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[57] ABSTRACT 
Water dispersible oil-modi?ed polyesters and oil-free 
polyesters are formed by the reaction of aromatic dicar 
boxylic acids, aliphatic dicarboxylic acids and polyols 
to form the polyester. 1n oil-free polyesters, oils of the 
respective fatty acids are excluded but the other reac 

. tants are similar to those employed in the preparation of 
oil-modi?ed polyesters. 
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WATER SOLUBLE INSULATING VARNISH 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation-in-part of applica 
tion 624,569, ?led Oct. 2l, 1975, now abandoned. 

THE BACKGROUND OF THE INVENTION 

The invention is directed to oil-modi?ed polyester 
products, as well as oil-free polyester products. The 
invention is directed to the novel process for the pro 
duction of these products. Moreover, the invention is 
directed to novel compositions realized by using the 
oil~modi?ed polyesters, or oil-free polyesters, to pro 
duce varnishes. 

It is generally known that maleic anhydride or trimel 
litic anhydride can be used to form polyesters which 
can become water-soluble. The maleic anhydride or 
trimellitic anhydride act to provide carboxylic sites for 
aqueous solubilization. The polyesters produced from 
these reactants are rendered water-soluble by the aid of 
an amine, a metal oxide, hydroxide or carbonate. 

It has been found that a variety of polycarboxylic 
acids, or their respective anhydrides, can be employed 
to produce polyester products to effect solubility, in the 
same manner as maleic anhydride or trimellitic anhy 
dride effect solubility in polyester products. 
The polyester products new of the invention are 

water-dispersible polyesters which may be used as pro 
tective coatings systems for industrial and architectural 
applications. 
The invention provides new polyesters which can be 

formed from compositions containing considerable 
amounts of monocarboxylic acids; alternatively, the 
polyesters of the invention can be formed from compo 
nents with the exclusion of monocarboxylic acids alto 
gether. Some of these new polyesters are commonly 
known as “oil-free" polyesters. 
The polyesters of the invention may be used in im 

proved coating systems for a variety of metal and non 
metal substrates and are characterized by superior heat 
and chemical resistance properties. 
Aqueous coatings, formed from a polyester of the 

invention, have improved flow, wetting, non-foaming 
characteristics, as well as improved ?lm continuity 
upon application to particular substrates. 

SUMMARY OF THE INVENTION 

The polyester~resin system, produced in accordance 
with the invention, includes both oil-modi?ed polyes 
ters as well as oil-free polyesters. Vegetable oils of the 
drying and nondrying types, or their respective fatty 
acids, are reacted with a combination of (l) speci?c 
aromatic dicarboxylic acids set forth hereinafter; (2) 
trimellitic anhydride, aliphatic dicarboxylic acids and 
their anhydrides and cycloaliphatic dicarboxylic acids 
and their anhydrides; and (3) polyols to form the alkyd 
or the oil-modi?ed polyester. In the oil-free polyesters, 
oils or their respective fatty acids are excluded but the 
reactants used to form the oil-free polyesters, are similar 
to those employed in the preparation of the alkyds. 
Another aspect of the invention is directed to the 

process for producing the oil-free and oil‘modi?ed 
polyesters. It has been discovered that if the aromatic 
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2 
dicarboxylic acid is reacted initially with the polyols 
(and/or diols), to form an intermediate, and subse 
quently the intermediate is reacted with the aliphatic (or 
cycloaliphatic) dicarboxylic acids or anhydrides, or 
trimellitic anhydride, the process to form the polyesters 
occurs more readily and at a lower temperature to 
allow better control of polymer formation. 
The invention is also directed to varnishes produced 

by production ofa polyester-triazine system, employing 
the polyesters of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention is directed to water-dispersible polyes 
ters, and their preparation, and usage in protective coat 
ing systems for industrial and architectural applications. 
Polyestertriazine resin systems formed from the polyes 
ters of the invention, can be used as coreplate enamels 
and as insulating varnishes. These compositions also 
show promise as enamel top coats for metals. 

THE POLYESTERS 

These products include both oil-free and oil-modified 
polyesters. The oil-free products are produced from the 
reaction of at least three components: (1) an aromatic 
dicarboxylic acid as set forth hereinafter; (2) an ali 
phatic carboxylic acid or anhydride or a cycloaliphatic 
acid or anhydride or trimellitic anhydride; and (3) a 
polyol having at least three hydroxyl groups and/or a 
diol. For the oil- or fatty acid-modified polyesters an 
additional or fourth component is included, and the diol 
is optional. That is, aromatic polycarboxylic acids or 
their respective anhydrides, in addition to the conven 
tional maleic anhydride or the like or trimellitic anhy 
dride, have been discovered to be useful in forming the 
polyesters of the invention. When iso- or terephthalic 
acid is the sole acid in the polyester, it is extremely 
difficult to insure that all of the aromatic acid reacts 
with the polyol at an acid value range of 25 to 90 and to 
obtain an aqueous solution of that polyester which is 
clear. Even when solution clarity may be achieved 
under these circumstances, the package or storage abil 
ity suffers after a month or so of aging at normal ambi 
ent temperatures. The inclusion of the aliphatic (or 
cycloaliphatic) dicarboxylic acid or anhydride or tri 
mellitic anhydride overcome these difficulties and its 
inclusion in the formulation of the polyester results in 
stabler aqueous solutions of the polyester. 

Oil-Free Polyesters 

The oil-free polyesters of the invention contain about 
35 to 85%, preferably 60-70%, based on the total moles 
of the dibasic acid (or anhydride thereof) used to form 
the polyester, of an aromatic dibasic acid of the class 
de?ned hereinafter; and 15 to 65 mole percent, prefera 
bly 20 to 40 mole percent of an aliphatic dibasic acid (or 
anhydride thereof) or trimellitic anhydride based on the 
total moles of dibasic acid used to form the polyester; 20 
to 55 mole percent of a diol based on all reactants; and 
0 to 35 mole percent of a higher polyol based on total 
moles of reactants. From 0-50 mole percent or more of 
the aliphatic dibasic acid can be replaced by trimellitic 
anhydride. The trimellitic anhydride, for example can 
be up to 20 mole percent based on all reactants. 
The aromatic dibasic acids. which are used in the 

oil-free products include isophthalic acid, terephthalic 
acid, 4,4’-benzophenone dicarboxylic acid and mixtures 
thereof. 
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The other acidic component is trimellitic acid or an 
aliphatic dibasic acid or anhydride of cycloaliphatic 
acid or anhydride such as adipic acid, succinic acid, 
azelaic acid, sebacic acid, dimerized fatty acids, e.g., 
dimerized linoleic acid, maleic anhydride, maleic acid, 
fumaric acid, tetrahydrophthalic anhydride, hexa hy 
drophthalic anhydride or 3,6-endomethylene, A-4-tet 
rahydrophthalic anhydride. 

Diols which can be used in formulation of the oil-free 
products include ethylene glycol, 1,4-butylene glycol, 
propylene glycol, and the like, as well as dipropylene 
glycol, diethylene glycol, neopentyl glycol, dimethylol 
hydantoin, cyclohexane dimethanol, hydrogenated bis 
phenol A, hydroquinone di-(betahydroxyethyl) ether, 
the diether or propylene glycol and bisphenol A, the 
diether of ethylene glycol and bisphenol A, and the like. 
The polyol, used to form the oil-free polyester can be 

trimethylol-propane, trimethylolethane, glycerine, pen 
taerythritol, as well as tris(hydroxyethyl)isocyanurate, 
tris(hydroxymethyl)-aminomethane. 
The OH=COOH ratio of the oil-free polyesters may 

range from 1:1 to 1.3:]. 

Oil- or Fatty Acid-Modi?ed Polyester 

The oil- or fatty acid-modified polyesters are formed 
from (1) (a) an unsaturated or saturated fatty acid of 
considerable chain length, (e.g., having 9 to 18 carbon 
atoms) wherein the percent of fatty acid in the composi 
tion may range from 5 to 60 weight percent, based on all 
reactant compositions; or (b) 5 to 65 percent by weight 
of vegetable oil; (2) 30 to 50 percent by weight of the 
aromatic dicarboxylic acid; (3) 3 to 30 percent by 
weight of the aliphatic (or cycloaliphatic) dicarboxylic 
acid; (4) 10 to 27 percent by weight of a polyol having 
at least three hydroxyl groups and optionally, 0 to 41 
percent by weight of diol, usually 0 to 27% of diol. The 
OH:COOH ratio of oil-modi?ed polyesters in accor 
dance with invention ranges from 1:1 to 1.5:1. 
The unsaturated fatty acid, used in forming the oil 

modified polyesters can be either conjugated or non 
conjugated. Examples of unsaturated fatty acids are 
linolenic acid, linoleic acid, oleic acid, elaeostearic acid, 
and the like. The saturated monocarboxylic acids which 
can be used include lauric acid, stearic acid, palmitic 
acid, isodecanoic acid, pelargonic acid, myristic acid, 
and the like. In addition, aromatic acids including ben 
zoic acid, butyl benzoic acid, hydroxy-benzoic acid, 
e.g., salicylic acid, and the like may be employed. 
There can be used natural linoleic acid which is nor 

mally the non-conjugated type or there can be used 
conjugated linoleic acid or a mixture thereof, e.g., a 
mixture in which part of the non-conjugated linoleic 
acid has been converted to conjugated linoleic acid by 
heating in the presence of a catalyst. 

Mixtures of acids can be employed, e.g., a mixture of 
oleic acid and linoleic acid containing 11 to 47% oleic 
acid, as well as natural mixtures obtained by saponi?ca 
tion of a fat followed by acidi?cation. 

Oils which can be used as the modifying substance in 
making the oil-modi?ed polyesters include soybean oil, 
cottonseed oil, linseed oil, safflower oil, corn oil, tung 
oil, menhaden oil, tall oil, castor oil, palm oil, oiticica oil 
and the like. 
The aromatic dicarboxylic acids which can be used to 

form the oil- or fatty acid-modi?ed polyester include 
isophthalic acid, terephthalic acid, benzophenone dicar 
boxylic acid or mixtures thereof. The aliphatic dicar 
boxylic acids and anhydrides, cycloaliphatic dicarbox 
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4 
ylic acids and anhydrides can be those previously set 
forth and of course there can also be used trimellitic 
anhydride. 
The polyols used to form the oil-modi?ed polyesters 

(as well as fatty acid-modi?ed polyesters) include glyc 
erine, trimethylolethane, trimethylolpropane, penta 
erythritol, tris(hydroxymethyl)aminomethane and tris(— 
hydroxyethyl)isocyanurate. 

Diols which may be used to form the polyesters in 
clude neopentyl glycol, diethylene glycol, dimethylol 
hydantoin, dipropylene glycol, ethylene glycol, propy 
lene glycol, cyclohexane dimethanol, hydrogenated 
bisphenol A, hydroquinone di-(betahydroxyethyl) 
ether, the diether of propylene glycol and bisphenol A, 
the diether of ethylene glycol and bisphenol A, and the 
like. 

THE PROCESS 

Another aspect of the invention, is the process of 
forming both the oil-free as well as the oil-modi?ed 
polyesters of the invention. By way of explanation, 
when the terminology "oil-modi?ed” is used hereinaf 
ter except in the working examples, it is meant to refer 
to oil-modi?ed polyesters as well as polyesters modi?ed 
by the fatty acids of such oils of the invention. 

In accordance with the process of the invention, the 
aromatic dicarboxylic acid is reacted initially with the 
polyols (and fatty acids if employed). This reaction step 
obviates the problem of the lesser solubility of the aro 
matic dicarboxylic acids in the reaction medium, partic 
ularly isophthalic or terephthalic acid, and their slower 
reactivity which results in the necessity for higher pro 
cessing temperatures. In the subsequent step, the ali 
phatic (or cycloaliphatic) dicarboxylic acid or trimel 
litic anhydride is reacted with the intermediate formed 
in the ?rst step, at lower temperatures than tempera 
tures of the ?rst step. The lower temperatures of the 
second step, namely at 300° to 400° F., and preferably at 
320°-375° F., allow for better control of polymer for 
mation. As set forth above, the aliphatic or cycloali 
phatic dicarboxylic acids are advantageously employed 
to provide easily solubilizible sites in the form of free 
carboxyl groups that are subsequently reacted with 
amines or metal hydroxides to form salts that are soluble 
in water. 

In one embodiment of the process of the invention, 
the polyol of at least three hydroxyl groups and/or the 
diol are heated to elevated temperatures of at least 300'‘ 
F. and then the aromatic dicarboxylic acid is added 
thereto. Heating of the diol, polyol with at least three 
hydroxyl groups and aromatic dicarboxylic acid is con 
tinued to the point at which distillation commences. 
The esterification reaction is continued until an acid 
number of 10 to 20 is attained at 100% solids. 

Thereafter, the contents are cooled to a temperature 
of 300° F. The aliphatic dicarboxylic acid, cycloali 
phatic dicarboxylic acid or trimellitic anhydride is then 
added to the contents of the reaction mixture which are 
at a temperature of about 300° F. Heating is resumed 
until an acid value range of from 25 to 90 is attained on 
a sample diluted to 80% solids. This procedure is criti 
cal and it is the addition of the trimellitic anhydride, 
aliphatic (or cycloaliphatic) dibasic acid or anhydride in 
the second stage of the process which appears to be the 
crux of the invention. 
The advantage of the process is that it results in the 

possibility of producing polyesters from aromatic dicar 
boxylic acids which polyesters are reacted at an acid 
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value range of 25 to 90 and which polyesters are charac 
terized by being capable of forming an aqueous solution 
that is clear. Moreover, the polyesters produced in 
accordance with the process are characterized by pack 
age and storage stability. 
When oil-modi?ed polyesters are produced in accor 

dance with the process of the invention, the oil-modi?er 
is added to the reaction vessel, along with the polyol, 
the diol which is optional and the aromatic dicarboxylic 
acid in the initial step of the process. 

THE VARNISH 

The polyesters of the invention are capable of react 
ing with amino triazine-aldehyde reaction products to 
form useful varnish compositions. Preferably, the tri 
azine aldehyde reaction product is hexamethoxy methyl 
melamine (the reaction product of melamine-formalde 
hyde and methanol). Other suitable triazines and tria 
zine-aldehyde reaction products including etheri?ed 
triazine-aldehyde reaction products are shown for ex 
ample in Widmer U.S. Pat. No. 2,197,357, the entire 
disclosure of which is hereby incorporated by reference 
and relied upon. Thus there can be used trimethox 
ymethyl melamine, trimethylol melamine, etc. 

In order to form the varnish composition, the polyes 
ter reaction product which is water dispersible pro 
duced in accordance with the process described above 
is diluted with a solvent to a solids content of at least 
about 30%, but may range as high as 50%. The solvent 
may be a polar or oxygenated solvent of the glycol 
ether, glycol diether or glycol ester types which is capa 
ble of being a solvent for the polyester concentrate. In 
the preferred embodiment set forth below in the exam 
ples, the solvents are butoxy propanol, and butoxy etha 
nol. 

Thereafter, the polyester concentrate is rendered 
watersoluble by admixture and reaction with an amine, 
metal oxide, hydroxide or carbonate. Preferably an 
amine is used. Most preferably the amine, dimethyle 
thanolamine is employed. Other suitable amines include 
ethanolamine, diethanolamine, 2-dimethylamino-2 
methyl-l-propanol (DMAMP) 2-amino, Z-methyl, [ 
propanol (AMP), N,N-diethyl ethanolamine, N 
methyl(diethanol)amine, morpholine, triethanolamine, 
triethyl amine. Suitable oxides, hydroxides and carbon 
ates include, barium oxides, calcium oxide, sodium hy 
droxide, potassium hydroxide, sodium carbonate, potas 
sium carbonate, magnesium carbonate, barium hydrox 
ide, and calcium hydroxide. 

After the polyester has been admixed with the amine, 
metal oxide, hydroxide or carbonate, the mixture is 
treated with the triazine aldehyde component. A homo 
geneous mixture is obtained. Water is added slowly, 
with stirring. At approximately at least 30% solids con~ 
tent, the resulting varnish solution is clear. 
The varnishes of the invention are formed from com 

positions which contain 25 to 50 percent by weight of a 
polyester concentrate (of at 30% solids contents usually 
about 80% solids content). The solubilizing agent, in 
cluding amines, metal oxides, hydroxides or carbonates 
is present from 1.5 to 4 percent by weight. The triazine 
component is added in amounts of 4 to 25 percent by 
weight of the varnish composition. Water generally 
forms from about 30 to 55 percent by weight of the total 
varnish composition. Optionally, other solvents may be 
included in the varnish composition in amount of up to 
30%. 
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6 
Among the practical commercial advantages of the 

product of the invention are its superior heat and chemi 
cal resistance as compared to most other aqueous water 
soluble or latex systems, as well as compared to organic 
solvent-soluble coatings. Furthermore being an aqueous 
system it is environmentally less polluting to the atmo 
sphere and the user, and thus meets EPA standards 
more easily than organic solvent systems since it does 
not emit any reactive hydrocarbon solvents. Because of 
its excellent moisture resistance it has electrical proper 
ties that are on a par with organic solvent-based coat 
ings. Other bene?ts include good wetting and adhesion 
to metal and glass cloth substrates, as well as to wood, 
fabric, plastic ?lms or composites. Last, but not least, it 
has package stability that withstands hot and cold cy 
cling for over a year, which latex and other aqueous 
systems fall far short of achieving. 
The examples which follow will serve to elucidate 

the invention in great detail. The examples are meant to 
be exemplifications of the invention only and are not to 
be considered as limiting but are to be construed as 
encompassing all known alternative equivalents. 

EXAMPLE 1 

1. Preparation of Oil-Free Polyester 

Wt. 
Reactants grams Equivalents Moles 

(A) Neopentyl Glycol 582 H2O 5.60 
(B) Trimethylolpropane 354 7.92 2.64 
(C) lsophthalic Acid 797 9.60 4.80 
(D) Adipic Acid 467 6.40 3.20 

Procedure 

To a ?ve-liter, three-neck round bottom ?ask 
equipped with a stainless steel paddle agitator (motor 
driven), a thermometer to record batch temperature, a 
Snyder distillation column (with three bubble caps) 
topped by a distillation head, thermometer to measure 
head or vapor temperature of distillate, and connected 
to downward condenser and receiver is charged thereto 
materials (A) and (B). Heat is applied and temperature is 
raised to 330°—340° F. 
At 330° F. material (C) is charged to the ?ask, and 

heated rapidly to the point whence distillation com 
mences. From then on the heat input is regulated to 
control head temperature at 200°—2l2° F. to minimize 
glycol loss. The esteri?cation is continued until an acid 
number of 10-20 is attained at 100 percent solids. 
The contents of the ?ask are cooled to 300’ R, and 

material (D) is added to the ?ask. Heating is resumed, 
and the esteri?cation is continued until an acid number 
of 40.39 on a sample diluted to 80 percent solids in 
methoxy ethyl acetate is obtained. The molten polyester 
was subsequently dissolved in 472 grams butoxy propa 
nol to provide a solution concentrate with the following 
properties: 

Viscosity, Gardner-Holdt Scale 27} at 25' C. 
Solids, % B0 
Acid Number (on solution) 40.4 
Solvent Butoxy Propanol 
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2. Preparation of Electrical Insulating Varnishes 

Wt. 
Varnish No. 1 grams 

(A) Above Polyester Concentrate of Ex. 1 269 
(B) Dimethylethanolamine 16 
(C) Hexamethoxymethyl Melamine 72 
(D) Deionized Distilled Water 400 
(E) Butoxy Propanol 45 

Procedure 

To a one-liter ?ask equipped with a motor-driven 
stainless steel agitator, condenser, and dropping funnel 
materials (A) and (B) are charged and mixed until uni 
form. Then material (C) is added, and stirred until ho 
mogeneous. Material (D) is added via dropping funnel 
at a slow, steady rate, and stirred until uniform. Material 
(E) is added to the ?ask, and stirred until uniform. 

Varnish No. 1 Liquid Characteristics 

Viscosity, GardnerJ-loldt Scale T} at 25' C. 
Solids, % 35.8 
pH 7.8 
% Curing Agent 25 
% Oxygenated Solvent 19.8 
Solution Appearance Clear 

Wt. 
Varnish No. 2 grams 

(A) Above Polyester Concentrate of Ex. 1 269 
(B) Dimethylethanolarnine l6 
(C) Hexamethoxymethyl Melamine 38 
(D) Deionized or Distilled Water 400 
(D) Butoxy Propanol 55 

Procedure 

Same as for Varnish No. l. 

Varnish No. 2 Liquid Characteristics 

Viscosity, Gardner-Holdt Scale T} at 25° C. 
Solids, % 32.5 
pH at 
oxygenated Solvent, % 2L4 
Curing Agent, % 15 
Solution Appearance Clear 

Test Results Varnish No. 1 was diluted with the addi 
tion of three parts butoxy propanol per 100 parts of 
varnish to get the proper coating thickness or build on 
copper strip. Varnish No. 2 needed no further adjust 
ment-was used as supplied. 

Coat/ability Varnish No. l Varnish No. 2 

on Copper Strip 2 dips 
Baked Film Thickness 0.97 mil/side L05 mil/side 

Bake cycle I hr. at l63' C. 1 hr. at I63‘ C. 
Appearance Smooth-Some Fairly Smooth 

voids Some 
or pinholes voids or 

pinholes 
on Glass Cloth l dip 
Baked Film 

Bake cycle l hr. at l63° C. 1 hr. at l63' C. 
Appearance Smooth Smooth 

Bond Strengths 
on Helical Coils 
2 coats/side 2 hrs. 2 hrs. 
Bake cycle at 163" Cjcoat at I63‘ C/coat 
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-continued 
Ooatability Varnish No. l Varnish No. 2 

lbs. at 25' C. 43.4 60.3 
lbs. at [50' C. 5.6 4.6 
Appearance Some small Smooth 

blisters 
Deep Aluminum Dish Cures l hr. at 163' C. 1 hr. at [63' C. 

l hr. at l63' C., 5 gm. sample Cured hard Cured hard 
.20 gm. sample Cured hard Cured hard 

EXAMPLE 2 

1. Preparation of Oil-Free Polyester 

Wt. 
Reactants grams Equivalents Moles 

(A) Neopentyl Glycol S82 “.20 5.60 
(B) Trimethylolpropane 354 7.92 2.64 
(C) Isophthalic Acid 996 I2 6 
(D) Adipic Acid 175 2.40 1.20 
(E) Dimeriwed Soya Fatty Acids 472 [.60 0.80 

Procedure 

Equipment and processing technique like Example 1. 
Materials (D) and (E) are added last at 300° F. Heating 
is resumed, and the esteri?cation is continued until an 
acid number of 42.1 on a sample diluted to 80 percent 
solids in methoxy ethyl acetate is obtained. The molten 
polyester was subsequently dissolved in 581 grams but 
oxy propanol to provide a solution concentrate with the 
following properties: 

Viscosity, Gardner-Holdt Scale Z8} at 25' C. 
Solids, % B0 
Acid Number (on solution) 40.4 
Solvent Butoay Propanol 

2. Preparation of Electrical Insulating Varnishes 

Wt. 
Varnish No. 1 grams 

(A) Above Polyester Concentrate of Ex. 2 269 
(B) Dimethylethanolarnine 16 
(C) Hexamethoxy methyl Melamine 38 
(D) Deionized or Distilled Water 400 
(E) Butoxy Propanol 80 

Procedure 

Same as for Varnish No. 1 of Example 1. 

Varnish No. l Liquid Characteristics 

Viscosity. Gardner-Holdt Scale T1 at 25' C. 
Solids, % 31.5 
pH 8.43 
% Curing Agent l5 
% oxygenated Solvent 25.! 
Solution Appearance Clear 

Wt. 
Varnish No. 2 grams 

(A) Above Polyester Concentrate of Ex. 2 269 
(B) Dimethylethanolamine l6 
(C) Hexamethoxy methyl Melamine 34 
(D) Deionized or Distilled Water 3(1) 
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The contents of the ?ask were cooled to 300" F., and 
_ {Ommued material (E) was added to the ?ask. Heating was re 

lh) Emmy Pmpano' so sumed, and temperature was increased to 362" F., and 
held there until a sample thinned to 75 percent solids in 

5 methoiiy propane] and had a viscosity of Z32 and an 
Procedure acid number of 43.76. The molten polymer was subse 

quently thinned to 80 percent solids with butoxy propa 
nol. 

Same as for Varnish No. l of Example 1. 

Varnish NO‘ 2 Liquid Clwmlmslics 0 2(a). Preparation of Electrical Insulating Varnishes 
Viscosity. Gardnera?oldt Scale T] at 25° C. 
Solids. % 37.4 
pH 5.39 Wt. 
% Curing Agent 20 Varnish No. l grams 
% oxygenated Solvent 30.8 

(A) Above Polyester Concentrate of Ex. 3 295.9 
50mm" Appm'm ck“ ‘5 (a) Dimethylethanolamine 17 

(C) Hcxamethoxymethyl Melamine 41.8 
(D) Deionized or Distilled Water 385 

Test Results (E) Butoxy Propanol 120 

Varnish No. l was diluted with the addition of two 
parts butoxy propanol per 100 parts of varnish to get the 29 P 0 d 
proper coating thickness or build on copper strip. Var- r cc “re 
nish No. 2 required four parts of solvent to get the Same as for Varnish No. l of Example I. 
proper build. 

25 Varnish No. 1 Liquid Characteristics 

COltabillty Varnish No. l Varnish ND. 2 viscosity‘ GardncFHoldl scale T‘ 

on Copper Strip 2 dips Solidsv % 32-4 
Baked Film Thickness 0.92 mil/side 0.92 mil/side PH ‘ TB 

Bake Cycle l hr. at 163' C. l hr. at l63‘ C. % Cu?ng ABBY" l5 
Appearance Smooth smooth % Oxygenated Solvent 3L8 

on 6|.“ C101}, 1 dlp 30 Solution Appearance Clear 
Baked Film Wt. 

Bake Cycle l hr. at 163' C. l hr. at 163' C. varnish N04 2 grams 
Appearance Smooth Smooth 

Bond Strengths (A) Above Polyester Concentrate of Ex. 3 295.9 
H r a] C a‘ (B) Dimethylethanolamine l7 

gncmis/lcs-ldc 0| 5 2 hrs. 2 hm 35 (C) Hexamethoiiymethyl Melamine 78.9 
Bakc cycle N ‘63- C’ a‘ 163- C‘ (D) Deionized or Distilled Water 385 
lbs. at 25' c. 55.6 55.4 (E) 8m" P'°P“"°' “5 
lbs. at 150' C. 4.5 5.3 
D_eep Aluminum Dish Cures 
l hr. at l63' C., 5 gm. sample Cured Hard Cured Hard Procedure 
.20 gm. sample Cured Hard Cured Hard 4o ‘ 

Same as for Varnish No. l of Example 1. 

EXAMPLE 3 Varnish No. 2 Liquid Characteristics 

1. Preparation of a Drying Oil-Modi?ed Polyester 45 viscosity. gardnebgoldt scale 1-; 

(a) Starting with Fatty Acids-to make Reconstituted Oil :g'ds' % .3157" 
% Curing Agent 25 
% oxygenated Solvent 3L2 
Solution Appearance Clear 

Wt. 50 
Reactams grams Equivalents Moles 

(A) Tall Oil Fatty Acids Test Results 
(less than 2% rosin) 820 2.80 2.80 ‘ _ i 

(B) Trimethylolpropane 523 ll.70 3.50 Varnishes No. l and 2 as supplied provided the 
(C) Dipropylene Glycol 54 0.80 0.40 proper coating thickness‘ 
(D) lsophthalic Acid 531 6.40 3.20 55 
(E) Trimellitic Anhydnde l73 2.70 0.90 

Coatability Varnish No. l Varnish No. 2 

on Copper trip 2 dips 
Procedure Baked Film Thickness 0.37 mil/side 0.97 mil/side 

Materials (A), (B), (C) and (D) are charged into a 60 I“??? f?lgfsca‘ 
. i . C . . 

?ve-liter, three-neclt round bottom ?ask equipped with Smooth Smomh 
a motor driven stainless steel paddle agitator, a ther- on (3135; c100, [dip Hm ihr_ 
mometer to record batch temperature, a Dean-Stark Baked Film 
water trap connected with a condenser to collect distil- Bake Cycle 2‘ ‘63 hc- as‘ ‘53 hc 
late evolved, and an inert gas sparge tube. Heat was 65 Bond Sue" ms grf’lzfggzglmcmls moo! mom 

. . 5 

applied to a Glas-Col heating mantle and the tempera- 2 com/“dc 2 h“ 2 hrs 
ture was ‘gradually increased to 410°~420° and held Bake cyck, a, 163° C a, 163' C 
there until an acid number of 22.4 was obtained. lbs. at 25“ C. 21.4 27.0 
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-continued 
Coatability Varnish No. l Varnish No. 2 Process Examples 

lbs. in 150' c. 3.2 6.8 Physicals 3 4 5 6 7 

5 Viscosity Z 33 X i X i U Q V 2 
. Acid 43.76 37.0 37.0 33.2 33.66 

- - Number 

2(b). Preparat1on of Coreplate Enamel-Organic Type % Solids 75 75 7s 75 75 
Formulation is exactly the same as Varnish No. l of 501W"! methmy melhwly methoxy methoxy methoxy 

Example 3 propanol propanol propanol propanol propanol 
10 

Test Results The % solids refers to the solids of the polyester 
sample during its processing in order to control it to the 

Combimy varnish Na 1 correct ?nal viscosity. Methoxy propanol was the sol 
on Electrical Grade Steel Co“ vent used to monitor the progress of the cook during 
Bake Film-mamas [11412 mi] 15 processing. The polyesters after having been com 
Bake Cycle pletely processed were thinned to 80 percent solids in 
App?rmw I 800d butoxy propanol or butoxy ethanol, and they had the 
Coating Speed, ft./m1n. 100-200 
Franklin Resistivity 
Hot Franklins 

To illustrate in greater depth that solubilizing reac 
tants, other than trimellitic anhydride, may be em 
ployed a series of polyesters was prepared which was 
modeled after Example 3 in which all the reactants are 25 
the same save for the minor diacid. In Table I the vari 
ous minor dicarboxylic acids of the aliphatic, cycloali 
phatic and bicycloaliphatic types are substituted for 
trimellitic anhydride on an equimolar basis thusly: see 

20 

following liquid characteristics: 

Examples 
3 4 S 6 7 

Viscosity — Z4‘ Z3! Z4 Z“ 
% Solids 80 8O 80 B0 80 
Solvent butoxy butoxy butoxy butoxy butoxy 

propanol ethanol ethanol ethanol ethanol 

The following varnishes were prepared from their 
respective concentrates: 

Ex. 4 Ex. 5 Ex. 6 Ex. 7 

Vsh#l Vsh#2 Vsh#l Vsh#2 Vsh#l Vsh#2 Vsh#l Vsh#2 

Polyester 
Concentrate 269 269 269 269 269 269 269 269 
Dirnethylethano 
lamine l6 l9 l6 l6 l6 l6 l6 l9 
Helamethoxymethyl 
Melamine 38 72 38 72 38 72 38 72 
Deionized Water 340 340 340 200 340 220 340 340 
Butoxy Ethanol 30 30 30 10 20 10 30 30 

TABLE I 
Example 3 Exampli4 Exam 1: 5 Example 6 Exam le 7 

Wt (gins) Moles Wt (gms) Moles Wt (gms) Moles Wt (grns) Moles Wt (grns) Moles 

(A) Tall Oil Fatty Acids 820 2.80 820 2.80 820 2.80 820 2.80 820 2.80 
(B) Trimethylolpropane 523 3.80 523 3.80 523 3.80 523 3.0 523 3.80 
(C) Dipropylene Glycol 54 0.40 54 0.40 54 0.40 54 0.40 54 0.40 
(D) lsophthalic Acid 531 3.20 531 3.20 53] 3.20 531 3.20 531 3.20 
(E) Trimellitic Anhydride 173 0.90 
(E') Maleic Anhydride 88 0.90 
(E") Tetrahydrophthalic 

Anhydride I37 0.90 
(E"') Hexahydrophthalic 

Anhydride 139 0.90 
(E"") 3,6-Endomethylene, 

4-Tetrahydrophthalic 
Anhydride 148 0.90 

The liquid properties of the varnishes were: 

60 Ex. 4 Ex. 5 Ex. 6 Ex. 1 
Table l-attached. varnishes Vamishes varnishes Vamishes 

#l #2 #l #2 #1 #2 #l #2 
Procedure . . 

. Viscosity Ti T} T! T} T} Ti T! T} 
Examples 4, 5, 6 and 7 employed the same equipment Solids, % 36.5 39.4 36.5 50.65 37.1 45.9 36.5 39.34 

and processing technique as shown in Example 3. With 65 PH _ 7-3 3-45 7-6 7-7 3-21 3-19 7-65 B44 
respect to the processing controlsI the following physi- Z’gg‘lmg '5 25 ‘5 25 15 25 ‘5 25 
cals were obtained prior to dilution to 80 percent solids % oxygem 
in butoxy ethanol: ated 19.8 [9.8 19.8 24.2 17.8 22.5 19.8 19.8 
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'c'llmlnuffd 2. Preparation of Electrical Insulating Varnish 
Ex. 4 Ex. 5 Ex. 6 E17 

varnishes varnishes varnishes Varnishes 

#1 #2 m #2 #1 #2 #1 #2 I W 
5 Varnish No. l grams 

Solvent 
(A) Above Polyester Concentrate of Ex. 3 296 
(B) Dimethylethanolamine 21 

Test Results 

(Control) 
Example 3 Example 4 Example 5 Example 6 Example 7 
Varnishes varnishes Varnishes Varnishes varnishes 

#l #2 #1 #2 #l #2 #l #2 #l #2 

Bond Strengths 
lbs. at 25' C. 2L4 27.0 22.5 26.3 24.5 25.l 22.2 — 22.0 24.5 
lbs. at l50' C. 3.2 6.8 4.2 7.3 3.6 5.3 4.0 — 4.1 5.8 

Coatabilily 
on Copper Strip smooth smooth smooth smooth smooth smooth smooth could not smooth smooth 

reduce 
to apply 

on Glass Cloth smooth smooth some some smooth smooth smooth smooth smooth 
blisters blisters 

Aluminum Dish Cures 

l hr. at l63' C., 5 gms cured cured cured cured cured cured cured cured cured cured 
.20 gms cured cured cured cured cured cured cured cured cured cured 

EXAMPLE 8 

l. Preparation of a Drying oileModi?ed Polyester 30 
_ _ I (C) Hexamethoxymethyl Melamine 41.8 

b. Starting with Natural Vegetable Oil (D) Deionized or Distilled Water 445.5 
(E) Butoxy Propanol 58.3 

Wt. 
Reactants grams Equlvalents Moles 35 Procedure 

(A) Soybean Oil (Alkali re?ned) 14M 1.626 . 
(a) Trimethylol ethane 429 10.725 3.515 Same as fol‘ Vamlsh NO- 1 of Example 1 
(C) Litharge 0.72 —- — 

(D) Trimethylolethune 182 4.548 1.516 
(E) lsophthalic Acid 792 9.54 4.77 Varnish No. 1 Liquid Characteristics 
(F) Tnmellmc Anhydnde 261 4.08 1.36 40 viscosity’ GardnebHold‘ scale .H 

Solids, % 32.3 
pH 8.2 

Procedure % Curing Agent l5 
_ _ _ % oxygenated Solvent 20.9 

Matenals (A) and (B) are charged into a ?ve-liter, Solution Appearance Clear 
three-neck round bottom ?ask equipped with a motor 45 
driven stainless steel paddle agitator, a thermometer to 
record batch temperature, a Dean-Stark connected with 
a condenser to collect distillate evolved, and an inert 
gas sparge tube. Heat was applied by means of Glas-Col 
heating mantle, and inert gas sparged through ?ask at a 
high rate. Temperature was rapidly increased to 300° F. 
and material (C) was added to the ?ask. Heating was 
continued and the temperature was raised to 460' F. It 
was held there for 45 minutes to complete the alcoholy 

50 

sis which was determined by taking a small sample of 55 
this mixture and reacting it with the appropriate amount 
of isophthalic acid in an aluminum dish until clear hot 
and then clear when cold. 
The alcoholysate was cooled to 350° F. and materials 

(D) and (B) were added to the ?ask. Esteri?cation was 
carried on at 390‘-400' F., until an acid number of 20.8 
on the solids was obtained. After cooling to 300° F. 
material (F) was added to the ?ask. The batch tempera 
ture was raised to 330°-340° F. and held there until a 
resin sample thinned to 65 percent solids in butoxy 
propanol, had attained a viscosity of Z]! and an acid 
number of 43.2. The molten resin was subsequently 
diluted to 80 percent solids with butoxy propanol. 

65 

Test Results 

Varnish No. l was diluted further with the addition 
of six parts deionized water per 100 parts of varnish to 
get the desired coating thickness. 

Coatability Varnish No. 1 

on Copper Strip 2 dips 
Baked Film Thickness 1.08 mil/side 

Bake Cycle vl hr. at I63’ C. 
Appearance Smooth 

on Glass Cloth 1 dip 
Baked Film ‘ 

Bake Cycle l hr. at 163' C. 
Appearance Smooth 

w on Helical Coils 
2 coats/side 
Bake Cycle 2 hrs. at 163‘ C. 
lbs. at 25‘ C. 27.3 
lbs. at I50‘ C. 5.4 

Deep Aluminum Dish Cures 
1 hr. at I63‘ C. 5 gm. sample cured hard 
.20 gm. sample cured hard 
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EXAMPLE 9 -continued 

Long Oil P0lyester_NOn_TMA Type Coatability Varnish No. l Varnish No. 2 
20 gins sample cured cured 

5 
Wt. 

Reactants grams Equlvalents Moles EXAMPLE 10 
(A) Soya Fatty Acids 1120 4.00 4.00 y _ _ _ 
(B) glycerjnqgsqa) 430 1344 44g 1. Preparation of a Non-Drying Oil-Modi?ed Polyester 

53)) gsz’gngrlihcxm $8‘ 328 10 a. Starting with a Saturated Fatty Acid-to make 
A4-tetrahydrophthalie Reconstituted Oil 
Anhydride 

Wt. 

Procedure 1 5 Reactants grams Equivalents Moles 

, , _ _ _ (A) Pclagonic Acid 379 2.40 2.40 

Equipment andprocessing techniques are similar to (B) Trimethylolpm 5-" 12.78 416 
Example 3. Materials (A), (B) and (C) are charged to a pane 
five-liter ?ask, and are pre-reacted to an acid number of (C) Neope?lyl Glycol 234 4-50 2.25 
252 a‘ 100 percent Solids_ (D) lsophthalic Acid 747 9.00 4.50 
The contents of the ?ask are cooled to 300" F., and 20 (E) Ample Ac‘d 2” 3'00 1'50 

material (D) is added to the ?ask. The temperature is 
gradually raised to 350°—360° F. and held there until a Prouedur 
sample thinned to 75 percent solids in methoxy propa- e 
no] attains a viscosity of J} and an acid number of 34.2. Equipment and processing techniques are similar to 
The resin was used at 100 percent solids in the prepara- Example 1. Materials (A), (B), (C) and (D) are charged 
tion of the following varnishes, and there was very little to a ?ve-liter ?ask, and are pre-reacted to an acid num 
or no need of any polar or oxygenated solvents to aid in her less than 20 at 100 percent solids. 
recoatability wherever two or more coats were needed. The contents of the ?ask are cooled to 300° F., and 

. . . . 30 material (E) is added to the ?ask. The temperature is 
Preparation of Electrical Insulating varnishes gradually raised to 3402350. F. and held there until 

sample thinned to 75 percent solids in methoxy propa 
vamislm No, 1 No, 2 nol attains a viscosity of Z1 and an acid number of 36.4. 

(A) Above Polymer of Example 9 215 2,5 The molten polyester was thinned subsequently to 80 
(B) Dimethylethanolamine ll; 16 35 percent solids in butoxy ethanol. 
(C) Hexarncthoxymethyl Melamine 72 143.5 _ . I _ 

(D) Deionized or Distilled Water 250 360 2. Preparation of Electrical Insulating Vamishes 
(E) Butoxy Ethanol 40 — 

Liquid Constants No. 1 No. 2 
Viscosity Ti Ti Wt. 
Solids, % 48.3 48.8 40 Varnish No. l grams 

glcurin A em z; (A) Above Polyester Concentrate of Ex. 9 269 
Salmon ipgwme aw Clear (B) Dimethylethanolam'lne l8 
% oxygenated Sch/em l3 8 0 (C) Hcxamethoxymethyl Melamine 72 

I (D) Deionized or Distilled Water 300 

45 (E) Butoxy Ethanol 42 

Test Results 

Vamishes Nos. 1 and 2 were alright as supplied to get Procedure 
the proper build on copper strip, and thus required no Same as varnish No_ 1 of Example L 
further dilution. 50 

Varnish No. 1 Liquid Characteristics 
Coatability Varnish No. l Varnish No. 2 r _ 

‘ I Viscosity, Gardner-Holdt Scale Tl 
0" COPP" Smp 2 dips Solids, % 4i 
Baked Film Thickness 0.9a mil/dip 1.10 mil/dip 55 PH 835 

Bake Cycle 1 hr at l h]; at % Curing Agem 25 
163 C- '63 C' % oxygenated Solvent 24.2 

an Glass Cloth ‘la‘glixamnce Smomh smooth Solution Appearance Clear 
P Wt. 

Baked Film __ _ _ 

Bake Cycle 1 hr at l hr at vm‘sh N°' 2 grams 

l63' C. l63' C. 60 (A) Above Polyester Concentrate of Ex. 9 269 
Appearance Smooth Smooth (B) Dimethylethanolamine 18 

Bond Strengths on Helical Coils (C) Hexamethoxymethyl Melamine 116 
2 coats/side (D) Deionized or Distilled Water 300 
Bake Cycle 2 hrs. at 2 hrs. at (E) Bum" Elhanol 34 

163‘ c. 163' c. 65 
lbs. at 25' C. 18.4 225 

Deep Aluminum lbs. at I50‘ C. 
M Procedure 
l hr. at 163' C. Sgms sample cured cured Same as Varnish N0. 1 of Example 1. 
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-continued 
Varnish No. 2 Liquid Characteristics Coatability Varnish No. l Varnish No. 2 

Viscosity. Gardner~H0ldt Scale T1 at 25' C. 1 hr. 2 hrs. 
Solids. % 44.9 5 Bake Cycle at 163° C. at 163" C. 
pH 8.46 Appearance Smooth Smooth 
% Curing Agent 35 on Glass Cloth 1 dip 1 hr. 1 hr. 
% oxygenated Solvent 22.6 Bake Cycle at 163' C. at 163' C. 
Solution Appearance Clear Appearance Good Good 

Bond Strength on Helical Coils 

l0 2 coats/side 2 hrs. 2 hrs. 
Bake Cycle at 163' C. at 163' C. 

Test Results moat kw 

varnishes Nos. 1 and 2 were diluted further with the :S- "i is; 293 
addition of ?ve parts of butoxy ethanol per 100 parts of . .5‘ a‘ c’ ' '3 

. h h d . d . h. k Deep Aluminum Dish Cures 
varms to get I e eslre coaung t ‘C nesses' l5 1 hr. at 163' C. 5 gms. sample cured soft cured hard 

l hr. at 163' C. 20 gms sample cured soft cured hard 

Coatability Varnish No. 1 Varnish No. 2 

on Copper Strip 2 dips 
Baked Film Thickness 

The results set forth in the following table, Table II, 
were based on experiments at the initial stages of the 

20 development of the invention disclosed herein. Table II 
is directed to alkyd and oil-free polyester based resins. 
Table III is directed to aqueous varnish solutions pro 
duced from the polyesters of Table II. 

TABLE II 
Aqueous System Insulating varnishes 

Alkyd and "Oil-Free“ Polyester Base Resins 
(on a molar basis) 

I II III IV V VI 

1.40 1.229 

1.05 mil/dip 1.06 mil/dip 

VII VIII IX X X1 XII 

Tall Oil Fatty Acids 
Soya Fatty Acids 
Pamolyn 347 
Soybean Oil 

IPA 
TMA 
TMP 
TME 
G 1.696 
DPG 0.20 
DEG 
THEIC 
NPG 
TPA 
MA 
AA 

L629 1.25 1.10 1.00 0.80 0.50 
0.343 

0.542 
1.60 1.590 1.590 
0.45 0.453 0.453 
1.95 2 

1.590 
0.453 
2.159 

1.60 
0.50 

0.78 
0.22 

1.60 
0.50 

1.60 
0.50 

160 . 0.55 

0.50 0.15 
0.65 

0.33 0.33 
1.28 

1.80 1.50 1.27 
0.208 

0.72 1.03 
1.00 
0.33 0.70 

0.10 
0.20 

0.35 

Legend 
IPA = lsophthalic Acid 
TMA = Trimellitic Anhydride 
TMP = Trimethylolproplne 
TME = Trimethylolethlne 
G = Glycerin: 
MA = Maleic Anhydride 
DPG = Dipropylene Glycol 
DEG = Diethylene Glycol 
T1>1E1C = Trishydroxyethylisocyanurate 
NPG = Neopentyl Glycol 
TPA = Terephlhalic Acid 
AA = Adipic Acid 
Plmolyn 347 is 1 Tall oil derived fatty acid mixture sold by Hercules and comprising 5% unconjugated linoleic. 46% conjugated 
linoleic acid and 47% oleic acid 

55 

65 
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EXAMPLE 11 

Films prepared from a commercial insulating varnish 
in accordance with Example 3, Varnish l, were tested 
for resistivity by the ASTM test known as “Insulation 
Resistance", Method 2, ASTM A 344. Franklin values 
in such test are subject to specimen variations. Among 
those characteristics that vary are ?atness of the steel, 
?lm thickness, degree of cure and the kind and the 
amount of water that may be used to dilute the enamel 
prior to application. 
On C-3 Coreplate, the following were obtained: 
(a) Type 3A-0.5 to 0.7 amp. at ?lm thicknesses of 0.05 

mil. 
(0) Type 3C-0.3 to 0.4 amp. at ?lm thicknesses of 1.0 

ml. 
(c) Special application for large generators- 0.2-0.3 

amp. at thicknesses of 1.5 mil. 
These values were obtained using cure temperatures of 
700“ to 750’ F. This cure turns the steel blue. The cus 
tomer who carried out the test was pleased with the 
product of the invention because of its overall consis 
tency of performance. 

EXAMPLE 12 

The same basic resin as in Example 3 was also com 
pounded into a pigmented enamel. The formula is as 
follows: 

Pigmented Coreplate Enamel 
Comgg'tion 

Parts By Weight 

Polyester Concentrate of Example 3 i206 
Hexamethoxymethyl Melamine 193 
Butoxyethanol 603 
Dimethylethanolamine 90 
Borax (Na1B4O7l0l-l1O) 52 
Silica (micron size) [75 
Diatomaceous Eanh 207 
Antifoaming Agent 4 
Z-Ethylhexanol 30 
Deionized Water 2200 

Employing the ASTM test set forth in Example l1, a 
comparison was made between aluminum phosphate 
and the pigmented enamel of Example 12. The results 
are given in the following table: 

TABLE 

mison of C-5 Type Coatings For Silicon Steel 
Aluminum Pigmented Coreplate 
Phosphate Enamel of 
Franklin Example l2 
Values (Amperes) Full Strength Dilute 

RT .Ol .21 25 
1300' F. .l5 — —— 

B50‘ .20 - — 

1400' .20 — — 

I450’ .18 .50 .32 
I500‘ .16 .34 .44 
I550’ .14 .28 .48 

Coating Thickness Average (Top 8: Bottom) Inches 
RT :0 x 10- 4 x 10-5 s X 105 
1300‘ F. 2 s x 10-‘ - - 

1350' 2.5 x 10-‘ - - 

1400' 1 x 10-‘ _ ' - 

1450' 1.2 x 10-‘ 3 x 10-5 a x 10-5 
1500' 1 x 10-‘ 3x 10-5 3 x 10-5 
1550' 4 x 10-5 z x 10-5 3x 10-5 
RT Small amount of dusting Smooth and Adherent‘ 
13(1)‘ F. — — 

I350‘ — — 

25 

30 

35 

45 

55 
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TABLE-continued 

Comparison of C-5 Type Coatings For Silicon Steel 
Aluminum Pigmented Coreplate 
Phosphate Enamel of 
Franklin Example 12 
Values (Amperes) Full Strength Dilute 

14(1)’ — — 

1450‘ Light Flaking Light Carbon Residue 
1500' More Severe Flaking Light Carbon Residue 
I550‘ Flaking Severe Throughout Light Carbon Residue 

IResults were the same for both full strength and dilute 

The pH of commercial enamels made in accordance 
with Example 12 varies between 7.9-8.3. 

It is apparent thus that there has been provided, in 
accordance with the invention, polyesters, a process for 
the production, and compositions resulting from their 
use, that fully satis?es the objects, aims and advantages 
set forth above. While the invention has been described 
in conjunction with speci?c embodiments thereof, it is 
evident that many alternatives, modi?cations, and vari 
ations will be apparent to those skilled in the art in light 
of the foregoing description. Accordingly, the forego 
ing description is intended to embrace all such alterna 
tives, modi?cations and variations as fall within the 
spirit and broad scope of the appended claims. 
What is claimed is: 
l. A process for forming a water-dispersible polyester 

capable of being solubilized to become water-soluble 
comprising reacting (l) with (2a) to form (I), wherein 

(l) is isophthalic acid, terephthalic acid, benzophe 
none dicarboxylic acid or mixtures thereof and 
wherein 

(2a) includes a polyol having at least three hydroxyl 
groups and a diol, wherein said polyol is trime 
thylol-propane, tris(hydroxymethyl)aminoethane, 
trimethylolethane, glyccrine, pentaerythritol or 
tris(hydroxyethyl)isocyanurate and said die! is neo 
pentyl glycol, 1,4-butylene glycol, dimethyl hydan 
toin, dipropylene glycol, ethylene glycol, diethyl 
ene glycol, propylene glycol, cyclohexane dime 
thanol, hydrogenated bisphenol A, hydroquinone 
di-(beta-hydroxyethyl) ether, the diether of propy 
lene glycol and bisphenol A, or the diether of eth 
ylene glycol and bisphenol A; wherein said triol is 
present in amounts up to 35 mole percent of all 
reactants used to form said polyester; 

wherein said polyol and said diol are heated together 
and then said component (1) is added thereto; 

and adding (I!) which is (a) trimellitic anhydride; (b) 
an aliphatic dibasic acid which is adipic acid, suc 
cinic acid, azelaic acid, scbacic acid, dimerized 
fatty acids, maleic acid, fumaric acid or an anhy 
dride of said acids or (c) a cycloaliphatic acid 
which is tetrahydrophthalic acid, hexahydro 
phthalic acid, 3,6-endomethylene, delta‘-tetrahy 
drophthalic acid or an anhydride of said acid, 
which component (II) is 15 to 65 mole percent 
based on the total moles of (l) and (II), and 
wherein (1) comprises 35 to 85 mole percent of the 
total amount of (l) and (II); 

wherein the mixture of (l) and (2a) is heated until a 
portion of the mixture containing 100 percent 
solids is characterized by an acid number of [at 
least] about 10 up to 20. 

2. The process of claim 1, wherein said polyester 
further includes a mixture of a saturated or unsaturated 
fatty acid which is non-conjugated or conjugated lin 
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oleic acid, linolenic acid, oleic acid, palmitic acid, stea 
ric acid, elaeostearic acid, lauric acid, myristic acid, 
pelargonic acid, isodecanoic acid or mixtures thereof in 
an amount ranging from 5 to 60 percent by weight of 
said polyester. 

[3. The process of claim 1, wherein said acid number 
ranges up to 20.] 

4. The process of claim 1, wherein said heating step is 
followed by cooling and then by addition of component 
[(13)] (IU- ' 

5. The process of claim 4, wherein said addition is 
followed by heating until the reaction product, when 
diluted to 80 percent solids, attains an acid value of from 
25 to 90. 

6. The process of claim 5, wherein said heating step 
following addition is maintained until the reaction prod 
uct, when diluted to 80 percent solids, attains an acid 
value of about 40. 

7. A water-dispersible polyester capable of being 
solubilized to become water-soluble, comprising the 
reaction product of component (I) and component (II) 
wherein: 

(I) is the reaction product of 
(l) isophthalic acid, terephthalic acid; benzophe 
none dicarboxylic acid or mixtures thereof; and 

(2) O to 41 percent by weight, based on the total 
weight of reactants used to form said polyester, 
of a diol which is neopentyl glycol, 1,4-butylene 
glycol, dimethyl hydantoin, dipropylene glycol, 
ethylene glycol, diethylene glycol, propylene 
glycol, cyclohexane dimethanol, hydrogenated 
bisphenol A, hydroquinone di-(beta-hydrox 
yethyl) ether, the diether of propylene glycol 
and bisphenol A, or the diether of ethylene gly 
col bisphenol A and 10 to 27 percent by weight 
based on the total weight of all reactants of a 
polyol having at least three hydroxyl groups 
which is trimethylol-propane, tris(hydroxyme 
thyl)aminoethane, trimethylolethane, glycerine, 
pentaerythritol or tris(hydroxyethyl) isocyanu 
rate; and 

(3) a saturated or unsaturated fatty acid which is 
non-conjugated or conjugated linoleic acid, lino 
lenic acid, oleic acid, palmitic acid, stearic acid, 
elaeostearic acid, lauric acid, myristic acid, pe~ 
largonic acid, isodecanoic acid or mixtures 
thereof in an amount ranging from 5 to 60 per 
cent by weight of said polyester, and wherein 

(II) is (a) trimellitic anhydride; or (b) or aliphatic 
dibasic acid which is adipic acid, succinic acid, 
azelaic acid, sebacic acid, dimerized fatty acids, 
maleic acid, fumaric acid or an anhydride of said 
acids or (c) a cycloaliphatic acid which is tetrahy 
drophthalic acid, hexahydrophthalic acid, 3,6 
endomethylene, delta4-tetrahydrophthalic acid or 
an anhydride of said acid, which component (II) is 
15 to 65 mole percent based on the total moles of 
(l) and (II), wherein (1) comprises 35 to 85 mole 
percent of the total amount of (1) and (II); 

wherein the OHzCOOH ratio of said polyester ranges 
from 1:1 to 1.521 [.],‘ 

wherein the acid number of the polyester is 25 to 90, 
based on a sample of said polyester diluted to 80% 
solids. 

8. The polyester of claim 7, wherein said OHzCOOH 
ratio is H to 1.3:l. 

9. The polyester of claim 7, dispersed in water. 
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10. The polyester of claim 7, including both a polyol 

having at least three hydroxyl groups and a diol. 
11. The polyester of claim 10, wherein said polyol is 

trimethylol propane and said diol is dipropylene glycol. 
12. The polyester of claim 10, wherein said polyester 

includes isophthalic acid and trimellitic anhydride. 
13. The polyester of claim 7, wherein said diol is 

neopentyl glycol. 
14. The polyester of claim 13, wherein said polyol is 

trimethylol-propane. 
15. The polyester of claim 14, wherein said element 

(1) is isophthalic acid. 
16. The polyester of claim 15, which includes adipic 

acid. 
17. The polyester of claim 7, wherein the diol is di 

propylene glycol, diethylene glycol or neopentyl gly 
col. 

18. The polyester of claim 7, wherein the polyol is 
trimethylolpropane, trimethylolethane, glycerine or 
tris(hydroxyethyl)isocyanurate. 

19. The polyester of claim 7, wherein (B) is maleic 
anhydride, or adipic acid. 

20. The polyester of claim 7, wherein (B) is maleic 
anhydride, tetrahydrophthalic anhydride, hexahydro 
phthalic anhydride, 3,6-endomethylene, M-tetrahy 
drophthalic anhydride or trimellitic anhydride. 

21. The polyester of claim 7, which is water-soluble. 
22. The reaction product formed by reacting the 

polyester of claim 7 with an amino triazine-aldehyde 
reaction product. 

23. The product of claim 22, wherein said triazine is 
hexamethoxymethyl melamine. 

24. A water-dispersible polyester capable of being 
solubilized to become water-soluble comprising 2.8 
moles of tall oil fatty acids, 3.8 moles of trimethylol 
propane, 0.4 mole of dipropylene glycol, 3.2 moles of 
isophthalic acid and 0.9 mole of trimellitic anhydride. 

25. The product produced by the process of claim 1, 
admixed with water. 

26. A pigmented enamel comprising the product of 
claim 25. 

[27. The product produced by the process of claim 3, 
admixed with water] 

28. A water-dispersible polyester capable of being solubi 
lized to become water-soluble, comprising the reaction 
product of component (I) and (11) wherein: 

(I) is the reaction product of 
(l) isophthalic acid, terephthalic acid; benzophenone 

dicarboxylic acid or mixtures thereof; and 
(2) 0 to 41 percent by weight. based on the total weight 
of reactants used to form said polyester, of a diol 
which is neopentyl glycol. 1,4-butylene glycol. di 
methyl hydantoin. dipropylene glycol, ethylene gly 
col, diethylene glycol, propylene glycol, cyclohexane 
dimethanol, hydrogenated bisphenol A, hydroqui 
none di-(beta-hydroxyethyl) ether, the diether of 
propylene glycol and bisphenol A. or the diether of 
ethylene glycol and bisphenol A and 10 to 27 per 
cent by weight based on the total weight of all reac 
tants of a polyol having at least three hydroxyl 
groups which is trimethylol-propane. tris(hydrox 
ymethyl)aminoethane, trimethylolethane, glycer 
ine, pentaerythritol or tris(hydroxyethyl)isocyanu 
rate; and 

(3) a saturated or unsaturated fatty acid which is 
non-conjugated or conjugated linoleic acid. linole 
ninc acid, oleic acid. palmitic acid. stearic acid, 
elaeostearic acid, lauric acid, myristic acid. pelar 
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gonic acid. isodecanoic acid or mixtures thereof in 35 to 85 mole percent of the total amount of (I) and 
an amount ranging from 5 to 60 percent by weight (11); 
of said polyester; and wherein wherein the OH'COOH ratio of said polyester ranges 

(I!) is trimellitic anhydride. wherein the trimellitic anhy- from 1:1 to 1.5:]: and wherein the acid number of 
dride component (I!) is 15 t0 65 "I018 Pervert! based on 5 said polyester is 25 to 90, based on a sample of said 
the total moles of (I) and (11), wherein (1) comprises polyester diluted to 80% solids. 
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