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DESCRIPTION

Field of the Invention

[0001] This invention relates to aminoplast crosslinker resin compositions, particularly those
based on alkoxymethyl melamine, and methods of making and using such crosslinker resins In
coating compositions.

Background of the Invention

[0002] Aminoplast crosslinker resins, particularly optionally etherified resins derived from
melamine and formaldehyde, have been used In many Iindustrial coating applications on
substrates such as wood and metals, for fields such as automotive, appliances, and caoill
coating, as crosslinkers to form coating films comprising a reticulated three-dimensional
polymer network. Functional groups of aminoplast crosslinker resins can react with functional
groups of the binder resins, particularly hydroxyl groups, as well as with themselves In a self-
condensation reaction. Aminoplast crosslinker resins are usually mixtures of monomeric and
oligomeric molecules.

[0003] In the case of melamine formaldehyde resins, the melamine unit comprises a
heterocyclic six-membered triazine ring of alternating carbon and nitrogen atoms where each
of the three ring carbon atoms has a pendant nitrogen atom which is not part of the triazine
ring and can link to two functional groups, by substitution of the hydrogen atoms bound to
these nitrogen atoms in melamine. Thus, each monomeric melamine unit has six functional
groups. In the synthesis of melamine and formaldehyde based amino crosslinker resins,
melamine Is reacted with formaldehyde to form a mixture of different methylol melamines,
where at least one molecule of formaldehyde Is reacted under addition to the aminic nitrogen
atom to form a so-called N-methylol group of the formula >N-CH»-OH, up to hexamethylol

melamine where all of the aminic nitrogen atoms carry two methylol groups. Reaction of more
than six formaldehyde molecules 1s also possible, under formation of structures such as >N-
CH»-(0O-CH5),-OH, with n being 0 for a N-methylol group, or larger that O, 1. €. 1 or more where

oligoacetal groups are formed. The methylol compound may then be reacted with an aliphatic
alcohol, preferably methanol, n-butanol, or isobutanol, or mixtures of these, to form a mixture
of etherified methyolmelamines, e.g., in a stoichiometry of 1 mol of melamine combined with 6
mol of formaldehyde and 6 mol of the aliphatic alcohol, R-OH, hexa-alkoxymethyl melamine
where each of the aminic nitrogen atoms carry two alkoxymethyl groups - N (CH»-OR)».

[0004] The reaction of melamine with formaldehyde and alcohols can thus provide a variety of
functional groups attached to the pendant nitrogen atoms including groups which represent

bridges between triazine units. These functional groups include imino (>N-H), oligoacetal (>N-
CH»-[O-CH5],-O-H), alkoxyoligoacetal (>N-CH»>-[O-CH5],-OR), alkoxymethyl (>N-CH»-OR),
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methylene ether bridge (>N-CH»>-O-CH»>-N<), methylene bridge (>N-CH>-N<) and methylol (>N-
CH>-OH) groups. The methylene ether bridge and methylene bridge link individual melamine

units into oligomeric species which contain more than one triazine moiety in one molecule,
which are usually referred to as dimers, trimers, etc.

[0005] Erikson et al. disclose In U. S. Patent 3, 322, 762 the production of "substantially
hexakis (methoxymethyl) melamine”. The synthesis thereof Involves reacting a melamine
molecule having six methylol groups per molecule with excess methanol, in this case, at least
20 moles of methanol per 1 mole of melamine, at a pH between about 1 and 3 to produce a
"fully methylated” hexakis (methoxymethyl) melamine. The product can be dissolved in water In
amount of up to a mass fraction of solids of 33 % in water at 25 °C.

[0006] Graziano et al. disclose In US Patent 5, 376, 504 the recovery of monomeric
hexamethoxymethyl melamine from byproducts of synthesis by batch distillation of a
commercial highly methylolated and highly etherified melamine formaldehyde resin, for use In
preparing photoresists having improved sensitivity and shelf life.

[0007] As also oligomeric derivatives of alkoxymethyl melamine are useful crosslinking agents,
there has been little incentive to develop processes for the manufacture of highly monomeric
alkoxymethyl melamine products. Cameron et al. in US Patent 4, 837, 2/8 report the use of a
"low imino, fully alkylated aminoplast crosslinking agent”. A commercial aminoplast resin Is
used In this patent, referred to as ®Resimene RF 4518 which, according to an analysis
reported In US 2002/0 000 536 A1, Is a mixed alkoxymethyl melamine comprising methoxy
methyl and 2-ethylhexoxy methyl groups, typically comprising about 5 alkoxymethyl groups
bound to one molecule of melamine, with a mass fraction of imino groups, >NH, of about 0.28
%, and a mass fraction of monomers of about 30 %.

[0008] EP 1607391 refers to a continuous process for the production of hexamethylol
melamine (HMM) and their uses for the production of highly etheriflied melamine resins
(monomeric hexamethoxymethyl melamine-HMMM).

[0009] EP 0407086 describes melamine-containing photoresists and the process of
preparation thereof. These melamine-containing photoresists are useful for applications such
as lithography.

[0010] US 4145513 relates to a process for the manufacture of soluble organic copolymers
containing hydroxyl groups. In particular, the process described may optionally include which
can be monomethylolpentamethoxymethylmelamine, dimethylol-tetramethoxymethylmelamine
or trimethyloltrimethoxymethylmelamine.

[0011] An object of this invention is to provide improved alkoxymethyl melamine compositions
for use as low temperature crosslinkers in the production of flexible and tough coating films.
Another object Is to provide Improved low temperature curing alkoxymethyl melamine
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compositions which provide coatings with improved solvent resistance. A still further object is to
improve the cold storage stability of highly methylated liquid melamine-formaldehyde
crosslinker resins as these tend to solidify or form solid deposit at prolonged storage at low
temperatures. A still further object I1s to provide a basis to tailor the crosslinking efficiency
according to the intended application.

[0012] These and other objects of the invention as will be apparent from the following detailed

description and examples are achieved by providing mixtures of monomeric and oligomeric
alkoxymethyl melamine compounds with high alkyl substitution and low imino content.

Summary of the Invention

[0013] This invention provides aminoplast crosslinker resin compositions comprising reaction
products A made by reaction of melamine, formaldehyde, and alkanols which reaction
products A are alkoxymethyl melamine derivatives comprising a mass fraction of from 35 % up
to 55 % of monomeric alkoxymethyl melamine, with a ratio of the amount of substance of
combined formaldehyde to the amount of substance of melamine, of at least 5.5 mol/mol, and
not more than 5.75 mol/mol, and a ratio of the amount of substance of ether groups RO-, to
the amount of substance of melamine, of at least 5.0 mol/mol. Preferably, the ratio of the
amount of substance n(>NH) of imino groups >NH to the amount of substance of triazine
n(CsN3) In the crosslinker resin i1s not more than 0.21 % (0.21 cmol/mol). R is an alkyl group

which may be linear or branched, and has up to eight carbon atoms.

[0014] The present invention provides an aminoplast crosslinker resin composition comprising
an at least partially alkylated reaction product A of melamine, formaldehyde, and alkanols R-
OH with the following parameters:

o the ratio of the amount of substance n(CH->O) of combined formaldehyde to the amount

of substance n(Mel) of melamine i1s In the range of from 5.55 mol/mol to 6.2 mol/mol,
and

e the ratio of the amount of substance n(RO) of alkyl ether groups in the crosslinker resin
to the amount of substance n(Mel) of melamine i1s in the range of from 5.0 mol/mol to
5.6 mol/mol, and

e the mass fraction of monomer in the crosslinker resin, calculated as the ratio of the mass
of monomer m(A1) to the mass m(A) of the reaction product A Is between 35 % and 55
%,

where R is an alkyl group which may be linear or branched, and has up to eight carbon atoms
and wherein the monomer A1 has only one moiety derived from melamine in its molecule, and
at least of its aminic nitrogen groups, which do not form the cyclic structure of the melamine
molecule, has at least one substituent which Is a methylol group (-CH>-OH) or

methyloloxymethyl group (-CH>-(O-CH»5),-OH), where n is a natural number of at least 1, or an

alkyloxymethyl group (-CH»-O-R) or an alkoxymethyoxymethyl group (-CH>-(O-CH»5)m-OR)
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where m 1s a natural number of at least 1.

[0015] A monomeric alkoxymethyl melamine, also referred to herein as "monomer”, has
exactly one melamine-derived moiety in its molecule, in other words, in these molecules there
are no bridging groups present as defined supra.

[0016] This invention further provides aminoplast crosslinker resin compositions comprising
mixtures of the reaction product A mentioned supra and further crosslinkers B based on at
least partially alkylated melamine-formaldehyde resins having a mass fraction of from more
than 55 % up to 95 % of monomeric alkoxymethyl melamine, with a ratio of the amount of
substance of combined formaldehyde to the amount of substance of melamine, of more than
5.75 mol/mol, and not more than 6.5 mol/mol, and a ratio of the amount of substance of ether
groups R-O-, to the amount of substance of melamine, of from 4.5 mol/mol to 5.9 mol/mol, and
a residual mass fraction of free formaldehyde in the crosslinker B, m(CH>O¢ee) / m(B), where

Mm(CH->Ofee) IS the mass of free formaldehyde, and m(B) i1s the mass of the crosslinker B, of

not more than 0.25 %, or 0.25 cg/g. In these mixtures, the ratio of the mass m(A) of the
reaction product A to sum of the masses of A and B, m(A) + m(B), i1s from 99 % to 30 %,
preferably, from 98 % to 40 %, and particularly preferably, from 97 % to 50 %.

[0017] This invention also provides a process for the preparation of the reaction products A
which comprises In the first step, synthesis of an alkylated methylolated melamine by reacting
melamine, formaldehyde, and an aliphatic alcohol, preferably methanol, in a molar ratio of
n(Mel) : n(CH->0) : n(R-OH) of 1 mol : at least 6.5 mol : (4 to 12) mol, where "Mel" stands for

melamine, "CH>O" stands for formaldehyde, and "R-OH" stands for a linear or branched

aliphatic alcohol R-OH with an alkyl residue R having from one carbon atom, or three carbon
atoms for a branched chain aliphatic alcohol, to eight carbon atoms. In the second step, this
alkylated methylolated melamine i1s treated with further alcohol R-OH in the presence of an
acid catalyst at a temperature of from 35 °C to 90 °C. In this treatment, oligomerisation occurs
to an extent depending on the kind of alcohol, the temperature, and the amount of acid
catalyst. The reaction I1s stopped when the desired degree of oligomerisation has been
reached, by cooling, and preferably, addition of a basic substance. It i1s also possible to use
different alcohols in the first and second steps. It is further also possible to conduct the second
step more than one time, 1. e. two times or three times Iin succession, to increase the oligomer
content while preserving a viscosity in a reasonable range. When reference Is made, In this
specification, to the reaction product A, the product of this reaction is meant, which may still
comprise residual amounts of the educts (starting materials, such as non-converted melamine,
non-converted formaldehyde, and non-converted alkanol R-OH) as is usual in chemistry.

[0018] To make an alkylated melamine formaldehyde crosslinker resins B, no such second
step I1s required. Alkylated melamine formaldehyde crosslinker resins B are also provided

commercially.

[0019] The iInvention relates further to coating compositions, which can be either solvent-borne
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or water-borne coating compositions, comprising a hydroxy-functional polymer which Is
preferably an acrylic copolymer or an alkyd resin, or an acryl-alkyd hybrid, in the form of a
solution In a non-agqueous solvent, or as a dispersion In water or a mixture of water and a
water-miscible solvent, and the melamine-formaldehyde based aminoplast crosslinker resin
compositions as described supra, comprising the reaction product A, which coating
compositions can be cured at temperatures of from 20 °C to 100 °C, preferably from 25 °C to
30 °C.

[0020] The invention still further relates to coating compositions, which can be either solvent-
borne or water-borne coating compositions, comprising a hydroxy-functional polymer which is
preferably an acrylic copolymer or an alkyd resin, or an acryl-alkyd hybrid, in the form of a
solution In a non-aqueous solvent, or as a dispersion In water or a mixture of water and a
water-miscible solvent, and aminoplast crosslinker resin compositions comprising mixtures of
the reaction product A mentioned supra and further crosslinkers B based on at least partially
alkylated melamine-formaldehyde resins having a mass fraction of from more than 55 % up to
95 % of monomeric alkoxymethyl melamine, with a ratio of the amount of substance of
combined formaldehyde to the amount of substance of melamine, of more than 5.75 mol/mol,
and not more than 6.5 mol/mol, and a ratio of the amount of substance of ether groups R-O-,
to the amount of substance of melamine, of from 4.5 mol/mol to 5.9 mol/mol, and a residual
mass fraction of free formaldehyde In the crosslinker B, m(CH->Of.e) / m(B), where

m(CH->0¢ce) IS the mass of free formaldehyde, and m(B) is the mass of the crosslinker B, of

not more than 0.25 %, or 0.25 cg/g. In these mixtures, the ratio of the mass m(A) of the
reaction product A to sum of the masses of A and B, m(A) + m(B), is from 99 % to 30 %,
preferably, from 98 % to 40 %, and particularly preferably, from 97 % to 50 %.

Detailed Description of the Preferred Embodiments

[0021] The reaction products A are characterised by the following parameters:

o the ratio of the amount of substance n(CH>0O) of combined formaldehyde to the amount

of substance n(Mel) of melamine i1s In the range of from 5.55 mol/mol to 6.2 mol/mol,
and preferably from 5.60 mol/mol to 6.1 mol/mol, and

o the ratio of the amount of substance n(RO) of alkyl ether groups in the crosslinker resin
to the amount of substance n(Mel) of melamine is In the range of from 5.0 mol/mol to
5.6 mol/mol, and preferably, from 5.05 mol/mol to 5.5 mol/mol, and

e the mass fraction of monomer in the crosslinker resin, calculated as the ratio of the mass
of monomer m(A1) to the mass m(A) of the reaction products A (excluding, of course,
solvents, additives, catalysts, etc. which may later be added to prepare formulations of
aminoplast crosslinker resin compositions comprising the reaction products A), iIs
between 35 % and 55 %, preferably between 37 % and 53 %, and particularly preferably
between 40 % and 50 % where R Is an alkyl group which may be linear or branched, and
has up to eight carbon atoms and wherein the monomer A1 has only one moiety derived
from melamine In its molecule, and at least of its aminic nitrogen groups, which do not
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form the cyclic structure of the melamine molecule, has at least one substituent which is
a methylol group (-CH2-OH) or methyloloxymethyl group (-CH2-(O-CH2)n-OH), where n
IS a natural number of at least 1, or an alkyloxymethyl group (-CH2-O-R) or an
alkoxymethyoxymethyl group (-CH2-(O-CH2)m-OR) where m 1s a natural number of at
least 1.

[0022] "Monomer” means In the context of this invention, a reaction product made from
melamine, formaldehyde, and an alcohol R-OH that comprises only one moiety derived from
melamine In its molecule. The monomer A1 which 1s present In the mixture of reaction
products A therefore has only one moiety derived from melamine in its molecule, and at least a
part of its aminic nitrogen groups (those that do not form the cyclic structure of the melamine
molecule) has at least one substituent which 1s a methylol group (-CH»-OH) or

methyloloxymethyl group (-CH»>-(O-CH»5),-OH), where n Is a natural number of at least 1, or an
alkyoxymethyl group (-CH>-O-R) or an alkoxymethyoxymethyl group (-CH>-(O-CH5)m-OR)

where m 1s a natural number of at least 1.

[0023] The ratio of the amount of substance n(>NH) of imino groups >NH In the reaction
products A to the amount of substance n(CsN3) of triazine In the reaction products A iIs

preferably not more than 0.21 %, and preferably, up to 0.20 cmol/mol. Triazine iIs the
abbreviation used herein for a molecule of melamine where the three amino groups have been
removed. Particularly preferred are reaction products A having a ratio of n(>NH) to n(C3N3) In

the crosslinker resin composition of not more than 0.16 cmol/mol.

[0024] In a preferred embodiment, the mass fraction of free formaldehyde in the reaction
products A, calculated as the ratio of the mass mga of free formaldehyde to the mass of

reaction products A m(A) of the reaction products A (excluding, of course, solvents, additives,
catalysts, etc. which may later be added to prepare formulations of aminoplast crosslinker resin
compositions comprising the reaction products A) Is less than, or equal to, 0.2 %, and more
preferably, not more than 0.1 %.

[0025] In a further preferred embodiment, the difference between the ratio n(CH»0)/ n(Mel) of
the amount of substance n(CH>0O) of combined formaldehyde to the amount of substance

n(Mel) of melamine, and the ratio n(RO)/ n(Mel) of the amount of substance n(RO) of alkyl
ether groups In the reaction products A to the amount of substance n(Mel) of melamine Is at
least 0.5 mol/mol, and further preferably, not more than 0.8 mol/mol.

[0026] In a further preferred embodiment, the mass fraction in the reaction products A of free
methylol groups, -CH»-OH, calculated as the ratio of the mass m(CH»-OH) to the mass m(A) of

the reaction products A (excluding, of course, solvents, additives, catalysts, etc. which may
later be added to prepare formulations of aminoplast crosslinker resin compositions comprising
the reaction products A) is not more than 1.5 %, and preferably, not more than 1.3 %.
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[0027] Combined formaldehyde, in the context of this invention, means any methylene group
derived from formaldehyde directly or indirectly bound to an aminoplast former molecule, In
this case, melamine, as an oligoacetal (>N-CH»-[O-CH5],-O-H), (n+1 molecules of

formaldehyde) alkoxyoligoacetal (>N-CH»-[O-CH5],-OR), (n+1 molecules of formaldehyde)
alkoxymethyl (*N-CH»-OR), (1 molecule of formaldehyde) methylene ether bridge (>N-CH»-O-
CH>-N<), (2 molecules of formaldehyde) methylene bridge (>N-CH2-N<), (1 molecule of
formaldehyde) and N-methylol group >N-CH>OH (1 molecule of formaldehyde) .

[0028] The content of combined formaldehyde iIs calculated from the measured contents of
total and free formaldehyde, and analytical determination of the nitrogen content, and is
expressed In the case of melamine-formaldehyde resins as the ratio of the amount of
substance of methylene groups bound to oxygen or nitrogen atoms, n(CH»), to the amount of

substance of melamine-derived moieties n(Mel), where Mel stands for a hexavalent moiety
obtained by removing all aminic hydrogen atoms from a melamine molecule.

[0029] Reaction products similar to A can also be made from alkyl- and arylguanamines such
as acetoguanamine, caprinoguanamine, and benzoguanamine for the purpose of this
iInvention, with appropriate proportional reduction of the parameters to the number of amino
groups In the aminoplast former which is only two for the guanamines mentioned, in contrast to
melamine where the number of amino groups is three. Reaction products based on melamine
are, however, preferred as crosslinker resins.

[0030] The further crosslinkers B based on melamine-formaldehyde resins have a mass
fraction of from 55 % up to 95 %, preferably of from 56 % up to 90 %, and most preferred, from
57 % up to 85 %, of monomeric alkoxymethyl melamine, with a ratio of the amount of
substance of combined formaldehyde to the amount of substance of melamine, of more than
5.75 mol/mol, and not more than 6.5 mol/mol, preferably, of from 5.7/ mol/mol up to 6.3
mol/mol, and particularly preferred, from 5.78 mol/mol up to 6.1 mol/mol, and a ratio of the
amount of substance of ether groups R'O-, to the amount of substance of melamine, of from
4.5 mol/mol to 5.9 mol/mol, preferably, of from 4.6 mol/mol up to 5.7 mol/mol, and particularly
preferred, from 4.7 mol/mol up to 5.5 mol/mol, and a residual mass fraction of free
formaldehyde of not more than 0.25 %.

[0031] The alkyl residues R (in A) and R' (in B) may be the same or may be different, and
Individually have from one to eight carbon atoms, and may be linear or branched. Preferred
alcohols or alkanols ROH and R'OH are methanol, ethanol, n- and iso-propanol, n- and iso-
butanol, n-hexanol, and 2-ethylhexanol, accordingly the preferred alkyl residues R and R' are
iIndividually methyl, ethyl, n- and iso-propyl, n- and iso-butyl, n-hexyl, and 2-ethylhexyl.

[0032] The reaction products A can be used alone as crosslinkers, or they can be used In
mixture with crosslinker resins B as described hereinabove. These mixtures can be made by
simply admixing the crosslinker B which usually has a lower viscosity than the reaction
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products A, to these reaction products A under shear. It i1s preferred to add crosslinker B In
small portions under stirring, and waiting until the mixture appears homogeneous before
adding further portions of B. It Is further preferred that this mixing process is conducted at
ambient temperature (20 °C to 25 °C) or slightly elevated temperature, 1. €. up to 50 °C. It has
been found that such mixtures retain their ability to cure at low temperatures, 1. €. from ambient
(20 °C) to about 100 °C, as long at the mass fraction of reaction products A in the mixture with
other crosslinker resins based on alkoxymethyl melamines does not drop below 30 %, based
on the mass of the mixture of the materials A and B, excluding as supra, solvents, catalysts,
and other added components.

[0033] It has been found In the investigations which have led to the present invention that the
crosslinker resin compositions according to the invention do not solidify or form solid deposit
upon prolonged storage at low temperature, tests having been conducted for two weeks at a
temperature of 6 °C. In comparison, alkyl-etherified highly methylolated melamine
formaldehyde resins having a mass fraction of monomer in excess of 60 % are prone to form
solid deposits upon cold storage under the conditions mentioned supra. Such alkyl-etherified
highly methylolated melamine formaldehyde resins having a mass fraction of monomer below
35 %, such as 30 % or less, exhibit a high viscosity in undiluted form which impairs their
usablility as crosslinker resins. Addition of solvents or diluents to reduce the viscosity would, of
course, Increase the VOC (content of "volatile organic compounds”) of the diluted crosslinker
resins which is undesirable.

[0034] The crosslinker resin compositions according to the invention can be used In the
preparation of coating compositions from hydroxy-functional polymers such as alkyd resins,
polyester resins, acrylic resins, acrylic-alkyd hybrids or acrylic-polyester hybrids, polyether
polymers, polyolefin polymers, or polyurethane polymers which may be selected from the
group consisting of polyether-polyurethanes, polyester-polyurethanes, polycarbonate-
polyurethanes, and polyolefin-polyurethanes, in the form of their solutions in organic solvents,
and also, Iin the form of aqueous dispersions. It is preferred to use hydroxy-functional acrylic
resins based on a hydroxy-functional olefinically unsaturated monomer selected from the
group consisting of hydroxyalkyl acrylate and hydroxyalkylmethacrylate, and optionally, an
olefinically unsaturated carboxylic acid, and also optionally, further olefinically unsaturated
monomers. Particularly preferred are such hydroxy-functional resins that have primary
hydroxyl groups, where it Is especially preferred that a fraction of at least 50 % of all hydroxyl
groups present in the polymer are primary. The glass transition temperature of these hydroxy-
functional polymers, measured Iin the usual way by differential scanning calorimetry in the
second heating cycle, I1s preferably not more than 45 °C. These hydroxy-functional polymers
may be used In the form of a solution in an organic solvent or a mixture of two or more such
solvents.

[0035] It has been found In the experiments underlying this invention that a combination of
crosslinker resin compositions of the present invention with the hydroxy-functional binder
polymers mentioned supra provides a satisfactory cure response already at temperatures
ranging from ambient (20 °C) to 100 °C, particularly at temperatures from 25 °C to 80 °C, or
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from 30 °C to 70 °C. The method of use of the aminoplast crosslinker compositions of
alkoxymethyl melamine derivatives of the present invention comprises therefore

e providing a hydroxyfunctional polymer in the form of a solution or of an aqueous
dispersion,

e adding thereto an aminoplast crosslinker resin as claimed in claim 1, under mixing, and

e coating a substrate with this coating composition to prepare a coating film on the
substrate, and

e curing the coating film by applying heat,

wherein the curing temperature is between 20 °C and 100 °C. While 1t 1s, of course, possible to
use higher curing temperatures, thereby increasing the crosslinking speed, it is of particular
advantage to restrict the curing temperature to a maximum value of 100 *C as this allows to
use the crosslinker composition according to the present invention for use with temperature-
sensitive substrates, particularly wood, fabricated or industrial wood, paper, cardboard, textiles,
and leather, as well as plastics, particularly thermoplastic materials which do not have an
elevated heat distortion temperature.

[0036] The preparation of coating compositions usually comprises the steps of charging a
hydroxyfunctional polymer in the form of a solution or of an aqueous dispersion, and admixing
thereto the reaction products A, hereinafter also referred to as "crosslinker A", or a mixture of
the crosslinker A and the crosslinker B, or at first, the crosslinker A and then the crosslinker B,
or at first the crosslinker B and then the crosslinker A, and optionally, before, during or after
addition of the crosslinkers, admixing further additives, or pigments or both.

[0037] A preferred range for the ratio between the amount of substance of alkoxymethyil
groups In the crosslinker resin composition to the amount of substance of hydroxyl groups In
the hydroxy-functional binder resin is from 1.2 mol/mol to 2.5 mol/mol.

[0038] It has further been found In the experiments underlying this invention that a
combination of crosslinker resin compositions of the present invention with hydroxy-functional
acrylic resins exhibits a particularly fast curing response, as shown by development of
hardness over time, If there 1s a sufficient amount of primary hydroxyl groups In the acrylic
resin, which primary hydroxyl groups stem from copolymerised hydroxyalkyl (meth)acrylates,
which term Includes iIndividually hydroxyalkyl methacrylates and hydroxyalkyl acrylates,
particularly  hydroxyethyl, 3-hydroxypropyl, 4-hydroxybutyl, and  6-hydroxyhexyl
(meth)acrylates, and also (meth)acrylates of oligomeric and polymeric ethylene oxide. These
hydroxy-functional acrylic copolymers may also comprise moieties derived from further
olefinically unsaturated monomers such as olefinically unsaturated carboxylic acids, and further
olefinically unsaturated monomers like linear, branched or cyclic alkyl esters of olefinically
unsaturated carboxylic acids, vinylaromatics such as styrene, and vinyl esters of alkanoic acids
which may be linear or branched. The hydroxyl number stemming from primary hydroxyl
groups Is preferably from 30 mg/g to 200 mg/g, and particularly preferably, from 50 mg/g to
150 mg/g. Hydroxy-functional acrylic copolymers having a glass transition temperature of not
more than 45 °C, and particularly, those having a glass transition temperature of not more than



DK/EP 2768875 T3

40 °C, are preferred in the context of this invention.

[0039] Highly etherified aminoplast crosslinkers cannot usually be used in combination with
water-borne hydroxyfunctional resins to make a coating composition, as the strong acid used
as catalyst for the crosslinker interferes with self-emulsified hydroxy-functional binder resins
which are acid-stabilised and made water-dispersible by neutralisation thereof with amines.

[0040] A preferred process of making coating compositions using the crosslinker resin
compositions of the present invention together with hydroxyfunctional polymers comprises the
steps of charging a hydroxyfunctional polymer in the form of a solution or of an aqueous
dispersion, and admixing thereto the reaction products A, or a mixture of the reaction products
A and the crosslinker B, or at first, the reaction products A and then the crosslinker B, or at
first the crosslinker B and then the reaction products A, and optionally, before, during or after
addition of the crosslinkers, admixing further additives, or pigments or both.

[0041] It has further been found In the course of the experiments leading to the Instant
Invention that an acrylic copolymer emulsion having a high amount of hydrophilic monomer,
such as hydroxyethyl acrylate or hydroxyethylmethacrylate, and a usual amount of olefinically
unsaturated carboxylic acid to make the copolymer water-dispersible, I1s stable as aqueous
dispersion without neutralisation.

[0042] These aqueous, hydroxy-functional acrylate copolymer emulsions or dispersions can be
cured with the aminoplast crosslinker resins according to this invention at temperatures as low
as /0 °C. Coating compositions based on the combination of binder resins and crosslinker
resins as detailed supra can therefore be used to coat heat-sensitive substrates such as
thermoplastic materials, paper, cardboard, wood, fabricated wood, industrial wood, textiles,
and leather. |t Is also advantageous to use such coating compositions on mineral substrates
and even metals, particularly on large objects which cannot easily be heated in an oven to
accelerate the curing speed.

[0043] Useful coating compositions can also be formulated from alkyd resin solutions or
dispersions, and particularly preferred, from acrylic-modified alkyd resins also referred to as
acryl-alkyd hybrid resins which may be used for temperature-sensitive substrates such as
wood, Industrial or fabricated wood, thermoplastic materials, paper and cardboard.

[0044] The Invention Is further explained In the examples infra which are not intended to be
limiting.

[0045] The following physicochemical properties are used In the examples, and In the

specification text:
The hydroxyl number wpoy 1s defined according to DIN EN 1SO 4629 (DIN 53 240) as the ratio

of the mass of potassium hydroxide myxoH having the same number of hydroxyl groups as the
sample under examination, and the mass mg of that sample (mass of solids in the sample for

solutions or dispersions); the customary unit is "'mg/g".
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[0046] The acid number wa. Is defined, according to DIN EN ISO 3682 (DIN 53 402), as the
ratio of that mass myoH of potassium hydroxide which Is needed to neutralise the sample
under examination, and the mass mpg of this sample, or the mass of the solids in the sample In

the case of a solution or dispersion; its customary unit is "'mg/g".

[0047] The molar mass Mg of a chemical compound B is the ratio of the mass mpg of the
chemical compound B under examination, and the amount of substance ng of the chemical

compound B under examination; its Sl base unit i1s "kg/mol”. In a polymer which is normally a
mixture of molecules having the same chemical composition, but differing in their degree of
polymerisation, the number average molar mass is defined as

IS the number of polymer molecules having the molar mass M;, for all k molecules having

different molar masses, and N is the total number of all polymer molecules in the sample; the
mass average molar mass, also referred to as "weight average molar mass’, is defined as

pro ol = 5 ;:,3:.:.'
,eﬁ‘r

where m; i1s the mass of polymer molecules having the molar mass M;, for all k molecules

having different molar masses, and m is the total mass (= sum of the masses) of all polymer
molecules in the sample. These molar mass averages can conveniently be determined by size-
exclusion (or gel permeation) chromatography, with calibration against polystyrene standards.
Molar mass measurements were conducted using crosslinker resin samples (0.5 g) dissolved
In tetrahydrofuran (20 ml), elution speed was 1 ml/min.

[0048] The mass fraction of solids wg In a solution or dispersion is defined as the ratio of the
mass of solids mg In a sample B, and the mass mg of the sample, which In this case Is the sum

of the mass of solids mg, and the mass my, of the solvent or dispersant V.

[0049] The dynamic viscosity Is measured according to DIN EN ISO 3219 at 23 °C, and a

shear rate of 100 s 1.

[0050] Glass transition temperatures are conveniently measured by differential scanning
calorimetry, and recording the temperature at the inflection point(s) during the second heating
cycle.

[0051] The mass fraction of solids wg for melamine-based crosslinker resins ("foll solids”) Is
determined by measuring the loss of mass Am of a sample B having a mass mg of

approximately 1 g which is spread by folding the foil over on itself, thereby compressing the
sample to provide a thin film having a diameter of from 4 cm to 7 cm. The foil Is the opened up
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, and placed In a circulating air oven at 45 °C for forty-five minutes, at the end of which time it
IS removed, and reweighed to determine the loss of mass, as wg = (mg - Am) / mg.

[0052] The amount-of-substance fraction x; (also referred to as "mole fraction”) of a chemical

compound | In a mixture comprising m individual chemical compounds |, or of a moiety 1 In a
chemical compound comprising m different moieties |, where | is natural number from 1 to m, Is
defined as

17

_ / E
Xi = i 15,

j=i
where n; is the amount of substance of chemical compound or moiety J, having the Sl base unit

"mol”. Similarly, iIn a melamine formaldehyde resin, characteristic quantities are the ratio of the
amount of substance n(CH,) of combined formaldehyde, present as -CHy- groups, as N-

methylol functional groups >N-CH»-OH or in acetal groups -O-CH5-O- or an alkoxymethyl ether
groups R-O-CHsy-, or in methylene groups >N-CH»-N<, to the amount of substance n(Mel) of
melamine derived moieties, C4N3(N<)3, or the ratio of the amount of substance of alkyl ether or

alkoxy groups, n(RO), to the amount of substance n(Mel) of melamine derived moieties,

C3N3(N<)3. These can be determined by '3C- NMR spectroscopy, and by titration (free
formaldehyde), respectively.

[0053] Strength Is the mass fraction wg of solute S In a solution L, measured as mass mg of

solute divided my mass my of solution, usually statedin "%" {1 % =1 kg/ (100 kg) = 1 cg/g}.

[0054] The imino group content measured In "%" or "cmol/mol” by IR spectroscopy, Is the ratio
of the amount of substance n(NH) of imino groups (>N-H), and the amount of substance
n(CaNs3) of triazine in the crosslinker resin.

Examples

Example 1 Synthesis of a Crosslinker Resin (Reaction Product A)

1.1 Preparation of HMMM

[0055] A mixture was prepared from 126 g of melamine, 545 g of a mixture containing mass
fractions of 55 % of formaldehyde, 35 % of methanol, and 10 % of water, and 5 g of an
aqueous sodium hydroxide solution having a mass fraction of sodium hydroxide of 10 %,
charged into a reaction vessel equipped with a stirrer and a reflux condenser, heated under
stirring to 83 "C whereupon gentle reflux set in. The solution became clear and homogeneous.
After heating to 87 °C, the mixture became cloudy after fiteen minutes. 500 g of methanol
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were added, and heating under reflux was continued for ten more minutes. After cooling to
ambient temperature (23 °C), the precipitate was collected by filtration, yielding 235 g of a solid
material which was, according to the analysis, hexamethylol melamine ("HMM"). The solid
HMM was transferred to another reaction vessel, 950 g of methanol and 50 g of nitric acid
were added. The reaction mixture was stirred at ambient temperature for fifteen minutes, and
finally neutralised by adding 150 g of powdered sodium hydrogencarbonate and 20 g of
sodium carbonate. Methanol was removed by distillation under reduced pressure. Xylene was
added, and the resulting suspension was filtered, the solid residue was isolated, washed with
further xylene, and dried. 202 g of hexamethoxymethyl melamine ("HMMM"™) were obtained.

1.2 Oligomerisation of HMMM

[0056] Hexamethoxymethyl melamine (100 g) and methanol (6.2 g) were mixed. To this
mixture, concentrated nitric acid was added in small portions to adjust the pH to 1.5. Reaction
temperature was raised under stirring to 65 "C and the reaction mixture was held at these
conditions for two hours. The progress of the reaction was then monitored with gel permeation
chromatography until after two hours, the mass fraction of monomers was less than 50 %. The
mixture was then cooled to 40 "C, and pH of the mixture was adjusted to 9 by addition of 25 %
strength aqueous sodium hydroxide solution. The volatile components (mainly methanol and
water) were then stripped off under reduced pressure 15 hPa and heating up to 105 °C which
temperature and pressure were then held for twenty minutes. The precipitate was then
removed by filtration. The vyield of oligomerised resin was 92 g with the following
characteristics:

mass fraction of free formaldehyde: 0.08 %;
Imino groups content: 0.16 %,
molar mass (number-average): 540 g/mol;

molar mass (mass average): 945 g/mol;

n(CH»,)/ n(Mel) = 5.81 mol/mol;

n(OR)/ n(Mel) = 5.23 mol/mol.

[0057] In this case, R stands for the methyl group.

1.3 Cold Storage Test of the Oligomerised Resin (Reaction Product A) in Comparison to
commercial liquid HMMM Type Resin having a low degree of polymerisation

[0058] Samples of the oligomerised resin of this example and of a commercial fully alkylated
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highly monomeric melamine-formaldehyde resin were stored at 6 °C for an extended period of
time. The results are summarised in Table 1:
Table 1 Cold Storage Stability

050050050050050050050050050050050050050050050050050\ 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

of Exam pIe 1 1 38 Clear I|qU|d clear I|qU|d

Commercial 1 10 small crystallised partially
ResIin® clouds crystalllsed

* Commercial Resin i1s a hexa( methyoxymethyl/butoxymethyl melamlne resin ratlo
of methoxy to butoxy groups i1s 90 : 10) having a GPC average degree of
polymerisation of 1.10.

*The GPC average degree of polymerisation Dgpe reported here commonly
relates to the mass D, and number D, averages as Dgpc = (D, - D )1/2, or the so-

called geometrical average, where (D, Dn)”2 stands for the square root of the
expression In parentheses, as 1Is common as mathematical expression.

‘\/Dn )(Dm'

Example 2 Aqueous Coating Composition

2.1 Acrylic Emulsion Copolymer

[0059] An acrylic emulsion with a monomer composition as shown In Table 2a was produced
by a usual emulsion polymerisation. The obtained acrylic emulsion was milk white water
emulsion, with a mass fraction of solids of 42.5 % and a pH = 2.9.

Table 2a

methyl methacrylate ‘
............................................................................................................................. 7 S—
hydroxyethyl methacrylate 340

2.2 Coating Composition and Test

[0060] This acrylic emulsion was mixed with the resin of Example 1.2 and a catalyst according
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to the following recipe:

Table 2b
Components ‘mass in g
Crosslinker Resin of Example 1.2

[0061] Cycat® 600 is a solution of dodecyl benzene sulphonic acid in a mixture of isopropanol
and diethylene glycol mono butyl ether with a mass fraction of 70 % of dodecyl benzene
sulphonic acid (Cytec Industries Inc.).

[0062] This mixture was coated onto a steel panel using a bar coater to provide dry film
thickness of 30 pm. The wet film was set in ambient condition (23 °C, 50 % relative humidity)
for five minutes, baked at 70 °C, 80 °C, 90 °C and 100 °C for twenty minutes in a gradient
oven, and finally set in the ambient condition for one day. A portion of the baked filim coated
onto the steel panel was tested for solvent resistance by rubbing with methyl ethyl ketone
(MEK) until the coating softens following the procedure of ASTM D- 5402-93 "Standard
Practice for Assessing the Solvent Resistance of Organic Coatings Using Solvent Rubs” ; one
MEK rub 1s a back and forth cycle. The result is in Table 3. The film baked at 70 °C failed at
170 MEK double rubs. Another portion of the baked film was tested for hardness following the
procedure of ASTM D 1474-98 "Standard Test Methods for Indentation Hardness of Organic
Coatings” also known as "Knoop Hardness". The test results are listed in Table 3. The film
baked at 70 "C exhibited a Knoop Hardness of 16. 7.

Table 3

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

80 °C

- 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 “« 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4
‘ L]
-

[0063] It can be seen that the crosslinker resin composition performs well even at low curing
temperatures which had not been possible with amino crosslinker resins of the state of the art.

Example 3 Solvent-Bome Coating Compositions Based on Acrylic Resins

[0064] The following hydroxy-functional acrylic copolymer resins dissolved Iin organic solvents
were used:

AT
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copolymer solution In methyl amyl ketone made by copolymerisation of methyil
methacrylate, 4-hydroxybutyl acrylate, styrene, butyl acrylate and acrylic acid having a
hydroxyl number of 146 mg/g, an acid number of 11.4 mg/g, a number average molar
mass M, of 2505 g/mol, a glass transition temperature of 18 °C, and a mass fraction of

solids of 75 %, wherein all hydroxyl groups are primary hydroxyl groups,

copolymer solution In xylene made by copolymerisation of styrene, methyl methacrylate,
hydroxyethyl methacrylate, 2-ethylhexyl acrylate, and acrylic acid having a hydroxyl
number of 65 mg/g, an acid number of 4 mg/g, a glass transition temperature of 68 °C,
and a mass fraction of solids of 50 %

A3

copolymer solution In xylene made by copolymerisation of methyl methacrylate,
hydroxyethylmethacrylate, styrene and acrylic acid In the presence of glycidyl
neodecanoate according to example 1 of DE 26 26 900 C2, having a mass fraction of
hydroxyl groups of 4.5 %, corresponding to a hydroxyl number of 148.5 mg/g, wherein
53 % of these, corresponding to a hydroxyl number of 79.5 mg/g, are primary, an acid

number of 7.5 mg/g, a glass transition temperature of 38 °C, and a mass fraction of
solids of 50 %,

A4
copolymer solution in butyl acetate made by copolymerisation of methyl methacrylate,
butyl methacrylate, 2-ethylhexyl acrylate, hydroxyethyl methacrylate, and acrylic acid,
having a hydroxyl number of 80 mg/g, all of which are primary hydroxyl groups, an acid

number of 12 mg/g, a glass transition temperature of 18 °C, and a mass fraction of
solids of 60 %.

[0065] Clear coating compositions 3.1 through 3.3 were prepared from these copolymer
solutions by adding the crosslinker of example 1.2, a solvent mixture (a), a slip and levelling
additive (b), and a catalyst (c; ®Cycat 600, v. s.) diluted with ethanol as diluent (d), where the
following amounts were used:

Table 4 Paint Compositions

Diluent®
mping

AdditiveP
muing

Cross
linker
solution
mx Nng

25063

L T e ) 50§§0§§0§§0§§0§§0§§0§§0§§0‘50\50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0\50‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50Qﬁ.ﬁﬁ.ﬁﬁ.ﬁQ\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

a. solvent mixture of equal masses of technlcal xylene and 1-methoxy-2-propyl
acetate (CAS-No. 108-65-6)

Paint { Acrylic copolymer
No. {solution, kind |
mp ing

Catalyst®
mecing

Solvent?
mging
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b: dimethyl, methyl (polyethylene oxide acetate-capped) siloxane, CAS number
70914-12-4, (Dow Corning® 57 Additive, Midland, MI), diluted to a strength of 10 %
with the solvent mixture a supra

c. solution of para-toluene sulphonic acid ("PTSA") in ethanol, mass fraction of
PTSA in the solution: 10 %
d: ethanol

[0066] These paint compositions were applied to 101.6 mm H 304.8 mm (4" x 12") phosphated
steel panels In a dry film thickness of from 40 :m to 45 :m, and dried at ambient temperature
(23 °C). The characteristic data are summarised in table 5a.

Table 5a

Chemical Resistance Tests™ on coated panels cured for seven days at ambient,
Test Fluids:

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

No effect Nno effect

Windex Household Cleaner sI|ght softening

moI/L)

Aqueous Sodium Hydroxide, wy,0H §No effect no effect no effect

= 10 %

Cleveland Hum|d|ty Resistance Test after Storage for eleven days at 40 °C*

60° gloss after 11 @

Number of Blisters on the Test 10 10
Panel after 11 d

relevant ASTM standards are used |n the tests |f not deS|gnated dn‘ferently

+ one drop of test liquid Is positioned on the coating film which as been cured for
seven days, and covered with a watch glass for one hour, after which the remaining
liquid I1s wiped off, and the coating film Is tested after 7 d rest at ambient

§ number of double rubs when the first mar 1s observed In the coating film

# ®Skydrol 500 B-4 is an aromatic phosphate ester hydraulic fluild manufactured by
i Solutia Inc. and is a mixture of mass fractions of approximately 20 % of tributyl
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phosphate, 55 % of dibutyl phenyl phosphate, and 25 % of butyl dipheny!

phosphate
* Gloss measured after 7 d rest at ambient (23 °C and 50 % relative humidity) ".."
means: the measured value lies between the two values stated

[0067] Comparative coating compositions 3.4 and 3.5 were prepared from the acrylic resin A4
using the crosslinker of example 1.2 (coating composition 3.4) and a commercial melamine-
formaldehyde crosslinker resin (coating composition 3.5; crosslinker i1Is ®Cymel 303 LF, Cytec
Industries Inc., having a mass fraction of solids of 98 %, and a mass fraction of monomers of
60 %, and a ratio of amount of substance of melamine to combined formaldehyde to methoxy
groups of 1 mol : 5.8 mol : 5.0 mol), using the recipes of Table 4. These paint compositions
were applied to 101.6 mm H 304.8 mm (4" x 12") phosphated steel panels In a dry film
thickness of from 40 um to 45 um. Curing conditions and characteristic data are summarised In
table 5b.

Table 5b

Curing conditions 80 °C; 30 min ’
............ PYPa e ey YT

Konig Pendulum Hardness, after 7 d 147 S

L T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e ) CQCCQCCQCCQCCQCCQCCQCCQCCQCCQ.CQCCQCCQCCQCCQCCQCCQCCQCCQCO\00QCCQCCQCCQCCQCCQCCQCCQCCQCC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Tukon Hardness, after 2 h 3

v
Tukon Hardness, after 1 d 5.3 .
Tukon Hardness, after 7/ d 7.4

QQOQQOQQOQQOQQOQQOQQOQQOQQOQQQQQ“Q“QO‘Q“Q“QOQQOQQOQQOQQOQQOQQOQQQQQ“Q“QO‘Q“Q“QOQQOQQOQQOQQOQQOQQOQQQQQQQQ\ QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

Pencil Hardness, after 2 h F.. H
Pencil Hardness, after 7 d B_HB {H. 2H

MEK double rubs, after 2 hS >200 {100 > 200

MEK double rubs. after 1 d ‘ > 200

Chemical Resistance Tests™. Test Fluids:

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

'0§0§§0§§0‘50‘50‘50‘50§§0w§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0QQCQQCQQCQQCO§0§§0§§0§§0‘50‘50‘50‘50§§0§§00§0§§0§§0§§0§§0§§0§§CH\QQC§§0QQCQQCQQCQQCQQCQQCQQCQQ\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Ethanol/Water, 50 % strength no effect jno effect

0CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCQCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

10 %

-
—h
0
N
00 | -
—h
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[0068] It can be seen that the crosslinker according to the present invention already provides
fast curing at low temperatures (60 °C), while at least 80 °C Is needed for commercial
melamine-formaldehyde crosslinkers to exhibit the needed crosslinking leading to the desired
mechanical and chemical resistance data.

[0069] The difference In curing speed can also be clearly shown by determination of the
hydroxyl group content in the coating by Infrared spectroscopy (O-H vibration line in the region

of 3500 cm") indicating crosslinking.

[0070] The following table lists the decrease on hydroxyl groups for acrylic resins A1 to A3
upon curing with the crosslinker of example 1.2:

Table 5 ¢ Crosslinking Speed Measured by Relative Decrease Al / Iy of O-H IR Vibration Line
Extinction, where [ I1s the Initial OH extinction at £ = 0 h, and Al i1s the change recorded at time

t, normalised to the triazine extinction, tabulated values are Al / I

Acryllc Resin m t=72h t =168 h
0 %

0

[0071] For acrylic resin A4 (having only primary hydroxyl groups, and a low glass transition
temperature), the relative decrease of the O-H IR Vibration Line Extinction was about the same
as for acrylic resin A1. It can be seen from these results that a high glass transition
temperature of the acrylic resin (A2) impedes fast curing, comparing two resins A1 and A2 with
only primary hydroxyl groups which are more reactive than secondary hydroxyl groups, and
that a large share of secondary hydroxyl groups (A3) results in slow curing even in a resin of
low glass transition temperature, compared to resins A1 and A4 with primary hydroxyl groups
and low glass transition temperature.

Example 4 Solvent-Bome Coating Compositions Based on Alkyd Resins

[0072] A commercial short oll alkyd resin based on coconut oll (Beckosol® 12-035 having a
mass fraction of solids of 60 %, dissolved In xylene, a hydroxyl number of 155 mg/g and an
acild number of 12 mg/g) was used to formulate a clear coating composition, mixing in the
order shown, 108.3 g of the short oil alkyd resin solution, 10 g of methoxypropyl acetate, 10 g
of xylene, 25 g of a catalyst solution comprising a mass fraction of 10 % of para-toluene
sulphonic acid dissolved in ethanol, 1.0 g of a slip and levelling additive based on a silicon-
modified polyether (Additive 57, Dow Corning Corp., Midland MI), and 35 g of a crosslinker
(paint 4.1: crosslinker of example 1.2; paint 4.2: a commercial low temperature curing
melamine formaldehyde resin having an amount-of-substance ratio of melamine to combined
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formaldehyde of 1 mol : 5.8 mol, an amount-of-substance ratio of methoxy groups to
methylene groups of combined formaldehyde of 0.85 mol/mol, and an amount-of-substance
ratio of n-butoxy groups to methylene groups of combined formaldehyde of 0.10 mol/mol, and
a mass fraction of monomers of 69.3 %). The following test results were found for coated steel
panels with a dry film thickness of 45 pm:

Table 6a Ambient Temperature Curing (23 °C), Time In Hours

Dry Through Time 2.5

SRR RS L AL LL L L L L S L A e e S L L L S LR L L LA L S L LA LL S LA LLLLLLLLLLLLLLLELLLLLLLLLNL LSS NS E S e e e e SRR RS L L AL L L L L e S LR L AL L LA L L LA L L L LLLL L LA LLLLLE L L LLLL LA LA L SN

[0073] After baking a 60 °C for thirty minutes in an oven, film hardness was measured with a
Koenig pendulum tester, according to the Knoop method, and the solvent resistance was

assessed with the MEK double rub test. The following results were obtained:
Table 6b Test Results

Koenlg Hardness Knoop Hardness MEK double rubs

EY - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - 4 - - - - 4 - 4 - 4 - 4 - 4 - - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - - - - - - - - 4 - 4 - 4 - 4 \
I al I- S n
.
A
I al II S n

[0074] It can be seen that the crosslinker according to the invention provides better low
temperature curing properties (faster cure and better mechanical and chemical resistances).

Example $

[0075] 91 g of the resin of example 1.2 ("X1") were mixed with 9 g of a methylated melamine
formaldehyde crosslinker resin ("CX-MFM") having ratios of amounts of substance of moieties
derived from melamine, combined formaldehyde, and methanol of n(CH5) / n(Mel) = 5.8

mol/mol, and n(RO) / n(Mel) = 4.9 mol/mol, a mass fraction of monomeric species of 59 %,
and a viscosity at 23 °C of 4.5 Pa's, where R = Me (-CHa).

[0076] This crosslinker mixture "X7" (mass fraction of solids 80 %, solvent: xylene) was used In
comparison with the crosslinker used as further constituent for the mixture ("CX-MFM"), and
with a commercial low-temperature crosslinking highly monomeric methyl/butyl mixed ether
melamine-formaldehyde crosslinker resin ("CX-MBFM", ®Resimene CE 7103, INEOS
Melamines), in each case together with a short oil alkyd, according to the following recipe:
Table 7 Clear Coating Composition (mass of components in g)
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short oil alkyd 1108.33 108.33 108.33
siip and levelling addiive®

2-methoxy-1-methylethyl
acetate

catalyst solutiorf
ambent ouring ime®

a methylated melamine formaldehyde crosslinker resin ("CX- MFM” ) having ratios of
amounts of substance of moieties derived from melamlne combined formaldehyde,
and methanol of n(CH») / n(Mel) = 5.8 mol/mol, and n(MeO) [ n(Mel) = 4.9 mol/mol,

a mass fraction of monomeric species of 59 %, and a viscosity at 23 °C of 4.5 Pa-s
b ®Resimene CE 7103, mixed methylated (90 %) and n-butylated (10 %)
melamine-formaldehyde crosslinker resin with a high mass fraction of monomeric
species (degree of polymerisation as measured by GPC using polystyrene
standards, of 1.1), and a viscosity at 23 °C of less than 1 Pa-s

d Beckosol ® 12-035 (Reichhold Inc, Research Triangle Park, NC), short oil non-
drying alkyd resin based on coconut olil; solution in xylene with a mass fraction of
solids of 60 %.and an acid value of 12 mg/g

e dimethyl, methyl (polyethylene oxide acetate-capped) siloxane, CAS number
70914-12-4, undiluted (Dow Corning® 57 Additive, Midland, MI)

f solution of para-toluene sulphonic acid ("PTSA") in ethanol, mass fraction of
PTSA in the solution: 10 %

g dry-through time after curing at 23 °C for the specified time, as measured In
accordance with ISO 9117

h Cold check test, modified from ASTM D 1211, to assess the propensity of forming
cracks by subjecting with a plurality of cycles of (i) subject to (49 £ 1) °C at a
relative humidity of (50 + 5) % for one hour, then (il) subject to ambient (23 °C) for
thirty minutes, (iil) subject to (-49 £ 1) °C for one hour , and finally (iv) store at
ambient (23 °C) for at least 30 minutes, and count the number of subsequent
cycles where no cracks are formed

[0077] It can be seen that the mixture (X7) has an advantage over crosslinkers with higher
mass fraction of monomeric species, both as pure methyl ether (CX-MFM) In paint 7.2, and as
mixed ether (CX-MBFM) In paint 7.3, with regard to hardness development.
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Patentkrayv

1. Aminoplast-tvaerbinderresin-sammensaetning, omfattende et mindst delvist
alkyleret reaktionsprodukt A af melamin, formaldehyd og alkanoler R-OH med
felgende parametre:

- forholdet mellem stofmaengden n(CH20) af kombineret formaldehyd og stof-
maengden n(Mel) af melamin er i omradet fra 5,55 mol/mol til 6,2 mol/mol, og
- forholdet mellem stofmeengden n(RO) af alkylethergrupper i tvaerbinderresi-
nen og stofmaengden n(Mel) af melamin er i omradet fra 5,0 mol/mol til 5,6
mol/mol, og

- massebraken af monomer | tvaerbinderresinen, beregnet som forholdet mel-
lem massen af monomer m(A1) og massen m(A) af reaktionsproduktet A, er
mellem 35 % og 55 %,

hvor R er en alkylgruppe, som kan veere lineeer eller forgrenet og har op til otte
carbonatomer, og hvor monomeren A1 kun har en enhed, der er afledt af me-
lamin, | sit molekyle, og mindst af sine amin-nitrogengrupper, som Ikke danner
den cykliske struktur af melaminmolekylet, har mindst en substituent, som er
en methylolgruppe (-CH2-OH) eller methyloloxymethylgruppe (-CH2-(O-CH2)n-
OH), hvor n er et naturligt tal pa mindst 1, eller en alkyloxymethylgruppe (-CHoa-
O-R) eller en alkoxymethyoxymethylgruppe (-CH2-(O-CH2)m-OR), hvor m er et
naturligt tal pa mindst 1.

2. Aminoplast-tveerbinderresin-sammensaetning ifelge krav 1, hvor, | reakti-
onsproduktet A, forholdet mellem stofmaengden n(>NH) af iminogrupper >NH
| tvaerbinderresinen og stofmaengden n(C3Na3) af triazin ikke er mere end 0,21

%.

3. Aminoplast-tveerbinderresin-sammensaetning ifalge krav 1 eller 2, hvor, | re-
aktionsproduktet A, forskellen mellem forholdet n(CH20)/ n(Mel) mellem stof-
maengden n(CH20) af kombineret formaldehyd og stofmaengden n(Mel) af me-
lamin og forholdet n(RO)/ n(Mel) mellem stofmeengden n(RO) af alkylether-
grupper | reaktionsproduktet A og stofmaengden n(Mel) af melamin er mindst
0.5 mol/mol.
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4. Aminoplast-tveerbinderresin-sammenseaetning ifelge et hvilket som helst af
kravene 1 til 3, hvor, | reaktionsproduktet A, massebraken | tveerbinderresinen
af frie methylolgrupper, -CH2-OH, beregnet som forholdet mellem massen
m(CH2-OH) og massen m(A) af reaktionsprodukt A ikke er mere end 1,5 %.

5. Aminoplast-tveerbinderresin-sammensaetning ifelge et hvilket som helst af
kravene 1 til 4, som omfatter en yderligere tveerbinder B, som er en mindst
delvist alkyleret melamin-formaldehyd-resin med en massebrak pa fra mere
end 55 % op til 95 % af monomerisk alkoxymethylmelamin, med et forhold
mellem stofmaengden af kombineret formaldehyd og stofmaengden af melamin
pa mere end 5,75 mol/mol og ikke mere end 6,5 mol/mol og et forhold mellem
stofmaengden af ethergrupper R'O- og stofmeengden af melamin pa fra 4,5
mol/mol til 5,9 mol/mol, og en residual massebrak af fri formaldehyd pa ikke

mere end 0,25 %, hvor fornholdet mellem massen af A og summen af masserne
af A og B 1 disse blandinger er fra 99 % til 30 %.

6. Proces til fremstiling af en aminoplast-tveerbinderresin-sammensaetning
omfattende et reaktionsprodukt A ifelge et hvilket som helst af kravene 1 til 4,
som omfatter

- | det farste trin, syntese af en alkyleret methyloleret melamin ved omsaetning
af melamin, formaldehyd og en alifatisk alkohol, fortrinsvis methanol, | et stof-
maengdeforhold for n(Mel) : n(CH20) : n(R-OH) pa 1 mol : mindst 6,5 mol : (4
til 12) mol, hvor "Mel" star for melamin, "CH20" star for formaldehyd, og "R-
OH" star for en lineeer eller forgrenet alifatisk alkohol med et carbonatom til
seks carbonatomer, og

- 1 det andet trin, behandling af denne alkylerede methylolerede melamin med
yderligere alkohol R-OH i neerveer af en syrekatalysator ved en temperatur pa
fra 35 °C ti190 °C, hvilket efter afkaling giver reaktionsproduktet A.

7. Proces til fremstiling af en aminoplast-tveerbinderresin-sammenseaetning
felge krav 5, hvor tveerbinderblandingen fremstilles ved iblanding af tvaerbin-
deren B til reaktionsproduktet A under forskydning.

8. Fremgangsmade til anvendelse af aminoplast-tveerbinderresin-sammen-
seetninger ifelge et hvilket som helst af kravene 1 til 5, som omfatter
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- tilvejebringelse af en hydroxyfunktionel polymer |1 form af en oplasning eller
en vandig dispergering,

- tilseetning dertil af en aminoplast-tveerbinderresin-sammensaetning ifelge
krav 1 under blanding og

- coating af et substrat med denne coatingsammensaetning til fremstilling af en
coatingfilm pa substratet og

- haerdning af coatingfilmen ved pafering af varme,

hvor haerdningstemperaturen er mellem 20 °C og 100 °C.

9. Fremgangsmade til anvendelse ifalge krav 8, hvor den hydroxyfunktionelle
polymer er baseret pa en hydroxyfunktionel olefin-umeettet monomer udvalgt
fra gruppen bestaende af hydroxyalkylacrylat og hydroxyalkylmethacrylat og
eventuelt en olefin-umaettet carboxylsyre og eventuelt yderligere olefin-umeet-
tede monomerer.

10. Fremgangsmade til anvendelse ifalge krav 8, hvor den hydroxyfunktionelle
polymer er en alkydresin.

11. Fremgangsmade til anvendelse ifalge et hvilket som helst af kravene 8 til
10, hvor den hydroxyfunktionelle polymer har primeere hydroxylgrupper.

12. Fremgangsmade ifalge et hvilket som helst af kravene 8 til 11, hvor den

hydroxyfunktionelle polymer har en glasovergangstemperatur pa ikke mere
end 45 °C.

13. Fremgangsmade til anvendelse ifalge et hvilket som helst af kravene 8 til
12, hvor substratet er et metal eller et mineralsubstrat eller et varmefalsomt
substrat udvalgt fra gruppen bestaende af termoplastiske materialer, papir,
karton, tree, Industrielt trae, fremstillet trae, tekstiler og leeder.

14. Coatingsammenseaetninger omfattende aminoplast-tvaerbinderresin-sam-
menseaetningen ifalge et hvilket som helst af kravene 1 til 5 og en hydroxyfunk-
tionel polymer | form af en oplasning eller en vandig dispergering.
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15. Coatingsammensaetninger ifalge krav 14, hvor den hydroxyfunktionelle po-
lymer er udvalgt fra gruppen bestaende af alkydresiner, polyesterresiner,
acrylresiner, acryl-alkyd-hybrider eller acryl-polyester-nybrider, polyetherpoly-
merer, polyolefinpolymerer eller polyurethanpolymerer, som kan veere udvalgt
fra gruppen bestaende af polyether-polyurethaner, polyester-polyurethaner,
polycarbonat-polyurethaner og polyolefin-polyurethaner, |1 form af oplasninger
deraf i organiske oplasningsmidler og ogsa i form af vandige dispergeringer.

16. Coatingsammensaetninger ifalge krav 15, hvor den hydroxyfunktionelle po-
lymer har en glasovergangstemperatur pa ikke mere end 45 °C.

17. Proces til fremstilling af coatingsammensaetningerne ifalge et eller flere af
kravene 14 til 16, hvilken proces omfatter trinnene med ladning af en hydroxy-
funktionel polymer | form af en opl@asning eller en vandig dispergering og iblan-
ding deri af reaktionsproduktet A, eller en blanding af reaktionsproduktet A og
tvaerbinderen B, eller farst reaktionsproduktet A og derefter tvaerbinderen B,
eller farst tveerbinderen B og derefter reaktionsproduktet A, og eventuelt fer,

under eller efter tilsaetning af tveerbinderne, iblanding af yderligere tilseetnings-
stoffer eller pigmenter eller begge dele.

18. Fremgangsmade til anvendelse af coatingsammensaetningen ifalge et hvil-
ket som helst af kravene 14 til 16 til fremstilling af coatingfiim pa metal, tree,

Industrielt trae, fremstillet trae, metaller, plast, papir, karton, tekstiler, leeder eller
mineralsubstrater.
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