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ABSTRACT

It is an object to provide an acrylic resin composition
dispersed in water. The composition has excellent appearance
and sufficient dispersion stability, 1s stable even 1in
one-package composition, exhibits physical properties of
coating film excellent in water resistance, solvent resistance
and weathering resistance, and suffliciently deals with recent
environmental issues. It is also an object of the present
invention to provide a coating film formed using such an acrylic
resin composition dispersed in water. It is also an object of
the present invention to provide a coating film formed using
such an acrylic resin composition dispersed 1n water. The
acrylic resin composition dispersed in water 1s an one-package
compositionobtainedbycombining apolymer comprising a monomer
unit containing an aliphatic hydrocarbon group having 8 to 24
carbon atoms and a (meth)acrylic acidmonomer unit, an oxazollne
compound having two or more oXazoline rings and a specific amine
compound.
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DESCRIPTION
ACRYLIC RESIN COMPOSITION DISPERSED IN WATER

FIELD OF THE INVENTION

The present invention relates to an acrylic resin
composition dispersed in water and a coating film. More
particularly, the present invention relates to an acrylic resin
composition dispersed 1n water suitable for a variety of uses
such as coating composition for finishing automobiles required
to have excellent appearance and excellent coating physical
properties, and a coating film using such an acrylic resin
composition dispersed in water.

BACKGROUND ART

Since a resin composition dispersed in water may suppress
the content of an organic solvent compared to that of a
conventional resindispersedinsolvent, sucharesincomposition
dispersed 1n water has been employed as an environment-friendly
resin in a variety of uses such as water-based coatingmaterials
(coating compositions) for vehicles, plastic-molded products,
domestic electric appliances, steel products, large scale
constructions, aircrafts, buillding materials, construction
materlials, tiles, andcraft products aswell as adhesives, resist,
printing ink. In a field of automotive coating compositions
suchasaclear topcoatingcomposition for finishingautomobiles
among such fields, the resin composition dispersed in water is
requlred to give good appearance, sufficiently stable and
excellent coatingphysical properties, andespeciallyhighwater
resistance and further along with increasing consciousness on
environmental issues in recent years, in order to satisfy the
requlrement of lowVOC (volatileorganic compounds), a technique
realizing sufficient reduction in the content of an organic
solvent has been longed for.

With regard to a conventional resin dispersed in water,
Japanese Kokal Publication Hei-6-192341 (pp 2-3) discloses a
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long-chain (meth)acrylate copolymer latex obtained in the
followingmanner: amixture of a long-chainalkyl (meth)acrylate
and a hydrophilic monomer is emulsified and dispersed in an
aqueous emulsifier solution to form monomer liquid droplets 5
um or less and the monomer liquld droplets is polymerized.
Japanese Kokal Publication 2000-313863 (pp 2-3) discloses an
emulsion type adhesive composition obtained in the following
manner: a monomer mixture containing a long-chain
alkyl (meth)acrylate with an alkyl group having 9 to 13 carbon
atoms andana, B-~unsaturatedmonocarboxylicacidordicarboxylic
acid is emulsified and dispersed in an aqueous radically
polymerizable emulsifier solution to form monomer liquid
droplets having an average particle diameter of 2 um or less,
and the monomer liquid droplets 1s polymerized in the presence
of an initiator. Japanese Kokal Publication Hei-5-170805 (p
2) discloses an agueous resin emulsion obtained by emulsion
polymerizinga {(meth)acrylateof analcohol having 8 to 30 carbon
atoms and other copolymerizable vinyl monomers in an aqueous
medium using two kinds of nonionic surfactants having a specific
HLB. Japanese Kokal Publication Hel-6-322007 (pp 2-4)
discloses an aqueous resin dispersion solution obtained by
emulsionpolymerizingapolymerizablemonomerwithanalkyl group
having 12 to 18 carbon atoms and other polymerizable monomers
in the presence of a high-molecular emulsifier. These resin
compositions are obtained by using a highly hydrophobic
long-chain alkyl (meth)acrylate as a monomer component and by
dispersing the monomer component in an aqueous solvent using
an emulsifier or the like to polymerize the monomer component
and there 1s therefore a room for contrivance to more improve
the appearance of coating film and the properties of coating
film as a composition used in, particularly, applications such
as palnts for automobiles.

Also, Japanese Kokai Publication Hei-6-49367 (pp 2-3 and
5) discloses a resin composition dispersed 1n water obtained

in the following manners: a resin mixture containing two kinds
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of acrylic resins having a carboxyl group and a hydroxyl group
andawater-insoluble compoundor resinhavinga functional group
reactive with the above carboxyl group and hydroxyl group 1s
neutralized by a base and then dispersed 1in water.

It is described that this resin composition comprises an
acrylic resin (a) having a low acid value (acid value: 4 to 23)
and an acrylic resin (b) having a high acid value, wherein the
additive amount of the acrylic resin having a high acid value
is as low as 5 to 25 parts by weight and the additive amount
of the acrylic resin having a low acid value 1s 20 to 60 parts
by weight. It is considered that the acid value 1s too low to
use the carboxyl group for crosslinking, and satisfactory
performance may not be exhibited because of insufficient
crosslinking. Also, it is assumed that satisfactory
performance maynot be obtainedbecause the dispersionstability
of the composition after the composition is dispersed 1n water
is insufficient, and an emulsifier is substantially added to
improve, for example, dispersion stability and therefore the
influence of the emulsifier on the coating film is concerned.
In order that the resin composition sufficiently exhibits
excellent coating properties such as excellent appearance and
high water resistance required for, particularly, automotive
coating compositions, reduction or nonuse of additives, such
as emulsifiers, that may affect coating films is desired. There
was therefore a room for contrivance 1n this point.

Moreover, in the specification (pp 1-3) of Japanese Patent
No. 2683063, a plastic coating resin composition is disclosed,
inwhichtheplasticcoatingresincompositioncontains apolymer
produced by copolymerizing monomer components including a
polymerizable unsaturated monomer having a carboxyl group and

other polymerizable unsaturated monomers, and addition

polymerizable oxazoline and, as required, a polymer produced
by (co)polymerizing monomer components including one or more
types of other polymerizable unsaturated monomers. Japanese
Kokai Publication 2003-155420 (pp 2, and 5-6) discloses a
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water-based resin composition comprising a combination of an
anionic resin and/or an amphotericresin, apolyvalent oxazoline
compound and a polyvalent metal compound. It 1s described that
these resin compositions use a long-chain acryl (meth)acrylate
as a monomer component and an oxazoline crosslinking agent. An
oxazoline ring may react with a carboxyl group and there was
therefore a room for contrivance to more ilmprove storage
stability, thereby making a stable composition even 1in
one—-package composition, to more improve the dispersion
stability of an acrylic resin in water, whereby the composition
exhibits excellent appearance and coating properties when 1t
1s used 'in various applications such as coaﬁing compositions
for automobiles.

In the meantime, Japanese Kokal Publicatlon Hei-6-256715
(pp 2-4) discloses, a coating composition for repairing
automobiles comprising a hydroxyl group—-containing (meth)acryl
copolymer, apolyisocyanate compoundandasolvent andcontaining
an organic solvent as a solvent type resin composition,. Also,
Japanese Kokai Publication2000-7950 (page?2) discloses, apowder
coating resin composition containing, as essential components,
a vinyl copolymer comprising a vinyl monomer containing a silyl
group, vinyl monomer containing a glycidyl group, a long-chain
alkyl (meth)acrylate and a (meth)acrylate having a bulky alkyl
group, andanaliphaticdibasicacidas apowder resincomposition.
In these resin compositions, there was a room for contrivance
to exhibit excellent appearance and coating properties such as
high water resistance which are required for, particularly,
automobile coating compositions and to deal with recent

environmental 1ssues.

BRIEF SUMMARY OF THE PRESENT INVENTION
In view of the above state of the art, 1t is an object
of the present invention to provide an acrylic resin composition
dispersed in water. The compositlion has excellent appearance
and sufficient dispersion stability, 1s stable even 1n
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one—-package composition (one-liquid composition), exhibits
physical propertiesofcoatingfilmexcellentinwaterresistance,
solvent resistance and weathering resistance, and sufficiently
deals with recent environmental i1ssues. It 1s also an object
of the present invention to provide a coating £film formed using
such an acrylic resin composition dispersed in water.

The present inventors have made various studlies on resin
compositions dispersed in water and consequently, have found
that when an acrylic polymer and a specific oxazollne compound
are lncluded in a resin composition dispersed in water, these
compounds are thermally crosslinked to thereby obtain a resin
composlition having improved coating properties such as water
resistance. The inventors have also found that use of a monomer
having a long-chain aliphatic hydrocarbon group as a monomer
component of an acrylic polymer improves appearance of coating
film, and simultaneous use of a specific oxazoline compound more
improves not only coating properties but also appearance of the
coating film, because of synergic effect of use of a monomer
having a long-chain aliphatic hydrocarbon group, to obtain a
resin composition having excellent appearance and coating
properties required for, particularly, automotive coating
compositions. The inventors have also found that use of a
nitrogen-containing compound having a specific structure
improves water dispersion stability in an acrylic polymer,
enables retention of stability in one-liquid and exhibits
excellent appearance and physical properties of coating film
when the composition is used in various applications, and the

above-mentionedpurpose couldbe attalned, leadingtocompletion

of the present invention.

In water-~-based resin compositions, good appearance
requlired forautomotive applications andsoonmaynot beobtained
in resin having an emulsion form depending on molecular weight
of the resin. However, in a preferred embodiment of the present
invention, an acrylic polymer 1is obtalned by solution
polymerization, and the acrylic polymer is dispersed 1n water
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by removing solvent and substituting with water to obtain an
acrylic resin composition dispersed 1n water. Therefore, a
monomer such as a long-chainalkyl {(meth)acrylate that 1susually
difficult incorporate 1into a water-based resin may be easily
incorporated, leading to realization of appearance similar to
that as in solvent-based resin though the resin 1s a water-based
resin. Also, aresin dispersed in water may be obtained without
using an additive such as an emulsifier (emulsifier free),
therefore a resin dispersed in water having sufficiently
excellent physical properties may be obtained.

That is, the present invention provides an acrylic resin
composition dispersed in water, the composition being
one-package composition obtained by comblning a polymer
comprising a monomer unit containing an aliphatic hydrocarbon
group having 8 to 24 carbon atoms and a (meth)acrylilic acidmonomer
unit, an oxazoline compound having two or more oxazoline rings

and a compound represented by the following formula (1);
R'—N—R? (1)
ks

whereinR' and R?, whichmaybe the same or different, respectively
represents a hydrogen atom or an alkyl group having one or more
carbon atoms with or without a substituent and R’ represents
an alkyl group having one or more carbon atoms with or without
a substituent.

The present invention also provides a coating f£film formed

using the above-mentioned acrylic resin composition dispersed

1n water.

DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, the present inventlon will be described 1in
detalls.
The acrylic resin composition dispersed in water in the
present invention comprises a comblnation of an acrylic

polymer (acrylicresin), anoxazoline compound having two or more
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oxazoline rings and a compound represented by the above formula
(1) . The resin composition of the present i1nvention is a
one-package composition (one-pack composition) that may be
sufficiently stable even 1in one-package composition.

In the present invention, the three structural elements
may be respectively put in any state in the resin composition
as long as the three structural elements are added to the resin
composition. For example, each element i1s preferably put in
a free state. As the compound (amine compound) represented by
the above formula (1), a salt of an amine compound combined with
an acrylic polymer and a free amine compound may coexist.

The acrylic resin composition dispersed in water of the
present invention preferably has content of an organic solvent
in the resin composition of 30% by welght (% by mass) or lower.
More preferably, the resin composition practically contains no
organic solvent. The significant reduction in content of a
organic solvent enables to reduce the viscosity of the resin
compositionbecauseof sufficient reductioninanamountof resin
dissolvedintheorganicsolvent, andtoimprove the solid content
ratio, and simultaneously to suppress a generation of volatile
organic compounds (VOC), resulting in sufficientlydealingwith
recent environmental problems. As described, theacrylicresin
composition dispersed in water of the present invention
sufficiently desired performances without additive of any
organilc solvent. However, depending on the purpose of use, an
organic solvent in a proper amount may be added inorder to further
improvement inperformances suchas film formabllity and coating
application suitability.

As the above-mentioned acrylic resin composition
dispersed in water, any acrylic polymer may be satisfactory as
long as the acrylic polymer is dispersed 1n water or a
water/organic solvent mixed solvent in the presence of the
compound represented by the above-mentioned formula (1) and the
oXazoline compound having two or more oxazoline rings. Among
preferableexamplesas formsoftheacryliccompositiondispersed
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inwater; (I) theresincompositioncontalninganacrylicpolymer
dispersed in water (acrylic resin dispersed 1n water) obtained

by dispersing an acrylic polymer in water 1n a presence of the

above-mentioned compound represented by the formula (1), and

5 theoxazolinecompound, and (II) theresincompositioncontaining

an acrylic polymer dispersed in water obtained by dispersing

acrylic polymer in a water/organic solvent mixed solvent in the

presence of the above-mentioned compound represented by the

formula (1), and the oxazoline compound.

10 In the acrylic polymer dispersed 1n water in the
above-mentioned embodiments of (I} and (II) i1ncludes those
obtalned (a) by dispersing an acrylic polymer in water, which
is obtained by a solution polymerization in an organic solvent,
1n the presence of the above-mentioned compound represented by

15 the formula (1) and then removing the organic solvent; (b) by
dispersing an acrylic polymer, which is obtained by a solution
polymerization inanorganic solvent, inawater/organic solvent
mixed solvent in the presence of the above-mentioned compound
represented by the formula (1); and (c) by dispersing an acrylic

20 polymer, which is obtained by a solution polymerization in an
organic solvent, inwater in the presence of the above-mentioned
compound represented by the formula (1), removing the organic
solvent, and then further addinganorganic solvent. Amongthem,
the resin composition obtained by (a) is preferable.

25 In the above-mentioned water/organic solvent mixed
solvent, weight (mass) ratio of water and the organic solvent
is, but not especially limited, for example, preferably (30 to
100)/(0to70) andmorepreferably (50to0100)/(0to50). Further
preferably, as described above, a content of the organic solvent

30 1n the acrylic resin composition dispersed in water is set to
be 30% by weight or less.

The acrylic polymer in the present invention is a polymer
obtained by polymerizing a monomer component comprising a
polymerizablemonomer containinganaliphatichydrocarbon group

35 having B to 24 carbon atoms and a {(meth)acrylic aclid. In this
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case, themonomer unit of the aliphatic hydrocarbon group having
8 to 24 carbon atoms in the acrylic polymer 1s formed by the
polymerizablemonomer containinganaliphatichydrocarbon group
having 8 to24 carbonatoms. Themonomerunitmaybe that obtained
by polymerizing an epoxXxy group-contalining unsaturated monomer
having an epoxy group at the terminal such as

glycidyl (meth)acrylate as amonomer component, and thenreacting
a fatty acid containing a hydrocarbon group having 8 to 24 carbon
atoms with the epoxy part to introduce a hydrocarbon group.

The acrylic polymer is more preferably a polymer obtalned
by polymerizing a monomer component containing a (meth)acrylate
having a cycloalkyl structure as an essentlal component.
Specifically, the acrylic polymer preferably essentially
contains a (meth)acrylate monomer unit having a cycloalkyl
structure. The acrylic polymer is more preferably a polymer
obtained by polymerizing monomer components containling an
alkyl (meth)acrylate having 8 to 24 carbon atoms, (meth)acrylic
acid and a (meth)acrylate having a cycloalkyl structure as
essentlal components and, as nessesary, other unsaturated
monomers.

As the polymerizable monomer contalning an aliphatic
hydrocarbon group having 8 to 24 carbon atoms 1n the above monomer
components, the polymerizable monomer having 12 to 24 carbon
atoms are preferable. Also, as the polymerizable monomer, an
alkyl (meth)acrylate containing an alkyl group having 8 to 24
carbon atoms 1s preferable.

As the above-mentioned alkyl (meth)acrylate having an
alkyl group having 8 to 24 carbon atoms, for example,
2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate,
tridecyl (meth)acrylate, tetradecyl (meth)acrylate,

pentadecyl (meth)acrylate, hexdecyl (meth)acrylate,
heptadecyl (meth)acrylate, stearyl (meth)acrylate,

behenyl (meth)acrylate, isomyristyl (meth)acrylate and
isostearyl (meth)acrylate are preferable. One or more specles
of the acrylates may be used. Among the acrylates,
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alkyl (meth)acrylateshavinganalkyl grouphaving 12 to 24 carbon
atoms are preferable and for example, lauryl (meth)acrylate and
stearyl (meth)acrylate are preferable.

As the content of the polymerizable monomer containing
an aliphatic hydrocarbon group having 8 to 24 carbon atoms, the
lower limit of the content is preferably 5% by weight when the
total amount of all monomer components 1is defined as 100% by
weight. When the content is less than 5% by weight, there is
a fear that the appearanceof coating filmmaynot be sufficiently
improved. The lower limit of the content 1s more preferably
10% by weight. The upper limit of the content is preferably
50% by weight. When the content exceeds 50% by weight, solvent
resistance may not be sufficiently improved. The upper limit
of the content is more preferably 40% by weight. Also, the
content is preferably in a range from 5 to 50% by weight and
more preferably in a range from 10 to 40% by weight.

As the above-mentioned epoxy group-containing
unsaturated monomer, for example, glycidyl (meth)acrylate,
a-methylglycidyl acrylate, glycidyl allyl ether,
oxocyclohexylmethyl (meth)acryiate,
3,4-epoxycyclohexylmethyl acrylate (trade name: “"CYCLOMERER A
200”, manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.),
oa-methylglycidyl methacrylate (trade name: “M-GMA”,
manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.), and
3,4-epoxycyclohexylmethyl methacrylate (trade name:
“CYCLOMERERM 100”, manufactured by DAICEL CHEMICAL INDUSTRIES,
LTD.) are preferable.

As the fatty acid containing a hydrocarbon group having
8 to 24 carbon atoms, for example, caprylic acid, caproic acid,
lauric acid, myristicacid, palmitic acid, stearicacid, behenic
acid, oleic acid, linoleic acid, linolenic acid, eleostearic
acid, ricinoleic acid and erucic acid are preferable. Fatty
acids having a hydrocarbon group having 12 to 24 carbon atoms
are more preferable and examples of the acids 1include lauric

acid, myristic acid, palmitic acid and stearic acid.
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As the (meth)acrylate having a cycloalkyl structure, for
example, cyclopropyl (meth)acrylate, cyclobutyl (meth)acrylate,
cyclopentyl (meth)acrylate, cyclohexyl (meth)acrylate,
cycloheptyl (meth)acrylate, cyclooctyl (meth)acrylate,
cyclododecyl (meth)acrylate, isobornyl (meth)acrylate,
4-methylcyclohexylmethyl (meth)acrylate,
tert-butylcyclohexyl (meth)acrylate,
cyclohexylmethyl (meth)acrylate and
dicyclopentanyl (meth)acrylate are preferable. These
compounds may be used either singly or in combinations of two
or more. Among the compounds, cyclohexyl (meth)acrylate and
isobornyl (meth)acrylate are preferable.

As the content of the (meth)acrylate having a cycloalkyl
structure, the lower limit of the content 1s preferably 5% by
welight when the content of all monomers 1s defined as 100% by
welight. When the content is less than 5%bywelight, performances
such as hardness, gloss, buildingcharacteristicsandweathering
resistance of coating film may not be sufficiently improved.
The lower limit of the content is more preferably 8% by welght
and still more preferably 12% by weight. The upper limit of
thecontentispreferably80%byweight. Whenthecontent exceeds
80% by welght, water resistance of coating film may not be
sufficiently improved. The upper limit is more preferably 703
by weight and still more preferably 60% by welight. Also, the
content is preferably in a range from 5 to 80% by weight, more
preferably in a range from 8 to 70% by weight and still more
preferably 12 to 60% by weight.

As the above-mentioned other unsaturated monomers, the
following compounds are preferable and one or two or more of
them are usable.

(Meth)acrylate monomers such as methyl (meth)acrylate,
ethyl (meth)acrylate, n-butyl (meth)acrylate, 1isobutyl

(meth)acrylate, tert-butyl (meth)acrylate, and benzyl

(meth)acrylate; o,PB-unsaturated carboxylic acid monomer such
as crotonic acid, itaconic acid, maleic acid, and aleic
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anhydride; sulfonic acid group-contailning polymerizable
monomer such as vinylsulfonic acid, styrenesulfonic acid, and
sulfoethyl (meth) acrylate.

Aromatic unsaturated monomers such as styrene and
vinyltoluene; epoxy group-containing unsaturated monomers such
as the above-mentioned compounds; nitrogen-containling
unsaturated monomers such as N,N’-dimethylaminoethyl
(meth)acrylate, (meth)acrylamide, N-phenylmaleimide,
N-cyclohexylmaleimide, N-vinylpyridine, andN-vinylimidazole;
unsaturated cyanides such as (meth)acrylonitrile; vinyl esters
such as vinyl acetate and vinyl butyrate; fluorine
atom-containing unsaturated monomers such as trifluoroethyl
(meth)acrylate and tetrafluoropropyl (meth)acrylate; vinyl
ethers such as vinyl methyl ether and vinyl ethyl ether; and
polyfunctional unsaturated monomers such as ethylene glycol
dlacrylate, neopentyl glycol diacrylate, polypropylene glycol
#400 diacrylate.

Hydroxyl group-contailinling monomers such as
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate,
3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate,
4-hydroxybutyl acrylate (trade name: “4HBA”, manufactured by
MITSUBISHI CHEMICALCORPORATION), 4-hydroxybutylmethacrylate,
oa-hydroxymethylethyl (meth)acrylate, caprolactone-modified
hydroxy (meth)acrylate (trade name: “PLACCEL F series”,
manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.),
4-methylolcyclohexyl methyl acrylate (trade name: “CHDMMA”,
manufactured by Nippon Kasel Chemical Co., Ltd.); polyethylene
glycol mono(meth)acrylate, polypropylene glycol
mono {(meth)acrylate, polytetramethylene glycol
mono (meth)acrylate, polyethylene glycol polytetramethylene
glycol mono (meth)acrylate, and polypropylene glycol
polytetramethylene glycol mono (meth)acrylate.

Benzotriazole type UV absorbing monomers such as
2~-[2"-hydroxy-5’'-(meth)acryloyloxyethylphenyl]-2H-benzotria
zole,
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2~[2’-hydroxy-5’~ (meth)acryloyloxypropylphenyl]~-2H-benzotri
azole,
2-{2"-hydroxy-5’-(meth)acryloyloxvhexylphenyl]-2H~benzotria
zole,
2=-[2" -hydroxy-3’'—-tert-butyl-5'-(meth)acryloyloxyethylphenyl
]-2H-benzotriazole,
2=[2"-hydroxy-3’'~tert-butyl-5’-(meth)acryloyloxyethylphenyl
]-5-chloro-2H-benzotriazole,
2-[2’ -hydroxy-5’'-tert-butyl-3’-(meth)acryloyloxyethylphenyl
]-2H~benzotriazole,
2=[2" -hydroxy-5’-tert-butyl-3’~- (meth)acryloyloxyethylphenyl
]-5-chloro-2H-benzotriazole,
2—-[2" -hydroxy-5’-(meth)acryloyloxyethylphenyl] -5-methoxy-2H
-benzotriazole,
2-12’' -hydroxy-5’- (meth)acryloyloxyethylphenvyl]-5-cyvano-2H-b
enzotriazole,
2-[2’ -hydroxy-5’-{(meth)acryloyloxyethylphenyl]-5-tert-butyl
-2H-benzotriazole,
2-[2'-hydroxy-5’-(f-methacryloyloxyethoxy)~3’'-tert-butylphe
nyl]-4-tert-butyl-2H-benzotriazole, and commercial RUVA-93
(manufactured by Otsuka Chemical Co., Ltd.).

Benzophenone type UV absorbing monomers such as
2-hydroxy-4-methacryloxybenzophenone,
2-hydroxy-4- (2-hydroxy-3-methacryloxy)propoxybenzophenone,
2-hydroxy-4- (2-methacryloxy)ethoxybenzophenone, and
2-hydroxy-4-vinyloxycarbonylmethoxybenzophenone;

and UV stable unsaturated monomers such as
4- (meth)acryloyloxy-2,2,6,6-tetramethylpiperidine,
4- (meth) acryloyloxy-1,2,2, 6, 6-pentamethylpiperidine,
4- {meth)acryloylamino-2,2, 6, 6~-tetramethylpiperidine,
4- (meth)acryloylamino-1,2,2, 6, 6-pentamethylpiperidine,
4-cyano-4- (meth)acryloyamino-2,2, 6, 6~tetramethylpiperidine,
4-crotonoyloxy-2,2,6,6—-tetramethylpiperidine,
4-crotonoylamino-2,2,6, 6-tetramethylpiperidine,
l- ({meth)acryloyl-4- (meth)acryloylamino-2,2, 6, 6-tetramethylp
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iperidine,

l1- (meth)acryloyl-4-cyanc-4- (meth)acryloylamino-2,2, 6, 6-tetr
amethylplperidine,

l-crotonoyl-4-crotonoyloxy-2,2,6, 6-tetramethylpiperidine,
commerclal ADK Stab LA-82 and LA-87 (manufactured by Asahi Denka
Co., Ltd.), and commercial FA-711 MM and FA-712 HM (manufactured
by Hitachi Chemical Co., Ltd.).

As the above-mentioned UV absorbing unsaturated monomer,
benzotriazole type unsaturated monomers are preferable. The
ratio of the UV stable unsaturated monomer or the UV absorbing
unsaturated monomer to be used 1s, but not especially limited,
preferably 0.1 to 50% by weight when total of the monomers 1is
defined as 100% by weight. When the content is less than 0.1%
by welght, weathering resistance of coating film may not be
improved sufficiently and when it exceeds 50% by weight,
appearance of coating film may be deteriorated.

A method for solution polymerization using the
above-mentioned monomer components 1n an organic solvent is not
especiallylimited, andhydrophilicorganic solvents compatible
with water are preferable as organic solvents to be used. For
examples, alkyl alcohols such as methyl alcohol, ethyl alcohol,
n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl
alcohol, tert-butyl alcohol, and isobutyl alcohol; ethylene
glycolssuchasethyleneglycol, ethyleneglycolmonomethyl ether,
ethylene glycol monobutyl ether, propylene glycol monoethyl
ether, anddiethyleneglycol; esters suchasethyl acetate; ether
alcohols such as methylcellosolve, ethylcellosolve,
propylcellosolve, butylcellosclve, methyl carbitol, and ethyl
carbitol; ether esters such as methylcellosolve acetate,
ethylcellosoclve acetate, and propylene glycol monomethyl ether
acetate; aromatic or aliphatic hydrocarbons such as benzene,
toluene, xylene, cycohexane, and n-heptane; ketones such as
acetone and methyl ethyl ketone are preferable and one or two
or more of them can be used.

Inthecasetheorganicsolvent is removedafter theacrylic
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polymer is dispersed in water, the organic solvent having low
bollingpolints ispreferable tobeusedamongtheorganicscoclvents,
and for example, lower alcohol having 1 to 4 carbon atoms is
preferable. Also, in the case an acrylic polymer is dispersed
in a water/organic solvent mixed solvent, an organic solvent
having high boiling points i1s preferable to be used, and for
example, propylene glycol monoethyl ether and/or propylene
glycol monoether acetate are preferable.

The organic solvents to be used for the water/organic
solvent mixed solvent are same as those used in the
above-mentioned solution polymerization.

The above—mentioned organic solvent may be used 1n
combinationwithwaterandinsuchacase, inorder tosufficiently
improve the polymerizable property of the monomer components,
the polymerization reaction is preferably carried out at the
ratio of water 85% by weight or lower, more preferably 60% by
welght or lower, and even more preferably 50% by weight or lower,
to total solvent amount 100% by weilght.

In the above-mentioned polymerization method as a
polymerlzatlon initiator, it 1s preferable to use, persulfates
such as ammonium persulfate, sodium persulfate, and potassium
persulfate; hydrogen peroxide; azo compounds such as
azobis-Z2methylpropionamidine chloride,
2,2"'-azobisisobutyronitrile,
2,2"-azobis(2-methylbutyronitrile), and
2,2'-azobis~-(2,4-dimethylvaleronitrile); andperoxides suchas
benzoyl peroxide, lauroyl peroxide, cumene hydroperoxide, and
tert-butyl peroxy-2-ethvlhexanoate. Also, as a promoter,
reducing agents such as sodiumhydrogen sulfite, sodiumsulfite,
Mohr’s salt, sodium pyropersulfite, formaldehyde sodium
sulfoxylate, and ascorbic acid; and amines such as
ethylenediamine, ethylenediamine tetraacetate sodiumsalt, and
glycinemaybeusedincombination. Eachofthesepolymerization
initiators and promoters may be used independently or 1in

comblnation of two or more thereof.
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In the above-mentioned polymerization method, as
necessary, a chaln transfer agent may be used. Such a chain
transfer agent is not especially limited, hydrophobic chain
transfer agent may be used.

As the above-mentioned hydrophobic chain transfer agent,
a thiol compound having hydrocarbongroups having 3ormore carbon
atoms and a compound having 10% or lower solubility in water
at 25°C are preferable. The above-mentioned chain transfer,
thiol chain transfer agent such as butanethiol, octanethiol,
decanethiol, dodecanethiol, hexadecanethiol, octadecanethiol,
cyclohexylmercaptan, thiophenol, octyl thioglycolate, octyl
2-mercaptopropionate, octyl 3-mercaptopropionate,
mercaptoproplionic acid 2-ethylhexyl ester, octanocic acid
2-meracptoethyl ester, 1,8-dimercapto-3,6-dioxaoctane,
decanetrithiol, dodecylmercaptan; halides such as
tetrachlorocarbon, tetrabromocarbon, methylene chloride,
bromoform, and bromotrichloroethane; and unsaturated

hydrocarbon compounds o-methylstyrene dimer, a-terplinene,

Yy-terpinene, dipentene, and tarpinolene may be used, and one
or two or more of them can be used. Among them, thiol chain

transfer agent comprising hydrocarbon groups having 3 or more
carbon atoms is preferable.

A hydrophilic chaln transfer agent may be used, as
necessary, in combination with the above-mentioned hydrophobic
chaln transfer agent. As the above-mentionedhydrophilic chain
transfer agents, thiol chain transfer agents such as
mercaptoethanol, thioglycercl, thioglycolic acid,
mercaptoproplonic acid, Z2-mercaptopropionlc acilid,
3-mercaoptopropionic acid, thiomalic acid, and
2-mercaptoethanesulfonic acid; primary alcohols such as
2—-amlinopropan—-1-o0l; secondaryalcohols suchas i1sopropanol; and
lower oxoacids and salts thereof such as phosphorous acid,
hypophosphorous acid and salts thereof (sodium hypophosphite
and potassium hypophosphite, etc.), sulfurous acid, hydrogen
sulfite, dithionousacid, metabisulfurousacidandsalts thereof
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(sodium sulfite, sodium hydrogen sulfite, sodium dithionite,
sodium metadisulfite, potassium sulfite, potassium hydrogen
sulfite, sodiumdithionite, andpotassiummetadisulfite, etc.).
One or two or more of them may be used.

As the addition methods of the above-mentioned chain
transfer agent toareactioncontaliner, thechaintransfer agents
may be added continuously, for example, dropwise or in dividing
manner. Also, the chain transfer agents may be added
independently to the reaction contailner or after being mixed
previously with monomers, solvent and the like.

The above-mentioned polymerization method may be carried
out in batch manner or continuous manner. In thepolymerization
methods, the addition method of the monomer components and
polymerization initiator to a reaction contailner is not
especilally limited, and the polymerization are preferably
carried out by loading a reaction container with the organic
solvent and all of the monomer components and adding the
polymerization initiator to the reaction container; by loading
a reaction container with the organic solvent and some of the
monomer components and adding the polymerization initiator and
the remalning monomer components to the reaction container; by
loading a reaction container with the organic solvent and adding
the entire amounts of the monomers and the polymerization
lnitiator. Among the methods, since distribution of molecular
welght of acrylic resin obtainable may be narrow (sharp),
polymerization is preferably carried out by a method in which
polymerization initiator and the monomers are successively
dropped into a reaction container.

In the above-mentioned polymerization method,
polymerilization conditions such as polymerization temperature
or the like may be properly determined depending on the solvent,

the polymerization initiator, and the chain transfer agent, and

the polymerization temperature is preferably 0°C or higher and
150°C or lower in general. It is more preferably 40°C or higher
and even more preferably 50°C or higher. It is also more
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preferably 120°Cor lower and evenmore preferably 100°C or lower.
In the present invention, as methods of polymerizing the

above-mentioned monomer components other than the solution
polymerizationmethod, methods by suspensionpolymerizationand
emulsion polymerization may be mentioned. However, 1in a
suspensionpolymerization, aresincontainingnoorganicsolvent
may be obtained, but the resin may have undesirable particle
diameter distribution or molecular weight, resulting in

unsatisfactory appearance, or in a resin obtained by emulsion

polymerization, the weight-average molecular weight may not be
sufficiently reduced, and it may become difficult to give better
appearance from that point of view using an emulsifier.
Accordingly, 1n the present invention, the solution
polymerization method 1s most preferably used to sufficiently
ilmprove appearance, physical properties of coating film and
stability 1n the resin obtainable.

In the production process of the above-mentioned acrylic
polymer dispersed in water, the acrylic polymer obtained 1n the
above-mentioned manner is to be dispersed in water or in
water/organic solvent mixed solvent in the presence of the
compound represented by the above-mentioned formula (1).
Preferable embodiments of this stepare, for example, (A) method,
whereln the compound represented by the formula (1) 1s added
to an organic solvent containing the acrylic polymer to
neutralize the acrylic polymer, and water or a water/organic
solvent mixed solvent is added to the neutralized product and

then the neutralized product 1s dispersed; (B) method, wherein
the neutralized product is added to water/organic solvent mixed
solvent anddispersed; (C) method, whereinwater/organicsolvent
mixed solvent containing the compound representedby the formula
(1) isaddedtoanorganicsolvent containingtheacrylicpolymer,
and neutralization and dispersion are carried out; (D) method,
whereln to an organic solvent contailning the acrylic polymer
1s added to water/organic solvent mixed solvent containing the
compound represented by the formula (1), and neutralization and
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dispersion are carried out. Among them, the method (A) is
preferable.

The compound represented by the above-mentioned formula
(1) in the present invention 1is preferably used to neutralize
the acrylic polymer. In the formula (1), R' and R, which may
be the same or different, respectively represents a hydrogen
atom or an alkyl group having one or more carbon atoms. R’
represents an alkyl group having one or more carbon atoms. As
the alkyl group having one or more carbon atoms in R' to R’,
for example, a methyl group, ethyl group, propyl group and
1sopropyl group are preferable. And, the alkyl group having
one or more carbon atoms may be alkyl groups having a substituent
such as a hydroxyalkyl group.

As the compound represented by the formula (1), one or
more of secondary amine compounds (secondary amines) such as
dimethylamine, diethylamine, dipropylamine anddiethanolamine,
primary amine compounds (primary amines) such as l1sopropylamine
and tertiary amine compounds (tertiary amines) such as
triethylamine, triethanolamine, N-methyldiethanolamine and
N, N-dimethylethanolamine are preferably used. Among these
compounds, diethylamine and dipropylamine are preferable from
the viewpoint of drying temperature and dispersion stability.

The compound represented by the formula (1) i1s preferably
used 1n an amount enough to neutralize the acrylic polymer
sufficientlyvyandtokeepresindilspersionstabilitysufficlently
after removingasolvent. Forexample, the compound is preferably
used in an amount in which the ratio of a carboxyl group to be
neutralized is preferably 80 mol®% or more, more preferably 90
mol% or more and still more preferably excessive, that is, 100
mol% or more.

The method of dispersion inwater orwater/organic solvent
mixed solvent may be carried out by mechanical stirring using
arodorahandmixer, etc.. Inthepresentinvention, theacrylic
polymer may be dispersed in water without using an emulsifier,
but anemulsifiermaybeused forexhibitionof furthersufficient
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stability, for example, anionic surfactant (emulsifier),
nonionic surfactants, cationic surfactants, amphoteric
surfactants, polymer surfactants, polymerizable surfactants
havingoneor twoormorepolymerizable carbon-carbonunsaturated
bond in one molecule may be employed.

In the above-mentioned production process of the
above-mentionedacrylicpolymerdispersedinwater, asdescribed,
when theacrylicpolymer isdispersed inwaterandthentheorganic
solvent is removed (removing the solvent), for example, the
solvent removal may be carried out under reduced pressure.

As the weight average molecular weight of the
above-mentioned acrylic polymer, the lower limit is preferably
1000. When the weight average molecular weight 1s less than
1000, sufficientwaterresistancemaybenotobtalined. The lower
limit 1s preferably 2000 and more preferably 5000. The upper
limit of thewelght averagemolecularweight ispreferably 100000.
When the weight average molecular weight exceeds 100000,
excellent leveling characteristics may be not obtained. The
upper limit of the weight averagemolecular weight of the acrylic
polymer ismore preferably 50000 andstill morepreferably 20000.
The weight average molecular weight 1s preferably 1in a range
from 1000 to 100000 and more preferably in a range from 5000
to 50000.

The welght average molecular welght means a molecular
welght measured (on a polystyrene basis) by HLC-8020 type gel
permeation chromatography (column: TSK gel G-5000HXL and TSK
gel GMHXL-L areseriallyused, manufacturedby TOSOH CORPORATION,
hereinafter referred to as GPC).

As the acid value of the acrylic polymer, lower limit of
the acid value is preferably 40 mg KOH/g. When the acid value
is less than 40 mg KOH/g, properties such as water resistance
and solvent resistance may be not sufficiently improved because
of insufficient improvement in dispersion stability in water
and insufficient crosslinked density. The acilid value of the
acrylic polymer is more preferably 50 mg KOH/g. The upper limit
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of the acid value is preferably 200 mg KOH/g. When the acid
value exceeds 200 mg KOH/g, the viscosity of thewater dispersion

may increaseand thesolidcontentmaynotbe lncreased, resulting
in impractical acrylic polymer. The upper limit is preferably
160 mg KOH/g and more preferably 110 mg KOH/g. Also, the acid
value is preferably in a range from 40 to 200 mg KOH/g, more
preferably in a range from 40 to 160 mg KOH/g and still more
preferably in a range from 50 to 110 mg KOH/g.

As the hydroxyl group value (hydroxyl value), lower limit
of the hydroxyl value is preferably 10 mg KOH/g. When the
hydroxyl valueis lessthan10mgKOH/g, thedegreeof crosslinking
in the formationof coating filmmaynot be sufficient, resulting
in unsatisfactory coating performance. The lower limit of the
hydroxyl value is more preferably 40 mg KOH/g, still more
preferably 50 mg KOH/g and particularly preferably 80 mg KOH/g.
The upper limit of the hydroxyl value is preferably 200 mg KCH/g.
When the hydroxyl value exceeds 200 mg KOH/g, sufficient working
effect of the present invention may be not be exhibilited. The
upper limit of the hydroxyl value ismore preferably 180 mg KOH/g,
still more preferably 160 mg KOH/g and particularly preferably
140 mg KOH/g. In the present invention, the acid value and the
hydroxyl value are on a solid basis.

As the glass transition point (Tg) of the above-mentioned
acrylic polymer, lower limit of the glass transition polnt 1s

preferably 5°C. When the glass transition point is less than
5°C, the resistance of coating film may be not improved

sufficiently. The lower limit of the glass transition point
ismore preferably 10°C. Theupper limit of theglass transition
point ispreferably 50°C. Whenthe glass transition temperature
exceeds 50°C, a coating film may be fragile. The upper limit
of theglass transitionpoint ismore preferably 30°C. The glass
transition point is preferably in a range from 5 to 50°C and

more preferably in a range from 10 to 30°C.
The glass transition temperature may be calculated by

conversion of a temperature (K) calculated according to the
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following Fox equation to (°C):
1/Tg = Z(Wi/Tgi)

Wherelin Wi denotes the weight (mass) distribution of
monomer 1: and Tgl denotes Tg of the polymer of monomer 1i.

As the oxazoline compound having two or more oxazoline
rings in the present invention, any oxazoline compound may be
used, as longas the compound thosewhichhave twoormoreoxazoline
rings and can crosslinkingly react with a carboxyl group of the
acrylic polymer. As the oxazoline compound, for example,
2,2'-bis-(2-oxazoline), 2,2’ -methylene-bis-(2-oxazoline),
2,2' —ethylene~bis-(2-oxazoline),
2,2"-trimethylene-bis-(2-oxazoline),

2,2' -tetramethylene-bis—-(2-oxazoline),

2,2' -hexamethylene-bis- (2~-oxazoline),

2,2’ -octamethylene~-bis-(2-oxazoline),
2,2'-ethylene-bis- (4,4’ ~dimethyl-2-oxazoline),
2,2"'-p-phenylene-bis-(2-oxazoline),

2,2' -m-phenylene-blis-(2-oxazoline),
2,2"'-m~phenylene-bis- (4,4’ -dimethyl-2-oxazoline),
bils-(2-oxazolinylcyclohexane) sulfide,

bls- (2-oxazolinylnorbornane) sulfide and oxazoline
ring-containing polymer are preferable. These compounds may
be used either singly or in combinations of two or more. Among
these compounds, oxazoline ring-containing polymers are
preferable.

The oxazoline ring-containing polymer is easily obtained
by polymerizing a monomer component containing an addition
polymerizable oxazoline as an essential component and, as
necessary, amonomer whichmaybe copolymerizedwith the addition
polymerizable oxazoline.

Examples of the addition polymerizable oxazoline include
2-vinyl-2-oxazcline, 2-vinyl-4-methyl-2-oxazoline,
2-vinyl-5-methyl-2-oxazoline, 2-isopropenyl-2-oxazoline,
2-1sopropenyl-4-methyl-2~oxazoline,
2-1sopropenyl-5-methyl-2-oxazoline and
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2-1sopropenyl-5-ethyl-2-oxazoline. These addition
polymerizable oxazolines may be used elther singly or in
combinations of two or more. Among the above exemplified
addition polymerizable oxazolines, 2-1sopropenyl-2-oxazoline
5 1seasilyavallable industrially and thereforemore preferable.

The amount of the addition polymerizable oxazoline in the
above oxazollne ring-containing polymer is, but not especially
limited to, preferably 5% by weight or more, more preferably
S to 90% by welight and still more preferably 10 to 80% by weight

10 1n the monomer component. When the amount of the addition
polymerizable oxazoline is less than 5% by weight, undesirably
various resistances such as durability, water resistance and
solvent resistance of coating film obtained by curing may be
deteriorated. Also, when the amount exceeds 90% by weight,

15 undesirably various resistances such as water resistance and
solvent resistance are adversely affected.

Preferable examples of monomers copolymerizable with the
addition polymerizable oxazoline include (meth)acrylic acid
ester such as methyl (meth)acrylate, ethyl (meth)acrylate,

20 n-butyl (meth)acrylate, isobutyl (meth)acrylate,
t-butyl (meth)acrylate, cyclohexyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, methoxypolyethylene glycol
(meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate,

25 mono-esterifiedproductsof (meth)acrylicacidandpolyethylene
glycol, Z2-aminocethyl (meth)acrylate and salt thereof,
caprolactone modified products of {(meth)acrylic
acld, (meth)acrylic acid-2,2,6,6-tetramethylpiperidine and
(meth)acrylic acid-1,2,2, 6, 6-pentamethylpiperidine; salts of

30 (meth)acryl'ic acld such as sodium (meth)acrylate, potassium
(meth)acrylate and ammonium (meth)acrylate; unsaturated
nitriles such as acrylonitrile and methacrylonitrile;
unsaturated amides such as (meth)acrylamide,

N-methylol (meth)acrylamide and
35 N-(2-hydroxyethyl) (meth)acrylamide; vinyl esters such as vinyl
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acetate and vinyl propionate; vinyl ethers such as methyl vinyl

ether and ethyl vinyl ether; a-olefins such as ethylene and
propylene; halogen-containing a,f-unsaturated aliphatic

hydrocarbons such as vinyl chloride, vinylidene chloride and
vinyl fluoride; a,P-unsaturated aromatic hydrocarbons such as

styrene, o-methylstyrene and sodium styrenesulfonate. Single
or two or more species of the compounds may be used..

The resin composition of the present invention is
preferably a water-based composition because of environmental
considerations. Therefore, awater—-soluble, water-dilutiveor
water-dispersible oxazoline ring-containing polymer 1is
preferably used, and more preferably a water-soluble oxazoline
ring-contalning polymer is used. Also, in order to obtain the
water—-soluble oxazoline ring-containing polymer, the
proportion of the hydrophilic monomer in the monomer component
used in polymerization 1s set to be 50% by weight or more, and
preferably to be 60 to 90% by weight from the viewpoint of
water-solubility and hardenability.

Preferable examples of the aforementioned hydrophilic
monomer include 2-hydroxyethyl (meth)acrylate,
methoxypolyethylene glycol {(meth)acrylate, monoesterified
products of (meth)acrylic acids and polyethylene glycols,
2-aminoethyl (meth)acrylate and salt thereocf, sodium
(meth)acrylate;ammonium(H@Ihjaérylate,(meth)acrylonitrile,
(meth)acrylamide, N-methylol (meth)acrylamide,

N- (2-hydroxyethyl) (meth)acrylamide and sodium
styrenesulfonate. Among these compounds, monomers having a
polyethylene glycol chain exhibiting high solubility in water
such as methoxypolyethylene glycol (meth)acrylate and
mono-esterified products of (meth)acrylic acids and
polyethylene glycols are preferable.

Themethods cf polymerizing theoxazoline ring-containing
polymer are not especially limited, and known various
polymerization methods may be adopted. Examples of the
polymerization method include solution polymerization in an
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aqueous medium, emulsion polymerization, suspension
polymerization or block polymerization. The reaction
conditions are not especially limited, and may be set according
to the composition of the monomer component. However, the
5 reaction temperature 1s preferably approximately 20 to 150°C
and the reaction time is preferably approximately 1 to 24 hours.
Also, the monomer component may be fed in a reactor in one lump
ormaybe fedcontinuouslyorintermittentlyaccordingtoamethod
such asdripping. The abovepolymerizationmethodispreferably
10 carried out 1n an atmosphere of inert gas such as nitrogen gas.
Examples of the above-mentloned aqueous medium include
water; and a mixed solvent of a solvent uniformly miscible with
water and water. Examples of the above solvent include lower
alcoholssuchasmethyl alcohol, ethyl alcohol, n-propyl alcohol,
15 1sopropyl alcohol, n-butyl alcohol and t-butyl alcohol; glycols
such as ethylene glycol, ethylene glycol monomethyl ether,
ethylene glycol monobutyl ether and diethylene glycol; and
ketones such as acetone andmethyl ethyl ketone. These solvents
may be used either singly or in combinations of two or more.
20 Among the above-mentioned agqueous media, water is particularly
preferable. The amount of the aqueous medium to be used is not
especlally limited.
In the above-mentioned polymerization reaction, an
lnitiator including an azo compound such as
25 2,2'-azobisisobutyronitrile or 2,2’-azobis(2-amidinopropane)
dihydrochloride; persulfate such as potassium persulfate; and
peroxide such as benzoyl peroxide or di-t-butyl peroxide may
be used as necessary. The amount of the initiator to be used
used 1s not especially limited, and may be set according to the
30 composition of the monomer component. Also, the initiator may
be fedinareactor inone lump together with the monomer component
ormaybe fedcontinuouslyor intermittentlyaccording toamethod

such as dripping. Also, in the above-mentioned polymerization
reaction, a surfactant and the like may be used as necessary.
35 In the present invention, the oxazoline ring-containing
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polymer may also be obtained by 1ntroducing an oxazoline ring
bypost-modificationofapolymer. Specificexamplesofamethod
of introducing the oxazoline ring include a method in which a
polymer havinganitrilegroupisreactedwithamonoaminoalcohol
(Japanese Kokal Publication Hei-9-235320) and a method in which
a monoethanolamine i1s reacted wlith an ester part of a
polymethacrylate and the reaction product is further
dehydration-cyclized to introduce an oxazoline ring (USP No.
5705573). The solid content (non-volatile content) of the
oXazoline compound 1s, but not especially limited, preferably
in a range from 1l to 70% by weight and more preferably in a range
from 10 to 50% by weight.

The oxazoline equivalent of the above oxazoline compound
is preferably in a range from 120 to 2200 g~solid/equiv. and
more preferably in a range from 130 to 1100 g-solid/equiv.

As the amount of the oxazoline compound to be compounded,
the lower limit of the amount is preferably 5 parts by weight
and the upper limit of the amount 1is preferably 130 parts by
welght to 100 parts by weight of the acrylic resin composition
dispersed 1in water. The amount 1s more preferably 10 to 125
parts by welght. When the amount of the oxazoline compound to
be compounded is less than Spartsbywelght, crosslinkingdensity
may be not improved sufficiently, and resulting 1n reduction
of the solvent resistanceofcoatingfilm. When the amount exceeds
130 parts by weight, the water resistance of coating film may
be reduced.

The acrylic resin composition dispersed in water may use
a crosslinking agent which can react with a carboxyl group in
theacrylicpolymer. Examplesofthecrosslinkingagent include
carbodiimide compounds; and polyvalent metal compounds such as
zlrconium compounds, zinc compounds, titanium compounds and
aluminum compounds. The amount of the crosslinking agent to
be used may be properly designed according to the type and
application of crosslinking agent. Also, a crosslinking agent
which can react with a hydroxyl group in the acrylic polymer
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may be used together. Examples of these crosslinking agent
include melamine and block i1socyanate compound. Single or two
or more species of the compounds may be used.

The acrylic resin composition dispersed in water may
contain pigments and additives as necessary. Examples of the
additives include a leveling agent, a UV absorbing agent, a UV
stabilizer, anantioxidant, apolymerizationinhibitor, afiller,
a coupling agent, an anti-rust agent, an anti-bacterial agent,
a metal inactivation agent, a wetting agent, a deforming agent,
a surfactant, a reinforcing agent, a plasticizer, a lubricant,
an antifogging agent, an anticorrosive agent, a pigment
dispersant, a fluidity adjustment agent, a peroxide
decomposition agent, a die discoloration agent, a fluorescent
brightener, an organic anti-flaming agent, an 1l1norganilc
anti-flaming agent, adrippingpreventionagent, amelt fluidity
reforming agent, an antistatic agent, an anti-algae agent, an
anti-molding agent, a flame retardant, a sllpping agent, ametal
chelating agent, an anti-blocking agent, a heat resistance
stabilizer, a machining stabilizer, and a coloring agent. One
or two or more df them can be used.

In the present invention, the acrylic resin composition
dispersed in water is applied to a substrate and hardened to
form a hardened coating film suitable for various applications.
That 1s, thé coating film formed usling the above-mentioned
acrylic resin composition dispersed in water 1s includes 1in the
present i1nvention.

Examples of the substrate include i1norganlic substrates
such as glass, slate, concrete, mortar, ceramlc, and stones;
metal substrates such as metal sheets of aluminum, iron, zinc,
tin, copper, titanium, stainlesssteel, atinplate, agalvanized
sheet, metals plated with zinc, copper and chromium, metals
treatedwithchromicacidandphosphoricacid; plasticsubstrates
such as polyethylene, poly(vinyl chloride), ABS
(acrylonitrile-butadiene-styrene), FRP (fiber-reinforced
plastics), poly(ethylene terephthalate), polycarbonate,
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poly(methyl methacrylate), polystyrene, polypropylene,
polyesters, polyolefins, acrylic resin, epoxy resin, and nylon
resin,; synthetic leathers; wood materials such as Japanese
cypress, Japanese cedar, pine, and laminated wood; and organilc
materials such as fiber and paper. The substrates may be coated
with commonly used coating composition such as a primer, an
underlaver coating, anintermediate coating, andametallicbase
top coating before application of the acrylic resin composition
dispersed 1n water.

A coating method for forming the coating film using the
acryvlic resin composition dispersed 1n water and a hardening
method of the coating film may be set properly depending on the
uses and methods employed for the coating method are preferably
immersion coating, brush coating, rolling brush coating, spray
coating, roll coating, spin coating, dip coating, bar coating,
flow coating, electrostatic coating, and die coating.

The hardening method may be carried out by normal
temperature hardening and heat hardening and the hardening
conditionsmaybe set properlydependingontheuses. Forexample,

40 °C or more and 200 °C or lower is preferable and 50 °C or more

and 180 °C or lower is more preferable.
The thickness of the coating film to be formed using the

acrylic resin compositiondispersed lnwater may be set properly
depending on the uses. When the acfylic resin composition
dispersed in water for an automotive coating composition such

as a clear top coating composition for finishing an automobile,

the thickness of the coating film is preferably 10 um or thicker
and 100 um or thinner. More preferably, it is 20 pym or thicker

and 80 umor thinner. With respect to the hardness of the ccating
film, since the hardness to be required differs depending on

the uses of the coating film, the addition amounts of the
constituent components and the reaction conditions may be set
properly so that the coating film has proper hardness for the
uses.

The above-mentioned acrylic resin composition dispersed
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in water is advantageously useful for various coating
compositions for vehicles, plastic-molded products, domestic
electricappliances, steel products, large scale constructions,
aircrafts, construction materials, building materlials, tiles,
and craft products as well as adhesives, resist, and printing
ink and particularly preferably for coating compositilion such
as for solid color, metallic base, and clear top for finishing
automobiles. Particularly, the acrylic resin composition
dispersed in water is advantageously useful as a resin

composition for baking coating in these uses.

The acrylic resin composition dispersed in water 1n the
present invention has the above-mentioned constitution.
Consequently, the composition has excellent appearance and
sufficient dispersion stability, is stable even 1n one-package
composition, exhibits physical properties of coating film
excellent inwater resistance, soclvent resistance andweathering
resistance, and sufficiently deals with recent environmental

1ssues.

BEST MODES FOR CARRYING OUT THE INVENTION
The following examples illustrate the present invention
more specifically. They are, however, by no means limitative
of the scope of the invention. In the examples, “part(s)” means
“part(s) by weight (part(s) by mass)” and “%” represents “% by
weight (¥ bymass)”, unless otherwise specified. Also, the acid

value (acid number) is calculated on a solid basls.

Production example 1 (Acrylic resin A dispersed 1n water)
Acrylic acid 28.0 parts, styrene 72.0 parts, lauryl

methacrylate 148.0 parts, cyclohexyl methacrylate 72.0 parts,

methyl methacrylate 80.0 parts, and

2,2’ —azobis-(2-methylbutyronitrile) 8.0 parts were dropwise

added to isopropyl alcohol 600.0 parts heated at 85°C in 3 hours.
After completion of the dropwise addition, the mixture was kept
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at 85°C for 4 hours to obtain a resin solution (a-1l) with solid
content approximately 40% by weight. Diethylamine 29.0 parts

was added to the obtained resin solution (a-1) and then deionized

water 600 partswasgraduallyaddedtoemulsifytheresinsolution.
5 Isopropyl alcohol was removed fromthe emulsifiedresinsolution

(a—-1) by azeotropic distillation to obtain an acrylic resin A

dispersed 1n water A dispersed 1n water with solild content 40%

by weight.

10 Production example 2 (Acrylic resin B dispersed 1in water)
Acrylic acid 33.6 parts, styrene 43.2 parts, lauryl
methacrylate 88.8 parts, cyclohexyl methacrylate 43.2 parts,
methyl methacrylate 31.2 parts, and
2,2"-azobis-(2-methylbutyronitrile) 9.6 parts were dropwlse

15 added to isopropyl alcohol 360.0 parts heated at 85°C 1n 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain a resin solution (b-1) with solid
content approximately 40% by welght. Diethylamline 34.0 parts
was added to the obtained resin solution (b-1) and thendeionized
20 water3e60partswasgraduallyaddedtoemulsifytheresinsolution.
Isopropyl alcohol was removed fromtheemulsifiedresin solution
(b—-1) by azeotropic distillation to obtain an acrylic resin B
dispersed 1n water with solid content 40% by weight.

25 Production example 3 (Acrylic resin C dispersed in water)
Acrylic acid 35.0 parts, styrene 100.0 parts, butyl
acrylate 160.0 parts, cyclohexyl methacrylate 100.0 parts,
methyl methacrylate 105.0 parts, and
2,2"-azoblis- (2-methylbutyronitrile) 10.0 parts were dropwise

30 added to isopropyl alcohol 750.0 parts heated at 85°C in 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain a resin solution (c-1) with solid
content approximately 40% by weight. Diethylamine 29.0 parts

was added to the obtained resin solution {(c-1) and then deionized
35 water750partswasgraduallyaddedtoemulsifytheresinsolution.
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Isopropyl alcohol was removed fromthe emulsified resin solution
(c~1) by azeotropic distillation to obtain an acrylic resin C

dispersed 1n water with solid content 403% by weight.

Production example 4 (Acrylic resin D dispersed in water)
Acrylic acid 28.0 parts, styrene 72.0 parts, lauryl

acrylate l48.0parts, cyclohexylmethacrylate 72.0parts, methyl

methacrylate 80.0 parts, and

2,2’ —azobis- (2-methylbutyronitrile) 8.0 parts were dropwilse

added to isopropyl alcohol 600.0 parts heated at 85°C 1in 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain a resin solution (d-1) with solid
content approximately 40% by weight. Triethylamine 40.1 parts
was added to the obtained resin solution (d-1) and thendeionilized
water 600partswas graduallyaddedtoemulsify theresinsolution.
Isopropyl alcohol was removed fromthe emulsifiedresin solution
(d=1) by azeotropic distillation to obtain an acrylic resin D
dispersed in water with solid content 40% by weight.

Production example 5 (Acrylic resin E dispersed in water)
Acrylic acid 28.0 parts, styrene 72.0 parts, lauryl

acrylate 148.0parts, cyclohexylmethacrylate 72.0parts, methyl

methacrylate 80.0 parts, and

2,2"'-azobis- (2-methylbutyronitrile) 8.0 parts were dropwise

added to isopropyl alcohol 600.0 parts heated at 85°C in 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain a resin solution (e-1) with solid
content approximately 40% byweight. Isopropylamine 23.4 parts
was added to the obtained resin solution (e-1) and thendeionized
water 600 partswasgraduallyaddedtoemulsifytheresinsolution.
Isopropyl alcohol was removed fromtheemulsifiedresin solution
(e-1) by azeotropic distillation to obtain an acrylic resin E
dispersed in water with solid content 40% by weight.

Production example 6 (Acrylic resin F dispersed 1n water)
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Acrylic acid 28.0 parts, styrene 72.0 parts, lauryl

acrvlate148.0parts, cyclohexylmethacrylate 72.0parts, methyl
methacrylate 80.0 parts, and

2,2’ -azobis~(2-methylbutyronitrile) 8.0 parts were dropwise

5 added to isopropyl alcohol 600.0 parts heated at 85°C in 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain a resin solution (f-1) with solid
content approximately 40% by weight. 25% aqueous ammonia 27.0
parts was added to the obtained resin solution (f-1) and then
10 deionized water 600 parts was gradually added to emulsify the
resin solution. Isopropyl alcohol was removed from the
emulsified resin solution (f-1) by azeotropic distillation to
obtain an acrylic resin F dispersed in water with solid content
40% by weight.
15
Production example 7 (Acrylic resin G dispersed in water)
Acrylic acid 70.0 parts, styrene 150.0 parts, lauryl
acrylate 100.0 parts, butyl acrylate 270.0 parts, cyclohexyl
methacrylate 200.0 parts, methyl methacrylate 210.0 parts, and
20 2,2"-azobilis- (2—methylbutyronittile) 20.0 parts were dropwise

added to isopropyl alcohol 1500.0 parts heated at 85°C in 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain a resin solution (g-1) with solid
content approximately 40% by weight. Diethylamine 71.1 parts

25 was added to theobtained resin solution (g-1) and thendeionized
water 1500 parts was gradually added to emulsify the resin
solution. Isopropyl alcohol was removed from the emulsified
resin solution (g-1) by azeotropic distillation to obtain an

acrylic resin G dispersed in water with solid content 40% by
30 weight.

Production example 8 (Acrylic resin solution A)

Acrylic acid 28.0 parts, styrene 72.0 parts, lauryl

acrylateld8.0parts, cyclohexylmethacrylate 72.0parts, methyl
35 methacrylate 80.0 parts, and
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2,2’ —azobis- (2-methylbutyronitrile) 8.0 parts were dropwise

added to isopropyl alcohol 600.0 parts heated at 85°C in 3 hours.
After completion of the dropwise addition, the mixture was kept

at 85°C for 4 hours to obtain an acrylic resin solution A with
solid content approximately 40% by weight.

Example 1

3.4 parts of an oxazoline compound A (trade name: “EPOCROS
WS-700", manufacturedbyNippon ShokubaiCo., Ltd., solidcontent
25%, oxazoline equivalent: 220 g~-solid/equiv.) was added to an
acrylic resin Adispersed in water (solid content 40% by weight;
acid value 55 mgKOH/g; Tg 14°C ; and weight average molecular
weight 18000) to obtain an acrylic resin composition dispersed
in water having a solid content (mass) of 36%. The obtained
resin composition and the acrylic resin A dispersed in water
were evaluated based on the following evaluation tests. The
results are shown 1n Table 1.

(Dispersion stability)

The acrylic resin A dispersed in water was produced, and
the solutionwas kept standing at 25°C for 24 hours, the condition
of the solution after was visually observed.

O: Nothing is changed.
X : Precipitates are generated.
(Storage stability)

The obtalned resin composition was kept standing at 25°C

for one week, and the condition of the solution was visually

observed.

O: Some changes such as a rise in viscosity are not observed.
X: Solidified.
(Appearance of coating film)

A commercially available urethane metallic paint for
automotive repalir was applied to a steel plate treated with zinc

phosphate so that the dry film had 30 um thickness and dried
to obtain a coating film. And the acrylic resin composition
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dispersed in water was applied thereon so that the dry film had

40 ym thickness, and the coating film was dried at 140°C for
30 minutes, to observe the appearance of the coating film

visually.

O: Smooth
A: A defect or crawling is observed on the coating film.

X : Orange peel like or whitened
(Water resistance)

The test piece used in the evaluatlon of the appearance
of the coating film was dipped in 40°C warm water for 24 hours
toobserve achange inthe appearanceof thecoatingfilmvisually.

(O: Unchanged

X: Blistered or whitened
(Solvent resistance)

The test piece used in the evaluation of the appearance
of the coating film was further cured at room temperature for
24 hours and then xylene was dripped on the ceocating film, which
was then kept standing for 30 minutes, to observe a change 1n

the appearance of the coating film visually.

O: Unchanged.
A: Somewhat swelled.
X: Eluted.

<Example 2>

An acrylic resin compositiondispersed inwaterwith solid
content 34% by weight was obtained in the same manner as that
in Example 1, except that the acrylic resin B dispersed in water
(solid content 40% by weight; acid value 110 mgKOH/g; Tg 14°C;
and weight average molecular welight 12000) and the components
used in the Example 1 in addition amounts respectively shown
in Table 1 were used. The obtained resin composition and the
acrylic resin B dispersed 1n water were subjected to the
evaluation tests in the same manner as Example 1. The results

are shown in Table 1.
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<Example 3>

An acrylic resin composition dispersed inwaterwith solid
content 36% by welght was obtalned in the same manner as that
in Example 1, except that the acrylic resin D dispersed in water
(solid content 40% by weight; acid value 55 mgKOH/g; Tg 14°C;
and welght average molecular weight 18000) and the components
used 1n the Example 1 in addition amounts respectively shown
in Table 1 were used. The obtained resin composition and the
acrylic resin D dispersed in water were subjected to the
evaluation tests in the same manner as Example 1. The results

are shown in Table 1.

<Example 4>

An acrylicresincompositiondispersed inwaterwith solid
content 36% by weight was obtalned in the same manner as that
in Example 1, except that the acrylic resin E dispersed in water
(solid content 40% by weight; acid value 55 mgKOH/g; Tg 14°C;
and welght average molecular weight 18000) and the components
used 1n the Example 1 in addition amounts respectively shown
1n Table 1 were used. The obtained resin composition and the
acrylic resin E dispersed in water were subjected to the
evaluation tests in the same manner as Example 1. The results

are shown in Table 1.

<Example 5>

An acrylicresin compositiondispersed inwaterwith solid
content 36% by weight was obtained in the same manner as that
in Example 1, except that the acrylic resin G dispersed in water
(solid content 40% by weight; acid value 55 mgKOH/g; Tg 20°C;
and welght average molecular weight 18000) and the components
used 1n the Example 1 in addition amounts respectively shown
in Table 1 were used. The obtained resin composition and the
acrylic resin G dispersed 1n water were subjected to the
evaluation tests in the same manner as Example 1, except that
thedry temperatureof evaluationtestof Coating filmappearance
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was set to 120°C. The results are shown in Table 1.

<Comparative Example 1>

An acrylicresincompositiondispersed inwaterwith solid
content 36% by weight was obtained in the same manner as that
in Example 1, except that the acrylic resin C dispersed in water
(solid content 40% by weight; acid value 55 mgKOH/g; Tg 23°C;
and welght average molecular weight 18000) and the components
used 1n the Example 1 in addition amounts respectively shown
in Table 2 were used. The obtained resin composition and the
acrylic resin C dispersed in water were subjected to the
evaluation tests in the same manner as Example 1. The results

are shown in Table 2.

<Comparative Example 2>

An acrylicresincompositiondispersed inwaterwith solid
content 36% by welght was obtailned 1n the same manner as that
1in Example 1, except that the acrylic resin F dispersed in water
(solid content 40% by weight; acid value 55 mgKOH/g; Tg 14°C;
and weight average molecular weight 18000) and the components
used i1n the Example 1 in addition amounts respectively shown
in Table 2 were used. The obtained resin composition and the
acrylic resin F dispersed in water were subjected to the
evaluation tests in the same manner as Example 1. The results

are shown in Table 2.

<Comparative Example 3>

The respective tests were carried out 1n the same manner
as that 1n Example 1, except the components used in Example 1
1n addition amounts respectively shown in Table 3 were used.

The results are shown in Table 3.

<Comparative Example 4>
2.1l parts of an oxazoline compound B (ftrade name: “"EPOCROS
WS-500", manufactured by Nippon Shokubai Co., Ltd., solid
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content: 40%, oxazoline equivalent: 220 g-solid/equiv.) was
added to 10.0 parts of a solvent type acrylic resin A (solid
content 40% by weight; acid value 55mg KOH/g; Tg 14°C; and weight
average molecular weight 18000) toobtain a solvent type acrylic
resincompositionhavingsolidcontent (weight) of 40% byweight.
The obtainedresincompositionand the solvent typeacrylicresin
A were evaluated based on the following evaluation tests. The
results are shown in Table 2.

Table 1

Example |

ool -} - -

Acrylic resin A
dispersed in water

Acrylic resin B
dispersed in water

Acrylic resin G

Oxazoline 3 2 3 4
compound A

Oxazoline

compound B

Amine compound diethylamine| diethylamine diethylamine

Storage stability

Appearanceof coatingfim | O | o | o | o | o
Water resistance — 0o

Apryhc resin D 10. O
dispersed in water
Constitution . .
) iIspersed in water
- _

Solvent resistance
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Table 2

Comparative
Example 1

Comparative | Comparative | Comparative
Example 2 | Example 3 | Example 4

10. O

Acrylic resin A
dispersed in water

Acrylic resin C

dispersed in water 10

O

Constitution | A ylic resin F

(parts by dispersed i
ed in water
weight) -

10. O

Acrylic resin solution A

10. 0
Oxazoline compound A
2. 1

Oxazoline compound B

diethylamine

Amine compound diethylamine

Dispersion stability
Storage stability
Appearance of coating film

Water resistance

Solvent resistance

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No.2004-099924 filed March
30, 2004, entitled “ACRYLIC RESIN COMPOSITION DISPERSED IN
WATER.” The contents of that application are incorporated
herein by reference in their entirely.
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CLAIMS

1. An acryllic resin composition dispersed in water, the
compositionbeingone-package compositionobtainedby combining

5 a polymer comprising a monomer unit containing an aliphatic
hydrocarbon group having 8 to 24 carbon atoms and a (meth)acrylic
acid monomer unit, an oxazoline compound having two or more

oxXazollne rings and a compound represented by the following
formula (1);

R1---------1?-—-----1%2 (1)

10 R°

whereinR*and R%, whichmaybe the same or different, respectively
represents a hydrogen atom or an alkyl group having one or more
carbon atoms with or without a substituent and R’ represents

an alkyl group having one or more carbon atoms with or without
15 a substituent.

2. A coating film formed using the acrylic resin
composition dispersed 1in water according to Claim 1.
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