1 DESCRIPTION Title of Invention: SOLID ELECTROLYTIC CAPACITOR AND METHOD FOR
PRODUCING SAME Technical Field [0001] The gresent 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 conthEsgiRiIRMdNaving 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 mﬁf(@“&l Wghﬁén?%&%%@é&%ﬂéﬁ%&iﬁbﬂﬁﬁgﬁ'}@ complexy \E1RRSSIgSWidely
commercializedis a solid electrolytic capacitor having as the solid electrolyte a conyluctive polymer
material that FROOe@EXEEIEANIB 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 aﬁe%wrﬁ%fm(?qzation 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 eleqoobjc capacitor. [0004] However, electronic devices in these days are required to save

more power and su;%port higher frequencies, and solid electrolytic capacitors used in these electronic
devices are also reqUiRRIGSPRIFMER PRSI ERRIALISIBRERNES, for example, to rBERARAMHE size, increase

the capacity Qg igduGsi S AbIYR R aliRmRFSHiangs (hereinafter abbreyigiad a3oRPR")

electrolyticcapacitorandamethodforproducingt hesame,thesolid
electrolytic capacitor containing as the solid elec trolyte layer a
conductive polymer layerthat exhibits high conduct ivity and having

excellent electric properties.

Background Art
[0002]

Known as a material for forming a solid electrolyt eusedina

solid electrolytic capacitor are an inorganic condu

ctive material

astypified by manganese dioxide and an organic con ductive material
such as 7,7,8,8-tetracyanoquinodimethane (TCNQ) com plex.
Besideswidelycommercializedsasolicelectrol yticcapacitor

having as the solid electrolyte a conductive polyme

r material that

is more excellent in electric properties than these solid
electrolyte-forming materials.
[0003]

Assuchaconductive polymermaterial,conductive polymermade
by polymerization of 3,4-ethylenedioxythiophene (he reinafter
abbreviated to “EDOT”) monomers is known broadly.

AsthisEDOT has aslow polymerizationrate andal lowstoform



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-alkexythioptiane pokyiags tsbakgosiecthelyiet As this polymerdhasedicthel@htained solid
electrolytic capacitor is allowed to have excellent electric properties even in high-frequency range (PL1).
[0006] FOMAef R dppsaiueacsphte eaiORME8apacitor that uses as a5888!8f&@PBR/te molecules

obtained by P gmﬁr{ﬁ' %o"?ﬁwﬁ%ﬁgi%é’%%r‘fg}? derivative of which a part substitutes for an alkKoxy
group. With use of this polymer; it is possible to suppress crystallization of polymerization oxidant
remaining in b@pplymer 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: &&Wéﬁ‘@;eeif&fé?ﬂi%%{ieaﬁEﬁh_%d@pﬁ%%qlzom-ogspgs Suﬁﬁ%’é?f%\fqpvention
Technical Pr%?%f[?%?ﬁ%n%g%ﬁ%wu@%&vf? [pér{agi)oo‘lyw(gﬁ disclosed in thg g%(]ayr%mﬁntloned

publications, it is tto nt electric properties or heat resistance. There are demands for
improvementipatgeirgednpeaiesiectebhratviesisiaate of the solid electipbdgidroaorcitos
improveelectricproperties,forexample toreduce thesize,increase

thecapacityandreducethe EquivalentSeriesResistance(hereinafter

abbreviated as “ESR").

The electric properties of the solid electrolytic capacitor
largely depend on a material used for forming the s olid electrolyte
anditsformingmethod. Therearehopesfordevelo pmentofconductive
monomers that are more excellent than the conventio nal EDOT and a

new method for forming a solid electrolyte layer.

[0005]

Againstthisbackdrop,asolidelectrolyticcapaci torisknown
asrelated artwhich has 3-alkyl-4-alkoxythiophene polymeras solid
electrolyte. Asthispolymerisused,theobtained solidelectrolytic
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



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 &s 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 theeePtal fisewarticles 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
(ponetherne&i[%XHﬁiggwene) 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 itFatdifficilirtadil 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 ¢ for that has excellent heat-resistance and electric properties, showing a high
capacitance : [ lem[ ? inventors of tl ent invention
studied dedicaapfgdall]yé%gn %ngl y lll[gvég Pﬁ)%ué)tg%?lgt%eg%jﬁ%g?vez -!(5) ?he present inv%%t%rgﬁcan be achieved by
a solid electrelyticieppaciterrastainmgicagansalid-clpstrolgte0dwlecules obtaineddag®olymerizing 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 c%%%rrggmq '{gm%nas solid electrolyte, molecules obtained by polymerizing a compound
expressed by a formuala [1] (in the formula, R1 represents a straight-chain or branched-chain alkyl group
with from 1 taécbaibarPadbremand 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 ol{%ﬁ)ﬁ% by polymerizing at least one of compounds expressed by formulas [2] and [3]. [2]

However,evenforthepolymersdisclosedintheab ove-mentioned

publications, itisdifficulttohavesufficientel ectricproperties
or heat resistance. There are demands for improvem ent in electric
properties and heatresistance ofthe solid electro lytic capacitor.
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[3] [0013] The third aspect of the present invention is the solid electrolyticcapacitorof the second
aspect of the present invention, wherein the molecule$ 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, obtaipetbhy sinteréageatwaraiionion@ial padicliesiia dielectric oxide filnfi¢aneedlion a surface of the
anode; solid electrolyte containing molecules obtained by polymeri zing the compound expressed by
at least one F¢RE RPRIMETPPARREIZIEShPRl¥avaREs 6f fieRfitlectric oxide film; and 6 a cathode
having a cari(%b yver 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 meti¢gpartistas isethinithaimenousrbady abialitedidy sintering of the vabigtiaction metal
particles contain at least one of tantalum metal particles and niobium metal particles, and a CV product
per unit mas§z?§%@@jgr}gam§t6q)qm@pmir@gthesame,the solidelectrolytic

The?iXthaSp?%‘ﬁé@%%ﬁaﬁﬁ&@@éﬂ@ﬂ%ﬁ%%ﬁf%ﬁﬂ%Ci”9 ectricproperties,
asolidelectrolyticcapacitorcomprisingastepofobtainingmolecules by polymerizing a compound expressed
by a formula $hpantfamiungdpachateewes arlo@lEsrction 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]

Solution to Problem
[0010]

Theinventorsofthepresentinventionstudiedded
finally have found that the objective of the presen
be achievedbyasolid electrolytic capacitorconta
electrolyte,moleculesobtainedbypolymerizingac
by the following formula [1] and completed the pres
The present invention is described specifically bel
[0011]

Thefirstaspectofthepresentinventionisasol
capacitor comprising, as solid electrolyte, molecul
polymerizing a compound expressed by a formula [1]
R1 represents a straight-chain or branched-chain al
from1to6carbonatomsandZrepresentsoxygenat

independently).
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[0017] The seventh aspect of the present invention is a method for producing a solid electrolytic
capacitor comprising a step of obtaining molecules byJolymerizing 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 thehpresenddsperititivgpvdseraimn drisitipsof forming the molédeltesrolytibe valve-action
metal where the dielectric oxide film is formed comprises performing polymerization by bringing (A) at
least one selERBSFHAFPHGRSIN cBR SR8 ERhiB ot B pressed by formuBsqRiAH§d]°(3) a dopant,
and (C) an oxi Te i in.a ligui se. [0019] i @ ect of the
present inve t‘?‘o?ﬁ%%%%%gt%fo%\%&%ﬁ?eeg%ﬁé@%@%%qllg#ﬁ%ﬂ)?esent inventior{g(/t\irr%e%é} 3 é‘%)he dopant and
(C) the oxidaj3].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 invemgéion, wherein the compound having properties of both (3) the dopant and (C) the oxidant is
organic sulfonic acid iron(lll) salt and the liquid phase contains 40 to 70 wt% of the organic sulfonic acid
iron(lll) salt. 8 [0021] The eleventh aspect of the present invention is the method of the seventh
aspect of the present invention, wherein a pgrotis body obtained by sintering valve-action metal particles
isvused as an anode and the method furthe?&n‘?prises:
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[0013]

The third aspect of the present invention is the s olid
electrolyticcapacitorofthesecondaspectofthe presentinvention,
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
electrolyticcapacitorofthesecondaspectofthe presentinvention,
further comprising:

aporousbody,asananode, obtainedbysintering valve-action
metal particles;

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

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

on a surface of the dielectric oxide film; and



forming the dielectric oxide film on a surface of the anode; forming the molecules obtained by
polymerization of at least one of the compounds expréssed 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 thequteskanire dicarshesger thel siefvef fayaring the molecules fanrtiee anode where
the dielectric oxide film is formed comprises: bringing (A) the at least one selected from the group
consisting oftﬁférEBWﬁ}B%ds expressed by the formulas [1] to [3] and (C) the oxidant into contact with
each other ir@ﬁ}%ﬁquid 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 exnelfétit hgadotasistianaesarigvaapacisahessand a low ESR.  dBésides, when the
molecules used as the solid electrolyte are obtained by polymerizing a compound expressed by at least
one of the fofRetHYYBFAARAS P PERG I tRRERSOIAIBRization rate of these RIGSBRIEMSEIAatively slow and

therefore, it i%RQ%?HO{ﬁ 2@,5}%? é@t%q{vﬁﬁ]p%l %Qﬁ@é@ lggcé(ayi[qmained by sintering é(?’léfﬁgﬁg% etal particles

that are finely porous. S structure, It is possible to provide a's ectrolytic
capacitor thapihramends)isintdraaj-oegistaane-actighrmepapiance and a low ESRcI&siebmaiscription of
Drawings [0024] Fig. 1 is a graph of the carbon number of the horizontal axis of a substituent of

EDOT indica?é@%ﬁi‘?ﬁgq{?r'iﬁéwpﬁ%'%{H‘%ﬁéwwﬁgi‘ﬂzaﬁon rate (secondBMAGCEEIRF the vertical axis
(Examples 46{906aa89' 8:%’6‘@&"6‘&'?’ Srﬁﬁ%%'% ]25'(%’02); uFV/g or more.

[0016]

Thesixthaspecbothepreseninventionsamet hodfoproducing
asolidelectrolyticcapacitorcomprisingaste pof obtainingmolecules
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-chainalkylgroupwithfromlto6carbon atomsandZrepresents

oxygen atom or sulfur atom, independently).
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[0017]

The seventh aspect of the present invention is a m ethod for
producingasolidelectrolyticcapacitorcomprising astepofobtaining
molecules by polymerizing at least one of compounds expressed by
formulas[2]and[3]andformingthe moleculesonv alve-actionmetal

where a dielectric oxide film is formed.



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 verfical 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 pfgpent 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-chai/n-a[kyl group with from 1 to 6 carbon atoms. Z represents
oxygen atom or sulfur atom, independently9[0028] The straight-chain or branched-chain alkyl group
with from 1 to 6 carbon atoms includes , for h'x_aifmple, 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-hexy.group and so on. Among those groups, a straight-chain or branched-chain alkyl group
with from 1t % 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 reactivitycéﬁh, obtained compound is lowered and it becomes difficult
to obtain a polymer. [0029] The compoufgd—\éxpressed by the above-mentioned general formula [1]
includes, more preferably, 2-methyl-2,3-dihy’d£d'thieno[3,4-h]-1,4-dioxin(2-

[0018]

Theeighthaspectofthepresentinventionisthe
sixth or seventh aspect of the present invention, w
offormingthemoleculesonthevalve-actionmetal
oxidefilmisformedcomprisesperformingpolymeriz
(A)atieastoneselectedfromagroupconsistingo
byformulas[1]to[3], (B)adopant,and(C)anox
with each other in a liquid phase.

[0019]

The ninth aspectofthe presentinventionisthem
eighth aspect of the present invention, wherein (B)

(C) the oxidant are replaced with a compound having
both (B) the dopant and (C) the oxidant.
[0020]

Thetenthaspectofthe presentinventionisthem
ninth aspect of the presentinvention, wherein the
propertiesofboth(B)thedopantand(C)heoxida
acid iron(lll) salt and the liquid phase contains 4

the organic sulfonic acid iron(lll) salt.

methodofthe
herein the step
wherethedielectric
ationbybringing
fcompoundsexpressed

idantintocontact

ethod ofthe
the dopant and

properties of

ethod ofthe
compound having
nisorganicsulfonic

0 to 70 wt% of



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-dioxjoq21ihexyl-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 abIREIREPRIBASILD BB RECESBUNMERECPIE &Nt invention is suchAbede!

polymerizatiqﬂgg&&#mﬁﬁg%ﬁ%g%@em%}%mi&g\W%L-égnown conductive r&%gg}fgégg mer, or for

example, EDOT. polymerization rate is slower than , it shows
excellent polypitanizaibhysisteddibeiriowstihenolipaetitization can be made upvissthiladamak edéhe pores in the

valve-action 12 metal having porous complicated shape. Hence, the polymer of the compound used
in the preser®MVERHARTCE BERRIGRBRHISE her material suitable for a solid electrolyte of a solid
electrolytic CapaCitofor[rQlﬂﬁgthe dielectric oxide film on a surface of the anode;
forming the molecules obtained by polymerization o fat least
one of the compounds expressed by the formulas [2] and [3], on the
anode where the dielectric oxide film is formed; an d
formingacathode containingacarbonlayeranda silverlayer

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
isformed comprises: bringing (A) the atleastone selectedfromthe
group consisting of the compounds expressed by the formulas [1] to
[3] and (C) the oxidant into contact with each othe rin the liquid
phase to conduct chemical oxidative polymerization

Advantageous Effects of Invention
[0023]

According to the presentinvention, itis possible to provide
a solid electrolytic capacitor that has excellent h eat-resistance,

a high capacitance and a low ESR.

Besides, whenthe molecules used as the solid elec trolyte are
obtained by polymerizingacompoundexpressed by at leastoneofthe
following formulas [2] and [3], the polymerization rate of these

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



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 s8lid 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 tingptotewirgppadypodntotamedtgcsinterifgpvatxample, the polyrnverazaiobemetalained by
chemical oxidative polymerization of the above-mentioned compound with use of oxidant or by
electro-chenﬂ?é"@ﬁﬁh%ﬁié‘%f%'é‘r%ﬁéﬁ: 13 [0034] The above-mentioned oxidant used in the
chemical oxid t'év 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 tr'ﬂuo‘rgmethanesulfonic acid, sulfuric acid and nitric acid,;
oxygen corrpound such as liquid dioxide and sﬂ;_.uiﬁpr trioxide; peroxoacid andsaltsuchassodium perborate,
ammonium persulfate, hydrogen peroxide; and\S}

(3)
a
off_l}:.
7
KS/'"

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. Lisagraph of the carbon number of the hori zontal axis
of a substituent of EDOT indicated by the horizonta | axis and the
polymerizationrate(seconds)indicatedbythevert icalaxis(Examples

4 to 6 and Comparative Example 1 and 2);

Fig. 2 is agraph of the carbon number of the hori zontal axis
of a substituent of EDOT indicated by the horizonta | axis and the
ESR(mQ)indicatedbytheverticalaxis(Examples7to9a ndComparative

Example 4 and 7); and
Fig. 3is a schematic cross sectional view for exp laining the
structure of a solid electrolytic capacitor accordi ngto Example 10

of the present invention.



heteropoly acid and salt such as tungstomolybdophosphoric acid, tungstophosphoric acid and
molybdophosphoric acid. [0035] Besides, the elé@tro-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, BfAEABRAREEINGRAEME8Rfonicacidionsuch asdodecylsulfonic acid, methanesulfonic acid,
14 circular SL@BQ&? 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 benzehesulfoniTaeistegbt inubstitnedldeumsshitidutiecdieraibf nachthalenesulforselasid with one to
four sulfonic acid substituted such as 2-naphthalenesulfonic acid, 1,7-naphthalenedisulfbnic acid,
anthracenesulfonic AERPGSEAHNMRERR]QYiBReasRbRRIesHaVT  alkyl substituted BFRRAGHSEituted

biphenylsulfo .ﬁtﬁﬂl ' nsuehas '8 ISIIieQ‘ IfI 'cb ﬁ:id, alkyibiphenyisulif| i g}n . nolymeric
sulfonic acid ‘%n suc&uégs nap’Ei??uafl%lnQs%m)na‘%fleJ ?o%sm%dehyde condensate gﬁ@g@ s@rrlélr@zulfonic acid,

a compound expressed by the following formula [1].

[0026]
(1)
.-—-{"H1
/! Y
Z Z
& o
I
\5,-'}
[0027]
In the above-mentioned formula [1], R1 represents a
straight-chainorbranched-chainalkylgroupwith f rom2lto6carbon
atoms. Z represents oxygen atom or sulfur atom, in dependently.

[0028]
The straight-chain or branched-chain alkyl group w
to 6 carbonatomsincludes, forexample, methylgr
n- propyl group, iso- propyl group, n-butyl group,
sec-butyl group, t-butyl group, n-pentyl group, iso
1-methylbutyl, 1-ethylpropyl group, 1, 2-dimethylpr
1-dimethylpropyl group, neopentyl group, n-hexyl gr
Among those groups, a straight-chain or branched-c
group with from 1 to 3 carbon atoms is preferably u
specifically,methylgroup,ethylgroup,n-propyl
group, or more preferably, methyl group, ethyl grou

preferably, methyl group.

ith from 1
oup, ethylgroup,
iso-butylgroup,

- pentyl group,
opyl group, 1,
oup and so on.

hain alkyl
sed, which is
group,iso-propyl

p, or much more



heteropoly acid ion such as tungstomolvbdophosphoric acid, tungstophospthoric acid and
molyhdephospthoric acid. These various salts can beldsed 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 carlpahateaée bi@ stetigyiectitatacbbrzmiehddcchgiropylene carbonate §R@)gnpiputyrolactone
(GEL), dimethyl sulfoxide (DMISC), N-methylpyrrolidone(NMP),henzonitrile,acetonitrile, direthylformamide
(DMF), ester¥$uERRSRIG (RRB RN S{RTIABERSYMerEgharomatic chiorith 633 %6Went such as

dichloromethgrra%gg}%g)mgﬁ&g%ﬁhn& Iowet%i gnﬁﬂ%%ﬁ%?;%% rsoorl\;ircl)tl,ssrq(fﬁcgﬂ%[ﬁggﬁwzene, nitroethane,

nitromethane, ols suchasethyleneglyco ethanol and methanol,
organic acid sygyasepropionic 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 comBHP£Rn. [0038] the electro-chemical oxidative polymerization may made by electrolytic

idati f the aboye: i [ - ' lectrolyti ' f I
oxidation of the aboY B RANRE SHRRLED DS ANEFERESHATEHEIec ol ic SpiHRR /o polymer

[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 usedinthe presenti nventionis
such that the polymerization rate is improved as co mpared with the
well-known conductive polymer monomer, or for examp le, EDOT.

Thatis, although the polymerization rate is slowe rthan that
of EDOT, it shows excellent polymerization and ther efore, the

polymerizationcanbemadeuptathebackothepo rednthevalve-action



The solid electrolytic capacitor of the present invention has a solid electrolyte layer containing molecules
obtained by polymerization of at least one of compoufds 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 eleatretstdéayey Ry G drsitylensdipeithiophene (hereinafter abbreviated to "PEDOT") [0040]
Thesolidelectrolyticcapacitor ofthepresentinventionshows

lowerESR,whichma{i5858 {B6ReMBRIFResAZ RIS AR Hound used in tREHRGEHCRvention is
relatively slowe %}%jﬁﬁ E/ izationisall terpolymerizationreactj '

penetrateswe Iié}toa e elc\:Ft)é? gﬁe@?&%@ﬁ%@m?ﬁgjﬁs%ﬁe to form a solid ele,%%z%%wfer with good
adhesion. 16f a sdfidréhestrihgioktginedomolecules 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) affadla result, conductivity is expected to be enhanced. [0041] Next description is made
about a method for H{R%%Bge@rﬁ%ﬂo%'&g%8@8&%0%&%08&%&@8%”t invention, ress‘lélaeo)l;nethod for
producing a solid electrolytic capacitor of the present invention is characterized by comprising a step of
forming the raoleasieme btfaime b hywodyfoeniziaksqa) einal (@mpound expressed hy tkedboige-mentioned
formula [1] on a valve-action metal on which a dielectric oxide film has been formed [0042] The
valve-action RRSEIP|fseaHairasRlF Ble i EitAPRE @iminum, tantalum, titdHtiRESABHRI or an alloy
thereof. Mor -acti lLmay. inum, tantalum og, niobium. Such
valve-actioneren)l?e(gt%i‘l((-:i‘rrrliislj))']/1y Egﬁrg@ggﬁ%@ﬁ ﬁlg@f%r%)% m%gt]al foil, sintered p(Eev'vder or the like. [0043]
The dielectri¢oa@ade 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-mentioh&d 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.

(3)
u_x"_<p
Y
(J
[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.
Forexample,the polymercanbe obtainedby chemicaloxidative
polymerization of the above-mentioned compound with use of oxidant

orby electro -chemical oxidative polymerization.



17 [0045] The method for producing polymers on the valve-action metal by the chemical oxidative
polymerization inclAades a step of bringing at least odé (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 ligoskphase 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 contddt@PPA&/AICELRREShHER tHYSRAIREIRation or coatiffaMérab48aain molecules,
2. The above- i d is prepared, a solution containing dopant and oxidant is prepared
separately, \%%f(ﬁ%gr&rﬁgﬁawg%egnated with the above-mentioned compound solution is coated or
impregnated in the atwidesnegviioned pridant padutinadberelty to obtain moleculeé aigkide, 3.A
valve-action metal is coated or impregnated with a solution containing dopant and oxidant, impregnated
with the aboVedR&ktbRIe8MpEYna KbRMBIR éhadought into contact therewith thereby to obtain

molecules. These gggﬂds arg et I?@g%g f%[imgﬁ}gtm%rmm@vw%ﬁgﬂ] The molecules
y olution e Cco

are formed on the valve-action meta eepingas containing mpound (A), dopant (B) and
oxidant (C) opetftacradrei@ctibospieialappredeierméedu@mpenatures and for a phésieterrained time period.
18 Here, the predetermined temperature can be freely selected from a range from 0 to 150 degrees,
and the predBtedRffEY fihsEledAee freely selected from a range from 1 minute to 24 hours. [0048] As

a preferable embogjr%p]%%géangrggﬁggu(}%ﬁgﬁﬂ%gi?gsaéﬁlid electrolytic capa&'sté)rrrﬁr{ e prgsent

invention, there is proposed a met using a solution of a compound having b roperties of dopant
(3) and oxidadit i)mEe48hromicTaehganteodogdriasanghatisproperties of dopashi3) and oxidant (C) is an
oxidant containing an anion component as dopant of conductive polymer. With use of such an oxidant
containing an anionREBHPEREItSAS RpEY BF L BRMGER BBIFREr, in chemical polyfh&HZéfion, the anion
component ¢ obgntéllﬁ%ﬂd%gﬂ? conductive polymer to function as dopant, thereby enabling to obtain the
conductive polymer with improved conductivity. [0050]

oxygen compound such as liquid dioxide and sulfur trioxide;

peroxo acid and salt such as sodium perborate,
ammonium persulfate, hydrogen peroxide; and
heteropolyacidandsaltsuchas tungstomolybdophosphoricacid,

tungstophosphoric acid and molybdophosphoric acid.

[0035]

Besides, theelectro - chemical oxidative polymerizationmaybe
madebyelectrolyticoxidationofdopantandatlea stoneofcompounds
expressedbytheabove-mentionedformulas]1]to[3 Jinanelectrolytic

solution formed by dissolving in solvent.

[0036]
The above-mentioned dopants include, for example,
halogenionsuchaschlorine,bromineiodineandh alideionsuch
as perchloric acid, tetrafluoroboron, hexafluoroantimonate,
hexafluoroarsine, hexafluoro phosphorus,

alkyl substituted organic sulfonic acid ion such

asdodecylsulfonic acid, methanesulfonic acid,



The preferable anion component includes organic acid ions such as carboxylic acid ion and organic
sulfonic acid ion, and inorganic acid ions such as bordA compound ion and perchloric acid ion. [0051]

The particularly preferable oxidant containing such an anion component includes inorganic acid iron(lll)
salt such as Iron(lll) chloride and IRON (lii) perchlorate and organic acid iron(lll) salt such as
benzenesulfonic acidritopr(¥l)fqriohsnesidinomede dan{hby safbard alkyl naphthalenesidfionate iron (i)
salt.The most preferahle one is organic sulfonic acid iron(lll) salt. [0052] 19 of both the dopant (B) and
oxidant (C) includeSPAXGHEBHIHEE SONEIUOTER il RStRRIMOP Etftanol, n-propanol, idEXpFGIhol, n-butanol
andethylene gycol, Prefeiahiy- fceANGRLS AARRLIARAAROL 100531 Migsh prefgsable one among
them is the alcohol type solvent in which the abbove-mentioned organic sulfonic acid iron zalll) is solved at a
concentratiop@ngingsindoni2Qida R0 Yehyaneigiformasgigercent, preferably at a concentration ranging

from 30% to 80% by weight mass percent, or more preferably at a concentration rangin(]:] from 40% to
70% by weight mas8/pdrtdistituted QuithsySs g EPRHRbxidant dissolved af8GEH®¥6ncentration, it
is possible to_fogm Vr\ﬂmec&ﬂgs ttlaatt%{ﬁ eéﬁﬂgﬂﬁt irb{?f&ndé’l%ié’tji%tégd gggurance on the comﬁ)leéS
shaped-valve-action metal in a dense manner. [0054] Next description is made about the method for
producing the soeijthelaetielyditbaapadion ot the presemntdineionon, by way of specificiéxample of a method
of producing an aluminum wound capacitor. [0055] First, a surface of anode aluminum foil is
roughened by etchif§ AT HHENE 188l 9 brHBEREBNIHERONERWubjected to cherffd&I&Dfversion in a
water solutio[b uch 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 magpnification so as to be able to obtain a
capacitor of larger calpgcitanteufe0o6]insubStparatshbaieedoran opposed cathodeakticnisrum foil with a

cathode lead connected and the above-mentioned anode aluminum foil, a separator of Manila paper is
provided to vArefupStaREAEYIRtice astricHn Riafssizs e separator by he&t&@tnent thereby to

prepare a wound tyB%&ﬁw%%it%f?&%ﬁ@egbéo%ﬂsuch 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,

etherssuchagdiethykther, dioxane andetrahydrofuran(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),
v-butyrolactone ( GBL), dimethyl sulfoxide (DMSO),
N-methylpyrrolidone (NMP), benzonitrile, acetonitrile,

dimethylformamide (DMF),
esters such as butyl acetate and ethyl acetate,
nonaromatic chloride type solventsuchasdichloro methaneand

chloroform,



Then, a solid electrolyte layer made of conductive polymer is formed on the above-mentioned capacitor
anode foil. This method for forming the solid electroly®® 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 polymaerizatiompyuceinpetalitbrasuckikitrtivereleyéo form the solid alecsthdrdayer. [0058]
Here, this process may be performed by impregnating the oxidant and bringing the above-mentioned
compound inf§€AERBr polymerization or by impregnating with a solution containing a mixture of the
above-mentioned é:ﬂlaqt lymerization. This té} |s ot intended for
limiting the resent%%ﬁ%%@ Yl rt Iﬁggﬁ%ﬁn%i%%l xid.ative polymerizaaﬁtllﬁ)’ %géﬁeé]érably
performed byeasmgubidentetitkanil, 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 loweP RN W%ﬁéﬁ'@eﬁ%@i‘dﬁﬁ@(gﬁﬁcult to occur and fWRERAFEC.yr-rature is
higher than - itar perf teriorated. [0060] ne jmpregnating and
heating stepﬁﬁ?ﬁ%&%@ée%gﬁégﬁm%?%ﬁl?:Itﬂ%ﬂgs. 21 [0061] \r/gﬁ Ith%@g steps, it is
possible to form thenssdidl e airedytetayeasfiheghisbifime oichymg pis of anode alumidaiorfejloare filled with
conductive polymer layer. [0062] Then, the epoxy resin is used to seal the capacitor case, and
voltage is apP¥PtEETMAIRL BYHIFYIHTRAMREIIBNG electrolytic capacitor of the present invention can be
obtained. [0 %8 Hereinafter, the present invention will be described in detail based on examples,
which however arg not intended for limiting the present invention. Here, in the examples, "An
represents "percentthy wlasgad And; theigaaitdoatveCpanchdiriandrncriass (tads) e measured at a
frequency of 120 Hz and the ESR (Equivalent Series Resistance) is measured at a frequency of 100 kHz
except for th€'8SEaI e FricReRiOhIAhG . 2POVEERFIEENGE FARIEYnation rate is a PBFcdhtdlif of the

capacitance gf)gﬁ%_ﬂp ﬁ'm) %& Iligl 3%9 Hg%iﬁt t%q o0 3 gﬂpacitance obtaing'dol?]y ms uring the
capacitor elemer\{t beéore T'orm%ngco t%e solid ﬁej'Ti:)ctr(éyte?iayer in the 15% dianmoniuerln adipate solution.
Further, LC rga@gents leakage current, which is a value of direct current in the solid electrolytic capacitor
measured 60 seconds after rated voltage is applied.

The solid electrolytic capacitor of the presentin vention has
a solid electrolyte layer containing molecules obta ined by
polymerizationofatleastoneofcompoundsexpress edbytheformulas
[1] to [3] and shows excellent electric properties, showing a high

capacitance and a low ESR.

In addition, it shows significantly improved heat resistance
comparedwiththeconventionalsolidelectrolyticc apacitorofwhich
the solid electrolyte layer is Poly- 3, 4-ethylenedioxythiophene

(hereinafter abbreviated to “PEDOT")

[0040]

Thesolidelectrolyticcapacitorofthepresentin ventionshows
lowerESR ,whichmaybebecausethepolymerization rateofthecompound
used in the present invention is relatively slower and the
polymerizationisallowedevenafterpolymerization reactionsolution
penetrateswelintcedielectricoxidefilm. Ther eforejigossible

to form a solid electrolyte layer with good adhesio n.



Furthermore, the withstand voltage is a voltage (V) measured when the direct current flowing in the solid
electrolytic capacitor exceeds 200 mA after the voltag€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] [\Wettias, the phealbnethg desolicsaaiegdyibe-chpacitor with use of alkylgroup
2-methyl-2,3-dihydrothieno [3, 4-b]-1,4-dioxin (2- methyl-EDOT)] The surface of aluminum foil is
etched to be PSUPHRSIEELEhAtRIEBITEHETE RN dNBITHNEIEH R chulking. Then, in thBeL % Hidfmonium

adipate solutj g}ﬁ all j is, performed at avo 42 I%] a dielectric
oxide film is fbgrrﬁle g?r{i ﬁ&ﬁgﬁb%%\éﬁﬁhg?gj@ﬁ%%. [0065] Then, %r%rréé ég%%eé i ving a
thickness of afdikia sendivshreilies/rysspxokebdabieearthe above-mentioneshaadde foil and the facing
cathode aluminum foil connected with the cathode lead by resistance welding, wound in a cylindrical form,
and then sutﬁ%‘ﬁéﬂi to heat treatment at a temperature of 400 degrees for four minutes to carbonize the
Manila paper so th it g i itance of the obtg] pacitor
element in the 15% ?g(‘r%ndr%[%r]%ﬁ?g @arlatg@ltg%%%qééﬁc%é% ?Fﬁ%elggxt, a compound‘tfi)a‘lbfegi ?Jﬁ?ed for
polymerizatianethatyisc 2epathyl-2f3ndilpyesethiriveriBod-bj-1,4-dioxin (2- methyl-EDOT), and an oxidant
"Iron(1ll) p-toluenesulfonate 50% n-butanol solution" are prepared at a weight rate of 1 to 2.5. The
capacitor element is'repreBISMRFPthIS BB RRRIIY BRCLEYEEEBRAS, heated at a tentferaitiie of 45 degrees

for 2 hours, QE%Q%%;%@RE@H%&E%QEMS@%%P aminutes, and heat&gz&‘&ﬁéhﬁﬁﬂ rature of 125

degrees for 1 hour 23 to conduct chemical oxidativ erization.Then, poiv-2-me OT is formed

in the capacitbe alelmeantdobGied by pbsmeapexipresindsised to seal this capdeipresssel apd voltages 4V

is applied to both poles to perform aging thereby completing a solid electrolytic capacitor. Example 2
the above-mentioned formula [1] on a valve-action m etal on which a

dielectric oxide film has been formed

[0042]

Thevalve-actionmetalusedheremaybe,forexamp 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 usedin 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.
Thechemicaloxidativepolymerizationismorepref erableinview
of electric characteristics of the obtained solid electrolytic

capacitor and simpler manufacturing process.



[0068] [Method for producing a solid electrolytic capacitor with use of 2-ethyl-2,3-dthydrothHeno
r3,4--dioxin (2- ethyl-EDOT)] [0069] The preprocégsed 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-2,3abhgprothieno [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-dihydrothR&§8 AP PIoAUERERAYMSIS SRS YR Y§T 76D 71] The pridWBe&IEd capacitor
like in Examplg, 1 Was.n met le 1 was performe for the
compound u@ig% in poIy%%%%@%?&rﬁﬁ%@fn@%gj?r%sn?(g%%%yla,3-dihvdrothiitr%@ﬁg-b]-l,4-dioxin
(,L-- methyl-ED&EF)arsgd)iof Coxapapliedd depPeprepyl(2)8Bdinydrothieno .J, 3yhiehdbdmKkino2d,
(2-propyl-EDOT) thereby to produce the solid electrolytic capacitor. [0072] [Comparative Example 1]
[Method for pt8Q0&IHER SBARRREA/INAC)IRIRLIHBANIAISe of 2,3-dihydroth@FHbIBEAIBIE 4-dioxin
(EDOT)] Ii-in% iﬁ[ygcessed 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{donajrothieno 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 electi@$3BPEEENHARBLHRAREAURBAGFRASNBARIEAd electric profiES BPR¥akage current
and withstang v, id.electrolyii i tained in Examples omparative
Example 1 [§8 783{&&%%%{9%&%&%% KB AP S RP R hAg e

following methods:

1 Acompound(A)expressedbyatieastoneofthe above-mentioned
[1]to[3],dopant(B)and oxidant(C)aremixedto prepareasolution
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
metalimpregnatedwiththeabove-mentionedcompound solutioniscoated
or impregnated in the above-mentioned oxidant solut ion thereby to

obtain molecules, and

3.Avalve-actionmetaliscoatedorimpregnatedw ithasolution
containing dopantand oxidant,impregnated withthe above-mentioned
compoundsolutionandbroughtintocontacttherewit htherebytoobtain
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.
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Here,thepredeterminedtemperaturecanbefreely
arangefromOto150degrees,andthepredetermine
selected from a range from 1 minute to 24 hours.
[0048]

Asapreferableembodimentofthe methodforprodu
electrolytic capacitor of the presentinvention, th
a method of using a solution of a compound having b
of dopant (B) and oxidant (C).
[0049]

The compound having both properties of dopant (B)
(C)isanoxidantcontainingananioncomponentas
polymer. With use of such an oxidant containing an
asdopantofconductivepolymer,inchemicalpolyme
componentcanbetakenintheconductivepolymerto
thereby enabling to obtain the conductive polymer w
conductivity.
[0050]

Thepreferableanioncomponentincludesorganicac
as carboxylic acid ion and organic sulfonic acid io
acid ions such as boron compound ion and perchloric
[0051]

The particularly preferable oxidant containing suc
component includes inorganic acid iron(lll) salt su
chloride and IRON (lIl) perchlorate and

suchas benzenesulfonicacidiron(lll) p-toluenesulfonate

salt and alkyl naphthalenesulfonate iron(lll) salt. Th

preferable one is organic sulfonic acid iron
[0052]

A solvent for dissolving a compound that contains

selectedfrom

dtimecanbefreely

cingasolid
ere is proposed

oth properties

and oxidant
dopantofconductive
anion component
rization,theanion
functionasdopant,

ith improved

idionssuch
n, and inorganic

acid ion.

h an anion

chas Iron(lll)

organicacidiron(lll) salt

iron(111)

e most

(1 salt.

properties
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ofboththe dopant(B) and oxidant (C)includesalc oholtype solvent
such as methanol, ethanol, n-propanol, iso-propanol , h-butanol
andethyleneglycol. Preferably thesolventiseth anolorn-butanol.
[0053]

Most preferable one among themis the alcohol type solventin
whichtheabove-mentionedorganicsulfonicacidiro n(lll)issolved
at a concentration ranging from 20% to 90% by weigh t mass percent,
preferably ataconcentrationranging from30%?to 8 0% byweightmass
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
inconductivityandenduranceonthecomplexshaped -valve-actionmetal
in a dense manner.

[0054]

Nextdescriptionismadeaboutthemethodforprod ucingthesolid
electrolytic capacitor of the presentinvention, by way of specific
example of a method of producing an aluminum wound capacitor.
[0055]

First,asurfaceofanodealuminumfoilisroughen edbyetching,
and an anode lead is connected. Then, itis subjec ted to chemical
conversioninawatersolutionsuchas Diammoniumadipateorthelike
toformadielectricoxidefilm. Incarryingout hepresentinvention,
itis preferable that foil of larger etching magnif icationsoasto

be able to obtain a capacitor of larger capacitance
[0056]

Separately between an opposed cathode aluminum foi | with a
cathode lead connected and the above-mentioned anod e aluminumfoil,

aseparatorofManilapaperisprovidedtowindup itintoacylindrical
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form, carbonize the separator by heat treatment the reby to prepare
a wound type capacitor element.
[0057]

Then, asolid electrolyte layer made of conductive polymeris
formedontheabove-mentioned capacitoranodefoil. Thismethodfor
forming the solid electrolyte layer is of impregnat ing a capacitor
elementwith a solution containing acompound of co nductive polymer
monomerexpressedbyateasioneotheformulag 1}k 3pbyimmersion,
coating, sprayingorothermethod. Theimpregnated compoundisthen
subjected to polymerization by contact with an oxid ant thereby to
form the solid electrolyte layer.

[0058]

Here,thisprocessmaybeperformedbyimpregnatin gtheoxidant
and bringing the above-mentioned compound into cont act for
polymerizationorbyimpregnatingwithasolutionc ontainingamixture
of the above-mentioned compound and the oxidant tog ether for
polymerization. Thismethodisnotintendedforli mitingtheresent
invention.

[0059]

Further, chemical oxidative polymerization is preferably
performed by placing the oxidant, dopant and compou nd in contactin
the liquid phase under temperatures of O to 150 deg rees for a
predetermined time period and drying the solvent by heating. When
the temperature is lower than O degree, polymerizat ion reaction is
difficulttooccurandwhenthetemperatureishigh erthan150degrees,

capacitor performance may be deteriorated.
[0060]
The impregnating and heating steps mentioned above may be

repeated plural times.
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[0061]

Withthese steps, itispossible toformthe 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,thepresentinventionwillbedescrib edindetail
based on examples, which however are not intended f or limiting the

present invention.

Here,intheexamples,* % "represents“percentbymass”. And,
the capacitance (C) and dielectric loss (tan 5) 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 ¢ ase specified
particularly.

Besides theimpregnationrateisapercentageof thecapacitance
oftheobtainedsolidelectrolyticcapacitortoac apacitanceobtained
by measuring the capacitor element before forming o f the solid
electrolyte layer in the 15% diammonium adipate solution.

Further L Crepresentdeakagecurrentwhichisa valueofdirect
currentinthesolidelectrolyticcapacitormeasure d60secondsafter

rated voltage is applied.

Furthermore, the withstand voltage is a voltage (V ) measured
whenthe direct currentflowing in the solid electr olytic capacitor
exceeds200mAafterthevoltageisappliedtoboth endsofthesolid
electrolyticcapacitor. Here,thevoltageisappli edinsuchamanner

that 15V is first applied and the voltage is increa sed by 1V every
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30secondstomonitorthedirectcurrentflowinth esolidelectrolytic
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 aluminumfoil is etched to be rough enedandthe
anode lead is connected by caulking. Then, in the 10% diammonium
adipate solution, the chemical conversion treatment is performed at
avoltageof4Vsothatadielectricoxidefilmis formedonthesurface
of the aluminum foil.

[0065]

Then, Manila paper having a thickness of 50 pm is sandwiched
asaseparatorbetweenthe above-mentioned anode fo ilandthe facing
cathode aluminum foil connected with the cathode le ad by resistance
welding, wound in a cylindrical form, and then subj ected to heat
treatmentatatemperatureof400degreesforfour minutestocarbonize
the Manila paper so that the capacitor element is p repared. The
capacitance ofthe obtained capacitor elementinth e15% diammonium
adipate is 650 uF.

[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(lll) p- toluenesulfonate 50% n- butanol solution ”
are preparedataweightrate of 1t02.5. Thecap acitorelementis
impregnatedinthissolutionfor120seconds,heate datatemperature
of 45 degrees for 2 hours, heated at a temperature of 105 degrees

for35minutes,andheatedatatemperature of 125 degreesfor1lhour
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to conduct chemical oxidative polymerization. Then, the
poly-2- methyl-EDOT is formed in the capacitor element.
[0067]
Then epoxyresinisusedtosealthiscapacitorc aseandvoltages
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
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(2- propyl-EDOT)therebytoproducethesolidelectroly

[0072]

[Comparative Example 1]

[Method for producing a solid electrolytic capacito

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

EDOT)]

The preprocessed capacitor like in Example 1 was p

the same method as Example 1 was performed except f

used in

2-methyl-2,3-

polymerization

which

ticcapacitor.

r with use of

repared and

or the compound

was changed from

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

inExamplelto2,3-

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

to produce the solid electrolytic capacitor.

Table 1 shows initial electric properties, capacit

impregnation rate and electric properties of leakag

methyl-EDOT)used
EDOT)thereby

ance

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 ICapamta?ce LC/ 1A Wltr|1tstand
@n mpregnation AV-60s voltage
C(u ESR(m rate (%) (V)
F) 0 Q)
(%)
Methyl d 26
Example 1 EDOT 569 | 3.8 7.9 87.5 9400
Ethyl A 35
Example 2 EDOT 561 | 4.9 9.8 86.3 4600
Propyl 43
Example 3 EDOT 544 (45 | 14.4 83.7 1800
Comparative
Example 1 EDOT | 574 | 4.8 125 88.3 4100 21




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 hak® 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] jaov4lji) 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-dihydr6#R6RBITE APl LANRBKEP LINANHAUSERTP) was added to PENGIESYHSmeasurement
started. — f, seqAnds iRl e AdcURa rIBRLIRdRe vial was stied viagigyaiy, L ygeconds by a
spatula. Then, measurement ' was made of a time period from the time when stirring was finished to
the time whes kaselidwstarted EybepeecipiatecRpdkeavial. Aksigthaf this measurementseokde shown in

Table 2. Here, the polymerization rate in Table 2 is a value obtained by subtracting 10 seconds from
seconds takeHISF PYEERRARGHPbHBTISERE ERRAID S 79 &1 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]
[ron(lll) p- toluenesulfonate 50% n- butanol solution was
prepared 0.3 g as oxidant on a 6ml vial and maintai nedat20  C°for
30 minutes.
Next, a compound used for polymerization, that is, 01g
2-methyl-2,3- dihydrothieno[3,4-b]-1,4-dioxin(2- methyl-EDOT)was

added to the vial and measurement started.
5secondslaterafteraddition,contentinthevia Iwasstirred

vigorously for 10 seconds by a spatula.

Then, measurementwas made ofatime period fromt hetimewhen
stirringwasfinishedtothetimewhenasolidstar tedtobeprecipitated
in the vial. Results of this measurement were show nin 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



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- metB§I-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-2,34]ikydegihien@{81¥Atl, 3-a-dioxin (Hinyetbyt&tdO3B) afixamplexdh Experimental results are

shown in Table 2%007% [Comparative Examdg)le 2] The experiment was performed in the same
manner as irfE¥ARPR WEIERHR RS oIS AdRZ-aIsitthino [3, 4-h]-1, dit@IIISEDOT) which

was used insjead. of 2- /I-2,3-di )| =--b]--i. 47--diOXin (2= DOT) of Example 4.
During measé?ﬂ%l’tlr{]ea Ié% y?erizatioﬁgggwnﬁﬂs%li O%étgt@tp IIC%AUI(? @%ﬁ%g%z%%%ted. The viscosity of the
content was urershoed inithatiiee 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|_z[§<-aqm%r thieno [3, 4-hi-1,4-dioxin (2- methyl-EDOT) of Example 4. Experimental results are
shown in Table 2.2 6?0080] Table 2 Polymerization rate(second) Example 4

[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)whichwasusedinsteadof2-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)whichwasusedinsteadof2-methyl-2,3- dihydrothieno
[3,4-b]-1,4-dioxin(2- methyl-EDOT)ofExample4. Duringmeasuring
thepolymerizationrate,nosolidmattercouldbef oundparticipated.
Theviscosity ofthe contentwasincreased withtim eandthe content
becametarry. The time whentheliquid flowwas st oppedisshownin
Table 2.

[0079]

[Comparative Example 3]

The experiment was performed in the same manner as in Example
4,exceptfor2,3- dihydrothieno([3,4-b]-1,4-dioxin( EDOT)whichwas
used instead of 2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-
methyl-EDOT) of Example 4. Experimental results ar eshowninTable

2.



Methyl EDOT 103 Example 5 Ethyl EDOT 208 Example 6 Propyl EDOT 370 Comparative Hexyl EDOT
804 Example 2 Comparative

[0080]
Table 2
Polymerization rate (second)
Example 4 Methyl EDOT 103
Example 5 Ethyl EDOT 208
Example 6 Propyl EDOT 370
Comparative Hexyl EDOT 804
Example 2
Comparative EDOT 69
Example 3
[0081]

The results of Examples 4 to 6 and Comparative Exa mples 1 and
2areshowninagraphofFig.1,inwhichthehori zontalaxisindicates
the carbon numbers of the methyl group, ethyl group , propyl group
andhexylgroupassubstituentofEDOTandthevert icalaxisindicates

the polymerization rates (seconds).

As seen from Fig. 1, the polymerization rate is muc h lowered when
the alkyl group with 3 ormore carbon atomsis subs tituted forEDOT.
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
gand Iron(lll) p- toluenesulfonate50%/n- butanolsolutionasoxidant
were prepared at a weight ratioof 1:2:5 and stirred 60 seconds.

Then, the capacitor elementusedin Example 1 was impregnated
in this solution 120 seconds, which was then putin aclosed bottle
in a glove box. 30 minutes later, it was heated 45 Ce for 2 hours,
andthecapacitorelementwastakenoutoftheclos edbottleandheated

105C°for35minutesand125C°for1hour. After that,the chemical



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 axid8ndicates 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 withidaoenporgncarbatioatass isrsilstitlte dofon pANOT. Example 7 [0982)ethylHBDI@E 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 Irdf (INE-eRaeHERIfBIRAe50%/n-butanoisolutiona.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 hoBxangné ghe 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

[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)whichwasusedinsteadof2-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)whichwasusedinsteadof2-methyl-2,3 - dihydrothieno
[3,4-b]-1,4-dioxin (2- methyl-EDOT) of Example 7 toproduce asolid
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)whichwasusedinsteadof2-methyl-2,3- dihydrothieno
[3,4-b]-1,4-dioxin(2- methyl-EDOT) of Example 7toproduce asolid
electrolytic capacitor. Results are shown in Table 3.
[0086]
[Comparative Example 5]

The processing was performed in the same manner as in Example

7,exceptfor2,3- dihydrothieno[3,4-b]-2-hydroxymethyl-1,4-dioxin



28 oxidative polymerization was conducted to form poly- methyl-EDOT in the capacitor element. Example
8 [0083] The processing was performed in the satfle 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 capagitonxiRastiis are-SDW) in TakcB. Example 9 [0884]  iddiegarocessing 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-EDOTEMIcE Jvas uSEYdrEteaRCds ZhbingtPo3iaiKydrothleno [3, 4MMYARAIN fethyl-EDOT)
of Example 75%91@@% ' Smtfo i i f, rResults are shown ||Q RL% Q)Q\ﬁﬁ] [Comparative
Example 4] The p%éggﬁs%%%a%[%r%mgpﬁé ﬁ(e) same manner as in Eé(ggmp %, except for
2-hexy1-2,3-iabietBieno 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 ¢ for. Results are shown in Table 3. [0086] [Comparative Example 5] The processing
was perform '%g#g SR MARNEERS in Example 7, except for 2,3-dihydrothieno [3,

4-bj-2-hydro ré]e viélll,g(%oxﬁ{]y% fZ-hydroxvmethyl-EDOT)Whichwasusedinsteadof
2-methyl-2,3-dihydrotieenocks sinb wad petioxine@inmmetbyirie fann@fdsxample 7 to pioHWamplesolid
electrolytic c%pacitor. Results are shown in Table 3.

, 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 7toproduce asolid
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,exceptfor2,3- dihydrothieno[3,4-b]-1,4-dioxin(E DOT)whichwas
used instead of 2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2-
methyl-EDOT) of Example 7toproduceasolidelectr olyticcapacitor.

Results are shown in Table 3.

[0089]
Then, the solid electrolytic capacitors obtained i n Examples
7to 9 and Comparative Examples 4 to 7 were subject edtoaheattest
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



[0087] [Comparative Example 6]
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The processing was performed in the same manner as in Example
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[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 h&¥ing 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 regastiesiasubstapadifor eDD TapadEBsR G doriies shrinical solution waarmeastiyed, which result
was 160 pF. Example 10 [0093] [Method for producing a solid electrolytic capacitor with use of
2-methyl-2, 3R Hleher 3IPAVBI 1 23ER6Ri AR ImBdRpEEDOT)] Fig. 3 RHYEHREtIE®ross sectional
view for explgig}gg,é?grﬁgggm%%}f the solid electrolytic capacitor according to Example 10 of the present
invention. antalum metal particles were pressure-formed to be sintered anode 11, which was
subjected to o@zjcal 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-mentidRBEEASERERBRIRent was impregnated in achemicalpolymerizationsolutionconsistingof
2-methyl-2,3-dihydrctnieno Hi, 4-hi!- 4-€io i(2- methyERQQT), 32 'ron%lll -toluenesulfonate and butyl
alcohol, and subjec?é%lrt]oaﬁuerg 't?teea{ régﬂ 1 )f:he atomosl%F‘\I:e%ré< é?n"c] rgoé”ame é% ?é’lf/?é%%aggﬂgisting of
poly2-methylard {2 Tamai fovane dsinytheamielieatraypsisiarfdde 12 by chemical oyidativeaving a
polymerization.These immersion and heat treatment steps are repeated five times or more. This-time heat

treatment wa¥@!8RBiRReHIAANEN asPHRIRHE BRAPAIENI® at room terdperHAPROORVaIBN hutes and then,
150 C and fo ' - it ,14 and a silver p re
sequentially é)r?(r)n gbcl)ﬁr? ?#2‘93% I]étggé%%?%@%é;{rﬂ %3%%% cathode lead 17 \?\/‘3‘2558 c%&rﬁ?eolrtie%b?o the silver
paste layer limividtes cThduciivasdieasiseBgaenhibg dednire@node lead 16 wagatermattriddo the anode

11. They were molded by a resin outer sheath 18 and the solid electrolytic capacitor was completed.
Example 11 [ORCRSPRACHRGIGEIEPFoBGERG I BSEIRY R trolytic capacitor VifidgsBBFapacitor

2-ethyl-2,3-dilyelapieng i ifihe trbiey R RS VLSRR ed, which result
was 160 uF.
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. 3is 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 coatinginthe
electrolysis solution of the phosphoric acid soluti on to form the
capacitorelementwithdielectricoxidefilml12for medonthesurface.
[0094]

Next,theabove-mentionedcapacitorelementwasim pregnatedin
a chemical polymerization solution consisting of

2-methyl-2,3- dihydrothieno [3, 4-b]-1,4-dioxin (2- methyl-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-23-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-propyl1-2,3-dihydrothieno [3, 4-bl-1,4-dioxin
(2-propyl-ED@)IIB3p- A poepnecassachtapaditutyelalceidl likedrsibjackde 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-dioxrEBUSIPAEDBag 0 RREFFSRERMESIBEFabyY to produce a $6fdBeHSHE capacitor.
[0098] [Com e I i lid electrolytic ¢ ' h use of
2,3-dihydrotk%ih%c:| g rﬁéh -1?4%§?x{:n\d%gébg)r£r%d%wgﬁcgi§§éﬁ%ssed capacitor%%ze@n%lﬁ{t{]\%?e% #1 Example 9
was preparedrandithe prodassingokas@andiscied Thifse senneemethod as Example laexicepisor
2,3-dihydrothieno [3, 4-bj-1,4-dioxin (2-propyl-EDOT) used as monomers thereby to produce a solid
electrolytic cHSaEHEF[BFRS) are repeiandiW@ itnsie QrGRRIE capacitors obtained HF ER¥BEE 10 to 12 and
Comparativetﬁéw?\ﬁ @%gr]im}@églﬁpgirﬁﬁrggﬁgmp%g %e&gé% properties of in&pg@gg@ﬁ]on rate are

e 4.]10100] T ial ele [

shown in Tab able 4 Initial electric property  Capacitance Impregnation

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 acathode
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)]
ApreprocessedcapacitorelementlikeinExamplel1 wasprepared

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)usedasmonomerstherebytoproduceas olidelectrolytic

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)]



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

3130 3
ApreprocessedcapacitorelementlikeinExamplel wasprepared
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)]
ApreprocessedcapacitorelementlikeinExample9 wasprepared
andtheprocessingwasconductedinthesamemethod asExamplelexcept
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
10to12andComparative Example8,theirinitiale lectricproperties
and electric properties of impregnation rate are sh own in Table 4.
[0100]
Table 4
Initial electric property Capacitance
C(uF) |tan 5®) | ESR(mM Q) 'mf;fgr(';:)'on
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
Cogxﬂar;agli‘e’e 135 2.5 25.6 84.4
[0101]
As shown in Table 1, itis clear from the comparis on results

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



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 $4o 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 contengsesbnthinie@ienggxeanplgsgcon)taded hiyhefenence herein. INEghRIAhr&lEPLICABILITY

and lower ESR than the conventional solid electroly

that uses EDOT.

[0102]

tic capacitors

The present specification is based on Japanese Pat ent

Applications No. 2009-252488 filed on November 2, 2

contents of which are expressly incorporated by ref

INDUSTRIAL APPLICABILITY

[0103]

As the solid electrolytic capacitor of the present

hashighercapacitance JowerE SRandmoreexcellen

iisoroadlyapplicabletoconsumerorindustrial

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

009, the entire

erence herein.

invention
inheatresistance,

electronicsdevices.



[0103] As the solid electrolytic capacitor of the present invention
hashighercapacitance,lowerESRandmoreexcellentinh&atresistance,
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 EZxargpiehit8 [eyemple 8 9_ Example 9 10 Comparative Example 4 11 anode 12 dielectric
oxide film 13 solid electrolyte

15... silver paste layer
16... anode lead
17... cathode lead

18... resin outer sheath

19... conductive adhesive



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 electrolyti#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. amig electrolytic capacitor comprising, as solid
electrolyte, molecules obtained by polymerizing at least one of compounds expressed by formulas [2] and
[3].12] [3] OO

1. Asolid electrolytic capacitor comprising, as so lid electrolyte,
moleculesobtainedby polymerizingacompoundexpre ssedbyaformula
[1](intheformula,R1representsastraight-chain orbranched-chain
alkyl group with from 1 to 6 carbon atoms and Z rep resents oxygen

atom or sulfur atom, independently).

[1]

.
z z
-
.'f:"l "::'.
T
2. Asolid electrolytic capacitor comprising, as so lid electrolyte,
moleculesobtainedbypolymerizingatleastoneof compoundsexpressed

by formulas [2] and [3].
[2]

[3]



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 &{ectrolytic 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 compoursl Exgpsekdeiddyobttieagizwiterof dleniarmudas [2] and [3] on a stuiiabe @bibeutislectric oxide
film; and a cathode having a carbon layer and a silver layer formed on the molecules. 5. The solid
electrolytic cAHRAEREHBFERIPCY MEH &I SARRBE GFRTRRSEH particles usedhBSEPBHIEs body
obtained by siptering 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 fbrife$ Qi #ledEehifLaRACHNS RIS 4 Biraight-chain or brancheRf-EPERN'8IRGF group with

from 1 to 6 carbon ?EE?%@@E%%G&&%%% r@iﬂ{eﬁﬁgur atom, indepengg&gyact%ﬁ 7. A method

for producing a soli capacitor comprising a step of obtaining molecules by polymerizing at
least one of ¢oetplqntsexpressed 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 moleculRSISIEAYRCVRIAE SERJATMBEPIVASIE B @ElBRtric oxide film is fornd88¥mprises

performing polymeri%@ﬁﬁ Pt¥ r{ rﬂgagﬁhg%qgéﬁ Q ﬁsﬁﬁ from a group cor%%@m%igf mpounds
expressed by formulas 1%t0 % a dopant, ano| gc?fan oxidant into contact with each other in a liquid
phase. 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.

5Thesolidelectrolyticcapacitorofclaimd whe reinthevalve-action
metal particlesusedinthe porous body obtained by sintering ofthe
valve-action metal particles contain atleastone o ftantalum metal
particlesandniobiummetalparticles,andaCVpro ductperunitmass

is 20000  uFV/g or more.

6. Amethod for producing a solid electrolytic capa citor comprising

a step of obtaining molecules by polymerizing a com pound expressed
byaformula[1]andformingthemoleculesonvalve -actionmetalwhere

a dielectric oxide film is formed (in the formula, R1 represents a
straight-chain orbranched-chainalkylgroupwith rom1lto6carbon

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

[1]



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 a&dant. 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(lll)
salt and the liquid phase contains 40 to 70wt% of the organic sulfonic acid iron(lll) 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 ogaT'Felast one of the compounds expressed by the formulas [2]
and [3], on the anode where the dielectric oxidefilm is formed; and forming a cathode containing a
carbon layer and a silver layer on the moIchles 12. The method of claim 11, wherein the step of forming
the molecules on the anode where the dlelectﬁc 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.

7. Amethod for producing a solid electrolytic capa citor comprising
astepofobtainingmoleculesbypolymerizingatle astoneofcompounds
expressed by formulas [2] and [3] and forming the m olecules on
valve-action metal where a dielectric oxide film is formed.
[2]
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8. The method of claim 7, wherein the step of formi ng the molecules
on the valve-action metal where the dielectric oxid e filmis 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) adopant, and (C) an oxidantinto c ontact with each

other in a liquid phase.



39

9. The method of claim 8, wherein (B) the dopantan
arereplacedwithacompoundhavingpropertiesofb

and (C) the oxidant.

10. The method of claim 9, wherein the compound hav
of both (B) the dopant and (C) the oxidantis organ
iron(ll)saltandtheliquidphasecontains40to

sulfonic acid iron(lll) salt.

11.Themethodofclaim7,whereinaporousbodyob
valve-actionmetalparticlesisvusedasananodean
comprises:
forming the dielectric oxide film on a surface of
forming the molecules obtained by polymerization o
one of the compounds expressed by the formulas [2]
anode where the dielectric oxide film is formed; an
formingacathode containingacarbonlayeranda

on the molecules.

12.Themethodofclaim11,whereinthe step offor
on the anode where the dielectric oxide film is for
bringing (A) the at least one selected from the gro
thecompoundsexpressedbytheformulas[1]to[3]
into contactwith each otherinthe liquid phaseto

oxidative polymerization

d (C) the oxidant

oth(B)thedopant

ing properties
ic sulfonic acid

70wt%oftheorganic

tainedbysintering

dthemethodfurther

the anode;
fat least
and [3], on the
d

silverlayer

mingthemolecules
med comprises:
up consisting of
and(C)theoxidant

conduct chemical



