
0 154 789 Description The invention relates to polyfunctional phenolic
reaction products which are obtainable by reacting a phenol and an
alkylated amine-aldehyde condensation product and which are soluble in
organic solvents, 5 to a process for preparing these reaction products, and
to the use of these reaction products. The reaction product from reacting a
polyhydric alcohol or polyhydric phenol with an amine-aldehyde condensation
product which preferably contains functional methylol groups is known.
Thus, for example, U.S. Patent 3,293,212 shows a heat-curable reaction
product of a bisphenol and of a polyalkyl ether of a polymethylolmelamine
which has been prepared by reacting 0.5 to 2 moles of bisphenol per mole of
the 10 polyalkyl ether of a porymethylolmelamine in the presence of an acid
catalyst and of a solvent. The indicated molecular ratio of bisphenol and
alkylated polymethylolmelamine corresponds to an equivalent ratio of
phenolic hydroxyl groups to alkoxy groups of 4:6 to 2:12, so that, if the
maximum amount of phenol is used, the reaction product formed contains at
least two functional methylol ether groups. During the reaction it is
necessary to monitor the degree of conversion, so that the reaction can be
discontinued before 15 the gelling, so as to prevent the formation of a
non-utilisable product. U.S. Patent 3,449,228 describes similar
heat-curable reaction products which are prepared by reacting a polyhydric
alcohol or a polyhydric phenol such as bisphenol A, and an amine-aldehyde
condensation product, such as a melamine-aldehyde condensation product.
These reaction products can be used for electroplating either alone or in
combination with other materials. Although it is stated in said patent 20
specification that the ratio of the amine-aldehyde condensation product and
of the polyhydric alcohol or phenol can vary within wide limits, the
products which are specifically described contain as functional groups
primarily methylol ether groups which make the resin curable by heating. In
the case of this resin it is also necessary to monitor the reaction in
order to devoid undesirable gelling. U.S. Patent 4,217,377 describes a
low-molecular solid addition product which is used as a crosslinking 25
agent for various polymeric pulverulent coating compositions. The curing
agent contains the reaction product of a monohydroxyl-mononuclear aromatic
compound and of a hexakis-(alkoxymethyl)- aminotriazine. In the preparation
of this compound, the aromatic monohydroxyl compound and the hexakisalkyl
ether are used in such an amount that two of the six theoretically possible
methoxymethyl ether groups of the triazine remain in the reaction product.
These methoxy groups confer on the reaction 30 product the required
functionality for the crosslinking. Another crosslinking agent for epoxy
resins having reactive phenolic OH groups, as opposed to functional
methylol ether groups, is described in U.S. Patent 4,393,181. This
crosslinking agent is obtained by reacting a polyhydric phenol with a
hexakisalkyl ether of hexamethylolmelamine in such amounts that the ratio
of phenolic OH groups to alkoxy groups is at least 2:1, preferably 3:1. The
reaction is carried out in 35 the absence of a solvent and preferably in
the presence of an alkaline catalyst until the development of methanol is
complete, i.e. until all alkoxy groups have reacted. The resulting
polyfunctional phenolic addition product is a solid friable material which
is particularly suitable for use as a crosslinking agent for pulverulent
epoxy resins. However, it is a disadvantage that the curing agents
described and the indicated ratio of phenolic 40 hydroxyl groups to alkoxy
groups leads to cured epoxy resins of relatively low glass transition
temperature. However, on preparing, using the known methods, a curing agent
having a lower ratio of phenolic OH groups to alkoxy groups of the
amine-aldehyde condensation products, these reaction products are generally
insoluble in customary organic solvents and are of only very limited use.
It is therefore the object of the invention to provide a polyfunctional
phenolic reaction product of an 45 alkylated amine-aldehyde condensation
product and of a polyhydric phenol which, given a low ratio of phenolic
hydroxyl groups to alkoxy groups, is soluble in organic solvents and is to
be suitable for use as a curing agent for epoxy resins. This object is
achieved by the invention defined in the claims. In one embodiment, the
invention is directed towards a polyfunctional phenolic reaction product of
an 50 alkylated amine-aldehyde condensation product with a polyhydric
phenol and, if desired, a monohydric phenol, the essential point of the
invention being that the phenol compound(s) has been used in a sufficient
amount so as to produce a ratio of phenolic OH groups to alkoxy groups of
1:1 to less than 2:1 and this reaction product is soluble in organic
solvents. Another embodiment of the invention relates to a process. for
preparing a polyfunctional phenolic 55 reaction product by reacting an
alkylated amine-aldehyde condensation product with a polyhydric phenol and,
if desired, a monohydric phenol by carrying out the reaction in the
presence of an acid catalyst and of 



an organic liquid diluent and the amount of the phenol compound(s) is
sufficient to provide at least one reactive phenolic hydroxyl group for
every alkoxy group of the condensation product. A third embodiment of the
invention relates to the use of the polyfunctional phenolic reaction
products 60 of the invention as curing agents for epoxy resins. It is
surprising that, on curing epoxy resins by means of the reaction products
of the invention at the indicated low ratios of phenolic hydroxyl groups to
alkoxy groups, the result is cured resins having high glass transition
temperatures. For instance, a typical liquid epoxy resin, such as a
diglycidyl ether of bisphenol A, on curing with a polyfunctional phenolic
reaction product of the invention has a glass transition temperature of 145
to 160[err]. If, for comparison, the same 6s epoxy resin is cured with a
curing agent as described in U.S. Patent 4,393,181 (prepared with a ratio
of 2    0 154 789 phenolic hydroxyl groups to alkoxy groups of 3:1), the
result is a product which has a glass transition temperature of only 110 to
135[err]. In the process according to the invention, an alkylated
amine-aldehyde condensation product is reacted with a polyhydric phenol
and, of desired, a monohydric phenol in the presence of an acid catalyst 5
and of an organic liquid diluent. It is surprising that the indicated low
ratios of phenolic hydoxyl groups to alkoxy groups give rise to reaction
products which are soluble in the most common organic solvents. Examples of
this type of solvent are customary solvents for varnish, such as ketones,
for example acetone, methyl ethyl ketone or methyl isopropyl ketone,
aromatic hydrocarbons, such as toluene or xylene, glycol ethers, such as
ethylene glycol monomethyl ether or propylene glycol monomethyl ether, or
their esters, 10 such as ethylene glycolmonomethyl ether acetate. The
reaction products according to the invention are generally fully miscible
with these solvents, but have at least a solubility in one of these organic
varnish solvents of 15 g/litre, preferably 30 g/litre. If, for comparison,
a polyhydric phenol is reacted with an alkyl ether of hexamethylolmelamine
by the method of U.S. Patent 4,393,181 at the low ratio of phenol groups to
alkoxy groups of this invention, the 15 result is a gelled material which
is not soluble in the customary organic solvents. The polyfunctional
phenolic reaction products according to the invention can be used for
curing epoxy compounds in numerous fields, such as, for example, for
coating compositions and impregnating agents, for the production of
adhesives for metals, wood or cement, for the production of reinforced
composite materials, such a laminated products, thread-wound dressings,
electric laminates for the production of 20 powders for injection-moulding,
such as for encapsulating electronic components, for example semiconductors
and integrated circuits, fluidised-bed powders and embedding compositions.
Owing to their solubility in most of the customary organic solvents, the
products according to the invention are particularly suitable for use in
varnish compositions for the production of electric laminates. To prepare
the polyfunctional phenolic reaction products of the invention, use is
preferably made of 25 polyhydric phenols of 2 to 6 hydroxyl groups and 6 to
30 carbon atoms. Particularly suitable polyhydric phenols are of the
following structural formula 30 [err] 36 in which A is oxygen, sulphur, S
S-,-CO-,-[err]-, a divalent hydrocarbon radical of 1 to 10 carbon atoms or
an oxygen-, sulphur- or nitrogen-containing hydrocarbon radical or a
covalent bond; each X is independently hydrogen, halogen or a hydrocarbon
of 1 to 10 carbon atoms, preferably 1 to 4 carbon atoms, and n has a value
of 0 or 1. Particularly preferably A is a divalent hydrocarbon radical of 1
to 8 40 carbon atoms and each X is hydrogen. It is also possible to use
mixtures of 2 or more of this type of polyhydric phenol with advantage. It
is also possible in the invention to use mixtures of one or more polyhydric
phenols with one or more monohydric phenols, such as p-tertiary-butylphenol
or nonylphenol. In the case a mixture of a polyhydric and a monohydric
phenol is to be used, this mixture should as a rule contain less of the
monohydric 45 phenol. The monohydric phenol content is preferably below 25%
by weight,and in particular below 15% by weight, based on the total weight
of the polyhydric and monohydric phenol. In the invention, chief preference
goes to the dihydric phenols, in particular to 2,2-bis(4-
hydroxyphenyl)propane, which is customarily referred to as bisphenol A
(BPA). 



The alkylated amine-aldehyde condensation products are amino resins and are
prepared from amines, 50 including amides, aldehydes and alcohols. Typical
amines or amides are melamine, urea, benzoguanamine and
dihydroxyethyleneurea, these compounds containing at least one reactive
amino group. Amino resins and their starting materials and their
preparation are described in detail in the literature, so that the is no
need to cite specific publications. For the purposes of the present
invention, alkylated amine-aldehyde condensation products are particularly
preferably those which are soluble in organic solvents, but it is also 55
possible to use those which are soluble in water and/or an organic solvent.
Of the amines, the triazines are preferred, melamine being particularly
preferred. The aldehyde used is generally formaldehyde in the form of its
aqueous or alcoholic solution or as paraformaldehyde. However, it is also
possible to use other formaldehydes, such as, for example, acetaldehyde or
furfural. To prepare the alkylated amine-aldehyde condensation products,
the initially obtained methylol or 60 other alkylol compounds are
etherified with an alcohol. Preferably, substantially all methylol or other
alkylol groups are alkylated in the etherification reaction. The
etherification can be carried out with monohydric aliphatic alcohols, such
as methanol, propanol or butanol, and halogenated monohydric aliphatic
alcohols, such as 3-chloropropanol. It is also possible to use aromatic
alcohols, such as benzyl alcohol, and cycloaliphatic alcohols, such as
cyclohexanol. Preferred etherification alcohols are 65 monohydric saturated
aliphatic [err]-aliphatic alcohols. 3    0 154 789 Preferred  'alkylated
amine-aldehyde  condensation  products  are  hexaalkyl  ethers  of
hexamethylolmelarnine, which is also referred to as
2,4,6-triamino-1,3,5-triazine. These hexaalkyl ethers are of the formula
[err] 15 in which each R isindependently an alkyl radical of -to 4 carbon
atoms. Examples of such hexaalkyl ethers of hexamethylolmelamine are
hexamethoxymethylmelamine, hexaethoxymethylmelamine, hexapropoxy-
methylmelamine, hexaisopropoxymethylmelamine, hexa-1-butoxymethylmelamine
and hexaiso- butoxymethylmelamine. It is also possible to use two or more
different hexaalkyl ethers of 20 hexamethylolmalamine.
Hexamethoxymethylmelamine is most preferred. In the preparation of the
polyfunctional phenolic reaction products of the invention, the polyhydric
phenol and the alkylated amine-aldehyde condensation product are used in
such an amount that at least 1 and less than 2 phenolic hydroxyl groups are
present for each alkoxy group in the reaction mixture. The properties of
the polyfunctional phenolic reaction product depend on the mixing ratio of
the phenol and the 25 alkylated amine-aldehyde condensate. Thus, for
example, a reaction product within the lower part of the ratio of phenolic
hydroxyl group to alkoxy groups gives rise to a cued epoxy resin having a
higher glass transition temperature. Within the range of the invention for
the ratio of phenolic hydroxyl groups to alkoxy groups the most
advantageous ratio in an individual case depends on the desired properties
of the polyfunctional phenolic reaction product and its ultimate use.
Preferably the ratio of phenolic hydroxyl 30 groups to alkoxy groups is
1.2:1 to 1.95:1, particularly preferably 1.4:1 to 1.9:1. The acid catalysts
used in the preparation of the polyfunctional phenolic reaction product can
be known acid catalysts, -such as Lewis acids, including all protonic
(Bronsted) acids, which are capable of catalysing the reaction between
the'phenol and the alkylated aminealdehyde reaction products. Typical acids
of this type are alkylsulphonic or arylsulphonic acids or phosphonic acids,
such as para- 35 toluenesulphonic acid; monocarboxylic or polycarboxylic
acids, such as oxalic acid and acetic acid; mineral acids, such as
sulphuric acid, hydrochloric acid and nitric acid or mixtures of this type
of acid. Preferred acid catalysts are dicarboxylic acids, in particular
oxalic acid and arylsulphonic acids, such as para-toluenesulphonic acid.
The acid catalyst is used in a sufficient amount so as to catalyse the
reaction between the phenol and 40 the alkylated amine-aldehyde
condensation product. In the individual case the amounts depend on a large
number of factors, such as the specific compounds for the acid catalyst,
the phenol and the alkylated amine-aldehyde condensate and the specific
reaction conditions. The acid catlyst is generally used in amounts of 0.01
to 2, preferably 0.05 to 0.5, % by weight, based on the total weight of the
phenol and the alkylated amine-aldehyde condensate. 



45     The organic liquid used as a diluent in the reaction is preferably a
solvent for the phenol, the alkylated amine-aldehyde condensate and their
reaction product. Preferably the organic diluent is inert under the
reaction conditions and boils at a temperature above the monohydric alcohol
which is set free during the reaction of the phenol with the alkylated
amine-aldehyde condensate. Examples of suitable organic diluents are low
glycol ethers, such as ethylene glycol monomethyl ether, propylene glycol
monomethyl 50 ether or their esters, such as ethylene glycol monomethyl
ether acetate; ketones, such as methyl isobutyl ketone, methyl ethyl ketone
or methyl isopropyl ketone; aromatic hydrocarbons, such as toluene or
xylene, and mixtures of this type of diluent. Preferred organic liquid
diluents are esters, in particular ethylene glycol monoethyl ether acetate,
and ketones, in particular methyl isobutyl ketone. The organic liquid
diluent is preferably used in an amount of at least 5% by weight,
preferably 5 to 80% 55  by weight, based on the total weight of the
reaction mixture, including volatile and non-volatile matters. Particularly
preferably the reaction mixture contains 10 to 60% by weight of the liquid
diluent and 90 to 40% by weight of non-volatile matters. The reaction
between the phenol compound(s) and the amine-aldehyde condensate(s) is
advantageously carried out at a temperature between 80C and 250C,
preferably between 1 00[err] and 220[err], 60  very'particularly preferably
at 130C to 180[err]. Although it is advantageous to carry out the reaction
at such a temperature that the monohydric alcohol evaporates out of the
reaction mixture, it is also possible to carry out the reaction under
pressure without removing the liberated alcohol from the reaction vessel.
The reaction between the phenol and the alkylated amine-aldehyde condendate
is continued until the development of the monohydric alcohol which is
formed from the alkoxy group has become negligibly 65 small. Substantially
complete reaction of the phenol and the alkylated amine-aldehyde
condensation 4    0 154 789 product is desirable. The reaction should
advantageously be carried out to a conversion of at least 60, preferably at
least 80 and particularly preferably at least 90%, these percentages
indicating what percentage of the alkoxy groups have reacted with the
phenol, as measured by the amount of liberated alcohol. It is surprising
that under the reaction conditions of the invention the reaction products
remain in 5 solution in the organic liquid diluent and the previously
indicated high conversions at the low ratios of phenolic hydroxyl groups to
alkoxy gruops which are specified by the invention. After the reaction has
ended, the reaction product can be isolated out of the solution as a solid
product by customary methods, such as evaporation of the organic liquid
diluent. The isolated solid product can then be dissolved in the same or a
different organic liquid. Alternatively, the polyfunctional phenolic 10
reaction product can remain in the solution in which it has been prepared
and can be processed further in this solution. If, for example, the
polyfunctional phenolic reaction product is to be used as a varnish for
preparing electric laminates, the reaction solution can be diluted further
with the same or a different organic solvent and a suitable epoxy resin and
if desired an accelerant can be added to obtain a suitable varnish
composition. 15     The polyfunctional phenolic reaction product according
to the invention is suitable for curing a plurality of epoxy resins, epoxy
resins being understood as meaning compounds containing more than one
1,2-epoxy group. The epoxy resins can be saturated or unsaturated
aliphatic, cycloaliphatic, aromatic or heterocyclic compounds and can
contain one or more non-interfering substituents, such as halogen atoms,
hydroxyl groups or ether radicals.The epoxy resins can be monomeric or
polymeric compounds. 20     Epoxy compounds are well known in the art, so
that it is sufficient to mention some literature references: "The Handbook
of Epoxy Resins", H. Lee and K. Neville (1967) McGraw-Hill, New York, App.
4-1, pages 4-35 to 4-56 and U.S. Patents, 2,633,458, 3,477,990 (in
particular column 2, line 39 to column 4, line 75), 3,821,243, 3,907,719,
3,975,397 and 4,071,477. The polyfunctional phenolic reaction product of
the invention is used in sufficient amounts to cure the 25  epoxy resins.
It is generally advantageous to use an almost stoichiometric amount,
although it is possible to use an up to 100% excess either of the epoxy
resin or of the polyfunctional phenolic reaction product. In some uses,
such as powder coating or the preparation of electric laminates, it is
advantageous to add a curing accelerant to the mixture of the epoxy resin
and the polyfunctional phenolic reaction product. It is possible to use
known curing accelerants, such as amines, amides, polyamino-amides,
imidazoles and 30  benzimidazoles and their salts and addition products.
Tin(II) salts of monocarboxylic acids having at least 



two carbon atoms, such as, for example, tin(III) octoate and tin(II)
laurate, and alkaline earth metal hydroxides and alkali metal hydroxides,
for example sodium hydroxide or calcium hydroxide, are also suitable. The
amount of accelerant used can vary, depending on a large number of factors,
such as the specific 35  nature of the epoxy compound and of the
polyfunctional phenolic reaction product, the desired curing time and the
ultimate use. In general the accelerant is used in an amount of 0.01 to 10,
preferably 0.05 to 5, % by weight, based on the total weight of the
polyepoxide. The composition of the epoxy resin and the polyfunctional
phenolic reaction product can also contain customary additives, such as
plasticisers, stabilisers, extenders, resins, tar compounds, pigments, 40
reinforcing agents, thixotropes, flow-control agents and antioxidants. The
invention is illustrted in more detail in the following examples. Parts and
percentages are by weight, unless expressly stated otherwise. Example 1 45
A jacketed stainless steel reactor equipped with a stirrer, heating and
cooling means, a condenser and a thermometer was charged with 15 parts of
hexamethoxymethylmelamine (HMMM) (commercial product [err] 303 from
American Cyanamid), 15 parts of ethylene glycol monoethyl ether acetate and
45 parts of bisphenol A. At these concentrations, the reaction mixture
contained 1.71 phenolic OH groups for every alkoxy group of the HMMM. The
mixture was heated to 90[err] under a nitrogen blanket. As soon as the so
mixture had attained said temperature, 0.09 part of oxalic acid dihydrate
was added as catalyst. The temperature of the mixture was slowly raised to
140[err] in the course of three hours and was held at 140[err] for a
further hour. At that time the evolution of measurable amounts of methanol
out of the reaction mixture ceased, indicating a substantially complete
course of reaction. The reaction product (curing agent A) remained soluble
in the ethylene glycol monoethyl ether acetate. The percentage of
conversion of the 55  methoxy groups of the HMMM was calculated from the
liberated amount of methanol as greater than 90%. The reaction mixture was
diluted with 28.7 parts of methyl isobutyl ketone to obtain a solids
content of 55.3% by weight. After this dilution the resulting solution of
curing agent was cooled down to room temperature. The kinematic viscosity
of the resulting solution was determined at 25[err] in a suitable "Canon-
Fenske" viscometer tube as 0.00219 square metres per second [err]. Relative
to the solids content the 60  phenolic hydroxyl content was 7.73% by weight
or 0.45 phenolic hydroxyl equivalents per 100 g of solids. A curable epoxy
resin solution suitable for use as a varnish composition in the production
of electric laminates was prepared by mixing 133 parts of the solution of
the polyfunctional phenolic reaction product obtained, as a curing agent,
with 132 parts of an epoxy resin solution. The epoxy resin solution
contained 28% of epoxy resin A, 47% of epoxy resin 8 and 25% of methyl
isobutyl ketone. Also added was one part of 65  a 5% strength solution of
2-methylimidazole in methanol and 48.9 parts of methyl isobutyl ketone. The
5    0 154 789 epoxy resin A used for preparing the varnish composition was
an epoxidised phenol-formaldehyde novolak resin having an epoxy equivalent
weight (EEW) between 160 and 190 and a functionality of 5.6. Epoxy resin B
was the diglycidyl ether of tetrabromobisphenol A having an EEW between 430
and 470. The epoxy resin varnish contained 55.2% of solids. The cured epoxy
resin had a glass transition temperature of 5 170 to 175[err] as measured
by thermal differential analysis. Comparative Example A The method
described in U.S. Patent 4,393,181 was used for preparing the reaction
product of HMMM and bisphenol A. First, a blend was prepared from 15 parts
of HMMM and 45 parts of bisphenol A (no 10 solvent and no catalyst). This
blend contained 1.71 phenolic OH groups for every methoxy group, so that
the ratio of phenolic OH groups to alkoxy groups was the same as in Example
1. The blend was then heated to 165[err] in the course of two hours during
which, based on the evolved methanol, the HMMM was converted to 72%. The
reaction product was a gelled mass which it was afterwards impossible to
dissolve in organic solvents. 15 Example 2 A stainless steel reactor as in
Example 1 was charged with 25 parts of HMMM, 75 parts of bisphenol A and 25
parts of ethylene glycol monomethyl ether acetate. This reaction mixture
contained 1.71 phenolic 



OH groups for every alkoxy group. The mixture was heated to 80[err], and
0.15 part of oxalic acid dihydrate 20  was then added. The resulting
mixture was then raised to 110 to 11 50C. At that temperature the methanol
began to distil off. The reaction mixture was then slowly raised to a
temperature of 145[err] in the course of two hours. The reaction mixture
was held at that temperature for a further hour. Afterwards the reaction
was substantially complete, as indicated by the fact that the evolution of
methanol had ceased. The - reaction product (curing agent B) remained
soluble in the ethylene glycol monomethyl ether acetate. The 25  solution
obtained had 65.5 parts of acetone added to it. The solution was then
cooled at room temperature. The solids content was 50%. The phenolic
hydroxyl group content was measured as 8.1 % based on the solids content,
or in other words 0.48 phenolic hydroxyl equivalents were present per 100 g
of solids. The resulting solution of the polyfunctional phenolic reaction
product was used to prepare a varnish composition by mixing 21.9 parts of
the diglycidyl ether of bisphenol A having an EEW between 177 and 30  188
and a viscosity at 25[err] between 7 and 10 pascalseconds (Pa.s) (epoxy
resin C), 36.7 parts of epoxy resin B, 82.8 parts of a 50% strength solids
solution of the polyfunctional phenolic reaction product, 0.094 part of
2-methylimidazole and 14.7 parts of toluene. The solids content of the
resulting solution was 63%. This composition had a Brookfield viscosity
measured on a RVT Brookfield viscometer using spindle 3 at 100 rpm at
25[err] of 0.15 Pa.s. The glass transition temperature of the cured epoxy
resin was 150 to 155[err]. 35 Example 3 An epoxy resin varnish was prepared
by mixing 21.8 parts of epoxy resin A, 36.7 parts of epoxy resin B, 41.5
parts of curing-agent B (i.e. 83 parts of a 50% strength solution of curing
agent B), 0.032 part of 2- methylimidazole and 21.3 parts of toluene. The
solids content of the resulting composition was 61.4%. This 40  varnish
composition had a Brookfield viscosity of 0.19 Pa.s. The plate gel time of
the plant composition was 189 seconds at 170[err]. The plate gel time is
measured on a hot plate set to an accurate temperature (1700C). Using a
wooden spatula a thin layer of the varnish composition is stirred until the
mass forms a rubberlike gel. The glass transition temperature of the cured
epoxy resin was measured as 170 to 175[err]. 45
Comparative Example B A varnish composition was prepared in conventional
manner by mixing the following components: 156 parts of an 80% strength
acetone solution of a diglycidyl ether of bisphenol A having EEW between
182 and 192 increased with tetrabromobisphenol A to an EEW of 400 to 475
(epoxy resin D), 3 parts of dicyanodiamide and 0.42 part of
benzy`dimethylamine. The glass transition temperature of this cured 50
epoxy resin was 118[err]. Examples 4 to 7 The general procedure of Example
2 was used to prepare a number of curing agents (curing agents C, D, E, F).
The specific conditions and concentrations of diluent, phenol and
alkoxylated amine-aldehyde 55  condensate are given by Table I. 60 65 6
0 154 789 TABLE I Type of curing agent                    C (5)       D
E          F Starting material, Parts [err]
25         27          30          35 Bisphenol A
75         73          60          65 p-Tertiary-butylphenol
-            10 Phenolic OH/alkoxy OH                      1.71       1.54
1.28        1.06 15 Solvent, Parts Ethylene glycol monoethyl ether acetate
25         25          25          33.6 20 Reaction conditions(2) 



Time, hours                                4.5        5.0         5.5
2 Temperature 0[err] at end 25  of reaction
150         145         150         120 Yield, % [err]
92          92          80         63 Phenolic OH, %
8.19        7.91        6.92        6.28 30 (1) HMMM
Hexamethoxymethylmelamine (2) The reaction time includes the entire period
for heating the reaction mixture plus the subsequent period for liberating
the methanol. The temperature at the end of the reaction is the highest
temperature to 35     which the mixture is heated. (3) The yield is to be
understood as meaning the percentage of alkoxy groups of the HMMM which has
been reacted, as determined by the amount of methanol distillate. (4)
Phenolic OH is the phenolic hydroxyl group content, expressed in % by
weight of solids in the end product. 40  (5) In the reaction using the
method of U.S. Patent 4,393,181 a blend of 25 parts of HMMM and 75 parts of
bisphenol A was reacted to give an irreversible gel which was not soluble
in organic liquids. For that reason the product could not be used for
preparing an epoxy resin composition. Using the procedure of U.S. Patent
4,393,181 it is possible to obtain a non-gelled product only if the
reaction mixture contains more than 2.2 phenolic OH groups for every alkoxy
group. 45     An epoxy resin composition was then prepared from every one
of these curing agents solutions, epoxy resins and 2-methylimidazole in the
concentrations indicated in Table II. In the preparation of the epoxy resin
composition acetone was used as an additional solvent. The acetone was used
in a sufficient amount to obtain a 60% strength solution. The plate gel
time and the glass transition temperature were determined for every one of
the resulting compositions. The corresponding values are likewise indicated
in Table II. so Comparative Example C A hexamethylolmelamine/bisphenol A
reaction product was prepared by the method of U.S. Patent 4,393,181. For
this purpose a mixture was prepared from 16 parts of HMMM and 84 parts of
bisphenol A without using a solvent or a catalyst. The mixture contained
three phenolic OH groups for every methoxy 55 group. The mixture was slowly
heated to 165[err] in the course of two hours and was held at that
temperature for a further two hours until the evolution of methanol had
substantially ceased. The product, which was obtained in a yield of 94%,
was a slightly coloured, friable solid once it had cooled down to room
temperature. The product contained 9.84% of phenolic OH groups based on the
total weight of curing agent. An epoxy resin composition including this
curing agent (curing agent G) was then prepared using 6o the epoxy resins
indicated in Table II and 2-methylimidazole. The additional solvent used
was acetone in a sufficient amount to give a 60% stength solution.
Comparative Example D A reaction product having a lower ratio of phenolic
hydroxy groups to alkoxy groups (phenolic OH 65. methoxy groups = 2.28) was
prepared using the method of U.S. Patent, 4,393,181. For this purpose 20
parts 7    0 154 789 of HMMM and 80 parts of bisphenol A were mixed. This
mixture was heated to 160[err] in the course of 3 hours and was maintained
at that temperature for 3 hours. At that time the reaction had gone to 94%
completion and the product was an irreversible gel. As it was impossible to
dissolve the product in the customary organic solvents, it was unsuitable
for the preparation of any epoxy resin varnish. 5 TABLE II Comparative
Example No.                     4        5         6        7
Example C* 10 Epoxy resin composition (1) formulation, parts 15 Curing
agent C                   39.5 



Curing agent D                  -         40.2         -         - Curing
agent E                  -        -          43.0    - 20 Curing agent F
-        -         -         44.5    - Curing agent G                  -
-         -        -         36.5 25 Epoxy resin B                     37.5
37.5     37.5     37.5      37.5 Epoxy resin C                    23
22.3      19.5     18       26 2-Methylimidazole                 0.1
0.1      0.1       0.1      0.10 30 Plate gel time 175[err] seconds (2)
128      103      121       149      210 35 Glass transition temperature
0[err] (3)             153       157      149      153      135 *no example
of the invention 40 (1) The resin formulations were prepared in such a way
that the ratio of epoxy resin to curing agent gave equivalent amounts of
phenolic OH groups and epoxy groups. The parts of each component are
relative to solids. (2) The plate gel time is a measure of the reactivity
of the epoxy resin. It was measured using the methods 45     of Example 3.
(3) The glass transition temperature of the cured film of the epoxy resin
was determined by thermal differential analysis. 50 As is revealed by Table
II, the curing agents of the invention are more reactive than curing agents
having a higher ratio of phenolic hydroxyl groups to alkoxy groups, as they
are disclosed' in the patent literature. Morever, the cured epoxy resin
which were prepared using a polyfunctional phenolic reaction product of the
invention have a surprisingly higher glass transition temperature than
cured epoxy resins 55 cured using a curing agent having a higher ratio of
phenolic OH groups to alkoxy groups. Example 5 A curing agent was prepared
from a methylated urea-formaldehyde resin (commercial product [err] 60 UFR
65 from American Cyanamid) and bisphenol A by blending 104 parts of the
methylated urea- formaldehyde resin, 296 parts of bisphenol A and 100 parts
of ethylene glycol monomethyl ether acetate. The reaction mixture was
raised to 70[err], and 0.6 part of oxalic acid dihydrate was then added.
The reaction temperature was slowly raised to 150[err] in the course of two
hours, and that temperature was maintained for a further hour until the
evolution of methanol had ceased. The concentration product was then
diluted 65 with 190 parts of methyl ethyl ketone and cooled down to room
temperature. The resulting phenolic curing 8    0 154 789 agent solution
contained 59.6% of solids, had a viscosity at 25[err] of 2.65 Pa.s, and
contained 8.5% of phenolic OH groups, based on the total solids content. An
epoxy resin varnish formulation was prepared using this curing agent. For
this purpose, 32.5 g of the curing agent solution were mixed with 18.7 g of
epoxy resin B, 11.8 g of epoxy resin C, 0.05 g of 2- 5 methylimidazole and
3.2 g of methyl ethyl ketone. The clear solution obtained once the resins
had dissolved had a plate gel time at 175[err] of 124 seconds. After
curing, the film removed from the hot plate had a glass transition
temperature of 147[err] as determined by thermal differential analysis. 10
Claims 1. Polyfunctional phenolic reaction product of an alkylated
amine-aldehyde condensation product with a polyhydric phenol and, if
desired, a monohydric phenol, characterised in that the phenol compound(s)
has been used in such an amount as to produce a ratio of phenolic OH groups
to alkoxy groups of 1:1 to 15 less than 2:1 and in that the reaction
product is soluble in organic solvents. 2. Reaction product according to
Claim 1, characterised in that the polyhydric phenol contains 2 to 6
hydroxyl groups and 6 to 30 carbon atoms. 3. Reaction product according to
Claim 1 or 2, characterised in that the phenol compound is a dihydric 



phenol having the following structural formula: 20 (X)4        (X)4 [err]
where A is oxygen, sulphur, -S-S-, -CO-, -[err]-, a divalent hydrocarbon
radical of 1 to 10 carbon 30 atoms, an oxygen-, sulphur- or
nitrogen-containing divalent hydrocarbon radical or a covalent bond; each X
is independently hydrogen, halogen or a hydrocarbon group of 1 to 10 carbon
atoms, preferably 1 to 4 carbon atoms, and n has a value of 0 or 1 or a
mixture thereof. 4. Organic reaction product according to any one of Claims
1 to 3, characterised in that the alkylated aminealdehyde condensation
product is a hexaalkyl ether of hexamethylolmelamine of the general 35
formula [err] in which each R is independently an alkyl radical of 1 to 4
carbon atoms. 5. Reaction product according to Claim 3, characterised in
that A is a divalent hydrocarbon radical of 1 to 8 carbon atoms and each X
is hydrogen. 6. Reaction product according to Claim 5, characterised in
that the hexaalkyl ether of hexamethylolmelamine is
hexamethoxymethylmelamine and the polyhydric phenol is bisphenol A. 7.
Process for preparing a polyfunctional phenolic reaction product by
reacting an alkylated amine- 55  aldehyde condensation product with a
polyhydric phenol and, if desired, a monohydric phenol, characterised in
that the reaction is carried out in the presence of an acid catalyst and of
an organic liquid diluent and the phenol compounds is used in a sufficient
amount that at least one reactive phenolic hydroxyl group is present for
each alkoxy group of the amine-aldehyde condensation product. 8. Process
according to Claim 7, characterised in that the amine-aldehyde condensation
product is a 60 hexaalkyl ether of hexamethylolmelamine and the phenol and
the hexamethylolmelamine are used in amounts such that the ratio of
phenolic OH groups to alkoxy groups is less than 2.8:1. 9. Process
according to either Claims 7 or 8, characterised in that the ratio of
phenolic OH groups to alkoxy groups is within the range from 1.2:1 to
1.95:1. 10. Process according to any one of Claims 7 to 9, characterised in
that the acid catalyst is a 65  monocarboxylic or polycarboxylic acid or an
arylsulphonic acid. 9    0 154 789. agent solution contained 59.6% of
solids, had a viscosity at 25[err] of 2.65 Pa.s, and contained 8.5% of
phenolic OH groups, based on the total solids content. An epoxy resin
varnish formulation was prepared using this curing agent. For this purpose,
32.5 g of the curing agent solution were mixed with 18.7 g of epoxy resin
B, 11.8 g of epoxy resin C, 0.05 g of 2- 5 methylimidazole and 3.2 g of
methyl ethyl ketone. The clear solution obtained once the resins had
dissolved had a plate gel time at 175[err] of 124 seconds. After curing,
the film removed from the hot plate had a glass transition temperature of
147[err] as determined by thermal differential analysis. 10 Claims 1.
Polyfunctional phenolic reaction product of an alkylated amine-aldehyde
condensation product with a polyhydric phenol and, if desired, a monohydric
phenol, characterised in that the phenol compounds 'has been used in such
an amount as to produce a ratio of phenolic OH groups to alkoxy groups of
1:1 to 15 less than 2:1 and in that the reaction product is soluble in
organic solvents. 2. Reaction product according to Claim 1, characterised
in that the polyhydric phenol contains 2 to 6 hydroxyl groups and 6 to 30
carbon atoms. 3. Reaction product according to Claim 1 or 2, characterised
in that the phenol compound is a dihydric phenol having the following
structural formula: 20 (X)4        (X)4 25
[err] where A is oxygen, sulphur,-S-S-, -CO-, -[err]-, a divalent
hydrocarbon radical of 1 to 10 carbon 30 atoms, an oxygen-, sulphur- or
nitrogen-containing divalent hydrocarbon radical or a covalent bond; each X
is independently hydrogen, halogen or a hydrocarbon group of 1 to 10 carbon
atoms, preferably 1 to 4 



carbon atoms, and n has a value of 0 or 1 or a mixture thereof. 4. Organic
reaction product according to any one of Claims 1 to 3, characterised in
that the alkylated aminealdehyde condensation product is a hexaalkyl ether
of hexamethylolmelamine of the general 35 formula 40 [err] in which each R
is independently an alkyl radical of 1 to 4 carbon atoms. 50     5.
Reaction product according to Claim 3, characterised in that A is a
divalent hydrocarbon radical of 1 to 8 carbon atoms and each X is hydrogen.
6. Reaction product according to Claim 5, characterised in that the
hexaalkyl ether of hexamethylolmelamine is hexamethoxymethylmelamine and
the polyhydric phenol is bisphenol A. 7. Process for preparing a
polyfunctional phenolic reaction product by reacting an alkylated amine- 55
aldehyde condensation product with a polyhydric phenol and, if desired, a
monohydric phenol, characterised in that the reaction is carried out in the
presence of an acid catalyst and of an organic liquid diluent and the
phenol compound(s) is used in a sufficient amount that at least one
reactive phenolic hydroxyl group is present for each aikoxy group of the
amine-aldehyde condensation product. 8. Process according to Claim 7,
characterised in that the amine-aldehyde condensation product is a 60
hexaalkyl ether of hexamethylolmelamine and the phenol and the
hexamethylolmelamine are used in amounts such that the ratio of phenolic OH
groups to alkoxy groups is less than 2.8:1. 9. Process according to either
Claims 7 or 8, characterised in that the ratio of phenolic OH groups to
alkoxy groups is within the range from 1.2:1 to 1.95:1. 10. Process
according to any one of Claims 7 to 9, characterised in that the acid
catalyst is a 65 monocarboxylic or polycarboxylic acid or an arylsulphonic
acid.    0 154 789 11. Process according to any one of Claims 7 to 10,
characterised in that the diluent is an ester, ketone, lower glycol ether
or an aromatic hydrocarbon or a mixture thereof. 12. Process according to
Claim 11, characterised in that the diluent is ethylene glycol monoethyl
ether acetate or methyl isobutyl ketone. 13. Use of the polyfunctional
phenolic reaction products according to any one of Claims 1 to 12, as
curing agents for epoxy resins. Patentanspruiche to 1.   Polyfunktionelles
phenolisches    Reaktionsprodukt   eines    alkylierten    Amin-
aldehydkondensationsproduktes mit einem mehrwertigen Phenol und
gegebenenfalls einem einwertigen Phenol, dadurch gekennzeichnet, daB die
Phenolkomponente (n) in solchen Mengen verwendet wurde, daB eine Verhaltnis
von phenolischen OH-Gruppen zu Alkoxygruppen von 1:1 bis kleiner 2:1
erhalten 15 wurde, und daS das Reaktionsprodukt in organischen
Losungsmitteln l6slich ist. 2. Reaktionsprodukt nach Anspruch 1, dadurch
gekennzeichnet, daS das mehrwertige Phenol 2 bis 6 Hydroxylgruppen und 6
bis 30 Kohlenstoffatome enihilt. 3. Reaktionsprodukt nach AnsprOchen 1 oder
2, dadurch gekennzeichnet, daR die Phenolverbindung ein zweiwertiges Phenol
mit der folgenden Strukturformel ist: 20 [err] in der A Sauerstoff,
Schwefel, -S-S--, -CO-{ , -SO2- ein zweiwertiger Kohlenwasserstoffrest mit
1-10 Kohlenstoffatomen, ein Sauerstoff, Schwefel oder Stickstoff
enthaltender zweiwertiger 30 Kohlenwasserstoffrest oder eine kovalente
Bindung ist, jedes X unabhingig voneinander Wasserstoff, Halogen oder eine
Kohlenwasserstoffgruppe mit 1-10 Kohlenstoffatomen, vorzugsweise mit 1-4
Kohlenstoffatomen, ist und n einen Wert von 0 oder 1 hat oder eine Mischung
derselben ist. 4. Organisches Reaktionsprodukt nach jedem der AnsprOche 1
bis 3, dadurch gekennzeichnet, daR das alkylierte
Amin-aldehydkondensationsprodukt ein Hexaalkylether von Hexamethylolmelamin
der 35 allgemeinen Formel [err] 50  ist, in der jedes R unabhangig eine
Alkylgruuppe mit 1-4 Kohlenstoffatomen ist. 



5. Reaktionsprodukt nach Anspruch 3, dadurch gekennzeichnet, daB A ein
zweiwertiger Kohlenwasserstoffrest mit 1-8 Kohlenstoffatomen ist und jedes
X Wasserstoff ist. 6. Reaktionsprodukt nach Anspruch 5, dadurch
gekennzeichnet, daB der Hexaalkylether von Hexamethylolmelamin
Hexamethoxymethylmelamin ist und das mehrwertige Phenol Bisphenol A ist. 55
7. Verfahren zur Herstellung eines polyfunktionellenr phenolischen
Reaktionsproduktes durch Umsetzen eines alkylierten
Amin-aldehydkondensationsproduktes mit einem mehrwertigen Phenol und
gegebenenfalls einem einwertigen Phenol, dadurch gekennzeichnet, dalS die
Reaktion in Gegenwart eines sauren Katalysators und eines organischen
flussigen VerdOnnungsmittels ausgefuhrt wird und die Phenolverbindung (en)
in einer ausreichenden Menge verwendet wird, daS mindestens eine reaktive
60  phenolische Hydroxylgruppe vorhanden ist fMr jede Alkoxygruppe des
Amin-aldehydkondensations- produktes. 8. Verfahren nach Anspruch 7, dadurch
gekennzeichnet, daR& das Amin-aldehydkondensationsprodukt ein
Hexaalkylethef von Hexamethylolmelamin und Phenol ist und die
Hexamethylolamine in solchen Mengen verwendet werden, daS das Verhaltnis
von phenolischen OH-Gruppen zu Alkoxygruppen kleiner 65  als 2,8:1 ist. 10
0 154 789 9. Verfahren nach jedem der AnsprOchen 7 oder 8, dadurch
gekennzeichnet, daB das VerhAltnis der phenolischen OH-Gruppen zu
Alkoxy-Gruppen im Bereich von 1,2:1 bis 1,95:1 betragt. 10. Verfahren nach
jedem der Anspruche 7 bis 9, dadurch gekennzeichnet, daB der saure
Katalysator eine einwertige oder mehrwertige Carbonsaure oder sine
Arylsulfonsaure ist. 5     11. Verfahren nach jedem  der Anspruche 7 bis
10, dadurch  gekennzeichnet, daB  das Verdunnungsmittel ein Esther, ein
Keton, ein niedriger Glykolether oder ein aromatischer Kohlenwasserstoff
oder sine Mischung derselben ist. 12. Verfahren nach Anspruch 11, dadurch
gekennzeichnet, dal3 das Verdunnungsmittel Ethylen-
glykolmonoethyletheraWcetat oder Methylisobutylketon ist. 0o    13.
Verwendung des polyfunktionellen Reaktionsproduktes nach jedem der
Anspruche 1 bis 12 als Hartungsmittel fOr Epoxyharze. Revendications 15 1.
Produit phenolique polyfonctionnel de reaction d'un produit de condensation
amine-aldehyde alkyle avec un polyph6nol et, si on le d6sire, un
monophenol, caracterise en ce que le(s) compos6(s) phenol(s) a(ont) ete
utilis6(s) en une quantite telle qu'elle produise un rapport des groupes OH
phenoliques aux groupes alkoxy de 2:2 3 moins de 2:1 et en ce que le
produit de la r6action est soluble dans les solvants organiques. 0o    2.
Produit de r6action selon la revendication 1, caract6ris6 en ce que le
polyphenol contient de 2 3 6 groupes hydroxyle et de 6 a 30 atomes de
carbone. 3. Produit de r6action selon ies revendications 1ou 2, caracterise
en ce que Is compos6 phenol est un diph6nol ayant la formule developpee
ci-dessous: 25                            -e(X)4                (X)4 HO
A           O 30 ob A est un oxygene, un soufre, -S-S-, -CO-, -SOT-, un
radical hydrocarbone divalent comportant de 1 3 10 atomes de carbone, un
radical hydrocarbon6 divalent contenant de I'oxygbne, du soufre ou de
l'azote, ou une liaison covalents; chaque X repr6sente ind6pendamment un
hydrogene, un halogene ou un 35  groups hydrocarbone de 1 A 10 atomes de
carbone, de preference de 1 3 4 atomes de carbone, et n vaut 0 ou 1, ou un
melange de ces corps. 4. Produit organique de reaction selon l'une
quelconque des revendications 1 A 3, caracterise en ce que le produit de
condensation amine-aldehyde alkyl6 est un hexaalkyl6ther
d'hexam6thylolmelamine de formule g6nerale 40 ROH C        CH OR 2   N    2
N 



45N/                                               N ROH2C        N-
N            CHN    OR 50                      R2OHC
2 oCu chaque R. repr6sente independamment un radical alkyle comportant de 1
A 4 atomes de carbons. 5. Produit de reaction selon la revendication 3,
caract6ris6 en ce quo A est un radical hydrocarbone :5 divalent de 1 b 8
atomes de carbons et chaque X est un hydrogene. 6. Produit de reaction
selon la revendication 5, caracterise en ce  que I'hexaalkyl-6ther
d'hexam6thylolmdlamine est l'hexam6thoxymethylm6lamine et le polyphenol est
le bisphenol A. 7. Proced6 de preparation d'un produit phenolique
polyfonctionnel de r6action par r6action d'un produit de condensation
amine-aldehyde alkyle avec un polyphenol et, si on le desire, un
monophenol, - caracterise en ce quo la reaction est conduite en presence
d'un catalyseur acide et d'un diluant liquids organique et en ce que IsWs)
compos6(s) phenol(s) est(sont) utilises(s) en une quantite suffisante pour
qu'au moins un groups hydroxyle phenolique reactif soit present pour chaque
groups alkoxy du produit de condensation amine-aldehyde. 8. Procede selon
la revendication 7, caracteris6 en ce que le produit de condensation
amine-ald6hyde 65  est un hexaalkyl-ether d'hexamethylolmeiamine et ce quo
le phenol et l'hexamethylolm*lamine sont 11 I 1111111 111111 11111 11111
111111    0 154 789 utilises en des quantites telles que le rapport des
groupes OH phenoliques aux groupes alkoxy est inf6rieur 3 2,8:1. 9. Proc6de
selon l'une ou l'autre des revendications 7 ou 8, caracterise en ce que le
rapport des groupes OH phenoliques aux groupes alkoxy se situe dans un
intervalle allant de 1,2:1 a 1,95:1. 5     10. Proc6de selon l'une
quelconque des revendications 7 a 9, caract6rise en ce que le catalyseur
acide est un acide monocarboxylique et polycarboxylique ou un acide
arylsolfonique. 11. Proced6 selon l'une quelconque des revendications 7 a
10, caracterise en ce que le diluant est un ester, une cetone, un 6ther
inferieur de glycol ou un hydrocarbure aromatique, ou un de leurs melanges.
12. Procede selon la revendication 11, caracterise en ce que le diluant est
I'ac6tate de monoethylether 1o d'ethylene-glycol ou la
m6thyl-isobutyl-c6tone. 13. Application des produits phenoliques
polyfonctionnels de reaction selon l'une quelconque des revendications 1 a
12, comme agent de reticulation pour les r6sines 6poxydes. 15 20 25 30 35
40 45 50 55 60 65 12    


