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SPECIFICATION
TITLE OF THE INVENTION: POWDER COATING COMPOSITION
AND METHOD FOR PRODUCING THE SAME

TECHNICAL FIELD

[0001] This invention relates to a powder coating composition and a
mecthod for producing the powder coating composition, and more
particularly to a powder coating composition which is capable of forming
a coat comprising a fluorine coating layer and a polyester coating layer.
Moreover, such a powder coating composition may be referred to as a
layer separation type powder coating composition.

BACKGROUND ART

[0002] Recently, global environment concerns such as global warming,
ozone layer destruction, acid rain, etc. have largely been dealt with, and
measures against environmental pollution have been internationally
publicized. Various regulations, therefore, have been implemented from
the viewpoint of environmental conservation. Among them, the release
of organic solvents (particularly, volatile organic compounds VOCs) into
the atmosphere is a critical problem. In various industries, a movement
toward no organic solvent (particularly, no VOC) becomes more active
along with a shift to tighter regulation on VOC. In the coating material
industry, an eco-friendly coating material which uses no VOC, makes
exhaust and wastewater treatments unnecessary and makes recovery and
recycling possible is required as a possible alternative to a conventional
coating material of an organic solvent type. There arc increasing
expectations for a powder coating material.

[0003] An acrylic resin-based, polyester resin-based or epoxy
resin-based powder coating material is mainly used as a powder coating
material. The epoxy resin-based powder coating material, however, is

disadvantageous in that it is poor in weather resistance.
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[0004] A powder coating material which is capable of forming a
multi-layer coat composed of an acrylic resin-based powder coat as an
upper layer and an epoxy resin-based powder coat as a lower layer by
coating with a mixture of a thermosctting acrylic resin-based powder
coating material and a thermosctting epoxy resin-based powder coating
material, heating and curing the mixture has been disclosed as a powder
coating material improving such a disadvantage (for example, see Patent
Documents 1-3).
[0005] Meanwhile, a thermosetting fluororesin-based powder coating
material, which uses a fluororesin having better weather resistance than
an acrylic resin or an epoxy resin, has been developed from the viewpoint
of improving weather resistance (for example, see Patent Document 4).
In the powder coating material which uses only a fluororesin as a resin,
however, an expensive fluororesin is required in large amounts, and hence
the cost tends to be higher.
CONVENTIONAL ART DOCUMENT LIST
PATENT DOCUMENT
[0006] Patent Document 1: Japanese Patent Application Publication
No. S53-140336

Patent Document 2: Japanese Patent Application Publication
No. S54-105135

Patent Document 3: Japanese Patent Application Publication
No. 2001-259520

Patent Document 4: Japanese Patent Application Publication
No. 2008-266361
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007] It is, therefore, an object of the invention to provide a layer
scparation type powder coating composition which has good weather

resistance and reduces production cost. It is also another objection of
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the invention to provide a method for producing such a powder coating
composition.

MEANS OF SOLVING THE PROBLEMS

[0008] The inventors have made various studies in order to achieve
the above objects and discovered that the use of a powder coating
composition comprising a fluororesin with excellent weather resistance, a
low-cost polyester resin and a specified curing agent can form a high
weather-resistant coat comprising a fluorine coating layer and a polyester
coating layer with low cost and reduced processes, and as a result, the
invention has been accomplished.

[0009] That is, the powder coating composition according to the
invention is characterized by being capable of forming a coat comprising
a fluorine coating layer and a polyester coating layer, the powder coating
composition comprising a fluororesin containing a hydroxyl group or a
carboxyl group, a polyester resin containing a hydroxyl group or a
carboxyl group and a curing agent selected from the group consisting of
B-hydroxyalkylamide, triglycidyl isocyanurate and an isocyanate
compound.

[0010] It is preferable that the powder coating composition according
to the invention further comprises an epoxy resin.

[0011] It is preferable that the powder coating composition according
to the invention further comprises a luster pigment.

[0012] In a preferable embodiment of the powder coating composition
according to the invention, the polyester resin is a hydroxyl
group-containing polyester resin which has a number average molecular
weight of not more than 5000 and a weight average molecular weight of
10000-20000.

[0013] In another preferable embodiment of the powder coating
composition according to the invention, the polyester resin has a melt

viscosity of not more than 3.5 Pa-s (190°C) and, in an Arrhenius plot on
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the basis of melt viscosity (Pa-s) measured under conditions of a
measurement start temperature of 200°C and a temperature dropping rate
of 10°C/minute, has a gradient of not less than 15000 in a range of
100-120°C.

[0014] In another preferable embodiment of the powder coating
composition according to the invention, the fluororesin is a hydroxyl
group-containing fluororesin.

[0015] In another preferable embodiment of the powder coating
composition according to the invention, a ratio (A/B) by mass of the
fluororesin (A) to the polyester resin (B) is 50/50 to 10/90.

[0016] In another preferable embodiment of the powder coating
composition according to the invention, a difference in solubility
parameter (SP value) between the fluororesin and the polyester resin is
0.6-0.9.

[0017] Also, the method for producing the powder coating
composition according to the invention is characterized in that it
comprises melt-kneading a mixture containing the fluororesin, the
polyester resin and the curing agent at 100-160°C, cooling and then
pulverizing the mixture to prepare a powder coating composition.
EFFECTS OF THE INVENTION

[0018] According to the invention, the use of a fluororesin with
excellent weather resistance, a low-cost polyester resin and the specified
curing agent can provide a layer separation type powder coating
composition which is capable of forming a high weather-resistant coat
comprising a fluorine coating layer and a polyester coating layer with low
cost and reduced processes. The invention can also provide a method for
producing such a powder coating composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

[FIG. 1] It is a mapping image of (luorine atoms present in the cross
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scction of a coat.
MODE FOR CARRYING OUT THE INVENTION
[0020] <Powder coating composition>

The powder coating composition according to the invention
comprises a fluororesin containing a hydroxyl group or a carboxyl group,
a polyester resin containing a hydroxyl group or a carboxyl group and a
curing agent selected from the group consisting of B-hydroxyalkylamide,
triglycidyl isocyanurate and an isocyanate compound, and it is capable of
forming a coat comprising a fluorine coating layer and a polyester coating
layer. The powder coating composition according to the invention can
also form a coat with cxcellent weather resistance while suppressing the
production cost, because an inexpensive polyester resin is used in
addition to a fluororesin with excellent weather resistance. When a
substrate is coated with the powder coating composition according to the
invention, two coating layers are formed by one coating, so that some
manufacturing processes for the coat can be omitted. Moreover, the
fluorine coating layer refers to a coating layer which is formed based on a
fluororesin, and the polyester coating laycr refers to a coating layer which
is formed based on a polyester resin.
[0021] <Fluororesin>

In the powder coating composition according to the invention,
the fluororesin is required to be a solid resin at ordinary temperatures,
and the softening point is preferably 50-150°C. The fluororesin form a
fluorine coating layer, which imparts weather resistance to the coat. The
ordinary temperature is a temperature of 20°C £ 15°C (5-35°C) as
specified in JIS Z 8703.
[0022] The fluororesin needs to have a reaction site which reacts with
a curing agent, etc., and it contains a hydroxyl group or a carboxylic
group. Thus, the fluororesin can be produced, for cxample, by

copolymerizing a fluorine-containing monomer and a monomer



10

15

20

25

30

-6 -

containing a specified reactive group.

[0023] The fluorine-containing monomer includes, for example, vinyl
fluoride, vinylidene fluoride, trifluoroethylene, tetrafluoroethylene,
bromotrifluoroethylene, chlorotrifluoroethylene, pentafluoropropylene,
hexatluoropropylene, (per)fluoroalkyl trifluorovinyl ether [in which the
number of carbons of the (per)fluoroalkyl group is 1-18], and so on.
[0024] While, the monomer containing the specified reactive group is
a polymerizable monomer containing a hydroxyl group or a carboxyl
group as a group to react with a curing agent, etc. (reactive group).
[0025] The hydroxyl group-containing polymerizable monomer
specifically includes, for example, allyl alcohol; hydroxyalkyl vinyl
ethers such as 2-hydroxyethyl vinyl ether, 3-hydroxypropyl vinyl ether,
4-hydroxybutyl vinyl ether, 4-hydroxycyclohexyl vinyl ether, etc.;
hydroxyalkyl allyl ethers such as 2-hydroxyethyl allyl ether,
3-hydroxypropyl allyl ether, 4-hydroxybutyl allyl ether,
4-hydroxycyclohexyl allyl ether, etc.; hydroxyalkyl (meth)acrylates such
as 2-hydroxyethyl (meth)acrylate, etc.; esters of hydroxyalkylcarboxylic
acid and vinyl alcohol such as vinyl hydroxyacetate, vinyl
hydroxyisobutyrate, vinyl hydroxypropionate, vinyl hydroxybutyrate,
vinyl hydroxyvalerate, vinyl hydroxycyclohexylcarboxylate, etc.;
hydroxyalkyl allyl esters such as hydroxyethyl allyl ester, hydroxypropyl
allyl ester, hydroxybutyl allyl ester, hydroxyisobutyl allyl ester, etc.
[0026] The carboxyl group-containing polymerizable monomer
includes (meth)acrylic acid, carboxyalkyl allyl ester, etc.

[0027] Among these reactive group-containing monomers, the
hydroxyl group-containing polymerizable monomer is preferable from the
viewpoint of the stability of the resin or control of melt viscosity, ctc.

In other words, the fluororesin is preferably a hydroxyl group-containing
fluororesin.

[0028] The polymerization for the fluororesin may employ a
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polymerizable monomer other than the fluorine-containing monomer and
the monomer containing the specified reactive group. Such a
polymecrizable monomer includes vinyl cthers, olefins, allyl ethers, vinyl
esters, allyl esters, (meth)acrylates, amide (mcth)acrylates, cyano
group-containing monomers, dienes, crotonates, etc.

[0029] The specific example of the polymerizable monomer other than
the fluorine-containing monomer and the monomer containing the
specified reactive group includes, for example, alkyl vinyl ethers such as
methyl vinyl ether, ethyl vinyl ether, butyl vinyl ether, isobutyl vinyl
ether, cyclohexyl vinyl ether, chloroethyl vinyl ether, etc.; olefins such as
ethylene, propylene, 1-butene, isobutylene, cyclohexene, vinyl chloride,
vinylidene chloride, etc.; styrene-based monomers such as styrene,
o-methylstyrene, etc.; alkyl allyl ethers such as methyl allyl ether, ethyl
allyl ether, butyl allyl ether, cyclohexyl allyl ether, etc.; vinyl esters of
carboxylic acid (preferably, fatty acid) such as vinyl acetate, vinyl
propionate, vinyl butyrate, vinyl isobutyrate, vinyl valerate, vinyl
hexanoate, vinyl octanoate, vinyl versatate, ctc.; allyl esters of carboxylic
acid (preferably, fatty acid) such as allyl propionate, allyl acetate, etc.;
(meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate,
butyl (meth)acrylate, cyclohexyl (meth)acrylate, etc.; amide
(meth)acrylates such as amide (meth)acrylate, etc.; cyano
group-containing monomers such as acrylonitrile, 2,4-dicyanobutene-1,
etc.; dienes such as isoprene, butadiene, etc.; crotonates such as
2-hydroxyethyl crotonate, 4-hydroxybutyl crotonate, etc., and so on.
[0030] The polymerization for the fluororesin may employ a
polymerizable monomer having a reactive group other than hydroxyl
group and carboxyl group. Such a reactive group includes, for example,
functional groups such as amide group, amino group, nitrile group,
glycidyl group, isocyanate group, etc.

[0031] Specifically, the amino group-containing polymerizable
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monomer includes aminoalkyl vinyl ethers and aminoalkyl allyl cthers.
the amide group-containing polymerizable monomer includes
(mcth)acrylamide, N-methyl(meth)acrylamide, cte., the nitrile
group-containing polymerizable monomer includes (meth)acrylonitrile,
cte., the glycidyl group-containing polymerizable monomer includes
glycidyl allyl ether, glycidyl (meth)acrylate. cte., and the isocyanate
group-containing polymerizable monomer includes vinyl isocyanate,
isocyanatoethyl acrylate, cte.
[0032] In the fluororesin, the content of fluorine is preferably 5-80%
by mass, more preferably 10-70% by mass. When the content of fluorine
in the fluororcsin is not less than 5% by mass, sufficient wcather
resistance can be given Lo a coat obtained from the powder coating
composition according to the invention. Morcover, when the content of
fluorine in the fluororesin is not more than 80% by mass, sufficient
chemical resistance can also be given to the coat.  When the fluororesin
is a hydroxyl group-containing fluororesin, the hydroxyl value of the
fluororesin is preferably not more than 100 mgKOH/g from the viewpoint
of keeping the flexibility of the coat, while it is preferably not less than
10 mgKOH/g from the viewpoint of imparting sufficient impact resistance
to the coat. In particular, the hydroxyl value of the fluororesin is
preferably 30-70 mgKOI1/g.
[0033] <Polyester resin>

In the powder coating composition according to the invention,
the polyester resin can be produced by reacting a carboxylic acid
component and a polyhydric alcohol component through a known method.
The polyester resin needs to have a reaction site which reacts with a
curing agent, etc., and hence it contains a hydroxyl group or a carboxylic
group. The polyester resin is required to be a solid resin at ordinary
temperatures, and the softening point is preferably 10-150°C.  The

polyester resin form a polyester coating layer which constitutes a part of a
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coat. Accordingly, the appearance and processability of the coat can be
improved and moreover the production cost can be reduced, as compared
with a coat composed only of a fluorine coating layer.

[0034] The carboxylic acid component usable in the production of the
polyester resin includes, for example, polyvalent carboxylic acids such as
phthalic acid, isophthalic acid, terephthalic acid, naphthalene
dicarboxylic acid, succinic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, sebacic acid, 1,9-nonanedicarboxylic acid,
1,10-decanedicarboxylic acid, 1,12-dodecanedicarboxylic acid,
1,2-octadecanedicarboxylic acid, maleic acid, fumaric acid, cyclohexane
dicarboxylic acid, hexahydrophthalic acid, tetrahydrophthalic acid,
trimellitic acid, pyromellitic acid, etc., and lower alkyl esters and acid
anhydrides of these polyvalent carboxylic acids; and hydroxycarboxylic
acids such as malic acid, tartaric acid, 1,2-hydroxystearic acid,
paraoxybenzoic acid, etc., and so on.

[0035] The polyhydric alcohol component usable in the production of
the polyester resin includes, for example, ethylene glycol, diethylene
glycol, triethylene glycol, 1,2-propanediol, 1,3-propanediol,
1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
1,9-nonanediol, 1,10-decanediol, neopentyl glycol, spiroglycol,
1,10-decanediol, 1,4-cyclohexanedimethanol, trimethylolethane,
trimethylolpropane, glycerin, pentaerythritol, etc.

[0036] The polyester resin can be produced using the carboxylic acid
component and the polyhydric alcohol component as a raw material, as
described above, according to a usual method known in the production of
a polyester resin for a powder coating composition. For example, the
polyester resin can be produced by using a suitable combination of the
various raw materials in a suitable compounding ratio to carry out an
esterification or transesterification reaction at 200-280°C according to a

conventional method, and thereafter carrying out a polycondensation
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reaction using a catalyst at 230-290°C under a reduced pressure, and then
possibly a depolymerization reaction with a polyhydric alcohol.

[0037] The polyester resin may have a reactive group other than
hydroxyl group and carboxyl group. Such a reactive group includes, for
example, functional groups such as amide group, amino group, nitrile
group, glycidyl group, isocyanate group, etc.

[0038] The polyester resin is preferably a hydroxyl group-containing
polyester resin from the viewpoint of cross-linking reaction or control of
coat properties. The polyester resin preferably has a number average
molecular weight of not more than 5000 and a weight average molecular
weight of 10000-20000 from the viewpoint of control of melt viscosity.
The number average molecular weight and weight average molecule
weight can be calculated through a gel permeation chromatography (GPC)
using polystyrene as a standard substance.

[0039] When the polyester resin is a hydroxyl group-containing
polyester resin, the hydroxyl value of the polyester resin is preferably
20-100 mgKOH/g, more preferably 30-80 mgKOH/g. When the
hydroxyl value of the polyester resin is less than 20 mgKOH/g, it is hard
to obtain enough mechanical properties and solvent resistance for the coat,
while when it exceeds 100 mgKOH/g, the amount of a curing agent (for
example, isocyanate compound) which adapts to the hydroxyl value is
necessary, and the cost is increased. Also, the polyester resin preferably
has an acid value of 20-80 mgKOH/g, more preferably 30-80 mgKOH/g.
When the acid value of the polyester resin is less than 20 mgKOH/g, it is
hard to obtain enough mechanical properties and solvent resistance for
the coat, while when it exceeds 100 mgKOH/g, the amount of a curing
agent (for example, B-hydroxyalkylamide and triglycidyl isocyanurate)
which adapts to the acid value is necessary, and the cost is increased.
[0040] The polyester resin preferably has a melt viscosity of not more

than 3.5 Pa-s (190°C). When the melt viscosity of the polyester resin
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exceeds 3.5 Pa-s (190°C), it is hard for the layer separation of the coat to
take place. In an Arrhenius plot on the basis of melt viscosity (Pa-s)
measured under conditions of a measurement start temperature of 200°C
and a temperature dropping rate of 10°C/minute, the polyester resin
preferably has a gradient of not less than 15000 in a range of 100-120°C.
The melt viscosity is measured with a rheometer such as Rheometer
ARES made by TA Instruments. Conditions other than measurement
start temperature and temperature dropping rate are a parallel plate of 40
mm in diameter, a gap width of 1.0 mm, a frequency of 9.42 rad/s, a strain
of 1.0%. The gradient of a line in 100-120°C can be calculated by
plotting the measurement results of the melt viscosity on a graph in which
the lateral axis is the reciprocal 1/T of temperature T (K) and the vertical
axis is the logarithm InV of melt viscosity V (Pa-s) to create an Arrhenius
plot. When the gradient of the line is not less than 15000, it is
preferable because the layer separation of the coat is easily formed.
More preferably, the gradient is 16000-20000.
[0041] <Epoxy resin>

Preferably, the powder coating composition according to the
invention further comprises an epoxy resin in order to improve the
adhesion to a substrate.
[0042] In the powder coating composition according to the invention,
the epoxy resin is required to be a solid resin at ordinary temperatures,
and the softening point is preferably 50-150°C. The epoxy resin is not
particularly limited, but an epoxy resin can be used which is
conventionally used in the production of an epoxy resin-based powder
coating composition.
[0043] The epoxy resin specifically includes, for example, bisphenol
A-type diglycidyl ether resin, bisphenol F-type diglycidyl ether resin,
amino glycidyl ether resin, bisphenol AD-type diglycidyl ether resin,

bisphenol Z-type diglycidyl ether resin, o-cresol novolac epoxy resin,
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phenolic novolac epoxy resin, biphenol glycidyl ether resin,
cyclopentadiene-skeleton epoxy resin, naphthalene-skeleton epoxy resin,
GMA acrylic resin, etc., and a resin in which a substituent group other
than the epoxy group of these resins is replaced by other substituent
group, for example, a resin obtained through a modification reaction such
as a modification reaction with a carboxyl group-terminated
polybutadiene-acrylonitrile (CTBN) or esterification, etc., and so on.
The epoxy resin preferably has an epoxy equivalent of 300-1200,
particularly preferably 400-1000.
[0044] <Curing agent>

In the powder coating composition according to the invention,
the curing agent is required to be a curing agent selected from the group
consisting of B-hydroxyalkylamide, triglycidyl isocyanurate and an
isocyanate compound. It can react with a fluororesin containing a
hydroxyl group or a carboxyl group, a polyester resin containing a
hydroxyl group or a carboxyl group, and an epoxy resin to form a
cross-linking bond.
[0045] <<B-hydroxyalkylamide>>

When the resin used in the powder coating composition
according to the invention has a carboxyl group, it is preferable that
B-hydroxyalkylamide is used as a curing agent. The
B-hydroxyalkylamide which has not less than two functional groups in
one molecule is particularly preferable from the viewpoint of low
temperature curability or the water resistance of a coat obtained by
coating. N,N-di(f-hydroxyethyl)acetamide,
bis(B-hydroxyethyl)adipamide, bis(B-hydroxypropyl)adipamide,
bis[N,N-di(B-hydroxyethyl)]adipamide,
bis[N,N-di(B-hydroxypropyl)]adipamide are particularly preferable as
B-hydroxyalkylamide. p-hydroxyalkylamide preferably has 0.5-1.5

equivalents of a hydroxylamide group based on a carboxyl group of the
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resin.
[0046] <<Triglycidyl isocyanurate>>

When the resin used in the powder coating composition
according to the invention has a carboxyl group, it is preferable that
triglycidyl isocyanurate (TGIC) is used as a curing agent. The
triglycidyl isocyanurate includes, for example, Araldite (registered
trademark) PT 710, Araldite (registered trademark) PT 810, Araldite
(registered trademark) PT 910, Araldite (registered trademark) PT 912
(all products are made by Huntsman Corporation), etc. as a trade name.
[0047] <<Isocyanate compound>>

From the vicwpoint of coat properties such as the hardness of
the coat or resistance to hydrolysis, etc., the powder coating composition
according to the invention may also be compounded with an isocyanate
compound as a curing agent. The isocyanate compound is more
preferably a blocked isocyanate compound. Preferably, the isocyanate
compound is solid at ordinary temperatures.
[0048] The blocked isocyanate compound is easy to produce, because
it can be produced, for example, by reacting an aliphatic, aromatic or
araliphatic diisocyanate with a low-molecular compound having an active
hydrogen to obtain polyisocyanate and reacting the polyisocyanate with a
blocking agent to make a mask. The diisocyanate includes tolylene
diisocyanate, 4,4'-diphenylmethane isocyanate, xylylene diisocyanate,
hexamethylene diisocyanate, 4,4'-methylene bis(cyclohexylisocyanate),
methylcyclohexane diisocyanate, bis(isocyanatomethyl)cyclohexane,
isophorone diisocyanate, dimer acid diisocyanate, lysine diisocyanate, etc.
The low-molecular compound having the active hydrogen includes water,
ethylene glycol, propylene glycol, trimethylolpropane, glycerin, sorbitol,
ethylenediamine, ethanolamine, diethanolamine, hexamethylenediamine,
etc., and isocyanurate, uretdione, low-molecular weight polyester

containing a hydroxyl group, polycaprolactone, etc. The specific
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example of the blocking agent includes alcohols such as methanol,
ethanol, benzyl alcohol, etc., phenols such as phenol, cresol, etc., lactams
such as caprolactam, butyrolactam, etc., oximes such as cyclohexanone,
oxime, methylcthylketoxime, etc. For instance, the specific example of
the blocked isocyanate includes €-caprolactam-blocked isophoronc
diisocyanate (Vestagon B1530 made by Evonik Corporation, Crelan Ul
made by Bayer Corporation), etc.
[0049] In the powder coating composition according to the invention,
the softening point of the isocyanate compound is preferably 10-120°C,
particularly preferably 40-100°C. When the softening point is less than
10°C, it is not preferable because the powder coating composition cures
under an ordinary temperature environment or particulate masses can be
formed. While, when the softening point exceeds 120°C, it is hard to
disperse the isocyanate compound homogeneously in the powder coating
composition in the case of producing the powder coating composition
through melt-kneading, so that the performance of a coat obtained such as
smoothness, coat strength, humidity resistance, etc. can be impaired.
The isocyanate compound preferably has 0.05-1.5 equivalents,
particularly preferably 0.8-1.2 equivalents, of an isocyanate group based
on a hydroxyl group of the resin. When the isocyanate group is less than
0.05 equivalents, the curing degree of the powder coating composition is
insufficient, so that the coat performance such as adhesion, coat hardness,
resistance to chemicals, etc. can be made lower. While, when the
isocyanate group cxceeds 1.5 equivalents, there is a possibility that the
coat becomes brittle or resistances to heat, chemicals, humidity, etc. are
inferior. Moreover, since the blocked isocyanate is expensive, the cost
increases when the blocked isocyanate is used in excess.
[0050] <Luster pigment>

The powder coating composition according to the invention

can further comprise a luster pigment. Among them, there is a squamous
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luster pigment. The luster pigment includes, for example, aluminum
powder pigment, nickel powder pigment, gold powder, silver powder,
bronze powder, copper powder, stainless powdcr pigment, mica pigment,
graphite pigment, glass flake pigment, metal-coated glass powder,
metal-coated mica powder, metal-coated plastic powder, and squamous
iron oxide pigment, etc. In the powder coating composition according to
the invention, the content of the luster pigment is preferably 0.1-30% by
mass, more preferably 0.5-20% by mass. When the content of the luster
pigment is less than 0.1% by mass, it is hard to obtain a sense of
brightness of the coat, while when it exceeds 30% by mass, there is a
possibility that the layer separation of the coat is inferior and the
resistances of the coat to chemicals and humidity, etc. are inferior with
the exposure of the luster pigment to the coat surface. Moreover, since
the luster pigment is expensive, the cost increases when the luster
pigment is used in excess.
[0051] <Color pigment, Extender pigment and Antirust pigment>

The powder coating composition according to the invention
may comprise a commonly-used pigment, for example, a color pigment or
an extender pigment, etc., besides the luster pigment. The color pigment
includes, for example, an inorganic pigment such as titanium oxide,
yellow oxide, titanium yellow, red oxide, lithopone, antimony oxide, etc.,
and an organic pigment such as Hansa yellow 5G, permanent yellow FGL,
phthalocyanine blue, indanthrene blue RS, permanent red F5RK, brilliant
fast scarlet G, etc. While, the extender pigment includes, for example,
barium sulfate, barium carbonate, calcium carbonate, clay, silica powder,
diatomaceous earth, talc, basic magnesium carbonate, alumina white, etc.
Also, the powder coating composition according to the invention may
comprise an antirust pigment when anticorrosion properties are necessary
for a substrate to be coated. The antirust pigment includes, for example,

condensed calcium phosphate, aluminum phosphate, condensed aluminum
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phosphate, zinc phosphate, aluminum phosphite, zinc phosphite, calcium
phosphite, zinc molybdate, calcium molybdate, mangancse molybdate, etc.
These pigments may be used alone or in a combination of two or more.
[0052] <QOther additives>

The powder coating composition according to the invention
may be compounded, if necessary, with a plasticizer, a cure accelerator, a
cross-linking-promoting catalyst, a surface conditioner, an ultraviolet
light absorber, a light stabilizer, an antioxidant, a flowability regulator,
an anti-sagging agent and an anti-foaming agent, etc. as common
additives for coating materials.
[0053] <Ratio by mass of fluororesin to polyester resin>

In the powder coating composition according to the invention,
the ratio (A/B) by mass of the fluororesin (A) to the polyester resin (B) is
preferably 50/50 to 10/90 from the viewpoint of weather resistance and
low cost. When the proportion of the fluororesin in the total of the
fluororesin and the polyester resin exceeds 50% by mass, an expensive
fluororesin is used in a larger amount, which results in a high cost.
While, when the proportion of the fluororesin in the total of the
fluororesin and the polyester resin is less than 10% by mass, weather
resistance cannot be sufficiently obtained.
[0054] <Solubility parameters of fluororesin and polyester resin>

In the powder coating composition according to the invention,
the difference in solubility parameter (SP value) betwecn the fluororesin
and the polyester resin is preferably 0.6-0.9. If the difference in SP
value between the fluororesin and the polyester resin is less than 0.6,
when a coat is formed through melting and curing, the fluororesin can be
compatibilized with the polyester resin, and it is hard for layer separation,
like upper layer and lower layer, to take place. While, when the
difference in SP value exceeds 0.9, the layer separation takes place, but

the delamination between the upper layer and the lower layer is a concern.
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The solubility parameter, SP value, of a resin is calculated as follows: A
resin is solved in tetrahydrofuran (THF) to prepare a 10 mass% solution.
A certain amount of the solution is fractionated, and this volume (ml) is
Vrur.  The titration of the solution fractionated is carried out by
dropping hexane (IHHexane) and an ion-cxchange water (Water),
respectively, into the solution. The dropping amounts (ml) at the time
when white turbidity takes place are Viyexane and Vyaeer, respectively.
The values obtained are substituted to the following equations (1) and (2)
to calculate SP, and SP;,. Next, the SP, and SPy, calculated are
substituted to the equation (3) to calculate SP value.

SPn = (SPTurxVrurtSPhexaneX Viexane)/(VrHEH VHexane) -+ (1)

SPp = (SPrupx VrurtSPwaterx Vwater)/ (VTHEH Vwater) -+ (2)

SP = 10"((logSP,+logSPy)/2) --- (3)

(Note, however, that SPtur=9.1, SPiexane=7.3, SPwater=23.4)
[0055] <Curing>

In the case where the polyester resin reacts with the curing
agent, the difference in temperature between the starts of melting and
curing is preferably not less than 50°C, more preferably 80-100°C, under
a condition of a temperature rising rate of 10°C/minute. If the
difference in temperature is less than 50°C, it is easy to reduce the flow
properties of the powder coating composition according to the invention
when a coat is formed from the powder coating composition, and the
image clarity of the coat, etc. can be reduced. The melting start
temperature (°C) is a temperature at the time when the modulus of
elasticity of a mixture of the polyester resin and the curing agent begins
to lower, and the curing start temperature (°C) is a temperature at the time
when the modulus of elasticity of the mixture begins to rise. Thus, in
order to measurc the difference in temperature, it is necessary to measure
a change in the modulus of clasticity of the mixture of the polyester resin

and the curing agent. The modulus of elasticity is measured with a
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rheometer such as Rheometer ARES made by TA Instruments.
Conditions other than temperature rising ratc are a parallel plate of 40
mm in diameter, a gap width of 1.0 mm, a frequency of 9.42 rad/s, a strain
of 1.0%, a temperature range of 80-200°C.
[0056] When the temperature (°C) at which the fluororesin begins to
react with the curing agent is a curing start temperature TR(A) and the
temperature (°C) at which the polyester resin begins to react with the
curing agent is a curing start temperature TR(B), the thermal difference
TR(B)-TR(A) between the curing start temperatures TR(A) and TR(B) is
preferably not less than 15°C, more preferably not less than 20°C. If the
thermal difference TR(B)-TR(A) is less than 20°C, when a coat is formed
from the powder coating composition according to the invention, the layer
separation can be deteriorated.
[0057] <Method for producing the powder coating composition>

The method for producing the powder coating composition
according to the invention is a method for preparing the above-mentioned
powder coating composition, and in particular, it is characterized by
melt-kneading a mixture comprising the fluororesin, the polyester resin
and the curing agent at 100-160°C, cooling and then pulverizing the
mixture to prepare a powder coating composition. Preferably, the
powder coating composition can be obtained by dry-blending a mixture
comprising the fluororesin, the polyester resin and the curing agent by
means of a Henschel mixer, etc., melt-kneading it by means of a
Ko-kneader, etc., cooling, pulverizing and thereafter classifying by means
of a woven metal wire of 180 meshes (96 um), etc.
[0058] <Coat>

The powder coating composition according to the invention is
applied, for example, on the surface of a substrate composed of aluminum
alloy for a building sash or a building panel, or steel stock, such as carbon

steel, of a railroad bridge, a road bridge, a gas tank, a petroleum tank, an
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iron tower, etc., by a usual method, and then is melted and cured
preferably at a temperature of 170-250°C, more preferably 170-210°C, to
form a coat. In the powder coating composition according to the
invention, the fluororcsin and the polyester resin cause layer separation
without compatibilization, so that a coat can be formed which comprises a
fluorine coating layer and a polyester coating layer. By segregation of
the fluororesin and the polyester resin, the polyester coating layer is the
lower layer side (that is, the side close to the surface of the substrate) and
the fluorine coating layer is the upper layer side (that is, the side far from
the surface of the substrate). When the epoxy resin is used in the
powder coating composition according to the invention, the epoxy resin is
located in the lower layer side. The additives are oriented to the upper
layer side of the coat.
EXAMPLES
[0059] The invention will be more particularly described below by the
following Examples and Comparative Examples.
[0060] <Production of polyester resin A>

2652 g of neopentyl glycol as an alcohol component of a
polyester resin, 3966 g of isophthalic acid as a carboxylic acid component
and 4.7 g of tetra-n-butyltitanate as a reaction catalyst were charged into
a stainless-steel reaction container provided with a stirring device, a
heating device, a thermometer, a fractionating device and a nitrogen
gas-introducing pipe, and the polycondensation reaction was carried out
at 250°C for 16 hours while stirring under a nitrogen atmosphere. Once
a predetermined hydroxyl value was reached, the reaction was terminated
to obtain a polyester resin A.
[0061] <Production of polyester resin B>

2496 g of ncopentyl glycol as an alcohol component of a
polyester resin, 4233 g of isophthalic acid as a carboxylic acid component

and 4.7 g of tetra-n-butyltitanate as a reaction catalyst were charged into
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a stainless-steel reaction container provided with a stirring device, a
heating device, a thermometer, a fractionating device and a nitrogen
gas-introducing pipe, and the polycondensation reaction was carried out
at 250°C for 16 hours while stirring under a nitrogen atmosphere. Once
a predetermined hydroxyl value was reached, the reaction was terminated
to obtain a polyester resin B.
[0062] <Production and evaluation of powder coating composition>

A raw material was mixed according to the compounding
recipe shown in Tables 1-3, melted and kneaded at 130°C. The resulting
mixture was cooled and then pulverized to prepare a powder coating
composition.
[0063] <Evaluation of powder coating composition>

The powder coating composition was subjected to various
evaluation tests. The results are shown in Tables 4-6.
[0064] <Production of test plate>

A test plate was produced for the evaluation test of the powder
coating composition. First, a chromate-treated aluminum plate of 1.5
mm in thickness was suspended in a vertical direction, and the aluminum
plate was electrostatically coated at a voltage of -60 kV using corona
charging-type electrostatic powder coating equipment (made by Asahi
Sunac Corporation, PG-1 type) so that the coat thickness is 60 um. Next,
it was baked in an electric furnace under a condition of 190°Cx20 minutes
and left to cool to room temperature to obtain a test plate.
[0065] <60° specular gloss>

It is measured using a glossmeter (micro-TRI-gross made by
BYK Corporation: incident and reflection angle of 60°) according to JIS
K 5600-4-7.
[0066] <Coat's condition>

The condition of the surface of the coat after the production of

the test plate is determined in a visual manner.
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A .-+ No abnormality

B --- Orange peel surface
C --- Surface roughening
D .- Graininess

[0067] <Layer separation properties>

The coat of the test plate is cut, and the cross section of the
coat is observed by a microscope (Keyence Corporation) to evaluate
whether the inside of the coat is separated into an upper layer and a lower
layer. The cross section of the coat is also observed by a scanning
electron microscope (ultrahigh resolution scanning electron microscope
SU-70 made by Hitachi High Technologies), and the distribution of
fluorine element (fluororesin) in the cross section of the coat is confirmed
by elemental analysis. As for Example 8, a mapping image of fluorine
atoms present in the cross section of the coat is shown in FIG. 1. The
dense portion in the figure is a portion where fluorine element
(fluororesin) exists in large numbers, which shows it is unevenly
distributed to the upper layer.

- Layer separation properties (observation by a microscope)

A --- Complete two-layer separation takes place.

B ... Partial two-layer separation takes place. That is,
two-layer separation takes place, but there is a portion which has a coat
thickness of less than one-half of the fluorine coating layer thickness of a
complete two-layer separation.

C .-+ A polyester resin is exposed on the surface of the upper
layer.

- Layer separation properties (elemental analysis)

A --- Fluorine element is unevenly distributed to the upper
layer.

B .- Fluorine element is unevenly distributed to the upper

layer, but it is also present in the lower layer.



10

15

20

25

30

_00 .

C .-+ Fluorine element is present in the entire coat.
[0068] <Adhesion>

According to JIS K 5600-5-6 (cross-cut method), the coat is
cut into 100 grids at one-millimeter intervals, and an adhesive tape is
applied thereto to evaluate whether the subsequent peeling of the tape
causes the coat to be peeled off. In the description of the tables, the
denominator represents the number of the cross-cut grids (100) and the
numerator represents the remaining number of grids in the test plate after
peeling the tape.
[0069] <Resistance to weight falling>

In order to evaluate the resistance of the coat to a falling
height of 50 cm in accordance with JIS K5600-5-3 (DuPont mode), the
crack and peeling of the coat are observed with 500 g of weight and a
center of impact of 1/2 inches ¢.
[0070] <Boiling water resistance>

The test plate is immersed in an ion-exchange water (95+5°C)
for 24 hours, cooled and then dried to evaluate the adhesion of the coat by
a method in accordance with JIS K 5600-5-6 (cross-cut method). In the
description of the tables, the denominator represents the number of the
cross-cut grids (100) and the numerator represents the remaining number
of grids in the test plate after pecling the tape.
[0071] <Mortar resistance>

A mortar paste is applied on the surface of the coat of the test
plate and left to stand for 24 hours under a high-humidity environment of
50°C and 95 RH%. The mortar mass is peeled off from the test plate,
which is washed with an ion-exchange water and thereafter the condition
of the coat is evaluated in a visual manner.
[0072] <Nitric acid resistance>

The test plate 1s put on a glass bottle containing an aqueous

solution of 70% by mass of nitric acid in such a way to put a lid on the
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glass bottle. The coat surface of the test plate is exposed to steam for 60
minutes, then washed with an ion-exchange water and thereafter dried.
The color difference AE of the dried coat surface to the coat surface
before exposure to steam is measured with a color difference meter
(CR-300 made by Minolta Corporation).
[0073] <Hydrochloric acid resistance>

10 drops of an aqueous solution of 10% by mass of
hydrochloric acid are put on the coat surface of the test plate, which is
covered by a watch glass as a lid. After 15 minutes, it is washed with an
ion-exchange water and thereafter dried. The condition of the dried coat
is evaluated in a visual manner.
[0074] <Humidity resistance>

The test plate is left for 3000 hours under a high-humidity
environment of 50°C and 95 RH%, washed with an ion-exchange water,
then left to cool and dried. Thereafter, the condition of the coat is
evaluated in a visual manner.
[0075] <Salt water-spraying resistance>

The test plate is left to stand for 3000 hours under an
environment of spraying salt water at 35°C, washed with an ion-exchange
water, then left to cool and dried. Thereafter, the condition of the coat is
evaluated in a visual manner.
[0076] <Accelerated weathering resistance>

An accelerated weathering resistance testing machine is used
in conformity to JIS B 7753 (sunshine weatherometer system), the test
time is 3000 hours, and the retention of 60° specular gloss before the test
is 100%. The retention of 60° specular gloss after the test is measured
by a glossmeter (micro-TRI-gross made by BYK Corporation: incident
and reflection angle of 60°) and the color difference AE before and after
the test is measured with a color difference meter (CR-300 made by

Minolta Corporation).
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[0077]
[Table 1]
Table 1
Exampk | Example | Example | Example | Example | Example | Example | Example | Example
| 2 3 4 5 6 s 8 9
Fluororesin 7.0 13.0 21.0 28.0 35.0 350 340 35.0 17.0
Polyester resin A 63.0 520 49.0 42.0 35.0 35.0 340 35.0 17.0
Polyester resin B
Acrylic resin A
Acryhe resin B
- FpalaEn Pars | 530 2.0 220 210 200 200 20.0 200 100
blocked isocyanate by
B-hydroxyalkylmde mass
Triglycidyl isocyanurate
Epoxy resin 1.0 5.0 1.0 1.0 1.0 5.0 5.0 10
Surface conditioner 5.0 5.0 50 50 5.0 50 50 5.0 5.0
Color pigment 0.5 0.5 0.5 0.5 0.5 0.5 05 50.0
Luster pigment 3.0 30 30 3.0 3.0 3.0 3.0
Total (parts by mass) 102.5 1005 101.5 100.5 99.5 98.5 101.5 1000 100.0
[0078]
[Table 2]
Table 2
Exammple | Example | Example | Example | Example | Example | Example | Example | Example
10 11 12 13 14 15 16 17 18
Fluororesin 250 41.0 43.0 21.0 30.5 41.0 43.0 21.0 280
Polyester resin A 25.0 41.0 43.0 21.0 30.5 41.0 43.0 210 28.0
Polyester resin B
Acrylic resin A
Acrylic resm B
g-caprolactam Parts
. 142
blocked isocyanate by
f-hydroxyalkylamide mass 44 4.6 22 32
Triglycidyl isocyanurate 5.6 59 29 38
Epoxy resin 1.0 50 50 1.0 1.0 5.0 5.0 1.0 5.0
Surface conditioner 5.0 5.0 50 50 5.0 5.0 5.0 5.0 5.0
Color pigment 05 50.0 0.5 50.0
Luster pigiment 30.0 3.0 30.0 3.0 30.0
Total (parts by mass) 1002 99.9 100.6 100.2 100 2 101.1 101.9 1009 99.8
[0079]

[Table 3]
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Table 3
Comparative | Comparative | Comparative | Comparative
Example Example Example Example
1 2 3 4
Fluororesin 35.0 43.0 42.0
Polyester resin A 70.0
Polyester resin B
Acrylic resin A 35.0 43.0 42.0
Acrylic resin B
g-caprolactam Parts 24.0 20.0
blocked isocyanate by ’ '
f-hydroxyalkylamide mass 4.6
Triglycidyl isocyanurate 5.8
Epoxy resin 1.0 1.0 1.0 1.0
Surface conditioner 5.0 5.0 5.0 5.0
Color pigment 0.5 0.5 0.5 0.5
Luster pigment 0.1 3.0 3.0 3.0
Total (parts by mass) 100.6 99.5 100.1 99.3
[Table 4]
Table 4
Evmmpke Thampk Tk Tsample Trample Tosanpke Trample ok Txanple
) 2 3 4 5 o 7 8 3
07 speoubr goss [ W & & o 7 T 78 %8
Cowal'n conditun A A A A A A A A i
Jayersymmlion propsiiks A A A A A A A A A
(abservaton Ly & nacroscoge ]
Layer separalion properties
e i A A A A A A A A B
Authenion 10/100 1067100 10w 0 100010 LU 10w 1D 1KV 10 1INV
= = 5 No crack No emck No crack No crack No cruck No emck No emck No crack No cmek
== “""‘i"“i  No pecting No pecg No peeling No pesiing No pectig Nopechns | No pocline No peciing No pectig
Boilng watet resisaice No w | No No iy | Ne iy | Noub No No No No
(coal's appeamnce)
Hofle: wuler resSluey 100100 100/100 100100 100100 100100 100100 1001100 100100 1001100
Motar tesbstuoe No i Mok | No b No nhin ol Mo al i Nov o I Mo pboormal Nao No ub b
Nibrw pend reskitence (A1) i a4 nt (%] 04 03 06 nda 09
Pty dekl sysiimncy No Noab No No No No No No No
(n)pﬂmﬂl‘c\
e el No No No b No No No No No No
SaRHE T pmyIg Cshatce No i | No N No No No No No No
(apprarance)
Avexdermie vionRiahy resicue 8% 2% §2% H9% H%e 91% 5% 29% 79%
(ghoss retention)
Accekrted weathe Lanee
S ke ‘;;m:::‘l:?‘“ 0y 0s 10 08 0s 04 15 03 08

[0081]
[Table 5]




Tuble 5
T Exatupke Tty 1 ~anple [ Tk Pazuphe Fanpde Frumple
1 [} |12 13 (K] 15 16 17 18
66)° speculir phss 76 76 7}1 72 Ll ™ ™ » = 12
Coafs condtin i A A i 0 A A 3 [ -
Layer scpuralbr properis i % B & A = z 5 .
(ohservation by 0 microseope - & |
Ty or sepsnlon propenis 5 p % 3 B & P . s
iekmental piwvsi — .
Ao 106K 100/100 [ 1V O TCTR Juv o oI LN TINH L)
Resiarce to weight Bilrg No crack No cruck No erok Novmak Mo ek No crack No erack No emck No erack
i N N proeling Nopeelig | Nu peelny Nos pecli No pecie No pecting No pecii Nopecing | Nopecie
Thaliy wittey sesiine No No at No ubnonmaiy | Novat No No iy | Noab No v | No
'f-('l.“" £ AIP‘K‘IIHII\‘L‘\ S
“‘""ﬂ‘:j‘;ﬂ__’::“‘""‘ 100100 100/100 100100 100100 10100 1001100 L0100 100400 1001100
Morr resbtance No shnormabs | Mo ahroesdes | e [ N bl R Nes W ab No
Nt ped resstince (35 ) 07 0n ni 0R 05 07 9 11
TR e i No No No No No No ubnonmby | No Ne No
{uppeaiaice}
Ukl pesslaney No No No No No No No No No
Sallyler-spm g s No ab No No No No No N No No
)
Accokrated'Wculhermg resslce 1% 9% B9% 8% 3% 8% 9% 9% 3%
{ghiss retention)
Accckroin] wenlrg seadance . .
(bl Al ras ALY n7 a6 035 09 ik} n7 04 09 10
[Table 6]
Table 6
Comparative Comparative Comparative Comparative
Example Exanmple Example Example
1 2 3 4
60° specular gloss 86 54 49 53
Coat's condition
Layer scparation properties c
(observation by a microscope)
Layer scparation properties
: - C [ c
(elemental analysis)
Adhesion 100/100 100/100 100/100 100/100
" . . No crack Cracks observed Cracks observed Cracks observed
Resistance to weight falling ) ) 3 :
No peeling No peeling No peeling No peeling
Boiling water resistance y . : . :
gl Slightly whitened No abnormality No abnormality No abnormality
(coat's appearance)
Boiling water resistance
& . 100/100 100/100 100/100 100/100
(adhesion)
Mortar resistance Slightly whitened No abnormality No abnormality No abnormality
Nitric acid resistance (AE) 1.5 1.7 1.5 1.8
Hydrochloric acid resistance . : . . :
4 No abnormality No abnormality Slightly whitened No abnormality
(appearance)
Humidity resistance . . . : .
ity No abnormality No abnormality Slightly whitened No abnormality
(appearance)
Salt water-spraying resistance . : . .
praymg No abnormality No abnormality No abnormality No abnormality
(appearance)
Accelerated weathering resistance
i 35% 2% 58% 48%
(gloss retention)
Accelerated weathering resistance
- . 2.1 2.2 1.8 23
(color difference AE)

[0083]

The raw material described in Tables 1-3 will be described

below.

- Fluororesin

Trade name: Lumiflon LF710F (hydroxyl group-containing

fluororesin) made by Asahi Glass Corporation, solubility parameter (SP
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value) of 9.16
- Polyester resin A

Hydroxyl group-containing polyester resin, hydroxyl value of
45 mgKOH/g, number average molecular weight of 3200, weight average
molecular weight of 13200, solubility parameter (SP value) of 9.99, melt
viscosity of 3.1 Pa-s (190°C), gradient of 18425 in a range of 100-120°C
in an Arrhenius plot on the basis of melt viscosity (Pa-s) measured under
conditions of a measurement start temperature of 200°C and a
temperature dropping rate of 10°C/minute
- Polyester resin B

Carboxyl group-containing polyester resin, acid valuc of 48
mgKOH/g, number average molecular weight of 3900, weight average
molecular weight of 12300, solubility parameter (SP value) of 9.84, melt
viscosity of 2.5 Pa-s (190°C), gradient of 15346 in a range of 100-120°C
in an Arrhenius plot on the basis of melt viscosity (Pa-s) measured under
conditions of a measurement start temperature of 200°C and a
temperature dropping rate of 10°C/minute
- Acrylic resin A

ARUFON UH-2170 made by Toagosei Co., I.td., hydroxyl
group-containing acrylic resin, number average molecular weight of 4600,
weight average molecular weight of 14000, solubility parameter (SP
value) of 9.19, melt viscosity of 4.3 Pa-s (190°C), gradient of 12739 in a
range of 100-120°C in an Arrhenius plot on the basis of melt viscosity
(Pa-s) measured under conditions of a measurement start temperature of
200°C and a temperature dropping rate of 10°C/minute
- Acrylic resin B

ARUFON UC-3920 made by Toagosei Co., Ltd., carboxyl
group-containing acrylic resin, number average molecular weight of 5800,
weight average molecular weight of 15500, solubility parameter (SP

value) of 9.32, melt viscosity of 4.8 Pa-s (190°C), gradient of 10498 in a
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range of 100-120°C in an Arrhenius plot on the basis of melt viscosity
(Pa-s) measured under conditions of a measurement start temperature of
200°C and a temperature dropping rate of 10°C/minute
- Luster pigment

Aluminum flake powder, trade name: PCF7620A made by Toyo
Aluminium Corporation
- Color pigment

Titanium oxide, trade name: TI-PURE R-960 made by DuPont
Corporation
- Epoxy resin

Trade name: EpoTohto DT-112 made by Tohto Kasei Co., Ltd.,
- g-Caprolactam blocked isocyanate

Isocyanate compound, trade name: Vestagon B1530 made by
Evonik Degussa Corporation
- B-Hydroxyalkylamide

Trade name: PRIMID XL-552 made by EMS-Griltech
Corporation
- Triglycidyl isocyanurate

Trade name: ARALDITE PT-810 made by Huntsman
Corporation
- Surface conditioner

Trade name: BYK-360P made by BYK-Chemie Corporation
- Difference in temperature between starts of melting and curing under
condition of temperature rising rate of 10°C/minute

In the reaction of the polyester resin A and g-caprolactam
blocked isocyanate (isocyanatc compound), the mclting start tempcrature
(softening point) was 95°C and the curing start tecmperature was 183°C
under a condition of a temperature rising rate of 10°C/minute.
- Thermal differecnce TR(B) between curing start temperatures TR(A) and

TR(B)



-29.

The curing start tempcrature TR(A) at which the fluororesin
began to react with g-caprolactam blocked isocyanate (isocyanate
compound) was 167°C, the curing start temperature TR(B) at which the
polyester resin A began to react with g-caprolactam blocked isocyanate
(isocyanate compound) was 182°C, and the thermal difference

TR(B)-TR(A) was 15°C.
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CLAIMS

1. A powder coating composition which is capable of
forming a coat comprising a {luorine coating layer and a polyester coating
layer, the powder coating composition comprising a fluororesin
containing a hydroxyl group or a carboxyl group, a polyester resin
containing a hydroxyl group or a carboxyl group and a curing agent
selected from the group consisting of B-hydroxyalkylamide, triglycidyl
isocyanurate and an isocyanate compound.

2. A powder coating composition according to claim 1,
further comprising an epoxy resin.

3. A powder coating composition according to claim 1,
further comprising a luster pigment.

4. A powder coating composition according to claim 1,
wherein the polyester resin is a hydroxyl group-containing polyester resin
which has a number average molecular weight of not more than 5000 and
a weight average molecular weight of 10000-20000.

5. A powder coating composition according to claim 1,
wherein the polyester resin has a melt viscosity of not more than 3.5 Pa-s
(190°C) and, in an Arrhenius plot on the basis of melt viscosity (Pa-s)
measured under conditions of a measurement start temperature of 200°C
and a temperature dropping rate of 10°C/minute, has a gradient of not less
than 15000 in a range of 100-120°C.

6. A powder coating composition according to claim 1,
wherein the fluororesin is a hydroxyl group-containing fluororesin.

7. A powder coating composition according to claim 1,
wherein a ratio (A/B) by mass of the fluororesin (A) to the polyester resin
(B) is 50/50 to 10/90.

8. A powder coating composition according to claim 1,
wherein a differcnce in solubility parameter (SP value) between the

fluororesin and the polyester resin is 0.6-0.9.
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9. A method for producing a powder coating composition
according to any one of claims 1-8, which comprises melt-kneading a
mixture containing the fluororesin, the polyester resin and the curing
agent at 100-160°C, cooling and then pulverizing the mixture to prepare a

powder coating composition.




