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@ Process for preparing high molecular weight polyether resins from bisphenols and epoxy resins.

@ This invention is directed to a process for preparing high
molecular weight polyhydroxyether resins by reacting an
epoxy resin which is a glycidyl ether of a bisphenol with a
bisphenol in the presence of a solvent and a catalyst. The
process is characterized by adding after the reaction between
the eopxy resin and the bisphenol is at least 97 percent com-
plete based upon the phenolic hydroxyl content from 0.005 to
0.12 phenolic hydroxyl equivalents of a halogenated bis-
phenol per equivalent of the total phenolic hydroxyl content
of the bispheno! and the halegenated bisphenol. The high
molecular weight polyhydroxyether resins produced by this
process are useful in coatings.
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PROCESS FOR PREPARING HIGH
MOLECULAR WEIGHT POLYETHER RESINS
FROM BISPHENOLS AND EPOXY RESINS

High molecular weight resins have been prepared
from bisphenols and epoxy resins as disclosed in U.S.
Patent Nos. 3,306,872; 3,379,684 and 3,637,590. Such
high molecular weight resins are prepared from essen-
tially pure bisphenols containing very small guantities
of ortho-para and ortho-ortho' isomers. Resins prepared
from bisphenols containing significant quantities of
these isomers have been found to have relatively lower
molecular weights. The process of the present invention
produces high molecular weight resins employing either
type of bisphenols. o

The present invention is directed to a process
for preparing high molecular weight polyhydroxyether resins
by reacting an epoxy resin (A) which_is a glycidyl ether
of a bisphenol with a bisphenol (B) in the presence of
a solvent and a catalyst (C) characteriged by adding
after the reaction between Cemponents (A) and (B) is at
leaét 97 percent complete based upon the phenolicvhydroxyl~
content from 0.005 to 0.12 phenolic nydroxyl equivalents
of a halogenated bisphenol (D) per equivalent of the
total phenolic hydroxyl content contained in (B) and (D).
Preferably the percent completion is at least 98 percent.

18,415-F



0000578

-2—

Preferably the amount of phenolic equivalents of halo~
genated bisphenol added per total phenolic hydroxyl equi-
valents is from 0.01 to 0.05.

Suitable epoxy resins employed as Component (A)
5 in the process of the present invention are the glycidyl
ethers of bisphenols such as, for example, those repre-
sented by the formula

B B
‘ng CH.=0 A I H.- '
H2C 5= (2 )n O+CE 2-EZH—C 2-0 (A)n
B B CH B
B

0+CH cﬁq
2~ CH=CH,

B ‘m
10 wherein each A is independently selected from a divalent

hydrocarbon group containing from 1 to 8 carbon atoms,

0] o]
w "
-0-, =S-, -5=8-, -8~ or -C-; each B is independently
L1
0

cselected from hydrogen, chlorine, bromine or an alkyl
group containing from 1 to 4 carbon atoms, n has a value

15 of 0 or 1 and m has an average value of from 0 to 2,
preferably from 0 to 0.75.

Suitable bisphenols employed as Component (B)
in the process of the present invention are, for example,

those represented by the formula
B! B!

N
20 HO—_Giia (2) - OH
< X

wherein A and n are as defined above and B! is selected from

hydrogen or an alkyl group having from 1 to 4 carbon atoms.
Suitable halogenated bisphenols employed as
Component (D) in the process of the present invention are,

25 for example, those representea by the formula
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HO

(A) a OH

X! X'
wherein A and n are as defined above, each X is indepen-
dently chlorine or bromine and each X' is independently

hydrogen, chlorine, bromine or an alkyl group having

@

5 from 1 to 4 carbon atoms.

Suitable catalysts which can be employed as
Component (C) in the process of the present invention
include any catalyst which will catalyze the reaction
between a vicinal epoxy group and a phenolic hydroxyl
10 group. Such catalysts include, for example, those dis~
closed in U.S. Patent Nos. 3,306,872, 3,379,684, 3,477,990,
3,547,881, 3,637,590 and 3,948,855,

Particularly preferred catalysts are those

quaternary phosphonium compounds having as the anion

15 portion, a halide or a carboxyl group such as, for example,
ethyltriphenylphosphonium chloride, ethyltriphenylphos—
phonium bromide, ethyltriphenylphosphonium iodide,
ethyltriphenylphosphonium acetate, ethyltriphenylphos-
phonium diacetate (ethyltriphenylphosphonium acetate

20 acetic acid compiex), tetrabutylphosphonium chloride,

) tetrabutylphosphonium bromide, tetrabutylphosphonium
iodide, tetrabutylphosphonium acetate, and tetrabutylphos-
phonium diacetate (tetrabutylphosphonium acetate acetic
acid com?lex). ‘Those having a carboxyl group as the

25 anion, such as, for example, ethyltriphenylphosphonium
diacetate, are most preferred.

The quantities of epoxy resin and bisphenol
compounds employed are those required to obtain the
desired molecular weight and are usually employed in

30 such quantities as will provide an epoxide:total phenolic
hydroxyl ratio of from 1.15:1 to 0.97:1, preferably from
1.06:1 to .99:1.
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The quantity of catalyst employed depends upon
the particular reactants and catalyst being utilized and
is usually in the range of from .l to 10 millimoles,
preferably from .2 to 6 millimoles per equivalent of the
epoxide reactant. The higher quantities of catalyst are
desired when higher molecular weight products are to be
prepared.

Suitable solvents which are employed in the
present invention include ketones and ethers suéh as,
for example, acetone, methyl ethyl ketone, cyclohexanone,
mesityloxide, dioxane, tetrahydrofuran, dimethoxyethane,
lower alkyl ethers of ethylene and propylene glycol and
mixtures thereof. Any solvent is suitable so long as it
maintains the reactants and reaction products in solution

or intimate suspension at the reaction temperature empioyed

and which will not react significantly with the reactants
or reaction products or the catalyst and which can be
readily removed, if desired from the reaction product.
The solvent is conveniently employed in gquantities of
from 20 to 100, preferably from 30 to 50 parts by weight
per 100 parts of epoxy resin (Component A) employed.

The temperature at which the reaction can be
conducted depends upon the particular reactants and
catalysts employed but usually ranges from 120°C to
220°C, preferably from 130°C to 1l60°C.

The higher the temperature and the higher the
concentration of catalyst, the less time that is reguired

for the reaction to reach a specific degree of completion.

EXAMPLES 1, 2, 3 and 4 and
COMPARATIVE RUNS A, B and C

The following>components were employed in the

Examples and Comparative Runs.
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The epoxy resin, Component (A),vfor all Examples
and Comparative Runs was the glycidyl ether of bisphenol A
having an epoxide equivalent weight of 182.5. 1In each
Example and Comparative Run, 186,02 grams (1.02 equiva-
lents) of the epoxide resin was employed.

In Examples 1, 2 and 3 and all Comparative Runs,
the bisphenol, Component (B), employed was an impure bis-
phencl A (IPBPA) having an ortho-para isomer content of
2.2 percent and an ortho-ortho' isomer content of less
than 0.02 percent. In Example 4, the bisphenol employed
was a purified bisphenol A (PBPA) having an ortho-para
isomer content of 0.2 éercent and an ortho-ortho' isomer
content of less than 0.0]1 percent.

The catalyst, Component (C), for all Examples
and Comparative Runs was a 70 percent solution of ethyl-
triphenylphosphonium diacetate in methanol. It was
employed at 3 millimoles per epoxy equivalent.

The solvent for all Examples and Comparative
Runs was the ethyl ether of ethylene glycol. For all
Examples and Comparative Runs B and C, 150 grams of the
solvent was employed in each reaction mixture. In Com-

parative Run A, 30 grams of the solvent was employed.

The halogenated bisphenol, Component (D), for
all Examples and for Comparative Run C was tetrabromo
bisphenol A (TBBPA) having an hydroxyl equivalent weight
of 272. No halogenated bisphenol was added. in Comparative
Run A. In Comparative Run B, an additional amount of
IPBPA was added instead of TBBPA.

In all Examples and Comparative Runs, the com-
bined phenolic hydroxyl equivalents of Components (B) and
(D} was 1.00. Thus, the equivalents of halogenated
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bisphenol employed per equivalent of the total phenolic
hydroxyl content is easily calculated.

In all Examples and Comparative Run C, the
reaction mixture was heated to 132°C for a period of
time. Then the halogenated bisphenol, Component (D),
was added and the reaction continued for a total reaction
time of 7 hours. For Comparative Run A, the reaction mix~
ture was heated to 135°C for a total of 7 hours without
any halogenated bisphenol being added. For Compérative
Run B, IPPBA was added instead of a halogenated bisphenol,
and the reaction was run at 132°C for a total of 7 hours.

In all Examples and Comparative Runs, the equi-~
valents of epoxide remaining in the reaction mixture was
determined by titration employing the method described
by R. R. Jay in Analytical Chemistry, volume 36, number
3, pages 667-8, March 1964.

In all Examples and Comparative Runs, the equi-
valents of phenolic hydroxyl remaining in the reaction
mixture were determined by a potentiometric titration
procedure., A sample containing about 0.1 milliequivalent
of phenolic hydroxyl was weighed into a beaker and then
dissolved in 20 gfams of dimethylformamide. 75 ml of
dimethylformamiée is added to a second beaker and two
drops of o-nitroaniline indicator is added. The solution
is stirred and sparged with nitrogen gas to remove dis-
solved carbon dioxide. The dimethylformamide in the
second beaker is then titrated potentiometrically with a
O.l/molar solution of tetrabutylammonium hydroxide in 90
weight percent tcluene-10 weight percent methanol solvent.
The endpoint is the center of the break in the titration
curve corresponding to the color change of the indicator
from yellow to orange. The sample dissolved in dimethyl-
formamide is then added to the second beaker and titrated

18,415~-F
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to the same endpoint as the solvent blank. The amount of
carbon dioxide in the first 20 grams of dimethylformamide
employed to dissolve the sample was assumed to be negli-
gible.

5 The percent completion of the reaction between
Components (A) and (B) after the first reaction period is
calculated from the initial equivalents of phenolic hydroxyl
and the equivalents of phenolic hydroxyl remaining after

the first reaction period.

10 The weight average molecular weight, Mw, is
determined by gel permeation chromatography.

Table I contains a summary of Examples 1 to 4
and Comparative Runs A; B and C.
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1. A process for preparing high molecular weight
polyhydroxyether resins by reacting an epoxy resin (Aa)
which is a glycidyl ether of a bisphenol with a bisphenol
(B) in the presence of a solvent and a catalyst (C) char-
acterized by adding after the reaction between Components
(a) and (B) is at least 97 percent complete based upon the
phenolic hydroxyl content from 0.005 to 0.12 phenolic
hydroxyl equivalents of a halogenated bisphenol (D) per
equivalent of the total phenolic hydroxyl content contained
in (B) and (D).

2. The process as in Claim 1 characterized in
that the halogenated bisphenol (D) is represented by the

formula
n [>sﬁJ
X 1 x ]
wherein A is a divalent hydrocarbon group containing from
0o 0
n n
l to 8 carbon atoms, -0-~, =8=, =«S5=S~, =S~ or ~C~, n has
n
o

a value of 0 or 1, each X is independently chlorine or
bromine, and each X' is independently hydrogen, chlorine,

. bromine or an alkyl group having from 1 to 4 carbon atoms.

3. The process as in Claim 2 characterized in
CH3 :
S5 _

that A is -C~, n is 1, X and X' are both bromine.

1

CH3

4., The process as in Claim 1 characterized by
adding from 0.01 to 0.05 phenolic hydroxyl equivalents
of the halogenated bisphenol (D) per equivalent of the
total phenolic hydroxyl content ccntained in (B) and (D).

5. The process as in Claim 1 characterized by
adding the halogenated bisphenol (D) after the reaction
between Components (A) and (B) is at least 98 percent
complete.
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