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[57] ABSTRACT

A thermosetting resin composition of highly satisfac-
tory storage stability comprises 100 parts by weight of a
thermosetting resin composition, 0.0001 to 2.0 parts by
weight of a thiuram compound possessing at least one
atomic group represented by the following formula:

S S
\N g-(-sa—g N/
/ TN

wherein p stands for an integer in the range of 1 to 8,
and 0.00001 to 0.1 part by weight (as copper metal) of a
copper-containing compound.

4 Claims, No Drawings
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CURABLE RESIN COMPOSITION WITH A
THIURAM AND A COPPER COMPOUND AS
STORAGE STABILIZER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a resin composition with
high storage stability. More particularly, it relates to a
method for imparting storage stability to a resin compo-
sition which excels in formability as in terms of curabil-
ity and workability and produces a cured article excel-
ling in stabiliy to endure elevated temperatures and in
mechanical strength.

2. Description of the Prior Art

As resins possessing high stability at elevated temper-
atures, various heat-resistant resins are cited which are
represented by polyimide resins and polyamideimide
resins. These heat-resistant resins, however, have im-
portant problems regarding formability as because they
have high melting points and, therefore, necessitate use
of a high temperature and a high pressure for molding,
because they require to stand at a high temperature
under a high pressure for a long time for curing, and
because they require to be used as dissolved in special
high-boiling solvents and, therefore, entail a step for the
removal of the solvents by a protracted standing at an
elevated temperature under application of pressure or
under a vacuum. It is, therefore, extremely difficult to
produce large formed articles from these heat-resistant
resins or to produce formed articles of these resins con-
tinuously as by pultrusion molding or extrusion mold-
ing.

A resins excelling in formability in terms of curabil-
ity, workability, etc., radical polymerization type resins
such as epoxy (meth)acrylates derived from polyvalent
phenol type epoxy resins such as bisphenol type epoxy
resins or novolak type resins and (meth)acrylic acid or
unsaturated polyesters have been known in the art.
Generally, these resins are widely used in the form of
vinyl ester resins or unsaturated polyester resins having
incorporated therein a radically polymerizable cross-
linking agent such as styrene. These resins, however,
are not necessarily quite satisfactory in terms of thermal
stability at elevated temperatures. This deficiency in
thermal stability constitutes a serious hindrance to the
development of applications for the resins. In the cir-
cumstances, the desirability of developing a resin excel-
lent in thermal stability has been commanding the rec-
ognition of the industry.

We continued numerous studies for the purpose of
developing a resin which is capable of producing cured
articles of high stability at elevated temperatures with-
out impairing the outstanding formability as in curabil-
ity and workability and the high mechanical strength
inherent in the radically polymerization resin. We have
consequently found that a resin composition comprising
(A) an unsaturated ester obtained by the reaction of an
epoxy compound possessing at least two epoxy groups
in the molecular unit thereof with an unsaturated mono-
basic acid and optionally a polybasic acid and/or (B) an
unsaturated ester obtained by the reaction of a com-
pound possessing at least two phenolic hydroxyl groups
in the molecular unit thereof with a compound repre-
sented by the formula (1):
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CHy=—C—CHy=0=-C—C=CH,
N/

o)

wherein R! and R? independently stand for hydrogen
atom or methyl group, and possessing an epoxy group
and a radically polymerizable unsaturated bond in the
molecular unit thereof, (C) a compound possessing at
least one maleimide group in the molecular unit thereof,
and optionally (D) a polymerizable cross-linking agent
meets the purpose mentioned above, (Japanese patent
application No. SHO61(1986)-247,617).

Indeed this resin composition manifests the outstand-
ing properties mentioned above without any problem so
long as it is put to use within a relatively short period of
time after the formulation thereof. When this resin com-
position is kept in protracted storage, however, there is
entailed a disadvantage that even in the absence of a
polymerization initiator, the composition suffers from a
conspicuous increase of viscosity or undergoes gelation
at room temperature and becomes hardly workable.

We further continued various studies for the purpose
of developing a resin capable of producing cured arti-
cles of high stability at elevated temperatures without
any sacrifice of the outstanding formability such as
curability and workability and the high mechanical
property inherent in the radical polymerization type
resin. We have consequently found that a vinyl ester
resin composition comprising (A’) an unsaturated ester
compound represented by the formula (2):

2
R3 R3 R3 R3 : R3 R3
A4 N/ ANV
N N N
@CHZ CHZ
R4 R* R4

wherein R¥s are independently selected from the group
consisting of
RS

RS 0 RS

! ol |
—CHZ—?—CHZ—-O—C—C=CH2, —CHz—C\ CH,

OH

wherein R and RS independently stand for hydrogen
atom or methyl group, and hydrogen atom, at least one
of the R%’s stand for

RS O RS

| o
—CHZ—(I:—CHZ—O—C—C=CH2
OH

wherein R5 and R6 have the same meanings as defined
above, R¥s stand for one member selected from the
group consisting of hydrogen atom, halogen atoms,
methoxy group, and alkyl groups of 1 to 5 carbon
atoms, and m stands for O or an integer in the range of
1 to 10, and/or (B’) an unsaturated ester compound
represented by the formula (3):
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wherein R”’s are independently selected from the group
consisting of

RS

RS 0 R®

| (! [
—CHy=C~CHy—0—C—C=CHj, —CH;—C CH,
| N/

OH

wherein R5 and RS have the same meanings as defined
above, and hydrogen atom, at least one of R”’s stands
for

RS O R®

| [y
-—CHZ—(l:—CHZ—o—c-—c=CH2
OH

wherein R5 and RS have the same meanings as defined
above, R¥s stand for at least one member selected from
the group consisting of hydrogen atom, halogen atoms,
methoxy group, and alkyl groups of 1 to 5§ carbon
atoms, and n stands for O or an integer in the range of 1
to 10, providing that X stands for a divalent organic

group selected from the group consisting of
boono
—0—, —S—, -—ﬁ—, —C—, -—?—, and —<|:—
(6] CHj3 CF3

wherein n is 0 or X’s stand for divalent organic groups
independently selected from the group consisting of

—CH;— where n is an integer in the range of 1 to 10,
and (C') a polymerizable cross-linking agent meets the
purpose mentioned above (Japanese patent application
No. SHO 61(1986)-75,420, No. SHO 61(1986)-131,767,
and No. SHO 61(1986)-156,132).

This resin composition manifests the outstanding
properties mentioned above without any trouble so long
as it is put to use within a short span of time after the
preparation thereof. When this resin composition is kept
in protracted storage, however, there is encountered a
disadvantage that even in the absence of a polymeriza-
tion initiator, the composition suffers from a remarkable
increase of viscosity or undergoes gelation at room
temperature and becomes hardly workable.

A method for improving, by the addition of a thiuram
compound, the storage stability of a thermosetting resin
obtained by dissolving the reaction product of an epoxy
resin with an a,B-ethylenic monocarboxylic acid in a
polymerizing olefinic compound has been known to the
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4
art (U.S. Pat. No. 4,129,609). By the addition of the
thiuram compound, however, the aforementioned ther-
mosetting resin does not acquire any satisfactory stor-
age stability.

Another object of the present invention, therefore, is
to provide a resin composition with highly satisfactory
storage stability. _

Another object of this invention is to provide a
method for imparting storage stability to a resin compo-
sition which excels in formability and produces cured
articles excelling in stability at elevated temperatures
and in mechanical strength.

SUMMARY OF THE INVENTION

The objects described above are accomplished by a
thermosetting resin composition of highly satisfactory
storage stability, comprising:

(D) 100 parts by weight of one thermosetting resin com-
position selected from the group consisting of
() a thermosetting resin composition comprising:
(A) 30 to 90% by weight of at least one unsaturated
ester compound selected from the group consist-
ing of
(a) an unsaturated ester compound obtained by
the reaction of an epoxy compound possessing
at least two epoxy groups in the molecular unit
thereof with an unsaturated monobasic acid
and optionally polybasic acid and

(b) an unsaturated ester compound obtained by
the reaction of a compound possessing at least
two phenolic hydroxyl groups in the molecu-
lar unit thereof with a compound represented
by the formula (1):

R! RrR2 (8]

[ i1
CHy——C—CH;—0—C—C=CH,
A

o}

wherein R! and R? independently stand for a
hydrogen atom or a methyl group, and pos-
sessing an epoxy group and a radically poly-
merizable unsaturated bond in the molecular
unit thereof,

(B) 3 to 40% by weight of a compound possessing
at leat one maleimide group in the molecular unit
thereof, and

(C) 0 to 67% by weight of a polymerizable cross-
linking agent, providing that the total of the
components A, B, and C is 100% by weight, and

(ii) a thermosetting resin composition comprising:

(A%) 30 to 95% by weight of at least one unsatu-
rated ester compound selected from the group
consisting of
(2’) an unsaturated ester compound represented

by the general formula (2):

CH; CHy

): 5

m
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wherein R¥s are independently selected from
the group consisting of

RS
I
—C
N

RS O RS

[ (!
-CH;—Cli—CHz-—O—C—C=CHz, —CH; CH,

OH

wherein RS and RS independently stand for
hydrogen atom or methyl group, and hydro-
gen atom, at least one of R¥s stands for

T P
—CHZ—(ll—-CHz—O—C—C=CH2

OH

wherein R3 and R6 have the same meanings as
defined above, R¥s stand for at least one mem-
ber selected from the group consisting of hy-
drogen atom, halogen atoms, methoxy group,
and alkyl groups of 1 to 5 carbon atoms, and m
stands for O or an integer in the range of 1 to
10, and

(b’) an unsaturated ester compound represented
by the formula (3):

Rr7 R’ R’ R7 3
N\ ./

N

RS RS

n

wherein R”’s independently selected from the
group consisting of
RS

RS O RS

I I |
=~CH;—C~CH;—0—C—C=CHy, —CH;—~C CH;
I N/

OH
wherein R5 and R® have the same meanings as

defined above, and a hydrogen atom, at least
one of R”’s stands for

v g
—CHZ—(IZ—CHZ—O—C—'C=CH2
OH

wherein R3 and R6 have the same meanings as
defined above, R¥s stand for at least one mem-
ber selected from the group consisting of hy-
drogen atom, halogen atoms, methoxy group,
and alkyl groups of 1 to 5 carbon atoms, and n
stands for O or an integer in the range of 1 to
10, providing that X stands for a divalent or-
ganic group selected from the group consist-
ing of
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Ponoomom
-0, —8§—, —'ﬁ—', —C—, —'(lf—, and —'|C—
(o] CH3 CF3

where n is 0, or X’s stand for divalent organic
groups independently selected from the group
consisting of

&
—0—, =§~, =§—, ~C—, —C—, —?“,
CF3;

and —CH;— where X is an integer in the
range of 1 to 10, and
(c’) 70 to 5% by weight of a polymerizable cross-
linking agent,
(II) 0.0001 to 2.0 parts by weight of a thiuram com-
pound possessing at least one atomic group repre-
sented by the formula (4):

S S 4)
\N (!-(—S)—ICID—N
/ P

4

wherein p stands for an integer in the range of 1 to §,

in the molecular unit thereof, and
(ITI) 0.00001 to 0.1 part by weight (as copper metal) of

a copper-containing compound.

The objects described above are accomplished by a
method for imparting storage stability to a resin compo-
sition, which comprises adding to 100 parts by weight
of (I) a resin composition 0.0001 to 2.0 parts by weight
of (II) a thiuram compound and 0.00001 to 0.1 part by
weight of (III) a copper-containing compound (as cop-
per metal).

EXPLANATION OF PREFERRED
EMBODIMENT

The (I) thermosetting resin composition to which
high storage stability is to be imparted by the present
invention is one thermosetting resin composition se-
lected from the group consisting of (i) a thermosetting
resin composition comprising (A) at least one unsatu-
rated ester compound selected from the group consist-
ing of (a) an unsaturated ester compound obtained by
the reaction of an epoxy compound possessing at least
two epoxy- groups in the molecular unit thereof with an
unsaturated monobasic acid and optionally further with
a polybasic acid and (b) an unsaturated ester compound
obtained by the reaction of a compound possessing at
least two phenolic hydroxyl groups in the molecular
unit thereof with a compound represented by the for-
mula (1) and possessing an epoxy group and a radically
polymerizable unsaturated bond in the molecular unit
thereof, (B) a compound possessing at least one malei-
mide group in the molecular unit thereof, and optionally
(C) a polymerizable cross-linking agent and (ii) a ther-
mosetting resin composition comprising (A’) at least
one unsaturated ester compound selected from the
group consisting of (a”) an unsaturated ester compound
represented by the formula (2) and (b’) an unsaturated
ester compound represented by the general formula (3)
and (¢’) a polymerizable cross-linking agent.
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Examples of the epoxy compound possessing at least YDB-500, Epototo YDF-170, Epototo YDF-2001,
two epoxy groups in the molecular unit thereof and YDCN-701, YDCN-702, YDCN-703, YDCN-704,
used for the preparation of (a) the unsaturated ester YDPN-638, YDPN-601, YDPN-602, YDM-120, YH-
compound in the present invention (hereinafter referred 434, and ST-110. Further, glycidyl ethers resulting from
to simply as “polyfunctional epoxy compound”) in- 5 the condensation of unsaturated aldehydes with phe-

clude bisphenol type epoxy resins represented by the nols, adducts of polyvalent phenol compounds to epoxy
formula (5): compounds possessing at least two epoxy groups on the

5
Y Y R ®

O—CH—C—CH;—0

Y Y OH !

Y Y Y Y
R9
]
A O—CH;—C CH;
N/
o]
Y Y Y Y

wherein A stands for an alkylene group of 1 to 4 carbon
atoms, SO3, S, or O, R for hydrogen atom or methyl
group, Y for hydrogen atom or halogen atom, and 1 for
0 or an integer in the range of 1 to 15; novolak type
epoxy resins represented by the formula (6):

25
average in the molecular unit thereof, and glycidyl
ether compounds resulting from the copolycondensa-
tion of polyvalent phenols with monovalent phenols are
other examples of the epoxy resins. The polyfunctional

© 30 epoxy compound to be used for the present invention is

CH; / CHy CH, not limited to these epoxy compounds enumerated
N\ o N o o above. At any rate, the epoxy resin compound has only
Y Y s to contain at least two epoxy groups on the average in
CH CH CH the molecular unit thereof. One such epoxy compound

| | | inati -
CHy - CH, CH, 35 or a coml?manon of two or more such epoxy com
| ] ] pounds suitably selected can be used.

o o o Examples of the unsaturated monobasic acid used for
the reaction with the polyfunctional epoxy resin include

acrylic acid, methacrylic acid, crotonic acid, cinnamic

RIO CHy— CHy— RZ 49 acid, oleic acid, linolic acid, linoleic acid, and half-

R esterification products of such unsaturated dibasic acids

\ /q as maleic acid and fumaric acid. Of course, one member

or a combination of two or more members suitably

wherein R10, R11, and R!2 independently stand for hy- = selected from the group of acids enumerated above can
drogen atom or an alkyl group and q stands for an inte- 45 be used.

ger in the range of 1 to 15; glycidylamine type epoxy Examples of the polybasic acid to be used optionally

resins such as triglycidyl-p-aminophenol, triglycidyl-m- in the present invention include unsaturated acids such

aminophenol, N-tetraglycidyl-diaminodiphenyl meth- as maleic acid, fumaric acid, itaconic acid, and citra-

ane, and polyglycidyl m-xylylene diamine; isocyanuric conic acid, saturated acids such as phthalic acid, iso-
acid type epoxy resins such as triglycidyl isocyanurate; 50 phthalic acid, terephthalic acid, succinic acid, adipic
tetrahydroxyphenyl ethane type epoxy resins; hydan- acid, sebacic acid, trimellitic acid, and pyromellitic
toin type epoxy resins; and alicyclic epoxy resins. One acid, and polybutadiene containing carboxyl groups one
member or a mixture of two or more members suitably each at the opposite terminals thereof, and butadiene-
selected from the group of epoxy resins enumerated acrylonitrile copolymer containing carboxyl groups

above can be used. 55 one each at the opposite terminals thereof. One member

As examples of the epoxy resins available in the mar- or a combination of two or more members suitably
ket, there can be cited products of Ciba-Geigy marketed selected from the group of polybasic acids can be used.
under trademark designations of Araldite GY250, Aral- In the production of (a) the unsaturated ester com-

dite GY260, Araldite 6071, Araldite 8011, EPN1138, pound by the reaction of the polyfunctional epoxy com-
EPN1139, ECN1235, ECN1273, ECN1280, ECN1299, 60 pound with the unsaturated monobasic acid and option-
Araldite MY720; products of Shell Chemical Co. mar- ally further with the polybasic acid, these reactants are
keted under trademark designations of Epikote 828, used in such amounts that the total of carboxyl groups
Epikote 1001, and Epikote 1004; products of Dow contained in the unsaturated monobasic acid and in the
Chemical Co. marketed under trademark designation of  optionally used polybasic acid falls in the range of 0.7 to
D.E.R. 330, D.ER. 331, D.ER. 662, D.ER. 542, 65 1.3 mols, preferably 0.8 to 1.2 mols, based on one mol of
D.E.N. 431, and D.E.N. 438; products of Toto Kasei epoxy groups contained in the polyfunctional epoxy
marketed under trademark designations of Epototo compound. Where the polybasic acid is used in the
YD-127, Epototo YD-011, Epototo YDB-400, Epototo addition to the unsaturated monobasic acid, the number
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of mols of the polybasic acid to be used may be less the
equivalent number of mols of the unsaturated monoba-
sic acid to maintain outstanding mechanical strength.

The esterification reaction mentioned above is car-
ried out in an inert solvent or in the absence of a solvent
at a temperature in the range of 60° to 150° C., prefera-
bly 70° C. to 130° C. preferably in the presence of air.
For the purpose of preciuding the possible gelation due
to the polymerization during the course of the reaction,
it is desirable to use any of the conventional polymeriza-
tion inhibitors such as, for example, hydroquinones like
methyl hydroquinone and hydroquinone; and benzoqui-
nones like p-benzoquinone and p-toluquinone.

For the purpose of decreasing the reaction time, it is
desirable to use an esterification catalyst. Examples of
the esterification catalyst include tertiary amines such as
N,N-dimethyl aniline, pyridine, triethyl amine, and
hexamethylene diamine, and hydrochlorides and hydro-
bromides thereof} quaternary ammonium saits such as
tetramethyl ammonium chloride and triethylbenzyl
ammonium chloride; sulfonic acids such as paratoluene-
sulfonic acid; sulfoxides such as dimethyl sulfoxide and
methyl sulfoxide; sulfonium salts such as trimethyl sul-
fonium chloride and dimethy! sulfonium chloride; phos-
phines such as tripheny! phosphine and tri-n-butyl phos-
phine; and metal halides such as lithium chloride, lith-
ium bromide, stannous chloride, and zinc chioride.

As an inert solvent, toluene or xylene may be used.
_ The solvent must be removed from the reaction system
after the reaction. Particularly when a polymerizable
cross-linking agent which is in a liquid state at normal
room temperature is used in the final composition,
therefore, it is advantageous to divert this polymeriz-
able cross-linking agent as a solvent.

As examples of the compound possessing at least two
phenolic hydroxyl groups in the molecular unit thereof
and used for the production of (b) the unsaturated ester
compound, (hereinafter referred to simply as “poly-
functional phenol compound™), there can be cited di-
phenol methane (bisphenol F), diphenol ethane, diphe-
nol propane (bisphenol A), diphenol sulfone (bisphenol
S), 4,4-thiobisphenol, 4,4'-sulfinyl bisphenol, 2,3'-
oxybisphenol, bisphenol A tetrachloride, bisphenol A
tetrabromide, 1,1-bis-(4-hydroxyphenyl)-1-phenyl eth-
ane, 1,1-bis-(4-hydroxyphenyl)-1,1-dimethyl methane,
phenol novolak, brominated phenol novolak, cresol
novolak, brominated cresol novolak, resorcin novolak,
brominated resorcin novolak, hydroquinone, (iso)-
cyanuric acid, and methyl resorcin. Further, conden-
sates of unsaturated aldehydes and phenols, adducts of
polyphenol compounds to epoxy compounds, and
copolycondensates of polyphenol compounds with
monovalent phenol compounds are other examples.
The polyfunctional phenol compound to be used for the
present invention is not limited to those enumerated
above. It is required only to be a compound possessing
at least two phenolic hydroxyl groups in the molecular
unit thereof. One member or a combination of two or
more members suitably selected from the group of com-
pounds enumerated above can be used.

The compound possessing an epoxy group and a
radically polymerizable unsaturated bond and used for
the reaction with the polyfunctional phenol compound
(hereinafter referred to simply as “unsaturated glycidyl
ester compound”) is represented by the aforementioned
formula (1). Examples of the unsaturated ester com-
pound include glycidyl methacrylate, glycidyl acrylate,
2-methyl glycidyl methacrylate, and 2-methyl glycidyl
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10
acrylate. One member or a combination of two or more
members suitably selected from these compounds can
be used.

The production of (b) the unsaturated ester com-
pound by the reaction of the polyfunctional phencl
compound with the unsaturated glycidyl ester com-
pound can be effected by following the conventional
ring-opening addition reaction. For example, this reac-
tion is carried out by combining the two reactants in
amounts such that the amount of .the unsaturated glyci-
dyl ester compound falls in the range of 0.5 to 1.5 equiv-
alent weights, preferably 0.8 to 1.2 equivalent weights,
per one equivalent weight of the phenolic hydroxyl
group contained in the polyfunctional phenol com-
pound and heating the resultant mixture in an inert
solvent or in the absence of a solvent at a temperature in
the range of 30° to 150° C., preferably 50° to 130° C.,
preferably in the presence of air. For the purpose of
precluding the gelation due to the possible polymeriza-
tion in the course of the reaction, it is desirable to use
the conventional polymerization inhibitor. Examples of
the polymerization inhibitor include hydroquinones
such as methyl hydroquinone and hydroquinone and
benzoquinones such as p-benzoquinone and p-toluqui-
none.

Further, for the purpose of decreasing the reaction
time, it is permissible to use a ring-opening addition
reaction catalyst. Examples of the conventional ring-
opening addition reaction catalyst include tertiary
amines such as triethyl amine and triethylene diamine;
amines such as dimethyl aminoethanol and N-methyl
morpholine; quaternary ammonium salts such as tri-
ethyl benzyl ammonium chloride and trimethyl dodecyl
ammonium chloride; imidazoles such as 2-ethyl imidaz-
ole and 2-methyl-4-ethyl imidazole; organic tertiary
phosphines such as triphenyl phosphine and tributyl
phosphine; tetraphenyl boron salts such as triphenyl
phosphine tetraphenyl borate and triethyl amine tet-
rapheny! borate; and metal halogenides such as zinc
chloride and tin chloride.

As an inert solvent, there can be used toluene, xylene,
or dimethyl formamide, for example. The solvent thus
used must be removed from the reaction system after
the reaction. Particularly where a polymerizable cross-
linking agent which is a liquid state at normal room
temperature is additionally used, it is advantageous to
convert this polymerizable cross-linking agent as a sol-
vent.

Examples of (B) the compound possessing at least one
maleimide group in the molecular unit thereof and used
in the present invention (hereinafter referred to simply
as “maleimide compound (B)”) include monomaleimide
compounds such as N-methyl maleimide, N-ethyl malei-
mide, N-isopropyl maleimide, N-butyl maleimide, N-
cyclohexyl maleimide, N-phenyl maleimide, N-o-
methylphenyl maleimide, N-m-methylphenyl malei-
mide, N-p-methylphenyl maleimide, N-o-hydroxyphe-
nyl maleimide, N-m-hydroxyphenyl maleimide, N-p-
hydroxyphenyl maleimide, N-o-methoxyphenyl malei-
mide, N-m-methoxyphenyl maleimide, N-p-methox-
yphenyl maleimide, N-o-carboxyphenyl maleimide,
N-p-carboxylphenyl maleimide, N-o-chlorophenyl
maleimide, N-m-chlorophenyl maleimide, N-p-
chlorophenyl maleimide; and polymaleimide com-
pounds such as N,N’-ethylene dimaleimide, N,N’-hex-
amethylene  dimaleimide, = N,N’-dodecamethylene
dimaleimide, N,N’-m-phenylene dimaleimide, N,N’-p-
phenylene dimaleimide, N,N’-(oxy-di-p-phenylene)-
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dimaleimide, N,N’-(methylene-di-p-phenylene)dimalei-
mide, N,N'-2,4-tolylene dimaleimide, N,N'-2,6-tolylene
dimaleimide, N,N’-m-xylylene diamaleimide, N,N'-
xylylene dimaleimide, N,N'-oxydipropylene dimalei-
mide, ethylene dioxy-bis-N-propyl maleimide, and oxy-
bis-N-ethyl maleimide. One member or a combination
of two or more members suitably selected from this
group can be used.

Among other maleimide compounds cited above,
monomaleimide compounds prove to be particularly

—

0

desirable in respect that they exhibit high compatibility -

to (a) the unsaturated ester compound and (b) the unsat-
urated ester compound and excellent compatibility to
the composition made up to (a) the unsaturated ester
compound, (b) the unsaturated ester compound and (C)
the polymerizable cross-linking agent as well.

Examples of (C) the polymerizable cross-linking
agent which is used, when necessary, in the present
invention include styrene and styrene derivatives such
as -methyl styrene, p-methyl styrene, t-butyl styrene,
vinyl toluene, and divinyl benzene; (meth)acrylic ester
monomers such as methyl methacrylate, 2-ethylhexyl(-
meth)acrylate, cyclohexyl(meth)acrylate, tricylodece-
nyl(meth)acrylate, and 2-hydroxyethyl(meth)acrylate;
(meth)acrylates of polyhydric alcohols such as trimeth-
ylol propane tri(meth)acrylate, diethylene glycol di(-
meth)acrylate, 1,4-butane diol di(meth)acrylate, tris(2-
hydroxyethyl)isocyanuric acid (meth)acrylic esters, and
di(meth)acrylate  of  2,2-bis[4-(2-hydroxyethoxy)-
phenyl]propane; and allyl compounds such as diallyl
phthalate, diallyl isophthalate, diallyl terephthalate,
triallyl isocyanurate, and triallyl cyanurate which have
been conventionally used for unsaturated polyeter res-
ins and vinyl ester resins in general. One member or a
combination of two or more members suitably selected
from the group can be used.

The mixing ratio of (a) the unsaturated ester com-
pound and/or (b) the unsaturated ester compound, (B)
the maleimide compound, and (C) the polymerizable
cross-linking agent is desirable from the standpoint of
mechanical properties and thermal stability to be such
that the proportion of (A) (a) the unsaturated ester

- compound and/or (b) the unsaturated ester compound
is in the range of 30 to 90% by weight, preferably 40 to
80% by weight, the proportion of (B) the maleimide
compound in the range of 3 to 40% by weight, prefera-
bly 5 to 30% by weight, and the proportion of (C) the
polymerizable cross-linking agent in the range of 0 to

" 67% by weight, preferably 0 to 55% by weight provid-

ing that the total of (A), (B), and (C) is 100% by weight.
(a") The unsaturated ester compound or (b") the unsat-

urated ester compound to be used as a component of (ii)

the thermosetting resin composition to which the stor-
age stability aimed at by the present invention is to be
imparted can be produced as follows, for example.

The first method available for the production com-
prises causing an aromatic polyamine (s) represented by
the formula (2a):

(22)

NH; NH;

CH» CH;

R4

m

R4 R4

—
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wherein R4 stands for at least one member selected from
the group consisting of hydrogen atom, halogen atoms,
methoxy group, and alkyl groups of 1 to 5 carbon atoms
and m for O or an integer in the range of 1 to 10, or an-
aromatic diamine (t) represented by the formula (3a):

(3a)
NH;

RS RS

wherein R8 stands for at least one member selected from
the group consisting of hydrogen atom, halogen atoms,
methoxy group, and alkyl groups of 1 to 5 carbon
atoms, and n for O or an integer in the range of 1 to 10,
providing that X is a divalent organic group selected
from the group consisting of

o] CH; CF;

If 1l ] |
—Q, —5—, _ﬁ—’ —C~, —cI:— , and -—(I:—
(0] CHj3 CF3

wherein n is 0 'or X’s stand for divalent organic groups
independently selected from the group consisting of

CH; CF;
I fl { |
=0, =§=, —8$=, ~C=, —C—, —C=, ad
o CHj3 CF3

—CH;— where n is an integer in the range of 1 to 10, to
react a compound (u) possessing an epoxy group and a
radically polymerizable unsaturated bond in the molec-
ular unit thereof and represented by the formula (7):

RS O RS ™
!

i1
CH;——C—CH;—0—C—C=CH;
N o /

wherein R5 and R® independently stand for hydrogen
atom or methyl group.

The aromatic polyamine (s) is a compound to be
represented by the aforementioned formula (2a). It can
be produced, for example, by neutralizing an aniline
derivative with hydrochloride acid thereby forming an
aniline derivative hydrochloride solution and causing
the hydrochloride solution to be reacted upon by form-
aldehyde in such a manner that the proportion of the
formaldehyde falls in the range of 0.25 to 1.0 mol per
mol of the aniline derivative. As an aniline derivative,
one member of a combination of two or more members
selected from the group consisting of aniline, p-(m- or
0-) chloroaniline, p-(m- or o-) toluidine, p-(m- or o-)
ethyl aniline, p-(m- or 0-) iso-propyl aniline, p-(m- or o-)
n-propyl aniline, and p-(m- or o0-) methoxy aniline. The
poly(phenylene methylene) polyamide obtained by the
reaction of aniline with formaldehyde is now manufac-
tured as a raw material for polyurethane on a commer-
cial scale. A commercial product of Mitsui-Toatsu
Chemicals Inc. marketed under product code of MDS-
220 or MDA-150 can be used in its unaltered form as an
aromatic polyamine (s) in the present invention.
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The aromatic diamine (t) is 2 compound represented
by the aforementioned formula (3a). Examples of the
aromatic diamine (t) are 4,4'-diaminodipheny! sulifide,
4,4’-diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sul-
fone, 3,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl
ether, 2,2-bis(4-aminophenyl)propane, 2,2-bis(4-amino-
phenylhexafluoropropane, 1,3-bis(4-aminophenoxy)-
benzene, 1,4-bis(4-aminophenoxy)benzene, 1,3-bis(3-
aminophenoxy)benzene, - 2,2-bis[4-(4-aminophenoxy)-
phenyl]propane, bis{4-(4-aminophenoxy)phenyl]sul-
fone, 1-(p-aminobenzoyl)-4-(p-aminobenzyl)benzene,
1-(p-aminobenzoyl)-4-(m-aminobenzyl)benzene, 1-(m-
aminobenzoyl)-4-(m-aminobenzyl)benzene, 1,4-bis(m-
aminobenzoyl)benzene,  1,4-bis(p-aminobenzoyl)ben-
zene, 1,3-bis(m-aminobenzoyl)benzene, 4,4'-bis(m-
aminobenzoyl)diphenyl methane, 4,4'-bis(p-aminoben-
zoyl)diphenyl methane, 4,4'-bis(m-aminobenzyl)diphe-
nyl methane, and the products of substitution of the
aromatic hydrogen of the aforementioned compounds
with a halogen atom, a methoxy group, or an alkyl
group of 1 to 5 carbon atoms. One member or a combi-
nation of two or more members suitably selected from
the group cited above can be used.

The compound (u) possesses an epoxy group and a
radically polymerizable unsaturated bond in the molec-
ular unit thereof and represented by the aforementioned
formula (7). Examples of this compound (u) include
glycidyl methacrylate, glycidyl acrylate, 2-methyl glyc-
idyl methacrylate, and 2-methyl glycidyl acrylate. One
member or a combination of two or more members
suitably selected frorm the group mentioned above can
be used.

In the production of (a") the unsaturated ester com-
pound or (b') the unsaturated ester compound by the
ring-opening addition reaction of (s) the aromatic poly-
amine or (t) aromatic diamine with (u) the compound,
(s) the aromatic polyamine or (t) the aromatic diamine
and (s) the compound are combined in a ratio such that
the proportion of (u) the compound falls in the range of
0.2 to 1.5 equivalent weight, preferably 0.3 to 1.0 equiv-
alent weight, per equivalent weight of the hydrogen
atoms directly bonded to the nitrogen atoms contained
in (u) the aromatic polyamine or (t) the aromatic di-
amine and the resultant mixture is heated in an inert
solvent or in the absence of a solvent at a temperature in
the range of 30° to 150° C., preferably 50° to 130° C.,
preferably in the presence of air, to effect a reaction.
For the purpose of precluding the gelation due to possi-
ble polymerization in the course of the reaction, it is
desirable to use a conventional polymerization inhibi-
tor. Examples of the polymerization inhibitor include
hydroquinones such as methyl hydroquinone and hy-
droquinone and benzoquinones such as p-benzoquinone
and p-toluquinone.

A ring-opening addition catalyst can be used for de-
creasing the reaction time. Examples of the ring-open-
ing addition catalyst include water; alcohols such as
methyl alcohol, ethyl alcohol, and isopropyl alcohol;
phenols such as phenol and t-butyl catechol; organic
acids such as salicylic acid, citric acid, and malic acid;
organic acid salts such as zinc salicylate and tin octy-
late; and boron trifluoride-monoethanolamine complex.

As an inert solvent, toluene, xylene, or dimethyl
formamide can be used, for example. Such a catalyst as
ethyl alcohol or acetic acid can be used in its unaitered
form as a reaction medium. The solvent must be re-
moved after the reaction. Particularly when a polymer-
izable cross-linking agent which is in a liquid state at
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normal room temperature is additionally used in the
final composition, therefore, the polymerizable cross-
linking agent can be diverted as a solvent.

The second method available for the production men-
tioned above comprises causing addition reaction of (s)
the aromatic polyamine represented by the aforemen-
tioned formula or (t) the aromatic diamine represented
by the aforementioned formula with epihalohydrin (v)
represented by the formula (8):

RS ®)

CHy=—-C—CH;—2Z
N 7/
(o}

wherein R stands for hydrogen atom or methyl group
and Z for halogen atom, thereby preparing N-halohy-
drin as an intermediate, then dehydrohalogenating N-
halohydrin with an alkali into a glycidyl thereby form-
ing an epoxy compound (hereinafter referred to as
“epoxy compound (V)”), and subjecting this epoxy
compound to a ring-opening addition of acrylic acid
and/or methacrylic acid.

The epihalohydrin (v) is a compound which is repre-
sented by the aforementioned formula. Examples of the
epihalohydrin are epichlorohydrin, epibromohydrin,
epiiodohydrin, B-methyl epichlorohydrin, B-methyl
epibromohydrin, and B3-methy! epiiodohydrin. ’

The reaction for the production of the epoxy com-
pound (V) from (s) the aromatic polyamine or (t) the
aromatic diamine and (v) the epihalohydrin can be car-
ried out, for example, by combining (s) the aromatic
polyamine or (t) the aromatic diamine with (v) the epi-
halohydrin in a ratio such that the proportion of (v) the
epihalohydrin falls in the range of 1 to 5 equivalent
weights, preferably 2 to 3 equivalent weights, per
equivalent weight of the hydrogen atoms directly
bonded to the nitrogen atoms in (s) the aromatic poly-
amine or (t) the aromatic diamine, heating the resultant
mixture at temperature in the range of 40° to 100° C. for
a period of § to 30 hours, preferably at a temperature in
the range of 70° to 90° C. for a period of 7 to 15 hours,
for effecting an addition reaction, then gradually adding
a hydroxide of an alkali metal to the reaction product,
and heating the resultant mixture at a temperature not
exceeding 70° C. for a period in the range of 2 to 10
hours for removal of hydrochloric acid.

As one example of (V) the epoxy compound, a prod-
uct of Ciba-Geigy marketed under trademark designa-
tion of “Araldite MY-720” or a product of Toto Kasei
marketed under trademark designation of “YH-434”
can be used for the present invention.

The production of (a") the unsaturated ester com-
pound or (b") the unsaturated ester compound by the
reaction of (V) the epoxy compound with acrylic acid
and/or methacrylic acid is accomplished, for example,
by combining (V) the epoxy compound with acrylic
acid and/or methacrylic acid in a ratio such that the
proportion of acrylic acid and/or methacrylic acid fails
in the range of 0.3 to 1.2 mols, preferably 0.5 to 1.1 mol,
per mol of the epoxy group contained in (V) the epoxy
compound, and heating the resultant mixture in an inert
solvent or in the absence of solvent at a temperature in
the range of 60° to 150° C., preferably 70° to 130° C.,
preferably in the presence of air. For the purpose of
precluding the gelation due to possible polymerization
in the course of the reaction, it is desirable to use a
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conventional polymerization inhibitor. Examples of the
polymerization inhibitor include hydroquinones such as
methyl hydroquinone and hydroquinone and benzoqui-
nones such as p-benzoguinone and p-toluguinone.

For the purpose of decreasing the reaction time, it is
desirable to use an esterification catalyst. Examples of
the esterification catalyst are tertiary amines such as
N,N-dimethyl aniline, pyridine, and triethyl amine and
hydrochlorides and hydrobromides of such tertiary
amines; quaternary ammonijum salts such as tetramethyl
ammonium chloride and triethylbenzyl ammonium
chloride; sulfonic acids such as paratoluene suifonic
acid; sulfoxides such as dimethyl sulfoxide and methyl
sulfoxide; sulfonium salts such as trimethyl sulfonium
chloride and dimethyl sulfonium chloride; phosphines

*such as triphenyl phsophine and tri-n-butyl phosphine;
and metal halides such as lithium chloride, lithium bro-
~mide, stannous chloride, and zinc chloride.

As an inert solvent, toluene or xylene may be used,
for example. The solvent must be removed after the
reaction. Particularly when a polyemrizable cross-link-
ing agent which is in a liquid state at normal room tem-
perature is additionally used in the final composition,

~ therefore, it is desirable to convert this polymerizable
cross-linking agent as a solvent.

Examples of (C') the polymerizable cross-linking
agent to be used in the present invention include styrene
and styrene derivatives such as methyl styrene, p-
methyl styrene, t-butyl styrene, vinyl toluene, and divi-
nyl benzene; (meth)acrylic ester monomers such as
methyl(meth)acrylate, 2-ethylhexyl(meth)acrylate, cy-
clohexyl(meth)acrylate, tridyclodecenyl(meth)acrylate,
and 2-hydroxyethyl(meth)acrylate, (meth)acrylates- of
polyhydric alcohols such as trimethylol propane tri(-
meth)acrylate, diethylene glycol di(meth)acrylate, 1,4-
butane diol di(meth)acrylate, tris(2-hydroxyethyl-
)isocyanuric acid (meth)acrylic ester, and di(meth)acry-
late of 2,2-bis[4-(2-hydroxyethoxy)phenyl]propane; and
allyl compounds such as diallyl phthalate, diallyl iso-
phthalate, diallyl terephthalate, triallyl isocyanurate,
and triallyl cyanurate which have been conventionally
used for unsaturated polyester resins and vinyl ester
resins in general. One member or a combination of two
or more members suitably selected from the group can
be used.

40

45

The mixing ratio of (a’) the unsaturated ester com-

pound and/or (b’) the unsaturated ester compound with
(C") the polymerizable cross-linking agent is desired,
from the standpoint of mechanical strength and thermal
stability, to be such that the proportion of (a) the unsat-
" urated ester compound and/or (b") the unsaturated ester
compound falls in the range of 30 to 95 parts by weight,
preferably 40 to 85 parts by weight, and the proportion
of (C") the polymerizable cross-linking agent falls in the
range of 70 to 5 parts by weight, preferably 60 to 15
parts by weight.

(11) The thiuram compound to be used in the present
invention is a compound possessing at least one atomic
group represented by the formula (4):

(©]
\N—g-(-S)—p:—N/
/ 7N
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wherein p stands for an integer in the range of 1 to 8,
preferably 1 to 4, in the molecular unit thereof. Thiuram
compounds represented by the following formula (5):

RrRI13 S s RIS [C)]

N e
N—C-(-S);;C—-N\

R4 R16

" wherein p stands for an integer in the range of 1 to 8,

preferably 1 to 4, R13, R14and R!5 independently stand
for alkyl groups of 1 to 4 carbon atoms or phenyl
groups, and R!6stands for alkyl groups of 1 to 4 carbon
atoms, phenyl group, or

RlS
I i 7
—C2H4—I|‘I—C—(S),—C—N

) R17 R

wherein r stands for an integer in the range of 1 to 8,
preferably 1 to 4, R17, Ri8, and R19independently stand
for alkyl groups of 1 to 4 carbon atoms, phenyl group,
or

are formed heterocyclic rings are examples.

As typical examples of (II) the thiuram compound,
there can be cited tetramethyl thiuram monosulfide,
tetraethyl thiuram monosulfide, tetrabutyl thiuram
monosulfide, bis(diethyleneoxy)thiuram monosulfide,
dipentamethylene thiuram monosulfide, bis(trimethyl
thiuram monosulfide)ethylene, tetramethyl thiuram
disulfide, tetraethyl thiuram disulfide, tetrabutyl thiu-
ram disulfide, diphenyldimethyl thiuram disulfide, di-
phenyl diethyl thiuram disulfide, bis(diethyleneoxyl)thi-
uram disulfide, dipentamethylene thiuram disulfide,
tetramethyl thiuram tetrasulfide, dipentamethylene thi-
uram tetrasulfide, tetramethyl thiuram trisulfide, tetra-
methyl thiuram hexasulfide, and bis(trimethyl thiuram
disulfide)ethylene. These are not the only thiuram com-
pounds available for the present invention. One member
or a combination of two or more members suitably
selected from the group can be used.

As examples of (III) the copper-containing com-
pound to be used in combination with (II) the thiuram
compound in the present invention, there can be cited
organic acid salts such as copper acetate, copper citrate,
copper oxalate, copper formate, copper naphthenate,
copper oleate, copper acrylate, copper methacrylate,
copper(2-hydroxyethyl)dithiocarbamate, and copper
dimethyldithiocarbamate; chelate compounds such as
copper acetyl acetonate; complex compounds such as a
complex of cuprous chloride with triethyl phosphite
and a complex of cupric chloride with dicyclohexyl
sulfoxide; and inorganic salts such as cuprous chloride,
cupric chioride, cuprous bromide, cupric bromide, cu-
prous oxide, cupric hydroxide, copper carbonate, cop-
per nitrate, copper sulfate, copper phosphite, and cupric
phosphate. These are not the only copper-containing
compounds that are available for the present invention.
One member or a combination of two or more members
suitably selected from this group can be used.
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In the impartation of storage stability to (I) the ther-
mosetting resin composition, (II) the thiuram com-
pound or (IIT) the copper-containing compound used
alone is completely ineffective or only nominaily effec-
tive. The conspicuous effect can never be attained as
contemplated by the present invention unless (II) the
thiuram compound and (II) copper-containing com-
pound are simultaneously present.

The amounts of (IT) the thiuram compound and (III)
the copper-containing compound to be used herein are
such that the proportion of (II) the thiuram compound
falls in the range of 0.0001 to 2.0 parts by weight, prefer-
ably 0.001 to 0.5 part by weight, and the proportion of
(I1I) the copper-containing compound as copper metal
in the range of 0.00001 to 0.1 part by weight, preferably
0.0001 to 0.05 part by weight, based on 100 parts by
weight of (I) the thermosetting resin composition. If the
amount of (IT) the thiuram compound to be used is less
than 0.0001 part by weight, the effect is not sufficient
even when (III) the copper-containing compound is
used in a proper amount. Conversely if this amount
exceeds 2.0 parts by weight, the effect is not increased
proportionately to the excess involved. On the other
hand, if the amount of (III) the copper-containing com-
pound as copper metal is less than 0.00001 part by
weight, the effect is not sufficient even when (II) the
thiuram compound is used in a proper amount. If this
amount exceeds 0.1 part by weight, the hindrance to
polymerization during the course of curing of the resin
composition becomes conspiquous and the cured prod-
uct finally obtained is deficient in physical properties
such as thermal stability and mechanical strength.

(I1) The thiuram compound and (III) the copper-con-
taining compound can be added to and combined with
the thermosetting resin composition by various meth-
ods. For example, one method comprises adding as (1II)
the copper-containing compound an inorganic copper
salt of relatively poor solubility in the resin composition
at the outset of the preparation of (a), (b), (a"), or (b") the
unsaturated ester compound and allowing the inorganic
copper salt to be gradually dissolved during the course
of the esterification reaction and, after the production of
the aforementioned unsaturated ester compound, add-
ing (II) the thiuram compound to be combined there-
with and another method comprises simultaneously
adding and combining (II) the thiuram compound and
(ITI) the copper-containing compound during the for-
mulation of the resin composition. Of course, the pres-
ent invention is not restricted by the method of addition
and combination of such compounds.

The method of this invention is not affected by the
addition of such a conventional polymerization inhibi-
tor as hydroquinone or benzoquinone besides (II) the
thiuram compound and (III) the copper-containing
compound which are indispensably used in the present
invention.

By the method of the present invention, the problem
of increased viscosity and gelation during the course of
storage which is encountered by the resin composition
of the maleimide compound-containing unsaturated
ester type or the specific thermosetting resin composi-
tion containing (a”) the unsaturated ester compound
and/or (b’) the unsaturated ester compound and (C’) the
polymerizable cross-linking agent can be readily elimi-
nated. Consequently, the resin composition is enabled
stably to provide cured products which excel in stabil-
ity at elevated temperatures and in mechanical strength
without any sacrifice of the outstanding formability
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such as curability and workability inherent in the resin
composition. The method of the present invention,
therefore, heightens to a conspicuous extent the practi-
cability of the resin composition to which the conven-
tional polymerization inhibitor, for example, has failed
to impart satisfactory storage stability. The specific
synergistic effect-which the thiuram compound and the
copper-containing compound manifest in the imparta-
tion of storage stability to the resin composition is sur-
prisingly prominent.

The thermosetting resin composition of the present
invention possesses high curability such that it can be
cured very quickly by the photopolymerization or ther-
mal polymerization and can be cured even at normal
room temperature. Moreover, the cured product conse-
quently obtained combines the highly desirably quality
inherently manifested by the vinyl ester resins in terms
of water resistance, chemical resistance, and mechanical
strength with the characteristic property of retaining
stability at elevated temperatures which none of the
conventional heat-resistant resins has exhibited. Owing
to these benefits, therefore, the resin composition of the
present invention is suitable as the resin for the produc-
tion of large formed articles of highly satisfactory stabil-
ity at elevated temperatures by the contact pressure
molding method or the filament winding method, as the
resin for the production of formed articles excellent in
stability at elevated temperatures by the continuous
molding method of high productional efficiency such as
the extrusion molding method, the draw molding
method, or the continuous lamination molding method,
and as the resin for the production of composite materi-
als such as the resin for sheet molding compound
(SMC) or bulk molding compound (BMC) featuring the
shortness of molding cycle. As examples of the applica-
tions found for the resin, there can be cited corrosion-
proof articles such as tanks, pipes, ducts, and scrabbers,
automobile parts such as leaf springs, drive shafts, and
wheels, electric and electronic parts such as printed-cir-
cuit boards and various insulating components, and
sheaths for optical fibers.

Now, the present invention will be described more
specifically below with reference to Referential Exam-
ples, working Examples, and Controls. It should be
noted, however, that this invention is not limited to the
working examples. Wherever parts and percents (%)
are mentioned hereinafter, they shall be construed in-
variably as those by weight.

Referential Example 1

In a reaction vessel provided with a thermometer, a
reflux condenser, and air blow pipe, and a stirrer, 88
parts of methacrylic acid, 227 parts of cresol novolak
epoxy resin having an epoxy equivalent weight of 227
and containing an average of 5.1 epoxy groups in the
molecular unit thereof (produced by Ciba-Geigy and
marketed under product code of “ECN-1280"), 130
parts of vinyl toluene, 0.34 part of hydroquinone, and
1.30 parts of triethyl amine were placed and stirred and
heated at 115° C. under a current of air for eight hours
to produce an unsaturated ester of an acid number of 3
in the form of a solution in vinyl toluene. By combining
this unsaturated ester with 127 parts of vinyl toluene,
there was obtained an unsaturated ester resin (a). A
resin composition (1) was produced by mixing 100 parts
of the unsaturated ester resin (a) with 20 parts of N-
cyclohexyl maleimide.

Referential Example 2
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In the same reaction vessel as used in Referential
Example 1, 103 parts of phenol novolak (having a soft-
ening point of 85° C. and OH equivalent weight of 103),
142 parts of glycidyl methacrylate, 66 parts of styrene,
0.2 part of methyl hydroquinone, and 0.85 part of tri-
ethyl amine were placed and stirred and heated at 115°
C. under a current of air for eight hours. After the
reaction product was analyzed by the nuclear magnetic
resonance absorption spectrometry to confirm thor-
ough reaction of glycidyl methacrylate therein, it was
combined with 90 parts of styrene and 45 parts of tris(2-
hydroxyethyl)isocyanuric acid acrylic ester to form an
unsaturated ester resin (b). A resin composition (2) was
obtained by mixing 100 parts of the unsaturated ester
resin (b) with 15 parts of N-phenyl maleimide.

Referential Example 3

15

20

having an inner volume of 1 liter, sealed tightly therein,
and stored at a temperature of 40° C. The resin composi-
tion, after the storage, was visually examined. The re-
sults were as shown in Table 1.

Controls 1 through 3

Resin compositions for comparison were prepared by
following the procedure of Examples 1 through 3, ex-
cept that neither a thiuram compound nor a copper-
containing compound was added, a thiuram compound
alone was added, and a copper-containing compound
alone was added instead, respectively to 100 parts of the
resin composition (1). The resultant resin compositions,
similarly to those of Examples 1 through 3, were tightly
sealed in cans of tin plate and stored at 40° C. The resin
compositions, after the storage, were visually examined.
The results are also shown in Table 1.

TABLE 1
i Copper-containing
Thiuram compound compound
Amount Amount as copper State after
Name (part) Name metal (part) shortage at 40° C.
Example |  Tetramethyl 0.10  Copper naphthenate 0.0025 No abnormality even after
thiuram monosulfide 50 days (Note 1)
Example 2 Tetramethyl 0.15 Copper salicylate 0.0030 No abnormality even after
thiuram disulfide 50 days (Note 1)
Example 3  Dipentamethylene 0.50  Copper naphthenate 0.0015 No abnormality even after
thiuram monosulfide 50 days (Note 1)
Control 1 Non added Non added Gelation occurred
after 3 days
Control 2 Tetramethyl 0.10 Non added Gelation occurred
thiuram monosulfide after 3 days
Control 3 Non added Copper naphthenate 0.0025 Gelation occurred

after 4 days

(Note 1) Neither conspicuous increase of viscosity nor phenomenon of gelation was observed at all in the resin composition.

In the same reaction vessel as used in Referential
Example 1, 88 parts of methacrylic acid, 185 parts of
bisphenol type epoxy resin having an epoxy equivalent
weight of 185 (produced by Ciba-Geigy and marketed
under trademark designation of “Araldite GY250”),
0.084 part of hydroquinone, 0.024 part of cuprous chlo-
ride, and 1.0 part of triethyl amine were placed and
stirred and heated at 115° C. under a current of air for
six hours to form an unsaturated ester having an acid
number of 7. An unsaturated ester resin (c) was obtained
by mixing 55 parts of this unsaturated ester with 35 parts
of p-methyl styrene and 10 parts of trimethylol propane
trimethacrylate. A resin composition (3) was obtained
by mixing 100 parts of the unsaturated ester resin (c)
with 25 parts of N-cyclohexyl maleimide.

Examples 1 through 3

A thiuram compound and a copper-containing com-
pound indicated in Table 1 were added in amounts
similarly indicated in the table to 100 parts of the resin
composition (1). Then, 1 kg of the resin composition
consequently obtained was placed in a can of tin plate

35

50

Examples 4 through 6

A thiuram compound and a copper-containing com-
pound indicated in Table 2 were added in amounts
indicated similarly in the table to 100 parts of the resin
composition (2). The resultant resin compositions, simi-
larly to those of Examples 1 through 3, were tightly
sealed in cans of tin plate and stored at 40° C. The re-
sults of the visual examination of the resin composition
after the storage are shown in Table 2.

Controls 4 through 6

Resin compositions for comparison were prepared by
following the procedure of Examples 4 through 6, ex-
cept that neither a thiuram compound nor a copper-
containing compound was added, a thiuram compound
alone was added; and a copper-containing compound
alone was added, respectively to 100 parts of the resin
composition (2). The resultant resin compositions, simi-
larly to those of Examples 4 through 6, were tightly
sealed in cans of tin plate and stored at 40° C. The re-
sults of the visual examination of the resin composition
after the storage are shown in Table 2.

TABLE 2
Copper-containing
Thiuram compound compound
Amount Amount as copper State after

Name (part) Name metal (part) storage at 40° C.
Example 4 Tetramethyl 0.20  Complex of cuprous 0.0040 Gelation occurred

thiuram monosulfide chloride and triethyl after 31 days

phosphite

Example 5 Tetrabutyl 0.20 Copper acrylate 0.0020 Gelation occurred

thiuram disuifide after 25 days
Example 6 Tetramethyl 0.15 Copper diethyl 0.0015 Gelation occurred -

thiuram monosulfide dithiocarbamate after 24 days
Control 4  Non added Non added Gelation occurred

after 2 days

Control 5 Tetramethyl 0.20  Non added Gelation occurred
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TABLE 2-continued

22

Copper-containing

Thiuram compound

compound

Amount

(part) Name

Name

Amount as copper State after
metal (part)

. storage at 40° C.

thiuram monosulfide
Non added Complex of cuprous
chloride and triethyl

phosphite

Control 6

after 2 days
Gelation occurred
after 4 days

0.0040

Examples 7 through 9

A thiuram compound indicated in Table 3 was added
in an amount indicated similarly in the table to 100 parts
of the resin composition (3) (with cuprous chloride
already added as a copper-containing compound during
the synthesis of the unsaturated ester). The resin com-
positions consequently obtained were tightly sealed in
the same can of tin plate as in Examples 1 through 3 and
stored at 40° C. The results of the visual examination of
the resin compositions after the storage are shown in
Table 3.

Control 7

For comparison, 100 parts of the resin composition
(3) was tightly sealed in the same can of tin plate and
stored at 40° C. The results of the visual examination of
the resin composition after the storage are shown in
Table 3.

TABLE 3

20

mixing the reaction product with 25 parts of vinyl tolu-
ene.

Referential Example 5

In the same reaction vessel as used in Referential
Example 4, 71.2 parts of 2,2-bis[4-(4-aminophenoxy)-
phenyl] propane, 78.8 parts of glycidyl methacrylate, 80
parts of p-methyl styrene, 0.2 part of methyl hydroqui-
none, and 0.5 part of triethyl amine were placed and
stirred and heated 115° C. under a current of air for five
hours until thorough conversion of glycidyl methacry-
late in the reaction product was confirmed by the nu-
clear magnetic resonance absorption spectrometry, to
produce a resin composition (5).

Referential Example 6

In the same reaction vessel as used in Referential
Example 4, 73 parts of methacrylic acid, 125 parts of
N-tetraglycidyl diamino diphenyl methane having an

Copper containing

Thinram compound

compound

Amount Amount as copper State after
Name (part) Name metal (part) storage at 40° C.
Example 7 Tetraethyl 020  Cuprous chloride 0.0025 Gelation occurred
thiuram disulfide after 45 days
Example 8 Tetramethyl 0.15 Cuprous chioride 0.0025 No abnormality
thiuram monosulfide even after 50
days (Note 1)
Example 9 Dimethyldiphenyl 0.15 Cuprous chloride 0.0025 No abnormality
thiuram monosulfide even after 50
days (Note 1)
Control 7 Non added Cuprous chloride 0.0025 Gelation occurred

after 4 days

{(Note 1) Neither conspicuous increase of viscosity nor phenomenon of gelation was observed at all in the resin composition.

Referential Example 4

In a reaction vessel provided with a thermometer, a
reflux condenser, an air blow pipe, and a stirrer, 128
parts of glycidyl methacrylate, 59 parts of polymethyl-
ene polyaniline represented by the following formula:

NH; NH; NH;

CHjy

m

wherein the average value of m is 0.8, (having an amino
content of 15.8%, product of Mitsui-Toatsu Chemicals
Inc. marketed under product code of “MDA-150"), 75
parts of vinyl toluene, 0.3 part of methyl hydroquinone,
and 0.45 part of zinc salicylate were placed and stirred
and heated at 110° C. under a current of air for eight
hours until thorough conversion of glycidyl methacry-
late in the reaction product was confirmed by the nu-
clear magnetic resonance absorption spectrometry, to
produce a solution of unsaturated ester compound in
vinyl toluene. A resin composition (4) was obtained by

45

50

60

65

epoxy equivalent weight of 125 (produced by Ciba-
Geigy and marketed under trademark designation of
“Araldite MY 720”), 50 parts of styrene, 0.16 part of
toluquinone, and 0.65 part of triethyl amine were placed
and stirred and heated at 115° C. under a current of air
for six hours, to obtain an unsaturated ester compound
having an acid number of 3.0 in the form of a solution in
styrene. A resin composition (6) was obtained by mixing
this styrene solution with 57 parts of vinyl toluene.

Examples 10 through 12

A thiuram compound and a copper-containing com-
pound indicated in Table 4 were added in amount indi-
cated similarly in the table to 100 parts of the resin
composition (4). Then, the resultant resin composition,
each in a fixed amount of 1 kg, were tightly sealed in
cans of tin plate having an inner volume of 1 liter and
stored at 40° C. The resin composition, after the storage,
were visually examined. The results are shown in Table
4,

Controls 8 through 10

Resin composition for comparison were obtained by
following the procedure of Examples 10 through 12,
except that neither a thiuram compound nor a copper-
containing compound was added, a thiuram compound
alone was added, and a copper-containing compound
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alone was added instead, respectively to 100 parts of the
resin composition (4). The resultant resin compositions
were tightly sealed in cans of tin plate and stored at 40°

24
C., similarly to those of Examples 10 through 12. The
results of the visual examination of the resin composi-
tions after the storage are shown in Table 5.

TABLE $
Copper-containing
Thiuram compound compound
Amount Amount as copper State after
Name (part) Name metal (part) storage at 40° C.
Example 13 Tetramethyl 0.10 Complex of cuprous 0.002 No abnormality
' thiuram monosulfide chloride and triethyl even after 50
phosphite days (Note 1)
Example 14 N,N'—dimethyl-N,N'— 0.20 Copper acrylate 0.005 No abnormality
diphenyi thiuram even after 50
disulfide days (Note 1)
Example 15 Tetraethyl 0.10  Copper naphthenate 0.0025 No abnormality
thiuram disulfide : even after 50
days (Note 1)
Control 11 Non added Non added Gelation occurred
after 3 days
Control 12 Tetraethyl 0.10 Non added Gelation occurred
. thiuram disulfide . after 3 days
Control 13 Non added Copper naphthenate 0.0025 Gelation occurred

after 5 days

(Note 1) Neither conspicuous increase of viscosity nor phenomenon of gelation was observed at all in the resin composition.

C., similarly to those of Examples 10 through 12. The
results of the visual examination of the resin composi-
tions after the storage are shown in Table 4.

TABLE 4

Examples 16 through 18
A thiuram compound and a copper-containing com-
pound indicated in Table 6 were added in amounts

Copper-containing

Thiuram compound

compound

Amount Amount as copper State after
Name (part) Name metal (part) shortage at 40° C.
Example 10 Tetrabutyl 0.20  Copper salicylate 0.0005 No abnormality even after
thiuram disulfide 50 days (Note 1)
Example 11 Dipentamethylene 020  Copper napththenate 0.0030 No abnormality even after
thiuram disulfide 50 days (Note 1)
Example 12 Tetramethyl 0.10 Copper naphthenate 0.0015 No abnormality even after
thiuram monosuifide 50 days
Control 8  Non added Non added Gelation occurred
after 3 days
Controt 9 Tetramethyl 0.10 Non added Gelation occurred
thiuram monosulfide after 4 days
Control 10 Non added Copper naphthenate 0.0015 Gelation occurred

after 4 days

(Note 1) Neither conspicuous increase of viscosity nor phenomenon of gelation was observed at all in the resin composition.

Examples 13 through 15

similarly indicated in the table to 100 parts of the resin

A thiuram compound and a copper-containing com- 45 composition (6). The resultant resin compositions were

pound indicated in Table 5 were added in amounts
indicated similarly in table to 100 parts of the resin
composition (5). Then, the resultant resin compositions
were tightly sealed in cans of tin plate and stored at 40°
C., similarly to those of Examples 10 through 12. The
results of the visual examination of the resin composi-
tions after the storage are shown in Table 5.

Controls 11 through 13

Resin compositions for comparison were prepared by
following the procedure of Examples 10 through 12,
except that neither a thiuram compound nor a copper-
containing compound was added, a thiuram compound
alone was added, and a copper-containing compound
alone was added instead, respectively to 100 parts of the
resin composition (5). The resultant resin compositions
were tightly sealed in cans of tin plate and stored at 40°

50

tightly sealed in cans of tin plate and stored at 40° C.
The results of the visual examination of the resin com-
positions after the storage are shown in Table 6.

Controls 14 through 16

Resin compositions for comparison were prepared by
following the procedure of Examples 10 through 12,
except that neither a thiuram compound nor a copper-
containing compound was added, a thiuram compound
alone was added, and a copper-containing compound

55 alone was added instead in amounts similarly indicated

in the table, respectively to 100 parts of the resin com-
position (6). The resultant resin compositions were
tightly sealed in cans of tin plate and stored at 40° C.
similarly to those of Examples 10 through 12. The re-
sults of the visual examination are shown in Table 6.

TABLE 6
Copper-containing
Thiuram compound compound
Amount Amount as copper State after
Name (part) Name metal (part) storage at 40° C.

Example 16 Tetrabutyl
thiuram disulfide

0.05 0.01 No abnormality

even after 50

Copper naphthenate
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TABLE 6-continued

Copper-containing

Thiuram compound compound
Amount Amount as copper State after
Name (part) Name metal {part) storage at 40° C.
days (Note 1)
Example 17 Dipentamethylene 0.2 Copper acetate 0.002 No abnormality
thiuram tetrasulfide even after 50
) days (Note 1)
Example 18 Dipentamethylene 0.1 Copper salicylate 0.003 No abnormality
thiuram monosulfide even after 50
days (Note 1)
Control 14 Non added } Non added Gelation occurred
: after 3 days
Control 15 Dipentamethylene 0.1 Non added Gelation occurred
thiuram monosuifide after 3 days
Control 16 Non added Copper salicylate 0.003 Gelation occurred

after 5 days

(Note 1) Neither conspicuous increase of viscosity nor phenomenon of gelation was observed at all in the resin composition.

TABLE 7
Ratio of decrease Ratio of bending
Applied Examples 1 through 18 2 Resin 500 hower hemng aherabo e
The resin compositions obtained in Examples 1 Applied  composition in the air heating in
through 18, each in a fixed amount of 100 parts, were Example used at 240° C. (%) __the air at 240° C. (%)
thoroughly mixed severally with 1 part of t-butyl 1 Example 1 30 93
peroxy-2-ethylhexanoate to produce sample mixtures. 2 Example 2 29 93
Square of 20 cm of stain-weave glass cloth (produced 3 i gxample 3 9 o4
. . s R xample 4 9.5 78
by Nihon Glass Fiber Kabushiki Kaisha and marketed 5 Example 5 9.8 76
under product code of “YES-2101-N-1") were impreg- 6 °~  Example 6 9.6 76
nated with a given sample mixture. A total of 12 im- 7 Example 7 129 67
pregnated squares were laminated and pressed under g gj::p}zg gg gg
130 kg/cm? at 120° C. for three minutes, to produce a 35 1o Examgle 10 8.0 97
laminate having a glass content of 651% and a thick- 1 Example 11 8.1 98
ness of 3 mm. The laminates thus obtained were heated 12 Example 12 8.0 98
for after cure in an air oven at 180° C. for one hour and }i gxample 13 80 b
o1s xample 14 7.9 97
put to test for thermal stability. 15 Example 15 3.0 97
The results of the test are shown in Table 7. 40 16 Example 16 11.5 80
The evaluation of thermal stability was carried out by 17 Example 17 11.8 78
using test pieces 75 mmX25 mmX 3 mm cut from the 18 Example 13 119 L&
laminate, heating the test pieces to find the ratio of :
decrease of weight by heating and the ratio of bending What is claimed is:
strength retained after the heating, and calculating the 45 1. A thermosetting resin composition comprising:
following formula using the results of the measurement. (I) 100 parts by weight of a thermosetting resin com-
The bending strength was determined in accordance position comprising:
with JIS K6911. (A" (@) 30 to 95% by weight of an unsaturated

ester compound represented by the formula (2):
Ratio of decrease of weight by heating (%) = 50

@
(Weight of test piece after heating in air at 240° C. R3 R3 R3 R3 R3 R3
for 500 hours) — (Weight of glass fibers in test N / N / N /
Piece) % 100 N N N
(Weight of test piece at the start of heating) —
(Weight of glass fibers in test piece) 53
. . CH; CH>
The weight of glass fibers mentioned above was de-
termined by heating the test piece in the air at 240° C. R* R mR‘*

for 500 hours and further heating the test piece at 600°
C. for five hours and thereafter taking weight of the test 60

wherein R¥s are independently selected from

iece. -
piece the group consisting of
Ratio of bending strength retained (%)=
F g ¥
Bending strength after 500 hours’ heating 65 —CHy~C=-CH;—0~—C~C=CHj;, —CH;—C CH>
in the air at 240° C. % 100 |
Initial bending strength OH (0]
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wherein R5 and R6 independently stand for hy-
drogen atom or methyl group, and hydrogen
atom, at least one of R¥s stands for

il i
—CHZ—?—CH2~O—C—C=CH2

OH

wherein R3 and R6 have the same meanings as
defined above, R¥s stand for at least one member
selected from the group consisting of hydrogen
atom, halogen atoms, methoxy group, and alkyl
groups of 1 to 5 carbon atoms, and m stand for 0
or an integer in the range of 1 to 10,

(C) 70 to 5% by weight of polymerizable cross-
linking agent

(1) 0.0001 to 2.0 parts by weight of a thiuram com-

pound possessing at least one atomic group repre-

sented by the general formula (4):

10

20

25

30

35

45

50

55

60

65
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Q)
/

N 1
N—C+83C—N
AN

wherein p stand for an integer in the range of 1 to
8, in the molecular unit thereof, and '

(IIT) 0.00001 to 0.1 part by weight (as copper metal)

of a copper-containing compound.

2. A resin composition according to claim 1, wherein
(ii) said thermosetting resin composition comprises 40
to 85% by weight of an unsaturated ester compound
and 15 to 60% by weight of polymerizable cross-linking
agent.

3. A composition of claim 1 wherein the thiuram
compound of (II) is in the range of 0.001 to 0.5 by
weight, and the copper containing compound of (III) is
in the range of 0.0001 to 0.05 parts by weight (as copper
metal) based on 100 parts by weight of the thermoset-
ting resin composition (I).

4. A composition of claim 1 wherein p in general

formula (4) is in the range of 1-4.
% * * * *



