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(54) Title: THERMAL CURABLE POLYESTER POWDER COATING COMPOSITION

& (57) Abstract: The invention provides a powder coating composition comprising (A) at least one hydroxyl functional polyester
resin binder, and (B) at least one polyurethane resin as cross-linking agent containing blocked isocyanate groups, wherein the at least
one hydroxyl functional polyester resin binder (A) and the at least one polyurethane resin (B) both having a melting temperature of
60 to 180°C, in particular, 60 to 160'C. The powder coating composition according to the invention provides the desired technological
properties, in particular, thin films and high flexibility in combination with excellent mechanical properties of the coatings.
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Title

Thermal Curable Polyester Powder Coating Composition

Field of the Invention

The present invention is directed {o g powder coating composition
based on specific polyester/polyurathane resing providing high flexibility
and excellent mechanical properties of the coating and processability of
the powder coaling composiions.

Description of Prior Art

Epoxy, polyester and acrylic resin binders are well-known for the
use in thermal curable powder coaling compositions. For example,
hydroxyl functional polyesters are curable with isocyanates 1o result in
polyurethane powder costings, see D. Bates, The Science of Powder
Coatings, Volume 1, London, 1990, page 56, 276-277, 282,

Combinations of different resin binders and curing agents are
invastigated to receive spacfic desired properties of the coalings on
different substrate surfaces.

EP-A 1200182, EP-A 1323757, WQ 02/50147 and WO
2006/082080 refer to cogting compositions based on specific polymers, for
example, different urethane acrylates, wherein the compositions are cured
by ulfra violet (LIV) radiation,

Tharmal curable powder coating compositions basad on urethane
{meth)acrylates or specific polyaster urethanes are disclosed in WQ
01/25308, EP-A 702040, EP-A 410242 and WQ 95/35332 and refer to
good storage stability and increased weather resistance of the coalings.

While current state of the ar discloses powder coatling
compasitions having good technology properties, they do not offer in
particular the level of high flexihility in combination with a potential of
building of thin films. Accordingly, there 1s a need for powder coating
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compositions, and methods of application thereof, that meet those
requirements,

Summary of the Invention

The present invention provides a powder coating composition

comprising
(A} atleast one hydroxyl functional polyester resin binder, and

(B} atleast one polyurethane resin as cross-inking agent

containing blocked isooyanate groups,

wherein the at least one hydroxyl functional polyester resin binder (A) and
the at least one polyurethane resint {B) both having a melting temperature
of 60 to 180°C, in particular, 60 to 160°C,

The powder coating composition according {0 the invention
comprising the combination of the specific kind of polyester resins and
polyurethane resing with spedific kind of blocked isocyanate groups makes
it possible to achieve a low melt viscosity along with gooed storage stability.
The powder coating composition according to the invention provides the
desired technological propertfies, in particular, thin films and high flexibility
in combination with excellent mechanical properties of the coatings.

Detailed Description of the Invention

The features and advantages of the present invention will be more
readily understood, by those of ordinary skill in the art, from reading the
following detailed description. 1118 to be appreciated those cerfain features
of the invention, which are, for clarity, described ahove and below in the
context of separate embadiments, may also be provided in combination in
a single embodiment. Converssly, various features of the invention that
are, for brevity, described in the context of a single embodiment, may also
be provided separately or in any sub-combination. In addition, references
in the singular may also include the plural (for example, “&" and "an” may
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refer {0 one, or one or more) unless the context specifically states
ptherwise,

Slight variations above and below the slated ranges of numerical
values can be used {o achieve substantially the same resulis as values
within the ranges. Also, the disclosure of these ranges is intended as a
confinuous range including every value between the minimum and

maximum values,

The term "{oyclio)aliphatic” used in the description and the claims
encompasses cycloaliphatic, lingar aliphatic, branched aliphatic and
pycloaliphatic with aliphatic residues. The aromatic or araliphalic diols
comprise dinls with aramatically andior aliphatically altached hydroxyt

groups.

All the number-average molar mass data stated i the present
description are number-average molar masses determined or to be
determined by get permeation chromatography (GPC; divinylbenzene-
crosslinked polystyrene as the immobile phase, tetrahydrofuran as the
fiquid phase, polystyrene standards).

The mentioned melting ranges and thus the melling temperatures
may be determined by DSC (differential scanning calonimetry) at heating

rates of 10 Kimin.

Particulatly, the present invention refers to a powder coating
composition comprising & to 85 wi%, preferably 20 to 80 wi¥%, more
preferably 30 to 70 wit of the at lsast one hydroxy! functional polyester
resin binder {A), and 85 {0 5 wih, preferably 80 fo 20-wits, more
preferably 70 to 30 wi% of the least one polyurethane resin {B), the wi%
baing based on the total weight of (A) and (B).

Both each the components {A) and (B} have a meiling temperature
of 60 to 180°C, in particular 80 {o 1680°C. The meiling lemperatures are
not in general sharg melting points, but instead the upper end of melting
ranges with a breadth of, forexample, 30 to 150°C.
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Baoth the resins {(A) and {B) are very slightly, if at all, soluble in
organic solvenis conventional used in coalings and/or in waler, the
solubility amounting, for example, o less than 10, in parlicudar less than §

g pet fitre of butyl acetate or water at 20°C.

The polyester rasins (A} are hydroxyl-functional resins and have
hydroxyl values of, for example, 30 to 300 mg KOH/g. The number-
average maolar mass is between 500 and 10000, preferably 500 to 5004,
most preferably 1000 o 5000

The production of hydroxyi-funchonal polyester resins is known fo
the person skilled in the amt) in particular, they in general may be produced
by reacting mono-and polyfunctional acids{s) andfor anhydride{s) with

diol{s} and polyol{s) in the excess.

Diol{s) and Polvols suitable for the production of the polvester
resins (A} are not only dicls and polyols in the form of low molar mass
compounds defined by empirical and structural formula but also oligomeric
or polymeric dicls or polyols with number-average molar massas of, for
example, up to 800, for example, corresponding hydroxyifunctional
polyethers, polyesters or polycarbonates. Low molar mass polyols defined
by an empirical and structural formula are, however, preferred.

The person skilled in the ar selecis {he nalure and proportion of the
mono-and polyfunctional acids(s} and/or anhydride{s) and poiyols for the
production of polyester resins (A) in such a manner that polyester resins
{A) with the above-mentioned melling tempsratures are oblained.

The hydroxyl-functional polyester resin (A} may be produced in fhe
presaence of a suifable organic solvent {mixture), which, however, makes it
necessary o remove the solvent from the resulted resins. Preferably, the
production of the polyester resins (A} is camiad oul without solvent and
without subsequent purification operations.

Examples {or suitable polyols for the production of the polyestlers
{A) are diols like ethylene glycol, isomeric propang- and butanediols,
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neopentylglyost, 1.5-pentanediol, 1.68-hexanediol, 1,10-decanediol, 1,12~
dodecanediol, 1,4-cyclohexanedimethanal, hydrogenated bisphenol A and
dimed fatly alcohol. itis also possible {0 use polyols in such a manner that
the melting femperatures are oblained. Examples for suifable polyols are
giycerol, tnmethylolpropans, tris-2-hydroxyethyl-isocyanurate and
pentaerythritol. Preferably, the polyesters of {A) are based pn hestanediot
or 1 4-butanediol as diol and glycero!l or tris-2-hydroxyethylisocyanurate

as a polyol,

The mono-and polyfunctional acids that can be used in the
praparation of the polyester (A} are diacids like adipic acid, sebacic acid,
suecinic acid, dodecanoic diacid, terephthalic acid, isophthalic acid,
decane-1,10-diacid. Htis also possibie {o use polyacids in such a manner
that the melling temperatures are oblained. Examples for polvacids are
trimelitic acid and pyromeilific acid. Preferably the polyesters are based
on terephthalic acld, dodscanoic diacid or adipic acid.

The resulted polyester resins assume the form of a miklure
exhibiting a molar mass distribution, and they dao not require working up
and may be used directly as hydroxyl-functional polyester resins (A}

The powder coating composition according to the invention
compises at least one polyurethane resin (B) as cross-linking agent. The
polyurethane resins (B} have blocked isccyanate groups. Particuarly, the
blocked isocyanate groups may be converted back into free isocyanate
groups at elevated temperature with elimination of the blocking agent and
are then available as reaction pariners for the corresponding funclionat
groups of the at least one resin binder {A).

The latent isooyanate content of the polyurethane resin (B) is, for
example, in the range from 2 to 21.2 wi%, calculated as NCQ and relative
to the corresponding underlying polyurethane resins which are free of
blocking agent{(s).

PCT/US2008/087097



10

15

20

25

30

WO 2009/079536 PCT/US2008/087097

The production of polyursthane resins with blocked isocyanate
groups is known to the person skilled in the art; in parlicudar, they may be
produced by reacting polvol{s) with polyisocyanate{s} in excess and
reacting the excess free isocyanate groups with one or more biocking
agents.

Polvals suitable for the production of the polyurethane resin {B) are
polyols as those describad for the production of the polyurethane resing
{A}, in general. The person skilled in the art selects the nature and
proporiion of the polyisacvanates, the polyols and the blocking agenis for
the production of polyurethane resins B in such a manner that
polyurethane resins (B) with the above-mentionad melling temperatures

are oblained,

The polvurethane resin (B) may be produced in the presence of a
suitable organic sohvent {mixture}, which, however, makes it necessary to
remove the solvent fram the resulled resins. Preferably, the production of
the polyurethane resins (B} is camed out wathout solvent and without

subsequent purnfication operations.

In a first preferred variant, the polyurethane resing (B) are
potyurethanes with two blocked isooyanate groups per molecule which can
be prepared by reacting 1, 6-hexane diisocyanate with a diol component
and with at least one blocking agent in the molar ratio xmol 1, 8-hexane
diisocyanate | x-1 mol diol component © 2 mol blocking agent, wherein x

means any desired value from 2 to 6, preferably, rom 2 to 4.

The diol component can be one single diol or 8 combination of
diols, preferably two to four, in particutar two or three diols, wherein in the
case of g diol combination gach of the diols preferably constitutes at least
10 mol% of the diols of the diol component. The diol component{s) can be
{cyclojaliphatic, aromatic or araliphatic diols. In particular, the one single
diol is a (cyclojaliphatic diol with a molar mass in the range of 82 1o 600,
in the case of a diol combination, it is preferred, that al least 70 mol%, in
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particular, 100 mol% of the diols are (cyciolaliphatic diols, each with a
molar mass in the range of 62 to 600,

Diols may furthermore comprise oligomeric or polymeric dicls with
niimber-average molar masses of, forexample, up 1o 800, as describad
above.

Examples of diols which are possible as one single diol of the diol
componeant are ethylenea glycol, isomeric propane- and budanedials, 1.5
pentanadiol, 1 &-hexanediol, 1,10-decanediol, 1,12-dodecanediol, 1,4~
cyclohexanedimethanol, hydrogenated bisphenol A and dimer fatty
alcohol. Examples of diols which are possible as constituents of the diol
component are {elechelic {methjacrylic polymer diols, polyester dials,
potyether diols, polycarbonate diols, each with 8 number-average molar
mass of, for example, up to 800 as representatives of oligomeric or
polymeric diols, bisphenadl A as a representative of low molar mass non-
{cyclojaliphatic diols defined by empinicat and structural formula and
sthylane glycol, isomeric propane- and butanediols, 1.5-pentanediol, 1,6-
hexanediol, 1,10-decanediol, 1,12-dodecanediol, neopenty glycal,
butylethylpropanediol, the isomeric cyclohexansdiols, the isomeric
cyclohexanedimathanols, hydrogenated bisphenol A,
tricyclodecanedimethancl, and dimer fatty alcohol as representatives of
{cyclojatiphatic diols defined by empinical and structural formula with a low
molar mass in the range of 62 to 500

Examples for blocking agents that may be used alene or in
combination are monofunctional compounds known for blocking
isocyanates, such as, the CH-acidic, NH-, SH-or OH-functional
compounds known for this purpose. Examples are CH-acidic compounds,
such as, aceatylacetons or CH-acidic esters, such a5, acstpacetic acid atkyl
agstars, malonic acid diatkyl esters; aliphatlic or cycloaliphatic alcohols,
such 88, n-butanol, d-ethythexanal, cyclohexanol, glyeol ethers, such as,
butyl glyeol, buby diglycol, phenols; oximes, such as, methyl sthy
ketoxime, acetone oiime, cyclohexanone oxime; lactams, such as,
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caprolactam; azole blocking agents of the imidazole, pyrazole, triazole or
{efrazole type.

1, 6-hexane ditsogyanate, the diol{s) of the diol companent and the
at least one blocking agent are preferably reacted together 1 the absence
of solvents. The reactanis may be rescted together simultaneously or in
two OF more synthesis stages. When the synthesis is performed in
rmultiple stages, the reactants may be added in a varied order. The 1, &-
hexane diisocyanate may be reacted, for example, infially with the
blocking agent and then with the diol{s} of the diol component or initially
with the diol(s) of the dicl component and then with blocking agent.
However, the diol component may, for example, also be divided into two or
more porhions, for example, also info the individual diols, for example, such
that 1 8-hexane diisocyanate is reacted initially with part of the diof
camponant before further reaction with blocking agent and finally with the
remaining proportion of the diol component. The individual reactants may
in each case be added in their entirety or in two or more portions. The
reaction is exothermic and proceeds at a temperature above the melting
temperaiure of the reaction mixture. The reaction temperature is, for
example, 80 1o 200°C. The molten reaction mixiure may be maintained

within the desired temperature range by heating or cooling.

Onee the reaction carried out in the absence of solvent is complete
and the reaction mixture has cooled, solid polyurethanes with two blocked
isocyanate groups per molecule are obtained. When low molar mass diols
defined by empirical and structural formuda are used for synthesis of the
potyurethanes with two blocked isooyanate groups per molecule their
caloulated molar masses are in the range of 572 or above, for example, up
to 2000,

The polyurethanes with two blocked isocyanate groups per
molecule assuma the form of @ mixture exhibiting a molar mass

distribution. The polyurethanes with two blocked isocyanate groups per

PCT/US2008/087097
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molecule do not, however, require working up and may be used directly as
polyurethane resins (B

ina second preferred vanant, the polyursthane resing (B are
polyurethanes with two blocked isccyanate groups per molecule which can
be prepared by reacting g diisocyanate component, a diol component and
af least one blocking agent in the molar ratio of x mol dilsocyanate
camponant © (1) mol diol component £ 2 motl blocking agent, wherein x
means any desired value from 2 to 6, preferably, from 2 to 4, wherein &0 {o
30 mol % of the diisocyanate component s formed by 1,6-hexans
dilsocyanate, and 20 to 58 mol % by one or two diisocyanates, each
farming at least 10 mol % of the dilsocyanate component and being
satectad from the group consisting of iuylene dilsocyanate,
diphenylmethane dilsocyanate, dicyciohexylmethane ditsocyanate,
isophorone ditsocyanate, trimethythexane dilsooyanate, cycichexane
ditsocyanate, cyclohexanedimethylene dilsocyanate and

teframethylenexylylene dilsocyanate,
The moi% of the respective diisocyanates add up to 100 mol%.

Preferably, the diisocyanate or the two dilsocyanates, forming in
total 20 to 50 mol% of the dilsocyanate component, are selected from
dicyclohexylmethane dilsocyanate, isophorone diisogyanats,
trimethythexane diisocyanate, cyclohexane dilsocyanate,
cvclohexanedimethylene diisocyanate and tetramethylenexviylene

diisocyanate.

20 fo 100 mol¥%, preferably of 80 10 100 mpl%, of the digl
component is formed by at least one lingar aliphatic alpha,omega-C2-C12-
diol, and 0 to 80 mol%, preferably of O to 20 mol%, by atleast one diol that
is different from linear aliphatic alpha, omega-C2-C12-diols and preferably,
alsp front alpha,omega-diols with more than 12 carbon atoms. Each diol
of the dicl component preferably forms at feast 10 mol% within the diol
component, and the mol% of the respective diols add up to 100 mol% of
the diol component. The diol component preferably consists of no more

PCT/US2008/087097



10

15

20

25

30

WO 2009/079536

10

than four different diols, in particular oply of one to three diols. In the case
of anly one diol, & accordingly comprises a inear aliphatlic alpha omega-
C2-C12-divl. The at least one diol differing from linear aliphatic
alpha,omega-C2-C12-diols and preferably, also from alpha, omega-diols
with more than 12 carbon atoms comprises in particular (cyclo)aliphatic
diols defined by empirical and structural formuda with a low molar mass in
the range of 76 to 600,

The proportion of possible non~{cyclojaliphatic diols preferably
amounis to no mare than 30 mol% of the diols of the diol component.
Preferably, the dicol component does not comprise any nen-{cyclajaliphatic
diols. Most preferably, it does not comprise any diols that are different
from linear aliphatic alpha,omega-C2-C12-diols, but rather consists of one
to four, preferably, one to three, and in padicular only one linear aliphatic
alpha,omega-02-C12-diol.

Examples of linear aliphatic alpha omega-C2-C12-diols that may be
used as one single dicl or as constituenis of the diol component are
aethylene glycdl, 1,3-propanedial, 1 4-butanediol, 1,5-pantanediol, 1,6-
hexanediol, 1,10-decanediol and 1,12-dodecansdiol.

Examples of diols that are different from linear aliphatic
alpha omega-C2-C12-dicls and may be used in the diol component are
telechelic {methacnylic polymer diolg, polyester diols, polyether dials,
potycarbonate diols, each with a number-gverage molar mass of, for
exampie, up to 800 as representatives of oligomeric or polymeric diols,
bisphenot A as a representative of low motar mass non-{cyciolaliphatic
diols defined by empirical and structural formula and those isomers of
propanediol and butanediol that are different from the isomers of
propanediol and butanediol spacified in the preceding paragraph, as well
as, neopentyl glycol, butyl ethyl propanediol, the isomeric
cyclohexanediols, the isomeric cyclohexanedimethanols, hydrogenated
bisphenol A, ticyclodecanadimethanol, and dimer fatty alcohol as

PCT/US2008/087097
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representatives of {cycloaliphatic diols defined by emprrical and structural
formula with 8 low molar mass in the range of 76 to 600.

Examples of the at least one biocking agent are the same as those
listed above.

The diisocyanates of the diisocyanate component, the diol(s) of the
ciol component and the at least one blocking agent are preferably regcted
together in the absence of solvents, in the same way as described above,
in gensral. For example, the disocyanates of the diisocyanate component
may be reacted inibally with blocking agent and then with the diol{s) of the
diol component or intially with the diol(s) of the diol component and then
with blocking agent. However, the diol component may, for example, also
be divided info two or more portions, for example, also into the individual
diols, for example, such that the dilsocyanates of the diisocyanale
componeant are reacted initially with part of the dicl component before
further reaction with blocking agent and finally with the remaining
proporiion of the dwl component, In a very similay manner, however, the
diisoeyanate componeant may, for example, also be divided info two or
more portions, for example, also info the individual diisocyanates, for
example, such that the diol component and blocking agent are reacted
initigity with part of the dilsocyanate component and finally with the
remaining proportion of the dilsocyanate component.

Onee the reaction carried out in the absence of solvent is complata
and the reaction mixture has cooled, solid palyurethanes with two blocked
jsocyanate groups per molecule are oblained. When low molar mass diols
defined by empincal and structural formula are used for synthesis of the
potyurethanes with two blocked iscoyanate groups per molecule, their
catoulated molar masses are in the range of 570 or above, for example, up
to 2000,

The polyurethanes with two blocked isocyanate groups per

molecule assume the form of 8 mixture exhibiting a molar mass

PCT/US2008/087097
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distribution, and they do not, howaver, require working up and may be
used directly as polyurethane resins (B).

in a third preferred variant, the polyurethane resins B are
potyurethanes with blocked isooyanate groups which can be prepared by
reacting a {rimer of a {cyclo)aliphatic dilsocyanate, 1,6-hexane
diisocyanate, a diol component and at least one blocking agent in the
rmolar ratio of 1 mol trimer of a {eycloaliphatic diisocyanate | x mol 1,6-
hexane diisocyanate © x mol diol component | 3 mot blocking agent,
wharein x means any desied valus from 110 6, preferably, from 1 {0 3.

The diol component is ang single linear aliphatic alpha,omega 02-
12 diol or a combination of two to four, preferably, two or three,
{cyclolaliphatic diols, wherein in the case of diol combination, gach of the
ciols makes up al least 10 mol % of the diols of the diol combination and
the diol combination cansists of al least 80 mol % of at least one linear
aliphatic alpha,omega C2-C12 diol.

The trimer of the {cyclolaliphatic diisocyanate is polyisocyanates of
the isocyanurate type, prepared by trimerization of a {cyclojaliphatic
diisocyanate, Appropriate frimerization products dertived, for example,
from 1 4-cyclohexanedimethylenediisocyanate, in particular, from
isophoronditsocyanate and more paricularly, from 1,6~
hexanediisooyanate, are suitable. The industrially obtainable isocyanurate
polylsocyanates generally contain, in addition to the pure trimer, L.e, the
isocyanurate made up of three dilsocyanate molecules and comprising
three NCO functions, isocyanate-functional secondary praducts with a
relatively high molar mass. Products with the highest possible degree of
plrity are preferably used. In sach case, the trimers of the {cyclo)aliphatic
disocyanates obtainable in industiial quality are regarded as pure trimsr
irrespeactive of thelr content of said isocyanate-funclional secondary
products with respeact to the molar ratio of 1 mol timer of the
{cyclojatiphatic disocyanate | x mol 1.6-hexanediisocyanate | x mol diol © 3
mot blocking agent.
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Examples of one single linear aliphatic alpha,omega G2-C12 diol or
inear aliphatic alpha,omega $2-C12 dicts which can be used within the
wiol combination can be the same as those desaribed above.

Examples of {cyclo)aliphatic diols which can be used within the diol
combination in addition to the at least one linear aliphatic alpha.omega C2-
12 diol making up at least 80 mol % of the divl combination are the
further isomers of propane and butane diol, different from the isomers of
propane and butane diol cited in the preceding paragraph, and
neapentylglyoo!, butylethyipropansdiol, the isomeric gyclohexane diols, the
fsomeric cyclohexanedimethanols, hydrogenated bisphenol A and

tricyclodecaneadimeathanol.

in the case of the diol combination, preferred diol combinations
totaling 100 mol % in each case are combinations of 10 o 80 mol % 1.3-
propanediol with 8¢ {o 10 mot % 1, 5-pentanadiol, 10 to 80 mol % 13-
propanediol with 30 to 10 mot % 1,6-haxanadiol and 10 to 80 mol % 1.5-

pentanediol with 80 1o 10 mol % 1,8-hexanedol.

BExamples of the atf least one blocking agent are the same as those

fisted above,

The trimer of the {cyclojaliphatic dilsocyanate, 1,6-hexane-
chisocyanale, the diol component and the at least ong monofunctional
blocking agent are preferably reacted together in the absence of solvents,
in the same way as described above, in general. For example, 1,6-hexane
ditsecyanate may be reacted initially with & mixture of diol component and
blocking agent and then with the timer of the {cyclo)aliphatic diisocyanate
or a mixture of the isocyanate-functional components with the dial
component and blocking agent or @ mixture of the isocyanate-functional
components may be reacted initially with blocking agent and then with the
cio} component. In the case of a diol combination, the diol component
may, for exampie, also be divided into two or more portions, for example,
also info the individual {eycloaliphatic diols,
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{Once the reaction carried out in the absence of solvents is complete
and the reaction mixture has cooled, solid polyurethanes with blocked
isocyanate groups and with number average molar masses in the range of
1,500 {0 4,000 are obtained. The polyursthanes with blocked isceyanale
groups do not require working wup and may be used divectly as
polyurethane resins (B).

The coating composition according to the invention may contain at
teast one binder {C) with functional groups reactive with the functional
groups of (A} and (B). The binders {C} are different from (A) and {8) and
comprise, in particudar, conventional binders known {o the person skiled in
the art. Examples are polyursthane and {methjacrylic copolymer resins
and hybrid binders derived from these classes of binders, for example,
with hydroxyi values of, for example, 80 to 300 mg of KCH/g and number-
average molar masses of, for example, 500 {0 10000, The coating
composition according to the invention may contain this binder (C) in
amounts in a range up to 30 wi%, optionally, in a range of 110 30 wi¥%, the
wi% being based on the total weight of {A), (B} and (C).

The coating compeositions of the present invention may further
comprise one or more pigments, filters andfor coating addifives, including,
but not imited o dyes, fillers, flow control agents, dispersants, thixolropic
agents, adhesion promotars, antioxidants, light stabilizers, anticorrosion
agents, inhibitors, catalysts, levelling agents, welting agents, anticratering
agents, and mixtures thereof.

The additives are used n conventional amounts known to the
person skiled in the art. In case of dual cure coating compositions,
generally used photoinitiators are contained thersin.

The coating compositions may also contain transparent pigments,
color-imparting and/or special effect-imparting pigments and/or fillers, for
example, corresponding 1o a ratio by weight of pigment plus filler © resin
solids content in the range from 001 10 201, Suitable color-imparting
pigments are any conventional coaling pigments of an organic Or iNorganic
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nature. Examples of inorganic of organic colorimparting pigments are
fanium dioxide, iron oxide pigments, carbon black, azo pigments,
phthalocyanine pigments, quinactdone pigments and pyrrolopyrrole
pigments. Examples of special effect pigments are metal pigments, for
example, of aluminum, copper or other melals, inlerference pigments,
such as, for example, metal oxide-coated metal pigments, for example,
iron oxide-coated aluminum, coated mica, such as, for axample, titanium
dioxide-coated mica, graphile effect-imparting pigments, ron oxide in fiake
form, liquid crystal pigments, coated aluminum oxide pigments, coated
sificon dioxide pigments. Examples of fillers are silicon dioxide, aluminum
silicate, bartum sulfate, calcium carbonate and tale.

Under heatl, the powder coating composition according fo the
invention show a steep decreasse in viscosity in the melting range of its
componeants. The viscosity of the powder coating composition just slightly
decraases further by increasing the temperature. The melt viscosity of the
powder coating composition of the invention is very bbw. Measured with a
rotational rheometer the minimum melt viscosity is below 30 Pas.
Preferred are powder coaling compositions of the invention having & melt
viscosity of below 10 Pas, particudady below & Pas.

The presant invention provides a powder coating composition
comprising preferably

(A} 51to BO wi% of at least one hydroxyl functional polyester resin
binder,

{B) 9510 20 wi% at ieast one polyurethane resin as cross-linking
agent containing blocked isocyanate groups,

{C) O to 30 wi% and optionally, 1 to 30 wi% of at least one binder
different from (A) and (B}, having functional groups reactive

with the functional groups of {A) and (B}, and

(D) 8.1 to 80 wi% of pigments, fillers and/or coating addifives,
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the wi% amounts based on the total waght of the powder coating
composition {A} to (D}, wherein the at least one hydroxyl functional
polyester resin binder (A) and the at least one polyursthane resin (B) both
having a melling temperature of 60 to 180°C, in particudar, 80 1o 1686°C.

Particularly preferred is g powder ooating composition comprising

(A} 15 to 80 wit¥ of af least one hydroxy! functional polyester resin
hinder,

(B} 851040 wi% at least one polyurathane resin as cross-inking

agent containing blocked isocyanate groups,

(G} 0to 20 wiYe and optionally, 1 {0 20 wi% of at least one binder
different from (A) and (B}, having funclional groups reactive
with the functional groups of (A} and (B), and

(D) 11040 wi% of pigments, fillers and/or coating additives,

the with amounis based on the total weight of the powder coating
compostion {A) to (), wherein the at least one hydroxyl functional
polyester resin binder (A} and the at least one polyurethane resin (B} both
having a melting temperature of 60 to 180°C, in particular, 80 fo 160°C.

The components of the present invention are mixed, exiruded and
ground by conventional techniques employed in the powder coatings art
familiar to a person of ordinary skill in the art. Typically, all of the
components of the present powder coating formulation are added o a
mixing container and mixed together. The blended mixture is then melt
bended, for example, in a melt extruder. The extruded camposition is
then cooled and broken down and ground 1o a powder. The ground
powder s subsequently screened to achieve the desired pariicle size, for
example, an average parlicle size (mean particle diameter} of 20 to 200
tm, determined by means of iaser diffraction.

it is possible that a predetermined amount of a component of the
powder coating companents be added, for exampie, to the polyurethane
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resin {A) and further components of the composition according 1o the
invention, and then premixed. The premix can then be exdruded, codled,
and thereafter pulverized and classified.

The composition according to the invention may also be prepared
by spraying from supercritical solutions, NAD "non-aqueous dispersion”
processes o utrasonic standing wave atomization process.

Furthermore, specific components of the powder coating
compuosition according to the invention, for example, additives, pigment,
fillers, may he processed with the finished powder coating particles after
extrusion and grinding by a “bonding” process using an impact fusion. For
this purpose, the specific componeants may be mixed with the powder
coaling particles. During blending, the individusa! powder coating particles
are freated {o softening their surface so that the components adhere to
them and are homogeneously bonded with the surface of the powder
coating particles. The softening of the powder particles’ surface may be
done by heat trealing the particles 1 a temperature, e.g., 40 {0 100°C,
dependent from the melt behavior of the powder particles. After cooling

the mixturg the desired particle size of the resulted particles may be
proceed by a sieving process,

The powder coaling compositions of the present invention can be
readily applied to metallic and non-metallic substrates. The compositions
of the present invention can be used 10 coat metaliic substrates including,
but not limited to, steel, brass, aluminum, chrome, and mixtures thereof,
and also {o other substratas including, for example, heat-sansilive
subsirates, such as, substrates based on wood, plastics and paper, and

other subsirates based, for example, on glass and ceramics.

Depending upon the requirements placed upon the coated
substrate, the surface of the substrate may be subjectad to a mechanical
freatment, such as, blasting followed by, in case of metal substrales, acid

finsing, or cleaning followed by chemical freatment.
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The powder coating composition of this invention may be applied
by, e.g., electrostatic spraying, electrostatic brushing, thermal or lame
spraying, fluidized bed coating methods, flocking, tribostatic spray
application and the like, also coil coaling techniques, all of which are
known to those skilled in the art.

Prior to applying the coating composition of the invention the
substrate may be grounded but not pre-heatad, so that the subsirate is at
an ambient temperature of about 25°C.

I certain applicatons, the substrale to be coated may be pre-
heated before the application of the powder composition according 1o the
invention, and then either heated after the application of the powder
composition or not. For example, gas is commonly used for various
heating steps, but other methods, e.q., microwaves, infra red (IR), near
infra red {NIR} and/for uitra violet (UV) rradiation are also known. The pre-
heating can be 1o a temperature ranging from 80 to 260°C using means

famuliar o a parson of ordinary skill in the art.

After being applied, the coating can be cured or post-cured by
exposing by convective, gas and/or radiant hesting, .g., IR and/or NIR
wradiation, as known in the art, to temperatures of, e.g. 100°C to 300°C,
preferably, 140°C {0 200°C, object temperaiure in sach case, for. eg., 210
20 minutes in case of pre-heated substrates, and, for example, 4 1o 30
minuies in case of non-pre-heated substrates,

After being cured, the coated substrate is typically subjected to, for
sxample, either air-cooling, or water guenching fo lower the lemperature to
between, for exampie, 35 and 80°C.

The subsirate is coated with an effective amount of the present
powder coating composifion so as o produce g dry film thickness that
ranges, for example, from 10 {0 300 ym, preferably 20 {o 100 ym,
particuiady from 10 to 50 um for very thin film coatings.

PCT/US2008/087097



10

15

WO 2009/079536 PCT/US2008/087097

19

The powder coating compositions according to the invention can be
applied directly on the substrate surface as a primer coating or on g laver
of a primer which can be a liquid or a powder based primer. The powder
coaling compasitions according © the invention can also be applied as s
coating laver of a multilayer coating system hased on hguid or powder
coatls, for example, as clear coat layer applied onto a color-imparting
and/or special effectimparting base coat tayer or as pigmentad one-layer

coat applied onfo g prior coating.

The present invention is further defined in the following Examplas.
It should be understood that these Examples are given by way of
iustration only. The present invention is not limited by the Hustrative
examples set forth hersinbelow, but rather is defined by the claims
contained herainbajow.

Examples

Exampile 1
Manufacture of 8 Powder Coating Composition of Prior Art_{Comparative

Exampiel and according o the Invention. and Application

Table 1 (amounis in parts per weight}

Formuiation Amounts - Amaunts
Example according Comparative
to the Invention Example

OH Polvester resin hased on 100

hexandiol, terephtalic acid,
glvesring, melting range 70-

W0ie

UM Polyasier resin ER 8810 100
{MNippon Ester Co., Lid,

Acrvic resiy Aoronal 4F 1

Polyursthane hardenerbased on | 154
hexarmethviens dilsocyanate,
HDI, caprolactame, hexandiol,
decandial, melting rangs B0-
122°G

Polyurethang hardener Vestagon - 21
B-1065 (Evonik}
Flow Addtive: Solplus L4007 40
Benzoin; Catalyst: Byk-LP 55018 ‘
Pigment Tilanium white; Filler: 120 - 40
Blancfice N




10

15

WO 2009/079536

20

PCT/US2008/087097

The ingredients of each formulation are mixed by a Henschel mixer at &

minutes {min} and 1500 U/min, at a mixing temperature of 30 1o 35°C. The

resulted mixture s extruded at a temperature of 104 to 106 °C.

The extruded product is then cooled down at room temperature, broken

down and grinded (o g particle size of abowt 75 pm. The application of the

resulted powder coating composition is procesded under the known

Corona-process onto a metal sheet, with a dry-film thickness of 40 to 50

un, and cured under heat.

Example 2
Test Results
Table 2:
Formulation Hardening Bending Durability
{curing} {Flaxibility)
conditions GSB AL 831
proparty (OT) QB2807
(DN ENISO
1518) {DINENIBD
11547
Example according 3¢ min. at 168070 | Passed G588 1
o the Invention
Example aecording 15 smin. gt 200°C | Passed 8B 1
to the Invention
Comparative S mingt 200°C | Falled -
example

GEB 1 mians: > 50% residusd ghoss (807 angley at 300 h QGUV-Btast
GUV-B {313 nmj tast DIN EN SO 11507
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CLAIMS
What is claimed is;
1. A powder coating composition comprising

{A) atleast one hydroxyl functional polyester resin binder, and

(B} atleastone polyurethane resin as cross-linking agent

contamning blocked isocyanate groups,
wherein the at least one hydroxy! functional polyastar resin hinder
{A}and the at least one polyurethane resin {B) both have a melting

temperature of 60 to 180°C,

2. The composition according to claim 1 comprising

{A) 5o BO wi% of at least one hydroxyl functional polyester resin
binder,

(B} 9510 20 wit% gt least one polyurethane resin as cross-inking
agent containing blocked isaoyanate groups,

{C) 01to 30 wi% and optionally, 1 1o 30 wi% of at lsast one hinder
different from (A) and {8), having funclional groups reactive
with the functional groups of (A} and (B), and

{D} 0.1 o 60 wt% of pigments, fillers and/or coating additives,

the wit% amounts based on the lotal weight of the powder coating
composition (A} to (D), wherein the at least one hydroxyt functional
polyester resin binder {A) and the at least one polyurethane rasin
(B} both having a melting temperature of 80 to 180°C, in particular,
8¢ o 180°C.
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The composition according to claim 1 whersin the polyester resin
binder {A) has a hydroxy! value of 30 10 300 mg KOM/g and a
number-gverage molar mass between 500 to 5000,

The composition according to claim 1 wherein the polyester resin
binder (A) is based on diols and/ar polyols selected from the group
consisiting of haxanediol, 1.4-butanediol, glycerol and tris-2-
hydroxysthyl-isocysnurate, and based on mono-andior
polyfunctional acids selected from the group consisting of
terephthalic acid, dodecanoic diacid and adipic acid.

The composition according to claim 1 wherein the latent isocyanate
content of the polyurethane resin (Bl s inthe range rom 210 21.2
wite, calculated as NCO and refative to the comesponding
underlying polyurethane resins which are fres of blocking agent(s}.

The composition according to olaim 1 wherain the polyurethane
resin (B) is a polyurethane with two blocked isocyanate groups per
molecule which is the reaction product of 1, 8-hexane diisocyanate
with a diol component and with at least one blocking agent in the
molar ratio x mol 1, B-hexane dilsocyante | x-1 mol diol component :

2 moi blocking agent, wherein x means a value from 2 (0 6.

The composition according to claim 1 wherein the polyurethane
resin (B) is & polyurethane with two blocked isocyanate groups per
molecule which is the reaction product of a diisocyanate
component, a diol compaonent and at least one blocking agent in the
molar ratic of x mol diisocyanate componant | (x-1) mol diol
component ; 2 mol blocking agent, wherein x means any desired
value from 2 to 6, wherein 50 to 80 mol % of the diisocyanate
componant is formed by 1,8-hexane diisocyanate, and 20 {o 50 mal
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% by one or two disocyanates, gach forming at least 10 mol % of
the diisocyanate component and being selected from the group
cansisting of toluylene ditsocyanate, diphenyimethane diisocyanate,
dicyciohexyimethane diiscoyanate, isophorons dilsocyanals,
trimethyihexane dilsocyanate, cyclohexane dilsocyanate,
cyclahexanedimethylene dilspeyanate and telramethylenexylylane
diispoyanate.

The composition according to claim 1 whersin the polyurethane
resin (B} is a polyurethane with blocked tsocyanate groups which is
the reaction product of a trimer of a {cydlojaliphatic dilsocyanate,
1.8-hexane ditsocyanate, a diol component and at lsast one
blocking agent in the molar ratic of 1Tmol tnmer of a {cycloaliphatic
ditspeyanate @ x mol 1,68-hexane dilsocyanate | x maot diol
compaonent - 3 mol blocking agent, wherein x means a value from 1
8.

The composition according to claim 1 having a melt viscosity of
balow 10 Fas.

A process of coating a substrate comprising the steps
{a) applying the powder coating composition of claim 1 on a
substrate and

{b} curing the applied composition.

A substrate coated with the powder coating composition according
to claim 1.
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