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(57) ABSTRACT

An aqueous polyurethane resin is prepared by reaction of an
isocyanate group-terminated prepolymer with a chain
extender containing polyamine. The isocyanate group-termi-
nated prepolymer is obtained by reaction of at least a poly-
isocyanate containing 50 wt % or more of a non-multiple ring
polyisocyanate that does not contain an aromatic ring and an
aliphatic ring, or contains one aromatic ring or aliphatic ring;
polyoxyethylene polyol; and a polyoxyethylene side chain-
containing active compound having two or more hydroxyl
groups or isocyanate groups at its molecular terminal and
having a polyoxyethylene group in the side chain.
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AQUEOUS POLYURETHANE RESIN,
HYDROPHILIC RESIN, AND FILM

TECHNICAL FIELD

This application is a U.S. National Phase application under
35 US.C. §371 of PCT Application No. PCT/JP2008/
072053, filed Dec. 4, 2008, which claims priority under 35
U.S.C. §119(a)-(d) of Japanese Patent Application No. 2007-
316027, filed Dec. 6, 2007.

The present invention relates to an aqueous polyurethane
resin, a hydrophilic resin containing the aqueous polyure-
thane resin (first aqueous resin) and a second aqueous resin,
and a film obtained by using the hydrophilic resin.

BACKGROUND ART

Water-swelling polymers are also called a water absorptive
polymer. The water-swelling polymers are highly water-re-
tentive due to hydrophilicity and closslinked network of the
polymer itself, and are used, alone or in combination with
other resins, in various fields that require hydrophilicity such
as water permeability, moisture permeability, as well as water
retentivity, water swelling property, antistatic characteristics,
etc.

Meanwhile, there has been a demand for reduction of
organic solvent use in view of its toxicity and air polluting
characteristics, and therefore various investigations have
been conducted in the field of various resins to make a tran-
sition from organic solvent-based resins which are prepared
as a solution of the resins in an organic solvent, to aqueous
resins which are prepared as an aqueous dispersion of the
resins.

Thus, there has been a demand for a water-swelling poly-
mer that can be blended easily in an aqueous resin and is
capable of providing excellent hydrophilicity. For example,
there has been proposed in Patent Document 1 (see below)
that a polyurethane resin obtained by reaction of a urethane
prepolymer having an anionic group with a polyoxyethylene
group-containing polyamine has excellent compatibility with
aqueous resins and is capable of providing excellent hydro-
philicity.

Also, there has been known that a moisture-permeation and
water-proof treatment is given to fibers in order to block
rainwater but allow moisture (water vapor) such as sweat to
pass through.

With respect to a coating agent for such a moisture-perme-
ation and water-proof treatment, various investigations have
been conducted to make a transition from organic solvent-
based resins to aqueous resins.

For example, there has been proposed an aqueous polyure-
thane resin in which a polyurethane resin containing a hydro-
phobic macropolyol and a polyurethane resin containing a
hydrophilic macropolyol with 50 wt % or more of a polyoxy-
ethylene group are partially and chemically bonded through a
chain extender (for example, see Patent Document 2 below).

Further, there has been proposed an aqueous polyurethane
resin in which a polyurethane resin is dispersed or dissolved
in water: the polyurethane resin being obtained by reaction of
a hydrophobic macropolyol made of a polyoxyalkylenep-
olyol having an alkylene group with 3 to carbons and/or a
polyester polyol; a polyisocyanate containing at least 4,4'-
methylenebis(cyclohexyl isocyanate); a nonionic inner emul-
sifier containing two or more active hydrogen groups or two
or more isocyanate groups, and having a polyoxyethylene
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group in its side chain; and a chain extender containing at

least polyamine (see, for example, Patent Document 3

below).

Patent Document 1: Japanese Unexamined Patent Publica-
tion No. 2005-060690

Patent Document 2: International Patent Publication No.
WO2006/062165 Al

Patent Document 3: Japanese Unexamined Patent Publica-
tion No. 2006-335950

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

However, the polyurethane resin described in Patent Docu-
ment 1 above is anionic, and therefore when mixed with a
nonionic resin or a cationic resin, especially with a cationic
resin, there may be a case where the urethane resin is not
stably dispersed in water.

Furthermore, in the aqueous polyurethane resin described
in Patent Document 2 above, polyurethane resins are dis-
persed in water by an anionic inner emulsifier, to be specific,
by amine salt of dialkanol fatty acid. Therefore, amines (such
as triethylamine) are liberated as a VOC component when
films are formed and dried. Furthermore, the aqueous poly-
urethane resin described in Patent Document 2 above is high
in viscosity, which may cause a defect in handleability, and
also may require a decrease in the solid content concentration
of the aqueous polyurethane resin to be obtained.

Although the aqueous polyurethane resin described in
Patent Document 3 above is nonionic and is capable of solv-
ing the above-described problems, 4,4'-methylenebis(cyclo-
hexyl isocyanate) is an essential component therein, and
therefore the film has a high initial modulus value and it is
difficult to obtain soft texture.

An object of the present invention is to provide an aqueous
polyurethane resin; a hydrophilic resin containing the aque-
ous polyurethane resin (first aqueous resin) and a second
aqueous resin; and a film obtained by using the hydrophilic
resin: the aqueous polyurethane resin being capable of ensur-
ing stable water dispersion even when mixed with any of an
anionic resin, a cationic resin, and a nonionic resin; decreas-
ing liberation of VOC components when films are formed and
dried; further, ensuring soft texture; and ensuring a film excel-
lent in moisture permeability.

Means for Solving the Problem

To achieve the above object, an aqueous polyurethane resin
of the present invention is obtained by reaction of an isocy-
anate group-terminated prepolymer with a chain extender
containing polyamine, wherein the isocyanate group-termi-
nated prepolymer is obtained by reaction of at least: a poly-
isocyanate containing 50 wt % or more of a non-multiple ring
polyisocyanate that does not contain an aromatic ring and an
aliphatic ring or contains one aromatic ring or aliphatic ring;
polyoxyethylene polyol; and a polyoxyethylene side chain-
containing active compound having two or more hydroxyl
groups or isocyanate groups at its molecular terminal and
having a polyoxyethylene group in its side chain.

In the aqueous polyurethane resin of the present invention,
it is preferable that 50 to 85 wt % of the polyoxyethylene
group is contained.

In the aqueous polyurethane resin of the present invention,
it is preferable that the number average molecular weight of
the polyoxyethylene polyol is 600 to 6000.

In the aqueous polyurethane resin of the present invention,
it is preferable that the number average molecular weight of
the polyoxyethylene group is 600 to 6000 in the polyoxyeth-
ylene side chain-containing active compound.
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In the aqueous polyurethane resin of the present invention,
it is preferable that the polyoxyethylene side chain-contain-
ing active compound has a chemical bond of at least one
selected from the group consisting of a urea group, a urethane
group, and an allophanate group.

In the aqueous polyurethane resin of the present invention,
it is preferable that the polyamine is a polyoxyethylene
group-containing polyamine.

In the aqueous polyurethane resin of the present invention,
it is preferable that the polyamine contains an alkoxysilyl
compound having a primary amino group or a primary amino
group and a secondary amino group.

In the aqueous polyurethane resin of the present invention,
it is preferable that the chain extender contains monoamine.

In the aqueous polyurethane resin of the present invention,
it is preferable that the monoamine is a monoamino alcohol.

It is preferable that the aqueous polyurethane resin of the
present invention is used as a hydrophilic modifier.

The hydrophilic resin of the present invention contains the
above-described aqueous polyurethane resin as a first aque-
ous resin, and a second aqueous resin.

In the hydrophilic resin of the present invention, it is pref-
erable that the second aqueous resin contains, as a raw mate-
rial, at least one hydrophobic macropolyol selected from the
group consisting of polyester polyol, polycarbonate polyol,
and polyoxyalkylenepolyol having an alkylene group with 3
to 10 carbons, and 50 wt % or more of the hydrophobic
macropolyol is contained relative to the total amount of the
raw materials of the second aqueous resin.

In the hydrophilic resin of the present invention, it is pref-
erable that the second aqueous resin further includes, as a raw
material, a polyoxyethylene side chain-containing active
compound.

In the hydrophilic resin of the present invention, it is pref-
erable that 10 to 70 wt % of the polyoxyethylene group is
contained.

It is preferable that the hydrophilic resin of the present
invention is used as a coating agent for a moisture-permeation
and water-proof treatment.

A film of the present invention is obtained by using the
hydrophilic resin.

Effects of the Invention

In the aqueous polyurethane resin of the present invention,
polyoxyethylene polyol and polyoxyethylene side chain-con-
taining active compound contained therein are all nonionic,
and therefore stable water dispersion can be ensured even
when mixed with any of an anionic resin, a cationic resin, and
a nonionic resin. Also, no amine is liberated when films are
formed and dried, and thus the VOC components can be
decreased. Furthermore, the aqueous polyurethane resin of
the present invention is relatively low in viscosity, and there-
fore improvement in handleability can be achieved. Further-
more, the aqueous polyurethane resin of the present invention
contains 50 wt % or more of the non-multiple ring polyiso-
cyanate as the polyisocyanate, and therefore soft texture can
be obtained.

Therefore, the aqueous polyurethane resin of the present
invention is suitably used as a hydrophilic modifier.

Also, the hydrophilic resin of the present invention con-
taining the aqueous polyurethane resin of the present inven-
tion is suitably used as a coating agent for a moisture-perme-
ation and water-proof treatment.

Also, the film of the present invention obtained by using the
hydrophilic resin of the present invention has excellent mois-
ture-permeation and water-proof characteristics.
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Embodiment of the Invention

The aqueous polyurethane resin of the present invention
can be obtained by reaction of an isocyanate group-termi-
nated prepolymer with a chain extender, and the isocyanate
group-terminated prepolymer can be obtained by reaction of
at least polyisocyanate, polyoxyethylene polyol, and a poly-
oxyethylene side chain-containing active compound.

In the present invention, the polyisocyanate contains 50 wt
% or more, preferably 60 wt % or more, or more preferably 70
wt % or more of a non-multiple ring polyisocyanate. When
the mixing ratio of the non-multiple ring polyisocyanate is
below the above-described lower limit, gelation occurs when
the isocyanate group-terminated prepolymer and the chain
extender are allowed to react, and it becomes difficult to
obtain an aqueous dispersion of the aqueous polyurethane
resin.

The non-multiple ring polyisocyanate is a polyisocyanate
that does not contain an aromatic ring and an aliphatic ring in
one molecular, or a polyisocyanate that contains one aromatic
ring or aliphatic ring in one molecular, and examples thereof
include an aliphatic diisocyanate that does not contain an
aromatic ring and an aliphatic ring, a single-aromatic ring-
containing diisocyanate that contains one aromatic ring, and
a single-aliphatic ring-containing diisocyanate that contains
one aliphatic ring.

Examples of the aliphatic diisocyanate include trimethyl-
ene diisocyanate, tetramethylene diisocyanate, hexamethyl-
ene diisocyanate (abbreviation: HDI), pentamethylene diiso-
cyanate, 1,2-propylene  diisocyanate,  1,2-butylene
diisocyanate, 2,3-butylene diisocyanate, 1,3-butylene diiso-
cyanate, 2,4,4- or 2,2 4-trimethylhexamethylene diisocyan-
ate, and 2,6-diisocyanatomethyl caproate.

Examples of the single-aromatic ring-containing diisocy-
anate include 2,4- or 2,6-tolylene diisocyanate or mixtures
thereof (abbreviation: TDI), 4,4'-toluidine diisocyanate, 1,3-
or 1,4-xylylene diisocyanate or mixtures thereof (abbrevia-
tion: XDI), and tetramethylxylylene diisocyanate.

Examples of the single-aliphatic ring-containing diisocy-
anate include 1,3-cyclopentene diisocyanate, 1,4-cyclohex-
ane diisocyanate, 1,3-cyclohexane diisocyanate, 3-isocy-
anatomethyl-3,5,5-trimethylcyclohexyl isocyanate
(isophorone diisocyanate, abbreviation: IPDI), methyl-2,4-
cyclohexane diisocyanate, methyl-2,6-cyclohexane diisocy-
anate, and 1,3- or 1,4-bis(isocyanatomethyl)cyclohexane or
mixtures thereof (abbreviation: H XDI).

As the polyisocyanate, for example, multimers (for
example, dimers, trimers (for example, isocyanurate-modi-
fied substance), pentamers, septamers, etc.) of the above-
described non-multiple ring polyisocyanate (that is, aliphatic
diisocyanate, single-aromatic ring-containing diisocyanate,
and single-aliphatic ring-containing diisocyanate); an allo-
phanate-modified substance (for example, an allophanate-
modified substances produced by reaction of a non-multiple
ring polyisocyanate with alcohols); a biuret-modified sub-
stance (for example, a biuret-modified substance produced by
reaction of a non-multiple ring polyisocyanate with water or
amines); a urea-modified substance (for example, a urea-
modified substance produced by reaction of a non-multiple
ring polyisocyanate with diamine); oxadiazinetrione (for
example, oxadiazinetrione produced by reaction of a non-
multiple ring polyisocyanate with carbon dioxide); and a
carbodiimide-modified substance (a carbodiimide-modified
substance produced by decarboxylation condensation reac-
tion of a non-multiple ring polyisocyanate) may also be used.

The non-multiple ring polyisocyanate may be used alone
or in combination of two or more. In view of strength, yel-
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lowing characteristics, and texture, the single-aliphatic ring-
containing diisocyanate is preferable, and IPD, and H . XDI
are more preferable.

As long as the non-multiple ring polyisocyanate is con-
tained as the polyisocyanate at the above-described ratio, the
multiple ring-containing polyisocyanate may also be used
together.

The multiple ring-containing polyisocyanate is a polyiso-
cyanate that contains two or more aromatic rings and/or ali-
phatic rings in one molecular, and examples thereofinclude a
multiple aromatic ring-containing diisocyanate that contains
two or more aromatic rings, and a multiple aliphatic ring-
containing diisocyanate that contains two or more aliphatic
rings.

Examples of the multiple aromatic ring-containing diiso-
cyanate include m-phenylene diisocyanate, p-phenylene
diisocyanate, 4,4'-diphenyl diisocyanate, 1,5-naphthalene
diisocyanate, 4,4'-diphenylmethane diisocyanate (abbrevia-
tion: MDI), and 4,4'-diphenylether diisocyanate.

Examples of the multiple aliphatic ring-containing diiso-
cyanate include 4,4'-methylenebis(cyclohexyl isocyanate)
(abbreviation: H,,MDI), and 2,5 (2,6)-bis(isocyanatom-
ethyl) bicyclo[2.2.1]heptane.

Furthermore, for example, multimers, an allophanate-
modified substance, a biuret-modified substance, a urea-
modified substance, oxadiazinetrione, and a carbodiimide-
modified substance of the above-described multiple ring-
containing polyisocyanate (that is, multiple aromatic ring-
containing diisocyanate and multiple aliphatic ring-
containing diisocyanate) may be used.

The multiple ring-containing diisocyanate may be used
alone or in combination of two or more.

In the present invention, the polyoxyethylene polyol can be
obtained by, for example, addition polymerization of ethyl-
ene oxide using a low-molecular-weight polyol (described
later) as an initiator. Preferable example is polyethylene gly-
col.

The number average molecular weight of the polyoxyeth-
ylene polyol s, for example, 600 to 6000, or preferably 600 to
3000. When the number average molecular weight of poly-
oxyethylene polyol is below the above-described lower limit,
viscosity of the aqueous polyurethane resin may become
high, and softness of the film to be obtained may decrease,
whereas when the number average molecular weight of poly-
oxyethylene polyol exceeds the above-described upper limit,
water dispersion characteristics of the aqueous polyurethane
resin may be reduced.

The number average molecular weight of the raw materials
of'the aqueous polyurethane resin can be calculated based on
the hydroxyl group equivalent (ref. JIS K 1557-1 (2007)) and
the functionality of the raw materials.

The polyoxyethylene polyol is blended so that the poly-
oxyethylene group in the aqueous polyurethane resin is, for
example, 50 to 85 wt %, preferably 55 to 85 wt %, or more
preferably 60 to 80 wt %, relative to the total amount of the
polyoxyethylene side chain-containing active compound that
is blended, and a high-molecular weight polyol (blended as
necessary) containing an oxyethylene group such as polypro-
pylenepolyethylene glycol to be described later. When the
polyoxyethylene group in the aqueous polyurethane resin is
set in the above-described range, improvement in moisture
permeability of the film can be achieved.

When the polyoxyethylene group in the aqueous polyure-
thane resin is set in the above-described range, a high-mo-
lecular weight polyol and a low-molecular-weight polyol can
be used together with the polyoxyethylene polyol.
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Examples of the high-molecular weight polyol include
polyoxypropylene polyol (for example, polypropylene gly-
col, polypropylenepolyethylene glycol (random or block
copolymer of polypropylene oxide and polyethylene oxide)),
polyoxybutylene polyol (for example, polytetramethylene
ether glycol), polyester polyol (for example, alkylene (ethyl-
ene, and/or butylene) adipate and polycaprolactone polyol),
and polycarbonate polyol (for example, polycarbonatediol).

The number average molecular weight of the high-molecu-
lar weight polyol is, for example, 400 to 6000, and the mixing
ratio of the high-molecular weight polyol relative to the total
amount of the raw materials (total charge amount) of the
aqueous polyurethane resin is, for example, 0.5 to 15 wt %.

The low-molecular-weight polyol is a polyol having a
number average molecular weight of below 400, and
examples thereof include low molecular weight diols such as
ethylene glycol, propylene glycol, 1,4-butyleneglycol, 1,3-
butyleneglycol, 1,2-butyleneglycol, 1,6-hexanediol, neopen-
tyl glycol, 3-methylpentanediol, dimethylolheptane, alkane
(7 to 22 carbons) diol, diethylene glycol, tricthylene glycol,
dipropylene glycol, cyclohexanedimethanol, alkane-1,2-diol
(17 to 20 carbons), hydrogenated bisphenol A, 1,4-dihy-
droxy-2-butene, 2,6-dimethyl-1-octene-3,8-diol, bishy-
droxyethoxybenzene, xylene glycol, and bishydroxyethylene
terephthalate; and low-molecular-weight triols such as glyc-
erin, 2-methyl-2-hydroxymethyl-1,3-propanediol, 2,4-dihy-
droxy-3-hydroxymethylpentane, 1,2,6-hexanetriol, 1,1,1-tris
(hydroxymethyl) propane, and 2,2-bisthydroxymethyl)-3-
butanol.

The mixing ratio of the low-molecular-weight polyol rela-
tive to the total amount of the raw materials of the aqueous
polyurethane resin (total charge amount) is, for example, 0.01
to 5 wt %.

In the present invention, the polyoxyethylene side chain-
containing active compound is a compound having two or
more hydroxyl groups or isocyanate groups at its molecular
terminal and a polyoxyethylene group in the side chain, and
examples thereof include a polyoxyethylene side chain-con-
taining polyol having two or more hydroxyl groups at its
molecular terminal and a polyoxyethylene group in the side
chain; and a polyoxyethylene side chain-containing polyiso-
cyanate having two or more isocyanate groups at its molecu-
lar terminal and a polyoxyethylene group in the side chain.

The polyoxyethylene side chain-containing polyol can be
obtained, for example, as follows. First, diisocyanate (the
above-described diisocyanate) and a one-end-terminated
polyoxyethylene glycol (alkoxy ethylene glycol with its one
end terminated with a C1 to 20 alkyl group) are subjected to
urethane reaction such that the proportion of the isocyanate
group in diisocyanate is excessive relative to the hydroxyl
group in the one-end-terminated polyoxyethylene glycol, and
thereafter, unreacted diisocyanate is removed as necessary, so
that a polyoxyethylene chain-containing monoisocyanate is
synthesized. Then, the polyoxyethylene chain-containing
monoisocyanate and dialkanol amine (C1 to 20 dialkanol
amine) are subjected to urea reaction.

In the preparation of the polyoxyethylene side chain-con-
taining polyol, a preferable example of the one-end-termi-
nated polyoxyethylene glycol is methoxypolyethylene gly-
col, a preferable example of the diisocyanate is aliphatic
diisocyanate (for example, HDI), and an example of the dial-
kanol amine is diethanolamine.

The polyoxyethylene side chain-containing polyol thus
obtained has, for example, a urethane group and a urea group,
and represented by the following formula (1).
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[Chem. 1]

L
HO—X;—N—X;—O0H

CcO

NH—X;— NHCOO —CH,CH,09—X;

(where X, represents residual diisocyanate group (a portion
of diisocyanate other than the isocyanate group portion), X,
represents an alkyl group having 1 to 20 carbons, X, repre-
sents an alkylene group having 1 to 20 carbons, and n repre-
sents an integer of 13 to 140.)

The mixing ratio of the polyoxyethylene side chain-con-
taining polyol relative to the total amount of the raw materials
of the aqueous polyurethane resin (total charge amount) is,
for example, 5 to 40 wt %.

The polyoxyethylene side chain-containing polyisocyan-
ate can be obtained, for example, as follows. First, diisocy-
anate (the above-described diisocyanate) and a one-end-ter-
minated polyoxyethylene glycol (alkoxy ethylene glycol with
its one end terminated with a C1 to 20 alkyl group) are
subjected to urethane reaction such that the proportion of the
isocyanate group in diisocyanate is excessive relative to the
hydroxyl group in the one-end-terminated polyoxyethylene
glycol, and thereafter, unreacted diisocyanate is removed as
necessary, so that a polyoxyethylene chain-containing
monoisocyanate is synthesized. Then, the polyoxyethylene
chain-containing monoisocyanate and diisocyanate are sub-
jected to allophanate reaction.

In the preparation of the polyoxyethylene chain-containing
polyisocyanate, a preferable example of the one-end-termi-
nated polyoxyethylene glycol is methoxypolyethylene gly-
col, and a preferable example of the diisocyanate is aliphatic
diisocyanate (for example, HDI).

The polyoxyethylene side chain-containing polyisocyan-
ate thus obtained has, for example, a urethane group and an
allophanate roup, and represented by the following formula

).

[Chem. 2]

OCN—X,—N—CONH—X,—NCO @
CcO
O—tCH,CH,0+—X,

(where X, and X, represent the same or different residual
diisocyanate group (a portion of diisocyanate other than the
isocyanate group portion), X, represents an alkyl group hav-
ing 1 to 20 carbons, and n represents an integer of 13 to 140.)

The mixing ratio of the polyoxyethylene side chain-con-
taining polyisocyanate relative to the total amount of the raw
materials of the aqueous polyurethane resin (total charge
amount) is, for example, 5 to 40 wt %.

It is preferable that the polyoxyethylene side chain-con-
taining active compound contains the polyoxyethylene group
of, for example, 50 wt % or more, or preferably 60 to 90 wt %,
and the number average molecular weight of the polyoxyeth-
ylene group is, for example, 600 to 6000, preferably 600 to
3000, or more preferably 800 to 2500.

When the number average molecular weight of the poly-
oxyethylene group in the polyoxyethylene side chain-con-
taining active compound is below the above-described lower
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limit, water dispersion characteristics of the aqueous poly-
urethane resin may be reduced. Even when the number aver-
age molecular weight of the polyoxyethylene group in the
polyoxyethylene side chain-containing active compound
exceeds the above-described upper limit, water dispersion
characteristics of the aqueous polyurethane resin may be
reduced.

Then, the isocyanate group-terminated prepolymer is
obtained by allowing polyisocyanate, a polyol component
(contains polyoxyethylene polyol as an essential component,
and contains a high-molecular weight polyol and a low-mo-
lecular-weight polyol as optional components.), and the poly-
oxyethylene side chain-containing active compound to react.

In this reaction, the above-described components are
blended in an equivalent ratio of the isocyanate group to the
hydroxyl group (NCO/OH) of more than 1, or preferably 1.1
to 10. Then, the above-described components are allowed to
react by a known polymerizing method such as bulk polymer-
ization or solution polymerization. Preferably, solution poly-
merization, by which reactivity and viscosity adjustment is
easier, is used for the reaction of the above components.

In bulk polymerization, for example, the above-described
components are blended under a nitrogen atmosphere and
allowed to react at a reaction temperature of 75 to 85° C. for
about 1 to 20 hours.

In solution polymerization, for example, the above-de-
scribed components are blended in an organic solvent under a
nitrogen atmosphere, and allowed to react at a reaction tem-
perature of 20 to 80° C. for about 1 to 20 hours.

For the organic solvent, those organic solvents that are
inactive to isocyanate groups and are highly hydrophilic are
used, and examples thereof include acetone, methyl ethyl
ketone, ethyl acetate, tetrahydrofuran, and acetonitrile.

In the above-described polymerization, for example, a
reaction catalyst such as amine, tin, and lead system may be
added as necessary. Also, the unreacted polyisocyanate may
be removed from the obtained isocyanate group-terminated
prepolymer, for example, by a known method such as distil-
lation or extraction.

Then, to obtain the aqueous polyurethane resin of the
present invention, the obtained isocyanate group-terminated
prepolymer and a chain extender are allowed to react and to be
dispersed in water.

In the present invention, an example of the chain extender
is polyamine. Examples of the polyamine include
polyamines, polyoxyethylene group-containing polyamines,
and an alkoxysilyl compound (in the following, referred to as
an amino group-containing alkoxysilyl compound.) having a
primary amino group or having a primary amino group and a
secondary amino group.

Examples of the polyamines include diamines such as eth-
ylenediamine, 1,3-propanediamine, 1,4-butanediamine, 1,6-
hexamethylenediamine, 1,4-cyclohexane diamine, 3-ami-
nomethyl-3,5,5-trimethylcyclohexylamine
(isophoronediamine), 4,4'-dicyclohexylmethanediamine, 2,5
(2,6)-bis(aminomethyl) bicyclo [2.2.1]heptane, 1,3-bis(ami-
nomethyl)cyclohexane, hydrazine, and N-(2-aminoethyl)
ethanolamine; triamines such as diethylenetriamine, triethyl-

enetetramine, tetracthylenepentamine; tetraamines; and
pentaamines.
Examples of the polyoxyethylene group-containing

polyamine include polyoxyethylene ether diamine repre-
sented by the following formula (3), polyoxyalkylene ether
diamine represented by the following formula (4), polyoxy-
ethylene ether diamine represented by the following formula
(5), and polyoxyethylene ether polyamine represented by the
following formula (6).
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To be specific, examples thereof include PEG#1000
diamine (corresponding to the formula (3)) by NOF corpora-
tion, JEFFERMIN ED-2003 (corresponding to the formula
(4)), EDR-148 (corresponding to the formula (5)), and XTJ-
512 (corresponding to the formula (6)) by Huntsman Inc.

The number average molecular weight of the polyoxyeth-
ylene group-containing polyamine is, for example, 100 to
20000, or preferably 140 to 10000.

[Chem. 3]

(©)]
H,NCH,CH,CHy,0—¢ CH,CHyO+—CH,CH,CH,NH,

(where n represents polymerization degree.)

[Chem. 4]

“)
HZNTHCHZ—(-OTHCHZ-)n—(-OCHZCHZ-)m—(-OTHZCH-)I—NHZ

CH3 CH3 CH3

(where n, m, and 1 represent polymerization degree.)

[Chem. 5]

®
H,N—¢ CH,CH,09— CH,CH,NH,

(where n represents polymerization degree.)

[Chem. 6]

(6)
H,N—CH,CH,09— CH,CHNH4—H

(where m and n represent polymerization degree.)

Examples of the amino group-containing alkoxysilyl com-
pound include an alkoxysilyl group-containing monoamine
such as y-aminopropyl triethoxysilane and N-phenyl-y-ami-
nopropyl trimethoxysilane; N-p(aminoethyl)y-aminopropyl-
trimethoxysilane; and N-f(aminoethyl)y-aminopropylmeth-
yldimethoxysilane. By using the amino group-containing
alkoxysilyl compound as the chain extender, strength of the
obtained film can be improved.

These polyamines may be used alone or in combination,
and preferably, the polyoxyethylene group-containing
polyamine and the amino group-containing alkoxysilyl com-
pound are used in combination. When used in combination,
the mixing ratio of the polyoxyethylene group-containing
polyamine relative to the total amount of the raw materials of
the aqueous polyurethane resin (total charge amount) is, for
example, 1 to 15 wt %, and the mixing ratio of the amino
group-containing alkoxysilyl compound relative to the total
amount of the raw materials of the aqueous polyurethane
resin (total charge amount) is, for example, 0.05 to 2 wt %.

Further, monoamines may be used as the chain extender
along with the above-described polyamines. By using
monoamine, the viscosity of the obtained aqueous polyure-
thane resin can be made low.

Examples of the monoamine include alkylamines such as
2-ethylhexylamine and cyclohexylamine; dialkylamines
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such as diethylamine, dipropylamine, and dibutylamine; and
monoamino alcohols such as monoethanolamine and dietha-
nolamine.

These monoamines may be used alone or in combination,
and preferably, monoamino alcohols are used. When
monoamine is used in combination, the mixing ratio of the
monoamine relative to the total amount of the raw materials of
the aqueous polyurethane resin (total charge amount) is, for
example, 0.01 to 1 wt %.

Further, as the chain extender, the above-described low-
molecular-weight polyol may be used along with the above-
described polyamine. The low-molecular-weight polyol is
used in an appropriate mixing ratio relative to polyamine,
according to the purpose and use.

As the chain extender, preferably, polyamine and monoam-
ine are used in combination, and further preferably, the poly-
oxyethylene group-containing polyamine, the amino group-
containing alkoxysilyl compound, and monoamine are used
in combination. By using these in combination, improvement
in water dispersion characteristics of the aqueous polyure-
thane resin, and in strength of the obtained film can be
achieved.

The isocyanate group-terminated prepolymer and the
chain extender are allowed to react in water, for example, as
follows. First, the isocyanate group-terminated prepolymer is
added in water to be dispersed in water, and a chain extender
is added thereto, so that the isocyanate group-terminated pre-
polymer is chain-extended by the chain extender.

To disperse the isocyanate group-terminated prepolymer in
water, the isocyanate group-terminated prepolymer is added
in water while stirring, in such a proportion of 20 to 500 parts
by weight of water relative to 100 parts by weight of the
isocyanate group-terminated prepolymer.

Thereafter, a chain extender is added dropwise in the aque-
ous dispersion of the isocyanate group-terminated prepoly-
mer while stirring, such that the equivalent ratio of the active
hydrogen group (an amino group and a hydroxyl group) in the
chain extender relative to the isocyanate group in the isocy-
anate group-terminated prepolymer (active hydrogen group/
isocyanate group) is, for example, 0.8 to 1.2.

Itis preferable that the chain extender is added dropwise at
a temperature of 35° C. or less, and thereafter, for example,
the reaction is completed with further stirring at normal tem-
perature. As described above, the aqueous polyurethane resin
of the present invention can be obtained as an aqueous dis-
persion (aqueous dispersion having a solid content concen-
tration of, for example, 10 to 60 wt %, preferably 20 to 50 wt
%, or more preferably 25 to 45 wt %).

As opposed to the above, the isocyanate group-terminated
prepolymer can be dispersed in water by adding water to the
isocyanate group-terminated prepolymer, and then adding a
chain extender thereto, so that the isocyanate group-termi-
nated prepolymer is chain-extended by the chain extender.

When the isocyanate group-terminated prepolymer is
obtained by solution polymerization, the organic solvent is
removed, for example, by heating at an appropriate tempera-
ture under reduced pressure after the reaction.

In the aqueous polyurethane resin obtained as described
above, 50 to 85 wt %, preferably 55 to 85 wt %, or more
preferably 60 to 80 wt % of the polyoxyethylene group is
contained in the aqueous polyurethane resin (that is, in the
solid content of the aqueous dispersion). When the ratio of the
polyoxyethylene group in the polyurethane resin is below the
above-described lower limit, moisture permeability of the
film may decrease, and when the ratio of the polyoxyethylene
group in the aqueous polyurethane resin exceeds the above-
described upper limit, strength of the film may decrease.
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The viscosity of the aqueous dispersion of the aqueous
polyurethane resin is, for example, 20000 mPa-s (25° C.) or
less, preferably 12000 mPa-s (25° C.) or less, or more pref-
erably 9000 mPa-s (25° C.) or less. The viscosity can be
measured by using a B-type viscometer.

In the aqueous polyurethane resin of the present invention,
polyoxyethylene polyol and the polyoxyethylene side chain-
containing active compound contained therein are all non-
ionic, and therefore even when mixed with any of an anionic
resin, a cationic resin, and a nonionic resin, stable water
dispersion can be ensured. Also, when the film is formed and
dried, no amines are liberated, and therefore VOC compo-
nents can be decreased. Furthermore, the aqueous polyure-
thane resin of the present invention is relatively low in vis-
cosity, and therefore improvement in handleability can be
achieved. Furthermore, in the aqueous polyurethane resin of
the present invention, 50 wt % or more of the non-multiple
ring polyisocyanate is contained as polyisocyanate, and
therefore soft texture can be obtained.

Thus, the aqueous polyurethane resin of the present inven-
tion brings out excellent water swelling property based on
high hydrophilicity, is high in stability, and is excellent in
compatibility with other aqueous resins. Then, when the
aqueous polyurethane resin is blended with other aqueous
resins as a hydrophilic modifier, hydrophilicity such as water
permeability, moisture permeability, water retentivity, water
swelling property, and antistatic characteristics of the aque-
ous resin can be significantly improved.

Then, by using the aqueous polyurethane resin as a first
aqueous resin and another aqueous resin as a second aqueous
resin, i.e., by blending the first aqueous resin and the second
aqueous resin, a film made of a hydrophilic resin excellent in
moisture-permeation and water-proof characteristics can be
obtained.

There is no particular limitation for the second aqueous
resin. For example, the second aqueous resin is prepared as an
emulsion or an aqueous solution of the second aqueous resin
so that the second aqueous resin is blended in any amount.
Specific examples thereof include water-based emulsions
such as a vinyl acetate emulsion, an acrylic emulsion, a poly-
urethane emulsion, a polyester emulsion, and a polyolefin
emulsion; aqueous solutions of synthetic resin such as an
aqueous solution of polyvinylalcohol, an aqueous solution of
polyvinylpyrrolidone, and an aqueous solution of polyvinyl
acetal; and aqueous solutions of natural polymer such as
starch and gelatin.

A preferable example of the second aqueous resin is an
aqueous polyurethane resin (in the following, referred to as a
second aqueous polyurethane resin) that is high in hydropho-
bicity compared with the first aqueous resin.

Such a second aqueous polyurethane resin can be obtained,
for example, as follows. At least polyisocyanate, hydrophobic
macropolyol, and a hydrophilic group-containing active com-
pound as raw materials are allowed to react to synthesize an
isocyanate group-terminated prepolymer, and then the isocy-
anate group-terminated prepolymer and a chain extender as a
raw material are allowed to react.

As the polyisocyanate, both of the non-multiple ring poly-
isocyanate and the multiple ring-containing polyisocyanate
described above may be used without particular limitation.
Preferable example is a multiple ring-containing polyisocy-
anate, and more preferable example is a multiple aliphatic
ring-containing diisocyanate.

Examples of the hydrophobic macropolyol include poly-
ester polyol, polycarbonate polyol, and polyoxypolyalkyle-
nepolyol having an alkylene group with 3 to 10 carbons.
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Examples of the polyester polyol include a polyester
polyol produced by reaction of, for example, one, two, or
more of the above-described low-molecular-weight polyol
with a polycarboxylic acid such as malonic acid, maleic acid,
succinic acid, adipic acid, azelaic acid, tartaric acid, pimelic
acid, sebacic acid, oxalic acid, terephthalic acid, isophthalic
acid, maleic acid, maleic anhydride, fumaric acid, dimer acid,
trimellitic acid or derivatives thereof; and a polycaprolactone
polyol produced by ring-opening polymerization of e-capro-
lactone, etc.

Examples of the polycarbonate polyol include a polycar-
bonate polyol produced by reaction of one, two, or more of
the above-described low-molecular-weight polyol with, for
example, carbonates such as dimethyl carbonate, diphenyl
carbonate, ethylene carbonate, and phosgene.

Examples of the polyoxyalkylenepolyol having an alky-
lene group with 3 to 10 carbons include polyoxyalkylenep-
olyols produced by ring-opening addition polymerization of
cyclic ethers such as propyleneoxide, oxetan, tetrahydrofu-
ran, and tetrahydropyran, using, for example, the above-de-
scribed low-molecular-weight polyol as the initiator.
Examples thereof include polyoxypropylene polyol and poly-
tetramethylene ether polyol. Preferable example is a polyoxy-
alkylene polyol having an alkylene group with 3 to 7 carbons,
and more preferable example is a polyoxyalkylene polyol
having an alkylene group with 4 to 6 carbons.

The number average molecular weight of these hydropho-
bic macropolyols is, for example, 300 to 10000, or preferably
500 to 5000.

For example, 50 wt % or more, or preferably 60 wt % or
more of the hydrophobic macropolyol is blended relative to
the total amount of the raw materials of the second aqueous
polyurethane resin (total charge amount). By containing 50
wt % or more of the hydrophobic macropolyol, mechanical
strength of the hydrophilic resin can be improved.

In the synthesis of the second aqueous polyurethane resin,
the above-described low-molecular-weight polyol may be
used as a raw material in combination with the hydrophobic
macropolyol. When the low-molecular-weight polyol is used
in combination, the mixing ratio of the low-molecular-weight
polyol relative to the total amount of the raw materials of the
second aqueous polyurethane resin (total charge amount) is,
for example, 0.01 to 5 wt % or less.

Examples of the hydrophilic group-containing active com-
pound include a nonionic group-containing active compound
and an ionic group-containing active compound.

Examples of the nonionic group-containing active com-
pound include polyoxyethylene glycol and the above-de-
scribed polyoxyethylene side chain-containing active com-
pound. In the nonionic group-containing active compound,
the number average molecular weight of the nonionic group,
that is, the polyoxyethylene group, is, for example, 600 to
6000.

The ionic group-containing active compound is, for
example, a compound having both of an anionic group such as
carboxylic acid or a cationic group such as quaternary amine;
and two or more active hydrogen groups such as a hydroxyl
group or an amino group. A preferable example is a com-
pound having both of an anionic group and two or more
hydroxyl groups; and a more preferable example is a com-
pound having both carboxylic acid and two hydroxyl groups.
Examples of such a compound include dimethylol propionic
acid and dimethylol butanoic acid.

Examples of these hydrophilic group-containing active
compounds include, preferably, a polyoxyethylene side
chain-containing active compound, and more preferably, a
polyoxyethylene side chain-containing polyol.
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The mixing ratio of the hydrophilic group-containing
active compound relative to the total amount of the raw mate-
rials of the second aqueous polyurethane resin (total charge
amount) is, in the case of the nonionic group-containing
active compound, for example, 5 to 25 wt %, and in the case
of'the ionic group-containing active compound, 1.5 to 8 wt %.

To obtain the isocyanate group-terminated prepolymer, the
above-described component is blended such that the equiva-
lent ratio of the isocyanate group relative to the hydroxyl
group (NCO/OH) exceeds 1, preferably 1.05 to 4.0, and the
above-described component is allowed to react in the same
manner as the above-described method.

When the ionic group-containing active compound is
blended, a neutralizing agent (for example, in the case of the
anionic group, a tertiary amine such as triethylamine) is
added after the reaction to neutralize the ionic group.

The isocyanate group-terminated prepolymer can be pre-
pared without blending the hydrophilic group-containing
active compound, for example, by allowing polyisocyanate, a
hydrophobic macropolyol, and, as necessary, a low-molecu-
lar-weight polyol to react, and then adding an emulsifier.

Thereafter, the isocyanate group-terminated prepolymer
and a chain extender are allowed to react in water in the same
manner as the above-described method, so that a second
aqueous polyurethane resin is obtained.

Examples of the chain extender include the above-de-
scribed chain extenders, and preferably, polyamines are used.

The second aqueous polyurethane resin is thus obtained as
an aqueous dispersion (an aqueous dispersion having a solid
content concentration of, for example, 10 to 60 wt %, or
preferably 20 to 50 wt %).

It is preferable that the second aqueous resin has mechani-
cal strength of the following when cast (for example, when
cast as a film having a width of 10 mm and a thickness of 0.1
mm): atensile strength of, for example, 6 MPa or more, 8 MPa
or more, or particularly 10 MPa or more; and an elongation
percentage of, for example, 200% or more, 300% or more, or
particularly 400% or more. Furthermore, it is preferable that
the water swelling percentage when cast with the conditions
as described above is, for example, 20% or less, 10% or less,
particularly 5% or less.

Then, by blending the above-described aqueous polyure-
thane resin as the first aqueous resin in such a second aqueous
resin, a film made of a hydrophilic resin excellent in moisture-
permeation and water-proof characteristics can be obtained.

Upon blending the first aqueous resin and the second aque-
ous resin, a compatibilizer such as N-methylpyrrolidone and
N,N-dimethylformamide, and a curing agent such as blocked
isocyanate (for example, tolylene diisocyanate-based
blocked isocyanate) may also be blended together with these
resins.

The first aqueous resin and the second aqueous resin are
blended such that the mixing ratio of the first aqueous resin
relative to the total of the first aqueous resin (the solid content
of the aqueous dispersion of the first aqueous resin) and the
second aqueous resin (the solid content of the aqueous dis-
persion of the second aqueous resin) is, for example, 20 to 80
wt %, or preferably 30 to 70 wt %. When the mixing ratio of
the first aqueous resin is below 20 wt %, moisture permeabil-
ity of the film obtained by casting may decrease, and when the
ratio exceeds 80 wt %, strength of the film obtained by casting
may decrease.

By casting the hydrophilic resin of the present invention, a
film having moisture-permeation and water-proof character-
istics can be obtained. The film may be cast as any of a
microporous film or a nonporous film.
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In particular, by casting the resin onto a foundation cloth, a
moisture-permeation and water-proof treatment can be given
to the foundation cloth, so that, for example, a moisture-
permeable and water-proof material used for apparel can be
obtained.

Examples of the foundation cloth include fabric, knit, and
unwoven cloth which are made of fibers such as polyester,
nylon, and cotton.

For the casting of the hydrophilic resin onto a foundation
cloth, for example, methods such as a laminating method and
adirect coating method are used, and the methods are selected
appropriately according to the application.

In the laminating method, for example, the hydrophilic
resin is applied on the surface of an exfoliate paper and a heat
treatment is given. Thereafter, the exfoliate paper is laminated
onto a cloth and heat-fused thereto.

Inthe direct coating method, the resin is directly applied on
the surface of a foundation cloth or an exfoliate paper, using
a usual coating method, for example, by using a knife coater.

Then, by such casting, the surface of the foundation cloth is
covered with a film made of the hydrophilic resin having
moisture-permeation and water-proof characteristics, and
thus a moisture-permeation and water-proof treatment is
given to the surface of the foundation cloth. The foundation
cloth to which the moisture-permeation and water-proof
treatment is given is used for apparel as a moisture-perme-
ation and water-proof material.

The moisture-permeation and water-proof characteristics
are characteristics of a film to not allow water such as rain, etc.
to pass through, but to pass through moisture (water vapor),
and for example, in a moisture-permeable and water-proof
material used for apparel, water vapor due to sweat from a
body is released outside the cloth, and rain is prevented from
going inside the cloth.

Itis necessary that characteristics such as conformability to
foundation cloth, abrasion resistance, and break resistance
are sufficiently ensured for the hydrophilic resin of the
present invention. Therefore, a film made by casting the
hydrophilic resin of the present invention has the following
mechanical strength: a tensile strength of, for example, 3 MPa
or more, 4 MPa or more, or more preferably 6 MPa or more;
and an elongation percentage of, for example, 200% or more,
300% or more, or more preferably 400% or more.

Furthermore, moisture permeability of the hydrophilic
resin of the present invention is, after casting the resin to form
a film having a thickness of 0.02 mm, 3000 (g/m?>-24 hrs) or
more, or preferably 4000 (g/m*-24 hrs) or more based on the
moisture permeability test of A-1 method (according to JIS
L1099 (2006)).

A curing catalyst and various additives may be appropri-
ately blended to the aqueous polyurethane resin, the second
aqueous polyurethane resin, and the hydrophilic resin, in such
a range that does not inhibit the above-described excellent
effects of the present invention. Examples of the various
additives include a plasticizer, an antifoaming agent, a level-
ing agent, an antifungal agent, an antirust agent, a delusterant,
a fire retardant, a thixotropic agent, a tackifier, a thickening
agent, a lubricant, an antistatic agent, a surfactant, a reaction
retardant, an antioxidant, a ultraviolet absorber, a hydrolysis
inhibitor, a weathering stabilizer, a dye, an inorganic pigment,
an organic pigment, an extender, a curing agent, and an anti-
tack agent.

Examples of the curing agent include an isocyanate-based
curing agent, and a preferable example is a water dispersible
polyisocyanate-based curing agent.

Examples of the anti-tack agent include inorganic powder,
and a preferable example is silicon dioxide powder.
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The mixing ratio of various additives is appropriately
selected according to its purposes and applications.

The aqueous polyurethane resin and the hydrophilic resin
of the present invention can be used widely, not only in the
above-described field of apparel, but also in various industrial
fields, such as automobiles, electronic devices, building
materials, artificial leather, and film treatment.

EXAMPLES

While in the following, the present invention is described
in further detail with reference to Synthesis Examples,
Examples, and Comparative Examples, the present invention
is not limited to any of them by no means. “Parts”, and “%”
are weight-basis, unless otherwise specified.

Synthesis Example 1

Synthesis of Polyoxyethylene Side Chain-Containing
Polyol A

A reactor equipped with athermometer, a nitrogen gas inlet
tube, and a stirrer was charged with 627.1 parts of hexameth-
ylene diisocyanate (TAKENATE 700 manufactured by Mit-
sui Chemicals Polyurethanes, Inc.) and 372.9 parts of meth-
oxypolyethylene glycol (MPEG-1000, manufactured by
TOHO Chemical Industry Co., LTD.) that was heated to a
temperature of 50° C. and having a number average molecular
weight of 1000 while introducing a nitrogen gas, and the
mixture was allowed to react at 80° C. for 6 hours. After
reaching a predetermined isocyanate group content, unre-
acted hexamethylene diisocyanate was removed by using a
Smith type wiped film evaporator, so that a polyoxyethylene
chain-containing monoisocyanate was obtained. The calcu-
lated number average molecular weight of the polyoxyethyl-
ene chain-containing monoisocyanate was 1168 g/mol.

Then, a reactor equipped with a thermometer, a nitrogen
gas inlet tube, and a stirrer was charged with 83.9 parts of
diethanolamine at room temperature while introducing a
nitrogen gas. The polyoxyethylene chain-containing
monoisocyanate A in an amount of 916.1 parts was added
thereto while cooling, and the mixture was allowed to react at
60° C. for 3 hours. With an infrared spectrum, production of
urea bonds was confirmed, thus a polyoxyethylene side
chain-containing polyol A was obtained. The polyoxyethyl-
ene side chain-containing polyol A contained 78.5 wt % of the
polyoxyethylene group, and the calculated number average
molecular weight was 1275 g/mol.

Example 1
Synthesis of Aqueous Polyurethane Resin A

A four-neck flask equipped with a reflux condensing tube,
anitrogen inlet tube, a thermometer, and a stirrer was charged
with 52.5 g of 1,3-(bisisocyanatomethyl)cyclohexane (trade
name: TAKENATE 600, manufactured by Mitsui Chemicals
Polyurethanes, Inc.), 177.9 g of polyethylene glycol (trade
name: PEG-1000, manufactured by TOHO Chemical Indus-
try Co., LTD.) having a number average molecular weight of
1000, 41.7 g of the polyoxyethylene side chain-containing
polyol A, and 120 g of acetonitrile; and the mixture was
allowed to react under a nitrogen atmosphere with the reac-
tion solution temperature adjusted to 75 to 78° C. and with a
slight amount of stannous octoate (reaction catalyst, trade
name: Stanoct, manufactured by API corporation) added
thereto, so that the reaction rate of 99% or more was achieved
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in 7 hours. Then, the reaction product was cooled to 30° C., so
that an isocyanate group-terminated prepolymer was
obtained.

Next, 900 g of water was added to a reaction vessel
equipped with a homodisper capable of high-speed stirring,
and the isocyanate group-terminated prepolymer was added
thereto with the temperature adjusted to 25° C. while stirring
and mixing at a rate of 2000 min™', so that the isocyanate
group-terminated prepolymer was dispersed in water.

Thereafter, 25.1 g of polyoxyethylene diamine (trade
name: PEG/41000 diamine, manufactured by NOF corpora-
tion) having a number average molecular weight of 1000, 1.7
g of N-f} (aminoethyl) y-aminopropylmethyldimethoxysilane
(amine value 544, trade name: KBM602, manufactured by
Shin-Etsu Chemical Co., Ltd.), and 1 g of monoethanolamine
were added thereto, and the mixture was stirred at 30to 35° C.
for 3 hours. Afterwards, acetonitrile and a portion of water
were removed under reduced pressure, so that 1000 g of an
aqueous dispersion of an aqueous polyurethane resin A was
prepared.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained aqueous polyurethane resin A calculated
based on the mixing formulation, and the solid content (wt %)
and the viscosity (mPa-s) of its aqueous dispersion are shown
in Table 1.

Examples 2 and 3
Synthesis of Aqueous Polyurethane Resins B and C

Based on the mixing formulation shown in Table 1 below,
an aqueous dispersion of an aqueous polyurethane resin B
(Example 2) and an aqueous dispersion of an aqueous poly-
urethane resin C (Example 3) were prepared in the same
manner as in Example 1.

Also, as in Example 1, the content of the polyoxyethylene
group (EO content (wt %)) in the obtained aqueous polyure-
thane resins B and C calculated based on the mixing formu-
lation, and the solid content (wt %) and the viscosity (mPa-s)
of their aqueous dispersions are shown in Table 1.

Comparative Example 1
Synthesis of Aqueous Polyurethane Resin D

Based on the mixing formulation shown in Table 1 below,
an aqueous dispersion of an aqueous polyurethane resin D
was prepared in the same manner as in Example 1. However,
2 minutes after adding the chain extender, the viscosity of the
aqueous dispersion began to be high, and gellation was
caused after 5 minutes.

Comparative Example 2
Synthesis of Aqueous Polyurethane Resin E

A four-neck flask equipped with a reflux condensing tube,
anitrogen inlet tube, a thermometer, and a stirrer was charged
with 38.2 g of 1,3-(bisisocyanatomethyl)cyclohexane (trade
name: TAKENATE 600, manufactured by Mitsui Chemicals
Polyurethanes, Inc.), 25.8 g of 4,4"-methylenebis(cyclohexyl
isocyanate)(trade name: Desmodule W, manufactured by
Bayer Inc.), 124.8 g of polyethylene glycol (trade name:
PEG-1000, manufactured by TOHO Chemical Industry Co.,
LTD.) having a number average molecular weight of 1000,
13.6 g of dimethylol propionic acid (trade name: Bis-MPA,
manufactured by Perstorp), and 100 g of acetonitrile; and the
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mixture was allowed to react under a nitrogen atmosphere
with the reaction solution temperature adjusted to 75 to 78° C.
and with a slight amount of stannous octoate (reaction cata-
lyst, trade name: Stanoct, manufactured by API corporation)
added thereto, so that the reaction rate of 99% or more was
achieved in 7 hours. Then, the reaction product was cooled to
30° C., and 10.2 g of triethylamine was added thereto while
stirring to sufficiently neutralize, so that an isocyanate group-
terminated prepolymer was obtained.

Next, 900 g of water was added to a reaction vessel
equipped with a homodisper capable of high-speed stirring,
and the isocyanate group-terminated prepolymer was added
thereto with the temperature adjusted to 25° C. and while
stirring and mixing at a rate of 2000 min~", so that the isocy-
anate group-terminated prepolymer was dispersed in water.

Thereafter, 33.7 g of polyoxyethylene diamine (trade
name: PEG#1000 diamine, manufactured by NOF corpora-
tion) having a number average molecular weight of 1000, 2.3
g of N-f (aminoethyl) y-aminopropylmethyldimethoxysilane
(amine value 544, trade name: KBM602, manufactured by
Shin-Etsu Chemical Co., L.td.), and 1.4 g of monoethanola-
mine were added thereto, and the mixture was stirred at 30 to
35° C. for 3 hours. Afterwards, acetonitrile and a portion of
water were removed under reduced pressure, so that 1000 g of
an aqueous dispersion of an aqueous polyurethane resin E
was prepared.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained aqueous polyurethane resin E calculated
based on the mixing formulation, and the solid content (wt %)
and the viscosity (mPa-s) of its aqueous dispersion are shown
in Table 1.

TABLE 1
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POE side chain polyol A: polyoxyethylene side chain-
containing polyol A

PEG#1000 diamine: polyoxyethylene diamine having a
number average molecular weight of 1000, manufactured by
NOF corporation

KBM602: N-f(aminoethyl) y-aminopropylmeth-
yldimethoxysilane (amine value 544), manufactured by Shin-
Etsu Chemical Co., Ltd.

Synthesis Example 2
Synthesis of Second Aqueous Polyurethane Resin A

A four-neck flask equipped with a reflux condensing tube,
anitrogen inlet tube, a thermometer, and a stirrer was charged
with 81.8 g of 4,4"-methylenebis(cyclohexyl isocyanate)(t-
rade name: Desmodule W, manufactured by Bayer Inc.),
217.2 g of polycaprolactonediol (trade name: PLACCEL
220, manufactured by Daicel Chemical Industries Ltd.) hav-
ing a number average molecular weight of 2000, 5.1 g of
ethylene glycol, 41.5 g of the polyoxyethylene side chain-
containing polyol A, and 350 g of acetonitrile, and the mixture
was allowed to react under a nitrogen atmosphere with the
reaction solution temperature adjusted to 75 to 78° C. and
with a slight amount of stannous octoate (reaction catalyst,
trade name: Stanoct, manufactured by API corporation)
added thereto, so that the reaction rate of 99% or more was
achieved in 7 hours. Then, the reaction product was cooled to
30° C., so that an isocyanate group-terminated prepolymer
was obtained.

Comparative Comparative

Mixing Formulation (g) Example 1 Example2 Example3 Example 1 Example 2
Aqueous Polyurethane Resin A B C D E
HXDI 52.5 — 31.9 — 38.2
IPDI — 56.7 — — —
H,,MDI — — 21.6 66.7 25.8
PEG-1000 177.9 167.7 163.7 168.7 124.8
POE Side Chain Polyol A 41.7 39.9 38.4 395 —
Dimethylol Propionic Acid — — — — 13.6
Triethylamine — — — — 10.2
PEG#1000 Diamine 25.1 23.7 22 22.6 33.7
KBM-602 1.7 1.6 1.5 1.6 2.3
Monoethanolamine 1 1 0.9 0.9 1.4
Acetonitrile 120 120 120 120 100
Water 900 900 900 900 900
EO Content (wt %)/ 78.5 76.6 77 74 67.6
Solid Content
Solid Content (wt %)/ 30 29 28 Caused 25
Aqueous Dispersion Gelation
Viscosity (mPa - s/25° C.)/ 1500 3700 7100 — 21000
Aqueous Dispersion

55

Abbreviations in Table 1 are described below.

HgXDI: 1,3-bis(isocyanatomethyl) cyclohexane, trade
name TAKENATE 600, manufactured by Mitsui Chemicals
Polyurethanes, Inc.

IPDI: isophorone diisocyanate, manufactured by Evonic
Degussa AG

H,,MDI: 4,4'-methylenebis(cyclohexyl isocyanate), trade
name Desmodule W, manufactured by Bayer Inc.

PEG-1000: polyethylene glycol having a number average
molecular weight of 1000, manufactured by TOHO Chemical
Industry Co., LTD.
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Then, 700 g of water having a temperature of 25° C. was
gradually added thereto, so that the isocyanate group-termi-
nated prepolymer was dispersed in water. Thereafter, 14.4 g
of isophorone diamine was added thereto, and the mixture
was stirred at 30 to 35° C. for 3 hours. Afterwards, acetonitrile
and a portion of water were removed under reduced pressure,
so that 1000 g of an aqueous dispersion of a second aqueous
polyurethane resin A was prepared.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained second aqueous polyurethane resin A



US 8,461,255 B2

19

calculated based on the mixing formulation, and the solid
content (wt %) and the viscosity (mPa-s) of its aqueous dis-
persion are shown in Table 2.

Synthesis Examples 3 and 4

Synthesis of Second Aqueous Polyurethane Resins B
and C

Based on the mixing formulation shown in Table 2 below,
an aqueous dispersion of a second aqueous polyurethane
resin B (Synthesis Example 3), and an aqueous dispersion of
a second aqueous polyurethane resin C (Synthesis Example
4) were prepared in the same manner as in Synthesis Example

Also, as in Synthesis Example 2, the content of the poly-
oxyethylene group (EU content (wt %)) in the obtained sec-
ond aqueous polyurethane resins B and C calculated based on
the mixing formulation, and the solid content (wt %) and the
viscosity (mPas) of their aqueous dispersion are shown in
Table 2.

Synthesis Example 5
Synthesis of Second Aqueous Polyurethane Resin D

A four-neck flask equipped with a reflux condensing tube,
anitrogen inlet tube, a thermometer, and a stirrer was charged
with 74.4 g of 4,4'-methylenebis(cyclohexyl isocyanate)(t-
rade name: Desmodule W, manufactured by Bayer Inc.),
152.8 g of polytetramethylene ether glycol (trade name:
PTG2000SN, manufactured by Hodogaya Chemical Co.,
Ltd.) having a number average molecular weight of 2000, 3.6
g of ethylene glycol, 9.2 g of dimethylol propionic acid (trade
name: Bis-MPA, manufactured by Perstorp), and 250 g of
acetonitrile; and the mixture was allowed to react under a
nitrogen atmosphere with the reaction solution temperature
adjusted to 75 to 78° C. and with a slight amount of stannous
octoate (reaction catalyst, trade name: Stanoct, manufactured
by API corporation) added thereto, so that the reaction rate of
99% or more was achieved in 7 hours. Then, the reaction
product was cooled to 30° C., and 7 g of triethylamine was
added while stirring to sufficiently neutralize, so that an iso-
cyanate group-terminated prepolymer was obtained.

Next, 950 g of water was added to a reaction vessel
equipped with a homodisper capable of high-speed stirring,
and the isocyanate group-terminated prepolymer was added
thereto with the temperature adjusted to 25° C. and while
stirring and mixing at a rate of 2000 min™', so that the isocy-
anate group-terminated prepolymer was dispersed in water.

Thereafter, 13.1 g of isophorone diamine was added
thereto, and the mixture was stirred at 30 to 35° C. for 3 hours.
Afterwards, acetonitrile and a portion of water were removed
under reduced pressure, so that 1000 g of an aqueous disper-
sion of a second aqueous polyurethane resin D was prepared.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained second aqueous polyurethane resin D
calculated based on the mixing formulation, and the solid
content (wt %) and the viscosity (mPa-s) of its aqueous dis-
persion are shown in Table 2.

TABLE 2

Synthesis ~ Synthesis  Synthesis  Synthesis

Mixing Formulation (g) Example 2 Example 3 Example 4 Example 5

Second Aqueous A B C D

Polyurethane Resin
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TABLE 2-continued
Synthesis  Synthesis  Synthesis ~ Synthesis
Mixing Formulation (g) Example 2 Example 3 Example 4 Example 5
H,MDI 81.8 81.8 81.8 74.4
PLACCEL 220 217.2 — — —
PTG2000SN — 217.2 — 152.8
UH-200 — — 217.2 —
Ethylene Glycol 5.1 5.1 5.1 3.6
POE Side Chain 41.5 41.5 41.5 —
polyol A
Dimethylol — — — 9.2
Propionic Acid
Triethylamine — — — 7
Isophorone Diamine 14.4 144 14.4 13.1
Acetonitrile 350 350 350 250
Water 700 700 700 950
EO Content (wt %)/ 9 9 9 0
Solid Content
Solid Content (wt %)/ 36 36 36 26
Aqueous Dispersion
Viscosity <30 <30 <30 <30

(mPa - s/25° C.)/
Aqueous Dispersion

Abbreviations in Table 2 are described below.

H, ,MDI: 4,4'-methylenebis(cyclohexyl isocyanate), trade
name Desmodule W, manufactured by Bayer Inc.

PLACCEL220: polycaprolactonediol having a number
average molecular weight of 2000, trade name manufactured
by Daicel Chemical Industries Ltd.

PTG2000SN: polytetramethylene ether glycol having a
number average molecular weight of 2000, manufactured by
Hodogaya Chemical Co., Ltd.

UH-200: polycarbonatediol having a number average
molecular weight of 2000, manufactured by Ube Industries,
Ltd.

POE side chain polyol A: polyoxyethylene side chain-
containing polyol A

Example 4
Synthesis of Hydrophilic Resin A

A reaction vessel equipped with a homodisper capable of
high-speed stirring was charged with 320 g of the aqueous
dispersion of the aqueous polyurethane resin A, and 500 g of
the aqueous dispersion of a second aqueous polyurethane
resin A, and the mixture was stirred for 10 minutes at a rate of
2000 min~'. Afterwards, the mixture was defoamed under
reduced pressure, so that an aqueous dispersion of the hydro-
philic resin A was obtained.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained hydrophilic resin A calculated based on
the mixing formulation, and the solid content (wt %) and the
viscosity (mPa-s) of its aqueous dispersion are shown in Table

Examples 5 to 9 and Comparative Example 3
Synthesis of Hydrophilic Resins B to G

Based on the mixing formulation shown in Table 3 below,
aqueous dispersions of hydrophilic resins B to G were pre-
pared in the same manner as in Example 4. In Example 9, the
mixture was dehydrated under reduced pressure after the
stirring to adjust the solid content concentration.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained hydrophilic resins B to G calculated based
on the mixing formulation, and the solid content (wt %) and
the viscosity (mPa-s) of their aqueous dispersions are shown
in Table 3.
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TABLE 3

22

Mixing Formulation (g)

Comparative

Example 4 Example 5 Example 6 Example 7 Example 8 Example9 Example 3

Hydrophilic Resin A B C D E F G
Aqueous Polyurethane Type A B C A A A E
Resin Amount (Aqueous 320 320 320 342 342 490 500
Dispersion)
Second Aqueous Type A A A B C A D
Polyurethane Resin Amount (Aqueous 500 500 500 500 500 500 500
Dispersion)
EO Content (wt %)/Solid Content 33.2 32 31.6 34.2 34.2 40.2 33.1
Solid Content (wt %)/Aqueous Dispersion 33.7 333 32.9 33.7 33.7 35 255
Viscosity (mPa - s/25° C.)/Aqueous Dispersion 1200 2500 5900 10000 4000 1600 18000
Moisture Permeability Test A-1 method 5400 5300 5000 5200 5200 6300 5300
(g/m? - 24 hrs)
Mechanical Strength Test Tensile Strength (MPa) 12 11.2 12.2 75 14 9.4 13.2
Elongation Percentage 650 640 610 450 620 600 540
(%)
100% Modulus 0.8 0.8 1 0.8 1 0.6 1.2
Value (MPa)
20
Example 10 aqueous polyurethane resin I (Example 13) were prepared in
the same manner as in Example 10.
Synthesis of Aqueous Polyurethane Resin F Also, as in Example 10, the content of the polyoxyethylene
) ) ) 55 group (EO content (wt %)) in the obtained aqueous polyure-
A four-neck flask equipped with a reflux condensing tube, “* hane resins G to I calculated based on the mixing formula-
anitrogen inlet tube, e}thermometer, and astirrer was charged  {jon and the solid content (wt %) and the viscosity (mPa-s) of
with 67.6 g of l,3-(b1s1socyanatomethyl)cyc!ohe?xane (t.rade their aqueous dispersions are shown in Table 4.
name: TAKENATE 600, manufactured by Mitsui Chemicals
Polyurethanes, Inc.), 243.3 g of polyethylene glycol (trade ., TABLE 4
name: PEG-1000, manufactured by TOHO Chemical Indus-
try Co., LTD.) having a number average molecular weight of o ] Example — Bxample Example  Example
1000. 39.1 f . . ] Mixing Formulation (g) 10 11 12 13
, 39.1 g of the polyoxyethylene side chain-containing
polyol A, and 150 g of acetonitrile, and the mixture was Aqueous F G H I
allowed to react under a nitrogen atmosphere with the reac- 35 Folyurethane Resin
. uti dusted to 75 to 78° C... so that th HeXDI 67.6 67.6 67.6 67.9
tion s.o ution temperature adjusted to . (o] . ., S0 that the PEG-1000 2433 2433 2433 254.8
reaction rate of 99% or more was achieved in 7 hours. Then, POE side chain 39.1 39.1 39.1 27.3
the reaction product was cooled to 30° C., so that an isocy- polyolA
" ¢ inated 1 btained Ethylene Diamine 2.1 2.1 1.8 1.8
anate group-terminated prepolymer was obtained. KBM.602 s - - -
Next, 958.5 g of water was added to a reaction vessel 40 Monoethanolamine 0.9 — — —
equipped with a homodisper capable of high-speed stirring, Diethanolamine — 3.1 1 11
: _ : Aminoalcohol EA — — 1.5 1.3
and the isocyanate groupterminated prepolymer was added (T o
ereto with the temperature adjusted 1o - and wi Water 958.5 960.3 958.1 957.7
stirring and mixing at a rate of 2000 min™", so that the isocy- EO content(wt %)/ 76.8 76.7 76.8 77.7
anate group-terminated prepolymer was dispersed in water. 45 Solid Content
Thereafter, 2.1 g of ethylenediamine, 1.5 g of N-f3 (amino- Solid Content(wt %)/ 22 33 332 34
hyl) y-aminopropylmethyldimethoxysilane (amine value Adueous Dispersion
ethyl) v propy y Y : Viscosity 6560 1830 4410 4730
544, trade name: KBMG602, manufactured by Shin-Etsu (mPa - §/25° C.)/
Chemical Co., Ltd.), and 0.9 g of monoethanolamine were Aqueous Dispersion
added thereto, and the mixture was stirred at 30 to 35° C. for 30
3 hours. Afterwards, acetonitrile and a portion of water were L )
removed under reduced pressure, so that 1100 g ofan aqueous Abbreviations in Table 4 are described below.
dispersion of an aqueous polyurethane resin F was prepared. HXDI: 1,3-bis(isocyanatomethyl) cyclohexane, trade
The content of the polyoxyethylene group (EO content (Wt name TAKENATE 600, manufactured by Mitsui Chemicals
%)) in the obtained aqueous polyurethane resin F calculated 55 polyurethanes, Inc.
based on the mixing f« lati dthesolid content (wt % .
ased OfL I XA (oMU, alld the Souc conten (wt %) PEG-1000: polyethylene glycol having a number average
and the viscosity (mPa-s) of its aqueous dispersion are shown . :
in Table 4. molecular weight of 1000, manufactured by TOHO Chemical
Industry Co., LTD.
Examples 11 to 13 60 POE side chain polyol A: polyoxyethylene side chain-
) ) containing polyol A
Synthesis of Aqueous Polyurethane Resins G to | KBM602: N-B  (aminoethyl) y-aminopropylmeth-
Based on the mixing formulation shown in Table 4 below, }]éldlmceltlhox.ymllacne (eiméne value 544), manufactured by Shin-
an aqueous dispersion of an aqueous polyurethane resin G 65 tsu Chemical Co., Ltd.

(Example 11), an aqueous dispersion of an aqueous polyure-
thane resin H (Example 12), and an aqueous dispersion of an

Aminoalcohol EA: N-(2-aminoethyl) ethanolamine,
manufactured by Nippon Nyukazai Co., Ltd.
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Synthesis Example 6

Synthesis of Second Aqueous Polyurethane Resin E

A four-neck flask equipped with a reflux condensing tube,
anitrogen inlet tube, a thermometer, and a stirrer was charged
with 86.4 g of 4,4'-methylenebis(cyclohexyl isocyanate)(t-
rade name: Desmodule W, manufactured by Bayer Inc.).
226.6 g of polytetramethylene ether glycol (trade name:
PTHF2000, manufactured by BASF Japan) having a number
average molecular weight of 2000, 2.5 g of ethylene glycol,
11 g of dimethylol propionic acid (trade name: Bis-MPA,
manufactured by Perstorp), 143.5 g of acetonitrile, and 79.7 g
of acetone, and the mixture was allowed to react under a
nitrogen atmosphere with the reaction solution temperature
adjusted to 75 to 78° C., so that the reaction rate of 99% or
more was achieved in 7 hours. Then, the reaction product was
cooledto 30° C., and 8.3 g of triethylamine was added thereto
while stirring to sufficiently neutralize, so that an isocyanate
group-terminated prepolymer was obtained.

Next, 1050 g of water was added to a reaction vessel
equipped with a homodisper capable of high-speed stirring,
and the isocyanate group-terminated prepolymer was added
thereto with the temperature adjusted to 25° C. and while
stirring and mixing at a rate of 2000 min~", so that the isocy-
anate group-terminated prepolymer was dispersed in water.

Thereafter, 15.2 g of isophorone diamine was added
thereto, and the mixture was stirred at 30 to 35° C. for 3 hours.
Afterwards, acetonitrile and a portion of water were removed
under reduced pressure, so that 1000 g of an aqueous disper-
sion of a second aqueous polyurethane resin E was prepared,

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained second aqueous polyurethane resin E
calculated based on the mixing formulation, and the solid
content (wt %) and the viscosity (mPa-s) of its aqueous dis-
persion are shown in Table 5.

TABLE 5
Mixing Formulation (g) Synthesis Example 6
Second Aqueous Polyurethane E
Resin
H,,MDI 86.4
PTHF2000 226.6
Ethylene Glycol 2.5
Dimethylol Propionic Acid 11
Triethylamine 8.3
Isophorone Diamine 15.2
Acetonitrile 143.5
Acetone 79.7
Water 1050
EO content(wt %)/ 0
Solid Content
Solid Content(wt %)/ 35
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TABLE 5-continued

Mixing Formulation (g) Synthesis Example 6

Aqueous Dispersion
Viscosity(mPa - s/25° C.)/
Aqueous Dispersion

1010

Abbreviations in Table 5 are described below.

H,,MDI: 4,4'-methylenebis(cyclohexyl isocyanate), trade
name Desmodule W, manufactured by Bayer Inc.

PTHF2000: polytetramethylene ether glycol having a
number average molecular weight of 2000, manufactured by
BASF Japan

Example 14
Synthesis of Hydrophilic Resin H

A reaction vessel equipped with a homodisper capable of
high-speed stirring was charged with 476 g of an aqueous
dispersion of the aqueous polyurethane resin F and 400 g of
an aqueous dispersion of the second aqueous polyurethane
resin E. Further, a tolylene diisocyanate-based blocked iso-
cyanate (trade name: TAKENATE WB-700, manufactured by
Mitsui Chemicals Polyurethanes, Inc.) was blended therein
such that 5 parts by weight of the tolylene diisocyanate-based
blocked isocyanate was blended relative to 100 parts by
weight of the total amount of the aqueous dispersion of the
aqueous polyurethane resin F and the aqueous dispersion of
the second aqueous polyurethane resin E; and the mixture was
stirred for 10 minutes at a rate of 2000 min™". Afterwards, the
mixture was defoamed under reduced pressure, so that an
aqueous dispersion of the hydrophilic resin H was obtained.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained hydrophilic resin H calculated based on
the mixing formulation excluding the amount of the blocked
isocyanate blended therein, and the solid content (wt %) and
the viscosity (mPa-s) of its aqueous dispersion are shown in
Table 6.

Examples 15 to 18
Synthesis of Hydrophilic Resins I to L.

Based on the mixing formulation shown in Table 6, aque-
ous dispersions of the hydrophilic resins [ to L. were prepared
in the same manner as in Example 14. In Examples 17 and 18,
water was blended in together with the aqueous dispersion of
the aqueous polyurethane resin, and the aqueous dispersion of
the second aqueous polyurethane resin.

The content of the polyoxyethylene group (EO content (wt
%)) in the obtained hydrophilic resins Ito L calculated based
on the mixing formulation excluding the amount of the
blocked isocyanate blended therein, and the solid content (wt
%) and the viscosity (mPa-s) of their aqueous dispersions are
shown in Table 6.

TABLE 6
Mixing Formulation (g) Ex. 14 Ex. 15 Ex. 16 Ex. 17 Ex. 18
Hydrophilic Resin H I 7 K L
Aqueous Polyurethane Type F G F H I
Resin Amount (Aqueous Dispersion) 476 500 437 520 536
Second Aqueous Type E E E E E
Polyurethane Resin Amount (Aqueous Dispersion) 400 425 210 274 280
Water Amount 0 0 0 48 30
EO Content (wt %)/Solid Content 40.1 40.3 50.5 504 50.5
Solid Content (wt %)/Aqueous Dispersion 335 339 33.1 331 33.1
Viscosity (mPa - s/25° C.)/Aqueous Dispersion 5820 1410 6410 2280 2750

Curing Agent (WB700)  Amount

Spartsby 5partsby Spartsby 5Spartsby 5 parts by
weight weight weight weight weight
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TABLE 6-continued
Mixing Formulation (g) Ex. 14 Ex. 15 Ex. 16 Ex. 17 Ex. 18
Moisture Permeability Test A-1 Method (g/m? - 24 hrs) 6500 6900 8500 8600 8800
Mechanical Strength Test Tensile Strength (MPa) 7.7 4.6 3.8 43 3.8
Elongation Percentage (%) 380 360 320 340 350
100% Modulus Value (MPa) 1.9 1.6 1.5 1.7 1.6
Abbreviations in Table 6 are described below. 10 acteristics, and therefore is suitably used for a moisture-

WB700: curing agent, tolylene diisocyanate-based
blocked polyisocyanate, trade name: TAKENATE WB-700,
solid content concentration 44 wt %, manufactured by Mitsui
Chemicals Polyurethanes, Inc.

The mixing formulation of the curing agent shown in Table
6 is the amount (unit: parts by weight) of the curing agent
blended relative to 100 parts by weight of the total amount of
the aqueous dispersion of the aqueous polyurethane resin, the
aqueous dispersion of the second aqueous polyurethane resin,
and water that was blended in as necessary.

Evaluation

Moisture Permeability Test (Moisture Permeability
Test A-1 Method)

The aqueous dispersion of the hydrophilic resin of
Examples and Comparative Examples was cast to form a dry
transparent film having a thickness of 0.02 mm. Thereafter,
moisture permeability of the film was evaluated according to
JIS 1.1099 (2006) A-1 method (calcium chloride method).
The results are shown in Tables 3 and 6.

Mechanical Strength Test

The aqueous dispersion of the hydrophilic resin of
Examples and Comparative Examples was cast to form a dry
transparent film having a thickness 0of' 0.1 mm. Thereafter, the
film was cut into a strip of 1 cm, and a tensile test was
performed with a condition of a tensile speed of 200
mm/minute. The stress at breakage (tensile strength (MPa)),
the elongation percentage (%), and 100% modulus value
(MPa) were measured. The results are shown in Tables 3 and
6.

In the above-described moisture permeability test and
mechanical strength test, because the aqueous polyurethane
resin E and the second aqueous polyurethane resin D which
are anionic are blended in the aqueous dispersion of the
hydrophilic resin G, the viscosity of the aqueous dispersion of
the hydrophilic resin G was high, and its handleability was
poor compared with the hydrophilic resins A to F.

While the illustrative embodiments of the present inven-
tion are provided in the above description, such is for illus-
trative purpose only and it is not to be construed as limiting
the scope of the present invention. Modification and variation
of'the present invention that will be obvious to those skilled in
the art is to be covered by the following claims.

Industrial Applicability

The aqueous polyurethane resin of the present invention is
suitably used as a hydrophilic modifier. Also, the hydrophilic
resin of the present invention containing the aqueous poly-
urethane resin of the present invention is suitably used as a
coating agent for a moisture-permeation and water-proof
treatment. Furthermore, the film of the present invention
obtained by using the hydrophilic resin of the present inven-
tion has excellent moisture-permeation and water-proof char-

permeation and water-proof treatment.

The invention claimed is:
1. A hydrophilic resin comprising a first aqueous resin and
3 asecond aqueous resin, wherein

the first aqueous resin is an aqueous polyurethane resin
obtained by reaction of an isocyanate group-terminated
prepolymer with a chain extender containing diamines
such that the equivalent ratio of an amino group in the
chain extender relative to the isocyanate group in the
isocyanate group-terminated prepolymor is 0.8 to 1.2,

wherein the isocyanate group-terminated prepolymer is
obtained by reaction of components consisting of:

a polyisocyanate consisting of bis(isocyanatomethyl)cy-
clohexane,

a polyol component containing polyoxyethylen glycol
having the number average molecular weight of 300 to
6000, and

apolyoxyethylene side chain-containing active compound
having two or more hydroxyl groups or isocyanate
groups at its molecular terminal and having a polyoxy-
ethylene group in its side chain,

the second aqueous resin is an aqueous polyurethane resin
obtained by reaction of an isocyanate group-terminated
prepolymer with a chain extender containing diamines
such that the equivalent ratio of an amino group in the
chain extender relative to the isocyanate group in the
isocyanate group-terminated prepolymer is 0.8 to 1.2,

wherein the isocyanate group-terminated prepolymer is
obtained by reaction components consisting of:

a polyisocyanate consisting of methylenebis(cyclohexyl
isocyanate),

a polyol component containing polytetramethylene ether
glycol having the number average molecular weight of
300 to 10000, and

an ionic group-containing active compound having both
carboxylic acid and two or more hydroxyl groups,
wherein the content of the ionic group-containing active
compound is 1.5 to 8 wt % relative to the total amount of
the raw materials of the second aqueous resin.

2. The hydrophilic resin according to claim 1, which is used
as a coating agent for a moisture-permeation and water-proof
treatment.

3. A film obtained by using a hydrophilic resin, wherein the
hydrophilic resin comprises a first aqueous resin and a second
aqueous resin, wherein

the first aqueous resin is an aqueous polyurethane resin
obtained by reaction of an isocyanate group-terminated
prepolymer with a chain extender containing diamines

such that the equivalent ratio of an amino group in the chain
extender relative to the isocyanate group in the isocyan-
ate group-terminated prepolymer is 0.8 to 1.2,

wherein the isocyanate group-terminated prepolymer is
obtained by reaction components consisting of:

a polyisocyanate consisting of bis(isocyanatomethyl)cy-
clohexane,
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a polyol component containing polyoxyethylene glycol
having the number average molecular weight of 300 to
6000, and

apolyoxyethylene side chain-containing active compound
having two or more hydroxyl groups or isocyanate
groups at its molecular terminal and having a polyoxy-
ethylene group in its side chain,

the second aqueous resin is an aqueous polyurethane resin
obtained by reaction of an isocyanate group-terminated
prepolymer with a chain extender containing diamines
such that the equivalent ratio of an amino group in the
chain extender relative to the isocyanate group in the
isocyanate group-terminated prepolymer is 0.8 to 1.2,
wherein the isocyanate group-terminated prepolymer is
obtained by reaction components consisting of:

a polyisocyanate consisting of methylenebis(cyclohexyl
isocyanate),

a polyol component containing polytetramethylene ether
glycol having the number average molecular weight of
300 to 10000, and

an ionic group-containing active compound having both
carboxylic acid and two or more hydroxyl groups,
wherein the content of the ionic group-containing active
compound is 1.5 to 8 wt % relative to the total amount of
the raw materials of the second aqueous resin.

#* #* #* #* #*
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