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DESCRIPTION ELECTROCONDUCTIVE COATING COMPOSITION AND PROCESS FOR
PRODUCTION OF ELECTROCONDUCTIVE COATING FILM TECHNICAL FIELD [0001]        The
present invention relates to electroconductive coating compositions. Particularly, it relates to an
electroconductive coating composition comprising an electroconductive polymer and a dopant.
BACKGROUND ART [0002]        Electroconductive polymers, such as polyaniline, polythiophene, and
polypyrrole, have been expected to be utilized because they are superior in stability and electrical
conductivity, but their application fields have heretofore been limited because such electroconductive
polymers are insoluble in solvents and poor in formability. [0003]        In the field of capacitors, for the
purpose of reducing impedance in a high frequency region, there have been used electroconductive
polymer capacitors in which an oxidized coating of aluminum, tantalum, niobium, or the like (dielectric
coating) has been converted into a porous coating film by etching, and on a surface of the coating a
layer of an electroconductive polymer such as polypyrrole and polythiophene (electroconductive
polymer layer) has been formed to form a cathode.        As the method for forming the
electroconductive polymer layer, there has been used a method in which a dispersion liquid containing
a precursor monomer of the electroconductive polymer is applied to a surface of the porous coating
and then the precursor monomer is polymerized. As a method of the polymerization, chemical
polymerization such as that disclosed in Patent Document 1 has mainly been used. [0004]
However, since the concentration of a dispersion liquid is low in chemical polymerization like that
disclosed in Patent Document 1, polymerization must be repeated 10 times or more in order to
achieve a thickness of a needed coating film, and also there is a problem, for example, that a
polymerization time is long. Therefore, such polymerization has a problem that the production
efficiency of capacitors is very low. As a method of solving this problem, there has been disclosed a
method of dissolving a polypyrrole, which is an electroconductive polymer, in a solvent with the use of
dodecylbenzenesulfonic acid (DBSA) as a dopant (see, for example, Patent Document 2). However,
since electroconductive polymers produced by  the method disclosed in Patent Document 2 are not
real solutions but dispersions, they do not impregnate sufficiently into coating films with fine pores
therein, resulting in a problem that the capacitance of capacitors cannot be increased efficiently. 
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However, since electroconductive polymers produced by

[0005]        Needs for flexibilization of electronic materials have recently grown, and application of
electroconductive polymers such as polyaniline, polythiophene and polypyrrole to electroconductive
functional materials, charge transporting materials, and optical functional materials is being studied
actively. Especially, electroconductive functional materials have been put in practical use as
electrolytes for solid electrolytic capacitors or antistatic agents. In order to expand the practicality of
such electroconductive polymers, it is urgent to improve their electrical conductivity and processability
and to improve the environmental stability, such as heat resistance and moisture resistance, of
electroconductive coating films to be obtained. Particularly, it is known that the electrical conductivity
of electroconductive coating films will deteriorate due to disincorporation of a dopant caused by
long-time heating or other causes. [0006] As a method for obtaining an electroconductive coating  film
with improved heat resistance, a method of hybridizing an organic sulfonic acid compound as a dopant
and heat stabilizer with an electroconductive polymer has heretofore been proposed. For example,
Patent Document 3 discloses a method of forming an electroconductive coating film by polymerizing
precursor monomers of a polythiophene with mixing of an aromatic sulfonic acid compound thereto.
However, the method disclosed in Patent Document 3 has a problem with respect to processability
because there is no appropriate good solvent of electroconductive polymers obtained thereby. PRIOR
ART DOCUMENTS   PATENT DOCUMENTS    [0007]    
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7-238149 A  SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION 
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The present invention was devised in view of the

above-mentioned problems, and the purpose of the present

invention is to provide an electroconduct ive coating

[0008]        The present invention was devised in view of the above-mentioned problems, and the
purpose of the present invention is to provide an electroconductive coating  composition that is soluble
in solvents and superior in processability and that develops only a small, if any, decrease in electrical
conductivity even under high temperature conditions. MEANS FOR SOLVING THE PROBLEMS
[0009]        The present inventors have reached the present invention as a result of earnestly
performing investigations in order to attain the above-mentioned object.        That is, the present
invention is directed to an electroconductive coating composition (A) comprising a substituted
polythiophene (P) and a dopant (D), said substituted polythiophene (P) having thiophene repeating
units at least some of which are each a thiophene repeating unit (a) substituted at the 3-position
and/or the 4-position of its thiophene ring with (a) a polyether group that comprises 1 to 9 oxyalkylene
group having 2 to 4 carbon atoms as repeating units and that has an alkoxy group having 1 to 15
carbon atoms at one terminal, (b) an alkoxy group, (c) an alkoxyalkyl group, or (d) an alkyl group
substituted or unsubstituted with the polyether group (a); an electrode for a solid electrolytic capacitor
produced using the electroconductive coating composition (A); and a process for producing an
electroconductive coating film comprising: applying the electroconductive coating  composition (A) to a
substrate and then heat-treating it. EFFECT OF THE INVENTION [0010]        The electroconductive
coating composition of the present invention has good processability because it is superior in solubility
in solvents, and it is suitable as a coating material needing electrical conductivity because it is superior
in electrical conductivity and also develops only a small, if any, decrease in electrical conductivity even
under high temperature conditions. Especially, it is suitable as a negative electrode material for a solid
electrolytic capacitor. MODE FOR CARRYING OUT THE INVENTION [0011]        The
electroconductive coating composition (A) of the present invention comprises a substituted
polythiophene (P) and a dopant (D), said substituted polythiophene (P) having thiophene repeating
units at least some of which are each a thiophene repeating unit (a) substituted at the 3-position
and/or the 4-position of its thiophene ring with (a) a polyether group that comprises 1 to 9 oxyalkylene
group having 2 to 4 carbon atoms as repeating units and that has an alkoxy group having 1 to 15
carbon atoms at one terminal, (b) an alkoxy group, (c) an alkoxyalkyl group, or (d) an alkyl group
substituted or  unsubstituted with the polyether group (a) (in this description, also referred to as a
"thiophene repeating unit (a)"). The respective elements indicated with signs (a), (b), (c), and (d) are
referred to in this description also as a polyether group (a), an alkoxy group (b), an alkoxyalkyl group
(c), and an alkyl group (d), respectively. 
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substituted polythiophene (P) and a dopant (D) , said
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[0012]        Examples of the aforementioned polyether group (a) include polyether groups having
repeating units each made up of an oxyalkylene group having 2 to 4 carbon atoms, the number of the
repeating units being 1 to 9, and one terminal of the polyether group being an alkoxy group having 1 to
15 carbon atoms.        Examples of the oxyalkylene group having 2 to 4 carbon atoms include an
oxyethylene group, an oxypropylene group, and oxybutylene. [0013]        Examples of the alkoxy
group having 1 to 15 carbon atoms at the terminal include a methoxy group, an ethoxy group, a
propoxy group, an isopropoxy group, a n-, iso-, sec- or a tert-butoxy group, a pentyloxy group, a
hexyloxy group, a heptyloxy group, an octyloxy group, a 2-ethylhexyloxy group, a nonyloxy group, a
decyloxy group, an undecyloxy group, a dodecyloxy group, a tridecyloxy group, a tetradecyloxy group,
and a pentadecyloxy group.  [0014]        Examples of the alkoxy group (b) include alkoxy group having
1 to 15 carbon atoms which are the same as those provided as examples for the aforementioned
polyether group (a). [0015]        Examples of the aforementioned alkoxyalkyl group (c) include alkyl
groups having 1 to 4 carbon atoms substituted with alkoxy groups having 1 to 15 carbon atoms.
Examples of the alkoxy groups having 1 to 15 carbon atoms include those provided as examples for
the aforementioned polyether group (a), and examples of the alkyl group having 1 to 4 carbon atoms
include a methyl group, an ethyl group, a nor iso-propyl group, and a n-, sec-, iso-, or tert-butyl group.
[0016]        Examples of the alkyl group (d) that the thiophene repeating unit (a) has include linear or
branched alkyl groups having 1 to 15 carbon atoms, e.g., a methyl group, a n- or iso-propyl group, a
n-, iso-, sec- or tert-butyl group, a nor iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl group, a
cyclohexyl group, a n- or iso-heptyl group, a n- or iso-octyl group, a 2-ethylhexyl group, a n- or
iso-nonyl group, a n- or iso-decyl group, a n- or iso-undecyl group, a n- or iso-dodecyl group, a n- or
iso-tridecyl group, a n- or iso-tetradecyl group, and a n-, or iso-pentadecyl group. The alkyl group (d)
may be an alkyl group substituted with  the aforementioned polyether group (a). Specifically, linear or
branched alkyl groups having 1 to 15 carbon atoms substituted with the aforementioned polyether
group (a) are mentioned. [0017]        One preferred from the viewpoint of electrical conductivity as the
thiophene repeating unit (a) that the substituted polythiophene (P) in the present invention has is a
repeating unit (al) represented by the following general formula (1), a repeating unit (a2) represented
by the following general formula (2), or a repeating unit (a3) represented by the following general
formula (3). [0018] [Chemical formula 1]   
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The efectroconduct íve coating composition (A) of the

present .invention comprises a substituted polythíophene (P) and

a dopant (D) , said substituted polythiophene (P) having

thiophene repeating units at least some of which are each a

thiophene repeating unit (c¿) substituted at the 3-position

and/or the 4-position of its thiophene ring with (a) a polyether

group that comprises 1to 9 oxyalkyfene group having 2 to 4 carbon

atoms as repeating units and that has an alkoxy group having

1 to 15 carbon atoms at one terminaf, (b) an alkoxy group, (c)

an alkoxyalkyl group, or (d) an alkyl group substituted or

[0019]         OR' and OR4 in the above general formula (1) or (2) each independently represent an
oxyethylene group or an oxypropylene group, and an oxyethylene group is preferred from the
viewpoint of electrical conductivity. [0020]        R2, R5, and R6 in the above general formulae (1)
through (3) each independently represent a linear or branched alkyl group having 1 to 12 carbon
atoms (e.g., a methyl group, a nor iso-propyl group, a n-, iso-, sec- or tert-butyl group, a n- or
iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl group, a cyclohexyl group, a n- or iso-heptyl
group, a n- or iso-octyl group, a 2-ethylhexyl group, a n- or iso-nonyl group, a n- or iso-decyl group, a
n- or iso-undecyl group, and a n-, or iso-dodecyl group). [0021]        When the below-described n is 1
or more, groups preferred as R2 from the viewpoint of electrical conductivity are linear or branched
alkyl groups having 1 to 6 carbon atoms and more preferably linear or branched alkyl groups having 1
to 4 carbon atoms.        When n is 0, groups preferred as R2 from the viewpoint of electrical
conductivity are linear or branched alkyl groups having 3 to 12 carbon atoms and more preferably
linear or branched alkyl groups having 6 to 12 carbon atoms. [0022]         When the below-described m
is 1 or more, groups preferred as R5 from the viewpoint of electrical conductivity are linear or
branched alkyl groups having 1 to 6 carbon atoms and more preferably linear or branched alkyl groups
having 1 to 4 carbon atoms.        When m is 0, groups preferred as R5 from the viewpoint of electrical
conductivity are linear or branched alkyl groups having 3 to 12 carbon atoms and more preferably
linear or branched alkyl groups having 6 to 12 carbon atoms. [0023]        Groups preferred as R6 from
the viewpoint of solubility in solvents and electrical conductivity are linear or branched alkyl groups
having 3 to 12 carbon atoms and more preferably linear or branched alkyl groups having 6 to 12
carbon atoms. [0024]        R3 in the .above general formula (2) represents a linear or branched
alkylene group having 1 to 4 carbon atoms (e.g., a methylene group, a 1,2- or 1,3-propylene group,
and a 1,2-, 1,3-, 2,3- or 1,4-butylene group), and groups preferred from the viewpoint of solubility in
solvents and electrical conductivity are linear or branched alkylene groups having 1 to 3 carbon atoms
and more preferably linear or branched alkylene groups having 1 or 2 carbon atoms. [0025] n and m in
the above general formula (1) or (2) are each 
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at the terminal ìnclude a methoxy group, an ethoxy group/ a

propoxy group, an isopropoxy group, a n-, iso-, sec- or a
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and a pentadecyloxy group.

independently an integer of 0 to 5. From the viewpoint of solubility in solvents and electrical
conductivity, n is preferably 1 to 5, more preferably 2 to 5. From the viewpoint of solubility in solvents
and electrical conductivity, m is preferably 0 to 4, and m is more preferably 0 to 3. [0026]        The
substituted polythiophene (P) in the present invention may consist only of the above-described
thiophene repeating units (a) or alternatively may contain thiophene repeating units that are not
substituted. [0027]        From the viewpoint of solubility in solvents, the content of the above-described
thiophene repeating units (a) in the substituted polythiophene (P) is preferably 50 to 100% by weight,
more preferably 60 to 100% by weight, and particularly preferably 70 to 100% by weight based on the
weight of the substituted polythiophene (P). [0028]        The substituted polythiophene (P) in the
present invention can be. synthesized by a known method, such as anionic polymerization or oxidative
polymerization of monomers corresponding to respective repeating units. [0029]        Examples of a
monomer corresponding to the above-described thiophene repeating unit (a) include  thiophenes
substituted with a polyether group (a), an alkoxy group (b), an alkoxyalkyl group (c) or an alkyl group
(d) at the 3-position and/or the 4-position of its thiophene ring and also substituted with a halogen
atom at the 2-position and 5-position.        Thiophene is mentioned as a monomer corresponding to
the unsubstituted thiophene repeating unit. [0030]        From the viewpoint of coatability, the content of
the substituted polythiophene (P) in the electroconductive coating composition (A) is preferably 0.1 to
20% by weight, more preferably 1.0 to 6.0% by weight based on the weight of the electroconductive
coating composition (A). It is undesirable that the content of the substituted polythiophene (P) is
excessively large because if so an agglomerate will be generated, resulting in deterioration of
application property. It is undesirable that the content of the substituted polythiophene (P) is
excessively small because if so it will become difficult to form a uniform coating film. [0031]
Examples of the dopant (D) that the electroconductive coating composition (A) of the present invention
contains inorganic acids (e.g., sulfuric acid and nitric acid), halogen ions (e.g., iodine, bromine, and
chlorine), halide ions (e.g., tetrafluoroboron and perchloric acid) , quinone compounds [e.g.,
chloranilic acid, p-chloranil, p-benzoquinone, p-quinonedioxime, dichlorodicyanoquinone (DDQ),
p-naphthoquinone, anthraquinone, chloroanthraquinone, and p-toluquinone), alkyl-substituted organic
sulfonic acid ions (e.g., methanesulfonic acid and dodecylsulfonic acid), cyclic sulfonic acid ions (e.g.,
camphorsulfonic acid ion), alkyl-substituted or unsubstituted benzenemono- or benzenedi-sulfonic acid
ions (e.g., benzenesulfonic acid, paratoluene sulfonic acid, dodecylbenzenesulfonic acid, and
benzenedisulfonic acid), alkyl-substituted or unsubstituted ions of naphthalenesulfonic acids having 1
to 4 sulfonic acid groups (e.g., 2-naphthalenesulfonic acid and 1,7-naphthalenedisulfonic acid), an
anthracenesulfonic acid ion, an anthraquinonesulfonic acid ion, alkyl-substituted or unsubstituted
biphenylsulfonic acid ions (e.g., alkylbiphenylsulfonic acid and biphenyldisulfonic acid), and
alkyl-substituted or unsubstituted aromatic polymeric sulfonic acid ions (e.g., polystyrenesulfonic acid
and naphthalenesulfonic acid-formalin condensates). 
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Examples of the alkoxy group (b) include aÌkoxy group

having 1 to 15 carbon atoms which are the same as those provided

as examples for the aforementioned polyether group (a) -
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Examples of the aforementioned alkoxyalkyl group (c)

include alkyl groups having I to 4 carbon atoms substituted with

alkoxy groups having I to 15 carbon atoms.

Examples of the alkoxy groups having 1to 1,5 carbon atoms

include those provided as examples for the aforementioned

polyether group (a), and examples of the alkyl group having 1

to 4 carbon atoms include a methyl group, an ethyl group' a n-

or iso-propyf group, and a n-, sec-, iso-, or tert-butyl group.
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Examples of the alkyl group (d) that the thiophene

repeating unit (cx,) has include linear or branched alkyl groups

having 1to 15 carbon atoms, e.9., a methyf group, a n- or

iso-propyl group, a n-, iso-, sec- or tert-butyl group, a n-

or iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl

group, a cyclohexyÌ group, a n- or iso-heptyl group, a n- or

iso-octyl group, a 2-ethylhexyl group, a n- or iso-nonyl gr.oup'

a n- or iso-decyl group, a n- or iso-undecyl group, a n- or

iso-dodecyl group, a n- or iso-tridecyÌ group, a n- or

iso-tetradecyÌ group, and a n-, or iso-pentadecyl group.

The alkyl group (d) may be an alkyl group substituted with

Among these, preferred from the viewpoint of electrical conductivity are inorganic acids and quinone
compounds, more preferably chloranilic acid and sulfuric acid, and particularly preferably sulfuric acid.
As to the dopant (D), a single species may be used, or alternatively, two or more species maybe used
in combination.  [0032] The substituted polythiophene (P), which is an electroconductive polymer,
donates an electron to a dopant (D) to form a charge transfer complex together with the dopant (D).
Since such a charge transfer complex develops electrical conductivity as a carrier of electrons, the
higher the concentration of the dopant (D) the better. However, if the concentration is excessively high,
the electrical conductivity will deteriorate. Therefore, the used amount of the dopant (D) is preferably 5
to 300% by weight, more preferably 10 to 150% by weight relative to the substituted polythiophene (P).
[0033]        The regioregularity (RR) of the substituted polythiophene (P) in the present invention is
usually 50% or more, and from the viewpoint of electrical conductivity, it is more preferably 80% or
more, even more preferably 90% or more. [0034]        The definition of the regioregularity (RR) in the
present invention is described below.        The bond of the substituted polythiophene (P) includes four
types as illustrated in the following formulas Bl through B4, i.e., a HT-HT linkage (B1), a TT-HT linkage
(B2), a HT-HH linkage (B3), and a TT-HH linkage (B4). As used herein, HT is an abbreviation of
head-to-tail, TT is an abbreviation of tail-to-tail, and HH is an abbreviation of head-to-head.  [0035]
[Chemical formula 2]  (B1)(B2)  (B3)(B4) 
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general formu.La (2), or a repeating unit (cr3) represented by

the folfowing general formula (3) .
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lChemical formula 1l

(1)

(21

[001e]

(3)

[0036]        R in the chemical formulae of the foregoing four bond types represents a polyether group
(a), an alkoxy group (b), an alkoxyalkyl group (c), or an alkyl group (d). [0037]        The regioregularity
(RR) in the present invention is defined by the ratio (%) of HT-HT linkages (head-to-tail-head-to-tail
linkage) in a substituted polythiophene (P) and it is calculated by the following expression (1):
Regioregularity (RR) - Blx100/(B1+32+83+B4) (1) wherein Bl represents the number of HT-HT
linkages, 62  represents the number of TT-HT linkages, 33 represents the number of HT-HH linkages,
and 34 represents the number of TT-HH linkages. [0038]        Specifically, since the protons that these
bonds have each exhibit their unique chemical shifts (6) in nuclear magnetic resonance spectrometry
(1H-NMR), it can be calculated from the integrals of the chemical shifts corresponding to the four types
of bonds.        In the case of s polythiophene derivative having a repeating unit (GO) represented by
general formula (3), 31:5 =6.98, B2:5=7.00, B3:6=7.02, and B4 :6 = 7.05 are specifically exhibited.
Therefore, integrals Si, S2, S3, and S4 at chemical shifts peculiar to Bl, 32, 33, and 34 are calculated,
and then a regioregularity (RR) is calculated by the following formula (2) using the ratio (%) of the
integral Si at the chemical shift peculiar to Bl relative to the sum total of those integrals.
Regioregularity (RR) = Slx100/(S1+S2+53+S4) (2) [0039]        The electroconductive coating
composition (A) of the present invention further comprises an organic solvent.        In order to obtain a
homogenous solution containing no precipitate, it is preferred to use as the organic solvent a good
solvent of the substituted polythiophene (P) and an alcohol solvent, which is a good solvent of the
dopant (D), with these  solvents mixed. [0040]        Examples of the good solvent of the substituted
polythiophene (P) include chlorine-containing, amide-based, ether-based, aromatic
hydrocarbon-based, alcohol-based, ketone-based, or sulfur-containing solvents having 1 to 10 carbon
atoms, andpreferredare chloroform, methylene chloride, dimethylformamide, N-methylpyrrolidone,
tetrahydrofuran (hereinafter abbreviated as THF), 1,3-dioxolane, toluene, methanol, acetone, methyl
ethyl ketone, y-butyrolactone, cyclopentanone, cyclohexanone, dimethyl sulfoxide, and their mixtures.
From the viewpoint of resistance to sulfuric acid, THF, 1,3-dioxolane, methanol, and dimethyl sulfoxide
are preferred. [0041] 



oRt and oR4 ln the above general formula (1) or (2) each

independently represent an oxyethy.Lene group or an oxypropylene

group, and an oxyethylene group is preferred from the viewpoint

of electrical conductivity.

t00201

R', R', and R6 ln the above generaÌ formufae (1) through

(3) each independently represent a linear or branched alkyÌ

group having 1to 12 carbon atoms (e.9., a methyl group, a n-

or iso-propyl group, a n-, iso-, sec- or tert-butyl group, a

n- or iso-pentyl group, a cyclopentyf group, a n- or iso-hexyl

g.roup, a cyclohexyl group, a n- or iso-heptyl group, a n- or

iso-octy.l group, a 2-ethylhexyf group, a n- or iso-nonyl group¡

a n- or iso-decyl group, a n- or ìso-undecyl group' and a n-,

or iso-dodecyl group ) .

100211

When the below-described n .is I or more' groups preferred

as R2 from the viewpoint of electrícaf conductivity are finear

or branched alkyl groups having I to 6 carbon atoms and more

preferabÌy linear or branched alkyl groups having 1to 4 carbon

atoms.

when n is 0, groups preferred as R2 from the viewpoint

of efectrical conductívity are 11near or branched aÌkyf groups

having 3 Lo 12 carbon atoms and more preferably linear or

branched alkyl groups having 6 to 12 carbon atoms.

l0o22l
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Examples of the alcohol solvent to be used in admixture include methanol, ethanol, 2-propanol, and
ethylene glycol. Among these, preferred from the viewpoint of dissolution stability are methanol,
ethanol, and 2-propanol. [0042]        When producing an electroconductive coating film using the
electroconductive coating composition (A) of the present invention, it is necessary to remove such a
solvent. In the case of a low-boiling point solvent, the solvent is removed by spontaneous drying at
normal temperature or heat drying by air  circulation, whereas in the case of a high-boiling point
solvent, heat drying using a vacuum dryer is preferred. [0043]        Since the electroconductive coating
composition (A) of the present invention is superior in solubility in solvents and electrical conductivity,
it is suitable especially as an electrode for solid electrolytic capacitors. [0044]        As described above,
a capacitor having an electrode (negative electrode) produced by forming a porous coating film by
etching an oxidized coating film of aluminum or the like and then forming an electroconductive polymer
layer on a surface of the porous coating film has been used in a solid electrolytic capacitor that is
required to exhibit a reduced impedance in a high frequency region. However, conventional methods,
such as a method of applying a dispersion liquid containing a precursor monomer of an
electroconductive polymer and a method of applying a solution prepared by dissolving a polypyrrole,
an electroconductive polymer, in a solvent using dodecylbenzenesulfonic acid as a dopant, are
problematic in that capacitor production efficency is very low and the capacitance of a capacitor
cannot be increased efficiently. [0045]        In contrast to this, since the electroconductive coating
composition (A) of the present invention has been dissolved in  an organic solvent and is high in
electrical conductivity, it is possible to impregnate a porous coating with an electroconductive polymer
by a simple process, thereby efficiently increasing the capacitance of a capacitor. [0046]        By
performing heating treatment after applying the electroconductive coating composition (A) of the
present invention to a substrate, it is possible to obtain an electroconductive coating film that is
superior in heat resistance and develops only a small, if any, decrease in electrical conductivity even
under high temperature conditions. [0047]        Examples of the method for applying the
electroconductive coating composition (A) to the substrate include a spin coating method, a drop
casting method, a dip coating method, and a method comprising immersing the substrate in the
electroconductive coating composition (A). Examples of the substrate include plastics, glass, metal,
rubber, ceramics, and paper. [0048]        From the viewpoint of electrical conductivity, the thickness of
the electrocondutive coating film to be formed on a substrate surface is preferably 0.05 to 100 pm,
more preferably 0.1 to 50 pm. If the coating film is thinner than 0.05 pm, sufficient electrical
conductivity may not be obtained.  



When the bef or,¡-des cribed m is I or more, groups preferred

as Rs from the viewpoint of electricaf conductivity are Ìinear

or b'ranched alkyl groups having 1 to 6 carbon atoms and more

preferabÌy linear or branched alkyl groups having 1to 4 carbon

atoms.

i{hen m is 0, groups preferred as Rs from the viewpo.int

of electrical conductivity are finear or branched alkyl groups

having 3 lo 12 carbon atoms and more preferably linear or

branched atkyl qroups havíng 6 Lo L2 carbon atoms.

t00231

Groups preferred as R6 from the viewpoint of solubility

in solvents and electr.ical conductivity are finear or branched

alkyl groups having 3 tÕ 12 carbon atoms and more preferably

linear or branched a1kyl groups having 6lo 12 carbon atoms.

la02 4l

R3 in the above generaf for.mu.La (2) represents a finear

or branched alkylene group having 1to 4 carbon atoms (e.9.,

a methylene group, a I,2- or 1,3-propyfene group, and a 1,2-,

1,,3-, 2,3- or 1,4-butylene group) , and groups preferred from

the viewpoint of solubility in solvents and electricaf

conductivity are linear or branched a.Ikylene groups having 1

to 3 carbon atoms and more preferably línear or branched

alkylene groups having I or 2 carbon atoms.

t002sl

n and m in the above generaf formula (1) or (2) are each

11

A thickness exceeding 100 pm may cause a problem, for example, that cracking or peeling occurs
easily in forming process. [0049]        In order to obtain an electroconductive coating film superior in
heat resistance, the heat treating temperature is preferably 100 to 190C, more preferably 110 to 170C.
In the case of a temperature lower than 100C, sufficient strength and electrical conductivity may not be
obtained. In the case of a temperature higher than 190C, electrical conductivity may deteriorate.
[0050]        While the heating time is chosen appropriately depending upon the heating temperature,
the concentration of the substituted polythiophene (P) in the electroconductive coating composition (A)
to be used for the production of a coating film, and the thickness of the coating film to be produced, it
is usually 0.5 to 8 hours, preferably 1 to 4 hours. If the heating time is excessively short, the
performance of the aforementioned coating film may not be sufficient. [0051]        The
electroconductive coating film in the present invention is characterized in that it exhibits only a small, if
any, decrease in electrical conductivity under high temperature conditions, and specifically, the
retention rate of electrical conductivity after heating at 125C for 240 hours  in a test of heat resistance
evaluation is preferably 10 to 100%, more preferably 30 to 100%. [0052]        In the present invention,
the "retention rate of electrical conductivity (%) " is defined by a ratio (%) of an electrical conductivity
after a heat resistance test (or) to an electrical conductivity before the test (Go) and is expressed by
the following formula.        Retention rate of electrical conductivity (%) = Glx100/00 wherein Go
represents an electrical conductivity of a coating film measured at room temperature (typically at 25C;
the same is applied hereinafter) before a heat resistance test (at 125C, for 240 hours), and al
represents an electrical conductivity of the coating film measured after cooling to room temperature
after the heat resistance test. [0053]        Eelectroconductive coating films obtained by the production
process of the present invention are superior in electrical conductivity and heat resistance and
therefore are preferred as an electrolyte for solid electrolytic capacitors, an antistatic agent, an
anticorrosive, an electroconductive paint, an electroconductive transparent electrode material, a
plating primer, and so on. EXAMPLES  [0054]        The present invention is further described by
means of the following examples and comparative examples, but the invention is not limited thereto. In
the following, "part(s)" means "part(s) by weight". [0055] <Production Example 1> Synthesis of
poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] (P-1) 



independently an integer of 0 to 5. From the viewpoint of

soÌubility 1n solvents and efectricaf conductivity. n is

preferably 1 to 5, more preferably 2 to 5. From the viewpo.int

of solubiÌity in solvents and electrical conductivity' n is

preferabfy 0:-o 4, and m is more preferably 0 to 3.

1002 6l

The substituted pofythiophene (P) in the present

inventlon may consist only of the above-described thiophene

repeatlng units (c¿) or alternatively may contain thiophene

repeating units that are not substituted.

14021 I

From the viewpoint of solubility in solvents, the content

of the above-described thiophene repeating units (c¿) in the

substituted polythiophene (P) is preferably 50 to 100? by weight,

more preferably 60 to 100% by weight, and particularly

preferably 70 to 100% by weight based on the weíght of the

substituted polythiophene (P) .

t00281

The substituted polythiophene (P) in the present

invention can bé synthesized by a known method, such as anionic

polymerization or oxidative polymerization of monomers

corresponding to respective repeating units.

l0o29l

Examples of a monomer corresponding to the

above-described thiophene repeating unit (cr) incfude

I2

(1) Synthesis of 3-(1,4,7,10-tetraoxaundecyl) thiophene:        In 50 parts of N,N-dimethylformamide
was dispersed 6.0 parts of sodium hydride (one having been dispersed in paraffin in a concentration of
60% by weight), and then 36.9 parts of triethylene glycol monomethyl ether was dropped thereto.
Bubbles were generated in the reaction solution and the solution became cloudy. When the generation
of bubbles was settled, 24.5 parts of 3-bromothiophene and 2.0 parts of copper(I) bromide were added
in order to the reaction solution. The reaction solution was heated to 110C and a reaction was carried
out for 2 hours. After the completion of the reaction, the reaction solution was allowed to cool down to
room temperature. Following addition of 50 parts of a 1M aqueous ammonium chloride solution, the
mixture was moved to a separatory funnel using 50 parts of ethyl acetate and then the aqueous layer
was separated. Further, the organic layer was washed twice with 30 parts of distilled water and then
ethyl acetate was distilled  off, so that 34.0 parts of 3-(1,4,7,10-tetraoxaundecyl)thiophene was
obtained. [0056]  (2) Synthesis of 2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene:        In 40 parts
of THE' were dissolved 7.4 parts of the aforementioned 3-(1,4,7,10-tetraoxaundecyl)thiophene and
10.7 parts of N-bromosuccinimide, which were then reacted at room temperature for 2 hours. A
precipitate was removed with a glass filter using 50 parts of ethyl acetate, and THE' and ethyl acetate
were then distilled off. By purifying the resulting mixture with a silica gel column, 10.5 parts of
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene was obtained. [0057]  (3) Synthesis of
poly[3-(1,4,7,10-tetraoxaundecyl)thiophene]:        After dissolving 8.1 parts of the aforementioned
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene in 150 parts of THE', 21 parts of 1 M/L
methylmagnesium bromide solution in THE' was added and then a reaction was performed at 75C for
30 minutes. To the reaction solution was added 0.1 parts of
[1,3-bis(diphenylphosphino)propane]-dichloronickel (II), and then a reactwasperformedforadditional5
hours still at 75C. After allowing the reaction solution to cool down to room  temperature, 20 parts of
methanol was added. After distilling off a solvent, the reaction mixture was moved to a Soxhlet
extractor and was washed in order with 150 parts of methanol and 150 parts of hexane. Finally, the
residue was subjected to extraction using 150 parts of chloroform and then the solvent was distilled
off, so that 3.1 parts of poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] was obtained. The regioregularity
calculated by the above-described method using 1H-NMR was 96.3%. [0058] <Production Example
2>: Synthesis of poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] (P-2)        Experimental
operations were carried out which were the same as those of Production Example 1 except for
exchanging triethylene glycol monomethyl ether in (1) of Production Example 1 for hexaethylene glycol
monomethyl ether (produced by Tokyo Chemical Industry Co., Ltd.), so that 2.9 parts of
poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] having a regioregularity of 95.1% was obtained.
In exchanging triethylene glycol monomethyl ether for hexaethylene glycol monomethyl ether, the
experimental operations were carried out with the amounts of the raw materials were adjusted so that
the molar ratio of the reaction components and the weight ratio of the non-reaction components
(solvent etc.) might become equal to those in Production Example  1. The following Production
Examples 3, 4, and 6 were also performed in a similar way. 



thiophenes substituted with a polyethe.r qroLrp (a) | an alkoxy

group (b) , an alkoxyalkyf group (c) or an alkyl group (d) at

the 3-position and/or the 4-position of its thiophene ring and

afso substituted with a halogen atom at the 2-posìtion and

5-position.

Thiophene is mentioned as a monomer corresponding to the

unsubstituted thiophene repeating unit.

lo030l

From the viewpoint of coatability, the content of the

substituted polythiophene (P) in the electroconductive coating

composition (A) ís preferably 0.1 to 2A% by weíght, more

preferably 1.0 to 6.0?; by weight based on the weight of the

elect roconductive coating compositlon (A) . It is undesirable

that the content of the substituted pofythiophene (P) is

excessively large because if so an aggfomerate will be generated,

resulting in deterioration of application property. It is

undesirabfe that the content of the substituted polythiophene

(P) is excessively small because if so it wilf become difficuft

to form a uniform coating film'

[0031]

Examples of the dopant (D) that the efectroconductive

coating composition (A) of the present invention contains

inorganic acids (e.g., sulfuric acid and nitric acid) ' haloqen

ions (e.g., iodine, bromine, and chlorine), halide ions (e.g' 
'

tetrafluorob'oron and perchlorlc acid) , quinone compounds le - g ' ,

13

[0059] <Production Example 3>: Synthesis of poly(3-heptyloxythiophene) (P-3)        Experimental
operations were carried out which were the same as those of Production Example 1 except for
exchanging triethylene glycol monomethyl ether in (1) of Production Example 1 for 1-heptanol, so that
2.7 parts of poly(3-heptyloxythiophene) having a regioregularity of 95.4% was obtained. [0060]
<Production Example 4>: Synthesis of poly(3-dodecylthiophene) (P-4)        Experimental operations
were carried out which were the same as those of Production Example 1 except for exchanging
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene in (3) of Production Example 1 for
2,5-dibromo-3-dodecylthiophene (produced by Aldrich), so that 3.5 parts of poly (3-dodecylthiophene)
having a regioregularity of 96.4% was obtained. [0061] <Production Example 5>: Synthesis of
poly{3-(2,5-dioxaheptyl)thiophene} (P-5) (1) Synthesis of 3-bromomethylthiophene:          After
dissolving 5 parts (50 . 9 mmol) of 3-methylthiophene [produced by Tokyo Kasei Kogyo Co., Ltd.], 9.97
parts (56.0 mmol) of N-bromosuccinimide, and 0.12 parts (0.50 mmol) dibenzoyl peroxide [produced
by Tokyo Kasei Kogyo Co., Ltd.] in 30 parts of benzene, the temperature was raised to 100C and then
a reaction was carried out for 4 hours. After the completion of the reaction, the resultant was allowed
to cool down to room temperature. Following addition of 30 parts of a 1M aqueous sodium thiosulfate
solution, the mixture was moved to a separatory funnel and then the aqueous layer was separated.
Further, the organic layer was washed twice with 30 parts of distilled water and then benzene was
distilled off, so that 6.32 parts (35.7 mmol) of 3-bromomethylthiophene was obtained. [0062] (2)
Synthesis of 3-(2,5-dioxaheptyl)thiophene:        In 15 parts of THF was dissolved 3.54 parts (39.3
mmol) of 2-ethoxyethanols, and sodium hydride (60% dispersion in paraffin) was added thereto. 6.32
parts (35.7 mmol) of the aforementioned 3-bromomethyl thiophene was dissolved in 15 parts of THF
and was dropped over 2 hours. The temperature was raised thereafter to 100C and a reaction was
performed for 4 hours. After the completion of the reaction, the resultant was allowed to cool down to
room temperature. Following addition of 30 parts of distilled water, the mixture was moved to a 



chÌoraniÌic acid, p-chloranil, p-ben zoquinone '
p-quinonedioxlme, dichLorodicyanoquinone (DDQ),

p-naphthoquinone, anthraquinone, chloroanthraquinone, and

p-toluqulnone) , afkyl-substituted organìc sulfonic acid ions

(e.g., methanesuffonic acid and dodecylsulfonlc acid) , cycfic

suffonlc acid ions (e.g., camphorsu.l f oni c acid ion) ,

al kyl - subst ituted or unsubstituted benzenemono- or

benzenedi - sul fonic acid ions (e ' g., benzenesulfonic acid,

paratoluene suffonic acid, dodecylben zene sul fonic acid, and

benzenedi sut fonic acid) , al kyt - substituted or unsubstituted

ions of naphtha fene sul fonic acíds hav.ing 1to 4 suffonic acid

groups (e.g., 2 -naphthafenesu.I fonic acid and

1,7-naphtha.Ienedisuffonic acid) , an anthracene suÌ fonic acid

ion, an anthraqulnone sul foni c acid ion, al kyl - substituted or

unsubstituted bìphenyl suf foni c acid ions (e.g-.

al kylbiphenyL sul fonic acid and bíphenyldi suf fonic acid) ' and

al kyl - substituted or unsubstituted aromatic po11'meric

sulfonic acid ions (e.g., poÌystyrene suf foni c acid and

naphlhalene sul fonic acid-formalin condensates) .

Among these, preferred from the viewpoint of electrical

conductivity are inorganic aclds and quinone compounds, more

preferabÌy chloranilic acid and sulfuric acíd, and particularly

pref erab.Ly sulfuric acid '

As to the dopant (D) . a single species may be used, or

alternatively, two or more species rnay be used in combination'

l4

separatory funnel and then the aqueous layer was separated. Further, the organic layer was washed
twice with 30 parts of distilled water and then THF was distilled off and the resulting mixture was
purified with a silica gel column, so that 5.68 parts (30.5 mmol) of 3-(2,5-dioxaheptyl)thiophene was
obtained. [0063] (3) Synthesis of 2,5-dibromo-3-(2,5-dioxapentyl)thiophene:        In THF were
dissolved 5.68 parts (30.5 mmol) of the aforementioned 3-(2,5-dioxaheptyl)thiophene and 11.9 parts
(67.1 mmol) of N-bromosuccinimide, which were then reacted at room temperature for 2 hours. A
precipitate was removed with a glass filter using 50 parts of ethyl acetate, and THF and ethyl acetate
were then distilled off. By purifying the resulting mixture with a silica gel column, 8.11 parts (23.6
mmol) of 2, 5-dibromo-3- (2, 5-dioxaheptyl) thiophene was obtained. [0064] (4) Synthesis of
poly{3-(2,5-dioxaheptyl)thiophene} (2-5): After dissolving 8.11 parts (23.6 mmol) of the aforementioned
2,5-dibromo-3-(2,5-dioxaheptyl)thiophene in 30 parts of THF, 25 parts of methylmagnesium bromide
solution in THF was added and then a reaction was performed at 75C for 30 minutes. To the reaction
solution was added 0.127 parts of [1,3-bis(diphenylphosphino)propane]-dichloronickel (II), and  then a
react was performed for additional 2 hours still at 75C. After allowing the reaction solution to cool down
to room temperature, 5 parts of methanol was added. The reaction mixture was moved to a Soxhlet
extractor and was washed in order with 150 parts of methanol and 150 parts of hexane. Finally, the
residue was subjected to extraction using 150 parts of chloroform and then the solvent was distilled
off, so that 2.85 parts of poly{3-(2,5-dioxaheptyl)thiophene} having a regioregularity of 94.6% was
obtained. [0065] <Production Example 6>: Synthesis of poly{3-(2,5-dioxahexyl)thiophene} (P-6)        In
the same manner as in Production Example 5 except for using 2.99 parts of 2-methoxyethanol
[produced by Tokyo Kasai Kogyo Co., Ltd.] instead of 3.54 parts of 2-ethoxyethanol, 2.40 parts of
poly{3-(2,5-dioxahexyl)thiophene} having a regioregularity of 95.8% was obtained. 



[0032]

The substítuted polythiophene (P), whìch is an

e lect roconduct ive polymer, donates an efectron to a dopant (D)

to form a charge transfer complex together with the dopant (D) .

Since such a charge transfer complex develops electrical

conductivity as a carrìer of electrons, the higher the

concentration of the dopant (D) the better. However, if the

concentration is excessively high, the electrical conductivity

lvilf deteriorate. Therefore, the used amount of the dopant (D)

is preferably 5 to 300% by weight, more preferably 10 to 150?

by weìght relative to the substituted polythiophene (P) .

t0033l

The regioregularity (RR) of the substituted

polythiophene (P) in the present invention is usually 50? or

more, and from the viewpoint of electrical conductivity, it is

more preferably 80% or more, even more preferably 90% or more.

t00341

The definítion of the regioregularity (RR) in the present

invention is described below.

The bond of the substituted polythiophene (P) includes

four types as iflustrated in the following formulas Bl through

F-4, i.e., a HT-HT línkage (81), a TT-HT Linkage (82), a HT-HH

linkage (83), and a TT-HH linkage (84). As used herein, HT is

an abbreviation of head-to-tail, TT is an abbreviation of

taif-to-taif, and HH is an abbreviation of head-to-head.
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[0066] <Comparison Production Example 1>: Synthesis of a polyaniline aqueous dispersion        To an
aqueous solution prepared by mixing 0.49 g (5.0 mmol) of sulfuric acid and 25.9 g of water was added
0.93 g (10 mmol) of aniline, and further 20.1 g (30 mmol) of a 30% by weight aqueous solution of
poly(ammonium styrenesulfonate) having a molecular weight of 120,000 was added. The pH of the
aqueous  solution was 4.0. After cooling to 0C, an aqueous solution prepared by dissolving 1.14 g (5
mmol) of ammonium persulfate in 10 g of water was dropped over 30minutes, followed by stirring for 2
hours. During the reaction, pH was kept within a range of 2 to 5 by dropping concentrated ammonia
water. After the completion of the reaction, the resultant was poured into 300 ml of acetonitrile, and the
precipitate formed was washed with isopropanol, collected by filtration, and dried, so that 5.8 g of a
water dispersible polyaniline composition was obtained. The resulting water dispersible polyaniline
composition (2 g) was dissolved in 98 g of water to form a polyaniline aqueous dispersion. [0067]
<Examples 1 to 12>        Electroconductive coating compositions (A-1) to (A-12) of the present
invention were obtained by blending the electroconductive polymers (P-1) to (P-6) obtained in
Production Examples 1 to 6, the dopants and the organic solvents provided in Table 1 in the weight
ratios provided in Table 1.  [0068] [Table 1]  Example 1 Example 2 Example 3 Example 4 



t003sl

fChemical formufa 2l

(82)

G4)G3)

RRRR_J -J \_ _l
-lt \---,,s\-/ \- -lt \----,s-.t-J \-
^rr--\_1 s7 -rr-\__1. s7a* 1*

(81)

RR_J \_ \_ \_<,\'>{,}- -{|}{'rÉÞa* 1o

[0036]

R in the chemical formufae of the foregoing four bond

types represents a poÌyether group (a), an alkoxy group (b)'

an alkoxyalkyÌ group (c) , or an alkyl group (d) .

[0037]

The regioregularity (RR) in the present invention is

defined by the ratio (å) of HT-HT linkages

(head-to-taif -head-to-tail linkage) ìn a substituted

polythiophene (P) and lt is calculated b'y the following

expression (1) :

Regioregularity (RR) - 81x100,/ (81+82+B3+84) (1)

wherein B!- represents the number of HT-HT linkages. B2

L6

Example 5 Example 6 Example 7 Example 8 Example 9 Example 10 Example 11 Example 12  (A-1)
(A-2) 



represents the number of TT-HT linkages, B3 represents the

number of HT-HH linkages. and B4 represents the number of TT-HH

linkages.

t0o38l

Specifically, since the protons that these bonds have

each exhibit their unique chemical shifts (ð) in nucLear

magnetic resonance spectrometry (1H-uun) , ít can be cafcufated

from the integrafs of the chemícal shifts corresponding to the

four types of bonds.

In the case of s polythìophene derivative having a

repeating unit (cr3) represented by general formufa (3), 81:õ

: 6.98, 82:ð : 7.00, B3 :õ :1.02, andB4:ð : 7-05 are specifically

exhibited. Therefore, integrals S!, 52, S3, and S4 at chemicaf

shifts peculiar to8L,82,83, and 84 are calculated, and then

a regioregularity (RR) is cafculated by the following formufa

(2) using the ratio (?) of the integraÌ S1 at the chemical shift

peculiar to 81 relatíve to the sum total of those integrafs.

Regioregularity (RR) : S1x100/ (S1+S2+S3+S4) (2)

[0039]

The e fect roconduct ive coating composition (A) of the

present invention further comprises an organic solvent-

In order to obtain a homogenous solution containing no

precipitate, it is preferred to use as the organic solvent a

good solvent of the substituted polythiophene (P) and an alcohof

sofvent, which is a good solvent of the dopant (D) , with these

t1

(A-3) (A-4) (A-5) (A-6) (A-7) (A-8) (A-9) (A-10) (A-11) (A-12) I Compounded ratio (parts by weight) 1
Electroconductive polymer (P-1)  1.0 1.0 1.0 1.0 



solvents mixed.

[0040]

Examples of the good solvent of the substituted

polythiophene (P) include chLorine-containing, amide-based,

elher-based, aromatic hydrocarbon-based, afcohol-based,

ketone-based. or suf fur-contaín.ing soÌvents having 1 to 10

carbon atoms, and preferred are chloroform, methylene chloríde,

dimethyLformamide, N-methyfpyrrolidone, tetrahydrofuran

(hereinafter abbreviated as THF) , 1,3-dioxolane, toluene,

methanol, acetone, methyl ethyl ketone, y-butyrofactone.

cycfopentanone, cyclohexanone/ dimethyl sulfoxide, and their

mixtures. From the viewpoint of resistance to suffuric acid'

THF, 1,3-dioxofane, methanoÌ, and dimethyf suf fox.ide are

preferred.

100411

Examples of the afcohoL solvent to be used in admixture

incfude methanol, ethanol, 2-propanol, and ethylene glycol.

Among these, preferred from the víewpolnt of dissolution

stabllity are methanol, ethanol, and 2-propanol.

l0a 421

When producing an efectroconductive coating filn using

the electroconductive coating composition (A) of the present

invention, it is necessary to remove such a sofvent. In the case

of a low-boiling point solvent, the sofvent is removed by

spontaneous drying at normal temperature or heat drying by air

18

1.0        (P-2)   -   1.0 1.0  1.0 



circufation, whereas ln the case of a high-b,oiling point soÌvent,

heat drying using a vacuum dryer is preferred.

[0043]

Since the electroconductive coating composition (A) of

the present invention is superior in solubility in sofvents and

efectricaf conductivity, it is suitable especially as an

electrode for solid efectrolytic capacitors.

t00441

As descrlbed above, a capacitor having an efectrode

(negative electrode) produced by forming a porous coating film

by etching an oxidized coating film of alum.inum or the Iike and

then form.ing an electroconduct 1ve po.Lymer layer on a surface

of the porous coating film has been used in a sofid electrolytlc

capacitor that is required to exhibit a reduced impedance in

a high frequency region. However, conventìonal methods, such

as a method of applying a d.ispersíon lìquid containinq a

precursor monomer of an e lectroconductive polymer and a method

of applying a solution prepared by dissolving a polypyrrole,

an e lect roconductive pof )¡mer, in a sofvent using

dodecyfbenzenesulfoní c acid as a dopant, are problematic in

that capacítor production efficency is very low and the

capacitance of a capacitor cannot be increased efficientÌy'

t00451

In contrast to this, since the efectrocolìduct ive coating

composition (A) of the present invention has been dissolved in

L9
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an organic sofvent and is high in electrical conductivity' it

is possible to impregnate a porous coating with an

e fect roconductive polymer by a simple process' thereby

efficientfy increasing the capacitance of a capacitor.

100461

By performing heatlng treatment after applying the

e fectroconduct ive coating composition (A) of the present

invention to a substrate, it ís possible to obtain an

e fectroconduct ive coating fifm that is superior in heat

resistance and develops only a small, if any, decrease in

electrical conductivity even under high temperature

conditions.

100 4't I

Exampfes of the method for applying the elect roconduct ive

coating composition (A) to the substrate include a spin coating

method, a drop casting method, a dip coating method, and a method

comprising immersing the substrate in the electroconduct ive

coating composition (A) . Examples of the substrate ìnclude

plastícs, g1ass, metaf, rubber, ceramics, and paper-

t00481

from the viewpoint of electrical conductivity, the

thickness of the e.Lectrocondutive coating film to be formed on

a substrate surface is preferably 0.05 to 100 pm' more

preferably 0.1 to 50 pm. If the coating film is thinner than

0. O5 pm. sufficient eÌectrical conductivíty may not be obtained.

20
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A thickness exceeding 100 pm may cause a problem, for example,

that cracking or peeling occurs easily ìn forming process.

t0o49l

In order to obtain an electroconductive coating f ilrn

superior .in heat resistance, the heat treating temperature is

preferably 100 to 190oC, more preferably 110 to 170'C. In the

case of a temperature lower than 100'C, sufficient strength and

electrical conductivity may not be obtained. In the case of a

temperature higher than 190'C, electrical conductivity may

deteriorate.

t00501

While the heating time is chosen approp.riately depending

upon the heating temperature, the concentration of the

substituted polythiophene (P) in the efectroconductive coating

composition (A) to be used for the production of a coating film'

and the thickness of the coating film to be produced' it is

usually 0.5 to I hours, preferably 1to 4 hours. If the heating

time is excessively short, the perforrnance of the

aforementioned coating fiÌm may not be sufficient '

[00s1]

The electroconduct ive coating fifm in the present

inventíon is characterized in that it exhibíts only a small'

if any, decrease in electrical conductivity under high

temperature condítions, and specifically, the retention rate

of e.lectricaf conductivity after heating at 125oC for 240 hours

2I
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in a test of heat resistance evaluatíon is preferably 10 to 100% '

more preferably 30 to 100%.

[00s2]

In the present invention, the "retention rate of

electrical conductívity (%) " is defined by a ratio (?) of an

electricaf conductivity after a heat resistance test (01) to

an electricaL conductivity before the test (oo) and is expressed

by the following formula.

Retention rate of electricaf conductivity (U ) : orx100/oo

wherein o¡ r€presents an electrical conductivity of a coating

film measured at room temperature (typically aL 25"C; the same

is applied hereinafter) before a heat resistance test (aL l25oC,

fox 240 hours), and o1 represents an electrical conductivity

of the coating film measured after coolìng to room temperature

after the heat .resistance test.

t00s3l

Ee fect roconductive coating films obtained by the

production process of the present invention are superior in

electricaf conductivity and heat resistance and therefore are

preferred as an electrolyte for solid electrolytic capacilors,

an antistatic agent, an anticorrosive, an ef ectroconduct.ive

paint, an efectroconduct ive transparent efeclrode material, a

plating primer, and so on.

EXAMP],ES
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t00s4l

The present ínvention is further described by means of

the following exampfes and comparative examples, but the

invention is not fimited thereto. In the following, "part(s)"

means "part (s) by weight".

100551

(Production Exampfe 1> Synthesis of

poly[3- (I, 4,1,10-tetraoxaundecyl) thiophene] (P-1)

(l-) Synthesis of 3- (L'4,1 ,10 -tet raoxaundecyl ) thiophene:

In 5O parts of N, N-dìmethyl formamide was dispersed 6.0

parts of sodium hydride (one having been dispersed in paraffin

in a concentration of 60% by weight), and then 36.9 parts of

triethyfene glycol monomethy.L ether was dropped thereto.

Bubbfes were generated in the reaction solution and the solution

becane cloudy. When the generation of bubbles was settÌed, 24.5

parts of 3 -bromothiophene and 2.0 parts of copper (I) bro¡nide

were added in order to the reaction sofution. The reacLion

so.Iution was heated to 110oC and a reaction \^Ias carried out for

2 hours. After the compfetion of the reaction, the reaction

solution was aflowed to coof down to room temperature.

Fol.Iowing addition of 50 parts of a lM aqueous ammonium chforide

solution, the mixture was moved to a separatory funnel using

50 parts of ethyl acetate and then the aqueous layer was

separated. Further, the organic layer was washed twice with

30 parts of distilfed water and then ethyl acetate was distiÌled
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off, so that 34.0 parts of

3- (L, 4, 7, 10 -tet raoxaundecyl ) thiophene was obtained.

[00s6]

(2) Synthesis of

2, 5-dibrono-3- (1, 4,7, 70-teLraoxaundecyl) thiophene:

In 40 parts of THF were dissofved 7-4 parts of the

aforementioned 3- (1,4,1 ,10 -tet raoxaundecyl ) thiophene and

10.7 parts of N-bromosuccinimide, which were then reacted at

room temperature for 2 hours. A precipitate was removed wíth

a gfass filter using 5O parts of ethyl acetate, and THF and ethyl

acetate were then distilfed off. By purifying the resufting

mixture with a silica gel coJ,umn, 10.5 parts of

2, 5-dibrono-3- (1, 4, 7, 10 -tet raoxaundecyl ) thiophene was

obtained.

t00s7l

(3) Synthesis of

poly [3- (I , 4 ,1 ,10 -teLraoxaundecyl ) thiophene ] :

After dissolving 8.1 parts of the aforementioned

2,5-dil¡romo-3- (1, 4 ,'7 ,I}-LeLraoxaundecyl ) thiophene ln 150

parts of THE, 2! parts of 1M/L methylmagnesium bromide sofution

in THE was added and then a reactíon was performed at 75oC for

30 minutes. To the reaction sofution was added 0-1 parts of

[1,3-bis ( diphenylphosphino ) propane ] -di chforonl c ke f (II)' and

then a react was performed for additionaf 5 hours stifl at 75'C.

After alfowing the reaction solution to coo.I down to room

2A

Organic solvent Chloroform -      50.0 50.0 50.0 50.0 50.0 50.0   Dimethylformamide   



temperature, 20 parts of methanol was added. After distilling

off a solvent, the reaction mixture was moved to a Soxhlet

extractor and was washed in order with 150 parts of methanof

and 150 parts of hexane. Eína11y, the residue was subjected to

extraction using 150 parts of chloroform and then the solvent

was distilled off, so that 3.1 parts of

polyf3- 1L,4,1 ,10 -tetraoxaundecyl ) thiophene I was obtaíned.

The regíoreguÌarity cafculated by the above-described method

using 1H-NMR was 96. 3%.

[00s8]

<Production Example 2): Synthesis of

poly t3- (1, 4,1,10, 13, 16, 19-heptaoxaeicosyl) thiophenel (P-2)

Experimental operations were carried out which were the

same as those of Production Example 1 except for exchanging

triethylene glycoÌ monomethyÌ ether in (1) cf Production

Example I for hexaethylene glycol monomethyf ether (produced

by Tokyo Chemical Industry Co., Ltd.), so that 2.9 parts of

polyt3- (I, 4,1, L0,13,16, 19-heptaoxaeicosyl) thiophenel having

a regioregularity of 95.1% was obtained.

In exchanglng triethylene glycol monomethy.L ether for

hexaethyÌene glycol monomethyl ether, the experimentaf

operations were carried out with the amounts of the raw

materia.ls were adjusted so that the molar ratio of the reaction

components and the weight ratio of the non-reaction components

(sofvent etc. ) might become equal to those in Production Example
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1. The following Production Examples 3, 4, and 6 were also

performed in a simìlar way.

t00sel

(Production Example 3): Synthesis of

poly (3 -heptyloxythiophene ) (P-3)

Experimentaf operations were carried out which were the

same as those of Productlon Example 1 except for exchangíng

triethylene glycol monomethyl ether in (1) of Productlon

Exampfe 1 for 1-heptanol, so that 2.1 paîts of

poly (3 -heptyloxythiophene ) having a regìoregularity of 95.42

was obtained.

t00601

(Production Example 4>: Synthesis of poly (3 -dodecylthiophene )

(P-4 )

Experimental operations were carried out which were the

same as those of Production Example 1 except for exchanging

2, 5 -dibromo- 3 - ( 1, 4 ,7 ,I}-lelraoxaundecyl ) thiophene in (3) of

Production Exampfe I for 2 ,S-dib'romo- 3 -dodecylthiophene

(produced by Aldrich), so that 3.5 parts of

poly (3 -dodecylthiophene ) having a regioregularity of 96.4U v.Ias

obtained.

100611

<Production Exampfe 5): Synthesis of

poly{ 3- (2 , 5-dioxaheptyf ) thiophene } (P-5)

(1) Synthesís of 3-bromomethyÌthiophene:
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After dissofving 5 parts (50. 9 mmoL) of 3 -methylthiophene

[produced by Tokyo Kasei Kogyo Co., Ltd.], 9-91 parts (56.0

runof) of N-bromosuccinimide, and 0.!-2 parts (0.50 mmol)

dibenzoyl peroxide lproduced by Tokyo Kasei Kogyo Co., Ltd'l

in 30 parts of benzene, the temperature r^ras ralsed to 100"C and

then a reaction was carried out for 4 hours. After the compLetion

of the reaction, the resuftant was alÌov.¡ed to cool down to room

temperature. Following addition of 30 parts of a lM aqueous

sodium thiosulfate solution, the mixture was moved to a

separatory funnel and then the aqueous layer was separated.

Eurther, the organic .Layer was washed twice wlth 30 parts of

distilled water and then benzene was distilled off, so that

6.32 parts (35.7 mmol) of 3 -bromomethylthiophene was

obtained.

l0a 621

(2) Synthesis of 3- (2 , 5 -dioxaheptyl ) thiophene :

In 15 parts of THE was dissofved 3.54 parts (39'3 mmof)

of 2 -ethoxyethanol s, and sodium hydride (60? dispersion in

paraffin) was added thereto. 6.32 parts (35.7 mmol) of the

aforementioned 3-bromonethyf thiophene was dissofved in 15

parts of THF and was dropped over 2 hours. The temperature was

raised thereafter to 100'C and a reaction was performed for 4

hours. After the completion of the reaction, the resultant \,vas

allowed to coo.l down to room temperature. FolÌowing addition

of 30 parts of distiffed water. the mixture was moved to a

21
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separatory funnef and then the aqueous layer was separated.

Eurther, the organic layer was washed twice with 30 parts of

distiffed water and then THF was distilfed of f and the result.ing

mixture was purified with a silica gel column, so that 5.68

parts (30.5 mmol) of 3- (2,S-dioxaheptyl)thiophene was

obtained.

t00631

(3) Synthesis of 2,S-dibrono-3- (2,S-dioxapentyl)thiophene:

In THF were dissolved 5.68 parts (30'5 mmol) of the

aforementioned 3- (2 , 5 -dioxaheptyl ) thì ophene and 11.9 parts

(67.1mmol) of N-bromo succinimide, which were then reacted at

room temperature for 2 hours. A precipitate was removed with

a glass fifter using 50 parts of ethyl acetate, and THF and

ethyf acetate were then dístilled off. By purifylng the

resulting míxture with a silica gel column, 8.11 parts (23.6

mmol) of 2,5-dibromo-3- (2 ,5 -dioxahept yl ) thi ophene was

obtained.

t00 64l

(4) Synthesis of poly{3- (2 , 5 -dloxaheptyl ) thiophene } (P-5) :

After dissolving 8.11 parts (23.6 mmol) of the

aforementioned 2, 5-dibromo-3- (2, 5-dioxaheptyl ) thiophene in

30 parts of THF, 25 parts of methylmagnesium bromide solution

in THF was added and then a reaction was performed at 75oC for

30 mìnutes. To the reaction sofution was added 0.127 parts of

[1, 3 -bis (diphenylphosphino ) propane ] -di ch]oronicke f (II), and
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then a react \^¡as performed for additional 2 hours stilf at 75'C.

After allowinq the reaction solution to cool down to room

temperature, 5 parts of methanol was added. The reaction mixture

was moved to a Soxhlet extractor and was washed in order with

150 parts of methanol and 150 parts of hexane. Finally' the

residue was subjected to extraction using 150 parts of

chloroform and then the sofvent was distiffed off, so that 2.85

parts of polyi3-(2,S-dioxaheptyl)thiophene) having a

regioregularity of 94.6% was obtained.

t006sl

<Production Example 6>: Synthes.is of

poly{3- (2 , 5 -dioxahexyl ) thiophene } (P-6)

Tn the same manner as in Production ExampÌe 5 except for

using 2.99 parts of 2 -methoxyethanol [produced by Tokyo Kasei

Kogyo Co., Ltd.I instead of 3.54 parts of 2 -ethoxyeth anol ' 2-40

parts of poly{3- (2, 5 -dioxahexyl ) thiophene } having a

regioregularity of 95.8% was obtained.

t0o66l

<Comparison Production Exampfe 1): Synthesis of a polyaniline

aqueous dispersion

To an aqueous solution prepared by mixing 0.49 g (5.0

mmoÌ) of sulfuric acid and 25.9 g of water was added 0.93 q (10

mmol) of aniline, and further 20.L q (30 mmol) of a 30% by weight

aqLLeous solution of poly(ammonium styrene suf fonate ) having a

mofecular weight of I2A,000 was added. The pH of the aqueous
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10.0  -        [0069] <Comparative Example 1>        The polyaniline aqueous dispersion (Q-1) obtained
in Comparative Production Example 1 was used as it is as an electroconductive coating composition
(A'-1) for comparison. [0070] <Comparative Example 2>        "PEDOT/PSS" (an electroconductive
polymer prepared by polymerizing Baytron-P (3,4 -ethylenedioxythiophene) produced by H.C. Starck
in an aqueous high-molecular-weight polystyrene sulfonic acid solution) (Q-2), which was known as an
aqueous dispersion of a polythiophene, was used as it was as an electroconductive coating
composition (A'-2) for comparison. [0071] <Evaluation Examples 1 to 12 and Comparative Evaluation
Examples 1 to 2>        Evaluation of capacitor characteristic was carried out by the following methods
using the electroconductive coating compositions (A-1) to (A-12) of Examples 1 to 12 and the
electroconductive coating compositions (A'-1) to (A'-2) for comparison. The results are shown in Table
2. [0072] 



sofution was 4.0. After cooling to 0'C, an aqueous solution

prepared by dissoLving I.L4 g (5 mmol) of ammonium persulfate

in 1O g of water was dropped over 30 minutes, folfowed by stirríng

for 2 hours. During the reaction, pH I'Ias kept within a range

of 2 Lo 5 by dropplng concentrated ammonia water. After the

completíon of the reaction, the resultant was poured into 300

mf of acetonitrile, and the precipitate formed was washed with

isopropanol, collected by filtration, and dried, so that 5.8

g of a water dispersible polyaniline composition was obtained.

The resufting lvater dispersible polyaniline composìtion (2 g)

was dissolved in 98 g of water to form a poÌyaniline aqueous

dispersion.

t00671

<Examples l to 12>

Efect roconduct ive coating composit.ions (A-1) to (A-12)

of the present invention were obtaíned by bLending the

e fectroconduct ive poll'r'ners (P-1) to (P-6) obtained in

Production Examples I to 6, the dopants and the organic

sofvents provided in Tabfe 1in the weight ratios provided ín

Table 1.
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[Method of capacitor characteristic evaluation] (1) Preparation of dielectric film on positive electrode
An aluminum etched foil (size: 4x3.3 mm) as a positive  electrode metal was immersed in a 3% by
weight aqueous ammonium adipate solution, voltage was increased from 0 V to 40 V under a
condition of 0.53 mA/sec by using a constant-current constant-voltage power supply, and then
chemical conversion treatment was performed by applying a constant voltage of 40 V for 40 minutes,
so that a dielectric film made of an oxidized coating was formed on a surface of the aluminum etched
foil. This was washed in running deionized water for 10 minutes and then was dried at 105C for 5
minutes, so that a positive electrode composed of a positive electrode metal and a dielectric film was
prepared. The resulting positive electrode was immersed in the aforementioned aqueous ammonium
adipate solution and an electrostatic capacitance was measured at 120 Hz. The measurement of 4.2
pF was determined as a theoretical electrostatic capacitance. [0073]  (2) Preparation of
electroconductive coating film on dielectric film        Positive electrodes were dipped in the
electroconductive coating compositions (A-1) to (A-12) and (A'-1) to (A'-2) and then were pulled up,
followed by drying under reduced pressure at room temperature for 30 minutes, so that electrolyte
layers were formed.  (3) Preparation of an electrolytic capacitor On each of the electrolyte layers
obtained above, a carbon  paste ["Varniphite FU" produced by Nippon Graphite Industries, Ltd.] was
applied and then dried, and thereafter a silver paste ["Everyohm ME" produced by Nippon Graphite
Industries, Ltd.] was further applied, so that a negative electrode was formed. A lead was pulled out
from the silver paste and a terminal was connected thereto. [0074] (4) Measurement and evaluation
The electrostatic capacitance at 120 Hz and the internal resistance at 100 kHz of the resulting
electrolytic capacitor were measured using an LCR meter, and then the occurrence of leak was
evaluated on the following criteria. <Criteria of leakage evaluation>        A case where a leak current
did not decrease and neither an electrostatic capacitance nor an internal resistance was measured
successfully in the measurement with the LCR meter was evaluated as "poor" and a case where a
leak current decreased and both an electrostatic capacitance and an internal resistance were
measured successfully was evaluated as "good".  
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[0075] [Table 2]  ElectrOconductive coating composition Capacitor evaluation   Leak Electrostatic capacitance (pF/120Hz)   Internal resistance
(mQ/100kHz) Evaluation Example 1 (A-1) Good 4 20 



t00691

(Comparative Example l)

The polyaniline aqueous dispersion (Q-1) obtained in

Comparative Production Exampfe l was used as it is as an

elect roconductive coating composition (A'-1) for comparison.

100701

<Comparative Example 2)

"PEDOT/PSS' (an electroconductive polytner prepared by

polymerizing Baytron-P (3, 4 -ethyfenedíoxythiophene ) produced

by H.C. Starck in an aqueous high-molecular-we iqht polystyrene

suffonic acid solution) (Q-2), whìch was known as an aqueous

dispersion of a polythiophene, was used as it was as an

efect roconduct ive coating compositlon (A'-2) for comparíson.

t00711

<Evafuation Examples T La 12 and Comparative Evafuation

Exampfes L Lo 2>

Eva.Iuation of capacitor characteristic was carried out

by the following methods using the efectroconduct ive coating

compositions (A-1) to (A-12) of Examples I Lo 1'2 and the

electroconduct ive coating compositions (A'-1) to (A'-2) for

comparison. The results are shown in Tabfe 2'

100121

[Method of capacitor characteristlc evaluation]

(1) Preparation of dielectric fifm on positive electrode

An aluminum etched foíf (size: 4x3.3 mm) as a posìtive

32
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efectrode metal was immersed in a 3% by weight aqueous ammonium

adipate solutíon, voltage was increased from 0 V to 40 V under

a condition of 0.53 mA/sec by using a constant -current

constant-voltage power suppfy, and then chemical conversíon

treatment was performed by appÌy.ing a constant voltage of 40

V for 40 minutes, so that a diefectric film made of an oxidized

coating was formed on a surface of the aluminum etched foil.

This was washed in running deionized water for 10 minutes and

then was dried at 1O5oC for 5 minutes, so that a positive

efectrode composed of a positive electrode metal and a

dielectric film was prepared. The resulting positive e.Lectrode

was immersed ín the aforementioned aqueous ammonium adipate

solution and an electrostatic capacitance was measured aL 120

Hz. The measurement of 4.2 ¡tF was determined as a theoreticaf

electrostatic capacitance.

t00731

(2) Preparation of e fectroconductlve coating film on dielectric

fi Ìm

Positìve elecLrodes were dipped in the elect roconduct lve

coating compositions (A-1) to (A-12) and (A'-1) to (A'-2) and

then were pulled up, followed by drying under reduced pressure

at room temperature for 30 minutes, so that electrolyte fayers

were f orrned.

(3) Preparation of an efectrofytic capacitor

On each of the electrolyte fayers obtained above, a carbon
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paste ["Varnlphlte FU" produced by Nippon Graphite fndustries'

Ltd.I was applied and then dried, and thereafter a silver paste

["Everyohn ME" produced by Nippon Graphite ]ndustries, Ltd.l

was further applied, so that a negative efectrode was formed.

A tead was pulÌed out from the silver paste and a terminal was

connected thereto.

t00741

(4) Measurement and evaluation

The electrostatlc capacitance at L2A Hz and the internal

resistance at 100 kTz of the resulting electrofytic capacitor

were measured using an LCR meter, and then the occurrence of

feak was evaluated on the following criteria.

(Criteria of leakage evafuation>

A case where a feak current did not decrease and neither

an efectrostatic capacitance nor an internal resistance was

measured successfufly in the measurement with the LCR meter was

evafuated as "poor" and a case where a feak current decreased

and both an efectrostatic capacitance and an internal

resistance \^iere measured successfully was evaluated as "good" -
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Ele ct roconduct ive
coating compos ition

Capacitor evaluatíon

T,êak
i Lectrosta!r
caPacitance
(pF/72A Hz)

I nt erna I
resistance

(mO/100 kHz )

vaLuation
xample 1

(A-1) Good 4 20

lvaluation
lxample 2

(A-2) Good 4 27

lvaLuation
lxampfe 3

(A-3 ) Good 3.6 26

lvaluation
lxampfe 4

(A-4 ) Go od 4.r 18

lvaluation
lxample 5

(A-s ) Good 4 -r 97

ivaluation
ìxample 6

(A-6) Good 4.I
lvafuation
ixamp.Le 7

(A-7 ) Good 4 40

lvaluation
ixample 8

(A-8 ) Good 3.6 52

lvaluation
Ìxample 9

(A-9) Good 36

lvaluation
ìxample 10

(A- 10 ) Good 4.r 40

ìvafuation
ixample 11

(A-11) Good 3.2 32

ivaluation
ixample 12

(A-12 ) Good 3.9 3B

lomparativ(
ivaluation
ixample 1

(A' -1) Good 2.5 1 ,600

lomparativ
ivaluation
ixample 2

Poo r

t007sl

ITabfe 2]

[0076]

As shown in Tabfe 2, tine sofid electrolytic capacitors

using the efectroconductive coating compositions of the present

invention each afforded an efectrostatic capacitance cfose to
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38 Comparative Evaluation Example 1 (A'-1) Good 2.5 7,600 Comparative Evaluation Example 2
(A'-2) Poor _ _  [0076]        As shown in Table 2, the solid electrolytic capacitors using the
electroconductive coating compositions of the present invention each afforded an electrostatic
capacitance close to  the theoretical value (4.2 pF) while maintaining a low internal resistance
necessary as a capacitor. In contrast to this, the capacitor using the electroconductive coating
composition of Comparative Example 1 was high in internal resistance and obtained only an
electrostatic capacitance that was approximately half of the theoretical value, and the capacitor using
the electroconductive coating composition of Comparative Example 2 exhibited a large leak and
therefore it was unmeasurable. [0077] <Evaluation Examples 13 to 24 and Comparative Evaluation
Example 3> 



the theoretical value (4.2 ltl) while maintaining a low internal

resistance necessary as a capacitor. In contrast to thís' the

capacitor using the electroconduct ive coating composition of

Comparative Exampfe l was high in internal resístance and

obtained only an electrostatlc capacitance that was

approximately hatf of the theoreticaf value, and the capacitor

using the elect roconduct ive coating composition of Comparative

Examp.Ie 2 exhibited a large .Leak and therefore it was

unmeasurabfe.

t0o77l

<Evaluation Examples 1-3 to 24 and Comparative Evaluation

Example 3>

Using the electroconduct ive coating composit.ions (A-1)

to (A-12) of Examples I Lo 12 and the e lect roconduct ive coating

compositions (A'-1) for comparison, measurement of the

efectricaf conductivity of coating films and a heat resistance

test $¡ere carried out by the following methods. The resufts are

shown in Table 3.

t00781

IMethod for measuring electrical conductìvity of coating film]

(1) Preparation of coating film

The e fect roconduct ive coating compositions (A-1) to

(A-6) and (A'-1) were applied to glass slides (76 mm " 26 nm,

1.0 mm in thickness) by using a bar coater (No.6) and then were

dried under reduced pressure at room temperature for 30 minutes.
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Using the electroconductive coating compositions (A-1) to (A-12) of Examples 1 to 12 and the
electroconductive coating compositions (A'-1) for comparison, measurement of the electrical
conductivity of coating films and a heat resistance test were carried out by the following methods. The
results are shown in Table 3. [0078] [Method for measuring electrical conductivity of coating film] (1)
Preparation of coating film        The electroconductive coating compositions (A-1) to (A-6) and (A'-1)
were applied to glass slides (76 mm x 26 mm, 1.0 mm in thickness) by using a bar coater (No.6) and
then were dried under reduced pressure at room temperature for 30 minutes.  Thereafter heating
treatment was performed in a constant temperature dryer of 130C for two hours, so that
electroconductive coating films for Evaluation Examples 13 to 18 and electroconductive coating films
for Comparative Evaluation Example 3 were prepared.        Moreover, electroconductive coating films
for Evaluation Examples 19 to 24 were prepared in the same manner as in the above-described
method except for using the electroconductive coating compositions (A-1) to (A-6) and failing to
perform the heating treatment. [0079] (2) Measurement of film thickness        The thickness of
electroconductive coating films was measured by using a digital thickness meter DG-925
[manufactured by Ono Sokki Co., Ltd.]. (3) Calculation of electrical conductivity        The surface
resistance of an electroconductive coating film was measured by a four-terminal method by using
Loresta GP TCP-T 250 [manufactured by Mitsubishi Chemical Corporation] , and an electrical
conductivity was calculated by the following formula using the resulting surface resistance value and
the film thickness.        Electrical conductivity (S/cm) = 1/{thickness (cm) x surface resistance (0/0)1
[0080]  [Method of heat resistance test] The electroconductive coating film the surface resistance of
which was measured in the above-described "Method for measuring electrical conductivity of coating
film" was 



Thereafter heating treatment was performed in a constant

temperature dryer of 130'C for two hours, so that

electroconductive coatíng flfms for Evaluation Exampfes 13 to

18 and eÌectroconduct ive coating films for Comparative

Evaluation Example 3 were prepared.

Moreover, e lect roconduct ive coating films for Evaluation

Examples 19 Lo 24 v/ere prepared in the same manner as in the

above-described method except for using the e lect roconductive

coating compositions (A-1) to (A-6) and faíling to perform the

heating treatment.

t00791

(2) Measurement of f i]m thickness

The thíckness of efectroconduct ive coating films was

measured by using a digital thickness meter DG-925

fmanufactured by Ono Sokki Co.' Ltd.].

(3) Calculation of eÌectricaf conductivity

The surface resistance of an e fect roconductive coating

fifm was measured by a four-terminaf method by using Loresta

cP TCP-T 250 [manufactured by Mitsubishi Chemical Corporation] '
and an efectrical conductivity was calculated by the following

forrnufa using the resulting surface resistance value and the

fifm thickness.

Electrical conductivity (S,/cm) : 1/{thickness (cm) x

surface resistance (O/!) Ì

t00801

3'1

heated in a constant temperature dryer of 125C continuously for 240 hours. After the heating, it was
allowed to cool down to room temperature, and then a surface resistance value after heating was
measured by the above-described method and an electrical conductivity was calculated. A retention
rate was calculated from the electrical conductivities before and after the heat resistance test.  [0081]
[Table 3]   Heating treatment Electroconductive coating composition Thickness (pm) Electrical
conductivity(S/cm) Retention rate of electrical conductivity(%)     Initial 



lMethod of heat resistance test]

The elect roconductive coat.ing film the surface

resistance of which was measured in the above-described "Method

for measurlng electrical conductivity of coating fifm" was

heated in a constant temperature dryer of I25"C continuousLy

far 240 hours. After the heatíng, it was aflowed to cool down

to room temperature, and then a surface resistance value after

heatlng was measured by the above-described method and an

efectrica.I conductivity was calculated. A retention rate was

calculated from the electricaf conductivities before and after

the heat resistance test.

38

After heat resistance test  Evaluation Example 13 Yes (A-1) 0.95 55.0 41 75 Evaluation Example 14
(A-2) 0.89 51.0 41 80 Evaluation 



[0081]

lTable 3]

Eva-Lualion
Example 13
Evaluatior
ExamDlê 14

Evaluat ton
ExamÞfe 15

Heat ing
t reatment

Evaluation

Eval uation
ExâmDÌê 17
Eva l-uat Íon
ExamDle 18

E I e ct ro conduct ive
coating compos ition

Evaluation
Example 19

Yes

Evafuation

Eval-uat ion
Example 21

(A-1)

Evafuation

(A-2 )

Evê.1-uêtion
ExampÌe 23

(A-3 )

Evaluataon
Example 24

(uln)

(A- 4 )

comparative
Eva luat ion
Example 3

(A-s)

No

0.95

(A-6)

0.89

(A-1)

Fll êct ì"i .:â I côn.irìr:iivitv fS/crnì

0.85

Initial

(A-2)

0.86

55.0

(A-3 )

Yes

0.88

Condit ion

51.0

(A-4)

After heat resistance test

0.91

4'7 -O

(A-5)

0.94

40.0

(A-6 )

of heatinq treatment

0.91

(A. -1)

.0

0.88

38

4I

.0

0.88

54

41

.0

0.91

50

31

.0

0.89

49.0

Retention rate of
electrical

c.,n.lìrcti vi tv I q I

31

42 .0

a .92

2'7

130'C,2

40.0

31

41.0

28

15

ho

2.0

26

80

s

24

'79

20

'78

39

18

18

t8

81

0.04

52

51

49

48

45

44

2

Example 15  (A-3) 0.85 47.0 37 79 Evaluation Example 16  (A-4) 0.86 40.0 31 78 Evaluation Example 17  (A-5) 



t0o82l

Table 3 shows that coating films produced from

efect roconduct ive coatìng compositions of the present

invention are high in electrical conductivity and also high in

retention rate after a heat resistance test.

Moreover, it .is also shown that by heat treating an

e fect roconduct ive coating film produced from an

elect roconduct ive coat.ing composition of the present invention,

the electrical conductivity and the heat resistance of the

efect roconduct ive coating film are improved.

]NDUSTRIAL APPL]CAB]LITY

t00831

The electroconduct ive coating compositíon of the present

invention is superior in solubility ín solvents and high in

electricaf conductivity and it therefore is useful as an

elect roconductive coating composition. Especially, it is

useful as an electrode for solid electrolytic capacitors

because it is possibÌe to impregnate a porous coating fifm vríth

an efect roconduct ive polymer by a simple process to improve a

capacitance of a capacitor efficiently. Moreover' an

elect roconduct ive coating fifm that exhibits only a smal1, if

any, decrease in electricaf conductivity under high temperature

conditions and is superior in heat resistance can be produced

easìly using the electroconductive coating compositíon of the

40

0.88 35.0 27 78 Evaluation Example 18  (A-6) 0.91 38.0 31 81 Evaluation Example 19 NO (A-1) 0.94
54.0 28 



present invention.

52 Evaluation Example 20  (A-2) 0.91 50.0 26 51 Evaluation Example 21  (A-3) 0.88 49.0 24 49
Evaluation Example 22 



CLAIMS

1. An electroconduct ive coating composition (A)

comprising a substituted pofythiophene (P) and a dopant (D) ,

said substituted polythiophene (P) having thiophene repeating

units at feast some of which are each a thiophene repeating unit

(c¿) substituted at the 3-position and/or the 4-position of its

thiophene ring with (a) a polyether group that comprises 1 to

9 oxya.Lkylene group having 2 to 4 carbon atoms as repeating units

and that has an alkoxy group having 1to 15 carbon atoms at one

terminal, (b) an alkoxy group, (c) an afkoxyalkyl group, or (d)

an alkyl group substituted or unsubstituted with the polyether

group (a) .

2. The efectroconduct ive coating composition according

to claim 1, wherein the thiophene repeating unit (cr) is a

repeatlng unít (al) represented by general formula (1), a

repeating unit (o,2) represented by general formufa 12), or a

repeating unit (cr,3) represented by general formula (3):

IChemical formufa 1]

42

(A-4) 0.88 42.0 20 48 Evaluation Example 23  (A-5) 0.91 40.0 18 45 Evaluation Example 24  (A-6)
0.89 



(1)

(21

(3)

wheïe.in oRl and oRa each independently represent an oxyethylene

group or an oxypropyÌene group, R2, R5, and R6 each independently

represent a linear or branched alkyl group having I lo L2 carbon

atoms, R3 represents a linear or branched alkylene group having

1 to 4 carbon atoms , and n and m are each ìndependently an integer

of 0 to 5.

3. The electroconductive coating composition according

to claim 2, wherein the repeating unit (cr1 ) is one in which

OR1 in general formufa (1) is an oxyethyfene group, and when

n is 0, R2 is a linear or branched alkyl group having 3 to 12

carbon atoms and when n is I or more, R2 is a linear or branched

alkyl group having 1to 6 carbon atoms; the repeating unit (cr2)

is one in which R3 in generaf formufa (2) is an alkylene group

43

41.0 18 44 Comparative Evaluation Example 3 Yes (A'-1) 0.92 2.0 0.04 2 * Conditions of heating
treatment:130C,2 hours  [0082]        Table 3 shows that coating films produced from electroconductive
coating compositions of the present invention are high in electrical conductivity and also high in
retention rate after a heat resistance test.        Moreover, it is also shown that by heat treating an
electroconductive coating film produced from an electroconductive coating composition of the present
invention, the electrical conductivity and the heat resistance of the electroconductive coating film are
improved. INDUSTRIAL APPLICABILITY [0083] 



having 1 to 3 carbon atoms, OR4 .is an oxyethylene group, and

when m is 0, R5 is a linear or branched alkyl group having 3

Lo 12 carbon atoms and when m is 1 or more, R5 is a finear or

branched al-kyl group having 1 to 6 carbon atoms; and the

repeatìng unit (ø3) is one in which R6 .in general formufa (3)

is a finear or branched alkyl group havíng 3 Lo 1"2 carbon atom.

4. The e lectroconduct ive coating composition according

to any one of claims 1 to 3, wherein the content of the thiophene

repeating unit (o) in the substituted polythiophene (P) is 50

to 100å by weight of the substituted polythiophene (P) '

5. The electroconduct ive coating composítion according

to any one of claims 1 to 3, wherein the dopant (D) is sulfuric

acid or chf orani.Lic acid.

6. The e fectroconductive coating composition according

to any one of cfaims L to 3, wherein a regioregularity defined

by a percentage of head-to-tai I -head-to-taí I linkages in the

substituted polythiophene (P) is 90% or more.

1. An electrode for a sofid eÌectroÌytíc capacitor

produced using the electroconduct ive coating composition

according to any one of claims 1 to 3.
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The electroconductive coating composition of the present invention is superior in solubility in solvents
and high in electrical conductivity and it therefore is useful as an electroconductive coating
composition. Especially, it is useful as an electrode for solid electrolytic capacitors because it is
possible to impregnate a porous coating film with an electroconductive polymer by a simple process to
improve a capacitance of a capacitor efficiently. Moreover, an electroconductive coating film that
exhibits only a small, if any, decrease in electrical conductivity under high temperature conditions and
is superior in heat resistance can be produced easily using the electroconductive coating composition
of the  present invention.  CLAIMS         1. An electroconductive coating composition (A) comprising a
substituted polythiophene (P) and a dopant (D), said substituted polythiophene (P) having thiophene
repeating units at least some of which are each a thiophene repeating unit (a) substituted at the
3-position and/or the 4-position of its thiophene ring with (a) a polyether group that comprises 1 to 9
oxyalkylene group having 2 to 4 carbon atoms as repeating units and that has an alkoxy group having
1 to 15 carbon atoms at one terminal, (b) an alkoxy group, (c) an alkoxyalkyl group, or (d) an alkyl
group substituted or unsubstituted with the polyether group (a).         2. The eIectroconductive coating
composition according to claim 1, wherein the thiophene repeating unit (a) is a repeating unit (al)
represented by general formula (1), a repeating unit (a2) represented by general formula (2), or a
repeating unit (a3) represented by general formula (3): [Chemical formula 1]      wherein OR' and OR4
each independently represent an oxyethylene group or an oxypropylene group, R2, R6, and R6 each
independently represent a linear or branched alkyl group having 1 to 12 carbon atoms, R3 represents
a linear or branched alkylene group having 1 to 4 carbon atoms, and n and m are each independently
an integer of 0 to 5.        3. The electroconductive coating composition according to claim 2, wherein
the repeating unit (al) is one in which OR' in general formula (1) is an oxyethylene group, and when n
is 0, R2 is a linear or branched alkyl group having 3 to 12 carbon atoms and when n is 1 or more, R2
is a linear or branched alkyl group having 1 to 6 carbon atoms; the repeating unit (a2) is one in which
R3 in general formula (2) is an alkylene group  having 1 to 3 carbon atoms, OR4 is an oxyethylene
group, and when m is 0, R5 is a linear or branched alkyl group having 3 to 12 carbon atoms and when
m is 1 or more, R5 is a linear or branched alkyl group having 1 to 6 carbon atoms; and the repeating
unit (a3) is one in which R6 in general formula (3) is a linear or branched alkyl group having 3 to 12
carbon atom.         4. The electroconductive coating composition according to any one of claims 1 to 3,
wherein the content of the thiophene repeating unit (a) in the substituted polythiophene (P) is 50 to
100% by weight of the substituted polythiophene (P).         5. The electroconductive coating
composition according to any one of claims 1 to 3, wherein the dopant (D) is sulfuric acid or chloranilic
acid. 



B. A process for producing an e lect roconductive coating

film comprising: applying the e fectroconduct ive coating

composition according to any one of cfaims 1 to 3 to a substrate

and then heat-treating it.

9. The process according to claim 8, wherein the

heat-treating temperature is 100"C to 190"C, and a retentíon

rate of electrical conductivity after heating, at 125"C for 240

hours. of an efect roconduct ive coating film obtained by the

heat-treating is 10 to 100%, wherein retention rate of

efectricaf conductivity (?) = or'100/oo

whereìn oo represents an efectrical conductivity of a coating

film measured at room temperature before heating at 125oC for

240 hours, and o1 represents an electricaf conductivity of a

coallng film measured after cooling to room temperature after

heating at 125"C for 240 hours.
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6. The electroconductive coating composition according to any one of claims 1 to 3, wherein a
regioregularity defined by a percentage of head-to-tail-head-to-tail linkages in the substituted
polythiophene (P) is 90% or more.         7. An electrode for a solid electrolytic capacitor produced
using the electroconductive coating composition according to any one of claims 1 to 3.          8. A
process for producing an electroconductive coating film comprising: applying the electroconductive
coating composition according to any one of claims 1 to 3 to a substrate and then heat-treating it.
9. The process according to claim 8, wherein the heat-treating temperature is 100C to 190C, and a
retention rate of electrical conductivity after heating, at 125C for 240 hours, of an electroconductive
coating film obtained by the heat-treating is 10 to 100%, wherein retention rate of electrical
conductivity (%) = oix100/00 wherein oo represents an electrical conductivity of a coating film
measured at room temperature before heating at 125C for 240 hours, and oi represents an electrical
conductivity of a coating film measured after cooling to room temperature after heating at 125C for 240
hours. 


