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Description

[0001] The present invention relates to a method of producing a molecular composite material comprising aromatic
polythiazole as a rigid polymer and a matrix polymer, which molecular composite material is suitable as a structural
material for aircraft, automobiles, spacecraft, etc.
[0002] Recently, to achieve the reduction of weight of aircraft, automobiles, etc., plastic materials called "engineer-
ing plastics" having excellent mechanical properties, heat resistance, etc. have been increasingly used. Apart from this,
development has been actively carried out to provide composite materials such as FRPs consisting of plastic materials
and high-strength, high-modulus fibers such as carbon fibers, and these composite materials are being used in many
applications.
[0003] It is known that the strength of these composite materials largely depend not only on the strength of plastics
and reinforcing fibers but also on the interfacial bonding strength of the fibers to the matrix resins. Also, the impregnat-
ing capability of matrix resins into the fiber-reinforced preforms affect the easiness of production of composite materials
and the strength of the resulting products. Accordingly, even though high-strength, high-modulus fibers and resins are
used as starting materials, composite materials having excellent strength are not necessarily obtained.
[0004] Under such circumstances, to overcome the above problems, proposals have been made to develop high-
strength polymer blend composites (molecular composite materials) by finely dispersing rigid polymers such as aro-
matic polyamides, etc. in matrix resins to a molecular level.
[0005] Aromatic polymers suitable for molecular composite materials include those containing heterocyclic repeat-
ing units such as thiazole rings, imidazole rings, oxazole rings, oxazinone rings, etc. Among them, aromatic polythiazole
having a thiazole ring is highly promising because of its excellent mechanical strength.
[0006] In the meantime, the homogeneous dispersion of a reinforcing polymer in a matrix polymer cannot be
achieved if the reinforcing polymer is simply blended with the matrix polymer. This means that simple blending fails to
provide a molecular composite material having excellent mechanical properties. Therefore, various attempts have been
made so far.
[0007] For instance, Japanese Patent Laid-Open No. 1-287167 discloses a method of producing a polymer com-
posite comprising the steps of introducing a polymer solution mainly containing (A) a reinforcing polymer consisting of
polythiazole having a substantially rod-shaped skeleton and (B) a fusible matrix polymer into a solidification bath, and
forming it into a film, the above polymer solution showing an optical anisotropy and being solidified via an apparent, opti-
cally isotropic phase after immersion in the solidification bath.
[0008] Japanese Patent Publication No. 2-7976 discloses a polymer composition comprising a reinforcing polymer
A consisting of polythiazole having a substantially rod-shaped skeleton, and a matrix polymer B consisting of a less-
crystallizable aromatic copolyamide having a glass transition temperature of 200°C or higher and a flow-initiation tem-
perature of 500°C or lower, a weight ratio of A/(A + B) being 0.15-0.70. When the aromatic copolyamide is kept at a tem-
perature between its glass transition temperature and its flow-initiation temperature for an arbitrary period of time within
5 hours, the resulting crystals have apparent sizes of 2.5 nm or less.
[0009] However, in the methods of producing polymer composites as disclosed in Japanese Patent Laid-Open No.
1-287167 and Japanese Patent Publication No. 2-7976, homogeneous dispersions of the reinforcing polymers in matrix
polymers are not expected. This means that the resulting molecular composite materials do not show largely improved
mechanical strength, etc. This appears to be due to the fact that the rigid reinforcing polymers and the matrix polymers
do not show good compatibility with each other.
[0010] Thus, proposals have been made to provide a method of producing a molecular composite material of a rigid
aromatic polymer, the method comprising the steps of homogeneously mixing a prepolymer of the rigid aromatic poly-
mer and a matrix polymer or its prepolymer in an organic solvent, removing the organic solvent and then heating it so
that the rigid aromatic polymer is formed from its prepolymer (Japanese Patent Laid-Open Nos. 64-1760 and 64-1761).
[0011] Another proposal has also been made to provide the method of producing a molecular composite material,
in which hydrogen atoms of thiol groups of an aromatic polythiazole prepolymer are substituted with alkyl groups to
enhance a dispersibility of the aromatic polythiazole in a solvent (Japanese Patent Laid-Open No. 4-114062). By the
above methods, molecular composite materials having relatively good mechanical strength, etc. can be produced.
[0012] However, these molecular composite materials fail to show sufficiently high dispersibility of the aromatic pol-
ythiazole prepolymer in the matrix polymer. In addition, the production of these molecular composite materials needs
such a long period of time as one week for completion of the dispersing process. The mechanical strength of the molec-
ular composite materials obtained by using these conventional methods is still insufficient. Therefore, further improve-
ment is desired to overcome the deficiencies described above.
[0013] Accordingly, an object of the present invention is to provide a method of producing a molecular composite
material having excellent mechanical strength, etc., thereby eliminating the above problems.
[0014] As a result of intense research in view of the above object, the inventors have found that by dissolving an
aromatic polythiazole prepolymer in an organic solvent and adding monomers of a matrix polymer to the solution of the
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aromatic polythiazole prepolymer to polymerize the monomer, a molecular composite material containing the aromatic
polythiazole homogeneously dispersed in the matrix polymer can be obtained in a short period of time. The present
invention has been completed based upon this finding.

[0015] Thus, the method of producing a molecular composite material comprising aromatic polythiazole as a rigid
polymer and a matrix polymer according to the present invention comprises the steps of:

(a) polymerizing an aromatic diaminodithiol compound, the hydrogen atoms of the thiol groups of the aromatic
diaminodithiol compound being substituted with substituted or unsubstituted alkyl groups, with a dicarboxylic acid
derivative to form an aromatic polythiazole prepolymer,
(b) dissolving the aromatic polythiazole prepolymer in an organic solvent to prepare a solution thereof;
(c) adding a monomer of the matrix polymer to the solution to polymerise the monomer to the matrix polymer in the
solution, the monomer being added in such an amount that the aromatic polythiazole is 10 weight % or less based
on the total amount of the aromatic polythiazole and said matrix polymer;
(d) removing the organic solvent from a mixture of the aromatic polythiazole prepolymer and the matrix polymer;
and
(e) heating a mixture of the aromatic polythiazole prepolymer and the matrix polymer to cause a thiazole ring clo-
sure reaction of the aromatic polythiazole prepolymer.

[0016] The present invention may produce a molecular composite material comprising aromatic polythiazole as a
rigid polymer and a matrix polymer, a laser beam-scattering intensity of the molecular composite material being three
times or less than that of the matix polymer at a scattering angle of 10°.
[0017] In the accompanying drawings:

Fig. 1 is a graph showing the relation between tensile modulus and the amount of polybenzothiazole with respect
to molecular composite material samples of Example 1 and Comparative Example 1;
Fig. 2 is a graph showing the relation between tensile modulus and the amount of polybenzothiazole with respect
to a molecular composite material sample of Example 2 and a sample of Comparative Example 2;
Fig. 3 is a graph showing the relation between laser beam-scattering intensity and laser beam-scattering angle with
respect to molecular composite material samples of Example 3 and Comparative Example 3;
Fig. 4 is a graph showing the relation between tensile modulus and the amount of polybenzothiazole with respect
to a molecular composite material sample of Example 4 and a sample of Comparative Example 4; and
Fig. 5 is a graph showing the relation between tensile strength and the amount of polybenzothiazole with respect
to a molecular composite material sample of Example 4 and a sample of Comparative Example 4.

[0018] The present invention will be explained in detail below.
[0019] First, the aromatic thiazole prepolymer compound used in the present invention is obtained by polymerizing
alkyl group-substituted aromatic diaminodithiol with dicarboxylic acid.
[0020] The alkyl group-substituted aromatic diaminodithiol compound is synthesized from an aromatic diamin-
odithiol compound and an alkyl halide having substituted or unsubstituted alkyl groups. The aromatic diaminodithiol
compound used in the form of a salt is a compound having amino groups and thiol groups on both sides of its aromatic
residual group, and the aromatic residual group may be not only a benzene ring but also any aromatic ring in which 2
or more benzene rings are condensed. Further, the aromatic residual group may be those having 2 or more benzene
rings bonded to each other, such as biphenyl. The amino groups and the thiol groups on both sides may be bonded to
the aromatic residual group symmetrically with respect to its axis or its central point. Typical examples of such aromatic
diaminodithiol compounds are:
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[0021] These aromatic diaminodithiol compounds are used in the form of a salt such as a hydrochloride to prevent
their deterioration.
[0022] The alkyl groups bonded to the thiol groups of the aromatic diaminodithiol compound are substituted or
unsubstituted alkyl groups. The unsubstituted alkyl groups include an isopropyl group, an ethyl group; an n-propyl
group, an n-butyl group, a sec-butyl group, a tert-butyl group, etc. Among them, secondary or tertiary alkyl groups are
particularly preferable.
[0023] The substituted alkyl groups may be the above-described alkyl groups substituted with a carboxyl group, an
ester group, a cyano group, a benzyl group, a halogen group, a nitro group, etc. Incidentally, in the case of having such
substituent groups, the alkyl groups need not be secondary ones. The substituted alkyl groups include specifically:

[0024] Incidentally, with respect to the first two alkyl groups among the above six substituted alkyl groups, alkyl
groups bonded to an oxygen atom in the ester bond need not be a methyl group, and they may be longer linear alkyl
groups.
[0025] Particularly when the hydrogen atoms in the thiol groups of the aromatic diaminodithiol compound are sub-
stituted with an alkyl group having a cyano group or an ester group, the resulting prepolymer can be subjected to a ring
closure reaction at a relatively low temperature of about 250-350°C. In addition, the resulting prepolymer can be easily
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dissolved in an organic solvent such as N-methyl-2-pyrrolidone, etc.

[0026] By selecting an alkyl group having a proper length of a carbon chain (carbon number: about 2-5), the molec-
ular composite materials having excellent physical and chemical properties can be produced as described below.
[0027] The above alkyl group is used in the form of a halide, namely an alkyl halide. The halides which may be used
in the present invention are bromides, chlorides, iodides, etc. of the above alkyl groups.
[0028] The dicarboxylic acid derivatives used in the present invention include those having carboxylic groups sub-
stituted as
[0029] follows:

[0030] The residual groups of the above dicarboxylic acid derivatives are preferably aromatic groups, and their spe-
cific examples are as follows:
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[0031] Preferred among them is terephthalic acid. The dicarboxylic acid derivative may be used alone or in combi-
nation.
[0032] The aromatic polythiazole prepolymer obtained by polymerizing the alkyl group-substituted aromatic diami-
nodithiol compound and the dicarboxylic acid derivative may have the following structure;

wherein Ar1 and Ar2 represent aromatic residual groups.
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[0033] The matrix polymers usable in the present invention include aramide resins, polyether sulfones, polyether-
imides, polyimides, polyimidethiazoles, polyamideimides, etc. Preferred among them are polyimides such as thermo-
plastic polyimides, thermosetting polyimides, polyimidethiazoles and so on. Especially preferred are aromatic
polyimidethiazoles. Since these resins have excellent compatibility with the aromatic polythiazole prepolymer, they can
provide molecular composite materials with excellent mechanical strength.

[0034] According to the present invention, monomers of the matrix polymer are added to a solution of the aromatic
polythiazole prepolymer so that they are polymerized to form a matrix polymer in the aromatic polythiazole prepolymer.
For instance, in case the matrix polymer to be obtained is a polyimide such as a thermoplastic polyimide, a thermoset-
ting polyimide, polyimidethiazole, etc., a combination of a diamine compound and an acid anhydride is used.
[0035] Preferred diamine compounds are as follows:
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[0036] Preferred acid anhydrides are as follows:
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[0037] Next, the production of the molecular composite material will be described below.
[0038] The aromatic polythiazole prepolymer may be produced in a known manner, for instance, by the following
steps.

(1) Reacting the aromatic diaminodithiol compound salt with an alkyl halide in an alkaline aqueous solvent, so that
hydrogen atoms in thiol groups of the aromatic diaminodithiol compound are substituted with the alkyl group; and
(2) Polymerizing the monomer obtained in the step (1) with the dicarboxylic acid derivative to form an aromatic pol-
ythiazole prepolymer.

[0039] The above steps will be explained below.
[0040] In the step (1), the alkaline aqueous solvent used may be water or a mixture of water and alcohol (ethanol
and/or methanol) in which an alkaline salt such as sodium hydroxide is dissolved. Incidentally, the alkali concentration
in the alkaline aqueous solvent is preferably 30 weight % or less. The substitution reaction can be conducted at a tem-
perature of 0-100°C. The reaction time is not specifically restricted, but it is generally about 2-24 hours. Incidentally, to
accelerate the substitution reaction, the solution is preferably stirred. Also, by using an excess amount of an alkyl halide
and phase transfer catalyst, the reaction rate can be increased.
[0041] By conducting the substitution reaction under the above conditions, the hydrogen atoms in the thiol groups
of the aromatic diaminodithiol compound salt can be substituted with the alkyl groups.
[0042] In the step (2), solvents such as N-methyl-2-pyrrolidone, hexamethyl phosphoric triamide, N,N-dimethyla-
cetamide, etc. may be used alone or in combination. To increase solubility, chlorides such as LiCl, CaCl2, etc. may be
added in an amount up to 10%.
[0043] The monomer obtained in the step (1) and the dicarboxylic acid derivative are dissolved in the above solvent
at an equimolar ratio, and subjected to a polymerization reaction at a temperature between -20°C and +50°C. The mon-
omer concentration is preferably about 0.1-2 mol/l. When the monomer concentration exceeds 2 mol/l, the monomer
cannot completely be dissolved. The solution is preferably stirred to increase the polymerization reaction rate. The
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polymerization reaction time is not particularly restricted, but it is generally about 1-24 hours.

[0044] By the polymerization reaction under the above conditions, the aromatic polythiazole prepolymer having a
large polymerization degree can be obtained without causing a ring closure reaction. The resulting aromatic polythia-
zole prepolymer may be washed and dried by a known method.
[0045] The aromatic polythiazole prepolymer obtained by the method as described above is then dissolved in an
organic solvent. The organic solvents which may be used include N-methyl-2-pyrrolidone, dimethylsulfoxide, N,N-dime-
thyl-acetamide, etc. A concentration of the resultant solution is preferably about 3 to 7 weight %. The dissolving temper-
ature is preferably about 20 to 90°C.
[0046] Subsequently, monomers of the matrix polymer are dissolved in the solution of the aromatic polythiazole
prepolymer, and polymerized therein to form the matrix polymer. The polymerization reaction is preferably carried out
at a temperature of 25°C to 80°C for 3 hours to 24 hours. In case polyimide is used as the matrix polymer, either one
component of a diamine compound and an acid anhydride which are monomers of the polyimide is first added to the
solution and dissolved therein for 0.5 hours to 24 hours, and the other component is then added to the solution to polym-
erize these monomers.
[0047] The aromatic polythiazole prepolymer and the monomers of the matrix polymer may be dissolved in an
organic solvent by any method as long as a homogeneous solution or slurry is produced. The polymerization of the
monomers of the matrix polymer in the aromatic polythiazole prepolymer solution may be carried out preferably in an
atmosphere of an inert gas such as a nitrogen gas, an argon gas, etc. or in vacuum.
[0048] After the polymerization of the monomers of the matrix polymer, the organic solvent is evaporated to dry the
polymerized product. This evaporation step is preferably carried out after a film or a yarn is formed by a casting method.
Since a solution of the prepolymer substituted with alkyl groups shows a large liquid crystal property, it is easy to form
yarns from a solution of the prepolymer and the matrix polymer in an organic solvent. Incidentally, to increase the liquid
crystal property of the prepolymer, it is preferable that the alkyl groups bonded to the thiol groups are long. Actually, by
taking into consideration the weight loss, etc. of the prepolymer by heating, the alkyl groups having proper length are
preferably used.
[0049] The composite of the aromatic polythiazole prepolymer and the matrix polymer may be dried by a known
method.
[0050] Next, the above composite of the aromatic polythiazole prepolymer and the matrix polymer is heated, so that
a thiazole ring closure reaction takes place in the prepolymer to obtain a molecular composite material. By this heat
treatment, the alkyl group (R) is removed from the prepolymer, thereby forming a thiazole ring at that site. As a result,
an aromatic polythiazole can be produced. When the aromatic polythiazole prepolymer is used as a prepolymer, the
poly-p-phenylenebenzobisthiazole having the following structure can be obtained.

[0051] A homogeneous mixture of the prepolymer and the matrix polymer is heated at 250-400°C, within which
range an actual heating temperature may vary depending on the types of the matrix polymer used. When the heating
temperature is lower than 250°C, the thiazole ring cannot be formed. On the other hand, when heated at a temperature
exceeding 500°C, the polythiazole is likely to be thermally decomposed.
[0052] When a polyimide is used as a matrix polymer, an imide ring closure reaction takes place in the process of
a thiazole ring closure reaction of the aromatic polythiazole prepolymer. Particularly, when a polyimidethiazole is used
as a matrix polymer, both an imide ring closure reaction and a thiazole ring closure reaction take place in the matrix
polymer.
[0053] The heating of the mixture of the prepolymer and the matrix polymer can be conducted at a constant tem-
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perature, and it may also be conducted according to a heating program in which a heating temperature is changed step-
wise. One example of such a heating program may be a stepwise temperature-elevating process comprising keeping
at 120°C for 30 minutes, heating from 120°C to 350°C over 30 minutes, and then keeping at 350°C for 30 minutes.

[0054] With respect to the proportion of the aromatic polythiazole in the composite material, the aromatic polythia-
zole component may be included in an extremely small amount to achieve reinforcement, but the proportion of the aro-
matic polythiazole is 10 weight % or less on the basis of the total amount of the polymers (the aromatic polythiazole plus
the matrix polymer). When the amount of the aromatic polythiazole serving as a reinforcing polymer is too large, it is so
dense in the resulting molecular composite material that the aromatic polythiazole molecules undesirably tend to gather
together to form clusters, making the dispersion of the aromatic polythiazole poor at a molecular level. Accordingly, the
resulting molecular composite material has a poor mechanical strength. The most preferred proportion of the aromatic
polythiazole is in the range of 1 to 10 weight %.
[0055] The proportion of the aromatic polythiazole to the matrix polymer may vary depending upon a combination
of starting materials used. Generally, if the larger proportion of the aromatic polythiazole is employed, the higher
mechanical properties, particularly tensile modulus of the final molecular composite material is obtained. However,
when the concentration of the aromatic polythiazole exceeds a certain level, the molecular composite material pro-
duced suffers from considerable deterioration of its mechanical properties, especially tensile modulus as well as the
reduction of its transparency. This is caused due to a poor dispersion of the aromatic polythiazole in the molecular com-
posite material. A laser beam-scattering intensity measured at a scattering angle of 10° can be used as an index of the
dispersion of the aromatic polythiazole in the molecular composite material produced. A lower value of the laser beam-
scattering intensity indicates an excellent homogeneity of the molecular composite material, while a higher value
thereof indicates a poor homogeneity of the molecular composite material.
[0056] The molecular composite material according to the present invention has a laser beam-scattering intensity
three times or less that of the matrix polymer at a scattering angle of 10°. When the scattering intensity of the molecular
composite material exceeds three times that of the matrix polymer, the dispersion of the aromatic polythiazole in the
molecular composite material is poor, meaning that the molecular composite material is provided with poor mechanical
strength. For instance, in the case of using poly-p-phenylenebenzothiazole as the aromatic polythiazole and polyimide
(Kapton) as the matrix polymer, when the proportion of the aromatic polythiazole exceeds 10 weight %, the resulting
molecular composite material has the laser beam-scattering intensity (at a scattering angle of 10°) three times or more
that of Kapton, which indicates poor dispersion and low transparency of the molecular composite material. On the other
hand, if the proportion of the aromatic polythiazole is less than 1 weight %, the molecular composite material has an
insufficient mechanical strength. In this case, it is preferred that the proportion of the aromatic polythiazole in the molec-
ular composite material be in the range of 1 to 10 weight %.
[0057] Since the aromatic polythiazole prepolymer homogeneously dispersed in the matrix polymer at a molecular
level is converted to an aromatic polythiazole by the above method, excellent dispersion of the aromatic polythiazole in
the matrix polymer to a molecular level can be achieved. This eliminates the problem of poor mechanical strength due
to insufficient bonding strength in the interfaces between the aromatic polythiazole molecules and the matrix polymer
molecules. Thus, the molecular composite material having excellent mechanical properties can be obtained.
[0058] According to the present invention, by carrying out a polymerization reaction of monomers of a matrix poly-
mer in a solution of an aromatic polythiazole prepolymer in an organic solvent, a homogeneous dispersion of the aro-
matic polythiazole in the matrix polymer can be achieved, resulting in an enhanced mechanical strength of the
molecular composite material.
[0059] Since monomers of the matrix polymer are polymerized in the solution containing the aromatic polythiazole
prepolymer, any stirring and dispersing steps which would take several days in conventional methods can be omitted.
Furthermore, in view of the fact that the dispersing step is conducted in a solution containing monomers of the matrix
polymer, the concentration of the reaction mixture solution can advantageously be increased, thereby reducing the
amount of the solvent.
[0060] The present invention will be described in further detail by way of the following Examples without intention
of restricting the scope of the present invention.

Example 1

[0061] 0.7570 g of a polybenzothiazole prepolymer (hereinafter referred to as "PBT prepolymer") having the struc-
ture shown below and having an intrinsic viscosity ηinh of 1.5 dl/g at a concentration of 0.5 g/dl was dissolved in 63 ml
of N-methyl-2-pyrrolidone (hereinafter referred to as "NMP") at room temperature, and 4.4791 g (22.3687 mmol) of 4,4'-
aminophenylether was added to the resulting solution while stirring.

5

10

15

20

25

30

35

40

45

50

55



EP 0 616 000 B1

12

[0062] 2 hours after the addition of 4,4'-aminophenylether, 4.8791 g (22.3687 mmol) of pyromellitic acid anhydride
was added to the resulting solution while stirring to cause a polymerization reaction between 4,4'-aminophenylether
and pyromellitic acid anhydride at room temperature for 6 hours.
[0063] The resulting solution was cast on a glass plate at a thickness of 0.5 mm by using a doctor blade to obtain
a cast film. The film was placed in a desiccator and dried in vacuum for one night long. Thereafter, the film was heat-
treated at 100°C for one hour, at 250°C for one hour and at 340°C for one hour. As a result, the film of the molecular
composite material containing 5 weight % of PBT on the basis of the total polymer amount was obtained.
[0064] Using the same starting materials and the same method as described above, another film of a molecular
composite material containing 3 weight % of PBT was obtained. The two films obtained were then subjected to a meas-
urement of tensile modulus according to JIS K7127. The results are shown in Fig. 1.

Comparative Example 1

[0065] 4.4791 g (22.3687 mmol) of 4,4'-aminophenylether was dissolved in 60 ml of NMP, and 4.8791 g (22.3687
mmol) of a pyromellitic acid anhydride was added to the resulting solution which was then subjected to a polymerization
reaction at 25°C for 3 hours to synthesize a polyamic acid as a matrix polymer. The solution of the synthesized polyamic
acid was further diluted with NMP to obtain a 10-weight-% solution of polyamic acid in NMP (solution I). Separately,
0.7570 g of the same polybenzothiazole prepolymer as in Example 1 was added to 45 ml of NMP to prepare a solution
II. The solutions I and II were mixed to prepare two types of mixture solutions having PBT contents of 3 weight % and
5 weight %, respectively based on the total polymers. Each of the mixture solutions was mixed for one week in an argon
gas atmosphere while intermittently stirring to produce a homogeneous solution.
[0066] Using the same method as in Example 1, two films were obtained from the two homogeneous solutions. A
film made of the matrix polymer only was separately prepared. The three types of the films thus obtained were sub-
jected to measurements of tensile modulus in the same manner as in Example 1. The results are also shown in Fig. 1.
As is apparent from Fig. 1, the molecular composite material of Example 1 according to the present invention, exhibit
higher tensile modulus and higher PBT dispersibility as compared with Comparative Example 1.

Example 2

[0067] 0.0841 g of the same PBT prepolymer as in Example 1 was dissolved in 7 ml of NMP at room temperature.
0.5854 g (2.0025 mmol) of 1,4-bis(4-aminophenoxy)benzene having the following structure was added to the resulting
solution while stirring.

[0068] 2 hours after the addition of 1,4-bis(4-aminophenoxy)benzene, 0.4368 g (2.0025 mmol) of pyromellitic acid
anhydride was added to the solution to cause a polymerization reaction between the diamine compound and the acid
anhydride at room temperature for 6 hours.
[0069] The resulting solution was cast on a glass plate at a thickness of 0.5 mm using a doctor blade to produce a
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film. The film was placed in a desiccator and dried in vacuum for one night long. Thereafter, the film was heat-treated
at 100°C for one hour, at 250°C for one hour and at 340°C for one hour, respectively in vacuum to obtain a film of a
molecular composite material having a PBT content of 5 weight %.

[0070] In the same manner as described above, another film of a molecular composite material having a PBT con-
tent of 10 weight % was obtained. Two types of the films thus obtained were subjected to a measurement of tensile
modulus using the same method as in Example 1. The results are shown in Fig. 2.

Comparative Example 2

[0071] Using only the matrix polymer of Example 2, a film was formed in the same manner as in Example 2. Also,
the tensile modulus was measured in the same manner as in Example 2. The results are also shown in Fig. 2. As is
apparent from Fig. 2, the molecular composite material of Example 2 containing an aromatic polythiazole dispersed in
a matrix polymer has higher tensile modulus than that of Comparative Example 2 made of the matrix polymer only.

Example 3

[0072] Using the same starting materials and method as in Example 1, two films of molecular composite materials
having PBT contents of 0 weight %, 5 weight % and 8 weight %, respectively, were prepared and subjected to a meas-
urement of a laser beam-scattering intensity by a laser beam-scattering photometer (RS-3 manufactured by Optic
K.K.). The results are shown in Fig. 3.

Comparative Example 3

[0073] Using the same starting materials and method as in Example 3, a film of a molecular composite material
having a PBT content of 20 weight % was prepared and subjected to a measurement of a laser beam-scattering inten-
sity by a laser beam-scattering photometer (RS-3 manufactured by Optic K.K.). The results are shown in Fig. 3.
[0074] As is apparent from Fig. 3, the film of Example 3 having a PBT content of 10 weight % or less has a low laser
beam-scattering intensity as compared with that of the film made of the matrix polymer only. Regarding the laser beam-
scattering intensity measured at a scattering angle of 10°, the value of the former film is three times or less that of the
latter film. On the other hand, the film of Comparative Example 3 having a PBT content of 20 weight % has a consider-
ably large laser beam-scattering intensity, its laser beam-scattering intensity at a scattering angle of 10° being more
than three times that of the film made of the matrix polymer only.

Example 4

[0075] 0.2526 g of a PBT prepolymer having the following structure and having an intrinsic viscosity ηinh of 1.5 dl/g
(0.5 g/dl) was dissolved in 5 ml of NMP at room temperature.

[0076] Added to the resulting solution was 0.7653 g (2.0436 mmol) of 2,6-diaminophenylenebenzothiazole (herein-
after referred to as "DAPBT") having the following formula.
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[0077] The resultant slurry was heated to 70°C in an oil bath to dissolve DAPBT therein. Thereafter, 0.6585 g
(2.0436 mmol) of benzophenontetracarboxylic acid anhydride (hereinafter referred to as "BTDA") having the following
formula was added to the slurry which was then subjected to a polymerization reaction at room temperature for 15
hours.

[0078] The resulting solution was cast on a glass plate to produce a film, and the film was placed in a water bath to
remove a solvent therefrom. After removal of the solvent, the film was dried at 80°C for one hour in vacuum to remove
water adsorbed thereto, and then heat-treated at 100°C for one hour, at 250°C for one hour and at 330°C for one hour,
respectively, to obtain a film of a molecular composite material having a PBT content of 10 weight %.
[0079] Separately, using the same starting materials and the same method as described above, two films of molec-
ular composite materials having PBT contents of 5 weight % and 15 weight %, respectively, were prepared. The three
types of the films thus obtained were subjected to a tensile test in the same manner as in Example 1. The measurement
results of tensile modulus and tensile strength are shown in Figs. 4 and 5, respectively.

Comparative Example 4

[0080] In the same manner as in Example 4, a film was produced using only the matrix polymer. The film was then
subjected to the same tensile test as in Example 4. The test results are also shown in Figs. 4 and 5. As is apparent from
Figs. 4 and 5, the films of Example 4 containing the dispersed aromatic polythiazole are excellent in both tensile mod-
ulus and tensile strength as compared with that obtained in Comparative Example 4 containing the matrix polymer only.
[0081] As described above in detail, since an aromatic polythiazole is dispersed in a matrix polymer by polymeriz-
ing monomers of the matrix polymer in a solution containing the aromatic polythiazole prepolymer according to the
present invention, a molecular composite material having polybenzothiazole well dispersed in a matrix polymer and
showing an excellent mechanical strength is obtained. The molecular composite materials obtained according to the
present invention have excellent properties such as mechanical strength, heat resistance, solvent resistance, etc., so
that they can be used widely for automobile parts, aircraft parts, space equipment, etc.

Claims

1. A method of producing a molecular composite material comprising aromatic polythiazole as a rigid polymer and a
matrix polymer comprising the steps of:

(a) polymerizing an aromatic diaminodithiol compound, the hydrogen atoms of the thiol groups of said aromatic
diaminodithiol compound being substituted with substituted or unsubstituted alkyl groups, with a dicarboxylic
acid derivative to form an aromatic polythiazole prepolymer,
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(b) dissolving said aromatic polythiazole prepolymer in an organic solvent to prepare a solution thereof;

(c) adding a monomer of said matrix polymer to said solution to polymerize said monomer to said matrix poly-
mer in said solution, said monomer being added in such an amount that said aromatic polythiazole is 10 weight
% or less based on the total amount of said aromatic polythiazole and said matrix polymer;
(d) removing said organic solvent from a mixture of said aromatic polythiazole prepolymer and said matrix pol-
ymer; and
(e) heating a mixture of said aromatic polythiazole prepolymer and said matrix polymer to cause a thiazole ring
closure reaction of said aromatic polythiazole prepolymer.

2. A method of producing a molecular composite material according to claim 1, wherein said substituted alkyl group
has a substituent group selected from a carboxyl group, an ester group, a cyano group, a benzyl group, a halogen
group and a nitro group.

3. A method of producing a molecular composite material according to claim 1 or 2, wherein said dicarboxylic acid
derivative is an aromatic dicarboxylic acid derivative.

4. A method of producing a molecular composite material according to any one of claims 1-3, wherein said matrix pol-
ymer is polyimide.

5. A method of producing a molecular composite material according to any one of claims 1-4, wherein said monomer
of said matrix polymer is added in such an amount that said aromatic polythiazole is 1-10 weight % based on the
total amount of said aromatic polythiazole and said matrix polymer.

Patentansprüche

1. Verfahren zur Herstellung eines molekularen Kompositmaterials, umfassend aromatisches Polythiazol als ein star-
res Polymer und ein Matrixpolymer, umfassend die Schritte:

(a) Polymerisieren einer aromatischen Diaminodithiolverbindung, wobei die Wasserstoffatome der Thiolgrup-
pen der aromatischen Diaminodithiolverbindung durch substituierte oder unsubstituierte Alkylgruppen substi-
tuiert sind, mit einem Dicarbonsäurederivat, wobei ein aromatisches Polythiazolpräpolymer gebildet wird,

(b) Auflösen des aromatischen Polythiazolpräpolymers in einem organischen Lösungsmittel, wobei eine
Lösung davon hergestellt wird,

(c) Zugeben eines Monomers des Matrixpolymers zu der Lösung, wobei das Monomer in der Lösung zu dem
Matrixpolymer polymerisiert wird, wobei das Monomer in einer solchen Menge zugegeben wird, so daß das
aromatische Polythiazol 10 Gew.-% oder weniger, bezogen auf die Gesamtmenge des aromatischen Polythia-
zols und des Matrixpolymers ausmacht,

(d) Entfernen des organischen Lösungsmittels aus einem Gemisch des aromatischen Polythiazolpräpolymers
und des Matrixpolymers, und

(e) Erwärmen eines Gemisches des aromatischen Polythiazolpräpolymers und des Matrixpolymers, wobei
eine Thiazolringschlußreaktion des aromatischen Polythiazolpräpolymers verursacht wird.

2. Verfahren zur Herstellung eines molekularen Kompositmaterials nach Anspruch 1, wobei die substituierte Alkyl-
gruppe eine Substituentengruppe, ausgewählt aus einer Carboxylgruppe, einer Estergruppe, einer Cyangruppe,
einer Benzylgruppe, einer Halogengruppe und einer Nitrogruppe aufweist.

3. Verfahren zur Herstellung eines molekularen Kompositmaterials nach Anspruch 1 oder Anspruch 2, wobei das
Dicarbonsäurederivat ein aromatisches Dicarbonsäurederivat ist.

4. Verfahren zur Herstellung eines molekularen Kompositmaterials nach einem der Ansprüche 1-3, wobei das Matrix-
polymer Polyimid ist.

5. Verfahren zur Herstellung eines molekularen Kompositmaterials nach einem der Ansprüche 1-4, wobei das Mono-
mer des Matrixpolymers in einer solchen Menge zugegeben wird, so daß das aromatische Polythiazol 1-10 Gew.-

5

10

15

20

25

30

35

40

45

50

55



EP 0 616 000 B1

16

%, bezogen auf die Gesamtmenge des aromatischen Polythiazols und des Matrixpolymers ausmacht.

Revendications

1. Procédé de production d'un matériau composite moléculaire comprenant un polythiazole aromatique comme poly-
mère rigide, et un polymère formant matrice, comprenant les étapes consistant :

(a) à polymériser un composé aromatique de type diaminodithiol, les atomes d'hydrogène des groupes thiol
dudit composé aromatique de type diaminodithiol étant substitués par des groupes alkyle substitués ou non
substitués, avec un dérivé d'acide dicarboxylique pour former un prépolymère de polythiazole aromatique,
(b) à dissoudre ledit prépolymère de polythiazole aromatique dans un solvant organique pour préparer une
solution de celui-ci ;
(c) à ajouter un monomère dudit polymère formant matrice dans ladite solution afin de polymériser ledit mono-
mère en ledit polymère formant matrice dans ladite solution, ledit monomère étant ajouté selon une quantité
telle que ledit polythiazole aromatique représente 10 % ou moins de la quantité totale dudit polythiazole aro-
matique et dudit polymère formant matrice ;
(d) à éliminer le solvant organique du mélange dudit prépolymère de polythiazole aromatique et dudit polymère
formant matrice ; et
(e) à chauffer un mélange dudit prépolymère de polythiazole aromatique et dudit polymère formant matrice
pour provoquer une réaction de cyclisation en thiazole dudit prépolymère de polythiazole aromatique.

2. Procédé de production d'un matériau composite moléculaire selon la revendication 1, dans lequel ledit groupe alk-
yle substitué comporte un substituant choisi parmi un groupe carboxyle, un groupe ester, un groupe cyano, un
groupe benzyle, un atome d'halogène et un groupe nitro.

3. Procédé de production d'un matériau composite moléculaire selon la revendication 1 ou 2, dans lequel ledit dérivé
d'acide dicarboxylique est un dérivé d'acide dicarboxylique aromatique.

4. Procédé de production d'un matériau composite moléculaire selon l'une quelconque des revendications 1 à 3, dans
lequel ledit polymère formant matrice est un polyimide.

5. Procédé de production d'un matériau composite moléculaire selon l'une quelconque des revendications 1 à 4, dans
lequel ledit monomère dudit polymère formant matrice est ajouté selon une quantité telle que ledit polythiazole aro-
matique représente de 1 à 10 % en poids par rapport à la quantité totale dudit polythiazole aromatique et dudit
polymère formant matrice.
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