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DECLARATION FOR A PATENT APPLICATION

In support of the (» CONVENTION
(b)

application made by

MITSUI TOATSU CHEMICALS, INC.

(hereinafter called “applicant(g) for a patent () for an

invention entitled
"THERMOSETTING RESIN COMPOSITION"

I/We (© MR. MASAYOSHI MISHIMA, REPRESENTATIVE DIRECTOR OF
MITSUI TOATSU CHEMICALS, INC., of 2-5, KASUMIGASEKI 3-CHOME,
CHIYODA-KU, TOKYO, JAPAN.

do solemnly and sincerely declare as follows:
T We—are—the—applieant(s)-
(or, un the case of an application by a body corporate)
1. T am/Me—are- authorized to make this declaration on behalf of the applicant(s)—
2—I-am/iWe—are—the—actual-inventor(s)-of—the—invention.
(or, where the applicant(s) is/are not the actual inventor(s))
2. ®1. Norimasa YAMAYA, 2882, Iijimacho, Sakae-ku, Yokohama-shi,
Kanagawa-ken, Japan.
2. Masahiro OHTA, 1541, Yabecho, Totsuka-ku, Yokohama-shi,
Kanagawa-ken, Japan.

3. Akihiro YAMAGUCHI, 1-13-24, Zaimokuza, Kamakura-shi,Kanagawa-ken,Japan.
j8/are the actual inventor(s) of the invention and the facts upon which the applicant(sy
is/ape entitled to make the application are as follows:
W

Applicant is the assignee of said actual inventors.

o
(Note: Paragraphs 3 and 4 apply (El_y to Convention applications)

3. The basic application(s) for patent or similar protection on which the application is based

is/pre identified by country, filing date, and basic applicant(s) as follows:
() © o

JAPAN
22 April, 1987 respectively
MITSUI TOATSU CHEMICALS, INC.

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

Declared at )

Dated ®

Tokyo,
15 April 1988

@ 244 77 M//(. ?4/#//4;1%3

Japan
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To: The Commissioner of Patents
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International Patent Classification(s)

(51)* C0O8L 079/02 C08K 007/02 C08K 007/06 C08K 007/14
C08L 079/04
(21) Application No. : 15003/88 (22) Application Date : 20.04.88

(30) Priority Data

(31) Number (32) Date (33) Country
62-97415 22.04.87 JP JAPAN
62-97416 22.04.87 JP JAPAN

(43) Publication Date : 27.10.88
(44) Publication Date of Accepted Application : 08.11.90

(71) Applicant(s)
MITSUI TOATSU CHEMICALS, INC

(72) Inventor(s)
NORIMASA YAMAYA; MASAHIRO OHTA; AKIHIRO YAMAGUCHI

(74) Attorney or Agent
PHILLIPS ORMONDE & FITZPATRICK, 367 Collins Street, MELBOURNE VIC 3000

(56) Prior Art Documents
AU 75523/87 C08G
AU 19591/748

(57) Claim
1. A thermosetting resin composition comprising:

100 parts by weight of a polyaminobismaleimide resin
composed -of a bismaleimide compound represented by <the
following general formula (I):

o

wherein R means a divalent group of

X , and X denotes a dlrect bond or a group
selected from divalent hydrocarbon groups having 1-10 carbon
atoms, hexafluorinated isopropylidene group, carbonyl group,
thio bgroup, sulfinyl group, sulfonyl group and o0oxo group,
and a diamine compound represented by the following general

formula (II): sz\@K)_lg_o \mz

/2

]
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(11) AU-B-15003/88 2-

(10) 603207
wherein R2 means a divalent group of or
X , and X denotes a direct bond or a group

selected from divalent hydrocarbon groups having 1-10 carbon
atoms, hexafluorinated isopropylidene group, carbonyl group,
thio group, sulfinyl group, sulfonyl group and oxo group; and

10-400 parts by weight of a fibrous reinforcing
material.
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COMPLETE SPECIFICATION

(ORIGINAL)
Class Int. Class

Application Number:

Lodged:
Complete Specification Lodged:
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Published:

Priority . -
[T This document contains the
¢ amendments made under
"i.g'Related Art: Section 49 and is correct fer

onen printing.
APPLICANT’S REFERENCE: FMT-846-mi
Name(s) of Applicant(s):
K Mitsui Toatsu Chemicals, Inc
."» ‘,Address(es) uf Applicant(s):
veee 2-5, Kasumigaseki 3-chome,,
. o Chiyoda-ku,,
Tokyo,
JAPAN.
-~'0‘Address for Service is:
Pl PHILLIPS ORMONDE & FITZPATRICK

Patent and Trade Mark Attorneys
367 Collins Street
Melbourne 3000 AUSTRALIA
Complete Specification for the invention entitled:
THERMOSETTING RESIN COMPOSITION

Our Ref : 90951
POF Code: 1566/1719

The following statement is a full description of this invention, including
the best method of performing it known to applicant(s):
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_SPECIFICATION

Title of the Invention:

Thermosetting Resin Composition

Background of the Invention

a) Field of thé Invention:

This invention relates to a novel thermosetting
résin composition having excellent impact resistance
and toughness.

b) Description of the Prior Art:

Thermosetting resins having an imide structure
have been used widely to déte in the industry for their
superb electrical i&suléting propertieémahd heét
resistance and the excellent dimensional stability of
their molded articles.

Although thermosétting resins making use of an
aromatic bismaleimide are insoluble and infusible
materials having excellent heat resistance, they are
accompanied by the drawbacks that they are poor in
impact resistance and toughness.

As a method for improving the impact resistance
and toughness of an aromatic bismaleimide, it has hence
been attempted to use the aromatic bismaleimide
together with an aromatic diamine. A polyaminobismale-

imide resin composed of N,N'-(4,4'-methylene-
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diphenylene)bismaleimide and 4,4'-diaminodiphenyl-
methane may be mentioned by way of example. It is
however still unsatisfactory in impact resistance and
toughness.

Summary of the Invention

An object of this invention is to provide a
novel thermosetting resin composition which has
excellent impact resistance and toughness while
retaining conventional high heat resistance.

The above object of this invention has now been
accomplished by the provision of a thermosetting resin
composition cémprising:

100 parts by weightrqf a polyaminobismaleimide
resin composed of a bismaleimide compound represented

by the following general formula (I):

. ol \g/i?ﬂ
1
N O-R7 - I
ﬂf&:\ o N85 (1)
wherein Rl means a divalent group of —i:]r or

4<;>%X%(:§%, and X denotes a.direct bond or a group

selected from divalent hydrocarbon groups having 1-10
carbon atoms, hexafluorinated isopropylidene group,
carbonyl group, thio group, sulfinyl group, sulfonyl
group and oxo group, and a diamine compound represented

by the following general formula (II):



S R e e i i

2
H2N O-R ——O\ H2
(II)

wheréin R® means a divalent group of —i:]r or

{<;>~X%<;>%, and X denotes a direct bond or a group

selected from divalent hydrocarbon groups having 1-10

5 carbon atoms, hexafluorinated isopropylidene group,

e carbonyl group, thio group, sulfinyl group, sulfonyl
o:xzo group and oxo group; and
;::; 10-400 parts by weight of a fibrous reinforcing
::;:g material.
10 The thermosetting resin.composition of this
RN invention has excellent heat resistance, impact
i,:? ' resistance and fle;ibiiity; ahd‘is expected to find
teoe wide-spread commercial utility in electric and
weed electronic components, various structural members,
15 self-lubricating parts and other applications. It
':::‘ therefore has significant industrial utility.

Te 1
€ i

Detailed Description of the Invention

Illustrative examples' of the bismaleimide
compound (I), which is useful as one of the components
20 of the polyaminobismaleimide resin in the present
invention, include:
1,3-bis(3-maleimidophenoxy)benzene;

bis{4-(3-maleimidophenoxy)phenylimethane;

e |
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1,1-bis[4-(3-maleimidophenoxy)phenyllethane;
1l,2-bis[4-(3-maleimidophenoxy)phenyllethane;
2,2-bis[4-(3-maleimidophenoxy)phenyl]lpropane;
2,2-bis[4-(3-maleimidophenoxy)phenyllbutane;

2,2—bis[4—(3—maleimidophenoxy)phenyl]—
1,1,1,3,3,3-hexafluoropropane;

4,4'-bis(3-maleimidophenoxy)biphenyl;
bis[4-(3-maleimidophenoxy)phenyl]lketone;
bis[4-(3-maleimidophenoxy)phenyl]sulfide;
bis[4-(3-maleimidophenoxy)phenyl]lsulfoxide;
bis[4-(3-maleimidophenoxy)phenyl]lsulfone; and
bis[4-(3-maleimidophenoxy)phenyl]ether.
They may be used either singly or in combination.
These bismaleimide compounds may be prepared easily by
subjecting their corresponding diamine compounds and
maleic anhydride to condensation and dehydration.
Illustrative specific examples of the other
component, the diamine compound (II), include:
1,3-bis(3-aminophenoxy)benzene;
bis[4-(3-aminophenoxy)phenyl Jmethane;
1,1-bis[4-(3-aminophenoxy)phenyl]lethane;
1,2-bis{4~-(3-aminophenoxy)phenyl]ethane;
2,2-bis[4-(3-aminophenoxy)phenyl]propane;
2,2-bis[4-(3-aminophenoxy)phenyl]lbutane;

2,2-bis[4-(3-aminophenoxy)phenyll-1,1,1,3,3,3-
hexafluoropropane;

4,4'-bis(3-aminophenoxy)biphenyl;

e
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bis[4-(3—-aminophenoxy)phenyllketone;
bisi4—(3—aminophenoxy)phenyl]sulfide;
bis[4-(3-aminophenoxy)phenyl]lsulfoxide;
bis[4-(3-aminophenoxy)phenyl]sulfone; and
bis[4-(3-aminophenoxy)phenyllether.

They may also be used either singly or in combination.
As polyaminobismaleimide resins composed of the

above—exemplified bismaleimide compounds and diamine

compounds, may be mentioned (1) those obtained.by

simply mixing them and (2) those obtained by subjecting

them to a heat treatment and then grinding the
resultant mixtures into pellets or powder. As heating
conditions for the heat treatment, it is preferable to
choose conditions in which they are partly hardened to
the stage of prepolymers. 1In general, it is suitable
to heat them at 70-220°C for 5-240 minutes, preferably

at 80-200°C, for 10-180 minutes. Also included are

. . .{3) those obtained by dissolving them in an organic

20

25

solvent, pouring the resultant solution into a bad
solvent, collecting the resultant crystals by
filtration and then drying the thus—colleéted crystals
into pellets or powder or by dissolving them in an
organic solvent, hardening them partly to the stage of
prépolymers, discharging the resultant mixture into a
bad solvent, collecting the resultant crystals by

filtration and then drying the thus-collected crystals

s
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into pellets or powder. As exemplary organic solvents

usable upon formation of the resins (3), may be

.mentioned halogenated hydrocarbons such as methylene

chloride, dichloroethane and trichloroethylene, ketones
such as acetone, methyl ethyl ketone, cyclohexanone and
diisopropyl ketone; ethers such as tetrahydrofuran,
dioxane and methylcellosolve; aromatic compounds such
as benzene, toluene and chlorobenzene; and aprotic
polar solvents such as acetonitrile, N,N-dimethylform-
amide, N,N-dimethylacetamide, dimethylsulfoxide, N-
methyl-2-pyrrolidone and 1l,3-dimethyl-2-imidazolidi-
none.

Reggrding the proportions of each bismaleimide
compound and igs corresponding diamine compound, the
diamine compound may be used in an amount of 0.1-1.2
moles,'preferably 0.2~-0.8 mole, per mole of the
bismaleimide compound. If the diamine compound is used
in a smaller proportion, it is difficult to obtain a
resin having good impact resistance and flexibility
upon hardening. On the other hand, any unduly high
proportions give deleterious effects to the heat
resistance of a hardened resin to be obtained.

A variety of fibrous reinforcing materials may
be used in the present invention, including glass
fibers, carbon fibers, potassium titanate fibers,

aromatic polyamide fibers, silicon carbide fibers,

Ry .
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alumina fibers, boron fibers and ceramic fibers by way
of example. The use of glass fibers, carbon fibers,
potassium titanaée fibers or aromatic polyamide fibers
is particularly preferred.

The aspect ratio (length/diameter ratio) of the
fibrous reinforcing material employed in this invention
may desirably range from > to 600,

Glass fibers useful in the practice of this
invention ‘are those obtained by drawing and quenching
fused glass by any one of various suitable technigues
into fine fibrous shapes having a predetermined

diameter. The term "glass fibers" as used herein may

also embrace strands obtained by binding monofilaments

with sizing agents and rovings formed by evenly
aligning such strands in parallel into bundles. They
are also usable in the present invention. 1In order to
impart compatibility with the base resin of the present
invention, the glass fibers may be treated with a
silane coupling agent such as aminosilane or epoxy-
silane, chromic chloride, or any other surface
treatment agent conforming with the application
purpose. In the present invention, the length of glass
fibers considerably affects the physical properties of
a formed or molded article to be obtained and the
efficiency of work upon production of the formed or

molded article. Generally, the physical properties of

ey
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the formed or mg}ded article b%pome better but the
efficiency of work upon its production becomes poorer,
as the glass fiber length increases. It is thus
preferable to use glass fibers whose length falls
within a range of 0.1-6 mm, preferably 0.3-4 mm, in the
present invention, because the physical properties of
an érticle to be formed or molded and the efficiency of
work would be balanced well. |
The carbon fibers usable in the practice of this
invention indicate high-elasticity and high-strength
fibers obtained by using for example, poly-
acrylonitrile, petroleum pitch as a principal raw
material and carbonizing same. Polyacrylonitrile
carbon fibers and petroléum pitch carbon fibérs are
both usable in the present invention. In view of the
reinforcing effects, mixability and other factors,
carbon fibers having a suitable aspect ratio
(length/diameter ratio) are used. The diame;ers of
carbon fibers may generaliy be within a range of 5-20
pm, with'a.range of about 8-15 pm being particularly
preferred. The aspect ratio may range from 1 to 600, preferably
from 5 to 600. From-the standp_oint of mixability and L:ei.nforci_ng
effects, a range of about 109-350 is particularly
preferred. Unduly smaller aspect ratios cannot bring
about reinforcing effects, while excessively large

aspect ratios result in poor mixability, thereby

L L A e R L LR R el e LR R D L o R et e L BT T A
2 ? RACENAM e Sosnng
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failing to provide good formed or molded articles. The
cArbon fibers may be used after treating their surfaces
with one of various surface treatment agents, for
example, an epoxy, polyamide, polycarbonate or
polyacetal resin or with other known surface treatment
égent conforming with the application purpose.

The potassium titanate fibers usable in the
present invention are a type of high-strength fibers
(whiskers). Their basic chemical composition comprises
basically K20-6Tio2 and K20-6Ti02-§H20. They are in an
spiculite crystalline forﬁ. Their typical melting
point is 1300-1350°C. Although those having an
average fiber length of 5-50 pum and an average. fiber
diameter of 0.05-1.0 pum may be used, those having an
average fiber length of 20-30 um and average fiber
diameter of 0.1-0.3 um are preferred. Although the
potassium titanate fibers may generally be used without
any treatment, they may aiso be ﬁ;eated with a silane
coupling agent such as aminosilane or epoxysilane,
chromic chloride or any other surface treatment agent
conforming with the application purpose so that their
compatibility with the base resin of this invention is
enhanced.

The aromatic polyamide fibers usable in.the
present invention are heat-resistance organic fibers

developed rather recently. By making use of the many
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unique characteristics of aromatic polyamide fibers,
these fibers can be expected to find utility in various
fields. As representative examples may be mentioned
those having the following structural formulae. They

may be used either singly or in combination.

Example: Kevlar (trade mark; product of E.I. du

(1)

Pont de Nemours & Co., Inc.)

(2) ? ? o} 0o
N 9\
Y ;
Examples: Nomex -(trade mark; product of E.I. du

Pont de Nemours & Co., Inc.), and

Conex (trade mark; product of Teijin,

(3) rll o| :
: X ! _
. n

There are also many other aromatic polyamide
fibers having various skeletal structures owing to
isomerism at the ortho, meta- and para positions. Of
these, the fibers (1) of the para-to-para bond
structure are most preferred for use as heat-resistant

organic fibers in the present invention because of

their high softening point and melting point.

.
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In the present invention, the fibrous reinforc-
ing material may be used in a proportion of 10-400
parts by weight, preferably 20-350 parts by weight, per
100 parts by weight of the polyaminobismaleimide resin.
Any proportions smaller than 10 parts by weight cannot
bring about the reinforcing effects inherent to the
fibrous reinforcing material, which constitute one of
the characteristics features of the present invention.
If, on the contrary, the fibrous reinforcing material
is used in a préportion greater than 400 parts by
weight, the resultant composition shows poor fluidity
upon forming or molding, thereby making it difficult to
obtain a formed or molded article having satisfgctory
quality.

Although the thermosetting resin composition
according to the present invention may be produced by a
method known generally in the art, the following method
is particularly preferred:

(1) After premixing the polyaminobismaleimide
resin and fibrous reinforcing material in a mortar,
Henschel mixer, drum blender, tumbler mixer, ball mill,
ribbon blender or similar device, the resultant mixture
is kneaded by a conventionally-known means such as a
melhing and mixing machine or heated rolls and is then

formed into pellets or powder.

=4
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(2) fhe polyaminobismaleimide resin in the form
of powder ié either dissolved or suspended in an
organic sol&ent in advance. The fibrous reinforcing-
material is added to the resultant solution or
suspension. After removing the solvent in a hot-air
cvren, the resultant mixture is formed into pellets or

powder. Since the temperature and time required for

et

oonwo° 10

15

20

the kneading varies depend on the properties of the
polyaminobismaleimide resin employed, they may be
adjusted suitably so that the softening point and
gelling time of the resultant composition fall within a
range of 70-180°C and a range of 30-180 seconds at
200°cC. Illusﬁ;atiyehgxamples of the orsanic solvent
include N,N;dimethylformamide, N,N-dimethylacetamide,
N,N-diethylacetamide, N,N-dimethyl-methoxyacetamide,
N-methyl-2-pyrrolidone, 1,3-dimethyl-2-imidazoline,
N-methylcaprolactam, 1l,2-dimethoxy-ethane,
bis(2-methoxyethyl) ether, 1,2-bis(2-methoxy-

ethyl)ethane, bisl (2-methoxyethoxy)ethyl] ether,

tetrahydrofuran, 1,3-dioxane, 1l,4-dicxane, pyridine,
picoline, dimethyl sulfoxide, dimethyl sulfone,
tetramethylurea, hexamethylphosphorus amide; m-cresol
and acetone. These organic solvents may be used either
siﬁgly or in combination.

The thermosetting resin composition of this

invention may be added with a polymerization catalyst
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as needed. No particular limitation is imposed on the

proportion of the catalyst. It is however preferable
to use the catalyst within a range of 0.001-10 wt.§g,
preferably 0.1-5 wt.%, based on the total weight of the
resultant polymer. As the polymerization catalyst, a
known free radical catalyst is effective such, as
benzoyl peroxide, t-butylhydroperoxide, dicumyl
peroxide, azobisisobutyronitrile or azobiscyclohexane-
carbonitrile. Two or more of these polymerization
catalyst may also be used suitably in combination.

Further, it is also possible to add one or more
of conventional additives such as antioxidants, heat
stabilizgrs,vpltrav}olet absorbents, flame retardants,
antistaticlagents, lubricants, colorants and other
additives, as long as the object of this invention is
not impaired.

According to the use to be made of the final
product, it is also feasible to incorporate, in
suitable proportion or proportions, one or more of
other thermoplastic resins (e.g., phenol resins and
epoxy resins.) and thermoplastic resins (e.g.,
polyethylene, polypropylene, polyamide, polycarbonate,
polysulfone, polyethersulfone, polyether ether ketone,

modified polyphenylene oxide and poly(phénylene

L s e U Ao | WO

sulfide) . fluroplastics.) and/or one or more solid

L
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lubricants (e.g., molybdenum disulfide, boron nitride,
plumbous oxide and lead powder.).

The thermosetting resin composition according to
this invention is formed or molded for practical use by
a method known per se in the art, for example, by
compression molding, transfer molding, extrusion or
injection molding.

Examples 1-5:

A powder mixture, which had been obtained in
advance by mixing 1057 g (2 moles) of 4,4'-bis(3-
maleimidophenoxy)biphenyl and 368 g (1 mole) of 4,4'-
bis(3-aminophenoxy)biphenyl, was charged in a stainless
steel vessel eduippeq with a stirrer, a reflux
condenser and a nitrogen gas inlet tube. They were
heated, molten and reacted at 180°C for 20 minutes.

The reaétion product was cooled to room temperature.
Thiz reaction product, which had been solidified into a
transparent glass-like mass of a brown color, was
broken into pieces and taken out of the vessel. It was
ground further in a mortar and then sifted through a
60-mesh sieve, thereby obtaining a fine yellow powder
of a partly-hardened polyaminobismaleimide resin.
Yield: 1390 g (97.5%). Its softening voint was 118°C,
while its gelling time was 59-75 secondé at 200°cC.

To 100 parts-by-weight portions of the thus-

obtained polyaminobismaleimide resin powder, silane-
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- carried out in accordance with JIS K-6911.

_15._.

treated glass fibers having a fiber length of 3 mm and
a fiber diameter of 13 pum ("CS-3PE-476S", trade name;
product of Nitto Boseki Co., Ltd.) were added in the
amounts shown in Table 1. The resultant mixtures were
mixed separately by a small drum blender (manufactured
by Kawata Seisakusho K.K.), thereby obtaining thermo-
setting resin compositions.

After each of the compositions was heated,
molten and then filled in cavities (10 x 80 x 4 mm) of
a mold which was heated at 180°C, it was held there at
50 Kg/cm2 and 200°C for 30 minutes to perform
compression molding. The mold was thereafter cooled to
room temperature apdﬁthg thgs—molded articles were
taken out of their corresponding cavities. The molded
articles were then subjected to post curing for 4 hours
in a hot-air Gear oven maintained at 250°C, thereby
obtaining specimens for Izod impact test and bend test
and measurement of heat distortion temperature. The
Izod impact test (unnotched), bend test and measurement
of heat distortion temperature 18.5 Kg/cmz) were
The results
shown in Table 1 were obtained.

Example 6:
l To 100 parts—-by-weight portions of a polyamino-

bismaleimide resin obtained from 1057 g (2 moles) of

4,4'-bis(3-maleimidophenoxy)biphenyl and 221 g (0.6
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mole) of 4,4'-bis(3-aminophenoxy)biphenyl in the same
manner as in Examples 1-5, the same glass fibers
("CS-3PE-476S", trade name; product of Nitto Boseki
Co., Ltd.) as those employed in Examples 1-5 were added
in the amounts shown in Table 1. The procedure of
Examples 1-5 were thereafter followed to obtain the
results shown in Table 1.

Example 7:

To 100 parts-by-weight portions of a polyamino-
bismaleimide resin obtained from 1057 g (2 moles) of
4,4'-bis(3-maleimidophenoxy)biphenyl and 515 g (1.4
moles) of 4,4'-bis(3-aminophenoxy)biphenyl in the same
mannér as in Examples 1-5, the same glass fibers
("CS-3PE-476S", trade name; product of Nitto Boseki
Co., Ltd.) as those employed in Examples 1-5 were added
in the amounts shown in Table 1. The procedure of
Examples 1-5 were thereafter followed to obtain the
results shown in Table 1.

Example 8:

Acetone (150 parts by weight) was added to 100
parts by weight of a polyaminobismaleimide resin
obtained in the same manner as in Exumples 1-5 to form
a suspension. Silane-treated glass fibers having a
fibér length of 3 mm and a fiber diameter of 13 um
(100 parts by weight; "CS-3PE-476S", trade name;

product of Nitto Boseki Co., Ltd.) were added to the

iy

A



‘enca’ 10

® o9
L] (] °
L] o
LY oo
° ee 15

o

ov e

oted
o 13
s¢tt

1 ¢

20

- 17 -

suspension and dispersed evenly therein. After
preliminarily drying the resultant mixture for 20 hours
in a hot-air oven of 60°C, it was dried at 50°C for 5
hours under reduced pressure in a vacuum dryer so that
the solvent, i.e., acetone; was removed completely to
obtain powder containing the glass fibers. The powder
was--then subjected to compression moiding in the same
manner as in Examples 1-5, thereby obtaining specimens
for the measurement of physical properties. Following
the procedure of Examples 1-5, the specimens were
tested to obtain the results shown in Table 1.
Examples 9-23 & Comparative Examples 1-3:

To 100 parts-by-weight portions of polyamino-
bismaleimide resiné ogtéinéd by using at a molar ratio
of 2:1 bismaleimide compounds and diamine compounds
shown in Table 1, the same glaugs fibers ("CS-3PE-476S",
trade name; product of Nitto Boseki Co., Ltd.) as those
employed in Examples 1-5 were added in the amounts
shown in Table 1. The procedure of Examples 1-5 were
thereafter followed to obtain the results shown in

Table 1.
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Table 1
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Glass (Kg/mm2) | elasticity | (unnotched) | temperature
fibers (Kg/mm2) | (Kg-em/em) | (18.5 kg/em?)
Bismaleimide Diamine : (°c)
4,4'-Bis(3-maleimido~ 4,4'-Bis(3-amino- . )
1 ’ ) ;
Ex.: phenoxy)biphenyl phenoxy)biphenyl 20 16.3 850 24 '2?7
Ex.2 ditto ditto 50 17.2 1060 26 269
Ex.3 ditto ditto 100 19.3 1120 29 284
Ex.4 ditto ditto 200 23.2 1560 34 300
Ex.5 ditto ditto 350 29.0 2400 39 302
ExA.6 ditto ' ditto 100 18.5 1070 30 275
Ex.7 ditto ditto 100 17.6 1100 27 290
Ex.8 ditto ditto 100 18.7 1120 30 282
. 1,3-Bis(3-amino- ‘
Ex.9 ditto phenoxy)benzene 100 18.2 1080 29 260
Ex. 10 ditto 2,2-Bis[4-(3-amino- | ), 18.3 1110 27 292

phenoxy)phenyl]propane
1

81
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Table 1 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
streng%h of flexural | strength tion temp.
Resin (100 parts by weight) Glass (Kg/mm”) | elasticity | (unnotched) | temperature
fibers (Kg/mm2) (Kgrcm/cm) (18.5 kg/em?)
Bismaleimide Diamine (°c)
4,4'-Bis(3-maleimido~ | Bis[4~-(3-aminophe- e
Ex.1l phenoxy)biphenyl noxy)phenyl]}sulfide 100 19.2 1100 27 286
- . - I3 . - ,- . - . .-
Ex. 12 1,3-Bis(3-maleimido- .| 4,4 Bls(% amino 100 20.5 1000 27 286
phenoxy)benzene phenoxy)biphenyl
Ex.13 ditto 1,3-Bis(3-amino- 100 18.7 1170 27 285
phenoxy)benzene
Ex. 14 ditto 2,2-Bis[4-(3-amino= © )4, 19.1 1100 27 285
phenoxy)phenyl]propate .
. Bis([4-(3~aminophe-
Ex.15 ditto noxy)phenyl Jousfide | 100 19.1 1100 28 279
=T g e SR
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Table 1 (Cont'd)
Resin composition (parts by weight) Flexural |Coefficient |Izod impact ‘Heat distor-
strengsh of flexural |strength tion temp.
Resin (100 parts by weight) Glass (Kg/mm“) |elasticity | (unnotched) | temperature
fibers (Kg/mm2) (Kg*cm/cm) (18.5 kg/cm?)
Bismaleimide Diamine (°c) .
2,2-Bis[4~(3-male~ . .
Y 4,4'-Bis(3~amino-
Ex.16 | imidophenoxy)phenyl) phenoxy)biphenyl 100 20.3 1100 27 282
propane
. 1,3-Bis(3-amino-
Ex.17 ditto phenoxy)benzene 100 18.1 1050 27 283
2,2-Bis(4=(3-
Ex.18 ditto aminophenoxy)-~ 100 17.7 1120 27 292
phenyl]propane
) Bis(4-(3-aminophe-
Ex.19 ditto ‘noxy)phenyl]sulfide 100 20.0 1000 28 290
Bis[4-(3-maleimido- . ]
4,4'-Bis(3~amino~
Ex.20 gziggsi)phenyl] phenoxy)biphenyl 100 19.0 1080 28 27%
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Table 1 (Cont'd)
Resin composition (parts by weight) Flexural |Coefficient | Izod impact | Heat distor-~
stteng%h of flexural | strength tion temp.
Resin (100 parts by weight) Glass (Kg/mm) elastici%y (unnotched) | temperature
fibers ’ (Kg/mm*) (Kgs cm/cem) (18.5 kg/cu?)
Bismaleimide Diamine ' (°c)
Bis[4~(3-maleimido- . At
Ex.2l | phenoxy)phenyl]- 1,3-Bis(3-amino 100 21.0 1110 27 283
. phenoxy)benzene
sulfide
Ex.22 ditto 2,2-Bis[4=(3=amino= | ), 20.0 1150 23 283
phenoxy)phenyl ]propane
. Bis[4~-(3-aminophe- i
Ex.23 ditto noxy)phenyl]euifide | 100 18.6 1090 27 280
Comp. | 4,4'-Bis(3-maleimido- 4,4'~Bis(3-amino-
Ex.l | phenoxy)biphenyl phenoxy)biphenyl 0 15'6_ 338 20 242
Comp. ditto ditto 5 15.7 350 20 243
Ex.2
Comp. . . Molding was infeasible due
Ex.3 ditto ditto 430 to lack of melt fluidity
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Examples 24-28:

To 100 parts-by-weight portions of a polyamino-
bismaleimide resin powder obtained in the same manner
as in Examples 1-5, carbon fibers having an average
fiber diameter of 12 pm, an average fiber length of
3 mm and an aspect ratio of 250 ("Torayca T-300", trade
name; product of Toray Industries, Inc.) were added in»
the amounts shown in Table 2. The resultant mixtures
were mixed sepatately by the small drum blender
(manufactured by Kawata Seisakusho K.K.), thereby
obtaining thermosetting resin compositions. The
procedure of Examples 1-5 was thereafter followed to
obtain the results shown in Table 2.

Example 29:

Acetone (150 parts by weight) was added tc .00
parts by weight of a polyaminobismaleimide resin
obtained in the same manner as in Examples 24-28 to
form a suspension. Carbon fibers having an average
fiber diameter of 12 pum, an average fiber length of
3 mm and an aspect ratio of 250 (100 parts by weight;
"Torayca T-300", trade name; product of Toray
Industries, Inc.) were added to the suspension and

dispersed evenly therein. After preliminarily drying

the resultant mixture for 20 hours in a hot-air oven of
60°C, it was dried at 50°C for 5 hours under reduced

pressure in a vacuum dryer so that the solvent, i.e.,
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acetone, was removed completely to obtain powder
containing the carbon fibers. The procedure of
Examples 24-28 was thereafter followed to obtain the
results shown in Table 2.

Examples 30-44 & Comparative Examples 4-6:

To 100 parts-by-weight portions of polyamino-
bismaleimide resins obtained by using at a molar ratio‘
of 2:1 bismaleimide compounds and diamine compounds
shown in Table 2, the same carbon fibers ("Torayca
T-300", trade name; product of Toray Industries, Inc.)
as those employed in Examples 24-28 were added in
amounts shown in Table 2. The procedure of Examples
24-28 were thereafter followed to obgain tﬁe results

shown in Table 2.
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Table 2
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength | of flexural' | strength tion temp.
Resin (100 parts by weight) Carbon (Kg/mm?) | elasticity (unnotched) | temperature
' fibers * (Kg/mm2) | (Kg-cm/cm) | (18.5 kg/cm2)
Bismaleimide Diamine (°c)
4,4'-Bis(3-maleimido- 4,4'-Bis(3-amino-
Ex. 24 phenoxy)biphenyl phenoxy)biphenyl 20 16.9 730 24 258
Ex.25 ditto ditto 50 18.8 1040 27 271
Ex.26 ditto ditto 100 22,1 1300 34 286
Ex.27 ditto ditto 200 29.6 1680 47 303
Ex.28 ditto ditto ’ 350 42.0 2900 59 310
Ex.29 ditto ditto' . 100 21.2 1300 32 285
. 1,3-Bis(3-amino- .
Ex.30 ditto phenoxy)benzene 100 22.0 1270 32 270
. 2,2-Bis(4-(3-amino-
Ex.31 ditto phenoxy)phenyl]propane 100 19.6 1270 33 292
1

ve
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Table 2 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength [ of flexural | strength tion temp.
Resin (100 parts by weight) Carbon | (Kg/mm?) | elasticity | (unnotched) | temperature
fibers (Kg/mn?) | (Kg-em/em) | (18.5 kg/cmz)
Bismaleimide Diamine (°c)
4,4'-Bis(3-maleimido~| Bis[4~(3-aminophe- :
Ex.32 phenoxy)biphenyl noxy)phenyl]sulfide 100 18.5 1290 33 289
1,3-Bis(3-maleimido- 4,4'-Bis(3~amino-~
Ex.33 phenoxy)benzene phenoxy)biphenyl 100 21.4 1310 33 291
Ex.34 diteo 1,3-Bis(3-amino= | ), - 21.4 1300 32 290
phenoxy)benzene
. 2,2-Bis[4~(3-amino~-
Ex.35 ditto Shenoxy)ohenyLlprapane 100 22.0 1300 31 290
. Bis[4=(3-aminophe~ |
Ex.36 ditto { noxy)ohenyllouride ] 100 22.5 1300 29 278

St




Table 2 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor=-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) " Carbon | (Kg/mm?) elasticity | (unnotched) | temperature
fibers (Kg/mm? ) (Kg.cm/cm) {18.5 kg/cm?)
Bismaleimide Diamine (°c)
2,2-Bis{4~(3-male- ' ns PR
Ex.37 | imidophenoxy)phenyl)~ | %:%'~Bis(3-amina 100 23.0 1350 3% 286
phenoxy)biphenyl
propane
Ex.38 ditto 1,3-Bis(3-amino- 100 21.0 1350 29 286
phenoxy)benzene ]
"2,2-Bis[4-~(3- .
Ex.39 ditto aminophenoxy)- 100 21.0 1310 29 295
phenyl]propane
. . Bis[4~(3-aminophe-
Ex.40 ditto noxy)phenyl]sul fide- 100 22.5 1300 30 296
Bis[4~(3-maleimido- bRt e Ammt
Ex.4] | phenouy)phenyl]- 4,4'-Bis(3-amino 100 23.1 1320 31 282
. phenoxy)biphenyl . :
sulfide
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Table 2 (Cont'd)
Resin composition {parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Carbon | (Kg/mm2) | elasticity | (unnotched) | temperature
: fibers (Kg/mm2) | (Kg-cm/cm) | (18.5 kg/cm?)
Bismaleimide Diamine (°c)
Bis[4-(3-maleimido- ., )
Ex.42 | phenoxy)phenyl]- 1,3-bis(3-amino 100 21.8 1320 31 290
. phenoxy)benzene
sulfide
Ex.43 ditto 2,2-Bis[4-(3-amino- | ,,, 23.0 1320 30 290
phenoxy)phenyl]propana .
. Bis[4~(3-aminophe~
Ex.44 ditto nony)phenylleuifide | 100 21.6 1320 30 282
Comp. | 4,4'=-Bis(3-maleimido~ 4,4'-Bis(3-amino-~ '
Ex.4 | phenoxy)biphenyl phenoxy)biphenyl 0 15.6 338 20 242
Comp. . .
Ex.5 ditto ditto 5 15.8 382 21 243
Comp. . . Molding was infeasible due
Ex.6 ditto ditto 430 to lack of melt fluidity
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Examples 45-49:
To 100 parts—-by-weight portions of a polyamino-
bismaleimide resin powder obtained in the same manner
as in Examples 1-5, potassium titanate fibers having a
cross—-sectional diameter of 0.2 pym and an average
fiber.length of 20 pum ("TISMO-D", trade name;, product
of Otsuka Chemical Co., Ltd.) were added in the amountg
shown in Table 3. The resultant mixtures were mixed
separately by the small drum blender (manufactured by
Kawata Seisakusho K.K.), thereby obtaining thermo-
setting resin compositions.

The procedure of Examples

1-5 was thereafter followed to obtain the results shown

in Table 3.

Example 50:

Acetone'(lso parts by weight) was added to 100
parts by weight of a polyaminobismaleimide resin
obtained in the same manner as in Examples 45-49 to
Potassium titanate fibers having a
cross—-sectional diameter of 0.2 ym and an average

fiber length of 20 pm ("TISMO-D", trade name; product

of Otsuka Chemical Co., Ltd.) were added to the
suspension and dispersed evenly therein. After
preliminarily drying the resultant mixture for 20 hours
in a hot-air oven of 60°C, it was dried at 50°C for 5

hours under reduced pressure in a vacuum dryer so that

the solvent, i.e., acetone, was removed completely to

" e
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obtain powder containing the potassium titanate fibers.
The procedure of Examples 45-49 was thereafter followed
to obtain the results shown in Table 3.

Examples 51-65 & Comparat;ve Examples 7-9:

To 100 parts-by-weight portions of polyamino-
bismaleimide resins obtained by using at a molar ratio
of 2:1 bismaleimide compounds and diamine compounds
shown in Table 3, the same potassium titanate fibers
("TISMO-D", trade name; product of Otsuka Chemical Co.,
Ltd.) as those employed in Examples 45-49 were added in
amounts shown in Table 3. The procedure of Examples
45-49 were thereafter followed to obtain the results

shown in Table 3.
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Table 3
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Potassium| (Kg/mm?2) | elasticity | (unnotched) | temperature
titanate (Kg/mm?) | (Kg-em/em) | (18.5 kg/em?)
Bismaleimide Diamine fibers (°c)
4,4'-Bis(3-maleimido- 4,4'-Bis(3-amino-
Ex.45 phenoxy)biphenyl phenoxy)biphenyl '20 16.8 560 22 255
Ex.46 ditto ditto 50 17.6 820 26 -1269
Ex.47 ditto ditto 100 20.0 1100 28 282
Ex.48 ditto ditto - 200 23.0 1400 32 295
Ex.49 ditto ditto 350 26.2 1660 36 305
Ex.50 ditto ditto 100 20.0 1010 29 280
. . 1,3-Bis(3-amino-~
Ex.51 ditto phenoxy)benzene 100 19.8 1060 29 281
Ex.52 diteo 2,2-Bis[4=(3-amino= | ., 19.9 1060 28 282

phenoxy)phenyl]propane
1
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Table 3 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient Izod impact | Heat distor-
strength [ of flexural | strength tion temp.
Resin (100 parts by weight) Potassium| (Kg/mm2) | elasticity | (unnotched) | temperature
titanate (Kg/mm2) | (Kg-cm/cm) | (18.5 kg/cm?)
Bismaleimide Diamine fibers (°c)
4,4'-Bis(3-maleimido~ | Bis[4~(3-aminophe~
Bx.53 phenoxy)biphenyl noxy)phenyl]sulfide 100 20.0 1100 28 280
1,3-Bis(3-maleimido- 4,4'-Bisg(3-amino—~
Ex. 54 phenoxy)benzene phenoxy)biphenyl 100 20.0 1100 28 280
Ex.55 ditto 1,3-Bis(3-amino- 100 20.1 1000 28 280
phenoxy)benzene
Ex. 56 ditto 2,2-Bis[4-(3-amino- | )4, 20.1 1020 29 282
phenoxy)phenyl]propane
. Bis[4~(3~aminophe~
Ex.57 ditto noxy)phenyl]sulfide 100 20.0 1000 28 280
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Table 3 (Cont'd)
Resin comﬁosicion (parts by weight) Flexural |Coefficient | Izod impact | Heat distor-
strengfh of flexural | strength tion temp.
Resin (100 parts by weight) Potassium| (Kg/mm“) | elasticity | (unnotched) | temperature
titanate (Kg/mm“) |. (Kg:cm/cm) (18.5 kg/cmz)
Bismaleimide - Diamine fibers (e
2,2-Bis[4-(3-male~ bR (At e
Ex.58 | imidophenoxy)phenyl)— | 2s%'~Bis(3-amino 100 20.2 1100 29 280
phenoxy)biphenyl :
propane
Ex.59 ditto 1,3-Bis(3-amino- | ., 20.0 1080 27 282
phenoxy)benzene
o 2.,27Bis[4-(3— )
Ex.50 ditto aminophenoxy)- 100 19.8 1080 28 281
phenyl]propane
. Bis[4-(3-aminophe~-
Ex.61 ditto noxy)phenyl ]t fide | 100 19.8 1080 28 279
Bis[4~(3-maleimido- ' o . .
Ex.62 | phenoxy)phenyl]- 4,4'-Bis(3-amino 100 20.0 1100 28 282
sulfide phenoxy)biphenyl

[4)
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Table 3 (Cont'd)
Resin composition (parts by weight) Flexural [ Coefficient | Izod impact | Heat distor~
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Potassium| (Kg/mm?) | elasticity | (unnotched) | temperature
titanate (Kg/mm?2) (Kg-cm/cm) (18.5 kg/cm?)
Bismaleimide Diamine fibers (°c)
Bis[4-(3-maleimido- . . )

Ex.63 | phenoxy)phenyl]- 1,3-Bis(3-amino 100 20.0 1100 27 283

. phenoxy)benzene

sulfide
. 2,2~-Bis(4~(3~amino-
Ex.64 ditto phenoxy)phenyl]propane 100 21.0 1080 27 283
Ex.65 ditto Bis[4-(3-aminophe~ 100 20.1 1080 27 280
noxy)phenyl]sulfide
Comp. | 4,4'-Bis(3-maleimido- 4,4'-Big(3~amino- ‘ i
Ex.7 | phenoxy)biphenyl phenoxy)biphenyl 0 15.6 338 20 242
Comp. . —
Ex. 8 ditto ditto 5 15.8 347 20 244
Comp. . . Molding was infeasible due
ditt -

Ex.9 rtto ditto 430 to lack of melt fluidity
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Examples 66-70:

To 100 parts-by-weight portions of a polyamino-—
bismaleimide resin powder obtained in the same manner
as in Examples 1-5, aromatic polyamide fibers having an
average fiber length of 3 mm ("Kevlar", trade name;
product of E.I. du Pont de Nemours & Co., Inc.) were
added in the amounts shown in Table 4. The resultant
mixtures were mixed separately by the small drum
blender (manufactured by Kawata Seisakusho K.K.),
thereby obtaining thermosetting resin compositions.

The procedure of Examples 1-5 was thereafter followed
to obtain the results shown in Table 4.
Examplef?l:

| Acetone (150 parts by weight) was added to 100
parts by weight of a polyaminobismaleimide resin
obtained in the same manner as in Examples 66-70 to
form a suspension. Aromatic polyamide fipers having an
average fiber length of 3 mm (100 parts by weight:
"Kevlar", trade name; product of E.I. du Pont de
Nemours & Co., Inc.) were added to the suspension and
dispersed evenly therein. After preliminarily drying
the resultant mixture for 20 hours in a hot-air oven of
60°C, it was dried at 50°C for 5 hours under reduced
préssure in a vacuum dryer so that the solvent, i.e.,

acetone, was removed completely to obtain powder

St
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containing the aromatic polyamide fibers. The
procedure of Examples 66-70 was thereafter followed to
obtain the results shown in Table 4.

Examples 72-86 & Comparative Examples 10-12:

To 100 parts-by-weight portions of polyamino-
bismaleimide résins obtained by using at a molar ratio
of 2:1 bismaleimide compounds and diamine compounds
shown in Table 4, the same aromatic polyamide fibers
("Kevlar", trade name; product of E.I. du Pont de
Nemours & Co., Inc.) as those employed in Examples
66—-70 were added in the amounts shown in Table 4. The

procedure of Examples 66-70 were thereafter followed to

obtain the results shown in Table 4.
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Table 4
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Aromatic | (Kg/mm?) | elasticity | (unnotched) | temperature
polyamide (Kg/mm?) (Kg:cm/cm) (18.5 kg/cm?)
Bismaleimide Diamine fibers (°c)
v 4,4'~Bis(3-maleimido- 4,4'-Bis(3-amino-
Ex.66 phenoxy)biphenyl phenoxy)biphenyl 20 16.3 520 23 254
Ex.67 ditto ditto " 50 17.0 770 26 268
Ex.68 ditto ditto 100 18.8 1000 32 280
Ex.69 ditto ditto 200 21.6 1260 38 292
Ex.70 ditto ditto 350 25.0 1470 44 299
Ex.71 ditto ditto 100 19.0 1000 30 280
Ex.72 ditto 1,3-Bis(3-amino- 100 19.5 1000 31 280
phenoxy)benzene
Ex.73 ditto 2,2-Bis4=(3-amino= | )5, 18.6 980 31 281
phenoxy)phenyl]propane
!
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Table 4 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient |.Izod impact | Heat distor-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Aromatic | (kg, - n?) | elasticity | (unnotched) temverature
polyamide (Kg/am?) (Kg-cm/cm) | (18.5 kg/cm?)
‘Bismaleimide Diamine fibers (°c)
4,4"-Bis(3-maleimido-| Bis[4-(3-aminophe-
Ex.74 phenoxy)biphenyl noxy)phenyl]sulfide 100 18.5 930 3c 278
1,3-Bis(3-maleimido- 4,4'-Bis(3-amino~
Ex.75 phenoxy)benzene phenoxy)biphenyl 100' 18.9 1000 32 278
Ex.76 diteo 1,3-Bis(3-amino= |, 18.9 990 30 279
phenoxy)benzene
Ex.77 ditto 2,2-Bis[4=(3=amino= | )4, 19.0 1010 30 282
phenoxy)phenyl]propane
- . Bis{4-(3-aminophe- :
Ex.78 ditto noxy)phenyl]sul fide 100 18.1 1010 31 280

LE

ey




- ° : roﬂ Og :oo &a) G°3 °°:
ooien pimiiii
Table 4 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strengfh of flexural | strength tion temp.
Resin (100 parts by weight) Aromatic | (Kg/mm elastici%y (unnotched) | temperature
- polyamide (Kg/mm“) | (Kg.cm/cm) (18.5 kg/cmz)
Bismaleimide Diamine fibers (°c)
2,2-Bis[4-(3-male-~ ms e
Ex.79 | imidophenoxy)phenyl)— | 424 Bis(3-amino 100 18.5 1010 31 280
phenoxy)biphenyl
propane
Ex. 80 ditto 1,3-Bis(3-amino- 100 18.8 1000 31 280
phenoxy)benzene
2,2-Bis[4~(3-
Ex.81 ditto aminophenoxy)- 100 18.8 990 31 279
phenyl]propane
. Bis[4~(3-aminophe-
Ex.82 ditto nony)phenyllousfide | 100 19.0 990 30 281
Bis[4~(3-maleimido- R ol A men e
Ex.83 | phenoxy)phenyl]- N B*;é? gmm‘; 100 18.7 980 30 280
sulfide phenoxy)bipheny
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Table 4 (Cont'd)
Resin composition (parts by weight) Flexural | Coefficient | Izod impact | Heat distor-
strength | of flexural | strength tion temp.
Resin (100 parts by weight) Aromatic | (Kg/mm2) | elasticity (unnotched) | temperature
polyamide (Kg/mm?2) (Kg-cm/cm) | (18.5 kg/cm?)
Bismaleimide Diamine fibers (°c)
Bis[4-(3-maleimido- . .

Ex.84 | phenoxy)phenyl]- 1,3-Bis(3-amino 100 18.5 1000 29 278

. phenoxy)benzene :

sulfide :
Ex.85 ditto 2,2-Bis[4=(3-amino= | )4, 19.1 1010 31 280
-phenoxy)phenyl]propane )
. Bis{4-(3-aminophe-

Ex.86 ditto ' noxy)phenyl]sulfide 100 18.5 1000 o 32 280
Comp. | 4,4'-Bis(3-maleimido- 4,4'-Bis(3-amino-
Ex.10 | phenoxy)biphenyl phenoxy)biphenyl 0 15.6 338 20 242
Comp. ditto ditto 5 15.7 345 21 243
Ex.11
Comp. . . Molding was infeasible due
Ex.12 ditto diteo 430 to lack of melt fluidity
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The claims defining the invention are as follows:
1. A thermosetting resin composition comprising:

100 parts by weight of a polyaminobismaleimide resin
composed -of a bismaleimide compound represented by the

following general formula (I):

?xgﬁ‘“\@/i?

wherein R means a divalent group of
X , and X denotes a dlrect bond or a group

selected from divalent hydrocarbon groups having 1-10 carbon

atoms, hexafluorinated isopropylidene group, carbonyl group,

thio group, sulfinyl group, sulfonyl group and o0x0 group,
and a diamine compound represented by the following general
formula (II): 82 R2—O vH
Xy ey
wherein R2 means a divalent group of Wi:]— or
X-¢ , and X denotes a direct bond or a group
selected from divalent hydrocarbon groups having 1-10 carbon
atoms, hexafluorinated isopropylidene group, carbonyl group,
thio group, sulfinyl group, sulfonyl group and oxo group; and
10~-400 parts by weight of a fibrous reinforcing
material.
2. The resin as claimed in Claim 1, wherein the amount of
the diamine compound is in the range of 0.1-1.2 mole per
mole of the bismaleimide compound.
3. The resin as claimed in Claim 1, wherein in the

general formula (I), R is 4C:>rx{i:>— and X is a

direct bond.

4, The resin as claimed in Claim 1, wherein in the
general formula (I), Rl is 'Ei]r
5. The resin was <claimed™~in Claim 1, wherein in the

general formula (I), RY is @-—x-@- and X is an

isopropylidene group.
6. The resin as claimed in Claim 1, wherein in the

general formula (I), RY is .{:3}x4€:>» and X is a thio
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7. The resin as <claimed in Claim 1, wherein 1in the

general formula (II), R% is «<:§}x4<:}y and X is a

direct bond.

8. The: resin as «claimed in Claim 1, wherein in the
general formula (II), R2 is |

a. The resin as <claimed in Claim 1, wherein 1in the
general formula (II), R2 is X<<:3} and X 1is an
isopropylidene group.

10. The resin as claimed in Claim 1, wherein in the
general formula (II), RZ is {Z;>Fx4€:>* and X is a
thio group.

11. The resin as claimed in Claim 1, wherein the fibrous

reinforcing material is glass fibers.

12. The resin as claimed in Claim 1, wherein the fibrous
reinforcing material is carbon fibers.

13. The resin as claimed in Claim 1, wherein the fibrous
reinforcing material is potassium titanate fibers.

14. The resin as claimed in Claim 1, wherein the fibrous
reinforcing material is aromatic polyamide fibers.

15. The resin as claimed in Claim 1, wherein the aspect
ratio of the fibrous reinforcing material ranges from 5 to
600,

16. The resin as claimed in Claim 1 substantially as
hereinbefore described with reference to any one of the
examples.

17. A process for preparing a polyaminobismaleimide resin
comprising simply mixing compounds (I) and (II).

18. A process as claimed in Claim 17 further comprising
heat treatment.

19. A process as claimed in Claim 17 or 18 further
comprising dissolving the compounds in an organic solvent.
20. A process as claimed in Claim 17 substantially as
hereinbefore described with reference to any one of the

examples.
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