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Powder Compositions For Heat Sensitive Substrates

Field of the Inveniion

The inventicn relates to new thermosetting powder coating
compositicns. SpecHically, the invention relates to new acid functional
actylic/polyepoxy powder coating compositions. More spacifically, the
invention refates to new acid functional acrylic fpolyepoxy powder coating
compositicns for coatings on heat sensitive substrates such as wood
substrates to produce therecn by a low tempsrature cura or a fast cure at
higher temperature a finish with high hardness and/or controllable gloss.

Background of the Invention

It is well known that powder coating is a low polluting, cost effective
method to provice high quality finishes on substraies such as metal
substrates and therafore, is used more and more to replace liquid finishing in
various industries. Traditior.la.lly,. powder coatings are used to coat metal
objects, e.g., in the automotive and app]i.an(:e indusiries. Metal objects are
very good electric conductors and can be heated o high temperature. Thus,
conventional powder coating compositions are easily applied onto metal
substrates by any of the elecirostatic deposition technigues known in the art
to form a fine finish. The coated metal substrates are normally cured at
elavated tempsratures ranging from 300° F to 450° F. Since high
termperaiures do not significantly distort metal substrates, heat sensitivity of
the work piece is generally not a concern. There has been well deveioped in
the art powxier coating compositions that are cured ai high temperatures to
pravide high performance coatings on metal substrates,

More recently, efforts have been made 0 apply powder coatings to
nor-metal subsirates, known as heat sensitive substrates, e.g., plastics, pre-
assembled praducts and wood producis. Examples of wood products include
househiold fumiture, office furniture, and constructien components such as
doors, siding, widow frames, shelving and molding.  While some plasiic
articles may be manufactured with the appropriate color and may not need
coatings, some other plastic products and especially many wood products
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must be coated for decorative or protective purpose or both, Although some
success has beer achieved in coating non-metal substrates, problems
remain, especially with coatings on woed subsirates due lo the distinct natural
difference betwesn metal substrates and wood substrates.

Naturally, wood substrates contain more moisture and volatile
comipounds. The molsfure and the volatile compounds are readily released
as gasses during the relatively long cure at high temperaiure associated with
traditional powder coatings on metal substrates. This outgassing disrupts the
surface of the coating matertal, resulting in pinholes and other defects in the
coating surface, thareby damaging the appearance of the coating. Therefore,
conventional cure &t high temperature for a relatively long time Is not usable
for coating powders on wood substrates. Presently, cne approach to avoid
pinhcle and defects in the coating surface is te provide a textured coating
having, &.g., a grainy texture, or a coating with an orangs pasl appearance
that mask the underlying non-uniformity of the substrate. Another approach fo
eliminate outgassing is to develop a low temperature cure coating powder
system ta lower the cure temperature and/ar to shorten the cure time.
However, the lower the cure temperature andfor the sherter the cure time are,
the more difficult it is to achieve high performance. Likewise, the lower the
cure temperature and/or the shorter the cure time are, the more difficult it s to
control gloss, especially to achieve assthetically desired low glass.
Furthermore, tha lower the cure temperaiure andfor the shorter the cure time
are, the mare difficult it is to process the powder coatings as traditional
process temperatures are in the same range as the targeted cure
temperatures. Achieving high performance coafings as defined by toughness
and durability tests like hardness, stratch, mar, chemical resistance and
impact can be challenging with tradilional eoating powders cursd at high
temperafures for a longer tims. Again the challenge becemes greater as the
cure temperature is lawererd or the cure fime is shortened. .

Various powder coating compositions used on either or bath metal and
wood substrates in the relevant art are described in the patent literature.

U.8. Pat. No. 6,022,927 discioses an acrylic powder coating
compesition used on meta! and wood substrates. The compasliion contains

basically an acid functionat acrylic resin; an adduct of an acid functional

JP 2004-501240 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

awn

25

0

(26)

WA 01/92367 PCTAISNI/14R18

polyester and a polyepoxy (e.g., trigyicidvlisocyanurate (TGIG)); and a curing
agent that is also TGIC to provide orange peal textured surfaces on both
metal and wood substrates. Itis specifically taught that a coating powder
prepared by simply mixing the carboxyt functional acrytic resin, the curing
agent (TGIC) and the polyester does not provide a coating with desired
physical propertias. Only if the curing agent (TGIC) and the polyester are
adducted prior to forming the coating powder, can the coating with desired
propetties be prodused. The cure temperature may be reduced to 300° F or
below upoh addition of a cure catalyst. 60 ° gloss tested on metal substrate is
higher than 75. Pencil Hardness of the coating surface, tested on metal
panel, is from F 1o 2H.

U.5. Pal. No. 5,907 020 discloses a thermaosetting powder coating
system, based on a mixiure of an extrudate of a catalyzed self-curing epoxy
resin and a low temperaiure curing agent. The epaxy resin is first exiruded
with a catalyst, then the extrudate is mixed with a low temperature curing
agent to form tha coating powders. The law temperature curing agent is an
epoxy adduct of an imidazale caialyst or an'epoxy adduct of an aliphatic
polyamine, to provide low gloss coatings on metal and wood substrates. The
cure temperature may be 280° F or below. 80 ° gloss tested on steel pane}
varigs from 15 o 80.

U.8. Pat. No. 6,721,052 discloses a thermosetting powder coating
composition based on Bisphenol A type of epoxies, an imidazole catalyst and
a texturing agent, for forming a grainy textured finish on both metal and wood
substrates. The cure temperature may be about 350° F er below. 60 ° gloss
tested on metal panel is below 8. Pencil Hardness, tested on metal panels, is
from H to 2H.

All the powder coating compositions disclosed, hawever, do not
provide ceafings on heat sensitive substrates, especially wood substrates with
the advantageous combination of low cure or fast cure, controllable gloss, and
high hardness.

Therefore, there is a need for & new powder coating composition that
can be coated by means of traditional powder coating application methods on

heat sensitive substrates, especially wood substrates and cured either at

JP 2004-501240 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

i}

27)

WA 01/92367 PCTAISNI/14R18

relatively lowear temperatures for relatively langer time or at relatively higher
temperatures for relatively shorer tims te produce a finish with controliable
gloss and very high parfermance such as hardness without damaging the

substrates.

Summary of the Invention

The invention provides & new powder coating compeosition in
particulate form consisting essentially of &2 mixture of :

a). about 10% to about 90% by weight, relative fo {a) plus (b), of
carboxylic acid functional acrylic resin(s),

b).  about 10 % o about 90 % by weight, refative to (a) plus (b), of
polyepoxy resin(s};

c). a catalyst in an amount sufficient ta cure the composition at a
temperature about 300° F or below for about 30 minutes or less; and

d). optionally, a flaxibilizing agent.

In another aspect, the invention provides a new powder coaling
composition comprising:

a). about 10% to about 30% by weight, relative to (a) plus {b), of
carboxylic acid functional acrylic resin(s);

b). about 10 % to about 60 % by weight, relative to (a) plus (b), of
polyepoxy resin(s}; and

¢k & catalyst in an amount sufficient fo cure the composition at a
temparature about 300° F or below for about 30 minutes orless,
wherein the compesition provides a finish having & pencil hardness of at least
3H.

In yet another aspect, the invention provides a new powder coaling
composition comprising:

8).  about 10% to aboul 80% by weight, refative to (a) plus {b), of
carboxylic acid functionai acrylic resin{s};

b).  about 10 % lo about 90 % by weight, relative to (a) plus (b), of
polyepoxy resin(s);

5% a first catalyst which functions primarily s an epoxy
homepolymerization catalyst; and
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d). a second cafalyst which functions primarily as an
apoxy/carboxylic asid reaction catalyst.
In yet another aspect, the invention features & powder coating
composition comprising:
A).  about 50% to about 998% by weight of a first component
comprising
a-1) atleast one pelyepoxy resin; and
a-2) atleastons catalyst, and
B).  about 1 % lo about 50 % by weight of a second component dry-
blended with said first component {A), comprising at leasi ong carboxylic acid
functional acrylie resin.
In yet another aspect, the invention features a powder coating
compasition comprising:
a). about 1% to about 50% by weight of at least one carboxyiic acid
functional acndic resin;

b).  abouf 50%to eboul 92 % by weight of more than ene polyepoxy

resin, of which from about 2% to about 15% by weight, based on the total

epoxy resins, being at least one crysfalline polyepoxy resin; and

c). a catalyst in an sffective amount o cure said composition.

The new powder coating compositions of the invention are readily
applied, e.0., by means of electrostatic deposition or fluidized bed methads, to
vatious substrates, especially heat sensitive substrates, e.g., plastic or wood
substrates fo provide finishes having controllable gless and high performance
including very high hardness.

The coatings of the tnvention may be cured at a low cure temperaiure
of no greater than about 300° F for no longer thar about 30 minutes to form
coating films on substrates, espesially wood substrates, thereby, diminishing
culgassing from the substraies without damaging the substrates. The cured
coatings of the inveniion may produce 60 ° gloss of from about 2 to about 95
and pencil hardness of greater than F, preferably greater than 3H.

Particularly, the powder coaiing compositions of tha invention are
readily coated by electrostatic spray and curad on heat sensitive substrates,
sspecially wood subsirales at a temperature of about 280° F or below for

W
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about 20 minuies ar less, to produge a finish having an aesthetically
acoeptable 60 ° low gloss of from about 5 o about 60, prefersbly, of from
about 10 Yo about 40, ang pencil hardnsss of greater than H, preferably
greater than 3H.

The coatings of the invention may also be cured at a fast cure
temperature of higher than about 300° F, praferably higher than about 325° F
for a penod of no greater than about 10 minutes, preferably no greater than
about & minutes 1o form coating films on substrates, especially wood
substrates, while still exhibiting the required physical and performance
preperties such as contrellable gloss andfer pencil hardness.

In yet another aspect, the invention provides an aricle comprising &
heat sensitive substrate coated on at 'east one swiface of the substrate with
any of the aforesaid new powder coating campaositions of the invention and
cured aither at a temperature of no greater than about 300° F for a period of
no greater than abeut 30 minutes or at a temperature of greater than about

- 300° F, preferably greater than about 325° F for a period of no greatar than

about 10 minutes o produce a decorative andfor pratective finish with
controllable 60 ® gloss of from about 2 to about 95 and cantrollable
performance regarding chemical resistance, hardness, etc., depending on
application.

I particular, the article of the inventicn comprises a wood substrate
coated on zf least one of the surfaces of the substrate with any of the
aforesaid new powder coating compositions of the invention and curad aither
at & temperature of about 300° F or below for about 30 minutes or less or at a
temperature of greater than about 300° F, preferably greater than about 325°
F for & period of no greater than about 10 minutes to produce a finish having
60 ° gloss of from about 5 to about 60, prefarably from about 10 to about 40,
and pencit hardness of greater than F, praferably, greater than H, and more
preferably no less than 3H.

Detailed Description of the Invention
For the purpese of the invention, the term "wood” is defined as
including natural wood and engineerad wood such as plyweod, particlebeard,
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oriented strand board, hardboard, medium density fiberboard, and the like.
The particleboard may be standard or treated 1o enhance its electrical
conductivily, Wood, pre-coated with a conductive liquid coating compasition
and cured, may also be used as a substrats for the purposa of the invention.
Wood having moisture conient of from about 3 to about 10 % by weight is
preferred.

For the purpose of the invention, “reduced or low cure temperature”
refers {o a substrate surface temperature, aiso known as part temperature,
that is about 306° F or below 0 achieve desired psrformance, as camparsd to
the traditional high cure temperature of higher than 300° F to about 450° F.

For the purpose of the invention, fasi cure” refers 1o a cure that is
carried out at a fast cure temperature, which refers to a substrate surface
tamperature, also known as part temperzture, that can be as high as the
traditional cure temperature, but the cure time s shorter than that required for
curing the traditionsd powdar costing systems in erder {o achieve the desired
performance.

The thermosetting powder coating compoesitions of the invention
include carboxylic acid functional acrylic resin(s). The carboxylic acid
functional acrylic resins useful in the invention are formed from typical acrylic
monomers known in the art, such as acrylic acld or methacrylic acid; aciylic
acid derivatives such as methyl acrylate, ethyi acrylate, propyl acrylate,
isopropyl acrylate, butyl acryiate, isobuiyl acrylate, Z-ethyihexyl acrylate,
iscoctylacryate, dodecyl acrylate, stearyl acrylate, cyciohexyl acrylate, benzyl
acrylate, hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxybutyl acryiate,
1.4-biianedicl maonoacrylate and dimethylamineethyl acrdate; methacrylic
acid derivatives such as methyl methacrylate, ethyl methacrylate, propyl
methacrylate, isopropyl methacrylate, butyl methacryiate, isobutyl
methacrylate, iscoctyimethacrylate, 2-sthyihexyl methacrylate, dodecyl
meathacrylate, sieary methacrylate, cyclohexy methacrylate, benzyl
methacrylate, phenyl methacrylate, hivdroxyethyl methacrdate, hydroxylpropyl
methacryiate, hydroxybutyl methacrylate, 1,4-butanediol monomethacryate
and dimethylaminoethyd methacrylate; efc. Such monormers may be used
each separately or in the combination of fwo or mare. Qiher monomers such
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as styrene, substituted sfyrene, or vinyl toluene, ete. may also be
incorporated, Commercially available examples of the carboxyiic acid
funetional acrylic resins include, e g., those under the trademark designation
SCX™ acrylic resins by 3. C. Johnson.

According to the invention, carboxylic acid functional acrylic resins may
he used separately or in combination of two or mors in the powder coating
composition of the invention. In some embadiments, the composition may
comprise about 10% to about S0% by weight, preferably, about 10% to about
0% by weight, and most preferably, about 10% 1o ahout 40% by weight of
the carboxylic acid functional acrylic resin(s), based on the total weight of
resins used in the powder coating composition of the invention. In same
embodiments wherein the carboxylic acid functional acrylic resin(s) are dry-
blended with the other components, the amount of the carboxylic acid
funciional acrylic resin(s} is preferably from about 1 % 10 about 50 %,
preferably from about 2 % fo about 20 % by weight, based on the total weight
of resins used in the powder coating compaesition of the invention.

The powder coating composition of the invention alsa includes
polyepoxy resin(s). A wide variety of polyepexy resins including non-
crysialline polyepoxy resins and crystalline polyepoxy resins may be used in
the powder coating compasitions of the invention. Typically, the polyepoxy
resing should have at least two epoxy groups per molecule, including
saturated or unsaturated, aliphatic, cycloaliphatic or heterceyclic compounds
and may be substifuted with substituents such as halegen atoms, alkyl
groups, ether groups and the like. Suitable polyepoxy resing include glycidyl
ethers of aromatic and aliphatie polyols, cycloaliphatic polyapoxides, epoxy-
funciional acrylic resing, heterocyclic polyeposxides, glycidyl esters of aromatic
and aliphatic polycarboxylic acids, glycidyl polyamines and eiher aminss, and
mixtures thereof. For example, the polyepoxy resins may be solid epoxy
resing basad an hisphencl A (2,2’-bis(p-hydroxyphenylipropane) and
epichlorohydrin, i.e., the diglycidyl ether of bisphenol A and higher addition
products thereof. The polyspoxy resins may include solid epoxy resins based
an bisphenol F (4,4"-dihydroxydiphenylmethane), saturated bisphenol A
(2.2'bis(4-hydroxycyclohexyhpropane) and spichlorohydrin and higher

JP 2004-501240 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

el

(32)

WA 01/92367 PCTAISNI/14R18

addifion praducts, Also included are epoxy resins made by the reaction of
epichlorohydrin with 2 novelac resin. A novelac resin is & condensate of a
phenol compound with formaldehyde in the presence of acid cataiysts. The
phenoi compound can be phenol itself, or compounds such as eresels,
xylenols, resorcincl, naphthols, and the like. The epoxy resins are available
from a wide variety of commercial sources under the trademark designation
sych ag EPON™ pr Epikote™ from Resclution Parformance Products
{Houston, TX), Araldite™ from Vanlico (Hawthome, NY) and DER from Dow
Chemical Company (Midland, M1). Commercially available epoxy resins
include Epikote™ 1001, Epikote™ 1002, Epikota™1004, Epikote™ 1007, and
Epikote™1008 from Resolution Performance Products; Epo-Thoto YD-012
from KUKDO Chemical Ind. Co., Ltd.; DER™ 842 andg DER™ 672 from Dow
Chemical Co.; Araldite™ 7220, Araldite™ ECN 1235, Araldite™ ECN 1273,
and Araldite™ ECN 1280 from Vantica, Gther useful epoxy resins incluce
hisphenol S epoxy resing; hydrogenated hisphenaol A epoxy resins. Polyepoxy
resins based on bisphenol A are preferred from'ambng the polyglycidyt sthers
of aromatic polyols. Useful heterocydlic polyepoxides included,3, 5-tris (2,3~ '
glycidyl-'propyl) 1,3,5-triazine-2,4,6-{1H,3H,5H)-trione known as triglycidyl
isocyanurate (TGIC), 1,3,5-tris (2,3-glycidyl-2-mathyl propyl} 1,3,5-triazine-
2,4,6-(1H,3H,5H)-trione, the diglycidyl ester of terephthalic acid and the
triglycidyl ester of trimallitic acikd. Commercially available heterocyclic
polyepoxides include Araidite™ PT-810 from Vantico and MT-22@ from Nissan
Chemical; and glysidyl esiers include PT-910 from Yantico. Other useful
erystalline polyepoxides inglude tetramethylbisphenol digiveidyl ether,
bisphenol S diglycidyl ether, 2,5-di-t-butylbenzene-1,4-diglycidyl ether,
hydroquinona digiycidy! ether, 2,5-di-t-butylhydroquinone diglycidyl ether,
chglycidyl isophthalate, and epoxypropoxydimethylbenzyl aerylamide.
Commereially available crystalline polyepoxy resins include Epoxy Research
Resin R$S-1407 from Resolution Performance Products, EPO-THOTO YD.C-
1312 from KUKDO Chemical Ind., Co., Lid. Suitabls epoxy functional acnyic
resins may be produced hy poiymerizing epoxy furctional acrylates alone or
in combination with other vinyl monomers, including ather acryiic esters,
styrene and subsfituted styrenes, as specified before. Examples of epoxy
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funetional acrylate monomers include glycidyl acrylate, glysidyl methacrylate,
beta-miethylglycidyl acrylate, beta-methviglycidyl methaciylate, N-glycidyl
acrylic acid amide and the like, among which glyeidyl acrylate and glycidyl
methacrylate are preferred. Examples of commercially available epoxy
functional acrylic resins include Fineclad™A-244-A by Reichhold, Almatex™
PB 7690 by Andersan Ca. and GMA 300™ by Estron Chemical Company.

The poilyepoxy resins may be used separately or in cambination of two
or more in the powder coating compositions of the invention. For example,
ane bisphenol A {ype of polyepoxy resin may be used alene or in combination
with other bispenol A type of polyepoxy resin or with novolac type of
polyepoxy resins, Likewise, bisphenal A type of polyepoxy resins may be
used in combination with triglyeidyl isocyanurate and/or with epoxy functional
acrylic resing.  Also, non-crystalline polyepoxy resin{s) may be used in
combiration with crystalline polyepoxy resin(s).

The powder coating composition of the invention may comprise from
about 10% to about 90% by weight, preferably, from about 40% to about 90%
by weight, and more preferably, from gbout 60% to about 90% by weight of
the polyepoxy resin(s), hased on total_weight of resins used in the powder
coating composition of the invention. In the embodiments wherein the
polyepoxy resin(s) are dry-blended with the oiher components, the amaunt of
polyepaxy resin(s) is preferably from about 50 % to about 98%, more
preferably from about 8¢ % to about 38 % by weight. In the embodiments
wherein the crystalifie polyepoxy resin(s) are used in combination with non-
crystailine polyepoxy resin(s}, the crystalline polyepoxy resin(s) may be
present in an amount of from about 2 % to about 15% by welght, based on the
iotal weight of the polyeposy resins.

The powder coating compositions of the invention may also include
catalyst(s) that aliow the powder coating to cure either af a low cure
iemperatura of no greater than about 300° F, preferably, no greater than
about 280° F, or at a fast oure femperature for &s short time as possible to
minimize the temperature build up within the substraies. Examples of the
useful catalysts may include imidazoles, imidazole/epoxy adducts, fertiary
amines, imidazolines, imidazoline salts of mono- or di-carboxylic acids,
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tetraalkylammonium salts, phosphonium salts, fin cataiysts e.g., stannous
octoats, and mixtures thereof. Examples of imidazoles may inciude
substituted and unsubstituted imidazoles, such as imidazole, 2-
methylimidazole, and 2-phenylimidazole. Examples of imidazolelepoxy
adducts can be commercially available under the trade designation EPON P-
101 from Resclution Performance Products and under the trade designation
Xi) HT 267 from Vantico. Examples of tetraalkylammonium salts may include
tetramethylfammonium bromides, tetramethylamimonium iodides,
tetramethylammonium chlorides, myrystyltrimethylarnmonium bromides,
myrystyltdimethylammenium iodides, myrysiytrimethylammenium chlorides,
and the like. Examples of phosphonium salts may include
ethyliriphenylphasphonium hromides, ethyitriphenylphosphonium iodides and
ethyltriphenylphesphonium chiorides, and ihe like. Examplas of tertiary
amines may include N N-dimethylcyelohexylamine, N,N-dimethylaniine, N-
methylmorphsoline, NN'-dimethyipiperazine, 2.2,6.8,-tetramethyl-4-

. dimethylaminapiperidine, N,N-dimethyloctadecylamine, N,N-
. dimethylhexadecylamine, 1,8-diazabicyclo[5.4.0]undec-7-ene, N,N,N' N~

tetramethylhexamsthylenediamine, NN RN, N
psntamathyidisthylenstriamine, tiethylenediamine and benzyldimethylamine.
Examples of imidazolines include substituted and unsubstituted mmidazolines,
such as Z-phenylimidazeline. Imidazoline salts of monc- or di-carboxylic
acids are derived from imidazoline-hased compounds and mone- or di-
carboxylic acids. Suitable monocarboxylic acids and dicarboxylic acids have
one o wo carboxylic acid groups (-COOH) per molecule respectively, They
include aromatic and aliphatic (saturated and unsaturated) acids ard
combinations thereof (i.e., anliphatic). Typical monocarhoxylic acids or
dicarboxylic acids include, but are noi limited o, terephthalic acid, isophthatic
acid, phthalic acid, benzoic adid, azelaic acid, adipic acid, succinic acid,
ghutaric acid, pimelic acid, suberic acid, sebacic acld, decanedicarboxylic acid,
dedecandicarboxylic acid, acetic acid, 2-ethylhexanoic acid and maieic acid.
Preferred mone- and di-carboxylic acids are adipic acid, sebacic acid and
dodecanedicic acid.

imidazofine-based compound such as a 2-imidazaline compound may
be represented by the following general structure:

11
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wherein R’ is hydrogen, an aromatic group, an aliphaiic group {saturated or
unsaturated), cycloaliphatic or an arafiphatic group, preferably having about 1-
12 carbon atoms. Examples of R inclute phenyl, 2—chloropﬁenyl, 2-
hydroxypheny!, 4-chlorophenyl, 4-methyl phenyl, and the like, alkyl, such as
methyl, undecyl and the Jike, aralkyl, such as benzyl and the like, or hydrogen.
RZis hydrogan or an alky} group, preferably having about 1 to 42 carbon
atomns, such as methyl and the like.

Typically, 2-imidazolines include Z-phanyl-2-imidazofine, 2-(2-

. hydrexyphenyl}-2-imidazoline, 2-(2-chlorophenyl)-2-imidazoline, 2-(4-

chlorophenyl}-2-imidazoline, 2-{4-meihylphenyl)}-2-imidazoiine, 2-n-undecyl-2-
imidazoline, 2-banzyl-2-imidazaline, 4,4-dimathy-2-imidazaline, and 2-methyl-
2-imidazoling. The Imidazoline salts of mono- ar di-carboxylic acids and their
preparations are described, for example, in GB 2,312,897, which is
incorporaied herein by reference.

The powder coating composition of the inventian can be formulated to
include at least one catalyst in an amount sufficient to cure the composition.
Preferakbly, the catalyst is present in an amount sufficient ta cure the
composition either at a low cure temperature of no greaier than about 300° F
for a relatively longer period, such as about 30 minutes or less, or at a fast
cure of higher than about 300° F, preferably higher than about 325° F for a
period of ne longer than about 10 minutes, or higher than abouwt 350° F for a
periad of ro longer than about 5 minutes, or higher than about 400° F for a
period of no lenger than about 3 minutes. Preferably, the catalyst is present in
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an amount of from abeut 0.1 to about 10.0 pphr (parts per hundred resin,
more praferably, from about 0.5 to about 5 pphr, and most preferably, from
ahout 1.0 fo about 4.0 pehr.

In ancther aspect of the invention, the powder coating sompaositions
may comprise a first cataiyst to function primarily as an epoxy
hemopolymerization catalyst and a second catalyst to function primarily as an
epoxy/carboxylic adid reaction caalyst. Examples of usefui first catalyst may
include imidazcles, imidazole/epoxy adducts, terfiary amines, and mixtures
thereof. Examples of useful second may include imidazalines, imidazoline
salts of mano- or di-caracxylic acids, teriary amines, tefraalkylammenium
salts, phosphonium salts, and mixtures thereof.

Althougth not bounded by any theory, it is believed that an imidazole
adducts 1o epoxy resin by opening an epoxy ring. The adducied imidazole
acts as a catalyst that facilitates further epoxy ring opening, thereby promoting
the homopolymaerization of the epoxide groups. On the other hand, an
imidazoline based catalyst shay promote addition reaciions between the
epoxide groups and the carboxylic acid groups, thereby further reducing the
cure temperature.

The powder coating compositions of the invention can be formulated
such that, by adjusting the amounis and ratios of the catalysts, the coatings
can be cured either at a low cure temperature such as at about 300° F or
below, preferably at about 280° F or below, or at a fast cure such as higher
than about 306° F, preferably, no less than about 350° F for as short time as
possible to achieve the desired gloss and high perfarmancs, e.g., high
hardgness.

Optionally, the powder coating compositions of the invention may
contain other additives that are commaon to powder coatings. These additives
inrclude, without timitation, fitiers, slip additives, pigments, dyes, UV stabilizers,
antioxidanis, fluidizing agenis, flow control agenis, degassing agents,
flexibilizing agenis, texturing agents, stc. and mixtures thereof. For example,
flow control agents such as an acrylic compound, e.g., Modaflow 2000 or
Resifiow P-67. or a silicon compound are known in the coating or powder
cozting art and are generally incorporated into the powder coating
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compasitions to improve the sutfacs tension, thereby facilitating the flow of
the polymers as they are melted to provide a smoather finish of the final solid
coatings. Flexihilizing agents such as solid piasticizers, core/shell materials,
rubber, hydroxyt or acid functional polyester, styrens/maleic arhydride and
polyanhydride resins are used to provide a finish with more flexihility.
Examples of useful plasticizers may include sucrose benzoate, pentaerythritol
tetrabenzoate and cyclohaxanedimathanol dibenzoate. Examples of useful
rubhers may include natural and most synthetic rubbers, such as styrene-
butadiene and acrylonitrile-butadiene polymers. Examples of useful polyasters
may include those formed by the condensation reaction of aliphatic polyols,
including cycloaliphatic polyols, with aliphatic andfor aromatic polycarboxylic
acids and anhydrides. Examples of sullable aliphatic polyols may include 1,2-
ethanediol, 1,3-propanediol, 1, 4-butanediol, 1,6-hexanediol, neopentyl glycol,
cyciohexane dimethanol, timeihlyopropene, and the like. Examples of
suitable polycarboxylic acids and anhydiides may include succinic acid, adipic
acid, azelaic acid, sebacic acid, terephthalic acid, isophthalic acid,
ietrahydrophthalic acid, hexahydrophthalic acid, trimellitic acid, and
anhydrides of such acids. The flexibilizer, if needed, may be present up io 80
%, preferably, from about 2% to abaut 30% by weight in the composition.
Pigments may be added to give the powder coatings color. Examples of
pigments include, but are rot lirnited {o, fitanium dioxide, carban black, and
organic and incrganic pigments of any available color depending on the
application. Special effects additives to produce appearances such as veins,
wrinkles, and the like may alse be added. The amounts of these additional
additives depend upon the particular properties of the final costing dasired.
The powder coating compositions of the invention may be prepared by
conventional technigues employed in the powder coating art. Typically, the
components of the powder coating composition are combined and thoroughly
blended together and then, melt blended and extruded in a single screw or
twin screw extruder. The extrudate is immediately coocled and then is ground
in a mill, such as a Brinkman mill, a Bantam hammer mill, an Alpine Mili or an
ACM Mill, and sieved to obtain a powder of appropriate particle siza
depsending on the application. Although a wide range of the particle sizes is
useful for the purpose of the inventian, typically, the average particle size is

i4
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abaut 5 to about 250 micron. Preferably, the average paticle size of the
powder coating composition of the invention is from about 10 microns to about
80 microns, and maore preferably, from about 20 to 40 microns.

In yet another aspect of the invention, the powder coating composition
comprises a dry blend of a first component (A) and a second component (B}
The first component (&) is an extruded blend comprising at least one
polyepoxy rasin and at least one catalyst. The second component (B)
comprises at laast one carboxylic acid functional acrylic resin. The polyepoxy
resin(s) may be present in the powder coating compoesition of the invention in
arr amount of from about 5Q% to about 52 % by weight, preferably from about
80% to about 88% by weighf, The carboxylic acid functional acric resin{s)
may be present in an amount of from about 1 % to about 50 % by weight,
preferably from about 2% to about 20% by weight, hased on the fatal weight
of the first and the second components (A) and (B).

Optionally, the second component (B} may also comprise a catalyst or
a combination of more thar one catalyst. In addition, the component (A)
and/or the companent {B) may also contain & leasi one acid functicnal
polyester andlor other additives that are cormmoen to powder coatings. These
additives includa, without limitation, fillers, slip additives, pigments, dyas, UV
stabilizers, antioxidants. fluidizing agents, flow contrcl agents, degassing
agenis, flexibilizing agents, texiuring agents, etc. and mixiures thereof.

In vet another aspect, the invention provides a process for making the
dry-blended powder coating composilion of the invention. The process
comprises melt-blending the ingredients {a-1}, (a-2} and other optional
ingredients to obtain the first component (A}, and then dry-blending the first
component (A) with a second companent {B) to abtain the dry-blended
powder coating compositicn of the invention. The second compenent (B} may
be a carboxylic auid functional acrylic resin that doss not need to be extruded
and thus, may be directly added to the first component (A) in powder form to
olxain the dry-blended powdsr coating composition. Alternatively, the seccnd
component (B) may be prepared separately by melt-blending the carboxylic
acid funciional acrylic resin with other optional ingredients piier to being
added to the first component (A).
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Both the first component {A) and the secand component (B) can be in
any form such as powder, flakes, chips, prills, etc., priot to dry blending
together.

Grinding and sieving may be performed before or after dry-blending o
obiain the dry-blended powder coating composition of appropriaie particle
size.

In cne embodiment, the first component (A} is prepared by combining
the ingredients (a-1), {a-2), and other cptional ingredients, if present, and
mixing them thommughly. Then the mixture is extruded in an exiruder, such as
a single or a iwin screw exiruder. The extrudate is immediataly cooled and
ground in a mill, such as a Brinkman mill, 3 Bantam hammer mill, 2n Alpine
Mill or an AGM Mill, and sieved to obtain a powder of appropriate particle size
dapending on the applicaiion. Then, the second camponent (B), which is a
carboxylic acid functional acrylic resin that does not need to be extruded, is
separately added to and mixed thoroughly with the componant (A) to cbitain
the dry-blended powder coating composition of the invention.

In another embodiment, the second component (B) is prepared by
melt-blending the carboxylic acid functional acrylic resin{s) with other optional
ingredients including, e.g., catalyst(s), crosslinking agent(s), acid functicnal
polyester, and/or other additives, if present. The extrudate is ground and
sieved 1o obtain a powder of appropriate particle size of from aboui 0.1 micron
to about 250 micron, preferably, from about 1 micron to about 100 micron and
mote preforably, from about § micron to about 60 micron. Then, two
components, each being in powder form, are dry-blended fogether, i.e, one
component, &.4., the second compenent (B) is separately added to, or mixed
with the first compenent (A}, or vise versa to obtain the dry-blended powder
coating composition of the invention.

In yet anoiher emhodiment, the first component {A) and the second
compenent {B) are prepared by separately extruding each component with
any ather oplional ingredients. Then the extrudales of the two components
are mixed together, ground and sieved to obtain the powder compasition of
appropriate particle size.

In yet another embodiment, the second compenent (B) does not need
to be extruded but may need to be ground. The component (B} ¢an be

16
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separately added to the extrudate of the first component (A}, and then, the
two components are ground and sieved 1o obtain the dry-blended powder
composition.

Although a wide range of the particle sizes is useful for the purpose of
the invention, typically, the average particle size of the powder coating
composition of the invention is from about 5 micrans to about 250 microns.
Preferably, the average particle size is from about 10 microns to about 82
microns, and more preferably, from about 20 microns ta about 55 microns,

The powder coating compositions of the invention can be applied orto
at least one of the surfaces of a substrate using any conventional powder
coating deposition tachnigue, such as electrostatic spray, to obtain smooth
and uniform coatings. Curing is achieved by heating the coated substrate at a
temperatura for a time sufficient to curs the composition. By addition of the
catalysi(s). the cure temperatuse of the powder coating compositions of the
invention can be adjusted to either a low temperature or a high temperature
for a shart time. Both the low cure temperature or higher femperature for a
shorter cure time limit the substraie heat exposure, thereby diminishing the
outgassing from the wood substrates that could degrade or damage the
substrate integrity as well as the continucus uniformity of the final finish.
Preferably, the cure temperature of the powdar coating compositions of the
invention is either at about 300° F or below, mere praferably, at about 280° F
ar below or at 2 higher temperature for a shorter pericd of time. The cure time
varies depending on the cure temperature, the nature and the thickness of the
subsirate. Preferably, at low cure temperature, the cure fime may be shorter
than 30 minutes, more preferably, shorler than about 20 minvtes. Af a higher
cure temperature, such as higher than abeout 325° F or 3507 F, the cure fime
is preferably shorter than about 10 minutes, more preferably, shorter than
ghout & minutes.

The thickness of the cured coatings of the invention varies depending
on the application and performance reguirements, bul preferably, ranging
from about 1.5 mil to about 8.0 mil.

The powder coating compositions of the invention may be applied to

various conventicnal subsirates such as metals, e.q., steel, or aluminuny;
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glass; ceramic; carbon-fiber; and graghite. Particularly, the powder coating
compesitions of the invention can be appliad to heat sensitive substrates such
as plastic or fiber-reinforced plastic substrates, and especially wood
substrates.

Typically, the lower the cure temperature and/or the shorter the cure
time are, the more difficult it is to achieve high performance. Likewise, the
lower the cure femperaiure and/or the shorter the cure time are, the more
difficult it is to confrol gloss, especizally to achieve aesthetically desired low
gloss. Further, the lower the cure temperature and/or the shorter the cure
time are, the more difficust if is to process the pawder coatings as traditional
process temperatures are in the same range as the iargeted cure
temperatures. Achieving high performance coatings as defined by toughness
and durakility tests like hardness, scratch, mar, chemical resistance and
impact can be challenging with traditional coating powders cured at high
temperatures. Again the challenge becomes greater as the cure iemperature
is lowered or the cure-timé is shortened.. :

Surprisingly, the powder coating compositions of the invention can be
formulated to provide the ceated surface of tha artictes with the desired high
perdormance and otber charaelerislics while cured at a low temperature or a
higher temperature for a sharter period of ime.  For instance, the powder
coating compasitions af the invention ¢an be formulated to provide finishes
with a wide range of 60° gloss, either high or low, depending on the
application. Surprisingly, by dry-blending the components of the composition,
the adjustiment of the glose becomes much sasier, For aesthetically desired
low gloss, the powder coating compasitions of the invention can be
formutated, such as by selecting the resins with low compafibiiity or by
preparing the composition using dry blending technique, to provide coatings
with controllalie B0® gloss of from about 5 to about 60, preferably, from about
10 to about 44,

Further, the powder coating compositions of the invention can be
formulated to provide finishes with varied hardness, depending on the
application, such as by changing the degres of crass-linking density, or the
degree of cure, or by selecting resins having different glass transition
termperaiures (Tgs). For example, when high hardness such as that

1%
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measured by pencil hardness is desired, the powder coating compositions of
the invention can be formulated using resin(s} with an increased Tg, or
formulated to increase the crosslinking density or the degree of cure.
Altematively, increasing tha cure time af low cure temperature or increasing
the cure temperature can increase the degree of cure. Typically, the
compaositicn of the invention can be formulated to provide coatings with pencil
hardness of no less than about 2H, and preferably, no less than abcut 31,
depending on the application.

In addition, the powder coating compasitions of the invention can be
formulated to provide ceatings on substrates, especlally engineered wood
substrates, with aesthetically acceptable smooth appearance as well as
orange peel or textured appearance depending on the application. For
example, by incorparating small ameounts of crystalline pelyspoxy resinfs) inio
ths composition, tha smoocthness of the finish obtainad can be improved. in
addition, the process window is significantly widened.

In yet another as_péct,‘theiﬁ\)ention provides an article comprising &
heat sensitive substrate coated onrat least cne of the surfaces of the
subsirate with any of the aforesaid new powder ceating compositions and
cured either &t a low cure temperature or a higher cure temperature for
shorter time to produce a decorative and/or pratective finish with controllable
gloss, especially assthetically desired low gloss andfor very high hardness.

Particularly, the article of the invention comprises a heat sensitive
substrate, especially wood substrate, ceated on at least one of the surfaces of
the substrate with any of the aferesaid new powder coating compositions and
cured either at a low cure temperature of about 300° F or below or at a higher
cure temperature, such as higher than about 325° F, for a shorter period of
time to preduce & decorative and/or protective finish with 80° gloss of from
about 2 1o about 95, preferably, from about $ to about 60, and more
preferably, from about 10 to about 40, and pencil hardness of no less than F,
preferably, na less than H, and mere preferably no less than 3H.

The invention is further illusirated by the fallowing ron-limiting
examples. |t should be understood, however, that many vanations and
medifications may be made white remaining within the scape of the present
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invention. All components are measured as parts. All the parts, ratios, and

percentages specified herein are by weight unless otherwise stated.

Detailed Description of the Embodiments of the invention
Testing Method:
Gloss
The glass of the cured powder coating of the invention is meagured
according to the Standard Test Method for Spacular Gloss of ASTM D523,

Pencil Hardness

The pencil hardness of the cured powder coating of the invention is
measured according to the Siandard Test Method for Film Hardness by Pencil
Test of ASTM D3363.

MEK resistance

The MEK resisiance of the cured powder coating of the invention is.
measured according to the Standard Test Methag for Measuring MEK
Resistance by Sclvent Rub of ASTM (Test Method) D4752.98.

Examples
Example 1

A powder coating composifion was prepared by pre-mixing 5.0 parts
SCX B43 (acid functional acryiic resin, S.C. Johnson, W}, 48.5 parts YD0O12
{polyepoxy resin, KUKDO Chemical ind. Co., Wd. Seoul, Korea), 3.7 paris by
weight PT810 (TGIC, Vantico), 47.8 parts GMA 300 {epoxy functional acrylic
resin, Estron Chemical Campany, CT), 2.5 paris 2-phenyl-2-
imidazoline/dadecandicic acid disali, 1.2 parts 2-pheyiimidazole, and 1.5
parts Resiflow P-67 (acrylic resin, flow additive). The midure was then melt
blended in a twin-screw extruder at 500 rpm, extruded, cooled, grounded and
then sieved through 100 mesh sieve to obtain coating powders.

Using an electrostatic spray coating mathod, the above-prepared
coating powdars were then applied onto a medium densily fiberboard and

cured in an oven at about 275° F for about 10 minuies. The 60° gloss, pencil
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hardness and MEK resistance of the cured powder coating were tasted and
the test results are shown in Table L.

Example 2

A powder coating composition was prepared according to Example 1,
except that 10.¢ parts SCX B43 was used. Tha 80° gloss, pencil hardness and
MEK resistance of the cured powder coating were tested and the tast resulis
are shown in Table |,

Example 3

A powder coating composition was prepared according to Example 1,
except that 15.0 parts SCX 843 was used. The 60° © gless, pencil hardness
and MEK resistance of the cured powder coating wers tested and the test
rasults ars shown in Table |.

Example 4

A powder coaling composition was prepared according to Example 1;
except that 20.0 parta SCX 843 was used, The 80° gloss, pencil hardness and
MEK resistance of the cured powder coating were tested and the test results
ara shown in Tahls |

- Example 5

A powder coating composition was prepared accarding to Example 1,
except that 25.0 parts SCX 843 was used. The 80 °gloss, pendil hardness and
MEK resistance of the cured powder coating were tested and the test resulis
are shown in Table |

21
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Table |

Ex Mo. | Gloss at 60° | Pencil Hardness | MEK |

Resistance

1 78 5H Pass

2 67 5H Pass

3 24 1 5H ; Pass

P 20 TBH Pass

5 12.7 BH Pass

Exampies 6-10

Powder coating compositions were prepared according io Example 1,
except that 5.0 paits, 70.0 parts, 15.0 parts and 25.0 parts SCX 848 was
used, respectively, in each example. The 60 °gloss, pencil hardness and MEK
resistance of the cured powder goating were tested and the test results are
shown in Table Y.

Table Il
Ex. No. | Gloss at 60° | Pencit Hardness | MEK T
Resistance
6 05 BH Pass
7 33 5H Pass
8 a5 58 " TPass T |
9 114 B Pass
10 1108 5H Pass
Example 11

A pewder coaiing composition was prepared by pre-mixing 14.4 parts
SCX 848, B5.6 parts YDO12, 1.0 parts 2-methyl-imidazole, 1.5 pans Resiflow
P-67 and 25 parts RCL-2 {white pigment). The mixiure was then melt blended
in & twin-screw exiruder at 300 rpm, extruded, cooled, grounded and then
sigved through 100 mesh sieve to obtain coating powders.

22
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Using an electrostatic spray coating method, the ebove-prepared
coating powders were then applied onto a medium density fiberboard and
cured in an oven at about 280° F for about 15 minutes, The 60 °gloss, pencil
hardness and MEK resistance of the cured powder coating were tested and
the test results are shown in Table Il

Example 12

A powder coating composition was prepared according o Example 11,
except that 18.6 parts SCX 848, 31.8 parts SCX 822, 52.6 parts GT7220
(Novolac epoxy resin, Vantico), 1.25 parts 2-phenyl-imidazoline, 1.5 parts
Madaflow 2000 and 39 parts RCL-2 were pre-mixed. The coated medium
density fiberboard was cured in an oven at about 275° F for about 10 minutes.
The 60° gloss and MEK resistance of the cured powder coating were tested

and the test resulis are shown in Table |I).

Example 13

A powder coating eompaosition was prepared according to Example 12,
except that 28.0 parts SCX 843, 72.0 parts 6T7220, 1.5 parts 2-phenyl-
imidazoline, 1.5 parts Modaflow 2000 and 30 parts RCL-2 were pre-mixed.
The 60° gtoss and MEX resistance of the curad powder coating were iested
and ihe test results are shown in Table ).

Example 14

A powder coaling compesition was prepared according fo Example 12,
except that 28.7 parts by weight SCX 848, 71.3 parts by weight YD012, 2.0
parts 2-phanyi-imidazole,1.5 parts Modaflow 2000 and 1.0 paris BP120
(carbon black pigment) were pre-mixed. The 60° gloss and MEK resistance of

the cured powder coating were {ested and the test results are shown in Table
11,

Example 15

A powder coating composition was prepared accerding to Example 12,
except that 41.1 parts SCX 848, 51.0 parts YD012, 7.7 parts TGIC, 2.5 parts

23

JP 2004-501240 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

n

pi)

25

(47)

WA 01/92367 PCTAISNI/14R18

2-phenyl-2-imidazoline/dodecendioic acid disalt, 1.5 parts Modafiow 2000, 1.0
parts Lance 1780 (wax) and 1.0 parts Taber Tiger 5512 {abrasion resistant
additive) were pre-mixed. The 60° gloss and MEK resistance of the cured
powder coating were tested and the test results are shown In Table 1.

Table (il
[Ex. No. | Gloss at 60 | Pencil Hardhess | MEK !
Resistance [
1 _ﬁ-_ -_ W - -_-“PESS _-J
12 29 - Pass ‘1
13 i1 - E J
Mg e T T~ 7 7 fPass T
18 2 - Pass J
Example 16

A powdsr coating composition was prepared by pre-mixing 19.0 parts
5CX 848, 38.3 parts YOD12, 3.0 parts PT-810, 38.7 paris GMA 300, 0.5 parts
2-phenyl-2-imidazcline/dodecandioic acid disalt, 2.0 parts 2-phenyl-imidazole,
1.5 parts Resiflow P-67 and 30 parts RCL-2. The mixtura was then melt
blended in a twin-screw extruder at 500 pm, extruded, cooled, grounded and
then sieved through 100 mesh sieve to obtain ceating powders.

Using an electrostatic spray coating method, the above-prepared
coating powders wete then applied onto a medium density fiberbeard and
cured in an oven at about 280° F for about 15 minides. The 60° gloss, penci
hardness and MEK resistance of the cured powder coating were tested and
the test results are shown in Table V.

Example 17

A pawder coating composition was prepared according ic Example 16,
except that 1.0 parts 2-phenyl-2-imidazoline/dodecandioic acid disalt was
used. The 60° gloss, pencil hardness and MEX resisiance of the cured
pawder coating were tested and the test resulis are shown in Table [V,

24
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Example 12

A powder coating composition was prepared according te Example 16,
except that 2.0 parts 2-phenyl-2-imidazoline/dodecandicic acid disalt was
used. The 60° gloss, pencil hardness and MEK resistance of the cursd

pawder coating were tested and the test results are shown in Table V.

Exampte 19

A powdar coating composition was prepared according to Example 18,
except that 1.0 parts 2-phenyl-imidazole was used. The 60° gloss, pencil
hardness and MEK resistance of the cured powder coating were tested ang
the test resulfs are shown in Table V.

Example 20

A powder coating composition was prepared according to Example 19,
except that no PT-810 was used. The &0° gloss, pancil hardness and MEK
resistance of the eured powder coating were fasted and the test results are

shown in Table [V.

Example 21

A powder coating composition was prepared according to Example 12,
excapt that 1.0 parts PT-810 was used. The 60° gloss, pencil hardness and
MEK resistance of the cured powder coating were {ested and the fest results
are shown in Table 1V,

Table IV

[Ex. No. | Gloss at 60° | Pencil Hardness | MEK
; Resistance

16 52 3H Pass i
17 41 3H Pass

or = —ap —{ P ——
ENREEEE 4-5H Pass

20 10 7H Pass ﬁ
21 8.5 oH Pase \
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Example 22

A powder coating composition was prepared by pre-mixing 28.7 parts
SCX 848, 71.3 parts YDM2, 2.0 parts 2-phenyl-imidazale, 1.0 parts Lance
1780, 1.0 parts Taber Tiger 5512 (wax), 1.0 parts Ultranox 626 {antioxidant)
and 30 parts RCL-2. The mixture was then melt blended in a twin-screw
extruder at 500 rpm, extruded, cooled, grounded and then sieved through 108
mesh sieve o cbtain coating powders.

Using an electrostatic spray coating methed, the above-prepared
corting powders were then applied onto a medium density fiberboard and
cured in &n oven at about 275° F {or about 10 minutes. The 60° gloss, pencil
hardness and MEK resistance of the cured powder coating were tested and

the tesi results are shown in Table V.

Example 23

A powder coating composition was prepared by pre-mixing 83.8 parls
SCX 835, 16.5 parts Epo-Thoto YDCN-500-80P {o-cresol novolac epoxy
resin), 2.2 parts 2-phenyl-imidazote, 1.5 pants Modarez MFP A-25-P (flow
control addifive, Synthran fne., Morganton, WC), 0.29 parts Cab-0-Sil
CT111G (fumed silica, Cabot Comp, Tuscala, IL), and 30 parts RCL-2. Tha
mixiure was then melt blended in a twin-screw extruder at 500 rpm, exiruded,
cooled, grounded and then sieved through 100 mesh sieve 1o abtain coating
powders.

Using an electrostatic spray coaling methad, the abave-prepared
coating powders were then applied onto a medium density fiberboard and
cured in an oven at about 275° F for about 10 minutes. The 60° gloss, pencil
hardness and MEK resistance of the cured powder coaling were lested and
the test results are shown in Tahle V.
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Table V
“Ex. No. | Gloss at#0° [ Pencl| ﬁ'a?&ﬁési;]ﬂlzr T
Resistance
22 1% 4H Pass
(23 -Hv— G Pass

Examples 24 and 25

Powder coating compositions were prepared by pre-mixing 46.3 parts
Epo-Thoto YD-012, 28.7 pars GMA 300, 10.0 parts Uniplex 280 {sucrose
benzoaete), 1.5 parts Resiflow P-67, 1.5 parts Z-phenylimidazole, and 30 parts
of RCL-2. The mixture was then meit blended in a twin-screw exiruder at 500
rpm, sooled, ground and sfeved through 100 mesh sieve to obtain the
component {A).

A prermix of 100 paris of SCX 843, 30 parts of RCL-2 and 30 parts of
Nyad 325 {wollastonita) was melt hlended in a twin-serew exiruder at 500
rpm, eooled, ground and sieved through a 140 mesh sieve to obtain the
component (B).

Then the component (A} and component (B) were dry-blanded at a wiw
ratio ¢f 400710 and 100/15, respectively, to obiain two powder coating
compositions.

Using an electrostatic spray coating methoed, the above-prepared
coating powders wers applied onle medium density fiberboart and cured in
an oven at a part temperature of about 350° F for about 3 minuies. The 60°
gloss, pencil hardness and MEK resistance of the cured powder coatings
were tested and the test results are shown in Table VI.

Example 26

A powder coating cormposition was prepared by pre-mixing 62.3 parts
Epo-Thoto YD-012, 5.2 parts EPC-THOTO YDC-1312, 20.5 parts GMA 300,
12.0 parts SCX 843, 2.0 parls DYHARD P, 1.0 part Resinflow P-67, 30 parts
RCL-2 and 0.266 parts Aluminum Oxide C. The mixture was then mel
blended in a twin-screw extruder at 500 rpm, exiruded, cooled, ground and
then sieved through 140 mesh sieve to obtain coating powders.

27
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Using an electrostatic spray coating methed, the above-prepared
coating powdsrs were then applied cnto a medium density fiberboard and
cured in an oven af a part tamperatura of about 350° F for about 3 minutes.
The 60° gloss, pencil hardness and MEK resistance of the cured powder

coating were tested and the test resuits are shown in Table V1.

Example 27

A Powder coating was prepared according fo example 26, except that
Epoxy Research Resin R§S-1407 was used instead of ERO-THOTO YDC-
1312,

The &0° gloss, pencil hardness and MEK resistance of the cured
powder coating were tested and the test results are shown in Tabie V1.

Table VI
Ex. No. | Gloss at60° | Pencil Hardness [MEK |
Resistance ‘
24 33 TH pass |
B AN L D L
26 25 H _____ pass ‘
27 40 2H pass {

2B
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We claim:
1. A powder coating composition comprising:

al. about 10% to 90% by weight, relative 1o {a) plus {b), of
carhoxylic acid functional acrylic resin{s);

bl  about 10 % to 30 % by weight, relative to (2) plus {b), of
polyepoxy resin{s);

c). & first catalyst which functions primarily as an epoxy
homepolymerization catalyst; and

d} a second catalyst which functions primarily as an
epoxy/carboxylic acid reaction catalyst.

2. The powder coating composition according to claim 1, wherein the
polyapoxy resin is selected from the group consisting of glycidyl ethers of
aromatic and aliphatic polyols, cycloaliphafic polyepoxdes, spoxy-functional
acrylic resins, heteracyclic polyepoxides, glycidyl esters of aromatic and
aliphatic polycarboxylic acids, glycidyl polyamines and ether amines, and

mixtures thereof.

3. The powder coating composition according to claim 2, wherain the
polyepoxy resin is selected from the group consisting of glycidyl ethaers of
aromatic polyols, epoxy-functional acrlic resins, heterccyclic polyepoxides,
glycidyi asters of arematic and aliphatic pelycarboxyiic acids, and mixiures
thereof.

4. The powder coating composition according to claim 3, wherein the
polyepoxy resin is selected from the group consisting of glycidyl ethers of
aromatic polyals, epoxy-functional acrylic resins, heterocydiic poivepoxies,

and mixtures thereof.

5. The powder coating composition according to ¢laim 3, wherein the
polyepoxy resin is selected from the group consisting of glycidyl ethers of
aromatic polyols, epoxy-functional acrylic resins, glycidyl esters of aromatic
and aliphatic polycarboxylic acids, and mbdures thereof.

ol
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[ The powder coating composition according to claim 4, wherein the
heterocyclie polyepoxida is trigiycidvlisocyanurate,

7. The powder coating compasition according to claim 4, whetein the
potyepoxy resin is an epoxy functional acrylic resin that is based on glycidyl
methactylate.

8. The powder coaling composition accorgding to claim 5, whersin the
glycidyt ester of aromatic and aliphatic polycarboxyiic acid is a glycidyl ester of
di- or tri-carboxylic acids.

. The powder coating composition according to any one of claims 1-8,
wherein the first cataiyst is selected from the group consisiing of imidazoles,

imidazole/epoxy acducts, tertiary amines, and mixtures thereof.

10.  The powder coating composition according to claim 9, wherein the first
catalyst is selected from 2-phenyl-imidazole, 2-methyl-iridazole and mixiure
theraof.

11.  The powder coating compaosition acgording to any ona of claims 1-10,
wherein the second catalyst is selected from the group consisting of fertiary
amines, substituted and unsubstituted imidazolines, imidazaline salis of
mano- or di-carboxylic acids, tetraalkylammonium saits, phosphonium salts,
and mixtures thersof.

12, The powder coating composition according to claim 11, wherein the
sacond catalyst is 2-phenylimidazoling.

13, The powder coating composition according to one of claims 11 and 12,
whergin the mono- or di-carboxylic acid is selecied from the group consisting
of terephthalic acid, isophthalic acid, phthalic acid, benzoic acid, azelaic acid,
adipic acid, sucinic acid, giutaric acid, pimelic acid, suberic acid, sebacic acid,

JP 2004-501240 A 2004.1.15
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decanedicarhoxylic acid, dodecandicarboxylic acid, acetic acid, 2-
ethylhexanoic acid, maleic acid and mixtures thereof.

14.  The powder coating composition of claim 13, wherein the maeno- ar di-
carboxylic acid is selected from adipic acid, sebacic acid, dodecanedioic acid
and mixtures thereof.

15.  The powder coating contpasition according to any one of claims 1-14,
wherein the second catalysi is a salt of 2-phenyl-2-imidazofine and
dodecansdiolc acid.

16, The powder coating composition according to any one of claims 1-15,
wherein the compaosition provides a coating having 60 ° gless of from about 2
to 85, :

17.  The powder coating compositicn according 1o claim 16, wherein the

composition provides 2 coating with 60 * gloss of from about 5 to 60.

18,  The powder coating composition according to cfaim 17, wherein the

composition provides a coating with 80 ° gloss of from about 10 to 40.

19, The powder coating composition according io any one of claims 1-18,
whersin the composition provides a coating having pencil hardness of from F
to 8H.

20. A powder coaling compoesition comprising:

a). about 10% 1o 80% by weight, relative to (&) plus (b), of
carboxylic acid functionat acrylic resin(s);

b} about 10 % fo 80 % by weight, relative to (a) plus (b), of
palyepoxy resin(s); and

c}. & catalyst in an amount sufficient to cure the composition ata
temparature of abaut 300° £ or below for about 30 minutes or less,

JP 2004-501240 A 2004.1.15
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whersin the compesition provides a finish having a pencil hardness of at least
3H,

21.  The powder coating composition according to claim 20, wherein the
catalyst is seloctad from the group consisting of imidazoles, imidazole/epoxy
adducts, tertiary amines, imidazolines, imidazoline salts of mone- or di-
carboxylic acids, tetraatiylammoniunt salts, phosphonium salts, and mixtures
thereaf.

22.  The powder coating composition according to one of claims 20 and 21,
wherein the composition provides a coating having 60° gloss of from about 2
to 95,

23. The powder coating composition according to claim 22, wharsin the

compaosition provides a coating with 60° gloss of from about 5 to 60.

24, The powder coating camposilion according to claim 23, whersin the

compasition provides a coating with 60° gloss of from about 10 to 40.

25, The powder coating composition according to any ane of claims 20-24,
wherein the composition provides a coating having pencil hardness of higher
than 4H.

26. A powdar coating composition in particulate form consisting essenfially
of a mixture of :

a).  about 10% to 90% by weighl, relative to (a) plus (b), of
carboxylic acid functional acnylic resin{s);

b).  about 10 % to 90 % by weight, relative to (s) plus (b), of
polyepoxy resin(s); )

)3 a catalyst in an amount sufficisnt to cure the composition at a
temperature of about 300° F or below for about 30 minutes or less; and

d). optfon'aily, a flexibilizing agent.

32
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27.  The powder coaling composition according to claim 26, wherein the
carboxylic acld functional acrylic resin{s) is in an amourd of from about 10% to
about 60% by weight and the polyepoxy resin(s) is in an amount of from about
40% fo about 90% by weight, relative to (2) pius (b).

28.  The powder coating composition according to one of claims 26 and 27,
wherein the flexibiizing agent is selected from a group consisting of polyester,
styrene maleic anhydride and polyanhydride resins.

28, The powder coating composition aceording to any one of claims 26-28,
wharein the catalysi is selacted from the group consisting of imidazoles,
imidazolefepoxy adducts, tertiary amines, imidazolines, imidazoline salts of
mono- ar di-carboxylic acids, tetraalkylammonium salts, phosphonium salts

and mixture thereof.

30,  The powder coating compasition according to any one of claims 26-29,
wherein the composition provides & coating having 80 ° gloss of from about 2
to 95.

31.  The powder ¢oating compasition according to claim 30, wherein the
composition provides a coating with 60 ° gloss of from about 5 o 60.

32.  The powder coating compasition according to claim 31, wherein the

compasition provides a coating with 60° gloss of from ahout 10 fo 48,

33,  The powder coating compasition according to any one of claims 26-32,
wherein the composition provides a coating having pencil hardness of from
about F to 8H.

34, An arliclo comprising a heal sensitive substraie coated on ai least one
of the surfaces of the substrate with a powder coating composition according
to any one of ¢laims 1-19 and cured theraon to produce a finish.

JP 2004-501240 A 2004.1.15
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35, The article of claim 34, wherein the heat sensitive subslirate is a wood

substrate or a plastic substrate.

36. The article of claim 34, wherein the wood substrate is selected from the
group consisting of particleboard., oriented strand hoard, plywcod and medium
density fiberboard.

37.  An aricle comprising a beat sensitive substrate coated on at least one
of the surfaces of the substrate with a powder coating composition accerding

to any one of claims 20-25 and cured thereon to produce a finish.

38.  The anicle of claim 37, whersin the hsat sensitive substrate is & wood

substrate or a plastic substrate.

39.  An aticle comprising a heat sensitive substrate coated on at leasi one
of the surface of the substrate with a powder coating composition according to’

any one of claims 26-33 and cured therson to produce a finish.

40.  The article of claim 3%, wherein the heat sensitive substrate is a wood
suhstraie or a plastic substrate.

41, A powder coating composition compnising:
A}, about 80% o abeut 99% by weight of a first component
comprising
a-1)  at least one polyepoxy resin; and
a-2) ot [east one catalyst, and
B).  ahout 1 % to about 50 % by weight of a second component dry-
blended with said first component (A), comprising at least ane carboxylic acid
functional acrylic resin.

42, The powder coating composition according io claim 41, wherein said

polyepoxy resin is selected from the group consisting of non-crystalline
polyepaxy resins, crystalline polyepoxy resing, and mixfures thereof.

34
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43.  The powder coating compositicn according to claim 42, wherein said
polyapoxy resin is a mixture of at least one non-crystaliine polyepoxy resin

and at least one crystalline polyepoxy resin.

44, The powder coating composition according fo one of claims 42 and 43,
wherein said non-crysialiine polyepoxy resin is selected from the group
consisting of glycidyl ethers of arcmatic polyols, epoxy-functional acrylic
resins, and mixiures thareof.

45.  The powder coaling composition according to any one of claims 42-44,
wherein said crystalline polyepoxy resin is selected from the group consisting
of trigiycidyl isocyanurate (TSIC), diglycidyl ester of terephthalic acid,
triglycidyl ester of ifimellitic acid, tetramethyibispheno! dighycidyl ether,
bisphenal 3 diglycidyl ether, 2,5-di-i-butylbenzene-1,4-diglycidyl ether, 2,5-di-
t-butyihydroquinone digiycidyl ether, diglycidy! isaphthatate,
epoxypropoxydimethylbenzyl acrylamide, and mixtures thereof.

48.  The powder coating compasition according to any ene of claims 41-45,
wherein said caialyst is selectad from the group consisting of imidazoles,
imidazolefepaxy adducts, and mixtures thereof,

47.  The powder coating composition ascording to any one of claims 41-48,

wherein said sscond cetnponent further comprises at least one catalyst.

48 The powder coating composition according to any one of claims 41-47,
whersin either of said first component or second component further comprises
at least one ingredients selected from the group consisting of acid functional
polyester, fillers, slip additives, pigments, dyes, UV stabilizers, antioxidants,
fluidizing agents, flow control agents, degassing agents, flexibilizing agents,
texturing agenis, and mixtures thereof.
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48.  The powder coating composition according to any one of claims 44-48,
wherain said composition provides a coating having 60 © gless of from about 2
to about 95.

50. The powder coating composition aceording 1o claim 48, wherein said
compasition provides a coating with 60 ° gloss of from about & to about 60,

51, The powder coating composition according to any one of claims 41-50,
wherain said composition provides a coating having pencil hardness of
greater than about F.

82, The powder coating composition according to claim 51, wherein said
composition provides a coating having pencil hardness of greater than about
3H.

‘53,7 Apowder coating composition comprising:

a).  about 1% to about 50% by weight of at least ona carboxylic acid
functional acrylic resin;

b}. about 50% to about 98 % by waight of pofyepoxy resins, of
which from about 2% 1o abaut 16% by weight, based on the total epoxy
resins, being at least one cryatailine polyepoxy resin; and

¢y acatalyst in an effective amount to cure said camposition.

G4, The powder coating composition according to claim 53, wherein szid
catalyst is selected from the group consisting of imidazoles, imidazole/epoxy
adducts, fertiary amines, imidazolines, imidazoline salts of mono- or di-
carboxylic acids, tetraalkylammaonium salts, phosphonium salts, and mixtures
thereof.

§5.  The powder coating composition accarding 1o one of claims 53 and 54,
wherein said composition provides a coating having 602 gloss of from about 2
o about 85.
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56.  The powder coeting composiiion aceording to any one of ciaims 53-54,
wherein said composition provides a coating with 60° gloss of from about 5 to
about 60.

57.  The powder coating composition according to any one of claims 53-58,
wherein said composition provides a coating having pencit hardness of higher
than about 3H.

§8. The powder coating composition according fo any one of claims 53-57,
whersin said crystalline polyepoxy resin is selected from the greup consisting
of triglycidyl isocyanurate (TGIC), diglycidyl ester of terephthalic acid,
triglycidy) ester of trimellitic acid, tetramethylbisphenol diglycidyl ether,
Ligphencl § diglycidyl ether, 2 5-di-t-butylzenzene-1,4-diglycidyi ether, 2,5-di-
t-butylhydroguinone diglycidyl sther, diglycidyl isophthalate,
epoxypropoxydimathyibenzyl acrylamide, and mixturas thereof.

5.  An atticle comprising a heat sensitive substrate, and coated and cured
on at least one surface of said substrate with a powder coating composition
according to any ane of claims 41-52.

60.  An aricle comprising & heat sensitive substrate, and coated and cured

on at least one surface of said substrate with a powder coating composition
aceording fo any one of claims £3-58.

37
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