
2   72G5 A PROCESS FOR PREPARING EPOXY RESINS FROM ALIPHATIC
HYDROXYL-CONTAINING COMPOUNDS The present invention pertains to a process
for preparing epoxy resins from aliphatic hydroxyl- -containing compounds.
Epoxy resins prepared from aliphatic hydroxyl- 5  -containing compounds
have traditionally been prepared by reacting such hydroxyl-containing
compounds with an epihalohydrin in the presence of a Lewis acid and
subsequently dehydrohalogenating the resultant halohydrin intermediate
product with an alkali metal hydroxide. 10  While such products are readily
prepared by this method, they contain inordinately high levels of total
halide             ( rendering them unsuitable for effective curing with
amine curing agents. U.S. Patent No. 4,284,574 teaches a single- 15  -stage
process for preparing low viscosity glycidyl ethers of aliphatic
hydroxyl-containing compounds by reacting the aliphatic hydroxyl-containing
compound with epichlorohydrin in the presence of an alkali metal hydroxide
and a phase transfer catalyst.    -2- U.S. Patent No. 4,373,073 teaches a
process for preparing highly pure glycidyl ethers by reacting phenols with
epichlorohydrin and subsequent dehydrohalo- genation with dilute aqueous
alkali. The dehydrohalo- 



5 genation is carried out in the presence of an onium catalyst whose
ligands are hydrocarbon groups chosen from quaternary ammonium compounds
with at least one C4-C22 aliphatic hydrocarbon group, quaternary
phosphonium compounds or tertiary sulphonium compounds. 10  The process may
be operated continuously or batchwise. The process of the present invention
provides for aliphatic based epoxy resins which are lower in total halide
and which can be suitably cured with amine curing agents as well as the
other traditional epoxy 15  resin curing agents. This invention is directed
to a process for preparing an epoxy resin which comprises reacting (A) a
material having an average of more t an one aliphatic hydroxyl group per
molecule with (B) an epoxy alkyl 20  halide in the presence of (C) an
alkali metal hydroxide and (D) at least one phase transfer catalyst,
removing the salt formed, allowing the reaction mixture to separate into an
aqueous phase and an  organic phase, removing the aqueous phase, and
recovering the epoxy 25  resin from the organic phase, wherein the
proportions of components (A) and (B) are such that component (A) dissolves
in component (B) and the ratio of equivalents of component (B) to
equivalents of component (A) is greater than 1:1 , component (C) is
employed as an 18 to 30  70 weight percent aqueous solution and in a
quantity which is sufficient to cause the separation of the reaction
mixture into an aqueous phase and an organic   



-3-                      r phase at the conclusion of the reaction and
which is at least stoichiometric with the amount of unreacted component
(A), component (D) is employed in a quantity of from 0.1 to 10 weight
percent based on the reaction 5  mixture, and the reaction is conducted at
a temperature between [err] and [err], characterized by repeating at least
once the steps in which the organic phase is reacted with a quantity of
component (C) sufficient to cause a separation of the reaction mixture into
an 10  aqueous phase and an organic phase and which is at least
stoichiometric with the amount of unreacted component (A), removing the
salt formed, allowing the reaction mixture to separate into an aqueous
phase and an organic phase and removing the aqueous phase. 15
The ratio of equivalents of component (B)  to equivalents of component (A)
is preferably from 1:1 to 10:1, more preferably from 1.5:1 to 10:1, most
preferably 1.5:1 to 5:1. Component (C) is preferably employed as a 45 to 55
weight percent aqueous solution.  Component (D) is preferably employed 20
in a quantity of from 0.5 to 5 weight percent, most preferably from 0.5 to
1.5 weight percent based upon the reaction mixture. The reaction is
conducted at a temperature preferably between [err] and [err], most
preferably between 150 and [err].  Advantageously, the 25  reaction is
conducted until the concentration of aliphatic hydroxyl groups is no longer
substantially decreasing. The process according to this invention may 



be operated batchwise or continuously. In continuous 30  operation, an
organic phase containing the aliphatic hydroxyl material and the epoxy
alkyl halide can be countercurrently contacted with an aqueous phase    -4-
containing the alkali metal hydroxide. The phase transfer catalyst may be
initially in either the organic phase or the aqueous phase before the two
phases are contacted together. 5             Any material having an average
of more than one aliphatic hydroxyl group per molecule can be employed
herein. Such compounds include, for example, aliphatic diols, triols or
tetrols as well as adducts of aromatic hydroxyl-containing compounds with
vicinal alkyl epoxide 10  compounds or aromatic substituted vicinal alkyl
epoxide compounds. Particularly suitable aliphatic hydroxyl- -containing
compounds, include, for example, ethylene glycol, propane diols e.g.
propylene glycol, butane diols e.g. 15   1,4-butanediol, pentane diols,
hexane diols, pentaerythritol, polyoxyalkylene diols e.g. dipropylene
glycol, glycerine, trimethylol propane, polyoxyalkylene triols or mixtures
thereof. Also suitable are the adducts of phenolic hydroxyl-containing
compounds such as, for example, hydroquinone, resorcinol, catechol,
bisphenols 20   or novolac resins with alkylene oxides or aromatic
substituted alkylene oxides and alkylene carbonates, such as, for example,
ethylene oxide, propylene oxide, 



1,2-butylene oxide, 2,3-butylene oxide, styrene oxide, ethylene carbonate
or mixtures thereof. 25             Suitable epoxy alkyl halides which can
be employed herein include those represented by the formula [err] 30
R    -5- wherein R is hydrogen or an aliphatic hydrocarbon group having
from 1 to 4 carbon atoms and X is a halogen, preferably chlorine or
bromine. Suitable alkali metal hydroxides which can be 5 employed herein
include, for example, sodium hydroxide, potassium hydroxide, lithium
hydroxide or mixtures thereof. The term phase transfer catalyst as employed
herein means that it is a compound which renders the 10  hydroxide anion
from the alkali metal hydroxide soluble in the organic phase. Suitable such
catalysts include, for example, quaternary ammonium compounds, quaternary
phosphonium compounds, sulfonium compounds, crown ethers or mixtures
thereof. 15             Particularly suitable quaternary ammonium compounds
include, for example, benzyl trimethyl ammonium chloride, benzyl trimethyl
ammonium bromide, tetrabutyl ammonium chloride or mixtures thereof.
Suitable quaternary phosphonium compounds 20   include those disclosed in
U.S. 3,948,855 and U.S.. 



3,477,990. Particularly suitable quaternary phosphonium compounds include,
for example, methyl tributyl phosphon- ium dimethyl phosphate, benzyl
triphenyl phosphonium 25  chloride, methyl tri-n-butyl phosphonium
bicarbonate or mixtures thereof. Suitable sulfonium compounds include, for
example, tributyl sulfonium iodide, dimethyl isobutyl    -6- sulfonium
chloride, n-amyl dimethyl sulfonium hydroxide, or mixtures thereof. In a
batch process, the reaction is conducted in two or more stages and the salt
removed from the 5  reaction mixture continuously, or between stages.  The
salt can be removed by any conventional means such as, for example, by
filtration or centrifugation and/or water washing. Likewise, the excess
epoxy alkyl halide can be removed by any conventional means such as, for 10
example, by distillation. In a continuous process, the excess epoxy alkyl
halide is removed from the epoxy resin product by any conventional means
such as, for example, by distil- lation and any entrained quantities of
salt contained 15   in the organic phase is removed by the aforesaid
conven- tional means for salt removal. The following examples are
illustrative of the present invention. 



EXAMPLE 1 20   (PREPARATION OF DIGLYCIDYL ETHER OF DICYCLOPENTADIENE
DIMETHYLOL) Dicyclopentadiene dimethylol (192 g, 0.98 moles, 0.49 equiv.)
was dissolved in epichlorohydrin (1000 cc, 12.5 moles, 12.5 equiv.) at
[err]. The mixture 25  was cooled to [err] and tetrabutyl ammonium chloride
phase transfer catalyst (40 g of 50 percent aqueous solution, 0.072 equiv.)
and 50 percent aqueous NaOH (547 g, 6.84 equiv.) were added with vigorous
stirring (550 rpm in 2 liter baffled glass three neck flask). A 30
precipitate was formed and the mixture exothermed to [err] (cooling with
ice was applied when the temperature    -7- of the reaction mixture reached
[err]. The aqueous layer congealed.' Stirring and heating at 600C were
continued for 30 minutes (1800 s). The reaction mixture was cooled, and ice
water sufficient to just dissolve 5  the precipitated NaCl was added with
stirring.  The mixture was allowed to settle and the aqueous layer was
removed. A like quantity of 50 percent aqueous NaOH at [err] was then mixed
with the organic phase. The mixture 10  was heated to and held at 600C for
30 minutes (1800 s). The aqueous phase was separated.  The organic phase
was washed with 20 percent NaH2PO4 aqueous solution and then with deionized
water. The aqueous layer was 



separated and the epichlorohydrin was removed from the 15  organic phase by
vacuum distillation to give a yellow resin. The results of analysis of the
resultant epoxy resin are given in Table I. Conversion of the final product
to the diglycidyl ether was 96.1 percent based on the diglycidyl ether of
dicyclopentadiene dimethylol 20  (molecular weight of 308.4) having a
theoretical percent epoxide of 27.9. The above prepared epoxy resin was
cured for 16 hours (57600 s) at [err] and 2 hours (7200 s) at 100C. with
triethylene tetramine in an equivalent ratio 25  of amine to epoxy of 1:1.
The results are given in Table I. COMPARATIVE EXPERIMENT A (PREPARATION OF
DIGLYCIDYL ETHER OF DICYCLOPENTADIENE DIMETHYLOL WITH LEWIS ACID CATALYST)
30             Dicyclopentadiene dimethylol (588 g, 3 moles, 1.5 equiv.)
was dissolved in ethylene dichloride (1372 g) at [err] while stirring.
Stannic chloride (15.6 g, 0.06    moles) was added and the temperature was
raised to reflux, [err]. Epichlorohydrin (583 g, 6.3 moles, 6.3 equiv.) was
added over a 45 minute (2700 s) period from a dropping funnel. The solution
then turned black. 5 The reaction mixture was cooled to [err] and benzyl
trimethyl ammonium chloride (18 ml of a 60 percent aqueous solution, 0.05
equiv.) and a 20 percent aqueous solution of sodium hydroxide (1500 g, 7.5
equiv.) were 



added and the reaction mixture cooled to [err]. Stirring 10  was continued
and the temperature maintained at [err] for 2 hours (7200 s). The reaction
mixture was cooled to [err] and the aqueous layer was separated from the
organic layer. To the organic layer was added an additional 750 g (3.75
equiv.) of 20 percent aqueous 15   sodium hydroxide and 9 ml (0.025 equiv.)
of benzyl trimethyl ammonium (60 percent aqueous solution) catalyst was
added. The reaction mixture was heated to [err] and maintained thereat with
stirring for 2 hours (7200 s). The reaction mixture was cooled to [err] and
the aqueous 20   layer was separated from the organic layer.  The organic
layer was washed three times with about 500 ml each of deionized water. The
ethylene dichloride was removed under vacuum in a rotary evaporator. The
analysis of the resultant product and properties when cured with 25
triethylene tetramine as in Example 1 are given in Table I. Conversion to
the diglycidyl ether of dicyclopentadiene dimethylol was 84.9 percent.
EXAMPLE 2 (PREPARATION OF DIGLYCIDYL ETHER OF CYCLOHEXANE 30  DIMETHYLOL)
Cyclohexanedimethylol (432 g, 6 equiv.) was dissolved in epichlorohydrin
(1450 g, 15.68 equiv.). Tetrabutylammonium chloride (40 grams of a 48
percent aqueous solution, 0.068 equiv.) was then added. Sodium    -9- 



hydroxide solution (568 ml of 50 percent aqueous solution, 10.8 equiv.) was
added over a 30 minute (1800 s) period. The temperature of the reaction
mixture rose from [err] to [err] where it was maintained by ice 5  cooling.
Stirring and heating were continued for-15 minutes (900 s) after the last
addition of caustic. The mixture was cooled to [err] and ice water added
sufficient to dissolve the precipitated salt. The aqueous layer was
separated from the organic layer. 10             A second addition of a
like quantity of 50 percent NaOH solution was then made, beginning at
[err]. The mixture was held at [err] for 30 minutes (1800 s). Conversion of
the alcohol to the diglycidyl ether was 64 percent. The aqueous phase was
separated as before. 15             A third addition of a like quantity of
50 percent NaOH solution was added and the reaction mixture stirred at
[err] for 15 minutes (900 s).  Conversion of the alcohol to the diglycidyl
ether was 80 percent. The aqueous layer was separated. 20             A
fourth addition of a like quantity of 50 percent NaOH was added and the
mixture stirred at 600C for 15 minutes (900 s). The reaction mixture was
cooled to [err] and deionized water (568 ml) was added and the mixture
cooled to [err]. The reaction mixture 25  was then stirred for 30 minutes
(1800 s) in order to reduce residual hydrolyzable chloride from 0.16 to
0.048 percent.  The aqueous layer was separated, the organic layer washed
with 20 percent NaH2PO4 aqueous solution (200 ml) and then with deionized
water (400 30  ml).  The organic phase was separated and the epichloro- 



hydrin removed by vacuum distillation at 1500C and    -10- 1 mm Hg (133 Pa)
to give a pale yellow resin. The results of analysis of the resultant epoxy
resin and the properties when cured with triethylene tetramine as in
Example 1 are given in Table I. Conversion of the 5 final product to the
diglycidyl ether was 92.5 percent based on the diglycidyl ether of
cyclohexanedimethylol (molecular weight 254.3) having a theoretical percent
epoxide of 33.85. COMPARATIVE EXPERIMENT B 10  (PREPARATION OF DIGLYCIDYL
ETHER OF CYCLOHEXANEDIMETHYLOL WITH LEWIS ACID CATALYST) The procedure of
Comparative Experiment A was repeated using cyclohexanedimethylol instead
of dicyclo- pentadiene dimethylol. The analysis of the epoxy resin 15  and
properties of the resin cured with triethylene tetramine as in Example 1
are given in Table I. Conver- sion of the cyclohexanedimethylol to the
diglycidyl ether was 77.4 percent. EXAMPLE 3 20 (PREPARATION OF TRIMETHYLOL
PROPANE TRIGLYCIDYL ETHER) Trimethylolpropane (200 g, 4.48 equiv.) was
dissolved in epichlorohydrin (2320 g, 25.08 equiv.) at [err].
Tetrabutylammonium chloride (60 g of a 50 percent aqueous solution, 0.108
equiv.) was then added. The 25  solution was cooled to [err] and 50 percent
aqueous NaOH 



solution (645 g, 8.06 equiv.) was added over 20 minutes (1200 s). The
temperature was maintained between [err] and 75C with ice bath. Ten minutes
(600 s) after the last NaOH solution was added, the temperature was 30
cooled to 35C and ice water sufficient to dissolve the precipitated salt
was added. Conversion of the alcohol to the diglycidyl ether was .56
percent. The aqueous layer was separated.    A second addition of 400 ml of
50 percent NaOH solution was made and the reaction mixture stirred for 10
minutes (600 s) at [err]. Conversion of the alcohol to the diglycidyl ether
was 77 percent.  The 5 aqueous layer was separated as before. A third
addition of 400 ml of 50 percent NaOH solution was made and the reaction
mixture stirred for 30 minutes (1800 s) at [err]. The aqueous layer was
separated as before. 10             A fourth addition of 100 ml of 50
percent NaOH solution was made and the reaction mixture stirred for 10
minutes (600 s) at [err]. Then 100 ml deionized water was added and the
mixture stirred for 15 minutes (900 s) at [err]. The organic layer was
worked up as 15  described in Example 2. The results of the analysis of the
above prepared epoxy resin and properties when cured as described in
Example 1 are given in Table I. Conversion of the final product to the
triglycidyl ether was 95.4 



20  percent based on the triglycidyl ether of trimethylol- propane
(molecular weight 302.4) having a theoretical percent eqoxide of 42.7.
EXAMPLE 4 (PREPARATION OF DIGLYCIDYL ETHER OF THE REACTION PRODUCT 25 OF
PROPYLENE OXIDE AND BISPHENOL A AT A MOLAR RATIO OF 2 TO 1 RESPECTIVELY)
The product of the reaction of bisphenol A plus two propylene oxides (172
grams, 1.0 equiv.) was dissolved in epichlorohydrin (255 g, 2.75 equiv.).
30  Tetrabutylammonium chloride (10 grams of a 48 percent solution, 0.017
equiv.) was then added and the mixture    -12- heated to 60C. Sodium
hydroxide (147 ml of 35 percent aqueous solution, 1.28 equiv.) was added
and the mixture stirred for 30 minutes (1800 s) at [err]. The aqueous layer
was separated. Alcohol conversion was 39.6 5 percent. A second addition of
100 ml of 50 percent NaOH was made and the mixture stirred for 30 minutes
(1800 s) at [err]. The aqueous layer was diluted with 100 ml ice water and
the mixture cooled to 300C and 10  stirred for 15 minutes (900 s).  The
aqueous phase was separated and the organic phase worked up as described in
Example 2. The results of analysis of the resultant epoxy resin are given
in Table I. The results of the analysis of the above 



15  prepared epoxy resin and properties when cured as described in Example
1 are given in Table I. Conversion of the final product to the diglycidyl
ether was 94.2 percent based on the diglycidyl ether of the diol (molecular
weight of 456.5) having a theoretical percent 20  epoxide of 18.9.
COMPARATIVE EXPERIMENT C (PREPARATION OF DIGLYCIDYL ETHER OF THE REACTION
PRODUCT OF PROPYLENE OXIDE AND BISPHENOL A IN A MOLE RATIO OF 2:1
RESPECTIVELY USING A LEWIS ACID CATALYST 25             The procedure of
Comparative Experiment A was repeated except that the reaction product of
propylene oxide and bisphenol A was employed instead of dicyclo- pentadiene
dimethylol. The results of the analysis of the epoxy resin and the
properties of the resin cured 30  with triethylene tetramine as in Example
1 are given in Table I. Conversion of the diol to the diglycidyl either was
72 percent.    -13- L     N [err] .                     . O N    0 [err] H
a 



. [err] 4 O    N . U [err] 4) X    - 15 - CLAIMS 1..   A process for
preparing an epoxy resin which comprises reacting (A) a material having an
average of more than one aliphatic hydroxyl group per molecule 05 with (B)
an epoxy alkyl halide in the presence of (C) an alkali metal hydroxide and
(D) at least one phase transfer catalyst, wherein the proportions of
components (A) and (B) are such that component (A) dissolves in component
(B) and the ratio of 10 equivalents of component (B) to equivalents of
component (A) is greater than 1:1, component (C) is employed as an 18 to 70
weight percent aqueous solution and in a quantity which is sufficient to 



cause the separation of the reaction mixture into an 15 aqueous phase and
an organic phase and which is at least stoichiometric with the amount of
unreacted component. (A) after the reaction, component (D) is employed in a
quantity of from 0.1 to 10 weight percent based on the reaction mixture,
and the reaction is conducted at a temperature of from 20 00 to [err],
allowing the reaction mixture to separate into an aqueous phase and an
organic phase, removing the aqueous phase, and reacting the organic phase
with at least one further quantity of an 18-70 weight percent aqueous
solution of an alkali metal 25 hydroxide sufficient to cause separation of
the reaction mixture into an aqueous phase and an organic    q - 16 - phase
and which is at least stoichiometric with the amount of unreacted component
(A), allowing the reaction mixture to separate into an aqueous phase and an
organic phase, removing the aqueous phase, and 05  recovering the epoxy
resin from the organic phase. 2.   A process as claimed in claim 1 wherein
the process is a batch process and at least two further quantities of
alkali metal hyroxide are 15 reacted with the separated organic phase,
after the initial separation step. 3.   A process as claimed in claim 1
wherein the alkali metal hydroxide is added 



continuously, and the aqueous phase is continuously 20 separated from the
organic phase. 4.   A process for preparing an epoxy resin which process
comprises (i) continuously adding an 18-70% aqueous solution of an alkali
metal hydroxide to a reaction mixture 25 comprising A) a material having an
average of more than one aliphatic hydroxyl group per molecule, (B) an
-17 - epoxy alkyl halide, (C) an alkali metal hydroxide and (D) at least
one phase transfer catalyst at a temperature of from 00 to [err], wherein
the proportions of components (A) and (B) are such that 05 component (A)
dissolves in component (B) and the ratio of equivalents of component (B) to
equivalents of component (A) is greater than 1:1, component (C) is employed
in a quantity which is at least stoichiometric with the amount of unreacted
component 10 (A), and component (D) is employed in a quantity of from 0.1
to 10 weight percent based on the reaction mixture, so as to cause
separation of the reaction mixture into an organic phase and an aqueous
phase, (ii) continuously removing the aqueous phase, and 15 (iii)recovering
the epoxy resin from the organic phase. 5.   A process as claimed in any
one of claims 1 to 4 wherein 



(1)  the equivalent ratio of (B) to (A) is from 1:1 20       to 10:1; (2)
the concentration of the aqueous alkali metal hydroxide solution is from 45
to 55 percent by weight; (3) component (D) is present in a quantity of from
25       0.5 to 1.5 percent; and    - 18 - (4) the reaction is conducted at
a temperature of from [err] to 700C. 6.   A process as claimed in any one
of claims 1 to 4, wherein 05  (1)  the equivalent ratio of component (B) to
component (A) is from 1.5:1 to 5:1; (2) component (D) is present in a
quantity of from 0.5 to 1.5 percent by weight; and (3) the reaction is
conducted at a temperature of 10       from [err] to [err]. 7.   A process
as claimed in any one of the preceding claims wherein component (A) is
trimethylol propane, cyclohexanedimethylol, dicyclopenta- dienedimethylol,
1,4-butanediol, ethylene glycol, 15  propylene glycol, pentaerythritol, or
dipropylene glycol. 8.   A process as claimed in any one of the preceding
claims, wherein the epoxy alkyl halide is 



epichlorohydrin. 20   9.  A process as claimed in any one of the preceding
claims, wherein the alkali metal hydroxide is sodium hydroxide. 10. A
process as claimed in any one of the preceding claims, wherein the phase
transfer catalyst is a 25  quaternary ammonium or quaternary phosphonium
compound.    - 19 - 11. A process for preparing an epoxy resin
substantially as hereinbefore described with reference to any one of the
foregoing specific examples. 12. A epoxy resin prepared by a process as
claimed in 05 any one of the preceding claims. 10 15 20 25    


