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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
N 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 a powder coating compuosition

based on specific polyester/polyurethane resins providing high flexibility

and excellent mechanical properties of the ma’cmg and-ps;’-m:e.ssabiiiiy of

the powder coating compositions.

Description of Prior Art

Epoxy, polyester and acryiic resin binders are well-known for the

Lse i thermal curable powder coghing composilions. For exampie,

hydroxyt functional polyastiers are curable with 1Isocyanates 1o result in

polyurathane powder coglings, see D, Bates, The Science of Powder

Coatings, Volume 1, London, 1990, page 56, 276-277, 282.

Combinations of different resin bim}ersi and '.Cu;réifnigﬁe agents are

investigated {o receive spacic desired properties of the coatings on
difterent substrate surfaces.

EP-A 1209182, ER-A 1323757, WQ 02/50147 and WO
2006/082080 refer to costing compositions based on specific polymers, for

example, different urethane acrylates, wherein the compositions are cured

Thermal curable powder coating compositions based on urethane

{methjacrylates or specific polyester urethanes are disclosed in WQ

01/25308, EP-A 702040, EP-A 410242 and WQ 95/35332 and refer to

gooad storage stability and increased weather resistance of the coatings.

While current state of the an discioses powder coating

compasitions having good technology properties, they do not offer in

narticular the level of high flexibility in combination with a potential of

building of thin films. Accordingly, there 1s a need for powder coating

PCT/US2008/087097
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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

comprisi 0g

{A} 3t 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 padicular, 60 o 160°C.

The powder coating compasition according to the invention

comprising the combination of the specific kind of polyesiar resins ana

polyurethane resing with specific kind of blocked isocyanate groups makes

it possible to achieve a low melt viscosity along with good storage stability,

The powder coating composition according to the invention provides the

desired technological propetties, in particular, thin films and high flexibility

Detailed Descrit

stion of the hvention

The features and advantages of the present invention will be more

readily understood, by those of ordinary skill in the art, from reading the

of the invention, which are, for clarity, described ahove and bslow in the

cantext of separate embodiments, may also be provided in combination in

a single embodiment. Conversesly, 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, “a" and "an” may

PCT/US2008/087097



10

£0

20

30

WO 2009/079536

CA 02707634 2010-06-01

L

refer fo one, or one or more) unless the context specifically states
otherwise,

Stight variations above and below the stated ranges of numerical

values can be used {o achieve substantially the same results as values

within the ranges. Also, the disclosure of these ranges is intended as a

cantinuous range including every value between the minimum and

maximum values.

The term “{cyclojaliphatic” used in the description and the claims

encompasses cycloaliphatic, finsar aliphatic, branched aliphatic and

cycloaliphatic with aliphatic residues. The aromatic or araliphatic diols
comprise diols with aromatically and/or aliphatically attached hydroxy!

Groups.

All the number-average molar mass data stated 1 the present
description are number-average molar masses determined or to be

determined by gel permeation chromatography (GPC; divinylbenzene-

crosslinked polystyrene as the immobile phase, {efrahydrofuran as the

liquid phase, polystyrene standards).

The meniohed melting ranges and thus the melling temperatures

may be determined by DSC (differential scanning calorimetry) at heating

rates of 10 Kimin.

Particularly, the present invention refers to a powder coating

composition comprising 5 to 88 wit%, preferably 20 to 80 wit¥%, more

resin binder {(A), and 35 to 5 wit, preferably 80 to 20 with, more

preferably 70 to 30 wi% of the least one polyurethane resin {B), the wit%

Both each the components (A} and (B} have a melting temperature

of 80 to 180°C, in particular 60 to 160°C. The meiting temperatures are

not in general sharp melting points, but instead the upper end of melting

ranges with a breadth of, for example, 30 to 150°C.

PCT/US2008/087097
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Both the resins (A) and (B) are very slightly, if at all, soluble in

solubility amounting, for example, to less than 10, in particular less than 5

g pet litre of buty! acetate or water at 20°C.

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

The production of hydroxyl-functional polyester resins is known to

the person skilled in the ar; 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 Polyols suitable for the production of the polyester

resins (A} are not only dicls and polyols i the form of low molar mass

compounds defined by empirical and structural formula but also oligomeric

or polymeric dicls aor polyols with number-average molar masses of, for

example, up to 800, for example, corresponding hydroxyl-functional

polyethers, polyesters or polycarbonates. Low molar mass palyols defined

by an empirical and structural formula are, however, preferred.

The parson skilled in the ar sslects the nature and propordion of the

mono-and polyfunctional acids(s) and/or anhydride(s) and polyols for the

production of palyester resing (A} in such a manner that polyester resing

The hydroxyi-unctional polyester resin (A} may be produced in the

presence Of a suitable organic solvent {miditiire), which, however, makes

nacessary o remove the solvent from the resulted resins. Preferably, the

production of the polyester resiis (A} i1s carmad out without solvent and

without subsequent purification operations.

Examples for suitable polyols for the production of the polyesters

{A) are diols like ethylene glycol, isomeric propane- and butanediols,

PCT/US2008/087097
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neopentyiglycol, 1.5-pentanediol, 1.6-hexanediol, 1,10-decanedol, 1,12~

dodecanediol, 1,4-cycichexanedimethanol, hydrogenated bisphenol A and
dimer fatty alcohol. s also possible {o use polvols in such a2 manner that

the melting temperatures are oblained. Examples for suitable polyols are

preparation of the poivestar (A} are diacids ke adipic aaid, sebacic adid,

SUCCHHC acd, dodecanoiC diacid, terephithalic acid, isophthalic agid,
decane-1,10-diacid. s also possible {0 use polyacids it such a manner
that the melting temperatures are oblained. Examples for polvacids are

trimelitic acid and pyromeliilic acid. Preferably the polvesters are based

an terephthalic acld, dodecanoic diacid or adipic acid.

exhibiting a molar mass distribution, and they do not require working up

and may be used directly as hydroxyl-functional polyestar resins (A}

The powder coating composition according to the invention

comprises at least one polyurethane resin (B} as cross-linking agent. The

polyurethane resins (B} have blocked isacyanate groups. Particularly, the

hlocked 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 partners for the corresponding functional

groups of the at least one resin binder {A).

The latent isocyanate 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 undetlying polyurethane resins which are free of

blocking agent(s).

PCT/US2008/087097
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The production of polyursthane resing with blocked isocyanate
groups is known to the person skilled in the art] in parbicuiar, they may be
nroduced by reacting polvol{s) with polyisocyanate(s) in excess and
reaching the excess free isocyanate groups with one or more blocking

&  agenis,

Polyols suitable for the production of the polyurethane resin (B) are
{A), in general. The person skilled in the art selects the nature and
proporiion of the polyisocvanates, the polyols and the blocking agenis for

10 the production of polyurethane resins B in such a manner that
poiyurethane resins {(B) with the above-mentioned melling temperatures

are oblained.

The polyurethane resin (B) may be produced in the presence of a
suitable organic solvent {mixture}, which, however, makes it necessary to
15 remove the solvent from the resulted resins. Preferably, the production of

the polyurethane resins (B) is carried out without solvent and without

subsequent punfication operations.

in a first preferred variant, the polyurethane resins (B) are
polyurethanes with two blocked isocyanate groups per motecule which can
20 be prepared by reacting 1, 6-hexane diisocyanate with a diol component
diisotyanate : x-1 mot diol component : 2 mol blocking agent, wherein x

means any desired value from 2 to §, preferably, fom 2 to 4.

The diol component can be one single diol or a combination of

25 diols, preferably two to four, in particular two or three diols, wherein in the
case of a diol combination each of the diols preferably constitutes at least
10 mol% of the diols of the diol component. The diol component(s) can be
{cyclojatiphatic, aromatic or araliphatic diols. In particular, the one single
diol is & _{tgzycié::}.aiigshaﬁasﬁ@iéi with a molar mass in the range of 62 to 8@&

30 Inthe case of g diol combination, it is preferred, that at least 70 mol%, in
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particuiar, 100 moitt of he aiols gre {cyciojaliphatic giols, each with 8

molar mass i the range of 62 to 604,

Diols may furthermore comprise oligomeric or polymeric diols with

number-average molar masses of, for example, up {0 800, as describad

above.
Examples of diols which are possible as one single diol of the diol

camponent are ethylene glycol, isomeric propane- and butanediols, 1,5-

gentaﬁediﬁé& . 1.6-hexanedial, 1,10-decanediol, 1, 12-dodecansadiol, 1 4-

cyclohexanedimsthanol, hydrogenated bisphenol A and dimer fatty
alocohol. Examples of diols which are possible as constituents of the diol

component are {elechelic {methacrylic polymer diols, polyester dials,

polyether diols, polycarbonate diols, each with & number-average molar

mass of, for example, up to 800 as representatives of oligomeric or

polymeric diols, bisphenc! A as a representative of low motar mass non-

{cyclojaliphatic diols defined by empirical and structural formula and

sthyleng glycol, isomenc propans- and putanediols, 1,5-pentanediol, 1,b-

hexanediol, 1,10-decanadiol, 1,12-dodecanediol, neopenty glycal,

biutyiethyipropanediol, the isomeric cycliochexanediols, the isomeric

cyclohexanedimeathanols, hydrogenated bisphenol A,

tricyclodecansdimethanol, and dimer fatty alcohol as representatives of

molar mass in the range of 62 to 600,

Examples for blocking agents that may be used alone or in

combination are monofunctional compounds kKnown for biocking

socyanates, such ag, the CH-acidic, NH-, SH- or OH-functional

such as, acetylacetone or CH-gaidic esters, such as, acetoacetic aad alkyl

estars, matonic acid diatkyl esters; aliphatic or cycloaliphatic alcohols,

such as, n-butanol, 2-athylhexandl, cyclohexanol; glyeol ethers, such as,

butyl glycol, butyl diglycol, phenols; oximes, such as, methyl ethy

ketoxime, acstone axime, cyclohexanone oxime; factams, such as,

PCT/US2008/087097
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caprolactam; azole dlocking agents of the imidazole, pyrazole, fazole or
tetrazole type.

1, 6-hexane diisccyanate, the diol(s} of the diot companent and the

at feast one blocking agent are preferably reacted together in the absence
of solvents. The reactants may be reacted together simultaneously or in
two o more synthesis stages. When the synthesis is performed in

multiple stages, the reactants may be added in a varied order. The 1, 8-

haxane ditsocyanate may be reacted, for example, imbally with the
blocking agent and then with the diol{s} of the diol component or initially

with the dicl(s) of the diol component and then with blocking agent.

rethaining proportion of the diol component. The individual reactants may

in @ach case be added in their entirety or in two or more portions. The

reaction is exothermic and proceeds at 8 temperature above the melting

temperature of the reaction mixture. The reaction temperature is, for
example, 80 to 200°C. The molten reaction mixture 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 formula are used for synthesis of the

polyurethanes with two blocked isocyanate groups per molecule their

calculated molar masses are in the range of 572 or above, for example, up

o 2000,

The polyurethanes with two blocked isocyanate groups per
molecule assume the form of a mixture extiibiting a molar mass

distribution. The polyurethanes with two blocked isocyanate groups per

PCT/US2008/087097
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motecuie do not, however, require warking up and may be used directly as

ina second preferred vanant, the polyurethane resing {B} ae
polyurethanes with two blocked isocyanate groups per molecule which can
be prepared by reacting a diisocyanate component, a diol component and

at least one blocking agent in the molar ratio of x mol dilsocyanate
component : {x-1) mol diol component : 2 mot blocking agent, wherein x
means any desired value from 2 to 6, preferably, from 2 o 4, wherein 50 {0
S0 mol Ve of the dusocyanate componentis formed by 1,0-hexans

diisocyanate, and 20 1o 50 mol % by one or two diisocyanaies, each

forming at least 10 mol % of the diisocyanate component and being

diphenyimethane diisocyanate, dicycichexylimethane ditsocyanate,
isophorone ditspoyanate, trimethylhexane ditspoyanate, cvalchexane
ditsocyanate, cyclohexanedimethylens dilsocyanate and

tetramethylenexylylene dilsocyanate.

The mol% of the respective diisocyanates add up to 100 mol%.

Preferably, the dilsocyanate or the two dilsocyanates, forming in
total 20 to 50 moi% of the diisocyanate component, are selected from
dicyclohexylmethane diisocyanate, isophorone disocyanate,
trimethylhexane diisocyanate, cyclohexane dilsocyanate,

cyvclohexanedimethylens diisocyanate and tetramethylenexylylene

20 to 100 mol%, preferably of 80 to 100 mol%, of the div
component is formed by at least one linear aliphatic alpha,omega-C2-C12-
diol, and 0 to 80 mol%, preferably of 0 to 20 mol%, by at least one diol that
is different from linear aliphatic alpha,omega-02-C12-diols and preferably,
also from alpha,omega-diols with more than 12 carbon atoms. Each diol
of the diol component preferably forms at least 10 mol% within the diof
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
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than fowr different qiols, in particular only of one (o three diols. In the case

&

of anly one dinl, it accordingly comprises a ingar aliphatic alpha omega-

C2-C12-divl. The atleast one diol differing from linear aliphalic

alpha omeaga-C2-C12-diols and preferably, also from alpha omega-diols

diols defined by empitcal and structural formula with a low molar mass in
the range of 76 to 600

The proportion of possible non-{cycloaliphatic diols preferably

amounis to no mare than 30 moi% of the diois of the diol component.

Preferably, the diol component does not comprise any non-{cyclojaliphatic

aiols. Most preferadly, it does not comprise any Aiots that are difterent

from linear aliphatic alpha omega-C2-C12-diols, but rather consists of one

to four, preferably, one to three, and in paricular only one linear aliphatic

Eﬁp ha Cﬁimegaﬂ{:;ﬂ“(ﬁ E‘df{:}i .

used as one single dicl or as constituents of the diol component are

ethylene glycdl, 1.3-propanedial, 1 4-butanediol, 1,5-pentanediol, 1,6-

hexanediol, 1 10-decanediol and 1.12-dodecanediol.

Examples of diols that are different from linear aliphatic

alpha,omega-C2-C12-dicls and may be used in the diol component are

telechelic (meth)acrylic polymer diols, polyester diols, polyether diols,

polycarbonate diols, each with a number-average molar mass of, for

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

cyclohexanadiols, the isomeric cyclohexanedimethanols, hydrogenated

bisphenal A, tdcyclodecanadimethanol, and dimer fatty alcohot as

PCT/US2008/087097
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formuta with a low molar mass in the range of /6 {0 600,

Examples of the at least one blocking agent are the same as those

fisted above.

The diisocyanates of the diiscoyanate component, the diol{s) of the
diol component and the at least one blocking agent are preferably reacted

together in the absence of solvents, in the same way as described above,

ingeneral. For example, the diisocyanates of the diisocyanate component

may be reacted iniially with blocking agent and then with the dicl(s) of the
diol component or initially with the diol(s) of the diol component and then

with blocking agent. However, the diol component may, for example, also
be divided into two of more portions, for example, also into the individual
diols, for example, such that the diisocyanates of the dilsocyanate

component are reacted initially with part of the diol component before
further reaction with blocking agent and finally with the remaining

proportion of the diol component, In a very similar manner, however, the

diisocyanate camponeaent may, for exampie, aiso be divided Into twa or

more portions. for example, also into the individual diisooyanates, for

example, such that the diol component and blocking agent are reacted

initially with part of the diisocyanate component and finally with the

"
T

retaining proportion of the dilsocyanate component.

Once :t%ﬁ;e.;;reaﬁﬁoﬁ casrried out in the absence of solvent is complate
and the reaction mixture has cooled, solid polyurethanes with two blocked
isocyanate groups per molscule are obtained, When low motar mass diols

defined by empincal and structural formula are used for synthesis of the

pobyurethanes with two blogked isocyanate groups per moleculs, their
caloudated 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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used directly as potyurethane resins {8}

iy a third preferred vartant, the polyurethane resins B are

polyurethanes with blocked i's@i:::yanaie groups which can be prepared by

reacting & timer of a (cyclo)aliphatic diisocyanate, 1,6-hexane
diisocyanate, a diol component and at least one blocking agent in the

molar ratio of 1 mol trimer of a {cyclojaliphatic diisocyanate © x mol 1,6-

wharemn x means any desired value from 110 &, preferably, rom 1 {0 3.

The diol component is eng single linear aliphatic alpha,omega C2-
C12 diol or a combination of two to f@-un_meferatﬁm bWo oF th e,

{cyclojaliphatic diols, wherein in the case of diol combination, each of the

dicls makes up at least 10 mol % of the diols of the diol combination and

>

the diol combination cansists of at least 80 mol % of at least one linear

aliphatic alpha omega C2-C12 diol.

The trimer of the {cyclojaliphatic dilsocyanate is polyisocyanates of

the isocyanurate type, prepared by trimerization of a {cyclojaliphatic

dilsocyanate. Appropriate trimerization products derived, for example,

fromt 1.4~-cyclohexanedimethylenediisocyanate, in particular, from

isophoronditsocyanate and mors particula rhy, from 1,6~

hexanaediisocyanate, are suitable. The industrially obtainable isocyanurate
polyisocyanates generally contain, in addition to the pure trimer, i.e., the

isooyanurate made up of three diisocyanate molecules and comprising

retatively high molar mass. Products with the highest possible degree of

plrity are preferably used. In sach case, the trimers of the {eyclo)aliphatic

disocyanates obtainable in ndustnial quality are regarded as pure trimey

irrespective of thelr content of said isocyanate-functional secondary

products with respect to the molar ratio of 1 mol trimer of the

{cyclo)aliphatic diisocyanate | x mol 1,6-hexanediisocyanate : x mol diol - 3

mol blocking agent.

PCT/US2008/087097



10

15

£0

25

WO 2009/079536

CA 02707634 2010-06-01

Examples of one single iingar ghiphatic alipha,omega C2-C12 diol or

finear aliphatic alpha,omega L2-0C12 dicls which can be used within the

diol combination can be the same as those described above.

Examples of {cyclojaliphatic diols which can be used within the diol
combination in addition to the at least one linear aliphatic alpha,omega C2-

12 dicl making up at least 80 mol % of the diol combination are the
further isomers of propane and butane diol, different from the isomers of
propane and butane diol cited in the praceding paragraph, and
naapentyiglycol, butylethyipropanediol, ine isomeric cyciohexane diols, ihe

womeric eyclohexanesdimethanols, hydrogenated bispheno! A and

tricyclodecanedimethanol.

In the case of the diol combination, preferred diol combinations

totaling 100 mot % in each case are combinations of 10 o 80 mol % 1.3-

propanediol with 80 to 10 mol % 1,5-pentanediol, 10 to 20 mol % 1,3-

propanediol with 90 to 10 mol % 1,8-hexanediol and 10 to 90 mol % 1.5-

pentanediol with 80 1© 10 mol % 1,8-hexaneadinl.

Examples of the at least one blocking agent are the same as those

ligtad above.

The inmer of the {cyclojaliphatic dilsocyanate, 1,6-hexane-~

diisocyanate may be reacted initially with a mixture of diol component and

blocking agent and then with the tnmer of the {cyclo)aliphatic diisocyanate

or a mixture of the {socyanate-funclional components with the diol
component and blocking agent or a mixture of the isocyanate-functional

components may be reacted initially with blocking agent and then with the

diol component. in the case of a diol combination, the diol component

may, for example, also be divided into two or more portions, for example,

aso '.‘in-t;;fsfmesizndéséyiﬂﬁai -{j;;::ycla}aii@haﬁc'diat-s,.

PCT/US2008/087097
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Onee the reaction carried out in the absence of solvents is complete
and the reaction mixture has cooled, solid polyurethanes with blocked

isooyanate groups and with number average molar masses in the range ot

1,500 {0 4,000 are oblgined. The polyursthanes with blocked isocyanale

groups do not require working up and may be used directly as

polyurethane resins {B).

ieast ona binder (G with functional groups reactive with the functional

groups of (A} and (B). The hinders {C} are different from (A} and (B} and

comprise, in particular, conventional binders known {o the person skilled in

the art. Examples are polyurethane and (methlacrylic copolymer resins

and hybrd hinders derived from these classes of binders, for example,

with hydroxyl values of, for example, 80 1o 300 mg of KGH/{g and number-

average molar masses of, for example, 500 {0 100040, The coaling

composition according to the invention may contain this binder (C) in

amounts in a range up o 30 wi%, optionally, in a range of 1 1o 30 wit, the
wi% being based on the total weight of {&), (B} and {C).

The coating compositions of the present invention may further

comprise one or more pigments, fillers and/or coating addiives, including,
but not imited to dyes, fillers, flow control agents, dispersants, thixolropic

agents, adhesion promoters, antioxidants, light stabilizers, anticorrosion

agents, inhibitors, catalysts, levelling agents, welting agents, anticratering

agents, and mixtures thereof

The additives are used in conventional amounts knpwn to the

person skilled in the art. In case of dual cure coating compositions,

generally used photoiniiators are contained thersin.

The coating compositions may also contain transparent pigments,

color-imparting and/or special effect-imparting pigments andfor fillers, for

solids content in the range from 0:1 to 2:1. Suitable colar-imparting
pigments are any convenlional coaling pigments of an orgamc or Norganic

PCT/US2008/087097
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titanium dioxide, ron axide pigments, carbon black, azo pigments,

phthalocyanine pigments, quinacndone pigments and pyrrotopyrrole

pigments. Exampies of special effect pigments are metal pigments, for

such as, for example, metal oxide-coated metal pigments, for example,

iron oxide-coated aluminum, coated mica, such as, for example, itanium

dioxide-coated mica, graphife effect-imparting pigments, won oxide in fake
form, liquid crystal pigments, coated aluminum oxide pigments, coated

sificon dioxide pigments. Examples of filers are silicon dioxide, aluminum

sificate barium suifate. caloium carbonate and tale.

invention show a steep decrease in viscosity in the melting range of its

camponants. The viscosily of the powder coating composition just slightly

decreases further by increasing the temperature. The melt viscosity of the

powder coating composition of the invention is very low. Measured with a

rotational rheometer the minimum melt viscosity is below 30 Pas.

Preferred are powder coating compositions of the invention having a melt

viscosity of bejow 10 Pas, particulady below & Pas.

The present invention provides a powder coating composition
comprising preferably

(A) 510 BO wi% of at least ane hydroxyt functional polyester resin

(B) 95 to 20 wi% at least one polyurethane resin as cross-linking
ageﬂ't containing blocked éiésa-aya-ﬁazte- Qroups,

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

(D) €. to BO wi% of pigments, fillers and/or coating additives,

PCT/US2008/087097
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the wi% amounts based on the otal waight of the powdey coaling
somposition (A} to (D), wherein the at least one hydroxy! functional
polyester resin binder (A} and the at least one polyurethane resin (B) both

having a melling temperature of 60 to 180°C, in particudar, 60 to 160°C.
Particularly preferred is a powder coating composition comprising

(A} 135 to 60 wi¥e of at least one hydroxyl functional polyester resin
binder,

(B) 851040 W% at least one polyurethane resin as cross-linking
agent containing blocked isocyanate groups,

{C} 0 to 20 with and optionally, 110 20 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) 110 40 wi% of pigments, fillers and/or coating additives,

the wi% amounis based on the fotal weight of the powder coating

composition {A) to (D}, wherein the at least one hydroxyl functional

having a melting temperature of 60 to 180°C, in particular, 60 to 160°C.

The componenis of the present invention are mixed, extruded and
ground by conventional techniques employed in the powder coatings art
famifiar to a person of ardinary skill in the art. Typically, all of the
componenis of the present powder coating formulation are added 1o a
mixing container and mixed fogether. The blended mixture is then melt
blended, for example, in a melt extruder. The exiruded composition is
then cooled and broken down and ground to a powder. The ground
powder 8 subsequently screened 10 achiave the desired pariicle size, oy
exampie, an average particle size (mean parlicle diameter) of 20 to 200

#m, determinad by means of laser diffraction.

It is possible that a predetermined amount of a component of the
powder coating compaonents be added, for example, to the polyurethane
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resin (A} and further components of the composition according to the

vention, and then premixed. Thea premix can then be exiruded, codled,

and thereafier pulverized and classified.

The composition according to the invention may also be prepared
by spraying from supercritical solutions, NAD "non-aquecus dispersion”
processes or uitrasonic standing wave alomization process.

Furthermore, specific companents of the powder coating

compuosition according to the invention, for example, additives, pigment,

fillers, may be processed with the finished powdar coating particles after

extrusion and grinding by a “bonding” process using an impact fusion. For
this purpose, the specific components may be mixed with the powder
coating particles. During blending, the individual powder coating particles
are treated 1o St:}ft&mi:ﬁg their surface so that the components adhere to

them and are homogeneousty bonded with the surface of the powder

coating particles. The softening of the powder particles’ surface may be

done by heat treating the particles 1o a temperature, e.g., 40 fo 100°C,

dependent from the melt behavior of the powder particles. After cooling

- .

the mixture the desired particle size of the resulted particles may be
proceed by 8 sieving process.

The powdsr coating compositions of the present invention can be

readily applied to metaliic and non-metallic substrates. The composiions

of the present invention can be*u-seiim caat metaliic substrates }iém::iudiﬁg

but not limited to, stesl, brass, aluminum, chrome, and mixtures therect,
and aiso 1o other subsirates including, for ediample, heat-sensitive

substrates, such as, subsirates based on wood, plastics and paper, and

other subsirates based, for sxample, on glass and ceramigcs.

Depending upon the requirements placed upon the coated

PCT/US2008/087097
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The powder coating composition of this invention may be applied

by, e.q., electrostatic spraying, electrostatic brushing, thermal or flame

spraying, fluidized bed coating methods, flocking, tnbostatic spray

apphcation and the like, also ¢oil coaling techniques, all of which are

knowrn to those skifled in the art.

Prior to applying the coating composition of the invention the

substrate may be grounded but not pre-heated, so that the substrate is at

an ambient temperature of about 25°C.

i certain applications, the substrate to be coated may be pre-
heated before the application of the powder composition according to the

invention, and then either heated after the application of the powder

composition or not. For example, gas is commonly used for various

L
ar

heating steps, but other methods, e.g., microwaves, infra red (IR), near

infra red (NIR) and/or ultra violet (UV) irradiation are also known. The pre-

ﬁ@aﬁmg can pe 1o a temperature ranging fram 60 to 260°C using means.

familiar to a person of ordinary skill in the art.

After being aﬁppiied;ﬁh‘e: coating can he cured or post-cured by

exposing by convective, gas and/or radiant hesting, e.¢., IR and/or NIR

irradiation, as known in the art, to temperatures of, e.g. 100°C to 300°C,

preferably, 140°C to 200°C, object temperature in sach case, for, e.g., 2 to

20 minutes in case of pre-heated substrates, and, for example, 4 to 30

minutes in case of non-pre-heated substrates.

After being cured, the coated substrate is typically subjected to, for

between, for example, 35 and 80°C.

The subsirate is coated with an effeclive amount of the present

ranges, for example, from 10 10 300 pm, preferably 20 fo 100 um,

particularly from 10 to 50 um for very thin film coatings.

PCT/US2008/087097
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a@g:spiifed dfzmcﬁy on the s-ubs;irai& smﬁfas:e;afs a p@rzamer ma'tmg ;@}r{ cm_l'a i_ayar
of a p.riimer which can be*a i.iq;‘t.iid mapawijejr ?E:sfaisedmiiimer.. The ps:iwd:e@?
_ccsai?i?ng _i:‘aiyar af a muitiiayer matiiﬂg *System bas&d ﬂ'ﬂ-}iqum ::}'r; pf.:)wd&r
coats, for example, as clear coat layer applied onto a color-imparting
andfor special effectimparting base coat layer or as pigmented one-layer

coat applied onto g prior coating.

The present invention 8 further defned in the following kxampias,
It should be understood that these Examples are given by way of
Hiustration only. The present invention s not limited by the dlustrative
examplas set forth hereinbelow, but rather is defined by the claims
cantained hereinbelow.

Manufacture of a Powdear Coating Composition of Prior Art (Comparative
xample) and according 1o the Invention, and Appheation

Table 1: {amounts in parts per weight)

Formulation - Amounts AMNQUnts
= Ex&mpie according | Comparative
w the Invention | Example

g
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
. R

. OH Polyester resin hasad on 100
h@xandw terephtahc amd i%

Poiwrmhane har::im@r mr-;m | 154
- hexamethyleng dilsocyanate, 55

| HDI, caprolactame, hexandiol,
'ﬁecandm& mﬁtsﬂq range 8-
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The ingredients of each formulation are mixed by a Henschel mixer at 3
minutes (min} and 1500 U/min, at a mixing temperature of 30 to 35°C. The
;‘eﬁsuiiea:l; mixture is extruded at a temperature of 104 to 106 °C.

2 The exiruged product is then cooled down at room temperature, broken
down and grinded to g particle size of about 75 ym. The application of the
rasuited powder coaling composition is procesded under tha known
Lorona-process onto g melal sheet, with a dry-film thickness of 40 to 50
um, and cured under heat.

10
gxam e 2
Test Results
Table 2

L Formutation | Hardening - Banding . Durability
‘ | {curing}  {Flexibility)
| conditions - GSB AL 831-
|  proparty (GT) | O%/2007
(DIN ENISO | o
L 1518) {DINEN SO
S e SR 1 1~ 13 i
. Example according | 30 min. at 180°0 | Passed  GEB 1 E
§tﬁth@iﬂV&ﬂnmn | E i

- Example according T o B 300°6 - Passed T G8E T
| 10 the Invention ~ s a

. ‘i \ - 5
: : : :
h.' aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ‘t
%
|8

. Comparative 1S minat 200°C | Failed -
L example | 5 ;

. ) N - %
1

, 3 g ‘ :

- &WMMMMMMMM.&WWMMM%A

15 GBB 1 msans: > 0% residusd gluss (807 angle) at 300 h QUV-B test
auw {313 nmtast: DIN EN IS0 14507
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CLAIMS

What is claimed is:

1. Apowder coating composition comprising

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

containing blocked isocyanate groups,

(A) and the at least one polyurethane resin (B) both have a melting

temperature of 60 to 180°C.

2. Tif&awmms‘itm according to claim 1 comprising

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

(B} 9510 20 wt¥h at least one polyurethane resin as Cross-inking

(C) 0 to 30 wt¥% 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} 0.1 to 80 wt% of pigments, fillers andior coating additives,

the wt% amounts based on the total weight of the powder coating
composition (A} to (D), wherein the at least ong hydroxyt functional
polyester resin binder {A) and the at least one polyurethane rasin
(B) hoth having a meiting temperature of 80 to 180°C, in particular,
80 to 180°C,



CA 02707634 2010-06-01
WO 2009/079536 PCT/US2008/087097

22

3. The compaosition according to ctaim 1 wherein the polyester resin
hinder {A) has a hydroxy! value of 30 to 300 mg KOH/g and a

number-gverage molar mass between 500 to 5000,

4. The composition according to daim 1 wharein the polvester resin
binder (A)is based on diols and/or polyols selected from the group
consisiting of hexanediol, 1 4-butanediol, glycerol and tris-2-

§ ya:i;@‘wgfethy-ieiismfy'a nurate, and based on mong-andior
polyi national acids selected from the group consisting of

£
&
e
2
-
¥
2
€3
3
v
2
.
~
-é.:f
(5
=
B
£
o
@
ﬁ
o
&
&
a2
-
¥4

content of the polyurethane resin {B) is in the range from 2 to 21.2

wi%, caloulated as NCO and relative to the corresponding

-éi,mdaer!%yiﬁg pﬂiﬁfwathane resing which are free of b5iﬁaki'ng ageni(s).

8. The composition according to claim 1 wherein the polyurethane
resin (B) is a polyurethane with two blocked isocyanate groups per
with a diot ﬁﬁh’l?@ﬂ@ﬁiﬂﬂ'With at least one blocking agent in the
m@fa;ﬁ ;‘*atit} X Mo ’i,i,,ﬁ;h‘emne:'--éﬁi&g@cyanﬁte > x-1 motl diol componant :

2 mol blocking agent, wherein x means a value from 2 to 6.

7. 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 dilsocyanate
component, a diol component and at least one blocking agent in the
component ; 2 mot blocking agent, wherein x means any desired
value from 2 1 6, wherein 50 to 80 mol % of the diisocyanate
component is formed by 1,6-hexane diisocyanate, and 20 {o 50 maol
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% by one or two diisocyanates, each forming at least 10 mol % of
the diisocyanate component and being selected from the group
consisting of toluylens disocyanate, diphenvimethane disocvanate,
dicycliohexyimethane diisooyanate, isophorons dilsocyanale,
cyciahexanedimethylene ditlspoyanate and tetramethvienexviylene

diisocyanate.

8. The composttion according to claim 1 whersin the polyurethane
rasin {B) is a polyurethane with blocked socyanate groups which is
the reaction product of a trimer of a {oyclolaliphatic diisocyanate,

1.6-hexane ditsocyanate, a diol component and at least one

blocking agent in the molar ratio of 1mol tnmer of a {cyclojaliphatic
ditsocyanate | x mol 1,68-hexane dilsocyanate ;| x mot diot

component - 3 motl blocking agent, wherein x means a value from 1

8. The composition according to claim 1 having a melt viscosity of
beiow 10 Has.

10, A process of coating a substrate comprising the steps
(a) applying the powder coating compaosition of claim 1 on a
substrate and

{h} curing the applied composition.

11, A substrate coated with the powder coating composition according

to claim 1.
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