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& (57) Abstract: The present invention provides a process of powder coating aluminium substrate surfaces comprising the steps a)
pre-treating the aluminium substrate surface by a color-less chemical treatment process, b) applying a clear powder coating com-
&= position based on at least one (meth)acrylic resin and at least one resin selected from the group consisting of polyester resin and
& polyurethane resin providing a low gloss of the cured coating in the range of 1 to 20 gloss units at 60°, and curing the coating compo-
sition. The process according to the invention makes it possible to provide a desired special effect of the coated surface which meets
the effect resulted using the anodizing process, called as "anodizing effect". A one-layer coating of the substrate is possible providing
additionally a high appearance and smoothness of the cured coating, a strong adhesion to non-primered aluminium substrate surfaces
as well as an excellent hardness, corrosion- resistance, weather resistance and light fastness of the cured coating.
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Title

Process of Powder Coating Aluminium Subsirates

Field of the Invention

The invention is directed to a process of powder coating aluminium
substrate surfaces providing a special effect on the aluminium substrate
surface for interior and exterior applications in architecture and industnal
market,

Description of Related Art

haterials based on aluminium are used more and more inthe

architecture market and for industrial and decorative applications.

Alurninium building parts or elements often need to be prepared by
a special inishing of their surfaces to provide excellent special sffects and
protection, and therefore they are usually finished by the so-called
"anodizing process’. The anodizing process is an electrochemical process
whereby the aluminium surface 1s changed into aluminium oxide, The
resulted aluminium oxide is strongly bonded with the aluminium base, and
and light fasiness of the swiface. if is possible to color the resulling oxide
film using organic dves. Although providing desired properties of
aluminium surfaces the anodizing process needs o use strong acids and
bases and, therefore, can cause harzards and waste disposal issues.
Additionally the process can provide undesirad moenochrome parts an the
metal surface and can lead to tensile failure due o surface cracks.

An alternative 1o the anodizing process is a coating using
particularly powder coating compositions. Such powder compositions can
provide specific metallic effects such as color shift, pearlescence,
fluorescence, on the cured coating. Commanly metallic pigments are used
to produce such coatings. WQ 03/033172 discloses a two-part powder
coating sysiem providing a chromatic and metallic effect coloration
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whareby the first part powder system conlains metallic and chromatic
pigments and form a base coaling, and whereby the second part powder
systenrt is free of chromatic pigments and form a clear coating.

The powder cogling compositions providing such metallic effects
can show a poor color maifch of the desired effect residting by anodizing of
aluminium, and they can show poor smoeothness i combination with
visible se-called “orange pesl” effects. Moreover, the resulted coatings
need {o be protected with at least second layer of, e.g., a clear coatl, and
this 18 not appreciated due o productivity of the manufactures line.

There is a nesd to provide coatings based on a powdsr coating
process that provides coatings having the desired special effect which
meets the excellent strface effects resulted by the known anodizing
process, and which fulfill the requirements of archifectural coating
applications such as high appearance and smoothness. Additionally, the
desired properties should be provided by a one-layer coating of the

powder coating composition,

Summary of the Invention

The present invention provides a process of powder coaling
aluminium substrate surfaces comprising the steps

a) pre-treating the aluminium substrate surface by a color-less
chemical treatment process,

b applying a clear powder coating compasition based on at
teast one (methlacrylic resin and at least one resin selected
from the group consisting of polyester resin and
polyurethane resin, providing a low gloss of the cured
coating in the range of 1 to 20 gloss units at 60° angle
according to DIN 67530 (1IS02813), and curing the coating
compaosition.

[
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The process according o the invention makes it possible to provide
the desired special effect of the coated surface which meets the affect
resulted using the anodizing process, hereinafier called as “anndizing

effect’”.

A one-layer coating of the substrate is possible providing
additionally & high appearance and smocothness of the cured coaling, &
strong adhesion {o non-primered aluminium substrate surfaces as well as
an excellent hardness, corrosion- resistance, weaather resistance and light
fastness of the cured coating.

Detailed Description of the Invention

The features and advantages of the prasent invention will be more
readily understood, by thoss of ardinary skill in the art, from reading the
following detailed descrption. tis 1o be appreciated those certain
features of the nvention, which are, for clarity, described above and below
in the context of separate embaodiments, may also be provided in
combination in a single embodiment. Conversely, various featurss 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.
I addition, references in the singular may also includs the plural (for
exampla, “a" and “an” may refer {o one, or one of more} uniess the context

specifically states otherwise.

Stight variations above and below the stated ranges can be used to
achieve substantially the same results as values within the ranges. Also,
the disclosure of these ranges is intended as a continuous range including
every value between the minimum and maximum values.

The process according o the invention provides coalings havihyg 8
fow gloss level in the range of 1 10 20, preferably inthe ranga of 110 15
gloss units at 80° angle.

The gloss is measured at 607 angle according o DIN 67 530
{1302813). Typically, gloss can be adjusted in the range of 1 1o 130 gloss

Lok
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uriis; typically a low gloss has a gloss in the range of 1 1o 30 gloss units
and a medium gioss finish in the range of 30 o 70 gloss units.

The process according o the invention provides coatlings having a
surface structure of the cured coating characterized by g value of integral
1 in the range of higher than 8. 00E+00, preferably in the range of
1.00E+01 to 1.40E+01, measured by the mechanical profilometry Fourier

analysis.

The mechanical profilomelry Fourier analysis according fo this
invention means a surface structure analysis using @ Hommeltester
{Hommel, Germany) known by a person skilled in the arl, whereby the
surface profiles have recorded over a scan length of 15 mm. The
evaluation of mechanical profile measuremenis according o average
roughness Ra value according to DIN EN 10049 gives an integrated
information about the surface structure, The sample is moved by a precise
positioning table for a small distance between two ling scans. A cut off
wavelength of 2.5mm for 15mm scan length s used to separate belween
roughness and waviness profile. The square of ampiitudes {intensity,
measured in pm?) of the calculated sine and cosine waves representing
the surface profile is plotted versus the corresponding wavea number
{raciprocal wavelength). The Integral 1is the sum of squares of the

amplitudes in the wave length range from 1 o 10 mm.

The process according fo the invention comprises as step aj pre-
treating the sluminium substrate surface by a color-less chemical
treatment process (o protact the surface from corrosion and to have the
surface to be free of grease or other contaminants. Examples forsuch 8
chamical pre-treatment process are chrome-free surface freatments. All
chrome free pre-freatments known in the art that give a colorless surface
can be used to malch the desired anodizing effect. For example, the
atuminium substrate surface is deaned in the first stage, rinsed with water
in the second stage and finally, in the third stage, wetted with an aqueous
solufion which forms chemical conversion coatings, the liguid fim being
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dried off. For example, such process can comprise the steps of a) rinsing
the aluminium substrate surface with an aquecus, acidic solution
containing @ mineral acid, b) rinsing with water, ¢} bringing the surface into
contact with an aquecus, agidic solution which is chromium-free and
polymer-free. The solution of step ¢ may contain complex fluorides, e.g.
titanium {11} and zirconium {(Zr}) complex fluorndes, also mixtures thereof, in
different concentrations and with different pH values. After the subsequent
drying off, a layer weight of 2 to 15 mg/square meter {calculated as TiZr
melal) may resuit.

The process according o the invention comprises as step by}
applying a dear powder coating composition based on al least one {meth)
acrylic resin and al least one rasin sslected from the group consisting of
polvester resin and polyurethane resin,

The term {meth) acrylic is respectively intended to mean aorviic
and/or methacrvlic,

Suitable {meth)acrylic resins are unsaturated resins, such as, &.g.,
copolymers prepared from alkyl{meth)acryiates with glycidylimeth
acrylates and olefinic monomaers,; funclionalized resins such as polyester
{meth)acrylates , epoxry (methlacrylales, urethane {methjacrylates,
glycidyi{methiacrylates.

Preferably at least one glycidyi{methjacrylic resin is used.

The ghycidyi-functionalised (meth) acrylic resins have preferably an
epoxide equivalent weight (EEW) in a range of 300 to 2000, prefarredin a
range of 400 {o 700, epoxy equivalent waight determined by means of
ADSAM142 | a method code of the EEW test using aulo-tritator (Brinkman
Metrohm 751 GPD Titrino) and known by a person skilled inthe art, and a
glass fransition temperature Tg in a range of, 2.g., 30 to BO°C, preferably
40 to 70°C, Tg determined by means of differential scanning calorimetry
{DSC).
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Especially preferred for this invention are glycidvl funchonalised
{methlacrylic resins with an EEW in the range of 400 to 700,

Examples of glycidyi-functionalised {meth)acrylic resins are glyeidyl
functionalised acrylic resins or copolymers therefrom, such as, for
gxampla, lsoond® EPST0 (Worlee Chemig GbmH), Aimatex® PD 7610,
Almatex® PO 7630, Almatex® PD-1700, Almatex® PD-6180 {Anderson
Development Co.), Synthacryl®700, Synthacryl®710 {Cytec Surface
Specialties), FinePlus® AC2490, FinePlus AC2880 (DIC).

The {methacrylic resing have a glass transition temperature Tg
preferably in a range of 40 to 707C, Tg determined by means of differential
scanning calofimetry (DSCY

The number average molar mass Mn of the {methjaciylic resins is
it the range of, e.g., 2000 fo 15.0800, Mn determined or to be determined
by gel permeation chromatography (GPC; divinylbenzene-cross-linked
polystyrene as the immobile phase, tetrahydrofuran as the liquid phase,
polystyrene standards).

Crystalline and/or semicrystaliine (methnacrylic resins ars also
usable which have g Tm (melling temperature) preferably in the range of
£.g., 50 o 150°C | determined by means of DSC.

The {(meth)acndic resing can comprise self cross-linkable resing
containing cross-inkable functional groups known by a person skifled in
the art. They can also be cross-linked by cross-linking agents suilable for
{meth)acrylic resins known by a person skilied in the art. Example are
cycloaliphatic, aliphatic or aromatic palyisocyanates; cross-linking agents
containing epaxy groups, such as, for example, tnglycidyt isccvanurate
{TGIC): polyghycidyt sthers based on disthyiene glycol glycidyl-
funclionalized {meth)acrylic copolymers; and cross-linking agents
containing amine, amida, (methjacryiate andfor hydroxyl groups, as well
as vinyl ethers. Furthermore, conventionally cross-linking agents such as,

dicyanadiamide hardeners, carboxylic acid hardeners or phenolic

&
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hardeners are usable. Preferred is the use of cross-inking agenis
sontaining aming, amida, and/ar hydroxyl groups, in a range of, for
example, 0.1t 15 wi%, preferably 0.1 to § wi%, based on the total weight
of the clear powder coating composition.

The clear powder coating compositions according fo this invention
may contain as further componants the constituents conventional in
powder coating technology, such as addifives and fillers as known by a
person skilled in the arl. The constifuents are used in conventional
amounis known 1o the paerson skitled in the art, for example, 0.01 10 25wt
%, based on the tolal weight of the powder coating composition.

To cover all the nuances of the anodized effect the clear powder
coaling compaosition can be coloured by at least one pigment andior dye.
The at least one pigment and/ar dye can be transparent andior
semitransparent which can be any conventional coating pigment andfor
dye of an organic or inorganic nature known by a person skilled in the art,
selected to provide, according o the process of the invention, coatings of
the required gloss and surface structure measured by the mechanical
profilometry Fourter analysis gs well as a desived color of the coating.

The amount of the at least one pigment and/or dye depends on the
type of pigment andior dye and is in the range of, for example, 0o 10
wit based on the total powder coating compasition.

Additives are, for example, degassing awxlianies, flow-control
agents, fialting agents, waxes, lexturing agents, fillers {extenders),
photoinitiators, catalysts and dyes. Compounds having anti-microbial
activity may also be added to the powder coating compositions. Examples
of usable extenders ara silicon dioxids, aluminum silicate, bariun sulfate,
and calcium carhonate. iis also preferred to use filler-free powder coating

compostions.

The crosslinking reaction may be addifionally acoelerated by the

presence in the clear powder coating composition according to the

-3



10

15

20

25

WO 2009/029432

invention of catalysts known from thermal crosslinking. Such catalysts
are, for example, fin salts, phosphides, amines, amides and imidazole.
They may be used, for example, in quantiies of 0.02 to 3 wi%, based on

the total weight of the powdsr costing composition.

The clear powder coating composition may cantain photoinitiators
in order {o initiate the free-radical polymerization. Suitable photoinfiators
include, for example, those which absorb in the wavelength range from
190 to 800 nm. Examples for photoinitiators for fres-radically curing
systems are benzoin and denvaltives, acefophenone and derivalives,
banzophenons and derivatives, thioxanthone and derivalives,
anthraquinone, organo phosphorus compounds, such as, for example,
acy! phosphine oxides. The photomnitiators are used, for example, in
quantities of 0 to 7 wi%, based on the total weight of the powder coating
camposition.

in a first embodiment a dear powder coating composition can be
used compnsing a combinagtion of at least one polyester resin and at least
one {meth) acrviic resin. The at least one polyester resin and the at least
one {meth) acrvlic resincan be used inarativof 4 1 1 fo 1 1 3, prefered
35 tw2:2

Suitable {meth)acrylic resins are those as described above.

Suitable palyesters are saturated and unsalurated polyesters.
They may be produced in 8 conventional manner by reacting
potycarboxylic acids, and the anhydrides and/or esters thereof with
polyalcohols, as is, for example, described in D.A. Bates, The Science of
Powder Coatings, volumes 1 & 2, Gardiner House, Londan, 1880,
Unsaturated polyesters can be crosslinked by free-radical polymerization
and can be prepolymers, such as, polymers and oligomers, contamning,
per molecule, one or more, free-radically polymerizable olefinic double
bonds,

b
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Examples of suitable polycarboxylic acids, and the anhydides
and/or esters thereof include maleic acid, fumaric acid, malonic acid,
adipic acid, 1.4-cyclohexane dicarboxyiic acid, isophthalic acid,
terephthalic acid, acrylic acid, and their anhydride form, or madures
thereof. Examples of suitable alcohols are benzyi alcohol, butanedial,
hexanediol, disthvlene glycol, pentaeryiritol, neopentyl glycol, propylene
glyeol, and mixtures thereol

Mixtures of carboxyt and hydroxyt group containing polyesters may
be usaed. The carboxy-functionalized polyesters according 1o the invention
have an acid value of 10 to 100 myg of KOM/g of resin, preferred 10 to 50
mg of KOH/g of resin and the hydroxy-functionalized polyesters have an
OH value of 10 1o 400 myg of KOH/g of resin, preferred 20 t0 100 mg of
KOHg of resin,

Preferred is the use of carboxy-functionalized polvesters.

The polyesters have a glass transition temperature Tg preferably in
a range of e.g.. 3810 70°C, Ty determined by means of differential
scanning calorimetry (DSC).

The number average molar mass Mn of the polyesters is preferably
in the range of, &.g., 2000 {0 10.000, Mn determined or to be determined
by gel permeation chromaiography {GPC; divinyibenzene-cross-linked
polystyrene as the inynobile phase, tetrahydrofuran as the liguid phase,

polystyrene standards}.

Crystalline andfor semicrystalling polvesters are also usable which
have a Tm {melting temperature) preferably inthe range of 2.g., 50 {0
150°C(to check), determined by means of DEC.

The polyesters can comprise self cross-linkable resing confaining
oross-linkable funclional groups known by a person skilled in the art. They
can also be cross-linked by gross-linking agenis suitable for polyesters
known by & person skilled in the arl. Example are cycloaliphatic, aliphatic

af aromalic polvisocyanates; cross-dinking agents containing epoxy



1

10

20

25

30

WO 2009/029432 PCT/US2008/073421

groups, such as, for example, frighycidy! isocyanurate {TGICY; polyglycidyt
gthers based on disthviene giyeol; glycidvi-funclionalized {meth)acnyic
copolymers,; and cross-linking agenis containing amino, amido,
{methacrylate andior hydroxyl groups, as well as viny! athers.
Furthermore, conventionally cross-inking agents such as, dicyanodiamide
hardeners, carboxylic aaid hardeners or phenolic hardeners are usable,
Prafarred is the use of cross-inking agents containing amino, amido,
andfor hydroxyl groups, in a range of. for example, 0.5 t0 15 wi%, based
on the total weight of the clear powder coating composition.

in a second embodiment a clear powder coating composition can
be used comprising 8 combination of at least one polyester resin and at
ieast one {meth) acrylate resin as well as a specific kind of at least one
pigment and/ar dye providing the above mentioned anodizing effect.

Suitable {methiacrylic resins are those as described above.

Suitable polyesters are saturated and unsaiurated polyesters as

gdescribed above for the first ambadiment.

The at least pne polvester resin and the al least one {meth) acnylic
resin can he used in a ratic as described for the first embodiment.

The powder coating composition of the secontd embodiment may
comprise 0.1 {0 10 wi%, preferably 0.1 to 5 wi% and most preferably 0.1
t0 3 wi%, based on the {ofal powder coating compaosition, of af least one
pigment and/or dye. The af least one pigment and/or dye can be
fransparent and/or semitransparent which can be any conventional
coating pigment and/or dve of an organic or inorganic nature known by a
person skiled in the ad, selected o provide, according to the process of
the invention, coalings of the required gloss and surface structure
measured by the machanical profilometry Fourier analysis aswell as a
desired color of the coating.

Examples of transparent and semitransparant pigments andfor
dyes are iron oxide pigments ke Sicotrans® (BABF) pigments, dyes

¢
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bazed on metallic complex, for example NEQZAPON® {BASF),
ORAGOLE {Ciba}, Nymoo® {(Heubach), SBavinwl® {Clariant), micronized
fitanium dioxide, carbon biack.

Partions of color-imparting pigments and/or dyes can be used in
addition to the transparent andfor semitransparent pigments andfor dyes,
in amounts in the range of, for example, 0.01 fo 5 wit¥% based on the tolal
powder coating composition. Examples of color-imparting pigments are
metalhc pigments, for example, leafing and non-leafing metaliic pigments
based on siver, copper, aluminum, norganic and/or organic coated andior
encapsulated aluminum flakes andfor particles, andfor micas, inorganic
and/or organic chromatic pigments can be used. Leafing pigments
arientate parallely to the swface of the coating film and non-leafing
pigments are intimately bonded with the paint matrix.

For example, a clear powder coaling composition can be used
COMprising
(A} 60 1o 82 wiY% of a mixiure comprising at least one polyesier resin and
at least ona (meth) acndate resin,
{B) 0O t030 wi% of at least one cross-linking agent,
{C3 Ot 10 wit%, preferably 0.1 to 10 wi%, of at least one pigment and/or
dye,

providing a low gloss of the cured coating in the range of 1 10 20
gloss units at 60° angle according to DIN 67520 {1I502813) as well as &
surface structure of the cured coating characterized by a value of infegral
1 in the range of higher than 8.00E+00, preferably in the range of
1.00E+01 to 1.40E+01, measured by the mechanical profilometry Fourier
analysig, and whereby the wi% are based on the total waight of the
powder coating compaosition.

I a third embodiment a clear powder coating composition can be
used comprising a combination of at least one polyurethane resin and at
least one {meth) aorylic resin. The at least one polyurethane resin and the

iy
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at least one {(meth) acrvlic resin can be used inaratioof4 1 1to 11 3,
preferably 3.5 - 1to 2 2

Suitable {meth)acrylic resing are those as describad above.

As polyurathane resin preferably af least one carboxyl
functionalised polyurethane resin is usable, for example with guantittes in
the range of 30 {o B0 wit¥%, preferred 40 to 70 wi%, based on the total
gowder coating compasition. These are carboy! functionalised
potyurethane resins which are preferably solid at room temperatura.

The carboxyl functionalised polyurathane resins may be produced
by, for exampie, reacting hydroxyl functionalised polyurethanes with acid
anhydrides. Furthermore, the carboxyt functionalised polyurethane resins
may be produced hy reacling diisocyanates or polyisocynates or
isocyanate functionalised pre-polymers with hydroxyl carboxyl acids.

The hydroxyl functionalised polywrsthanes may be prepared in a
canventional manner as known o the person skilled in the art, in
particular, by reacting polvisocyanaies with polyols in the excess. Polyols
suitable for the production of the polyurethanes are not only polyols in the
form of low molar mass compounds defined by empirical and structural
formutas but also oligomeric or polymeric polyols with number-average
molar masses of, for example, wp to 800, for example, corresponding
hydroxyl-functional polyethers, polyasters or polycarbonates; low molar
mass polyols defined by an empirical and structural formula are, however,
preferred. Examples of useful polyols are the following diols: ethylene
glyeal, the isomaric propane- and butanediols, 1.8-pentanediol, 1.6~
hexanediol, 1,10-decanadiol, 1,12-dodecanedio, neopenty glyeal,
butylethyipropanediol, the isomeric cyolohexansdiols, the isomeric
cyclohexanedimethanols, hydrogenated bisphenol A,
tricyclodecanedimeathancl, and dimer falty alcohot as representatives of
{cyclojaliphatic diols defined by empirical and structural formula with a low
molar mass in the range of 62 to 800 as well as telechslic {meth)aorylic
polymer divls, polvester digls, polyether dicls, polycarbonate dicls, sach

12
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with 8 number-average molar mass of, for example, up to 800 as
representatives of cligomeric or polymeric diols. Further examples of
polyols are polyesterpolyols, polycarbonatepolyols, polyetherpolyols,
pobdactone-polyols andior poly{meth)acryatepolyols. Examples of acd
anhydrides are anhydrides of maleic acid, succinic aaid, tetrahydio
phthalic acid, hexahydro phthalic acid, methyl hexahydro phthalic acid,
trimedlitic acid, of pyromeliitic acid, and citric acid.

Examples of diisocyanates are hexamethylene diisocyanate (HD1),
{eframethyixylylens diisocyanate, isophorone diisacyanate,
dicyclohexyhmeathane diisocyanate, cyclohexane diisocyanate, toluylene
diisocyanate, and diphenyimeathane diisocyanate,

Examples of polyisocyanates are those which contain heferoatoms
in the residue hinking the isocyanate groups. Examples of these are
polvisocyanates which comprise carbodiimide groups, allophanate groups,
isocyanurate groups, urethane groups, acylated urea groups or biuret
groups. 1he polyisocyanates have an ispcyanate functionality higher than
2, such as, for example, polyisocyanates of the urelidione orisocyanurate
type produced by di- andfor trimerization of the dilsocyanates stated in the
above paragraph. Further examples are polyisocyanates containing biuret
groups praduced by reaction of the diisocyanates stated in the above
paragraph with water. Further examples are likewise polyisocyanates

containing urethane groups produced by reaction with polyels.

Polyisocyanate crosslinking agents known for isocyanate-curing
coating systems and based on hexamethylene diisocyanate, on
isophorane dilsocyanate and/or on dicyclohexyimethane diisocyanate arg
very highly suitable as polvisocyanates. Examples are the per se known
derivatives of these dilsocyanates comprising biuret, urethang, urstidione
and/or ispcyanurate groups. BExamples thereof may be found among the

praducts known by the name Desmodur® sold by Bayer Material Science.

PCT/US2008/073421
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Examples of hydroxy carboxylic acids are hixdroxy succinic acid,
12-hydroxy steanc acid or adducts from monoepoxides and dicarboxylic
acids.

The carboxyl-functional pelyurethane resin may be produced in the
prasence of organic solvents, which, however, makes it necessary {o
isolate the polyurethane resin obtained in this manner or remove the
solvent therefrom. Preferably, the production of the palyurethane resin is,
howaver, carmed out without solvent and without subsequent purification
pperations.

The carboxyl-functional polvurethane resins of component have an
acid value in the range of 50 to 300, preferably of 80 10 200,

The acid valus is defined as the number of mg of potassium
hydroxide (KOH) required to neulralise the carboxylic groups of 1 g of the
resimn,

The peraon skilled in the art selects the nature and proportion of
the polyisocyanates and polyols for the production of polyurethane resins
in such @ manner that polyurethane resins are obilainad which are salid at
rocm temperature.

in a fourth embodiment & clear powder coatling composition can be
used comprising a combination of at least one polyurethane resin and at
jeast one (meth) acrylic resin as well as a specific kind of at least one
pigment.

The at least one polyurethane resin and the at least one {meth)
acrylic resin can be used in a rafio as described for the third embodiment.
Suitable {meth)acrylic resins are those as described ghove.
Suitable polyurethane resing are those as described above.

The powder coating compasition of the fourth embodiment may
comprise 0.1 fo 10 wi%, preferably 0.1 to & wit% and most preferably 0.1
to 3 wi%, based on the {ofal powder coating compaosition, of af least one

14
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pigment andfor dye. The al least one pigment and/or dye can be a
fransparent and/or semitransparent pigment and/or dye which can be any
conventional coating pigment and/or dye of an organic or ihorganic nature
known by a person skilled in the arl, selected o provide, by the process
according to the invention, coatings of the required gloss and surface
structure measured by the mechanical profilometry Fourler analysis as
well as a desived color of the coating.

Suitable pigments and dyes are those as described above for the
second embodiment.

For example, a dear powder coating composition can be used
comprising
Ay 30 to 80 wi% of at least one glycidyl-funclionalised {(methjacrylic resin,
B) 30 to 80 wi¥ of at least one carboxyl funchionalised polyurethane
rasin,
G} Oto 10 wit%h of at least one cross-linking agent, and
Y 0.05 to 30 wi%h of at legst one coating additive, pigment and/or dye
and/or filler, comprising 0 to 10 wi%, preferably 0.1 to 10 wit% of at least
one pigment and/or dve,
providing 3 low gloss of the cured coaling in the range of 1 to 20 gloss
units at 60° angle according to DIN 67530 (1S02813) as well as a surface
structure of the cured coating characterized by 3 value of Integral 1 in the
range of higher than 8.00E+00, preferably in the range of 1.00E+01 o
1.40E+01, measwred by the mechanical profilometry Fourier analysis, and
wheareby the wi% are based o the folal weight of the powder coating

composition.

The cross-linking agent nan be the same as described for the first
embodiment, for example, cross-inking agents containing epoxy groups,
such as, for example, triglycidyl isocyanurate (TGIC); polyglyaidyt ethers
hased ot diethylene glycol; glycidyl-funclionalized {meth)acrylic
copolymers; and cross-linking agents containing amino, amido,
{meth)acrylate andfor hydroxy! groups, as well as vinyl sthers.

15
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Furthermore, conventionally orassHinking agents such as, dicyanodiamide
hardeners, carboylic acwd hardeners or phenolic hardeners are usable.
Preferred is the use of aross-linking agents containing aming, amido,
andfor hydroxyl groups, in a range of, for exampile, 0.5 to 10 wi%, based
on the total waight of the clear powder coaling compasition.

The clear powder coating composifion according 1o the process of
the invention may be prepared by conventional manufacturing technigues
used in the powder coating industry, such as, extrusion and/for grinding
Processes.

For example, the components used in the powder coaling
composition, can be blended together with the plaments andfor dyes and
then heated to a femperature to mell the mixture and then the mbdura is
extruded. The extruded matlenal is then cooled on chill roles, broken up
and then ground to a fine powder, which can be classified o the desired
grain size, for example, 1o an average particle size of 20 10 200 pm.

The powder coating composifions may also be prepared by
spraying from supercritical solutions, NAD "non-agqueous dispersion”
processes or ultrasonic standing wave atormization process.

Altlernatively, the ingredients of the powder cogting composition
according fo the invention may aisa be processed first without the
pigments and/or dyes. In such cases the pigments and/or dyes may be
processed with the finished powder coaling pariicles.

For gxample, the pigments andfor dyes, particutarly the pigments,
may be processed after extrusion and grinding of the ingredients of the
powder coating composition by dry-blending the pigments andior dyes
with the finished powder coating particles.

Furthermaors, the pigments and/or dyes, particularly the pigments,
may be processed with the finished powder coating particles after
aextrusion and grinding by the so-called "bonding” process. Parlicularly,
this means, that the pigments are bonded with the powder coating

16
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particles using an impadct fusion. For this purpoese, the pigments may be
mixed with the powder coating particles. During blending, the individual
powder coating particles are treated 1o softening thelr surface so that the
pigments adhere to them and are homogeneously bonded with the
surface of the powder coaling pariicies. The softening of the powdsey
particles’ surface may be done by heatl realing the particles to a
temperature, e.g., the glass transition temperature Tg of the composition,
in arange, of 8.9, 40 1o 70°C. After cooling the mixiure may be sigved o
receive the desired particle size of the resulted particles.

Therefore the invention alaa relates to a procass for preparation of
a powder coating composition.

The powder coating composition of this invention may be appliad
by, ©.g., slectrostatic spraying, themmal or flame spraying, or fluidized bed
coating methods, all of which are known to those skilled in the art.

The coating compositions may be applied to all kind of aluminium

substrates, e.g., aluminium sheels, cols, profiles, alloys, window framses.

The powder coating composifion according to the invention may ke
sed for high speed coating on aluminium, for example, via call coating
processes at coating speads of, for example, about > 30 mymin, for

example, in the range of 30 t© 50 m/min.

in cerfain applications, the substrate {6 be coated may be pre-
heated before the application of the powder compaosition, and then either
heated after the application of the powder or not. For example, gas is
commonty used for vanous healing steps, but other methods, 8.4,
muerowaves, infra red (IR} and/or near infra red (NIR) irradiation are also
know.

The process according o the invention makes it possible {o apply
the coating composifion directly on the aluminum substrate surface as a
one~coating system providing the abovementioned benefits of this
invention.

Ey
~i$
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The apphied and melled powder coating laver can be cured by
thermal energy. The coating layer may, for example, be exposed by
convective, gas andfor radiant heatling, e.g., IR and/or NIR irradiation, as
known in the art, to {emperatures of, e.g., B0°C to 220°C, preferably of
120°C to 200°C (obect temperature in each case).

The powder coating composition can also be cured by high energy
radiation known by a skilled person. UV (ultraviolet) radiation or electron
heam radiation may be used as high-energy radiation. UWV-radiation is
preferred. bradiation may procesd continuously or discontinuously.

Dual cuning may also be used. Dual curing means a curing method
of the powder coating composition according to the invention where the
apphed compaosition can be cured, e.g., both by UV irradistion and by
thaermal curing methods known by a skilled person.

The invention therefore also relates {o an arlicle produced by the
prooess according {o the invention.

The present invention s further defined in the following Examples,
1t should be understood that these Examples are given by way of
Hustration only.

Examples
Example 1

Manufacture of Powder Coafing Compaositions and Application

Powder coating compositions are prepared according to the followang
Formudation 1 and 26

Formulation 1 Formulation 2
Waight Percemt Weight parcent
Components {wit%) {wi%h)
Unsaturated polyvester resin (Acid valus
25-35 mgKOH/g, Tg 58-85°C) 70, 65,1
Slycigyl functionalized acrvlic resin {epoxy 25,8 331
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squivalent weight 550-880 g/eq)

Crosslinker hydroxyalkylamide 2.1 0
Flow gontrol agent 1.0 1.0
Depassing agent 8.3 8.3
Metal complex dye s 0.5

The ingredients of each formulation are mixed together and
extruded in an extruder PR 46 {firm: Buss AG) at 120°C. The meit mixed

formulation is cooled and the resulted material of each formulation is

grinded and sieved © a D50 value of 30-40 um particle size distribution.

Aluminum profiles are freated chamnically by a chrome-free surface

process with Aloding® 4870 (Henkel). The resulting coloris almost

colorless 1o a grey shade.

Formulation 1 and Formulation 2 are appliad on treated aluminum

profiles using a corona gun {finm (TW Gema) as a ona-layer coating to a

film thickness around 80 ym. Finally each coating is cured in a convection

oven at 200°C for 20 minulss.

Exampile 2

Test of the Cured Coatings

Table 1: Results of the cured coatings according to the invention

Test

Values
Formulation 1

Values
Formulation 2

Gloss {at 60° angle according o 150 2813) & 12
Adhesion Gta Gto
Bend Test (EN 150 1519),.5 mw mandrel Pass Pass
Imnpact jest >2.5 Nm =2.5 Nm

Accalerated Waathering test (300h QUV-8
3130my

Gloss retention = 50%
DE«15

Gloss ratention » 50%
DE<15

9
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Surface Structure (Integral 1 measured by | - 100E+0t 1 L30Es0T

the machanical profiomestry Fourier
analysis)

{wavelength range 1-
10 mmy

iwaveglength rangs 1
10 may)

10

15

20

The combination of the colorless prefreatment and the matt clear

powder coating compaosition resulls in the final anodized sffect.
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Patent Claims

1.

(o

A process of powder coating aluminium substrate surfaces
comprising the steps

a) pre-treating the aluminium substrate surface by a color-less

chemicsl treatment procass,

b} applying a clear powder coating compaosition based on at
east one (meth)acryhic resin and af least one rasin selected
from the group consisting of polyester resin and
polyurethane resin, providing a low gloss of the cured
coating in the range of 110 20 gloss units at 807, and cunny

the coating composition.

A process of powder coating sluminium substrate surfaces

comprising the steps

&) pre-treating the aluminium substrate surface by a color-less
chemical treatment progess,

b} applying & clear powder coating compgosition based on at
least one {(methjacrylic resin and at least ong resin selected
from the group consisting of polvester resin and
patyurethane resin, providing a low gloss of the cured
coating in the range of 1 to 20 gloss units al 80° and
providing coatings having a surface structure of the cured
coating characlerized by a value of integral 1 in the range of
higher than 8.00E+00, measurad by the mechanical
profilometry Fournier analysis, and curing the coating
compastion.

The process according fo daim 2 wherein a clear powder coating
camposition is applied proviting coatings having a surface
structure of the cured coaling charactenzed by a value of Integral 1
in the range of 1.00E+01 o 1.40E+01, measured by the
mechanical profilometry Fourler analysis.

.-?}
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o

The process according o claims 1 1o 3 wharein a clear powder
coating composition is applied providing a low gloss of the cured
coating in the range of 1 1o 15 gloss unils gt 60°.

The process gecording to claims 1 o 4 wherein a clear powder
cogting composition 1s apphied comprising 8 combination of at least
one polyester resin and at least one {meth) acrylic resin in a ratio of
4:1t01.:3

The process according fo claims 1 1o 5 wherein a clear powder

coating compostiion is applied comprising

{A) 60 to 89 wi% of a mixture comprising al least one polvester
resin and at least one {math) acrvlic rasin,

(B} Qo 30 wi¥ of al least one cross-linking agent,
(C) Qo 10 wi% of af least one pigment andfor dye,

providing a low gloss of the cured coating inthe range of 1 o 20
gloss units at 60° angle and a surface structure of the cured
coating characterized by g value of Integral 1 in the range of
1.00E+01 {0 1.40E+01, measwred by the mechanical profilometry
Founer analysis, and whereby the wi% are based on the toial

weight of the powder coating compaosition.

The process according to claim 6 wherein a clear powder coating
compuosition is applied comprising 0.1 o 10 wt% of af least one
pigment and/or dye as {C}.

The process according to claims 1 1o 4 wherein @ clear powdear
coating compasition is applied comprising at least oneg
polyurethane resin and at least one (meth) acrylic resin in a ratio of
41013

The process gecording o claims 110 4 and 8 wherein g clear

powder coating compaosition is applied comprising

e
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A} 30 1o B0 wi% of at least one glycidvi-functionalised
{methlacrylic resin,
B) 20 to B0 wit of at least one carboxyl functionalised
polyurethane resin,
C) 0.01 1o 10 wi% of at least one cross-linking agent, and
3] 0.05 fo 30 wit%h of at least one coating additive, pigment
and/or dye andfor filler, comprising 0 1o 10 wi% of at least one
pigment and/or dye, providing a low gloss of the cured coating in
the range of 1 to 20 gioss units at 60° angle according to DIN
87530 (1IS02813) as well as a surface structure of the cured
coating characterized by a value of Integral 1 in the range of higher
than 8.00E+00, preferably in the range of 1.00E+01 fo 1.40E+01,
measured by the mechanical profilometry Fourier analysis, and
whereby the wi% are based on the fotal weight of the powder
coating composition.

The process according fo claim § wherein a clear powdsr coating
camposition is applied comprising 0.1 to 10 wi% of at least one

pigment andior dye as (D).

The process according to olaims 6, 7, 8 and 10 wherein the at least
one pigment and/or dye is salected from the group of transparent
andfor semitransparent pigments and/or dyves consisting of ron
axide pigments, dyas based on metallic complexes, micronized
titanum dioxide, carbon black,

The process according fo claims 11 11 wherein a clear powder
coating composition is applied comprising at least one glycidy
{meth} acrylic resin as the (meth) acrylic resin with an epoxide
gquivalent weight EEW in the rangs of 400 to 700 and a glass
transition temperature Ty in a rangs of 40 to 70°C.

An article produced by the process according 1o claims 1o 12
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