
EP 0 162 567 B1 Description Background of the Invention This invention
relates to an adduct having terminal aliphatic -OH groups, a curable
coating 5   composition containing this adduct, a method for coating a
substrate using this composition and to coated articles prepared therefrom.
Due to their physical and chemical properties such as high resistance to
chemical attack and good adhesion to various substrates, epoxy resins are
useful in the preparation of coatings. The epoxy resins can be applied from
organic or aqueous solutions onto a variety of different substrates or
sprayed, in a powder 10  form, onto a metal substrate using electrostatic
techniques. Conventionally, in preparing a powder coating using an epoxy
resin, the epoxy resin is blended with a hardener such as a compound
containing one or more reactive phenolic hydroxyl groups, which reacts with
the epoxide groups to form a hard, infusible coating. For example, a high
molecular weight epoxy resin coating has been prepared in situ on a
suitable substrate by applying a mixture of a solid component 15  having
more than one 1,2-epoxy group, a solid component having more than one
phenolic hydroxyl group and  a suitable catalyst to a substrate and
subsequently heating the coated substrate to effect the reaction between
the epoxy containing component and the phenolic hydroxyl containing
component. If desired, the mixture can also contain dyes, pigments and flow
control agents. The phenolic -OH containing component is prepared by
reacting an excess of a phenolic compound having more than one phenolic 20
-OH group with an epoxy compound having more than one epoxide group.
Although the adhesion of the coating  prepared. from the described epoxy
resin composition to the substrate is generally sufficient, the adhesion of
the cured resin coating to various metal substrates such as untreated mild
steel substrates, could be improved, particularly when the cured coating is
subjected to humid conditions.
. 25     Accordingly, this invention 'provides a curable coating
composition useful in preparing a coating having improved adhesion. The
curable coating composition comprises a curable coating composition
comprising (1) a component having more than one 1,2-epoxy group and (2) a
component having more than one group reactive with the epoxy groups of
components (1) wherein component (2) is an adduct formed by reacting an
epoxy resin, a polyhydric phenol, and an aliphatic hydroxy-containing
compound containing 30  at least one primary or secondary amine group
wherein at least 1.2 equivalents of the polyhydric phenol are employed for
each equivalent of the epoxy resin, the equivalents of the epoxy resin
being based on the number of epoxy groups which are not reacted with the
amino hydrogens of the aliphatic hydroxyl- containing amine, said adduct
having terminal aliphatic hydroxyl groups, and terminal phenolic hydroxyl
groups. Preferably, component (2) is a compound having more than one
phenolic -OH group. Optionally, 36  the coating composition can contain a
catalyst for promoting the reaction between the epoxy and phenolic -OH
groups and other adjuncts such as pigments, dyes and flow control agents.
The reaction product of the compound containing at least one primary or
secondary amino group and at least one aliphatic hydroxyl group with an
epoxy resin and optionally a component reactive with the epoxy resin
comprises an adduct of the epoxy resin with the compound containing at
least one primary or secondary amine group 40  and at least one aliphatic
hydroxyl group, and may also include other materials, specifically
unreacted starting material. In a preferred embodiment, the coating
composition is a powder coating composition. The powder coating composition
of the present invention comprises (1) a component containing more than one
1,2- epoxy group, (2) a component having more than one phenolic -OH group
wherein component (2) is the 45  reaction product of an epoxy resin or an
epoxy resin and polyhydric phenol with a compound containing at least one
primary or secondary amino group and at least one aliphatic hydroxyl group;
said reaction product having terminal aliphatic -OH groups and epoxy or
phenolic -OH groups. Preferably, both components (1) and (2) are normally
solid materials, i.e., materials solid at room temperature (e.g., 20 to
[err]). so     The described powder coating composition which contains the
reaction product of a compound containing epoxy or phenolic -OH groups with
an aliphatic -OH containing amine exhibits significantly improved adhesion
when applied to a metal substrate, including an untreated mild steel
substrate. Although the powder coating composition of the present invention
is particularly advantageous when applied to a steel substrate, it can also
suitably be employed with other metallic substrates as well as ss
substrates of other materials, including plastic or glass, which will
withstand temperatures of at least [err] The powder coating composition
contains the reaction product of an epoxy resin, a polyhydric phenol and
the aliphatic -OH containing amine. The resulting reaction product will
contain aliphatic -OH groups and phenolic -OH groups or epoxy groups. The
powder coating composition prepared using this adduct preferably comprises
the adduct, a solid epoxy resin, and, optionally, a catalyst and other
adjuncts. 60    In the practice of the present invention, a primary or
secondary amine having an aliphatic -OH group is reacted with a compound
containing more than one epoxide group and, optionally a compound having
more than one group, preferably phenolic -OH group, reactive with the epoxy
groups of the epoxy resin. Aliphatic hydroxyl-containing amines suitably
employed herein are those compounds containing one or 



more primary or secondary amino groups and one or more aliphatic hydroxyl
groups. By the term 65  "aliphatic hydroxyl group" it is meant that the
oxygen atom of the hydroxyl group is not attached directly 2    EP 0162 567
BI to an aryl substituent. For example, the hydroxyl group of phenol is not
an aliphatic hydroxyl group whereas the hydroxyl group of benzyl alcohol is
considered an aliphatic hydroxyl group. Representative examples of
aliphatic hydroxyl-containing amines are the monoamines having two alkanol
substituted groups (dialkanolamines) such as diethanolamine,
dipropanolamine and ethanol- 5   propanolamine; monoamines having one
alkanol substituent such as ethanolamine and monoamines having one alkanol
substituent such as ethanolamine and monoamines having one alkanol
substituent such as ethanolamine and monoamines having one alkanol
substituent and one other substituent group such as ethanolethylamine,
methylethanolamine and benzylethanolamine and polyamines such as N,N'-
diethanol ethylene diamine. Preferred of the aliphatic -OH containing
amines are the secondary 10 monoamines. More preferably, the aliphatic -OH
containing amine is a dialkanol monoamine, with di- ethanolamine being most
preferred. In the preparation of this adduct, the epoxy resin component is
suitably any compound which possesses more than one 1,2-epoxy group. In
general, the epoxy resin component is saturated or unsaturated aliphatic,
cycloaliphatic, aromatic or heterocyclic and can be substituted with one or
more non- 15  interfering substituents such as halogen atoms, phosphorous
atoms, hydroxyl groups and ether radicals. The epoxy resin component can be
monomeric or polymeric. Illustrative examples of epoxy resins useful herein
are described in The Handbook of Epoxy Resins by H. L. Lee and K. Neville,
published in 1967 by McGraw-Hill, New York, in appendix 4-1, pgs. 4-35 thru
4-56. 20      Epoxy resins of particular interest in the practice of this
embodiment include the polyglycidyl ethers of bisphenol compounds
represented by the general structural formula: [ERR] 30  wherein each A is
independently a divalent hydrocarbon group having from 1 to 8 carbon atoms,
-C-, -0-, -S-S-, -S-, -[err]-, -S(O)- or a covalent bond; each X is
independently hydrogen, chlorine, bromine or an alkyl group of 1 to 4
carbon atoms and n has an average value of 0 to 0.5; the polyglycidyl
ethers of a novolac resin, i.e., phenol aldehyde condensates of the
formula: [ERR] 45  wherein each R is independently hydrogen or an alkyl
radical having from 1 to 4 carbon atoms, each y is an independently
hydrogen, chlorine, bromine or a lower alkyl group and m has an average
value from 0 to 10; polyglycidyl ethers of polyglycol such as the
diglycidyl ether of polypropylene glycol and the polyglycidyl ethers of
tris(phenol)methane. Mixtures of one or more epoxy resins are also suitably
employed herein. so     Preferred epoxy resins are the polyglycidyl ethers
of bisphenol compounds of formula (I) wherein each A is independently a
divalent hydrocarbon group having from 1 to 6 carbon atoms, each X is
independently hydrogen or bromine and n has an average value of from 0 to
0.25, and the polyglycidyl ethers of a novolac resin of formula (II)
wherein R is hydrogen or methyl, each Y is hydrogen or methyl and m has an
average value of from 0 to 3 and mixtures thereof. Most preferred as an
epoxy resin is the liquid diglycidyl ether of 55  bisphenol A. The
polyhydric phenol component advantageously employed in preparing the adduct
is a normally solid material and includes polyhydric phenols represented by
the following general formulae: [ERR] 65 3    EP 0 162 567 B1 wherein A and
X are as defined above in the description of formula (I) and y has an
average value of 0 to 5, preferably from 0 to 2 and [ERR] (commonly
referred to as a novolac resin) wherein R, Y and m are defined as above
with reference to formula (II). Mixtures of one or more polyhydric phenols
are also suitably employed herein. Preferably, the polyhydric phenol is a
polyhydric phenolic compound of the general structural formula 15  (III)
wherein A is a divalent hydrocarbon radical having from 1 to 8 carbon
atoms, each X is hydrogen, and n is 0. Most preferred of the polyhydric
phenols is 2,2-(4-hydroxyl phenyl) propane, commonly referred to as
bisphenol A (BPA) 



In preparing the aliphatic-OH containing adduct, the proportion of the
polyhydric phenol, epoxy resin and aliphatic hydroxyl-containing amine
components most advantageously employed is dependent on a 20  variety of
factors including the desired properties of the adduct, the desired
properties of the powder coating composition and the coating prepared
therefrom and the specific aliphatic-OH containing amine, epoxy resin and
polyhydric phenol components employed. Specifically, the functionality of
the adduct (i.e., aliphatic OH groups and phenolic -OH or epoxy groups) is
determined by the relative proportions of the aliphatic -OH containing
amine, polyhydric phenol and epoxy resin components employed. 25    In one
embodiment, the aliphatic hydroxyl-containing amine is reacted with an
epoxy resin and a stoichiometric excess of a polyhydric phenol to form a
compound containing aliphatic -OH groups and phenolic -OH groups. In
preparing such adduct, the polyhydric phenol is employed in a
stoichiometric excess when compared to the epoxy resin component.
Advantageously, at least 1.2 equivalents of the polyhydric phenol are
employed for each equivalent of epoxy resin component. In determining the
30  equivalents of polyhydric phenol and epoxy resin to be employed, it is
necessary to take into consideration the fact that the aliphatic -OH
containing amine will react with the epoxy groups of the epoxy resin to
reduce the epoxy functionality. Preferably, at least 1.5, more preferably
at least 2, equivalents of the polyhydric phenol are employed per
equivalent of epoxy resin, the epoxy resin equivalents being based on the
number of epoxy groups which are not reacted with the amino hydrogens of
the amine. The maximum 35  amount of polyhydric phenol employed in
preparing this adduct is generally dependent on the desired physical
properties with less than 15, preferably less than 10, equivalents of
polyhydric phenol being generally employed per equivalent of epoxy resin.
Most preferably, the polyhydric phenol is employed in an amount from 2 to 5
equivalents for each equivalent of epoxy resin employed. The aliphatic -OH
containing amine is employed in an amount such that the resulting adduct
contains 40 on an average, at least one epoxy or one phenolic-OH group per
molecule. Specifically, the reactive concentration of the amine can be
higher when employing an epoxy resin having a high number of epoxy
functional groups per molecule, e.g., the epoxy resin of structural formula
11, than when an epoxy resin having only two epoxy groups such as the epoxy
resin of formula (I) is employed. In general, in preparing an adduct having
phenolic -OH and terminal aliphatic -OH groups, the 45  aliphatic -OH
containing amine component is employed in an amount from 0.03 to 0.8
equivalent per equivalent of epoxy resin. Preferably, from 0.08 to OA
equivalent of the aliphatic-OH containing amine are employed per equivalent
of epoxy resin. For the purposes of this invention, an equivalent of the
aliphatic hydroxyl-containing amine is determined by the number of hydrogen
atoms attached directly to the nitrogen atoms of the amine group which are
capable of reacting with the epoxy resin component. 50     A particularly
preferred adduct of the present invention containing terminal aliphatic -OH
groups and phenolic -OH groups is prepared using from 10 to 55 weight
percent of the diglycidyl ether of bisphenol A, from 90 to 35 weight
percent of bisphenol A and from 1 to 10 weight percent of the aliphatic
hydroxyl- containing amine, preferably diethanolamine. In preparing an
adduct having epoxy groups and aliphatic hydroxyl groups, from 0.4 to 0.9
equivalent 55 of the polyhydric phenol component and from 0.002 to 0.2
equivalent of the aliphatic -OH containing amine may be employed for each
equivalent of the epoxy resin component. Preferably, from 0.55 to 0.8
equivalent of the polyhydric phenol component and from 0.004 to 0.1
equivalent of the aliphatic -OH containing amine are employed per
equivalent of the epoxy resin component. A particularly preferred adduct of
the present invention containing terminal aliphatic-OH groups and 60  epoxy
groups is prepared from 65 to 85 weight percent of the diglycidyl ether of
bisphenol A, from 35 to 15 weight percent of bisphenol A and from 0.1 to 10
weight percent of the aliphatic -OH containing amine, preferably
diethanolamine. Alternatively, an adduct containing the epoxy and aliphatic
hydroxyl groups can be prepared by the reaction of an epoxy resin with an
aliphatic hydroxyl-containing amine. However, the formation of the 65
adduct by this method is not preferred. 4    EP 0162 567 B1 The adduct is
prepared by subjecting a mixture of the desired amounts of the epoxy resin,
the aliphatic hydroxyl-containing amine and, if employed, the polyhydric
phenol at conditions sufficient to react the epoxy groups with the amino
hydrogens of the aliphatic hydroxyl-containing amine and the -OH groups of
the phenolic component, if employed, with the epoxy groups. Although no
catalyst is required for the 5  reaction of the epoxy groups with the amino
hydrogen of the aliphatic -OH containing amine, optionally, the reaction
mixture of the epoxy resin, aliphatic -OH containing amine and polyhydric
phenol contains a catalyst for promoting the reaction of the epoxy groups
with the phenolic groups. Representative catalysts which are suitably
employed in the preparation of the adduct include the alkali metal
hydroxides such as sodium and potassium hydroxide; the onium compounds such
as quaternary 10  ammonium salts, e.g., tetramethylammonium hydroxide, or
quaternary phosphonium salts, e.g., ethyltri- 



phenylphosphonium iodide; and tertiary amines and phosphines, e.g.,
benzyldimethylamine and tri- phenylphosphine. Of these catalysts, the
tertiary amines and onium compounds are generally most advan- tageously
employed herein. The amounts of catalyst advantageously employed in the
reaction are dependent on a variety of factors 15  including the desired
physical and chemical properties of the adduct and the powder coating
composition as well as the coating prepared therefrom and the conditions of
the reaction employed in preparing the adduct. In general, the catalyst is
employed.in an amount from 0.005 to 0.5, advantageously from 0.02 to 0.2,
weight percent based on the total weight of the epoxy resin, polyhydric
phenol and aliphatic hydroxyl- containing components. 20     In general,
the reaction is conducted neat, i.e., in the absence of a solvent or other
liquid reaction diluent, by heating -a mixture of the aliphatic
hydroxyl-containing amine, epoxy resin and polyhydric phenol components to
a temperature sufficient to melt the solid components and react the epoxy
and hydroxyl groups. Although the temperature most advantageously employed
in conducting the reaction is dependent on the specific reactants and
catalyst employed, in general, temperatures from 100 to [err], 25
preferably from 120 to [err], are employed in preparing the adduct.
Following preparation of the adduct, which is generally solid at room
temperatures, it is blended with the other components to prepare the
desired coating composition. It is not, in general, necessary or desirable
to separate the adduct from any unreacted starting materials before
incorporating it into the coating composition of the invention. When an
adduct having aliphatic hydroxyl and epoxy groups is 30  prepared, the
resulting adduct is blended with a polyhydric phenol and optionally,
additional amounts of epoxy resin, curing catalyst and other desired
adjuncts. The preferred polyhydric phenols to be blended with the adduct
containing aliphatic -OH and epoxy groups in the preparation of the coating
composition are those as described previously in formulae (I) and (II).
(Although not preferred, a curing agent for the epoxy resin such as
dicyandiamide can be employed in addition to or as a substitute for the
polyhydric 35  phenol.) Alternatively, when the adduct has aliphatic
hydroxyl and phenolic hydroxyl groups, the adduct is blended with an epoxy
resin, preferably a solid epoxy resin, and, optionally, additional amounts
of a polyhydric phenol, curing catalyst and desired adjuncts to form the
desired powder coating composition. The epoxy resins which are
advantageously blended with the aliphatic hydroxyl/phenolic -OH 40
containing adduct include the aromatic based epoxy resins represented by
the general formula (I) wherein A and X are as described with reference to
formula (I) but n has an average value from 1.5 to 15, preferably 2 to 6,
and formula (II) wherein R and Y are the same as described with reference
to formula (II) and m has an average value from 1 to 8. Epoxy resins
prepared by reacting an aliphatic based epoxy resin with a polyhydric
phenol can also be employed herein and include the reaction product of
glycidyl ethers of 45  aliphatic hydroxyl-containing compounds and
polyhydric phenol. Representative aliphatic hydroxyl- containing compounds
are ethylene glycol, propylene glycol, 1,4-butane diol, neopentyl glycol,
dibromo- neopentyl glycol, dichloroneopentyl glycol, glycerine, the
oxyalkylated derivatives thereof such as oxy- propylated, oxyethylated,
oxybutylated derivatives, or mixtures thereof. Other suitable epoxy resins
are those prepared by reacting a stoichiometric excess of an epoxy resin
having more than one 1,2-epoxy 50  group with a dimer carboxylic acid. The
preferred epoxy resins are the solid epoxy resins of formula (I) wherein
each A is independently a divalent hydrocarbon group having from 1 to 6
carbon atoms, each X is independently hydrogen or bromine and n has an
average value from 2 to 6; epoxy resins of formula (II) wherein R is
hydrogen or an alkyl group having from 1 to 4 carbon atoms, Y is hydrogen
or methyl and m has an average value from 1 to 55 8, and mixtures thereof.
In preparing a coating composition, the ratio of the various components
depends upon the desired molecular weight and other desired properties of
the coating prepared from the powder coating composition, and the specific
components employed, e.g., the epoxy equivalent weight and phenolic
hydroxyl equivalent weight of the various components. 60     In preparing a
powder coating composition from an adduct containing both aliphatic and
phenolic -OH groups, the aliphatic hydroxyl/phenolic hydroxyl-containing
adduct and epoxy resin are preferably employed in amounts such that the
powder coating composition contains from 45 to 95, preferably from 60 to
90, weight percent of the epoxy resin and from 55 to 5, preferably from 40
to 10, weight percent of the adduct containing the aliphatic and phenolic
hydroxyl groups, said weight percents being based on the 65  total weight
of the solid epoxy resin and the adduct (including any unreacted starting
materials which may 5    EP 0 162 567 B1 be present). In preparing a powder
coating composition from an adduct containing both aliphatic hydroxyl and
epoxy groups, the adduct is advantageously employed in an amount from 45 to
95, preferably from 60 to 



90, weight percent and the polyhydric phenol in an amount from 55 to 5,
preferably from 40 to 10, weight 5 percent, said weight percents being
based on the total weight of the polyhydric phenol and the adduct
(including any unreacted starting materials which may be present).
Optionally, the powder coating composition further comprises a catalyst and
other adjuncts. Suitable catalysts employed in the powder coating
composition are those which are able to affect the reaction between the
epoxy group of the epoxy resin and the phenolic hydroxyl groups of the
adduct. These include 10  the onium compounds such as the phosphonium and
quaternary ammonium salts of organic and inorganic acids, imidazoles;
imidazolines and tertiary amines and phosphines. Of these catalysts,
preferred catalysts are those catalysts which are solid at room temperature
and include the imidazoles such as 2-styrylimidazole,
1-benzyl-2-methylimidazole, 2-methylimidazole, 2-butyl- imidazole and
mixtures thereof; the solid phosphines such as triphenyl phosphine and
phosphonium salts 15  of an acid, acid ester or ester. The catalysts are
generally employed in quantities from 0.001 to 10, preferably from 0.05 to
5, weight percent based on the combined weight of the terminal aliphatic
-OH containing adduct and other com- ponent(s) containing epoxy or phenolic
-OH groups. The coating composition can optionally contain adjuncts such as
pigments, fillers, dyes and flow 20  control agents. Adjuncts
conventionally employed in preparing an epoxy resin, coating composition
and their effects on the coating composition and the.coating prepared
therefrom are well-krown in. th artand.. reference is made thereto for the
purposes of this invention. In the preparation of the powder coating
composition, the various reactive components (i.e., the aliphatic
hydroxyl-containing adduct and the solid epoxy resin or polyhydric phenol
component) are 25  melted and the catalyst and other additional adjuncts
mixed, preferably homogeneously, with the melted blend. Preferably, the
mixing is conducted in an extruder at conditions sufficient to thoroughly
mix the catalyst and other adjuncts throughout the melt to obtain the
desired homogeneity. The molten powder coating composition is subsequently
cooled and flaked and/or ground to form a solid mixture of particles having
the desired size. 30      Once formed, the coating composition is applied
to the substrate being coated by conventional techniques. For example, in
coating metals with a powder coating composition, the powder coating
composition is typically applied using electrostatic spray techniques.
Alternatively, in coating either metal or non-metal substrates, the powder
coating composition can be applied by sintering the powder coating from a
fluidized bed onto a heated substrate or from aqueous suspension of the
powder coating. 35      Once coated with the powder coating composition,
the coated substrates are . subjected to temperatures which are sufficient
to react the epoxy groups with the phenolic hydroxyl groups and to cure the
coating. Although the temperature most advantageously employed for such
reaction is dependent on the specific epoxy-containing component and
phenolic hydroxyl-containing component, the temperature is advantageously
between 100 and 350C. More preferably, the curing temperature is from 120
to 300C. 40      The specific curing time employed is dependent upon the
temperature and the mass of the coated substrate. For example, a thin
metallic substrate subjected to a temperature of 300C will require only a
few seconds to affect and complete the curing reaction whereas a thicker
metallic part such as an automobile body when subjected to a temperature of
100C will require upwards to 60 minutes to effect said curing reaction. In
general, at such temperatures, curing will take between 10 seconds to 60
minutes and more 45  typically from 10 seconds to 30 minutes. The following
examples are set forth to illustrate the invention and should not be
construed to limit its scope. In the examples, all parts and percentages
are by weight unless otherwise specified. Example 1 50     To a suitably
sized glass vessel equipped with stirrer, heating mantle, temperature
control means and nitrogen purge, was charged 37.9 parts of a commercially
available diglycidyl ether of bisphenol A (0.203 equivalent), 53.1 parts of
bisphenol A (0.465 equivalent) and 5 parts of diethanolamine (0.048
equivalent). This reaction mixture was heated to [err]. When the reaction
mixture has reached this temperature, 0.028 parts of a 70 percent solution
of ethyl triphenyl phosphonium acetate acetic acid complex in methanol was
55 added. The reaction mixture was subsequently heated to 150C and allowed
to exotherm. The reaction was allowed to proceed for an additional 90
minutes to assure that the epoxy content of the reaction product was less
than 0.5 percent. At this time, the reaction mixture was cooled to less
than 140C. Subsequently, 2 parts of 2-methylimidazole and 2 parts of a flow
control agent were mixed into the reaction product. It was then cooled to
room temperature and flaked. The flake material comprised an aliphatic
hydroxyl/phenolic 60  hydroxyl-containing adduct having essentially no
epoxy groups. A powder coating composition was prepared by coextruding a
blend of 17.5 parts of the thus prepared adduct with 42.5 parts of a solid
epoxy resin having the general structural formula (I) wherein X is
hydrogen, A is C(CH3)2 and the epoxy equivalent weight of 613, 39.5 parts
of a titanium dioxide pigment and 0.5 part of a flow modifier. The
resulting composition was flaked, ground and sieved. 65 6  



EP 0162567 B1 Example 2 An aliphatic hydroxyllphenolic hydroxyl-containing
adduct was prepared in an identical manner to Example 1 except that one
part of diethanolamine (0.01 equivalent), 39.6 parts of a commercially
available diglycidyl ether of bisphenol A (0.212 equivalent) and 55.4 parts
of bisphenol A (0.486 equivalent) were 5   employed. A powder coating
composition was subsequently prepared having an identical composition to
the powder coating composition of Example 1 except that it contained 21.3
parts of the resulting adduct and 38.7 parts of the solid epoxy resin.
Example 3 70     An aliphatic hydroxyl phenolic hydroxyl-containing adduct
was prepared in an identical manner to Example 1 except that 10 parts of
diethanolamine (0.095 equivalent), 35.8 parts of a commercially available
diglycidyl ether of bisphenol A (0.19 equivalent) and 50.2 parts of
bisphenol A (0.44 equivalent) were employed. A powder coating composition
was subsequently prepared having an identical composition to the powder
coating composition of Example 1 except it contained 19 parts of the
resulting reaction product 15 and 41 parts of the solid epoxy resin.
Comparative Example A A powder coating formulation is prepared by
coextruding a blend of 44 parts of a commercially available diglycidyl
ether identical to that employed in Example 1, 16 parts of a polyhydric
hardener 20 identical to that employed in Example 3 (including the
imidazole catalyst and the flow control agent). 39.5 parts of titanium
dioxide and 0.5 part of a flow modifier. A series of coated panels was
prepared from each of the powder coating compositions by applying the
powder coating composition of Examples 1-3 and Comparative Example A to a
series of thoroughly degreased mild steel panels (steel grade: ST12.03)
using a spray gun and conventional electrostatic 25  techniques. The powder
coated panels were heated at [err] until the cured coating was able to
resist 160 inch pounds (18.1 J) direct and reverse impact according to ASTM
test method designated G14. The times required to obtain sufficient cure of
the coating to resist such impacts was significantly less using the coating
compositions of Examples 1 and 2 (8 minutes for the composition of Example
'1, 9 minutes for the coating of Example 2) than with the coating
composition of Comparative Example A (11 minutes cure time). 30 The coating
compositions of Example 3 also required 11 minutes for sufficient cure. The
coating on the baked panels was tested by immersing the lower I part of a
panel in deionized water maintained at 90C for 20 hours. The adhesion of
the coating to each of the panels was evaluated immediately after removal
of that panel from the water and also three hours after removal. The
adhesion is tested by scribing a cross on the panel surface using a sharp
knife and thereafter trying to peel the coating 35 from the panel at the
center of the cross. The testing of the panels that were aged for 20 hours
showed the coatings prepared from the powder coating compositions of the
present invention to have no loss in adhesion immediately after testing and
following the three hour recovery period whereas the panel coated with the
composition of Comparative Example A showed total loss of adhesion both
immediately and three hours after removal from the water. 40     In
addition, a phosphatized steel panel was coated with the powder coating
composition of Example 1. For purposes of comparison, a second steel panel
was coated with the coating composition of Comparative Example A. Both
panels were subjected to 36 days immersion in deionized water maintained at
[err]. The adhesion of the coating to the phosphatized steel was then
measured by the above-described techniques. There was no loss of adhesion
of the coating composition of Example 1 after the 36 day immersion, either
45  immediately upon removal from the water or after a three hour recovery
period. The coating composition of Comparative Example A showed total loss
of adhesion after the 36 days immersion, both immediately upon removal and
after the three hour recovery period. Claims 50 1. A curable coating
composition comprising (1) a component having more than one 1,2-epoxy group
and (2) a component having more than one group reactive with the epoxy
groups of components (1) wherein component (2) is an adduct formed by
reacting an epoxy resin, a polyhydric phenol, and an aliphatic
hydroxy-containing compound containing at least one primary or secondary
amine group 55 wherein at least 1.2 equivalents of the polyhydric phenol
are employed for each equivalent of the epoxy resin, the equivalents of the
epoxy resin being based on the number of epoxy groups which are not reacted
with the amino hydrogens of the aliphatic hydroxyl-containing amine, said
adduct having terminal aliphatic hydroxyl groups, and terminal phenolic
hydroxyl groups. 2. The composition as claimed in Claim 1, wherein
component (2) is prepared by using from 0.03 to 0.8 60 equivalent of the
aliphatic hydroxyl-containing amine for each equivalent of the epoxy resin.
3. The composition as claimed in Claim 1 or Claim 2, wherein component (1)
is the reaction product of an epoxy resin, a polyhydric phenol and an
aliphatic hydroxyl-containing amine. 4. The composition as claimed in Claim
3, wherein component (1) is prepared using from 0.4 to 0.9 



equivalent of the polyhydric phenol and from 0.002 to 0.2 equivalent of the
aliphatic hydroxyl-containing 65 amine for each equivalent of the epoxy
resin. 7    EP 0162 567 B1 Example 2 An aliphatic hydroxyl/phenolic
hydroxyl-containing adduct was prepared in an identical manner to Example 1
except that one part of diethanolamine (0.01 equivalent), 39.6 parts of a
commercially available diglycidyl ether of bisphenol A (0.212 equivalent)
and 55.4 parts of bisphenol A (0.486 equivalent) were 5   employed. A
powder coating composition was subsequently prepared having an identical
composition to the powder coating composition of Example 1 except that it
contained 21.3 parts of the resulting adduct and 38.7 parts of the solid
epoxy resin. Example 3 10     An aliphatic hydroxyl phenolic
hydroxyl-containing adduct was prepared in an identical manner to Example 1
except that 10 parts of diethanolamine (0.095 equivalent), 35.8 parts of a
commercially available diglycidyl ether of bisphenol A (0.19 equivalent)
and 50.2 parts of bisphenol A (0.44 equivalent) were employed. A powder
coating composition was subsequently prepared having an identical
composition to the powder coating composition of Example 1 except it
contained 19 parts of the resulting reaction product 15  and 41 parts of
the solid epoxy resin. Comparative Example A A powder coating formulation
is prepared by coextruding a blend of 44 parts of a commercially available
diglycidyl ether identical to that employed in Example 1, 16 parts of a
polyhydric hardener 20  identical to that employed in Example 3 (including
the imidazole catalyst and the flow control agent), 39.5 parts. of titanium
dioxide and 0.5 part of a flow modifier. A series of coated panels was
prepared from each of the powder coating compositions by applying the
powder coating composition of Examples 1-3 and Comparative Example A to a
series of thoroughly degreased mild steel panels (steel grade: ST12.03)
using a spray gun and conventional electrostatic 25  techniques. The powder
coated panels were heated at [err] until the cured coating was able to
resist 160 inch pounds (18.1 J) direct and reverse impact according to ASTM
test method designated G14. The times required to obtain sufficient cure of
the coating to resist such impacts was significantly less using the coating
compositions of Examples 1 and 2 (8 minutes for the composition of Example
1, 9 minutes for the coating of Example 2) than with the coating
composition of Comparative Example A (11 minutes cure time). 30 The coating
compositions of Example 3 also required 11 minutes for sufficient cure. The
coating on the baked panels was tested by immersing the lower [err] part of
a panel in deionized water maintained at [err] for 20 hours. The adhesion
of the coating to each of the panels was evaluated immediately after
removal of that panel from the water and also three hours after removal.
The adhesion is tested by scribing a cross on the panel surface using a
sharp knife and thereafter trying to peel the coating 35  from the panel at
the center of the cross. The testing of the panels that were aged for 20
hours showed the coatings prepared from the powder coating compositions of
the present invention to have no loss in adhesion immediately after testing
and following the three hour recovery period whereas the panel coated with
the composition of Comparative Example A showed total loss of adhesion both
immediately and three hours after removal from the water. 40     In
addition, a phosphatized steel panel was coated with the powder coating
composition of Example 1. For purposes of comparison, a second steel panel
was coated with the coating composition of Comparative Example A. Both
panels were subjected to 36 days immersion in deionized water maintained at
[err]. The adhesion of the coating to the phosphatized steel was then
measured by the above-described techniques. There was no loss of adhesion
of the coating composition of Example 1 after the 36 day immersion, either
45  immediately upon removal from the water or after a three hour recovery
period. The coating composition of Comparative Example A showed total loss
of adhesion after the 36 days immersion, both immediately upon removal and
after the three hour recovery period. Claims 50 1. A curable coating
composition comprising (1) a component having more than one 1,2-epoxy group
and (2) a component having more than one group reactive with the epoxy
groups of components (1) wherein component (2) is an adduct formed by
reacting an epoxy resin, a polyhydric phenol, and an aliphatic
hydroxy-containing compound containing at least one primary or secondary
amine group 55 wherein at least 1.2 equivalents of the polyhydric phenol
are employed for each equivalent of the epoxy resin, the equivalents of the
epoxy resin being based on the number of epoxy groups which are not reacted
with the amino hydrogens of the aliphatic hydroxyl-containing amine, said
adduct having terminal aliphatic hydroxyl groups, and terminal phenolic
hydroxyl groups. 2. The composition as claimed in Claim 1, wherein
component (2) is prepared by using from 0.03 to 0.8 



60 equivalent of the aliphatic hydroxyl-containing amine for each
equivalent of the epoxy resin. 3. The composition as claimed in Claim 1 or
Claim 2, wherein component (1) is the reaction product of an epoxy resin, a
polyhydric phenol and an aliphatic hydroxyl-containing amine. 4. The
composition as claimed in Claim 3, wherein component (1) is prepared using
from 0.4 to 0.9 equivalent of the polyhydric phenol and from 0.002 to 0.2
equivalent of the aliphatic hydroxyl-containing 65 amine for each
equivalent of the epoxy resin. 7    EP 0 162567 B1 5. A method of coating a
substrate which method comprises applying to the substrate a coating
composition as claimed in any one of the preceding claims, and subsequently
subjecting the substrate to temperatures sufficient to cure the coating. 6.
The method as claimed in Claim 5, wherein the substrate is a metal and the
coating is applied by 5  powder coating to the metal using an electrostatic
spray technique. 7. The method as claimed in Claim 5 or Claim 6, wherein
the powder coating is heated to a temperature of from [err] to 350C. 8. A
substrate having on a surface thereof a cured coating of a composition as
claimed in any one of Claims 1 to 4. 10    9. An adduct formed by reacting
an epoxy resin, a polyhydric phenol, and an aliphatic hydroxy- containing
compound containing at least one primary or secondary amine group, wherein
at least 1.2 equivalents of the polyhydric phenol are employed for each
equivalent of the epoxy resin, the equivalents of the epoxy resin being
based on the number of epoxy groups which are not reacted with the amino
hydrogens of the aliphatic hydroxyl-containing amine, said adduct having
terminal aliphatic hydroxyl 15  groups, and terminal phenolic hydroxyl
groups. 10. An adduct as claimed in Claim 9, which is prepared by using
from 0.03 to 0.8 equivalent of the aliphatic hydroxyl-containing amine for
each equivalent of the epoxy resin. Patentansprulche 20 < -.. .      1.
;-Hartbare Beschichtungszusammensetzung, umfassend (1) eine Komponente mit
mehr als einer 1,2- Epoxidgruppe und (2) eine Komponente mit mehr als einer
Gruppe, die mit den Epoxidgruppen der Kom- !Yj;   ponenten (1) reaktiv ist,
worin die Komponente (2) ein Addukt ist, das gebildet wird durch Reaktion
eines Epoxyharzes, sines mehrwertigen Phenols und einer aliphatische
Hydroxylgruppen enthaltenden Verbin- 25 dung, die mindestens eine primire
oder sekundare Aminogruppe enthalt, worin mindestens 1,2 Aquiva- lente des
mehrwertigen Phenols pro Aquivalent des Epoxyharzes verwendet werden, wobei
die Aquiva- lente des Epoxyharzes bezogen sind auf die Zahl der
Epoxidgruppen, die nicht mit den Aminowasser- stoffen des aliphatische
Hydroxylgruppen enthaltenden Amins umgesetzt warden, wobei das Addukt end-
stindige aliphatische Hydroxylgruppen und endstindige phenolische
Hydroxylgruppen hat. 30     2. Zusammensetzung nach Anspruch 1, worin die
Komponente (2) hergestellt wird unter Verwendung von 0,03 bis 0,8
Aquivalenten des aliphatische Hydroxylgruppen enthaltenden Amins pro
Aquivalent des Epoxyharzes. 3. Zusammensetzung nach Anspruch 1 oder 2,
worin die Komponente (1) das Reaktionsprodukt eines Epoxyharzes, eines
mehrwertigen Phenols und eines aliphatische Hydroxylgruppen enthaltenden
Amins 35 ist. 4.-Zusammensetzung nach Anspruch 3, worin die Komponente (1)
hergestellt wird unter Verwendung von 0,4 bis 0,9 Aquivalenten des
mehrwertigen Phenols und 0,002 bis 0,2 Aquivalenten des aliphatischen
Hydroxylgruppen enthaltenden Amins pro Aquivalent des Epoxyharzes. 5.
Verfahren zum Beschichten eines Substrates, wobei des Verfahren das
Aufbringen einer Beschich- 40 tungszusammensetzung nach einem der
vorhergehenden Anspriche auf das Substrat und anschlielend des Einwirken
von Temperaturen, die ausreichen, um die Beschichtung zu hirten, auf des
Substrat, umfa~t. 6. Verfahren nach Anspruch 5, worin des Substrat ein
Metall ist und die Beschichtung durch Pulverbe- schichtung auf des Metall
unter Verwendung von elektrostatischer Sprihtechnik aufgebracht wird. K
45   7. Verfahren nach Anspruch 5 oder 6, worin die Pulverbeschichtung auf
eine Temperatur von 100 bis 350C erhitzt wird. 8. Substrat, des an ainer
Oberfliche eine gehirtete Beschichtung einers Zusammensetzung nach einem
der AnsprOche 1 bis 4 trigt. 9. Addukt, gebildet durch Reaktion eines
Epoxyharzes, eines mehrwertigen Alkohols und einer alipha- 50 tische
Hydroxygruppen enthaltenden Verbindung, die mindestens eine primare oder
sakundare Amino- gruppe enth3lt, worin mindestens 1,2 Aquivalente des
mehrwertigen Phenols pro Aquivalent des Epoxy- harzes verwendet werden,
wobei die Aquivalente des Epoxyharzes bezogen sind auf die Anzahl von
Epoxy- gruppen, die nicht mit den Aminowasserstoffen des aliphatischen
Hydroxylgruppen enthaltenden Amins 



umgesetzt werden, wobei des Addukt erdstindige aliphatische Hydroxylgruppen
und endstindige pheno- 55 lische Hydroxylgruppen aufwaist.
. 10. Addukt nach Anspruch 9, des hergestellt wird unter Verwendung von
0,03 bis 0,8 Aquivalenten des  sm aliphatische Hydroxylgruppen enthaltenden
Amins pro Aquivalent des Epoxyharzes.                f Revendications
; 60 1. Composition de revetement durcissable comprenant (1) un composant
comportant plus d'un groupe  S 1,2-dpoxV et (2) un composant comportant
plus d'un groupe reactif avec les groupes epoxy des composants (1), dans
laquelle le composant (2) est un produit d'addition formi par reaction
d'une resine epoxy, un polyphenol et un compos6 aliphatique hydroxylI
comportant au moins un groupe amino 65 primaire ou secondaire, au moins 1,2
iquivalents du polyphenol etant utilises pour chaque equivalent de 8    EP
0 162 567 B1           1        ! l    1111311!1 1 r6sine epoxy, les
equivalents de resine epoxy etant comptds d'aprbs le nombre de groupes
epoxy qui non pas reagi avec les atomes d'hydrogbne des groupes amino de
l'amine aliphatique hydroxyl6e, ledit produit d'addition comportant des
groupes hydroxyliques aliphatiques terminaux et des groupes hydroxyliques
phenoliques terminaux. ._  6  2. Composition selon la revendication 1, dans
laquelle on prepare le composant (2) en utilisant de 0,03 N-            a
0,8 equivalent de l'amine aliphatique hydroxylee pour chaque equivalent de
resine epoxy. 3. Composition selon la revendication 1 ou 2, dans laquelle
le composant (1) est le produit de r6action d'une resine 6poxy, d'un
polyph6nol et d'une amine aliphatique hydroxylee. 4. Composition selon la
revendication 3, dans laquelle on pr6pare le composant (1) on utilisant de
0,4 A 70 0,9 6quivalent du polyphenol et de 0,002 3 0,2 6quivalent de
l'amine aliphatique hydroxyl6e pour chaque equivalent de r6sine bpoxy. 5.
Procede de revetement d'un substrat, procdde qui consiste A appliquer sur
le substrat une composition de revetement selon l'une quelconque des
revendications precedentes et A soumettre ensuite le substrat A des
temperatures suffisantes pour faire durcir le revatement. 75    6. Proced6
selon la revendication 5, dans laquelle le substrat est un metal et le
revbtement eat realis6 par application de poudre sur le metal par une
technique electrostatique de pulverisation. 7. Procede selon la
revendication 5 ou 6, dans lequel on chauffe le revetement en poudre b uneo
temperature comprise entre 100 et 350C. 8. Substrat portant sur une surface
un revetement durci en une composition selon l'une quelconque 20 des
revendications 1 A 4. -   .-    *--9.-Produit d'addition qu'on forme.
en-faisant r6agir-une .r6sine.epoxy, un.polyphenol st un.conmpose,.
aliphatique hydroxyle comportant au moins un groupe amino primaire ou
secondaire, au moins 1,2. oquivalents du polyphenol etant utilis6s pour
chaque equivalent de resine epoxy, les equivalents de resine -poxy etant
comptes d'apres le nombre de groupes epoxy n'ayant pas r6agi avec les
atomes d'hydrogene 25 des groupes amino de I'amine aliphatique hydroxyl6e,
ledit produit d'addition ayant des groupes hydroxyles aliphatiques
terminaux et des groupes hydroxyles phenoliques terminaux. 10. Produit
d'addition selon la revendication 9, qu'on prepare en utilisant de 0,03 a
0,8 equivalent de I'amine aliphatique hydroxylee pour chaque equivalent de
resine epoxy. 30 35 40 45 50 55 60 64 9    


