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2030 Dow Center, Abbott Road
Midland, Michigan 48640, U.S.A.
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POLYAMIDE EPOXY ESTER RESIN, PROCESS FOR PREPARATION THEREOF, AND
COATING COMPOSITION
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THE DOW CHEMICAL COMPANY

2030 Dow Center, Abbott Road

Midland, Michigan 48640, U.S.A.
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1 .
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(or, in the case of an application by a body corporate)
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. kFemfWe-are-the-aetualinventer(s)ef-theinvention.
((%L where the applicant(s) is/are not the actual inventor(s))

Kaoru Ohba, Sungridge 201, 59-2 Tomisawa, Susono-Shi,
Shizuoka-Ken, Japan

is/are'the actual inventor(g) of the invention and the facts upon which the
applicant(g] is/ape entitled to make the application are as follows:
® ““Applicant is the Assignee of the said invention from DOW
CHEMICAL JAPAN LIMITED.

(Note: Paragraphs 3 and 4 apply only to Convention applications)
3. The basic application(g) for patent or similar protection on which the application is
" based is/ape’identified by country, filing date, and basic applicant(s) as follows:

Japan
28 April 1989
DOW CHEMICAL JAPAN LIMITED

4. The basic application(g) referred to in paragraph 3 hereof was/were the first
application(g) made in a Convention country in respect of the invention the
subject of the application.
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(57) Claim

1. A polyamide epoxy ester resin having a
weight average molecular weight of 1,000 to 100,000, an
epoxy mquivalent of 500 to 10,000 and an acid value of
not greater than 10, which is prepared by reacting

(i) at least one epoxy resin which is a glycidyl
ether of a dihydric phenol,

(ii) at least one dihydric phenol; and

(iii) a polyamide dicarboxylic acid having an amine
value of not greater than 20 and an acid value of at
least 20, which is prepared by reacting a polymerized
fatty acid derived from a dimer acid with a 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 amount of the
polyamide dicarboxylic acid segment in the resin ranges

1 to 30 percent by weight based on the weight of the
resin.

6. A process for the preparation of the

polyamide epoxy ester resin of Claim 1., which comprises

reacting a liquid epoxy resin derived from a bisphenol

../2



(11) AU-B-54525/90 | -2-
(10) 618475

with a bisphenol at a solid concentratic: »f 70 to

100 percent by weight, and subjecting thc¢ obtained solid
epoxy resin having an epoxy equivalent of 500 to 5,000
and a weight average molecular weight of 2,000 to 50,000
to esterification polymerization with the polyamide
dicarboxylic acid of Claim 1, at a solid concentration
of 60 to 100 percent by weight.
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POLYAMIDE EPOXY ESTER RESIN, PROCESS FOR PREPARATION
THEREOF AND COATING COMPOSITION

The present invention relates to a novel
polyamide epoxy ester resin, a process for the
preparation thereof, and a coating composition
comprising the polyamide epoxy ester resin.

The polyamide epoxy ester resin of the present
invention is useful as a coating resin to be applied
where strong adhesiveness, greater pliability, and high
corrosion resistance are required. The resin of the
present invention is especially useful for coating a
steel sheet coil to be subjected to draw-forming or
shearing, and particularly for coating the inner surface
of a can such as a food can or beverage can.

In the canned products industry, producers all
over the world tend to follow Title 21 of the Code of
Federal Regulation (21 CFR) regulation by the Food and
Drug Administration (FDA) of the United States as the
standard for inner surface paints for food cans and
beverage cans. For epoxy resin coating compositions,
usable curing agents, catalysts and additives are
strictly restricted by 21 CFR 175.300 (b)(3)(viii).

379857"}? ‘10.‘
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Heretofore, high-molecular-weight epoxy resins
esterified with a vegetable oil fatty acid have been
used for improving ihe pliability and processability of
inner surface coatings of cans. However, these resins

have an unsatisfactory workability and pliability.

Modification of epoxy resins with a polymerized
fatty acid (dimer acid) gives an excellent curing
characteristic, workability, pliability and
This polymerized fatty acid itself is not
listed as an epoxy resin additive in 21 CFR. On the
other hand, a polyamide obtained from a dimer acid and a
diamine is listed in 21 CFR 175.300 (b)(3)(viii),

thus a polyamide amine is used as a curing agent.

adhesiveness.

and

The
polyamide amine, however, has a poor compatibility with

an epoxy resin and the pot life of the obtained using
the epoxy resin paint is short. Accordingly, the

polyamide is currently used as an ingredient for a two-
pack type paint.

An object of the present invention is to
provide a modified epoxy resin for a coating composition
prepared from materials listed in regulation 21 CFR
175.300 (b)(3)(viii), which has a coating performance
equivalent to, or better than,
modified epoxy resin.

that of a dimer acid-

Another object of the present invention is to
provide a modified epoxy resin which has paint stability
and curing characteristics equivalent to, or better
than, those of a conventional epoxy resin.

Still another object of the present invention
1s to provide a process for the preparation of such a

37 9857-F
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modified epoxy resin and a coating composition

comprising

such a resin.

According to one aspect of the present

invention,

there is now provided a polyamide epoxy ester

resin having a weight average molecular weight of 1,000

to 100,000,

preferably 20,000 to 50,000, an epoxy

equivalent of 500 to 10,000, preferably 1,000 to 5,000,
and an acid value not greater than 10, preferably not
greater than 5, which is prepared by reacting

(1)

(ii)

(1ii)

at least one epoxy resin which is a glycidyl
ether of a dihydric phenol;

at least one dihydric phenol; and

a polyamide dicarboxylic acid having an
amine value not greater than 20, preferably
not greater than 5, and an acid value of at
least 20, preferably at least 50, which is
prepared by reacting a polymerized fatty
acid derived from a dimer acid with a
diamine at a polymerized fatty acid/diamine
molar ratio of from 2/1.0 to 2/1.9,
preferably 2/1.05 to 2/1.2 (an equivalent

ratio of from 1/1.0 to 1/1.9, preferably
from 1/1.05 to 1/1.2),

at a ratio such that the amount of the polyamide
dicarboxylic acid segment in the resin ranges 1 to

37,857-F
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30 percent by weight, preferably 5 to 20 percent by
weight, based on the weight of the resin.

Another aspect of the present invention relates
to a process for preparing the polyamide epoxy ester
resin as mentioned above.

Still another aspect of the present invention
relates to a coating composition comprising the
polyamide epoxy ester resin as mentioned above.

The polyamide epoxy ester resins of the present
invention have a weight average molecular weight of
1,000 to 100,000, an epoxy equivalent of 500 to 10,000
and acid value of not greater than 10. If the weight
average molecular weight of the resin is less than 1,000
or the epoxy equivalent of the resin is less than 500,
the concentration of the secondary hydroxyl group in the
resin decreases. The resin's secondary hydroxyl groups
are believed to contribute to the resin's adhesiveness
property and if the concentration of the
resin's/secondary hydroxyl groups decrease, the resin
exhibits poor adhesives. If the weight average
molecular weight of the resin exceeds 100,000 or the
epoxy equivalent of the resin exceeds 10,000, the
viscosity of paint formed from the resin is too high and
the paint has poor practical utility. Moreover, when
the adhesiveness of the resin is reduced, peeling or
other problems arise during use of the resin. If the
acid value exceeds 10 in the polyamide epoxy ester
resin, when the resin is used as a paint, the
extractability of the formed coating with water and an
organic solvent is increased, and thus the paint is not
suitable as a paint for cans.

37)857‘F -14-
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Suitable epoxy resins, component (i), which can
be used in the present invention include, for example.

bisphenol type liquid epoxy resins preferably having a

weight average molecular weight of 340 to 500 and an

5 well described in the art for example, "The Handbook of
Epoxy Resins" by H. Lee and K. Neville, published in
1967 by McGraw-Hill, New York.

Suitable epoxy resins which be used in the

10

present invention may be represented by the general
formula:

H
o (X0 (X)s 7 (X0 (X)a‘l °
o}

CH-CH,-0 -@—— A _@_

CH, CH,-CH-CH-O A-@—o CH,-CH

20 wherein each A is independently a divalent hydrocarbon
group having from 1 to 8 carbon atoms, -C-, -0- -S-,
"
0
25 H3
0 i
It -C-
-S-S- , ~-S- , -S-,
I I
0 0
30
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- or a covalent bond; each X is independently hydrogen,

halogen or an alkyl group of 1 to 4 carbon atoms and n
has an average value of 0 to 1 depending on the desired
molecular weight of epoxy resin. The epoxy resins can
be prepared from epichlorohydrin and a dihydric phenol.
Preferred epoxy resins useful in the present invention
are diglycidyl ethers of bisphenol A, bisphenol F,
bisphencl K and bisphenol AD. The most preferred epoxy
resins useful in the present invention are D.E.R™ 383
and D.E.R™ 331 (trademarks of The Dow Chemical Company)
available from The Dow Chemical Company.

Suitable dihydric phenols, component (ii),
which can be used in the present invention include, for

example, bisphenols such as those represented by the
formula:

(X)y (X)y

HO A OH

wherein X and A are as defined above. Particularly
suitable dihydric phenols which can be used in the
present inventions are bisphenol A, bisphenol F,
bisphenol K and bisphenol AD.

Preferably, components (i) and (ii) are used
herein in an amount so as to provide a weight ratio of
components (i) to (ii) of from 60:40 to 100:0, more
preferably from 90:30 to 90:70.

Suitable polyamide dicarboxylic acid, component
(iii), which can be used in the present invention

37’857-F -6-
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preferably have an amine value of not greater than 20
and an acid value of at least 20. If the amine value of
the acid exceeds 20, the viscosity of paint prepared
using the acid is too high. If the acid value of the
acid is less than 20, the molecular weight of the
polyamide is very high (for example, the weight average
molecular weight is 10,000 or higher), and the
compatibility of the polyamide with an epoxy resin or an
organic solvent is poor when said combination will be
used for a paint.

The polyamide dicarboxylic acid can be prepared
by subjecting a polymerized fatty acid composed mainly
of a dimer acid as major component to an amidation
reaction at a polymerized fatty acid/diamine molar ratio
of from 2/1 to 2/1.9. The terminal groups of the
polyamide dicarboxylic acid differ from those of a
polyamide amine usually used as a curing agent for an
epoxy resin. Namely, in the usual curing agent
polyamide amine, the dimer acid/polyamine molar ratio is
from 1/1 to 1/2 (equivalent ratio of from 1/2 to 1/4) at
the reaction, and therefore, the terminal groups consist
of amine groups. On the other hand, in the polyamide
dicarboxylic acid used in the present invention, the
dimer acid/diamine molar ratio is from 2/1 to 2/1.9
(equivalent ratio of from 1/1 to 1/1.9), and therefore,

the terminal groups consist of carboxylic acid groups.

If the polymerized fatty acid/diamine molar
ratio is higher than 2/1.0, the carboxyl group
concentration is higher than the amide group
concentration and the resultant resin from the amidation
reaction is regarded as a polymerized fatty acid rather
than as a polyamide. If the reaction is carried out at
the above molar ratio lower than 2/1.9, it is,

37,857-F -T-
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theoretically, impossible to synthesize a polyamide
dicarborylic acid having an amine value not greater than
20 and an acid value of at least 20.

The term "dimer acid" refers to a dimer of an
unsaturated fatty acid. In general, the polymerized
fatty acid contains a small amount (up to 10 percent) of
a monomer and/or trimer. The unsaturated fatty acids
include a carboxylic acid compound having 12 to
24 carbon atoms (inclusive of the carbon atom of the
carboxyl group), preferably 16 to 18 carbon atoms, and
at least one unsaturated bond in the molecule. Examples
of the fatty acids useful in the present invention
include fatty acids having one unsaturated bond such as
oleic acid, elaidic acid and cetoleic acid; fatty acids
having two unsaturated bonds such as sorbic acid and
linoleic acid; and fatty acids having at least three
unsaturated bonds such as linoleic acid and arachidic
acid. In the present invention, commercially available
polymerized acids such as Haridimer™ 300 and
Haridimer™ 200 (trademarks of Harima Kasei Kogyo;
supplied by the same company), and Varsidam™ 288
(trademark of Henckel-Hakusuisha; 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)(viii)(b), for example, ethylene diamine,
4,4'-methylene dianiline and N-oleyl-1,3-propane
diamine.

The reaction between the polymerized fat:y acid
and the diamine can be carried out by a known
polymerization process. In general, a mixture of a

polymerized fatty acid composed mainly of a dimer acid

37,857-F -8-



and a diamine is heated at a temperature of 120 to 250°C
in a reaction vessel equipped with a device for removing
water which is formed as a by-product during the
amidation reaction. The reaction vessel ié provided
with a distillation column or a condenser and a water-
separating tube as the water-removing device.
Typically, in a nitrogen current, the temperature of the
reaction marked is gradually increased from room
temperature to 100 to 120°C over a period of 1 to

10 1.5 hours, to avoid evaporation of the amine monomer,
and the reaction mixture is maintained at this

T temperature for 0.5 to 1 hour to effect the reaction.

f"s Then, the temperature of the reaction material is

. increased to 200 to 250°C for 1 to 1.5 hours and the

vt+ 15 reaction is carried out for 1.0 to 3.0 hours.

If polyamide dicarboxylic acid synthesized
according to the above method is dissolved in an inert
organic solvent having a boiling point higher than

. 20 130°C, the handling of the polyamide dicarboxylic acid
':n' at the subsequent steps becomes easier. An example of
::P: an organic solvent well know is Solvesso™ 100

o (trademark of Esso Standard; available from the same

TRK company) which is a mixture of hydrocarbons.

25
In the present invention, the polyamide
dicarboxylic acid, component (iii), is used aé the means
“, for introducing a dimer acid skeleton into the epoxy
o 30 resin. The amide bond has a large polarity and

increases the cohesive force of the coating or the
coating strength. However, the amide bond has an
adverse influence on the solubility of polyamide
dicarboxylic acid in an organic solvent. Thus, the
greater the amide group concentration becomes, the more
difficult the uniform dissolution begomes. Accordingly,

377857—F —9_
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if the proportion of polyamide dicarboxylic acid
segments in the polyamide epoxy ester resin is larger
than 30 percent, the amide group concentration is
increased and it is difficult to obtain a uniform paint
using the resin. Furthermore, a soft coating is
obtained using a resin having a fatty acid si-eleton
concentration which is high, the obtained coating is
soft and the coating is easily damaged during various
working operations. Therefore, paint prepared from said
resin is not suitable as a paint for an inner surface of
a can, for which a high safety factor is required. If
the proportion of the polyamide dicarboxylic acid
segments is smaller than 1 percent, a resin having
properties advantageous over the properties of a fatty

acid-modified epoxy resin can not be obtained.

The polyamide epoxy ester resin of the present
invention can be prepared by any of the following
processes:

(a) A process comprising reacting a bisphenol
type liquid epoxy resin with a bisphenol at a solid
concentration of 70 to 100 percent in the presence of a
catalyst at a temperature of 120 to 200°C, and
subjecting the resultant bisphenol type solid epoxy
resin having an epoxy equivalent of 500 to 5,000 and a
weight average molecular weight of 2,000 to 50,000 to
esterification polymerization with a polyamide
dicarboxylic acid as set forth above at a solid
concentration of 60 to 100 percent.

(b) A process comprising reacting a bisphenol
type liquid epoxy resin with a polyamide dicarboxylic
acid as set forth above at a solid concentration of

80 to 100 percent at a temperature of 120 to 200°C, and

37,857-F -10-
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subjecting the obtained semi-solid or liquid polyamide
epoxy ester resin having an acid value not greater than
5, an epoxy equivalent of 180 to 300 and a weight
average molecular weight of 500 to 3,000 to
etherification polymerization with a bisphenol at a
snlid concentration of 60 to 100 percent in the presence
of a catalyst at a temperature of 120 to 200°C.

(c¢) A process comprising condensing a
bisphenol with a polyamide carboxylic acid as set forth
above at a solid concentration of 80 to 100 percent at a
temperature of 120 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
500 to 3,000 to etherification polymerization with a
bisphenol type liquid epoxy resin at a solid
concentration of 60 to 100 percent in the preserce of a
catalyst at a temperature of 120 to 200°C.

(d) A process comprising condenéing a
bisphenol type liquid epoxy resin, a bisphenol and a
polyamide dicarboxylic acid as set forth above at a
solid concentration of 60 to 100 percent at a
temperature of 120 to 200°C.

In the above-mentioned processes (a) through
(d), the reaction time is generally short and may be
3 to 15 hours, although the reaction time may be changed
according to the reaction temperature, the solid
concentration, the amount added of the catalyst and the
like. The reaction may be carried out in a closed
system or with refluxing under normal pressure. The
reaction can be carried out in air. but preferably is
carried out in an inert gas atmosphere, for exampie, in
a nitrogen current. In the above-mentioned process (c)

377857"F -11-
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and (d), 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 process (a), the bisphenol type solid
epoxy resin can be obtained by reacting a bisphenol type
liquid epoxy resin with a bisphenol. Altarnatively, '
commercially available solid epoxy resins having an
epoxy equivalent of 300 to 3,500, can be used. Examples
of the resins used herein are Epikote™ 1001 and
Epikote™ 1007 (trademarks of Yuka Shell Epoxy;
available from the same company) and D.E.R.™ 661,
D.E.R.™ 664 and D.E.R.™ 669 (trademarks of The Dow
Chemical Company; available from the same company).

Suitable solvents which can be used in the
polymerization reaction system in the processes (a)
through (d), include inert solvents having a good
compatibility with an epoxy resin and a boiling point
higher than 130°C, especially higher than 140°C.

Examples of the solvents used herein are glycol type
solvents such as ethylene glycol and propyléne glycol;
glycol monoether type solvents such as ethylene glycol
monoethyl ether and ethylene glycol monobutyl ether;
acetate type solvents such as propylene glycol
monomethyl ether acetate and butyl acetate; alcohol type
solvents such as amyl alcohol and cyclohexanol; ketone
type solvents such as cyclohexanone and
diisobutylketone; and aromatic solvents such as xylene
and Solvesso™ 100 (supplied by Esso Standard). Of
these solvents, an acetate type solvent, a ketone type
solvent, and an aromatic non-alcoholic solverit are
especially preferred. These solvents can be used singly
or as a mixture of two or more thereof. Where a

37,857-F -12-
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carboxyl group is present in the reaction system, if a
cellosolve type solvent or alcoholic solvent having a
hydroxyl group is used at a high concentrab;on, an
esterification reaction occurs between the solvent and
the carboxyl group and the amount of the formed oligomer
is increased. Accordingly, the amount ¢f solvent used
herein is preferably not greater than 5 percent by
weight based on the total solids.

A coating composition can be prepared by using
the polyamide epoxy ester resin of the present
invention. = The coating composition may comprise the
polyamide epoxy ester resin and a curing agent at a
weight ratio of from T70/30 to 95/5, preferably from
80/20 to 95/5, and further comprises 500 to 50 parts by
weight, preferably 400 to 100 parts by weight of an
organic solvent, per 100 parts by weight of the total
solids (the total weight of the modified epoxy resin and
curing agent) in the composition. Suitable curing
agents which can be used herein (include, for example,
melamine formaldehyde, phenol formaldehyde, urea
formaldehyde, allyl ether monomethylol phenol, allyl
ether dimethylol phenol, allyl :ther trimethylol phenol,
4,4'~-sec-butylidene diphenol formaldehyde and
4,4'-isopropylidene diphenol formaldehyde.

Other preferred curing agents which can be used
herein include, for example, linear aliphatic amines
such as ethylene diamine and N-oleyl-1,3-propane
diamines cyclic amines such as menthane diamine,
isophorone diamine, bis(4-amino-3-
methyldicyclohexyl)methane, diaminodicyclohexyl-methane
and bis(aminomethyl)cyclohexane; aliphatic aromatic
amines such as m-xylene diamine; and aromatic amines
such as metaphenylene diamine, 4,4'-methylene dianiline,

37,857~F -13-
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diaminodiphenyl sulfone and diaminodiethyl-diphenyl
methane.

Suitable solvents which can be used herein
include, for example, the above-mentioned glycol type,

acetate type, alcohol type, ketone type and aromatic
solvents.

In some cases, the above-mentioned coating
composition may further comprise additives, for example,
flow control agents such as polyvinyl butyral, silicone
0oil, silicone resin and fluorocarbon.

The above-mentioned coating composition is
effectively used in applications where a strong
adhesiveness, high pliability, and high corrosion
resistance are required, particularly for coating a coil
of a steel sheet to be subjected to draw-forming or
shearing, and especially for coating the inner surfaces
of cans such as food cans and drink cans.

Examples

The present invention will now be described in
detail with reference to the following examples. In the

examples, all of the percentages and parts are by weight
unless otherwise indicated.

In the examples, the weight average molecular
weight, acid value, epoxy equivalent, and amine value of
the resin were determined by the following methods.

Weight Average Molecular Weight. The weight
average molecular weight measurement of the resin was

based on the calibration curve of reference polystyrene

377857-F -1’4"
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(supplied by Showa Denko) by gel permeation
chromatography (using a polystyrene column).

Acid Value. The acid value of the resin was
determined as follows: A polyamide dicarboxylic acid or
polyamide epoxy ester resin was dissolved in
tetrahydrofuran (THF)/methylene chloride (1/5), and the
titration was carried out with an N/10 ethanol solution
of KOH by using Phenol Phthalene as the indicator. The
acid value was given by the following formula:

Acid Value = (56.11/10 x A)/W

wherein A stands for the amount (mf) of the KOH
solution required for the titration, and W
stands for the weight (g) of the solid of the
polyamide dicarboxylic acid or polyamide epoxy
ester resin.

Amine Value. The amine value of the resin was
determined as follows: The polyamide dicarboxylic acid
or polyamide epoxy ester resin was dissolved in THF and
the titration was carried out with an N/50 aqueous
solution of HCf by using Bromophenol Blue as the

indicator. The amine value was given by the following
formula:

Amine Value = (56.11 x A x 0.02)/W

wherein A stands for the amount (mf) of the N/50
aqueous solution of HCf required for the
titration, and W stands for the weight (g) of
the solid of the polyamide carboxylic acid or
polyamide epoxy ester resin.

377857-F -15-
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Epoxy Equivalent. The epoxy equivalent of the
resin was measured according to JIS K-7236.

Note, methylene chloride was used as the
solvent for dissolving the polyamide epoxy ester resin.

Polvamide Dicarboxylic Acid Synthesis Example 1

A reaction vessel was charged with 947 parts of
| C3p-dimer acid [Haridimer™ 300 (marketed by Harima Kasei
é 10 Kogyo); monomer = 1 percent, dimer = 97 percent, trimer
= 2 percent, acid value = 195] and 53 parts of ethylene
diamine, and the reaction was carried out in a nitrogen
current at 60°C for 30 minutes in the absence of a
catalyst. Then the temperature was elevated to 120°C
' 15 over a period of 1 hour by heating, and the reaction
L mixture was maintained at this temperature for about
30 minutes. The temperature was then elevated to 240°C
over a period of 1 hour by heating, and the reaction
mixture was maintained at this temperature for 2 hours
and naturally cooled to room temperature, and
. - accordingly, 968 parts of a polyamide carboxylic acid
RSN having an amine value of 1 and an acid value to 91 were
obtained. The polyamide carboxylic acid was diluted to
..‘f o5 @ solid content of 50 percent by weight with
Solvesso™ 100 to obtain a 50 percent polyamide
dicarboxylic acid solution (hereinafter referred to as
"polyamide dicarboxylic acid solution A"). In this
polyamide dicarboxylic acid solution A, the amount of
30 the units derived from dimer acid corresponded to about

45 percent by weight (about 90 percent based on the
solid).

20
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Polyamide Dicarboxvlic Acid Synthesis Example 2

A reaction vessel was charged with 830 parts of
Haridimer™ 300 and 170 parts of 4,4'-methylene
dianiline, and the reaction was carried out in a
nitrogen current at 60°C for 30 minutes in the absence
of a catalyst. Then the temperature was elevated to
120°C over a period of 1 hour by h=ating, and the
reaction mixture was maintained at this temperature for
about 30 minutes. The temperature was then elevated to
240°C over a period of 1 hour by heating, and the
reaction mixture was maintained at this temperature for
2 hours and naturally cooled to room temperature to
obtain a polyamide carboxylic acid having an amine value
of 2 and an acid value of 69. The polyamide carboxylic
acid was diluted with Solvesso™ 100 to a solid
concentration of 50 percent by weight, to obtain a
50 percent polyamide dicarboxylic acid solution
(hereinafter referred to as "polyamide dicarboxylic acid
solution B"). In this polyamide dicarboxylic acid
solution B, the amount of the units derived from the
dimer acid corresponded to about 41.5 percent by weight
(about 83 percent based on the solid).

Example 1

A reaction vessel was charged with 500 rarts of
liquid epoxy resin D.E.R.™ 383 (liquid epoxy resin
marketed by The Dow Chemical Ccmpany; epoxy equivalent
= 176 to 183, viscosity = 9,000 to 10,500 est at 25°C),
283 parts of bisphenol A, 210 parts of Solvesso™ 100,
and 0.5 parts of ethyltriphenyl phosphonium phosphate,
the charge was heated at 160°C in a nitrogen current,
and the reaction was carried out for about 1 hour (when
a part of the formed epoxy resin was sampled and

37,857-F -17-
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analyzed, it was found that the weight average molecular
weight was 14,000 and the epoxy equivalent was 2,700).
Then 118 parts of the polyamide dicarboxylic acid
solution A were added to the reaction mixture, the
reaction was carried out at 160°C for about 3.5 hours,
842 parts »f cyclohexanone, 842 parts of propylene
glycol methyl ether acetate and 573 parts of
Solvesso™ 100 were added to the reaction mixture, and
the mixture was cooled to obtain a 25 percent solution
(having a viscosity of 540 cst at 25°C) of a polyamide
epoxy ester resin having an acid value smaller than 1,
an epoxy equivalent of 4,400, and a weight average
molecular weight of 41,000.

Example 2

A reaction vessel was charged with 500 parts of
a liquid epoxy resin D.E.R.™ 383, 290 parts of
bisphenol A4, 158 parts of Solvesso™ 100, and 0.5 parts
of ethyltriphenyl phosphonium phosphate, the charge was
heated at 160°C in a nitrogen current, and the reaction
was carried out for about 2 hours (when a part of the
formed epoxy resin was sampled and analyzed, it was
found that the weight average molecular weight wa.
19,000 and the epoxy equivalent was 3,500). Then
50 parts of the polyamide dicarboxylic acid solution A
was added to the reaction mixture, the reaction was
carried out at 160°C for about 2 hours, 815 parts of
cyclo-hexanone, 815 parts of propylene glycol methyl
ether acetate, and 632 parts of Solvesso™ 100 were
added to the reaction mixture, and the mixture was
cooled to obtain a 25 percent solution (having a
viscosity of 670 cst at 25°C) of a polyamide epoxy ester
resin having an acid value smaller than 1, an epoxy

37,857~F -18-~
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equivalent of 4,300, and a weight average molecular
weight of 49,000.

Example 3

A reaction vessel was charged with 500 parts of
solid epoxy resin D.E.R.™ 66, (solid epoxy resin
marketed by The Dow Chemical Company; epoxy equivalent
= 1600 to 2000, a softening point of 120 to 135°C),

100 parts of Solvesso™ 100, and 140 parts of the
polyamide dicarboxylic acid solution A, the charge was
heated at 160°C in a nitrogen current, and the reaction
was carried out for 1.5 hours. Then 1140 parts of
ethylene glycol monobutyl ether and 400 parts of
Solvesso™ 100 were added to the reaction mixture, and
the mixture was cooled Lo obtain a 25 percent solution
(having a viscosity of 680 est at 25°C) of a polyamide
epoxy ester resin having an acid value not greater than
1, an epoxy equivalent of 4,800, and a weight average
molecular weight of 51,000.

Example 4

A reaction vessel was charged with 500 parts of
liquid epoxy resin D.E.R.™ 3583 and 118 parts of the
polyamide dicarboxylic acid solution A, the charge was
heated at 180°C in a nitrogen current, and the reaction
was carried out for about 2 hours. -When a part of the
formed polyamide epoxy ester resin was sampled and
analyzed, it was found that the epoxy equivalent was
205 and the acid value was not greater than 1. Then
210 parts of Solvesso™ 100, 283 parts of bisphenol A
and 0.5 part of ethyltriphenyl phosphonium phosphate
were added to the obtained resin, the reaction was
carried out at 160°C for 3 hours, 842 parts of

37,857-F -19-
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cyclohexanone, 842 parts of propylene glycol methyl
ether acetéte, and 573 parts of Solvesso™ 1C0 were
added to the reaction mixture, and the mixture was
cooled to obtain a 25 percent solution (having a
viscosity of 580 cst at 25°C) of a polyamide epoxy ester
resin having an acid value not greater than 1, an epoxy
equivalen® of 4,000, and a weight average molecular
weight of 46,000.

Example 5

A reaction vessel was charged with 283 parts of
bisphenol A and 118 parts of the polyamide dicarboxylic
acid solution A, the charge was heated at 180°C in a
nitrogen current and the reaction was carried out for
2 hours while removing water formed as a by-product by
distillation. When a part of the formed polyamide
bisphenol was sampled and analyzed, it was found that
the hydroxyl groups equivalent was 143. Then 500 parts
of a liquid epoxy resin, 210 parts of Solvesso™ 100,
and 0.5 part of ethyltriphenyl phosphonium phosphate
were added to the polyamide bisphenol, the reaction was
carried out at 160°C for 3 hours, 842 parts of
cyclohexanone, 842 parts of propylene glycol methyl
ether acetate, and 573 parts of Solvesso™ 100 were
added to the reaction mixture, and the mixture was
cooled to obtain a 25 percent solution (having a
viscosity of 650 cst at 25°C) of a polyamide epoxy ester
resin having an acid value not greater than 1, an epoxy

equivalent 4,600, and a weight average molecular weight
of 49,000.

37,857-F -20-
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Example 6

A reaction vessel was charged with 500 parts of
liquid epoxy resin D.E.R.™ 383, 283 parts of
bisphenol A, 210 parts of Solvesso™ 100, and 0.5 part
of ethyltriphenyl phosphonium phosphate, the charge was
heated at 160°C in a nitrogen current, and the reaction
was -carried out for about 3 hours. Then 842 parts of
cyclohexanone, 842 parts of propylene glycol methyl
etherr acetate and 573 parts of Solvesso™ 100 were added
to the reaction mixture, and the mixture was cooled to
obtain a 25 percent solution (having a viscosity of
530 cst at 25°C) for a polyamide epoxy ester resin
having an acid value not greater than 1, an epoxy
equivalent of 4,200, and a weight average molecular
weight of 46,000.

Example 7

A reaction vessel was charged with 500 parts of
liquid epoxy resin D.E.R.™ 383 and 53.3 parts of the
polyamide dicarboxylic acid solution B, the charge was
heated at 180°C in a nitrogen current, and the reaction
was carried out for about 2 hours. When a part of the
formed polyamide epoxy ester resin was sampled and
analyzéd, it was found that the epoxy resin equivalent
was 192 and the acid value was smaller than 1. Then
180 parts of Solvesso™ 100, 292 parts of bisphenol A
and 0.5 parts of ethyltriphenyl phosphonium phosphate
were added to the resin, the reaction was carried out at
160°C for 3 hours, 819 parts of cyclohexane, 819 parts
of propylene glycol methyl ether acetate, and 614 parts
of Solvesso™ 100 were added to the reaction mixture,
and the mixture was cooled to obtain a 25 percent
solution (having a viscosity of 540 cst at 25°C) of a
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polyamide epoxy ester resin having an acid value not
greater than 1, an epoxy equivalent of 4,400, and a
weight average molecular weight of 53,000.

Comparative Example 1

A reaction vesse¢l was charged with 500 parts of
liquid epoxy resin D.E.R.™ 383 and 56 parts of
Haridimer™ 300, the charge was heated at 160°C in a
nitrogen current, and the reaction was carried out for
3 hours. When a part of the formed epoxy resin was
sampled and analyzed, it was found that the acid value
was not greater than 1 and the epoxy equivalent was 215.
Then 275 parts of bisphenol A, 156 parts of
Solvesso™ 100, and 0.5 parts of ethyltriphenyl
phosphonium phosphate were added to the epoxy resin, the
reaction was carried out at 160°C for 3 hours, 831 parts
of cyclohexane, 831 parts of propylene glycol methyl
ether acetate, and 675 parts of Solvesso™ 100 were
added to the reaction mixture, and the mixture was
cooled to obtain a 25 percent solution (having a
viscosity of 890 cst at 25°C) of a dimer acid-modified
epoxy resin having an acid value not greater than 1, an
epoxy equivalent of 4,100, and a weight average
molecular weight of 64,000.

Comparative Example 2

A reaction vessel was charged with 500 parts of
liquid epoxy resin D.E.R.™ 383 and 24 parts of
Haridimer™ 300, the charge was heated at 160°C in a
nitrogen current, and the reaction was carried out for
3 hours. When a part of the formed epoxy resin was
sampled and analyzed, it was found that the acid value
was not greater than 1 and the epoxy equivalent was 19T«
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Then 286 parts of bisphenol A, 159 parts of Solvesso™
100, and 0.5 parts of ethyltriphenyl phosphonium
phosphate were added to the epoxy resin, the reaction
was carried out at 160°C for 3 hours, 810 parts of
cyclohexanone, 810 parts of propylene glycol methyl
ether acetate, and 651 parts of Solvesso™ 100 were
added to the reaction mixture, and the mixture was
cooled to obtain a 25 percent solution (having a
viscosity of 820 cst at 25°C) of a dimer acid-modified
epoxy resin having an acid value not greater than 1, an
epoxy equivalent of 5,100, and a weight average
molecular weight of 61,000,

Comparative Example 23

A reaction vessel was charged with 500 parts of
solid epoxy resin D.E.R.™ 667 (solid epoxy resin
marketed by The Dow Chemical Company; epoxy equivalent
= 1,600 to 2,000, weight average molecular weight =
8,000 to 13,000), 100 parts of Solvesso™ 100, and
34 parts of Haridimer™ 300, the charge was heated at
160°C in a nitrogen current, and the reaction was
carried out for 3 hours. Then 534 parts of
cyclohi@xanone, 534 parts of propylene glycol methyl
et’ er acetate, and 434 parts of Solvesso™ 100 were
add 1 to the reaction mixture, and the mixture was
cooled to obtain a 25 percent solution (having a
viscosity of 540 cst at 25°C) of a dimer acid-modified
epoxy resin having an acid value not greater than 1, an
epoxy equivalent of 5,000, and a weight average
molecular weight of 54,000.
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Comparative Example Y4

A reaction vessel was charged with 500 parts of
liquid epoxy resin D.E.R.™ 383, 299 parts of bisphenol
A, 68 parts of Solvesso™ 100, 21 parts of xylene, and
1.5 parts of ethyltriphenyl phosphonium phosphate, the
reaction was carried out at 180°C in a nitrogen current
for about 1 hour, 898 parts of ethylenz glycol monobutyl
ether, 877 parts of xylene and 533 parts of propylene
glycol monobutyl ether acetate were added to the
reaction mixture, and the mixture was cooled to obtain a
25 percent solution (having a viscosity of 600 cst at
25°C) of a bisphenol A type solid epoxy resin having an
epoxy equivalent of 5,700, and a weight average
molecular weight of 50,500.

Comparative Example 5

A reaction vessel was charged with 500 parts of
liquid epoxy resin D.E.R.™ 383, 299 parts of bisphenol
A, 161 parts of Solvesso™ 100, and 0.5 parts of
ethyltriphenyl phosphonium phosphate, and the reaction
was carried out at 160°C in a nitrogen current for
3 hours. When a part of the formed epoxy resin was
sampled and analyzed, it was found that the epoxy
equivalent was 4,500 and the weight average moleculs&r
weight was 39,000. Then 24 parts of Hartal™ FA-IS
(tall oil fatty acid marketed by Harima Kasei; acid
value = 194, jiodine value = 135) were added to the epoxy
resin, the reaction was carried out at 180°C for 1 hour,
770 parts of ethylene glycol monobutyl ether, 770 parts
of xylene, and 770 parts of propylene glycol monobutyl
ether acetate were added to the reaction mixture, and
the mixture was cooled to obtain a 25 percent solution
(having a viscosity of 430 est at 25°C) of an epoxy
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ester resin having an epoxy equivalent of 8,500, a
weight average molecular weight of 45,000, and an acid

value of 1.

The resins synthesized in the examples and
5 comparative examples are shown in Table 1.

l
sample Property

under
FDA

proper
proper
proper
proper
proper
proper

N O U A RN

proper
Compara-

tive

Example not
No. 1 proper

not
2 proper

not
3 proper

4 proper
S proper

37,857‘F

Amount
(%) of

Introduced
Fatty Acid

6.3%

2.8%
11.1%
6.3%
6.3%
6.3%
2.7%

6.4%
0%
3.0%

Table 1

Polyamide

Dica

Acid

-25-

r-

boxylic

Solution

A
A
A
A
A
A
B

Epoxy
Equiv-
alent

4400
4300
4800
4000
4600
4200
4400

4100
5100

5000
5700
8500

Weight Viscosity
Average  (cst),
Molecular 25%,
Weight  25°C
41000 540
49000 670
51000 680
46000 580
49000 650
46000 530
53000 650
64000 890
61000 820
54000 540
50500 600
45000 430
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Evaluation of Coatings

A phenol-formaldehyde type curing agent (resol)
was diluted with propylene glycol methyl ether acetate
to form a 25 percent dilution.

Coating compositions a through ¢ were prepared
by édding the above-mentioned dilution in an amount of
20 percent bty wsight to the 25 percent solutions
prepared in Examples 1 through 7 and Comparative
10 Examples 1 through 5.

The coating compositions were coated on

¢ s phosphate-treated steel sheets having a thickness of
:' 0.2 mm by using a bar coater, and the cbatings were
** 15 heated at 210°C for 14 minutes to form samples. The
coating thickness after drying was 5 um.

The following properties of the obtained
coatings were examined.

eees 20
SO (1) Pliability Test

vel

Tt

On a sample stand of a ball-dropping impact
LR tester (made at Gotemba Research Institute, Dow
e 25 Chemical, Japan), a coated steel sheet cut to a size of
3 em x 3 cm was placed in a twice-folded state so that
e the coated surface was located on the front side. An
1,f': iron weight of 2 kg was allowed to drop on to the sample
: from a height of 75 cm, and cracking of the coating at
30 the folded part was checked by a method of detecting an
electric current in a 1 percent aqueous solution of
sodium chloride. A smaller current value indicates a
greater pliability. The measured current value is
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expressed by the value per 2 cm of the length of the
folded part.

(2) Methylethylketone (MEK) Extraction Test

A sample was immersed for 1 hour in boiling
methylethylketone, and the change (decrease) of the
weight of the coating was measured.

(3) Water Extraction Test

The coating compositions a through £ were coated
on aluminum foils having a thickness of 50 pum, by a bar
coater, and the coatings were dried at 200°C for
14 minutes to prepare samples. The coating thickness
after drying was 15 un.

The coated aluminum foils were subjected to a
water extraction treatment at 125°C for 30 minutes so
that the amount of distilled water was 2 cc per cml of
the coated surface, and the COD was measured according
to the method of JIS 0-102.

(4) Evaluation Results

The results of the evaluation are shown in
Table 2.

The dimer acid epoxy ester type coating
compositions (coating compositions i and j) have a
greater pliability than the coating compositions
sanctioned by FDA, i.e., the fatty acid-modified epoxy
coating composition (coating composition £) and the
unmodified solid bisphenol A coating compositicn
(coating composition k), and the dimer acid epoxy ester
coating compositions show MEK extraction and water
extraction amounts comparable to those of the sanctioned

37)857'F -27-
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But,

in view of FDA 21 CFR
the dimer acid epoxy ester resins

cannot be accepted as a coating material for the inner
surfaces of cans.

The coating compositions prepared by using the

polyamide epoxy esters of Examples 1 through 7 (coating
compositions a through g) are comparable to the dimer '
acid epoxy ester coating compositions in pliability and
extractability with MEK and water, and these coating

compositions can be accepted as a a paint for the inner

Coating
Composition

5
10
e (b)(3)(viii).
oot Sample
ExampleNo. 1 a
[ 2 b
. 3 c
' 4 d
5 e
6 f
7 g
Comparative
Example No. 1 h
2 i
3 J
4 k
5 I
37,857-F

Table 2

Pliability
(mA)
1.18
1.40
0.59
1.37
1.22
1.06
1.28

1.25
1.34
1.2
3.05
2.68

-28-

MEK
Extractability
(%)
19.4
17.9
18.2
18.9
20.6
201
18.4

19.3
20.9
204
18.3
21.0

N surfaces of cans according to FDA 21 CFR 175.300

COD at Water
Extraction

(ppm)
6.3
5.9
6.0
5.6
7.3
6.9
5.7

6.2
6.5
6.9
7.0
9.3
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THE. CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A polyamide epoxy ester resin having a
weight average molecular weight of 1,000 to 100,000, an
epoxy equivalent of 500 to 10,000 and an acid value of
not greater than 10, which is prepared by reacting

(i) at least one epoxy resin which is a glycidyl
ether of a dihydric phenol,

(ii) at least one dihydric phenol; and

(iii) a polyamide dicarboxylic acid having an amine
value of not greater than 20 and an acid value of at
least 20, which is prepared by reacting a polymerized
fatty acid derived from a dimer acid with a 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 amount of the
polyamide dicarboxylic acid segment in the resin ranges

1 to 30 percent by weight based on the weight of the
resin.

2. The resin of Claim 1 wherein the epoxy
resin is a glycidyl ether of bisphenol A, bisphenol F,
bisphenol K or bisphenol AD.
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3. The resin of Claim 1 wherein the dihydric
phenol is bisphenol A, bisphenol F, bisphenol K or
bisphenol AD. ‘

4. The resin of Claim 1 wherein the
polymerized fatty acid comprises, as main component, a
dimer acid of an unsaturated fatty acid having 12 to
24 carbon atoms.

5. The resin of Claim 1 wherein the diamine is
ethylene diamine, 4,4'-methylene dianiline or N-oleyl-
1,3-propane diamine.

- 6. A process for the preparation of the
polyamide epoxy ester resin of Claim 1, which comprises
reacting a liquid epoxy resin derived from a bisphenol
with a bisphenol at a solid concentration of 70 to
100 percent by weight, and subjecting the obtained solid
epoxy resin having an epoxy equivalent of 500 to 5,000
and a weight average molecular weight of 2,000 to 50,000
to esterification polymerization with the polyamide
dicarboxylic acid of Claim 1, at a solid concentration
of 60 to 100 percent by weight.

7. A process for the preparation of the
polyamide epoxy ester resin of Claim 1, which comprise
reacting a liquid epoxy resin derived from a bisphenol
polyamide dicarboxylic acid of Claim 1 at a solid
concentration of 80 to 100 percent by weight, and
subjecting the obtained semi-solid or liquid polyamide
epoxy ester resin having an acid value not greater than
5, an epoxy equivalent of 180 to 300 and a weight
average molecular weight of 500 to 3,000 to
etherification polymerization with a bisphenol at a
solid concentration of 60 to 100 percent by weight.
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8. A process for the preparation of the
polyamide epoxy ester resin of Claim 1, which comprises
condensing a bisphenol with the polyamide carboxylic
acid of Claim 1 at a solid concentration of 80 to
100 percent and subjecting the obtained polyamide
bisphencl ester resin having an acid value not greater
than 5 and a weight average molecular weight of 500 to
3,000 to a etherification polymerization with liquid
epoxy resin derived from a bisphenol at a solid
concentration of 60 to 100 percent.

9. A process for the preparation of the
polyamide epoxy ester resin of Claim 1, which comprises
condensing a liquid epoxy resin derived from a
bisphenol, a bisphenol and the polyamide dicarboxylic
acid of Claim 1 at a solid concentraticn of 60 to
100 percent at a temperature of 120 to 200°C.

10. A coating composition comprising the
polyamide epoxy ester resin of Claim 1.

DATED: 12 April, 1990

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for: g
THE DOW CHEMICAL COMPANY '+
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