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ABSTRACT

Epoxy resins which are relatively low in total
bound halide are prepared by either concurrently and
continuously or concurrently and intermittently adding
(1) a mixture of an epihalohydrin, a compound containing
an average of more than one group reactive with a
vicinal epoxide group and a solvent and (2) an aqueous
or organic solution of an alkali or alkaline earth metal

hydroxide or manganese hydroxide; to (3) a mixture of
epihalohydrin and a solvent.
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CONCURRENT ADDITION PROCESS FOR PREPARING
HIGH PURITY EPOXY RESINS

‘The present invention relates to the
preparation of high purity epoxy resins.

Epoxy resins, especially the o-cresol epoxy
novolac resins, are widely used for semiconductor device
encapsulation in the microelectronic industry. The
major criteria for measuring quality of these resins are
the level of totalibcund halogen and the epoxide
content. Both factors have a great influence on the
reliability of an encapsulated semiconductor device.
Bound nhalogen are those halogehs which are attached to a
carbon atom which oarbon'atbm is not adjacent to a
carbon atom which has a hydroxyl group attached thereto.
The following formulas A, B and C illustrate
hydrolyzable halide and bound halide. Formula A is
illustrative of a hydrolyzable,halide whereas formulas B
and C are illustrative of bound halides. '

37,391=F -1“
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-
OH C1 g O CHo-C1
o -/ |
-0~CHg-C — CHo 0-CH-CH~CHyo ~0~C~CHg-0H
| |
-0~CH9-C~CHo-C1 ]
Formula A Formula B Formula C

U.S. Patent 4,499,255 to Wang et al. discloses that when
suitable solvents such as i-methoxy-2-hydroxy propane
are used, epoxy resins low in hydrolyzable halide can be
prepared by reacting an aromatic hydroxyl group-
-containing compound with an epihalohydrin at a pressure
sufficient to co-~distill water with solvent at a
temperature of from 45°C to 80°C in the presence of an
alkali metal hydroxide solution. The total bound
halogen content of the ePOXY resins produced by this
process 1s still at an unacceptable level for some
applications such as in the encapsulation of
semiconductor devices.

Wang and Liao disclose in U.S. Patent 4,785,061
a post-treatment'ppocess for reducing the undesirable
halide content of epoxy resins; however, the molecular
weight distribution becomes broader after this post-
treatment'process which i3 considered to be undesirable

37,391=F -2-
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by some semiconductor encapsulation formulators based on
processing rheology.

It would be desirable to be able to produce
epoxy resins which are relatively low in bound halogen
content and possess a relatively narrow molecular weight
distribution for certain applications, such as the
encapsulation of semiconductor devices.

The present invention pertains to an
improvement in a process for preparing epoxy resins by
reacting an epihalohydrin with one or more compounds
having an average of more than one group reactive with a
vicinal epoxide group per molecule in the presence of
one or more solvents and an alkali or alkaline earth
metal hydroxide or manganese hydroxide; wherein the
improvement resides in adding, either concurrently and
continuously or concurrently and intermittently, (1) a
mixture of (a) epihalohydrin, (b) one or more compounds
containing an average of more than one group reactive
with a vicinal epoxide group and (c) one or more
solvents; and (2) an organic or aqueous solution of one
or more alkali or alkaline earth metal hydroxides or
manganese hydroxide; to (3) a mixture containing
epihalohydrin and one or more solvents.

The present invention provides a method for the
production of epoxy resins which are relatively low in
bound halogen content and which possess a relatively
narrow molecular weight distribution.

In carrying out the process of the present
invention, a first component, herein referred to as
mixture (1), comprising (a) epihalohydrin, (b) one or
more compounds containing an average of more than one

37,391-F *3"
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group reactive with a vicinal epoxide group and (c) one
or more solventss; and a second component, nerein
referred to as mixture (2), comprising (d) one or more
alkali or alkaline earth metal hydroxides or manganese
5 hydroxide and (e) water or an organic solvent are added
either (i) concurrently and continuously or (ii)
concurrently and intermittently to a third component,
herein referred to as mixture (3), containing (f)

epihalohydrin and (g) one or more solvents.
10

Regardless of which method of addition, (i) or
(ii), is employed herein, it is preferred that addition
of mixture (1) be completed before completion of the
addition of mixture (2). In this preferred method, the
9 addition of mixture (1) is usually completed in from 30
to 95, preferably from 40 to 90, most preferably from 50
to 85 percent of the time required for the addition of

mixture (2).

0 The term continuously means that the components

are added without interruption from the ftime the
addition is started until the addition is completed.

The term intermittently means that the addition
23 is interrupted and that there is a time interval of less
than about 20, preferably less than about 10, most
preferably less than about 5 minutes between
interruptions in the concurrent addition of mixture (1)

and mixture (2) to mixture (3).

30

The process of the present invention 1is
conveniently conducted at a temperature suitably from
20°C to 100°C, more suitably from 30°C to 80°C, most
suitably from 40°C to 60°C; at a pressure suitably from
20 to 760, more suitably from 30 to 400, most suitably

35
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from 40 to 200 mm Hg absolute; for a time sufficient to

complete the reaction. Usually, the higher temperatures

require shorter reaction times whereas the lower
temperatures require longer reaction times.

At temperatures below 20°C, the reaction
proceeds very slowly.

At temperatures above 100°C, a pressurized
reactor is required.

At pressures below 20 mm Hg absolute, low

reaction temperatures result which results in extended
reaction times.

At pressures above 760 mm Hg absolute, a
pressurized reactor is required.

The epihalohydrin and the compound having
groups reactive with a vicinal epoxide group are
employed in amounts which provide a ratio of moles of
epihalohydrin per group reactive with an epoxide group
suitably from 1:1 to 15:1, more suitably from 1.5:1 to
12:1, most suitably from 1.5:1 to 10:1.

At ratios below 1:1, complete reaction of the

reactive group with the epihalohydrin cannot be
achieved.

At ratios above 15:1, the productivity
(capacity) of the reactor is reduced.

Suitable epihalohydrin compounds which can be
employed herein include, for example, those compounds
represented by the following formula I:

37,391-F -H=
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Formula l O
/" \
HoC —— CH~CHg-X'

|
R

wherein R is hydrogen or a hydrocarbyl group containing
from 1 to 4 carbon atoms and X' is a halogen, preferably
chlorine. Particularly suitable epihalohydrin compounds
employed herein include, for example, epichlorohydrin,
epibromohydrin, epiiodohydrin, methylepichlorohydrin,
methylepibromohydrin, methylepiiodohydrin and mixtures
thereof.

Suitable compounds having an average of more
than one group reactive with a vicinal epoxide group per
molecule which can be employed herein include, for

example but not limited to, those represented by the
following formulas II-VII:

Formula Il

(O)dop (IJH (X)s-p
X 0-CHgp-C~CHg —— O -
(Z)p i!i nr (D
Formula III
(X)5-p (X)4-p (X)4-p

379391“F "6“
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Formula IV
(X)5-p (X)4-p (X)5-p
(Z)p (Z)P m' (Z)p
1( Formula V
() 2o
P
R ﬁ (X)5-p
A OHODTQ
. RO
m (X)4 . " (Z)p
(X)5-p M
a( Formula VI
(Z)p (Z)p
| (X)5.p @ Q *@(X)&p
2°¢
(Z)p (X)S-p
30
35

37’391“F “7“
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Formula VII

(X)5-p Q' (X)5-p

wherein each A is independently a divalent hydrocarbon
group having suitably from 1 to 20, more suitably from 1
to 12, most suitably from 1 to 6 carbon atoms, =~S5S-,
-§-S8-, -0-, -S0-, -S09-, or -CO-; each A' is
independently a divalent hydrocarbon group having from 1
to 20, more suitably from 1 to 12, most suitably from 1
to 4 carbon atoms; Q is a trivalent aliphatic,
cycloaliphatic, or aromatic hydrocarbon group having
suitably from 1 to 12, more suitably from 1 to 6, most
suitably from 1 to 4 carbon atoms;-Q' is a tetravalent
aliphatic, cycloaliphatic, or aromatic hydrocarbon group
having suitably from 1 to 20, more suitably from 1 to
10, most suitably from 1 to Y4 carbon atoms; each R 18
independently hydrogen or an alkyl group having from 1
to 4 carbon atoms; each X is independently hydrogen, a
hydrocarbyl or hydrocarbyloxy group having suitably from
1 to 12, more suitably from 1 td 6, most suitably from 1
to 4 carbon atoms or a halogen atom, preferably chlorine
or brominej; each Z is independently a hydroxyl, amino or
carboxyl group; m has an average value suitably from 1
to 3, more suitably from 1 to 2; each m' has an average
value suitably from 1 to 10, more suitably from 1 toO 8,

37,391=F -3 -
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most suitably from 1 to 63 n has a value of zero or 1;
n' has an average value suitably from zero to 10, more

suitably from zero to 5, most suitably from zero to 13

and p suitably has a value of 1 or 2.

The term "hydrocarbyl" as employed herein means
any aliphatic, cycloaliphatic, aromatic, aryl
substituted aliphatic or cycloaliphatic, or aliphatic or
cycloaliphatic substituted aromatic groups. The
aliphatic groups can be saturated or unsaturated.
Likewise, the term "hydrocarbyloxy" means a hydrocarbyl

group having an oxygen linkage between it and the carbon
atom to which it is attached.

Particularly suitable compounds containing an
average of more than one group reactive with a vicinal
epoxide group employed herein include, for example,
resorcinol, catechol, hydroquinone, bisphenol A,
bisphenol F, bisphenol K, bisphenol S, biphenol,
2,2',6,6"'-tetramethylbiphenol, phenol formaldehyde
novolac resins, cresol formaldehyde novolac resins,
dieyclopentadiene phenol resins, dicyclopentadiene
ecresol resins, methylene dianiline, 2,2',4,4'-tetra-
hydroxybenzophenone, 1,1,2,2-tetrakis(2-hydroxy-
phenyl)ethane, tris-(phenol)-methine and combinations
thereof'.

Suitable alkali or alkaline earth metal
hydroxides which can be employed herein include, for
example, sodium hydroxide, potassium hydroxide, lithium
hydroxide, barium hydroxide, calcium hydroxide,
magnesium hydroxide and combinations thereof. AlsoO
suitably used in the present invention is manganese

379391"F "’"9""
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hydroxide either alone or in combination with the alkali
or alkaline earth metal hydroxides.

The alkali or alkaline earth metal hydroxide
can be employed in solution with water or an organic
solvent such as alcohols, sulfoxides or amidesy; for
example, methanol, ethanol, isopropanol,
dimethylsulfoxide, dimethylacetamide, oOr combinations
thereof. Water is the preferred solvent for the alkall
or alkaline earth metal hydroxide. The alkalil or
alkaline earth metal hydroxide solution 1S employed in a
aoncentration suitably from 10 to 70, more suitably from
20 to 60, most suitably from 30 to 50 percent alkali or
alkaline earth metal hydroxide by weight.

Suitable solvents which can be employed herein
include, for example, ketones, linear cyclic ethers,
primary, secondary and tertiary alcohols, glycol
monoethers, glycol ether acetates, aromatic
hydrocarbons, aliphatic hydrocarbon having from 6 to 12
carbon atoms and combinations thereof. Any of the
aforementioned solvents can be employed herein so long
as the solvent does not react with the components of the
reaction mixture. In addition, the solvent should have
a boiling point such that the solvent is not totally
removed from the reaction mixture during co-distillation
of the water, epihalohydrin and solvents. Particularly
suitable such solvents employed herein include, 1-
methoxy~-2-hydroxy propane, 1-butoxy~2-hydroxy ethane,
tert-amyl alcohol, tert-hexyl alcohol, 1-isobutoxy=-2-
hydroxy propane, 1-phenoxy~2-hydroxy propane,
cyclohexanol, dioxane, 1,2-diethoxyethane, 2 =
methoxyethyl ether, ethylene glycol monomethyl ether
acetate, ethyl acetate, isobutyl acetate, isoamyl
acetate, methyl ethyl ketone, methyl isobutyl ketone,

37,391-F w10~
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dimethyl sulfoxide, dimethyl acetamide, N-
methylpyrrolidinone, dimethyl formamide,
dimethylsulfone, tetramethyl urea, hexamethyl

phosphoramide, tetramethylenesulfolane and combinations
thereof'.

The solvents are employed in amounts such that
the amount of solvent (g) in the initial epihalohydrin-
solvent mixture (3) is suitably from 5 to 80, more
suitably from 5 to 50, most suitably from 10 to 40
percent solvent based upon the combined weight of
solvent (g) plus epihalohydrin (f).

The amount of solvent {(e¢) in mixture (1) is
suitably from 5 to 80, more suitably from 5 to 50, most
suitably from 10 to 40 percent by weight based upon the
combined weight of solvent (c), compound having an

average of more than one group reactive with an epoxide
group (b) and epihalohydrin (a).

The amount of compound having an average of
more than one group reactive with an epoxide group (b)
in mixture (1) is suitably from 5 to 75, more suitably
from 10 to 50, most suitably from 10 to 40 percent by
weight based upon the combined weight of solvent (c),
compound having an average of more than one group
reactive with an epoxide group (b) and epihalohydrin

(a).

The amount of epihalohydrin (a) in mixture (1)
is suitably from 10 to 90, more suitably from 20 to 80,
most suitably from 30 to 70 percent by weight based upon
the combined weight of solvent (c¢), compound having an

average of more than one group reactive with an epoxide
eroup (b) and epihalohydrin (a).

37,391-F -11-
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The process of the present invention can
employ, if desired, the procedures for removing the
water produced in the reaction by the procedure
described by Wang et al. in U.S. Patent 4,499,255 or by
5 Wang et al. in U.S. Patent 4,778,863, so long as the
required procedures of the present invention are

employed.

The following examples are illustrative of the

10 invention.

Examples 1-7

Tnto a 2~liter reaction vessel equipped with
temperature and pressure control and indicating means,
were added epichlorohydrin and 1-methoxy-2-hydroxy
propane (propylene glycol methyl ether) with or without
a4 second co-solvent as indicated in Table I. Equipment
used for condensing, separating water from co-distillate
20 mixture of water, solvent and epichlorohydrin was
installed. After stirring the contents 1n the reaction
vessel at room temperature and atmospheric pressure toO
thoroughly mix the contents, the temperature was raised
to a temperature of 35°C to 50°C and the pressure was

23 reduced in order to provide the co-distillate with a
boiling point as indicated 1in Table I. To the resultant
solution were added concurrently and continuously the

15

polyphenol solution and the aqueous alkali metal
hydroxide solution separately over a period of time
indicated in Table 1. The distillate was condensed,
thereby forming two distinct phases, an aqueous phase
(top) and an organic epichlorohydrin-solvents phase
(bottom). The bottom layer was continuously returned to
35 the reaction vegsel. After finishing the addition of
the sodium hydroxide solution, the mixture was digested

30

374391~F -12-
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at the boiling point for about 20 to 30 minutes. The
salt was then removed by filtration, the excess
epichlorohydrin and solvents were removed Dby
distillation under vacuum. The resulting epoxy resin
was dissolved in a 50/50 by weight mixture of methyl
ethyl ketone/toluene. This epoxy resin-solvent mixture
was washed with water successively to remove any
remaining salt and was subsequently distilled to provide
the resultant glycidyl ether product. The reactants,
reaction conditions and results are given in Table I.

Comparative Experiments A-G

Into a 2-liter reaction vessel equipped with
temperature and pressure control and indicating means,

means for condensing and separating water from a co-

distillate mixture of water, epichlorohydrin and
solvents was added an aromatic hydroxyl-containing
compound, epichlorohydrin and solvent or dual solvents
in the amounts indicated in Table I. After stirring the
contents in the reaciton vessel at room temperature and
atmospheric pressure to thoroughly mix the contents, the
temperature was raised to a temperature of 35°C to 50°C
and the pressure was reduced in order to provide the
co-distillate with a boiling point as indicated in Table
I. To the resultant solution was continuously added a

period of time as indicated in Table I. During the
addition of the sodium hydroxide solution, the water was
removed by co-distilling with epichlorohydrin and the
solvents. The distillate was condensed, thereby forming
trwo distinet phases, an aqueous phase (top) and an
organic epichlorohydrinnsolvents phase (bottom). The
bottom layer was continuously returned to the reaction
vessel. After finishing the addition of the sodium

37’391“‘F "13“"
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hydroxide solution, rhe mixture was digested at the
boiling point for about 50 to 30 minutes. The salt was
then removed by filtration, the excesSs epichlorohydrin
and solvents were removed Dby distillation under vacuum.
The resulting epoxy resin was dissolved in a 50/50 by
weight mixture of methyl ethyl ketone/toluene. This
epoxy resin-solvent mixture was washed with water
successively to remove any remaining salt and was
subsequently distilled tO provide the resultant glycidyl

ether product. The results are given in Table 1.

37,391-F ~14 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPFRTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS
FOLLOWS:

1. In a process for preparing epoxy resins
by reacting an epihalohydrin with one Or more compounds
having an average oi more than one group reactive with a
vicinal epoxide group per molecule in the presence of
one or more solvents and an alkali or alkaline earth
: metal hydroxide or manganese hydroxides; the improvement

which comprises adding, either concurrently and
continuously or concurrently and intermittently (1) a
mixture of (a) epihalohydrin, (b) one or more compounds
having an average of more than one group reactive with a
10 vicinal epoxide group and (¢) one or more solventss; and
(2) a mixture of (d) one or more alkali or alkaline
earth metal hydroxides or manganese hydroxide and (e) a
gater or an organic solvent; to (3) a mixture containing

(f) epihalohydrin and (g) one or more solvents.
15

2. The process of Claim 1 wherein
(a) the concentration of the initial mixture (3) of
epihalohydrin and solvent is from 20 to 95 percent
by weight epihalohydrin based upon the combined
o weight of epihalohydrin and solvent;
(b) the concentration of épihalohydrin in the mixture
(1) of epihalohydrin, one or more compounds having
an average of more than one group reactive with a

23 vicinal epoxide group and one or more solvents 1S

379391“F “19“
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from 20 to 90 percent by weight based upon the
combined weight of the components in the mixture
(1)3

the concentration of compound(s) having an average
of more than one group reactive with a vicinal
epoxide group in the mixture (1) of epihalohydrin,
one or more compounds having an average of more than
one group reactive with a vicinal epoxide group and
one or more solvents is from 5 to 75 percent Dby
weight based upon the combined weight of the
components in the mixture (1);

the concentration of solvent(s) in the mixture (1)
of epihalohydrin, one or more compounds having an
average of more than one group reactive with a
vicinal epoxide group and one or more solvents 1is
from 5 to 80 percent by weight based upon the
combined weight of the components in the mixture
(1)

mixture (2) is an organic or aqueous solution of an
alkali metal or alkaline earth metal hydroxide and
the concentration of the alkali metal or alkaline
earth metal hydroxide in the water or organic
solvent is from 30 to 60 percent by weight based

upon the combined weight of‘the components in the
mixture (2):;

(f) mixtures (1) and (2) are added concurrently and

continuously to mixture (3); and

(g) the addition of mixture (1) is completed prior to

the completion of the addition of mixture (2).

3. ‘The process of Claim wherein

(a) the concentration of the initial mixture (3) of

epihalohydrin and solvent is from 50 to 00 percent

37’391“F w2() -
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by weight epihalohydrin based upon the combined
welight of epihalohydrin and solvent;

the concentration of epihalohydrin in the mixture
(1) of epihalohydrin, one or more compcunds having
an average of more than one group reactive with a
vicinal epoxide group and one or more solvents is
from 40 to 90 percent by weight based upon the
combined weight of the components in the mixture
(1)

the concentration of compound(s) having an average
of more than one group reactive with a vicinal
epoxide group in the mixture (1) of epihalohydrin,
one or more compounds having an average of more than
one group reactive with a vicinal epoxide group and
one or more solvents is from 10 to 40 percent by
weight based upon the combined weight of the
components in the mixture (1)

the concentration of solvent(s) in the mixture (1)
of epihalohydrin, one or more compounds having an
average of more than one group reactive with a
vicinal epoxide group and one or more solvents is
from 10 to 50 percent by weight based upon the
combined weight of the mixture (1); and

mixture (2) is an organic or aqueous solution of an
alkalli metal or alkaline earth metal hydroxide and
the concentration of the alkali metal or alkaline
earth metal hydroxide in the water or organic
solvent is from 35 to 55 percent by weight based

upon the combined weight of the components in the
mixture (2);

(f) mixtures (1) and (2) are added concurrently and

continuously to mixture (3): and

37,391-F 21
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the addition of mixture (1) is completed prior to
the completion of the addition of mixture (2).

4, The process of Claim 1 whereiln
the concentration of the initial mixture (3) of
epihalohydrin and solvent is from 60 to 80 percent
by weight epihalohydrin based upon the combined
weight of epihalohydrin and solvent;
the concentration of epihalohydrin in the mixture
(1) of epihalohydrin, one or more compounds having
an average of more than one group reactive with a
vicinal epoxide group and one or more solvents 1is
from 50 to 80 percent by weight based upon the
combined weight of the components in the mixture
(1)
the concentration of compound(s) having an average
of more than one group reactive with a vicinal
epoxide group in the mixture (1) of epihalohydrin,
one or more compounds having an average of more than
one group reactive with a vicinal epoxide group and
one or more solvents is from 10 to 30 percent Dby

‘weight based upon the combined weight of the
“components in the mixture (1);

the concentration of solvent(s) in the'mixture (1)
of epihalohydrin, one or more compounds having an
average of more than one group reactive with a
vicinal epoxide group and one or more solvents 1is
from 10 to 40 percent by weight based upon the
combined weight of the components in the mixture
(1)3 and

(e) mixture (2) is an organic or aqueous solution of an

35

alkali metal or alkaline earth metal hydroxide and
the concentration of the alkali metal or alkaline
earth metal hydroxide in the water or organic

37,391-F | ~22~
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(f)

(g)

(a)

Formula I

(b)

20050806
23~

solvent is from 40 to 50 percent by weight based

upon the combined weight of the components in the
mixture (2):

mixtures (1) and (2) are added concurrently and
continuously to mixture (3); and

the addition of mixture (1) is completed prior to
the completion of the addition of mixture (2).

5. The process of Claim 1, 2, or 3 wherein

sald epihalohydrin is a compound represented by the
following formula I

0
/" \
HoC —— CH-CHo-X"
|
R

wherein R 1s hydrogen or a hydrocarbyl group
containing from 1 to Y4 carbon atoms and X' is a
nalogen;

said one or more compounds containing an average of
one or more groups reactive with a vicinal epoxide

are compounds represented by the following formulas
I, 111, IV, V, VI or VII

379391-F '23“
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Formula II
Oy (l)H (X)5-p
5 X 0-CHo-C-CHg —— O
|
(Z)p R n' (Z)p

Formula II1

X)5. (X) X)4. X)4-

()5p 4-p ?H (X)4-p (X)4-p
@(A)n O~CHo~C~CHg — O (A)n X
X/ '

(Z)p (Z)p " (Z)p (Z)p

n!

Formula IV

20 (X)5_p |

(Z)
25

30

35
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Formula V

(),

(X)5-p

Formu

Formula VII

379391""F
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(Z)p

(X)5—p

(X)5-p

(X)5~p
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wherein each A is independently a divalent
hydrocarbon group having from 1 to 20 carbon atoms,
-S-, -5-S-, -0-, -S0-~, =-S09~-, or =-CO=-~; each A' is
independently a divalent hydrocarbyl group having
from 1 to 20 carbon atoms; Q is a trivalent
aliphatie, cyecloaliphatic, or aromatic hydrocarbon
group having suitably from 1 to 12 carbon atoms; Q'
is a tetravalent aliphatic, cycloaliphatic, or
aromatic hydrocarbon group having suitably from 1 to
12 carbon atoms; each R is independently hydrogen or
an alkyl group having from 1 to 4 carbon atoms; each
X is independently hydrogen, a hydrocarbyl or
hydrocarbyloxy group having from 1 to 12 carbon
atoms or a halogen atom; each Z is independently a
hydroxyl, amino or carboxyl group; m has an average
value from 1 to 203 each m' has an average value
from 1 to 20 n has a value of zero or 13 n' has an
average value from zero to 15 and p has a value of 1
or 2;

said alkali metal or alkaline earth metal hydroxide
is sodium hydroxide, potassium hydroxide, lithium
hydroxide, barium hydroxide, calcium hydroxide,
magnesium hydroxide, or any combination thereof and
is employed as an aqueous solution;

the solvent employed in mixture (1) is 1-methoxy-2-
hydroxy propane, cyclohexanol, dioxane, 1,2-
diethoxyethane, 2-methoxyethyl ether, tertiary amyl
alcohol, methyl ethyl ketone, methyl isobutyl
ketone, isocamyl acetate, isobutyl acetate, toluene,
dimethyl sulfoxide, dimethylacetamide,
dimethylformamide, or any combination thereof; and

(e) the solvent employed in the initial mixture (3) is

l-methoxy-2-hydroxy propane, cyclohexanol, dioxane,
1,2-diethoxyethane, 2-methoxyethyl ether, tertiary

37,391-F -26~
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(a)

(b)

(c)

(d)
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amyl alcohol, methyl ethyl ketone, methyl isobutyl
ketone, 1i1soamyl acetate, isobutyl acetate, toluene,
dimethyl sulfoxide, dimethylacetamide,

dimethylformamide, or any combination thereof.

6. The process of Claim 5 wherein
said epihalohydrin is epichlorohydrin,
epibromohydrin, epiiodohydrin,
methylepichlorohydrin, methylepibromohydrin,
methylepliiodohydrin, or any combination thereof;
said compound containing an average of more than one
group reactive with a vicinal epoxide group per
molecule 1s a compound or mixture of compounds
represented by formulas III, IV, V or VI wherein
each A 1is 1independently a divalent hydrocarbon group
having from 1 to 12 carbon atoms; each A' is
independently a divalent hydrocarbon group having
from 1 to 12 carbon atoms; each R is hydrogen; m has
an average value from 1 to 33 m' has an average
value from zero to 103 and n' has an average value
from zero to 103
sald alkali or alkaline earth metal hydroxide 1is
sodium hydroxide, potassium hydroxide, lithium
hydroxide, barium hydroxide calcium hydroxide or any
combination thereof:
the solvent employed in mixture (1) is 1-methoxy-2-
hydroxy propane, cyclohexanol, dioxane, 1,2-
diethoxyethane, 2-methoxyethyl ether, tertiary amyl

alcohol, dimethyl sulfoxide, dimethylacetamide, or
any combination thereof; and

(e) the solvent employed in the initial mixture (3) is

1—methoxy-2-hydroxy propane, cyclohexanol, dioxane,
1,2-diethoxyethane, 2-methoxyethyl ether, tertiary

&
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(d)
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amyl alcohol, dimethyl sulfoxide, dimethylacetamide,
or any combination thereof.

T. The process of Claim 6 wherein
said epihalohydrin is epichlorohydrin,
epibromohydrin, epiiodohydrin or any combination
thereof:
salid compound containing an average of more than one
group reactive with a vicinal epoxide group per
molecule is bisphenol A, bisphenol F, bisphenol K,
bisphenol S, tris-(phenol)-methine, phenol
formaldehyde novolac resin, c¢resol formaldehyde
novolac resin, dicyclopentadiene phenol resin,
dicyclopentadiene cresol resin, or any combination
thereof; and
said alkali or alkaline earth metal hydroxide is
sodium hydroxide, potassium hydroxide, lithium
hydroxide'or any combination thereof.

8. The process of Claim 7 wherein
said epihalohydrin is epichlorohydrin;
sald compound containing an average of more than one
group reactive with a vicinal epoxide group per
molecule is bisphenol A, tris-(phenol)-methine,
phenol formaldehyde novolac resin, cresol
formaldehyde novolac resin or any combination
thereof;

said alkali.or alkaline earth metal hydroxide 1s
sodium hydroxide;

the solvent employed in mixture (1) is 1-methoxy-2-
hydroxypropané, tertiary amyl alcohol,
dimethylsulfoxide or any combination thereof; and

37,391-F ~28 -
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(e) the solvent employed in the initial mixture (3) is
l-methoxy=-2-hydroxypropane, tertiary amyl alcohol,
dimethylsulfoxide or any combination thereof.
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