
0 155 469 Description The present invention is concerned with an epoxy
resin composition and a process for preparing electrical laminates using
said composition. Heretofore, laminates used in the preparation of
electrical circuit boards, have been conventionally produced by
impregnating a supporting or reinforcing web with a resin composition, by
passing the impregnated mat through a heated chamber where the resin
composition is partially cured, and laminating one or more layers of the
resin mat with a layer such as copper foil under the application of heat
and pressure. The resin as employed for impregnating, in general, is
referred  to as "varnish", and the impregnated resin mat, conventionally,
is referred to as "prepreg". The 10 electrical laminate, in known manner,
is processed into circuit boards. In general, epoxy resins are employed for
impregnating the reinforcing web. A typical epoxy resin composition for the
application as presently described, comprises a brominated epoxy resin
prepared from a diglycidyl ether of bisphenol A and a tetrabromobisphenol
A, dicyandiamide as a hardener, an organic solvent such as acetone, and an
accelerator or catalyst. Unfortunately, the glass transition temperature of
a is cured epoxy resin prepared from this varnish composition is
undesirably low, e.g. from 110 to [err] which often creates problems in the
subsequent processing of the impregnated web. In addition, the
dicyandiamide curing agent tends to crystallize in the varnish composition
and also on the prepreg made therefrom. An alternative varnish composition
for application to a reinforcing web used in the production of 20
electrical laminates, comprises a blend of a diglycidyl ether of bisphenol
A and either bisphenol A or tetra- bromobisphenol A and a dicyandiamide
curing agent. The diglycidyl ether of bisphenol A is reacted in situ with
bisphenol A and/or tetrabromobisphenol A and dicyandiamide during
impregnation of the reinforcing web and the partial curing of the resin
(see e.g. US PS 37 38 862). Unfortunately, that varnish system does not
exhibit higher glass transition temperatures than the varnish composition
described previously. For 25 these and other reasons, it is not widely
employed commercially. It is, therefore, highly desirable to provide an
epoxy resin composition for the preparation of electrical laminates, which
does not possess the afore-described deficiencies. That problem is solved
by the invention as defined in the claims. Accordingly, in one form of
embodiment the invention provides an epoxy resin composition 30 comprising
an epoxy resin, a hardener, an organic solvent and, optionally, an
accelerator and other standard adjuncts and being characterized in that the
hardener is the reaction product of one hexa-alkyl ether of a hexamethylol
melamine having the general formula: [err] [err] N 40
N 2 45 wherein each R is individually an alkyl radical having from 1 to 4
carbon atoms with one polyhydric phenol 50 and, optionally, one monohydric
phenol, in the presence of an acid catalyst and an organic solvent, wherein
the ratio of phenolic hydroxyl groups to alkoxy groups is from at least one
to less than two phenolic hydroxyl groups for each alkoxy group. When
cured, the epoxy resin compositions of the present invention exhibit
excellent properties. In particular, the cured resins exhibit substantially
higher glass transistion temperatures, e.g. up to and 55    exceeding
[err], than epoxy resins cured with dicyandiamide. In addition, the
hardener component of the resin composition of the invention is soluble in
most organic solvents generally used in preparing electrical laminates so
that the problem of crystallization of the hardener as experienced with
dicyandiamide, is effectively eliminated. Due to these and other
properties, the resin compositions of the invention are particularly
suitable as the varnish used in the preparation of electrical laminates. 60
In another form of embodiment, the invention is, therefore, directed to a
process for preparing electrical laminates. The process comprises the
following steps: (a) Impregnating a reinforcing web with an epoxy resin
varnish comprising an epoxy resin, a hardener for the epoxy resin and an
organic liquid; (b) heating the so prepared prepreg to a temperature
sufficient to partially react the epoxy component 65 of the varnish with
the hardener component; and 2    0 155 469 (c) fabricating the prepreg into
an electrical laminate by laminating one or several layers of the prepreg 



with an electrically conductive material and heating the so formed
laminated at an elevated pressure to elevated temperatures, with the epoxy
resin varnish being an epoxy resin composition of the invention. 5     Due
to the high glass transition temperature of the cured epoxy resin
composition according to the invention, reinforced electrical laminates
prepared by the process of the present invention exhibit an improved
distortion property in heat achieved without excessive brittleness. In
addition, the reinforced electrical laminates show improved resistance to
attack by various chemicals, lower expansion coefficients and improved
electrical properties. Moreover, it has, surprisingly, 10 been found that
holes drilled in single-clad 1.5 mm laminate boards, during the preparation
of the electrical circuit boards, exhibit an improved quality when
inspected using photomicroscopy. Moreover, the drills used to drill these
holes exhibited reduced wear when compared to drills used to drill holes in
identical laminates; however, such laminates were prepared from
conventional resin compositions. In the practice of the present invention,
the epoxy resin component of the resin composition, suitably, 15 are
compounds possessing more than one 1,2 epoxy group. In general, the epoxy
resin component is a saturated or unsaturated aliphatic, cycloaliphatic,
aromatic or heterocyclic compound. It can be substituted with one or more
non-interfering substituents such as halogen atoms, phosphorous atoms,
hydroxyl groups and ether radicals. The epoxy resin component can be
monomeric or polymeric. Such epoxy resins are well known in the art and are
described, e.g. in "The Handbook of Epoxy Resins" 20 by H. Lee and K.
Neville (1967), published by McGraw-Hill, New York, in appendix 4-1, pp.
4-35 to 4-56, and US Patents 2,633,458; 3,477,990 (particularly col. 2,
line 39 to col. 4, line 75); 3,821,243; 3,907,719; 3,975,397 and 4,071,477.
Epoxy resins particularly suitable in the practice of the invention include
the glycidyl ethers of 2,2-bis(4- hydroxyphenyl)propane (generally referred
to as bisphenol A) and 2,2-bis(3,5-dibromo-4-hydroxyphenyl)- 25 propane
(generally referred to as tetrabromobisphenol A); the glycidyl ethers of
novolac resins, i.e. phenol aldehyde condensates of the formula: 30 35
wherein R' is a hydrogen atom or an alkyl radical and n is an integer from
1 to 10; and the glycidyl ethers of 40 tris(phenol), i.e. 0 H 45 such as
described in U.S. Patent No. 4,394,496. In addition, mixtures of one or
several epoxy resins are also usable in this invention. Most preferred are
liquid glycidyl polyethers of bisphenol A, the gylcidyl polyethers of
tetrabromobisphenol A and mixtures thereof. 50     The organic liquids
suitably employed for the resin compositions of the invention are those
organic liquids in which the epoxy resins and the hardener are soluble and
which are sufficiently volatile such that they escape from the epoxy resin
composition before and/or during the partial cure and/or before the final
cure. Illustrative examples of such organic liquids include various glycol
ethers such as ethylene or propylene glycol monomethylether and the esters
thereof such as ethylene glycol monoethylether acetate; ss ketones such as
methylisobutylic ketone, methylethyl ketone, acetone and methylisopropyl
ketone; and aromatic hydrocarbons such as toluene and xylene or mixtures
thereof. Most preferred are ketones, particularly acetone and
methylisobutyl ketone or mixtures thereof with esters, particularly with
ethylene glycol monoethylether acetate. The amount of solvent contained in
the epoxy resin composition will vary depending on a variety of 60 factors
including the particularly employed components such as epoxy resin,
hardener and solvent and the desired properties of the epoxy resin
composition, e.g. the viscosity and the pick-up thereof by the reinforcing
web. Preferably, the epoxy resin composition should have a viscosity of
between 50 and 1000 milliPascal seconds (mPas.s) measured using a
Brookfield viscometer, RVT type, 20 rpm and an appropriate spindle at 6s
[err] general, the amount of solvent will range from 20 to 80 percent by
weight, based on the total 3    0 155 469 weight of the epoxy resin
composition. Preferably, the epoxy resin composition will contain from 20
to 60 percent by weight of solvent and from 80 to 40 percent by weight of
non-volatiles. The hardener employed in the practice of the invention is
the reaction product of the reaction of a hexa- alkyl ether of hexamethylol
melamine with a polyhydric phenol, and optionally a monohydric phenol, 5
which has been obtained in the presence of an acidic catalyst and an
organic solvent wherein the ratio of 



phenolic hydroxyl groups to alkoxy groups is less than two phenolic
hydroxyl groups for each alkoxy group. The hardeners advantageously
employed in the practice of the invention are polyhydric phenolic compounds
containing from 2 to 6 phenolic hydroxyl groups and from 6 to 30 carbon
atoms. Preferably, the polyhydric phenols employed in the practice of the
invention have the formula 10 (X)4       (X)4 HO          [err] 15 wherein
A is oxygen, sulphur, -S-S-, -Co-, -SO-, -SO2 , a divalent hydrocarbon
radical containing from 1 to 10 carbon atoms, an oxygen, sulphur or
nitrogen containing hydrocarbon radical or a covalent bond; each X is
independently hydrogen, halogen or a hydrocarbon radical having from 1 to
10 20 carbon atoms, preferably from 1 to 4 carbon atoms, and n has a value
of 0 or 1. More preferably, A is a divalent hydrocarbon radical having from
1 to 8 carbon atoms and each X is hydrogen. Mixtures of two or more
polyhydric phenols can also be employed. In the practice of the invention,
a mixture of one or more polyhydric phenols with one or more monohydric
phenols, e.g. with p-tertiary butyl phenol or nonyl phenol, can also be
employed in the 25 preparation of the hardener. When a mixture of
polyhydric and monohydric phenols is employed that mixture, advantageously,
should contain a minor amount of the monohydric phenol. Preferred are such
mixtures containing less than 25, more preferably less than 15 per cent by
weight of the monohydric phenol, based on the total weight of the
monohydric and polyhydric phenols. Most preferably in the practice of the
invention, the phenol is a dihydric phenol, particularly 2,2-bis(4- 30
hydroxyphenyl)propane, commonly referred to as bisphenol A (BPA). The
hexa-alkyl ethers of hexamethylol melamine as employed in the practice of
this invention, often referred to as amino triazines, have the general
formula 35                                    [err] N 40
[err] ROH C                               2 2 45 wherein each R,
independently, is an alkyl radical having from 1 to 4 carbon atoms.
Illustrative examples of such hexa-alkyl ethers of hexamethylol melamines
include hexamethoxy methyl melamine, hexaethoxy methyl melamine,
hexapropoxy methyl melamine, hexaisoproxy methyl melamine, hexa-1-butoxy
methyl melamine, and hexaisobutoxy methyl melamine. Mixtures of two or more
hexa-alkyl ethers of hexa- 50 methylol melamine can also be employed
herein. Hexamethoxy methyl melamine is most preferred. The hardener is
prepared by reacting the phenol with the hexa-alkyl ether of hexamethylol
melamine, using amounts of the reactants to provide from at least one to
less than two phenolic hydroxyl groups for each alkoxy group. The ratio of
phenolic hydroxyl groups to alkoxy groups will affect the properties of the
epoxy resin composition and the laminates prepared therefrom. For example,
laminates exhibit a superior 55 resistance to heat, i.e. a higher glass
transition temperature, and other enhanced properties when prepared from
epoxy resin compositions having lower ratios of phenolic hydroxyl groups to
alkoxy groups. The use of a ratio of less than two phenolic hydroxyl groups
for each alkoxy group will be suitable to achieve the superior resistance
to heat generally desired. Preferably, a ratio of phenolic hydroxyl groups
to alkoxy groups is from 1.2:1 to 1.95:1, most preferably from 1.4:1 to
1.9:1. 60     When the hardener is prepared at the preferred low ratios of
phenolic hydroxyl groups -to alkoxy groups, i.e. from 1 to 2 phenolic
hydroxyl groups per alkoxy group, in the absence of a diluent and at the
reaction conditions as described in U.S. Patent No. 4,393,181, a gelled
material will arise which is not soluble in the common organic solvents
prior to the desired conversion of the hexamethylol melamine. According to
the invention a reaction product, which is soluble in organic solvents to a
satisfactory 65 degree, is obtained by reacting the phenol with the
hexa-alkyl ether of hexamethylol melamine in the 4    0 155 469 presence of
an acid catalyst and an organic liquid solvent. The reaction is
advantageously carried out at an elevated temperature, preferably from 80
to [err]e preferably from 100 to [err] It is generally desirable to advance
the reaction between the phenolic compounds and the hexa-alkyl ether of the
hexamethylol melamine to completion which is evidenced in that monohydric
alcohol 5  corresponding to the alkoxide group ceases to develop thereby
achieving the maximum glass transition temperature of the cured resin
prepared from the corresponding epoxy resin composition. In addition, the 



non-reacted alkoxy groups are capable of reacting at the conditions of cure
of the epoxy resin which, by releasing the monohydric alcohol, is likely to
cause vaporization of a liquid (i.e. the monohydric alcohol). Mayor amounts
of unreacted alkoxy groups can, therefore, cause processing problems in the
preparation 10 of the laminates owing to the vaporization of the liquid.
The solvent employed for the reaction is an organic liquid diluent in which
the phenol and the hexamethylol melamine starting material and their
reaction product are soluble. Preferably, the organic liquid reaction
diluent is inert to the reaction and boils at a temperature above the
boiling point of the monohydric alcohol formed during the reaction of the
phenol and the alkyl ether of hexamethylol 15 melamine. In addition, the
organic volatile reaction diluent, advantageously, can be employed as the
solvent for the epoxy resin composition to be prepared using the reaction
product as a hardener. Examples of organic liquids suitably used as
reaction diluents, generally are those organic liquids useful as the
solvent for the epoxy resin component of the composition. The esters,
particularly ethylene glycol monoethylether acetate and the ketones,
particularly lower ketones such as methylisobutyl ketone, are 20 preferred.
The organic liquid reaction diluent, preferably, is employed in an amount
from 5 to 80 percent by weight, based on the total weight of the reaction
mixture, including both volatile and non-volatile diluents. Preferably, the
reaction mixture will contain from 10 to 60 weight percent of the organic
liquid reaction diluent. 25     The acid catalyst which is used in the
reaction of the phenol with the hexa-alkyl ether of the hexamethylol
melamine, is a Lewis acid, with such term including all protonic (Bronsted)
acids. Such acids include, for example, mono- or dicarboxylic acids such as
para-toluene sulphonic acid and mineral acid such as sulphuric acid or
hydrochloric acid. The acid catalyst is employed in an amount sufficient to
catalyze the reaction. Although such amounts can vary depending on a
variety of factors including the 30 specific starting materials and the
specific acid catalyst employed and the specific reaction conditions, in
general, the catalyst will be employed in an amount from 0.01 to 0.2,
preferably from 0.05 to 0.5 percent by weight, based on the total weight of
the phenol and of the hexa-alkyl ether of the hexamethylol melamine. Upon
completion of the reaction of the hexa-alkyl ether of the hexamethylol
melamine and of the phenol, the reaction product can subsequently be
recovered from the organic liquid diluent by evaporation 35 of the diluent.
As the organic liquid diluent, generally, is employed as the solvent or as
a component of the solvent for the epoxy resin composition of this
invention, separation thereof is not generally necessary. The amount of the
hardener employed in the epoxy resin varnish composition of the invention
is dependent, on a variety of factors including the specific hardener and
the specific resin employed and the properties of the composition and its
specific end-use applications. In general, the proportion of hardener 40 in
the epoxy resin composition is selected to provide a cured epoxy resin
composition exhibiting a maximum glass transition temperature. Generally,
such amounts will vary such that the ratio of phenolic hydroxyl groups in
the hardener to epoxy groups of the epoxy resin component in the varnish
composition is from 0.5:1 to 2:1. Preferably,the hardener is employed in
amounts such thatthe epoxy resin composition comprises from 0.8 to 1.2
phenolic hydroxyl groups per epoxy group. 45     The epoxy resin
composition of the invention, optionally, can contain an accelerator for
the reaction between the hardener and epoxy resin. Typical examples of
various materials catalzying this reaction are the stanneous salts of
monocarboxylic acids, such as stannous octoate and stannous heterocyclic
compounds such as imidazole and benzimidazole compounds and salts thereof,
tertiary amine borates and tertiary amines. The heterocyclic compounds
useful herein, generally, are those containing in the 50 heterocyclic ring
a substituted C=N-C group and a secondary amino group, i.e. an =N-H group.
These heterocyclic compounds include imidazoles, such as the substituted
imidazoles and the substituted benzimidazoles of the general structural
formula: 55                     [err] H                                H
wherein each R", independently, is a hydrogen, a halogen or an organic
radical such as a hydrocarbon radical or a substituted hydrocarbon radical.
Examples of substituted hydrocarbon radicals include the esters, ethers,
amides, imides, amines, halogens and and mercapto-substituted hydrocarbon
radicals. 65 Preferably, each R" is a hydrogen or a hydrocarbon radical
having from 1 to 4 carbon atoms. 5    0 155 469 Preferred accelerators are
the imidazoles, particularly the alkyl-substituted imidazoles, such as 2-
methyl imidazole and the tertiary amines, such as benzyl dimethyl amine.
Most preferably, the accelerator is benzyl dimethyl amine or 2-methyl
imidazole. The accelerator, in general, is used in an amount sufficient to
catalyze the reaction. Although such an 



5  amount will vary, depending on the particular starting materials as
used, such as accelerator, epoxy resin and hardener, the accelerators are
generally used in amounts from 0.01 to 5 percent by weight, based on the
total weight of the epoxy resin and the hardener. Preferably, the
accelerator is employed in an amount from 0.02 to 3 percent by weight,
based on the total weight of the epoxy resin and the hardener. The varnish
composition of the present invention, preferably, comprises from 5 to 50,
most preferably 10 from 15 to 40 percent by weight of epoxy resin; from 5
to 40-preferably from 15 to 35 percent by weight of hardener; from 25 to 55
percent by weight of organic solvent and from 0.02 to 2 percent by weight
of accelerator, with the afore-going weight percents being based on the
total weight of the composition. In the practice of the invention also
other substances can be added or admixed to the epoxy resin composition of
the invention. Such substances are common adjuncts, such as dyes or
pigments, 15 thixotropes, fluidity controlling agents and stabilizers. The
epoxy resin compositions of the present invention are particularly useful
in impregnating, for example, weaves, webs, fabrics and cloths from a
variety of different materials including glass, quartz, carbon, aramid and
boron fibers especially for preparing electrical laminates. In the
preparation of electrical laminates, in general, a glass fiber and an epoxy
resin composition of the invention are employed. 20    In the process of
the present invention for preparing electrical laminates, the epoxy resin
is applied to the reinforcing web in the desired amount and, subsequently,
the web is heated to achieve pre-curing of the epoxy resin. Although the
amounts of the epoxy resin applied to the reinforcing web can considerably
vary depending on the specific reinforcing web and the specific epoxy resin
composition, the desired properties of the impregnated material and the
electrical laminates prepared therefrom, the epoxy resin 25 composition of
the present invention is generally combined, in conventional quantity
ratios, with the reinforcing web, with 30 to 70 percent by weight of the
epoxy resin composition, based on the total weight of the impregnated web,
being employed. The impregnated web or prepreg is subsequently processed
using conventional techniques. Such techniques envolve pre-curing and
partial curing, respectively, of the epoxy resin by heating the 30
impregnated web to an elevated temperature, such as from 100 to
[err]Subsequently, the prepreg is laminated in that one or several prepregs
are bonded by lamination, subsequently cut to a predetermined size and
combined with thin layers of an electrically conducting material such as
copper foil, using elevated temperatures and pressures. Conventionally, the
laminating temperatures vary from 130 to [err], with pressures varying from
34 kPa to 6.9 MPa. 35    In the following examples, the epoxy resins are
designated as follows: "Epoxy Resin A" is an epoxidized phenol/formaldehyde
novolac resin having an epoxy equivalent weight (EEW) between 160 and 190
and a functionality of 5.6. "Epoxy Resin B" is the diglycidyl ether of
tetrabromobisphenol A having an EEW between 430 and 470. "Epoxy Resin C" is
the diglycidyl ether of bisphenol A having an EEW between 177 and 188 and a
40 viscosity at 25C between 7 and 10 Pa.s. "Epoxy Resin D" is a diglycidyl
ether of bisphenol A having an EEW between 182 and 192 which has been
raised with tetrabromobisphenol A to an EEW of between 400 and 475. Epoxy
Resin D is used as an 80 percent by weight solution of the epoxy resin in
acetone. In the following examples, all parts and percentages set forth
therein are by weight unless otherwise 45 expressly indicated. Example 1 A.
Preparation of hardener A A jacketed stainless steel reactor equipped with
an agitator, condensing and heating means and a 50 condensor was charged
with 25 parts of hexamethoxymethyl melamine (Cymel  303 available from
American Cyanamid), 25 parts of ethylene glycol monoethylether acetate and
75 parts of bisphenol A. This reaction mixture contains 1.71 phenolic
OH-groups for each alkoxy group. The mixture was heated under a nitrogen
blanket to 80C. When the mixture had obtained this temperature, 0.09 parts
of oxalic acid dihydrate were added as a catalyst. The temperature of the
resulting reaction mixture was increased to 55 between 110 and 115C at
which time measurable amounts of methanol began to be distilled off. The
reaction mixture was now slowly heated for an additional two hours to
between 142 and [err] with methanol continued to be distilled off. The
reaction mixture was then maintained at this temperature for an additional
one hour. At the end of this time, methanol ceased to evolve from the
reaction mixture. The reaction mixture was cooled to room temperature and
then diluted with 65.5 parts of methylisobutyl ketone 60 to give a solution
containing 50 percent by weight of solids. Based on the total solids of the
resulting solution, the phenolic hydroxyl content was 8.1 percent by weight
or 0.48 phenolic hydroxyl equivalents per 100 grams of solid material. B.
Preparation of the epoxy resin varnish composition 65    An epoxy resin
solution was prepared by mixing 41.5 parts of the previously prepared
hardener (i.e. 83 6  



0 155 469 parts of the 50 percent hardener solution) with 21.9 parts of
Epoxy Resin C, 36.7 parts of Epoxy Resin B, 14.7 parts of toluene and 0.094
parts of 2-methylimidazole. The solids content of the composition was 63%.
This varnish composition had a Brookfield viscosity of 0.15 Pa.s and a
plate gel time of 380 seconds at [err] and of 171 seconds at [err]. The
plate gel time is a measurement of how fast the epoxy resin of the varnish
5  composition will cure to a gelled rubbery mass. It was determined using
a thermoelectric cure plate having a temperature controller with a
temperature variation of +[err] Approximately 0.3 to 0.4 ml of the varnish
composition were placed in the plate center after the plate had stabilized
at the desired temperature. A stop watch was started as the composition
initially touched the plate. The molten resin was worked from one side to
the other side of the plate using a spatula. Every 5 seconds the spatula
was pulled rapidly away from 10 the varnish composition, pulling strings of
polymer with it. The gel time was recorded as the time at which the strings
could no longer be pulled away from the polymer mass. C. Preparation of
electrical laminates The resulting varnish composition was used for
impregnating a glass cloth (Marglas 7628 finish 782). 15 This cloth is an
industrial glass silk fabric of equal warp and weft (plain weave) of
electrical grade glass treated with finish 782. The glass silk fabric was
impregnated with the varnish on a vertical-type treater such that 320 grams
( 10 grams) of the resin composition were applied for each square meter of
fabric. The impregnated fabric was then treated at a temperature of between
125 and [err] to advance curing of the epoxy resin. The precured prepregs
were then fabricated into "FR-4"-type electrical laminates to 20 contain 1
ply of copper foil and 9 plies of prepreg. The epoxy resins of the
laminates were cured by heating the laminates to [err] for 20 minutes,
maintaining the temperature at [err] for 60 minutes, heating the laminates
to between 170 and 180 minutes for 15 minutes, maintaining the laminates at
this temperature for between 120 and 180 minutes and subsequently cooling
with water for 20 minutes or with air and water for 50 minutes. The
pressure during this curing stage was 50 kg/cm2, applied using a Netstal
300 ton press. 25     The glass transition temperature of the cured epoxy
resin prepared from the varnish composition and the Z Axis Expansion
Coefficient, the Dielectric Loss Factor and the Copper Peal Strength were
measured on the resulting electrical laminate. In addition, the laminate
was subjected to a pressure cooker test. The results of all such testing
are recorded in Table I. 30
Example 2 An epoxy resin varnish composition was prepared by mixing 21.8
parts of Epoxy Resin A, 36.7 parts of Epoxy Resin B, 41.5 parts of Hardener
A (i.e. 83 parts of a 50% solution of Hardener A), 0.032 parts of 2-
methylimidazole and 21.3 parts of toluene. The solids content of the
resulting composition was 61.3%. This - varnish composition had a
Brookfield viscosity of 0.19 Pa.s measured using a Brookfield viscometer,
RVT 35 model, and 250 rpm at [err]and the appropriate spindle. The curing
time of the varnish composition defined by plate gelling, was 189 seconds
at [err]. The glass transition temperature of the cured epoxy resin was
measured and is recorded in Table I. Laminates were prepared using
techniques identical to those employed in Example 1. The physical
properties of the laminates were measured and recorded in Table I. 40
Comparative Test A A varnish composition was prepared according to the
prior art by mixing 125 parts by weight of Epoxy Resin D, 3 parts by weight
of dicyandiamide and 0.42 parts by weight of N,N'-dimethyl benzyl amine and
appropriate amounts of solvent. The glass transition temperature of the
epoxy resin prepared from this 45 composition was measured and is recorded
in Table I. Laminates were prepared using similar techniques to those
employed in Examples 1 and 2. The physical properties of these laminates
were measured and equally recorded in Table I. 50 55 60 65 7    0 155 469
TABLE I Comparative Example 1   Example 2  Test A Glass Transition
Temperature (Tg)[err] 150-155   170-[err]       [err] 



Z Axis Expansion Coefficient (1 1) x 10-5/K before Tg
7            5           8 after Tg                              21
23          30 10 Pressure Cooker Test, hrs.'2)            2           3
1 Dielectric Loss Factor(3) [err]                                 0.0020
0.0024      0.0060 15          [err]
0.0027      0.0031      0.0102 [err]
0.0045      0.0038      0.0515 1500C
0.0178      0.0121      0.0790 Copper Peal Strength'4) kPa/2.5 cm       3.2
3.5         3.7 20 Z Axis expansion coefficient is a measure of the
expansion in the thickness of the sample with increasing temperature as
determined by thermal mechanical analysis. (2) Pressure Cooker Test is a
measure of the temperature resistance of the sample as determined by 25
cooking of the sample in the atmosphere above water boiling at 2 bars,
[err] and subsequently immersing the sample in a solder bath at [err] for
20 seconds and inspecting this sample for blistering. The time indicated
represents the number of hours the sample can be cooked without blistering
upon subsequent immersion in the solder bath. (3) Dielectric Loss Factor
was measured using a Schering Bridge, 500 Volts, 50 hertz, a ring electrode
with 30    20 cm2 area which indicates the electrical insulation properties
of the laminate. (4) The Copper Peal Strength was measured by an Instrom
tester, using a 1 inch sample width. It indicates the adhesion of the
copper to the laminate (yates copper foil (1 oz), treatment TW). As
conveyed by Table I, the glass transition temperature of the cured epoxy
resin prepared from the 35  epoxy resin composition of the present
invention is substantially higher than that of the cured resin prepared
from prior art varnish compositions. In addition, the Z Axis expansion
coefficient was desirably lower for the laminates prepared from the varnish
composition of the invention as were the dielectric loss factors. The
drillability of the laminates was measured by sandwiching three electrical
laminate boards 40  between a phenolic paper top board and a wooden bottom
plate. The sandwich was drilled with a Sphinx quality drill typical for
such drilled holes having a diameter of 0.95 mm. The drill was operated at
a speed of 48 500 rpm with 2400 holes (8000 holes per laminate board) being
drilled at a rate of 140 holes per minute. Photomicrographs were taken of
the holes in the rigid holes and the drills were inspected for wear. The
drill used for the holes in the sandwiches prepared from the laminates in
Example 1 showed very low wear 45  when compared to the drill used in
drilling the laminates of Comparative Test A. The wear on the drill used
for the sandwich prepared from the laminates of Example 2 was between that
of Example 1 and that of Comparative Test A. Example 3 5o  A. Preparation
of hardener B A hardener solution (Hardener B) was prepared by mixing 15
parts of hexamethoxymethyl melamine, 45 parts of bisphenol A and 15 parts
of ethylen glycol monomethylether acetate at room temperature and heating
the resultant mixture under a nitrogen blanket to [err] To the resultant
mixture were added 0.09 parts of oxalic acid dihydrate, and the resultant
reaction mixture, subsequently, was heated to [err] over a 55  three hour
period. The reaction mixture was maintained at [err] for an additional hour
at which time methanol ceased being evolved from the reaction mixture. The
reaction mixture was then diluted with 28.7 parts of methylisobutylic
ketone to give a solution containing 55.26 percent by weight of solids. The
hardener solution was then cooled to room temperature. The kinematic
viscosity of the resulting solution at [err]was 2190 centistokes (0.00219
m2/s). Based on the total solids of the resultant solution, the phenolic 60
hydroxyl content was 7.73 percent by weight or 0.45 phenolic hydroxyl
equivalents per 100 grams of solid material. B. Preparation of the epoxy
resin solution An epoxy resin solution was prepared by mixing 28 parts of
an Epoxy Resin A, 47 parts of Epoxy Resin 65 B and 25 parts of
methylisobutylic ketone. The solution had a kinematic viscosity of 550
centistokes, an 8    0 155 469 epoxide content of 14.43, based on the total
weight of the solids in the solution, and an EEW of 298, based on the
solids content. C. Preparation of an epoxy resin composition 



5      An epoxy resin composition was prepared by mixing 132 parts of the
epoxy resin solution, 133 parts of the Hardener B solution, 1 part of a 5%
solution of 2-methyl imidazole in methanol and 48.9 parts of methylisobutyl
ketone. The varnish composition contained 55.2 percent solids and exhibited
a plate gel time of 650 seconds at [err], and 195 seconds at [err]. The
epoxy resin was cured at [err] for 90 minutes. The cured resin 10 exhibited
a glass transition temperature of 170-[err], as measured using differential
thermal analysis. Example 4-7 Following the general procedure of Example 1,
a series of hardeners (Hardeners C, D, E and F) were prepared using the
specific conditions with respect to the concentration of the diluent, the
phenol and the 15 hexamethylol melamine as set forth in Table II. TABLE II
TYPE OF HARDENER                        C(5)       D        E         F 20
Starting Materials, Parts HMMM(1)                               25
27       30       35 Bisphenol A                           75        73
60       65 p-tertiary butyl phenol                -        -        10
- 25        Phenolic OH/Alkoxy OH                  1.71     1.54      1.28
1.06 SOLVENT, PARTS Ethylene Glycol Monoethyl Ether Acetate   25    25
25       33.6 30      Reaction Conditions 2) Time, hours
4.5      5.0       5.5      2 Final Reaction Temperature, [err]    150
145      150      120 Yield, %(3)                           92        92
80       63 -Phenolic OH, %(4)                     8.19      7.91     6.92
6.28 35 HMMM = hexamethoxymethyl melamine. (2) The reaction conditions
include Time which is the total reaction time including the heating of the
reaction mixture followed by the initial evolution of methanol and the
Final Reaction Temperature. The 40    Final Reaction Temperature in its
turn is the highest temperature to which the mixture is heated. (3) Yield
is the percent of alkoxy groups of the HMMM which were reacted as
determined by the amount of methanol distillate. (4) Phenolic OH is the
phenolic hydroxy content expressed as a weight percent of the solids in the
final product. 45   When reacted according to the method of U.S. Patent
4,393,181, a blend of 75 parts of bisphenol A and 25 parts of HMMM was
found to form an irreversible gel which is not soluble in organic liquids.
Therefore, the product could not be employed in preparing a corresponding
epoxy resin composition. Using the techniques of U.S. Patent 4,393,181, a
non-gelled product is obtainable only when the reaction mixture contains
more than 2.2 phenolic OH groups for each alkoxy group. 50 Epoxy resin
compositions (Samples Nos. 4-7) were prepared from each of the hardener
solutions, the Epoxy Resins B and C and 2-methylimidazole at the
concentrations specified in Table Ill. Acetone was used as an additional
solvent. The amounts of acetone were selected to form a 60% solution. The
gel time and the glass transition temperature of each of the compositions
were determined; the corresponding results 55 are set forth in Table Ill.
Comparative Test 8 A hexamethoxymethyl melamine/bisphenol A reaction
product was prepared according to the method of U.S. Patent 4,393,181 by
blending 16 parts HMMM and 84 parts of bisphenol A (no. solvent and no 60
catalyst being employed). The mixture contained 3 phenolic hydroxy groups
per each methoxy group. This mixture was slowly heated to [err] over a
2-hour period and was maintained at this temperature for an additional
2-hour period until the evolution of methanol substantially ceased. The
percentage yield was found to be 94%, and the product (Hardener G) when
cooled to room temperature, was a light-coloured friable solid. The product
contained 9.84% phenolic OH groups, based on the total weight of the
hardener. 6s An epoxy resin composition was then prepared with this
hardener, using the epoxy resins and 2- 9    0 155 469 methylimidazole in
the amounts specified in Table Ill. Acetone was used as an additional
solvent in an amount sufficient to prepare a 60 weight percent solution. 



TABLE Ill Comparative Example No.          4        5         6        7
Test B Epoxy Resin Composition(" 10     Formulation, Parts Hardener C
39.5     -         -         - Hardener D                      -
40.2      - Hardener E                      -        -         43.0      -
Hardener F                      -        -         -        44.5       - 15
Hardener G                       -        -         -        -
36.5 Epoxy Resin B                    37.5      37.5     37.5      37.5
37.5 Epoxy Resin C                    23        22.3     19.5      18
26 20 2-methylimidazole                 0.1       0.1      0.1       0.1
0.1 Gel Time [err] seconds(2)       128       103      121       149
210 25      Glass Transition Temperature, [err] 153   157       149
153        135 (1)The resin formulations were prepared at a ratio of epoxy
resin to hardener to provide equivalent amounts of phenolic OH-groups and
epoxy groups. The indications on parts of each component are 30   based on
solids. The hardener is employed in an amount such that the composition
contains equivalent amounts of phenolic OH-groups and epoxy groups. (2) Gel
time is a measure of the reactivity of the epoxy resin. It was determined
using the method as described in Example 1. (3) Glass transition
temperature of a cured film of the epoxy resin composition measured using
differential 35   thermal analysis. From Examples 4-7 and Comparative Test
B and the data recorded in Table Ill it is clearly seen that the reactivity
of the epoxy resin and the properties of the cured epoxy resin prepared
from the epoxy resin 40 compositions of the invention are dependent on the
ratio of phenolic OH to alkoxy groups in preparing the hardener. In
particular, the glass transition temperature of the cured epoxy resins at
the preferred low ratio of phenolic OH to alkoxy groups (i.e. from 1 to
less than 2 phenolic OH groups per alkoxy group) is significantly higher
than that of epoxy resins cured using a hardener prepared at higher ratios
of phenolic OH groups to alkoxy groups. 45 Example 8 A varnish composition
was prepared by mixing 48 parts of the 50% Hardener B solution, 45 parts of
Epoxy Resin C, 31 parts of tetrabromobisphenol A, 9.4 parts of ethylene
glycol monomethylether and 0.1 part of 2-methylimidazole. 50     The
resultant varnish composition was comprised of 75% solids, the Brookfield
viscosity was 180 mPa.s at [err]and the plate gel time was 210 seconds at
[err]. The cured epoxy resin exhibited a glass transition temperature of
[err]. Prepregs were made from this epoxy resin composition by hand
impregnation of a glass cloth and by drying in an oven at [err] during 120
seconds. Eight plies were pressed together to form a laminate, at a 55
maximum pressure of 40 kg/cm2 and a maximum temperature of [err]. The
temperature and the pressure were maintained for one hour. Comparative Test
C A varnish composition was prepared by mixing 31 parts of
tetrabromobisphenol A, 69 parts of Epoxy 60 Resin C, 3.5 parts of
dicyandiamide, 0.2 parts of NN'-dimethylbenzyl amine (as an accelerator)
and a sufficient amount of ethylene glycol monomethylether. This 60%
composition was cured and the cured epoxy resin exhibited a glass
transition temperature of only [err]. Also laminates were prepared from the
varnish composition of this comparative test using the method of Example 8.
Due to the poorer high temperature properties of the epoxy resin cured
using dicyandiamide, these laminates did not exhibit the 65 excellent heat
distortion properties exhibited by those prepared in Example 8. 10    0 155
469 Claims 1. An epoxy resin composition comprising an epoxy resin, a
hardener, an organic solvent and, optionally, an accelerator and other
standard adjuncts, characterized in that the hardener is the reaction 5
product of a hexa-alkyl ether of a hexamethylol melamine having the general
formula: ROH2C       CH 2OR 



N 10 N ROH C 15                      [err] wherein each R is individually
an alkyl radical having from 1 to 4 carbon atoms with a polyhydric phenol
20 and, optionally, a monohydric phenol, in the presence of an acid
catalyst and an organic solvent, wherein the ratio of phenolic hydroxyl
groups to alkoxy groups is from at least one to less than two phenolic
hydroxyl groups for each alkoxy group. 2. The epoxy resin composition-of
claim 1, characterized in that the epoxy resin is a glycidyl polyether of
2,2-bis(4-hydroxyphenyl)propane,
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane or a mixture thereof, a 25
glycidyl ether of a novolac resin or the glycidyl ether of tris(phenol). 3.
The epoxy resin composition of claim 2, characterized in that, in the
preparation of the hardener, the ratio of phenolic hydroxyl groups to
alkoxy groups is from 1.2 to 1.95 and that the composition comprises from
0.5 to 2 phenolic hydroxy groups of the hardener per each epoxy group of
the epoxy resin. 4. The epoxy resin composition of claims 1, 2 or 3,
characterized in that the phenol used in preparing 30 the hardener is a
dihydric phenol of the general structural formula (X)4        (X)4 35
HO wherein A is oxygen, sulphur, -S-S-, -CO-, -SO2-, a divalent hydrocarbon
radical containing from 1 to 10 carbon atoms, an oxygen, sulphur or
nitrogen containing divalent hydrocarbon radical or a covalent 40 bond;
each X is indepently hydrogen, halogen or a hydrocarbon group having from 1
to 10 carbon atoms, preferably from 1 to 4 carbon atoms, and n has a value
of 0 or 1 or a mixture thereof. 5. The epoxy resin composition of claim 4,
characterized in that A is a divalent hydrocarbon radical having from 1 to
8 carbon atoms and each X is hydrogen. 6. The epoxy resin composition
according to claim 5, characterized in that the polyhydric phenol is 2,2-
45 (4-hydroxyphenyl)propane. 7. The epoxy resin composition of claim 6,
characterized in that the hexa-alkyl ether of hexamethylol melamine is
hexamethoxy methyl melamine, hexaethoxy methyl melamine, hexapropoxy methyl
melamine, hexaisopropoxy methyl melamine, hexa-1-butoxy methyl melamine,
hexaisobutoxy methyl melamine or a mixture thereof. 50     8. The epoxy
resin composition according to claim 7, characterized in that the
polyhydric phenol is 2,2- bis(4-hydroxyphenyl)propane and the hexa-alkyl
ether of hexamethylol melamine is hexamethoxy methyl melamine. 9. The epoxy
resin composition of claim 3, characterized in that the solvent is an
ester, glycol ether, ketone, aromatic hydrocarbon or a mixture thereof, and
the composition comprises from 20 to 80 percent 55 by weight of the
solvent. 10. The epoxy resin composition according to claim 3,
characterized in that the solvent is ethylene glycol monoethyl ether
acetate, a ketone or a mixture thereof. 11. The epoxy resin composition
according to claim 3, characterized in that the composition contains, as an
accelerator, from 0.01 to 5 percent by weight, based on the weight of the
harder, of a stannous salt of so a monocarboxylic acid, an alkali metal
salt, an imidazole or benzimidazole compound or salts thereof, a tertiary
amine borate or a tertiary amine. 12. The epoxy resin composition according
to claim 11, characterized in that the accelerator is an alkyl- substituted
imidazole or a tertiary amine. 13. The epoxy resin composition according to
claim 1, characterized in that the composition 65 additionally comprises
tetrabromobisphenol A.    0 155 469 14. A process for preparing electrical
laminates which comprises the steps of (a) impregnating a reinforcing web
with an epoxy resin varnish composition containing an epoxy resin; a
hardener for the epoxy resin and an organic liquid, (b) heating the so
prepared prepreg to a temperature sufficient to partially react the epoxy
component 5 of the varnish with the hardener component, and (c) fabricating
the prepreg into an electrical laminate by laminating one or more layers of
the prepreg with an electrically conductive material and heating the so
prepared laminate at an elevated pressure to elevated temperatures,
characterized in that the epoxy resin varnish as used is an epoxy resin
composition according to any one of 10 claims 1 to 13. 



15. The process according to claim 14, characterized in that step (b) of
the partial reaction of the epoxy resin with the hardener is conducted at a
temperature from 100 to [err] and the laminating step (c) is conducted at a
temperature from 130 to 230C and a pressure from 34 kPa to 6.9 MPa. 16. An
electrical laminate, characterized in that it has been prepared by the
process of claim 14. 15     17. A printed circuit board, characterized in
that it has been prepared from the electrical laminate of claim 16.
Patentanspr0che 20     1. Epoxyharzzusammensetzung enthaltend ein
Epoxyharz, einen Harter, ein organischi s Losungs- mittel und ggf. einen
Beschleuniger und andere Standardzusatze, dadurch gekennzeichnet, dads der
Harter ein Reaktionsprodukt eines Hexalkylethers eines Hexamethylolmelamins
der allgemeinen Formel 25                          ~~~~~~RO 2C  I-'CH2OR N
CI\ NYKN 30                         ROH2C >       -             II 2  N-'
c~~~~c         -CH 2OR N   ~  "CH OR ROH2C
2 35 in der jedes R unabhangig voneinander eine Alkylgruppe mit 1 bis 4
Kohlenstoffatomen ist, mit einem mehrwertigen Phenol und ggf. einem
einwertigen Phenol in Gegenwart eines sauren Katalysators und eines
organischen Losungsmitels ist, wobei das Molverhaltnis der phenolischen
Hydroxylgruppen zu Alkoxygruppen von mindestens 1 bis kleiner 2
phenolischen Hydroxylgruppen fur jede Alkoxygruppe 40. betrigt. 2.
Epoxyharzzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dall das
Epoxyharz ein Glycidylpolyether von 2,2-Bis(4-hydroxyphenyl)propan,
2,2-Bis(3,5-dibrom-4-hydroxyphenyl)propan oder , ine Mischung derselben,
ein Glycidylether sines Novolackharzes oder der Glycidylether von
Tris(phenol) ist. 45     3. Epoxyharzzusammensetzung nach Anspruch 2,
dadurch gekennzeichnet, daB bei der Herstellung des Harters das Verhaltnis
der phenolischen Hydroxylgruppen zu Alkoxygruppen von 1,2 bis 1,95 betragt
und die Zusammensetzung von 0,5 bis 2 phenolische Hydroxylgruppen des
Harters for jede Epoxygruppe des Epoxyharzes enthilt. 4.
Epoxyharzzusammensetzung nach Anspruchen 1, 2 oder 3, dadurch
gekennzeichnet, daBl das 50 Phenol, das zur Herstellung des Harters
verwendet wird, ein zweiwertiges Phenol der allgemeinen Strukturformel (X)4
(X)4 HO           (A)           OH in der A Sauerstoff, Schwefel, -S-S-,
-CO-, -S02-, ein zweiwertiger Kohlenwasserstoffrest mit 1 bis 60 10
Kohlenstoffatomen, ein Sauerstoff, Schwefel oder Stickstoff enthaltender,
zweiwertiger Kohlenwasser- stoffrest oder sine covalente Bindung ist; jedes
X unabhingig voneinander Wasserstoff, Halogen oder eine
Kohlenwasserstoffgruppe mit 1 bis 10 Kohlenstoffatomen, vorzugsweise mit 1
bis 4 Kohlenstoffatomen ist, und n einen Wert von 0, 1 oder eine Mischung
derselben hat. 5. Epoxyharzzusammensetzung nach Anspruch 4, dadurch
gekennzeichnet, dal3 A eine zweiwertige 65 Kohlenwasserstoffgruppe mit 1
bis 8 Kohlenstoffatomen und jedes X Wasserstoff ist. 12    0 155 469
c   L  M   S 6. Epoxyharzzusammensetzung nach Anspruch 5, dadurch
gekennzeichnet, dal3 das mehrwertige Phenol 2,2-(4-Hydroxyphenyl)propan
ist. 7. Epoxyharzzusammensetzung nach Anspruch 6, dadurch gekennzeichnet,
dal der Hexalkylether von Hexamethylolmelamin Hexamethoxymethylmelamin,
Hexaethoxymethylmelamin, Hexapropoxymethyl- 5  melamin,
Hexaisopropoxymethylmelamin, Hexa-1-butoxymethylmelamin,
Hexaisobutoxymethylmelamin oder eine Mischung derselben ist. 8.
Epoxyharzzusammensetzung nach Anspruch 7, dadurch gekennzeichnet, dal3 das
mehrwertige Phenol 2,2-Bis(4-hydroxyphenyl)propan ist und der Hexalkylether
von Hexamethylolmelamin Hexamethoxymethylmelamin ist. tO     9.
Epoxyharzzusammensetzung nach Anspruch 3, dadurch gekennzeichnet, dag das
Ldsungsmittel ein Ester, Glycolether, Keton, ein aromatischer
Kohlenwasserstoff oder eine Mischung derselben ist, und die Zusammensetzung
von 20 bis 80 Gew.-% des Ldsungsmittels enthilt. 



10. Epoxyharzzusammensetzung nach Anspruch 3, dadurch gekennzeichnet, dag
das Losungsmittel Ethylglycolmonoethyletheracetat. ein Keton oder eine
Mischung derselben ist. 15     11. Epoxyharzzusammensetzung  nach  Anspruch
3, dadurch  gekennzeichnet,  daBl  die Zusammensetzung als ein
Beschleuniger von 0,01 bis 5 Gew.-%, bezogen auf das Gewicht des Harters,
eines Zinnsalzes einer einwertigen Carbonsaure, ein Alkalisalz, eine
Imidazol- oder Benzimidazol- verbindung oder Salze derselben, ein tertiares
Aminborat oder ein tertiares Amin enthilt. 12. Epoxyharzzusammensetzung
nach Anspruch 11, dadurch gekennzeichnet, dal3 der Beschleuniger 20  ein
Alkyl-substituiertes Imidazol oder ein tertiares Amin ist. 13.
Epoxyharzzusammensetzung  nach  Anspruch  1, dadurch  gekennzeichnet,  daB
die Zusammensetzung zusatzlich Tetrabrombisphenol A enthalt. 14. Verfahren
zur Herstellung eines elektrischen Verbundwerkstoffes mit den Schritten:
(a) Impragnieren einer verstirkenden Bahn mit einer
Epoxyharzlackzusammensetzung, die ein 25 Epoxyharz, einen Hairter fu.r das
Epoxyharz und eine organische FlQssigkeit enthalt, (b) Erwirmen des so
hergestellten Prepregs auf eine Temperatur, die ausreicht, um die Epoxy-
komponente des Lackes teilweise mit der Hirterverbindung umzusetzen, und
(c) Verarbeiten des Prepregs zu einem elektrischen Verbundmaterial durch
Laminieren von einer oder mehreren Schichten des Prepregs mit einem
elektrisch leitenden Material und Erwirmen des so 30 hergestellten Laminats
unter erhohtem Druck auf erh~hte Temperaturen, dadurch gekennzeichnet, daB
man als Epoxyharzlack eine Epoxyharzzusammensetzung nach jedem der
Anspruche 1 bis 13 verwendet. 15. Verfahren nach Anspruch 14, dadurch
gekennzeichnet, daB man in Schritt (b) die teilweise Umsetzung des
Epoxyharzes mit dem Hirter bei einer Temperatur von 100 bis 200C und das
Laminieren in 35 Schritt (c) bei einer Temperatur von 130 bis 230C und ab
einem Druck von 34 kPa bis 6,9 MPa ausfuhrt. 16. Elektrisches
Verbundmaterial, dadurch gekennzeichnet, daB es nach dem Verfahren von
Anspruch 14 hergestellt wurde. 17. Gedruckte Schaltplatte, dadurch
gekennzeichnet, daB sie aus dem elektrischen Verbundmaterrial von Anspruch
16 hergestellt wurde. 40 Revendications 1. Composition de r6sine epoxy
comprenant une r6sine epoxy, un durcisseur, un solvant organique et,
eventuellement, un accelerateur et d'autres additifs standards,
caract6risee par le fait qua le durcisseur est 45 le produit de reaction
d'un hexa-alkyl-ether d'une hexam6thylol-m6lamine ayant la formule
g6nerale: ROH2         CH 2OR N 50
N~N ROH 2C           II C ~ ~ CHO ss~~~~~~~~~~~~ >
_ N    2 C 55                      ROH C.''~                         'C H2
0R dans laquelle chaque R est, individuellement, un radical alkyle ayant de
1 a 4 atomes de carbone, avec un polyphenol et, eventuellement, un
monophenol, en presence d'un catalyseur acide et d'un solvant 60 organique,
le rapport des groupes hydroxyles phenoliques aux groupes alcoxy 6tant
compris entre au moins un et moins de deux groupes hydroxyles phenoliques
pour chaque groupe alcoxy. 2. Composition de resine epoxy selon la
revendication 1, caracterisee par le fait que la resine 6poxy est un
polyether glycidylique de 2,2-bis(4-hydroxyphenyl)propane, de
2,2-bis(3,5-dibromo-4-hydroxyph6nyl- propane ou un mifange des deux, un
glycidyl-6ther d'une resine novolaque ou le glycidyl-ether. de 65
tris(ph6nol). 13    0  15    46       C   L   M   S * 3. Composition de
resine epoxy selon la revendication 2, caracterisee par le fait qye. dans
la preparation du durcisseur, le rapport des groupes hydroxyles phenoliques
aux groupes alcoxy est compris entre 1,2 et 1,95 et par le fait que la
composition contient entre 0,5 et 2 groupes hydroxyles phenoliques du
durcisseur pour chaque groupe epoxy de la resine epoxy. 5     4.
Composition de resine 6poxy selon les revendications 1, 2 ou 3,
caract6risee par le fait que le phenol utilise lors de la preparation du
durcisseur est un diphenol ayant la formule g6n6rale: (X )4       (X)4 10
HO           (A)nt         OH 



-5 dans laquelle A est un oxygene, un soufre, -,-S-, -CO-, -SO2-, un
radical hydrocarbone divalent contenant de 1 a 10 atomes de carbone, un
radical hydrocarbone divalent contenant de l'oxyg&ne, du soufre ou de
l'azote ou une liaison covalente; chaque X est independamment un hydrogene,
un halogene, ou un groupe hydrocarbone ayant de 1 A 10 atomes de carbone,
de preference de 1 A 4 atomes de carbone, et n a une valeur de 0 ou 1 ou un
melange des deux. 20     5. Composition de resine epoxy selon la
revendication 4, caracterisee par le fait que A est un radical hydrocarbone
divalent ayant de 1 A 8 atomes de carbone et chaque X est un hydrogene. 6.
Composition de resine epoxy selon la revendication 5, caracterisee par le
fait que le polyphenol est le 2,2-(4-hydroxyph6nyl)propane. 7. Composition
de resine epoxy selon la revendication 6, caracterisee par le fait que
l'hexa-alkyl-ether 25 d'hexamethylol-melamine est
I'hexam6thoxy-methyl-melamine, l'hexaethoxy-methyl-melamine, I'hexa-
propoxy-methyl-melamine,  I'hexaisopropoxy-methyl-m6lamine,  I'hexa-1
-butoxy-methyl-m6lamine, I'hexaisobutoxy-methyl-melamine ou un melange de
ces composes. 8. Composition de resine epoxy selon la revenGication 7,
caracterisee par le fait que le polyphenol est le
2,2-bisC4-hydroxyphenyl)propane et l'hexa-alkyl-ether
d'hexam6thylol-m6lamine est l'hexam6thoxy- 30 methyl-melamine. 9.
Composition de resine 6poxy selon la revendication 3, caracteris6e par le
fait que le solvant est un ester, un ether de glycol, une c6tone, un
hydrocarbure aromatique Cu un melange de ceux-ci, et que la composition
comprend de 20 A 80 pour cent en poids de solvant. 10. Composition de
resine epoxy selon la revendication 3, caracterisee par le fait que le
solvant est 35 I'acetate de monoethylether d'ethylene-glycol, une cetone ou
un melange de ceux-ci. 11. Composition de resine epoxy selon la
revendication 3, caracterisee par le fait que la composition contient,
comme accelerateur, de 0,01 A 5 pour cent en poids, par rapport au poids du
durcisseur, d'un sel stanneux d'un acide monocarboxylique, un sel de metal
alcalin, un compose imidazole ou benzimidazole ou leurs sels, un borate
d'amine tertiaire au une amine tertiaire. 40     12. Composition de resine
epoxy selon la revendication 11, caracterisee par le fait que
I'accel6rateur est un imidazole alkyl-substitue ou une amine tertiaire. 13.
Composition de resine epoxy selon la revendication 1, caracterisee par le
fait que la composition contient en plus du tetrabromobisphenol A. 14.
Procede de preparation de stratifies electriques qui comprend les etapes
consistant a: 45    (a) impregner un tissu de renfort avec une composition
de vernis de resine epoxy contenant une resine epoxy, un durcisseur pour la
resine epoxy et un liquide organique, (b) chauffer le preimpregne ainsi
prepare a une temperature suffisante pour faire partiellement reagir le
constituant epoxy du vernis avec le constituant durcisseur, et (c)
transformer le preimpregne en un stratifie electrique par stratification
d'une ou plusieurs couches 50 du preimpregne avec une matiere
electriquement conductrice et chauffage du stratifie ainsi obtenu a une
pression 6lev~e jusqu'A des temperatures elevees, caracterise par le fait
que le vernis de resine epoxy utilise est une composition de resine epoxy
selon une quelconque des revendications 1 a 13. 15. Procede selon la
revendication 14, caracterise par le fait que l'etape (b) de reaction
partielle de la 55 resine epoxy avec le durcisseur est affectuee 3 une
temperature comprise entre 100 et 200C et que l'etape (c) de stratification
est effectuee A une temperature comprise entre 130 et 2300C et A une
pression comprise entre 34 kPa et 6,9 MPa. 16. Stratifie electrique,
caracterise par le fait qu'il a ete prepare par le procede de la
revendication 14. 17. Carte de circuit imprime, caracterisee par le fait
qu'elle a ete preparee a partir du stratifie electrique 60 de la
revendication 16. 65 14    


