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Description

[0001] The present invention relates to an aromatic polycarbodiimide and a polycarbodiimide sheet. More particularly,
the present invention relates to an aromatic polycarbodiimide having high heat resistance, low hygroscopicity and a
low dielectric constant and to a sheet made from such an aromatic polycarbodiimide.
[0002] There have been known aromatic polycarbodiimides produced by polymerizing diphenylmethane diisocyanate
(MDI) or tolylene diisocyanate (TDI) as a monomer. These aromatic polycarbodiimides are used as flame resistant
films or heat resistant adhesives because of their excellent heat resistance.
[0003] From the point of view that these aromatic polycarbodiimide films do not generate a volatile gas or decom-
posed monomer even when they are exposed to a temperature higher than 400°C, it can be said that these aromatic
polycarbodiimide films have acceptable heat resistance. However, they have low moisture resistance, and loses self
supporting properties and become fragile when they are heat-treated at 200°C or more, so that they are not fit for
practical use. In addition, they have poor solubility in an organic solvent and low workability.
[0004] US-A-4 263 221 discloses a process for preparing symmetrical, aromatic carbodiimides by reacting symmet-
rical, aromatic ureas with phosgene in an insert liquid reaction medium.
[0005] It is the object of the present invention to provide aromatic polycarbodiimides having high heat resistance,
low hygroscopicity and a low dielectric constant.
[0006] This object is achieved by an aromatic polycarbodiimide comprising a structure represented by the following
formula I:

wherein n is an integer of 2 to 300, m is 0 or 1, A is a divalent organic group having 4 or less carbon atoms, and Ph is
a phenyl group.
[0007] The object is further achieved by an aromatic polycarbodiimide comprising a structure represented by the
following formula II:

wherein n is an integer of 2 to 300.
[0008] It is preferred that the structure represented by the above formula (I) or (II) is contained in an amount of more
than 10 mol%. It is also preferred that n is an integer of 4 to 100 in formulae (I) or (II), more preferably an integer of 4 to 40.
[0009] The present invention further relates to a polycarbodiimide solution prepared by dissolving one of the above
aromatic polycarbodiimide in an organic solvent, and a polycarbodiimide sheet comprising as a main ingredient one
of the above aromatic polycarbodiimide.
[0010] An aromatic polycarbodiimide represented by the following formula
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(wherein n is an integer, the position of substitution of the two phenoxy group attached to the central benzene ring is
1,3- or 1,4-) is known (Japanese Patent Application Laid-open No. Hei 9-235341). However, there has been no report
on the aromatic polycarbodiimide having a substituent on the central benzene ring in the repeating unit of the main
chain as in the present invention. By introduction of a substituent on the central benzene ring in the repeating unit of
the main chain, the polycarbodiimide of the present invention has improved solubility and heat resistance as compared
with the corresponding polymer without such substituents.
[0011] Also, a polycarbodiimide represented by the following formula

(wherein R2 and R3 independently represent a hydrogen atom, a low alkyl group or an alkoxy group, X represents an
oxygen atom or a methylene group) is known (Japanese Patent Application Laid-open No. Hei 3-62814).
[0012] In the accompanying drawings:

Fig. 1 is a chart illustrating an infrared absorption spectrum of an aromatic polycarbodiimide obtained in Example 1;
Fig. 2 is a chart illustrating an infrared absorption spectrum of an aromatic polycarbodiimide obtained in Example 4;
Fig. 3 is a chart illustrating an infrared absorption spectrum of an aromatic polycarbodiimide obtained in Example
5; and
Fig. 4 is a chart illustrating an infrared absorption spectrum of an aromatic polycarbodiimide obtained in Example 9.

[0013] An aromatic polycarbodiimide containing a structure represented by the formula (I) of the present invention
is obtained by polymerizing a diisocyanate represented by the following formula (IV) as a monomer in the presence of
a phosphorus-based catalyst in accordance with a known polymerization method.

[0014] In the above formula, A is a divalent organic group having 4 or less carbon atoms, such as a carbonyl group,
a vinylene group, a propenylene group, a methylene group, an ethylene group, an ethylidene group, a trimethylene
group, a propylene group, an isopropylidene group or a tetramethylene group. Out of these, especially preferred are
a carbonyl group, a vinylene group, a propenylene group, a methylene group, an ethylene group, an ethylidene group
and an isopropylidene group. In the formula, Ph is a phenyl group, and m is 0 or 1. The polymerization degree n is 2
to 300.
[0015] Illustrative examples of the diisocyanate monomer as the raw material of the polycarbodiimide of the present
invention include 2-phenyl-1,4-bis(4-isocyanatophenoxy)benzene, 2-benzyl-1,4-bis(4-isocyanatophenoxy)benzene,
2-phenethyl-1,4-bis(4-isocyanatophenoxy) benzene, 2-styryl-1,4-bis(4-isocyanatophenoxy)benzene, 2-cinnamyl-
1,4-bis(4-isocyanatophenoxy)benzene, 2-benzoyl-1,4-bis(4-isocyanatophenoxy)benzene, 2-(α,α-dimethylbenzyl)-
1,4-bis(4-isocyanatophenoxy) benzene, 2-(α-methylbenzyl)-1,4-bis (4-isocyanatophenoxy)benzene or position iso-
mers having these substituents at different positions.
[0016] Although a diisocyanate represented by the following formula (V) is known (Japanese Patent Application Laid-
open No. Hei 9-188660), the monomer represented by the above formula (IV) is not disclosed.
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(wherein, R1, R2 and R3 are independently a lower alkyl group having 1 to 4 carbon atoms or a halogen atom, and l,
m', and n are independently an integer of 0 to 4.)
[0017] Another process for producing the aromatic polycarbodiimide containing the structure represented by the
formula (I) of the present invention comprises diisocyanating an aromatic diamine represented by the following formula
(VI) :

wherein m is 0 or 1, A is a divalent organic group having 4 or less carbon atoms, and Ph is a phenyl group, in accordance
with a known isocyanating method, for example, a method which will be described hereinafter, to obtain a compound
of the formula (IV) and polymerizing the compound.
[0018] The aromatic polycarbodiimide containing a structure represented by the formula (II) of the present invention
is obtained by polymerizing a diisocyanate represented by the following formula (VII):

as a monomer in the presence of a phosphorus-based catalyst in accordance with a known polymerization method.
This diisocyanate is known (CAS Reg. No. 163843-15-0) but there has been no report that an aromatic polycarbodiimide
is obtained from this compound.
[0019] Another process for producing an aromatic polycarbodiimide containing a structural unit represented by the
formula (II) comprises isocyanating an aromatic diamine represented by the following formula (VIII) :

in accordance with a known isocyanating method, for example, the method which will be described hereinafter, to
obtain a compound of the formula (VIII) and polymerizing the compound.
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(Preparation of diisocyanate from diamine)

[0020] To obtain a diisocyanate from a diamine, there is, for example, a method in which phosgene, diphenyl car-
bonate or carbonyl diimidazole reacts with a diamine. Alternative methods include one in which a halogenated alkyl
formate or halogenated aryl formate is caused to act on a diamine compound to synthesize a dicarbamate and the
dicarbamate is then diisocyanated using chlorosilane as an activating agent (G. Greber. et al., Angew. Chem. Int. Ed.,
Vol. 17, No. 12, 941 (1968)) or catechol borane (V. L. K. Valli. et al., J. Org. Chem., Vol. 60, 257 (1995)). They are
preferred from the viewpoints of yield and safety.
[0021] First, a dicarbamate is produced by reacting methyl chloroformate, ethyl chloroformate, phenyl chloroformate
or p-nitrophenyl chloroformate with a corresponding diamine compound. Out of these, phenyl chloroformate or p-ni-
trophenyl chloroformate is suitable to smoothly proceed with isocyanation. Since p-nitrophenyl chloroformate has high
activity and may cause a side reaction, phenyl chloroformate is the most preferred. These halogenated formates may
be used alone or in mixture of two or more. The amount of the halogenated formate used is preferably 1.5 to 3.4 times,
more preferably 1.8 to 3.0 times the number of moles of the corresponding diamine compound. The amount smaller
than 1.5 times is not preferable since an unreacted diamine remains in the system, causing a side reaction with the
formed isocyanate to form urea. The amount larger than 3.4 times is not preferable either since it may be difficult to
remove unreacted reagents from the system after completion of the reaction, or a side reaction may occur.
[0022] Any solvent may be used in the reaction if it dissolves a diamine. Illustrative examples of the solvent include
ether-based compounds such as tetrahydrofuran (THF), dioxane and diethyl ether; ketone-based compounds such as
acetone, methyl ethyl ketone and methyl isobutyl ketone; ester-based compounds such as ethyl acetate; aromatic
hydrocarbon-based solvents such as toluene, xylene and benzene; and halogenated hydrocarbons such as chloroform,
methylene dichloride and tetrachloroethylene. These solvents may be used alone or in mixture of two or more.
[0023] The concentration of the corresponding diamine in the reaction mixture is generally 1 to 50 wt%, preferably
5 to 40 wt%, the most preferably 10 to 30 wt%. When the concentration of the diamine is lower than 1 wt%, it takes
time for the reaction, which is not practical. When the concentration of the diamine is higher than 50 wt%, an undesirable
side reaction may occur or it may be difficult to control a reaction.
[0024] The reaction temperature is -40 to 100°C, preferably -20 to 80°C, more preferably 0 to 60°C. The reaction
temperature lower than -40°C is not practically acceptable since the reaction does not proceed smoothly. When the
reaction temperature is higher than 100°C, a side reaction may occur.
[0025] Any base for trapping hydrogen chloride formed by the reaction is acceptable if it dissolves in the solvent
used and does not inhibit the reaction. Both organic bases and inorganic bases may be used. Organic bases are
preferred from the viewpoint of solubility in a solvent and tertiary amines such as triethylamine, pyridine, 1,8-diazabi-
cyclo[5.4.0]-7-undecene, collidine, picoline and lutidine are particularly preferred because they do not inhibit the reac-
tion. The amount of the base used is preferably 1.5 to 3.4 times, more preferably 1.8 to 3.0 times, the number of moles
of the diamine used.
[0026] The obtained dicarbamate is purified by recrystallization or a conventionally known means such as a column
chromatography. Distillation may be carried out as required.
[0027] Diisocyanation of the dicarbamate with an organic silicon halide compound is carried out by thermally decom-
posing the dicarbamate using the organic silicon halide compound as an activation reagent in an amount 1.5 to 3.4
times, preferably 1.8 to 3.0 times, the number of moles of the dicarbamate. When the amount of the activation reagent
is smaller than 1.5 times, the reaction may not proceed completely. When the amount is larger than 3.4 times, it may
be difficult to remove an unreacted reagent from the system.
[0028] Preferred examples of the organic silicon halide compound include chlorosilanes such as trimethylchlorosi-
lane, dimethyldichlorosilane, methyltrichlorosilane, triethylchlorosilane, trimethoxychlorosilane and tetrachlorosilane,
out of which trimethylchlorosilane is particularly preferred from an economical point of view and the viewpoint of ease
of handling.
[0029] Any solvent may be used in the present invention if it dissolves or suspends the dicarbamate and any one of
the above solvents used for the carbamation may be used. These solvents may be used alone or in mixture of two or
more. The reaction temperature may be changed by substituting part or all of the solvents during the reaction as the
case may be.
[0030] The reaction temperature is 0 to 150°C, preferably 20 to 130°C, more preferably 40 to 110°C. When the
temperature is lower than 0°C, the reaction does not proceed smoothly and when the temperature is higher than 150°C,
it is difficult to select a suitable solvent.
[0031] The base for trapping hydrogen chloride formed during the reaction may be the same as the base used for
the carbamation and used in the same amount.
[0032] The obtained diisocyanate monomer may be purified by a known means such as column chromatography or
distillation after the reaction or may be used directly after the excessive reagents and solvent are removed.
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(Preparation of polycarbodiimide from diisocyanate)

[0033] To prepare the aromatic polycarbodiimide containing the structure represented by the formula (I) or the formula
(II) of the present invention, a diisocyanate monomer represented by the formula (IV) or the formula (VII) may be
polymerized alone or may be copolymerized with other organic diisocyanate such as 4,4'-diphenylmethane diisocy-
anate, 2,6-tolylene diisocyanate, 2,4-tolylene diisocyanate, 1-methoxyphenyl-2,4-diisocyanate, 3,3-dimethoxy-4,4'-
diphenylmethane diisocyanate, 4,4'-diphenylether diisocyanate, 3,3'-dimethyl-4,4'-diphenylether diisocyanate, o-
tolylene diisocyanate, 2,2-bis[4-(4-isocyanatophenoxy)phenyl]hexafluoropropane or 2,2-bis[4-(4-isocyanatophenoxy)
phenyl]propane so long as the characteristics of the aromatic polycarbodiimide of the present invention are not im-
paired.
[0034] The copolymerization proportion of the organic diisocyanates used as comonomer(s) is preferably 1 to 90
mol%, more preferably 1 to 70 mol%, most preferably 1 to 50 mol% based on the diisocyanate monomer represented
by the formula (IV) or (VII) . When the copolymerization proportion is larger than 90 mol%, the characteristics of the
polycarbodiimide of the present invention may be lost. One or more other polycarbodiimides may be mixed in the form
of varnish in a ratio of 1/100 to 100/1 to the aromatic polycarbodiimide of the present invention.
[0035] The polymerization temperature is preferably 40 to 150°C, more preferably 50 to 140°C. When the polymer-
ization temperature is lower than 40°C, the reaction time becomes too long, which is not practical. When the polym-
erization temperature is higher than 150°C, it is difficult to select a suitable solvent.
[0036] The concentration of the diisocyanate monomer for the synthesis of a polycarbodiimide is 5 to 70 wt%, pref-
erably 10 to 60 wt%, most preferably 15 to 50 wt% in the case of an aromatic polycarbodiimide containing the structural
unit represented by the formula (I), 5 to 70 wt%, preferably 10 to 60 wt% in the case of an aromatic polycarbodiimide
containing the structural unit represented by the formula (II), and 2 to 70 wt%, preferably 5 to 60 wt% in the case of
an aromatic polycarbodiimide containing a structural unit represented by the formula (III). When the concentration of
the monomer is lower than 2 wt%, carbodiimidization may not proceed. When the concentration of the monomer is
higher than 70 wt%, it may be difficult to control the reaction.
[0037] The organic solvent used for the synthesis of a polycarbodiimide and the organic solvent used in a polycar-
bodiimide solution may be a known solvent. Illustrative examples of the solvents include halogenated hydrocarbons
such as tetrachloroethylene, 1,2-dichloroethane, chloroform and dichloromethane; ketone-based solvents such as ac-
etone, methyl ethyl ketone, methyl isobutyl ketone and cyclohexanone; cyclic ether-based solvents such as tetrahy-
drofuran and dioxane; and aromatic hydrocarbon-based solvents such as toluene, xylene and ethylbenzene. They may
be used alone or mixture of two or more.
[0038] A known phosphorus-based catalyst is used as the catalyst used for the carbodiimidization, as exemplified
by phospholene oxides such as 1-phenyl-2-phospholene-1-oxide, 3-methyl-2-phospholene-1-oxide, 1-ethyl-2-phosp-
holene-1-oxide, 3-methyl-1-phenyl-2-phospholene-1-oxide or 3-phospholene isomers thereof.
[0039] The above carbamation, diisocyanation and carbodiimidization of the diamine may be performed stepwise
by carrying out isolation and purification in each step or continuously in a same reactor as a series of reactions.
[0040] At any one of the end stage, middle satege or initial stage of a polymerization reaction, or throughout the
polymerization reaction, a monoisocyanate may be added to carry out an end-capping treatment. Illustrative examples
of the monoisocyanate include phenyl isocyanate, p-nitrophenyl isocyanate, p-tolyl isocyanate, p-formylphenyl isocy-
anate, p-isopropylphenyl isocyanate, p-trifluoromethylphenyl isocyanate, p-methoxyphenyl isocyanate, p-phenoxyphe-
nyl isocyanate, p-chlorophenyl isocyanate, and isomers having a substituent at the ortho-positions thereof, or isomers
having a substituent at the meta-positions thereof, 1-naphthyl isocyanate, 2-naphthyl isocyanate, and other aromatic
isocyanates. The thus obtained polycarbodiimide solution has excellent storage stability.
[0041] After completion of the reaction, the reaction mixture may be injected into a poor solvent such as methanol,
ethanol, hexane, pentane, heptane or isopropyl alcohol to deposit a polycarbodiimide as a precipitate and remove an
unreacted monomer and a solvent. To prepare a polycarbodiimide solution, the polymer deposited as a precipitate is
washed and dried by predetermined operation and dissolved in an organic solvent again. The stability of the polycar-
bodiimide solution can be improved by carrying out this operation.
[0042] The obtained polymer may be purified by adsorbing a by-product contained in the polymer solution to an
appropriate adsorbent. Illustrative examples of the adsorbent include alumina gel, silica gel, activated carbon, zeolite,
active magnesium oxide, active bauxite, fuller's earth, activated china clay or molecular sieving carbon. They may be
used alone or in combination thereof.
[0043] The polycarbodiimide of the present invention is a polycarbodiimide in which n is an integer of 2 to 300,
preferably 4 to 100, more preferably 4 to 40. When the polymerization degree n of the polycarbodiimide is larger than
300, it is readily gelled in several minutes to several hours while it is left to stand at normal temperature, which is not
preferred for practical application. When the polymerization degree n is less than 2, the coating film lacks reliability,
which is not preferable.
[0044] The number average molecular weight of the aromatic polycarbodiimide of the present invention containing
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the structural unit represented by the formula (II) is preferably 700 to 35,200, more preferably 1,000 to 14,000. That
is, n is preferably an integer of 2 to 100, more preferably 3 to 40.

(Production of film and adhesive sheet)

[0045] The polycarbodiimide film (or sheet) of the present invention is obtained by forming polycarbodiimide varnish
into a film having an appropriate thickness in accordance with a known method (such as casting, spin coating or roll
coating ). This film may be dried usually at a temperature required to remove the solvent. To ensure that a curing
reaction does not proceed so far, the coating temperature is, for example, 20 to 350°C, preferably 50 to 300°C, most
preferably 70 to 250°C in the case of an aromatic polycarbodiimide containing the structural unit represented by the
formula (I), and, for example, 20 to 350°C, preferably 50 to 300°C in the case of an aromatic polycarbodiimide containing
a structural unit represented by the formula (II). When the drying temperature is lower than 20°C, the solvent remains
in the film with the result that the obtained film has poor reliability, which is not preferable. When the drying temperature
is higher than 350°C, the heat curing of the film readily proceeds, which is not preferable.
[0046] The polycarbodiimide resin composition of the present invention may contain fine inorganic filler in amounts
within the range where its workability and heat resistance may not be impaired. Various kinds of additives such as a
smoothing agent, leveling agent and defoaming agent may be added as required to provide surface smoothness.
[0047] A film formed molded article molded from the aromatic polycarbodiimide of the present invention may be used
as a heat resistant adhesive sheet. The thickness of film or adhesive sheet molded from the aromatic polycarbodiimide
is generally 1 to 200 µm but is not limited to this range and may be suitably selected according to the purpose. The
shape and size of a sheet may be suitably determined according to an adherend such as a lead frame or semiconductor
chip.
[0048] When an adhesive sheet is to be produced, at least one selected from metals such as aluminum, copper,
silver, gold, nickel, chromium, lead, tin, zinc, palladium and solder, or alloys thereof, ceramics such as alumina, silica,
magnesia and silicon nitride, and various carbon inorganic powders may be blended optionally to provide conductivity,
improve heat conductivity and control elastic modulus, especially to increase elastic modulus.
[0049] Further, the film may be formed on a substrate film to produce an adhesive sheet. To produce such an adhesive
sheet, the substrate film may be coated with varnish, or a film is formed and laminated with a substrate film by pressing.
[0050] The substrate film used herein is a metal foil or insulating film. The metal foil may be a foil of aluminum, copper,
silver, gold, nickel, indium, chromium, lead, tin, zinc or palladium. They may be used alone or as an alloy. Any film of
a polyimide, polyester or polyethylene terephthalate may be used as the insulating film if it has heat resistance and
chemical resistance.
[0051] The metal foil and the insulating film may be used alone or laminated together into a double-layer substrate,
for example a metal foil/insulating film. This double-layer substrate is, for example, a copper/polyimide double-layer
substrate.
[0052] The sheet adhesive of the present invention exhibits strong adhesive force and becomes a cured product
having low hygroscopicity when it is cured by a heat treatment. To carry out the heat treatment, a suitable means such
as a heater, ultrasonic wave or ultraviolet radiation may be used. Therefore, the adhesive sheet of the present invention
is preferably used in the adhesion treatment of various materials. Particularly, the adhesive sheet of the present inven-
tion is preferably used in the fixing treatment of electric and electronic parts typified by semiconductor chips and lead
frames, which require highly reliable fixing treatment and hence, must have low hygroscopicity. The adhesive sheet of
the present invention is excellent in such points that it has low hygroscopicity, high flexibility which makes handling
easy, excellent adhesion to a semiconductor device, high storage stability and a low dielectric constant.

(Application)

[0053] The aromatic polycarbodiimide of the present invention can also be used as an adhesive for electronic parts
making use of its heat resistance.

EXAMPLES

[0054] The following examples and comparative examples are given to further illustrate the present invention. All
the reactions were carried out in a nitrogen atmosphere. The diamines used as a starting material in Examples 1, 2,
and 4 were each synthesized according to the methods described in the literature (U. S. Patent 4,576,857, and Chem.
Ind. 62, 503 (1995)). In Comparative Example 1 and Example 9, the diamines used as a starting material were obtained
from Wakayama Seika Kogyo Co., Ltd. In Comparative Examples 2 and 3, the diisocyanates used as a starting material
were obtained from Nippon Polyurethane Kogyo Co., Ltd. The characteristics of the obtained aromatic polycarbodiim-
ides and sheets (films) prepared therefrom were measured as follows.
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(IR)

[0055] Measured using an infrared spectrophotometer (trade name: FT/IR-230, manufactured by JEOL Ltd.).

(Heat curing temperature (Tc))

[0056] Measured using a differential scanning calorimeter (trade name: DSC-200, manufactured by Seiko Instru-
ments, Inc.) and the exothermic peak of trimerization is taken as heat curing temperature.

(Number average molecular weight)

[0057] Measured using a gel permeation chromatograph (trade name: HLC8120, manufactured by Tosoh Corpora-
tion), a column (trade name: GMHHR-H + GMHHR-H + G2000HHR, manufactured by Tosoh Corporation), tetrahydrofuran
as a developing solvent and polystyrene as a standard substance.

(Adhesive strength)

[0058] Peel strength at 180° was measured by grasping a copper foil and a 42 alloy plate and separating them at
room temperature using a tensile tester (trade name: Shimadzu Autograph AGS-100D, manufactured by Shimadzu
Corporation).

(Glass transition temperature (Tg))

[0059] Measured using a thermomechanical analyzer (trade name: TMA/SS100, manufactured by Seiko Instruments,
Inc.).

(Elastic modulus (E'))

[0060] Measured using a dynamic viscosity measuring apparatus (trade name: DMS210, manufactured by Seiko
Instruments, Inc.).

(Storage stability of varnish)

[0061] This is expressed as the number of days during which no gelling of varnish nor increase in viscosity occurs
when the varnish is left to stand at room temperature.

Example 1

[0062] 2-Phenyl-1,4-bis(4-aminophenoxy)benzene (20 g, 54.28 mmol), triethylamine (10.99 g, 108.56 mmol) and
156.5 g of toluene were charged into a 500-ml four-neck flask equipped with a stirrer, a dropping funnel, a reflux
condenser and a thermometer. The flask was cooled in an iced bath and phenyl chloroformate (17.00 g, 108.56 mmol)
was dropped stepwise over 1 minute from the dropping funnel. Thereafter, the mixture was stirred at room temperature
for 120 minutes.
[0063] After the formation of a carbamate was confirmed by IR, trimethylchlorosilane (11.79 g, 108.5 mmol), triethyl-
amine (10.99 g, 108.56 mmol) and a carbodiimidization catalyst (3-methyl-1-phenyl-2-phospholene-1-oxide) (521.6
mg, 2.714 mmol) were charged and stirred at 60°C for 1 hour and then at 80°C for 4 hours to carry out isocyanation
and polymerization.
[0064] Carbodiimidization was confirmed from an IR spectrum shown in Fig. 1 and the formed triethylamine hydro-
chloride was removed by filtration to obtain varnish. The number average molecular weight (Mn) of this aromatic poly-
carbodiimide was 2,350 (n = 6).
[0065] The storage stability of the above varnish was 10 days or more. The varnish was cast onto a glass plate and
dried at 90°C for 30 minutes and then at 250°C for 30 minutes to obtain a 17 µm-thick film having flexibility. When the
thermal properties of the obtained film were evaluated, its heat curing temperature was 330°C, glass transition tem-
perature was 203°C and elastic modulus at room temperature was 3.0 GPa.
[0066] Powders obtained by reprecipitating the varnish with an isopropyl alcohol, collecting the deposited solids and
drying them could be redissolved in a general organic solvent such as toluene, tetrahydrofuran, cyclohexanone or
chloroform.
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Example 2

[0067] An aromatic polycarbodiimide was synthesized in the same manner as in Example 1 except that 2-(α,α-
dimethylbenzyl)-1,4-bis(4-aminophenoxy)benzene (54.28 mmol) was used as a diamine to obtain varnish.
[0068] Aromatic polycarbodiimide powders having a number average molecular weight of 3,500 (n = 8) were obtained
by reprecipitating the varnish with an isopropyl alcohol, collecting the deposited solids and drying them.
[0069] The storage stability of the varnish was 10 days or more. The varnish was cast onto a glass plate and dried
at 90°C for 30 minutes and further at 250°C for 30 minutes to obtain a 17 µm-thick film having flexibility. When the
thermal properties of the obtained film were evaluated, its heat curing temperature was 330°C, glass transition tem-
perature was 190°C and elastic modulus at room temperature was 2.5 GPa.
[0070] Powders obtained by reprecipitating the varnish with an isopropyl alcohol, collecting the deposited solids and
drying them could be redissolved in a general organic solvent such as toluene, tetrahydrofuran, cyclohexanone or
chloroform.

Comparative Example 1

[0071] A polycarbodiimide was synthesized in the same manner as in Example 1 except that 1,4-bis(4-aminophe-
noxy)benzene (54.28 mmol) was used as a diamine to obtain varnish.
[0072] Aromatic polycarbodiimide powders having a number average molecular weight of 1,900 (n = 6) were obtained
by reprecipitating the varnish with an isopropyl alcohol, collecting the deposited solids and drying them. The powders
were soluble in a polar solvent such as tetrahydrofuran in a low concentration but insoluble in a non-polar solvent such
as toluene.

Comparative Example 2

[0073] 5.0 g (28.7 mmol) of a mixture of 2,4-tolylene diisocyanate and 2,6-tolylene diisocyanate (mixing rate of 90:
10) was stirred in 20 g of tetrahydrofuran together with 43 mg (0.22 mmol) of a carbodiimidization catalyst (3-methyl-
1-phenyl-2-phospholene-1-oxide) at 60°C for 15 hours to obtain a polycarbodiimide solution. The number average
molecular weight of this polycarbodiimide was 6,700 (n = 52).
[0074] This polycarbodiimide solution was cast onto a glass plate and dried at 90°C for 30 minutes to produce a 17
µm-thick film having a glass transition temperature Tg of 53°C. When this film was further heated at 250°C for 30
minutes, it changed its color and lost flexibility and self holding properties. When the thermal properties of this film
were evaluated, its heat curing temperature was 300°C, glass transition temperature was 227°C and elastic modulus
at room temperature was 3.9 GPa.

Example 3

[0075] The polycarbodiimide films obtained in Examples 1 and 2 and Comparative Example 2 were each placed on
a copper foil, a 42 Alloy plate (Ni:Fe et al. = 40.0-43.0:60.0-57.0 alloy plate, trade name: NAS 42, manufactured by
Nippon Yakin Kogyo K.K.) was placed on the polycarbodiimide films and pressed with an electric heat press at a
temperature of 250°C and a pressure of 50 kg/cm2 for 1 second to' prepare laminate samples a, b and c. The meas-
urement results of peel strengths and solder resistances of the samples a, b and c are shown in the table below.

[0076] The samples a and b prepared by laminating the aromatic polycarbodiimide films of the present invention on
a substrate were superior in both peel strength and solder resistance, whereas the sample c prepared by laminating
the polycarbodiimide film of Comparative Example 2 was inferior in both peel strength and solder resistance.

Example 4

[0077] 1,4-Bis(4-aminophenylisopropylidene)benzene (17 g, 49.35 mmol), triethylamine (9.99 g, 99.70 mmol) and

Table 1

Sample Polycarbodiimide Peel Strength (g/cm) Solder Resistance (260°C x 10 seconds)

a Example 1 1200 not swollen

b Example 2 1400 not swollen

c Comparative Example 2 50 swollen
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146.24 g of tetrahydrofuran were charged into a 500-ml four-neck flask equipped with a stirrer, a dropping funnel, a
reflux condenser and a thermometer. The flask was cooled in an iced bath and phenyl chloroformate (15.45 g, 98.70
mmol) was added stepwise over 1 minute from the dropping funnel. Thereafter, these components were stirred at room
temperature for 120 minutes.
[0078] After the formation of a carbamate was confirmed by IR, trimethylchlorosilane (10.72 g, 98.70 mmol), triethyl-
amine (9.99 g, 98.70 mmol) and a carbodiimidization catalyst (3-methyl-1-phenyl-2-phospholene-1-oxide) (474.2 mg,
2.47 mmol) were charged and stirred at 60°C for 1 hour and then at 67°C for 7 hours to carry out isocyanation and
polymerization.
[0079] Carbodiimidization was confirmed from an IR spectrum shown in Fig. 2 and the formed triethylamine hydro-
chloride was removed by filtration to obtain varnish. The number average molecular weight (Mn) of this aromatic poly-
carbodiimide was 1,380 (n = 4).
[0080] The storage stability of the above varnish was 30 days or more. The varnish was cast onto a glass plate and
dried at 90°C for 30 minutes and then at 250°C for 30 minutes to obtain a 17 µm-thick film having flexibility. When the
thermal properties of the obtained film were evaluated, its glass transition temperature (Tg) was 220.8°C and elastic
modulus at room temperature was 1.65 GPa.

Example 5

[0081] 1,3-Bis(4-aminophenylisopropylidene)benzene (25.25 g, 73.4 mmol), triethylamine (14.85 g, 146.8 mmol) and
215.3 g of toluene were charged into a 500-ml four-neck flask equipped with a stirrer, a dropping funnel, a reflux
condenser and a thermometer. The flask was cooled in an iced bath and phenyl chloroformate (22.98 g, 146.8 mmol)
was added stepwise over 0.1 minute from the dropping funnel. Thereafter, the mixture was stirred at room temperature
for 120 minutes.
[0082] After the formation of a carbamate was confirmed by IR, trimethylchlorosilane (14.34 g, 132 mmol), triethyl-
amine (13.35 g, 132 mmol) and a carbodiimidization catalyst (3-methyl-1-phenyl-2-phospholene-1-oxide) (0.704 mg,
3.67 mmol) were charged and stirred at 60°C for 1 hour and then at 90°C for 10 hours to carry out isocyanation and
polymerization.
[0083] Carbodiimidization was confirmed from an IR spectrum shown in Fig. 3 and the formed triethylamine hydro-
chloride was removed by filtration to obtain varnish. The number average molecular weight (Mn) of this aromatic poly-
carbodiimide was 1,460 (n = 4).
[0084] The storage stability of the above varnish was 10 days or more. The varnish was cast onto a glass plate and
dried at 90°C for 30 minutes and then at 250°C for 30 minutes to obtain a 17 µm-thick film having flexibility. When the
thermal properties of the obtained film were evaluated, its glass transition temperature (Tg) was 169.9°C and elastic
modulus at room temperature was 2.47 GPa.

Example 6

[0085] The varnish produced in Example 4 was coated on a 105 µm-thick copper foil and dried at 90°C for 30 minutes
and then at 250°C for 30 minutes to obtain an adhesive sheet having an adhesive layer of 30 µm in thickness. The
adhesive layer surface of this adhesive sheet was placed on a 42 alloy plate and pressed at a temperature of 300°C
and a pressure of 50 kg/cm2 for 1 second to obtain a laminate sheet. When the adhesive strength of this laminate
sheet was measured, it exhibited an adhesive strength of 1,200 g/cm. When the solder resistance of this laminate
sheet was tested (260°C x 10 min), it showed good adhesion without swelling. The adhesive layer had a glass transition
temperature Tg of 220.8°C, an elastic modulus E' (240°C) of 0.57 GPa and a water absorption of 0.1%.

Example 7

[0086] The varnish produced in Example 5 was coated on a 105 µm-thick copper foil and dried at 90°C for 30 minutes
and then at 250°C for 30 minutes to obtain an adhesive sheet having an adhesive layer of 30 µm in thickness. The
adhesive layer surface of this adhesive sheet was bonded onto a 42 alloy plate and pressed at a temperature of 300°C
and a pressure of 50 kg/cm2 for 1 second to obtain a laminate sheet. When the adhesive strength of this laminate
sheet bonded onto the substrate was measured, it exhibited an adhesive strength of 1,100 g/cm. When the solder
resistance of this laminate sheet comprising the substrate was tested (260°C x 10 sec), it showed good adhesion
without swelling. The adhesive layer had a glass transition temperature Tg of 169.9°C, an elastic modulus E' (240°C)
of 0.80 GPa, and a water absorption of 0.1%.
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Example 8

[0087] The varnish of each of the aromatic polycarbodiimides synthesized in Examples 4 and 5 and Comparative
Example 2 was formed into a sheet and gold was deposited in the form of a disk of 2 cm in diameter on one side of
the sheet and also on the entire surface of the other side of the sheet to form electrodes so as to measure dielectric
constant using the 4284A Precision LCR Meter manufactured by Hewlett Packard Co., Ltd. The results are shown in
Table 2.

[0088] As is obvious from Table 2, Examples 4 and 5 which used the aromatic polycarbodiimide of the present in-
vention had a lower dielectric constant than that of the sheet of Comparative Example 2.

Comparative Example 3

[0089] 4.1 g (16.5 mmol) of 4,4'-diphenylmethane diisocyanate was stirred in 40 g of tetrahydrofuran together with
30 mg (0.156 mmol) of a carbodiimidization catalyst (3-methyl-1-phenyl-2-phospholene-1-oxide) at 60°C for 15 hours
to obtain a polycarbodiimide solution. The number average molecular weight of this polymer was 9,600 (n = 37).
[0090] The polycarbodiimide solution was cast onto a glass plate and dried at 90°C for 30 minutes to form a 30 µm-
thick film. The obtained film had a heat curing temperature Tc of 300°C and a glass transition temperature Tg of 78°C.
When this film was further heated at 250°C for 30 minutes, it changed its color and lost flexibility.
[0091] The polycarbodiimide of the present invention has high solubility in an organic solvent, high workability, ex-
cellent adhesion, heat resistance and moisture resistance, and a low dielectric constant, and can be used as a heat
resistant coating material in a soldering step in the production of electronic parts. Improvement of flame retardancy is
expected by introducing a halogen atom into the polycarbodiimide.

Claims

1. An aromatic polycarbodiimide comprising a structure represented by the following formula I:

wherein n is an integer of 2 to 300, m is 0 or 1, A is a divalent organic group having 4 or less carbon atoms, and
Ph is a phenyl group.

2. An aromatic polycarbodiimide comprising a structure represented by the following formula II:

wherein n is an integer of 2 to 300.

Table 2

Example 4 Example 5 Comparative Example 2

Dielectric constant(1MHz) 2.83 2.78 3.30
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3. The aromatic polycarbodiimide of claim 1 or 2, wherein the structure represented by formula (I) or (II) is contained
in an amount of more than 10 mol%.

4. The aromatic polycarbodiimide of any of claims 1 to 3, wherein n is an integer of 4 to 100.

5. The aromatic polycarbodiimide of any of claims 1 to 4, wherein n is an integer of 4 to 40.

6. A polycarbodiimide solution prepared by dissolving an aromatic polycarbodiimide according to any of claims 1 to
4 in an organic solvent.

7. A polycarbodiimide sheet, comprising as a main ingredient an aromatic polycarbodiimide, according to any of
claims 1 or 5.

Patentansprüche

1. Ein aromatisches Polycarbodiimid, umfassend eine Strutkur gemäß der folgenden Formel I:

wobei n ein Integer ist von 2 bis 300, m 0 oder 1 ist, A eine zweiwertige organische Gruppe mit 4 oder weniger
Kohlenstoffatomen ist und Ph eine Phenylgruppe ist.

2. Ein aromatisches Polycarbodiimid, umfassend eine Struktur gemäß der folgenden Formel II:

wobei n ein Integer von 2 bis 300 ist.

3. Das aromatische Polycarbodiimid nach Anspruch 1 oder 2, wobei die Struktur gemäß Formel (I) oder (II) zu einem
Anteil von mehr als 10 Mol-% darin enthalten ist.

4. Das aromatische Polycarbodiimid nach Ansprüchen 1 bis 3, wobei n ein Integer von 4 bis 100 ist.

5. Das aromatische Polycarbodiimid nach Ansprüchen 1 bis 4, wobei n ein Integer von 4 bis 40 ist.

6. Eine Polycarbodiimidlösung, hergestellt durch Lösen eines aromatischen Polycarbodiimids nach einem der An-
sprüche 1 bis 4 in einem organischen Lösungsmittel.

7. Eine Polycarbodiimidfolie, umfassend als Hauptbestandteil ein aromatisches Polycarbodiimid nach einem der An-
sprüche 1 bis 5.
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Revendications

1. Polycarbodiimide aromatique comprenant une structure représentée par la formule I suivante :

dans laquelle n est un nombre entier de 2 à 300, m est égal à 0 ou à 1, A est un groupe organique divalent contenant
4 atomes de carbone ou moins et Ph est un groupe phényle.

2. Polycarbodiimide aromatique comprenant une structure représentée par la formule II suivante :

dans laquelle n est un nombre entier de 2 à 300.

3. Polycarbodiimide aromatique selon la revendication 1 ou 2, dans lequel la structure représentée par la formule (I)
ou (II) est contenue en une quantité de plus de 10 % en moles.

4. Polycarbodiimide aromatique selon l'une quelconque des revendications 1 à 3, dans lequel n est un nombre entier
de 4 à 100.

5. Polycarbodiimide aromatique selon l'une quelconque des revendications 1 à 4, dans lequel n est un nombre entier
de 4 à 40.

6. Solution de polycarbodiimide préparée en dissolvant un polycarbodiimide aromatique selon l'une quelconque des
revendications 1 à 4 dans un solvant organique.

7. Feuille de polycarbodiimide comprenant, en tant qu'ingrédient principal, un polycarbodiimide aromatique selon
l'une quelconque des revendications 1 et 5.
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