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DESCRIPTION 

 

Title of Invention: SOLID ELECTROLYTIC CAPACITOR AN D METHOD FOR 

PRODUCING SAME 

 

Technical Field  

[0001] 

 The present invention relates to a solid electroly tic capacitor 

having a solid electrolyte layer, and more particul arly to a solid 

electrolytic capacitor and a method for producing t he same, the solid 

electrolytic capacitor containing as the solid elec trolyte layer a 

conductive polymer layer that exhibits high conduct ivity and having 

excellent electric properties.   

 

Background Art 

[0002] 

 Known as a material for forming a solid electrolyt e used in a 

solid electrolytic capacitor are an inorganic condu ctive material 

as typified by manganese dioxide and an organic con ductive material 

such as 7,7,8,8-tetracyanoquinodimethane (TCNQ) com plex. 

 Besides, widely commercialized is a solid electrol ytic capacitor 

having as the solid electrolyte a conductive polyme r material that 

is more excellent in electric properties than these  solid 

electrolyte-forming materials.   

[0003]  

 As such a conductive polymer material, conductive polymer made 

by polymerization of 3,4-ethylenedioxythiophene (he reinafter 

abbreviated to “EDOT”) monomers is known broadly. 

 As this EDOT has a slow polymerization rate and al lows to form 

1 DESCRIPTION Title of Invention: SOLID ELECTROLYTIC CAPACITOR AND METHOD FOR
PRODUCING SAME Technical Field [0001]        The present invention relates to a solid electrolytic
capacitor having a solid electrolyte layer, and more particularly to a solid electrolytic capacitor and a
method for producing the same, the solid electrolytic capacitor containing as the solid electrolyte layer a
conductive polymer layer that exhibits high conductivity and having excellent electric properties.
Background Art [0002]        Known as a material for forming a solid electrolyte used in a solid electrolytic
capacitor are an inorganic conductive material as typified by manganese dioxide and an organic
conductive material such as 7,7,8,8-tetracyanoquinodimethane (TCNQ) complex.        Besides, widely
commercializedis a solid electrolytic capacitor having as the solid electrolyte a conductive polymer
material that is more excellent in electric properties than these solid electrolyte-forming materials. [0003]
As such a conductive polymer material, conductive polymer made by polymerization of
3,4-ethylenedioxythiophene (hereinafter abbreviated to "EDOT") monomers is known broadly. As this
EDOT has a slow polymerization rate and allows to form  2 a conductive polymer layer that has good
adhes ion to the anode dielectric oxide film, it is useful as a material for forming a solid electrolyte layer of
the solid electrolytic capacitor. [0004]        However, electronic devices in these days are required to save
more power and support higher frequencies, and solid electrolytic capacitors used in these electronic
devices are also required to further improve electric properties, for example, to reduce the size, increase
the capacity and reduce the Equivalent Series Resistance (hereinafter abbreviated as "ESR"). 
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a conductive polymer layer that has good adhesion t o the anode dielectric 

oxide film, it is useful as a material for forming a solid electrolyte 

layer of the solid electrolytic capacitor. 

[0004]  

 However, electronic devices in these days are requ ired to save 

more power and support higher frequencies, and soli d electrolytic 

capacitors used in these electronic devices are als o required to further 

improve electric properties, for example, to reduce  the size, increase 

the capacity and reduce the Equivalent Series Resistance (hereinafter 

abbreviated as “ESR”).  

 The electric properties of the solid electrolytic capacitor 

largely depend on a material used for forming the s olid electrolyte 

and its forming method.  There are hopes for develo pment of conductive 

monomers that are more excellent than the conventio nal EDOT and a 

new method for forming a solid electrolyte layer. 

[0005]  

 Against this backdrop, a solid electrolytic capaci tor is known 

as related art which has 3-alkyl-4-alkoxythiophene polymer as solid 

electrolyte.  As this polymer is used, the obtained  solid electrolytic 

capacitor is allowed to have excellent electric pro perties even in 

high-frequency range (PL1). 

[0006]  

 Further proposed is a solid electrolytic capacitor  that uses 

as a solid electrolyte molecules obtained by polyme rizing 

alkylenedioxythiophene derivative of which a part s ubstitutes for 

an alkoxy group.  

 With use of this polymer, it is possible to suppre ss 

crystallization of polymerization oxidant remaining  in the polymer 

and to reduce leakage current of the solid electrol ytic capacitor 

The electric properties of the solid electrolytic capacitor largely depend on a material used for forming the
solid electrolyte and its forming method. There are hopes for development of conductive monomers that
are more excellent than the conventional EDOT and a new method for forming a solid electrolyte layer.
[0005]        Against this backdrop, a solid electrolytic capacitor is known as related art which has
3-alkyl-4-alkoxythiophene polymer as solid electrolyte. As this polymer is used, the obtained solid
electrolytic capacitor is allowed to have excellent electric properties even in high-frequency range (PL1).
[0006]        Further proposed is a solid electrolytic capacitor that uses as a solid electrolyte molecules
obtained by polymerizing alkylenedioxythiophene derivative of which a part substitutes for an alKoxy
group.        With use of this polymer, it is possible to suppress crystallization of polymerization oxidant
remaining in the polymer and to reduce leakage current of the solid electrolytic capacitor  3 (see PL2
below). Citation List Patent Literature [0007] PL1: Japanese Patent Application Laid-Open No.
2001-332453 PL2: Japanese Patent Application Laid-Open No. 2004-096098 Summary of Invention
Technical Problem [0008]        However, even for the polymers disclosed in the above-mentioned
publications, it is difficult to have sufficient electric properties or heat resistance. There are demands for
improvement in electric properties and heat resistance of the solid electrolytic capacitor. 
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(see PL2 below).  

 

Citation List 

Patent Literature 

[0007] 

PL1: Japanese Patent Application Laid-Open No. 2001 -332453 

PL2: Japanese Patent Application Laid-Open No. 2004 -096098 

 

Summary of Invention 

Technical Problem 

[0008] 

 However, even for the polymers disclosed in the ab ove-mentioned 

publications, it is difficult to have sufficient el ectric properties 

or heat resistance.  There are demands for improvem ent in electric 

properties and heat resistance of the solid electro lytic capacitor.  

 Meanwhile, in order to increase the capacitance of  the solid 

electrolytic capacitor, there are proposed a foil t ype of using a 

wound or laminated aluminum foil as an anode elemen t, the surface 

of the aluminum foil being roughened by etching and  a sintered element 

type of sintering and molding metal fine particles into a porous body 

thereby to achieve larger capacitance.  In the sint ered element type, 

the particle diameter of the metal fine particles b ecomes smaller 

for the purpose of increasing the capacitance and i ts CV product (product 

of voltage and capacitance per sintered element 1g)  is 100,000 µFV/g 

or more. 

 Further, in these days, in order to enhance the pe rformance, 

polypyrrole and PEDOT (polyethylenedioxythiophene) are used in the 

solid electrolyte.  These are polymerized by chemical oxidative 

polymerization or electropolymerization.  However, pores of the 

Meanwhile, in order to increase the capacitance of the solid electrolytic capacitor, there are proposed a
foil type of using a wound or laminated aluminum foil as an anode element, the surface of the aluminum
foil being roughened by etching and a sintered element type of sintering and molding metal fine particles
into a porous body thereby to achieve larger capacitance. In the sintered element type, the particle
diameter of the metal fine particles becomes smaller for the purpose of increas ing the capacitance and
its CVproduct (product of voltage and capacitance per sintered element 1g) is 100,000 pFV/g or more.
Further, in these days, in order to enhance the performance, polypyrrole and PEDOT
(polyethylenedioxythiophene) are used in the solid electrolyte. These are polymerized by chemical
oxidative polymerization or electropolvmerization. However, pores of the  4 porous sintered element tend
to finer and it is difficult to fill these pores with c:olvmerized polypvrrole or PEJO= [0009]        The present
invention aims to provide a solid electrolytic capacitor and a method for producing the same, the solid
electrolytic capacitor that has excellent heat-resistance and electric properties, showing a high
capacitance and a low ESR. Solution to Problem [0010]        The inventors of the present invention
studied dedicatedly, and finally have found that the objective of the present invention can be achieved by
a solid electrolytic capacitor containing, as a solid electrolyte, molecules obtained by polymerizing a
compound expressed by the following formula [1] and completed the present invention. The present
invention is described specifically below. [0011]        The first aspect of the present invention is a solid
electrolytic capacitor comprising, as solid electrolyte, molecules obtained by polymerizing a compound
expressed by a formula [1] (in the formula, R1 represents a straight-chain or branched-chain alkyl group
with from 1 to 6 carbon atoms and Z represents oxygen atom or sulfur atom, independently). [1]  5
The second aspect of the present invention is a solid electrolytic capacitor comprising, as solid electrolyte,
molecules obtained by polymerizing at least one of compounds expressed by formulas [2] and [3]. [2]   
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porous sintered element tend to finer and it is dif ficult to fill 

these pores with polymerized polypyrrole or PEDOT.  

[0009]  

 The present invention aims to provide a solid elec trolytic 

capacitor and a method for producing the same, the solid electrolytic 

capacitor that has excellent heat-resistance and el ectric properties, 

showing a high capacitance and a low ESR. 

 

Solution to Problem 

[0010] 

 The inventors of the present invention studied ded icatedly, and 

finally have found that the objective of the presen t invention can 

be achieved by a solid electrolytic capacitor conta ining, as a solid 

electrolyte, molecules obtained by polymerizing a c ompound expressed 

by the following formula [1] and completed the pres ent invention.  

The present invention is described specifically bel ow.  

[0011] 

 The first aspect of the present invention is a sol id electrolytic 

capacitor comprising, as solid electrolyte, molecul es obtained by 

polymerizing a compound expressed by a formula [1] (in the formula, 

R1 represents a straight-chain or branched-chain al kyl group with 

from 1 to 6 carbon atoms and Z represents oxygen at om or sulfur atom, 

independently). 

[1] 

 

[0012] 

[3]   [0013]        The third aspect of the present invention is the solid electrolyticcapacitorof the second
aspect of the present invention, wherein the molecules are obtained by polymerizing the compound
expressed by the formula [2]. [0014]        The fourth aspect of the present invention is the solid electrolytic
capacitor of the second aspect of the present invention, further comprising:        a porous body, as an
anode, obtained by sintering valve-action metal particles; a dielectric oxide film formed on a surface of the
anode;        solid electrolyte containing molecules obtained by polymeri zing the compound expressed by
at least one of the formulas [2] and [3] on a surface of the dielectric oxide film; and  6        a cathode
having a carbon layer and a silver layer formed on the molecules. [0015]        The fifth aspect of the
present invention is the solid electrolytic capacitor of the fourth aspect of the present invention, wherein
the valve-action metal particles used in the porous body obtained by sintering of the valve-action metal
particles contain at least one of tantalum metal particles and niobium metal particles, and a CV product
per unit mass is 20000 pFV/g or more. [0016]
Thesixthaspectofthepresentinventionisamethodforproducing
asolidelectrolyticcapacitorcomprisingastepofobtainingmolecules by polymerizing a compound expressed
by a formula [1] and forming the molecules on valve-action metal where a dielectric oxide film is formed
(in the formula, R1 represents a straight-chain or branched-chain alkyl group with from 1 to 6 carbon
atoms and Z represents oxygen atom or sulfur atom, independently). [1] 
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 The second aspect of the present invention is a so lid electrolytic 

capacitor comprising, as solid electrolyte, molecul es obtained by 

polymerizing at least one of compounds expressed by  formulas [2] and 

[3].  

[2] 

 

[3] 

 

[0013] 

 The third aspect of the present invention is the s olid 

electrolytic capacitor of the second aspect of the present invention, 

wherein the molecules are obtained by polymerizing the compound 

expressed by the formula [2]. 

[0014] 

 The fourth aspect of the present invention is the solid 

electrolytic capacitor of the second aspect of the present invention, 

further comprising: 

 a porous body, as an anode, obtained by sintering valve-action 

metal particles;   

 a dielectric oxide film formed on a surface of the  anode; 

 solid electrolyte containing molecules obtained by  polymerizing 

the compound expressed by at least one of the formu las [2] and [3] 

on a surface of the dielectric oxide film; and 

[0017]        The seventh aspect of the present invention is a method for producing a solid electrolytic
capacitor comprising a step of obtaining molecules by polymerizing at least one of compounds expressed
by formulas [2] and [3] and forming the molecules on valve-action metal where a dielectric oxide film is
formed.  7 [2]   [3]   [0018]        The eighth aspect of the present invention is the method of the sixth or
seventh aspect of the present invention, wherein the step of forming the molecules on the valve-action
metal where the dielectric oxide film is formed comprises performing polymerization by bringing (A) at
least one selected from a group consisting of compounds expressed by formulas [1] to [3], (3) a dopant,
and (C) an oxidant into contact with each other in a liquid phase. [0019]        The ninth aspect of the
present invention is the method of the eighth aspect of the present invention, wherein (3) the dopant and
(C) the oxidant are replaced with a compound having properties of both (3) the dopant and (C) the
oxidant. [0020]        The tenth aspect of the present invention is the method of the ninth aspect of the
present invention, wherein the compound having properties of both (3) the dopant and (C) the oxidant is
organic sulfonic acid iron(III) salt and the liquid phase contains 40 to 70 wt% of the organic sulfonic acid
iron(III) salt. 8 [0021]        The eleventh aspect of the present invention is the method of the seventh
aspect of the present invention, wherein a porous body obtained by sintering  valve-action metal particles
isvused as an anode and the method further comprises: 
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 a cathode having a carbon layer and a silver layer  formed on 

the molecules. 

[0015] 

 The fifth aspect of the present invention is the s olid 

electrolytic capacitor of the fourth aspect of the present invention, 

wherein the valve-action metal particles used in th e porous body 

obtained by sintering of the valve-action metal par ticles contain 

at least one of tantalum metal particles and niobiu m metal particles, 

and a CV product per unit mass is 20000 µFV/g or more. 

[0016] 

 The sixth aspect of the present invention is a met hod for producing 

a solid electrolytic capacitor comprising a step of  obtaining molecules 

by polymerizing a compound expressed by a formula [ 1] and forming 

the molecules on valve-action metal where a dielect ric oxide film 

is formed (in the formula, R1 represents a straight -chain or 

branched-chain alkyl group with from 1 to 6 carbon atoms and Z represents 

oxygen atom or sulfur atom, independently). 

[1] 

 

 

[0017] 

 The seventh aspect of the present invention is a m ethod for 

producing a solid electrolytic capacitor comprising  a step of obtaining 

molecules by polymerizing at least one of compounds  expressed by 

formulas [2] and [3] and forming the molecules on v alve-action metal 

where a dielectric oxide film is formed. 

forming the dielectric oxide film on a surface of the anode;        forming the molecules obtained by
polymerization of at least one of the compounds expressed by the formulas [2] and [3], on the anode
where the dielectric oxide film is formed; and        forming a cathode containing a carbon layer and a silver
layer on the molecules. [0022]        The twelfth aspect of the present invention is the method of the
eleventh aspect of the present invention, wherein the step of forming the molecules on the anode where
the dielectric oxide film is formed comprises: bringing (A) the at least one selected from the group
consisting of the compounds expressed by the formulas [1] to [3] and (C) the oxidant into contact with
each other in the liquid phase to conduct chemical oxiciative polymerization. Advantageous Effects of
Invention [0023]        According to the present invention, it is possible to provide a solid electrolytic
capacitor that has excellent heat-resistance, a high capacitance and a low ESR.        Besides, when the
molecules used as the solid electrolyte are obtained by polymerizing a compound expressed by at least
one of the following formulas [2] and [3], the polymerization rate of these monomers is relatively slow and
therefore, it is possible to fill 9 in pores of a porous body obtained by sintering valve-action metal particles
that are finely porous. (2)  (3)          With this structure, it is possible to provide a solid electrolytic
capacitor that has excellent heat-resistance, a high capacitance and a low ESR. Brief Description of
Drawings [0024]        Fig. 1 is a graph of the carbon number of the horizontal axis of a substituent of
EDOT indicated by the horizontal axis and the polymerization rate (seconds) indicatedby the vertical axis
(Examples 4 to 6 and Comparative Example 1 and 2); 
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[2] 

 

[3] 

 

[0018] 

 The eighth aspect of the present invention is the method of the 

sixth or seventh aspect of the present invention, w herein the step 

of forming the molecules on the valve-action metal where the dielectric 

oxide film is formed comprises performing polymeriz ation by bringing 

(A) at least one selected from a group consisting o f compounds expressed 

by formulas [1] to [3], (B) a dopant, and (C) an ox idant into contact 

with each other in a liquid phase. 

[0019] 

 The ninth aspect of the present invention is the m ethod of the 

eighth aspect of the present invention, wherein (B)  the dopant and 

(C) the oxidant are replaced with a compound having  properties of 

both (B) the dopant and (C) the oxidant. 

[0020] 

 The tenth aspect of the present invention is the m ethod of the 

ninth aspect of the present invention, wherein the compound having 

properties of both (B) the dopant and (C) the oxida nt is organic sulfonic 

acid iron(III) salt and the liquid phase contains 4 0 to 70 wt% of 

the organic sulfonic acid iron(III) salt. 

Fig. 2 is a graph of the carbon number of the horizontal axis of a substituent of EDOT indicated by the
horizontal axis and the ESR (mQ) indicated by the vertical axis (Examples 7 to 9 and Comparative
Example 4 and 7); and        Fig. 3 is a schematic cross sectional view for explaining the structure of a
solid electrolytic capacitor according to Example 10 of the present invention. Description of Embodiments
[0025] The present invention will be described in detail below.        The present invention provides a solid
electrolytic capacitor containing, as a solid electrolyte , molecules obtained by polymeri z ing a compound
expressed by the following formula [1]. [0026] ( 1)  [0027]        In the above-mentioned formula [1], R1
represents a straight-chain or branched-chain alkyl group with from 1 to 6 carbon atoms. Z represents
oxygen atom or sulfur atom, independently. [0028]        The straight-chain or branched-chain alkyl group
with from 1 to 6 carbon atoms includes , for example, methyl group, ethyl group, n- propyl group, iso-
propyl group, n-butyl group, iso-butyl group, sec-butyl group, t-butyl group, n-pentyl group, iso- pentyl
group, 1-methylbutyl, 1-ethylpropyl group, 1, 2-dimethylpropyl group, 1, 1-dimethylpropyl group, neopentyl
group, n-hexyl group and so on.        Among those groups, a straight-chain or branched-chain alkyl group
with from 1 to 3 carbon atoms is preferably used, which is specifically, methyl group, ethyl group, n-
propyl group, iso-propyl group, or more preferably, methyl group, ethyl group, or much more preferably,
methyl group. 11        In the case of a straight-chain or branched-chain alkyl group with from more than 6
carbon atoms, the polymerization reactivity of an obtained compound is lowered and it becomes difficult
to obtain a polymer. [0029]       The compound expressed by the above-mentioned general formula [1]
includes, more preferably, 2-methyl-2,3-dihydrothieno[3,4-h]-1,4-dioxin(2- 



8 
 

[0021] 

 The eleventh aspect of the present invention is th e method of 

the seventh aspect of the present invention, wherei n a porous body 

obtained by sintering valve-action metal particles isvused as an anode 

and the method further comprises: 

 forming the dielectric oxide film on a surface of the anode; 

 forming the molecules obtained by polymerization o f at least 

one of the compounds expressed by the formulas [2] and [3], on the 

anode where the dielectric oxide film is formed; an d 

 forming a cathode containing a carbon layer and a silver layer 

on the molecules. 

[0022] 

 The twelfth aspect of the present invention is the  method of 

the eleventh aspect of the present invention, where in the step of 

forming the molecules on the anode where the dielec tric oxide film 

is formed comprises: bringing (A) the at least one selected from the 

group consisting of the compounds expressed by the formulas [1] to 

[3] and (C) the oxidant into contact with each othe r in the liquid 

phase to conduct chemical oxidative polymerization . 

 

Advantageous Effects of Invention 

[0023] 

 According to the present invention, it is possible  to provide 

a solid electrolytic capacitor that has excellent h eat-resistance, 

a high capacitance and a low ESR. 

 Besides, when the molecules used as the solid elec trolyte are 

obtained by polymerizing a compound expressed by at  least one of the 

following formulas [2] and [3], the polymerization rate of these 

monomers is relatively slow and therefore, it is po ssible to fill 

methyl-EDOT) 2-ethyl-2,3-dihydrothienoJ-1,4-dioxinethyl-EDOT)
2-propy1-2,3-dihydrothieno[3,4-b]-1,4-dioxin (2-propyl-EDOT) 2-isopropyl-2,3-dihydrothieno[3,4-
,-1,4-dioxin (2-isopropyl-EDOT) 2-butyl-2, 3- ihydrothieno [3 4--dioxin (2- butyl-EDOT)
2-penty1-2,3-dihvdrothieno[3,4-h]-1,4-dioxin (2-pentyl-EDOT)        2-hexy1-2,3-dihydrothieno [3,
4-b]-1,4-dioxin (2-thexyl-EDOT) and the like. [0030]        Polymer obtained by polymerizing a compound
expressed by the above-mentioned general formula [1] shows high conductivity and is excellent in heat
stability.        The above-mentioned compound used in the present invention is such that the
polymerization rate is improved as compared with the well-known conductive polymer monomer, or for
example, EDOT.        That is, although the polymerization rate is slower than that of EDOT, it shows
excellent polymerization and therefore, the polymeri zation can be made up to the back of the pores in the
valve-action 12 metal having porous complicated shape.        Hence, the polymer of the compound used
in the present invention is a conductive polymer material suitable for a solid electrolyte of a solid
electrolytic capacitor. [0031] 
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in pores of a porous body obtained by sintering val ve-action metal 

particles that are finely porous.  

〔２〕 

 

〔３〕 

 

 With this structure, it is possible to provide a s olid 

electrolytic capacitor that has excellent heat-resi stance, a high 

capacitance and a low ESR. 

 

Brief Description of Drawings 

[0024] 

 Fig. 1 is a graph of the carbon number of the hori zontal axis 

of a substituent of EDOT indicated by the horizonta l axis and the 

polymerization rate (seconds) indicated by the vert ical axis (Examples 

4 to 6 and Comparative Example 1 and 2); 

 Fig. 2 is a graph of the carbon number of the hori zontal axis 

of a substituent of EDOT indicated by the horizonta l axis and the 

ESR (mΩ) indicated by the vertical axis (Examples 7 to 9 a nd Comparative 

Example 4 and 7); and 

 Fig. 3 is a schematic cross sectional view for exp laining the 

structure of a solid electrolytic capacitor accordi ng to Example 10 

of the present invention. 

In the above-mentioned compound, when a compound expressed by at least one of the following
formulas [2] and [3] is used, it is possible to obtain a solid electrolytic capacitor that is especially excellent
in ESR characteristics and heat resistance. [0032] ( 2 )  ( 3 )  [0033]        The polymer obtained by
polymerization of at least one of compounds expressed by the above-mentioned formulas [1] to [3] can be
obtained by the following polymerization method.        For example, the polymer can be obtained by
chemical oxidative polymerization of the above-mentioned compound with use of oxidant or by
electro-chemical oxidative polymerization. 13 [0034]          The above-mentioned oxidant used in the
chemical oxidative polymerization includes          halide such as iodine, bromine, bromine iodide, chlorine
dioxide, iodic acid, periodic acid, and chlorous acid,          metal halide such as antimony pent af luoride,
phosphorus pentachioride , phosphorus penta.fluoride, aluminium chloride, and molybdenum chloride,
higher oxidation state transitionmetal ion such as permanganate, dichrorrate, chromic anhydride, cupric
salt and its salt;          protonic acid such as trifluoromethanesulfonic acid, sulfuric acid and nitric acid;
oxygen corrpound such as liquid dioxide and sulfur trioxide; peroxoacid andsaltsuchassodium perborate,
ammonium persulfate, hydrogen peroxide; and 
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Description of Embodiments 

[0025] 

 The present invention will be described in detail below.  

 The present invention provides a solid electrolyti c capacitor 

containing, as a solid electrolyte, molecules obtai ned by polymerizing 

a compound expressed by the following formula [1]. 

[0026]  

〔１〕 

 

[0027]  

 In the above-mentioned formula [1], R1 represents a 

straight-chain or branched-chain alkyl group with f rom 1 to 6 carbon 

atoms.  Z represents oxygen atom or sulfur atom, in dependently. 

[0028]  

 The straight-chain or branched-chain alkyl group w ith from 1 

to 6 carbon atoms includes , for example, methyl gr oup, ethyl group, 

n- propyl group, iso- propyl group, n-butyl group, iso-butyl group, 

sec-butyl group, t-butyl group, n-pentyl group, iso - pentyl group, 

1-methylbutyl, 1-ethylpropyl group, 1, 2-dimethylpr opyl group, 1, 

1-dimethylpropyl group, neopentyl group, n-hexyl gr oup and so on. 

 Among those groups, a straight-chain or branched-c hain alkyl 

group with from 1 to 3 carbon atoms is preferably u sed, which is 

specifically, methyl group, ethyl group, n- propyl group, iso- propyl 

group, or more preferably, methyl group, ethyl grou p, or much more 

preferably, methyl group. 

heteropoly acid and salt such as tungstomolybdophosphoric acid, tungstophosphoric acid and
molybdophosphoric acid. [0035]          Besides, the electro-chemical oxidative polymerization may be
made by electrolytic oxidation of dopant and at least one of compounds expressed by the
above-mentioned formulas [1] to [3] in an electrolytic solution formed by dissolving in solvent. [ 0036 ] The
above-mentioned dopants include, for example,          halogen ion such as chlorine, bromine iodine and
halide ion such as perchloric acid, tetrafluoroborc,n, hexafluoroantimonate, hexafluoroarsine, hexafluoro
phosphorus, alkylsubstituted organicsulfonicacidionsuch asdodecylsulfonic acid, methanesulfonic acid,
14 circular sulfonic acid ion such as camphorsulfonic acid ion, alkyl substituted or unsubstiedbenzene or
disulfonic acid ion such as henzenedisulfonic acid, dodecylbehzenesulionic acid, p-toluenesulfonic acid
and benzehesulfonic acid, alkyl substituted or unsubstituted ion of nachthalenesulfonic acid with one to
four sulfonic acid substituted such as 2-naphthalenesulfonic acid, 1,7-naphthalenedisulfbnic acid,
anthracenesulfonic acid ion, anthracenequinonesulionic acid        alkyl substituted or unsubstituted
biphenylsulfonic acid ion such as biphenyidisulfonic acid, alkyibiphenyisulfonic acid,        polymeric
sulfonic acid ion such as naphthalenesulfonate formaldehyde condensate and polystyrenesulfonic acid, 
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 In the case of a straight-chain or branched-chain alkyl group 

with from more than 6 carbon atoms, the polymerizat ion reactivity 

of an obtained compound is lowered and it becomes d ifficult to obtain 

a polymer. 

[0029]  

 The compound expressed by the above-mentioned gene ral formula 

[1] includes, more preferably,  

 2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

methyl-EDOT) 

 2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  ethyl-EDOT) 

 2-propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- propyl-EDOT) 

 2-isopropyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2-iso propyl-EDOT) 

 2-butyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  butyl-EDOT) 

 2-pentyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- pentyl-EDOT) 

 2-hexyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2- hexyl-EDOT) 

and the like. 

[0030]  

 Polymer obtained by polymerizing a compound expres sed by the 

above-mentioned general formula [1] shows high cond uctivity and is 

excellent in heat stability.  

 The above-mentioned compound used in the present i nvention is 

such that the polymerization rate is improved as co mpared with the 

well-known conductive polymer monomer, or for examp le, EDOT. 

 That is, although the polymerization rate is slowe r than that 

of EDOT, it shows excellent polymerization and ther efore, the 

polymerization can be made up to the back of the po res in the valve-action 

heteropoly acid ion such as tungstomolvbdophosphoric acid, tungstophospthoric acid and
molyhdephospthoric acid. These various salts can be used as a supporting electrolyte. [0037] Such
solvents mentioned above include: water, ethers such as diethyl ether, diox.ahe, and.tetrahydrofuran
(THF) ketones such as methyl ethyl ketone and acetone,        aprotic solvent such as diethyl carbonate
(DEC), dimethyl carbonate (DMC), ethylene carbonate (EC), propylene carbonate (PC), y-butyrolactone
(GEL), dimethyl sulfoxide (DMISC), N-methylpyrrolidone(NMP),henzonitrile,acetonitrile, direthylformamide
(DMF), esters such as butyl acetate and ethyl acetate,        nonaromatic chloride type solvent such as
dichloromethane and chloroform,  15        nitro compound type solvent such as nitrobenzene, nitroethane,
nitromethane,       alcohols suchasethyleneglycol, butanol, isopropanol, propanol, ethanol and methanol,
organic acid such as propionic acid, acetic acid, formic acid and acid anhydride (acetic anhydride etc.) of
the organic acid.        Needless to say, each of these solvents may be used alone, or any of them may be
used in combination. [0038]        the electro-chemical oxidative polymerization may made by electrolytic
oxidation of the above-mentioned compound in the above-mentioned electrolytic solution to form polymer
on anode. [0039] 
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metal having porous complicated shape. 

 Hence, the polymer of the compound used in the pre sent invention 

is a conductive polymer material suitable for a sol id electrolyte 

of a solid electrolytic capacitor. 

[0031]  

 In the above-mentioned compound, when a compound e xpressed by 

at least one of the following formulas [2] and [3] is used, it is 

possible to obtain a solid electrolytic capacitor t hat is especially 

excellent in ESR characteristics and heat resistanc e. 

[0032]  

〔２〕 

 

 

〔３〕 

 

 

[0033]  

 The polymer obtained by polymerization of at least  one of 

compounds expressed by the above-mentioned formulas  [1] to [3] can 

be obtained by the following polymerization method.  

 For example, the polymer can be obtained by chemical oxidative 

polymerization of the above-mentioned compound with  use of oxidant 

or by electro - chemical oxidative polymerization. 

The solid electrolytic capacitor of the present invention has a solid electrolyte layer containing molecules
obtained by polymerization of at least one of compounds expressed by the formulas [1] to [3] and shows
excellent electric properties, showing a high capacitance and a low ESR.        In addition, it shows
significantly improved heat resistance compared with the conventional solid electrolytic capacitor of which
the solid electrolyte layer is Poly-3,4-ethylenedioxythiophene (hereinafter abbreviated to "PEDOT") [0040]
Thesolidelectrolyticcapacitor ofthepresentinventionshows
lowerESR,whichmaybebecausethepolymerizationrateofthecompound used in the present invention is
relatively slower and the polymerizationisallowedevenafterpolymerizationreactionsolution
penetrateswellintoadielectricoxidefilm. Therefore,itispossible to form a solid electrolyte layer with good
adhesion.  16        Further, the obtained molecules have a short-chain alkyl group as substituent, which
causes an inductive effect, the electron distribution is wider than that of PEDOT (conjugated system is
expanded) and as a result, conductivity is expected to be enhanced. [0041]        Next description is made
about a method for producing a solid electrolytic capacitor of the present invention.        The method for
producing a solid electrolytic capacitor of the present invention is characterized by comprising a step of
forming the molecules obtained by polymerization of a compound expressed by the above-mentioned
formula [1] on a valve-action metal on which a dielectric oxide film has been formed [0042]        The
valve-action metal used here may be, for example, aluminum, tantalum, titanium, niobium or an alloy
thereof. More preferably, the valve-action metal may be aluminum, tantalum or niobium.        Such
valve-action metal may be preferably used in the form of metal foil, sintered powder or the like. [0043]
The dielectric oxide film may be formed on the surface of the above-mentioned valve-action metal by
performing anodic oxidation in a chemical solution such as diammonium adipate solution. [0044]        The
above-mentioned polymer may be formed by either of the above-mentioned chemical oxidative
polymerization and electro-oxidative polymerization.        The ch.emical oxidat.ive olvmerization is
morepreferahleinview of electric characteristics of the obtained solid electrolytic capacitor and simpler
manufacturing process. 
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[0034]  

 The above-mentioned oxidant used in the chemical oxidative 

polymerization includes  

 halide such as iodine, bromine, bromine iodide, chl orine dioxide, 

iodic acid, periodic acid, and chlorous acid, 

 metal halide such as antimony pentafluoride, phosphorus 

pentachloride, phosphorus pentafluoride, aluminium chloride, and 

molybdenum chloride, 

 higher oxidation state transition metal ion such a s permanganate, 

dichromate, chromic anhydride, cupric salt and its salt; 

 protonic acid such as trifluoromethanesulfonic aci d, sulfuric 

acid and nitric acid; 

 oxygen compound such as liquid dioxide and sulfur trioxide; 

 peroxo acid and salt such as sodium perborate, 

ammonium persulfate, hydrogen peroxide; and 

 heteropoly acid and salt such as tungstomolybdophosphoric acid, 

tungstophosphoric acid and molybdophosphoric acid.  

[0035]  

 Besides, the electro - chemical oxidative polymerization may be 

made by electrolytic oxidation of dopant and at lea st one of compounds 

expressed by the above-mentioned formulas [1] to [3 ] in an electrolytic 

solution formed by dissolving in solvent. 

[0036]  

 The above-mentioned dopants include, for example,  

 halogen ion such as chlorine, bromine iodine and h alide ion such 

as perchloric acid, tetrafluoroboron, hexafluoroantimonate, 

hexafluoroarsine, hexafluoro  phosphorus, 

 alkyl substituted organic sulfonic acid ion such 

asdodecylsulfonic acid, methanesulfonic acid, 

17 [0045]        The method for producing polymers on the valve-action metal by the chemical oxidative
polymerization inclAades a step of bringing at least one (A) of compounds expressed. by (1) to (3)
mentioned above, a dbpant (B) and an oxidant (C) into contact with each other in the liquid phase. [0046]
The above-mentioned compound (A), dopant (B) and oxidant (C)may be brought into contact with each
other in the liquid phase by the following methods:         1. A compound (A) expres sed by at least one of
the above-mentioned [1] to [3], dopant (B)and oxidant (C) are mixed to prepare a solution and the solution
is brought into contact with a valve-action metal by impregnation or coating thereby to obtain molecules,
2. The above-mentioned compound is prepared, a solution containing dopant and oxidant is prepared
separately, valve-action metal impregnated with the above-mentioned compound solution is coated or
impregnated in the above-mentioned oxidant solution thereby to obtain molecules, and        3.A
valve-action metal is coated or impregnated with a solution containing dopant and oxidant, impregnated
with the above-mentioned compound solution and brought into contact therewith thereby to obtain
molecules. These methods are not intended for limiting the present invention. [0047]        The molecules
are formed on the valve-action metal by keeping a solution containing the compound (A), dopant (B) and
oxidant (C) on the valve-action metal at predetermined temperatures and for a predetermined time period.
18        Here, the predetermined temperature can be freely selected from a range from 0 to 150 degrees,
and the predetermined time can be freely selected from a range from 1 minute to 24 hours. [0048]        As
a preferable embodiment of the method for producing a solid electrolytic capacitor of the present
invention, there is proposed a method of using a solution of a compound having both properties of dopant
(3) and oxidant (C). [0049]        The compound having both properties of dopant (3) and oxidant (C) is an
oxidant containing an anion component as dopant of conductive polymer. With use of such an oxidant
containing an anion component as dopant of conductive polymer, in chemical polymerization, the anion
component can be taken in the conductive polymer to function as dopant, thereby enabling to obtain the
conductive polymer with improved conductivity. [0050] 
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 circular sulfonic acid ion such as camphorsulfonic  acid ion, 

 alkyl substituted or unsubstituted benzene or disu lfonic acid 

ion such as benzenedisulfonic acid, dodecylbenzenes ulfonic acid, 

p-toluenesulfonic acid and benzenesulfonic acid, 

 alkyl substituted or unsubstituted ion of naphthal enesulfonic 

acid with one to four sulfonic acid substituted suc h as 

2-naphthalenesulfonic acid, 1,7-naphthalenedisulfoni c acid, 

 anthracenesulfonic acid ion, anthracenequinonesulf onic acid 

ion, 

 alkyl substituted or unsubstituted biphenylsulfoni c acid ion 

such as biphenyldisulfonic acid, alkylbiphenylsulfo nic acid, 

 polymeric sulfonic acid ion such as naphthalenesulfonate 

formaldehyde  condensate and polystyrenesulfonic acid, 

 heteropoly acid ion such as tungstomolybdophosphoric acid, 

tungstophosphoric acid and molybdophosphoric acid.   These various 

salts can be used as a supporting electrolyte. 

[0037]  

 Such solvents mentioned above include: 

 water, 

 ethers such as diethyl ether, dioxane, and tetrahydrofuran (THF), 

 ketones such as methyl ethyl ketone and acetone, 

 aprotic solvent such as diethyl carbonate (DEC), d imethyl 

carbonate (DMC), ethylene carbonate (EC), propylene  carbonate (PC), 

γ-butyrolactone ( GBL), dimethyl sulfoxide (DMSO), 

N-methylpyrrolidone (NMP),  benzonitrile, acetonitrile, 

dimethylformamide (DMF), 

 esters such as butyl acetate and ethyl acetate, 

 nonaromatic chloride type solvent such as dichloro methane and 

chloroform, 

The preferable anion component includes organic acid ions such as carboxylic acid ion and organic
sulfonic acid ion, and inorganic acid ions such as boron compound ion and perchloric acid ion. [0051]
The particularly preferable oxidant containing such an anion component includes inorganic acid iron(III)
salt such as Iron(III) chloride and IRON (Iii) perchlorate and organic acid iron(III) salt such as
benzenesulfonic acid iron (III), p-toluenesulfonate iron (III) salt and alkyl naphthalenesulfonate iron (Iii)
salt.The most preferahle one is organic sulfonic acid iron(III) salt. [0052]  19 of both the dopant (B) and
oxidant (C) includes alcohol type solvent such as methanol, ethanol, n-propanol, iso-propanol, n-butanol
andethylene glycol. Preferably, the solvent is ethanol or n-butanol. [0053]        Most preferable one among
them is the alcohol type solvent in which the above-mentioned organic sulfonic acid iron (III) is solved at a
concentration ranging from 20% to 90% by weight mass percent, preferably at a concentration ranging
from 30% to 80% by weight mass percent, or more preferably at a concentration ranging from 40% to
70% by weight mass percent.        With use of dopant (B) and oxidant dissolved at such a concentration, it
is possible to form molecules that are excellent in conductivity and endurance on the complex
shaped-valve-action metal in a dense manner. [0054]        Next description is made about the method for
producing the solid electrolytic capacitor of the present invention, by way of specific example of a method
of producing an aluminum wound capacitor. [0055]        First, a surface of anode aluminum foil is
roughened by etching, and an anode lead is connected. Then, it is subjected to chemical conversion in a
water solution such as Diammoni= ad ipate or the like to forma dielectric oxide film. In carrying out the
present invention, it is preferable that foil of larger etching magnification so as to be able to obtain a
capacitor of larger capacitance [0056]        Separately between an opposed cathode aluminum foil with a
cathode lead connected and the above-mentioned anode aluminum foil, a separator of Manila paper is
provided to windup it into a cylindrical  20 form, carbonize the separator by heat treatment thereby to
prepare a wound type capacitor element. [0057] 
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 nitro compound type solvent such as nitrobenzene, nitroethane, 

nitromethane, 

 alcohols such as ethylene glycol, butanol, isoprop anol, propanol, 

ethanol and methanol, 

 organic acid such as propionic acid, acetic acid, formic acid 

and acid anhydride (acetic anhydride etc.) of the o rganic acid. 

 Needless to say, each of these solvents may be use d alone, or 

any of them may be used in combination. 

[0038]  

 the electro - chemical oxidative polymerization may made by 

electrolytic oxidation of the above-mentioned compo und in the 

above-mentioned electrolytic solution to form polym er on anode. 

[0039]  

 The solid electrolytic capacitor of the present in vention has 

a solid electrolyte layer containing molecules obta ined by 

polymerization of at least one of compounds express ed by the formulas 

[1] to [3] and shows excellent electric properties,  showing a high 

capacitance and a low ESR. 

 In addition, it shows significantly improved heat resistance 

compared with the conventional solid electrolytic c apacitor of which 

the solid electrolyte layer is Poly- 3, 4-ethylenedioxythiophene 

(hereinafter abbreviated to “PEDOT”)  

[0040]  

 The solid electrolytic capacitor of the present in vention shows 

lower ESR, which may be because the polymerization rate of the compound 

used in the present invention is relatively slower and the 

polymerization is allowed even after polymerization  reaction solution 

penetrates well into a dielectric oxide film.  Ther efore, it is possible 

to form a solid electrolyte layer with good adhesio n. 

Then, a solid electrolyte layer made of conductive polymer is formed on the above-mentioned capacitor
anode foil. This method for forming the solid electrolyte layer is of impregnating a capacitor element with a
solution containing a compound of conductive polymer monomer expres sed by at least one of the
formulas [1] to [3] by immers ion, coating, spraying or other method. The impregnated compound is then
subjected to polymerization by contact with an oxidant thereby to form the solid electrolyte layer. [0058]
Here, this process may be performed by impregnating the oxidant and bringing the above-mentioned
compound into contact for polymerization or by impregnating with a solution containing a mixture of the
above-mentioned compound and the oxidant together for polymerization. This method is not intended for
limiting the resent invention. [0059]        Further, chemical oxid.ative polymerization is preferably
performed by placing the oxidant, dopant and compound in contact in the liquid phase der temperatures
of 0 to 150 degrees for a predetarmined time period and drying the solvent by heating. When the
temperature is lower than 0 degree, poivrarization reaction is difficult to occur and. when thec.yr-rature is
higher than 150 decree, capacitor performance may be deteriorated. [0060]        The impregnating and
heating steps mentioned above may be repeated plural times.  21 [0061]        With these steps, it is
possible to form the solid electrolyte layer in which fine etching pits of anode aluminum foil are filled with
conductive polymer layer. [0062]        Then, the epoxy resin is used to seal the capacitor case, and
voltage is applied to conduct aging so that the solid electrolytic capacitor of the present invention can be
obtained. [0063]        Hereinafter, the present invention will be described in detail based on examples,
which however are not intended for limiting the present invention.        Here, in the examples, "An
represents "percent by mass". And, the capacitance (C) and dielectric loss (tan5) are measured at a
frequency of 120 Hz and the ESR (Equivalent Series Resistance) is measured at a frequency of 100 kHz
except for the case specified particularly.        Besides, the impregnation rate is a percentage of the
capacitance of the obtained solid electrolytic capacitor to a capacitance obtained by measuring the
capacitor element before forming of the solid electrolyte layer in the 15% dianmonium adipate solution.
Further, LC represents leakage current, which is a value of direct current in the solid electrolytic capacitor
measured 60 seconds after rated voltage is applied. 
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 Further, the obtained molecules have a short-chain  alkyl group 

as substituent, which causes an inductive effect, t he electron 

distribution is wider than that of PEDOT (conjugate d system is expanded) 

and as a result, conductivity is expected to be enh anced. 

[0041]  

 Next description is made about a method for produc ing a solid 

electrolytic capacitor of the present invention. 

 The method for producing a solid electrolytic capa citor of the 

present invention is characterized by comprising a step of forming 

the molecules obtained by polymerization of a compo und expressed by 

the above-mentioned formula [1] on a valve-action m etal on which a 

dielectric oxide film has been formed 

[0042]  

 The valve-action metal used here may be, for examp le, aluminum, 

tantalum, titanium, niobium or an alloy thereof.  M ore preferably, 

the valve-action metal may be aluminum, tantalum or  niobium. 

 Such valve-action metal may be preferably used in the form of 

metal foil, sintered powder or the like. 

[0043]  

 The dielectric oxide film may be formed on the sur face of the 

above-mentioned valve-action metal by performing anodic oxidation 

in a chemical solution such as diammonium adipate s olution.  

[0044]  

 The above-mentioned polymer may be formed by eithe r of the 

above-mentioned chemical oxidative polymerization and 

electro-oxidative polymerization. 

 The chemical oxidative polymerization is more pref erable in view 

of electric characteristics of the obtained solid electrolytic 

capacitor and simpler manufacturing process. 

Furthermore, the withstand voltage is a voltage (V) measured when the direct current flowing in the solid
electrolytic capacitor exceeds 200 mA after the voltage is applied to both ends of the solid electrolytic
capacitor. Here, the voltage is applied in such a manner that 15V is first applied and the voltage is
increased by 1V every  22 30 seconds to monitor the direct current flow in the solid electrolytic capacitor.
Example 1 [0064] [Method for producing a solid electrolytic capacitor with use of
2-methyl-2,3-dihydrothieno [3, 4-b]-1,4-dioxin (2- methyl-EDOT)]        The surface of aluminum foil is
etched to be roughened and the anode lead is connected by caulking. Then, in the 10% diammonium
adipate solution, the chemical conversion treatment is performed at avoltage of 4'? so that a dielectric
oxide film is formed on the surface of the aluminum foil. [0065]        Then, Manila paper having a
thickness of 50 pill is sandwiched as a separator between the above-mentioned anode foil and the facing
cathode aluminum foil connected with the cathode lead by resistance welding, wound in a cylindrical form,
and then subjected to heat treatment at a temperature of 400 degrees for four minutes to carbonize the
Manila paper so that the capacitor element is prepared. The capacitance of the obtained capacitor
element in the 15% diammonium adipate is 650 pF. [0066]        Next, a compound to be used for
polymerization, that is, 2-methyl-2,3-dihydrothieno [3, 4-bj-1,4-dioxin (2- methyl-EDOT), and an oxidant
"Iron(III) p-toluenesulfonate 50% n-butanol solution" are prepared at a weight rate of 1 to 2.5. The
capacitor element is impregnated in this solution for 120 seconds, heated at a temperature of 45 degrees
for 2 hours, heated at a temperature of 105 degrees for 35 minutes, and heated at a temperature of 125
degrees for 1 hour 23 to conduct chemical oxidative polvmerization.Then, poiv-2-methyl-EDOT is formed
in the capacitor element. [0067]        Then, epoxy resin is used to seal this capacitor case and voltages 4V
is applied to both poles to perform aging thereby completing a solid electrolytic capacitor. Example 2 
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[0045]  

 The method for producing polymers on the valve-act ion metal by 

the chemical oxidative polymerization includes a step o f bringing 

at least one (A) of compounds expressed by (1) to ( 3) mentioned above, 

a dopant (B) and an oxidant (C) into contact with e ach other in the 

liquid phase.  

[0046]  

 The above-mentioned compound (A), dopant (B) and o xidant (C)may 

be brought into contact with each other in the liqu id phase by the 

following methods: 

 1. A compound (A) expressed by at least one of the  above-mentioned 

[1] to [3], dopant (B)and oxidant (C) are mixed to prepare a solution 

and the solution is brought into contact with a val ve-action metal 

by impregnation or coating thereby to obtain molecu les, 

 2. The above-mentioned compound is prepared, a sol ution 

containing dopant and oxidant is prepared separatel y, valve-action 

metal impregnated with the above-mentioned compound  solution is coated 

or impregnated in the above-mentioned oxidant solut ion thereby to 

obtain molecules, and 

 3. A valve-action metal is coated or impregnated w ith a solution 

containing dopant and oxidant, impregnated with the  above-mentioned 

compound solution and brought into contact therewit h thereby to obtain 

molecules. 

These methods are not intended for limiting the pre sent invention. 

[0047]  

 The molecules are formed on the valve-action metal  by keeping 

a solution containing the compound (A), dopant (B) and oxidant (C) 

on the valve-action metal at predetermined temperat ures and for a 

predetermined time period.  

[0068] [Method for producing a solid electrolytic capacitor with use of 2-ethyl-2,3-dthydrothHeno
r3,4--dioxin (2- ethyl-EDOT)] [0069]        The preprocessed capacitor like in Example 1 was prepared and
the same method as Example 1 was performed except for the compound used in polymerization which
was changed from 2-methyl-2,3-dihydrothieno F3, 4-b1-1,4-dioxin (2-- methyl-EDOT) used in Example 1
to 2-ethyl-2,3-dihydrothieno [3, 4-bl-1,4-dioxin (2- ethyl-EDOT) thereby to produce the solid electrolytic
capacitor. Example 3 [0070] [Method for producing a solid electrolytic capacitor with use of 2-
propy1-2,3-dihydrothieno [3, 4-1)]-1,4-dioxin (2- propyl-EDOT)] [0071]        The preprocessed capacitor
like in Example 1 was prepared and the same method as Example 1 was performed except for the
compound used in polymerization which was changed from 2-methyl-2,3-dihvdrothieno [3, 4-b]-1,4-dioxin
(,L-- methyl-EDOT) used in Example 1 to 2-propy1-2,3-dihydrothieno .J, 4-bl-1,4-dioxin  24
(2-propyl-EDOT) thereby to produce the solid electrolytic capacitor. [0072] [Comparative Example 1]
[Method for producing a solid electrolytic capacitor with use of 2,3-dihydrothieno [3, 4-bj-1,4-dioxin
(EDOT)]        The preprocessed capacitor like in Example 1 was prepared and the same method as
Example 1 was performed except for the compound used in polymerization which was changed from
2-methyl-2,3-dihydrothieno F3, 4-1)1-1,4-dioxin (2-- methyl-EDOT) used in Example 1 to
2,3-dihydrothieno [3, 4-h]-1,4-dioxin (EDOT) thereby to produce the solid electrolytic capacitor.        Table
1 shows initial electric properties, capacitance impregnation rate and electric properties of leakage current
and withstand voltage of the solid electrolytic capacitors obtained in Examples 1 to 3 and Comparative
Example 1. [0073] Table 1   
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 Here, the predetermined temperature can be freely selected from 

a range from 0 to 150 degrees, and the predetermine d time can be freely 

selected from a range from 1 minute to 24 hours. 

[0048]  

 As a preferable embodiment of the method for produ cing a solid 

electrolytic capacitor of the present invention, th ere is proposed 

a method of using a solution of a compound having b oth properties 

of dopant (B) and oxidant (C). 

[0049]  

 The compound having both properties of dopant (B) and oxidant 

(C) is an oxidant containing an anion component as dopant of conductive 

polymer.  With use of such an oxidant containing an  anion component 

as dopant of conductive polymer, in chemical polyme rization, the anion 

component can be taken in the conductive polymer to  function as dopant, 

thereby enabling to obtain the conductive polymer w ith improved 

conductivity. 

[0050]  

 The preferable anion component includes organic ac id ions such 

as carboxylic acid ion and organic sulfonic acid io n, and inorganic 

acid ions such as boron compound ion and perchloric  acid ion. 

[0051]  

 The particularly preferable oxidant containing suc h an anion 

component includes inorganic acid iron(III) salt su ch as Iron(III) 

chloride and  IRON (III) perchlorate and organic acid iron(III) salt 

such as benzenesulfonic acid iron (III), p-toluenesulfonate  iron (III) 

salt  and alkyl naphthalenesulfonate iron(III) salt.  Th e most 

preferable one is organic sulfonic acid iron (III) salt. 

[0052]  

 A solvent for dissolving a compound that contains properties 

Initial electric property Capacitance Impregnation LC/gA Withstand voltage    (Ii ce 0\0      
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of both the dopant (B) and oxidant (C) includes alc ohol type solvent 

such as methanol, ethanol, n-propanol, iso-propanol , n-butanol 

andethylene glycol.  Preferably, the solvent is eth anol or n-butanol. 

[0053]  

 Most preferable one among them is the alcohol type  solvent in 

which the above-mentioned organic sulfonic acid iro n (III) is solved 

at a concentration ranging from 20% to 90% by weigh t mass percent, 

preferably at a concentration ranging from 30% to 8 0% by weight mass 

percent, or more preferably at a concentration rang ing from 40% to 

70% by weight mass percent. 

 With use of dopant (B) and oxidant dissolved at su ch a 

concentration, it is possible to form molecules tha t are excellent 

in conductivity and endurance on the complex shaped -valve-action metal 

in a dense manner. 

[0054]  

 Next description is made about the method for prod ucing the solid 

electrolytic capacitor of the present invention, by  way of specific 

example of a method of producing an aluminum wound capacitor. 

[0055]  

 First, a surface of anode aluminum foil is roughen ed by etching, 

and an anode lead is connected.  Then, it is subjec ted to chemical 

conversion in a water solution such as Diammonium adipate or the like 

to form a dielectric oxide film.  In carrying out t he present invention, 

it is preferable that foil of larger etching magnif ication so as to 

be able to obtain a capacitor of larger capacitance .  

[0056]  

 Separately between an opposed cathode aluminum foi l with a 

cathode lead connected and the above-mentioned anod e aluminum foil, 

a separator of Manila paper is provided to wind up it into a cylindrical 

C(g  ESR(m rate(%) 4V-60s (V)   F)  Q )     Methyl  
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form, carbonize the separator by heat treatment the reby to prepare 

a wound type capacitor element. 

[0057]  

 Then, a solid electrolyte layer made of conductive  polymer is 

formed on the above-mentioned capacitor anode foil.   This method for 

forming the solid electrolyte layer is of impregnat ing a capacitor 

element with a solution containing a compound of co nductive polymer 

monomer expressed by at least one of the formulas [ 1] to [3] by immersion, 

coating, spraying or other method.  The impregnated  compound is then 

subjected to polymerization by contact with an oxid ant thereby to 

form the solid electrolyte layer. 

[0058]  

 Here, this process may be performed by impregnatin g the oxidant 

and bringing the above-mentioned compound into cont act for 

polymerization or by impregnating with a solution c ontaining a mixture 

of the above-mentioned compound and the oxidant tog ether for 

polymerization.  This method is not intended for li miting the resent 

invention. 

[0059]  

 Further, chemical oxidative polymerization is preferably 

performed by placing the oxidant, dopant and compou nd in contact in 

the liquid phase under temperatures of 0 to 150 deg rees for a 

predetermined time period and drying the solvent by  heating.  When 

the temperature is lower than 0 degree, polymerizat ion reaction is 

difficult to occur and when the temperature is high er than 150 degrees, 

capacitor performance may be deteriorated.  

[0060]  

 The impregnating and heating steps mentioned above  may be 

repeated plural times. 

26 Example 1  569 3.8 7.9 87.5 9400   EDOT    
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[0061]  

 With these steps, it is possible to form the solid  electrolyte 

layer in which fine etching pits of anode aluminum foil are filled 

with conductive polymer layer. 

[0062]  

 Then, the epoxy resin is used to seal the capacito r case, and 

voltage is applied to conduct aging so that the sol id electrolytic 

capacitor of the present invention can be obtained.  

[0063]  

 Hereinafter, the present invention will be describ ed in detail 

based on examples, which however are not intended f or limiting the 

present invention. 

 Here, in the examples, “ ％” represents “percent by mass”.  And, 

the capacitance (C) and dielectric loss (tan δ) are measured at a 

frequency of 120 Hz and the ESR ( Equivalent Series Resistance ) is 

measured at a frequency of 100 kHz except for the c ase specified 

particularly. 

 Besides, the impregnation rate is a percentage of the capacitance 

of the obtained solid electrolytic capacitor to a c apacitance obtained 

by measuring the capacitor element before forming o f the solid 

electrolyte layer in the 15% diammonium adipate solution.  

 Further, LC represents leakage current, which is a  value of direct 

current in the solid electrolytic capacitor measure d 60 seconds after 

rated voltage is applied. 

 Furthermore, the withstand voltage is a voltage (V ) measured 

when the direct current flowing in the solid electr olytic capacitor 

exceeds 200 mA after the voltage is applied to both  ends of the solid 

electrolytic capacitor.  Here, the voltage is appli ed in such a manner 

that 15V is first applied and the voltage is increa sed by 1V every 

Ethyl      35 Example 2  561 4.9 9.8 86.3 2600 
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30 seconds to monitor the direct current flow in th e solid electrolytic 

capacitor. 

 

Example 1 

[0064]  

[Method for producing a solid electrolytic capacito r with use of 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT)] 

 The surface of aluminum foil is etched to be rough ened and the 

anode lead is connected by caulking.  Then, in the 10% diammonium 

adipate solution, the chemical conversion treatment  is performed at 

a voltage of 4V so that a dielectric oxide film is formed on the surface 

of the aluminum foil.  

[0065]  

 Then, Manila paper having a thickness of 50 µｍ is sandwiched 

as a separator between the above-mentioned anode fo il and the facing 

cathode aluminum foil connected with the cathode le ad by resistance 

welding, wound in a cylindrical form, and then subj ected to heat 

treatment at a temperature of 400 degrees for four minutes to carbonize 

the Manila paper so that the capacitor element is p repared.  The 

capacitance of the obtained capacitor element in th e 15% diammonium 

adipate is 650 µF. 

[0066]  

 Next, a compound to be used for polymerization, th at is, 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT), and 

an oxidant “ Iron(III)  p- toluenesulfonate 50% n- butanol solution ” 

are prepared at a weight rate of 1 to 2.5.  The cap acitor element is 

impregnated in this solution for 120 seconds, heate d at a temperature 

of 45 degrees for 2 hours, heated at a temperature of 105 degrees 

for 35 minutes, and heated at a temperature of 125 degrees for 1 hour 

EDOT        Propyl      43 Example 3 
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to conduct chemical oxidative polymerization.  Then, the 

poly-2- methyl-EDOT is formed in the capacitor element. 

[0067]  

 Then, epoxy resin is used to seal this capacitor c ase and voltages 

4V is applied to both poles to perform aging thereb y completing a 

solid electrolytic capacitor. 

  

Example 2  

[0068]  

[Method for producing a solid electrolytic capacito r with use of 

2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  ethyl-EDOT)] 

[0069]  

 The preprocessed capacitor like in Example 1 was p repared and 

the same method as Example 1 was performed except f or the compound 

used in polymerization which was changed from 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT) used 

in Example 1 to 2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

ethyl-EDOT) thereby to produce the solid electrolyt ic capacitor. 

  

Example 3  

[0070]  

[Method for producing a solid electrolytic capacito r with use of 2- 

propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  propyl-EDOT)] 

[0071]  

 The preprocessed capacitor like in Example 1 was p repared and 

the same method as Example 1 was performed except f or the compound 

used in polymerization which was changed from 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT) used 

in Example 1 to 2-propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

544 4.5 14.4 83.7 1800   EDOT       Comparative   
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(2- propyl-EDOT) thereby to produce the solid electroly tic capacitor. 

[0072]  

[Comparative Example 1] 

[Method for producing a solid electrolytic capacito r with use of 

2,3- dihydrothieno [3, 4-b]-1,4-dioxin ( EDOT)] 

 The preprocessed capacitor like in Example 1 was p repared and 

the same method as Example 1 was performed except f or the compound 

used in polymerization which was changed from 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT) used 

in Example 1 to 2,3- dihydrothieno [3, 4-b]-1,4-dioxin ( EDOT) thereby 

to produce the solid electrolytic capacitor. 

 Table 1 shows initial electric properties, capacit ance 

impregnation rate and electric properties of leakag e current and 

withstand voltage of the solid electrolytic capacit ors obtained in 

Examples 1 to 3 and Comparative Example 1. 

[0073]  

Table 1 

 Initial 
electric 
property 

 
 

C（μ
F） 

tan
δ

(%)  

ESR(m
Ω) 

Capacitance 
Impregnation  

rate (%) 

LC/μA 
4V-60s  

Withstand  
 voltage 

(V) 

Example 1 
Methyl 

EDOT 
569  3.8  7.9 87.5 9400 

26 

Example 2 
Ethyl 
EDOT 

561  4.9  9.8 86.3 2600 
35 

Example 3 
Propyl 

EDOT 
544  4.5  14.4 83.7 1800 

43 

Comparative  
Example 1 

EDOT 574 4.8  12.5 88.3 4100 21 

 

 

EDOT 574 4.8 12.5 88.3 4100 21 Example 1     
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[0074]  

 As seen in Table 1, comparison of the various comp ounds results 

in that the solid electrolytic capacitors obtained in Examples 1 to 

3 have lower Equivalent Series Resistance values than the solid 

electrolytic capacitor using EDOT in Comparative Ex ample. 

 Particularly, it is evident that the ESR value of the solid 

electrolytic capacitor obtained in the example 1 is  significantly 

reduced. 

 

Example 4  

[0075]  

 Iron(III) p- toluenesulfonate 50% n- butanol solution was 

prepared 0.3 g as oxidant on a 6ml vial and maintai ned at 20 C° for 

30 minutes. 

 Next, a compound used for polymerization, that is,  0.1 g 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT) was 

added to the vial and measurement started. 

 5 seconds later after addition, content in the via l was stirred 

vigorously for 10 seconds by a spatula. 

 Then, measurement was made of a time period from t he time when 

stirring was finished to the time when a solid star ted to be precipitated 

in the vial.  Results of this measurement were show n in Table 2. 

 Here, the polymerization rate in Table 2 is a valu e obtained 

by subtracting 10 seconds from seconds taken for pr ecipitation of 

the solid. 

 

Example 5  

[0076]  

 The experiment was performed in the same manner as  in Example 

25 [0074]        As seen in Table 1, comparison of the various compounds results in that the solid
electrolytic capacitors obtained in Examples 1 to 3 have lower Equivalent Series Resistance values than
the solid electrolytic capacitor using EDOT in Comparative Example.        Particularly, it is evident that the
ESR value of the solid electrolytic capacitor obtained in the example 1 is significantly reduced. Example 4
[0075]          iron (Iii) p-toluenesulfonate 50% n-butanol solution was prepared 0.3 g as oxidant on a 6m1
vial and maintained at 20 C for 30 minutes.        Next, a compound used for polymerization, that is, 0.1 g
2-methyl-2,3-dihydrothieno [3, 4-b]-1,4-dioxin (2-- methyl-EDOT) was added to the vial and measurement
started.        5 seconds later after addition, content in the vial was stirred vigorously for 10 seconds by a
spatula.        Then, measurement was made of a time period from the time when stirring was finished to
the time when a solid started to be precipitated in the vial. Results of this measurement were shown in
Table 2.        Here, the polymerization rate in Table 2 is a value obtained by subtracting 10 seconds from
seconds taken for precipitation of the solid. Example 5 [0076]  
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4, except for 2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

ethyl-EDOT) which was used instead of 2-methyl-2,3- dihydrothieno [3, 

4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 4.  Experimental results 

are shown in Table 2. 

  

Example 6  

[0077]  

 The experiment was performed in the same manner as  in Example 

4, except for 2-propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- propyl-EDOT) which was used instead of 2-methyl-2,3 - dihydrothieno 

[3, 4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 4.  Experimental 

results are shown in Table 2. 

[0078]  

[Comparative Example 2] 

 The experiment was performed in the same manner as  in Example 

4, except for 2-hexyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- hexyl-EDOT) which was used instead of 2-methyl-2,3- dihydrothieno 

[3, 4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 4.  During measuring 

the polymerization rate, no solid matter could be f ound participated.  

The viscosity of the content was increased with tim e and the content 

became tarry.  The time when the liquid flow was st opped is shown in 

Table 2. 

[0079]  

[Comparative Example 3] 

 The experiment was performed in the same manner as  in Example 

4, except for 2,3- dihydrothieno [3, 4-b]-1,4-dioxin ( EDOT) which was 

used instead of 2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

methyl-EDOT) of Example 4.  Experimental results ar e shown in Table 

2. 

26 4, except for 2-ethyl-2,3-dihydrothieno [34--dioxin (2- ethyl-EDOT) which was used instead of
2-methyl-2,3-dihydrothieno [3, 4-b]-1,4-dioxin (2- methyl-EDOT) of Example 4. Experimental results are
shown in Table 2. Example 6 [0077]        The experiment was performed in the same manner as in
Example 4, except for 2-propy1-2,3-dihydrothieno [3, -dioxin (2-propyl-EDOT) which was used instead of
2-methyl-2,3-dihydrothieno [3, 4-h] _ a-dioxin (2- methyl-EDOT) of Example 4. Experimental results are
shown in Table 2. [0078] [Comparative Example 2]        The experiment was performed in the same
manner as in Example 4, except for 2-hexy1-2,3-dihydrothieno [3, 4-h]-1, dioxin (2-hexyl-EDOT) which
was used instead of 2-methyl-2,3-dinvdrothieno [3, 4---b]--i,4---dioxin (2- methyl-EDOT) of Example 4.
During measuring the polymerization rate, no solid matter could be found participated. The viscosity of the
content was increased with time and the content became tarry. The time when the liquid flow was stopped
is shown in Table 2. [0079] [Comparative Example 3]        The experiment was performed in the same
manner as in Example 4, except for 2,3-dihydrothieno [3, 4-b] 4---dioxin (EDOT) which was used instead
of 2-methyl-2,3-dihydrothieno [3, 4-hi-1,4-dioxin (2- methyl-EDOT) of Example 4. Experimental results are
shown in Table 2.  27 [0080] Table 2   Polymerization rate(second) Example 4 
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[0080]  

Table 2  

  Polymerization rate (second) 
Example 4 Methyl EDOT 103 
Example 5 Ethyl EDOT 208 
Example 6 Propyl EDOT 370 

Comparative 
Example 2 

Hexyl EDOT 804 

Comparative 
Example 3 

EDOT 69 

 

[0081]  

 The results of Examples 4 to 6 and Comparative Exa mples 1 and 

2 are shown in a graph of Fig. 1, in which the hori zontal axis indicates 

the carbon numbers of the methyl group, ethyl group , propyl group 

and hexyl group as substituent of EDOT and the vert ical axis indicates 

the polymerization rates (seconds).  

As seen from Fig. 1, the polymerization rate is muc h lowered when 

the alkyl group with 3 or more carbon atoms is subs tituted for EDOT. 

  

Example 7  

[0082]  

 In the condition of Example 1 and the humidity of 22 %, 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT) 1.10 

g and Iron(III)  p- toluenesulfonate 50%/n- butanol solution as oxidant 

were prepared at a weight ratioof 1:2:5 and stirred  60 seconds.  

 Then, the capacitor element used in Example 1 was impregnated 

in this solution 120 seconds, which was then put in  a closed bottle 

in a glove box.  30 minutes later, it was heated 45  C° for 2 hours, 

and the capacitor element was taken out of the clos ed bottle and heated 

105 C° for 35 minutes and 125 C° for 1 hour.  After  that, the chemical 

Methyl EDOT 103 Example 5 Ethyl EDOT 208 Example 6 Propyl EDOT 370 Comparative    Hexyl EDOT
804 Example 2   Comparative 
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oxidative polymerization was conducted to form poly -2- methyl-EDOT 

in the capacitor element.  

 

Example 8  

[0083]  

 The processing was performed in the same manner as  in Example 

7, except for 2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

ethyl-EDOT) which was used instead of 2-methyl-2,3- dihydrothieno [3, 

4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 7 to produce a solid 

electrolytic capacitor.  Results are shown in Table  3. 

  

Example 9  

[0084]  

 The processing was performed in the same manner as  in Example 

7, except for 2-propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- propyl-EDOT) which was used instead of 2-methyl-2,3 - dihydrothieno 

[3, 4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 7 to produce a solid 

electrolytic capacitor.  Results are shown in Table  3. 

[0085]  

[Comparative Example 4] 

 The processing was performed in the same manner as  in Example 

7, except for 2-hexyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- hexyl-EDOT) which was used instead of 2-methyl-2,3- dihydrothieno 

[3, 4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 7 to produce a solid 

electrolytic capacitor.  Results are shown in Table  3. 

[0086]  

[Comparative Example 5] 

 The processing was performed in the same manner as  in Example 

7, except for 2,3- dihydrothieno [3, 4-b]-2-hydroxymethyl-1,4-dioxin 

EDOT 69 Example 3    [0081]        The results of Examples 4 to 6 and Comparative Examples 1 and 2 are
shown in a graph of Fig. 1, in which the horizontal axis indicates the carbon numbers of the methyl group,
ethyl group, propyl group and hexyl group as substituent of EDOT and the vertical axis indicates the
polymerization rates (seconds). As seen from Fig. 1, the polymerization rate is much lowered when the
alkyl group with 3 or more carbon atoms is substituted for EDOT. Example 7 [0082]        In the condition
of Example 1 and the humidity of 22 %, 2-methyl-2,3-dihydrothieno F3, 4-bl-1,4-dioxin (2-- methyl-EDOT)
1.10 gand Iron (III) p-toluenesulfonate50%/n-butanoiso1utiona.sOxidan were prepared at a weight ratioof
1:2:5 and stirred 60 seconds.        Then, the capacitor element used in Example 1 was impregnated in this
solution 120 seconds, which was then put in a closed bottle in a glove box. 30 minutes later, it was heated
45 C for 2 hours, and the capacitor element was taken out of the closed bottle and heated 105 C for 35
minutes and 125 C for 1 hour. After that, the chemical  
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(2-hydroxymethyl -EDOT) which was used instead of 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT) of 

Example 7 to produce a solid electrolytic capacitor .  Results are shown 

in Table 3. 

[0087]  

[Comparative Example 6] 

 The processing was performed in the same manner as  in Example 

7, except for 2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

methyl-PDOT) which was used instead of 2-methyl-2,3 - dihydrothieno 

[3, 4-b]-1,4-dioxin (2-  methyl-EDOT) of Example 7 to produce a solid 

electrolytic capacitor.  However, sufficient perfor mance could not 

be achieved in the produced solid electrolytic capa citor. 

[0088]  

[Comparative Example 7] 

 The processing was performed in the same manner as  in Example 

7, except for 2,3- dihydrothieno [3, 4-b]-1,4-dioxin (E DOT) which was 

used instead of 2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

methyl-EDOT) of Example 7 to produce a solid electr olytic capacitor.  

Results are shown in Table 3. 

[0089]  

 Then, the solid electrolytic capacitors obtained i n Examples 

7 to 9 and Comparative Examples 4 to 7 were subject ed to a heat test 

on the conditions of the temperature 125 C° and app lied voltage 4.0 

V.  Test data of before the heat test, 24-hour late r, 48-hourlater 

and 1000-hour later are shown in Table 3. 

[0090]  

Table 3 

 

28 oxidative polymerization was conducted to form poly- methyl-EDOT in the capacitor element. Example
8 [0083]        The processing was performed in the same manner as in Example 7, except for
2-ethyl-2,3-dihvdrothieno 4-b]-1,4-dioxin (2- ethyl-EDOT) which was used instead of
2-methyl-2,3-dihydrothieno [3, 4-bl-1,4-dioxin (2- methyl-EDOT) of Example 7 to produce a solid
electrolytic capacitor. Results are shown in Table 3. Example 9 [0084]        The processing was performed
in the same manner as in Example 7, except for 2-propy1-2,3-dihydrothieno [3, 4-b]-1,4-ditxin
(2-propyl-EDOT) which was used instead of 2-methyl-2,3-dihydrothleno [3, 4-bl-1,4-dioxin methyl-EDOT)
of Example 7 to produce a solid electrolytic capacitor. Results are shown in Table 3. [0085] [Comparative
Example 4]        The processing was performed in the same manner as in Example 7, except for
2-hexy1-2,3-dihydrothieno 4-b]-1,4-dioxin (2-hexyl-EDOT) which was used instead of
2-methyl-2,3-dihydrothieno [3, 4-bl-1,4-dioxin (2- methyl-EDOT) of Example 7 to produce a solid
electrolytic capacitor. Results are shown in Table 3. [0086] [Comparative Example 5]        The processing
was performed in the same manner as in Example 7, except for 2,3-dihydrothieno [3,
4-bj-2-hydroxymethvi-1,4-dioxin  29 (2-hydroxvmethyl-EDOT)whichwasusedinsteadof
2-methyl-2,3-dihydrothieno [3, 4-b]--i,4--dioxin (2- methyl-EDOT) of Example 7 to produce a solid
electrolytic capacitor. Results are shown in Table 3. 
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[0091]  

 The results of Examples 7 to 9 and Comparative Exa mples 4 and 

7 are shown in a graph of Fig. 2, in which the hori zontal axis indicates 

the carbon numbers of the methyl group, ethyl group , propyl group 

and hexyl group as substituent of EDOT and the vert ical axis indicates 

ESR ( ｍΩ). 

 As seen from Fig. 2, when the alkyl group with 1 o r 2 carbon 

[0087] [Comparative Example 6]        The processing was performed in the same manner as in Example
7, except for 2-methyl-2,3-dihydrothieno [3, 4-b]-1,4-dioxin (2- methyl-PDOT) which was used instead of
2-methyl-2,3-dihydrothieno [3, 4-bj-1,4-dioxin (2- methyl-EDOT) of Example 7 to produce a solid
electrolytic capacitor. However, sufficient performance could not be achieved in the produced solid
electrolytic capacitor. [0088] [Comparative Example 7]        The processing was performed in the same
manner as in Example 7, except for 2,3-dihydrothieno [3, 4-b]-1,4-dioxin (EDOT) which was used instead
of 2-methyl-2,3-dihydrot eno [3, 4-bl-1,4-dioxin (2- methyl-EDOT) of Example 7 to produce a solid
electrolytic capacitor. Results are shown in Table 3. [0089]        Then, the solid electrolytic capacitors
obtained in Examples 7 to 9 and Comparative Examples 4 to 7 were subjected to a heat test on the
conditions of the temperature 125 C and applied voltage 4.0 V. Test data of before the heat test, 24-hour
later, 48-hourlater and 1000-hour later are shown in Table 3. [0090] Table 3  [0091]         The results of
Examples 7 to 9 and Comparative Examples 4 and 7 are shown in a graph of Fig. 2, in which the
horizontal axis indicates the carbon numbers of the methyl group, ethyl group, propyl group and hexyl
group as substituent of EDOT and the vertical axis indicates ESR (Mc)). As seen from Fig. 2, when the
alkyl group with 1 or 2 carbon  31 atoms is substituted for EDOT, the ESR becomes small. Particularly
when he alkyl group with 1 carbon atom is substituted for EDOT, the ESR becomes smaller. [0092] 
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atoms is substituted for EDOT, the ESR becomes smal l.  Particularly 

when he alkyl group with 1 carbon atom is substitut ed for EDOT, the 

ESR becomes smaller. 

[0092]  

[Reference Example] 

 A tantalum sintered body of ５×３×１ｍｍ３ size was used as anode 

and the anode body using a tantalum ray as anode ra y and having a 

weight of about 100 mg was subjected to anodic oxid ation in 0.05 weight% 

phosphoric acid solution at a temperature of 80 C° and 25 V for 150 

minutes.  Then, it was cleaned by running deionized  water and dried 

to be a capacitor element.  Here, this state was re garded as a capacitor 

and capacitance in the chemical solution was measur ed, which result 

was 160 µF. 

  

Example 10  

[0093]  

[Method for producing a solid electrolytic capacito r with use of 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT)] 

 Fig. 3 is a schematic cross sectional view for exp laining the 

structure of the solid electrolytic capacitor accor ding to Example 

10 of the present invention. 

 Tantalum metal particles were pressure-formed to b e sintered 

anode 11, which was subjected to chemical  conversion coating in the 

electrolysis solution of the phosphoric acid soluti on to form the 

capacitor element with dielectric oxide film 12 for med on the surface. 

[0094]  

 Next, the above-mentioned capacitor element was im pregnated in 

a chemical polymerization solution consisting of 

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  methyl-EDOT), 

[Reference Example]        A tantalum sintered body of 5 x3 x1 mirn3 size was used as anode and the
anode body using a tantalum ray as anode ray and having a weight of about 100 mg was subjected to
anodic oxidation in 0 . 05 weight% phosphoric acid solution at a temperature of 80 C and 25 V for 150
minutes. Then, it was cleaned by running deionized water and dried to be a capacitor element. Here, this
state was regarded as a capacitor and capacitance in the chemical solution was measured, which result
was 160 pF. Example 10 [0093] [Method for producing a solid electrolytic capacitor with use of
2-methyl-2,3-dihydrothieno [3, 4-b]-1,4-dioxin (2- methyl-EDOT)]        Fig. 3 is a schematic cross sectional
view for explaining the structure of the solid electrolytic capacitor according to Example 10 of the present
invention.        Tantalum metal particles were pressure-formed to be sintered anode 11, which was
subjected to chemical conversion coating in the electrolysis solution of the phosphoric acid solution to
form the capacitor element with dielectric oxide film 12 formed on the surface. [0094]        Next, the
above-mentioned capacitor element was impregnated in achemicalpolymerizationsolutionconsistingof
2-methyl-2,3-dihydrctnieno Hi, 4-hi!-1,4-dioxi(2- methyl-EDOT),  32 iron(III) p-toluenesulfonate and butyl
alcohol, and subjected to heat treatment in the atomosphere and solid electrolyte 13 consisting of
poly2-methyle-EDOT was formed on the dielectric oxide film 12 by chemical oxidative
polymerization.These immersion and heat treatment steps are repeated five times or more. This-time heat
treatment was conducted in such a manner as to keep it at room terdperatu:res for 10 minutes and then,
150 C and for 5 minutes [0095]        Then, a graphite layer 14 and a silver paste layer 15 were
sequentially formed on the solid electrolyte layer 13 and a cathode lead 17 was connected to the silver
paste layer 15 via a conductive adhesive agent 19 and the anode lead 16 was connected to the anode
11. They were molded by a resin outer sheath 18 and the solid electrolytic capacitor was completed.
Example 11 [0096] [Method for producing a solid electrolytic capacitor with use of
2-ethyl-2,3-dihydrothieno [3, 4-hj-1,4-dioyin (2- ethyl-EDOT)] 
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Iron(III)  p- toluenesulfonate and butyl alcohol, and subjected t o 

heat treatment in the atomosphere and solid electro lyte 13 consisting 

of poly2-methyle-EDOT was formed on the dielectric oxide film 12 by 

chemical oxidative polymerization.  These immersion  and heat 

treatment steps are repeated five times or more.  T his-time heat 

treatment was conducted in such a manner as to keep  it at room 

temperatures for 10 minutes and then, 150 C° and for 5 minutes   

[0095]  

 Then, a graphite layer 14 and a silver paste layer  15 were 

sequentially formed on the solid electrolyte layer 13 and a cathode 

lead 17 was connected to the silver paste layer 15 via a conductive 

adhesive agent 19 and the anode lead 16 was connect ed to the anode 

11.  They were molded by a resin outer sheath 18 an d the solid 

electrolytic capacitor was completed. 

 

Example 11 

[0096]  

[Method for producing a solid electrolytic capacito r with use of 

2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  ethyl-EDOT)] 

 A preprocessed capacitor element like in Example 1  was prepared 

and the processing was conducted in the same method  as Example 10 

except for 2-ethyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-  

ethyl-EDOT) used as monomers thereby to produce a s olid electrolytic 

capacitor. 

 

Example 12  

[0097]  

[Method for producing a solid electrolytic capacito r with use of 

2-propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2- propyl-EDOT)] 

A preprocessed capacitor element like in Example 1 was prepared and the processing was conducted in
the same method as Example 10 except for 2-ethyl-2,3-dihydrothieno [3, 4-b1-] dioxin (2- ethyl-EDOT)
used as monomers thereby to produce a solid electrolytic capacitor. Example 12 [0097] [Method for
producing a solid electrolytic capacitor with use of 2-propy1-2,3-dihydrothieno [3, 4-bl-1,4-dioxin
(2-propyl-EDOT)]  33         A preprocessed capacitor element like in Example 1 was prepared and the
processing was conducted in the same method as Example 10 except for 2-propy1-2,3-dihydrothieno
4-hi-1,4-dioxin (2-propyl-EDOT) used as monomers thereby to produce a solid electrolytic capacitor.
[0098] [Comparative Example 8]  [Method for producing a solid electrolytic capacitor with use of
2,3-dihydrothieno [3, 4-h]-1,4-dioxin (EDOT)]        A preprocessed capacitor element like in Example 9
was prepared and the processing was conducted in the same method as Example 1 except for
2,3-dihydrothieno [3, 4-bj-1,4-dioxin (2-propyl-EDOT) used as monomers thereby to produce a solid
electrolytic capacitor. [0099]        As to the solid electrolytic capacitors obtained in Examples 10 to 12 and
Comparative Example 8, their initial electric properties and electric properties of impregnation rate are
shown in Table 4. [0100] Table 4   Initial electric property      Capacitance Impregnation 
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 A preprocessed capacitor element like in Example 1  was prepared 

and the processing was conducted in the same method  as Example 10 

except for 2-propyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin 

(2- propyl-EDOT) used as monomers thereby to produce a solid 

electrolytic capacitor. 

 

[0098]  

[Comparative Example 8] 

 [Method for producing a solid electrolytic capacit or with use of 

2,3- dihydrothieno [3, 4-b]-1,4-dioxin ( EDOT)] 

 A preprocessed capacitor element like in Example 9  was prepared 

and the processing was conducted in the same method  as Example 1 except 

for 2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2- propyl-EDOT) used as 

monomers thereby to produce a solid electrolytic ca pacitor. 

[0099]  

 As to the solid electrolytic capacitors obtained i n Examples 

10 to 12 and Comparative Example 8, their initial e lectric properties 

and electric properties of impregnation rate are sh own in Table 4. 

[0100]  

Table 4  

Initial electric property 
 

C（μF） tan δ(%) ESR(m Ω) 

Capacitance 
Impregnation 

rate (%) 
Example 1 147 2.0 22.0 91.9 
Example 2 145 2.5 23.3 90.6 
Example 3 130 2.4 27.0 81.3 

Comparative 
Example 

135 2.5 25.6 84.4 

 

[0101]  

 As shown in Table 1, it is clear from the comparis on results 

of various monomer units, the solid electrolytic ca pacitors of the 

rate(%)  C(12F) tan6 (%) ESR(mQ)  Example 1 147 2.0 22.0 91.9 Example 2 145 2.5 23.3 90.6 Example
3 130 
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present invention (Examples 9 to 12) have higher im pregnation rates 

and lower ESR than the conventional solid electroly tic capacitors 

that uses EDOT. 

[0102] 

 The present specification is based on Japanese Pat ent 

Applications No. 2009-252488 filed on November 2, 2 009, the entire 

contents of which are expressly incorporated by ref erence herein. 

 

INDUSTRIAL APPLICABILITY 

[0103] 

 As the solid electrolytic capacitor of the present  invention 

has higher capacitance, lower ESR and more excellen t in heat resistance, 

it is broadly applicable to consumer or industrial electronics devices. 

 

REFERENCE NUMERALS 

[0104] 

1… Comparative Example 3 

2… Example 4 

3… Example 5 

4… Example 6 

5… Comparative Example 2 

6… Comparative Example 7 

7… Example 7 

8… Example 8 

9… Example 9 

10… Comparative Example 4 

11… anode 

12… dielectric oxide film 

13… solid electrolyte 

2.4 27.0 81.3 Comparative Example 135 2.5 25.6 84.4  [0101] As shown in Table 1, it is clear from the
comparison results  34 present invention (Examples 9 to 12) have higher impregnation rates and lower
ESR than the conventional solid electrolytic capacitors that uses EDOT. [0102]        The present
specification is based on Japanese Patent Applications No. 2009-252488 filed on November 2, 2009, the
entire contents of which are expressly incorporated by reference herein. INDUSTRIAL APPLICABILITY 
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14… graphite layer 

15… silver paste layer 

16… anode lead 

17… cathode lead 

18… resin outer sheath 

19… conductive adhesive 

[0103]        As the solid electrolytic capacitor of the present invention
hashighercapacitance,lowerESRandmoreexcellentinheatresistance,
itisbroadlyapplicabletoconsumerorindustrialelectronicsdevices. REFERENCE NUMERALS [0104] 1
Comparative Example 3 2 Example 4 3 Example 5 4 Example 6 5 Comparative Example 2 6 Comparative
Example 7 7 Example 7 8 Example 8 9_ Example 9 10 Comparative Example 4 11 anode 12 dielectric
oxide film 13 solid electrolyte  
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CLAIMS 

 

1. A solid electrolytic capacitor comprising, as so lid electrolyte, 

molecules obtained by polymerizing a compound expre ssed by a formula 

[1] (in the formula, R1 represents a straight-chain  or branched-chain 

alkyl group with from 1 to 6 carbon atoms and Z rep resents oxygen 

atom or sulfur atom, independently). 

[1] 

 

 

2. A solid electrolytic capacitor comprising, as so lid electrolyte, 

molecules obtained by polymerizing at least one of compounds expressed 

by formulas [2] and [3].  

[2] 

 

[3] 

 

 

14 graphite layer 15 silver paste layer 16 anode lead 17_ cathode lead 18 resin outer sheath 19
conductive adhesive  36 CLAIMS 1. A solid electrolytic capacitor comprising, as solid electrolyte,
molecules obtained by polymerizing a compound expressed by a formula [1] (in the formula, R1
represents a straight-chain or branched-chain alkyl group with from 1 to 6 carbon atoms and Z represents
oxygen atom or sulfur atom, independently). [1]  2. A solid electrolytic capacitor comprising, as solid
electrolyte, molecules obtained by polymerizing at least one of compounds expressed by formulas [2] and
[3]. [2]   [3]  0 0  
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3. The solid electrolytic capacitor of claim 2, whe rein the molecules 

are obtained by polymerizing the compound expressed  by the formula 

[2]. 

 

4. The solid electrolytic capacitor of claim 2, fur ther comprising: 

 a porous body, as an anode, obtained by sintering valve-action 

metal particles;   

 a dielectric oxide film formed on a surface of the  anode; 

 solid electrolyte containing molecules obtained by  polymerizing 

the compound expressed by at least one of the formu las [2] and [3] 

on a surface of the dielectric oxide film; and 

 a cathode having a carbon layer and a silver layer  formed on 

the molecules. 

 

5. The solid electrolytic capacitor of claim 4, whe rein the valve-action 

metal particles used in the porous body obtained by  sintering of the 

valve-action metal particles contain at least one o f tantalum metal 

particles and niobium metal particles, and a CV pro duct per unit mass 

is 20000 µFV/g or more. 

 

6. A method for producing a solid electrolytic capa citor comprising 

a step of obtaining molecules by polymerizing a com pound expressed 

by a formula [1] and forming the molecules on valve -action metal where 

a dielectric oxide film is formed (in the formula, R1 represents a 

straight-chain or branched-chain alkyl group with f rom 1 to 6 carbon 

atoms and Z represents oxygen atom or sulfur atom, independently). 

[1] 

 

37 3. The solid electrolytic capacitor of claim 2, wherein the molecules are obtained by polymerizing the
compound expressed by the formula [2]. 4. The solid electrolytic capacitor of claim 2, further comprising:
a porous body, as an anode, obtained by sintering valve-action metal particles; a dielectric oxide film
formed on a surface of the anode;        solid electrolyte containing molecules obtained by polymeri zing
the compound expressed by at least one of the formulas [2] and [3] on a surface of the dielectric oxide
film; and        a cathode having a carbon layer and a silver layer formed on the molecules.  5. The solid
electrolytic capacitor of claim 4 , wherein the valve-action metal particles used in the porous body
obtained by sintering of the valve-action metal particles contain at least one of tantalum metal particles
and niobium metal particles, and a CV product per unit mass is 20000 pFV/g or more.  6. A method for
producing a solid electrolytic capacitor comprising a step of obtaining molecules by polymerizing a
compound expressed by a formula [1] and forming the molecules on valve-action metal where a dielectric
oxide film is formed (in the formula, R1 represents a straight-chain or branched-chain alkyl group with
from 1 to 6 carbon atoms and Z represents oxygen atom or sulfur atom, independently).  38  7. A method
for producing a solid electrolytic capacitor comprising a step of obtaining molecules by polymerizing at
least one of compounds expressed by formulas [2] and [3] and forming the molecules on valve-action
metal where a dielectric oxide film is formed. [2]   [3]   8. The method of claim 7, wherein the step of
forming the molecules on the valve-action metal where the dielectric oxide film is formed comprises
performing polymerization by bringing (A) at least one selected from a group consisting of compounds
expressed by formulas [1] to [3], (3) a dopant, and (C) an oxidant into contact with each other in a liquid
phase.  
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7. A method for producing a solid electrolytic capa citor comprising 

a step of obtaining molecules by polymerizing at le ast one of compounds 

expressed by formulas [2] and [3] and forming the m olecules on 

valve-action metal where a dielectric oxide film is  formed. 

[2] 

 

[3] 

 

 

8. The method of claim 7, wherein the step of formi ng the molecules 

on the valve-action metal where the dielectric oxid e film is formed 

comprises performing polymerization by bringing (A)  at least one 

selected from a group consisting of compounds expre ssed by formulas 

[1] to [3], (B) a dopant, and (C) an oxidant into c ontact with each 

other in a liquid phase. 

 

39  9. The method of claim 8, wherein (B) the dopant and (C) the oxidant are replaced with a compound
having properties of both (B) the dopant and (C) the oxidant.  10. The method of claim 9, wherein the
compound having properties of both (B) the dopant and (C) the oxidant is organic sulfonic acid iron(III)
salt and the liquid phase contains 40 to 70wt% of the organic sulfonic acid iron(III) salt.  11. The method
of claim 7, wherein a porous body obtained by sintering valve-action metal particles isvused as an anode
and the method further comprises: forming the dielectric oxide film on a surface of the anode;        forming
the molecules obtained by polymerization of at least one of the compounds expressed by the formulas [2]
and [3], on the anode where the dielectric oxide film is formed; and        forming a cathode containing a
carbon layer and a silver layer on the molecules.  12. The method of claim 11, wherein the step of forming
the molecules on the anode where the dielectric oxide film is formed comprises: bringing (A) the at least
one selected from the group consisting of the compounds expressed by the formulas [1] to [3] and (C) the
oxidant into contact with each other in the liquid phase to conduct chemical oxidative c,oly=fization. 
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9. The method of claim 8, wherein (B) the dopant an d (C) the oxidant 

are replaced with a compound having properties of b oth (B) the dopant 

and (C) the oxidant. 

 

10. The method of claim 9, wherein the compound hav ing properties 

of both (B) the dopant and (C) the oxidant is organ ic sulfonic acid 

iron(III) salt and the liquid phase contains 40 to 70 wt% of the organic 

sulfonic acid iron(III) salt. 

 

11. The method of claim 7, wherein a porous body ob tained by sintering 

valve-action metal particles isvused as an anode an d the method further 

comprises: 

 forming the dielectric oxide film on a surface of the anode; 

 forming the molecules obtained by polymerization o f at least 

one of the compounds expressed by the formulas [2] and [3], on the 

anode where the dielectric oxide film is formed; an d 

 forming a cathode containing a carbon layer and a silver layer 

on the molecules. 

 

12. The method of claim 11, wherein the step of for ming the molecules 

on the anode where the dielectric oxide film is for med comprises: 

bringing (A) the at least one selected from the gro up consisting of 

the compounds expressed by the formulas [1] to [3] and (C) the oxidant 

into contact with each other in the liquid phase to  conduct chemical 

oxidative polymerization . 

 

 

 


