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(57) ABSTRACT 

The conductive polymer of the present invention is prepared 
by means of oxidation polymerization. On the matrix of the 
conductive polymer, at least one organic sulfonate formed 
by an anion of an organic sulfonic acid and a cation of other 
than transition metals is coated. Alternatively, in the matrix 
of the conductive polymer, at least one organic sulfonate 
formed by an anion of an organic sulfonic acid and a cation 
of other than transition metals is included. The conductive 
polymer of the present invention is excellent in the conduc 
tivity, heat resistance and moisture resistance. By using it as 
a solid electrolyte, a reliable solid electrolytic capacitor can 
be prepared Which is unlikely to decrease the properties 
When being kept in a hot and humid condition. 
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CONDUCTIVE POLYMER AND SOLID 
ELECTROLYTIC CAPACITOR USING SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a conductive poly 
mer and a solid electrolytic capacitor using the conductive 
polymer as a solid electrolyte. 

BACKGROUND OF THE INVENTION 

[0002] Conductive polymers have a high conductivity, 
Which are used as solid electrolytes of a solid electrolytic 
capacitor such as aluminum capacitors and tantalum capaci 
tors. 

[0003] As a conductive polymer used therefor, ones are 
often used Which are synthesized by subjecting thiophenes 
or the derivatives thereof to chemical oxidation polymer 
ization or electrolysis oxidation polymerization. 

[0004] In carrying out the chemical oxidation polymeriza 
tion, an organic sulfonic acid is generally used as a dopant, 
and ammonium persulfate, hydrogen peroxide, and transi 
tion metal salts are generally used as an oxidant. Generally, 
in case Where a process of a chemical oxidation polymer 
ization is used to synthesize a conductive polymer, espe 
cially by using transition metal salts as an oxidant, it needs 
to remove unnecessary components by Washing. 

[0005] In such a case, a Washing liquid such as an alcohol, 
Water or the combination thereof can be generally used. 
HoWever, such a Washing process causes the dopant to be 
de-doped, decreasing the electric conductivity of the con 
ductive polymer. In order to avoid the de-doping, it has been 
proposed to Wash it With either or both of an aqueous 
solution and an ethanol solution, as previously prepared, 
including an organic sulfonic acid as a dopant. 

[0006] HoWever, in such a case, it is necessary to further 
Wash it With Water or an alcohol in order to avoid an 
excessive amount of an organic sulfonic acid from remain 
ing. A conductive polymer that an excessive amount of an 
organic sulfonic acid remains is characterized in being 
smaller in the initial resistance and less changeable in the 
electric conductivity When it is kept in a hot condition for an 
extended period, than ones that an excessive organic sul 
fonic acid is removed by Washing With Water or an alcohol 
at the ?nal stage. HoWever, the conductive polymer in Which 
an excessive amount of an organic sulfonic acid remains is 
apt to generate SO3 that is toxic When it is kept in hot 
condition than the conductive polymer Which is Washed to 
remove an excessive amount of an organic sulfonic acid, 
because the excessive (free) organic sulfonic acid is apt to be 
decomposed in a hot condition. Also, When a capacitor using 
a conductive polymer including an excessive amount of an 
organic sulfonic acid is used as a cathode layer, the prop 
erties thereof could be instable. (See Japanese Laid-open 
Patent Publication No. 10-12498) 

SUMMARY OF THE INVENTION 

[0007] In vieW of the objectives of the prior art, the present 
invention provides a conductive polymer excellent in con 
ductivity, heat resistance and moisture resistance, Which is 
less changeable in the electric conductivity When being kept 
in a hot and humid condition, so as to avoid the decompo 
sition in a hot condition. Also, the objective of the present 

Oct. 5, 2006 

invention is to use the conductive polymer as a solid 
electrolyte, to provide a reliable solid electrolytic capacitor 
Which less decreases the properties in a hot and humid 
condition. 

[0008] The objectives of the present invention can be 
achieved by providing a conductive polymer including at 
least one organic sulfonate having an anion of an organic 
sulfonic acid, that is the same or different from the organic 
sulfonic acid incorporated in the conductive polymer as a 
dopant, and a cation other than transition metals. 

[0009] That is, on the matrix of the conductive polymer 
prepared by means of the oxidation polymerization of the 
present invention, at least one Organic sulfonate having an 
anion of an organic sulfonic acid and a cation other than 
transition metals is coated. Alternatively, in the matrix of the 
conductive polymer prepared by means of the oxidation 
polymerization of the present invention, at least one Organic 
sulfonate having an anion of an organic sulfonic acid and a 
cation other than transition metals is included. The present 
invention also relates to a solid electrolytic capacitor using 
the conductive polymer as a solid electrolyte. 

[0010] The conductive polymer of the present invention is 
excellent in conductivity, heat resistance, and moisture resis 
tance, Which less decreases the electric conductivity When 
being kept in a hot and humid condition and to decompose 
in a hot condition. Also, the solid electrolyte capacitor of the 
present invention by using the conductive polymer as a solid 
electrolyte is reliable because it has the properties less 
decreased When being kept in a hot and humid condition. 

[0011] In the present invention, the term “matrix” of the 
conductive polymer denotes the Whole structure of the 
conductive polymer Where its surface is not alWays smooth. 
When Washing step is applied to the conductive polymer 
after it is synthesized by means of oxidation polymerization, 
an oxidant, excessive dopant, unreacted monomer and oli 
gomers incorporated in the conductive polymer can be 
Washed out, and the dopant doped therein can be partly 
removed, so that the surface is not alWays made smooth. 

[0012] The best mode of the present invention is herein 
after described. 

[0013] First, the organic sulfonate used in the present 
invention is described. The organic sulfonate is formed by an 
anion of an organic sulfonic acid and a cation other than a 
transition metal. 

[0014] In the organic sulfonate, the examples of the 
organic sulfonic acid as the anion component can include, as 
the backbone, at least one selected from the group consisting 
of benzene ring, naphthalene ring, tetralin ring and 
anthracene ring. Examples thereof include aromatic sulfonic 
acids such as benzene sulfonic acid, penta?uorobenzene 
sulfonic acid, benzene disulfonic acid, para-toluene sulfonic 
acid, ?uoro para-toluene sulfonic acid, ethylbenzene sul 
fonic acid, dodecylbenzene sulfonic acid, naphthalene sul 
fonic acid, naphthalene disulfonic acid, methylnaphthalene 
sulfonic acid, ethylnaphthalene sulfonic acid, butylnaphtha 
lene sulfonic acid, dinonylnaphthalene sulfonic acid, 
anthraquinone sulfonic acid, anthraquinone disulfonic acid, 
anthracene sulfonic acid, methoxybenzene sulfonic acid, 
ethoxybenzene sulfonic acid, butoxybenzene sulfonic acid, 
methoxynaphthalene sulfonic acid, ethoxynaphthalene sul 
fonic acid, butoxynaphthalene sulfonic acid, tetralin sulfonic 
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acid, butyltetralin sulfonic acid, sulfobenzene carboxylic 
acid methylester, sulfobenzene carboxylic acid dimethyl 
ester, sulfobenzene carboxylic acid butylester, sulfobenzene 
dibutylester, sulfonaphthalene carboxylic acid methylester, 
sulfonaphthalene carboxylic acid dimethylester, sulfonaph 
thalene carboxylic acid butylester, sulfonaphthalene sulfonic 
acid dibutylester, phenol sulfonic acid, cresol sulfonic acid, 
sulfophthalic acid, sulfoisophthalic acid, sulfosalicyclic 
acid, sulfonaphthoic acid, hydroxysulfonaphthoic acid, 
naphthol sulfonic acid, benzaldehyde sulfonic acid, benzal 
dehyde disulfonic acid, and naphtoaldehyde sulfonic acid. 

[0015] As the organic sulfonic acid, ones having a back 
bone of at least one selected from the group consisting of 
benzene ring, naphthalene ring, tetralin ring and anthracene 
ring; at least one functional group selected from the group 
consisting of alkyl group having a carbon number of l to 12, 
and hydroxy group, alkoxy carbonyl group having a carbon 
number of 2 to 10, and alkoxy group and aldehyde group 
having a carbon number of l to 10; and at least one sulfonic 
acid group can be used. Examples thereof can include 
methoxybenzene sulfonic acid, ethoxybenzene sulfonic 
acid, butoxybenzene sulfonic acid, methoxynaphthalene sul 
fonic acid, ethoxynaphthalene sulfonic acid, butoxynaphtha 
lene sulfonic acid, phenol sulfonic acid, cresol sulfonic acid, 
sulfophthalic acid, sulfoisophthalic acid, sulfosalicyclic 
acid, sulfonaphthoic acid, hydroxysulfonaphthoic acid, 
naphthol sulfonic acid, benzaldehyde sulfonic acid, benzal 
dehyde disulfonic acid, naphtoaldehyde sulfonic acid, dihy 
droxy anthracene sulfonic acid, sulfobenzene carboxylic 
acid methylester, sulfobenzene carboxylic acid dimethyl 
ester, sulfobenzene carboxylic acid butylester, sulfobenzene 
carboxylic acid dibutylester, sulfonaphthalene carboxylic 
acid methylester, sulfonaphthalene carboxylic acid dimethy 
lester, sulfonaphthalene carboxylic acid butylester, and sul 
fonaphthalene sulfonic acid dibutylester. 

[0016] As the cation of the organic sulfonate of the present 
invention other than transition metals, examples can include 
a metal other than a transition metal and an organic cation. 

[0017] As the cation other than the transition metal, 
sodium ion, potassium ion, magnesium ion, calcium ion, and 
aluminum ion can be included. Among these metal cations, 
ones With divalence or more, rather than monovalence, 
including calcium ion and aluminum ion can be generally 
used in vieW of the heat resistance and moisture resistance. 

[0018] As the organic cations, ones that a basic organic 
compound such as amino ethanol, diamino propane, imida 
zolium, amino anthraquinone, amino azotoluene, naphthyl 
amine and adenine is cationized can be included. Among 
them, ones that a basic compound is cationized to have a 
backbone of at least one selected from the group consisting 
of ?ve-membered heterocyclic ring, benzene ring, naphtha 
lene ring, tetralin ring and anthraquinone ring, and at least 
one selected from the group consisting of NH group and 
NH2 group, such as imidazole, amino anthraquinone, amino 
azotoluene, naphthyl amine, adenine, can be used in vieW of 
the heat resistance and moisture resistance. 

[0019] The organic sulfonate used in the present invention 
can be formed by a general method for reacting an organic 
acid With a metal salt or a basic organic compound. That is, 
the organic sulfonic acid as listed is reacted With a metal salt 
other than the transition metals, or a basic organic com 
pound, so as to form a usable organic sulfonate. For 
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example, calcium naphtholsulfonate or calcium phenolsul 
fonate can be obtained from naphtholsulfonic acid or phe 
nolsulfonic acid, Which is diluted With pure Water, and then, 
calcium hydroxide is added to be reacted With the naphthol 
sulfonic acid or the phenol sulfonic acid. Upon the reaction, 
a ?lter ?ltration process can be applied for puri?cation, if 
necessary. 

[0020] Next, the conductive polymer obtained by the 
oxidation polymerization, Which is used in the present 
invention, Will be described. 

[0021] As the monomer for synthesizing the conductive 
polymer, it is possible to use thiophene, pyrrole and the 
derivatives thereof. 

[0022] In synthesizing the conductive polymer by means 
of the oxidation polymerization, the monomer for synthe 
sizing the conductive polymer, such as pyrrole, thiophene or 
the derivatives thereof, is polymerized by means of a chemi 
cal oxidation polymerization or electrolysis oxidation poly 
merization method by using an organic sulfonic acid such as 
paratoluene sulfonic acid as a dopant, so as to obtain a 
conductive polymer. 
[0023] Next, to the surface of the obtained conductive 
polymer, a treatment is applied by using at least one organic 
sulfonate made of an anion of the organic sulfonic acid and 
a cation other than transition metals, so as to form a 
conductive polymer treated With the Organic sulfonate of the 
present invention. (The conductive polymer can be referred 
to as “an organic sulfonate treated conductive polymer.” 
Here, the organic sulfonate treatment closely relates to the 
Washing process during synthesizing the conductive poly 
mer, so there are different treatment processes betWeen the 
chemical oxidation polymerization and the electrolysis oxi 
dation polymerization. Each of the cases is described in 
detail. 

[0024] In case of synthesizing the conductive polymer by 
means of the chemical oxidation polymerization, an organic 
sulfonic acid such as alkoxybenzene sulfonic acid, alkox 
ynaphthalene sulfonic acid and alkoxytetralin sulfonic acid 
is changed into a transition metal salt such as a ferric salt or 
a cupric salt. The organic sulfonate and a monomer, that is, 
a raW material of the polymer, are previously and respec 
tively solved into an organic solvent to have a predetermined 
concentration, and then, the solutions are mixed together, 
and then, the monomer is polymerized. By Washing and 
drying, a conductive polymer can be obtained. The transition 
metal of the organic sulfonate can be served as an oxidation 
polymerization agent for the monomer, and the rest, that is, 
the organic sulfonic acid component, can be included in the 
polymer matrix, serving as a dopant. As the organic solvent 
used for synthesizing the conductive polymer, examples 
thereof can include methanol, ethanol, n-propanol, and n-bu 
tanol. In Washing, an organic sulfonic acid such as methoxy 
benzene sulfonic acid in an organic solution or pure Water 
solution to have a concentration of several % by mass can be 
used. After the Washing, the same organic solvent or pure 
Water can be used for removing the excessive amount of the 
organic sulfonic acid (here, methoxybenzene sulfonic acid). 
Thereafter, the conductive polymer is immersed into an 
organic sulfonate solution, such as calcium phenolsulfonate 
aqueous solution or phenol sulfonic acid naphthyl amine salt 
ethanol solution, having a concentration of several % by 
mass for several tens of minutes, folloWed by being taken 
out and dried. 
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[0025] In case of synthesizing a conductive polymer by 
means of the electrolysis oxidation polymerization, an 
organic sulfonic acid such as butylnaphthalene sulfonic acid 
or the salt thereof (sodium salt, potassium salt, etc.), and a 
monomer are solved into a solvent, Which is then subjected 
to polymerization under a condition of a constant voltage or 
constant current, so as to synthesize a conductive polymer. 
As the solvent used for the synthesis of the conductive 
polymer, examples thereof can include Water, methanol, 
ethanol, n-propanol, and n-butanol. In Washing, an organic 
sulfonic acid, such as a phenol sulfonic acid solution having 
a concentration of several % by mass using one of the 
solvent as listed above, can be used, and after the Washing, 
an excessive amount of the organic sulfonic acid (here, 
phenol sulfonic acid) can be removed by using pure Water or 
the solvent. Thereafter, the conductive polymer is immersed 
into an organic sulfonate solution (for example, a calcium 
phenolsulfonate aqueous solution or a phenol sulfonic acid 
amino azotoluene salt ethanol solution) having several % by 
mass for several tens of minutes, folloWed by being taken 
out and dried. 

[0026] The organic sulfonate treated conductive polymer 
of the present invention, as polymerized and treated by the 
organic sulfonate, is excellent in conductivity, heat resis 
tance and moisture resistance, is less in decreasing the 
electric conductivity When being kept in a hot and humid 
condition, and is less in being decomposed in a hot condi 
tion. Thus, it is reliable so that it can be useful in cathode 
layers of a capacitor, electrodes of a battery, electrical 
conductive agent for an antistatic sheet and so on. Espe 
cially, the solid electrolytic capacitor using the organic 
sulfonate treated conductive polymer of the present inven 
tion as a solid electrolyte is excellent in electric properties. 

EXAMPLES 

[0027] Based on Examples, the present invention is 
described more in detail. The present invention, hoWever, is 
not limited to the Examples. Before describing the 
Examples, Production Examples 1 to 15 are described for 
explaining the preparation of the Organic sulfonate solution 
for treating the conductive polymer obtained by the oxida 
tion polymerization method. The symbol “%” used for 
shoWing the concentration of the solutions is based on mass 
% unless other basis is mentioned. 

Production Example 1 

[0028] To 1000 g of 10% paratoluene sulfonic acid aque 
ous solution stirred at room temperature, 2 mol of hydroxide 
sodium Was added to adjust it into pH6, approximately, so as 
to obtain a sodium paratoluenesulfonate aqueous solution. 

Production Example 2 

[0029] To 1000 g of 5% paratoluene sulfonic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium paratoluenesulfonate aqueous solution. 

Production Example 3 

[0030] To 1000 g of 5% phenol sulfonic acid aqueous 
solution stirred at room temperature, 25 g of magnesium 
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hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a magnesium phenolsulfonate aqueous solution. 

Production Example 4 

[0031] To 1000 g of 5% phenol sulfonic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium phenolsulfonate aqueous solution. 

Production Example 5 

[0032] To 1000 g of 5% penta?uorobenzene sulfonic acid 
aqueous solution stirred at room temperature, 30 g of 
calcium hydroxide Was added. The stirring Was continued 
While measuring the pH value. At the time When the pH 
value reached 6, approximately, ?ltration Was done by using 
a 0.4% m glass ?lter to remove the insoluble components, so 
as to obtain a calcium penta?uorobenzenesulfonate aqueous 
solution. 

Production Example 6 

[0033] To 1000 g of 5% sulfosalicyclic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium sulfosalicylate aqueous solution. 

Production Example 7 

[0034] To 1000 ml of 10% aluminum sulfate aqueous 
solution, 2N sodium hydroxide aqueous solution Was added 
to adjust the pH value into 7.6. The precipitate as generated 
Was collected by means of ?ltration by using a 4 pm glass 
?lter, folloWed by stirring it for a period of 10 minutes in 
order to disperse it into 1000 ml of pure Water. Further, the 
step for collecting the precipitate Was repeated for three 
times by using a 0.4 um glass ?lter, folloWed by dispersing 
the precipitate into 800 ml of pure Water. There, 281 g of 
phenol sulfonic acid Was added, and after 15 hours of 
stirring at room temperature, insoluble elements Were 
removed by means of ?ltration by using a 0.4 pm glass ?lter 
so as to obtain an aluminum phenolsulfonate aqueous solu 
tion. 

Production Example 8 

[0035] To 1000 g of 2% phenol sulfonic acid ethanol 
solution, 2% amino azotoluene ethanol solution, equimolal 
to the phenol sulfonic acid component, Was added in drops 
so as to prepare a phenol sulfonic acid amino azotoluene 
solution. 

Production Example 9 

[0036] To 1000 g of phenol sulfonic acid aqueous solution 
stirred at room temperature, 10% imidazole aqueous solu 
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tion Was added in drops to adjust the pH value into about 6, 
approximately, so as to prepare a phenol sulfonic acid 
imidazole solution. 

Production Example 10 

[0037] To 1000 g of 10% methoxybenzene sulfonic acid 
aqueous solution stirred at room temperature, 30 g of 
calcium hydroxide Was added. The stirring Was continued 
While measuring the pH value. At the time When the pH 
value reached 6, approximately, ?ltration Was done by using 
a 0.4 pm glass ?lter to remove the insoluble components, so 
as to obtain a calcium methoxybenzenesulfonate aqueous 
solution. 

Production Example 11 

[0038] To 1000 g of 5% naphthol sulfonic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium naphtholsulfonate aqueous solution. 

Production Example 12 

[0039] To 1000 g of 10% catechol sulfonic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium catecholsulfonate aqueous solution. 

Production Example 13 

[0040] To 1000 g of 10% cresol sulfonic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium cresolsulfonate aqueous solution. 

Production Example 14 

[0041] To 1000 g of 10% sulfophthalic acid aqueous 
solution stirred at room temperature, 30 g of calcium 
hydroxide Was added. The stirring Was continued While 
measuring the pH value. At the time When the pH value 
reached 6, approximately, ?ltration Was done by using a 0.4 
pm glass ?lter to remove the insoluble components, so as to 
obtain a calcium sulfophthalate aqueous solution. 

Production Example 15 

[0042] To 1000 g of 10% dodecylphenol sulfonic acid 
solution (ethanol 50% aqueous solution) stirred at room 
temperature, 30 g of calcium hydroxide Was added. The 
stirring Was continued While measuring the pH value. At the 
time When the pH value reached 6, approximately, ?ltration 
Was done by using a 0.4 um glass ?lter to remove the 
insoluble components, so as to obtain a calcium dodecylphe 
nolsulfonate aqueous solution. 

[0043] Next, by means of chemical oxidation polymeriza 
tion, polyethylene dioxythiophene Was prepared. Thereby 
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obtained polyethylene dioxythiophene Was applied to the 
treatment by the Organic sulfonate solution as prepared in 
accordance With Production Examples 1 to 11, so as to 
prepare Examples 1 to 11. With respect to the polyethylene 
dioxythiophene prepared in the same manner as the chemi 
cal oxidation polymerization as explained above, Compara 
tive Example 1 Was prepared Without applying the treatment 
by the organic sulfonate solution. Also, With respect to the 
polyethylene dioxythiophene prepared in the same manner 
as the chemical oxidation polymerization as explained 
above, Comparative Examples 2 to 5 Were prepared by 
replacing the treatment by the organic sulfonates of 
Examples 1 to 11 With the treatment by the organic sulfonic 
acid solutions. 

Examples 1 to 11 

[0044] First, as explained beloW, polyethylene diox 
ythiophene Was prepared by means of chemical oxidation 
polymerization. 
[0045] Ferric paratoluenesulfonate Was solved into n-bu 
tanol to have a concentration of 0.5 mol/l. Sufficient sets of 
the same solution Were prepared for Examples 1 to 11. To 
each of the solutions, 3,4-ethylene dioxythiophene Was 
added and fully stirred to have a concentration of 0.5 mol/l, 
and using the ferric sulfonate as an oxidant, the oxidation 
polymerization of 3,4-ethylene dioxythiophene Was initi 
ated, and immediately thereafter, they Were separately 
dropped on a ceramic plate having a size of 3 cm><5 cm at 
an amount of 180 u l. 

[0046] They Were polymerized under the condition at a 
temperature of 25° C. and at a relative humidity (hereinafter, 
it is referred to as “humidity” for simpli?cation) of 60% for 
a period of 12 hours, so as to form a ?lm of polyethylene 
dioxythiophene formed on the ceramic plate. The polyeth 
ylene dioxythiophene formed on the ceramic plate Was 
Washed by immersing it into 2% paratoluene sulfonic acid 
aqueous solution for a period of 60 minutes, folloWed by 
immersing it into ethanol for a period of 30 minutes, so as 
to remove the excessive amount of paratoluene sulfonic 
acid. Thereafter, the sulfonic acid solution as prepared by 
Production Examples 1 to 11 Was adjusted in concentration 
into 2% organic sulfonate solution. To each of the organic 
sulfonates solution, the ceramic plate forming the polyeth 
ylene dioxythiophene Was immersed, and after 5 minutes, it 
Was taken out and dried at a temperature of 50° C. for a 
period of 30 minutes, folloWed by drying it at a temperature 
of 150° C. for a period of 40 minutes, so as to complete the 
organic sulfonate treatment of the polyethylene diox 
ythiophene to obtain the samples of Examples 1 to 11. 

Comparative Example 1 

[0047] Unlike Example 1, the polyethylene diox 
ythiophene obtained by means of chemical oxidation poly 
merization in the same manner as Example 1 Was not 
subjected to the organic sulfonate treatment of Example 1, or 
used as it is, so as to obtain Comparative Example 1. 

Comparative Examples 2 to 5 

[0048] The polyethylene dioxythiophene by means of 
chemical oxidation polymerization as prepared in the same 
manner as Example 1 Was treated by 2% paratoluene sul 
fonic acid aqueous solution so as to prepare Comparative 
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Example 2; Was treated by 2% paratoluene sulfonic acid 
aqueous solution ethanol solution so as to prepare Compara- TABLE 1 
tive Example 3; Was treated by 2% phenol sulfonic acid 
aqueous solution so as to prepare Comparative Example 4; Elm“? 
d t t d b 2W h 1 1f . .d th 1 1 t. Name of the components of the Conductivity 

an Was rea e y 0 p eno su onic aci e ano ‘so u ion matment liquid (S/cm) 
so as to prepare Comparative Example 5. That is, these 
Comparative Examples 2 to 5 Were prepared by replacing EXHIHPI6 1 Sodlum Pmlto11161165115011ate 94 

- - Example 2 Calcium paratoluenesulfonate 98 
the organic sulfonate solution treatment of Examples 1 to 11 . 

_ _ _ _ _ Example 3 Magnesium phenolsulfonate 105 

With the organic sulfonic acid solution treatment. Except for Exampl? 4 Calcium phmolsulfonate 102 
such replacement of the treatment, the method for the Example 5 Calcium penta?uorobenzenesulfonate 116 
treatment is the same as Examples 1 to 11. EXHIHPI6 6 Calclum sulfosallcylate 99 

Example 7 Aluminum phenolsulfonate 138 
Example 8 Phenol sulfonic acid amino 118 

Test Example 1 azotolu?n? 

[0049] Examples 1 to 11 in Which the polyethylene diox- Example 9 Phellol Sulfomc acld lmldazole n5 
_ _ _ Example 10 Calcium methoxybenzenesulfonate 108 

ythiophene formed on the ceramic plate are subJected to the Exampl? 11 Calcium naphtholsulfonat? 98 
organic sulfonate treatment, Comparative Example 1 in Comparative No treatment 80 
Which the organic sulfonate treatment Was not applied, and EXHIHPI6 1 

- - - - - Comparative Paratoluene sulfonic acid 150 
Comparative Examples 2 to 5 in Which the orgamc sulfomc Example 2 

aQid treatment Was applied: Were us~ed~ The Polyethylene Comparative Paratoluene sulfonic acid 145 
dioxythiophene formed on the ceramic plate Was subJected Example 3 
to a load of 1.5 tons (t), Which condition Was kept for a gompalmtiv? P1161101 Sulfonlc am 140 

. . . . Xamp 6 

period of 5 minutes to equalize the ?lm thickness. Then, the compam?w Ph?nol sulfonic acid 140 
electric conductivity of the polyethylene dioxythiophene Exampl? 5 
Was measured at room temperature (about 25° C.) in accor 
dance With J IS K 7194 by means of four probes type electric 
conductivity measuring device (MCP-T600 manufactured [0052] 
by Mitsubishi Chemical Corporation). The results and the 
components used for the treatment are summarized in Table 
1 TABLE 2 

Decrease Rate of the 
Test Example 2 Electric Conductivity (%) 

(Storage at 130° C. 

Storage Test in a Hot Condition f°r 120 11°“) 

[0050] The polyethylene dioxythiophenes formed on the :2 
ceramic plates of Examples 1 to 11 and Comparative Examgl? 3 27 
Examples 1 to 5, Whose electric conductivity Were measured Exalnple 4 17 
in Test Example 1, Were placed into a temperature controlled EXalnpl? 5 27 
bath kept at a temperature of 130° C. After 120 hours of Example 6 25 

. Example 7 18 
storage, the plates Were taken out, and the electric conduc- Exampl? 8 23 
tivity of the polyethylene dioxythiophene Was measured in Exalnple 9 22 
the same manner as Test Example 1, to research the decrease Exalnpl? 10 31 
rate of the electric conductivity during storage at a hot Example ,11 28 

. . . . Comparative 90 

condition. The results are summarized in Table 2. The Exampl? 1 
decrease rate of the electric conductivity Was shoWn by Comparative 54 

percentage (%) calculated by subtracting the initial electric EXalnpl? conductivity (electric conductivity before the storage at a hot giiga?tgw 54 

condition, that is, the electric conductivity measured by Test compgmtiv? 49 
Example 1) from the electric conductivity after the storage, Exalnple 4 
Which is then divided by the initial electric conductivity. The comparativ? 48 
formula for calculating the decrease rate of the electric Example 5 
conductivity Was shoWn beloW. 

[Decrease Rate of Electric Conductivity (%)]=[(Initial 
Electric Conductivity)—(Electric Conductivity after [0053] 
Storage)]/(Initial Electric Conductivity)><100 

TABLE 3 
Test Example 3 

Decrease Rate of the Electric 
Storage Test in a Hot and Humid Condition Conductivity (%) 

_ _ _ (Storage at 85° C. at a 

[0051] Except for keeping it in a temperature controlled humidity of 35% for 300 hours) 
bath maintained at a temperature of 85° C. and at a humidity 
of 85% for a period of 300 hours, the same procedure Was i :3 
applied as Test Example 2, in order to measure the decrease Example 3 29 
rate of the electric conductivity. The results are summarized Example 4 25 
in Table 3. 
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TABLE 3-continued 

Decrease Rate of the Electric 
Conductivity (%) 

(Storage at 85° C. at a 

humidity of 85% for 300 hours) 

Example 5 35 
Example 6 33 
Example 7 22 
Example 8 28 
Example 9 30 
Example 10 28 
Example 11 30 
Comparative 62 
Example 1 
Comparative 48 
Example 2 
Comparative 49 
Example 3 
Comparative 49 
Example 4 
Comparative 50 
Example 5 

[0054] As shown in Table 1, the organic sulfonate treated 
polyethylene dioxythiophenes of Examples 1 to 11, that is, 
the polyethylene dioxythiophene obtained by means of 
oxidation polymerization Which is then Washed and treated 
by an Organic sulfonate solution (In case of this organic 
sulfonate treated polyethylene dioxythiophene, the organic 
sulfonate is coated on the matrix of the polyethylene diox 
ythiophene obtained by the oxidation polymerization, or the 
organic sulfonate is included in the matrix of the polyeth 
ylene dioxythiophene obtained by the oxidation polymer 
ization, but for simpli?cation, the polyethylene diox 
ythiophene in such a state is referred to as the “polyethylene 
dioxythiophene in accordance With Example”), shoWed a 
higher electric conductivity than the polyethylene diox 
ythiophene in accordance With Comparative Example 1 
Which Was not treated by the organic sulfonate solution. It 
should be noted that in Test Example 1, the organic sulfonate 
treated polyethylene dioxythiophenes of Examples 1 to 11 
shoWed a loWer electric conductivity than the polyethylene 
dioxythiophene of Comparative Examples 2 to 5, that is, the 
polyethylene dioxythiophene obtained by the oxidation 
polymerization folloWed by being Washed and treated by the 
organic sulfonic acid solution. However, the decrease rate of 
the electric conductivity of the polyethylene diox 
ythiophenes of Comparative Examples 2 to 5 Were more 
than the polyethylene dioxythiophenes of Examples 1 to 11, 
When they Were kept in a hot condition or in a hot and humid 
condition as shoWn in Test Examples 2 to 3. That is, as 
shoWn in Tables 2 and 3, the polyethylene dioxythiophenes 
of Examples 1 to 11 less decreased the electric conductivity 
When they Were kept in a hot condition or in a hot and humid 
condition, and found to be excellent in heat resistance and 
moisture resistance, compared With the polyethylene diox 
ythiophenes of Comparative Example 1 as Well as the 
polyethylene dioxythiophenes of Comparative Examples 2 
to 5. The polyethylene dioxythiophenes of Comparative 
Examples 2 to 5, Which Were treated by the organic sulfonic 
acid solution, shoWed a higher electric conductivity than the 
polyethylene dioxythiophenes of Examples 1 to 11 as shoWn 
in Test Example 1, but more decreased the electric conduc 
tivity When they Were kept in a hot condition or in a hot and 
humid condition, so they Were inferior to the polyethylene 
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dioxythiophenes of Examples 1 to 11 in vieW of the heat 
resistance and the moisture resistance. 

Examples 12 to 19 

[0055] The same procedure Were applied as Example 1 to 
synthesize the conductive polymer (at a temperature of 25° 
C. and a humidity of 60% for a period of 12 hours to carry 
out the oxidation polymerization). Then, instead of Washing 
it With 2% paratoluene sulfonic acid aqueous solution, the 
ceramic plate forming the polyethylene dioxythiophene Was 
immersed into ethanol for a period of 5 minutes, folloWed by 
taking it out and drying it at a temperature of 50° C. for a 
period of 1 hour. The organic sulfonate solutions as prepared 
in accordance With Production Examples 4, 6, 9 and 12-15, 
and sodium benzaldehydesulfonate (manufactured by Wako 
Pure Chemical Industries Ltd.) Were made their concentra 
tion adjusted into 2%, and 100 pl of each of the solutions 
Was separately dropped on the polyethylene dioxythiophene 
formed on the ceramic plate, folloWed by drying it at room 
temperature for a period of 1 hour and further drying it at a 
temperature of 200° C. for a period of 10 minutes. In 
adjusting the concentration of the Organic sulfonate solu 
tion, the concentration of Production Example 15 Was 
adjusted by using 50% ethanol aqueous solution, and the 
others Were adjusted by Water. 

Examples 20 to 24 

[0056] The same procedures Were applied as Example 1 to 
synthesize the conductive polymer (at a temperature of 25° 
C. and a humidity of 60% for a period of 12 hours to carry 
out the oxidation polymerization). Then, instead of Washing 
it With 2% paratoluene sulfonic acid aqueous solution, the 
ceramic plate forming the polyethylene dioxythiophene Was 
immersed into ethanol for a period of 5 minutes, folloWed by 
drying it at a temperature of 50° C. for a period of 1 hour. 
Then, the organic sulfonate solution of Production Examples 
4, 6 and 14, and the sodium benzaldehydesulfonate solution, 
Whose concentration Was adjusted into 2% in accordance 
With Examples 12 to 19, Were mixed to have the ratio (mass 
ration) of the components as shoWn in Table 4, and 100 pl 
of the mixed solutions Were separately dropped on the 
polyethylene dioxythiophene formed on the ceramic plate, 
folloWed by drying them at room temperature for a period of 
1 hour and further drying them at a temperature of 200° C. 
for a period of 10 minutes. 

[0057] The mixed solution of the organic sulfonate used in 
Example 20 includes calcium phenolsulfonate and sodium 
benzaldehydesulfonate at a mass ratio of 1 :1 as components. 
The mixed solution of the organic sulfonate used in Example 
21 includes calcium phenolsulfonate and calcium sulfosali 
cylate at a mass ratio of 1:1 as components. The mixed 
solution of the organic sulfonate used in Example 22 
includes calcium phenolsulfonate and calcium sulfophthalic 
at a mass ratio of 1:1 as components. The mixed solution of 
the organic sulfonate used in Example 23 includes calcium 
phenolsulfonate, calcium sulfosalicylate and calcium sul 
fophthalic at a mass ratio of 1 :1 :1 as components. The mixed 
solution of the organic sulfonate used in Example 24 
includes calcium phenolsulfonate, calcium sulfophthalate 
and sodium benzaldehydesulfonate at a mass ratio of 1:1:1 
as components. 

Comparative Example 6 
[0058] The same procedures as Example 12 Were applied 
except for skipping the treatment by the organic sulfonate 
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solution. The polyethylene dioxythiophene formed on a 
ceramic plate Was immersed in ethanol, Which Was then 
taken out for drying it so as to prepare the polyethylene 
dioxythiophene of Comparative Example 6. 

Comparative Example 7 

[0059] The same procedures as Example 12 Were applied 
except for replacing the treatment by the organic sulfonate 
solution of Example 12 With the treatment by 2% phenol 
sulfonic acid aqueous solution, so as to prepare polyethylene 
dioxythiophene of Comparative Example 7. 

Test Example 4 

[0060] To each of the polyethylene dioxythiophenes as 
prepared in Examples 12 to 24 and Comparative Examples 
6 and 7, a load of 5 tons Was applied and kept for a period 
of 5 minutes for equalizing the ?lm thickness. Then, the 
electric conductivity Was measured by using four probes 
type electric conductivity measuring device (MCP-T600 
manufactured by Mitsubishi Chemical Corporation), in the 
same manner as Test Example 1. The results and the 
components used for the treatment are summarized in Table 
4. 

Test Example 5 

[0061] With respect to the polyethylene dioxythiophenes 
of Examples 12 to 24 and Comparative Examples 6 and 7, 
a storage test in a hot condition at a temperature of 1300 C. 
for a period of 120 hours in the same manner as Test 
Example 2 Was conducted to research the decrease rate of 
the electric conductivity When being kept in a hot condition. 
The results are summarized in Table 5. 

Test Example 6 

[0062] With respect to the polyethylene dioxythiophenes 
of Examples 12 to 24 and Comparative Examples 6 and 7, 
a storage test in a hot and humid condition at a temperature 
of 85° C. at a humidity of 85% in the same manner as Test 
Example 3 Was conducted to research the decrease rate of 
the electric conductivity When being kept in a hot and humid 
condition. The results are summarized in Table 6. 

TABLE 4 

Component in the Treatment Electric 
Liquid Conductivity(S/cm) 

Example 12 Calcium phenolsulfonate 110 
Example 13 Phenol sulfonic acid 119 

imidazole 
Example 14 Calcium sulfosalicylate 109 
Example 15 Calcium catecholsulfonate 119 
Example 16 Calcium cresolsulfonate 115 
Example 17 Calcium sulfophthalate 119 
Example 18 Dodecyl calcium 115 

phenolsulfonate 
Example 19 Sodium benzaldehydesulfonate 120 
Example 20 Calcium phenolsulfonate:sodium 124 

benzaldehydesulfonate = 1:1 

Example 21 Calcium phenolsulfonate:calcium 110 
sulfosalicylate = 1:1 

Example 22 Calcium phenolsulfonate:calcium 126 
sulfophthalate = 1:1 

Example 23 Calcium phenolsulfonate:calcium 119 
sulfosalicylate:calcium 
sulfophthalate = 1 :1 :1 
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TABLE 4-continued 

Component in the Treatment Electric 
Liquid Conductivity(S/cm) 

Example 24 Calcium phenolsulfonate:calcium 128 
sulfophthalate:sodium 
benzaldehydesulfonate = 1 :1 :1 

Comparative No Treatment 91 
Example 6 
Comparative Phenol sulfonic acid 140 
Example 7 

[0063] 

TABLE 5 

Decrease Rate of 
Electric Conductivity (%) 
(After storage at 130° C. 

for 120 hours) 

Example 12 32 
Example 13 35 
Example 14 39 
Example 15 29 
Example 16 30 
Example 17 42 
Example 18 35 
Example 19 40 
Example 20 18 
Example 21 18 
Example 22 18 
Example 23 15 
Example 24 11 
Comparative 99.1 
Example 6 
Comparative 64 
Example 7 

[0064] 

TABLE 6 

Decrease Rate of 
Electric Conductivity (%) 
(After Storage at 85° C. at 

a humidity of 85% for 300 hours) 

Example 12 41 
Example 13 39 
Example 14 43 
Example 15 37 
Example 16 36 
Example 17 41 
Example 18 40 
Example 19 41 
Example 20 22 
Example 21 21 
Example 22 22 
Example 23 16 
Example 24 13 
Comparative 92 
Example 6 
Comparative 62 
Example 7 

[0065] As shoWn in Table 4, even in a state Where the 
Washing Was not fully done so that the matrix of the 
conductive polymer Was considered to include considerable 
amounts of iron components, the polyethylene diox 
ythiophenes of Examples 12 to 24, Which Were treated by the 
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organic sulfonate solution, showed a higher electric conduc 
tivity than the conductive polymer of Comparative Example 
6 Which Was not treated by the organic sulfonate solution. 
Also, as shoWn in Tables 5 and 6, the polyethylene diox 
ythiophenes of Examples 12 to 24 less decreased the electric 
conductivity When being kept in a hot condition or in a hot 
and humid condition, and found to be excellent in the heat 
resistance and the moisture resistance, compared With the 
polyethylene dioxythiophene of Comparative Example 6 as 
Well as the polyethylene dioxythiophene of Comparative 
Example 7 that Was treated by the organic sulfonic acid 
solution. 

Test Example 7 

[0066] With respect to the polyethylene dioxythiophenes 
in accordance With Example 4, Example 10, Example 15, 
Example 20, Example 24, Comparative Examples 1 to 2, and 
Comparative Example 4, a TG-DTA measurement by using 
SSC5200 manufactured by Seiko Instruments Inc. Was con 
ducted While raising a temperature at a rate of 5° C./min, 
from an initial temperature of 30° C., and in a nitrogen 
atmosphere, in order to calculate the decrease rate of the 
mass in raising the temperature from 100° C. to 2400 C. by 
using the folloWing formula. The results and the components 
for the treatment are summariZed in Table 7. 

Mass Decrease Rate(%)=(Mass decrease rate at 2400 
C.)—(Mass decrease rate at 1000 C.) 

TABLE 7 

Mass 
Component Decrease 
in the Treatment Liquid Rate(%) 

Example 4 Calcium phenolsulfonate 0.6 
Example 10 Calcium methoxybenzenesulfonate 0.6 
Example 15 Calcium catecholsulfonate 0.6 
Example 20 Calcium phenolsulfonate:sodium 0.5 

benzaldehydesulfonate = 1:1 

Example 24 Calcium phenolsulfonate:calcium 0.5 
sulfophthalate:sodium 
benzaldehydesulfonate = 1:1:1 

Comparative No Treatment 0.7 
Example 1 
Comparative Paratoluene sulfonic acid 4.1 
Example 2 
Comparative Phenol sulfonic acid 4.4 
Example 4 

[0067] As shoWn in Table 7, the polyethylene diox 
ythiophenes treated by the Organic sulfonate in accordance 
With Example 4, Example 10, Example 15, Example 20 and 
Example 24 shoWed a less decrease rate (%) of the mass 
compared With the polyethylene dioxythiophenes treated by 
the organic sulfonic acid in accordance With Comparative 
Example 2 and Comparative Example 4. 

[0068] The reasons of the improvement are considered as 
folloWs: In case of Comparative Example 2 or Comparative 
Example 4 treated by the organic sulfonic acid Where a salt 
is not formed, the organic sulfonic acid could be decom 
posed. On the other hand, in case of Example 4, Example 10, 
Example 15, Example 20 and Example 24 treated by the 
organic sulfonate, the organic sulfonate could be less 
decomposed compared With the organic sulfonic acid, 
resulting in becoming excellent in the heat resistance. 
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Test Example 8 

[0069] The polyethylene dioxythiophene of Example 4 
(that is, the polyethylene dioxythiophene treated by the 
calcium phenolsulfonate aqueous solution as prepared in 
Production Example 4) and the polyethylene diox 
ythiophene of Comparative Example 1 (that is, the polyeth 
ylene dioxythiophene not treated by the Organic sulfonate 
solution) Were partly peeled off from the ceramic plate by 
using a spatula, about 20 mg of Which Was then separately 
put into a 20 ml vial container With a stopple. Then, 1 ml of 
70% nitric acid Was added to each of the containers, and 
closed the stopple for keeping it at a temperature of 50° C. 
for a period of 48 hours so as to completely decompose the 
polyethylene dioxythiophene. Then, 19 ml of pure Water Was 
added, for ?ltrating it through a 0.2 pm ?lter, Which Was then 
subjected to measurement of the calcium amount by using 
an ICP optical emission spectrometry device, SPS1200A, 
manufactured by Seiko Instrument Industries Inc. The 
results are summariZed in Table 8. 

TABLE 8 

Calcium amount 

Example 4 38 ppm 
Comparative 0.1 ppm 
Example 1 

[0070] As clearly shoWn in Table 8, the polyethylene 
dioxythiophene of Example 4 Well maintained the amount of 
calcium. 

[0071] Also, the polyethylene dioxythiophene of Example 
4 Was analyZed by using an EDX [energy dispersive X-ray 
analyZer, EMAX-1770 manufactured by Horiba Ltd.]. The 
analysis found that the polyethylene dioxythiophene 
included calcium dispersed homogenously. From the results 
here as Well as the results shoWn in Test Example 7, the 
polyethylene dioxythiophene of Example 4 included an 
organic sulfonate homogenously dispersed in or on the 
matrix. 

[0072] Generally, in case Where a Washing process is not 
applied or iron components remain even after the Washing 
process, it has been knoWn that the heat resistance and the 
moisture resistance of the conductive polymer are inferior to 
the case Where the iron components are completely 
removed. This phenomena is considered due to de-doping by 
reduction or polymer decomposition by changing a divalent 
iron into a trivalent iron. The reason Why the treatment by 
the organic sulfonate aqueous solution of Examples 
improved the heat resistance and moisture resistance com 
pared With the ones not treated by the organic sulfonate is 
because the organic sulfonate restricts the change of the iron 
valence so as to restrict the conductive polymer from being 
de-doped by reduction or decomposition. 

Examples 25 and 26 

[0073] In Examples 25 and 26, the conductive polymer 
prepared by electrolysis oxidation polymerization Was 
treated by the Organic sulfonate solution. 

[0074] First, a ceramic plate coated With the conductive 
polymer, Which Was used as the anode during the electrolysis 
oxidation polymerization, Was prepared. That is, as an 
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oxidant, ferric paratoluenesulfonate solution Was used. By 
conducting the same procedure as Example 1, a ceramic 
plate forming a polyethylene dioxythiophene Was obtained. 
The obtained ceramic plate Was used as an anode, and a 
stainless steel (SUS304) Was used as a cathode, and the 
electrolysis oxidation polymerization Was carried out by the 
following procedure. 

[0075] To a solution obtained by solving butyl naphtha 
lene sulfonic acid sodium into pure Water to have a concen 
tration of 0.04 mol/l, pyrrole Was added to have a concen 
tration of 0.04 mol/l. Using the anode and cathode as 
explained above, a constant current of 1 mA/cm Was applied 
for a period of 70 minutes so as to synthesize a polypyrrole 
incorporating butyl naphthalene sulfonic acid sodium as a 
dopant. Then, it Was fully Washed With 2% butyl naphtha 
lene sulfonic acid ethanol solution, and an excessive amount 
of butyl naphthalene sulfonic acid Was removed by ethanol. 
Thereby obtained polypyrrole, together With the ceramic 
plate, Was immersed into 2% organic sulfonate solution 
Whose concentration Was adjusted in Production Example 4 
and Production Example 8, for a period of 10 minutes. Then, 
the plate Was taken out, dried at a temperature of 50° C. for 
a period of 1 hour, and further dried at a temperature of 150° 
C. for a period of 1 hour, so as to prepare a polypyrrole/ 
polyethylene dioxythiophene complex of Example 25 and 
polypyrrole/polyethylene dioxythiophene complex of 
Example 26. 

Comparative Example 8 

[0076] To the polypyrrole/polyethylene dioxythiophene 
complex obtained by the electrolysis oxidation polymeriza 
tion, the same procedure as Example 25 Was conducted 
except for skipping the treatment by the organic sulfonate of 
Example 25, so as to prepare a polypyrrole/polyethylene 
dioxythiophene complex of Comparative Example 8. 

Test Example 9 

[0077] To the polypyrrole/polyethylene dioxythiophene 
complex as prepared in accordance With Example 25, 26 and 
Comparative Example 8, a load of 1.5 tons Was applied for 
a period of 5 hours to equalize the ?lm thickness. Then, at 
room temperature (about 25° C.), a surface resistance Was 
measured by using a four probes type electric conductivity 
measuring device [MCP-T600 manufactured by Mitsubishi 
Chemical Corporation] in accordance With JIS K 7194. The 
results and the components are summarized in Table 9. 

TABLE 9 

Surface 

resistance(£2) 
Components in the 
Treatment Liquid 

Example 25 Calcium phenolsulfonate 6.8 
Example 26 Phenol sulfonic acid amino 6.6 

azotoluene 
Comparative No Treatment 8.9 
Example 8 

[0078] As shoWn in Table 9, the polypyrrole/polyethylene 
dioxythiophene complexes in accordance With Examples 25 
and 26, Which Were treated by the organic sulfonate solution, 
shoWed a less surface resistance and a higher electric con 
ductivity than the polypyrrole/polyethylene dioxythiophene 
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complex in accordance With Comparative Example 8, Which 
Was not treated by the organic sulfonate solution. 

Test Example 10 

[0079] With respect to the polypyrrole/polyethylene diox 
ythiophene complexes in accordance With Examples, 25, 26 
and Comparative Example 8, the same procedure as Test 
Example 2 Was conducted except for changing the storage 
period into 48 hours and except for replacing the electric 
conductivity measurement With a surface resistance mea 
surement, so as to research the increase rate of the surface 
resistance When being kept in a hot condition. The results are 
summarized in table 10. The increase rate of the surface 
resistance is calculated by the folloWing formula. 

[Increase Rate of the Surface Resistance (%)]=[(Sur— 
face Resistance after Storage)/(Initial Surface Resis 
tance)]><100 

[0080] In the formula above, the “initial surface resis 
tance” means the surface resistance measured before the 
storage (that is, the surface resistance measured in accor 
dance With Test Example 9). 

TABLE 10 

Increase Rate of Surface Resistance(%) 
(After storage at 130° C. for 48 hours) 

Example 25 480 
Example 26 420 
Comparative 1200 
Example 8 

[0081] As shoWn in Table 10, the polypyrrole/polyethyl 
ene dioxythiophene complexes in accordance With 
Examples 25 and 26, Which Were treated by the organic 
sulfonate solution, less increased the surface resistance 
When being kept at a hot condition and Were found to be 
excellent in the heat resistance, compared With the polypyr 
role/polyethylene dioxythiophene complex of Comparative 
Example 8, Which Was not treated by the organic sulfonate 
solution. 

Examples 27 to 29 

[0082] Using the polyethylene dioxythiophene of 
Example 4, the polyethylene dioxythiophene of Example 6 
and the polyethylene dioxythiophene of Example 7, the solid 
electrolytic capacitors Were prepared. 

[0083] First, a tantalum sintered compact Was immersed 
into a phosphoric acid aqueous solution, folloWed by apply 
ing an voltage to carry out electrolytic oxidation. As a result, 
a dielectric oxidation ?lm Was formed on the surface of the 
tantalum sintered compact. Then, in order to carry out 
chemical oxidation polymerization, a solution including an 
oxidant and iron (III) paratoluenesulfonate as a dopant Was 
prepared. The tantalum sintered compact Whose surface had 
formed the dielectric oxidation ?lm Was immersed into a 
solution including iron (III) paratoluenesulfonate for a 
period of 20 minutes, folloWed by taking it out to dry it at 
a temperature of 40° C. for a period of 30 minutes. Then, it 
Was immersed into a monomer of ethylene dioxythiophene 
for a period of 15 minutes, folloWed by taking it out to carry 
out chemical oxidation polymerization in an atmosphere of 
a temperature of about 25° C. at a humidity of 40%. Then, 
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it Was immersed into 2% paratoluene sulfonic acid aqueous 
solution for a period of 60 minutes, and then, immersed into 
pure Water for a period of 30 minutes for Washing, followed 
by drying it at a temperature of 800 C. for a period of 30 
minutes. Further, the steps of immersing it into the solution 
including iron (111) paratoluenesulfonate for a period of 20 
minutes folloWed by Washing and drying Were repeated for 
ten times, so as to synthesiZe polyethylene dioxythiophene. 
Then, after it Was immersed into a phosphoric acid aqueous 
solution, a voltage Was applied to repeating the synthesis. 
Thereafter, each of the samples Was immersed into the 
organic sulfonate aqueous solution obtained by adjusting the 
concentration of the Organic sulfonate solution into 2% in 
accordance With Production Example 4, Production 
Example 6 and Production Example 7, for a period of 20 
minutes, folloWed by drying it at a temperature of 100° C. 
for a period of 30 minutes. Then, a carbon paste and a silver 
paste Were applied, and an anode lead and a cathode lead 
Were provided to be taken from the anode layer and the 
cathode layer, respectively. Then, an outer shell Was formed 
by an epoxy resin around the area. Finally, an aging treat 
ment Was applied so as to obtain a solid electrolytic capaci 
tor. 

Comparative Example 9 

[0084] The same procedure as Example 27 Was applied 
except for skipping the treatment of the polyethylene diox 
ythiophene into an organic sulfonate solution, so as to 
prepare a solid electrolytic capacitor. 

Comparative Example 10 

[0085] The same procedure as Example 27 Was applied to 
the polyethylene dioxythiophene, except for replacing the 
treatment by the organic sulfonate solution in Example 27 
With the treatment by 2% phenol sulfonic aqueous solution, 
so as to prepare a solid electrolytic capacitor. 

Test Example 11 

[0086] The solid electrolytic capacitors in accordance With 
Examples 27 to 29 and Comparative Examples 9 and 10 
Were kept at a temperature of 850 C. at a humidity of 85% 
for a period of 1000 hours, to measure the capacitance. The 
capacitance Was also measured before the storage, Which 
Was referred to as an initial property. Compared With the 
initial property, the capacitance ratio after the storage is 
shoWn in table 11. Also, With respect to the solid electrolytic 
capacitors in accordance With Examples 27 to 29 and 
Comparative Examples 9 and 10, the equivalent series 
resistance (ESR) Was measured. The results and the com 
ponents are summariZed in Table 11. 

TABLE 11 

Equivalent 
Series 

Components in the Capacitance Resistance 
Treatment Liquid (%) (%) 

Example 27 Calcium 95 118 
phenolsulfonate 

Example 28 Calcium 93 116 
sulfosalicylate 

Example 29 Aluminum 94 114 
phenolsulfonate 
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TABLE 1 1 -continued 

Equivalent 
Series 

Components in the Capacitance Resistance 
Treatment Liquid (%) (%) 

Comparative No Treatment 85 160 
Example 9 
Comparative Phenol sulfonic acid 75 139 
Example 10 

[0087] As shoWn in Table 11, the solid electrolytic capaci 
tors of Examples 27 to 29, using the polyethylene diox 
ythiophene treated by the organic sulfonate solution, less 
decreased the capacitance and to change the equivalent 
series resistance When being kept in a hot and humid 
condition, resulting in being excellent in the heat resistance 
and the moisture resistance, compared With the solid elec 
trolytic capacitor of Comparative Example 9 Which Was not 
treated by the organic sulfonate solution and the solid 
electrolytic capacitor of Comparative Example 10 Which 
Was treated by the organic sulfonic acid solution. 

INDUSTRIAL UTILITY 

[0088] As explained above, the conductive polymer of the 
present invention is excellent in the conductivity, heat resis 
tance and moisture resistance, and less decreased the electric 
conductivity When being kept in a hot and humid condition, 
and to decompose in a hot condition. Therefore, the solid 
electrolytic capacitor using the conductive polymer as a 
solid electrolyte of the present invention less decreased the 
properties in a hot and humid condition, resulting in being 
reliable. 

1. (canceled) 
2. A conductive polymer according to claim 12, Wherein 

a monomer for the conductive polymer is at least one 
selected from the group consisting of thiophene, pyrrole and 
the derivatives thereof. 

3. A conductive polymer according to claim 12, Wherein 
the conductive polymer obtained by the oxidation polymer 
iZation uses an organic sulfonic acid as a dopant. 

4. A conductive polymer according to claim 12, Wherein 
the cation of the organic sulfonate is a metal cation other 
than a transition metal. 

5. A conductive polymer according to claim 12, Wherein 
the cation of the organic sulfonate has a backbone having at 
least one selected from the group consisting of ?ve-mem 
bered heterocyclic ring, benZene ring, naphthalene ring, 
tetralin ring and anthracene ring, and at least one selected 
from the group consisting of NH group and NH2. 

6. A conductive polymer according to claim 12, Wherein 
the anion of the organic sulfonate has a backbone having at 
least one selected from the group consisting of benZene ring, 
naphthalene ring, tetralin ring and anthracene ring. 

7. A conductive polymer according to claim 12, Wherein 
the anion of the organic sulfonate has a backbone having at 
least one selected from the group consisting of benZene ring, 
naphthalene ring, tetralin ring and anthracene ring, Wherein 
the backbone is connected to at least one functional group 
selected from the group consisting of alkyl group having a 
carbon number of 1 to 12, hydroxyl group, alkoxy carbonyl 
group having a carbon number of 2 to 10, alkoxyl group and 
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aldehyde group having a carbon number of l to 10, and at 
least one sulfonic acid group. 

8. A conductive polymer according to claim 12, Wherein 
the anion of the organic sulfonate has a backbone having at 
least one selected from the group consisting of benzene ring, 
naphthalene ring, tetralin ring and anthracene ring, Wherein 
the backbone is connected to at least one functional group 
selected from the group consisting of alkyl group having a 
carbon number of l to 12, hydroxyl group, alkoxy carbonyl 
group having a carbon number of 2 to 10, alkoxyl group and 
aldehyde group having a carbon number of l to 10, and at 
least one sulfonic acid group, Wherein protons of the sul 
fonic acid are partially replaced With ?uorine. 

9. A conductive polymer according to claim 12, Wherein 
the organic sulfonate is a mixture of a ?rst organic sulfonate 
comprising an anion having a backbone having at least one 
selected from the group consisting of benzene ring, naph 
thalene ring, tetralin ring and anthracene ring, and hydroxyl 
group and at least one sulfonic acid; and a second organic 
sulfonate comprising an anion having a backbone having at 
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least one selected from the group consisting of benzene ring, 
naphthalene ring, tetralin ring and anthracene ring, an alde 
hyde group having a carbon number of l to 10, and at least 
one sulfonic acid group. 

10. A conductive polymer according to claim 12, Wherein 
the oxidation polymerization is chemical oxidation polymer 
ization, Wherein the conductive polymer obtained by the 
chemical oxidation polymerization comprises a transition 
metal salt of the organic sulfonic acid serving as a dopant as 
Well as serving as an oxidant. 

11. A solid electrolytic capacitor, Wherein the conductive 
polymer according to claim 1 is used as a solid electrolyte. 

12. A conductive polymer, comprising a matrix of the 
conductive polymer and an organic sulfonate coated on or 
included in the conductive polymer, Wherein the conductive 
polymer is obtained by oxidation polymerization, Wherein 
the organic sulfonate is formed by an anion of an organic 
sulfonic acid and a cation other than a transition metal. 


