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DESCRIPTION

[0001] The present invention relates to coating compositions, coated substrates and processes for
preparing the coated substrate.

[0002] Coating compositions suitable for coating substrates, and in particular for use in food and
beverage cans, are well known In the art. Such coating compositions have to comply to many
requirements: these compositions need to be storage stable and easily and readily applicable to the
substrate. The cured coating compositions should further prevent corrosion, exhibit a good balance
between hardness and elasticity, must adhere well to the substrate surface and may expose a low
amount of volatile organic compounds (VOC). Many have developed coating compositions comprising
iImproved binder systems and/or specific additives. Examples of such developments can be found in WO
2012/089657, WO 13/180067 and WO 15/002961. Generally, such compositions and/or binder systems
are complex and relatively expensive.

[0003] Some developments have used a combination of a polyol resin and an aminoplast. WO 01/64801
discloses coating composition comprising a specific polyol comprising polytrimethylene carbonate polyol
fragments and melamine as crosslinking agent.

[0004] Also WO 01/55239 describes coating compositions comprising aminoplast and a polyester or
copolymer of polyester and polycarbonate.

[0008] US 4,528,344 mentions coating composition comprising an aminoplast and a non-aromatic polyol
having a molecular weight below 230.

[0006] Coating compositions comprising one or more polyols, such as acrylic resin and a sucrose polyol
as disclosed in Example 1 of WO 2012/162298, and a melamine are described. The polyols have been
applied in weight excess over the melamine.

[0007] US 4,154,891 discloses coating compositions comprising an hydroxyl-containing polymer derived
from urethane having a hydroxyl value below 50, and an amine-aldehyde condensate.

[0008] GB 1 308 697 describes compositions comprising aliphatic polyol and a melamine compound.

[0009] WO 08/036629 discloses coating compositions comprising a polyol resin and a crosslinker (e.g.
an aminoplast) and a titanium-containing and/or zirconium-containing catalyst.

[0010] These publications use the aminoplast to crosslink the polyol, which may not lead to the optimal
cured coating composition.

[0011] The objective of the present invention is to provide improved coating compositions.

[0012] The present invention pertains to a coating composition according to the present claims
comprising a first resin, preferably a polyol, and an aminoplast, and/or an adduct of a first resin and an
aminoplast wherein the molar ratio of the first functional groups of the aminoplast and the second

functional groups of the first resin, preferably the polyol, is at least 1, and the aminoplast is present in an
amount of at least 60 wt%, based on the total weight of first resin and aminoplast and wherein the
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coating composition comprises water as solvent and solids in an amount of at least 50 wt %. The
composition of the invention contains an excess of functional groups of the aminoplast as compared to
the functional groups of the first resin, preferably the polyol. This means that the aminoplast will also
self-condensate when exposed to curing conditions. The aminoplast hence does not serve as
crosslinking agent only as i1s generally the case in the prior art, but also forms oligomers and/or
polymers of the aminoplast which may subsequently react with the first resin, preferably the polyol. This
leads to a unique resin that is not disclosed in any of the cited references. The coating composition of
the Iinvention Is furthermore relatively simple compared to known compositions, and Is therefore
commercially and economically more attractive. The composition iIs generally easy to formulate.
Moreover, the coating composition of the invention can be readily applied to substrate surfaces even at
high speeds using conventional coating devices. The inventive composition enables the formation of a
cured coating that exhibits good retort-sterilisable properties, enhanced resistance towards chemicals,
good adhesion to a wide variety of substrates, good abrasion resistance, and compatibility to a wide
variety of inks. The color intensity of the inks may be improved allowing the use of a lower amount of ink.
The coating composition of the invention generally has good leveling characteristics and leads to cured
coatings with improved gloss and transparency. The coating composition further enables good coverage
of tactile surfaces and structured surfaces such as coarse surfaces, and allows such structures to be
present (touch and feel) after application of the (cured) coating composition of the invention.

[0013] Coating compositions comprising one or more polyols, such as acrylic resin and a sucrose polyol
as disclosed in Example 1 of WO 2012/162298, and a melamine are described. The polyols have been
applied in weight excess over the melamine.

[0014] US 4,154,891 discloses coating compositions comprising an hydroxyl-containing polymer derived
from urethane having a hydroxyl value below 50, and an amine-aldehyde condensate.

[0015] GB 1 308 697 describes compositions comprising aliphatic polyol and a melamine compound.

[0016] WO 08/036629 discloses coating compositions comprising a polyol resin and a crosslinker (e.g.
an aminoplast) and a titanium-containing and/or zirconium-containing catalyst.

[0017] In the context of this application the term "functional group(s)" refers to the reactive group(s)
taking part in the curing process. Examples of such functional groups of the first resin, preferably the
polyol, include hydroxyl (-OH), carboxylic acid (-COOH), carboxylic ester (-COOR), linear carbonates (R-
CO3), cyclic carbonates, oxirane, oxetane, anhydrides (R-CO-O-CO-R'"), and thiol (-SH). Examples of

functional groups for aminoplasts include amine (-NH»), amide (-NHR), ether (-N-R-O-R") and alcohol

(N-R-OH). R and R' represent substituents, which may be chosen as desired. Also other components of
the coating composition of the invention may comprise functional groups capable of reacting with the
first and/or second functional groups. Examples of such components include solvents and other resins.
It is further noted that the first resin and/or the aminoplast may further comprise non-reactive functional
groups, like (non-reactive) ether groups or aliphatic hydrocarbon groups, that do not react with either
the first resin and/or aminoplast, but may contribute to improving the properties of the coating
composition.

[0018] The molar ratio between the first and second functional groups is at least 1. Preferably, the ratio
IS at least 2, more preferably at least 5, even more preferably at least 8, even more preferably at least
10, and most preferably at least 15, and preferably at most 100, more preferably at most 75, even more
preferably at most 50, and most preferably at most 40. As mentioned, the ratio expresses an excess of
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the aminoplast being present in the coating composition of the invention. This excess enables the
aminoplast to react with itself under curing conditions, and thus form a unique network of cured resin. It
IS noted that the aminoplast tends to react more readily with the polyol than with itself. The prior art
generally uses a (much) lower ratio between the first and second functional groups, and consequently
self-condensation of the aminoplast will not proceed or proceed to a much lower extent than in the
composition of the invention. The skilled person will be able to determine the presence of such self-

condensed aminoplast parts by using conventional analytical techniques such as H NMR, 13C NMR,

N NMR, near infrared spectroscopy (NIR), FT iInfrared spectroscopy (FT-IR) and Raman
spectroscopy.

[0019] The first resin of the invention can be any resin known in the art that comprises the said second
functional groups. The first resin is preferably a polyol. The polyol of the invention can be any polyol
known In the art. The first resin, preferably the polyol, of the invention generally comprises second
functional groups is at least one selected from the group consisting of hydroxyl (-OH), carboxylic ester (-
COOR), carboxylic acid (-COOH), linear carbonates (R-COj), cyclic carbonates, oxirane, oxetane,

anhydrides (R-CO-0O-CO-R"), and thiol (-SH). Preferably, the second functional group is at least one
selected from the group of hydroxyl (-OH), carboxylic ester (-COOR), and carboxylic acid (-COOH),
more preferably selected from the group consisting of hydroxyl (-OH) and carboxylic acid (-COOH).
When the second functional group i1s hydroxyl, the hydroxyl may be a primary, secondary or tertiary
alcohol. Of these hydroxyl groups the primary alcohol is preferred. The substituents R and R' can be any
suitable substituent known in the art, and include alkyl(ene), aryl(ene), and aralkyl(ene). The first resin,
preferably the polyol, may have more than one functional group, e.g. the first resin, preferably the
polyol, may contain both hydroxyl and carboxylic acids groups.

[0020] The first resin, preferably the polyol, may have an average functionality between 2 and 8.
Preferably the average functionality is at most 5, more preferably at most 4 and even more preferably at
most 3. In an embodiment of the invention, the first resin, preferably the polyol, comprises a second
functional group being hydroxyl, and an average hydroxyl functionality between 2 and 8, preferably at
most 5, more preferably at most 4 and even more preferably at most 3.

[0021] In the context of this application, the term "average functionality” or "average hydroxyl
functionality” refers to the average number of functional groups or hydroxyl groups per monomer or
monomeric unit in a resin.

[0022] The first resin, preferably the polyol, of the invention may be a monomer, an oligomer or
polymer. In one embodiment, the first resin is preferably a monomer. Polymeric first resins, preferably
polymeric polyols, may include polyesters, polyacrylates, and copolymers thereof. Of these polymeric
polyols polyesters are preferred. Oligomers of the first resin refer to dimers, trimers and tetramers of the
monomers of the first resin. Oligomeric polyols include dimers, trimers and tetramers of monomeric diols
and/or triols. In one embodiment, the first resin may be modified by monomers, dimers or polymers
having no functional groups. Modifications with monomers, dimers or polymers that are capable of
hydrolyzing after curing are less preferred. Examples of suitable monomeric polyols comprising hydroxyl
functional groups iInclude 1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,5-
hexanediol, 2-methyl-1,3-pentanediol, 2-ethyl-1,3-hexanediol, 2,2-dimethyl-1,3-pentanediol, 1,4-
cyclohexanediol, trimethylolethane, trimethylolpropane, pentaerythritol, dipentaerythritol, 1,4-
cyclohexanedimethanol, 1,2-bis(hydroxymethyl)cyclohexane, 1,2-bis(hydroxyethyl)cyclohexane,
trimethylolpropane, 2,2-dimethyl-3-hydroxypropyl-2,2-dimethyl-hydroxyproprionate, diethylene glycol,
triethylene glycol, dipropylene glycol, tetraethylene glycol, trimethylolethane, glycerol, and sorbitol; and
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polyols comprising oxirane functional groups bisphenol A, bisphenol F, bisphenol S, alkoxylated
bisphenol A such as ethoxylated bisphenol A and propoxylated bisphenol A and alkoxylated bisphenol F,
such as ethoxylated bisphenol F and propoxylated bisphenol F; polyols comprising oxirane functional
groups bisphenol A diglycidyl ether, 2,2'-bis(4-hydroxyphenyl)propane bis(2,3-epoxypropylether,
bisphenol F diglycidyl ether, novolac glycidyl ether, ethoxylated bisphenol A and propoxylated bisphenol
A. Of these polyol monomers the monomers comprising bisphenol A are preferred, in particular
bisphenol A, the ethoxylated and/or propoxylated bisphenol A are preferred. It is contemplated that two
or more first resins, preferably polyols, can be used In the coating compositions of the invention. When
two or more first resins, preferably polyols, are present in the coating composition, the total number of
second functional groups in the two or more first resins IS used in the calculation of the molar ratio of
first and second functional groups.

[0023] Examples of polyacrylate resins include polymers derived from one or more of acrylate,
methacrylate, ethyl acrylate, 2-chloroethyl vinyl ether, 2-ethylhexyl acrylate, 2-hydroxyethyl
methacrylate, butyl acrylate, butyl methacrylate, 2-hydroxypropyl methacrylate, 3-hydroxypropyl
methacrylate, 2-hydroxypropyl methacrylate, 3-hydroxypropyl methacrylate, hydroxystearyl acrylate and
hydroxystearyl methacrylate. Copolymers of two or more of the aforementioned resins are also
contemplated as long as the resulting resin contains reactive groups as is required by the invention.

[0024] The first resin, preferably the polyol, of the invention may preferably have a weight average
molecular weight (Mw) of at most 100,000, more preferably at most 50,000, even more preferably at
most 20,000 and most preferably at most 10,000, and preferably at least 200, more preferably at least
250 and most preferably at least 300. When the first resin, preferably a polyol, iIs a monomer, the first
resin may preferably have a weight average molecular weight (Mw) of at most 10,000, more preferably
at most 5,000, even more preferably at most 2,000 and most preferably at most 1,000, and preferably at
least 200, more preferably at least 250 and most preferably at least 300.

[0025] The first resin, preferably the polyol, of the invention may preferably have a hydroxyl value of at
least 50, more preferably at least 60, even more preferably at least 75, and most preferably least 100.
The hydroxyl value of a first resin can be measured using standard methods, such as the method of
ASTM E-222-76. In another preferred embodiment of the invention, the first resin has at least one
second functional group per six monomeric units in the first resin, preferably at least one second
functional group per three monomeric units, more preferably at least one second function group per
monomeric unit. A higher functionality, in particular of hydroxyl groups, of the first resin generally leads
to improved properties of the resulting cured coating. Such a high functionality generally does not
undesirably impact the brittleness or reduce impact resistance of the cured coating composition.

[0026] The aminoplast of the Iinvention can be any aminoplast known in the art. The aminoplast is
generally a condensation product of an aldehyde and melamine, benzoguanamine, urea or similar
compounds resulting in an amine resin or an amide resin. The aminoplast of the invention generally

comprises first functional groups of which at least one is selected from the group consisting of amine (-
NH»), amide (-NHR), ether (-N-R-O-R") and alcohol (N-R-OH). Preferably, the second functional group is

at least one selected from the group of amide (-NHR) and ether (-N-R-O-R"). The substituents R and R’
can be any suitable substituent known in the art, and include alkyl(ene), aryl(ene), and aralkyl(ene). The
aminoplast may have more than one functional group, e.g. the aminoplast may contain both ether and
alcohol groups.

[0027] The aminoplast may have an average functionality between 2 and 8. Preferably the average
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functionality is at most 7, and most preferably at most 6, and preferably at least 3 and most preferably at
least 4.

[0028] The aminoplast of the Invention may be a monomer, an oligomer or polymer. Polymeric
aminoplasts may include melamine resin, dicyanimide resin, glycoluril resins, urea resins and
copolymers thereof. Of these polymeric aminoplasts melamine resins are preferred. Oligomeric
aminoplasts include dimers, trimers and tetramers of monomeric aminoplasts. Examples of suitable
monomeric aminoplasts include condensation products of an aldehyde and methylurea, glycolurll,
benzourea, dicyandiamide, formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-diamino-1,3,5-
triazine, 6-methyl-2,4-diamino-1,3,5-triazine, 3,5-diaminotriazole, triaminopyrimidine, 2-mercapto-4,6-
diaminopyrimidine, 2,4,6-triethyl-triamino-1,3,5-triazine, 1,3,5-trlaminobenzene and melamine. Of these
aminoplasts aldehyde condensation products with melamine are preferred. Suitable aldehydes include
formaldehyde, acetaldehyde, crotonaldehyde, acrolein, benzaldehyde, and furfural. Formaldehyde is the
preferred aldehyde. Further modification of the aminoplasts are also considered, including etherification
with a monoalcohol, such as methanol, ethanol, propanol, butanol, pentanol, hexanol and heptanol.
Examples of such aminoplasts include hexamethoxymethyl melamine (Cymel 300 and Cymel 303),
butylated melamine formaldehyde resin (Cymel 1156 and Cymel 1158 and Cymel MB-14), and partially
butylated, methylated melamine formaldehyde resin (Cymel 1130) and butoxylated glycolurll
formaldehyde resin, such as Cymel 1170. Of these hexamethoxymethyl melamine is preferred. Further
examples of aminoplasts include derivatives of methylurea, glycoluril, benzourea, dicyandiamide,
formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-diamino-1,3,5-triazine, 6-methyl-2,4-
diamino-1,3,5-triazine, 3,5-diaminotriazole, triaminopyrimidine, 2-mercapto-4,6-diaminopyrimidine,
2.4 6-triethyl-triamino-1,3,5-triazine, 1,3,5-trlaminobenzene and melamine, wherein the derivative
comprises functional groups selected from the group consisting of vinyl, oxetane, carboxylic acid,
hydroxyl and thiol. Examples of such derivatives include derivative of glycoluril such as TA-G, TG-G, TC-
G, TH-G and TS-G. The invention also contemplates using two or more of such aminoplasts. When two
or more aminoplasts are present in the coating composition, the total number of first functional groups In
the two or more aminoplasts i1s used in the calculation of the molar ratio of first and second functional
groups.

[0029] The aminoplast of the invention may preferably have a weight average molecular weight (Mw) of
at most 5,000, more preferably at most 2,000, even more preferably at most 1,000 and most preferably
below 600, and preferably at least 200, more preferably at least 250 and most preferably at least 300.

[0030] The invention further pertains to coating compositions comprising an adduct of the first resin and
the aminoplast. In the context of this application the wording "adduct” refers to reaction products of a
first resin and an aminoplast, preferably of monomers of a first resin and an aminoplast, wherein the
resulting adduct maintains at least two functional groups enabling polymerization and/or cross-linking of
the adduct. It i1s contemplated that the coating composition comprises the adduct alone, and also
combinations of adduct and first resin, combinations of adduct and aminoplast, and combinations of
adduct, first resin and aminoplast. Examples of such adducts include reaction products of the monomers
of the first resin, preferably the polyol, and the aminoplast as described above. Such adducts are
typically formed under conditions where only the adduct is formed and no or only to a small extent
polymerization and/or cross-linking occurs. The coating composition of the invention preferably
comprises adducts of the first resin and the aminoplast, wherein the amount of polymerized and/or
cross-linked product is at most 5 wt%, based on the total weight of aminoplast and first resin. Preferably,
the polymerized and/or cross-linked product of the aminoplast and first resin is present in an amount of
at most 2 wt%, more preferably at most 1 wt%, even more preferably at most 0.5 wt%. Even more
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preferably, the coating composition is substantially free from polymerized and/or cross-linked product,
and most preferably the coating composition is completely free from polymerized and/or cross-linked
product. The term "substantially free" means that less than 100 parts per million of the polymerized
and/or cross-linked product is present in the coating composition. The term "completely free" means that
the cured coating contains less than 20 parts per billion (ppb) of polymerized and/or cross-linked
product.

[0031] The functional groups of the adduct may be the functional groups derived from the first resin,
preferably the polyol, and/or from the aminoplast. The molar ratio of functional groups in adducts should
be considered as the molar ratio of the second functional groups of the first resin and of the first
functional groups of the monomeric aminoplast, preferably the monomeric aminoplast, as present in the
first resin per se and the aminoplast per se (thus prior to reacting to the adduct). The molar ratio of the
second functional groups of the first resin of the adduct, preferably the monomeric first resin, and the
aminoplast of the adduct, preferably the monomeric aminoplast, is at least 1. Preferably, the ratio is at
least 2, more preferably at least 5, even more preferably at least 8, even more preferably at least 10,
and most preferably at least 15, and preferably at most 100, more preferably at most 75, even more
preferably at most 50, and most preferably at most 40.

[0032] As described in the present claims the coating composition comprises the aminoplast in an
amount of at least 60 wt%, even more preferably at least 65 wt% and most preferably at least 70 wt%,

and preferably at most 99 wt%, more preferably at most 95 wt%, even more preferably at most 90 wt%
and most preferably at most 85 wt%, based on the total weight of the first resin and the aminoplast.

[0033] The coating composition of the invention comprises the first resin in an amount of at most Z 40 %
by even more preferably at most 35 wt% and most preferably at most 30 wt%, and preferably at least 1
wt%, more preferably at least 5 wt%, even more preferably at least 10 wt% and most preferably at least
15 wt%, based on the total weight of the first resin and the aminoplast.

[0034] In one embodiment of the invention, the coating composition comprises the aminoplast in an
amount of at least 50 % by weight (wt%), based on the total weight of solids in the coating composition.
Preferably, the aminoplast is present in an amount of at least 55 wt%, more preferably at least 60 wt%,

even more preferably at least 65 wt% and most preferably at least 70 wt%, and preferably at most 99
wt%, more preferably at most 95 wt%, even more preferably at most 90 wt% and most preferably at
most 85 wt%, based on the total weight of solids.

[0035] The coating composition of the invention comprises the polyol in an amount of at most 40 % by
weight (wt%), based on the total weight of the polyol and the aminoplast. Preferably, the polyol is
present in an amount of at most 35 wt% and most preferably at most 30 wt%, and preferably at least 1
wt%, more preferably at least 5 wt%, even more preferably at least 10 wt% and most preferably at least
15 wt%, based on the total weight of the polyol and the aminoplast.

[0036] The coating composition of the invention comprises the polyol in an amount of at most 50 % by
weight (wt%), based on the total weight of solids in the coating composition. Preferably, the polyol is
present in an amount of at most 45 wt%, more preferably at most 40 wt%, even more preferably at most
35 wt% and most preferably at most 30 wt%, and preferably at least 1 wt%, more preferably at least 5
wt%, even more preferably at least 10 wt% and most preferably at least 15 wt%, based on the total
weight of solids.
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[0037] As described in the present claims the coating composition comprises solids in an amount of at
least 50 wt%, more preferably at least 60 wt%, even more preferably at least 65 wt% and most
preferably at least 70 wt%, and preferably at most 95 wt%, more preferably at most 90 wt%, even more
preferably at most 80 wt% and most preferably at most 75 wt%, based on the total weight of the coating
composition. The term "solids" is known to the man skilled in the art, and generally refers to the solid or
non-volatile material in the coating composition; typically the solids include the resins, pigments, dyes,
catalyst, etc. and does not include solvents that evaporate during the curing process. The amount if
solids may also be referred to as "solids content".

[0038] The remaining part of the coating composition may be comprised of other components
commonly used In coating compositions. With the first resin and the aminoplast the other components
add up to 100 wt% of the total weight of the coating composition.

[0039] As described In the present claims, the coating composition comprises water as solvent, In
particular as the reactive solvent.

[0040] Examples of non-reactive solvents Include Solvent Naphtha®, heavy benzene, various
Solvesso® grades, various Shellsol® grades and Deasol®, various white spirits, mineral turpentine oll,
tetralin, decalin, methyl ethyl ketone, acetone and methyl n-propyl ketone. Non-reactive solvents that
are Incorporated at least partially and preferably completely, into the cured resin are preferred.
Preferably, the non-reactive solvent has a boiling point above the curing temperature, preferably above
250 °C. The coating composition of the invention may comprise a reactive solvent and a non-reactive
solvent, a combination of two or more solvents, or a combination of two or more reactive solvents.
Coating compositions comprising a reactive solvent are preferred.

[0041] The coating composition of the invention may comprise the non-reactive solvent and/or the
reactive solvent in an amount of at most 30 % by weight (wt%), based on the total weight of the coating
composition. Preferably, the non-reactive solvent and/or the reactive solvent is present in an amount of
at most 25 wt%, more preferably at most 20 wt%, even more preferably at most 15 wt% and most
preferably at most 30 wt%, and preferably at least 1 wt%, more preferably at least 2 wt%, even more
preferably at least 5 wt% and most preferably at least 10 wt%, based on the total weight of the coating
composition.

[0042] The coating composition may further comprise additives commonly used In coating compositions
iIncluding pigments and dyes, surfactants, flow controlling agents, thixotropic agents, anti-gassing
agents, ultraviolet light stabilizers, adhesion enhancing promoters, waxes, filling agents, matting agents,
defoamers and curing catalysts. The additives can be any additive known In the art. Examples of
pigments and dyes include metal oxides like titanium dioxide, iron oxide, zinc oxide and chromium oxide;
metal hydroxides; metal sulfides, metal sulfates, metal carbonates such as calcium carbonate; carbon
black, china clay, phthalo blues and greens, organo reds and other organic dyes. The coating
compositions of the invention may increase the color intensity of the pigments and dyes. This may lead
to a reduction In the total amount of pigment and/or dye used. The curing catalyst is preferably one or
more superacids and/or superacid precursors. Examples of suitable curing catalysts include p-
toluenesulfonic acid, xylenesulfonic acid, dodecyl benzene sulfonic acid, dinonyl naphthalene sulfonic
acid, dinonyl naphthalene disulfonic acid, fluorosulfuric acid, trifuoromethane sulfonic acid, hexafluoro
antimonate compounds and catalysts derived thereof, phosphoric acid and sulfuric acid. Examples of
ultraviolet light stabilizers include benzophenone, such as hydroxydodecyl benzophenone, 2,4-
dihydroxy-3',5'-di-t-butylbenzophenone, 2-hydroxy-4-acryloxyethoxybenzophenone and 2-hydroxy-4-
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methoxy-2'-carboxybenzophenone.

[0043] The coating composition of the invention may comprise the additives in an amount of at most 30
% by weight (wt%), based on the total weight of the coating composition. Preferably, the additive is
present in an amount of at most 25 wt%, more preferably at most 20 wt%, even more preferably at most
15 wt% and most preferably at most 30 wt%, and preferably at least 1 wt%, more preferably at least 2
wt%, even more preferably at least 5 wt% and most preferably at least 10 wt%, based on the total weight
of the coating composition.

[0044] The invention further pertains to a process for preparing a coated substrate comprising the steps
of: (a) applying the coating composition according to the invention to a substrate; and (b) curing the
coating composition. The process may further comprise the step of shaping the coated substrate to a
food or beverage container.

[0045] The invention also pertains to a coated substrate coated substrate comprising a substrate and a
cured coating composition applied to at least part of the substrate, the coating composition being In
accordance with the invention. In an embodiment of the invention the coated substrate is a food or
beverage container. The cured coating composition has all the advantages as described above for the
cured coating composition. A further advantage of the cured coating composition is that the volatile
organic compounds (VOC) level i1s generally very low. The VOC level is typically determined using
standard method ASTM D3960-05(2013). The amount of VOC In the coating composition of the
iInvention is generally at most 100 g/l, preferably at most 75 g/I, more preferably at most 60 g/l, and most
preferably at most 50 g/I.

[0046] The substrate of the invention can be any substrate known in the art. The substrate may be
porous or non porous. Examples of suitable substrates include metals, such as aluminum, aluminum
alloys, steel, steel alloys, tin, tin allows, zinc, zinc alloys, chrome and chrome alloys; glass such as fused
silica glass, aluminosilicate glass, soda-lime-silica glass, borosilicate glass and lead-oxide glass;
ceramics, such as porcelain, bone china, alumina, ceria, zirconia, carbides, borides, nitrides and
silicides; plastic such as functionalized polyethylene (PE), functionalized polypropylene (PP),
polyethylene terephthalate (PET), polyvinyl chloride (PVC) and nylons; and wood. Preferably, the
substrate i1s metal, in particular aluminum.

[0047] In the context of the present application the term "cure" or "cured" refers to the process of
hardening of the coating composition by polymerization and/or crosslinking. This curing process can be
Initiated by exposure to ultraviolet radiation, heat, such as by infrared radiation, by microwave radiation
or by heating, e.g. in an oven, electron beams and chemical additives. The coating compositions of the
Invention preferably cure through exposure to ultraviolet radiation and heat, preferably through heat.

[0048] In a further embodiment of the invention, the coating composition of the invention can be used In
application where corrosion protection and/or cured coating flexibility and formability are required.
Examples of such applications include coil coating applications, car refinish, and automotive
applications.

[0049] The invention is exemplified in the following Examples.

Examples
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Examples 1 1o 5

[0050] Bright 33 cl aluminum cans were provided with 40 to 60 mg of ink by using a roll coater system.
The inks are typically used in 2-piece beer and beverage can production. The colors studied, supplied
by INX International Ink Co, are black, green, red, blue and yellow. The white ink is produced by DIC
Corporation.

[0051] The wet inked cans were provided with 90 mg of top coating by applying a roll coater. During
application no ink pick up observed. Wetting of layer 2 over layer 1 was found to be excellent, without
bleeding of the colors. The coated cans were heated up in a box oven for 30 seconds at 210 °C. The
cans were checked physically on tackiness and cure response. Next the cans were allowed to cure for 3
minutes at 210 °C. As reference, wet inked cans were also coated with the commercially available
water-based coating NovoShield 4718E (Comparative Example A). The dry film weight was
approximately 80 mg. After cooling down, the coatings were tested on the following properties:

» Adhesion (on substrate and intercoat via tape test with cross cuts)
o \Water and water vapor pasteurization resistance

e Scratch/mar resistance

e« Curing/cross linking (MEK rubs)

» Color and gloss (Optical)

o Surface defects in cured film (Digital microscope)
e« Deformability (stretch and compression)

[0052] The top coatings were prepared as follows: a 250 ml glass vessel is charged with the compounds
described Iin Table 1 and thoroughly homogenized under stirring. The ingredients of the coating
compositions of Comparative Example A and Examples 1 to 5 are tabulated in Table 1.

Table 1: Coating compositions

Comparative Example Example Example Example Example Example
A: NovoShield 4718E
Compound — % (m/m) % (m/m) % (m/m) % (m/m) % (m/m)

Cymel 303
LF

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Pluriol
BP4OE

‘QCQ§0§§0§§0§§0‘50‘50‘50‘50§§0Qﬁ\-QQCQQCQQCQ§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘5.‘50QQCQQCQQCQQCQQCQQCQQCQ\ 00000000000000000000000000000000000000000000000000000

Sulfonic |
acid 0.3 0.3 0.3 0.3 0.3
catalyst

2 B N
emulsion

Flow

add|t|ve ’ " ’
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Comparative Example {ExampleiExampleiExampleiExampleiExample
A: NovoShield 4718E 1 2 3 4 5

Compound

Wetting
agent

m‘- m

Cymel 1170

Cymel UM-
15

[0053] After cooling down, the coatings were tested on the following properties:

» Adhesion (on substrate and intercoat via tape test with cross cuts)

o \Water and water vapor pasteurization resistance
e Scratch/mar resistance

e Curing/cross linking (MEK rubs)

» Color and gloss (Optical)

o Surface defects in cured film (Digital microscope)
o Deformability (stretch and compression)

[0054] The results of these tests are shown in the Table below.
Table 2: Properties

Performance { ComparativeijExample 1| Example2 Example3 Example 4 Example5
Example A: :
NovoShield ;
4718E :

Appearance Tack-free Tack-free Tack-free §Slightly

after 30 s, tacky

210 °C
Tack-free, Tack-free Tack-free, §Tack-free, §Tack-free,
transparent transparent transparent § transparent transparent

s il sl il s il i i s i i i s i i i i i i i g i i i i i i i i i i i i i i i i

Tack-free,
transparent

Appearance
after 210 s,
210 °C

Appearance §No blushing
after nor
pasteurization waterspots
(95 °C, 1
hours)

INoO iNo
blushing blushlng
nor ~nor

No No
blistering bl|ster|ng

MEK double >50
rubs

Deformabllrty Excellent  Excellent i Excellent Excellent  Excellent Excellent

'I
b,
b,
b,
3
!
'!
3
!
!
!
3

" E E
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[0055] These results show that the coating compositions of Example 1 to 5 (in accordance with the
Invention) generally have similar properties as the coating composition of Comparative Example A. All
coating compositions according to the invention demonstrate a better gloss level than the comparative
coating composition.

Examples 6 to 10

[0056] Bright 33 cl aluminum cans were provided with 40 to 60 mg of ink by using a roll coater system.
The inks are typically used in 2-piece beer and beverage can production. The colors studied, supplied
by INX International Ink Co, are black, green, red, blue and yellow. The white ink is produced by DIC
Corporation.

[0057] The wet inked cans were provided with 90 mg of top coating by applying a roll coater. During
application no ink pick up observed. Wetting of layer 2 over layer 1 was found to be excellent, without
bleeding of the colors. The coated cans were heated up in a box oven for 35 seconds at 220 °C. The
cans were checked physically on tackiness and cure response. Next the cans were allowed to cure for 3
minutes at 220 °C. As reference, wet inked cans were also coated with a composition according to US

4,154,891 (Comparative Example B). The dry film weight was approximately 80 mg. After cooling down,
the coatings were tested on the following properties:

e« Adhesion (on substrate and intercoat via tape test with cross cuts)
» \Water and water vapor pasteurization resistance

o Sterilization resistance

e Scratch resistance

e Curing/cross linking (MEK rubs)

» Color and gloss (Optical)

o Surface defects in cured film (Digital microscope)

e« Deformability (stretch and compression)

[0058] The top coatings were prepared as follows: a 250 ml glass vessel is charged with the compounds
described Iin Table 3 and thoroughly homogenized under stirring. The ingredients of the coating
compositions of Comparative Example B and Examples 6 to 10 are tabulated in Table 3 (Example 8 is
non-inventive)

Table 3: Coating compositions

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exam pleiExample

LI EmET

Cymel 303 LF --

--

Alkoxylated 20.87 12 74 11.65 3.97 1.36
polyol
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Example ExampIeExample Example Example Comparative
0 14 3 9 10 Example B

Compound

Adhesion
promoter

Weior | 83 | 5% | s® | 5o | i | 4w
Togo Twind000 | 006 | 054 | 007 | 072 | 008 | 086

o dpmion |6 | 555 [ e Lo [
---

Polyurethane 61.37
polymer

[0059] The results of these tests are shown in the Table below.
Table 4: Properties

Appearance
after 35 s,
220 °C

......................................................................

Appearance
after 210 s,

220 °C

Appearance iNoO
after blushing
pasteurizationinor

(98 °C, 1
hours)

Color fade
blushing blushing blushing blushing No blushing
nor nor nor nor nor
waterspots jwaterspots jwaterspots jwaterspots {waterspots jwaterspots
No No No No No No blistering

blistering blistering blistering blistering blistering
(121 °C, 40

{Fail
minutes)

Adhe3|on Excellent Excellent Excellent Excellent Excellent Fall

No

No No

Appearance
after
sterilization
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[0060] These results show that the coating compositions of Example 6,7,9 and 10 (in accordance with
the invention) generally have better properties as the coating composition of Comparative Example B,
according to US 4,154,891. All coating compositions according to the invention demonstrate an
improved MEK double rub level, adhesion, sterilization resistance and appearance than the comparative
coating composition.
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KRAV

E‘d

En overtraskssammensasining omfatiende en farste harpiks og en
aminoplast og / eller et addukt af en forste harpiks og en aminoplast, hvor
molforholdet mellem de ferste funkiionelle grupper af aminoplasten og de
anden funklionelle grupper | den fagrste harpiks er mindst 1 og

den samlede vaegt af t@rste harpiks og aminoplast, og hvor
overtreekssammensaetningen omfatter vand som oplasningsmiddel og
fasie stoffer i en magngde pa mindst 50 vaegt%, og aminoplast er til siede
| en magngde pa mindst 60 vaegt's, baseret pa den samlede vaggt al faste

sioffer.

Sammensaetning ifelge krav 1, hvor molforholdet er mindst £, fortrinsvis

mindst 5.

Sammensazining ifelge et hvilket som helst af kravene 1 og 2, hvor den
forste harpiks er en polyol.

Sammensasining ifelge et hvilket som helst af de foregaende krav,
yvderligere omfattende et oplasningsmiddel omfatiende mindst en

funktionel gruppe 0g i stand til at reagere med aminoplasten.

Sammensagining ifglge et hvilket som helst af de foregasnde krav, hvor
den funktionelle gruppe | den fgrste harpiks er mindst én valgt blandt en

hydroxyi- og en carboxylsyre.

Bt overtrukkel substrat omfattende et subsirat og en hasrdet
overtraakssammenssaetning pafaert | det mindste en del af underlaget, hvor
overtreekssammensaeiningen er i overensstemmelse med et hvilket som
helst af de foregaende krav.
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7. Belagt substirat ifglge krav €, hvor subsiratet er et metal, fortrinsvis

aluminium.

8. Belagt subsirat ifalge et hvilket som helst af kravene 6 og 7, hvor det

5 overtrukne substrat er en mad- eller drikkevarebeholder.

8. Fremgangsmade til fremstilling af et overtrukket substrat omfattende trin
medq:
(a) pafering af overtraekssammensastningen ifelge et hvilket som helst af
10 kravene 1 til 5 pa et substrat; og

(b} heerdning af belsagningssammenssaatningen.

10. Fremgangsmade ifglge krav 8, yderligere omfatiende frinnet med at forme

aet overtrukne substrat til en mad- eller drikkevarebeholder,
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