
0 189 480 Description The present invention relates to a method for
increasing the functionality of an epoxy resin. Due to their desirable
physical and chemical properties such as resistance to chemical attack and
excellent strength, toughness and adhesion, epoxy resins are useful in a
wide variety of commercial ' applications such as protective coatings,
adhesives, civil engineering applications including floorings and mortars
as well as structural applications and reinforced plastics. Conventionally,
the molecular weight of an epoxy resin is increased by the advancement
reaction of a polyepoxide such as the diglycidylether of bisphenol A with a
polyhydric phenol such as bisphenol A. For 10 example, U.S. Patent Nos.
3,006,891 and 3,006,892 described the advancement of a lower molecular
weight polyepoxide such as the diglycidylether of a bisphenol with a
dihydric phenol using lithium hydroxide or a lithium salt such as lithium
chloride as the advancement catalyst. The resulting epoxy resins are
essentially linear 1,2-epoxy resins exhibiting a functionality of 2 or
slightly less than 2. More recently, advancement reactions have been
catalyzed using a tertiary amine or phosphine such as benzyldimethyl amine;
15 quaternary ammonium or quaternary phosphonium compound such as
benzyltrimethylammonium chloride and ethyltriphenylphosphonium acetate.
See, for example, U.S. Patent Nos. 3,377,406 and 3,908,855. In many
applications, particularly those applications in which better high
temperature performance and/or chemical resistance is needed, it is often
desirable to employ an epoxy resin having an average 20 epoxy functionality
greater than 2 as the sole epoxy resin component or in combination with a
more conventional difunctional epoxy resin. One method for increasing the
epoxy functionality consists of adding a polyfunctional epoxy resin such as
an epoxy novolac resin to the epoxy resin formulation. The epoxy novolac
resin which is commonly the reaction product of epichlorohydrin with the
reaction product of a phenol and formaldehyde is conventionally prepared at
an average epoxy functionality of from 2.2 to 8 25 epoxy groups per
molecule. However, these polyfunctional epoxy compounds are relatively
expensive materials. In addition, the reactivities of the epoxy groups of
the epoxy novolac resin or other polyfunctional epoxy resin and the epoxy
groups of a more conventional difunctional epoxy resin such as the
diglycidyl ether of bisphenol A are often different. These differences in
reactivity of the epoxy groups can cause embrittlement or other problems
upon curing a blend containing the two resin types. Moreover, 30 in
commercial application, due to the relatively high viscosities of the epoxy
resin novolac resin, special processing equipment is often required.
Various phosphonium acid salt catalysts have been shown to increase the
epoxy functionality, by branching, of an epoxy resin. However, these
phosphonium acid catalysts must be employed in a relatively large amount to
provide sufficient branching to significantly increase the epoxy
functionality of the resin 35 and the degree of reaction is difficult to
control. See, for example, U.S. Patent No. 4352918. Alternatively, U.S.
Patent No. 4251594 (EP-A-0 027 568) teaches the preparations of an advanced
epoxy resin having increased functionality resulting from branching
reactions by reacting an epoxy resin which contains at least 500 ppm of an
aliphatic halide with a dihydric phenol using an alkali metal hydroxide,
preferably sodium or potassium hydroxide catalyst, in an amount of from
0.05 to 1 hydroxide 40 equivalent per aliphatic halide equivalent in the
reaction mixture. This aliphatic halide, e.g., chloride, is a residue
formed during the preparation of the epoxy resin which is commonly prepared
from epichlorohydrin and a bisphenol. The effective amounts of the
hydroxides are stated to be dependent on the aliphatic halide content of
the resin which unfortunately varies for different batches of the resin.
Specifically, the reference teaches that the halide deactivates the alkali
metal hydroxide catalyst by 45 formation of the halide salt This is a
deficiency in the disclosed method. U.S. 4358578 also relates to the
advancement of an epoxy resin using, for example,  [err] [err] or [err] as
advancement catalysts. This Patent is not concerned with branching of epoxy
resins. In view of the deficiencies in the prior art methods for preparing
epoxy resins having an average functionality of greater than two, it
remains highly desirable to provide a method for preparing an epoxy 50
resin having increased functionality which method does not exhibit the
deficiencies of the prior art. The present invention provides a method for
preparing a branched advanced epoxy resin which comprises (a) branching an
epoxy resin by increasing the epoxy functionality of an epoxy resin via an
epoxy-epoxy and/or an epoxy-hydroxy reaction between two different epoxy
resin molecules in the presence of a lithium or cesium compound as a
branching catalyst; and (b) terminating said branching 55 reaction by
adding a deactivating agent which stops or effectively reduces the rate of
the branching reaction even at temperatures required to maintain the
branched reaction product in a molten or liquid state. As used herein, the
term "branching" refers to the addition of epoxy functionality to an epoxy
resin by the epoxy-epoxy and/or the epoxy-hydroxy reaction of different
epoxy resin molecules. 60    In the practice of the present invention, the
epoxy resin component(s) and the branching catalyst are contacted at
conditions sufficient to branch the epoxy resin to the desired extent.
Surprisingly, and contrary to the teaching of U.S. Patent No.4251594, it
has been found that the lithium 



and cesium compounds are not deactivated by the presence of aliphatic
halide in the reaction mixture and will effectively- branch the epoxy resin
at low concentrations. Therefore, the branching proceeds 65 independent of
the aliphatic halide content in the reaction mixture. Moreover, due to the
low concentration 2    0 189 480 at which the lithium and cesium compounds
can be employed to catalyze the branching reaction, the branched epoxy
resins can be prepared without visible turbidity. Due to the relatively
larger amounts of potassium and sodium required to catalyze the branching
reaction, the insolubility of the potassium of sodium halide salts in the
resin results in resins of turbid appearance unless the salts are
subsequently 5  removed. The method of the present invention is useful in
effectively and economically preparing branched epoxy resins, particularly
solid epoxy resins. The epoxy resins of higher functionality prepared by
the method of the present invention can be employed as a sole epoxy resin
component or one of two or more epoxy resin components in an epoxy 10 resin
formulation. In addition, it can be used as a replacement, partial or
complete, for an epoxy novolac resin to increase the functionality of an
epoxy resin composition. Epoxy resin formulations prepared from the epoxy
resin of higher functionality are useful in a wide variety of end-use
applications including those applications where performance at higher
temperatures and/or better chemical resistance are required such as in
electrical laminates, structural adhesives, potting and molding compounds,
civil engineering 15 applications, reinforced plastics and protective
coatings as well as maintenance paints. The method of the present invention
forincreasing the functionality of an epoxy resin can be employed in
conjunction with essentially any epoxy resin, i.e., any compound which
possesses more than one 1,2- epoxide group. In general, the epoxy resin
component is saturated or unsaturated aliphatic, cycloaliphatic, aromatic
or heterocyclic and can be substituted with one or more non-interfering
substituents such as 20 heteroatoms, e.g., halogen, phosphorous, sulfur,
silicon or nitrogen atoms; hydroxyl groups and ether radicals. Epoxy resin
components can be monomeric or polymeric. Epoxy resins are well-known in
the art and reference is made thereto for the purposes of this invention.
Illustrative examples of epoxy resins useful herein are described in THe
Handbook of Epoxy Resins by H. Lee and K. Neville, published in 1967 by
McGraw-Hill, New York, in appendix 4-1, ppgs 4-35 through 4-56 25 and U.S.
Patent Nos. 2,633,458; 3,477,990 (particularly column 2, line 39 to column
4, line 75); 3,821,243; 3,970,719; 3,975,397 and 4,071,477 and G.B. Patent
Specification No. 1,597,610. Epoxy resins of particular interest in the
practice of the present invention include the diglycidyl ethers of
bisphenol compounds, particularly those compounds represented by the
following general structural formula: 30                    [err] (I)
wherein each A is independently a divalent hydrocarbon group having from 1
to 8 carbon atoms, -CO-, -O-, -S-, -S--S-, [err] -S(O)- or a covalent bond;
each X is independently hydrogen, halogen or an alkyl group of 1 to 4
carbon atoms and n has an average value of 0 to 35, preferably from 0 to 40
10; and value of n being primarily dependent on the degree of advancement
of the resin and the diglycidyl ethers of polyglycols such as the
diglycidyl ether of polypropylene glycol. Epoxy novolac resins are
generally at an average epoxy functionality from 2.2 to 8 whereas the
triglycidyl ethers of tris(phenol) methane have an average epoxy
functionality of 3 and further increases in functionality of these epoxy
resins are not normally required. However, the method of the present
invention can suitably be employed 45 in increasing the functionality of
these resins, if so desired. In addition, mixtures of one or more epoxy
resins are also usable in this invention. Preferred epoxy resins are the
polyglycidyl ethers of bisphenol compounds of formula (I) wherein each A is
independently a divalent hydrocarbon group having from 1 to 6 carbon atoms,
each X is independently hydrogen, bromine or chlorine and n has an average
value of from 0 to 8. 50     Lithium compounds useful in the practice of
the present invention are represented by the general structural formula
[err] wherein X is an anionic moiety and m is the valence of the anion.
Although not wishing to be bound by theory, it is believed that X should be
an anionic moiety having a sufficiently high dissociation in the epoxy
resin branching reaction mixture so as to produce free monovalent [err]
cations. Frequently, the catalyst dissociation is evidenced by the
solubility of the lithium or cesium compound in the 55 branching reaction
mixture. By the term "soluble" it is meant that the lithium or cesium
hydroxide or salt does not cause the branching reaction mixture to appear
visibly turbid or exhibit an opaque (non- transparent) appearance.
Representative lithium compounds useful as branching catalysts include
lithium salts of the foregoing formula wherein X is a halide, for example,
chloride or bromide; X is the anion of an organic acid such as 



60 [err] wherein n is the number of carboxylic acid groups, preferably 1,
and R is a hydrocarbon or inertly substituted hydrocarbon such as an alkyl,
cycloalkyl, aryl or aralkyl, for example, acetate, or naphthenate; X is an
anion of an inorganic acid, such as, for example, nitrate or perchlorate; X
is -OR or -R wherein R is as hereinbefore defined, for example, phenolate,
bisphenolate, butyl and methanolate; or X is a moiety containing a
heteroatom such as N, S, H, P. or Al, for example, amide, sulfide and
hydride. Various cesium 65 and lithium compounds such as carbonate and
sulfate, although usable as branching catalysts, are less 3    0 189 480
preferably employed herein. They are not as soluble or as catalytically
active as other more preferred compounds.' Uthium and cesium hydroxide are
also suitable catalysts in the present invention. The preferred lithium
compounds are lithium chloride, lithium bromide, lithium phenolate and
lithium 5  bisphenolate, with lithium chloride being the most preferred
lithium salt. The preferred cesium compounds are cesium hydroxide and
cesium chloride. When employing a lithium compound as a branching catalyst,
advantageously from 0.1 to 300, preferably from 0.1 to 100, more preferably
from 0.1 to 30, parts of lithium calculated as elemental lithium are
employed per one million parts of the epoxy resin in the branching reaction
mixture. When employing a 10 cesium compound, advantageously from 2 to
2000, preferably from 20 to 600, parts of cesium calculated as elemental
cesium are employed per one million parts of the epoxy resin. The
temperatures at which the branching reaction is most advantageously
conducted are particularly dependent on the specific epoxy resin and
catalyst employed. In general, the branching reaction is advantageously
conducted at temperatures from 20[err] to 250[err], preferably from
140[err] to 200[err]. 15     The reaction is continued until a branched
epoxy resin having the desired functionality is obtained. Since the lithium
and cesium compounds are not simultaneously deactivated by aliphatic
chloride as reaction proceeds, the branching reaction will continue
indefinitely regardless of the amounts of aliphatic halide and lithium
compound present. At this time, the branching reaction is terminated, i.e.,
the branching reaction is stopped or effectively reduced to a desirably low
level such that further branching does not 20 adversely affect the product
or its handling characteristics. The branching reaction is terminated by
the addition of a deactivating agent which stops or effectively reduces the
rate of the branching reaction even at temperatures required to maintain
the branched reaction product in a molten or liquid state. Although not
bound by theory, it is believed that any material which is capable of
combining, complexing or reacting with the lithium or cesium catalyst to
form a compound 25 which is only weakly dissociated or less soluble, as
compared to the catalyst itself in the reaction product and which is
simultaneously capable of blocking, by protonation, alkylation or other
means, the active portion of the epoxy resin is suitably employed for such
purpose herein. Representative of such deactivating agents which are
advantageously employed herein include strong acids (i.e., acids having, a
pK, of 2.5 or less at 25[err]) and their esters or anhydrides. Illustrative
of deactivating agents useful herein 30 include strong inorganic acids such
as phosphoric acid, sulfurous acid or sulfuric acid; inorganic acid esters;
half esters and partial esters such as dimethyl sulfate and monomethyl
sulfate; inorganic acid anhydrides such as phosphoric acid anhydride [err]
or [err] strong organic acids, their esters and anhydrides, e.g., the
alkyl, aryl and aralkyl sulfonic or sulfinic acids such as p-toluene
sulfonic acid, methyl or ethyl-p-toluene sulfonate and p-toluene sulfonic
acid anhydride. Various strong acids such as 35 hydrochloric acid which
forms the chloride salt of lithium or cesium - both active branching
catalysts - are not suitably employed herein. Of the foregoing compounds,
those preferably employed as deactivators herein include the alkyl, aryl
and aralkyl sulfonic acids and the alkyl, aryl and aralkyl sulfonates. Most
preferred are methyl-p-toluene sulfonate and p-toluene sulfonic acid. In
the practice of the present invention, the deactivator is employed'in an
amount sufficient to stop the 40 reaction or to reduce the rate of
branching reaction to a desirably low level such that further branching
does not adversely effect the product or its handling characteristics.
Although these amounts of deactivator will vary depending on the specific
deactivator, catalyst and epoxy resin employed, the reaction conditions and
desired degree of deactivation, the deactivator is generally added in an
amount of at least one equivalent of the deactivator for each equivalent of
branching catalyst. Preferably, the deactivator is employed in a slight 45
excess, e.g., at least 1.05 equivalents of the deactivator are added for
each equivalent of branching catalyst in the branching reaction mixture.
Although the maximum amount of deactivator added to the branching reaction
mixture is dependent on the effect of the deactivator on the physical and
chemical properties of the branched epoxy resin and products prepared
therefrom as well as the additional cost incurred by adding greater than
equivalent amounts of the deactivator, the deactivator can be added in an
amount up 50 to and exceeding 5 equivalents of the catalyst. Most
preferably, the deactivator is added in an amount of at least 1.1 to less
than 2 equivalents for each equivalent of the branching catalyst. 



To effectively deactivate the catalyst, upon addition of the deactivator to
the branching reaction mixture, the reaction mixture is advantageously
stirred so as to homogeneously disperse the deactivator through the
reaction mixture. Most conveniently, the temperature of the reaction
mixture when the 55 deactivator is added is that temperature required for
the branching when the desired branching has occurred. Once the catalyst
has been deactivated, the branched epoxy resin can be formulated into
various formulations for use in a variety of end use applications. In a
preferred embodiment, the method of the present invention is characterized
by advancing an 60 epoxy resin of one molecular weight by reaction with a
coreactive chain extender in the presence of an advancement catalyst to
prepare a higher molecular weight epoxy resin and simultaneously andlor
subsequently branching the epoxy resin in situ using a lithium or cesium
compound as the branching catalyst. In said embodiment, the lithium or
cesium compound is preferably employed in an amount such that the reaction
mixture contains less than 100, more preferably less than 30, ppm of
lithium calculated as 65 elemental lithium or less than 2000, preferably
less than 600, ppm of cesium calculated as elemental 4    0 189 480 cesium,
said amounts being based on the total weight of the epoxy resin and
coreactive chain extender. In the preferred embodiment wherein advancement
and branching are conducted in situ (simultaneously and/or subsequently in
a single reaction vessel), then n of Formula I is preferably from 0 to 0.5,
more preferably from 0 to 0.25, whereas n will generally exhibit higher
values when branching an 5  advanced resin. When advancing and branching an
epoxy resin in one reaction vessel, the epoxy resin is most preferably the
liquid diglycidyl ether of bisphenol A. Although any polyfunctional
compound with more than one, preferably two, active hydrogen atoms per
molecule, e.g., a difunctional acid such as a dicarboxylic acid can be
employed to react with the epoxy groups thereby advancing the resin, in
general, a polyol is typically employed in the advancement reaction. to By
the term "polyol" it is meant a compound having more than one hydroxyl
group reactive with the epoxide groups of the epoxy resin. The polyols can
be saturated or unsaturated aliphatic, cycloaliphaic, aromatic or
heterocyclic compounds which can also be substituted with a non-interfering
substituent. The polyols can be monomeric or polymeric. In general, the
preferred polyols are dihydric phenols having the general structural
formula: 15 [err] wherein A and X are as defined above in the description
of formula (I) and y has an average value of from 0 25  to 5, preferably
from 0 to 2. Also useful as polyols are the dihydric phenols such as
catechol, resorcinol and hydroquinone. Mixtures of one or more polyhydric
phenols are also suitably employed herein. Preferably, the polyhydric
phenol is a dihydric phenol of the general structure of formula (II)
wherein A is a divalent hydrocarbon radical having from 1 to 8 carbon
atoms, each X is individually hydrogen or halogen and y is 0. Dihydric
phenols are most preferably employed herein, with 2,2-bis(4-hydroxy phenyl)
30  propane, commonly referred to as bisphenol A (BPA), and
tetrabromobisphenol A being most preferred. The advancement of the epoxy
resin is conducted in the presence of a catalyst for the reaction of the
epoxide groups of the epoxy resin with the reactive groups of the
polyfunctional component (i.e., polyol) to extend the chain of the epoxy
resin thereby increasing its molecular weight. Such catalytsts are
well-known in the art and reference is made thereto for the purposes of the
present 35  invention. Illustrative advancement catalysts which form higher
molecular weight linear epoxy resins include the onium compounds such as
the quaternary ammonium compounds, e.g., the quaternary ammonium hydroxides
as described in U.S. Patent No. 4,168,331, such as tetramethylammonium
hydroxide; quaternary ammonium salts and quaternary phosphonium salts such
as ethyltriphenyl- phosphonium iodide; and the tertiary amines and
phosphines, e.g., benzyldimethylamine and triphenyl- 40  phosphine. Of the
advancement catalyst, the onium compounds and the tertiary amines are
generally more advantageously employed. The amounts of epoxy resin, polyol
or other coreactive chain extender and advancement catalyst are generally
employed in conventional amounts, although the amounts most advantageously
employed are dependent on a variety of factors including the desired
physical and chemical properties of the advanced 45  epoxy resin and the
conditions of the advancement reaction. In general, the advancement
catalyst will be employed from 1 to 5000, advantageously from 150 to 2500,
parts per million (ppm), by weight, based on the total weight parts of the
epoxy resin and the coreactive chain extender. In general, in the
advancement reaction, the epoxy and coreactive chain extending components
are employed in an amount such that the ratio of equivalents of active
hydrogen containing groups reactive 50  with an epoxy group to epoxy
equivalents is from 0.1:1 to 1:1, preferably from 0.2:1 to 0.98:1. 



In conducting the branching reaction, the lithium or cesium compound or
mixture thereof can be added to the reaction mixture of any time prior to
conducting the desired branching reaction. In addition, in the preparation
of a branched epoxy resin of advanced molecular weight, the lithium or
cesium branching catalyst can be added prior to or subsequent to the
advancement of the epoxy resin. In general, whether to 55  add the catalyst
to the mixture of the low molecular weight epoxy resin and coreactive
component or the advanced reaction mixture is dependent on the capability
of the catalyst to dissociate in the reaction mixture and/or the advanced
epoxy resin. For example, the lithium or cesium compounds can be and, often
advantageously are, added after advancement when the particular compound
being employed is soluble in the advanced epoxy resin. 60  Surprisingly,
although lithium chloride is apparently soluble at the low concentrations
employed, in the advanced resin, lithium hydroxide (as well as other
lithium and cesium compounds) are not apparently soluble to any significant
design in the advanced epoxy resin. Due to this insolubility, lithium
hydroxide and other lithium and cesium compounds having similar
solubilities are advantageously added to the reaction mixture (i.e., the
blend of the low molecular weight epoxy resin and polyhydric phenol,
including 65  any reaction diluent) prior to the advancement of the epoxy
resin. 5    0 189 480 Preferably, the advancement and/or branching reaction
is conducted neat. However, the advancement and/or branching can be
conducted in the presence of a liquid reaction diluent which is liquid at
reaction conditions employed. Preferably, the reaction diluent, if
employed, is an organic liquid. The organic liquid reaction diluent is
advantageously inert to the reaction and boils at a temperature above the
temperature of 5 reaction. Representative organic liquid reaction diluents
which can be employed herein include the lower ketones such as acetone,
methyl isopropyl ketone, methyl isobutyl ketone, cyclohexanone; and methyl
ethyl ketone; various glycol ethers such as ethylene or propylene glycol
monomethylether, diethylene glycol monobutylether or dipropylene glycol
monomethyl ether and esters thereof such as ethylene glycol monomethylether
acetate; and aromatic hydrocarbons such as toluene and xylene. Mixtures of
one or to more organic liquids can also be employed as the reaction
diluent. If employed, the reaction diluent is generally employed in an
amount from 1 to 90 weight percent based on the total weight of the
reaction mixture, including diluents. Minor amounts, e.g., up to 5 weight
percent (based on the weight of the total reaction mixture, including the
reaction diluent) of a suitable solvent such as water or lower alcohol such
as methanol or 15 ethanol can be employed to solubilize the lithium or
cesium compound prior to its introduction into the branching reaction
mixture or to most effectively disperse the lithium or cesium compound in
the epoxy resin reaction mixture. This solvent can be employed whether the
reaction is conducted neat or in a reaction diluent. The following examples
are set forth to illustrate the invention and should not be construed to
limit its 20 scope. In the Examples, all parts and percentages are by
weight unless otherwise indicated. In the Examples, the melt viscosity is
the viscosity of the molten resin at the specified temperature as measured
using an ICI cone and plate viscometer. The softening point is defined as a
temperature at which the epoxy resin suspended in a cup with a 6.35
millimeter hole in the bottom flows downward a distant of 19 mm as a sample
is heated at a linear rate in air. It was measured using techniques of ASTM
test method D-3104. 25     The epoxide equivalent was determined by the
titration method described in The Handbook of Epoxy Resins by H. Lee and K.
Neville (supra), page 4-17, Table 4-12. The epoxy equivalent weight (EEW)
as well as the percent epoxy groups can subsequently be determined from
thus determined epoxide equivalent. Example 1 30     To a suitably sized
reaction vessel equipped with a temperature control means, stirring device
and nitrogen sparger, was added 800 grams (g) of a mixture containing 606.1
g of a diglycidyl ether of bisphenol A (EEW of 180) and 193.9 g of
bisphenol A. The reaction vessel was then heated to 95[err]. When the
contents of the reaction vessel obtained this temperature, 0.2 g of a 70
percent solution of ethyltriphenyl phosphonium acetate-acetic acid complex
advancement catalyst in methanol and 0.16 g of a 35 ten percent solution of
LiOH branching catalyst in water were added to the reaction vessel. The
active amount of advancement catalyst was 175 parts per million parts of
the epoxy resin. The active amount of the LiOH branching catalyst was 20
parts per million parts of the epoxy resin and bisphenol A. This level of
branching catalyst was calculated as 5.8 ppm of lithium as elemental
lithium based upon the weight of the epoxy resin and bisphenol A, or 7.6
ppm based only upon the weight of the 40 epoxy resin. The resulting
reaction mixture which contains both the advancement and branching catalyst
was heated to 150[err]. At this temperature, the reaction mixture was found
to exotherm, with the maximum temperature following the start of the
exotherm ("exotherm temperature") being between 180[err] and 200[err]C. The
temperature of the reaction mixture was maintained at 180[err]. 



When the EEW reached the desired EEW of 590 as evidenced by a desired
reduction in the percent of 45 epoxy groups in the reaction mixture, the
reaction was terminated. In this example, the percent epoxy groups is
reduced from 8.96 percent present in the initial reaction mixture,
subsequent to advancement, to 7.29 percent in the final branched resin.
This occurred about 2.25 hours after the initial exotherm. At this time,
0.16 g of methyl-p-toluene sulfonate was added, in one shot, to the
reaction mixture. The reaction mixture was maintained at 180[err] for
thirty minutes to allow the deactivator to be homogeneously 50 mixed
throughout the reaction mixture and to sufficiently terminate the branching
chain propagation. Subsequent to this treatment, the reaction mixture was
found to be stabilized and was flaked using conventional techniques. The
resulting branched epoxy resin had an average epoxy functionality of 2.6, a
melt viscosity at 150[err] of 27.6 poise (2.76 Pa.s), a softening point of
93.1[err] and glass transition temperature of 48[err]. 55 Comparative
Example A For purposes of comparison, 650 g of molten, medium molecular
weight solid resin, an essentially linear epoxy resin having an EEW of 970
and a functionality of about 2 was mixed with 150 g of an epoxy novolac
resin which was the liquid reaction product of epichlorohydrin and a phenol
formaldehyde type 60 resin having an EEW of 180, a functionality of 3.6 and
a viscosity of 52[err] of 35,000 millipascals (mPa-s). The resulting blend
exhibited an EEW of 535 with an average functionality of about 2.6. The
melt viscosity, the softening point and glass transition temperature were
essentially the same as those exhibited by the branched epoxy resin which
was prepared in Example 1. 65 6    0 189  480 Example 2 A branched epoxy
resin was prepared using identical techniques and materials as employed in
Example 1 except that 0.7 g of a 70 percent solution of
ethyltriphenylphosphonium acetate-acetic acid complex in methanol was
employed as the advancement catalyst and 0.01 g of lithium hydroxide as the
5  branching catalyst. This level of branching catalyst was calculated as
3.6 ppm of lithium as elemental lithium based upon the weight of the epoxy
resin and bisphenol A, or 4.8 ppm based only upon the weight of the epoxy
resin. The conditions of the reaction mixture during branching were
maintained at 180[err]. The desired EEW was obtained after two hours and 40
minutes. The reaction mixture was then stabilized using methyl-p-toluene
sulfonate and flaked using conventional techniques. The analytical results
are set forth in to  Table I. Examples 3-7 Branched epoxy resins were
prepared using the methods and materials of Example 2 except that different
deactivators were employed in the various amounts set forth in Table I. The
melt viscosity of each of the resulting branched epoxy resins was also
measured. These results are 15 set forth in Table I. To determine the
effectiveness of each of the deactivators employed, the epoxy equivalent
weight (EEW) of each of the branched epoxy resins was measured immediately
following branching (i.e., immediately upon the addition of the deactivator
to the branched reaction product and after the quenching and flaking
operations). In addition, the melt viscosity of each of the branched epoxy
resin products was also measured. These results are also presented in Table
I. 20 TABLE I Example No. 2         3          4         5(1)      6(2)
7(2) 25 Deactivator (3) Type               MPTS       DEO       TMP
DMS       MSM        EPTS Concentration, ppm   400      300       400
80        120        220 30 Reaction Product (4) After Branching, Before
Flaking EEW                580        538       523        583       603
604 35     % Epoxide           7.41      7.99       8.23      7.38
7.13       7.12 Melt Viscosity at 150[err], poise    24.8       10.4
7.6        22.8      43.2       44.0 (Pa"sl             (2.48)     (1.04)
(0.76)     (2.28)    (4.32)     (4.40) 40 After Flaking 



EEW                591        575       559        591       606        607
Melt viscosity at 150[err], poise    29.0       19.2      15.6       26.4
44.0       45.6 (Pa"s)            (2.90)    (1.92)     (1.56)    (2.64)
(4.40)    (4.56) (1) The LiOH branching catalyst was employed at 0.015 9
(5.4 ppm of lithium calculated as elemental 50  lithium based on the total
weight of the epoxy resin and phenol components) in Example 5. (2) The LiOH
branching catalyst was employed in an amount of 0.01 g (3.6 ppm of lithium
calculated as elemental lithium based on the total weight of the epoxy
resin and phenol components) in Examples 6 and 7. (3) The type of
deactivator is set forth in abbreviated form wherein: 55     MPTS =
methyl-p-toluene sulfonate DEO = diethyl oxalate TMP = trimethyl phosphate
DMS = dimethyl sulfate MSM = methylester of methane sulfonic acid (methyl
methane sulfonate) 60.    EPTS = ethyl-p-toluene sulfonate The
concentration of the deactivator is set forth in parts per million based on
the total weight of the epoxy resin and polyol components in the reaction
mixture. (4) After Branching, Before Flaking means the reaction product at
the time when the deactivator was added whereas After Flaking means the
final 65  reaction product. 7    0 189 480 As evidenced by the data set
forth in Table I, the method of the present invention is found to
effectively branch the epoxy resin. This branching is evidenced by the
decrease in the reaction mixture of the percent epoxide as compared to the
theoretical percent epoxide in the mixture subsequent to advancement. In
addition, the various materials employed as deactivators are shown to have
different deactivation effects. -    Specifically, as evidenced by the
little increase in EEW between deactivator addition and in the final
product, after flaking, methyl-p-toluene sulfonate, methyl-methane
sulfonate, ethyl-p-toluene sulfonate and dimethyl sulfate are found to be
the most effective deactivators. Although not as effective as methyl-p-
toluene sulfonate and dimethyl sulfate; diethyl oxalate and trimethyl
phosphate are also shown to be effective deactivators as evidenced by the
relatively small increase in EEW of the branched epoxy-resin 10 during
flaking. Example 8 To a suitably sized reaction vessel as employed in
Example 1 was added 800 g of a mixture containing 608.2 g of a diglycidyl
ether of bisphenol A and 191.8 g of bisphenol A. In general, a difunctional
linear, 15  advanced epoxy resin made from this reactant mixture contains
8.96 percent epoxide. The reaction vessel was heated to 90[err]. When the
contents of the reaction vessel obtained this temperature, 0.2 g of a 70
percent solution of ethyl triphenyl phosphonium acetate-acetic acid complex
advancement catalyst in methanol and 1.6 g of a ten percent solution of
lithium bisphenolate in a 1:1 weight mixture of methanol and water were
added to the reaction vessel. This level of branching catalyst was
calculated at 5.9 ppm 20  lithium as elemental lithium based upon the
weight of the epoxy resin and the bisphenol A, or 7.8 ppm based only upon
the weight of the epoxy resin. The resulting reaction mixture was heated to
150[err]. The reaction was then allowed to exotherm, with the maximum
temperature reaching 203[err]. The reaction mixture was maintained at
180[err] for an additional 1 hour and 45 minutes at which time the desired
EEW was obtained. At this time, 0.16 9 of methyl-p-toluene sulfonate was
added, in one shot, to 25  the reaction mixture. The reaction mixture was
maintained at 180[err] for an additional 4 hour period to homogeneously mix
the deactivator through the reaction mixture and to sufficiently terminate
the branching chain propagation. Subsequent to this treatment, the reaction
mixture was flaked using conventional techniques. 30
Examples 9-14 Using the techniques and materials of Example 8, branched
epoxy resins are prepared using the same proportions of the diglycidyl
ether of bisphenol A, bisphenol A and advancement catalyst and different
branching catalysts at the various concentrations set forth in Table II.
The epoxy equivalent weights, before and after flaking and the melt
viscosity of each of the epoxy resins prepared in Examples 8-14 were 35
measured and are set forth in Table II. TABLE II Example No. 40 8       9
10       11       12        13       14 



Branching Catalyst, Type (2)                   LiB   [err]   Li-p-T
LiN      LiA     [err]    CsOH 45 Concentration of Compound, ppm based upon
wt. of epoxy resin and bisphenol A      200      31      200      290
80       58       140 50  Calculated as element, ppm based upon wt of epoxy
resin and bisphenol A            5.9     5.8      8.5      12.1      8.4
5.8      124 based upon wt of epoxy 55   resin alone                 7.8
7.6     11.2      15.9    11.1       7.7      163 Reaction (Cook-Down) Time
at 18[err] min                105    255       125       120      63
105      240 60 65 8    0 189 480 TABLE II continued Example No. 5
8      9        10        11       12       13        14 Reaction Product
(3) After Branching, Before Flaking EEW                     575    509
545      611       577      598      525 t0 % Epoxide               7.47
8.45      7.89     7.04     7.45      7.19     8.17 Melt Viscosity at
150[err] poise          24.6   7.0       16.8     49.6      28.0     40.0
8.5 15      (Pa.s)                 (2.46)  (0.70)    (1.68)    (4.96)
(2.80)    (4.00)    (8.50) After Flaking EEW                     585    512
549      615      588       606      526 20     Melt Viscosity at 150[err],
poise         27.0   7.2      17.2      55.0     32.0      43.2     8.5
(Pa.s)                (2.70)  (0.72)    (1.72)    (5.50)    (3.20)
(4.32)    (0.85) 25 (1) The reactants are set forth in abbreviated form
wherein DGEBA = diglycidyl ether of bisphenol A BA = bisphenol A Percent
epoxide is the percent (weight) of epoxy groups in the reaction product at
the time of addition of the deactivator. The percentage is determined by
the method described in The Handbook of Epoxy Resins 30  by H. Lee and K.
Neville, published in 1967 by McGraw-Hill, New York, pages 4-14 to 4-18.
(2) Some of the lithium and cesium compounds used as branching catalysts
are set forth in abbreviated form wherein: UB = lithium bisphenolate U-p-T
= lithium tosylate UN = lithium naphthenate UA = lithium acetate (3) Same
as footnote (4) in Table I. 40      As evidenced by the data set forth in
Table II, the various lithium salts and cesium hydroxide are effective in
preparing a branched epoxy resin. The speed or rate of branching is
dependent on the specific lithium salt employed as a branching catalyst and
can be determined by the time and temperature required to reduce the number
of epoxy groups to a desired level and to achieve a desired epoxy
equivalent weight. For example, lithium nitrate is found to be an extremely
effective catalyst in that an epoxy equivalent 45 weight of 598 is obtained
after only 1 hour and 45 minutes reaction temperature. Alternatively, due
to its insolubility in the reaction mixture, lithium carbonate is not found
to be as effective. Specifically, after reaction of 4 hours and 15 minutes
at 180C, the percent epoxy in the reaction mixture is not as significantly
reduced and the epoxy equivalent weight remains low. However, since there
is some reduction in the percent epoxide with coincident increase in the
epoxy equivalent weight, branching does occur and lithium so carbonate can
be employed in the method of the present invention. In addition, the
cook-down time was maintained to obtain an epoxy resin having the epoxy
equivalent weight as set forth in Table 1. 



Example 15 55      To a reaction vessel identical to that employed in
Example 1 was added 800 g (4.30 equivalents) of a liquid diglycidyl ether
of a polypropylene glycol having an average EEW of 186. The resin was
carefully heated, with agitation, to a temperature of 180[err]. When the
resin reached this temperature, 180 parts of lithium chloride per 1 million
parts of the resin were added to the reaction vessel. This level of
branching catalyst was calculated as 29.5 ppm of lithium as elemental
lithium based upon the weight of the epoxy 60 resin. The temperature of the
resulting mixture was maintained at 180[err] for 5.2 hours. At this time,
the desired EEW of 270 was obtained. Following the obtention of the desired
EEW, 1000 parts per million parts of resin of methyl-p-toluene sulfonate
were added to the reaction vessel. This mixture was maintained at 180[err]
for 30 minutes, at which time the resin was poured from the reaction vessel
and cooled to-room temperature. The resulting resin 65 had an average EEW
of 272. 9    0 189 480 Example 16 To a reaction vessel identical to that
employed in Example 1 was added 567.7 g of a liquid diglycidyl ether
bisphenol A having an average EEW of 179.6 and 182.3 g of bisphenol A
having an average phenolic hydroxyl equivalent weight of 114. The resulting
reaction mixture was heated to 95C at which time 175 5 parts of
ethyltriphenyl phosphonium acetate-acetic acid complex advancement catalyst
per one million parts of the reaction mixture were added to the reaction
vessel. After the reaction mixture reached a peak exothermic temperature of
186[err] the now advanced epoxy resin had reached an EEW of 480. It was
maintained, with agitation, at 180[err] for an additional hour. At that
time, 250 g of diethylene glycol monobutylether were added to the reaction
mixture to prepare to a solution of 75 weight percent solids. After
homogeneously mixing the diethylene glycol monobutylether with the reaction
mixture and heating the reaction mixture back to 180[err], 18 parts of
lithium chloride were added to the reaction mixture per one million parts
of the reaction mixture solids. The level of branching catalyst was
calculated as 2.9 ppm of lithium as elemental lithium based on the weight
of the epoxy resin and the bisphenol A, or 3.8 ppm based on the weight of
only the epoxy resin. The temperature of the 15 reaction mixture was
maintained at 180[err] for three hours. At this time, the EEW had reached
the desired value of 606 and 200 parts of methyl-p-toluene sulfonate per
million parts of resin solids were added to the reaction mixture. The
reaction mixture was maintained at 180[err] for 2 hours and then cooled to
room temperature and poured from the reaction vessel. The resulting
branched epoxy resin had an average EEW of 617. The resulting resin
solution had a Kinematic viscosity of 1290 (0.001290 [err] at 75 percent
solids 20 and 80[err]. As evidenced by this Example, lithium compounds such
as lithium chloride can be added after advancement of the resin to catalyze
branching of the advanced epoxy resin. Example 17 To a suitably sized
reaction vessel was added 1 kg of an advanced epoxy resin of a solid
diglycidyl 25 ether of bisphenol A having an average EEW of 480. The resin
was carefully heated to a molten state, with agitation, and subsequently
heated to 180[err]. Af this time, 18 parts of lithium chloride as a 5
weight percent solution in n-butanol, per one million parts of the solid
epoxy resin were added to the reaction mixture. This level of branching
catalyst was calculated as 2.9 ppm of lithium as elemental lithium based on
the weight of the epoxy resin. The reaction mixture was maintained at 180C
for 2.3 hours at which time the reaction 30 product had reached the desired
EEW of 590. At this time, 200 parts of methyl-p-toluene sulfonate per
million parts of the solid epoxy resin were added in one shot to the
reaction mixture. The reaction mixture was maintained at 180[err] for 30
minutes at which time it was poured out and cooled to room temperature and
flaked. The resulting resin had an average EEW of 590 and a melt viscosity
of 30 poise (3.0 Pa-s) at 150[err]. 35    As evidenced by this example, the
lithium chloride was suitably employed as a catalyst for branching the
advanced epoxy resin. Example 18 The methods of Example 17 were repeated
except to branch a liquid diglycidyl ether of bisphenol A 40 having an
average EEW of 180 and using 180 parts of lithium chloride, as a 5 weight
percent solution in n- butanol, per one million parts of the liquid epoxy
resin. This level of branching catalyst was calculated as 29.5 ppm of
lithium as elemental lithium based on the weight of the epoxy resin. The
lithium chloride was found to again catalyze the branching of the liquid
epoxy resin and the reaction product was found to have an EEW of 235. 45
Claims 1. A method for preparing a branched advanced epoxy resin which
comprises (a) branching an epoxy 



50 resin by increasing the epoxy functionality of an epoxy resin via an
epoxy-epoxy and/or an epoxy-hydroxy reaction between two different epoxy
resin molecules in the presence of a lithium or cesium compound as a
branching catalyst; and (b) terminating said branching reaction by adding a
deactivating agent which stops or effectively reduces the rate of the
branching reaction even at temperatures required to maintain the branched
reaction product in a molten or liquid state. 55     2. The method of Claim
1 characterized in that the lithium compound is represented by the general
structural formula [err] wherein X is anionic moiety and m is the valence
of the anion. 3. The method of Claim 2 characterized in that X is a halide,
hydroxyl, the anion of an inorganic or organic acid, a moiety containing a
heteroatom, or -OR or -R wherein R is a hydrocarbon or inertly substituted
hydrocarbon. 60    4. The method of Claim 3 characterized in that the
lithium compound is employed in an amount from 0.1 to 300 parts of lithium
calculated as elemental lithium per million parts of the epoxy resin
components in the branching reaction mixture. 5. The method of any one of
the preceding claims in that the deactivating agent is a strong inorganic
acid; an inorganic acid ester, half ester or partial ester; an inorganic
acid anhydride; a strong organic acid; 65 an ester of a strong organic acid
or an anhydride of a strong organic acid, having a pKa of 2.5 or less at
25[err]. 10    0 189 480 Example 16 To a reaction vessel identical to that
employed in Example 1 was added 567.7 g of a liquid diglycidyl ether
bisphenol A having an average EEW of 179.6 and 182.3 g of bisphenol A
having an average phenolic hydroxyl equivalent weight of 114. The resulting
reaction mixture was heated to 95[err] at which time 175 5 parts of
ethyltriphenyl phosphonium acetate-acetic acid complex advancement catalyst
per one million parts of the reaction mixture were added to the reaction
vessel. After the reaction mixture reached a peak exothermic temperature of
186[err] the now advanced epoxy resin had reached an EEW of 480. It was
maintained, with agitation, at 180[err] for an additional hour. At that
time, 250 g of diethylene glycol monobutylether were added to the reaction
mixture to prepare 10 a solution of 75 weight percent solids. After
homogeneously mixing the diethylene glycol monobutylether with the reaction
mixture and heating the reaction mixture back to 180[err], 18 parts of
lithium chloride were added to the reaction mixture per one million parts
of the reaction mixture solids. The level of branching catalyst was
calculated as 2.9 ppm of lithium as elemental lithium based on the weight
of the epoxy resin and the bisphenol A, or 3.8 ppm based on the weight of
only the epoxy resin. The temperature of the 15 reaction mixture was
maintained at 180[err] for three hours. At this time, the EEW had reached
the desired value of 606 and 200 parts of methyl-p-toluene sulfonate per
million parts of resin solids were added to the reaction mixture. The
reaction mixture was maintained at 180[err] for 2 hours and then cooled to
room temperature and poured from the reaction vessel. The resulting
branched epoxy resin had an average EEW of 617. The resulting resin
solution had a Kinematic viscosity of 1290 (0.001290 m2/s) at 75 percent
solids 20 and 80[err]. As evidenced by this Example, lithium compounds such
as lithium chloride can be added after advancement of the resin to catalyze
branching of the advanced epoxy resin. Example 17 To a suitably sized
reaction vessel was added 1 kg of an advanced epoxy resin of a solid
diglycidyl 25 ether of bisphenol A having an average EEW of 480. The resin
was carefully heated to a molten state, with - agitation, and subsequently
heated to 180C. Af this time, 18 parts of lithium chloride as a 5 weight
percent solution in n-butanol, per one million parts of the solid epoxy
resin were added to the reaction mixture. This level of branching catalyst
was calculated as 2.9 ppm of lithium as elemental lithium based on the
weight of the epoxy resin. The reaction mixture was maintained at 180[err]
for 2.3 hours at which time the reaction 30 product had reached the desired
EEW of 590. At this time, 200 parts of methyl-p-toluene sulfonate per
million parts of the solid epoxy resin were added in one shot to the
reaction mixture. The reaction mixture was maintained at 180C for 30
minutes at which time it was poured out and cooled to room temperature and
flaked. The resulting resin had an average EEW of 590 and a melt viscosity
of 30 poise (3.0 Pa-s) at 150C. 35     As evidenced by this example, the
lithium chloride was suitably employed as a catalyst for branching the
advanced epoxy resin. Example 18 The methods of Example 17 were repeated
except to branch a liquid diglycidyl ether of bisphenol A 40 having an
average EEW of 180 and using 180 parts of lithium chloride, as a 5 weight
percent solution in n- butanol, per one million parts of the liquid epoxy
resin. This level of branching catalyst was calculated as 29.5 ppm of
lithium as elemental lithium based on the weight of the epoxy resin. The
lithium chloride was found to again catalyze the branching of the liquid
epoxy resin and the reaction product was found to have 



an EEW of 235. 45 Claims 1. A method for preparing  a branched advanced
epoxy resin which comprises (a) branching an epoxy 50  resin by increasing
the epoxy functionality of an epoxy resin via an epoxy-epoxy and/or an
epoxy-hydroxy reaction between two different epoxy resin molecules in the
presence of a lithium or cesium compound as a branching catalyst; and (b)
terminating said branching reaction by adding a deactivating agent which
stops or effectively reduces the rate of the branching reaction even at
temperatures required to maintain the branched reaction product in a molten
or liquid state. 55     2. The method of Claim 1 characterized in that the
lithium compound is represented by the general structural formula [err]
wherein X is anionic moiety and m is the valence of the anion. 3. The
method of Claim 2 characterized in that X is a halide, hydroxyl, the anion
of an inorganic or organic acid, a moiety containing a heteroatom, or -OR
or -R wherein R is a hydrocarbon or inertly substituted hydrocarbon. 60
4. The method of Claim 3 characterized in that the lithium compound is
employed in an amount from 0.1 to 300 parts of lithium calculated as
elemental lithium per million parts of the epoxy resin components in the
branching reaction mixture. 5. The method of any one of the preceding
claims in that the deactivating agent is a strong inorganic acid; an
inorganic acid ester, half ester or partial ester; an inorganic acid
anhydride; a strong organic acid; 65 an ester of a strong organic acid or
an anhydride of a strong organic acid, having apKa of 2.5 or less at 25C.
10    0 189 480 6. The method of Claim 5 characterized in that the
deactivating agent is an alkyl, aryl or aralkyl sulfonic acid or an ester
or anhydride of such acids. 7; The method of Claim 6 characterized in that
the deactivating agent is p-toluene sulfonic acid, methyl or
ethyl-p-toluene sulfonate and p-toluene sulfonic acid  anhydride. 5     8.
The method of any one of Claims 5 to 7 characterized in that the
deactivating agent is added to the branching reaction mixture in an amount
of at least one equivalent per equivalent of the branching catalyst
employed. 9. The method of any one of the preceding claims characterized by
advancing an epoxy resin of one molecular weight by reaction with a
coreactive chain extender in the presence of-an advancement catalyst 10 to
prepare a higher molecular weight epoxy resin and simultaneously and/or
subsequently branching the epoxy resin in situ using a lithium or cesium
compound as the branching catalyst. - Patentanspruche 15    1. Verfahren
zum Herstellen eines verbesserten, verzweigten Epoxiharzes durch (a)
Verzweigen eines Epoxiharzes durch Erhohen der Epoxifunktionalitit eines
Epoxiharzes durch eine Epoxi-Epoxi- und/oder eine Epoxi-Hydroxyl-Reaktion
zwischen zwei unterschiedlichen Epoxiharzmolekulen in Gegenwart einer
Lithium- oder Casiumverbindung als ein Verzweigungskatalysator und (b)
Beenden der Verzweigungs- reaktion durch Zugabe eines desaktivierenden
Mittels, das die Verzweigungsreaktion anhalt oder deren 20 Geschwindigkeit
wirksam verringert, auch bei'Temperaturen, die erforderlich sind, um das
verzweigte Reaktionsprodukt in geschmolzenem oder flassigem Zustand zu
halten. 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die
Lithiumverbindung die allgemeine Formel UmX aufweist, in der X sine
Anionische Gruppe und m die Wertigkeit des Anions ist. 3. Verfahren nach
Anspruch 2, dadurch gekennzeichnet, daB X Halogenid, Hydroxyl, des Anion
einer 25 anorganischen oder organischen Siure, eine ein Heteroatom
enthaltende Gruppe oder -OR oder -R ist, wobei R ein Kohlenwasserstoffrest
oder esi inert substituierter Kohlenwasserstoffrest ist. 4.'Verfahren nach
Anspruch 3, dadurch gekennzeichnet, daB die Lithiumverbindung in einer
Menge von 0,1 bis 300' Teilen Lithium, berechnet als elementares Lithium
pro Millionen Teile der Epoxiharzbestandteile, in der
Verzweigungsreaktionsmischung verwendet wird. 30     5. Verfahren nach
jedem  der vorstehenden Anspruche, dadurch gekennzeichnet, daB das
Desaktivierungsmittel sine starke anorganische Saurs, ein Ester, ein
Halbester oder Teilester einer anorganischen Saure, sin anorganisches
Slureanhydrid, sine starke organische Saure, sin Ester einer starken
organischen Saure oder ein Anhydrid einer starken organischen Saure mit
einem pKa-Wert von 2,5 oder-kleiner bei 250C ist. 35    .6; Vrfahren nach
Anspruch 5, dadurch gekennzeichnet, daB das Desaktivierungsmittel sine
Alkyl-, Aryl- oder Aralkyl- sulfonsaufe oder ein Ester oder sin Anhydrid
solcher S~uren ist.- 7. Verfahren nach Anspruch 6, dadurch gekennzeichnet,
daB das Desaktivierungsmittel p- Toluolsulfonsaure, Methyl- oder
Ethyl-p-Toluolsulfonsaure und p-Toluolsulfonsaureanhydrid ist. 8. Verfahren
nach Anspruchen 5 bis 7, dadurch gekennzeichnst, daB des
Desaktivierungsmittel in der 



40 Verzweigungsreaktions- mischung in einer Menge von mindestens einem
Aquivalent pro Aquivalent Verzweigungskatalysator verwendet wird. 9.
Verfahren nach jedem der vorstehenden Anspruche, gekennzeichnet durch
Weiterentwickeln sines Epoxiharzes sines Molekulargewichtes durch Umsetzen
mit einem koreaktiven Kettenverlingerer in Gegenwart sines
Entwicklungskatalysators, um ein Epoxiharz mit hoherem Molekulargewicht
herzustellen, 45  und gleichzeitiges und/oder anschlieBendes Verzweigen des
Epoxiharzes in situ unter Verwendung einer Lithium- oder Clsiumverbindung
als Verzweigungskatalysator. -  . Revendications 50.    1. Procede de
prparation d'une resine epoxyde ramifiee perfectionnee, qui comprend les
6tapes qui consistent (1) A ramifier.une resine epoxyde en augmentant la
fonctionnalite epoxy d'une resine epoxyde par une r6action epoxy-epoxy
etlou 6poxy-hydroxy entre deux molecules de resins epoxyde diff6rentes, en
pr6sence d'un compose du lithium ou du c6sium en tant qus catalyseur de
ramification; et (b) A interrompre ladite r6action de ramification en
ajoutant un agent d6sactivant qui arrete ou reduit S65  efficacement la
.vitesse de. la reaction de ramification, meme a des temperatures
necessaires pour maintenir le produit.de r6action ramifie 3 I'tat fondu ou
liquids. 2. Proced6 selon la revendication 1, caracterise en co quo le
compos6 du lithium est represente par la formule developee g6nerale LiX,
dens laquelle X est un groupernent anionique et m est la valence de
l'anion. - 60     3. Procede selon la revendication 2, caract6ris6 en ce
que X est un halogenure, un hydroxyle, I'anion d'un acids mineral ou
organique, un groupement contenant un het6roatome, ou -OR ou -R, dans
lequel R est un hydrocarbure ou un hydrocarbure A substituants inertes. 4.
Procede selon la revendication 3, caracteris6 en ce quo le compose du
lithium est ermploys a raison d'environ 0,1 a 300 parties de lithium,
calculees en lithium el6mentaire, par million de parties des 65
-con'stituants de la resine bpoxyde dans le melange reactionnel de
ramification. 11    0 189 480 5. Proc6de selon l'une quelconque des
revendications pr6c6dentes, caracteris6 en ce que l'agent d6sactivant est
un acide mineral fort, un ester, semi-ester ou ester partiel d'acide
mineral, un anhydride d'acide min6ral, un acide organique fort, un ester
d'un acide organique fort ou un anhydride d'un acide organique fort ayant
un pKa inferieur ou egal A 2,5 A 250C. 6. Procede selon la revendication 5,
caracteris6 en ce quo l'agent desactivant est un acide x*- alkylsulfonique,
arylsuffonique ou arylalkylsulfonique, ou un ester ou anhydride de ces
acides. 7. Procede solon la revendication 6, caracterise en ce que l'agent
desactivant est I'acide p- tolubnesulfonique, le p-toluenesulfonate de
methyle ou d'ethyle ou l'anhydride p-toluenesulfonique. 8. Proced6 selon
l'une quelconque des revendications 5 A 7, caracterise en ce quo l'agent
desactivant 10 est ajoute au melange r6actionnel de ramification A raison
d'au moins un equivalent par equivalent de catalyseur de ramification
employe. 9. Proc6de selon l'une quelconque des revendications prec6dentes,
caracterise on ce quo l'on perfectionne une resine epoxyde d'un poids
moleculaire donne en la faisant reagir avec un allongeur de chatne
cor6actif, en presence d'un catalyseur de perfectionnement, pour preparer
une resine epoxyde de r5  poids moleculaire plus eleve, et on ramifiant
simultandment et/ou cons6cutivement la resine epoxyde in situ a l'aide d'un
compos6 du lithium ou du cesium en tant quo catalyseur de ramification. 20
25 30 35 40 45 50 55 60 66 12.    


