(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO T T OO

International Bureau

(43) International Publication Date
25 October 2007 (25.10.2007)

(10) International Publication Number

WO 2007/119305 Al

(51) International Patent Classification:
C09D 175/04 (2006.01) CO8G 18/40 (2006.01)
CO8G 18/65 (2006.01) CO8G 18/44 (2006.01)

(21) International Application Number:
PCT/IP2007/054144

(22) International Filing Date:
27 February 2007 (27.02.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
2006-070667
2006-321526

15 March 2006 (15.03.2006)  JP
29 November 2006 (29.11.2006) JP

(71) Applicant (for all designated States except US): KANSAIL
PAINT CO., LTD. [JP/JP]; 33-1, Kanzakicho, Amagasaki-
shi, Hyogo, 6618555 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HAYASHIDA,
Atsushi [JP/JP]; c/o KANSAI PAINT CO., LTD., 17-1,
Higashiyawata 4-chome, Hiratsuka-shi, Kanagawa,
2548562 (JP). HANAOKA, Toshiyuki [JP/JP]; c/o KAN-
SAI PAINT CO., LTD., 17-1, Higashiyawata 4-chome,
Hiratsuka-shi, Kanagawa, 2548562 (JP). YUKAWA,
Yoshiyuki [JP/JP]; c/o KANSAI PAINT CO., LTD.,
17-1, Higashiyawata 4-chome, Hiratsuka-shi, Kanagawa,
2548562 (JP).

(74) Agents: AOKI, Atsushi et al.; SETWA PATENT & LAW,
Toranomon 37 Mori Bldg., 5-1, Toranomon 3-chome, Mi-
nato-ku, Tokyo 1058423 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

07/119305 A1 |V 00 000 0 I 0

(54) Title: COATING COMPOSITION AND METHOD OF FORMING COATING FILM

& (57) Abstract: A coating composition comprising (A) a hydroxyl group-containing resin with a hydroxyl value of 80-200 mgKOH/g
and a weight-average molecular weight of 2500-40,000, (B) a polyisocyanate compound, and (C) a polycarbonate diol compound
O of number-average molecular weight 400-2500 with a viscosity of no greater than 10,000 mPa s at 50°C obtained by reacting a
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(2-10 diol as the diol component with a carbonylating agent. It is thereby possible to provide cured coating films with excellent mar
resistance, acid resistance, stain resistance and finished appearances.
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DESCRIPTION

COATING COMPOSITION AND METHOD OF FORMING COATING FILM

Technical Field

The present invention relates to a coating
composition that can obtain a coating film with excellent
mar resistance, acid resistance, stain resistance and
finished appearances, and to a method of forming a

coating film using the composition.

Background Art

Paints applied onto objects such as automobile
bodies have been required to exhibit excellent film
performance including mar resistance, acid resistance,
stain resistance and finished appearances.

Melamine crosslinked paints have been widely used in
the prior art as paints for such objects. Melamine
crosslinked paints comprise hydroxyl group-containing
resins and melamine resins as crosslinking agents, and
because of their high crosslink density during heat
curing, they excels in film performance such as mar

resistance and finished appearances. Such paints,

" however, have problems in that the melamine crosslinked

bonds undergo hydrolysis in acid rain, such that the acid
resistance of the coating films is inferior.

Japanese Unexamined Patent Publication HEI No. 6- ‘
220397 discloses a two-pack urethane crosslinked coating
composition comprising a hydroxyl group-containing
acrylic resin, a hydroxyl group-containing oligoester and
an isocyanate prepolymer. Because the urethane
crosslinked bonds in the paint are resistant to
hydrolysis, the coating film has excellent acid
resistance. The mar resistance of the coating film,

however, is inadequate.

Disclosure of the Invention
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An object of the present invention is to provide a
coating composition that is capable of forming cured
coating films having excellent mar resistance, acid
resistance, stain resistance and finished appearances.

As a result of much extensive research conducted for
solving the problems described above, the present
inventors discovered that the problems can be solved by a
coating composition comprising a hydroxyl group-
contéining resin with a speéific hydroxyl value and
average molecular weight, a polyisocyanate compound and a

polycarbonate diol compound having a viscosity and

number-average molecular weight in specified ranges which

is obtained by reacting a C2-10 diol as the diol
component with a carbonylating agent, and the invention
has been completed upon the findings.

Specifically, the invention provides a coating
composition comprising (A) a hydroxyl group-containing
resin with a hydroxyl value of 80-200 mgKOH/g and a
weight-average molecular weight of 2500-40,000, (B) a
polyisocyanate compound, and (C) a polycarbonate diol

compound of number-average molecular weight 400-2500 with

a viscosity of no greater than 10,000 mPa-:s at 50°C,

"obtained by reacting a C2-10 diol as the diol component

"with a carbonylating agent.

The invention further provides a method of forming a
multilayer coating film whereby a multilayer coating film
is formed by applying at least one colored base coat
paint and at least one clear coat paint in that order on
an object, wherein the aforementioned coating composition
is applied as the uppermost clear coat paint layer.

Because of the high compatibility of the
polycarbonate diol compound with the hydroxyl group-
containing resin and polyisocyanate compound in the
coating composition of the invention having this specific
constitution, coating films obtained therefrom have
satisfactory finished appearances. Furthermore, since

the physical properties of such coating films including
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mechanical strength are enhanced by the polycarbonate
diol compound, and the urethane crosslinked bonds and
carbonate bonds produced by reaction between the hydroxyl
group-containing resin and polyisocyanate compound are
highly resistant to hydrolysis by acids, the cured
coating films formed also exhibit excellent mar

resistance, acid resistance and stain resistance.

Best Mode for Carrying Out the Invention

Preferred modes of the coating composition
(hereinafter also referred to as "paint™) and multilayer
method of forming a coating film of the invention will
now be explained, but it is to be understood that the
invention is not limited to these modes, and various
modifications may be implemented that are within the
spirit and scope of the invention.

The coating composition of the invention is a
coating composition comprising (A) a hydroxyl group-
containing resin with a specific hydroxyl value and
average molecular weight, (B) a polyisocyanate compound,
and (C) a polycarbonate diol compound with a viscosity
and number-average molecular weight in specified ranges,

obtainednby reacting a C2-10 diol as the diol component

"with a carbonylating agent.

Hydroxyl group-containing resin (A)

The hydroxyl group-containing resin (A) used in the
coating composition of the invention is a hydroxyl group-
containing resin with a hydroxyl value of 80-200 mgKOH/g
and a weight-average molecular weight of 2500-40,000.

The hydroxyl group-containing resin (A) is not
particularly restricted so long as the hydroxyl value is
80-200 mgKOH/g and the weight-average molecular weight is
in the range of 2500-40,000, and as specific examples
there may be mentioned acrylic resins, polyester resins,
polyether resins, polyurethane resins and the like, among
which hydroxyl group-containing acrylic resins, hydroxyl

group-containing polyester resins and hydroxyl group-
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containing polyurethane resins are preferred.

The hydroxyl group-containing acrylic resin may be
produced by copolymerizing a hydroxyl group-containing
unsaturated monomer (M-1) and another copolymerizable
unsaturated monomer (M-2) by an ordinary method..

The hydroxyl group-containing unsaturated monomer
(M-1) is a compound with one hydroxyl group and one
unsaturated bond in the molecule, where the hydroxyl
group mainly acts as a functional group for reaction with
the crosslinking agent. As such monomers there are
preferred monoesters of acrylic acid or methacrylic acid
and C2-10 dihydric alcohols, and as specific examples
there may be mentioned hydroxyalkyl (meth)acrylates such
as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acfylate, 3-hydroxypropyl (meth)acrylate and 4-
hydroxybutyl (meth)acrylate. As monomers there may also
be mentioned ring-opening polymerization addition
products of the aforementioned hydroxyalkyl
(meth)acrylates and lactones such as e-caprolactone. As
specific examples there may be mentioned "PLACCEL Fa-1",
"PLACCEL FA-2", "PLACCEL FA-3", "PLACCEL FA-4'", "PLACCEL
FA-5", "PLACCEL FM-1", "PLACCEL FM-2", "PLACCEL FM-3",
"PLACCEL FM-4", "PLACCEL FM-5" (all trade names of Dicel

’Chemical Industries, Ltd.).

Preferred among these from the standpoint of coating
film mar resistance are hydroxyl group-containing
unsaturated monomers (la) with hydroxyl group-containing
C4 or greater hydrocarbon groups. Using monomer (la) as
a component can yield a coating film with high crosslink
density, thus providing an effect of enhanced coating
film mar resistance.

As examples of hydroxyl group-containing unsaturated
monomers with hydroxyl group-containing C4 or greater
hydrocarbon groups there may be mentioned compounds
obtained by ring-opening polymerization of g-caprolactone
with monoesters of acrylic acid or methacrylic acid and
C4-10 dihydric alcohols or monoesters of acrylic acid or
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methacrylic acid and C2-10 dihydric alcohols.

As a particularly preferred example of a monoester
of acrylic acid or methacrylic acid and a C4-10 dihydric
alcohol there may be mentioned 4-hydroxybutyl
(meth)acrylate.

As particularly preferred examples of compounds

obtained by ring-opening polymerization of g-caprolactone
with a monoester of acrylic acid or methacrylic acid and
a C2-10 dihydric alcohol, there may be menfioned "PLACCEL
FA-2" and "PLACCEL FM-3".

From the viewpoint of improving the mar resistance
without lowering the acid resistance of the coating film
it is preferred to use an unsaturated monomer comprising
both a cyclohexyl ring and a hydroxyl group, and
specifically there may be mentioned CHDMMA (1,4-
cyclohexanedimethanol monoacrylate, product of Nippon
Kasei Chemical Co., Ltd.).

As unsaturated monomers comprising both a cyclohexyl
ring and a hydroxyl group there may be used macromonomers
obtained by reacting a polyester oligomer having a

hydroxycyclohexyl or methylolcyclohexyl group at both

‘ends of the molecule with the reaction product of a

diisocyanate compound and a hydroxyl group-containing

'(meth)acrylate (equimolar). As examples of polyester

oligomers there may be mentioned FLEXORES 148 and
FLEXORES 188 (both products of King Industries, US).

An acrylic resin comprising both a cyclohexyl ring
and hydroxyl group, obtained using an unsaturated monomer
with both a cyclohexyl ring and hydroxyl group as
copolymerizing components, may be obtained by, for
example, a process involving addition reaction of a
hydroxyl group-containing acrylic resin and a cyclohexyl
ring-containing acid anhydride (for example,
hexahydrophthalic anhydride), followed by acid/epoxy
reaction of an epoxy group- and hydroxyl group-containing
compound (for example, glycidol) with the carboxylic acid

produced by the addition reaction, for further addition
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reaction to produce tefminal hydroxyl groups.

The proportion of the hydroxyl group-containing
unsaturated monomer (M—-1) is preferably in the range of
20-50 mass$% and especially 25-45 mass$% based on the total
weight of the monomer mixture.

If the proportion of the hydroxyl group-containing
unsaturated monomer (M-1) is less than 20 mass%,
crosslinking of the cured coating film will be
insufficient, often making it impossible to achieve the
desired mar resistance. If it is greater than 50 mass%,

on the other hand, compatibility and copolymerizing

‘reactivity with the other copolymerizable unsaturated

monomer (M-2) will be reduced and compatibility of the
obtained hydroxyl group-containing acrylic resin with the
other components (polyisocyanate compound (B) and
polycarbonate diol compound (C)) will be reduced, thereby
potentially impairing the finished appearance of the
coating film. '

Throughout the present specification,

" (meth)acrylate" refers to "acrylate" or "methacrylate".

The other copolymerizable unsaturated monomer (M-2)
is a compound having one unsaturated bond in the
moleculé, other than the above-mentioned hydroxyl group-
containing unsaturated monomer (M-1), and specific
examples thereof are listed below as (1) - (8).

(1) Acid group-containing unsaturated monomers:
Compounds having one or more acid groups and one
unsaturated bond in the molecule, e.g. carboxyl-
containing unsaturated monomers such as (meth)acrylic
acid, crotonic acid, itaconic acid, maleic acid and
maleic anhydride; sulfonic acid-containing unsaturated
monomers such as vinylsulfonic acid and sulfoethyl
(meth)acrylate, and acidic phosphoric acid ester-based
unsaturated monomers such as 2- (meth)acryloyloxyethyl
acid phosphate, 2-(meth)acryloyloxypropyl acid phosphate,
2- (meth)acryloyloxy-3-chloropropyl acid phosphate and 2-
methacryloyloxyethylphenylphosphoric acid.
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These may be used alone or in combinations of two or
more. |

For these acid group-containing unsaturated
monomers, component (A) can function as an internal
catalyst for crosslinking reaction with the crosslinking
agent, and they are preferably used in a range of 0-5
mass$ and especially 0.1-3 mass% based on the total
weight of the monomer mixture of the hydroxyl group-
containing acrylic resin. ' |

(2) Monoesters of acrylic acid or methacrylic acid
with C1-20 monohydric alcohol: Examples include methyl
(meth)acrylate, ethyl (meth)acrylate, propyl
(meth)acrylate, n-butyl (meth)acrylate, iso-butyl
(meth)acrylate, tert-butyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, isococtyl (meth)acrylate, isomyristyl
(meth)acrylate and isostearyl acrylate (trade names of
Osaka Organic Chemical Industry, Ltd.), and cyclohexyl
(meth)acrylate, lauryl (meth)acrylate, iéobornyl
(meth)acrylate, tricyclodecanyl (meth)acrylate, adamantyl
(meth)acrylate, 3,5-dimethyladamantyl (meth)acrylate, 3-
tetracyclododecyl methacrylate, tridecyl (meth)acrylate,
stearyl (meth)acrylate, 4-methylcyclohexylmethyl
(meth)acrylate, 4-ethylcyclohexylmethyl (meth)acrylate,

'4-methoxycycloheXylmethyl (meth)acrylate, tert-

butylcyclohexyl (meth)acrylate, cyclooctyl
(meth)acrylate, cyclododecyl (meth)acrylate and
tetrahydrofurfuryl (meth)acrylate.

Preferred among these from the standpoint of
enhancing the coating film stain resistance are (2a)
unsaturated monomers with C10-20 bridged alicyclic
hydrocarbon groups and/or unsaturated monomers with C3-12
alicyclic hydrocarbon groups. By including monomer (2a)
as a constituent component, it is possible to increase
the Tg and reduce the polarity of the obtained resin,
thereby enhancing the finished appearances by smoothing
of the surface, and also increasing the water resistance

and stain resistance.
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As typical examples of C10-20 bridged alicyclic
hydrocarbon groups there may be mentioned isobornyl,
tricyclodecanyl and adamantyl.

As specific examples of unsaturated monomers with
C10-20 bridged alicyclic hydrocarbon groups there may be
mentioned isobornyl (meth)acrylate, tricyclodecanyl
(meth)acrylate, adamantyl (meth)acrylate, 3,5-
dimethyladamantyl (meth)acrylate and 3-tetracyclododecyl
methécrylate.

As specific examples of unsaturated monomers with

C3-12 alicyclic hydrocarbon groups there may be mentioned

'cyclohexyl (meth)acrylate, 4-methylcyclohexylmethyl

(meth)acrylate, 4-ethylcyclohexylmethyl (meth)acrylate,
4-methoxycyclohexylmethyl (meth)acrylate, tert-
butylcyclohexyl (meth)acrylate, cyclooctyl
(meth)acrylate, cyclododecyl (meth)acrylate and
tetrahydrofurfuryl (meth)acrylate.

When monomer (2a) is a constituent bomponent, the
proportion is in the range of preferably 3-50 mass% and
especially 10-40 mass?% based on the total weight of the
monomer mixture.

Oof those mentioned above, unsaturated monomers (2b)

having a C8 or greater hydrocarbon group with a branched

" structure are preferably used from the standpoint of

enhancing the coating film mar resistance. By including
monomer (2b) as a constituent component, it is possible
to lower the Tg and polarity of the obtained resin,
thereby enhancing the coating film mar resistance by
imparting flexibility, and improving the finished
appearances by smoothing of the surface. Using a
branched structure can inhibit lowering of the Tg of the
coating film compared to using an unsaturated monomer
with a linear C8 or greater hydrocarbon group as the
constituent component, and is therefore advantageous from
the standpoint of improving the acid resistance.
Specific examples of unsaturated monomers with

branched C8 or greater hydrocarbon groups among those
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mentioned above include 2-ethylhexyl acrylate, isooctyl
(meth)acrylate, isomyristyl (meth)acrylate and isostearyl
acrylate (products of Osaka Organic Chemical Industry,
Ltd.).

When monomer (2b) is a constituent component, the
proportion is in the range of preferably 3-50 mass% and
especially 10-40 mass% based on the total weight of the
monomer mixture. ‘

'(3) Alkoxysilane group-containing unsaturated
monomers: For example, vinyltrimethoxysilane,
vinyltriethoxysilane, acryloxyethyltrimethoxysilane,
methacryloxyethyltrimethoxysilane,
acryloxypropyltrimethoxysilane,
methacryloxypropyltriméthoxysilane,
acryloxypropyltriethoxysilane,
methacryloxypropyltriethoxysilane and vinyltris(B-
methoxyethoxy)silane.

Preferred among these alkoxysilane broup—containing
unsaturated monomers are vinyltrimethoxysilane, y-
acryloxypropyltrimethoxysilane and y-
methacryloxypropyltrimethoxysilane.

By using an alkoxysilane group-containing

_unsaturated monomer as a constituent component, it is

possible to produce a crosslinked bond by condensation
reaction between the alkoxysilane groups and reaction
between the alkoxysilane groups and hydroxyl groups, in
addition to the crosslinked bonds between the hydroxyl
and isocyanate groups. This can increase the crosslink
density of the obtained coating f£ilm, thereby enhancing
the acid resistance and stain resistance.

When an alkoxysilane group-containing unsaturated
monomer is used as a constituent component, the
proportion is preferably in the range of 3-50 mass% and
especially in the range of 5-35 mass%, based on the total
weight of the monomer mixture.

(4) Aromatic unsaturated monomers: For example
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styrene, o-methylstyrene and vinyltoluene.

Using an aromatic unsaturated monomer as a
constituent component can increase the Tg of the obtained
resin and yield a hydrophobic coating film with a high
refractive index, thereby producing an effect of enhanced
finished appearances by improved gloss of the coating
film, and of increased water resistance and acid
resistance. .

When an aromatic unsaturated monomer is used as a
constituent component, the proportion is preferably in
the range of 3-50 mass% and especially in the range of 5-
40 mass%, based on the total weight of the monomer
mixture.

(5) Glycidyl group—containing unsaturated monomers:
Compounds having one glycidyl group and one unsaturated
bond in the molecule, such as glycidyl acrylate and
glycidyl methacrylate.

(6) Nitrogen-containing unsaturated monomers: For
example, (meth)acrylamide, dimethylacrylamide, N,N-
dimethylpropylacrylamide, N-butoxymethylacrylamide, N-
methylolacrylamide, N-methylolmethacrylamide,
diacetoneacrylamide, N,N-dimethylaminoethyl
(meth)acrylate, vinylpyridine and vinylimidazole.

(7) Other vinyl compounds: For example, vinyl
acetate, vinyl propionate, vinyl chloride, and the
versatic acid vinyl esters VEOVA 9 and VEOVA 10 (trade
names of Japan Epoxy Resins Co., Ltd.).

(8) Unsaturated bond-containing nitrile-based
compounds: For example, acrylonitrile and
methacrylonitrile.

These unsaturated monomer (M-2) compounds may be
used alone or in combinations of two or more.

Monomer mixtures composed of these monomers (M-1)
and (M-2) may be copolymerized to obtain hydroxyl group-
containing acrylic resins.

As particularly preferred hydroxyl group-containing

acrylic resins that yield coating compositions with
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excellent film performance including mar resistance, acid
resistance and stain resistance, as well as excellent
coating film finished appearances, there may be mentioned
hydroxyl group-containing acrylic resins obtained by
copolymerization of monomer mixtures comprising monomers
(M-1) and (M-2) with the following compositions.

1. A hydroxyl group-containing acrylic resin (o)
obtained by copolymerizing a monomer mixture comprising
(A) 3-40 mass% of an aromatic unsaturated monomer and/or
an unsaturated monomer with a C3-12 alicyclic hydrocarbon
group, (B) 3-40 mass$% of an unsaturated monomer with a
C10-20 bridged alicyclic hydrocarbon group, (C) 20-50
mass% of a hydroxyl group-containing unsaturated monomer
and (D) 0-60 mass$% of another copolymerizable unsaturated
monomer, wherein the total weight of components (A) and
(B) is 20-70 parts by mass with respect to 100 parts by
mass of the monomer mixture.

2. A hydroxyl group-containing acr&lic resin (B)
obtained by copolymerizing a monomer mixture comprising
(A) 3-40 mass% of an aromatic unsaturated monomer and/or
an unsaturated monomer with a C3-12 alicyclic hydrocarbon
group, (B) 3-40 mass%$ of an unsaturated monomer with a C8
or greater branched alicyclic hydrocarbon group, (C) 3-50
mass$ of a hydroxyl group-containing unsaturated monomer
with a C4 or greater hydroxyl group-containing
hydrocarbon group and (D) 0-77 mass% of another
copolymerizable unsaturated monomer, wherein the total
weight of components (A) and (B) is 20-70 parts by mass
with respect to 100 parts by mass of the monomer mixture.

The method of copolymerizing the aforementioned
monomer mixture to obtain the hydroxyl group-containing
acrylic resin is not particularly restricted and any
known copolymerization method may be used, but most
preferred 1s a solution polymerization process wherein
polymerization is conducted in an organic solvent in the
presence of a polymerization initiator.

As examples of organic solvents to be used for
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solution polymerization there may be mentioned aromatic
solvents such as toluene, xylene and SWASOL 1000 (high
boiling point petroleum-based solvent by Cosmo 0il Co.,
Ltd.); ester-based solvents such as ethyl acetate, 3~
methoxybutyl acetate, ethyleneglycol ethyl ether acetate
and propyleneglycol methyl ether acetate; ketone-based
solvents such as methyl ethyl ketone, methyl isobutyl
ketone and methyl amyl ketone, and propyl propionate,
butyl propionate, ethoxyethyl propionate and the like.

These organic solvents may be used alone or in
combinations of two or more, but since the hydroxyl
group-containing acrylic resin used in the paint has a
high hydroxyl value, a high boiling point ester-based
solvent or ketone-based solvent is preferably used from
the viewpoint of resin solubility. High boiling point
aromatic solvents may also be used in appropriate
combinations.

As examples of polymerization initiators to be used
for copolymerization of the hydroxyl group-containing
acrylic resin there may be mentioned 2,2'-
azobisisobutyronitrile, benzoyl peroxide, di-t-butyl
peroxide, di-t-amyl peroxide, t-butyl peroctoate, 2,2'-
azobis (2-methylbutyronitrile) and the like, which are

known as radical polymerization initiators.

The hydroxyl value of the hydroxyl group-containing
acrylic resin is in the range of 80-200 mgKOH/g, and
preferably in the range of 100-170 mgKOH/g. A hydroxyl
value of less than 80 mgKOH/g will result in low
crosslink density, possibly leading to insufficient mar
resistance. A value exceeding 200 mgKOH/g may lower the
water resistance of the coating film.

The weight-average molecular weight of the hydroxyl
group-containing acrylic resin is in the range of 2500-
40,000 and preferably in the range of 5000-30,000. A
weight-average molecular weight of less than 2500 may
lower the film performance including acid resistance,

while greater than 40,000 may reduce the smoothness of
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the coating film, resulting in impaired finished
appearances.

Throughout the present specification, the weight-
average molecular weight is the value calculated from a
chromatogram measured by gel permeation chromatography
based on the molecular weight of standard polystyrene.

An HLC8120GPC apparatus (product of Tosoh Corp.) was used
for the gel permeation chromatography. Four columns,
"TSKgel G-4000HXL", "TSngl'G—3000HXL", "TSKgel G-
2500HXL" and "TSKgel G~2000HXL"™ (all products of Tosoh

Corp.) were used; Mobile phase: tetrahydrofuran,
Measuring temperature: 40°C, Flow rate: 1 cc/min,
Detector: RI.

The glass transition temperature of the hydroxyl
group-containing acrylic resin is preferably in the range
of -40°C to 85°C, and more preferably in the range of -
30°C to 80°C. A glass transition temperature of below -
40°C may result in insufficient coating film hardness,
while above 85°C may lead to reduced surface smoothness of
the coating film.

A hydroxyl group-containing polyester resin to be

used as the hydroxyl group-containing resin (A) may be

. produced by esterification reaction of a polybasic acid

and a polyhydric alcohol by an ordinary process. The
polybasic acid is a compound having two or more carboxyl
groups in the molecule, examples of which include
phthalic acid, isophthalic acid, terephthalic acid,
succinic acid, adipic acid, azelaic acid, sebacic acid,
tetrahydrophthalic acid, hexahydrophthalic acid, maleic
acid, fumaric acid, itaconic acid, trimellitic acid,
pyromellitic acid and their anhydrides, while a
polyhydric alcohol is a compound having two or more
hydroxyl groups in the molecule, examples of which
include diols such as ethylene glycol, propylene glycol,
1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 2,2-diethyl-1l,3-propanediol, neopentylglycol,
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1,9-nonanediol, 1,4-cyclohexanediol,
hydroxypivaneopentylglycol phosphate ester, 2-butyl-2-
ethyl-1,3-propanediol, 3-methyl-1,5-pentanediol, 2,2,4-
trimethylpentanediol and bisphenol hydride A, trihydric
and greater polyols such as trimethylolpropane,
trimethylolethane, glycerin and pentaerythritol, and
hydroxycarboxylic acids such as 2,2-dimethylolpropionic
acid{ 2,2—dimethylolbutanoi¢ acid, 2,2-
dimethylolpentanoic acid, 2,2-dimethylolhékanoic acid and
2,2~dimethyloloctanoic acid.

Such compounds may be introduced into a polyester

resin by reacting an acid with an a-olefin epoxide such

as propylene oxide or butylene oxide, or a monoepoxy
compound such as CARDURA E10 (synthetic highly branched
saturated fatty acid glycidyl ester, trade name of Japan
Epoxy Resins Co., Ltd.).

For introduction of a carboxyl group into the
polyester resin, a carboxylic anhydride ﬁay be added to a
hydroxyl group-containing polyester to produce a half
ester.

The hydroxyl value of the hydroxyl group-containing

‘polyester resin is in the range of 80-200 mgKOH/g and
preferably in the range of 100-170 mgKOH/g. If the

hydroxyl value is less than 80 mgKOH/g the mar resistance
may be insufficient, and if it exceeds 200 mgKOH/g the
coating film water resistance may'be reduced.

The weight-average molecular weight of the hydroxyl
group-containing polyester resin is in the range of 2500-
40,000 and preferably in the range of 5000-30,000. A
weight-average molecular weight of less than 2500 may
lower the film performance including acid resistance,
while greater than 40,000 may reduce the smoothness of
the coating film.

The glass transition temperature of the hydroxyl

group-containing polyester resin is preferably -40°C to

85°C and more preferably -30°C to 80°C. A glass
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transition temperature of below -40°C may result in

insufficient coating film hardness, while above 85°C may
lead to reduced surface smoothness of the coating film.

The scope of the hydroxyl group-containing resin (A)
also includes urethane-modified acrylic resins and
urethane-modified polyester resins.

As hydroxyl group-containing polyurethane resins
there may be mentioned hydroxyl group-containing °
polyurethane resins obtained by reaction of polyols and
polyisocyanates.

‘ As examples of polyols there may be mentioned low
molecular weight compounds such as ethylene glycol,
diethylene glycol, propylene glycol, butyleneglycol,
hexamethylene glycol and other dihydric alcohols, as well
as trihydric alcohols such as trimethylolpropane, '
glycerin and pentaerythritol. As high molecular weight
compounds there may be mentioned polyether polyols,
polyester polyols, acryl polyols and epoky polyols. As
polyether polyols there may be mentioned polyethylene
glycol, polypropylene glycol and polytetramethylene
glycol. As polyester polyols there may be mentioned

condensation products of alcohols such as dihydric

alcohol, dipropylene glycol, 1,4-butanediol, 1,6-

hexanediol and neopentyl glycol with dibasicracids such
as adipic acid, azelaic acid and sebacic acid, lactone-
based ring-opening polymer polyols‘such as
polycaprolactone, and polycarbonate diols. For example,
there may be used carboxyl group-containing polyols such
as 2,2-dimethylolpropionic acid and 2,2-
dimethylolbutanoic acid.

As examples of polyisocyanates to be reacted with
the aforementioned polyols there may be mentioned
aliphatic polyisocyanates such as hexamethylene
diisocyanate, trimethylhexamethylene diisocyanate dimer
acid diisocyanate and lysine diisocyanate, as well as
biuret addition products and isocyanurate ring addition

products of these polyisocyanates; alicyclic
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diisocyanates such as isophorone diisocyanate, 4,4'-
methylenebis (cyclohexyl isocyanate), methyléyclohexane-
2,4-(or -2,6-)diisocyanate, 1,3-(or 1,4-

)di (isocyanatomethyl)cyclohexane, 1,4-cyclohexane
diisocyanate, 1,3-cyclopentane diisocyanate and 1,2-
cyclohexane diisocyanate, as well as biuret addition
products and isocyanurate ring addition products of these
polyisocyanates; aromatic diisocyanate compounds such as
xylylene diisocyanate, metaxylylene diisoéyanate,

tetramethylxylylene diisocyanate, tolylene diisocyanate,

4,4'-diphenylmethane diisocyanate, 1,5-naphthalene

diisocyanate, 1,4-naphthalene diisocyanate, 4,4-toluidine
diisocyanate, 4,4'-diphenyl ether diisocyanate, (m- or ok
)phenylene diisocyanate, 4,4'-biphenylene diisocyanate,
3,3'-dimethyl-4,4'-biphenylene diisocyanate, bis (4-
isocyanatophenyl) sulfone and isopropylidenebis (4-phenyl
isocyanate), as well as biuret addition products and
isocyanurate ring addition products of these
polyisocyanates; and polyisocyanates with three or more
isocyanate groups in the molecule such as
triphenylmethane~4,4"',4''-triisocyanate, 1,3,5- 4
triisocyanatobenzene, 2,4,6-triisocyanatotoluene and

4,4'-dimethyldiphenylmethane—2,2',5,5'—tetraisocyanate,

" as well as biuret addition products and isocyanurate ring

addition products of these polyisocyanates.

The hydroxyl value of the hydroxyl group-containing
polyurethane resin is in the range of 80-200 mgKOH/g and
preferably in the range of 100-170 mgKOH/g. If the
hydroxyl value is less than 80 mgKOH/g the mar resistance
may be insufficient, and if it exceeds 200 mgKOH/g the
coating film water resistance may be reduced.

The weight-average molecular weight of the hydroxyl
group-containing polyurethane resin is in the range of
2500-40,000 and preferably in the range of 5000-30,000.
A weight-average molecular weight of less than 2500 may
lower the film performance including acid resistance,

while greater than 40,000 may reduce the surface
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smoothness of the coating film.
The glass transition temperature of the hydroxyl

group—-containing polyurethane resin is preferably in the
range of -40°C to 85°C and more preferably in the range of
-30°C to 80°C. A glass transition temperature of below -
40°C may result in insufficient coating film hardness,

while above 85°C may lead to reduced surface smoothness of
the coating film.

Any of these examples for the hydroxyl group-
containing resin (A) may be used alone or in combinations
of two or more, but preferably hydroxyl group-containing
acrylic resins or hydroxyl group-containing polyester
resins are used as the hydroxyl group-containing resin
(A).

Polyisocyanate compound (B)

The polyisocyanate compound (B) used in the coating
composition of the invention is a compound with two or
more free isocyanate groups in the molecule, and any one
employed in the prior art for production of polyurethanes

may be used. As examples there may be mentioned

aliphatic polyisocyanates, alicyclic polyisocyanates,

aromatic/aliphatic polyisocyanates, aromatic

. polylsocyanates and derivatives of these polyisocyanates.

As examples of aliphatic polyisocyanates there may
be mentioned aliphatic diisocyanates such as trimethylene
diisocyanate, tetramethylene diisocyanate, hexamethylene
diisocyanate, pentamethylene diisocyanate, 1,2-propylene
diisocyanate, 1,2-butylene diisocyanate, 2,3-butylene
diisocyanate, 1,3-butylene diisocyanate, 2,4,4- or 2,2,4-
trimethylhexamethylene diisocyanate and 2, 6-
diisocyanatomethyl caproate, and aliphatic triisocyanates
such as lysine ester triisocyanate, 1,4,8-
triisocyanatooctane, 1,6,ll~triisocyanatoundecane, 1,8-
diisocyanato-4~isocyanatomethyloctane, 1,3,6-
triisocyanatohexane and 2,5,7-trimethyl-1, 8-diisocyanato-

5-isocyanatomethyloctane.
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As examples of alicyclic polyisocyanates alicyclic
diisocyanates such as 1,3-cyclopentene diisocyanate, 1,4-
cyclohexane diisocyanate, 1,3-cyclohexane diisocyanate,
3-isocyanatomethyl-3,5,5-trimethylcyclohexyl isocyanate
(common name: isophorone diisocyanate), 4,4'-
methylenebis (cyclohexyl isocyanate), methyl-2,4-
cyclohexane diisocyanate, methyl-2,6-cyclohexane
diisocyanate, 1,3- or 1,4-
bis(isocyanatomethyl)cyclohexane (common ﬁéme:
hydrogenated xylylene diisocyanate) or its mixtures, and
norbornane diisocyanate, and alicyclic triisocyanates
such as 1,3,5~-triisocyanatocyclohexane, 1,3,5-
trimethylisocyanatocyclohexane, 2-(3-isocyanatopropyl) -
2,5-di (isocyanatomethyl)-bicyclo(2.2.1)heptane, 2-(3-
isocyanatopropyl) -2, 6~di (isocyanatomethyl) -
bicyclo(2.2.1)heptane, 3-(3~isocyanatopropyl)-2,5-

di (isocyanatomethyl)-bicyclo(2.2.1)heptane, 5-(2-
isocyanatoethyl)—2—isocyanatomethyl—3—(3L
isocyanatopropyl)-bicyclo(2.2.1)heptane, 6-(2-
isocyanatoethyl)-2-isocyanatomethyl-3-(3-
isocyanatopropyl)-bicyclo(2.2.1)heptane, 5-(2-
isocyanaﬁoethyl)—2—isocyanatomethyl—2—(3—
isocyanatopropyl)-bicyclo(2.2.1)-heptane and 6-(2-

" isocyanatoethyl)-2-isocyanatomethyl-2-(3-

isocyanatopropyl)-bicyclo(2.2.1)heptane.
As examples of aromatic/aliphatic polyisocyanates
there may be mentioned aromatic/aliphatic diisocyanates

such as 1,3~ or 1,4-xylylene diisocyanate or mixtures

thereof, ®,®'-diisocyanato-1,4-diethylbenzene and 1,3- or
1,4-bis(l-isocyanato-l-methylethyl)benzene (common name:
tetramethylxylylene diisocyanate) or mixtures thereof,
and aromatic/aliphatic triisocyanates such as 1,3,5-
triisocyanatomethylbenzene.

As examples of aromatic polyisocyanates there may be
mentioned aromatic diisocyanates such as m-phenylene
diisocyanate, p-phenylene diisocyanate, 4,4'-diphenyl

diisocyanate, 1,5-naphthalene diisocyanate, 2,4'- or
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4,4'"-diphenylmethane diisocyanate or mixtures thereof,
2,4~ or 2,6-tolylene diisocyanate or mixtures thereof,
4,4'-toluidine diisocyanate and 4,4'-diphenyl ether
diisocyanate, aromatic triisocyanates such as
triphenylmethane-4,4',4''-triisocyanate, 1,3,5-
triisocyanatobenzene and 2,4,6-triisocyanatotoluene, and
aromatic tetraisocyanates such as 4,4'-diphenylmethane-
2,2'",5,5"'-tetraisocyanate. ’

‘As examples of polyisoéyanate derivatives there may
be mentioned dimers, trimers, biurets, allophanates,

carbodiimides, urethodiones, urethoimines, isocyanurates,

oxadiazinetriones, polymethylenepolyphenyl

polyisocyanates (crude MDIs, polymeric MDIs) and crude
TDIs of the aforementioned polyisocyanate compounds.

These polyisocyanate compounds may be used alone or
in combinations of two or more. Among these
polyisocyanate compounds, aliphatic diisocyanates and
their derivatives are most preferred from the standpoint
of mar resistance and weather resistance.

As polyisocyanate compounds there may also be used
blocked polyisocyanate compounds which are polyisocyanate
compounds with two or more free isocyanate groups in the

molecule wherein the isocyanate groups are blocked with a

" blocking agent.

The blocking agent is any one that blocks free

isocyanate groups. The blocked polyisocyanate compound
regenerates isocyanate groups by heating at 100°C or

higher and preferably 130°C or higher, for ready reaction
with hydroxyl groups. As examples of such blocking
agents there may be mentioned phenol-based compounds such
as phenol, cresol, xylenol, nitrophenol, ethylphenol,
hydroxydiphenyl, butylphenol, isopropylphenol,
nonylphenol, octylphenol and hydroxymethyl benzoate;

lactam-based compounds such as g-caprolactam, &-

valerolactam, y-butyrolactam and P-propiolactam; aliphatic

alcohol~based compounds such as methanol, ethanol, propyl
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alcohol, butyl alcohol, amyl alcohol and lauryl alcohol;
ether-based compounds such as ethyleneglycol monomethyl
ether, ethyleneglycol monoethyl ether, ethyleneglycol
monobutyl ether, diethyleneglycol monomethyl ether,
diethyleneglycol monoethyl ether, propyleneglycol
monomethyl ether and methoxymethanol; glycolic acid
esters such as benzyl alcohol, glycolic acid, methyl
glycolate, ethyl glycolate and butyl glycolate; lactic
acid'esters such as lactic acid, methyl lactate, ethyl
lactate and butyl lactate; alcohol-based compounds such
as methylol urea, methylolmelamine, diacetone alcohol, 2-
‘hydroxyethyl acrylate and 2-hydroxyethyl methacrylate;
oxime-based compounds such as formamideoxime,
acetamideoxime, acetooxime, methylethylketooxime,
diacetylmonooxime, benzophenoneoxime and
cyclohexaneoxime; active methylene-based compounds such
as dimethyl malonate, diethyl malonate, ethyl
acetoacetate, methyl acetoacetate and acetylacetone;
mercaptane-based compounds such as butylmercaptane, t-
butylmercaptane, hexylmercaptane, t-dodecylmercaptane, 2-
mercaptobenzothiazole, thiophenol, methylthiophenol and
ethylthiophenol; acid amide-based compounds such as

acetoanilide, acetanisidide, acetotoluide, acrylamide,

" methacrylamide, acetic acid amide, stearic acid and

benzamide; imide-based compounds such as succinic acid
imide, phthalic acid imide and maleic acid imide; amine-
based compounds such as diphenylamine,
phenylnaphthylamine, xylidine, N-phenylxylidine,
carbazole, aniline, naphthylamine, butylamine,
dibutylamine and butylphenylamine; imidazole-based
compounds such as imidazole and 2-ethylimidazole;
pyrazole-based compounds such as 3,5-dimethylpyrazole;
urea-based compounds such as urea, thiourea,
ethyleneurea, ethylenethiourea and diphenylurea; carbamic
acid ester-based compounds such as phenyl N-
phenylcarbaminate; imine-based compounds such as

ethyleneimine and propyleneimine; and sulfurous acid
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salt-based compounds such as sodium bisulfite and
potassium bisulfite. ‘

A solvent may also be added as necessary for
blocking (reaction with a blocking agent). The solvent
used for the blocking reaction may be one that does not
react with isocyanate groups, and as examples there may
be mentioned ketones such as acetone and methyl ethyl
ketone, esters such as ethyl acetate and other solvents
sucﬂ as N-methylpyrrolidone (NMP). '

Any of these compounds for polyisocyanate compound
(B) may be used alone or in combinations of two or more.
Polycarbonate diol compound (C)

The polycarbonate diol compound (C) used in the
coating composition of the invention is a polycarbonate

diol compound with a viscosity of no greater than 10,000

mPa-s at 50°C and a number-average molecular weight of
400-2500, obtained by reacting a C2-10 diol as the diol
component with a carbonylating agent. 1

A polycarbonate diol compound is usually obtained by
polycondensation of a diol in the presence of a
carbonylating agent.

The diol used in the polycarbonate diol compound is

a C2-10 and preferably C4-8 dihydric alcohol. As

specific examples there may be mentioned aliphatic diols
such as 1,2-propanediol, 1,3-propanediol, 1, 3-butanediol,
1, 4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,7-
heptanediol, 1,8-octanediol, 2~-ethyl-1, 6-hexanediol, 2-
methyl-1, 3-propanediol, 3-methyl-1,5-pentanediol and
neopentyl glycol; alicyclic diols such as 1,3-
cyclohexanediol, 1,4-cyclohexanediol and 1,4-
cyclohexanedimethanol; aromatic diols such as p-
xylenediol and p-tetrachloroxylenediol; and diols such as
diethylene glycol and dipropylene glycol. These diols
may be used alone or in combinations of two or more.
According to the invention, 1,6-hexanediol is
preferably used as the diol component in the
polycarbonate diol compound (C), from the viewpoint of
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coating film durability and hardness.

Particularly preferred are two or more diol
components with 1,6-hexanediol as the essential diol
component, and specifically there may be mentioned
polycarbonate diol compounds obtained by reacting the two
diol components 1, 6-hexanediol and 1,5-pentanediol, 1,6-
hexanediol and 1,4-butanediol or 1,6-hexanediol and 1,4~
cyclohexanedimethanol.

As examples of commonly used carbonyléting agents
there may be mentioned alkylene carbonate,

dialkylcarbonate, diallylcarbonate and phosgene.

Preferred among these are ethylene carbonate, propylene
carbonate, dimethyl carbonate, diethyl carbonate, dibutyl
carbonate and diphenyl carbonate.

The polycarbonate diol compound may be synthesized
by transesterification of the aforementioned
carbonylating agent and diol compound in the presence or
in the absence of a transesterification catalyst.

The polycarbonate diol compound (C) used for the
invention is a polycarbonate diol compound with a

viscosity of no greater than 10,000 mPa's at 50°C and a

'number—average molecular weight of 400-2500. It is
important for the viscosity of the polycarbonate diol

compound in the paint to be no greater than 10,000 mPa‘s
at 50°C, because a viscosity exceeding 10,000 mPa:s at

50°C, even when the number-~average molecular weight is in
the range of 400-2500, can impair manageability and
result in poor compatibility between the hydroxyl group-
containing resin (A) and polyisocyanate compound (B),
thus producing reduced gloss or creating opacity in the
coating film, and causing the coating film to have
undesirable finished appearances.

The viscosity of the polycarbonate diol compound (C)
is no greater than 10,000 mPa-s, preferably no greater
than 8000 mPa*s and even more preferably no greater than

5000 mPa-s at 50°C. The viscosity referred to here is the
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value measured using a Brookfield viscometer under

conditions of 50°C, 6 rpm.

The number-average molecular weight of the
polycarbonate diol compound (C) is in the range of 400-
2500, preferably 500-2000 and even more preferably 800-
1500.

The number-average molecular weight is the value
calculated from a chromatogram measured by gel permeation
chromatography based on the molecular weight of standard
polystyrene. An HLCB81l20GPC apparatus (product of Toso
Corp.) was used for the gel permeation chromatography.
Four columns, "TSKgel G-4000HXL", "TSKgel G-3000HXL"™,
"TSKgel G-2500HXL" and "TSKgel G-2000HXL" (all products
of Tosoch Corp.) were uéed; Mobile phase: tetrahydrofuran,

Measuring temperature: 40°C, Flow rate: 1 cc/min,
Detector: RI.

A number-average molecular weight of less than 400
may reduce the mar resistance, hardness énd weather
resistance of the coating film. A number-average
molecular weight of greater than 2500 may lower
compatibility between the hydroxyl group-containing resin
(A) and polyisocyanate compound (B), and impair the

finished appearances.

The hydroxyl value of the polycarbonate diol
compound (C) is preferably 45-280 mgKOH/g and more
preferably 55-225 mgKOH/g. A hydroxyl value of less than
45 may reduce the mar resistance, hardness and weather
resistance of the coating film, while a value of greater
than 280 may reduce the finished appearances, mar
resistance and weather resistance of the coating film.

The polycarbonate diol compound (C) used may be a
commercially available product. As examples of
commercially available products there may be mentioned T-
56500 (diol components: 1,6-hexanediol and 1,5-
pentanediol), T-4671 and T-4672 (diol components: 1,6-
hexanediol and 1,4-butanediol), by Asahi Kasei Corp.; and
UM~CARB90 (diol components: 1,6-hexanediol and 1,4-
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cyclohexanedimethanol), by Ube Industries, Ltd.

From the standpoint of the curing property and mar
resistance of the coating film, the equivalent ratio of
isocyanate groups in the polyisocyanate compound (B) to
hydroxyl groups in the hydroxyl group-containing resin
(A) and polycarbonate diol compound (C) (NCO/OH) in the
coating composition of the invention is in the range of
preferably 0.5-2.0 and more preferably 0.8-1.5.

'The amounts of the hydroxyl group-containing resin
(A), polyisocyanate compound (B) and polycarbonate diol

compound (C) in the coating composition of the invention

are preferably: hydroxyl group-containing resin (A) = 30~
75 mass% and more preferably 40-65 mass$, polyisocyanate
compound (B) = 20-65 mass% and more preferably 30-55
mass® and polycarbonate diol compound (C) = 3-30 mass%,
more preferably 5-25 mass% and even more preferably 10-20
mass%, as the nonvolatile components based on 100 parts
by mass as the total solid content of components {(A), (B)
and (C).
Other components

The paint is a coating composition comprising the
aforementioned hydroxyl group-containing resin (A),
polyisoéyanate compound (B) and polycarbonate diol

’ compound (C) as essential components, usually also

containing an organic solvent, and if necessary further
containing paint additives commonly used in the field of
paints, such as curing catalysts, pigments, pigment
dispersants, leveling agehts, ultraviolet absorbers,
light stabilizers, plasticizers and the like.

As examples of curing catalysts there may be
mentioned organometallic catalysts such as tin octylate,
dibutyltin di(2-ethyl hexanoate), dioctyltin di(2-ethyl
hexanoate), dioctyltin diacetate, dibutyltin dilaurate,
dibutyltin oxide, dioctyltin oxide, lead 2-
ethylhexanoate, and tertiary amines.

These compounds may be used as curing catalysts
either alone or in mixtures of two or more. The amount
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of curing catalyst used will differ depending on its
type, but usually it will be 0-5 parts by mass and
preferably about 0.1-4 parts by mass with respect to 100
parts by mass as the total solid content of components
(p), (B) and (C).

As examples of pigments there may be mentioned color
pigments (D) such as titanium oxide, zinc flower, carbon
black, cadmium red, molybdenum red, chromium yellow,
chramium oxide, Prussian biue, cobalt blue, azo pigment,
phthalocyanine pigment, quinacridone pigment, isoindoline
pigment, threne pigments, perylene pigments and the like;
body pigments such as talc, clay, kaolin, baryta, barium
sulfate, barium carbonate, calcium carbonate, silica,
alumina white and the like; and metallic pigments such as
aluminum powder, mica powder and titanium oxide-coated
mica powder.

These pigments may be used alone or in combinations
of two or more. The content of the pigment will differ
depending on its type, but usually it will be 0-200 parts
by mass and preferably about 1-100 parts by mass with
respect to 100 parts by mass as the total solid content

" of components (A), (B) and (C).

The content of a color pigment will differ depending
on its type, but usually it will be 0-150 parts by mass
and preferably about 1-100 parts by mass with respect to
100 parts by mass as the total solid content of
components (A), (B) and (C).

Conventional known ultraviolet absorbers may also be
used, and as examples there may be mentioned ultraviolet
absorbers such as benzotriazole-based absorbers,
triazine-based absorbers, salicylic acid derivative-based
absorbers and benzophenone-based absorbers.

From the standpoint of weather resistance and
yellowing resistance, the content of an ultraviolet
absorber in the coating composition is usually preferred
to be in the range of 0-10 parts by mass, particularly
0.2~5 parts by mass and especially 0.3-2 parts by mass
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with respect to 100 parts by mass of the total solid
portion of the resin.

Conventional known light stabilizers may also be
used, examples of which include hindered amine-based
light stabilizers.

From the standpoint of weather resistance and
yellowing resistance, the content of a light stabilizer
in the coating composition will usually be in the range
of 0;10 parts by mass, particularly 0.2—5'parts by mass
and especially 0.3-2 parts by mass with respect to 100
parts by mass as the total solid portion of the resin.

When the isocyanate groups of the polyisocyanate
compound as component (B) are not blocked in the coating
composition of the invention, from the standpoint of
storage stability it is preferred to use a two-pack paint
separating the hydroxyl group-containing resin (A) and
the polycarbonate diol compound (C) from the
polyisocyanate compound (B), with both components being
mixed just prior to use.

Coating method for coating composition

There are no particular restrictions on objects to

‘which the paint may be applied, but as preferred examples

there may be mentioned vehicle bodies of automobiles,

" two-wheeled vehicles, transport containers and the like.

The materials forming the vehicle bodies may be steel
sheets such as cold-rolled steel sheets, zinc-plated
steel sheets, zinc alloy-plated steel sheets, stainless
steel sheets, tin-plated steel sheets and the like, metal
bases such as aluminum sheets and aluminum alloy sheets,
or various plastic materials.

The objects may be metal surfaces of vehicle bodies
or metal base materials that have been surface treated by
phosphate treatment, chromate treatment, complex oxide
treatment or the like. The vehicle body, metal base
material or the like may also include a ground coating
film and/or intercoat coating film composed of an
electrocoated paint or the like.
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The coating method is not particularly restricted,
and for example, there may be mentioned air spray
coating, airless spray coating, rotary atomizing coating,
curtain coat coating or the like, which methods allow
formation of wet coating films. An electrostatic charge
may also be applied if necessary in these coating
methods. Particularly preferred among the aforementioned

methods is air spray coating. The paint coating coverage

is usually preferred to be about 10-50 pm as the cured
film thickness.

‘ When carrying out air spray coating, airless spray
coating or rotary atomizing coating, the viscosity of the
paint is preferably adjusted as appropriate using an
organic solvent or other solvent to within a suitable

viscosity range for coating, and usually to a viscosity

range of about 15-60 seconds at 20°C as measured with a
Ford cup No.4 viscometer.

The wet coating film obtained by coéting the paint
onto the object is cured by heating, which may be
accomplished by known heating means with a dry furnace

such as, for example, an air heating furnace, electric

(furnace,,infrared ray induction heating furnace or the

~like. The heating temperature is in the range of 60-180°C

and preferably 90-150°C. Although the heating time is not
especially restricted, it is preferably in the range of
15-30 minutes.

Because the paint can provide a cured coating film
with excellent mar resistance, acid resistance, stain
resistance and finished appearances, it can be suitably
used as a finishing top clear coat paint. The paint is
particularly suitable as an automobile paint.

Multilayer coating film forming method

The multilayer coating film forming method by which
the paint is applied as a finishing top clear coat paint
may be a method of forming a multilayer coating film by

coating at least one colored base coat paint and at least
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one clear coat paint in that order on the object, wherein
the coating composition of the invention is applied as
the uppermost clear coat paint layer.

Specifically, there may be mentioned a two-coat one-
bake type multilayer method of forming a coating film in
which, for example, a solution-type or aqueous base coat
paint is applied onto an object having an
electrodeposited paint and/Qr intercoat paint layer, and
the ﬁaint of the invention is applied as a clear coat

paint onto the uncured base coat coating film (which is

uncured but if necessary is preheated at 40-90°C for about
3-30 minutes to promote volatilization of the solvent in
the base coat paint), after which the base coat and clear
coat are cured together.

The paint of the invention is preferably used as the
top clear coat paint for finish coating in a three-coat
two-bake system or a three-coat one-bake system.

The base coat paint used may be a thermosetting base
coat paint that is knbwn in the prior art, and as a
specific example, there may be used a paint comprising a
base resin such as an acrylic resin, polyester resin,

alkyd resin or urethane resin with a curing agent such as

an amino resin, polyisocyanate compound, block

polyisocyanate compound or the like, as appfopriate for
combination with the reactive functional groups in the
base resin.

The base coat paint is preferably a high-solid type
with minimal use of organic solvents from the standpoint
of the environment and resource usage, while a water-
based paint or powder coating may also be used.

When using two or more clear coats in a multilayer
method of forming a coating film, the clear coat paint
used in addition to the paint of the invention may be any
ordinary thermosetting clear coat paint known in the
prior art.

The present invention will now be explained in

greater detail using examples and comparative examples.
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However, it is to be understood that the invention is not
limited to these examples. The "parts” and "$" values
used throughout are all based on mass, and the coating
film thicknesses are all based on the cured coating film.
Hydroxyl group-containing resin production examples
Production Examples 1-16

After charging 31 parts of ethoxyethyl propionate
into a four-necked flask eqpipped with a stirrer,

thermometer, condenser tube and nitrogen gas inlet, the

temperature was raised to 155°C under a nitrogen gas

.Stream. When the temperature reached 155°C, the nitrogen

gas stream was interrupted and a monomer mixture having a
composition comprising the monomers and polymerization
initiators listed in Table 1 below was added dropwise

over a period of 4 hours. After then maturing the
mixture for 2 hours at 155°C while blowing in nitrogen

gas, it was cooled to 100°C and diluted with 32.5 parts of
butyl acetate (7.5 parts in Production Example 12) to
obtain a paint resin with a solid content of 60%. The
solid concentrations by weight (%) and the resin
properties of the obtained hydroxyl group-containing
resins are shown in Table 1.

The glass transition temperature (°C) wvalues listed
in Table 1 were calculated by the following formulas.

1/Tg (K) = (W1/T1) + (W2/T2) +
Tg(°C) = Tg (K) - 273
In these formulas, W1, W2, ... represent the mass

fractions of the monomers used for copolymerization, and
Tl, T2, ... represent the Tg (K) for homopolymers of each
of the monomers. T1, T2, ... are the values listed in
Polymer Handbook (Second Edition, J. Brandup, E.H.
Tmmergut, ed.).

The glass transition temperature of the hydroxyl
group-containing resin of Production Example 12 is the
value measured using a DSC220U (differential scanning
calorimeter) by Seiko Instruments, Inc. The measurement
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was conducted by weighing out 50 mg of sample into a
special sample dish and drying it at 130°C for 3 hours,
and then raising the temperature from -50°C to 150°C at a

speed of 10°C/min in an inert gas, and reading out the
temperature at the point of inflection of the obtained
heat change curve.

The macromonomer (1) solution in the table was
obtained by the following production process.
Production of macromonomer (1) solution

After charging 58.7 parts of butyl acetate and 32
parts of isophorone diisocyanate into a four-neck flask

equipped with a stirrer, thermometer, condenser tube and
oxygen gas inlet, the mixture was kept heated at 80°C, and

then 85 parts of PLACCEL FM3X (solution of e-caprolactone-
modified hydroxyethyl methacrylate (reaction product

obtained by ring-opening polymerization addition reaction

of 3 moles of g-caprolactone with 1 mole, of hydroxyethyl
methacrylate), solid content: 80%, trade name of Daicel
Chemical Industries, Ltd.) and 24.3 parts of butyl
acetate were slowly added while blowing in oxygen gas.
The mixture was then reacted for 3 hours to obtain
addition product (A) solution.

In a separate four-neck flask equipped with a
stirrer, thermometer, condenser tube and oxygen gas inlet
there were charged 58.5 parts of butyl acetate and 58.5
parts of FLEXORES 188 (polyester oligomer having
methylolcyclohexyl groups at both ends, trade name of

King Industries, US), the mixture was kept heated at 70°C,
and then 83 parts of the aforementioned addition product
(A) solution was added dropwise while blowing in oxygen
and stirring. The mixture was then reacted for 5 hours
to obtain macromonomer (1) solution with a solid content
of 50%.



PCT/JP2007/054144

WO 2007/119305

31

I03RTITUT UOTIRZTISWATOL (Tx)
gr1c|o'1e |8 te|lzte| o |trer| T2- |eve | LoTe| STF | 976L | 9°TE |9 TE| £°IE | €7TE | 971IE (Do) @anjexedue) UOTRTSURIZ SSBID @
¥9T | ¥9T | 012 | 69 66T | »9T | ¥9T | ¥9T | voT | ¥9T | ¥9T | ¥9T | ¥9T | 061 06 79T (b/uoMbu) snfeA TAXOIPAH m
000zv| 0ocz |0ooot|0000T]00001|0000T}0006T{0000T|0000T|0000T|0000T|{0008E| 0082 |0000T|0000T)0000T jubrem zernostow -ae-iM| § §
09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 (%) ssew Aq UOT]RIZUSDUOD PTIOS m m
0] 1 S S S g S g S S S 90 01 g S S (T+) oueang(Axozasdiiue-1)1a-Z‘Z
0s UOTINTOS (T) ISWOUOWOIDBH 209
33eTAIDROUOCH
ST TOoURYASUTPSURKIYOTOAD-7 /T
8¢ 8¢ | L8y | 91 Gg 82 8¢ 8€ 8€ 8¢ 8€ 8¢ v% | 6702 | 8¢ ajeTAzoRylsu TAUILAXOIPAH-Z
ST ST sueTTsAxoyrswtI] TAdoadAXoTATORUISR-£
€T FA7 s3eTAIoR TAUXOQOST ©
A zy oxeTAIoR TAXSUTAUIF-Z m
44 oaeThzoe TAINGAROIPAH~F .m
44 2z | €11 | oV LT 8T L [44 44 9T |1°6E| 2t ejethzoeyisu TAINCOSI|
0z 0z 0z 0z 0z 0Z 0z 114 02 0z 0z 0z (114 sjehaoe TA3ng-N m
0z 02 02 02 02 0Z 0C 0¢ 0z 0z oc 0T 0¢ 02 0z 0z susxi3s m.l
9T ST VT €1 4 1T 0T 6 8 L 9 S ¥ € Z T
sTdwexy uUOTIONPOId
T @14l



10

15

20

25

30

35

WO 2007/119305 PCT/JP2007/054144

- 32 -

Production of coating composition
Examples 1-18 and Comparative Examples 1-9

The hydroxyl group-~containing resins obtained in
Production Examples 1-16 above and the starting materials
listed in Table 2 below were combined and stirred with a
disper mixer in the proportions listed in Table 2 to
obtain coating compositions. The proportions of the
coating compositions listed in Table 2 are the solid
weight ratios for each component. '

The notes (*1)~(*12) in Table 2 represent the

following, and the viscosities are the values measured

using a Brookfield viscometer under conditions of 50°C, 6
rpm.

(*1) N-3300: Hexamethyiene diisocyanate, solid content:
100%, NCO content: 21.8%, product of Sumika Bayer
Urethane Co., Ltd.

(*2) TAKENATE D160N: hexamethylene diisocyanate and
trimethylolpropane adduct, solid content: 75%, NCO
content: 12.6%, product of Takeda Pharmaceutical Co.,
Ltd.

(*3) T-5650J: Polycarbonate diol comprising 1,6-
hexanediol and 1, 5-pentanediol as diol components,

number-average molecular weight: 800, viscosity: 860

" mPa-s, hydroxyl value: 140 mgKOH/g, solid content: 100%,

product of Asahi Kaseil Corp.

(*4) T-4671: Polycarbonate diol comprising 1, 6-hexanediol
and 1,4-~butanediol as diol components, number-average
molecular weight: 1000, viscosity: 2400 mPa-s, hydroxyl
value: 112 mgKOH/g, solid content: 100%, product of Asahi
Kasei Corp.

(*5) PC-M: Polycarbonate diol synthesized using 1,6~
hexanediol and 3-methylpentanediol as diol components and
diphenyl carbonate as a carbonylating agent, number-
average molecular weight: 2000, viscosity: 7000 mPa-s,
hydroxyl value: 56 mgKOH/g, solid content: 100%.

(*6) UM-CARB90: Polycarbonate diol comprising 1,6~

hexanediol and 1,4-cyclohexanedimethanol as diol
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components, number—avefage molecular weight: 900,
viscosity: 7000 mPa-s, hydroxyl value: 124 mgKOH/g, solid
content: 100%, product of Ube Industries, Ltd.
(*7) UV1164: Ultraviolet absorber by Ciba-Geigy, K.K.
(*8) HALS292: Light stabilizer by Ciba-Geigy, K.K.
(*9) T-4672: Polycarbonate diol comprising 1, 6-hexanediol
and 1,4-butanediol as diol components, number-average
molecular weight: 2000, viscosity: 20,000 mPa:s, hydroxyl
value: 112 mgKOH/g, solid content: 100%, product of Asahi
Kasei Corp.
(*10) PC-L: Polycarbonate diol synthesized using 1,6-
hexanediol and 3-methylpentanediol as diol components and
diphenyl carbonate as a carbonylating agent, number-
average molecular weight: 380, viscosity: 120 mPa-s,
hydroxyl value: 295 mgKOH/g, solid content: 100%.
(*11) PC-H: Polycarbonate diol synthesized using 1, 6-
hexanediol and 3-methylpentanediol as diol components and
diphenyl carbonate as a carbonylating agent, number-
average molecular weight: 2800, viscosity: 15,000 mPa-s,
hydroxyl value: 40 mgKOH/g, solid content: 100%.
(*12) PC-012: Polycarbonate diol synthesized using 1, 6-
hexanediol and 1,2-dodecanediol as diol components and
diphenyi carbonate as a carbonylating agent, number-
average molecular weight: 1000, viscosity: 20,000 mPa-s,
hydroxyl value: 112 mgKOH/g, solid content: 100.

The coating compositions obtained in Examples 1-18

and Comparative Examples 1-9 were adjusted to a viscosity

of 25 seconds at 20°C using a Ford cup No.4 with addition
of butyl acetate.
Fabrication of test panel

The viscosity~adjusted coating compositions obtained
in Examples 1-18 and Comparative Examples 1-9 were used
to prepare test panels in the following manner.

A 0.8 mm-thick dull steel sheet chemically treated
with zinc phosphate was electrodeposited with ELECRON GT-
10 (thermosetting epoxy resin-based cationic
electrodeposition paint, trade name of Kansai Paint Co.,
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Ltd.) to a film thickness of 20 um and heated at 170°C for
30 minutes to curing, and then AMYLAC TP-65-2
(polyester/melamine resin-based automotive intercoat
paint, trade name of Kansai Paint Co., Ltd.) was air

spray coated thereover to a film thickness of 35 um and

heated at 140°C for 30 minutes for curing. The water-
based metallic base coat WBC713T#202 (acryl/melamine
resin-based automobile top base coat paint, black,
product of Kansai Paint Co., Ltd.) was coated on the
coating film to a film thickness of 15 um, allowed to
stand at room temperature for 5 minutes and then
preheated at 80°C for 10 minutes, after which each of the
viscosity-adjusted coating compositions produced in the
examples and comparative examples was painted on the
uncured coating film to a film thickness of 35 um,
allowed to stand at room temperature for 10 minutes and
heated at 140°C for 20 minutes to cure both coating films
together to obtain a test panel. Each of the obtained
test panels was allowed to stand at ordinary temperature

for 7 days and then subjected to the following film

‘performance test.

Performance test method

Mar resistance: An automobile having the test panel
attached to the roof using water-resistant tape by
Nichiban Co., Ltd. was washed 15 times with a car wash

system at 20°C, and then the 20° mirror reflectivity (20°

gloss) was measured and compared to the 20° gloss before
the test, for evaluation as the gloss retention (%). A
higher gloss retention represents more satisfactory mar
resistance. The car wash system used was "P020 FWRC" by
Yasui Sangyo Co., Ltd.

Acid resistance: 40% sulfuric acid was added

'dropwise to 0.4 cc on the coating film of each test

panel, after which the sheet was heated for 15 minutes on

a hot plate heated to 60°C and washed with water. The
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etching thickness (pum) at the sulfuric acid dropping
location was measured using a surface roughness tester
(SURFCOM 570A surface roughness profile measuring device
by Tokyo Seimitsu Co., Ltd.) with a cutoff of 0.8 mm
(scanning speed: 0.3 mm/sec, magnification: 5000x) to
evaluate the acid resistance. A smaller etching depth
represents more satisfactory acid resistance.

Finished appearances (gloss): This was evaluated by
measuring the 20° mirror reflectivity (20°'gloss) of the
test panel.

Stain resistance: Each painted test panel was tested

for 600 hours in a sunshine weather meter (accelerated

weather resistance tester by Suga Test Instruments, Co.,
Ltd.), and then a contéminant mixture comprising mud,
carbon black, mineral oil and clay was applied onto
flannel and lightly rubbed on the painted surface of each
test panel. After allowing this to stand for 24 hours in
a steady temperature/humidity room at ZOBC, 75% RH, the
painted surface was washed with flowing water and the
degree of staining of the coating film was evaluated
based on the following equation for brightness difference

(AL) of the coated panel. A smaller AL value represents

. more satisfactory stain resistance. AL was calculated by

the following equation.
AL = (L value before stain resistance test) - (L value
after stain resistance test)

The L value was measured using a CR-200 (color
difference meter by Minolta Camera Co.)
Very good (VG): AL < 0.2
Good (G): 0.2 £ AL < 1
Fair (F): 1 £ AL < 2
Poor (P): 2 £ AL

For the contamination test, a 0.8 mm-thick dull
steel sheet chemically treated with zinc phosphate was
electrodeposited with ELECRON GT-10 (thermosetting epoxy
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resin-based cationic electrodeposition paint, trade name
of Kansai Paint Co., Ltd.) to a film thickness of 20 pm

and heated at 170°C for 30 minutes to curing, and then
AMYLAC TP-65-2 (polyester/melamine resin-based automobile
intercoat paint, white, trade name of Kansai Paint Co.,
Ltd.) was air spray coated thereover to a film thickness
of 35 um and heated at 140°C for 30 minutes for curing,
and over this coating film each viscosity-adjusted
coating composition produced in the examples and
comparative examples was coated to a film thickness of 35

um, allowed to stand at room temperature for 10 minutes

and heated at 140°C for 20 minutes for curing to obtain
test panels, each of which was used for the stain
resistance test after standing at ordinary temperature
for 7 days.

The performance test results are shown in Table 2.

1
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Table 2 (continued)

Comparative Example
1 2 1 3 4 5 6 7 8 9
Hydrogy%— Type (Production 1 13114 | 15 | 16 1 1 1 1
containing Example No.)
resin Amount (parts) 64 | 65 | 50} 55| 55 | 57 | 51 | 57 | 55
N-3300(*1) 36 | 25 ] 40 | 35§ 35| 33 ] 39 | 33 { 35
T-56500 (*3) 10 | 10 { 10 | 10
T-4672(*9) 10
PC~L (*10) 10
PC-H (*11) 10
PC-012(*12) 10
Uv1164 (*7) 2 2 2 2 2 2 2 2 2
HALS292 (*8) 2 2 2 2 2 2 2 2 2
Test results |[Mar resistance 71170188 {88 |89 70} 90| 75| 88
]?E;‘)i resistance |4 410.5{0.5{0.7(0.4]0.4]0.9{0.5]0.5
Stain resistance | G G P E G P G P P
Finished
appearances 90 { 89 | 70 { 90 { 79 | 50 [ 90 [ 50 | 40
(gloss)

Industrial Applicability

The present invention is industrially useful because

it provides a coating composition that can provide

coating films with excellent mar resistance,

resistance,

acid

stain resistance and finished appearances.
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CLAIMS

1. A coating composition comprising (A) a hydroxyl
group-containing resin with a hydroxyl value of 80-200
mgKOH/g and a weight-average molecular weight of 2500~
40,000, (B) a polyisocyanate compound, and (C) a
polycarbonate diol compound of number-average molecular
weight 400-2500 with a viscosity of(no greater than
10,000 mPa-s at 50°C, obtained by reacting a C2-10 diol as
the diol component with a carbonylating agent.

2. A coating composition according to claim 1,

wherein the polycarbonate diol compound (C) employs 1, 6-

'hexanediol as the diol component.

3. A coating composition according to claim 1 or
2, wherein the hydroxyl group-containing resin (A) is a
hydroxyl group-containing acrylic resin.

4. A coating composition according to claim 3,
wherein the hydroxyl group-containing acrylic resin is a
hydroxyl group-containing acrylic resin obtained by
copolymerizing a monomer mixture containing a hydroxyl
group-containing unsaturated monomer with a C4 or greater
hydroxyl group-containing hydrocarbon group.

5. A coating composition according to claim 3,

wherein the hydroxyl group-containing acrylic resin is a

’hydroxyl group-containing acrylic resin obtained by

copolymerizing a monomer mixture containing an
unsaturated monomer with a Cl0-20 bridged alicyclic
hydrocarbon group and/or an unsaturated monomer with a
C3-12 alicyclic hydrocarbon group.

6. A coating composition according to claim 3,
wherein the hydroxyl group-~containing acrylic resin is a
hydroxyl group-containing acrylic resin obtained by
copolymerizing a monomer mixture containing an
unsaturated monomer with a C8 or greater hydrocarbon
group having a branched structure.

7. A coating composition éccording to claim 3,
wherein the hydroxyl group-containing acrylic resin is a
hydroxyl group-containing acrylic resin obtained by
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copolymerizing a monomer mixture including an
alkoxysilane group-containing unsaturated monomer.

8. A coating composition according to claim 3,
wherein the hydroxyl group-containing acrylic resin is a
hydroxyl group-containing acrylic resin obtained by
copolymerizing a monomer mixture including an unsaturated
monomer which contains both a cyclohexyl ring and a
hydroxyl group.

9. A coating composifion accordingato any one of
claims 1 to 8, wherein the polyisocyanate compound (B) is
at least one selected from the group consisting of
aliphatic diisocyanates and their derivatives.

10. A coating composition according to any one of

" claims 1 to 9, which further contains (D) a color
pigment.

11. A method for forming a multilayer coating film
whereby a multilayer coating film is formed by applying
at least one colored base coat paint and at least one
clear coat paint in that order on an object, wherein a
coating composition according to any one of claims 1 to

10 is applied as the uppermost clear coat paint layer.
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