removal efficiency of
polymerization reaction system.

[0111]

Moreover, upon the suspension polymerization, othe
additive may be added which is commonly used for su
polymerization, in addition to the stabilizer for s
polymerization. The additive is exemplified by add
similar to those exemplified as the other additives
may be contained in the stabilizer for suspension
polymerization described above, and the like. Alth
amount of these additives is not particularly limit
amount with respect to 100 parts by mass of the vin
monomer is preferably 0.01 parts by mass or greater
parts by mass or less.

[0112]
Coating Agent

The coating agent contains the PVA (A). Also, it
preferred that (C) a crosslinking agent is further
contained, and it is also preferred that the medium
dissolving or dispersing these components is water.
addition, the coating agent may contain other compo
as a filler within a range not leading to impairmen
effects of the invention. Moreover, by using the c
agent, a coated article that is superior in the str
be obtained. Furthermore, the coated article has s
oil resistance, water resistance and printability.

[0113]

Crosslinking Agent (C)

It is preferred that the coating agent further
contains the crosslinking agent (C). By thus furth

containing the crosslinking agent (C), crosslinking
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PVA (A) and the like is allowed in the coating agen
the coating film formed from the coating agent has
improved strength, oil resistance and water resista
[0114]

The crosslinking agent (C) is not particularly lim
as long as crosslinking of the PVA (A) and the like
enabled, and is exemplified by glyoxal, urea resins
melamine resins, multivalent metal salts, polyisocy
polyamideepichlorohydrin, and the like. Of these,
of safety, economical efficiency and reactivity, mu
metal salts and polyamideepichlorohydrin are partic
preferred.

[0115]

The coating agent may contain an organic solvent a
solvent or a dispersion medium in addition to the w
The upper limit of the content of the organic solve
respect to 100 parts by mass of water is preferably
by mass, and more preferably 40 parts by mass. On
hand, the lower limit of the content with respect t
parts by mass of water is preferably 0 parts by mas
more preferably 10 parts by mass. When the content
organic solvent falls within the above range, homog
the coating agent may be further improved.
[0116]

Examples of the organic solvent include: alcohol
solvents such as methanol and ethanol; ester solven
as methyl acetate and ethyl acetate; ether solvents
diethyl ether and 1,4-dioxane; ketone solvents such
acetone and diethyl ketone; glycol solvents such as
glycol and propylene glycol; glycol ether solvents
diethylene glycol monomethyl ether and propylene gl
monomethyl ether; glycol ester solvents such as eth
glycol
monomethyl ether acetate; and the like.
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[0117]
Other Components

The other component which may be contained in the

coating agent is exemplified by a filler, dispersan t, a
water soluble polymer, a synthetic resin emulsion, a
plasticizer, a pH adjusting agent, a defoaming agen t, a

release agent, a surfactant, and the like.

[0118]

Examples of the filler include kaolin, clay, calci ned
clay, calcium carbonate, titanium oxide, diatomaceo us earth,
aluminum oxide, aluminum hydroxide, synthetic alumi num
silicate, synthetic magnesium silicate, polystyrene fine
particles, polyvinyl acetate fine particles, urea-f ormalin
resin fine particles, sedimentary silica, gelled si lica,
silica synthesized by a gas-phase method (hereinaft er,
referred to as “gas-phase silica”), colloidal silic a,
colloidal alumina, pseudoboehmite, talc, zeolite, a lumina,
zinc oxide, satin white, organic pigment, and the | ike.

[0119]

Examples of the dispersant include sodium
pyrophosphate, sodium hexametaphosphate, sodium pol yacrylate,
and the like.

[0120]

Examples of the water soluble polymers include PVA S
other than the PVA (A), modified PVAs other than th e PVA (A),
vinyl alcohol-vinyl ester copolymers, polyacrylamid es,
polyacrylic acids, carboxymethyl cellulose, hydroxy ethyl
cellulose, hydroxymethyl propyl cellulose, casein, starch

such as oxidized starch, and the like.
[0121]

The synthetic resin emulsion is exemplified by a
styrene-butadiene copolymer latex, a polyacrylic ac id ester
emulsion, a polymethacrylic acid ester emulsion, a vinyl

acetate-ethylene copolymer emulsion, a vinyl acetat e-acrylic
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acid ester copolymer emulsion, and the like.
[0122]

Examples of the plasticizer include glycols, glyce
and the like. Examples of the pH adjusting agent i
ammonia, sodium hydroxide (caustic soda), sodium ca
(carbonate of soda), phosphoric acid, and the like.

[0123]

The solid content concentration in the coating age
is not particularly limited, and may be appropriate
adjusted depending on the intended usage and the i
taking into consideration the coating property, the
limit of the solid content concentration is prefera
mass, and more preferably 2% by mass. On the other
the upper limit of the solid content concentration
preferably 65% by mass, more preferably 40% by mass
more preferably 20% by mass, and particularly prefe
by mass.

[0124]
Production Method of Coating Agent

The production method of the
exemplified by a method including a step of appropr
mixing the PVA (A) obtained by the aforementioned p
method, and optional component(s) such as the cross
agent (C).

[0125]

Coated Article

The coated article of the present invention
produced by applying the coating agent onto the sur
base material. Since the coating agent is applied
surface, the coated article is superior in the prin
water resistance and oil resistance. The coated ar
be suitably used for, e.g., an thermal recording pa
base paper for release paper, an oil resistant pape

jet recording paper, and the like. Also, the coati
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may be further applied on the back face side of the
material.
[0126]
The base material of the coated article may be
appropriately selected depending on the intended us
for example, a paper, a fabric, a wooden board, a r
plate and the like may be included.
[0127]
Example of the paper include: boards such as manil
board, white cardboard and liner; printing papers s
general woodfree paper, a medium quality paper and
paper; and the like. Examples of the fabric includ
nonwoven fabric, texture, knit, and the like. Exam
the wooden board include plank, plywood, glued lami
board, and the like. Examples of the resin plate i
polyvinyl chloride plate, acryl plate, and the like
[0128]
When

auxiliary agents such as an organic and inorganic p

the base material is a paper,
paper strengthening agent, a sizing agent and a pro
yield-improving agent may be contained in the base

[0129]

Although the amount of the coating agent to be app
on the surface of the base material is not particul
limited, the amount in terms of the solid content o
face of the base material is typically about 0.1 g/

g/m?2.
[0130]

As the production method of the coated article, a
well-known method may be adopted. The procedure of
the coating agent on the surface of the base materi
particularly limited, and a well-known coater such
press coater, an air knife coater, a blade coater o

coater may be used. Furthermore, when the base mat

papermaking

base

age, and

esin

a
uch as a

a gravure

ples of
nation

nclude

igment, a
cess

material.

lied
arly
n one
nf to 30

applying

al is not

as a size
r a roll

erial is



44

a paper, after applying the coating agent, an arbit
such as a drying step and calendaring step may be ¢
out as needed.
[0131]

Thermal Recording Paper

The thermal recording paper includes a paper as a
material, and the coating agent is applied on the s
the paper. Due to having the coating agent applied
an overcoat layer, the thermal recording paper has
water resistance, and is superior also in the stren
resistance and printability.
[0132]

As the base material for the thermal recording pap
the paper exemplified as the base material of the c
article may be included, and of these, a printing p
preferred. Furthermore, although the grammage of t
material of the thermal recording paper is not part

limited, and taking into consideration the handling

characteristics and the like, the lower Ilimit of th
grammage is preferably 10 g/m

On the other hand, the upper limit of the grammage

preferably 100 g/m 2 and more preferably 80 g/m

[0133]

The coating agent to be applied on the thermal

recording paper preferably contains the filler. In

the lower limit of the content of the other compone
respect to 100 parts by mass of the PVA (A) is pref
parts by mass, and more preferably 80 parts by mass

other hand, the upper limit of the content is prefe

parts by mass, and more preferably 120 parts by mas

Furthermore, the solid content concentration of the
agent to be applied on the thermal recording paper
appropriately adjusted so as to fall within the ran

for example, 10% by mass or greater and 65% by mass

2 and more preferably 35 g/m
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[0134]

Base Paper for Release Paper

The base paper for release paper includes a paper
base material, and a filling layer is formed on the
thereof by applying the coating agent. The release
may be produced by forming an adhesion layer on the
layer with an adhesive. Since the coating agent is
the base paper for release paper, the filling layer
superior water resistance and oil resistance, and t
release paper can be suitably used for adhesive lab
adhesive tapes, adhesive papers for industrial use,
papers, and the like.

[0135]

As the base material for the base paper for releas
paper, the paper exemplified as the base material o
coated article, and the like may be included, which
preferably a woodfree paper, a medium quality paper
alkaline paper, a glassine paper and a semi-glassin
and more preferably a semi-glassine paper. Further
the adhesive that constitutes the adhesion layer, a
known adhesive may be used.

[0136]

Although the grammage of the base material of the
paper for release paper is not particularly limited
into consideration the void filling property, handl
characteristics, etc., of the base paper for releas
the lower limit of the grammage is preferably 10 g/
more preferably 40 g/m
of the grammage is preferably 120 g/m
100 g/m 2.

[0137]

The lower limit of the solid content concentration

the coating agent to be applied on the base paper f

release paper is preferably 1% by mass, and more pr
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2% by mass. On the other hand, the upper limit of
content concentration is preferably 15% by mass, an
preferably 10% by mass.
[0138]

Oil Resistant Paper

The oil resistant paper includes a paper as a base

material, and the coating agent is applied on the s
thereof. Thus, the oil resistant paper has superio
resistance, and also is superior in the strength an
resistance. In addition, since the coating agent c
the PVA (A), superior safety is also provided. The
the oil resistant paper can be suitably used as pac
materials for food and the like.

[0139]

As the base material for the oil resistant paper,
paper exemplified as the base material of the coate
and the like may be included, and a woodfree paper,
guality paper, an alkaline paper, a glassine paper,
glassine paper, a base paper for cardboard, a base
white cardboard, a base paper for chipboard, and th
may be suitably used.

[0140]

Although the grammage of the base material of the
resistant paper is not particularly limited, taking
consideration the oil resistance and the like, the
of the base material is: preferably 20 g/m 2
150 g/m 2 or less in the case of the oil resistant paper use

as a wrapping paper; and preferably 150 g/m

500 g/m 2 or less in the case of use as a box-shape molded

container.
[0141]

In addition, it is also preferred that such a coat
agent for paper is used as a binder for fillers suc

binder for an ink-receiving layer of ink jet record
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papers. In this case, the coating agent for paper
preferably contains the filler as an additive. The
limit of the content of the PVA (A) with respect to
parts by mass of the filler is preferably 3 parts b
more preferably 5 parts by mass, and still more pre
10 parts by mass. On the other hand, the lower lim
content is preferably 100 parts by mass, more prefe
parts by mass, and still more preferably 30 parts b
[0142]

Also, the coating agent may be used as, for exampl
barrier agent, and the like. Also in this case, th
agent for use may appropriately contain the crossli
agent (C), the other component(s) and the like. Th
limit of the content of the other component(s) with
to 100 parts by mass of the PVA (A) is preferably 1
mass. On the other hand, the upper limit of the co
the other component(s) is preferably 20 parts by ma
more preferably 5 parts by mass. Furthermore, the
content concentration of the coating agent for pape
appropriately adjusted so as to fall within the ran
for example, 1% by mass or greater and 20% by mass
[0143]

Moreover, the coating agent may be used as a pigme
coating agent for paper through adding a pigment th
In this instance, the lower limit of the amount of
pigment used with respect to 100 parts by mass of t
(A) is preferably 0.5 parts by mass, and more prefe
part by mass. On the other hand, the upper limit o
amount used is preferably 15 parts by weight, and m
preferably 10 parts by weight.
[0144]
Sizing Agent for Fibers

The sizing agent for fibers contains the PVA (A).

Furthermore, it is preferred that wax is further co
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In addition, the sizing agent for fibers may furthe
other component(s) such as starch within a range no
to impairment of the effects of the invention.
[0145]
Wax
The wax further improves a weaving performance of
sized yarn, and also improves a fixation performanc
sizing agent for fibers to the raw yarn, and the am
sizing drop in dividing the sized yarns is further
[0146]
Examples of the wax include: petroleum wax such as
paraffin wax; synthetic wax such as polyhydric alco
acid ester and polyethylene oxide; wax of animal or
origin such as carnauba wax, candelilla wax, yellow
and rice wax; mineral wax; and the like. The wax m
used alone of one type, or two or more types thereo
used in combination. As the wax, of these, the pet
wax is preferred. When the petroleum wax is used,
smoothness of the sized yarn is improved.
[0147]
In general, the wax is used as a water-based
dispersion prepared by emulsifying using a surfacta
as a nonionic surfactant or an anionic surfactant.
[0148]
The upper limit of the degree of modification of t
wax with respect to the total solid content in the
agent for fibers is preferably 20% by mass, more pr
15% by mass, still more preferably 12% by mass, and
particularly preferably 10% by mass. On the other
lower limit of the content is preferably 0.5% by ma
preferably 1% by mass, still more preferably 2% by
particularly preferably 3% by mass. When the degre
modification of the wax falls within the above rang
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obtained by using the sizing agent for fibers is fu rther
decreased, and weaving performance are further impr oved.
[0149]

Other Components

The other component which may be contained in the

sizing agent for fibers is exemplified by water sol uble
polymers such as starch, a water soluble cellulose compound
and a water soluble acryl sizing agent, a defoaming agent,
an antistatic agent, an antiseptic agent, a mildew- proofing

agent, and the like.

[0150]

Examples of the starch include raw starch of corn,
potato, tapioca, wheat, etc., processed starch of t he same,
and the like. Examples of the processed starch inc lude
alpha (gelatinized) starch, oxidized starch, esteri fied
starch, etherified starch, graft starch, carboxymet hylated
starch, dialdehyde starch, cationized starch, and t he like.

Of these, in light of the possibility of easily

gelatinization and preparing a sizing liquid, proce ssed
starch is preferred. The lower limit of the mass r atio (PVA
(A)/ starch) of the PVA (A) to the starch is prefer ably 1/99,
30/70, and more preferably 50/50. On the other han d, the
upper limit of the mass ratio is preferably 90/10, more

preferably 80/20, and still more preferably 75/25.
[0151]

Examples of the water soluble cellulose compound
include methyl cellulose, ethyl cellulose, hydroxye thyl
cellulose, hydroxypropyl cellulose, carboxymethyl c ellulose,
and the like.
[0152]

In a case where the sizing agent for fibers is use d
for a spun yarn, the viscosity of the sizing agent for
fibers at a general sizing temperature, i.e., 70 °C or

higher and 95 °C or lower is preferably 50 mPass or greater
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and 200 mPases or less. When the viscosity of the s

agent for fibers falls within the above range, fluf

of the sized yarn can be favorable. In addition, a

the solid content concentration of the sizing agent

fibers is not particularly limited, the solid conte

concentration is preferably 3% by mass or greater a

mass or less.

[0153]

Production Method of Sizing Agent for Fibers
Although the production method of the sizing agent

fibers is not particularly limited, for example, th

includes a step of producing the PVA (A), and a ste

mixing the PVA (A) with an optional component such

[0154]

Moreover, the sizing agent for fibers of the

embodiment of present invention may be efficaciousl
for: resin processing of a textile; a sizing agent
washing; a sizing agent for textile printing; a bin

felt and nonwoven fabrics.

[0155]

Sized Yarn

The sized yarn of the embodiment of present invent
includes a raw yarn, and a binder with which the ra
impregnated, wherein the binder is formed from the
agent for fibers.

[0156]

Examples of the raw yarn before sizing include sin
component yarns of cotton, polyester, rayon, hemp,
wool, acryl, etc., blended yarns of these, and the
[0157]

The method for sizing the raw yarn is not particul
limited, and may involve, for example,
sizing, partially warping sizing, tape sizing, chee
and the like.
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[0158]
The amount of the binder (the sizing agent for fib ers)

adhered to the raw yarn (i.e., size pick-up) may be

appropriately selected depending on the specificati on of the
textile, as well as equipment used such as a loom a nd a
sizing machine. The size pick-up is typically 5% b y mass or
greater and 25% by mass or less with respect to the amount
of the raw yarn. When the size pick-up is less tha n the
lower limit, the abrasion resistance of the fiber i S
deteriorated, and may lead to a failure of sufficie ntly
reducing fluff on the fiber surface, and to an incr ease of
thread breakage during weaving. To the contrary, w hen the
size pick-up is greater than the upper limit, the s izing
drop in the division may increase, and the producti on cost
of the textile may be increased. The term “size pi ck-up” as
referred to means a value determined by a method in which
fluff-detaching portions during desizing and washin g are
calibrated as described in “Warp Sizing” (Kaname FU KADA,
Teruhiko ICHIMI, published by The Textile Machinery Society
of Japan, 4th edition; pages 299 to 302).
[0159]

The yarn after the sizing is dried by a cylinder t 0

give a sheet-shaped sized yarn bundle. The surface
temperature of the cylinder is typically 100 °C or higher
and 150 °C or lower. The sized yarn bundle dried i s divided,

and separated into each one sized yarn.

[0160]

Production Method of Textile

The production method of a textile according to th e
embodiment of the present invention includes a step of
weaving the yarn sized with the sizing agent for fi bers.
Specifically, the sized yarn after the division is taken-up

on a beam for textile, and is woven by the weaving machine.
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Examples of the weaving machine include dry weaving
such as a Rapier loom and an air jet loom, as well
jet loom, and the like. Of these, an air jet loom
preferred.
[0161]

The sized yarn which is subjected to the sizing wi
the sizing agent for fibers may be either warp or w
the warp is preferably sized. In order to attain a
favorable opening on the weaving machine, a great t
force is applied to the warp, and therefore, a grea
friction arises between the warp, and a reed, a hea
dropper. Therefore, by using the sized yarn as the
the strength of the warp is enhanced, whereby the t
breakage resulting from the friction can be reduced
thus the weaving performance is improved. Furtherm
sizing drop in the division of the warp is reduced.
weft, the sized yarn may be used similarly to the w
however, a raw yarn not subjected to a particular t

is generally used.

[EXAMPLES]
[0162]
Hereinafter, the present invention will be describ

in detail by way of Examples and Comparative Exampl

is to be noted that in the following Examples and

Comparative Examples, “part” and “%” are on mass ba

unless otherwise specified particularly.

[0163]
In regard to physical property values of the PVA i

the Examples and Comparative Examples below, they w

determined according to the following methods.
[0164]

Degree of Polymerization
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In each Example or Comparative Example, the viscos ity
average degree of polymerization of the PVA (A) was
determined according to a method of JIS-K6726: 1994
[0165]
Degree of Saponification
The degree of saponification of each PVA (A) was
determined according to a method of JIS-K6726: 1994
[0166]
Degree of Modification

The degree of modification of each PVA (degree of

modification of the unit derived from the monomer ( a) in the
PVA (A)) was determined according to a method with H-NMR,
using a vinyl ester polymer that is a precursor of the PVA
(A).

[0167]

For example, when monomethyl maleate is used as th e
monomer (a), the degree of modification may be dete rmined
according to the following procedure. More specifi cally, by
using n-hexane/acetone as a solvent, the vinyl este r polymer
that is the precursor of the PVA (A) is reprecipita ted and
purified sufficiently at least three times, and the reafter
the purified material thus obtained is dried at 50 °C under
a reduced pressure for 2 days to produce a sample f or
analysis. The sample is dissolved in CDCI 3, and the
measurement is carried out with 'H-NMR at room temperature.

The degree of modification of S of the unit derived from the
monomer (a) can be calculated from a peak o (4.7 to 5.2 ppm)
derived from a methine structure of the vinyl ester unit in
the vinyl ester polymer, and a peak B (3.6 to 3.8 ppm)
derived from the methyl group of the methyl ester m oiety of
the unit derived from the monomer (a), according to the

following formula:
S (mol%) = {(number of protons of g/ 3)/ (number of

proton of o + (number of proton of g/ 3))} x 100.
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[0168]
Preparation of PVA (B)
The PVA (A) in an amount of about 10 g was weighed

into a a 500 mL ground-glass Erlenmeyer flask, and 200 mL of
methanol was added thereto. Thereafter, 10 mL of a 12.5
mol/L sodium hydroxide solution was added, and the mixture
was stirred and heated in a 40 °C water bath for 1 hour.
Next, phenolphthalein was added as an indicator, an d the
mixture was washed with methanol until the alkaline reaction
was not found to remove sodium hydroxide. Finally the
mixture was transferred onto a watch glass and drie d at
105 °C for 1 hour until methanol was evaporated off to
prepare the PVA (B).

[0169]

Number Average Molecular Weight (Mn) and Weight Ave rage

Molecular Weight (Mw) of PVA (A) and PVA (B)
The number average molecular weight (Mn) and the

weight average molecular weight (Mw) of the PVA (A) and PVA
(B) were determined in terms of a polymethyl methac rylate

equivalent value by a gel permeation chromatography (GPC)
measurement using hexafluoroisopropanol as a mobile phase,

with a differential refractive index detector. Spe cifically,

the following conditions were employed.

GPC column: Tosoh Corporation, “GMH HR(S)” x 2

mobile phase: hexafluoroisopropanol (containing so dium
trifluoroacetate at a concentration of 20 mmol/L)

flow rate: 0.2 mL/min

sample concentration: 0.100 wt/vol%

amount of injected sample: 10 uL

detector: differential refractive index detector

standard substance: polymethyl methacrylate (for
example, Agilent Technologies, “EasiVial PMMA 4 mL tri-
pack”)
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[0170]
Example 1: Production of PVA-1

Into a reactor equipped with a stirrer, a reflux

condenser, a nitrogen inlet tube, a comonomer dripp ing port
and a polymerization initiator addition port, 740 p arts of
vinyl acetate and 260 parts of methanol were charge d, and
nitrogen substitution in the system was carried out for 30
min while bubbling nitrogen. Further, monomethyl m aleate
was selected as the monomer (a), and nitrogen subst itution
in a methanol solution of monomethyl maleate (conce ntration:
20%) was carried out by bubbling nitrogen gas. Ele vation of
the temperature in the reactor was was started, and when the
internal temperature became 60 °C, 0.25 parts of 2, 2’-
azobisisobutyronitrile (AIBN) were added thereto to start
the polymerization. To the reactor was added the m ethanol

solution of monomethyl maleate dropwise, and the

polymerization was allowed at 60 °C for 3 hours whi le the
monomer composition ratio in the polymerization sol ution was
maintained constant. Thereafter, the mixture was c ooled to
stop the polymerization. The total amount of the m onomer
(a) added until the polymerization was stopped was 0.9 parts,
and the solid content concentration when the polyme rization
was stopped was 33.3%. Subsequently, unreacted mon omers
were removed while adding methanol at intervals at 30 °C
under a reduced pressure to obtain a methanol solut ion of
the vinyl ester polymer (concentration: 35%). Next , to
790.8 parts of the methanol solution of the vinyl e ster
polymer (the polymer in the solution: 200.0 parts) prepared
by further adding methanol to this methanol solutio n, 9.2
parts of a 10% methanol solution of sodium hydroxid e were
added, and saponification was allowed at 40 °C (the polymer
concentration of the saponification solution: 25%; and the
molar ratio of sodium hydroxide to the vinyl acetat e unit in

the polymer: 0.01). Since a gelatinous material wa S
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produced in about 15 min after the addition of the
solution of sodium hydroxide, this gelatinous matte

ground with a grinder and further left to stand at

1 hour to allow the saponification to proceed, and
thereafter 500 parts of methyl acetate were added t

neutralize remaining alkali. After completion of

neutralization was ascertained by using a phenolpht
indicator, the mixture was filtered off to obtain a

solid. To this white solid were added 2,000 parts

methanol, and the mixture was left to stand at room

temperature for 3 hours to permit washing. After t
washing operation was repeated three times, white s
obtained by deliquoring through centrifugation was
to a heat treatment at 120 °C for 4.5 hours with a
give the PVA (A) (PVA-1). Physical properties of P
shown in Table 2.
[0171]
Examples 2 to 10 and Comparative Examples 1 to 10:
Production of PVA-2 to PVA-20

Various types of PVAs (A) were produced by a metho
similar to that in Synthesis Example 1 except that:
polymerization conditions such as the amount of vin
acetate and methanol charged, the type and the amou
monomer (a) added for use in the polymerization;
saponification conditions such as the concentration
vinyl ester polymer, the molar ratio of sodium hydr
the vinyl acetate unit in the saponification; and t
treatment condition were each changed as shown in T
The physical properties of each PVA (A) and the PVA
obtained therefrom are shown in Table 2. Itis to
that in Synthesis Example 13, after producing two t
PVAs (A), i.e., PVA-13a and PVA-13Db, the two types
(A) were mixed such that the amount of PVA-13b was

with respect to 45 parts of the PVA-13a. Moreover,

methanol
r was
40 °C for

halein
white

of

he
olid
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dryer to
VA-1 are
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impossible to determine the Mn and Mw of PVA-10 and PVA-12
due to a failure in complete dissolution in

hexafluoroisopropanol.
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[0172]

Table 1
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[0173]
Table 2
Viscosity average D ceof D X £
Type of degree of o di?i;efi 0 iziii*ii o Mw/Mn of | Mw of |Mw/Mn of| Mw of
PVA (B) pOlym;r/iza(g)ion of |™° (mol‘Z)‘ © Sapo(moloj °M pva (a) |pva ) | pva ) |Pva (B)
Example 1 PVA-1 1,700 0.2 88 3.5 403000 2.2 161000
Example 2 PVA-2 3,500 0.2 88 4.1 692000 2.6 420000
Example 3 PVaA-3 3,500 0.2 88 3.3 650000 2.4 420000
Example 4 PVA-4 1,700 0.2 80 3.4 330000 2.3 161000
Example 5 PVA-5 1,700 0.2 95 3.1 310000 2.2 161000
Example & PVA-6 1,700 1.1 88 4.8 468000 2.1 156000
Example 7 PVA-7 1,700 0.2 88 3.4 324000 2.1 161000
Example 8 PVA-8 1,700 0.2 95 3.5 402000 2.2 167500
Example 9 PVA-19 1,700 0.6 88 5.3 487200 2.4 160000
Example 10 | PVA-20 1,700 0.6 88 5.7 531500 2.4 162000
Comparative | .., 4 1,700 0.01 88 2.3 195000 2.2 150000
Example 1
Comparative
Evamole 2 PVA-10 1,700 5.5 88 - - - -
comparative | o, 1 1,700 0.2 88 2.3 193000 2.2 161000
Example 3
gijﬁ;iztive PYA-12 1,700 0.2 88 - - - -
gomparative Pva-1da 1,700 0.2 88 8.5 214000 8.3 | 165000
xample 5 | pya-13p
Comparative | oy, 14 1,700 0 88 2.2 185000 2.1 167000
Example 6
comparative | i, g 3,500 0 88 2.3 480000 2.2 410000
Example 7
gomparative PVA-16 1,700 0 80 2.2 198000 2.2 170000
xample 8
comparative | o, 1,700 0 95 2.2 170000 2.2 163000
Example 9
gig‘igit%e PVA-18 1,700 0.2 92 2.2 180000 2.2 163000
[0174]
Evaluation of Thickening Agent
Examples 11 to 20 and Comparative Examples 11 to 19
Thus obtained PVAs (A) were evaluated on water
solubility and thickening property when used as the
thickening agent, according to the following proced ure.
[0175]
Water Solubility
To 4 parts of the PVA (A) obtained as described ab ove,
96 parts of water were added, and the temperature o f the
mixture was elevated to 90 °C with stirring. Durin g this
process, the appearance of dissolution of the PVA ( A) was
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visually observed. A time period from the start of
temperature rise until complete dissolution was mea
and the evaluation of the water solubility was made
accordance with the following criteria. The result
evaluations are shown in Table 3. It is to be note
when the evaluation was made as A or B, it is concl
practical applicability is superior.

A: completely dissolved in less than 1 hour;

B: completely dissolved in at least 1 hour and les
than 3 hours; and

C: complete dissolution failed, with undissolved
material left.
[0176]
Thickening Property when Added to Water

An aqueous PVA solution having a concentration of
was prepared in a similar manner to that in “Water
Solubility” described above, and the viscosity (mPa
measured by using a B type viscometer (rotation fre
the rotor: 6 rpm at a temperature of 20 °C). The v
was measured on the PVA (A), and an unmodified PVA
serves as a comparative control. Then, each viscos
(viscosity of the PVA (A)/ viscosity of the unmodif
as a comparative control) was calculated, and the e
of the thickening property was made in accordance w
following criteria. In this process, the unmodifie
used as the comparative control had the same degree
saponification as that of the PVA (A) in each Examp
Comparative Example, and exhibited the same viscosi
average degree of polymerization as that of the PVA
obtained from the PVA (A). The results of the eval
are shown in Table 3.

A: 1.5 or greater,

B: 1.1 or greater and less than 1.5; and
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C: 1.0 or greater and less than 1.1, or measuremen
failed.
[0177]
Thickening Property when Added to Emulsion Composit

To 100 parts of an ethylene-vinyl acetate copolyme
emulsion (Kuraray Co., Ltd., “OM-4200NT”, total sol
content: 55.0%) were added 50 parts of an aqueous P
solution (concentration: 10%) to prepare a mixed li
the PVA and the emulsion. The viscosity (mPaes) of
mixed liquid was measured by using a B type viscome
(rotation frequency of the rotor: 2 rpm at a temper
20 °C). The viscosity was measured on the PVA (A),
unmodified PVA that serves as a comparative control
each viscosity ratio (viscosity when the PVA (A) wa
viscosity when the unmodified PVA as a comparative
was used) was calculated, and the evaluation of the
thickening property was made in accordance with the
following criteria. In this process, the unmodifie
used as the comparative control had the same degree
saponification as that of the PVA (A) in each Examp
Comparative Example, and exhibited the same viscosi
average degree of polymerization as that of the PVA
obtained from the PVA (A). The results of the eval
are shown in Table 3.

A: 1.5 or greater,

B: 1.2 or greater and less than 1.5; and

C: 1.0 or greater and less than 1.2.
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[0178]
Table 3
Thickening property
added to water added to emulsion composition
Type of Water viscosity
PVA (A) | sclubility of 4% . X emulsion .
aqueous v1sci§lty evaluation|viscosity viscosity evaluation
solution ratro (mPa-*s)
(mPass)
Example 11 PVA-1 A 45 1.7 A 4400 1.9 A
Example 12 PVA-2 A 580 5.1 A 60800 7.4 A
Example 13 PVA-3 A 195 1.7 A 18200 2.2 A
Example 14 PVA-4 A 49 1.8 A 4600 2.0 A
Example 15 PVA-5 A 43 1.7 A 4200 1.8 A
Example 16 PVA-6 B 92 3.5 A 6700 2.9 A
Example 17 PVA-7 A 46 1.8 A 4300 1.8 A
Example 18 PVA-8 A 46 1.8 A 4500 1.9 A
Example 19 PVA-19 B 94 3.6 A 6792 2.9 A
Example 20 PVA-20 B 99 3.8 A 7260 3.1 A
Comparative
Example 11 PVA-9 A 27 1.0 C 2300 C
c tiv not
CMPATative | pya-10 C completely - C - C
Example 12 dissolved
Comparative
Example 13 PVA-11 A 26 1.0 C 2350 C
c tiv not
CMPArative | pya_12 C completely - C - C
Example 14 dissolved
Comparative | PVA-13a
Example 15 . A 26 1.0 C 2600 C
Comparative .
Example 16 PVA-14 A 26 1.0 C 2342 C
Comparative | pyp )5 A 113 1.0 c 8256 c
Example 17
Comparative i
Example 18 PVA-16 A 27 1.0 C 2342 C
Comparative -
Example 19 PVA-17 A 26 1.0 C 2342 C
[0179]
As shown in Table 3, the thickening agents of Exam ples
11 to 20 were proven to be superior in both the wat er
solubility and the thickening property. Furthermor e, the
thickening agents of Examples 12, 16, 19 and 20 on which the
degree of modification, ratio (Mw/Mn) of the PVA (A ) and the
like were specified were proven to be particularly superior
in the thickening property.
[0180]
On the other hand, Comparative Examples 11, 13 and 15
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to 19 in which the ratio (Mw/Mn) of the PVA (A) was
than 3 or greater than 8, were found to have a poor
thickening property. In addition, when the degree
modification was high (Comparative Example 12), and
heating temperature was high (Comparative Example 1
water solubility was inferior, leading to a failure
complete dissolution in water.
[0181]
Evaluation of Stabilizer for Emulsion Polymerizatio
Example 21

Emulsion Polymerization of Polyvinyl Acetate

Into a 1 L glass polymerization container equipped
with a reflux condenser, a dropping funnel, a therm
and a nitrogen blowing port, 350 g of ion exchanged
and 12.6 g of PVA-1 were charged, which was complet
dissolved at 95 °C. Next, after the aqueous PVA so
was cooled and substituted with nitrogen, thereto w
16.8 g of vinyl acetate with stirring at 200 rpm, a
temperature was elevated to 60 °C. Thereafter, 5%
peroxide 4.6 g/ 20% tartaric acid 2.0 g as a redox
initiator was added thereto to start the polymeriza
From 15 min later than the initiation of the polyme
151.6 g of vinyl acetate was continuously added ove
and thereafter 5% hydrogen peroxide 0.6 g/ 20% tart
0.2 g was added to complete the polymerization, whe
polyvinyl
concentration of 34.8% and a particle size of 2

acetate emulsion having a solid content

obtained.

[0182]

Examples 22 to 28 and Comparative Examples 20 to 28
Polyvinyl acetate emulsions were produced in a sim

manner to that of Example 21 except that the type o

(A) used as described above was changed as shown in

Each solid content concentration of these polyvinyl
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emulsions is shown in Table 3 together. It isto b

that in Comparative Example 21 and Comparative Exam
PVA-10 and PVA-12 were not completely dissolved in
exchanged water, and thus it was impossible to obta
polyvinyl acetate emulsion.

[0183]

Dispersibility During Emulsion Polymerization

polyvinyl
observed on a system microscope (Olympus Corporatio

The resultant acetate emulsions were
53”), and evaluated as: “A” when aggregation or gel
absent, and filtration residue was not found; “B” w
aggregation or gelation was absent, but filtration
was slightly found; and “C” when aggregation or gel
present, and a large amount of filtration residues
found. The results of the evaluations are shown in
together. It is to be noted that less aggregation
and less filtration residue indicates superior the
dispersibility during the emulsion polymerization.
[0184]
Viscosity of Polyvinyl Acetate Emulsion

With respect to 100 parts by mass of the solid con
of the polyvinyl

Comparative Examples 5 parts by mass of dibutyl pht

acetate emulsions of Examples and

a plasticizer were admixed. The mixture was subjec
measurements of: the viscosity (
condition at 30 °C and 2 rpm, and 30 °C; and the vi

n at 2

(n at 20 rpm) under a condition at 20 rpm, by using a
type (Toki Sangyo Co., Ltd, "Bl
viscometer”). The results of the evaluations are s
Table 4 together.

[0185]

Coating Film Strength of Polyvinyl Acetate Emulsion

viscometer type

The polyvinyl acetate emulsions of

Comparative Examples were flow casted on PET

Examples and
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environment at a temperature of 20 °C and a relativ e
humidity of 65%, followed by drying for 7 days to o btain a
dry coating film having a thickness of 500 um. The coating
film was cut to give a piece having a width of 1 cm and a
length of 6 cm, which was subjected to a tensile te st under
a condition involving a tension speed of 100 mm/min by using
a Precision Universal Testing Machine (Shimadzu Cor poration,
“Autograph AG-IS”) to determine the strength of the coating
film. The results of the evaluations are shown in Table 4
together.
[0186]
Table 4
T £ Solid Dispersibility Viscosity Coating film
nge(:) consent in Emu}sign n at 2 rom| n at 20 rpm strenggh
(%) Polymerization (mPa-s) (mPa-s) (kg/cm”)
Example 21 PVA-1 34.8 A 36000 11000 189.6
Example 22 PVA-2 34.6 A 86000 26700 191.3
Example 23 PVA-3 34.2 A 54500 17000 197.5
Example 24 PVA-4 35.1 A 41600 13000 191.2
Example 25 PVA-5 35.2 A 25600 13000 188.6
Example 26 PVA-6 35.0 A 45000 14200 201.8
Example 27 PVA-7 35.1 A 32000 10000 189.9
Example 28 PVA-8 35.0 A 29000 16000 190.7
Comparative
Example 20 PVA-9 34.9 A 8600 2750 120.8
Comparative _ _ _ _ _ B
Example 21 PVA-10
Comparative [ pop 1 34.8 a 10800 3500 128.9
Example 22
Comparative _ _ _ _ _ B
Example 23 PVA-12
Comparative | FVA713a f ., o B 8200 2600 152.4
Example 24 PVA-13b
Comparative _
Example 25 PVA-14 34.9 A 9000 2900 121.2
Comparative B
Example 26 PVA-15 34.3 B 21000 6500 136.7
Comparative | pi, ¢ 34.2 c 15000 3800 111.3
Example 27
Comparative _
Example 28 PVA-17 35.0 B 3400 1700 114.8
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[0187]

As shown in Table 4, stabilizers for emulsion
polymerization of Examples 21 to 28 were proven to
superior in the dispersibility during the emulsion
polymerization. In addition, the polyvinyl acetate
emulsions obtained in Examples 21 to 28 were highly
and it was also proven that the coating films forme
these polyvinyl acetate emulsions were superior in
strength.

[0188]

On the other hand, the stabilizers for emulsion
polymerization of Comparative Examples 20 to 28 wer
to be inferior in the dispersibility during the emu
polymerization, and also the viscosity of the resul
polyvinyl acetate emulsions as well as the strength
coating films formed from the polyvinyl acetate emu
were also unsatisfactory. Moreover, the PVAs of Co
Examples 21 and 23 in particular, were unusable as
stabilizer for emulsion polymerization.

[0189]
Evaluation of Stabilizer for Suspension Polymerizat
Example 29

Preparation of Stabilizer for Suspension
Polymerization

PVA-1 in an amount of 0.188 parts by mass and 0.56
parts by mass of PVA-L-10 (Kuraray Co., Ltd., degre
saponification: 72.5 mol%; and the viscosity of a 4
solution: 6 mPass) were dissolved in 60 parts by ma
deionized water to prepare a stabilizer for suspens
polymerization.

[0190]
Production of Vinyl Chloride Polymer
Into a 5 L autoclave, the stabilizer for suspensio

polymerization, 0.65 parts of a 70% toluene solutio
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cumyl peroxyneodecanoate, and 1.05 parts of a 70% t oluene
solution of t-butylperoxyneododecanate were charged , and
after degassing to remove oxygen such that the pres sure in

the autoclave was lowered to 0.0067 MPa, 940 parts of vinyl

chloride monomer were added. The content of PVA-1 with
respect to the vinyl chloride monomer was 200 ppm, and the
content of PVA-L-10 with respect to the vinyl chlor ide
monomer was 600 ppm. Then, the temperature of the mixture

in the autoclave was elevated to 57 °C, and the

polymerization of the vinyl chloride monomer was st arted
under stirring. The pressure inside the autoclave at the
initiation of the polymerization was 0.80 MPa. Thr ee and

half hour later following the initiation of the

polymerization, the polymerization was stopped when the
internal pressure of the autoclave became 0.70 MPa, and
unreacted vinyl chloride monomers were removed and the
polymerization reaction product was recovered. The

polymerization reaction product was dried at 65 °C for 16

hours to obtain a vinyl chloride polymer.
[0191]
Examples 30 to 38 and Comparative Examples 29 to 37
Vinyl chloride polymers were produced in a similar

manner to that in Example 29 except that the type a nd the
amount of addition of the PVA (A) used as described above
was changed as shown in Table 5. It is to be noted that in
Comparative Example 30 and Comparative Example 32, PVA-10
and PVA-12 were not completely dissolved in deioniz ed water,
and thus it was impossible to obtain a vinyl chlori de
polymer.
[0192]

Polyvinyl chloride acetate polymers of Examples an d
Comparative Examples were evaluated on particle gra de
distribution, bulk density and the amount of remain ing PVA

in polymerization wastewater according to the follo wing
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method. The results of the evaluations are shown i
[0193]
Particle Size Distribution

The particle grade distribution was evaluated by:
sieving the vinyl chloride polymer on a sieve havin
nominal mesh opening size width of 250
Z8801-1; determining a ratio of the matter remainin
in accordance with the followin

sieve; and deciding

criteria. It is to be noted that a less amount of

remaining matter on the sieve indicates superior

polymerization stability during the suspension

polymerization due to less coarse particles include
leading to sharp particle size distribution.

A: less than 5% by mass;

B: 5% by mass or greater and less than 10% by mass

and
C: 10% by mass or greater.
[0194]
Bulk density
The bulk density was measured according to JIS-K67
and evaluated in accordance with the following crit
A: 0.54 g/mL or greater;
B: 0.48 g/mL or greater and less than 0.54 g/mL; a
C: less than 0.48 g/mL.
[0195]
Remaining PVA in Polymerization Wastewater
The remaining PVA in the polymerization wastewater
accordance with the criteria

evaluated in following

depending on the degree of foaming, through a visua
inspection of the polymerization wastewater after r

the polymerization reaction product. It is to be n

a smaller degree of foaming indicates less remainin
polymerization wastewater.

A: not foaming;

n Table 5.
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B: slightly foaming; and

C: foaming.
[0196]
Table 5
Amount of PVA Particle Remaining PVA
Type of (A) added cize Bulk of wastewater
PVA () . SrEe density in
- parts |distribution olvmerization
bp by mass po-Ly
Example 29 PVA-1 200 0.188 A A A
Example 30 PVA-2 200 0.188 A A A
Example 31 PVA-3 200 0.188 A A A
Example 32 PVA-4 200 0.188 B A A
Example 33 PVA-5 200 0.188 A A B
Example 34 PVA-6 200 0.188 B A A
Example 35 PVA-T7 200 0.188 B A A
Example 36 PVA-8 200 0.188 B A A
Example 37 PVA-2 100 0.094 A A A
Example 38 PVA-3 150 0.141 A A B
Compazative | pyp o | 200 | o0.188 B B B
Example 29 )
Comparative _ _ _ _ _ _
Example 30 | TVATLO
comparative |,y 19| 20 | 0.019 B B A
Example 31 )
Comparative _ _ B _ _ _
Example 32 PVA-12
i PVA-13a
Comparative 200 | 0.188 B B B
Example 33 | pya-13b
Compazative | iy 14| 200 | 0.188 B B B
Example 34 )
Comparative
PVA-15 200 0.188 A B B
Example 35
comparative | pya 16 | 200 | 0.188 c B A
Example 36
Compazative | oo, 15| 200 | 0.188 B B C
Example 37 ’
[0197]
As shown in Table 5, the stabilizers for suspensio n
polymerization of Examples 29 to 38 enable a vinyl chloride

polymer to be obtained which is superior in the

polymerization stability during the suspension
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polymerization and has a high bulk density. Furthe
the amount of remaining PVA in the polymerization w
was also decreased. Particularly, according to the
stabilizers for suspension polymerization of Exampl
38, superior effects can be achieved with a lower u
amount, thereby enabling the production cost of the
chloride polymer to be reduced.
[0198]

On the other hand, according to the stabilizers fo
suspension polymerization of Comparative Examples 2
it was impossible to sufficiently satisfy all of th
polymerization stability, the bulk density and the
PVA during the suspension polymerization. Particul
PVAs in Comparative Examples 30 and 32 were useless
stabilizer for suspension polymerization.
[0199]
Evaluation of Coating Agent
Example 39

Preparation of of Coating Agent

Kaolin clay (Engelhard, “UW-90") was dispersed in

water so as to give a concentration of 40%, and the
dispersion was mixed with a home mixer for 10 min t

a dispersion liquid.

[0200]

Next, a 10% aqueous PVA solution was prepared by u

PVA-1, and the aqueous PVA solution and the kaolin

dispersion liquid were mixed such that the solid co

the kaolin dispersion liquid became 60 parts with r

40 parts of the solid content in the aqueous PVA so
Thereafter, water was mixed such that the solid con
concentration in the mixed solution was 15% to obta

coating agent.

[0201]
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Production of Coated Paper

A base paper for coated paper having a grammage of 70
g/m? was heated to 60 °C, and the aforementioned coatin g
agent was applied by hand on one surface of the bas e paper
by using a Meyer bar. The amount of this coating a gent to
be applied was 1.0 g/m 2 on one face of a paper base material,
in terms of the solid content equivalent. Next, th e coating
agent was dried by using a hot-air dryer at 100 °C for 3 min,
and subjected to humidity conditioning at 20 °C and a
relative humidity of 65% for 72 hours to give a coa ted paper
that includes a coating layer on the surface of the paper

base material.
[0202]
Examples 40 to 50, Comparative Examples 38 to 48
Coated papers were produced through preparing the

coating agent in a similar manner to Example 39 exc ept that
the PVA (A) and the crosslinking agent used were ch anged as
listed in Table 6.
[0203]

The crosslinking agents used in Examples 47 to 50 and

Comparative Example 47 are as shown below.

C-1: ammonium zirconium carbonate (Daiichi Kigenso
Kagaku Kogyo Co., Ltd., “C-77)

C-2: zirconium oxynitrate (Daiichi Kigenso Kagaku
Kogyo Co., Ltd., “Zircosol ZN")

C-3: titanium lactate (Matsumoto Fine Chemical Co.
Ltd., “TC-315")

C-4: polyamideepichlorohydrin (Ashland Inc., “Poly cup
172")
[0204]

The coating agents and coated papers of Examples a nd
Comparative Examples described above were evaluated in
accordance with the following criteria. The result s of the

evaluations are shown in Table 6.
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[0205]
Storage Stability of Coating Agent Preparation

After a 4% PVA aqueous solution was prepared, it w
stored at 40 °C, and each viscosity at immediately
preparation and one month later was measured. Base
results, the rate of viscosity change = (viscosity
month later/ viscosity at immediately after the pre
was determined, and the evaluation of the storage s
was made in accordance with the following criteria.

A: the rate of viscosity change being 0.8 or great
and 1.0 or less; and

B: the rate of viscosity change being less than 0.
[0206]
Surface Strength (Wet Picking Method)

After the face of the coated paper on which the
coating agent was applied (hereinafter, may be refe
as “surface”) was made wet with water at 20 °C, the
generation of picking was observed by using an RI t
machine (manufactured by Akira Seisakusho Co., Ltd.
the evaluation of the surface strength (coating fil
strength) was made in accordance with the following
It is to be noted that the when the evaluation resu
under the criteria A to C, it can be decided that t
paper is suited for practical applications.
A: picking not generated,;
B: picking very slightly generated;
C: picking considerably generated;
D: picking generated on almost the entire face; and
E: picking generated on the entire face.
[0207]
Oil Resistance

Salad oil in a volume of 0.1 mL was dropped on the
surface of the coated paper, and left to stand at 2

10 min. The oil was wiped away with gauze, and the

as
after the
d on the
at one
paration)
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rred to
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m
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0 °C for
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through to the paper was visually inspected to eval
oil resistance in accordance with the following cri

A: no strike through found;

B: strike through partially found; and

C: strike through found.
[0208]
Water Resistance (Wet Rubbing Method)

lon exchanged water at 20 °C in an amount of about
mL was dropped on the surface of the coated paper,
rubbed several times with a fingertip. The state o
elution of the coating was observed to evaluate the
resistance in accordance with the following criteri
to be noted that when the evaluation result falls u
criteria A to C, it can be decided that the coated
the water resistance suited for practical applicati

A: being superior in water resistance, without sli

feel;

B: slime feel present, but the coating layer not

altered;
C: a part of the coating agent being emulsified;
D: the entire coating agent being emulsified; and
E: the coating agent being dissolved.

[0209]

Printability

A snap dry ink (Dainippon Ink And Chemicals,

Incorporated) was applied on the surface of the coa
by using an RI printability tester to give an avera
thickness of 5
accordance with the following criteria.

A: the print density being high, without uneven pr
density found, and with a clear boundary between th

part and the non-printed part;

B: the print density being somewhat high, with som

uneven print density found, and with some bleeding

um, and the printability was evaluated in

uate the

teria.

0.1
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f the
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the printed part and with somewhat indefinite bound ary
between the printed part and the non-printed part; and

C: the print density being low, with uneven print
density considerably found and with considerable bl eeding
found on the printed part and with indefinite bound ary

between the printed part and the non-printed part.

Table 6
Crosslinking Coating agent Coated paper
agent
Type of
PVA (B) amou.nt. of viscosity | storage surface oil water rintabilit
type addition (mPaes) stability|strength| resistance | resistance P Y
(parts by
mass)
Example 39 PVA-1 - - 45 A B B B A
Example 40 PVA-2 - - 580 A B B B A
Example 41 PVA-3 - - 195 A B B C A
Example 42 PVA-4 - - 49 A C B C B
Example 43 PVA-5 - - 43 A C B B A
Example 44 PVA-6 - - 92 A C B C A
Example 45 PVA-T7 - - 46 A C B C A
Example 46 PVA-8 - - 46 A C B B A
Example 47 PVA-1 c-1 5 45 A B A A B
Example 48 PVA-1 c-2 5 45 A A A A A
Example 49 PVA-1 c-3 5 45 A B A A A
Example 50 PVA-1 c-4 5 45 A A A A A
Comparative
A- - -
Example 38 PVA-9 27 A E C E C
Comparative not
Exai 1e ‘39‘ PVA-10 - - completely B - - - -
b dissolved
Comparative | _ _ _
Example 40 PVA-11 26 A D C D C
Comparativ not
Eiaialz 416 PVA-12 - - completely B - - - -
P dissolved
i PVA-13a
Comparative B _ 26 B E o E c
Example 42 [pya-13p
Comparative
Example 43 PVA-14 26 A E o E C
Comparative | pu, g5 - 113 a D c D C
Example 44
Comparative . _ _ ~
Example 45 PVA-16 27 A E C E C
Comparative I _ B
Example 46 PVA-17 26 A D C E C
comparative | pyp o [ g 5 27 A E c D C
Example 47
Comparative _ _ _ .
Fxample 48 PVA-18 120 B E C E C
As shown in Table 6, any one of the coating agents of

Examples 39 to 50 was superior in storage stability , and the
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coated paper on which the coating agent was applied had the
coating film strength, the oil resistance, the wate r

resistance and the printability, which were each

sufficiently satisfactory for practical application S.
[0212]

On the other hand, some of the coating agents of
Comparative Examples 38 to 48 exhibited lack in the storage
stability, and the coated papers on which the coati ng was
applied were inferior in all the coating film stren gth, the
oil resistance, the water resistance and the printa bility.
Additionally, the PVAs in Comparative Examples 39 a nd 41, in

particular, were unusable for the coating.
[0213]

Evaluation of Sizing Agent for Fibers

Example 51

Preparation of Sizing Agent for Fibers, Sizing and
Weaving

A sizing agent for fibers was prepared by using wa ter
as a solvent, such that the concentration of PVA-1 was 7% by
mass, and the concentration of the wax (Kan-ei Sang yo Co.,
Ltd, “NC-204") was 0.7% by mass.
[0214]

Sizing was carried out under the following conditi ons
by using the sizing agent for fibers prepared as de scribed
above.

sizing machine: two-box two-sheet type (Tsudakoma
Corporation)

sizing temperature: 90 °C

squeeze roll width: 1,800 mm

squeeze load: 800 kg/1,800 mm width

warp raw yarn: cotton yarn (Toyobo Co., Ltd., “Kin gyo
(Gold Fish) C40/1")

warp speed: 60 yard/min

drying temperature: 100 °C to 130 °C
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sized yarn length: 5,600 yard
[0215]
By using the sized yarn as a warp, weaving was car ried
out under the following condition.
weft: cotton yarn (Toyobo Co., Ltd., “Kingyo C40/1 )
warp density: 136 yarns/inch
weft density: 72 yarns/inch
weaving width: 47 inch
warp total number: 6420 yarns
weave structure: broad
loom: air jet loom (Tsudakoma Corporation, “ZA-209 ")
loom rotation frequency: 600 rpm
[0216]
Examples 52 to 58 and Comparative Examples 49 to 57

Sizing agents for fibers were prepared, and sizing and
weaving were carried out in a similar manner to Exa mple 51
except that the PVA (A) used was changed as listed in Table
7. It is to be noted that in Comparative Examples 50 and 52,
PVA-10 and PVA-12 were not completely dissolved in water,
and thus preparation of the sizing agent for fibers failed.
[0217]

The sized yarns and textiles of Examples and
Comparative Examples described above were evaluated in
accordance with the following criteria. The result s of the

evaluations are shown in Table 7.

[0218]
Sizing Drop

The yarn sized by the aforementioned method was
humidity-conditioned at 20 °C and 40% RH (relative humidity),
and the extent of the detachment of the sizing agen t onto
the loom (reed, heald, dropper unit, etc.) when the weaving
in the length of 3,000 m was carried out under the weaving
condition described above was visually observed to evaluate

in accordance with the following criteria.
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A: very little;

B: little; and

C: plenty.
[0219]

Weaving Performance

The yarn sized by the method described above was

subjected to humidity conditioning at 20 °C and 40%
(relative humidity), and woven for three days under
aforementioned weaving condition. The weaving perf
in this procedure was evaluated on the basis of the
weaving efficiency and the warp cleavage.
[0220]

Average Weaving Efficiency

The average weaving efficiency was evaluated by us
a value derived by dividing the weaving length per
weaving time by the theoretical weaving length.

A: 93% or greater,;

B: 85% or greater and less than 93%; and

C: less than 85%
[0221]

Warp Cleavage

The warp cleavage was evaluated by using the avera
number of times of the thread breakage that occurre
unit weaving time.

A: less than 0.4 time/hour

B: 0.4 time/hour or greater and less than 1 time/h

C: 1 time/hour or greater
[0222]
Desizing Property

After the woven fabric obtained as described above
treated in a 0.1% aqueous sodium hydroxide solution
for 30 min, the alkali was rinsed with warm running
40 °C for 1 min. After drying, the desizing proper

evaluated on the basis of coloring with iodine, in

RH
the
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accordance with the following evaluation criteria.
A: colored portion not found on the entire face;
B: colored portion found in part; and

C: colored portion found in patches on the entire face.
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[0223]
Table 7
Results of evaluations
Type of .Sﬁi? o weaving performance o
PVA (RA) plig)up 5$1z1ng average desizing
° drop weaving warp property
o cleavage
efficiency
Example 51 PVA-1 10.8 A A A A
Example 52 PVA-2 10.8 B A A B
Example 53 PVA-3 10.7 A A B B
Example 54 PVA-4 10.6 A A A B
Example 55 PVA-5 10.7 A A B A
Example 56 PVA-6 10.8 B A A B
Example 57 PVA-7 10.7 A A A A
Example 58 PVA-8 10.6 A A B A
Comparative
Example 49 PVA-9 10.9 A B B B
Comparative _ N B B _ _
Example 50 PVA=10
Comparative
Example 51 PVA-11 10.7 A B B B
Comparative
Example 52 PVA-12
i PVA-13a
Comparative 10.7 c B c B
Example 53 |pya-13b
Comparative B
Example 54 PVA-14 11.0 A B B B
Comparative _
Example 55 PVA-15 10.8 B B B B
Comparative B
Example 56 PVA-16 10.8 A A B C
Comparative _
Example 57 PVA-17 10.8 A B cC B
[0224]
In Table 7, the value of size pick-up is determine d by
a method in which fluff-detaching portions during d esizing
and washing are calibrated as described in “Warp Si zing”
(Kaname FUKADA, Teruhiko ICHIMI, published by The T extile
Mechinery Society of Japan, 4th edition; pages 299 to 302).
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[0225]

As shown in Table 7, the sized yarns produced by u
the sizing agent for fibers of Examples 51 to 58 we
to be accompanied by less sizing drop in the divisi
to be superior in the weaving performance and desiz
property. On the other hand, the sized yarns produ
using the sizing agents for fibers of Comparative E
49 to 57 were proven to be accompanied by frequent
drop in the division, and also have insufficient we
performance and desizing property. In addition, th
used in Comparative Examples 50 and 52, in particul
unusable as the sizing agent for fibers.

[INDUSTRIAL APPLICABILITY]
[0226]

As explained in the foregoing, the vinyl alcohol

polymer of the aspect of the present invention has
solubility and a thickening property in a well-bala
manner, and additionally, leads to superior strengt

dry coating film. Therefore, the vinyl alcohol pol

be suitably used for thickening agents for use in w
based solutions and water-based emulsion solutions
paints, cements, concretes, adhesives, binders and

as well as stabilizers for emulsion polymerization,
stabilizers for suspension polymerization, coating

and sizing agents for fibers.
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CLAIMS

1. A vinyl alcohol polymer, wherein:

a ratio (Mw/Mn) of a weight average molecular weight (Mw) to a number average
molecular weight (Mn) of the vinyl alcohol polymer is in a range of 3 to 8;

the vinyl alcohol polymer comprises a branched structure formed by binding, the
binding being cleavable under an alkaline condition; and

when the vinyl alcohol polymer is treated at 40 °C for 1 hour in a sodium hydroxide
solution to cleave the binding, a resulting vinyl alcohol polymer has a ratio (Mw/Mn) of 2 or

greater and less than 3.

2. The vinyl alcohol polymer according to claim 1, obtained by:

polymerizing a vinyl ester monomer in the presence of at least one monomer selected
from the group consisting of a carboxylic acid having an unsaturated double bond, an alkyl
ester thereof, an acid anhydride thereof, and a salt thereof, and a silyl compound having an
unsaturated double bond; and

thereafter saponifying and carrying out a heat treatment of the polymerization product

at a temperature of 70 °C to 150 °C.

3. A thickening agent comprising the vinyl alcohol polymer according to claim 1.

4. A stabilizer comprising the vinyl alcohol polymer according to claim 1, wherein the

stabilizer is suitable for emulsion polymerization.

5. The stabilizer according to claim 4, further comprising water.
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6. A stabilizer comprising the vinyl alcohol polymer according to claim 1, wherein the

stabilizer is suitable for suspension polymerization.

7. The stabilizer according to claim 6, further comprising water.
8. A coating agent comprising the vinyl alcohol polymer according to claim 1.
9. The coating agent according to claim 8, further comprising a crosslinking agent.

10. A coated article produced by applying the coating agent according to claim 8 on a

surface of a base material.

11. The coated article according to claim 10, which is a thermal recording paper.

12. The coated article according to claim 10, which is a base paper for release paper.

13. The coated article according to claim 10, which is an oil resistant paper.

14. A sizing agent comprising the vinyl alcohol polymer according to claim 1.

15. The sizing agent according to claim 14, further comprising a wax.

16. A sized yarn comprising a raw yarn, and a binder with which the raw yarn is

impregnated, wherein the binder comprises the sizing agent according to claim 14.
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17. A method of producing a textile, comprising weaving the sized yarn according to

claim 16.

18. The vinyl alcohol polymer according to claim 1, comprising a unit derived from at
least one monomer selected from the group consisting of a carboxylic acid having an
unsaturated double bond, an alkyl ester of the carboxylic acid, an acid anhydride of the
carboxylic acid, a salt of the carboxylic acid, and a silyl compound having an unsaturated
double bond, wherein the unit is present in an amount of 0.02 to 5 mol% based on a total

number of moles of all monomer units constituting the vinyl alcohol polymer.



