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@ 5-(2,5-Diketotetrahydrofury!)-3-methyl-3-cyciohexene-1,2-dicarboxylic anhydride, its use as curing agent for epoxy resins
and as raw material for the production of polyimides, epoxy resins containing it, a powder coating composition and

articles obtained by using such an epoxy resin.

The novel 5-(2,5-diketotetrahydrofuryl}) -3-methyl-
3-cyclohexene -1,2-dicarboxylic anhydride of the formula
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is prepared by reacting 3-methyl -4-cyclohexene
-1,2-dicarboxylic anhydride with maleic anhydride. The said
dianhydride is useful as a curing agent for epoxy resins or a
raw material for the production of polyimides. Epoxy resin

compositions consisting essentially of an epoxy resin and the
above mentioned dianhydride, further articles and a powder
coating composition obtained by using such an epaxy resin
are described.
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5-(2,5~DIKETOTETRAHYDROFURYL ) -3-METHYL~3~
CYCLOHEXENE-1,2-DICARBOXYLIC ANHYDRIDE, ARND
EPOXY RESIN COMPOSITION COMPRISING SAID
ANHYDRIDE

This invention relates to a novel compgund,
5-(2,5-diketotetrahydrofuryl}-3-methyl~3~cyclohexene~
l,2-dicarboxylic anhydride, of the following formula,
and an epoxy resin composition containing said novel

compound.
CH
: 3
0 2 N\ Y
/c-cl:H2 CH CH-C _
0 0 (1)
"SC-CH - CH CH-C”
0 N~ 0
Ci,

Generally, tetracarboxylic acid dianhydrides
of this series are useful not only as raw materials for
thermally stable polyimide resins and raw materials for
plasticizers for vinyl chloride polymers, but also as
raw materials for water-soluble polyesters, and their
area of utility is very wide and diversified.

Pyromellitic dianhydride, and benzophenonetetra-
carboxylic dianhydride, for example, have been widely
used heretofore as such tetracarboxylic acid
dianhydrides. However, since these aromatic tetra-
carboxylic acid dianhydride have a high melting point
and are highly reactive, their handleability and
processability are not satisfactory. Also, these

materials are expensive. The use of these aromatic
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tetracarboxylic acid dianhydrides are therefore limited.

For example, when such an aromatic tetra-
carboxylic dianhydride as described above is used as a
curing agent for an epoxy resin, its compatibility with
the epoxy resin is poor, and the curing reaction begins
simultaneously with the melting of the resin. Accord-
ingly, the pot life of the epoxy resin is short. Since
such an aromatic tetracarboxylic acid dianhydride alone
cannot be used for casting; potting, or encapsulation,
it is the current practice to mix it with a dicarboxylic
acid anhydride such as maleic anhydride.

| It has been desired therefore to develop
novel tetracarboxylic acid dianhydrides having low
melting points and good solubility in various solvents
in the fields in which the aromatic tetracarboxylic
dianhydrides are used.

The present inventors noted the unique
reactivity of 3-methyl-4-cyclohexene-l,2-dicarboxylic
anhydride (to be abbreavaited PMAA) of the following
formula

H CH3 0

"
o
~
| c—0

1

0]

and extensively investigated compounds derived from PMAA.
These investigations led to the discovery that the
tetracarboxylic acid dianhydride of formula (I) can be
prepared from PMAA and maleic anhydride by a very simple
operation. The present inventors also found that mixing
of the tetraéarboxylic acid dianhydride of formula (I)
with an epoxy resin affords a thermosetting resin com-
position having the various characteristics to be
described as well as a high heat distortion temperature
(measured in accordance with ASTH D-648) which is one
measure for the thermal stability of a cured resin.

Thus, the present invention provides 5-(2,5-
diketotetrahydrofuryl)-3-methvl-3-cyclohexene-1,2~
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dicarboxylic anhydride {(to be abbreviated MCTC), which
is an aliphatic tetracarboxylic acid dianhydride having

good solubility 'in various solvents and a lower melting

point than the aforesaid conventional aromatic tetra-

carboxylic dianhydrides, and a thermosetting epoxy resin

composition having superior thermal stability, consist-

ing essentially of an epoxy resin {to be refrerred .to

as component A), and MCTC (to be referred to as com-

ponent B).

a reactor with PMAA cf formula

MCTC of formula (I} can be prepared by charging

(II)

per mole of MCTC, of maleic anhydride,

and 0.2 to 5 wmoles,

heating the
mixture with stirring at a temperature of 160 to 220°¢C

for 2 to 24 hours in the presence or absence of a

catalyst,

removing the unreacted materials by vacuum

distillation,

dissolving the resulting crude product in

acetic anhydride or a ketone such as methyl isobutyl

ketone; and recrystallizing it.

In this process,

the reaction between PMAA

and maleic anhydride proceeds via an addition reaction

between PMAA as a hydrogen donor and maleic anhydride

as a hydrogen acceptor (also called "ene synthesis") by

the mechanism schematically shown below.

intercarbon linkage occur simultaneously.

At this time,
transfer of the double bond and the formation of an

A general

example of '"ene synthesis® is described, for example,
(1962).

in Alder,

H.
0

i

von Brachel: Ann,,

H

651,

0
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=0
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c
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Krrown rethods for ene synthesis, such as a

- b o

method using a halogen {(e.g., bromiene) as a catélyst
(see Japanese Patent Publication Ho. 23669/77), and

a method using ortho-dichlorobenzene as a solvent (see
Org. Synth., IV, 766 (1%463}), can be applied to the
production of 5-(2,5-cdiketotetrahydrofuryl)-3-methyl-3.
cyclohexene-l,2-dicarboxylic anhycdride by reacting PIAA
with maleic acid at a high temperature.

The resulting MCIC is & normally white crystal
having a molecular weight of 264, an acid anhydride
equivalent of 132 and a melting point of 167.5 to 168.5
(determined by a capillary method), and is useful as
a curing agent for thermally stable epoxy resins, or
as a raw material for thermally stable resins such as
polyesters, polyaiiides or polyimides.

For example, when MCTC is used as a curing
agent for a liquid epoxy resin, its compatibility with
the epoxy resin is good, and the resulting epoxy resin
composition can be fabricated by casting, potting or
encapsulation. As will be clearly seen from a comparison
of Examples 2 and 4 with Comparative Examples 1, 2 and 3
to be given hereinbelow, MCTC has better workability
than known aromatic tetracarboxylic acid dianhydrides
and cured cast articles obtained by using MCTC have a

‘high heat distortion temperature, and exhibit equivalent

or higher thermal stability to or than cured cast
articles prepared from a mixture of benzophenonetetra-
carboxylic dianhydride and maleic anhydride used as a
control.

In other fields of application of MCTC, heat-
ing of MCTC with a diamino compound in dimethyl formamide
or dimethylsulfoxide as a solvent with stirring yields
a polyamide corresponding to the diamino compound.
Heating of this polyamide at a temperature of at least
200°C gives a pelyimide. Examples of the diamino com-
pounds includ= aromatic diamino compounds compounds such

as diaminodiphenylsulfone, diaminodiphenylmethane
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and phenylenediamine;'and aliphatic diamino compounds
such as ethylenediamine and hexanethyleneciamine. The
polyamides and polyimides obtained are useful as thermal-
ly stable resins.

Products obtained by curing epoxy resins, as
is well known, are used in a wide range of applications
including potted or encapsulated electrical devices,
impregnated articles, coated articles, laminated boards,
and adhesives. These articles all require heat resist-
ance or thermal stability, and this requirement has

been increasingly stronger in recent years with a great

advance in technology relating to electronics and
transportation.

As is well known, too, the properties of
these articles depend upon the properties of the cured
articles, specifically the properties attributed to
the chemical structures of the epoxy resin and a curing
agent therefor which are the major.constituents of
the cured articles.

The thermal stability of a cured epoxy resin
article also depends to a large extent upon the chemical
structures of the two components. Particularly, the
crosslinking density of the resin within the molecules
is important, and it is known that the heat resistant
temperature of the cured article becomes higher as the
crosslinking density is larger. *

Thus, investigations are alsé under way about
curing agents for epoxy resins, and various curing
agents for thermally stable epoxy resins have been
developed. Pyromellitic znhydride and benzophenonetestra-
carboxylic anhydride arc generally kwnown as such
thermally stable curing agents. flowever, these aromatic
tetracarboxylic acid dianhydrides have a melting point
of more than 200°C and high reactivity. Furthermcre,
their compatibility'with cpoxy resins is poor, and it
is necessary to mix them at high tcipcratures. Since

the curing reaction proceeds sinultaneously with the
7\
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meltirg, the pot life .of the resin is short. Accordiazié; ,

such an aromatic tetracarboxylic acid dianhydride, wheg
used alone, has the defect that it is difficult to use

for casting, potting, encapsulating or lamination or ag -
an impregnating varnish. P
Thus, such an aromatic tetracarboxylic acid’;,;

dianhydride is generally used in combination of with af'},
dibasic acid dianhydride such as maleic anhydride, and -

SR Bt e SRS s - PRGN A e aa gy e, L

as a result, the therial stability of the resin is

[

impaired. . RO
In contrast, when in accordance with the presest §
invention, MCTC is used as a curing agent for epoxy -

resins, all of the defects of the conventional curing-nsﬂf

5 .
i
agents can be renoved.. o §,
The epoxy resin, compoitent {A), which consti- 1}
tute the epoxy resin conposition of this invention may H
be any compound which contain at least one epoxy group i_

in the molecules. Typical examples include glycidyl
ethers of diphenol such as 2,2'-bis({4-hydroxyphenyl)
propane and 2,2'-bis(4~hydroxy-2,6-dibrcmophenyl)propane;
polyglycidyl ethers of polyphenols such as a condensate
between formaldehyde and phenol or cresol (novolak resinli
di~ or poly-glycidyl ethers of diols or polyols such :
as 1l,4-butanediol, diethylene glycol, dipropylene N
glycol, glycerol, trimethylolpropane, pentaerythritol,:;;
and 2,2'-bis{4-~hydroxycyclohexyl)propane; di- or
polyglycidyl esters of di- or polycarboxylic acids such
as phthalic acid, terephthalic acid, isophthalic acid:
(methyl)hexahydrophthalic anhydride, (methyl)tetfahydro-

Or EPEL MR R P B s ey wi e e

~phthalic anhydride and trimellitic acid; triglycidyl

esters of.cyanuric acid or isocyanuric acid; di- or
polyélycidylamines such a§ diglycidyl phenylamine and
4,4'-bis{diglycidylanino)diphenylmethane; epoxidized -
polybutadienes; alicyclic epoxy compcunds such as
vinylcyclohexene dioxide, dicyclopentadiene dioxide,
1-(1—methyl—l,2uepoxyethyl)-3,4-cpoxymethy1cyclohexanc-

3,4-epoxycyclohexylmethyl—B,4-epoxycyclohexanecarboxyl“‘c‘ »

B
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bis (3, 4-epexycyclohiexylmethyl)phthalate, dipentene
dioxide, diethyleneglycol—bis(B,A-eboxy—cyclohexeﬁe

(o]
-— " -

carboxylate), 3,4~-epoxy~hexahydrobenzal-3,4~cpoxy--
cyclohexane-1l,l-dimethai.ol and ethyleneglycol-~bis(3,4~
epoxytetrahydro-dicyclopentadiene-3-yl) ether; '
epoxidized polyunsaturated compounds such as an
epoxidized product of a diester obtained from 2,7-
octadienol or 1,7-octadienrol and phthalic anhydride or
hexahydrophthalic acid; diglycidyl ethers obtained, as
described in Japanese Patent Publication No. 77358/67,

by hydrogenating the aromatic ring of a diglycidyl

ether of 2,2'-btis{4--hydroxyphenyl}propane or 2,2'-
bis{2-hydroxyphenyl)nethane in the presence of a catalyst
such as rhodiun or ruthenium to convert it to an
aliphatic ring; diglycidyl ethers obtained by reacting
an alcoholic dihydroxy compound with epochlorohydrin

in the presence of an acid catalyst such as BF3, the
dihydroxy compound being prepared by addition reaction
between ‘2,2'-bis{2~hydroxyphenyl)methane and ethylene
oxide or propylene cxide, and then dehydrochlorinatingly
cycliziﬁg the productf: and nmonoepoxide coipounds such

as butyl glycidyl ether, phenyl glycidyl ether, p-sec-
butylphenyl élycidyl ether and cresyl glycidyl ether.

Of these, the di- or polyglycidyl ethers of diphenols

or polyphenols, di- or polyglycidylamines, and alicyclic
epoxy compounds are preferred in affording resin com-
position having superior thermal Etability.

The other compound (B), i.e. HCTC, which
constitutes the epexy resin composition of this invention
is obtained by the nethod described hereinabove. The
mixing ratio between the epoxy resin (4} and the MCIC
(B) is such that the resulting couposition contains 0.6
to 1.2 carboxylic arhydride grougs, »referably 0.8 to
1.0, carboxylic anhydride group, per cpoxy group.

The compesition of this invention may ccntain
plasticizers or non-reactive diluents such as dibutyl
phthalate, dioctyl phthalate ang tricresyl phesphate,

P
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andc non-réacti?e solvents such as acetone, methyl ethyl
ketone and dimethylformanide. If required, it may
contain other additives. Examples of the other'additivesf
include fillers such as aspnalt, gquartz powder, mica,
glass fibers, cellulose, tzlc, clay, kaolin, bentonite,
calciun carbonate, alumina hydrate, iaetallic powder
(such as aluminum powder), pigments, dyes, molding
lubricants, fire retardants, and other iodifying agents.

To ensure sufficient curing, conventional
curing promotors may be incorporated into the resin
composition of this invention. Exanples of the curing
promotors are anines such as triethylzamine, MN-
benzyldimethylamine, triethanolawine, il~dimethylaniline,
tris(dinethylaiinomethyl)phenol and diazabicycloundecene;
anine sa2lts sucn as BFB—monoethylamine; imidazoles
such as 2-ethyl-4-methylimidazole; and metal alcoholates
such as sodium alcoholate.

The epoxy resin of this invehtion has various
advantages. .Specifically, MCTC has a low melting point
and low reactivity and has gcod compatibility with an
epoxy resin as compared with a composition comprising
a known tetracartoxylic acid dianhydride such as
pyromellitic anhydride or benzophencnetetracarboxylic
anhydride instead of MCTC. Thus, the operation of
nixing MCTC with,the'epoxy resin is very easy, and the
composition has storage-stability over a long period of

‘time. Accordingly, while cast articles including an

inorganic filler such as quartz powder or a laminated

board by a prepreg technique are extremely difficult

to produce from a composition containing a kncwn

tetracarbexylic acid dianhydride, these products can

be very easily produced from the epoxy resin composition

of this invertion. Furthermore, molded products or

coated films frow the epouxy resin cemposition of this

invention show superior therwmal stability, mechanical

properties, electrical properties and chemical resistance.
The epoxy resin compesiticn of this invention,

If=desired, containing the various additives excnplified

=

N




10

15

20

25

30

35

0009645

- 0 -
hereinabove, are used nct only in casting, potting or
encapsulation, but alsc in impregnaticn, lamination,
bonding, coating, etc.

The following Examples and Comparative Examples
illustrate the present invention more specifically.
In these examples, all parts and percentages are by
weight unless otherwise specified.
Reference Exanple {preparation of starting PMAA)

The inside of a reactor eguipped with a
thermometer, a condenser and a stirring rods was purged
with an inert gas, and it was charged with 98.1 parts
of maleic anhydride and 49 parts of benzene. Then,
while maintaining the texperature of the inside of the
reactor at 4C to 450C, 192.4 parts of a hydrocarbon
mixture of the following conmposition was added over
the course of 1 hour.

Composition of the hydrocarbon
nixture (%)

Pentene-1 0.20
2-liethyl~butene-2 1.32
2-Methyl-pentane 2.70
3-liethyl~pentane G.10
n-Hexane 0.22
Cyclopentane 6.34
Cvclopentene | 158.21
trans—1,3~Pentadiene ’ 46.57
cis-1,3-Pentadienc ) - 23.18
Cyclopentadienc 0.49
Dicyclopentadienec 0.01
Cther compounds N.66

Total 100.00

After the additicn, the uixture was stirred
at 45°C for 4 hours. After confirmsing that aaleilc
anhydride was consuned, the hydrocarbon mixture and
the solvent in the rcoactor were recovered by distillation.

Thus, 165 parts (yicld 99%) of the desired
3-nethyl--4-cyclohexenc-1,2~dicarboxylic anhydride (PNAA)
was obtained. ’
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Exavple 1

" Preparation of the tetracarboxylic acid
dianhydride of the invention:-

A reactor equipped with a condenser wuas
charged with 45.8 parts of FPIMAA cbtained in the Referen§;
Example and 54.2 parts of naleic anhydride (PMAA/nmaleic
anhydride molar ratio=1/2j}, and the mixture was stirred
at 200°C for 4 hours.

Then, the unrcacted PHMAA and maleic anhydride
were recovered by vacuum distillation. The distillation
was perforned until finally the pressurz became 10 mnHg
and the temperature of the still reached 200°c.

As a result, 33.7 parts of unreacted PHAA .
and 44.8 parts of unreacted ualeic anhvdride were
recovered.

Then, 21.5 parts of the crude product
remaining in the reactor was taken out, and dissolved
in 60 parts of nethyl isobutyl zetone =zt 110°C. The
solution was cooled to room temperature te afford 12.3
-parts of the tetracarboxylic aci? dianhydride of the
invention as white crystals having a aelting peint
of 167.5 to 168.5°C.

The product recrystallized fro: uethyl isobutyl
ketone was analyzed, and the results are shown in
Table 1.
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Teble 1
Item of f
analysis Analytical data . Calculated values
. J|
IR Spectrum SC=0 1770 - 80 ot
1850 e
MR spectrum Chemical shift {ppm) Corresponding
nunber of protons

6—-CH3 1.¢ 3

G:rCH3 {cyclohexene ring)

§>CH (ditto) 55 ! 6

6——CO-CH2~ (succinyl) 3.4

§-—-COCli  (ditto)

6§ —CO-CH (cyclohexene rinz) 3.€. 2

§ >C=CH- (ditto) 5.6 1
Molecular . ' (Calculated:
weight 264.062 © 0.002 : 1 264.063 for
(13illimass . ' ‘12C lH l6O )
niethod) . 13 712 76
Neutralization 64.2 ' (Calculated: 66.1]
equivalent . :
Iodine value 93.7 ' (Calculated: 96.1)
(Wijs method) ,
Melting point o

- {capillary 167.5 to 168.5°C
ﬂéthC‘d) .
Elemental C:58.663 H:4.66; 0:36.68 - iCalculated
analysis : ,C:59.09; H:4.58
‘ :0:36.33

From the results of these analyses, especially
those obtained with the IR spectrum including the value
of the chemical shift of the methyl group, the
absence of a-microstructure of the absorption of

5 hydrogen attached to the methyl group, and the number .
of protons bondcd tc¢ the double bond, it was ascertained
that as a result of ene synthesis, the double bond of the
cyclohexene ring moved from the 4-position of PIIAA to

~the 3-position of the reaction produét. Furthernore,
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fro= the molecular weight, the neutralization equivalent
the iodine value and the results of elemental analysis,
the white crystalline product obtained in this example
was determined to have the structure of formula (I).

Example 2

Preparation of an epoxy resin composition

using the tetracarboxylic acid dianhydride

of this invention:- '

Fifty-five parts of the tetracarboxylic acid
anhydride !ICTC obtained in Example 1 and 100 parts of
Epiclon 850 (a2 tradeaark for a liquid epoxy resin having
an enoxy equivalent of 192, procuced by Dainippcn Ink
and Chemicals, Inc.) were mixed at 170°C for 20 minutes.
The nixture was cooled to 8000; and then 0.3 part of
dimethylbenzylamine was added. The mixture was cast
into a mold, and cured under heat. Then, the heat

The hent curing conditions and the heat
distortibn teuperature measured are shown in Table 2.

The ccmposition of the azgve recipe was poured
into a test tube, and heated over an o0il bath at 100°cC.
Thus, the gel time of the compositicn was neasured.

The results are also shown in Table 2. '

The gel time denotes the time which elapses from
the beginning of heating the composition at 100°C until
the flowabiiity of the composition disappears.

Exzaizple 3

Preparation of an epoxy resin composition

using the tetracarboxylic dianhydride of

this invention:-

The same procedure as in Exanple 2 was repeatéd
exccpt'that the armount of NCTC was changed to 62 parts,
and the curines was effected first at 160°C for 15 hours
and then at 220°C for 24 hours. The zel time at 100°¢
of the composition was measured, and then, the heat
distortion temperature, flexural strensth, weight loss
on heating, dielectric constant, dielectric tangent,
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volume inherent resistivity and tracking resistance of
the resulting cured cast article were measured. The
results are shown in Table 3.
Comparative Example 1

Test for the suitability of a commercially .
available tetracarboxylic acid diarhydride as a curing
agent for epoxy resins:- .

One hundred parts of Epiclon 850 was mixed
with 50 parts of a commercially available benzophenone-
tetracarbexylic dianhydride (molecular weight 322)
used as a curing agent for thermally stable epoxy
resins at 1700C. When the composition was cast in
the same way as in Example 2, it was gelled soon affer
the resin and the curing agents were completely nmixed.
Comparative Example 2

Test for the suitability of the commercially
available tetracarboxylic acid dianhydride as a curing
agent for epoxy resins:- »

The same procedures as in Exanples 2 and 3
were repeated except that 31 parts of the benzophenone-
tetracarboxylic acid dianhydridce used in Comparative
Example 1, 19 parts of maleic anhydride and 100 parts
of Epiclon 850 were used. The gel time at 100°¢C of
the composition, and the heat distortion temperature,
flexural strength, weight loss on heating, dielectric
constant, dielectric tangent, volume inherent resis-
tivity and tracking resistance of the resulting cured
cast article were measured, and the rcesults are shown
in Tables 2 and 3.

Example 4

Preparation of an epoxy resin composition
using the tetracarboxylic acid anhydride of the
invention:-

The procedure of Examplc 2 was repeated except
that a mixture conmposed of 506 parts of FEpiclon 850, &0
parts of Epiclon ¥-740 (a trademark for a novolak-type

epoxy resin having an epoxy equivalent of 18E, made by
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Dairnippon Ink and Chenicals, Inc.) and 4.6 parts of MCIC
obtained in Example 1 was used, and dimethylbenzylamine
was not used. The heat distortion temperature of the
cured cast article, and the gel time at 100°C of the

resin composition were measured. The results are shown
in Table 2.
Comparative Example 3

Test for the suitability of the a commercially

available tetracarboxylic acid dianhydride as a curing
10 agent for epoxy resins:-

The same procedure as in zZxample 2 was repeated
except that 32 parts of the benzophenonetetracarboxy;ic
acid dianhydride used in Conparstive Example 1, 19
parts of maleic anhydride, 50 parts of Epiclon 850, and

15 75 parts of Epiclon ii-740 were used. However, the
composition was gelled before the resin and the curing
aen agent got mixed. Thus, casting of the composition
was impossible.

Table 2
Ex- | Ex~ | Com~
ample | ample | parative
2 4 Example 2
Gel time at 100°C (minutes) 20 30 10

Heat Curing conditions

distortion 0 E e a 5

temper- 1607Cx 15 hours . 194 221 213

ature ("C)} 1609 % 15 hours + 200°C x 15 hours | 225 | 243 243

160°C x 15 hours +220°Cx 15 hours | 266 | 260 260
160°C x 15 hours + 240°Cx 15 hours | 246 246 246 f
|




I“.

0009645

- 15 -
Table 3~
Test items Exanple 3 | Com-
' parative
Example 2
Gel time (minutes) 19 10
Heat distortion temperature (°c) 275 260
Tensile strength at room temperature 3.1 2.8
(kg/mmz)
Flexural strength Room temperature 7.7 5.8
2
(kg/mm™) 150°¢ 5.4 4.7
Weight loss (%) after 7 days 2.8 2.8
on heating at .
230°¢ after 23 days 5.5 6.7 -
Dielectric Room tempefature 3.4 3:4
constant (1 KHz) 5
1507C 3.6 2.6
Dielectric Roon temperature 0.9 0.9
tangent (%) 5 :
(1 KHz) 150°C 0.6 0.6
. 15 16
Volume inherent Room temperature 1x10 1x10
resistivity
(ohms-cm) 200°¢ 1x10%2 1x10%2
Tracking resistance (%*1) more than |4 cycles
101
cycles;
1.3 nm
= {at the
101st
cycle)

un

(#1):

Tracking resistance

The test was conducted at an applied voltage

of 380 V.and an interrupting current of 0.5A in ac-

cordance with IEC (International Electrical Connmission)

and DIN. {west German Industrial Standards).

of test cycles until breakage is determined.

The number
When the

test can be performed through at least 101 cycles,

the depth of penetration is determined.
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Example 5
Preparation of an epoxy resin composition using
the tetracarboxylic acid dianhydride of the invention:-
"~ The procedure of Example 3 was repeated except

" that Epiclon 850 was changed to Epiclon 830 {a trademark

for a diglycidyl ether of bisphenol F having an epoxy
equivalent of 18C, made by Dainippon Ink and Chemicals,
Inc.), and the amount of MCTC was changed to 67 parts.

' The heat distortion temperature and the gel time at

100°¢ were measured. The results arc shown in Table 4.

~Exanple 6

Preparation of an epoxy resin ccmposition

' using the tetracarboxylic acid dianhydride of the

invention:- 7 7
The same procedure as in Example 3 was repeated

-ekcept that 50 parts of Epiclon M-740, 50 parts of

Epiclon 850, and 63 parts of MCTC were used. The heat
distortion tenperature and the gel tine at.10c°C were
measured, and the results are shown in Table 4,

Examgle 7
' - Preparation of an epoXy resin composition

using the tetracarboxylic acid dianhydride of the
invention:- '

The saﬁe procedure zs in Example 3 was repeated
except that 50 parts of Epiclon 850, 50 parts of ERL-4221
(a trademark for an alicyclic epoxy resin having an
epoxy equivalent of 140, made by Union Carbide Corpora-
tion) and 73 parts of MCTC were used. The heat

distortion temperature, and the gel time at 100°C were

measured; and the results are shown in Table 4.
Exanple &

The same procedure as in Example 3 was
repeated except that 50 parts of Epiclon 850, Epiclon .
430 (a trademark for a glycidylanine-type epoxy resin
having an epoxy equivalent of 112, madc by Dainippon
Ink and Chenicals, Inc.), and 84 parts of MCTIC were
used. The heat distortion temperature and the gel tine

¥
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at 100°C were neasured, and the results are shown in
Table 4. '
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Table 4
Example | Epoxy resins Heat Gel time

distortion (minutes)
temperature
(0C)

5 Epiclon 850 273 - 23

6 Epiclon 850/Epiclon N-T740 276 16

7 Epiclon 850/ERL-4221 285 13

8 Epiclon 850/Epiclon 430 291 15

Example 9

Preparation of an epoxy resin composition
of the invention:-~

A flask equipped with a condenser was charged
with 62 parts of MCTC and 100 parts of Epiclon 850, and
they were mixed at 170°C for 20 minutes. The epoxy
equivalent of the mixture became 373.

The temperature of the mixture was lowered to
1OOOC, and 133 parts of acetone was added. The mixture
was cooled to room teuperature, and then 0.1 part of
benzylmethylamine was added to form a composition
having a viscosity, at 250C, of 11.0 centipoises,

Yhen this composition was stored for one month
at 250C, its viscosity was 11.2 centipoises, showing
scarcely any change. It is seen from the result that
the composition of this invention has superior storage
stability.

Application Example 1

Preparation of a polyimide:-

Irn X00 parts of dimethylformanide were dissolv-
ed 24 parts of MCTC obtained in Example 1 and 20 parts
of 4,4'-diamincdiphcenylsulfone. The solution was
stirred at 100°C for 24 hours to form a dimethylformamide
solution of a polyamidc. The solution was coated in
film form on a glass plate, and hcated at 70°C for
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1 Measuring Flexural strecangth Flexural modulus
temperature . (K /Pﬂz ol elasticity
(°c) : B/LE {kg/mme)

23 - 38.5 1,540
150 31.7 1,460
200 15.5 1,312 .
260 U.2 acz

- 18 -
1 hour to-rewove the dimethylformamide and thereby to
form a polyamide film. Then, the fil.: was heated at
220°C for 1 hour to form a polyiuaide film. The
resulting polyimide film had a glass transition temper-
ature (Tg) of 3065°C. In the IR spectrum of this film,

#
~.‘§{5~
=
N

a characteristic absorption of the imide linkage was
seen at 1760, 1700, 700, and 60C cn™. ‘
Application Exampie 2 ) :
Production of a laminated article:- t>
The compesition prepared in Example 9 was é
inmpgregnated with glass cloths (treated with borane), and %
£

dried at room temperature for 60 minutes, and then at
152°C for 8 ninutes to sreprre 9 prepregs. They were
press~forned by a hot press to form a laminated board
having a thickness of 1.6 mm. The press-forming was

carried out at a temperature of 16G6°C ard a prassure

of 40 kg/cu2 for a period of 60 minutes.,

The resulting laminated board was post-cured
at 220°C for 15 hours, and then its flexural strength
and flexural nodulus of elasticity weres measured. The
results are shown in Table 5.

Table 5

“Application Example 3

Preparation of a coating couposition:-

MCTC (7.7 parts), 52.5 parts of "Epiclon 3050F
{a traderark for ¢ bisphenol-type so0lid o¢poxy resin
having a mediunm uwelting pdint and an epoXxy equivalent
of 80C, made by Dainippen Ink and Cheuicals, Inc.),
40 parts of titaniun oxide aund 7.5 part of “liodaflow?
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(2 trademark for a flow regulating ngent made by lMonsanto
Company) were kncaded and nelted in a kneader, then
and passed

finely pulverized, througl: & 150-resh wire

- gauvze to form a white powder coating composition.

The white powdcer coating compositicn was
ccated on a zinc phosphate-~treated steel panel having
a thickness of ©.3 um, and the properties of the coated
film were tested. The results are shown in Table 6.

Comparative Application Exzmple

The same procedure as in Application Example 3
was repeated except that 7.0 parts of pyromellitic
anhydride was used insteazd of !HCTC.

In the same way os in Appliceticn Exanple 3,
the properties of a coated {ilw werc testcd. The

results are shown 1in Table 6.

Table 6
Test items ‘Application | Comparative
Exanple 3 Applicaticn
Examnle
Gloss 3 85
Du Pont impact strength >52 cm >50 cun
(1/2 inch, 500g)
Erichsen Y. 3 9.2
Crosscut adhesion test 1027100 100/10C
Boiling water resistance (6 hrs.) Mo change Whitening
Acid resistance (5% HZSOQ, 1 month) No change No change
Alkali resistance (5% NaCH, 1 month) | ' chonwe o change
Salt spray (500 hrs; the peel G 0 mn
width of the cut portion)
Ther :al stability (230°C/2 hrs; A R) 3.75 4.32
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WHAT UE CLAIIf IS: )
1. - Tetracarboxylic acid dianhydride of the fonula:

0 r 3 g E
W = 1

_C-Ch, C ?H-C\\

SCoCH - CH CH-C
0 \CH2 0

2. The cornound of claim 1 whick is obtained by

reacting 3-nethyl-4-cyclohexene-l,2-dicarboxylic

0

anhydride with maleic anhydride.

3. Use of the compound of claim 1 as a curing
agent feor epoxy resins.

4. Use of the compecund of claim 1 as a raw
naterial for the productior of pelyinides. .

5. An epoxy resin composition consisting
essentially of (A) an epoxy resin, and (B} tetracarboxylic

dianhydride cof the for:ula:

CH ’

1 3

0 _C 0

il ii

_cC-cu, cH  cn-C

2 N
¢ { | | o

\\C—CH - CH CH-C

i1 it
CH2

6. . A powder coating composition obtained by

using the epoxy resin composition of claim 5.

T A ccated article obtained by using the epoxy
resin composition of claim 5.

8. A cast, potted or encapsulated article obtained
by using the epoxy resin compecsition of claium 5.

9. A lawinated article obtained by using the

epoxXy resin composition of claim 5.

10. . An impregnated article obtained by the epoXy
resin conposition of claim 5. )

11, _ A bonded article obtained by using the epoxXy

resin composition of claim 5.
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