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FOREWORD

The detailed, descriptive information in this book is based on U.S. patents since 1965 relating to
reinforced composites from polyester resins.

This book serves a double purpose in that it supplies detailed technical information and can be used
as a guide to the U.S. patent literature in this field. By indicating all the information that is signifi-
cant, and eliminating legalistic phraseology, this book presents an advanced commercially oriented
review of current technology and uses of polymers in making reinforced composites.

The U.S. patent literature is the largest and most comprehensive collection of technical informa-
tion in the world. There is more practical, commercial, timely process information assembled here
than is available from any other source. The technical information obtained from a patent is ex-
tremely reliable and comprehensive; sufficient information must be included to avoid rejection for
"insufficient disclosure’’. '

The patent literature covers a substantial amount of information not available in the journal lit-
erature. The patent literature is a prime source of basic commercially useful information. This in-
formation is overlooked by those who rely primarily on the periodical journal literature. It is real-
ized that there is a lag between a patent application on a new process development and the granting
of a patent, but it is felt that this may roughly parallel or even anticipate the lag in putting that
development into commercial practice.

Many of these patents are being utilized commercially. Whether used or not, they offer oppor-
tunities for technological transfer. Also, a major purpose of this book is to describe the number of
technical possibilities available, which may open up profitable areas of research and development.

These publications are bound in paper in order to close the time gap between ’‘manuscript’’ and
"completed book”. Industrial technology is progressing so rapidly that hard cover books do not
always reflect the latest developments in a particular field, due to the longer time required to pro-
duce a hard cover book. ’

The Table of Contents is organized in such a way as to serve as a subject index. Other indexes by

company, inventor, and patent number help in providing easy access to the information contained
in this volume,
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INTRODUCTION

Volume of reinforced thermosets was approximately 900 million pounds in the United States
in 1970, showing a slight downturn from 1969 but substantial growth over the 1967 volume
of 750 million pounds. Future growth, of a predicted minimum of 10 to 15% per year
through the seventies is closely related to the high commitment to research and develop-
ment by the plastics industry during the past few years. This effort has provided improved
and strengthened materials, speedier and more automated production techniques and im=-

proved surface finishing.

Polyesters which first became available during World War Il constitute, by far, the largest
volume of the reinforced plastics market. U.S. consumption of reinforced polyesters in
1970 was 450 million pounds, with total consumption for all uses being 600 million pounds.
New developments introduced during 1970 included noficombustible, heat resistant resins,
and two new low profile resins.

The major research efforts over the past few years have been in the areas of inhibitors,
viscosity-thickening additives, thermoplastic modified polyester formulations generally
referred to as "low shrink" or "low profile" and flame retardant systems.

This review summarizes the processes relating to unsaturated polyester-based technology,
with particular emphasis on new polyester raw materials, catalysts, accelerators, inhibitors
and the very considerable activity in flame retardant resin systems.
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SYNTHESIS OF -POLYESTER INTERMEDIATES

HYDROXY INTERMEDIATES

Hydraxyneopentyl Hydroxypivalate

R.B. Duke, Jr. and M.A, Perry; U.S. Patent 3,320,336; May 16, 1967; assigned to
Eastman Kodok Company have found that unsaturated polyesters of desirably improved
properties are obtained:from bifunctional dihydroxy compounds represented by Fbrmula (1)
and certain bifunctional unsaturated dicarboxylic acids. These unsaturated polyesters
show marked advantages over conventional polyesters prepared from the more common
diols, e.g., ethylene glycol, propylene glycol, diethylene glycol, and the like, both
in terms of processability and in the ‘characteristics of the resulting thermoset resins. In
terms of processability, the unsaturated polyesters can be prepared in much shorter re-
action times of about from 5 to 10 hours. o

The high boiling points of the dihydroxy compounds, which are substantially above those
of the more common glycols, also facilitate the preparation of the unsaturated polyesters.
For example, hydroxyneopenty! hydroxypivalate, the lowest member represented by For-
mula (1), has a boiling point above 275°C. at atmospheric pressure; consequently, the
unsaturated polyesters may be processed at the desirably higher temperatures of from 250°
to 260°C. without loss of the glycol. This is a distinct advantage over the processes using
the more common glycols ot 200° to 220°C. in that significantly faster esterification
rates are obtained at these elevated temperatures. The polyesters are particularly stable
to thermal and oxidative degradation which results in essentially water-white polymers,

Aside from the ease of processing the new polyesters, the dihydroxy compounds of For-
mula (1) impart certain advantageous properties to the finished unsaturated polyesters and
the thermoset resins. Foremost among these properties is the remarkable resistance of the
thermoset resins to hydrolysis in either basic or acidic aqueous media. For this reason,
the thermoset resins are especially useful in the preparation of fiber glass boat hulls and
other materials which require outstanding hydrolytic and oxidative stability. This repre-
sents a distinct improvement over conventional polyesters which are generally unstable
under these conditions.

The process involves the preparation of unsaturated polyesters by direct esterification in a
melt of a dihydroxy compound represented by the general structure (1) following, where

2



Synthesis of Polyester Intermediates

R, O R,

‘Ixo-cxry—cl:—cnsﬁo-cn.—<::—cn.—on
(] ) ’ ﬁ, Ry

each Ry and Ry represent the same or different alky! groups of from 1 to 4 carbon atoms,
e.g., methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, etc. groups, with a bifunc-
tional unsaturated dibasic acid such as maleic anhydride, maleic acid, fumaric acid,
tetrahydrophthalic acid, tetrahydrophthalic anhydride, chloromaleic acid, itaconic acid,
citraconic acid and mesaconic acid, at a temperature above 20°C. and preferably from
about 200° to 260°C., with or without an esterification catalyst as desired, until the .
acid number (mg.KOH/g. polyester) of the polymer reduces to 30 or below.

The proportions of the dihydroxy compound and the unsaturated dibasic acid employed are
approximately equimolar, and preferably with a slight molar excess of the dihydroxy com-
pound. The following examples illustrate the process.

Example 1:  Maleic anhydride-phthalic anhydride-hydroxyneopentyl hydroxypivalate co=
polymer is prepared by combining 24.5 grams (.0.25 mol) maleic anhydride, 37 grams
(0.25 mol) phthalic anhydride and 113 grams (0.565 mol) hydroxyneopentyl hydroxypivalate
in a1 liter, 3 neck flask equipped with stirrer, distiliation arm and gas inlet tube extend-
ing beneath the surface of the reactants. No catalyst was employed. The nitrogen purge
entered the flask through one arm and exited beneath the surface of the reactants. - This
served the dual purpose of protecting the reactant from oxidative discoloration and aided in
sweeping the water formed during esterification into the distillation arm where it was con=
densed and removed. The reactants were heated at 85° to 95°C. for one hour.

Following this initial reaction period, the reactants were heated rapidly to 230°C, to
complete the esterification. Somples were withdrawn from the flask periodically and
titrated with standard sodium hydroxide to determine the progress of the reaction. After
seven hours, the acid number of the polymer had dropped to 28. The polymer was then
cooled to 80° to 90°C. and blended with styrene (30% by weight). Hydroquinone (0.01%)
was added as polymerization inhibitor. The resulting polyester-styrene solution was clear
and essentially water-white. The polyester-styrene solution was polymerized with a
peroxide.catalyst at 90°C., to yield a rigid, thermoset resin. The. resin was, clear and
faintly yellow in color. Fiber glass laminates prepared with the polyester=styrene. solutions,
on curing, showed outstanding resistance to hydralytic degradation when treated with hot
water. . ‘

Example 2: The preparation of isophthalic acid-fumaric acid-hydroxyneopentyl hydroxy-
pivalate copolymer is as follows, Isophthalic acid, 33.2 grams (0,2 mol), and hydroxy-
neopentyl hydroxypivalate, 120.5 grams (0.59 mol), were combined in the apparatus pre-
viously described. The reactants were heated rapidly to 240° to 250°C., and processed fo
an acid number below 10. This took three to four hours. The mixture was then cooled to
170°C. and 34.8 grams (0.3 mol) of fumaric acid was added. The polyester was then
processed for an additional six hours until an acid number below 30 was obtained. The
polyester was then cooled to 80° to 90°C., and 30 milligrams of hydroquinone and 62 grams
of styrene (30% by weight) were added. The resulting styrene-polyester solution was
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clear and essentially water-white. The styrene-polyester solution was copolymerized by
the addition of a peroxide catalyst yielding a clear, rigid, thermoset resin. The solutions
had excellent adhesive properties and were useful as laminating agents for wood, metals,
fiber glass, etc. The laminated materials on curing showed high stability toward thermal,

hydrolytic and oxidative degradation,

Cyclohexane Dimethanol Corbonates, Alkali Resistance

R. Nehring, K. Heidel and K. Hamann; U.S. Patent 3,551,520; December 29, 1970;
assigned to Chemische Werke Hiils AG, Germany describe unsaturated polyesters of un-
saturated polybasic acids and one or more carbonates of cyclohexane-1, 4-dimethanol of
Formula {A) which follows where n is an integer from 1 to 9, preferably 1 to 4,

H-—EO—CII:~< o >.-cn_-ro~g131—o—cn;—®cng-on
“ L 'J
0.

Such dihydric carbonate compounds can easily be produced by causing l,4-bis(hYdroxy-
methyl)cyclohexane and phosgene in a molar ratio within the range from 1:0.5 to 1:0.97 to
react at atmospheric pressure in the presence of an inert solvent.

The unsaturated polyesters are produced conventionally by polycondensation, for example,
in a melt, where the cyclohexane-1, 4~dimethanol carbonates, if desired in mixture with
other alcohols, are reacted with unsaturated polybagic acids which can be replaced, in
part, by saturated polybasic carboxylic acids or the esterifiable derivatives. In general,
the unsaturated polyesters have the following percentage range of molor proportions.

Genersl, Preferred,

Monomer percent percent
Carboaate of cyelohexane-1,4-dimethanol of N

Formula (A). ..o .o 35-70 45-60
Tnsaturated polybaste aeld... ... ... . 530 10-50

Saturated polybasic carboxylic acids... ... ... 0-15 0-10

The molded shapes and coating produced by the process exhibit a surprisingly high heat
distortion stability ot elevated temperatures, in conjunction with a high impact strength
and good elasticity. The copolymerizates, in view of their excellent impact strength and
heat distortion stability at higher temperatures, are porticularly suitable for the production
of molded parts, such as aircraft components, subject to high thermal and mechanical
stresses, The beneficial mechanical and thermal properties are coupled with an excellent
resistance to alkalis. The carbonate bond in the hardened molded polyester masses is not
attacked by saponifying agents, not even by sodium or potassium hydroxide under heat.
The surface characteristics, as well as the mechanical properties of the test samples remain
practically unchanged after boiling for several days in o sodium hydroxide solution. ‘The
physical properties of the cured products of this process are as follows:

Flexural strength (kg./cm.z) 600-2, 000
Impact strength (kg.-cm./cm.2) 10-30
Indentation hardness (kg./cm.2) 10 seconds 1,400-1, 600

Heat distortion temp. according to Martens (°C.) 80-100
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Example 1: From cyclohexane-1, 4-dimethanol (50% in the trans form), there is produced
a i h

cyclohexane-1, 4-dimethanol carbonate of the following formula.

‘nHo—ci:—¢ H -CH’:—'O—'C~U~'(,'”1—-< 1 \-cm—ou

Nine hundred and sixty parts of the above carbonate and 348 parts of fumaric acid are
esterified in the presence of 0.24 part hydroquinone, at 180°C., foré hcurs in a nitrogen=-
purged flask provided with a water finder and a stirrer, The reaction is such that an acid
number of 11 is reached. After the reaction mixture has been allowed to cool to 140°C.,
0.24 part of hydroquinone is added, and the polyester is dissolved in 800 parts of styrene.

200 parts of the water-clear polyester-styrene solution (styrene content 40%) are stirred
together with 1.2 parts of a 10% cobalt naphthenate solution in toluene, as well as 4 parts
of a 40% methylethylketone-peroxide solution in dimethyl phthalate. After 33 minutes o
20°C. in a mold, the mass becomes set, thereby producing a hard, glass-clear cast body
having excellent heat distortion temperature dimensional stability, as well as good impact
resistance. It is also worthy to note that the surface of the cast body exposed to air is just
as hard and tack-free as the surfaces contacted by the mold, After a final cure at 80°C.
for 8 hours, the following mechanical properties are obtained.

Flexural strength (kg./cm.?) 680
Impact strength (kg.-cm./cm.z) 10.7
Indentation hardness (kg./cm.z) 10 seconds 1,460
Heat distortion temp., according to Martens (°C.) 100

After the same test specimens are boiled for 45 hours in a 10% solution of sodium hydroxide,
a second measurement of the mechanical properties indicates no significant changes os
compared to the unboiled specimens.

Example 2: From cyclohexane-dimethanol-1,4 (50% trans), there are produced 988 parts
of tEe following cyclohexane-],4-dimefhanol carbonate:

n—£o-cm—@cu,» »o-ﬁl qwu;—@ cli-olt
L O_L

This carbonate and 232 parts of fumaric acid are esterified in the presence of 0.23 part
hydroquinone, in the same manner as in Example 1, for 7 1/2 hours, until an acid number
of 10 is attained. After cooling to 140°C,, the unsaturated polyester, after adding 0.23
part hydroquinone, is diluted with 765 parts styrene. Two hundred parts of the transparent
water-clear polyester-styrene solution are stirred ot room temperature with 1.2 parts of a
10% cobalt naphthenate solution and 4 parts of a 40% methylethylketone-peroxide solution,
In a mold, the polyester mass is hardened after about 31 minutes and results in hard, water-
clear, transparent cost bodies having the following properties after a final cure at 80°C,
for 8 hours. ' ‘
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Flexural strength (kg./cm.z) 1,095
Impact strength (kg.~cm ./cm.z) 16,7
Indentation hardness (kg./cm.?) 10 seconds 1,459
Heat distortion temp. according to Martens (°C,) 92

Boiling the same specimens for 45 hours in o 10% solution of sodium hydroxide did not
change the above values significantly.

Hydroxyl Dicyclopentadiene, Low Shrinkage

A process described by S. Tsuruta, W. Koga, M. Abo and S. Abe; U.S. Patent 3,322,732;
May 30, 1967; ossigned to Hitachi Kasei Kogyo Kabushiki Kaisha, Japan provides self-
copolymerizable resinous compositions of perfect reaction type having very small shrinkage
ratio. The self-copolymerizable resin compositions can be obtained by mixing the linear
monoesters or polyesters, that include within the same molecule (a) ot least one &,8 ~un-
saturated dibasic acid, and (b) at least one é~hydroxy-3a, 4,5, 6,7, 70hexanhydro-4, 7-
methanoindene (hydroxyl dicyclopentadiene) as copolymerizable compounds combined by
ester linkage, with peroxides and, if necessary, with other additives, .

Hydroxyl dicyclopentadiene can be obtained by addition of water to dicyclopentadiene
(including its alkyl derivatives) under the presence of acid catalysts as sulfuric acid; and

the structural formula is as follows.
HO_@ |

An example of preparing hydroxy! dicyclopentadienes is as follows. At first, 800 g. of
25% sulfuric acid aqueous solution is added to 286 g. (1.86 mol) of dicyclopentadiene,
and the solution is reacted with hard agitation for 5 hours at 104° to 107°C. Next, oil
phase of the reaction tiquid is separated by o separating funnel, and fractionally distilled
in precise under reduced pressure. Then, 252 g. (83% of the theoretical amount) of hy-
droxyl dicyclopentadiene, of which the boiling point is 92° to 93°C. under 3 mm. Hg
pressure, is obtained,

This product has the molecular formula C10H140 shown by elementary analysis, and

np25 =1,524¢, a425= 1.0773. The hydroxy! group combined with é~position carbon atom
of hydroxyl dicyclopentadiene readily forms ester linkage with a carboxylic acid by usual
esterification process, and under such esterification the double bond between 2- and 3-
positioned carbon atoms of hydroxy! dicyclopentadiene is maintained stable.

Accordingly, linear mofecules thus obtained can be polymerized ard cured three=dimen-
sionally by mixing with additives of peroxides, curing accelerators and others. Namely,
the unsaturated double bond between 2- and 3-position carbon atoms existing after the
esterification of the hydroxy! group combined with é~position carbon atom, and a double
bond of &, 8 ~unsaturated dibasic acids, copolymerize readily under the presence of per-
oxides, The following examples illustrate the process,

6
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Example 1: 315g. (2.10 mol) of hydroxyl dicyclopentadiene, 196 g. (2 mol) of maleic
anhydride, and 76 g. (1 mol) of propylene glycol were charged in a four neck 1 liter flask.
By esterification with agitation of this mixture heated to 150° to 190°C. in carbon dioxide
atmosphere, a viscous thin orange-yellow resinous composition having acid value of 12.9
was obtained after about 13 hours. By measuring its density by sink and float method in
aqueous solution of sucrose, D425= 1.192 waos obtained,

Heated to 70°C., 0.5 g. of di-tertiary butyl peroxide were added to 20 g. of the resin

and mixed homogeneously, then this mixture was heated to 140°C, After about 45 minutes
the mixture was completely cured, After grinding the cured resin with iron mortar, in=
soluble percentage of the cured resin in acetone was measured and found to be 97.7%.

The density of the cured resin, measured by sucrose solution method, was found to be

1.208, thus, comparing with the density hefore curing, the shrinkage ratio at curing was
found to be only about 1.34%. And, in cose of heating 10 g. of the resin with addition

of 0.1 g. of benzoyl peroxide to 105°C, .the resin was completely cured ofter about 30 min-
utes, and the density of the cured resin was 1,211, Thus, the shrinkage ratio at curing

was about 1,59%.

Dissolving 10 g. of the cured resin in 5 cc of acetone, 0.1 g. of cobalt salt of naphthenic
acid (Co content 20%) was added and mixed with the solution; further, 0.2 g. of methyl
ethyl ketone peroxide solution was added and mixed homogeneously. Then, the resultant
solution was painted over a glass plate. The solution formed o film after about 3 hours,
and was cured completely after about 15 hours.

Example 2: 315g, (2.10 mol) of hydroxyl dicyclopentadiene and 98 g. (1 mol) of maleic
anhydride were charged in a four neck 500 ml. flask. By esterification with agitation of
this mixture heated to 170° to 190°C. in carbon dioxide atmosphere, a thin orange
resinous composition of a little fluidity having acid yalue of 9.1 was obtained after about
14 hours. By measuring the density of the resin, D29=1,149 was found. Heating 10 g.
of the resin with addition of 0.2 g. of ditertiary butyl peroxide to 140°C,, the resin
gelled. The measured density of the cured resin was 1,189, and thus, the shrinkage ratio
after curing to before ‘curing was recognized as about 3.48%.

Next, 0.1 g. of cobalt salt of naphthenic acid (Co content 12%) was added and mlxed
further, 0.2 g. of methyl ethyl ketone peroxide solution was added. Then the resultont
solution left at room temperature began curing about 30 minutes after, and was cured al-
most completely after 5 hours. The density of the produced cured resin was 1.183, and the
shrinkage ratio was 2.96%.

2,2-Di(4-Hydroxyethylphenyl)Propane, Cycloalkanediols

In o process described by J, Feltzin; U.S. Patent 3,538, 187; November 3, 1970; assigned
to Atlas Chemical Industries polyester resins are prepared by esterification of a mixture of
dihydric alcohols comprising on oxyulkylene ether of an alkylidene diphenol and a cyclo-
alkanediol with a dibasic acid which comprises as @ major fraction an o.,8 -unsaturated
dicarboxylic acid. The polyesters are copolymerizable with ethylenically unsaturoted com=-
pounds capable of free radical polymerization.
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The oxyalkylene ether of an alkylidene diphenol which is used to prepare the polyester
component of the corrosion resistant resins conforms to the following generalized chemical

formula:
II(OR)...—OQ—A—@—O—(R()),.II

where A is a 2-alkylidene radical having from 3 to 4 carbon atoms, R is an alkylene radical
containing from 2 to 4 carbon atoms, m and n are each at least one and the average sum of
m and n does not exceed 20.

Dihydric alcohols conforming to the above formula may be prepared by the direct addition
of alkylene oxide to alkylidene diphenols or by reacting of olefin halohydrin with an
alkylidene diphenol as described in U.S. Patent 2,331,265, The cycloalkanediol which
is a component of the diol mixture used in the process to prepare the polyester component
of corrosion resistant copolymer resins is characterized by the following generalized
formula:

(CI))sC—C(CHy), 01
HO(CHy),C—~C(CHs)s

where n is selected from the integers 0 and 1. 2,2, 4, 4-tetramethyl-1,3-cyclobutanediol
may be prepared by condensing isobutyraldehyde to obtain the corresponding dione, with
subsequent reduction of the compound to the diol. 2,2, 4, 4-tetramethyl-1,3-di(hydroxy=-

- methyl)cyclobutane may be prepared by condensing 2,2, 4, 4-tetramethyl-1, 3-cyclobutane-
dione with formaldehyde with subsequent dehydration and reduction of the condensation
product to the diol, The above identified cyclobutanediols are known and available in
commercial channels. The following examples illustrate the process.

Example 1: 312 grams of 2.2-prodendro bisphenol A [polyoxypropylene(2.2)isopropylidene
diphenol] and 54 grams of 2,2, 4, 4~tetramethylcyclobutane-1,3-diol are introduced at
room temperature into a one=liter, round bottom flask, fitted for stirring, heating; distilla-
tion, addition of reactants and maintenance of an inert gas atmosphere. After sweeping
the flask with nitrogen, slow stirring and heating (mantle) is begun.

0.26 gram of Tequinol (technical grade hydroquinone) are then added. Then after slow
addition of 145 grams of fumaric acid is begun, distillation starts at 198°C. After reaching
cooking temperature ot 210°C., the mixture is heoted under nitrogen with stirring for

8 3/4 hours, the acid number being determined after cooking 4 hours, 6 hours, 7 hours,

8 hours and then on the final product resin. Vacuum is applied to the sysfem and the
heating stopped about 25 minutes before the end of the cook. The résin is then poured

into a flat aluminum tray to cool and harden. Subsequently, the resin is broken up and
ground. The final acid number may be determined to be 20.88, the final softening point
may be determined to be 107°C., the solution clarity in 50-50% solution by weight of

the resin in styrene may be determined to be a hazy yellow amber, the viscosity of the
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same solution is found to be 640 centipoises and the density of the same solution and is
found to be 8,568 pounds per gallon, s

Example 2: 249 grams of 2,2-prodendro bisphenol A and 101 grams of 2,2, 4, 4-tetra~-
methylcyclobutane=1, 3~diol are introduced at room temperature into a one-liter round
bottom flask fitted for stirring, heating, distillation, addition of reactants and maintenance
of an inert gas atmosphere,

After sweeping the flask with nitrogen, slow stirring and heating are begun and 0.26 gram
of a technical grade of hydroquinone is odded. Thereafter, slow addition of 163 grams

of fumaric acid is begun and distillation starts at 198°C. After reaching cooking tem-
perature (210°C,) the mixture is heated under nitrogen with stirring for 8 hours. Vacuum
is applied to the system and heating stopped at about 25 minutes before the end of the
cook.

The resin is then poured into a flat aluminum tray to cook, harden and subsequently broken
up and ground. The final acid value of the resinous product may be determined to be
31.12, the final softening point of the resin may be determined to be 118°C., the clarity
of a 50-50% solution by weight of the resin in styrene may be determined to be a hazy
amber color, the viscosity of the same solution may be determined to be 1,120 cp. and the
density of the solution may be determined to be 8.555 pounds per gallon.

Example 3: The polyester resin of Example 1 is blended with styrene to form a 50% by
weight of solution of the resin having a viscosity of about 640 cp. Castings of this solution
are cured in a glass mold in a conventional manner using about 0.75 weight percent of
benzoyl peroxide and heat, as by curing for about 16 to 24 hours ot about 70°C., one hour
at about 90°C., and one hour at about 150°C., to form a final cross=linked capolymeric
composition,

Example 4: The polyester resin of Example 2 is blended with styrene to form a 50% by
weigﬁf solution of the resin having a viscosity of about 1,120 cp. The resin is cured in
the manner described in Example 3. After removal from the molds, the respective copoly~
meric compositions may be determined to have the following properties, measured by con-
ventional techniques.

Copolymer Composition of Example 3 Copolymer Composition of Example 4

Flexural strength — 15,000 psig Flexural strength — 10, 000 psig
Flexural modulus — 0.49 x 10 Flexural modulus — 0.48 x 10
Barcol hardness — 39-43 Barcol hardness — 41-43
Heat deflection temperature — 150°C, Heat deflection temperature — 165°C,
Specific gravity — 1.11 Specific gravity — 1.1
Shrinkage — 7.6% Shrinkage — 7.7%

To test the corrosion resistance of the copolymer resins in neutral and basic media, accele-
rated corrosion baths are provided as follows: (1) neutral medium: 50% dioxane and 50%
water; (2) basic medium: 50% dioxane, 47.5% water and 2.5% sodium hydroxide.
Samples of the respective copolymer resins are suspended in the respective baths contained

9



