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(57) ABSTRACT 

The present invention Nos. I and II relate to a hydroxyalky 
l(rneth)acrylate composition (a) modi?ed by a small amount 
of lactones in Which a proportion of monomers having tWo 
or more continuous chains (n22) of lactone is less than 50% 
(area % by GPC) Which is obtained by a ring-opening 
polymerization of a lactone With a hydroxya1kyl(meth)acry 
late, a method for the preparation thereof, and an acrylic 
polyol resin using thereof, 

(1) 
R R1 R2 R4 

(in the formula, R, R1, R2, and R3 are independently a 
hydrogen or a methyl group, “j” is an integer of 2-6, xn 
pieces of R4 and R5 are independently a hydrogen atom or 
an alkyl group having a carbon number of 1-12, “x” is 4-7, 
“n” is 0 or an integer of not less than 1, and an average value 
of “n” in the composition is not less than 0.3 to less than 

1.0). 
By alloWing to react the composition With other ethylenic 
unsaturated monomer and to formulate With a commonly 
used crosslinking agent and other commonly-used compo 
nents, there can be obtained a Well-balanced high quality 

?nishing agent for industries, an ultraviolet ray- or electron 
beam-curable coating agent, a composition Which can be 
modi?ed for a reactive improver, etc., and an acrylic polyol 
resin using thereof. 

The present invention No. III relates to a curable resin 
composition containing 0.5-80 parts by Weight of an acrylic 
polyol resin (A) obtained using a hydroxyalkyl(meth)acry 
late composition (a) modi?ed by a small amount of lactones 
and 05-50 parts by Weight of a melamine resin (B) [total of 
the (A) and (B) does not exceed, 100 parts by Weight] as 
essential components. 

By the composition, even in a melamine-based curing sys 
tem Which is 10W in price, there can be obtained a curable 
type coating composition in Which an acid resistance is 
improved and highly Well-balanced betWeen an acid resis 
tance and abrasion resistance, and Which is also excellent in 
?exural resistance and adhesion in recoating. 

The present invention No. IV relates to a curable resin 
composition containing 0.5-80 parts by Weight of an acrylic 
polyol resin (A) containing a hydroxya1kyl(meth)acrylate 
composition (a) modi?ed by a small amount of lactones as 
a polymerizing component and 0.5-50 parts by Weight of a 
melamine resin (B) [total of the (A) and (B) does not exceed 
100 parts by Weight] as essential components. 

By the composition, even in a melamine-based curing sys 
tem Which is 10W in price, there can be obtained a curable 
type coating composition in Which an acid resistance is 
improved and highly Well-balanced betWeen an acid resis 
tance and abrasion resistance. 

The present invention No. V relates to a curable resin 
composition containing 0.5-80 parts by Weight of an acrylic 
polyol resin (A) obtained using a hydroxyalkyl(meth)acry 
late composition (a) modi?ed by a small amount of lactones 
and 0.5-50 parts by Weight of a polyisocyanate compound 
(B) [total of the (A) and (B) does not exceed 100 parts by 
Weight] as essential components. 

By the composition, even in an isocyanate-based curing 
system, there can be obtained a curable-type coating com 
position in Which a pot life is long and workability is 
improved, and Which is highly Well-balanced betWeen an 
acid resistance and abrasion resistance, and Which can 
provide a coating layer Which is excellent also in ?exural 
resistance and adhesion in recoating. 

The present invention No. VI relates to a curable resin 
composition containing 0.5-80 parts by Weight of an acrylic 
polyol resin (A) obtained using a hydroxyalkyl(meth)acry 
late composition (a) modi?ed by a small amount of lactones 
and 0.5-50 parts by Weight of a polyisocyanate compound 
(B) [total of the (A) and (B) does not exceed 100 parts by 
Weight] as essential components. 

By the composition, even in an isocyanate-based curing 
system, there can be obtained a curable-type coating com 
position in Which a pot life is long and workability is 
improved, and Which is highly Well-balanced betWeen an 
acid resistance and abrasion resistance, and Which can 
provide a coating layer Which is excellent also in ?exural 
resistance and adhesion in recoating. 

The present invention No. VII relates to a thermosetting 
resin composition containing 2-50 parts of an acrylic polyol 
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resin obtained using a hydroXyalkyl(meth)acrylate compo 
sition (a) modi?ed by a small amount of lactones and 30-80 
parts of an acrylic copolymer having an alkoXysilyl group. 

By the composition, there can be obtained a thermosetting 
resin composition in Which crosslinking density is elevated 
and hardness and abrasion resistance are improved as Well as 
solving a problem of acid resistance and odor. 

The present invention No. VIII relates to a carboXylic 
group-contained acrylate composition (a‘) modi?ed by a 
small amount of lactones represented by a formula described 
beloW by alloWing to react a hydroXyalkyl(meth)acrylate 
composition (a) modi?ed by a small amount of lactones With 
a carboXylic anhydride, 

(in the formula, R, R1, R2, and R3 are independently a 
hydrogen or a methyl group, “j” is an integer of 2-6, Xn 
pieces of R4 and R5 are independently a hydrogen atom or 
an alkyl group having a carbon number of 1-12, “X” is 4-7 
, “n” is 0 or an integer of not less than 1, an average value 
of “n” in the composition is not less than 0.3 to less than 1.0, 

R6 is a residual group of a carboXylic acid, and “m” is an 
integer of 1-3), and relates to a method for the preparation 
thereof. 

By the method, there can be readily, ef?ciently, and eco 
nomically obtained the carboXylic group-contained acrylate 
monomer composition modi?ed by a small amount of lac 
tones. 

The present invention No. IX relates to a curable resin 
composition containing 10-70 parts of an acrylic polycar 
boXylic resin essentially containing the carboXylic group 
contained hydroXy(meth)acrylate monomer composition (a‘) 
modi?ed by a small amount of lactones as a polymeriZing 
component and 0.5-80 parts of a polyepoXide. 

By the composition, there can be obtained a curable-type 
resin composition Which can form a coating layer Which is 
excellent in acid resistance, abrasion resistance, yelloWing 
resistance, and outer appearance, and Which is curable at a 
loW temperature. 

The present invention No. X relates to a polyester unsatur 
ated monomer (a“) modi?ed by a small amount of lactones 
in Which less than 1 mol of e-caprolactone is alloWed to react 
With 1 mol of a radically polymeriZable unsaturated mono 
mers containing carboXylic group under the presence of an 
acidic catalyst, and relates to a method for the preparation 
thereof. By the method, there can be readily and industrially 
prepared the monomer in a short step. 
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REACTIVE MONOMER COMPOSITION 
MODIFIED BY A SMALL-AMOUNT OF 

LACTONES, AN ACRYLIC POLYOL RESIN, A 
CURABLE RESIN COMPOSITION, AND A 

COATING COMPOSITION 

TECHNICAL FIELD 

[0001] The present invention I relates to a hydroXyalkyl 
(meth)acrylate composition modi?ed by a small amount of 
lactones in Which there is decreased the amount of adducts 
containing tWo or more continues lactone chains, a method 
for the preparation thereof, and an acrylic polyol resin Which 
can be employed as an industrial ?nishing agent having a 
high quality and Which is variously Well-balanced, for 
example, coatings and a pressure-sensitive adhesive, an 
ultraviolet ray- or electron beam-curable coating agent, and 
a reactive modi?er. 

[0002] Further, the present invention II relates to a method 
for the preparation of a hydroXyalkyl(meth)acrylate compo 
sition modi?ed by a small amount of lactones. 

[0003] Still further, the present invention III relates toga 
curable resin composition comprising an acrylic polyol 
resin-containing the hydroXyalkyl(meth)acrylate composi 
tion modi?ed by a small amount of lactones as a polymer 
iZable component and a melamine resin, by Which there can 
be prepared a coating having an improved-acid resistance 
and being Well-balanced in abrasion resistance and an acid 
resistance. 

[0004] Furthermore, the present invention IV relates to a 
melamine-curable type Water-based coating composition 
comprising the acrylic polyol resin containing the hydroXy 
alkyl(meth)acrylate composition modi?ed by a small 
amount of lactones and an amino-plasto resin, and Which is 
appropriate as a Water-based coating for cars, home electric 
appliances, and cans for beverages and foods, particularly, 
Which is appropriate as a clear coating for ?nishing an outer 
surface of cans. 

[0005] In addition, the present invention V relates to a 
curable resin composition containing an acrylic polyol resin 
obtained by employing the hydroXyalkyl(meth)acrylate 
composition modi?ed by a small amount of lactones in 
Which there are decreased adducts containing tWo or more 
continuous lactone chains and a polyisocyanate compound 
as essential components, by Which there can be prepared a 
coating having a long pot life and an eXcellent abrasion 
resistance and Water resistance. 

[0006] Also, the present invention VI relates to a coating 
containing a curable resin composition and crosslinked 
particles obtained from the curable resin composition or 
urethane-urea/ethylenic resin-composite type crosslinked 
particles as essential coating layer-formable components. 
The curable resin composition essentially contains a 
hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones and a polyisocyanate compound as 
essential components. The hydroXyalkyl(meth)acrylate 
composition is a vinyl-based copolymer having carboXylic 
group and a crosslinkable functional group. The vinyl-based 
copolymer is obtained by alloWing to react the hydroXy 
alkyl(meth)acrylate composition (a) modi?ed by a small 
amount of lactones With a carboXylic group-contained vinyl 
based monomer and other vinyl-based monomers. 
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[0007] The vinyl-based copolymer is the acrylic polyol 
resin (A) in the curable resin composition of the present 
invention V. 

[0008] And also, the present invention VII relates to a 
thermosetting resin composition comprising an acrylic 
polyol resin containing the hydroXyalkyl(meth)acrylate 
composition modi?ed by a small amount of lactones and an 
alkoXysilyl group-contained acrylic copolymer, and relates 
to a top-coat clear coating primarily containing the thermo 
setting resin composition, and Which is employed as an outer 
coating for buildings, a variety of coatings for cars, indus 
trial machines, a steel-made furniture, home electric appli 
ances, and plastics, in Which durability is particularly 
required. 

[0009] Besides, the present invention VIII relates to a 
carboXylic group-contained acrylate modi?ed by a small 
amount of lactones Which is useful as a raW material for 
resins. 

[0010] Also, the present invention IX relates to a curable 
resin composition, a clear coating composition, and a 
method for coating, and the curable resin composition is 
employed as a ?nishing coating for cars and coil coating, 
etc., Which is composed of an acrylic polycarboXylic acid 
resin containing a carboXylic group-contained acrylate 
monomer modi?ed by a small amount of lactones and a 
polyepoXide. 

[0011] And also, the present invention X relates to a 
polyester unsaturated monomer composition modi?ed by a 
small amount of lactones, a method for the preparation 
thereof, and an acrylic resin prepared therefrom Which does 
not shoW tackiness. 

[0012] By alloWing to react these monomer compositions 
With other ethylenic unsaturated monomer and formulating 
With a variety of crosslinking agents and other components 
Which are usually employed, there can be prepared an 
industrial ?nishing agent Which is variously Well-balanced, 
for eXample, a coating, an pressure-sensitive adhesive, an 
ultraviolet ray- or electron beam-curable coating agent, a 
curable oligomer and a polymer Which can be employed as 
a reactive modi?er, etc. 

BACKGROUND ART 

I and II 

[0013] In recent years, there has been raised an importance 
of an acrylic-based coating in a coating ?eld. 

[0014] It is a reason that it has an eXcellent characteristic 
in Weatherability, chemical resistance, and staining resis 
tance, etc. compared to other alkyd resins, polyester resins, 
and epoXy resins. 

[0015] For that reason, an acrylic-based coating has been 
employed in many ?elds such as cars, home electric appli 
ances, metals, and construction materials. 

[0016] Of acrylic resins, an acrylic polyol in Which a 
monomer having hydroXyl group is copolymeriZed is 
applied as an ordinary temperature-curable coating or a 
baking-curable coating in Which there is formulated a 
crosslinking agent Which is capable of reacting With 
hydroXyl group, for eXample, a polyisocyanate and a 
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melamine resin, etc. The monomer having hydroxyl group is 
indispensable in order to give adhesion to a coating layer and 
a gasoline resistance. 

[0017] As the monomer having hydroxyl group, there 
have been conventionally employed a hydroxyethyl 
(meth)acrylate and hydroxypropyl(meth)acrylate, etc. 
Herein, the(meth)acrylate means an acrylate and a meth 
acrylate. 

[0018] HoWever, hydroxyl groups in an acrylic polyol 
prepared by copolymerization of the monomers do not shoW 
a sufficient reactivity With the crosslinking agent because it 
is situated in a position Which is exceedingly near by a main 
chain of a rigid acrylic resin skeleton. 

[0019] For the purpose of improvement thereof, although 
4-hydroxybutylacrylate is proposed, it is difficult to say that 
reactivity thereof is sufficient. 

[0020] In order to solve problems, there has been 
employed a means for synthesizing a lactone-modi?ed 
acrylic polyol in Which e-caprolactone is alloWed to addi 
tion-react to a hydroxyalkylacrylate or a hydroxalkyl 
methacrylate, folloWed by copolymerizing With other mono 
mers. 

[0021] By the means, although reactivity With the 
crosslinking-agent and ductility can be solved, a distribution 
of lactone continuous chains is broad in a conventional 
lactone-modi?ed(meth)acrylate, and the number (n) of the 
lactone continuous chains becomes large and, Whereby, 
although curing reactivity and ductility are improved, there 
is occasionally caused a problem that there loWer hardness 
and acid resistance, etc. 

[0022] For example, in the case that there is employed a 
hydroxyalkylacrylate or a hydroxyalkylmethacrylate having 
the large number of the lactone continuous chain in Which 
e-caprolactone is added as a raW material in a top-coat 
coating for cars, since a hydroxyl value per the unit Weight 
of a product becomes loWer, a large amount of the acrylate 
or methacrylate must be employed in order to adjust the 
hydroxyl value, Whereby, there are occasionally deteriorated 
other requiring items such as a glossiness and an acid 
resistance other than the abrasion resistance. 

[0023] Further, although it is occasionally controlled using 
a hydroxyethylacrylate or hydroxyethylmethacrylate in 
order to adjust the hydroxyl value Without feeding a large 
amount of a lactone-modi?ed hydroxyalkylacrylate or 
hydroxyalkyl methacrylate, in the case, there becomes 
smaller a proportion of a hydroxyalkyl(meth)acrylate con 
taining 1 mol of the lactone single chain in Which the 
number of “n” is 1, in Which ductility and hardness are 
Well-balanced. 

III 

[0024] In a coating layer for cars, it is looked upon that 
there are problematic a durability of the coating layer, 
particularly, blurs by acidic rain, scratches caused by sand 
particles Which are bloWn up by a Washing brush and by 
running. For example, a clear coat Which is an over-coating 
in a car body is often composed of an acrylic resin and a 
melamine resin, and it becomes clear that the melamine resin 
causes a problem of decline in the acid resistance and, there 
are proposed (JP-A-63221123 Official Gazette and JP-A 

Sep. 2, 2004 

63108048 Official Gazette) coatings by a novel crosslinking 
style not containing the melamine resin. HoWever, the 
coatings are higher in price compared to a melamine-based 
thermosetting coating, and include a problem that those are 
poor in adhesion to the melamine-based thermosetting coat 
mg. 

[0025] Of the acrylic resins, an acrylic polyol in Which 
there is copolymerized a monomer having hydroxyl group is 
employed in an ordinary temperature-curable or thermoset 
ting-curable coating in Which there is formulated a 
crosslinking agent Which can react With hydroxyl group, for 
example, such as a polyisocyanate and a melamine resin. In 
order to give an adhesion to a coating layer and a gasoline 
resistance, acrylic monomers having hydroxyl group are 
indispensable. 

[0026] As such the monomers having hydroxyl group, 
there have been conventionally employed a hydroxyethyl 
(meth)acrylate and a hydroxypropyl(meth)acrylate, etc. 

[0027] HoWever, since the hydroxyl group in an acrylic 
polyol prepared by copolymerization of the(meth)acrylates 
is situated in an exceedingly near position to a main chain of 
an acrylic resin structure Which is rigid, a reactivity With the 
crosslinking agent is not sufficient. 

[0028] For the purpose of improvement thereof, although 
4-hydroxybutylacrylate is proposed, it is difficult to say that 
a reactivity thereof is sufficient. 

[0029] As a method for solving such the problems, in 
relation to a abrasion resistance, for example, there has been 
conventionally knoWn (JP-A-64066274 Official Gazette) a 
coating using a clear coat in Which there are employed an 
e-caprolactone-modi?ed acrylic resin obtained by copoly 
merization of an e-caprolactone-added hydroxyalkyl 
(meth)acrylate With other vinyl monomers and a melamine 
curing agent and, further, for an acidic rain, for example, 
there has been conventionally knoWn (JP-A-04114069 Of? 
cial Gazette) a coating using a clear coat in Which there are 
simultaneously employed a reaction of carboxylic acid With 
an epoxy and a reaction of an acrylic resin With a melamine 
curing agent. 

[0030] HoWever, since the lactone-modi?ed(meth)acry 
late in a technology of the JP-A-64066274 Official Gazette 
has a broad distribution of continuous lactone chains and the 
number (n) of the continuous lactone chains is large, there is 
occasionally caused the above-described problem that 
although curing reactivity and ?exibility are improved, there 
loWer hardness and acid resistance, etc. 

[0031] On the other hand, although there is obtained a 
coating layer having an excellent acid resistance in a tech 
nology of the JP-A-04114066 Official Gazette, abrasion 
resistance is insufficient. 

[0032] Further, there has been knoWn that it is an effective 
method to elevate a glass transition temperature in a cured 
coating layer formed from a clear coat Which is a most 
outside surface layer in order to obtain an advanced acid 
resistance. HoWever, in the case, there has been a problem 
that there is caused an unpreferred situation that there loWer 
not only the abrasion resistance in the coating layer but also 
?exural resistance and adhesion in recoating. Accordingly, it 
has been an exceedingly difficult technology to obtain a 
coating layer Which is highly Well-balanced in the acid 
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resistance and abrasion resistance, and Which is also eXcel 
lent in the ?eXural resistance and adhesion in recoating. 

IV 

[0033] Metal cans have been Widely employed as a vessel 
for ?lling a variety of beverages and foods. 

[0034] Outside surface of the cans is coated in order to 
prevent corrosion by outside circumstances, and printed in 
vieW of a ?ne sight, and for shoWing contents. In printing 
and coating of the outside surface of the cans, a siZe-coating 
is coated on a metal plate, and then, a White coating is coated 
and, printing is conducted thereon by inks, etc. and a clear 
coating is coated for ?nishing. The siZe-coating and White 
coating are also occasionally omitted. Hitherto, as the clear 
coating for ?nishing, there has been Widely employed an 
organic solvent solution containing an acrylic/amino-based 
resin, a polyester/amino-based resin, and an epoXy/amino 
based resin, etc. 

[0035] JP-A-06207137 Of?cial GaZette discloses a Water 
based coating for an outer surface of cans, Which is a coating 
primarily containing a resin mixture composed of (A) 40-60 
parts by Weight of an acrylic resin having a speci?ed 
composition Which has a Weight average molecular Weight 
of 6,000-15,000 and a glass transition temperature of 
exceeding 0° C., (B) 10-20 parts by Weight of an acrylic 
resin having a speci?ed composition Which has a Weight 
average molecular Weight of 5,000-50,000 and a glass 
transition temperature of not more than 0° C., and (C) 20-50 
parts by Weight of an amino-plasto resin, and the resins (A) 
and (B) are neutraliZed by a base and, the resins (A), (B), and 
(C) are dissolved or dispersed in Water. HoWever, a coating 
layer obtained from the above-described technology is not 
sufficient in hardness. 

[0036] Publicly-knoWn Water-based coatings include tWo 
types of a Water-dispersed type one and a Water-soluble type 
one, and since the Water-dispersed type one is usually 
synthesiZed by an emulsion polymeriZation method using a 
surface active agent, there has been a problem that the 
surface active agent remains in a coating layer after having 
formed the coating layer, and it causes a decline of Water 
resistance. On the other hand, although there is also a 
method synthesiZing a resin containing carboXylic groups in 
an organic solvent system Without employing the surface 
active agent and making dipersible or Water-soluble by 
neutraliZing in a volatile base, the Water-based coating 
requires an acidic component having an acid value of not 
less than 20 in a basic resin structure, and there has been a 
draWback of poor Water resistance and alkali resistance, etc. 

[0037] A variety of coatings have been proposed and, 
although there is observed an improvement of Water resis 
tance in a coating layer, properties are not in a level being 
resistible to a thermally steriliZing treatment (retorting) in 
130° C. for 30 minutes. 

[0038] JP-A-07316489 Of?cial GaZette discloses a Water 
based coating composition characteriZed by containing 
20-80 parts by Weight of a Water-based acrylic resin obtained 
by copolymeriZation of 0t, [3-ethylenic unsaturated car 
boXylic acid, (ii) a hydroXyl group-contained 
mono(meth)acrylate including an e-caprolactone-modi?ed 
monomer, (iii) an N-alkoXymethyl(meth)acrylic amide hav 
ing an alkyl group of a carbon number of not more than 4, 
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and an aromatic vinyl monomer Which is copolymeriZable 
With the (i)-(iii) and/or an alkyl(meth)acrylate and 10-60 
parts by Weight of a Water-based amino resin. HoWever, 
Water resistance is not suf?cient in the coating composition 
obtained by the above-described technology. 

[0039] Further, a Water-based coating composition has 
been also employed for coating in cars and home electric 
appliances. 

[0040] For eXample, in recent years, a design value in 
resin-made parts such as a bumper for cars is elevated by 
coating the same color as in car bodies. In the case of coating 
a bumper made from a polypropylene, etc. like a body color, 
there is ?rstly coated a primer made from a chlorinated 
polypropylene, etc. in order to ensure adhesion. A coating 
layer is formed by a tWo coating-one baking method (here 
inafter, referred to as a 2C1B method) in Which a coating 
layer of the primer is thermally cured and a coating for a 
base coat and an over coating are coated by a Wet-on-Wet 
method and those are thermally cured collectively. 

[0041] HoWever, there has become problematic a staining 
in a coating layer Which is called a rain-blot under the 
in?uence of an acidic rain in recent years. Particularly, in a 
baked coating layer made from a melamine resin, it is knoWn 
that an ether bond in the vicinity of melamine is broken by 
the acidic rain, and a stain penetrates therein, resulting in 
that it becomes difficult to remove the stain by a Water 
Washing level. Accordingly, it must be rubbed off by a 
compound, etc. and, in the case, there is a problem that a 
coating layer is also shaved off, resulting in that the thick 
ness of the coating layer becomes thinner. 

[0042] Comparing a coating layer on an outside plate of 
cars to a coating layer on a bumper, the rain-blot is more 
readily caused in the coating layer on a bumper, there is a 
problem that the rain-blot once caused is not apt to be 
removed compared to the coating layer on an outside plate. 
It is thought that it depends upon a crosslinking density. In 
other Words, since the coating layer on an outside plate is 
cured by heating conditions such as 140° C. for 30 minutes 
or so, a crosslinking density is high. HoWever, in the coating 
layer on a resin-made bumper, since heating temperature is 
suppressed in 120° C. for 20 minutes or so in order to 
prevent deformation, a crosslinking density becomes loWer 
compared to the coating layer on an outside plate for cars. 
For that reason, an acid rain resistance is not suf?cient, and 
it is thought that the above-described difference is caused. 

[0043] Therefore, it is thought that a blocked polyisocy 
anate compound is employed as a crosslinking agent Without 
using a melamine resin. HoWever, curability is poor at a loW 
temperature in a coating composition in Which the blocked 
polyisocyanate compound is employed as a crosslinking 
agent. For that reason, When the coating composition is 
coated on a resin-made bumper, etc., since heating tempera 
ture is 120° C. to the utmost, crosslinking density is loW, 
resulting in that there become insuf?cient physical proper 
ties such as solvent resistance, staining resistance, and Water 
resistance. 

[0044] JP-A-11012533 discloses a Water-based coating 
composition comprising a neutraliZed product of an amino 
resin-modi?ed polymer in Which structural units based on 
the above-described component (a) in the copolymer com 
posed of (a) radically polymeriZable compound having a 
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speci?ed structural formula, (b) an 0t, [3-ethylenic unsatur 
ated carboxylic acid, and (c) other radically polymeriZable 
monomers are modi?ed by a reaction of hydroxyl group in 
the units With an amino resin. HoWever, a coating layer from 
the composition is not suf?cient in retort resistance. 

V 

[0045] As described hereinabove, in recent years, an 
acrylic-based coating is becoming important in a coating 
?eld and, in a coating layer for cars, durability of a coating 
layer, particularly, there become problematic a rain-blot by 
an acidic rain, abrasions by sand particles bloWn up by a 
Washing brush and during driving, and the above-described 
various methods are proposed. HoWever, there have still 
been the above-described various problems. 

[0046] On the other hand, although an isocyanate curing 
system shoWs an excellent acid resistance, adhesion, Water 
resistance, and hardness, there is a problem that a pot-life is 
shorter compared to a melamine coating and, crosslinking of 
a resin is insuf?cient, and abrasion resistance is loWer in a 
coating layer. Although the abrasion resistance can be 
improved by employing a modi?ed hydroxy(meth)acrylate, 
etc. (PCL F, etc.), a pot-life further becomes short by an 
existing PCL F having a long lactone continuous chain 
length, and there is caused a problem that it cannot become 
taken a Working time of period. 

VI 

[0047] For the above-described problems in an isocyanate 
curing system, JP-A-05148313 Official GaZette proposes a 
coating Which possesses various properties such as pro?t 
ability and Workability Without loss of a ?ne spectacle and, 
moreover, Which can also satisfy a corrosion resistance, and 
Which can provide a coating layer for a metal having an 
advanced corrosion resistance and, moreover, Which prima 
rily contains a coating layer-formable resinous component in 
Which there are employed speci?ed crosslinked particles 
Which do not cause any problems in corrosion resistance 
even though a conventional melamine curing agent is 
employed. Although the abrasion resistance can be 
improved by employing a modi?ed hydroxy(meth)acrylate, 
etc. (PCL F, etc.), the abrasion resistance, the improvement 
is insufficient by the PCL F having a long lactone continuous 
chain length. 

VII 

[0048] In a conventional thermosetting coating, there has 
been employed a melamine resin such as an alkyd melamine 
resin, an acrylic melamine resin, and an epoxy melamine 
resin as a crosslinking,agent, and an odor from the melamine 
resin has been largely problematic. Further, in an acrylic 
melamine resin and an alkyd melamine resin Which are 
usually employed as a coating for cars, there are not alWays 
sufficiently satis?ed properties such as Weatherability, stain 
ing resistance, acidic resistance, and a Water-repellent prop 
erty, and an improvement thereof is strongly desired. 

[0049] As a method for solving the problems, there is 
proposed a technology (JP-A-01141952 Of?cial GaZette, 
etc.) concerning a composition Which is cured by a 
crosslinking style using a polyol resin and a hydrolyZable 
silyl group-contained resin, and Which is quite different from 
a crosslinking style using a conventional polyol resin and 
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melamine resin. HoWever, there are not still suf?ciently 
satis?ed hardness, abrasion resistance, Water resistance, and 
solvent resistance. 

VIII 

[0050] Since a polyalkyleneglycol di(meth)acrylate forms 
a ?exible thin layer after curing, it is one of exceedingly 
useful raW materials for employing as an ink and coating, 
etc. Further, a loW molecular Weight one is important also as 
a reactive diluent in an acrylic resin ?eld. 

[0051] It is to be noted that in the present invention, an 
acrylate and methacrylate are called a(meth)acrylate, and 
acrylic acid and methacrylic acid are called a(meth)acrylic 
acid. HoWever, an acrylic resin and a methacrylic resin are 
merely called an acrylic resin. 

[0052] On the other hand, an acrylic resin having carboxy 
lic group (—COOH) is effective for improving adhesion to 
a material Which includes a resin such as a nylon having 
amino group, and an inorganic compound such as a metal 
having hydroxyl group and a silica. Further, it is recogniZed 
that it is effective for improving a Water-solubility and an 
aqueous alkali solution-solubility of an acylic resin, above 
all, shortening of developing time of period in an alkali 
development step and a removing ability of uncured portion 
in the case of forming a pattern using ultraviolet ray 
curability. 

[0053] For that reason, there is desired a carboxylic group 
contained acrylate such as a carboxylic group-contained 
lactone acrylate, and there has been desired a method for the 
preparation thereof Which is industrially and readily oper 
ated. 

IX 

[0054] In a binder for employing as an over-coating for 
cars, a polymer having hydroxyl group is usually employed 
in combination With a melamine resin curing agent. HoW 
ever, in a cured thin layer obtained by employing a 
melamine resin as a curing agent, an acid resistance is 
usually poor. Accordingly, such the thin layer is apt to be 
particularly deteriorated by an acidic rain Which is recently 
talked about, resulting in that a problem is caused in an outer 
appearance. 

[0055] It is thought that a poor acid resistance in a thin 
layer obtained by employing a melamine resin as a curing 
agent is caused by a triaZine ring in the melamine resin. 
Accordingly, so far as a melamine resin is employed as a 
curing agent, a draWback of the poor acid resistance is not 
solved. 

[0056] For example, JP-A-02045577 and JP-A-03287650 
Of?cial GaZettes propose a novel coating composition in 
Which a melamine resin is not employed. In the coating 
composition, since a crosslinking is initiated in an ester bond 
Which is produced by a reaction of an acid group With an 
epoxy group, an acid resistance is excellent. 

[0057] HoWever, in the curing system, since functional 
group concentration is higher and viscosity is high, it is 
dif?cult to prepare a high solid type coating having a high 
solid content, and it is required that a large amount of 
solvents are employed. 
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[0058] On the other hand, in recent years, there is desired 
a high solid coating Which does not emit a large amount of 
solvents in circumstances in order to reduce a bad in?uence 
to circumstances. 

[0059] JP-A-06166741 Of?cial GaZette discloses a high 
solid coating composition in Which a silicone polymer is 
employed. HoWever, in the inventions, in order to introduce 
a hydroxyl group-functional silicone polymer into a coating 
composition, an acid-functionalty is given by a reaction With 
an acid anhydride. As a result, there is caused a drawback 
that an amount of functional groups cannot be elevated, and 
Tg is loWered in resins and, Tg cannot be elevated in a 
coating layer. 

[0060] On the other hand, JP-B-94041575 Of?cial GaZette 
discloses a high solid coating composition containing (a) a 
polyepoxide and (b) a polyester polycarboxylic acid. HoW 
ever, solid content in the coating composition is not high 
from a vieWpoint of not adversely affecting to circum 
stances, resulting in that a coating layer formed is poor in an 
acid resistance 

[0061] Further, in an acid-epoxy curing type coating sys 
tem, a clear coating layer When being thermally cured 
remarkably yelloWs compared to a conventional melamine 
type coating system, and it is dif?cult to design a light color 
such as a White mica color. 

[0062] As described hereinabove, in recent years, an 
acrylic-based coating is becoming important in a coating 
?eld, and an acrylic-based coating is becoming employed in 
every ?elds. 

[0063] In a conventional lactone modi?ed(meth)acrylate, 
since distribution of lactone continuous chains becomes 
broad and the number (n) of continuous chain length 
becomes large, although a curing reactivity and ?exibility 
are improved, there is occasionally caused a problem of a 
decline of hardness and acid resistance. 

[0064] On the other hand, as radically polymeriZable 
unsaturated monomers having carboxylic group, there are 
knoWn(meth)acrylic acid, itaconic acid, maleic acid, 
[3-(meth)acryloyloxyethyl succinic acid, [3-(meth)acryloy 
loxyethyl maleic acid, and [3-(meth)acryloyloxyethyl 
phthalic acid, etc. 

[0065] The radically polymeriZable unsaturated mono 
mers having carboxylic group are employed in exceedingly 
Wide range uses as a raW material and an intermediate for a 

thermosetting coating, an adhesive, an modi?er for process 
ing papers, a crosslinking agent, and a processing agent for 
?bers, etc., it is required that a kind of the radically poly 
meriZable unsaturated monomers is carefully selected like 
being appropriate for respective uses. 

[0066] Generally speaking, as a method for synthesiZing a 
polyester unsaturated monomer having carboxylic group at 
a terminal, there are knoWn a method in Which an uu-hy 
droxycarboxylic acid is alloWed to react With a radically 
polymeriZable unsaturated monomers having carboxylic 
group, a method in Which an 0t, uu-polyester dicarboxylic 
acid is alloWed to react With a radically polymeriZable 
unsaturated monomers having hydroxyl group, and a 
method, etc. in Which an acid anhydride is alloWed to react 
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With a radically polymeriZable unsaturated monomers hav 
ing carboxylic group and an epoxy compound. 

[0067] HoWever, the methods include a problem that there 
are largely produced products quite not having a radically 
polymeriZable functinal group or products having tWo radi 
cally polymeriZable functinal group as by-products. 

[0068] Further, as another method, there is a method in 
Which a metal salt of a radically polymeriZable unsaturated 
monomers having carboxylic group, for example, sodium 
acrylate is alloWed to react With an uu-halogenocarboxylic 
acid, for example, e-chlorocaproic acid. 

[0069] HoWever, in the methods, an uu-halogenocarboxy 
lic acid Which is a raW material is prepared through many 
steps for the preparation, and a plurality of steps are required 
for introducing tWo or more pieces of a radically polymer 
iZable functional groups and, further, there is also required 
a step for separating a halogenated metal salt by-produced, 
as a result, an industrial preparation method is not still 
actualiZed. 

[0070] As a method for intending to improve such the 
draWbacks, for example, JP-A-60067446 proposes a 
method. In the method, a radically polymeriZable unsatur 
ated monomers having carboxylic group is alloWed to react 
With e-caprolactone under the presence of an acidic catalyst 
to prepare a caprolactone polyester unsaturated monomer, 
and a fair result is obtained as an industrial method for the 
preparation. However, an acrylic resin prepared using the 
monomer often shoWs tackiness, and it includes a problem 
as an electric material. 

[0071] Purpose of the present invention I is to provide a 
hydroxyalkyl(meth)acrylate composition modi?ed by a 
small amount of actone Which is employed as an industrial 
?nishing agent (a coating) having a high quality and Which 
is Well-balanced in a variety of physical properties in a 
coating layer, for example, through using as a comonomer in 
a polymeriZation reaction With other monomers, and to 
provide an acrylic polyol resin using the composition. 

[0072] Purpose of the present invention II is to provide a 
method for the preparation of the composition. 

[0073] Purpose of the present invention III is to provide a 
curable type coating composition in Which an acid resistance 
is elevated even though in a melamine type Which is loW in 
price, and Which is Well-balanced in abrasion resistance and 
the acid resistance. 

[0074] Purpose of the present invention IV is to provide a 
melamine-curable type Water-based coating composition 
Which is excellent in hardness, Water resistance, restoring 
resistance, and processability, etc. of a coating layer, and 
Which is excellent for cars, home electric appliances, and 
cans for beverages and foods. 

[0075] Purpose of the present invention V is to provide an 
isocyanate system curable type coating composition Which 
has a suf?cient pot-life and, in Which a problem of abrasion 
resistance is solved While maintaining an excellent acid 
resistance, adhesion, Water resistance, and hardness. 

[0076] Purpose of the present invention VI is to provide an 
isocyanate system curable type coating composition Which 
has a suf?cient pot-life and, in Which a problem of abrasion 
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resistance is solved While maintaining excellent acid resis 
tance, adhesion, Water resistance, and hardness. 

[0077] Purpose of the present invention VII is to provide 
a thermosetting resin composition in Which a problem of the 
above-described acid resistance and odor is solved Which are 
important in a coating for cars, and in Which hardness and 
abrasion resistance, Water resistance, and solvent resistance 
are improved by elevating a crosslinking density, and to 
provide a top-coat clear coating using the composition. 

[0078] Purpose of the present invention VIII is to provide 
an industrially-feasible method for the preparation of a 
carboXylic group-contained acrylate composition modi?ed 
by a small amount of lactones. 

[0079] Purpose of the present invention IX is to provide a 
high solid curable resin composition in Which the above 
described problems are solved and, Which is capable of 
forming a thin layer Which is eXcellent in acid resistance to 
an acid rain, abrasion resistance, yelloWing resistance, and 
outer appearance, and to provide a method for coating 
(hereinafter, also occasionally referred to as a method for 
forming a coating layer) using the composition. 

[0080] Purpose of the present invention X is to provide a 
polyester unsaturated monomer composition modi?ed by a 
small amount of lactone Which is obtained through an 
addition reaction of lactone by decreasing lactone chains, 
Which is employed as an industrial ?nishing agent (a coat 
ing) having a high quality Which is Well-balanced in various 
physical properties of a coating layer by employing as a 
comonomer in a polymeriZation reaction With other mono 
mers, and to provide a method for the preparation thereof, 
and to provide an acrylic resin using thereof Which does not 
shoW tackiness so much. 

DISCLOSURE OF THE INVENTION 

[0081] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion I, found out that the above-described requirements can 
be satis?ed by a hydroXyalkyl(meth)acrylate composition in 
Which there is decreased a proportion of monomers contain 
ing tWo or more continuous chains (n22) of lactones by 
alloWing to react in a large reaction ratio (the former mol 
number/the latter mol number) of a hydroXyalkyl 
(meth)acrylate With respect to a lactone monomer, and the 
present invention has been completed. 

[0082] That is, No. 1 in the present invention I provides a 
hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones, in Which a proportion of mono 
mers having tWo or more continuous chains (n22) of 
lactones is less than 50% (area % by GPC) Which is 
represented by general formula (1) described beloW, 

(1) 
R R1 R2 R4 

[0083] (in the formula, R, R1, R2, and R3 are indepen 
dently a hydrogen or a methyl group, j is an integer of 2-6, 
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Xn pieces of R4 and R5 are independently a hydrogen or an 
alkyl group having a carbon number of 1-12, “X” is 4-7, “n” 
is 0 or an integer of not less than 1, an average value of “n” 
in the composition is not less than 0.3 to less than 1.0). 

[0084] Further, No. 2 in the present invention I provides a 
hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones as described in No. 1 of the present 
invention I, in Which the hydroXyalkyl(meth)acrylate is a 
hydroXyethyl(meth)acrylate. 
[0085] Still further, No. 3 in the present invention I 
provides a hydroXyalkyl(meth)acrylate composition modi 
?ed by a small amount of lactones as described in No. 1 of 
the present invention I, in Which the lactone monomer Which 
is employed as a raW material is e-caprolactone and/or 
valerolactone. 

[0086] Furthermore, No. 4 in the present invention I 
provides a hydroXyalkyl(meth)acrylate composition modi 
?ed by a small amount of lactones as described in No. 1 of 
the present invention I, in Which the content of the lactone 
monomer remained in the composition is 0-10% by Weight. 

[0087] Besides, No. 5 in the present invention I provides 
a hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones as described in No. 1 of the present 
invention I in Which the content of the hydroXyalkyl 
(meth)acrylate remained in the composition is not less than 
20% by Weight and not more than 50% by Weight. 

[0088] Also, No. 6 in the present invention I provides a 
hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones as described in No. 1 of the present 
invention I, in Which the content of a di(meth)acrylate Which 
is a by-product in the composition is not more than 2% by 
Weight. 
[0089] And also, No. 7 in the present invention I provides 
a hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones as described in No. 1 of the present 
invention I, in Which the content of by-products is not more 
than 10% by Weight in the composition, Which are produced 
by side reactions such as a Michaels addition, an acrylic 
polymeriZation, a transesteri?cation, and other side reac 
tions. 

[0090] And also, No. 8 in the present invention I provides 
a hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones as described in any one of Nos. 1-7 
of the present invention I, in Which the amount of a catalyst 
to be employed in the ring-opening polymeriZation for the 
preparation of the composition is less than 1000 ppm (by 
Weight) based on total amount of materials to be fed. 

[0091] Also, No. 9 in the present invention I provides a 
hydroXyalkyl(meth)acrylate composition modi?ed by a 
small amount of lactones as described in any one of Nos. 1-8 
of the present invention I, in Which a polymeriZation inhibi 
tor is not more than 1% by Weight based on total amount, 
Which is employed for the hydroXyalkyl(meth)acrylate in the 
ring-opening polymeriZation for the preparation of the com 
position. 

[0092] And also, No. 10 in the present invention I provides 
an acrylic polyol resin Which is obtained using a hydroXy 
alkyl(meth)acrylate composition modi?ed by a small 
amount of lactones as described in any one of Nos. 1-9 of the 
present invention I as a component for polymeriZation. 
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[0093] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion II, found out that there can be obtained a lactone 
modi?ed hydroXyalkyl(meth)acrylate composition in Which 
lactone continuous chains are decreased by allowing to react 
a hydroXyalkyl(meth)acrylate With a lactone in a reaction 
molar ratio of more than 1 (mol number of the former/mol 
number of the latter), and the present invention has been 
completed. 

[0094] That is, No. 1 in the present invention II provides 
a method for the preparation of a lactone-modi?ed hydroXy 
alkyl(meth)acrylate composition in Which a proportion of 
monomers having not less than 2 continuous chains (n22) 
of lactones is less than 50% by mol (GPC area %), charac 
teriZed in that a hydroXyalkyl(meth)acrylate is alloWed to 
react With a lactone in a reaction molar ratio of more than 1 
in the case of preparing the polylactone-modi?ed hydroXy 
alkyl(meth)acrylate through alloWing to react the hydroXy 
alkyl(meth)acrylate With a lactone monomer by ring-open 
ing polymeriZation according to a reaction represented by a 
general formula (2) described beloW. 

(2) 
R R1 R2 R4 

[0095] (in the formula, R, R1, R2and R3 are independently 
a hydrogen or a methyl group, “j” is an integer of 2-6, Xn 
pieces of R4 and R5 are independently a hydrogen or an alkyl 
group having a carbon number of 1-12, “X” is 4-7, “n” is 0 
or an integer of not less than 1, and an average value of “n” 
in the composition is not less than 0.3 to less than 1.0). 

[0096] Further, No. 2 in the present invention II provides 
a method for the preparation of a hydroXyalkyl(meth)acry 
late composition modi?ed by a small amount of lactones as 
described in No. 1 of the present invention II, in Which the 
hydroXyalkyl(meth)acrylate is hydroXyethylacrylate or 
hydroXyethylmethacrylate. 

[0097] Still further, No. 3 in the present invention II 
provides a method for the preparation of a hydroXyalkyl 
(meth)acrylate composition modi?ed by a small amount of 
lactones as described in No. 1 or 2 of the present invention 
II, in Which the lactone monomer is e-caprolactone and/or 
valerolactone. 

[0098] Furthermore, No. 4 in the present invention II 
provides a method for the preparation of a hydroXyalkyl 
(meth)acrylate composition modi?ed by a small amount of 
lactones as described in any one of Nos. 1-3 of the present 
invention II in Which an average value of n is not less than 
0.35 and not more than 1.0. 

[0099] Besides, No. 5 in the present invention II provides 
a method for the preparation of a hydroXyalkyl(meth)acry 
late composition modi?ed by a small amount of lactones as 
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described in any one of Nos. 1-3 of the present invention II, 
in Which the content of the lactone monomer remained in the 
composition is 0-10% by Weight. 

[0100] Also, No. 6 in the present invention II provides a 
method for the preparation of a hydroXyalkyl(meth)acrylate 
composition modi?ed by a small amount of lactones as 
described in any one of Nos. 1-3 of the present invention II 
in Which the content of the hydroXyalkyl(meth)acrylate 
remained in the composition is not less than 20% by Weight 
and not more than 50% by Weight. 

[0101] And also, No. 7 in the present invention II provides 
a method for the preparation of a hydroXyalkyl(meth)acry 
late composition modi?ed by a small amount of lactones as 
described in any one of Nos. 1-3 of the present invention II, 
in Which the content of a di(meth)acrylate Which is a 
by-product in the composition is not more than 2% by 
Weight. 
[0102] And also, No. 8 in the present invention II provides 
a method for the preparation of a hydroXyalkyl(meth)acry 
late composition modi?ed by a small amount of lactones as 
described in any one of Nos. 1-3 of the present invention II, 
in Which the content of by-products is not more than 10% by 
Weight in the composition, Which are produced by side 
reactions such as a Michaels addition, an acrylic polymer 
iZation, a transesteri?cation, and other side reactions. 

[0103] And also, No. 9 in the present invention II provides 
a method for the preparation of a hydroXyalkyl(meth)acry 
late composition modi?ed by a small amount of lactones as 
described in any one of Nos. 1-8 of the present invention II, 
in Which the amount of a catalyst to be employed in the 
reaction of the lactone With the hydroXyalkyl(meth)acrylate 
is less than 1000 ppm (by Weight) based on total amount of 
materials to be fed. 

[0104] And also, No. 10 in the present invention II pro 
vides a method for the preparation of a hydroXyalkyl 
(meth)acrylate composition modi?ed by a small amount of 
lactones as described in any one of Nos. 1-9 of the present 
invention II, in Which the content of an inhibitor in poly 
meriZation of the hydroXyalkyl(meth)acrylate With the lac 
tones is not more than 1% by Weight based on total amount 
of materials to be fed. 

[0105] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion III, found out that the above-described requirement can 
be satis?ed by a curable resin composition containing 0.5-80 
parts by Weight of an acrylic polyol resin (A) obtained using 
a hydroXyalkyl(meth)acrylate composition (a) in Which a 
proportion of monomers having not less than 2 continuous 
chains (n22) of lactones is decreased and 05-50 parts by 
Weight of a melamine resin (III-B) as essential components, 
and the present invention has been completed. 

[0106] That is, No. 1 in the present invention III provides 
a curable resin composition containing 0.5-80 parts by 
Weight of an acrylic polyol resin (A) obtained using a 
hydroXyalkyl(meth)acrylate composition (a) modi?ed by a 
small amount of lactones in Which a proportion of mono 
mers having not less than 2 continuous chains (n22) of 
lactones is less than 50% (GPC area %) as polymeriZing 
components and 05-50 parts by Weight of a melamine resin 
(B) [total of the (A) and (B) does not exceed 100 parts by 
Weight]. 
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[0107] Further, No. 2 in the present invention III provides 
a curable resin composition as described in No. 1 of the 
present invention III, in Which the hydroXyalkyl(meth)acry 
late composition (a) modi?ed by a small amount of lactones 
is obtained using a hydroXyethyl(meth)acrylate. 

[0108] Still further, No. 3 in the present invention III 
provides a curable resin composition as described in No. 1 
or 2 of the present invention III, in Which the hydroXyalky 
l(meth)acrylate composition (a) modi?ed by a small amount 
of lactones is obtained using e-caprolactone, o-valerolac 
tone, y-butyrolactone, or a mixture thereof as lactone mono 
mers. 

[0109] Besides, No. 4 in the present invention III provides 
a curable resin composition as described in any one of Nos. 
1-3 of the present invention III, in Which the acrylic polyol 
resin (A) is composed of 5-70 parts by Weight of the 
hydroXyalkyl(meth)acrylate composition (a) modi?ed by a 
small amount of lactones, 0-90 parts by Weight of an 
alkyl(meth)acrylate having a carbon number of 1-20, 0-30 
parts by Weight of a (meth)acrylic acid, and 0-40 parts by 
Weight of other polymeriZable unsaturated monomer. 

[0110] Also, No. 5 in the present invention III provides a 
curable resin composition as described in any one of Nos. 
1-4 of the present invention III, in Which the acrylic polyol 
resin (A) has a hydroXyl group value of 5-250 and a number 
average molecular Weight of 3,000-300,000. 

[0111] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion IV, found out that the above-described problems can be 
solved by using a melamine-curable type Water-based coat 
ing composition composed of an acrylic polyol resin (A) 
obtained by a speci?ed hydroXyalkyl(meth)acrylate compo 
sition (a) modi?ed by a small amount of lactones and an 
amino-plasto resin (B), and the present invention has been 
completed. 

[0112] That is, No. 1 in the present invention IV provides 
a melamine-curable type Water-based coating composition 
containing 5-30 parts by Weight of an acrylic polyol resin 
(A) obtained using a hydroXyalkyl(meth)acrylate composi 
tion (a) modi?ed by a small amount of lactones represented 
by the above-described general formula (1), in Which a 
proportion of monomers having not less than 2 continuous 
chains (n22) of lactones is less than 50% (GPC area %) as 
polymeriZing components and 10-60 parts by Weight of an 
amino-plasto resin (IV-B) 

[0113] No. 2 in the present invention IV provides a 
melamine-curable type Water-based coating composition as 
described in No. 1 of the present invention IV, characteriZed 
in that the acrylic polyol resin (A) is composed of 3-40% 
by Weight of the hydroXyalkyl(meth)acrylate composition 
(a) modi?ed by a small amount of lactones, (ii) 1-20% by 
Weight of 0t, [3-unsaturated carboXylic acid, (iii) 1-25% by 
Weight of an N-alkoXymethyl(meth)acrylate having a carbon 
number of 1-6 in an alkyl group, and (iv) an aromatic vinyl 
monomer and an alkyl(meth)acrylate Which are contained in 
an amount that 100% by Weight minus the total Weight of the 
above components (i), (ii), and (iii). 

[0114] No. 3 in the present invention IV provides a 
melamine-curable type Water-based coating composition as 
described in No. 1 or 2 of the present invention IV, in Which 
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the acrylic polyol resin (A) has a number average molecular 
Weight of 2,000-50,000, a hydroXyl group value of 10-150, 
and a Tg point of 0-60° C. 

[0115] No. 4 in the present invention IV provides a 
melamine-curable type Water-based coating composition as 
described in any one of Nos. 1-3 of the present invention IV, 
in Which the amino-plasto resin (IV-B) is at least one of a 
melamine resin a guanamine resin (k) selected from 
benZoguanamine, spyroguanamine, acetoguanamine, and 
phthaloguanamine, and/or a melamine-guanamine cocon 
densed resin (1) 
[0116] No. 5 in the present invention IV provides a 
melamine-curable type Water-based coating composition as 
described in any one of Nos. 1-4 of the present-invention IV, 
Which is employed for cars, home electric appliances, and 
cans for beverages and foods. 

[0117] The present inventors, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion V, found out that the above-described requirement can 
be satis?ed by a curable resin composition essentially con 
taining 50-90 parts by Weight of an acrylic polyol resin (A) 
obtained using a hydroXyalkyl(meth)acrylate composition 
(a) in Which a proportion of monomers having not less than 
2 continuous chains (n22) of lactones is reduced and Which 
is obtained by a large reaction molar ratio of a hydroXy 
alkyl(meth)acrylate With lactone monomers (the former mol 
number/the latter mol number), and 10-50 parts by Weight of 
a polyisocyanate compound (V-B), and the present invention 
has been completed. 
[0118] That is, No. 1 in the present invention V provides 
a curable resin composition containing 50-90 parts by 
Weight of an acrylic polyol resin (V-A) obtained using a 
hydroXyalkyl(meth)acrylate composition (a) modi?ed by a 
small amount of lactones Which is represented by the 
above-described general formula (1) in Which a proportion 
of monomers having not less than 2 continuous chains 
(n22) of lactones is less than 50% (GPC area %) as 
polymeriZing components and 50-10 parts by Weight of a 
polyisocyanate compound (V-B) [total of the (V-A) and 
(V-B) does not eXceed 100 parts by Weight]. 
[0119] No. 2 in the present invention V provides a curable 
resin composition as described in No. 1 of the present 
invention V, in Which the acrylic polyol resin (V-A) is 
composed of 5-65% by Weight of the hydroXyalkyl 
(meth)acrylate composition (a) modi?ed by a small amount 
of lactones, 0-30% by Weight of a vinyl monomer having 
hydroXyl group, 01-20% by Weight of a polyester resin 
having a copolymeriZable unsaturated group, and other vinyl 
monomers (residual Weight). 
[0120] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion VI, found out that the above-described requirement can 
be satis?ed by a curable resin composition essentially con 
taining 0.5-80 parts by Weight of an acrylic polyol resin (A) 
obtained using a hydroXyalkyl(meth)acrylate composition 
(a) modi?ed by a small amount of lactones, and Which is 
obtained by a large reaction molar ratio of a hydroXyalky 
l(meth)acrylate With lactone monomers (the former mol 
number/the latter mol number), and in Which a proportion of 
monomers having not less than 2 continuous chains (n22) 
of lactones is reduced, and 05-50 parts by Weight of a 
polyisocyanate compound (C), and the present invention has 
been completed. 
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[0121] That is, No. 1 in the present invention VI provides 
a curable resin composition containing 0.5-80 parts by 
Weight of an acrylic polyol resin (VI-A) having carboXylic 
group and a functional group obtained by allowing to react 
a hydroXyalkyl(meth)acrylate composition (a) modi?ed by a 
small amount of lactones represented by the general formula 
(1) described in claim 1 in Which a proportion of monomers 
having not less than 2 continuous chains (n22) of lactones 
is less than 50% (GPC area %) With a vinyl monomer having 
carboXylic group and other vinyl monomers, and 05-50 
parts by Weight of a polyisocyanate compound (VI-B) [total 
of the (VI-A) and (VI-B) does not exceed 100 parts by 
Weight] as essential components. 

[0122] Further, No. 2 of the present invention VI provides 
a curable resin composition as described in No. 1 of the 
present invention VI, in Which the acrylic polyol resin 
(VI-A) is a vinyl copolymer having carboXylic group and a 
functional group obtained by alloWing to react a reaction 
product of a hydroXyl group-contained resin obtained by 
copolymeriZing a hydroXyalkyl(meth)acrylate composition 
(a) modi?ed by a small amount of lactones With a (meth 
)acrylic anhydride, and then, by alloWing to react the reac 
tion product With a vinyl-based monomer having carboXylic 
group and other vinyl-based monomers. 

[0123] Still further, No. 3 of the present invention VI 
provides a curable resin composition as described in No. 2 
of the present invention VI, in Which the acrylic polyol resin 
(VI-A) is a resin obtained using the hydroXyl group-con 
tained resin in the No. 2 of the present invention VI and at 
least one selected from a urethane resin having hydroXyl 
groups, an epoXy resin having hydroXyl groups, a cellulose 
derivative having hydroXyl groups, and a polyester resin 
having hydroXyl groups as the resin having hydroXyl groups. 

[0124] Furthermore, No. 4 of the present invention VI 
provides a curable resin composition as described in No. 2 
of the present invention VI, in Which the acrylic polyol resin 
(VI-A) is a resin obtained using the hydroXyl group-con 
tained resin in the No. 2 of the present invention VI and a 
urethane resin having hydroXyl groups as the resin having 
hydroXyl groups. 

[0125] Besides, No. 5 in the present invention VI provides 
a curable resin composition as described in any one of Nos. 
1-4 of the present invention VI, in Which the polyisocyanate 
compound (VI-B) is a polyisocyanate compound containing 
an epoXy resin. 

[0126] Also, No. 6 in the present invention VI provides a 
curable resin composition as described in any one of Nos. 
1-5 of the present invention VI, in Which the hydroXyalky 
l(meth)acrylate composition (a) modi?ed by a small amount 
of lactones is a product obtained using hydroXyethyl 
(meth)acrylate. 

[0127] And also, No. 7 of the present invention VI is a 
coating characteriZed by containing crosslinked particles 
obtained by dispersing a miXture of the acrylic polyol resin 
(VI-A) With the polyisocyanate compound (VI-B) into a 
Water-based medium and by crosslinking thereof, or (ii) 
composite-type crosslinked particles composed of a ure 
thane-urea/ethylene-based resin obtained through polymer 
iZing polymeriZable ethylene-based unsaturated compounds 
containing the hydroXyalkyl(meth)acrylate composition (a) 
modi?ed by a small amount of lactones in Water in Which 
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crosslinked urethane-urea particles are dispersed, as resin 
components for forming a thin layer. 

[0128] And also, No. 8 of the present invention VI is a 
coating as described in No. 7 of the present invention VI 
characteriZed by containing more than 50% by Weight of 
crosslinked particles having particle diameter of not more 
than 1 m and, moreover, an average molecular Weight 
betWeen crosslinking points of a range of 300-2,000, as resin 
components for forming a thin layer. 

[0129] And also, No. 9 of the present invention VI is a 
coating as described in No. 7 or 8 of the present invention 
VI, in Which the crosslinked particles have a thin layer 
formable temperature of not more than 100° C. 

[0130] And also, No. 10 of the present invention VI is a 
coating as described in any one of Nos. 7-9 of the present 
invention VI, in Which the content of the crosslinked par 
ticles is not less than 70% in the resin components for 
forming a thin layer. 

[0131] And also, No. 11 of the present invention VI is a 
coating as described in any one of Nos. 7-10 of the present 
invention VI, characteriZed by containing 1-25% by Weight 
of a crosslinking agent together With the crosslinked par 
ticles as the resin components for forming a thin layer. 

[0132] And also, No. 12 of the present invention VI is a 
coating as described in any one of Nos. 7-11 of the present 
invention VI, characteriZed by further containing a thin 
layer-formable resin having a reactive group other than the 
crosslinked particles as the resin components for forming a 
thin layer. 

[0133] And also, No. 13 of the present invention VI is a 
coating as described in any one of Nos. 7-12 of the present 
invention VI, in Which the crosslinked particles contain 
pigments in an inside thereof. 

[0134] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion VI, found out that the problems can be solved by using 
a curable resin composition Which comprises an acrylic 
polyol resin (VII-A) having hydroXyl groups composed of a 
hydroXyalkyl(meth)acrylate composition (a) modi?ed by a 
small amount of lactones Which has hydroXyl group at a 
terminal, and an acrylic copolymer (VII-B) having an alkoX 
ysilyl group, and the present invention has been completed. 

[0135] That is, No. 1 in the present invention VII provides 
a thermosetting resin composition Which contains at least 
2-50 parts by Weight of an acrylic polyol resin (VII-A) 
containing a hydroXyalkyl(meth)acrylate composition (a) 
modi?ed by a small amount of lactones represented by the 
general formula (1) in Which a proportion of monomers 
having not less than 2 continuous chains (n22) of lactones 
is less than 50% (GPC area %) as a polymeriZable compo 
nent, and 30-80 parts by Weight of an acrylic copolymer 
(VII-B) having an alkoXysilyl group [total of the (VII-A) 
and (VII-B) does not exceed 100 parts by Weight], as 
polymeriZable components. 

[0136] No. 2 of the present invention VII provides a 
thermosetting resin composition as described in No. 1 of the 
present invention VII, in Which the acrylic polyol resin 
(VII-A) further has at least one kind selected from an acid 
anhydride group, an epoXy group, amino group, and car 
boXylic group. 
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[0137] No. 3 of the present invention VII provides a 
thermosetting resin composition as described in No. 1 or 2 
of the present invention VII, in Which the acrylic copolymer 
(VII-B) having an alkoXysilyl group has a group represented 
by general formula (VII-3) described beloW, 

(VII-3) 
R73 R8 

[0138] (in the formula, R6 represents an alkyl group hav 
ing a carbon number of 1-10, R7and R8 are a hydrogen atom 
or a monovalent hydrocarbon group selected from an alkyl 
group, an aryl group, and an aralkyl group Which have a 
carbon number of 1-10, “a” is the number of a substituted 
group, and it represents an integer of 0, 1, or 2). 

[0139] No. 4 of the present invention VII provides a 
thermosetting resin composition as described in No. 3 of the 
present invention VII, in Which the acrylic copolymer (VII 
B) having an alkoXysilyl group further has at least one kind 
selected from an acid anhydride group, an epoXy group, 
amino group, and carboXylic group. 

[0140] No. 5 of the present invention VII provides a 
thermosetting resin composition as described in No. 3 or 4 
of the present invention VII, in Which the acrylic copolymer 
(VII-B) having an alkoxysilyl group has a number average 
molecular Weight of 1,000-30,000. 

[0141] No. 6 of the present invention VII provides a 
thermosetting resin composition as described in any one of 
Nos. 3-5 of the present invention VII, in Which the acrylic 
copolymer (VII-B) having an alkoXysilyl group contains 
5-90% by Weight of an alkoXysilyl group-contained mono 
mer (VII-b) having a polymeriZable unsaturated double 
bond as a polymeriZing component. 

[0142] No. 7 of the present invention VII provides a 
thermosetting resin composition containing 0.1-20 parts by 
Weight of a catalyst (VII-C) for curing based on 100 parts by 
Weight of the thermosetting resin composition as described 
in any one of Nos. 1-6 of the present invention VII. 

[0143] No. 8 of the present invention VII provides a 
thermosetting resin composition as described in No. 7 of the 
present invention VII, in Which the catalyst (VII-C) for 
curing is an organic tin compound, an acidic phosphate, a 
miXture or a reaction product of the acidic phosphate With an 
amine, a saturated or unsaturated polycarboXylic acid, a 
saturated or unsaturated polycarboXylic anhydride, a reac 
tive silicone compound, an organic titanate compound, an 
organic aluminum compound, or a mixture thereof. 

[0144] No. 9 of the present invention VII provides a top 
coat clear coating essentially containing a thermosetting 
resin composition as described in Nos. 1-8 of the present 
invention VII. 

[0145] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion VIII, found out that there can be industrially and 
advantageously prepared a carboXylic group-contained acry 
late monomer modi?ed by small amount of lactones by 
alloWing to react a hydroXyalkyl(meth)acrylate composition 
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modi?ed by a small amount of lactones Which has hydroXyl 
group at a terminal With a carboXylic acid or a nanhydride 
thereof, and the present invention has been completed. 

[0146] That is, No. 1 of the present invention VIII pro 
vides a method for the preparation of a carboXylic group 
contained acrylate composition (a‘) modi?ed by a small 
amount of lactones represented by a general formula (VIII 
3) described beloW by alloWing to react the hydroXyalkyl 
(meth)acrylate composition (a) modi?ed by a small amount 
of lactones represented by the above-described general 
formula (1) in Which a proportion of monomers having not 
less than 2 continuous chains (n22) of lactones is less than 
50% (GPC area %) With a carboXylic acid or anhydride 
(VIII-b) thereof represented by a general formula (VIII-2) 
described beloW, 

[0147] (in the formula, R, R1, R2, and R3 are indepen 
dently a hydrogen or a methyl group, “j” is an integer of 2-6, 
Xn pieces of R4 and R5 are independently a hydrogen atom 
or an alkyl group having a carbon number of 1-12, “X” is 4-7, 
“n” is 0 or an integer of not less than 1, an average value of 
“n” in the composition is not less than 0.3 to less than 1.0, 
R9 is a residual group of a carboXylic acid, and “m” is an 
integer of 1-3). 

[0148] No. 2 of the present invention VIII provides a 
method for the preparation of a carboXylic group-contained 
acrylate composition (a‘) modi?ed by a small amount of 
lactones as described in No. 1 of the present invention VIII, 
characteriZed in that a reaction of the hydroXyalkyl 
(meth)acrylate composition (a) modi?ed by a small amount 
of lactones With the carboXylic acid or anhydride (VIII-b) 
thereof is conducted at a range of 40-160° C. 

[0149] No. 3 of the present invention VIII provides a 
method for the preparation of a carboXylic group- contained 
acrylate composition (a‘) modi?ed by a small amount of 
lactones as described in No. 1 or 2 of the present invention 
VIII, characteriZed in that a reaction of the hydroXyalkyl 
(meth)acrylate composition (a) modi?ed by a small amount 
of lactones With the carboXylic acid or anhydride thereof 
(VIII-b) is conducted under the presence of oXygen and a 
polymeriZation inhibitor. 

[0150] No. 4 of the present invention VIII provides a 
method for the preparation of a carboXylic group-contained 
acrylate composition (a‘) modi?ed by a small amount of 
lactones as described in any one of Nos. 1-3 of the present 
invention VIII, characteriZed in that 0.9-1.1 mol of the 
carboXylic acid or anhydride (VIII-b) thereof is alloWed to 
react With 1 mol of the hydroXy(meth)acrylate composition 
(a) modi?ed by a small amount of lactones. 

[0151] The present inventor found out that the purpose of 
the present invention IX can be attained by using a resin 
composition comprising an acrylic polycarboXylic acid resin 
(A‘) containing a carboXylic group-contained acrylate com 
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position (a‘) modi?ed by a small amount of lactones as a 
polymerizing component and a polyoXide (IX-B), and the 
present invention has been completed. 

[0152] That is, No. 1 of the present invention IX provides 
a curable resin composition comprising 10-70 parts by 
Weight of an acrylic polycarboXylic acid resin (A‘) contain 
ing the carboXylic group-contained acrylate composition (a‘) 
modi?ed by a small amount of lactones represented by the 
above-described general formula (VIII-3) in Which a pro 
portion of monomers having not less than 2 continuous 
chains (n22) of lactones is less than 50% (GPC area %) as 
apolymeriZing component and 10-80 parts by Weight of a 
polyepoXide (IX-B). 
[0153] No. 2 of the present invention IX provides a 
curable resin composition as described in No. 1 of the 
present invention IX, characteriZed in that the carboXylic 
group-contained hydroXy(meth)acrylate composition (a‘) 
modi?ed by a small amount of lactones is obtained by 
alloWing to react the hydroXyalkyl(meth)acrylate composi 
tion modi?ed by a small amount of lactones represented by 
the above-described general formula (1) in Which a propor 
tion of monomers having not less than 2 continuous chains 
(n22) of lactones is less than 50% (GPC area %) With the 
carboXylic acid or the anhydride thereof represented by the 
above-described general formula (VIII-2). 

[0154] No. 3 of the present invention IX provides a 
curable resin composition as described in No. 2 of the 
present invention IX, characteriZed in that the carboXylic 
group-contained hydroXy(meth)acrylate composition (a‘) 
modi?ed by a small amount of lactones is obtained by 
alloWing to react 0.9-1.1 mol of the carboXylic acid or the 
anhydride thereof With respect to 1 mol of the 
hydroXy(meth)acrylate composition (a) modi?ed by a small 
amount of lactones. 

[0155] No. 4 of the present invention IX provides a 
curable resin composition as described in anyone of Nos. 1-3 
of the present invention IX, characteriZed in that the acrylic 
polycarboXylic acid resin (A‘) is a copolymer of 5-80% by 
Weight of a carboXylic group-contained ethylenic unsatur 
ated monomer With 20-95% by Weight of an ethylenic 
unsaturated monomer not having carboXylic group, provided 
that the ratio of the carboXylic group-contained 
hydroXy(meth)acrylate composition (a‘) modi?ed by a small 
amount of lactones is 5-50% by Weight in the acrylic 
polycarboXylic acid resin (A‘), and the copolymer has at 
least tWo carboXylic groups on average in the molecule and 
an acid value of 5-300 mgKOH/g-solid and a number 
average molecular Weight of 500-8000. 

[0156] No. 5 of the present invention IX provides a 
curable resin composition as described in any one of Nos. 
1-4 of the present invention IX, characteriZed in that termi 
nal carboXylic groups in the acrylic polycarboXylic acid 
resin (A‘) are an acrylic polycarboXylic acid resin (bA‘) 
blocked by a blocking group Which-can discharge carboXy 
lic groups by heat and/or Water. 

[0157] No. 6 of the present invention IX provides a 
curable resin composition as described in any one of Nos. 
1-5 of the present invention IX, characteriZed in that the 
polyepoXide (IX-B) is an acrylic polyepoXide having an 
epoXy equivalent of 50-700 and a number average molecular 
Weight of 200-10000. 
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[0158] No. 7 of the present invention IX provides a 
curable resin composition as described in any one of Nos. 
1-6 of the present invention IX, characteriZed in that the 
polyepoXide (IX-B) is a polyepoXide having hydroXyl group 
and an epoXy group Which is obtained by copolymeriZation 
of 5-70% by Weight of a hydroXyl group-contained 
ethylenic unsaturated monomer having a structure repre 
sented by a formula (4) described beloW With 10-60% by 
Weight of (ii) an epoXy group-contained ethylenic unsatur 
ated monomer and optionally 0-85% by Weight of (iii) an 
ethylenic unsaturated monomer not having an epoXy group, 

(4) 
R 

[0159] [in the formula, R is a hydrogen atom or a methyl 
group, and X is an organic chain shoWn by formula (5) 
described beloW, 

[0160] (in the formula, Y is a linear or branched alkylene 
group having a carbon number of 2-8, “m” is an integer of 
3-7, and “q” is an integer of 0-4), 

[0161] or an organic chain shoWn by formula (6) described 
beloW, 

(6) 
R 

[0162] (in the formula, R is a hydrogen atom or a methyl 
group, and n is an integer of 2-50)]. 

[0163] No. 8 of the present invention IX provides a 
curable resin composition as described in any one of Nos. 
1-7 of the present invention IX, and Which further contains 
0.1-10 parts by Weight of an antioxidant (IX-C). 

[0164] No. 9 of the present invention IX provides a 
curable resin composition as described in any one of Nos. 
1-8 of the present invention IX, and Which further contains 
5-70 parts by Weight of a polyester polycarboXylic acid 
(IX-D) having an acid value of 30-350 mg-KOH/g-solid. 

[0165] No. 10 of the present invention IX provides a 
curable resin composition as described in any one of Nos. 
1-9 of the present invention IX, and Which further contains 
0.1-10 parts by Weight of crosslinked resin particles (IX-E). 

[0166] No. 11 of the present invention IX provides a clear 
coating composition containing a curable resin composition 
as described in any one of Nos. 1-10 of the present invention 
IX as a binder. 

[0167] No. 12 of the present invention IX provides a 
method for coating Which includes a step in Which a Water 
based or a solvent-based base coating is coated on a sub 
strate coated by under-coating or internally-coating; a step in 
Which a clear coating composition of No. 1 in the present 
invention IX is coated on the base coating layer Without 



US 2004/0171867 A1 

curing; and a step in Which a layer of the base coating and 
a layer of the clear coating are cured by heating. 

[0168] 
[0169] The present inventor, as a result of an intensive 
investigation for attaining the purpose of the present inven 
tion X, found out that the above-described requirement can 
be satis?ed by a polyester unsaturated monomer composi 
tion modi?ed by a small amount of lactones, in Which a 
proportion of monomers having not less than 2 continuous 
chains (n22) of lactones is decreased by a large reaction 
molar ratio (the former mol number/the latter mol number) 
of a carboXylic group-contained polymeriZable unsaturated 
monomer, and the present invention has been completed. 

[0170] That is, No. 1 of the present invention X provides 
a polyester unsaturated monomer composition modi?ed by 
a small amount of lactones, in Which a proportion of 
monomers having not less than 2 continuous chains (n22) 
of lactones is less than 50% (GPC area %) With respect to 
total of polymeriZable unsaturated monomers containing 
carboXylic group, and Which are obtained by a ring-opening 
polymeriZation of a lactone monomer. 

In the above descriptions, part is part by Weight. 

[0171] No. 2 of the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
amount of lactones as described in No. 1 of the present 
invention X, in Which the polymeriZable unsaturated mono 
mers containing carboXylic group are at least one kind 
selected from a group consisting of a (meth)acrylic acid, 
itaconic acid, [3-(meth)acryloyloxyethyl succinic acid, 
[3-(meth)acryloyloXyethyl maleic acid, [3-(meth)acryloy 
loXyethyl phthalic acid, maleic acid, a monoalkyl maleate (a 
carbon number in an alkyl group is 1-12), tetrahydrophthalic 
acid, and an anhydride thereof. 

[0172] No. 3 of the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
amount of lactones as described in No. 2 of the present 
invention X, in Which the polymeriZable unsaturated mono 
mers containing carboXylic group are a (meth)acrylic acid, 
and Which is obtained by a reaction represented by formula 
(11) described beloW, 

(X-l) 
R R1 R4 

CH=CCOOH + n (C)x —> 

| 
RS 

oco 

RS 

[0173] (in the formula, R and R1 are independently a 
hydrogen atom or a methyl group, Xn pieces of R4 and R5 are 
independently a hydrogen atom or an alkyl group having a 
carbon number of 1-12, “X” is 4-7, “n” and “n” in the 
composition are 0 or an integer of not less than 1, and an 
average value of “n” in the composition is not less than 0.3 
to less than 1.0). 

[0174] No. 4 of the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
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amount of lactones as described in any one of Nos. 1-3of the 
present invention X, in Which the lactone monomer is a 
lactone having 5, 6, 7 and/or 8-members ring. 

[0175] No. 5 of the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
amount of lactones as described in any one of Nos. 1-4 of the 
present invention X, in Which the lactone monomer is 
e-caprolactone and/or valerolactone. 

[0176] No. 6 of the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
amount of lactones as described in any one of Nos. 1-5 of the 
present invention X, characteriZed in that the proportion of 
monomers having not less than 2 continuous chains (n22) 
of lactones is less than 40% (GPC area %). 

[0177] No. 7 in the present invention I provides a polyester 
unsaturated monomer composition modi?ed by a small 
amount of lactones as described in any one of Nos. 1-6 of the 
present invention X, in Which the content of residual lactone 
monomers is 0-10% by Weight. 

[0178] No. 8 in the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
amount of lactones as described in any one of Nos. 1-7 of the 
present invention X, in Which the content of the residual 
polymeriZable unsaturated monomers containing carboXylic 
group is more than 20% by Weight and not more than 50% 
by Weight. 
[0179] No. 9 in the present invention X provides a poly 
ester unsaturated monomer composition modi?ed by a small 
amount of lactones as described in any one of Nos. 1-8 of the 
present invention X, in Which the content of a di(meth)acry 
late of the polymeriZable unsaturated monomers containing 
carboXylic group Which is a by-product is not more than 2% 
by Weight. 
[0180] No. 10 in the present invention X provides a 
polyester unsaturated monomer composition modi?ed by a 
small amount of lactone as described in any one of Nos. 1-9 
of the present invention X, in Which the content of by 
products produced by side reactions such as a Michaels 
addition, an acrylic polymeriZation, a transesteri?cation, and 
other side reactions is not more than 10% by Weight. 

[0181] No. 11 in the present invention X provides a 
polyester unsaturated monomer composition modi?ed by a 
small amount of lactone as described in any one of Nos. 1-10 
of the present invention X, in Which the amount of a catalyst 
to be employed in the ring-opening polymeriZation is less 
than 1000 ppm by Weight based on total amount of materials 
to be fed. 

[0182] No. 12 in the present invention X provides a 
polyester unsaturated monomer composition modi?ed by a 
small amount of lactone as described in any one of Nos. 1-11 
of the present invention X, in Which a polymeriZation 
inhibitor is not more than 1% by Weight based on total 
amount to be fed, Which is employed for a (meth)acrylic acid 
in the ring-opening polymeriZation. 

[0183] No. 13 in the present invention X provides a 
method for the preparation of a polyester unsaturated mono 
mer composition modi?ed by a small amount of lactone, in 
Which 0.3-less than 1.0 mol of a lactone monomer is 
polymeriZed by ring-opening With respect to 1 mol of a 
radically polymeriZable unsaturated monomers containing 
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carboxylic group, and a proportion of monomers having not 
less than 2 continuous chains (n22) of lactones is adjusted 
to less than 50%. 

[0184] No. 14 in the present invention X provides a 
method for the preparation of a polyester unsaturated mono 
mer composition modi?ed by a small amount of lactone as 
described in No. 13 of the present invention X, in Which an 
acidic catalyst is a LeWis acid or a Br nsted acid. 

[0185] No. 15 in the present invention X provides an 
acrylic resin using a polyester unsaturated monomer com 
position modi?ed by a small amount of lactone as described 
in any one of Nos. 1-12 of the present invention X. 

[0186] No. 16 in the present invention X is a method for 
the preparation of a polyester unsaturated monomer com 
position modi?ed by a small amount of lactone, character 
iZed in that 0.3-less than 1.0 mol of a lactone monomer is 
polymeriZed by ring-opening With respect to 1 mol of a 
radically polymeriZable unsaturated monomers containing 
carboxylic group using a stannous halide, monobutyltin 
tris-2-ethylhexanate, stannous octoate, dibutyltin dilaurate, 
or a mixture thereof as a catalyst, folloWed by separating 
unreacted radically polymeriZable unsaturated monomers 
containing carboxylic group. 
[0187] No. 17 in the present invention X is a method for 
the preparation of a polyester unsaturated monomer com 
position modi?ed by a small amount of lactone as described 
in claim 85, in Which the catalyst to be employed in the 
ring-opening polymerization is less than 1000 ppm by 
Weight based on total amount of materials to be fed. 

[0188] By the present invention, there can be prepared a 
polyester unsaturated monomer modi?ed by a small amount 
of lactone having the same number of a radically polymer 
iZable functional group as in the radically polymeriZable 
unsaturated monomer having carboxylic group Which is 
employed as a raW material, and in Which an average 
addition amount of lactones is 0.35 to not more than 1.0 mol. 

[0189] Particularly, in the case that there are employed, for 
example, acrylic acid and methacrylic acid as the radically 
polymeriZable unsaturated monomer having carboxylic 
group, there can be prepared the polyester unsaturated 
monomer modi?ed by a small amount of lactone Which 
essentially contains 1 piece of a radically polymeriZable 
functional group Without producing a compound not having 
a radically polymeriZable functional group at all and a 
compound having tWo or more pieces of a radically poly 
meriZable functional group. 

[0190] The polyester unsaturated monomer modi?ed by a 
small amount of lactone obtained has a reactive carboxylic 
group at one terminal thereof and, further, it has a feature 
that there is a radically polymeriZable unsaturated group at 
a position Which exists far apart from the carboxylic group. 

[0191] Further, in the acrylic resin composition using the 
polyester unsaturated monomer modi?ed by a small amount 
of lactone of the present invention, since tackiness can be 
removed by elevating Tg of the resin composition, it is 
particularly useful in an electric material ?eld, etc. 

BRIEF DESCRIPTION OF DRAWINGS 

[0192] FIG. 1 shoWs an example of a continuous chain 
distribution of e-caprolactone obtained from a gel perme 
ation chromatographic (GPC) analysis in Examples 1-4 and 
Comparative-Examples 1-5. 
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[0193] FIG. 2 shoWs a relationship of feeding ratio of 
e-caprolactone/HEMA With a continuous chain distribution 
ratio of e-caprolactone from a GPC analysis in Examples 5 -6 
and Comparative Examples 7-11. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0194] The present inventions I and II are illustrated 
hereinafter. 

[0195] The present invention I is comprised a hydroxy 
alkyl(meth)acrylate composition (a) modi?ed by a small 
amount of lactones in Which a proportion of monomers 
having tWo or more pieces (n22) of lactone continuous 
chains is less than 50% (area % by GPC) Which is repre 
sented by formula (1), and the composition (a) is a compo 
sition obtained by a method for the preparation in the present 
invention II, that is, a method in Which a hydroxyalkyl 
(meth)acrylate is alloWed to react With a lactone in a reaction 
molar ratio of more than 1 in the case of preparing the 
polylactone-modi?ed hydroxyalkyl(meth)acrylate through 
alloWing to react the hydroxyalkyl(meth)acrylate With a 
lactone monomer by ring-opening polymeriZation. In more 
detail, it relates to a composition obtained by alloWing to 
react a lactone With a hydroxyalkyl(meth)acrylate in an 
atmosphere containing oxygen under the presence of less 
than 1000 ppm of a catalyst and less than 1% of an inhibitor 
for preventing polymeriZation of the hydroxyalkyl 
(meth)acrylate at a temperature of approximately 80-140° C. 

[0196] In obtaining the composition (a) of the present 
invention, a reaction is conducted by feeding lactones at a 
feeding molar ratio of less than 1 mol With respect to the 
hydroxyalkyl(meth)acrylate such as hydroxyethylacrylate 
(HEA) and hydroxyethylmethacrylate (HEMA) in order to 
decrease lactone continuous chains. The catalyst to be 
employed in the present invention is a variety of organic and 
inorganic metal compounds, and preferred catalysts are a 
tin-based compound such as stannous chloride, monobutyl 
tin tris-2-ethylhexanate, stannous octoate, and dibutyltin 
dilaurate. By the catalysts, there can be prepared the capro 
lactone-modi?ed hydroxyalkyl(meth)acrylate composition 
in Which the lactone continuous chains are decreased. In 
addition to decreasing the lactone continuous chains, 
although unreacted HEA and HEMA, etc. are remained, 
since the HEA and HEMA, etc. are often employed alone, if 
those are not more than 50% by Weight, those can be often 
approved even though a mixed monomer. 

[0197] Heretofore, in the case that e-caprolactone is ring 
opening polymeriZed on a compound having hydroxyl 
groups, although the ring-opening polymeriZation is con 
ducted by adding a titanium-based catalyst such as tetrabutyl 
titanate, tetraethyl titanate, and tetrapropyl titanate at 130 
230° C., even though intending to add e-caprolactone to a 
(meth)acrylate having hydroxyl group at temperature con 
ditions of not less than 130° C., the(meth)acrylate itself 
causes a thermal polymeriZation, resulting in that it is 
dif?cult to obtain a desired product. 

[0198] In a temperature loWer than 130° C., although there 
can be prevent the thermal polymeriZation of the (meth 
)acrylate itself, a ring-opening reaction rate of e-caprolac 
tone becomes very sloW. 

[0199] Since the titanium-based catalyst is relatively 
strong in catalytic activity, a desired product can be 
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obtained. However, since the catalyst has a strong activity 
also as a catalyst for transesteri?cation, a transesteri?cation 
reaction proceeds during the ring-opening polymeriZation, 
resulting in that a polyvalent alcohol is removed from 2 mol 
of the hydroxyalkyl(meth)acrylate, and an alkyleneglycol 
di(rneth)acrylate is by-produced. 

[0200] Since such the di(rneth)acrylate has a high boiling 
point, it is difficult to be separated from a desired product. 
Moreover, if the desired product containing such a by 
product is radically copolymeriZed in other (meth)acrylates 
and solvents, three dimensional crosslinking is caused in a 
resin, and viscosity is remarkably increased or it ends to 
cause gelation. For that reason, there is desired the use of a 
catalyst having a strong activity Which alloWs to suf?ciently 
proceed the reaction at a loW temperature such as 80-130° C. 
and in a small amount and, moreover, during Which the 
di(rneth)acrylate is not produced so much by the transes 
teri?cation reaction. 

[0201] As the catalyst to be employed in the present 
invention, there can be enumerated a stannous chloride, 
monobutyltin tris-2-ethyl hexanate, stannous octoate, and 
dibutyltin dilaurate, etc. Of those, since there can more 
decrease discoloration and the transesteri?cation reaction by 
the use of monobutyltin tris-2-ethylhexanate, concentration 
of the catalyst can be elevated, and it is also very excellent 
in vieW of reduction of reaction time of period. 

[0202] Addition amount of the catalyst is 1-1000 ppm, and 
preferably (hereinafter, in this speci?cation, “unpreferably” 
means “undesirably” or “unfavorably”) 10-500 ppm. 

[0203] As the hydroxyalkyl(meth)acrylate to be employed 
in the present invention, there are enumerated 2-hydroxy 
ethyl methacrylate, 2-hydroxyethylacrylate, hydroxypropy 
lmethacrylate, hydroxypropylacrylate, 1,4-butyleneglycol 
monomethacrylate, and 1,4-butyleneglycol monoacrylate, 
etc. 

[0204] In the case that 1 mol of a lactone is alloWed to 
react With 1 mol of the hydroxyalkyl(meth)acrylate, a reac 
tion product is obtained as a mixture of compounds repre 
sented by a formula described beloW (I-2) because a ring 
opening reaction rate of the lactone to hydroxyl group in the 
hydroxyalkyl(meth)acrylate nearly equals to a ring-opening 
reaction rate of the lactone to hydroxyl groups at terminals 
in a caprolactone Which is a product. 

[0205] (in the formula, R, R1, R2, and R3 are indepen 
dently a hydrogen atom or a methyl group, “j” is an integer 
of 2-6, xn pieces of R4 and R5 are independently a hydrogen 
atom or an alkyl group having a carbon number of 1-12, “x” 
is 4-7, “n” is 0 or an integer of not less than 1, and an average 
value of “n” in the composition is not less than 0.3 to less 
than 1.0) 

[0206] In the above-described reaction composition, there 
statistically distributes an unreacted product having n=0 and 
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polycaprolactones having n=1, 2, 3, 4, 5, . . . . Herein, it is 
preferred that n is not more than 2, and an average value of 
“n” in the reaction composition is not less than 0.3 to less 
than 1.0, preferably 0.35 to less than 1.0 and, particularly, 
preferably 0.5 to 0.75. 

[0207] In the case that the average value of n” is less than 
0.3, adhesion to various materials becomes unpreferably 
insufficient and, in the case of not less than 1, tackiness 
becomes too unpreferably strong. 

[0208] In the case that the mol number of the lactone is not 
less than 1 mol, there are prepared products having tWo or 
more lactone continuous chains and the purpose of the 
present invention cannot be unpreferably attained. HoWever, 
since the products cannot be separately re?ned in an indus 
trial fashion, the amount of lactone to be fed is decreased to 
less than 1 With respect to 1 mol of the hydroxyalkyl 
(meth)acrylate in order to decrease the amount of the prod 
ucts having tWo or more lactone continuous chains. The 
lactone is alloWed to react in not less than 0.3 mol to less 
than 1.0 mol, preferably not less than 0.35 mol to less than 
1.0 mol, and more preferably not less than 0.5 mol to less 
than 0.75 mol With respect to 1 mol of the hydroxyalkyl 
(meth)acrylate. In the case of a large amount of the lactone 
in the reaction, there are produced a large amount of 
products having long chains of the lactone and, resulting in 
that the average value of “n” becomes too large and although 
a reaction curability and ?exibility are improved in the use 
as raW materials for a coating, there loWer hardness and acid 
resistance in a cured article. Contrarily, it is less than 0.3, the 
average value of “n” becomes too small and abrasion 
resistance becomes unpreferably too Worse. 

[0209] Further, as the lactone, there can be employed 
e-caprolactone, trimethylcaprolactone, o-valerolactone, 
y-butyrolactone, and a mixture thereof. 

[0210] Reaction temperature is 80-150° C., and preferably 
100-140° C. 

[0211] In the case of loWer than 80° C., reaction rate is 
sloW and, in the case of higher than 150° C., there is caused 
a thermal polymeriZation of a (meth)acrylate during the 
reaction, and gelation is possibly caused. In a reaction 
system, a polymeriZation inhibitor is preferably added. As 
the polymeriZation inhibitor, there are employed hydro 
quinone, hydroquinone monomethylether, and phenothiaZ 
ine, etc. in a range of 0.01-1%, and preferably 0.03-0.5%. 

[0212] In the reaction system, if an inert gas such as 
nitrogen is streamed, since a radical polymeriZation is apt to 
be caused, it is useful that any gases are not streamed or air 
is streamed in order to prevent the radical polymeriZation. 

[0213] In the hydroxyalkyl(meth)acrylate composition 
modi?ed by a small amount of lactones prepared by a 
method in the present invention, the content of residual 
lactones is 0-10% by Weight, the content of the residual 
hydroxyalkyl(meth)acrylate is not less than 20 and not more 
than 50% by Weight at most, the content of the di(meth)acry 
late Which is a by-product is 2% or less by Weight, the 
content of the by-products by a Michaels addition, a (meth 
)acrylic polymeriZation, a transesteri?cation, or other side 
reactions is not more than 10% by Weight, the content of the 
catalyst is less than 1000 ppm, and the content of the 
polymeriZation inhibitor is not more than 1% by Weight. 
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[0214] The lactone-modi?ed acrylate composition having 
hydroxyl group of the present invention can provide an 
acrylic polyol of the present invention having rich ?exibility 
Which is excellent in reactivity With a crosslinking agent by 
alloWing to polymeriZe alone or copolymeriZe With other 
radically-polymeriZable monomers. 

[0215] Further, the acrylic polyol resin of the present 
invention is useful as a raW resin for a ?exible polyfunc 
tional(meth)acrylate resin coating Which includes urethane 
bonds by alloWing to react the acrylic polyol resin of the 
present invention With polyisocyanates. The acrylic polyol 
resin of the present invention, as described hereinabove, can 
be utiliZed as a raW material for, in addition to the coating, 
a photo-curable resin, a reactive diluent for the photo 
curable resin, a ?exibility modi?er for an AS and an ABS 
resin, an acrylic resin, a tacki?er, an adhesive, a ?exible lens 
for a glass, an acrylic emulsion (particularly, a reaction type 
one), a reactive diluent having ?exibility instead of styrene 
in an unsaturated polyester resin, and also materials for a 
polymeriZable polyurethane elastomer, etc. 

[0216] As the other radically-polymeriZable monomers for 
copolymeriZing With the lactone-modi?ed acrylate or meth 
acrylate composition having hydroxyl groups of the present 
invention, there are enumerated an unsaturated monomer 
having an isocyanate group, a polymeriZable monomer 
having an active hydrogen, and other polymeriZable unsat 
urated monomers. 

[0217] The other polymeriZable unsaturated monomers 
are exempli?ed beloW. 

[0218] As(meth)acrylates, for example, there are enumer 
ated an alkyl or cycloalkyl ester having a carbon number of 
1-20 of a(meth)acrylic acid such as methyl(meth)acrylate, 
ethyl(meth)acrylate, propyl(meth)acrylate, butyl(meth)acry 
late, 2-ethylhexyl(meth)acrylate, octyl(meth)acrylate, lauryl 
(meth)acrylate, cyclohexyl(meth)acrylate, isobonyl 
(meth)acrylate, and adamantyl(meth)acrylate; an alkoxy 
alkyl ester having a carbon number of 2-8 of a (meth)acrylic 
acid such as methoxybutyl (meth)acrylate, methoxyethyl 
(meth)acrylate, and ethoxybutyl(meth)acrylate. 

[0219] As other monomers except the(meth)acrylates, gly 
cidyl(meth)acrylate; styrene, ot-methylstyrene, vinyltoluene, 
(meth)acrylonitrile,(meth)acrolein, butadiene, isoprene, 
(meth)acrylic acid, etc., and these can be employed in 
mixing. 

[0220] As the polymeriZable monomer having an active 
hydrogen, there are enumerated a vinyl monomer having 
hydroxyl group and a vinyl monomer having amino group, 
these can be employed in mixing. 

[0221] As the (meth)acrylate having hydroxyl group, for 
example, there are enumerated a hydroxyalkyl ester of a 
(meth)acrylic acid having a carbon number of 2-8 such as 
2-hydroxylethyl(meth)acrylate and 2-hydroxypropyl 
(meth)acrylate, 2-hydroxylethyl vinylether, N-methylol 
(meth)acrylic amide, Alonix 5700 manufactured by To a 
Gosei KagakuKogyo, Ltd., 4-hydroxystyrene, HE-10, 
HE-20, HP-10, and HP-20 (all of those are an acrylate 
oligomer having hydroxyl group at a terminal) Which are 
manufactured by Nihon Shokubai Kagaku Kogyo, Ltd., 
Blemmer PP series (a polypropyleneglycol methacrylate), 
Blemmer PE series (a polyethyleneglycol monomethacry 
late), Blemmer PEP series (a polyethyleneglycol-polypro 
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pyleneglycol methacrylate), Blemmer AP-400 (a polypro 
pyleneglycol monoacrylate), Blemmer AE-350 (a 
polyethyleneglycol monoacrylate), Blemmer NKH-5050 (a 
polypropyleneglycol polytrimethylene monoacrylate), and 
Blemmer GLM (glycerol monoacrylate) Which are manu 
factured by Nihon Yushi, Ltd., and an e-caprolactone-modi 
?ed hydroxyalkylvinyl monomer Which is obtained by a 
reaction of a vinyl compound having hydroxyl group With 
e-caprolactone, etc. 

[0222] As typical examples of the e-caprolactone-modi 
?ed hydroxyalkylvinyl monomer, there are enumerated 
Placcel FA-l, Placcel FA-4, Placcel FM-l, and Placcel 
FM-4, etc. Which are manufactured by Daicel Kagaku 
Kogyo, Ltd., TONE M-100 and TONE M201 Which are 
manufactured by UCC, Ltd., etc., and an average polymer 
iZation degree n is not less than 1. 

[0223] As typical examples of the vinyl monomer having 
amino group, there are enumerated a variety of dialkylami 
noalkyl(meth)acrylates such as dimethylaminoethyl 
(meth)acrylate, diethylaminoethyl(meth)acrylate, diethy 
laminopropyl(meth)acrylate, and 
dimethylaminopropyl(meth)acrylate; N-dialkylaminoalkyl 
(meth)acrylic amides such as N-dimethylaminoethyl (meth 
)acrylic amide, N-diethylaminoethyl(meth)acrylic amide, 
N-dimethylaminopropyl(meth)acrylic amide, and N-diethy 
laminopropyl(meth)acrylic amide; t-butylaminoethyl 
(meth)acrylate, t-butylaminopropyl(meth)acrylate, aZilidi 
nylethyl(meth)acrylate pyrolidinylethyl(meth)acrylate, 
piperidinylethyl(meth)acrylate, vinylpiridine, and aminoet 
hylvinylether, etc. and, the dialkylaminoalkyl(meth)acry 
lates and N-dialkylaminoalkyl(meth)acrylic amides are par 
ticularly preferred from a vieWpoint of curability, etc. 

[0224] As the monomer having isocyanate group, for 
example, there are enumerated isocyanate ethyl(meth)acry 
late, isocyanate propyl(meth)acrylate, isocyanate butyl 
(meth)acrylate, isocyanate hexyl(meth)acrylate, m-isopro 
penyl-ot, oU-dimethylbenZyl isocyanate, and m-ethylenyl-ot, 
oU-dimethylbenZyl isocyanate, etc., and an unsaturated com 
pound obtained by addition of a polyisocyanate such as 
hexamethylene diisocyanate compound to the above-de 
scribed polymeriZable monomer having an active hydrogen 
such as the hydroxyethyl(meth)acrylate, and these can be 
employed in mixing. 
[0225] The above-described radically-polymeriZable 
monomers can be also employed in mixing and, those are 
selectively employed according to desired physical proper 
ties. 

[0226] The acrylic polyol resin of the present invention is 
prepared by radically-polymerizing the polylactone-modi 
?ed hydroxyalkylacrylate or methacrylate of the present 
invention and the above-described radically-polymeriZable 
monomers under the presence of a radical polymeriZation 
initiator by publicly-known solution polymeriZation meth 
ods. 

[0227] As the radical polymeriZation initiator, there can be 
employed a peroxide initiator such as benZoyl peroxide, 
t-butylhydroperoxide, cumylhydroperoxide, cumenhydrop 
eroxide, t-butyl peroxybenZoate, and t-butylperoxy-2-ethyl 
hexanoate, and an aZo-based initiator such as aZobisisobu 
tyronitrile and aZobisdimethylvaleronitrile. 
[0228] As solvents for polymeriZation to be employed in 
the solution polymeriZation, if those are a nonreactive sol 
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vent, there can be employed hydrocarbons (benzene, tolu 
ene, xylene, n-hexane, and cyclohexane, etc.), acetates 
(ethyl acetate, propyl acetate, and butyl acetate, etc.), alco 
hols (methanol, ethanol, isopropanol, and n-butanol, etc.), 
ethers (ethyl cellosolve, butyl cellosolve, and cellosolve 
acetate, etc.), ketones (methylethylketone, acetoethyl 
acetate, acetylacetone, diacetone alcohol, methyl isobutyl 
ketone, and acetone, etc.) Without any limitation. The sol 
vents may be employed solely or in combination of tWo or 
more kinds. 

[0229] As a reaction vessel to be employed for the above 
described polymerization, there are preferably employed a 
reaction vessel equipped With an agitation and a re?ux 
condenser equipped With a drying tube and a tWin-screW 
extruder. 

[0230] Polymerization temperature and polymerization 
time of period depend upon respective kinds and feeding 
ratio of the polylactone-modi?ed hydroxyalkyl acrylate or 
methacrylate composition of the present invention and the 
above-described radically-polymerizable monomer, kind 
and amount of the catalyst and, further, reaction vessels, and 
those are not particularly limited, and those are appropriately 
decided by the use of a desired acrylic resin, for example, 
physical properties of a coating layer to be required in the 
case of a coating. 

[0231] Hereinafter, the present invention III is illustrated. 

[0232] The present invention III is a curable resin com 
position containing an acrylic polyol resin (A) obtained 
using a hydroxyalkyl(meth)acrylate composition (a) modi 
?ed by a small amount of lactones in Which a proportion of 
monomers having not less than 2 continuous chains (n22) 
of lactones is less than 50% (GPC area %), Which is 
represented by the above-described general formula (I) as 
polymerizing components, and a melamine resin 

[0233] The hydroxyalkyl(meth)acrylate composition (a) 
modi?ed by a small amount of lactones is as illustrated in the 
present invention I. 

[0234] The acrylic polyol resin (A) to be employed in the 
present invention is comprised 5-70 parts by Weight of the 
hydroxyalkyl(meth)acrylate composition (a) modi?ed by a 
small amount of lactones, 0-90 parts by Weight of an 
alkyl(meth)acrylate having an alkyl group of a carbon 
number of 1-20, 0-30 parts by Weight of a (meth)acrylic 
acid, and 0-40 parts by Weight of other polymerizable 
unsaturated monomer. As the other polymerizable unsatur 
ated monomer, there are enumerated radically-polymeriz 
able monomers other than the alkyl(meth)acrylate as exem 
pli?ed in the present invention I. Conditions for the 
preparation thereof are as illustrated in the present invention 
I. 

[0235] In the acrylic-polyol resin (A), hydroxyl value is 
5-250, and a number average molecular Weight is 3,000 
300,000. 

[0236] As the melamine resin (B) to be employed in the 
present invention, there can be employed a usual melamine 
resin for coating Without any modi?cation, and an imino 
type or methylol type melamine resin is employed. Since an 
isocyanate compound is not employed as a curing agent, it 
is excellent in handling and safeness. The imino type or 
methylol type melamine resin is not particularly limited, and 
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as a resin capable of reacting With hydroxyl group, if it is a 
melamine to be employed for a coating system in Which 
hydroxyl group is employed as a functional group, it is not 
particularly limited. As such the imino type melamine resin, 
for example, there are enumerated Yuban 22R (solid content 
of 60%), Yuban 21R (solid content of 50%), and Yuban 2028 
(solid content of 75%) (all of those are an imino type 
melamine resin), etc. Which are manufactured by Mitsui 
Kagaku. On the other hand, as the methylol-type melamine 
resin, there can be employed a melamine resin having a 
condensation degree of 1.1-20 or so Which is prepared by 
melamine, formaldehyde, a monoalcohol having a carbon 
number of 1-4, and optionally, Water Which are raW mate 
rials. For example, there are enumerated Yuban 60R (solid 
content of 50%) manufactured by Mitsui Kagaku and Super 
bekkamine L-121-60 (solid content of 60%) manufactured 
by Dainippon Ink Kagaku Kogyo, Ltd. 

[0237] The curable resin composition of the present inven 
tion contains 0.5-80 parts by Weight of the acrylic polyol 
resin (A) obtained using the composition (a) and 0.5-50 parts 
by Weight of the melamine resin Total of the (A) and the 
(B) does not exceed 100 parts by Weight. 

[0238] In the case that the acrylic polyol resin (A) is less 
than 0.5 part by Weight, bending resistance becomes insuf 
?cient and, in the case of exceeding 80 parts by Weight, 
abrasion resistance unpreferably loWers. In the case that the 
melamine resin (B) is less than 0.5 part by Weight, solvent 
resistance is not suf?cient and, in the case of exceeding 50 
parts by Weight, acid resistance becomes unpreferably insuf 
?cient. 

[0239] By another representation of the use ratio of the 
acrylic polyol resin (A) With respect to the melamine resin 
(B), 60-10% by Weight of the melamine resin (B) is 
employed together With 40-90% by Weight of the acrylic 
polyol resin In the case that the use ratio of the acrylic 
polyol resin (A) is less than 40% by Weight, a self conden 
sation reaction of the melamine resin (B) itself increases, 
resulting in that a coating layer becomes brittle and, for 
example, it does not become appropriate as a coating for a 
molded article of a polyole?ne-based resin. On the other 
hand, in the case that the use ratio of the acrylic polyol resin 
(A) exceeds 90% by Weight, crosslinking becomes insuf? 
cient, and solvent resistance and Weatherability loWer. A 
preferred use ratio of the acrylic polyol resin (A) is 60-80% 
by Weight, and the use ratio of the melamine resin (B) is 
40-20% by Weight. 

[0240] In the the acrylic polyol resin (A), the melamine 
resin (B), and the acidic catalyst for curing Which is option 
ally employed in the present invention, total acid value is 
5-50, and preferably 15-35. In the case that the total acid 
value is less than 5, crosslinkable reactivity loWers and 
crosslinking becomes insuf?cient, and there loWer gasoline 
resistance and Weatherability. On the other hand, in the case 
that the total acid value exceeds 50, storage stability loWers, 
and Water resistance loWers. As described above, by con 
trolling the acid value, a coating composition can be modi 
?ed to loW temperature curability. 

[0241] In order to give an acid value to the acrylic polyol 
resin (A), a monomer having carboxylic group and a phos 
phoric acid group is employed together as the polymerizable 
vinyl monomer to introduce the acid groups into the acrylic 
polyol resin Further, adjustment of the acid value can be 
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conducted by formulating the acidic catalyst for curing into 
a coating composition. As such the acidic catalyst for curing, 
a Weak acidic catalyst for curing is employed. As such the 
Weak acidic catalyst for curing, for example, there are 
enumerated phosphoric acids, a monophosphate, a mono 
phosphite, a phosphate containing an unsaturated group, and 
carboxylic acids, etc. As such the Weak acidic catalyst for 
curing, phosphoric acids and phosphates thereof are particu 
larly preferred. As such the phosphoric acids and phosphates 
thereof, for example, there are enumerated a phosphoric 
acid, a pyrophosphoric acid, and a mono or diphosphate, etc. 
As the monophosphate, for example, there are enumerated 
monooctyl phosphate, monopropyl phosphate, and mono 
lauryl phosphate, etc. As the diphosphate, for example, there 
are enumerated dioctyl phosphate, dipropyl phosphate, and 
diraulyl phosphate, etc. Further, mono(2-(meth)acryloyloxy 
ethyl) acid phosphate is enumerated. Still further, there may 
be even employed a compound obtained by alloWing to react 
a compound having an acid anhydride group With a polyol 
or an alcohol. Besides, an oligomer having an acid value 
maybe also blended. In the case, as a method for introducing 
an acid value into the acrylic polyol resin (A) and other 
oligomers, for example, there is a method in Which there is 
employed a polymeriZable vinyl monomer having carboxy 
lic group or a phosphoric acid group in the case of graft 
polymeriZing or (co)polymeriZing. It is to be noted that the 
carboxylic group or the phosphoric acid group preferably 
exists at not less than 10 atoms-apart position from a main 
chain of the oligomer, Whereby, it readily reacts at a loW 
temperature. 

[0242] The acidic catalyst for curing is employed in the 
amount of 0.001-10% by Weight, and preferably 0.001-5% 
by Weight based on total Weight of the acrylic polyol resin 
(A) and the melamine resin 

[0243] The coating composition of the present invention is 
modi?ed to a coating composition Without any modi?cation 
or by appropriately formulating, optionally, a variety of 
additives Which are conventionally employed in a coating 
?eld, for example, coloring pigments, extender pigments, an 
aluminum poWder, a pearl mica poWder, an anti-dropping 
agent or an anti-sedimentation agent, a levelling agent, a 
dispersant, a defoaming agent, an ultraviolet ray absorbent, 
a photo-stabiliZer, an antistatic agent, and a thinner, etc. 

[0244] As the coloring pigments, for example, there are 
enumerated inorganic pigments such as titanium oxide (for 
example, titanium oxide pigments, Taipek CR-95 (manufac 
tured by Ciba Geigy, AG)), carbon black, iron oxide, iron 
red, lead molybdenum acid, chromium oxide, and lead 
chromate, phthalocyanine pigments such as phthalocyanine 
blue and phthalocyanine green, organic pigments such as 
quinaklidone red, aZo pigments, and anthraquinone pig 
ments, etc. 

[0245] As the extender pigments, for example, there can 
be employed kaoline, talc, silica, mica, barium sulphate, and 
calcium sulphate, etc. As the anti-dropping agent or an 
anti-sedimentation agent, for example, there can be prefer 
ably employed bentonite, a linseed oil Wax, an amide Wax, 
micro gel (for example, MG100S (manufactured by Dain 
ippon Ink)), and an aluminum acetate, etc. 

[0246] As the levelling agent, for example, there can be 
preferably employed a silicone-based surface active agent 
such as K1369, Kp321, and Kp301 (hereinabove, manufac 
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tured by Shin-etsu Kagaku), Moda?oW (a surface control 
ling agent manufactured by Mitsubishi Monsant), BYK301, 
and 358 (manufactured by Bickchemie Japan), and Diaaide 
AD9001 (manufactured by Mitsubishi Rayon), etc. 

[0247] As the dispersant, for example, there can be pref 
erably employed Anti-Terra U or Anti-Terra P and Disper 
byk-101 (hereinabove, manufactured by Bickchemie Japan), 
etc. 

[0248] As the defoaming agent, for example, there can be 
preferably employed BYK-O (manufactured by Bickchemie 
Japan), etc. 

[0249] As the ultraviolet ray absorbent, for example, there 
can be preferably employed a benZotriaZole-based ultravio 
let ray absorbent such as Tinuvin 900, Tinuvin 384, and 
Tinuvin P (hereinabove, manufactured by Ciba Geigy), an 
anilide oxalate-based ultraviolet ray absorbent such as Sand 
bar 3206 (manufactured by Sand), etc. 

[0250] As the photo-stabiliZer, for example, there can be 
preferably employed a hindered amine-based photo-stabi 
liZer such as Sanol LS292 (manufactured by Sankyo) and 
Sandbar 3058 (manufactured by Sand), etc. 

[0251] As the thinner, for example, there can be preferably 
employed an aromatic compound such as toluene, xylene, 
and ethylbenZene, alcohols such as methanol, ethanol, pro 
panol, butanol, and isobutanol, ketones such as acetone, 
methylisobutyl ketone, methylamyl ketone, cyclohexanone, 
isophorone, and N-methylpyrrolidone, ester compounds 
such as ethyl acetate, butyl acetate, and methylcellosolve, or 
a mixture thereof, etc. As the antistatic agent, for example, 
there can be preferably employed Esocard C25 (manufac 
tured by Lion Armer), etc. In the case of preparing the 
coating composition of the present invention, there are 
mixed the acrylic polyol resin (A), the melamine resin (B), 
and optionally, additives such as acidic catalysts and pig 
ments, and uniformly dispersed by a dispersing machine 
such as a sandgrind mill, a ball mill, and an atlighter to 
prepare (a curable coating composition) of the present 
invention. 

[0252] As a method for coating the curable coating com 
position (a coating composition) of the present invention, an 
article to be coated is coated using a publicly-known deW 
axing cleaning apparatus, for example, after deWaxing by an 
organic solvent such as 1,1,1-trichloroethane, cleaning by an 
alkali, cleaning by an acid, Wiping by a solvent, etc., further, 
optionally, in order to further elevate an adhesive poWer of 
a coating to the article to be coated, for example, the coating 
composition of the present invention is directly coated by an 
air-spraying coating method and an airless coating method 
after coating a primer such as Primac NO. 1500 (manufac 
tured by Nihon Yushi), and optionally, it is set for 05-120 
minutes, and preferably 1-20 minutes, and thermally cured 
(baked) at a loW temperature of 90-140° C., and preferably 
100-120° C. 

[0253] A clear coating may be coated onto a base coat 
coating Which is an under layer by a Wet-on-Wet method. In 
the present invention, since curing can be conducted at a loW 
temperature of not more than 140° C. by the above-de 
scribed construction, it does not give a damage even on a 
polyole?ne-based resin molded article, and there can be 
formed a coating layer having excellent properties of a 
coating layer. 
































































































































































