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1. A water thinnable epoxy resin prepared by

(1) reacting:

(a) an epoxy‘_resin having an average of greater
than one vicindl epoxy group;

(b) a phenolic compound having greater than one
hydroxyl group; and

(c) a polyamide dicarboxylic acid having an amine
value of not greater than 20 and an acid value
of from 20 to 200, prepared by reactir;g a dimer
acid based polymerized fatty acid with diamine
at a polymerized fatty acid/diamine molar ratio
of from 2:1.0 to 2:1.9,

at a ratio of such that the weight ratio'of
Component (a) to Component (b) ranges from 60:40 to
100:00 and@ the amount of the polyamide dicarboxylic
acid segment in the resin ranges from 0.1 to 50
percent by weight based on the weight of the total
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amount of components (a), (b) and (c¢) to obtain a
polyamide modified epoxy resin having an acid value
of not greater than 5;

(2) reacting the obtained polyamide modified epoxy resin
with ¢d) a phosphoric acid source material to obtain

an epoxy phosphate ester resin; and then

(3) hydrolyzing the obtained epoxy phospihate ester resin.

7. A process for preparing a water thinnable epoxy resin,
which includes:
(1) reacting:

(a) an epoxy resin having an average of greater

than one viginal epoxy group;

(b)) a phenolic compound having greater than one

hydroxyl group; and

(c) a polyamide dicarboxylic acid having an amine
value of not greater than 20 and an acid value
of from 20 to 200, prepared by reacting a dimer
acid based polymerized fatty acid with diamine
at a polymerized fatty acid/diamine molar ratio

of from 2:1,0 to 2:1.9,
at a ratie of such that the weight ratio of

Component (a) to Component (b) ranges from 60:40 to
100:00 and the amount of the polyamide dicarboxylic
acid segment in the resin ranges from 0.1 to 50
percent by weight based on the weight of the total
amount of Components (a), (b} and (¢c) to obtain a
polyamide modified epcxy resin having an acid value
of not greater than 5;

(2) reacting the obtained polyamide modified epoxy resin
with (d) a phosphoric acid source material by adding
the phosphoric acid source material dropwise to the
polyamide modified epoxy resin to obtain an epoxy
phosphate ester resin; and then

(3) hydrolyzing the obtained epoxy phosphate ester resin.
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WATER THINNABLE EPOXY RESIN AND
PROCESS. FOR PREPARING SAME

The present invention relates to a water
thinnable epoxy resin and its production process. More
partiCularly, the presént invention relates to a water
thinnable polyamide modified epoxy phosphate ester resin
which can be effeetively used in water-borne coating
compositions and a precess for producing such epoxy
phosphate egter resin.

The epoxy resins of the present invention can
be used as raw materials for water-borne coating
compositions, which are censidered preferable from an
environmental view point, as well as raw materials for
solvent-borne coating compositions. Further, the epoxy
resins of the present invention can be dispersed in the
Form of extremely small particles in a water dispersion,
and thus can be effectively used in, for example, spray
coating and roll coating.

Epoxy resins have been used in a wide variety
of applications such as coating applications because of,
for example, their superiority in corrosion resistance,

39,593~F -1R~
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chemical resistance, pollution resistance and
flexibility.

Heretofore, epoxy resin based paints used in
coating applications such as can coating, have generally
been prepared by dissolving an epcxy resin (particularly
those having high molecular weight), a curing agent and
other additives in an organie solvent.

Recently, various laws and regulations
regarding use of organic soélvents, such as organic
solvent intdxication prevention regulations and fire
regulations, have been reinforced. Because of such
regulations, it has been desired to make epoxy resins
for coating composition3 water thinnable or water
dispersible.

Several atteﬁpts,have been made to modify
conventional epoxy resins which per me are not water
thinnable. For example, SeIf-dispersion type epoxy
resins modified with:an dcrylia resin havelbeen proposed
and disclosed in, for example, Japanese Patent
Application Ldid-Open Gazettes No. Sho 55-3481 and Sho
58-198513. : ‘

However, these aerylic resin modified epoxy
resins may havé poor chemical resistance due to a
reaction with a vinyl group ¢ontaining compound,
resulting in loss of exoellent'properties of an epoxy
resin. Further, because this technique requires an
additional step of reacting an epoxy resin and acrylic
resin, the research activities have been carried out to

~make dan epoxy resin per se water dispersible.

Japanese Patent Publication Gazette No. Hei
1=55299 discloses an epoxy phosphate ester resin

39,593-F -2
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prepared by reacting an epoxy resin with phosphoric
acid, and then hydrolyzing the phesphoric acid modified
epoxy resin for monoesterification. The obtained epoxy
resin per se can be made water dispersible. However,
the obtained resins have too large particle size when
dispersed in water, resulting in poor dispersion
stability. Accordingly, if the amount of organic
solvent used is restricted, the sufficient dispersion
stability cannet be obtained. -

Further, extremely severe requirements should
be met in performance of resin coatings used in coil
coating application (for example, application for home
electric apparatus, transportation machines and building
materials) or can coating application. For example, so
far, in eoil coating applications, epoxy resin based
coatings have been employed only for primer or inner
iining coating due to poor weatherability. Also, in
applications requiring good processability and excellent
secondary adhesiveness (adhesion to top coating) such as
home eleetric apparatus application,>suitable epoxy
resins have not been obtained.

Furthermore, in canr coating applications, 21
CFR of thé Food and Drug Administration regulations in
the U.S.A are likely to be considered as standard for
food can coatings and beverage can coatings, in addition
to the above-mentioned properties.

Japanese Patent Application Laid-Open Gazette
No. Hei 2-286T709 discloses a polyamide modified epoxy
resin which meets the requirements of 21 CFR of the FDA,
and has good adhesiveness, flexibility and chemical
resistance. Howéver, in this publication, there is no
description or suggestion to make such epoxy resins

39 ,‘593‘5' w3
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water thinnable. It is possible to modify the resins
with an acrylic resin to make them water dispersible.
However, in this case, the production process will be
complicated, and is disadvantageous. In addition, it is
difficult to make the polyamide modified epoxy resins
water dispersible by reaction with a phosphoriec acid
since there are significant differences in the reaction
conditions for polyamide modification and the reaction
conditions for phosphoric acid modification.

In view of the deficiencies of the prior art
described above, it would be desired to provide an epoxy
resin which ecan be made water dispersible without using
a complicated process, and can be dispersible in the
form of extremely small particles in water dispersion.
Such water dispersion can be effectively used for water-
borne coatings.

According to one aspect of the present
invention, there is now provided a water thinnable epoxy
resin prepared by
(1) reacting:

(a) an epoxy resin having an average of
greater than one vicinal epoxy group;

(b) a phenolic compound having greater than
one hydroxyl groups and

(¢) a polyamide dicarboxylic acid having an
amine value of not greater than 20 and an
acid value of from 20 to 200, prepared by
reacting a dimer acid based polymerized
fatty acid with diamine at a polymerized

39,593~F o



fatty acid/diamine molar ratio of from

2:1.0 to 2 1.9
L-ae—\ e oo éF cx:mpone_n’c_ (’-1) o c::mponevt
() ra Crom otLO ko 00100 and
at a ratio of such that\Phe amount of the
polyamide dicarboxylic acid segment in the
5 resin ranges from 0.1 tpo 50 e ent by weight
LS5 SN omou.v'%- poneﬂ\:"a p Q y( &
based on the welght of the y to obtaln a

polyamide modified epoxy resin having an acid
value of not greater than 53

10 (2) reacting the obtained polyamide modified epoxy
resin with (d) a phosphoric acid source
material to obtain an epoxy phosphate ester
resin; and then

15 (3) hydrolyzing the obtained epoxy phosphate ester
resin.
. Another aspect of the present invention relates
ﬁ:“: to a process for preparing a water thinnable epoxy
':::j‘ 20 resin, which eemprissssincludes:

(1) reacting:

(a) an epoxy resin having an average of

25 greater than one vicinal epoxy group;
L.x, (b) a phenolic compound having g?eater than
T one hydroxyl group; and
Yo Ted (¢) a polyamide dicarboxylic acid having an
eese’ 30 amine value of not greater than 20 and an
. acid value of from 20 to 200, prepared by
‘ﬁ'? reacting a dimer acid based polymerized

[ (L]

fatty acid with diamine at a polymerized




fatty acid/diamine molar ratio of from

2:1.Q to 2:1.9,
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at a ratio of suec thatxthe amount of the

polyamide dicarboxylic acid segment in the
5 resin ranges from 0.1 tg 50 percent b eight
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based on the weight of the FaséﬁQ to obtain a
polyamide modified epoxy resin having an acid

value of not greatér than 5;

10 (2) reacting the obtained polyamide modified epoxy
resin with (d) a phosphoric acid source
material by adding the phosphoric acid source
material dropwise to the polyamide modified
epoxy resin, to obtain an epoxy phosphate ester

15 résiny and then
(3) hydrolyzing the obtained epoxy phosphate ester
s e resin.
-
E:;f 20 The aboveé process may further comprise
sseset (uy adding at least one amine compound to the
-?-é obtained epoxy phosphate ester resin to adjust
its pH from 7 to 10; and then (5) adding water
25 A dropwise to the obtained resin.
Ty )
;vé: Still another aspect of the present invention
- relates to a coating composition comprising the epoxy
LI phosphate ester resin as mentioned above.
dz‘f‘:: 30
sese In the present inveation, any known epoxy
vovael resins having an average of more than one epoxy group
‘§'ér per molecule, can be %325923 Cemponent {a). Suitable

epoxy resins as used herein;}né?hde, for example, those
having an epoxy equivalent of from 170 to 3,500, more
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suitably from 175 to 1,000, and a weight average
molecular weight of from 340 to 18,000, suitably from
340 to 3,000. Such epoxy resins are well deseribed in,
for example, U.S. Patent Nos. 4,289,812; 4,397,970;
4,868,059 and 5,070,174, and "The Handbook of Epoxy
Resins" by H. Lee and K. Neville, published in 1967 by
McGraw-Hill; New York.

Suitable epoxy resins which can be used as
Component {a) in the present invention may be

0 represented by the general formula:

(X)y  (X)g;

TH (X)g (X)), o

cuz-cn—caz—o—g§355;~€§§§fo CH,-CH-CEH,

wherein each A is independently a divalent hydrocarbon
group having from ' to 8 carbon atoms, -C0-, -0-, -S-,

CH;— 'CH-2¥,-0 A{Oro

25

N o

or a covalent bond; each X is independently hydrogen,
halogen or an alkyl group of from 1 to 4 carbon atoms
and n is an average value of from 0 to 3 depending on
the desired molecular weight of epoxy resin. The epoxy

39,593~F -T=
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resins can be prepared from epichlorohydrin and a
dihydric phenol. Preferred epoxy resins, Component (a)
are those having two vicinal epoxy groups such as

~diglycidyl ethers of bisphenol A, bisphenol K, bisphenol

F, bisphenol S, bisphenol AD, brominated derivatives
thereof and mixtures thereof. The most preferred epoxy
resin is diglycidyl ether of bisphenol A. As
commercially available epoxy resins, D.E.R.™ 331L;
D.E.R.™ 383J; D.E.R.™ 661; D.E.R.™ 66U; D.E.R.™ 66T
and D.E.R.™ 669 (Trademark of The Dow Chemical Company)
available from The Dow Chemical Company, can be used.

In thé present invention, any known phenolic
compounds haVing more than one hydroxyl group per
molecule, can be used as Component (b). Such phenolic
compounds are well described in, for example, U.S.
Patent Nos. 4,289,812; 4,397,970; 4,868,059 and
5,070,174. Suitable phenolic compounds, which can be
used in the present invention as Component (b), include,

for example, bisphenols such aa those represented by the
formula:s

(X4 (%) 4

CH

wherein X and A are as defined above. Examples of the
suitable epoxy resins are those having two hydroxyl
groups such as bisphenol A, bisphenol K, bisphenol F,
bisphenol S, bisphenol AD, halogenated derivatives

39,593-F =B
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thereof and mixtures thereof. The most suitable
phenolic compound is bisphenol A.

In the present invention, Component (a) and
Component (b) may be used in an amount to provide a
weight ratio of Component (a) to Compoqsgﬁeﬁgékgf
seefenably from 60:40 to 100:0, more ;&eﬁﬁu-?rom
65:35 to 85:15., If the amount of Component (b) used
exceeds 40 percent by weight, the amount of the hydroxyl
groups contained in the phenolic compound exceeds that
of the epoxy groups contained in the epoxy resin,
resulting in less amount of the remaining epoxy groups
in the resultant products, and the loss of excellent
properties derived from the epoxy groups. Also, if the
amount of Component (b) used exceeds 40 percent by

weight, the next reaction, i.e., phosphorylation cannot
be conducted.

In the present invention, polyamide
dicarboxylic acids, Component (c) are prepared by
reacting a polymerized fatty acid composed mainly of a
dimer acid with diamine at a polymerized fatty
acid/diamine molar ratio of from 2:1 to 2:1.9,
preferably 2:1 to 2:1.2. The polyamide dicarboxylic
acids have an amine value of nct greater than 20,
preferably not greater than 5 and an acid value of 20 to
200, preferably 80 to 100.

The term "polymerized fatty acid composed
mainly of dimer acid” refers to those having at least
70, preferably at least 95 percent by weight of a dimer
of an unsaturated or saturated fatty acid and the
balance to provide 100 percent by weight of a monomer or
trimer thereof. The unsaturated fatty acids include a
carboxyiic acid compound having 12 to 24 carbon atoms
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(inclusive of the carbon atom of the carboxylic group),
preferably 15 to 22 carbun atoms. Examples of the fatty
acids useful in the present invention include fatty
acids having one unsaturated bond such as cleic acid,
elaidic acid and cetoleic acid; fatty acids having two
unsaturated bonds such as sorbic acid and linoleic acidj
and fatty acids having at least three unsaturated bonds
such as linoleic aecid and arachidic acid.

In the present invention, commercially
available polymerized acids such as Haridimer™ 300 and
Haridimer™ 200 (Trademark of Harima Kasei Kogyo;
supplied by the same company), Versadyme™ 288 (Trademark
of Henckel-Hakusui Co., Ltd.3; supplied by the same
company), and Pripol™ 1004 (Trademark of Unichema
International; supplied by the same company) can be
used.

Suitable diamines which can be used in the
present invention are those listed in 21 CFR 175.300
(b)3(3)(v¥iii){(b), for example, ethylene diamine,
4,4'-methylene dianiline and N-oleyl-1,3-propane
diamine. These amines can be suitably used for
preparation of epoxy resins useful for food can inner
coatings. In fields other than food can coatings (e.g.,
coil coatings), metaxylene diamine, hexamethylene
diamine and isophorone diamine can be used as diamine
since the FDA is not necessary to be considered.

The reaction between the polymerized fatty acid
and the diamine can be carried out at a polymerized
fatty acid to diamine molar ratio of 2:1.0 to 2:1.9
while removing water as by-product by a known
polymerization process. If the polymerized fatty
acid/diamine molar ratio is higher than 2:1.0, the

39,593-F -10=
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carboxyl group concentration is higher than the amine
group concentration, resulting in poor processability of
the resultant resin. If the polymerized fatty
acid/diamine molar ratio is less than 2:1,9, it is
diffieult to synthesize a polyamide dicarboxylic acid
having an amine value not greater than 20 and an acid
value of at least 20. If the amine value exceeds 20,
the resultant coating compositions will have high
viscosity, whieh adversely affects processability. If
the acid value is less than 20, the resultant resin will
have large‘moiecular‘Weight (e.g., a weight average
molecular weight of 160,000 or more), resulting in poor
solubility to an organic solvent. It is difficult to
synthesize a polymerized fatty acid having an acid value
of greater‘thah 200 in view of the acid value of the
starting fatty acid.

The polymerizéd dicarboxylic ac¢ids as prepared
above, Component (c) are used in an amount of from 0.1
to 50 percent by weight, preferably from 1 to 20 percent
by weight, based on the total solid content, i.e., the
total amount of Cqmponents (a), (b) and (e¢). If the
amount of Compoment (c) is less than 0.1 percent by
weight, the resultant resins will not show the
advantages derived from the addition of Component (c).
If the amount of Component (c) exceeds 50 percent by
weight, the resultant resins will have poor corrosion
resistance. In addition, dimer acid alone can be used
as Component (c¢).

In the present invention, the polyamide
modified epoxy resins resulting from the reaction of
Components (a), (b) and (c) may preferably have an epoxy
equivalent weight of from 170 to 5,000, more preferably
from 500 to 2,000, and an acid value of not greater than

39,593<F -11-
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5, more preferably not greater than 2. The polyamide
modified epoxy resins may preferably have a weight
average molecular weight of from 340 to 40,000, more
preferably from 2,000 to 20,000. If the epoxy
qu%giignt weight is less than 170, the resultant resins
ﬂii&&have low content of secondary hydroxyl groups which
are said to contribute to adhesiveness, resulting in
insufficient adhesiveness, processability and chemical
resistance. If the epoxy equivalent weight exceeds
5,000, the resins may encoéunter gelation during the next
reaction step, i.e., thée phosphorylation. If the acid
value exceeds 5, the resultant resins may not have high
flexibilitg which is an advantageous property of the
present invention, due to the remaining carboxyl groups
existing at the end of molecules. Thus, it is
preferable that the acid value be zero or close to zero.

The polyamide modified epoxy resin, as an
intermediate according to the present invention ean be
prepared by any of‘the following processes, which are
not construed as limiting:

(1) A process comprising reacting an epoxy
resin, Component (a) with a phenolic compound, Component
(b) at a solid concentration (non-volatile content) of
70 to 100 percent in the presence of a catalyst at a
temperature of 120°C te 2U0°C, and subjecting the
resultant solid epoxy resin having an epoxy équivalent
of from 500 to 5,000 and a weight<average molecular
weight of from 1,000 to 40,.00 to polymerization with a
polyamide dicarboxylic acid, Component (c¢) at a solid
concentration of from 70 to 100 percent, if desired, in
the presence of a catalyst at a temperature of from
120°C to 200°C.

IN39,593-F 12
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(2) A process comprising reacting Component
(a) with Component (b) at a solid coneentration of from
80 to 100 percent, if desired, in the presence of a
catalyst, at a temperature of from 120°C to 200°C, to
obtain a semi-solid or liquid polyamide epoxy ester

resin having an acid value not greater than 5, an epoxy

equivalent weight of from 180 to 300 and a weight-
average molecular weight of from 500 to 3,000; or
further reacting the obtained resin with Component (¢)
at a solid concecentration of from 70 to 100 percent in
the presence of a catalyst at a temperature of from
120°C to 200°C.

(3) A process comprising condensing Component
(b) and Component (c¢) at a solid concentration of from
80 to 100 percent at a temperature of from 120°C to
200°C, and subjecting the obtained polyamide bisphenol
ester resin having an acid value not greater than 5 and
a weight average molecular weight of from 500 to 3,000
to polymerization, and reacting the obtained resin with
Component (a) at a solid concentration of from 70 to 100
percent in the presence of a catalyst at a temperature
of from 120°C ta 200°C. '

(4) A process comprising condensing Components
(a), (b) and (c) at a solid concentration of from 70 to
100 pereent at a temperature of from 120°C to 200°C.

In the above-mentioned processes (1) through
(4), the reaction time, the reaction temperature, the
s0lid concentration, the kind of c¢atalysts, the amount
of the catalysts added ean be appropriidtely selected by
a person skilled ia the art. Depending upon the other
conditions, the reaction time may be generally short and
may be from 1 to 15 hours. The reaction temperature may

39,593«F =13~
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be appropriately determined in view of the catalyst
activity. Further, the reaction may be carried out
under normal pressure or elevated pressure., The
reaction can be carried out in air, but preferably is
carried out in an inert gas atmosphere, for example, in
a nitrogen current. In the above-mentioned process (3),
since water is formed as a by-product by the
condensation reaction, the reaction is preferably
carried out by using a reaction‘apparatus equipped with
a device capable of removing water.

In the précess (1), as the bisphenol type solid
epoxy resin, commercially avdilable solid epoxy resins
having an epoxy equivalent of from 170 to 5,500 can be
used. Examples of the resins used herein are Epikote™
1001 and Epikote™ 1007 (Trademark of Yuka Shell Epoxy;
available from the same éompany) and D.E.R.™ 661,
D.E.R.™ 664 and DSETR,“ 669 (Trademark of The Dow
Chemical Company) available from the same company.

In the above-mentiened processes, in the case
of produeing aAhighémolecular-weight‘polyamide modified
epoxy resin, it is possible to perform a uniform
reaction by decreasing thevviscosity‘of‘fhe reaction
mixture with an organi¢ solvent to improve stirring
efficiency.’ Suitable solvents as used herein include
irdert selvents having a good compatibility with an epoxy
resin and a boiling point higher than 110°C, especially
higher than 140°C. Examples of the solvents used herein
are glycol type solvents such as ethylene glycol and
propylene glycol; glycol monoether type solvents such as
ethylene glycol monvethyl ether, ethylene glycol
monobutyl ether, Dowanol™ EB, Dowanol™ ©B and Dowanol™
PnB (Trademark of The Dow Chemical Company); acetate
type solvents such as propylene glycol monomethyl ether

39,593-F ~ 14
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acetate, butyl acetate and Dowanol™ PMA; alcohol type
solvents such as n-butanol, amyl alcohol and
cyclohexanols; ketone type solvents such‘aS‘cyclohexanone
and diisobutyl ketone; and aromatic solvents such as
xylene and Solvesso™ 100 (supplied by Esso Standard).
Of these solvents, acetate type solvent, a ketone type
solvent, and an aromatic non-~alé¢oholic solvent are
especially ébefer?ed. - These sblvents can be used singly
or as a mixture of two or more thereof. The solid
concentration of the diluted reaction system may
preferably be fram 70 to 100 percent. The higher solid
coneentration is preferaple within the aliowable
viscosity rangé in view -of the restriction to the amount
of organic selvent used. |

Suitable catalysts which can be used in the
presernt iﬁveh&i@ﬂﬁiﬂgladed‘for example, imidazoles such
as: 2~methylimida2@1ﬁ§ tertiary amines such as
triethyiamine, triprepylamine and tributylamines
phosphonium salts sueh as ethyltriphenylphosphonium
chloride, ethyltriphenylpho$phonium bromide and
ethyltfiphenylphgsﬁhqniumWacetatéaeet&cAacidgeemplex;
and ammonium salts sueh as benzyltrimethylammonium
chloride and bénzyltrimethylammonium hydroxide. The
catalyst which are described in U.S. Patent Nos.
4,289,812; 4,397,970 and 4,868,059, can be used in the
present invention. The amoiint of the catalysts used
generally nanges‘from 0.001 to 1 weight percent,
pireferably from 0.01 to 0.1 weight percent, based on the
total weight of the reaction mixture.

Next, the process of producing a water
thinnable epoxy resin accéording to the present invention
comprises reacting the polyamide modified epoxy resin
prepared as above with a phosphorie aeid

39,593-F . =15«
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source material, Component (d), and then hydrolyzing the
obtained resin for monoesterification, to obtain a
polyamide modified epoxy phosphate ester resin.

Phosphorie acid source materials whiech can be
employed in the present invention include, for example,
100 percent phosphoric acid, the semi-hydrate
(2H3P0yH30) and aqueous solutions containing at least
about 18 weight percent H4POy (at least 1 mole HqPOy per
25 moles of water) The various condensed forms
(polymerie, partlal,anhydrxdes) of phosphoric acid,

‘pyrophosphorie acid, orthophosphoric aecid and

triphosphoric acid can also be used. Preferred are
phosphoric acid'havingﬁa‘H3P04 concentration of from 85

to 120 perecent, and more preferred are superphosphoric

acid having an H3P04 concentration of from 105 to 116

percent.

The phéspbOﬁie‘aeid source material may be 7
added dropwise to the polyamideAmodified epoxy resin at,
for example, a temperature of 100°C to 135°C for a period
of for a period of from 1 to 120 minutes while heating
and stirring to complete the reaction.

The amount of the phosphorie acid source
material used may preferably range from 0.1 to 5.0

percent by weight, more preferably from 0.5 to 2.0

percent by weight. If the amount of the phosphoric acid
source material us%&»ls less than 0.1 percent by weight,
the resultant resxngxhave a great amount of unreacted
epoxy .group, resulting in increased viscosity or poor
dispersion stability when dispersed in water. If the
amournit exceeds 5.0 percent by weight, the gelation may
occur during the reaction or free phosphoric acid will
be forumed during the next reaction step. These are

ﬁ"ﬁsﬁ
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disadvantageous. The free phosphoric acid will cause
blushing when the coating of the resultant resin is
subjected to retort treatment. The phosphoric acid
source materials per se can be added dropwise. However,
it is effective to use the phosphoric acid source
material diluted with water or a hydroxylic solvent such
as the above-mentioned glycol monoether type solvent.
The use of the hydroxyl group-containing solvents
prevents self-condensation of the phosphoric acid source
materials, resultiﬁg in a uniform reaetion. These
solvents can be used in an amount to provide a molar
ratio of a solvent to a phosphoric acid source material
of 2:1 to 4:1. - '

The polyamide madified epoxy phosphate ester
resins prepared as above are mainly in the form of
triesters or diesters, and thus can be changed to
monoesters by subjecting them to monoesterification.
The monoesterification éaﬁ'neduce the viscosity of the
resultant modified epoxy phosphate ester resins to make
‘handling easier. Further, the phosphoric aeid residues
existing at the end of molecules can provide good
corrosion resistance inherently possessed by the
phosphoric acid. Further, the phosphoriec acid residues
may catalyze curing of the resultant coated film and may )
provide flexibility to the coated film. The hydrolyzed
modified epoxy phosphate ester resins contain a small
quantity of diesters, triesters and free phosphoric acid
in addition to monoesters, but contain almost no epoxy
groups.

In the process of the present invention, the
polyamide modified epoxy phosphate ester resins can be
made water dispersible by adding at least one amine
compound to the résin to adjust its pH from 7 to 10,

39,593-F =17~
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adding dropwise water, and then stirring the obtained
product. If the pH of the adjusted polyamide modified
epoxy phosphate ester resin is outside the pH range from
7 to 10, the resultant water dispersion will have poor
dispersion stability.

Suitable amine compounds which can be used in
the present invention include, those described in U.S.
Patent Nos. 4,289,812 and 4,397,970, for example,
alkanol amines such as N,N-dimeéthylethanol amine.
Par:icularly preferred is an amine mixture prepared by

‘mixing N,N-dimethylethanol amine and diethanol amine at

a weight ratio of 50:50 to T70:30.

In the present invention, neutralization can be
effected at room,temperature. However, if the reaction
mixture has high viscosity due to its high solid content
or use of resins with high molecular weight, the
reaction‘mixturé can be heated at a temperature lower
than the boiling point of the amine compound used.

In the case of adding water to the neutralized
modified epoxy phosphate ester resin, lower water adding
rate, more vigorous agitation and longer aéitation will
result in smaller particle size of the resins when
dispersed in water. Further, to improve agitation
efficiency, the reaction mixture may be heated to reduce
the viscosity of the reaction mixture. In general, the
addition of water and the agitation of the reaction
mixture are carried out at 20°C to 90°C in view of the
boiling point of water and the amine compound used. The
water addition and the agitation thereafter can be
conducted for 30 minutes or more, preferably from 1 to
10 hours; respectively. If the time for the water
addition is less than 30 minutes, the resultant resins

39,593~F =18~
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will have large particle size when dispersed in water,
resulting in poor dispersion stability. The amount of
water added may generally be greater than that of the
organic solvent added.

The polyamide modified epoxy phosphate ester
resins of the present invention can be incorporated with
water and known curing agents to prepare a water-borne
coating composition. The water-borne coating
composition may be a water dispersion whieh contains a
resin having an average'partiele size of preferably from
10 nm to 2 microns, more preferably from 10 nm to 1
micron dispersed therein.

The polyamide modified epoxy phosphate ester
resins of the present invention can also be used to
prepare a solvent-borne coating composition. Suitable
organic solvents which can be used as diluent to adjust
viscosity include, for example, the above-mentioned
glycol tybe solventsy glycol monoether type solvents,
aleohol typé Solvents, aromatig type solvents and ketone
type solvents (such as methyl éthyl ketone, methyl
isobutyl ketone and cyclohexanone).

If desired, these coafing compositions may
comprise an appropriate amount of a reaction
accelerator, dye, pigment, filler, surfactant, flow
modifier and mixtures thereof.

'As mentioned above, according to the present
invention, epoxy resins can be made water dispersible,
and can be dispersed in water in the form of extremely
fine particles. Accordingly, the epoxy resins according
to the present invention can be effectively used in

391593-"F “19»-'
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coating applications such as spray coating and roll
coating.

Examples and Comparative Examples

The present invention will now be described in
more detail with refererce to the following Examples and
Compabative Examples, which are not construed as
limiting. In the Examples and Comparative Examples, all
of the percentages and parts are by weight unless
otherwise indicated.

Polyamide Dicarboxylie Acid Synthesis Example

A reaction vessel was charged with 950 parts of
€36-dimer acid [Haridimer™ 300 (manufactured by Harima
Kasei Kogyo) monomer=1 percent; dimer=97 percent;
trimer=2 percent; acid value=195 mgKQH/g] and 53 parts
of ethylene diamine.i The reaction was carried out in a
nitrogen current at 60°C for 30 minutes ih the absence
of a ecatalyst. Then the temperature was elevated to
240°C over a period of 2 hours by heating. The reaction
mixture was maintained at this temperature for 3 hours,
and naturally cooled to room temperature.

The polyamide dicarboxylic acid obtaired had an
amine value of 1 and an acid value of 91 mgKOH/g.

Examples 1 to 6

A reaction vessel equipped with a condenser was
charged with a‘diglyeidyl ether of bisphenol A (D.E.R.™
331L; Trademark of The Dow Chemical Company), bisphenol
& and a TO percent methanol solution of
ethyltriphenylphosphonium acetate-acetic acid complex
at a ratio as indicated in Table 1. The reaction was

39,593-F «20=
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carried out in a nitrogen current at 160°C for 1 hour,
Thereafter, a mixed solvent containing Dowanol™ PM and
Dowanol™ EB (1:1 weight ratio) was added to the reaction
mixture to adjust a solid concentration from 72 to 77
percent and to cool the reaction mixture to 125°C.

5
And then, a solution prepared by diluting
phosphoric acid having a concentration of 105 perc¢ent in
an amount, as indicated in Table 1, 4 times as moles of
a mixed solvent containing Dowanol™ PM and Dowanol™ EB
10 {1:1 weight ratio) as that of phosphoric acid, was added
dropwise to the reaction product over a period of 20
minutes for reaction. Water was added to the reaction
product in an amount as indicated in Table 1 for
15 hydrolysis to obtain polyamide modified epoxy phosphate
ester resins.
The amount of the starting materials used in
Examples 1 to 6 are also as shown in Table 1 in parts by
o9 Weight. '
Table 1
| Example Com?:?ent Com?:?ent COm?z?ent‘Com?;:ent ' Water Catalyst
21 Ex. 1 732& ! 166 5 4 10 0.5
Ex. 2 319 156 25 a 10 0.5
| ex. 3 | a8e 231 80 6 17 0.7
| Ex. 4 281 119 100 a 10 0.4
3d Ex. 5 497 263 | a0 6 17 0.7
Ex. 6 490 270 40 6 17 0.7

The resins obtained as above were heated to

80°C, and subjected to neutralization with a mixture of
N,N-dimethylethancl amine and diethanol amine to adjust

39,593<F w2 l=
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its pH from 7 to 10. Thereafter, to each of the thus
obtained resins, water was added dropwise over a period
of 1 hour, and the mixture was stirred for 1 hour, to
obtain water dispersions.

Comparative Example 1

A reaction vessel equipped with a condenser was
charged with 385 parts of a diglycidyl ether of
bisphencl A (D.E.R.™ 331L; Trademark of The Dow Chemical
Company), 115 parts of bisphenol A and 0.1 parts of
ethyltriphenylphosphonium acetate.acetic acid complex
(in a 70 percent methanol solution). The reaction was
carried out in a nitrogen current at 175°C for 1 hour,
to cobtain an epoxy resin having an epoxy equivalent of
460. Thereafter, 50 parts of Dowanol™ EB was added to
the reaction mixture to eool the reaction mixture to
130°C.

And then, a solution prepared by diluting 3
parts of phosphoric acid having a ¢onecentration of 105
percent with 12 parts of Dowanol™ EB, was added dropwise
to the reaction produet .over a period of 30 minutes for
reaction. To this, 19 parts of water was added for
hydrolysis to obtain an epoxy phosphate ester resin
which was not modified with polyamide.

The resin obtained as above was heated to 80°C,
and subjected to neutralization with a mixture of
N,N-dimethylethanol amine and diethanol amine to adjust
its pH from 7 to 10. Thereafter, to the thus obtained
resin, water was added dropwise over a pericd of 1 hour,
and the mixture was stirred for 1 hour, to cobtain a
water dispersion.

392593*F g
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Comparative Example 2

To a reaction vessel equipped with a condenser,
250 parts of a diglycidyl ether of bisphenol A (D.E.R.™
669E (Trademark of The Dow Chemical Company) was mixed
with 90 parts of Dowanol™ EB, and dissolved by heating
at 125°C. Thereafter, a solution‘prepared by diluting 2
parts of phosphoric acid having a eoncentration of 105
percent with 12 parts of Dowanol™ EB, was added dropwise
to the reaction product over a period of 30 minutes for
reaction. To this, 5 parts of water was added for
hydrolysis to obtain an epoxy phosphate ester resin
which was not modified with polyamide.

The resins obtained as above were heated to
80°C, and subjected to neutralization with a mixture of
N,N-dimethylethanol amine and diethanol amine to adjust
its pH from 7 to 10. Thereafter, to the thus obtained
resin, water was added dropwise over a period of 1 hour,
and the mixture was stirred for 1 hour, to obtain a
water dispersion.

The properties of the resins obtained are as
shown in Table 2. 1In Table 2, "N. V." means the amount
of non-volatile components contained in the final
products; "Mw" means a weight average molecular weight
of the resins; “"pH" means a pH of the dispersions
obtaineds "Particle Size™ means a particle size of the
resins dispersed; and "Appearance' means the appearance
of the dispersions obtzined. The weight average
molecular weight was measured with a Gel Permeation
Chromatography (manufactured by Hewlett Packard&). The
particle size was measured with a laser scattering
particle size distribution analyzer (HORIBA LA-500).

39,593-F «23~
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The pH was measured with AT-210 manufactured by Kyoto

Electronics.
Table 2
5
K. V Organic Particle
Exampie *. . Solvent Mw Size pH Appearance
(%)
(%) (n)
Ex. 1 35 12 18,000 0.6 7.8 milky liquid
¢ Ex. 2 35 12 18,000 0.4 8.1 milky liquid
Bx. 3 35 10 18,500 G.4 8.2 milky liquid
Ex. 4 35 14 19,500 0.8 9.1 milky liquid
Ex. 5 35 12 18,500 0.7 7.6 milky liquid
1t Ex. 6 35 14 21,000 1.0 7.6 milky liquid
Comp. Ex. 1 40 5 2,300 - - white solid
Comp. Ex. 2 28 12 16,000 9.9 8.6 milky liquid
20

As apparent from the réesults as shown in Table
2, in Examples 1 to 6, milky dispersions containing
epoxy resins having a fine particle size of from 0.4 to
1.0 micron dispersed therein, were obtained.

25 Accordingly, it waé confirmed that the resins obtained
according to the present invention can be effectively
used for water-borne coatings. On the cther hand, in
Comparative Example 1, the resultant product was
obtained in the solid form, and a dispersion was not

30 obtained. In Comparative Example 2, a dispersion
containing a resin having a coarse particle size of 9.9
mierons; was qobtained.

39,593-F ~2f =
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The claims defining the invention are as follows:

1. A water thinnable epoxy resin prepared by
(1) reacting:
(a) an epoxy resin having an average of greater
than one vicinal epoxy group;

(b) a phenolic compound having greater than one
hydroxyl group; and

(¢) a polyamide dicarboxylic acid having an amine
value of not greater than 20 and an acid value
of from 20 to 200, prepared by reacting a dimer
acid based polymerized fatty acid with diamine
ét a polymerized fatty acid/diamine molar ratio
of from 2:1.0 to 2:1.9,

333;. at a ratio of such that the weight ratio of
f::::,‘ : Componerit (a) to Component (b) ranges from 60:40 to
’(n€f 100;60 and the amount of the polyamide dicarboxylic
K acid segment in the resin ranges from 0.1 to 50
rgeeel percent by weight based on the weight of the total
amqunﬁAof comp0néﬁts (a), (b) and (c) to obtain a
E&sz polyamide modified epoxy resin having an acid value
;”si of not greater than 5; |
::‘3 (2) reacting the obtained polyamide modified epoxy resin
::3w: with (d) a pheéphbric acid source material to obtain
: fd anh epoxy phosphate ester resin; and then ‘

(3) hydrolyzing the obtained epoxy phosphate ester resin.

2. An epoxy resin according to claim 1, wherein Componest
(ay is selected from glycidyl ethers of bisphenol A,
bisphenol K, bisphenol F, bisphenol 8, bisphenol AD and
mixtutes thereof.

3. An epoxy resin according to c¢laim 1 or claim 2 wherein
Y compornient (b) is selerted from bisphenol A, bisphenol K,
bisphenol ¥, bhisphenol 8§, bisphenol AD and mixtures
thereof.
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4, An epoxy resin according to any one of claims 1 to 3
wherein the polymerized fatty acid of Component (c) is
selected from oleic acid, elaidic acid, cetoleic acid,
sorbic acid, linolic acid, linoleic acid and arachidonic
acid.

5. An epoxy resin according to any one of the preceding
claims wherein the diamine of Component (c) is selected
from ethylene diamine, 4,4-methylene dianiline,
N-oleyl-1,3-propane diamine, metaxylene diamine,
hexamethylene diamine, isophorone diamine and mixtures
thereof.

6. An epoxy resin according to any one of the preceding

clgimS*wherein Component (d) is a phosphoric acid aqueous

Lo sélution. having a phosphoric acid concentration of at

‘f,: least 18 percent, a phosphoric acid organic solution or a
:'a phosphoric acid concentrate.

7. A proaesé for prépariné a water thinnable epoxy resin,
which includes:
(1) reacting:
%o (a) an epoxy resin having an average of greater
than one vicinal epoxy %%bup;

(b) a phenolic campdund having greater than one
. v ‘ hydroxyl group; and

(c) a polyamide dicarboxylic acid having an amine
value of not greater than 20 and an acid value
of from 20 to 200, prepared by reacting a dimer
acid based polymerized tatty acid with diamine
at a polymerized fatty acid/diamine molar ratio
of from 2:1.0 to 2:1.9,

at a ratio of such that the weight ratio of
Component (a) to Component (b) ranges from 60:40 to
160:60 and the amount of the polyamide dicarboxylic
acid segment in the resin ranges from 0.1 to 50
percent by weight based on the weight of the total
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amount of Components (a), (b) and (c¢) to obtain a
polyamide modified epoxy resin having an acid value
of not greater than 5;

(2) reacting the obtained polyamide modified epoxy resin
with (d) a phosphoric acid source material by adding
the phosphoric acid source material dropwise to the
polyamide modified epoxy resin to obtain an epoxy
phosphate ester resin; and then

(3) hydrolyzing the obtained epoxy phosphate ester resin.

A process according to ¢laim 7 which further includes (4)
adding at least one amine compound to the obtained epoxy
phosphate ester‘resin to adjust its pH from 7 to 10; and
then (5) addingfwatér dropwise to the obtained resin.

A process é@éogdinq to claim 7 or 8 wherein Component (a)
is selected from glyeidyl ethers of bisphenol A,
bisphenol K, bisphenol F, bisphenol S, bisphenol AD and
mixtures thereof. .

A proééss‘aCCcrding,tb any one of claims 7 to 9 wherein
Component (b) is selected from bisphenol A, bisphenol K,
bisphenol F, bisphenol S, bisphenol AD and mixtures
thereof,

A process according to any one of claims 7 to 10 wherein
the polymerized fatty acid of Component (c) is selected
from oleic acid, elaidic acid, <cetoleic acid, sorbic
acid, linolic acid, linoleic acid and arachidonic ac¢id.

& process according to any one of claims 7 to 11 wherein
the diamine of Compenent (¢) is selected from ethylene
diamine, 4,4-methylene dianiline, N-oleyl-1l,3-propane
diamine, metaxylene diamine, hexamethylene diamine,
isophororie diamine and mixtures thereof.

& process according to any one of ¢laims 7 to 12 wherein
Component (dy is a phosphoric acid aqueous solution
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having a phosphoric acid concentration of at least 18
percent, a phosphoric acid organic solution or a
phosphoric acid concentrate.

A coating composition comprising an epoxy resin according
to any one of claims 1 to 6.

A water - ‘thinnable epoxy resin substantially as
hereinbefore described with reference to examples 1 to 6.
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ABSTRACT

A Watér‘thinnable epoxy resin prepared by

€1) reacting:

(a)

(b}

(e)

¥

- y \ ,
an epoxy resin having an average of greater
than one vieinal epoxy group;

a phenolic compound having greater than one
hydroxyl group; and

a polyamide dicarbexylie¢ acid having an
amine value of not greater than 20 and an
a¢id value of from 20 to 200, prepared by

. reacting a dimer acid based polymerized

fatty aecid with diamine at a polymerized
fatty acid/diamine molar ratio of from 2:1.0
to 2:1.9,

at a ratio of sSuch that the amount of the
polyamide dicarboxylic acid segment in the resin
ranges from 0.1 to 50 percent by weight based on
the weight of the resin, to obtain a polyamide

39+593=F
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modified epoxy resin having an acid value of not
greater than 53

reacting the obtained polyamide modified epoxy
resin with (d) a phosphoric acid source material
to obtain an epoxy phosphate ester resinj and then

hydrolyzing the obtained epoxy phosphate ester
resin, is disclosed. A process for preparing‘the
water thinnable epoxy resin is also disclosed.

39 ;593-1" 7 “36*
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