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(57) ABSTRACT

An electrolytic capacitor includes a capacitor element having
a positive electrode, a negative electrode, and a solid organic
conductive material disposed between the positive and the
negative electrode, an electrolyte, a case for accommodating
the capacitor element and the electrolyte, and a sealing mem-
ber disposed to cover the opening of the case. The solid
organic conductive material has at least one material selected
from organic semiconductor and conductive polymer. The
clectrolytic capacitor having excellent impedance character-
1stic, small current leak, excellent reliability, and high dielec-
tric strength.
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ELECTROLYTIC CAPACITOR AND ITS
MANUFACTURING METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application is a reissue application of U.S. Pat. No.
6,307,735 issued on Oct. 23, 2001 issued from U.S. patent

application Ser. No. 09/233,936, filed on Jan. 20, 1999, whickh
claims the benefit of Japanese Patent Application No.

10-015269, filed on Jan. 28, 1998, and Japanese Patent
Application No. 10-350072 filed on Dec. 9, 1998.

FIELD OF THE INVENTION

The present invention relates to an electrolytic capacitor as
an electronic component, and its manufacturing method.

BACKGROUND OF THE INVENTION

In the recent trend of electronic appliances becoming digi-
tal and higher in frequency, the electrolytic capacitor, one of
the electronic components, 1s required to be larger 1n capacity
than in the conventional part and 1s superior 1n 1impedance
characteristic 1 high frequency region. To meet such
demand, 1t has been attempted to enhance the conductivity of
the driving electrolyte (heremaiter called -electrolyte),
decrease the resistance of separator, or use a conductive com-
pound obtained by making conductive a sheet mnsulator such
as paper, cloth, nonwoven cloth or high polymer film, as a
separatotr.

Also as an attempt to make the separator conductive, vari-
ous methods have been proposed, such as kneading or mixing
of carbon fibers or particles, and compounding with graphite
powder. Moreover, by using monomer such as pyrrole,
thiophen or aniline, a method of forming a conductive high
polymer on the surface by chemical oxidation and polymer-
ization 1s disclosed (see Japanese Laid-open Patent No.
64-90517).

In the conventional constitution, however, there was a limait
in enhancement of conductivity of electrolyte, and 1ts con-
ductivity 1s at most about ten to scores of mS/cm at the
present, and electrolyte having a suificient conductivity 1s not
developed yet, and an electrolytic capacitor of an electrolyte
having a sufficient impedance characteristic 1s not obtained so
far.

On the other hand, for decrease of resistance of separator,
it has been attempted to decrease the separator thickness,
lower the density, make uniform the pore size, or change from
paper to high polymer nonwoven fabric, but due to lack of
strength by lowering of density and other problems, a suili-
cient effect of lowering the resistance i1s not obtained yet.

Further, the separator made conductive by kneading or
mixing carbon fibers or particles 1s not suificient 1n the elec-
tric conductivity, and it was hard to obtain a separator of low
density. When using a separator by compounding graphite
powder, there was a problem of increase of shorting due to
drop of graphite powder and dispersion into electrolyte.

On the other hand, 1n the method of forming a conductive
high polymer on the surface by chemical oxidation and poly-
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merization from monomer of pyrrole, thiophen or aniline, 1t 1s
difficult to compose an electrolytic capacitor of which rated
voltage exceeds 35 V because there 1s almost no effect of
deterioration of dielectric oxide film by oxidizing agent or
chemical formation of conductive high polymer (defect
repairing capability of dielectric oxide film). If composed,

however, increase of leak current or shorting between anode
and cathode may occur during agent process or high tempera-
ture test.

It 1s hence an object of the 1nvention to present an electro-
lytic capacitor of high dielectric strength excellent 1n imped-
ance characteristic, leak current property and reliability.

SUMMARY OF THE INVENTION

An electrolytic capacitor of the invention comprises:

(a) a capacitor element having an anode, a cathode, and a
solid organic conductive material disposed between the
anode and the cathode,

(b) an electrolyte,

(c) a case for accommodating the capacitor element and the
clectrolyte, and

(d) a sealing member disposed to cover the opening of the
case.

A manufacturing method of electrolytic capacitor of the

invention comprises:

(a) a step of fabricating an anode,

(b) a step of fabricating a cathode,

(¢) a step of forming a solid organic conductive material on
the surface of the anode, and

(d) a step of disposing an electrode between the anode
having the solid organic conductive material and the
cathode.

In this constitution, an electrolytic capacitor having an
excellent impedance characteristic, an excellent leak current
characteristic, an excellent reliability, and a high dielectric
strength 1s obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) 1s a partial sectional perspective view showing a
constitution of an electrolytic capacitor according to a first
embodiment of the invention.

FIG. 1(b) 1s a schematic diagram magnifying the essential
parts of the electrolytic capacitor element shown 1n FIG. 1(a).

FIG. 2 1s a manufacturing process diagram for manufac-
turing the anode fo1l of an electrolytic capacitor of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

An electrolytic capacitor of the invention comprises a case
having an opening, an electrolyte contained 1n the case, a
capacitor element placed in the electrolyte, and a sealing
member disposed to cover the opening. The capacitor ele-
ment has an anode, a cathode, and a solid organic conductive
material installed between the anode and cathode.

In this constitution, by making use of the high electric
conductivity of the solid organic conductive material, the
interpolar resistance in the conductive portion can be
extremely decreased, and hence the impedance characteristic
1s enhanced. Further, by using together with the electrolyte
having the repair capability of dielectric oxide film of valve
action metal, an electrolytic capacitor of low leak current
having a high dielectric strength 1s obtained.

In the 1invention, as the solid organic conductive matenial,
an organic semiconductor 1s preferred, and preferred
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examples of organic semiconductor include 7,7,8,8-tetracy-
anoquinodimethane complex and 1ts derivatives (hereinafter
called TCNQ complexes). In this constitution, by dissolving
and impregnating TCNQ complexes, a layer of solid organic
conductive material having a high conductivity may be filled
suificiently to the 1nside of the pit of the anode processed by
etching. As a result, an electrolytic capacitor excellent 1n
impedance characteristic particularly i a high frequency
region over 100 kHz can be obtained. Still more, TCNQ
complexes can be directly applied on a separator base mate-
rial. Moreover, a capacitor element winding an anode fo1l and
a cathode fo1l through a separator base material can be manu-
factured. Alternatively, a capacitor element laminating one
set or two sets or more of anode and cathode through separa-
tor base material may be impregnated 1n a heated and dis-
solved TCNQ complex solution, and by cooling and solidi-
tying, the conductivity may be easily expressed. As a resullt,
an electrolytic capacitor having an excellent impedance char-
acteristic may be easily obtained.

In the mvention, the word of “anode” means “positive
clectrode”, and the word of “cathode” means “negative elec-
trode”. The word of “conductive high polymer” means “con-
ductive polymer™.

In the mvention, the conductive high polymer includes
pyrrole, aniline, thiophen, ethylene dioxythiophen, sul-
fonated aniline, sulfonated pyrrole, sulfonated thiophen, sul-
tonated ethylene dioxythiophen, their derivatives, and poly-
mers of various polymerizable monomers.

Methods of forming such polymers include a method by
liquid-phase chemical polymerization, a method by vapor-
phase chemical polymerization, a method by liquid-phase
clectrolytic polymerization, and a method by drying soluble
high polymer solution and utilizing residual high polymer.

Usable examples of conductive high polymer include poly-
pyrrole, polyethylene dioxythiophen, or polyaniline formed
by chemical polymerization or electrolytic polymerization,
and dry residual sulfonated polyaniline obtained by drying
solutions of soluble polyanilines.

In liquid-phase polymerization, 1n a solution containing at
least the polymerizable monomer and a proper oxidizing
agent, a capacitor element 1s immersed, and polymernized. In
the case of an electrolytic polymerization, 1n a solution con-
taining at least the polymerizable monomer and a proper
ox1dizing agent, a capacitor element 1s immersed, and power
1s supplied to polymerize it. In the case of vapor-phase poly-
merization, 1n a solution containing at least a proper oxidizing,
agent, a capacitor element 1s immersed (or immersed, lifted
and dried), and then 1n the vapor phase contaiming at least the
polymerizable monomer, the capacitor element 1s placed. By
these methods, a layer of solid organic conductive material
having a high conductivity can be sufliciently applied into the
inside of pits of the anode processed by etching. As a result, an
clectrolytic capacitor having an excellent impedance charac-
teristic also 1 a high frequency region of over 100 kHz in
particular 1s obtained. Moreover, by polymerizing the con-
ductive high polymer directly 1n the separator base material,
anode or cathode 1n vapor phase, the conductivity can be
casily expressed. As a result, an electrolytic capacitor having
an excellent impedance characteristic may be easily obtained.

Further, since these conductive high polymers have a high
compatibility 1n an electrolyte composed of an organic mat-
ter, when impregnated with the electrolyte, 1t 1s quickly swol-
len and diffused into the inner parts of the conductive high
polymer. Accordingly, when composing a capacitor element
having the dielectric oxide film coated with conductive high
polymer, the capacity for restoring the dielectric oxide film
can be maintained at high level.
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The electrolyte comprises an electrolytic substance such as
salt of organic acid or salt of 1norganic acid, and a solvent for
dissolving such electrolytic substances. As such organic sol-
vent, an organic solvent capable of swelling an organic con-
ductive material by immersing 1t 1s preferred. In this consti-
tution, as mentioned above, the electrolyte quickly swells and
diffuses into the mner part of the conductive high polymer.
Therefore, when composing a capacitor element having the
dielectric oxide film coated with conductive high polymer,
the capacity for restoring the dielectric oxide film can be
maintained at high level.

As the electrolytic substance to be dissolved 1n the electro-
lyte, 1n a base for composing the electrolyte, when the con-
centration of the base or hydroxide of base 1s 1 wt. % and the
measuring temperature 1s 30° C., the hydrogen 10on concen-
tration 1n aqueous solution of base or hydroxide of base 1s
usable at 1.0x10™"° mol/dm” or more. As its specific example,
as the base for composing the electrolytic substance, at least
one 15 used as being selected from the group consisting of
compound having alkyl substituent amidine group, quater-
nary salt of compound having alkyl substituent amidine
group, tertiary amine and ammonium. In this constitution,
leak of electrolyte 1s prevented, and a capacitor of enhanced
reliability 1s obtained.

When composing a capacitor by using an electrolyte com-
posed of an electrolytic substance of a base of a strong basic-
ity of which hydrogen 1on concentration 1s less than 1.0x107
13 mol/dm” (for example, tetra-alkyl ammonium or tetra-alky]l
phosphonium), 1n long-term environmental test 1n the com-
pound environments of high temperature and high humidity
(for example, 60° C. and 95% RH), the sealing member 1s
likely to be damaged by the effects of the base of strong
basicity, and leak i1s likely to occur, and the reliability 1s
slightly inferior.

As the base for composing the electrolytic substance, at
least one 1s preferred to be used as being selected from the
group consisting of compound having alkyl substituent ami-
dine group, quaternary salt of compound having alkyl sub-
stituent amidine group, tertiary amine and ammonium. In
these electrolytic substances, when the concentration of the
base or hydroxide of base 1s 1 wt. % and the measuring
temperature 1s 30° C., the hydrogen 10n concentration in
aqueous solution of base or hydroxide of base is 1.0x10™"°
mol/dm> or more. Accordingly, the leak due to such strong
acidity as mentioned above 1s less likely to occur.

As the quaternary salt of compound having alkyl substitu-
ent amidine group, a quaternary compound formed by alkyl
group or aryl alkyl group with 1 to 11 carbon atoms 1s pre-
terred, and such compound 1s one selected from the group
consisting of 1imidazole compound, benzoimidazole com-
pound, and alicyclic amidine compound. In this constitution,
when hydroxide 10ons are formed by electrolytic reaction in
the electrolyte, since the reaction between hydroxide 1on and
amidine group of N-C-N or reaction of decomposition and
ring opemng 1s fast, the electrolytic products disappear
quickly. As a result, even 1n the condition of high temperature
and high humidity, leak of electrolyte to outside can be pre-
vented.

The quaternary salt of compound having alkyl substituent
amidine group 1s at least one selected from the group consist-
ing ol 1-methyl-1,8-diazabicyclo [3,4,0] undecene-7, 1-me-
thyl-1,5-diazabicyclo [4;3,0] nonenc-3, 1,2,3-trimethyl 1mi-
dazolintum, 1,2,3,4-tetramethyl 1midazolinium, 1,2-
dimethyl-3-ethyl-imidazolinium, 1,3,4-trimethyl-2-ethyl
imidazolintum, 1,3-dimethyl-2-heptyl imidazolinium, 1,3-
dimethyl-2-(-3"heptyl) imidazolinium, 1,3-dimethyl-2-dode-
cyl imidazolinium, 1,2,3-trimethyl-1,4,5,6-tetrahydropyrim-
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idium, 1,3-dimethyl 1midazolium, 1-methyl-3-ethyl-
imidazolium, and 1,3-dimethyl benzoimidazolium.
According to this constitution, the conductivity of the elec-
trolyte can be heightened and an excellent heat resistance 1s
realized. Therelfore, external leak of electrolyte at high tem- 5
perature and high humidity 1s prevented, and an electrolytic
capacitor having an excellent high temperature stability and
low 1impedance 1s obtained.

The boiling point of the solvent of the electrolyte 1s 200° C.
or more, the conductivity at measuring temperature of 30° C. 10
of the electrolyte 1s 1.0 mS/cm or more, and the spark 1ignition
voltage 1s 80 V or more. In this constitution, it 1s effective to
prevent the problem of electrolytic capacitor for surface
mounting, that 1s, deformation of appearance due to elevation
of capacitor internal pressure caused by heat treatment during 15
surface mounting (both capacitor and substrate exposed to
high temperature of soldering). Moreover, since the boiling
point of the solvent of the electrolyte 1s high (vapor pressure
1s low), defective soldering when mounting 1s less likely to
occur, and further since the conductivity 1s high, the imped- 20
ance performance 1s maintained. Still more, since the spark
1gnition voltage 1s sulficiently high, an electrolytic capacitor
having a high dielectric strength 1s obtained.

The sealing member 1s composed by using an elastic rub-
ber. In the solid electrolytic capacitor for surface mounting 25
using this elastic rubber, the adsorbed moisture contained in
the electrode foil of capacitor element, separator, solid elec-
trolytic substance and rubber sealing member, or the
adsorbed moisture bonded to the 1inside of the case 1s evapo-
rated at once at high temperature at the time of surface mount- 30
ing. As a result, the pressure elevation 1nside the capacitor 1s
extreme, which may lead to defective air tightness of the
capacitor or scattering ol sealing member. However, by con-
taining the electrolyte using a solvent of high boiling point
(low vapor pressure), the total pressure 1nside the capacitor 35
can be lowered at the time of mounting. Therefore, by con-
taining the liquid component (herein an electrolytic solution)
in addition to the electrolytic substance of solid electrolytic
substance type, pressure elevation inside the capacitor can be
suppressed, and defective soldering and others can be 40
improved.

Examples of solvent of electrolyte having a boiling point of
200° C. or more include 3-alkyl-1,3-oxazolidine-2-one (imore
specifically, 3-methyl-1,3-oxazolidine-2-one: boiling point
260° C.), 1,3-dialkyl-2-imidazolidinone other than 1,3-dim- 45
cthyl-2-1imidazolidinone (more specifically, 1,3-dimethyl-2-
imidazolidinone: boiling point 236° C., 1,3-dipropyl-2-1mi-
dazolidinone: boiling point 255° C., 1-methyl-3-ethyl-2-
imidazolidinone: boiling pomnt 230° C.), 1,3,4-trialkyl-2-
imidazol:idinone (more specifically, 1,3,4-trimethyl-2- 50
imidazolidinone: boiling point 241° C.), 1,3,4,5-tetra-alkyl-
2-1midazolidinone (more specifically, 1,3.4,5-tetramethyl-2-
imidazolidinone: boiling point 249° C.), cyclic lactone (more
specifically, y-butyrolactone: boiling point 204° C.), polyhy-
dric alcohol (more specifically, ethylene glycol: boiling point 55
201° C., glycerin: boiling point 290° C.), carbonate (more
specifically, ethylene carbonate: boiling point 238° C., pro-
pylene carbonate: 242° C.), and others.

Hereinafter, preferred embodiments of the mvention and
prior arts as comparative examples are described below while 60
referring to the attached drawings.

FIG. 1(a) and FIG. 1(b) are a partial sectional perspective
view showing a constitution of an electrolytic capacitor of the
invention, and a conceptual view magnitying essential parts
of 1ts element. In FIG. 1(b), the surface 1s roughened by 65
etching process, and then a dielectric oxide film 11 1s formed
by oxidation treatment. An anode foil 1 composed of an

6

aluminum foi1l forming a solid organic conductive material 2
on 1ts surface, and a cathode foil 3 formed by etching an
aluminum foil are wound around a separator 4. Or, after
roughening the surface by etching process, an anode foil 1
composed of an aluminum foil forming a dielectric oxide film
11 by oxadation treatment and a cathode foil 3 formed by
etching process of aluminum foil are wound through an elec-
trolytic paper 4A. Then by high temperature treatment
thereol, the electrolytic paper 4 A 1s treated by any method of
carbonization treatment, and a capacitor element 12 or 12A 1s
tformed. Between the dielectric oxide film 11 and cathode foil
3, a solid organic conductive material 2 1s formed. It 1s
impregnated with an electrolyte 10, and swollen and 1nfil-
trated 1nto the solid organic conductive material 2. Thus, the
capacitor element 12 or 12A 1s composed. The capacitor
clement 12 or 12A 1s put in a cylindrical aluminum metallic
case 8 with a bottom as shown in FIG. 1(a). Further, the
releasing end of the aluminum metallic case 8 1s sealed so that
a sealing member 7 made of rubber may penetrate through an
anode lead 5 and a cathode lead 6 for external lead-out being
led out from the anode foil 1 and cathode foil 3 from the
sealing member 7. Thus, the side surface of the metallic case
8 15 covered with an external tube 9.

FIG. 2(a) to FIG. 2(g) show the manufacturing process for
manufacturing the anode foil 1 for electrolytic capacitor of
the invention 1n batch. As shown 1n FIG. 2 (a), an etching foil
22 (FIG. 2(b)) obtained by etching an aluminum foil 21 1s
oxidized. In this way, an anode foil 1 forming a dielectric
oxide film 11 1s formed (FIG. 2(c)). Successively, this anode
fo1l 1 1s impregnated 1n a solution 23 containing a polymer-
1zable monomer capable of forming a conductive high poly-
mer layer as shown 1n FIG. 2 (d), and lifted, then heated (also
dried) by a heating oven 24 as shown 1n FIG. 2(e). Thus, as
shown 1n FIG. 2(1), an anode fo1l 1 forming a solid organic
conductive material 2 on the surface 1s composed. Next, as
shown 1 FIG. 2(g), thus constituted anode foil 1 and the
cathode foil 3 formed by etching the aluminum foil 21 are
wound through a separator 4. In this way, a capacitor element
12 1s composed. The subsequent process 1s same as 1n the
above manufacturing method. The capacitor element 12 1s put
into a cylindrical metallic case 8 with a bottom together with
clectrolyte 10. The releasing end of the metallic case 8 1s
sealed, by using a sealing member 7, so that an anode lead 5
and a cathode lead 6 for external lead-out being led out from
the anode fo1l 1 and cathode fo1l 3 respectively may penetrate
through the sealing member 7. Thus, the side of the metallic
case 8 1s covered with an external tube 9.

The electrolyte used in the electrolytic capacitor of the
invention 1s specifically described below.

As the solvent for the electrolyte of the electrolytic capaci-
tor of the invention, an organic solvent stable electrically and
chemically and capable of swelling 1n the organic conductive
material 1s used. Such organic solvent 1s desired to have a
boiling point of 200° C. or more. The solvent is preferred to be
mainly composed of y-butyrolactone and/or ethylene glycol.
In addition, for the purpose of improving the low temperature
characteristic and enhancing the dielectric strength, other
organic solvent compatible with y-butyrolactone and/or eth-
ylene glycol may be mixed as a subsidiary solvent. Neverthe-
less, the subsidiary solvent 1s not required to be an organic
solvent capable of swelling 1n an organic conductive material.

As the subsidiary solvent, 1n addition to the organic solvent
with boiling point of 200° C. or more mentioned above, the
following organic solvents may be used either alone or as a
mixed solvent of two or more kinds, that 1s, polyhydric alco-
hol system solvents (propylene glycol, diethylene glycol, 1.4-
butane diol, polyoxy alkylene polyol), lactone system sol-
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vents  (y-valerolactone, oO-valerolactone, 3-ethyl-1,3-
oxyzolidine-2-one), water, amide system solvents (N-methyl
formamide, N,N-dimethyl formamide, N-methyl acetamide),
cther system solvents (methylal, 1,2-dimethoxy ethane,
1 -ethoxy-2-methoxy ethane, 1,2-diethoxy ethane), nitrile
system solvents (acetonitrile, 3-methoxy propionitrile),
furane system solvents (2,5-dimethoxy tetrahydrofurane),
2-imidazolidinone system solvents (1,3-dimethyl-2-1mida-
zolidinone), and others.

In the case of mixed solvent, the mixing ratio of the solvent
1s preferred to be 40 parts by weight of a solvent of which
boiling point 1s less than 200° C. 1n 100 parts by weight of
solvent of which boiling point 1s 200° C. or more. If the
content of the solvent of which boiling point 1s less than 200°
C. 1s more than 40 parts, the heat resistance 1s lowered when
an electrolytic capacitor 1s formed for surface mounting, and
the defective rate of soldering becomes higher.

Examples of tertiary amine used in the electrolyte of the
invention include trialkylamines (trimethylamine, dimethyl-
cthylamine, methyldiethylamine, triethylamine, dimethyl
n-propylamine, dimethyl i1sopropylamine, methyl ethyl
n-propylamine, methylethyl 1sopropylamine, diethyl n-pro-
pylamine, diethyl isopropylamine, tri-n-propylamine, tri-1so-
propylamine, tri-n-butylamine, tri-tert-butylamine, etc.), and
phenyl group containing amines (dimethyl phenylamine,
methylethyl phenylamine, diethyl phenylamine, etc.).

Among them, trialkylamine having a high conductivity 1s
preferred. More preferably, 1t 1s preferred to use at least one
selected from the group consisting of trimethylamine, dim-
cthylethylamine, methyl diethylamine, and triethylamine,
and by the use thereot, a capacitor high 1n conductivity and
having an excellent impedance performance 1s obtained.

Examples of compound having alkyl substituent amidine
group used 1n the electrolyte of the invention include 1mida-
zole compound, benzoimidazole compound, and alicyclic
amidine compound (pyrimidine compound, imidazoline
compound). More specifically, it 1s preferred to use 1,8-diaz-
abicyclo [5,4,0] undecene-7, 1,5-diazabicyclo [4,3,0] non-
ene-S, 1,2-dimethyl imidazolinium, 1,2,4-trimethyl imidazo-
line, 1-methyl-2-ethyl-imidazoline, 1,4-dimethyl-2-ethyl
imidazoline, 1-methyl-2-heptyl imidazoline, 1-methyl-2-(3'
heptyl) 1imidazoline, 1-methyl-2-dodecyl imidazoline, 1,2-
dimethyl-1,4,3,6-tetrahydropyrimidine, 1-methyl 1imidazole,
and 1-methyl benzoimidazole, and when these compounds
are used, a capacitor having a high conductivity and excellent
impedance performance 1s obtained.

In the examples of quaternary salt of compound having
alkyl substituent amidine group used as the electrolyte is
preferred to be a quaternary compound formed by alkyl group
or aryl alkyl group with 1 to 11 carbon atoms 1s preferred, and
preferred examples of amidine group are imidazole com-
pound, benzoimidazole compound, and alicyclic amidine
compounds (pyrimidine compound, imidazoline compound).
Specific preferred examples include 1-methyl-1,8-diazabicy-
clo [5.4,0] undecene-7, 1-methyl-1,5-diazabicyclo [4,3,0]
nonene-5, 1,2,3-trimethyl 1midazolinium, 1,2,3,4-tetram-
cthyl 1imidazolinium, 1,2-dimethyl-3-ethyl imidazolinium,
1,3, 4-trimethyl-2-ethyl imidazolinium, 1,3-dimethyl-2-hep-
tyl 1midazolinium, 1,3-dimethyl-2-(-3"' heptyl) 1midazo-
lintum, 1,3-dimethyl-2-dodecyl imidazolinium, 1,2,3-trim-
cthyl-1,4,3,6-tetrahydropyrimidium, 1,3-dimethyl
imidazolium, 1-methyl-3-ethyl-imidazolium, and 1,3-dim-
cthyl benzoimidazolium. By using these compounds, it 1s
possible to obtain an electrolytic capacitor with an excellent
long-term stability having a high heat resistance, high con-
ductivity, and excellent impedance performance.
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Examples of organic acid used in the electrolyte of the
invention include the following compounds: polycarboxylic
acid (valence of 2 to 4), aliphatic polycarboxylic acid (satu-
rated polycarboxylic acid, for example, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, sebatic acid, 1,6-decanoic dicar-
boxvylic acid, 5,6-decanoic dicarboxylic acid, 1,7-octanoic
dicarboxylic acid, and unsaturated polycarboxylic acid, for
example, maleic acid, fumaric acid, itaconic acid, aromatic
polycarboxylic acid (for example, phthalic acid, isophthalic
acid, terephthalic acid, trimellitic acid, pyromellitic acid),
alicyclic polycarboxylic acid (1or example, cyclohexane-1,2-
dicarboxylic acid, cyclohexene-1,2-dicarboxylic acid, etc.),
hexahydrophthalic acid, alkyl substituents with 1 to 3 carbon
atoms of their polycarboxyvlic acids (for example, citraconic
acid, dimethyl maleic acid), or nitro substitutes (nitrophthalic
acid, 3-nitrophthalic acid, 4-nitrophthalic acid), and polycar-
boxvylic acid containing sulfur (for example, thiopropionic
acid), monocarboxylic acid, aliphatic monocarboxylic acid
with 1 to 30 carbon atoms (for example, formic acid, acetic
acid, propionic acid, butyric acid, 1sobutyric acid, valeric
acid, caproic acid, enanthic acid, caprylic acid, perargonic
acid, lauric acid, mystyric acid, stearic acid, behenic acid,
other saturated carboxylic acid, and acrylic acid, methacrylic
acid, oleic acid, and other unsaturated carboxylic acid), aro-
matic monocarboxylic acid (for example, benzoic acid, o-ni-
trobenzoic acid, p-nitrobenzoic acid, cinnamic acid, naph-
thoic acid), and oxycarboxylic acid (for example, salicylic
acid, mandelic acid, resorcylic acid). Among these com-
pounds, particularly preferred compounds are those having
high conductivity and excellent thermal conductivity such as
maleic acid, phthalic acid, cyclohexane carboxylic acid,
cyclohexene-1,2-dicarboxylic acid, cyclohexane-1,2-dicar-
boxylic acid, adipic acid, and benzoic acid.

The ratio of organic acid and base for composing the elec-
trolyte 1s usually 4 to 11 at the pH of the electrolyte, and
preferably 6 to 9. Out of this range, the spark voltage of the
clectrolyte (dielectric strength) 1s lowered.

As the electrolytic salt, organic carboxylic acids stable
clectrically and chemically are desired. Preferred examples of
such organic carboxylic acid include maleic acid, phthalic
acid, cyclohexane carboxyvlic acid, cyclohexene-1,2-dicar-
boxylic acid, cyclohexene-1,2-dicarboxylic acid, adipic acid,
and quaternary salt of compound having alkyl substituent
amidine group of benzoic acid.

The electrolyte of the electrolytic capacitor of the invention
may mix and contain various additives as required. Usable
additives include phosphor compounds (phosphoric acid,
ester phosphate, etc.), boric acid compounds (boric acid,
complex of boric acid and polysaccharides (mannite, sorbat,
etc.)), nitro compounds (o-nitrobenzoic acid, n-nitrobenzoic
acid, p-nitrobenzoic acid, o-nitrophenol, m-nitrophenol,
p-nitrophenol, p-nitroacetophenone, etc.), and others. In the
aluminum electrolytic capacitor, mixing of these additives
will improve the restoration of aluminum oxide film. As a
result, 1t 1s preferred because an electrolytic capacitor of high
dielectric strength can be formed easily.

As the bar element for the terminal of the electrolytic
capacitor of the ivention, a material undergoing corrosion
preventive treatment may be used. By corrosion preventive
treatment of the bar element, electrolytic current can be sup-
pressed, and the sealing performance may be enhanced. Cor-
rosion preventive treatment of the bar element 1s preferred to
be done on both terminals of anode and cathode, but only
cither one may be treated. As means of corrosion preventive
treatment, anode oxidation treatment 1n aqueous solution,
coating-sintering ol metal alkoxide, and coating-sintering of
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colloidal solution of metal oxide (colloidal solution of silicon
dioxide and titanium dioxide) are convement and preferred.

The sealing member 7 1s preferably an elastic matenal
mainly composed of rubber polymer formed of a copolymer
ol 1sobutylene, 1soprene and divinyl benzene, comprising 0.5
to 20 parts of vulcanizing agent such as peroxide or alkyl
phenol formalin resin. In other vulcanizing method using
other vulcamizing agent than peroxide or alkyl phenol forma-
lin resin (for example, sulfur vulcanization), the rubber elas-
ticity drops significantly when left over for a long period in
the condition of high temperature and high humidity, and
suificient sealing performance 1s not obtained, and as a result
the organic conductive material may oxidize and deteriorate
due to mvasion of water from outside.

Preferred embodiments of the mnvention are described
below. In the embodiments, a “part” always refers to a “part
by weight.”

The composition of the electrolytes used in the embodi-
ments of the invention and in comparative examples 1s as
follows. As the index of hydrogen 1on concentration of the
base of the electrolyte or the hydroxide of the base 1n an
aqueous solution, the pH 1s expressed as a note. The pH 1s
defined 1n the formula: pH=-log [hydrogen 10on concentra-
tion]. Therefore, 1f the pH 1s 13 or less, 1t means that the
hydrogen ion concentration is 1.0x10™"° mol/dm> or more.
Besides, an aluminum foil having a dielectric oxide film
formed on the surface at voltage of 500V was immersed in the
clectrolyte (temperature 30° C.). In this state, the spark 1gni-
tion voltage of electrolyte (that 1s, the dielectric strength of
clectrolyte) observed by constant voltage-current elevation at
constant current of 2.0 mA/cm” and the conductivity (mea-
suring temperature 30° C.) are shown.

Electrolyte A

v-butyrolactone (100 parts), mono-1,2,3,4-tetramethyl
imidazolinium phthalate (30 parts) [note: pH=11.2], o-ni-
trobenzoic acid (1 part), monobutyl ester phosphate (1 part),
boric acid (2 parts), and mannite (2 parts) were mixed and
dissolved.

The spark voltage was 85 V, and the conductivity was 9.0
mS/cm.

Electrolyte B

v-butyrolactone (50 parts), ethylene glycol (50 parts), tr1-
methyl ammonium maleate (5 parts) [note: pH=9.3], trim-
cthylamine phthalate (5 parts) [note: pH=9.5], diammonium
adipate (3 parts) [note: pH=9.1], boric acid (0.5 part), p-ni-
trobenzoic acid (1 part), and phosphoric acid (0.5 part) were
mixed and dissolved.

The spark voltage was 180V, and the conductivity was 3.3
mS/cm.

Electrolyte C

Ethylene glycol (70 parts), glycerin (30 pats), diammo-
nium adipate (15 parts) [note: pH=9.1], 1,6-decane dicar-
boxylic acid (1 part) [note: pH=9.1], 1,7-octane dicarboxylic
acid (1 part) (note: pH=9.1], o-nitrophenol (1 part), and
ammonium hypophosphite (1 part) [note: pH=9.1] were
mixed and dissolved.

The spark voltage was 340V, and the conductivity was 0.9
mS/cm.

Electrolyte D:

v-butyrolactone (100 parts) and tetramethyl ammonium
phthalate (40 parts) [note: pH=13.2] were mixed and dis-
solved.

The spark voltage was 79V, and the conductivity was 11.5
mS/cm.

The sealing members of rubber used in the embodiments of
the invention and comparative examples are as follows.
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Sealing member A [vulcanization by peroxide]

It was vulcanized and formed by mixing 30 parts of rubber
polymer composed of a copolymer of 1sobutylene, 1soprene
and divinyl benzene, 20 parts of carbon, 50 parts of 1norganic
filler, and 2 parts of dicuwyl peroxide as a vulcanizing agent.
The hardness of the sealing member after forming was mea-
sured on the surface portion at the side contacting with the
capacitor element between two rubber holes for penetrating a
lead, and the surface of the portion contacting with the lead
wire side of the rubber hole 1nside. As a result, the IRHD
(1international rubber hardness degree) was respectively 67
IRHD and 66 IRHD.

Sealing member B [vulcanization by resin]

It was vulcanized and formed by mixing 30 parts of rubber
polymer composed of a copolymer of 1sobutylene and 1so-
prene, 20 parts of carbon, 50 pats of 1norganic filler, and 2
parts of alkyl phenol formalin resin as vulcanizing agent. The
hardness of the sealing member after forming was measured
on the surface portion at the side contacting with the capacitor
clement between two rubber holes for penetrating a lead, and
the surface of the portion contacting with the lead wire side of
the rubber hole mside. As a result, the IRHD (international

rubber hardness degree) was respectively 77 IRHD and 76
IRHD.

Embodiment 1

An anode aluminum foil and a cathode aluminum foil were
wound around an electrolytic paper containing Manila hemp
fibers (density 0.55 g/cm”, thickness 50 um). Thus prepared
winding type aluminum electrolytic capacitor was kept at
temperature of 300° C. for 30 minutes, and the electrolytic
paper was carbonized. Then, this capacitor element was
immersed 1n a water-ethanol solution containing ethylene
dioxythiophen and ferric sulfate, and lifted, and polymerized
(10 minutes at 105° C.), and this process was repeated 10
times. The solid organic conductive material layer composed
of polyethylene dioxythiophen thus polymerized chemically
was formed on the electrode foils and between electrode foils.
Consequently, the capacitor element was washed in water,
and dried. Further, electrolyte A was impregnated in this
capacitor element. As a result, an aluminum electrolytic
capacitor element with rated voltage of 50V and electrostatic
capacity of 390 uF was obtained. This capacitor element was
put 1n an aluminum metallic case together with sealing mem-
ber A, and the opening was sealed by curling process. Thus,
an aluminum electrolytic capacitor was composed (size: ¢1.3
mmxL 20 mm).

Embodiment 2

A glass fiber nonwoven cloth (density (1.13 g/cm?, thick-
ness 50 um), an anode aluminum foil, and a cathode alumi-
num fo1l were immersed 1n a water-ethanol solution contain-
ing pyrrole and ammonium persuliate, and lifted, dried and
polymerized (10 minutes at 105° C.), and this process was
repeated three times. Thus, a chemically polymerized poly-
pyrrole was formed. Then, washing in water and drying, the
separator made conductive by the chemically polymerized
polypyrrole, and the anode aluminum foil and cathode alu-
minum foil having the chemically polymerized polypyrrole
formed on the surface were obtained. Then, through this
conductive separator, the anode aluminum foil and cathode
aluminum foil having the chemically polymerized polypyr-
role formed on the surface were wound, and a capacitor
clement was formed. It was further immersed in soluble sul-
fonated polyaniline solution at concentration of 10 wt. %,
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impregnated at reduced pressure, lifted, and dried, Thus, the
residual dried sulfonated polyaniline was formed between the
anode aluminum foil and cathode aluminum foil having
chemically polymerized polypyrrole. Thus, the electric bond-
ing between the electrode fo1ls was reinforced. Still more, this
capacitor element was impregnated 1n electrolyte A. As a
result, an aluminum electrolytic capacitor element with rated
voltage of 50 V and electrostatic capacity of 390 uF was
obtained. This capacitor element was put 1n an aluminum
metallic case together with sealing member A, and the open-
ing was sealed by curling process. Thus, an aluminum elec-
trolytic capacitor was composed (size: ¢13 mmxL 20 mm).

Embodiment 3

On a glass fiber nonwoven cloth (density 0.13 g/cm?, thick-
ness 50 um), an anode aluminum foil, and a cathode alumi-
num foil, 7,7,8,8-tetracyanoquinodimethane complex 1n mol-
ten state was applied individually. Then, by cooling, the
separator made conductive by the 7,7,8,8-tetracyanoquin-
odimethane complex, and the anode aluminum foil and cath-
ode aluminum foil having the 7,7,8,8tetracyanoquin-
odimethane complex formed on the surface were obtained.
Then, through this conductive separator, the anode aluminum
to1l and cathode aluminum foil having the 7,7,8,8-tetracyano-
quinodimethane complex formed on the surface were wound.
Thus a capacitor eclement was formed. It was further
immersed 1n soluble sulfonated polyaniline solution at con-
centration of 10 wt. %, impregnated at reduced pressure,
lifted, and dried at a temperature below the melting point of
the 7,7,8,8-tetracyanoquinodimethane complex. Thus, the

residual dried sulfonated polyaniline was formed between the
anode aluminum foil and cathode aluminum foil having the
7,7,8,8-tetracyanoquinodimethane complex. Thus, the elec-
tric bonding between the electrode foils was reinforced. Still
more, this capacitor element was impregnated 1n electrolyte
A. As a result, an aluminum electrolytic capacitor element
with rated voltage of 50V and electrostatic capacity of 390 uF
was obtained. This capacitor element was put in an aluminum
metallic case together with sealing member A, and the open-
ing was sealed by curling process. Thus, an aluminum elec-
trolytic capacitor was composed (size: ¢13 mmxL 20 mm).

Embodiment 4

An electrolytic capacitor was prepared in the same manner
as 1n embodiment 1 except that electrolyte B was used as the
clectrolyte 1n embodiment 1 of the mvention.

Embodiment 5

An electrolytic capacitor was prepared in the same manner
as 1n embodiment 1 except that electrolyte C was used as the
clectrolyte 1n embodiment 1 of the mvention.

Embodiment 6

An electrolytic capacitor was prepared in the same manner
as 1n embodiment 1 except that electrolyte D was used as the
clectrolyte 1n embodiment 1 of the mnvention.

Embodiment 7

An electrolytic capacitor was prepared in the same manner
as in embodiment 1 except that sealing member B was used as
the sealing member 1n embodiment 1 of the mvention.
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Embodiment 8

An electrolytic capacitor was prepared 1n the same manner
as 1n embodiment 1 except that pyrrole was used 1nstead of
cthylene dioxythiophen in embodiment 1 of the invention.

Embodiment 9

An electrolytic capacitor was prepared 1n the same manner
as 1n embodiment 1 except that aniline was used instead of
cthylene dioxythiophen 1n embodiment 1 of the invention.

Embodiment 10

An electrolytic capacitor was prepared 1n the same manner
as 1n embodiment 1 except that a mixture of 1ron p-toluene
sulfonate and iron dodecyl benzene sulfonate was used
instead of ferric sulfate, and that water-methanol solution was
used mstead of water-ethanol solution 1n embodiment 1 of the
ivention.

Embodiment 11

An electrolytic capacitor was prepared 1n the same manner
as 1 embodiment 1 except that a mixture of ammonium
persulfate and hydrogen persulfate water was used instead of
ferric sulfate 1n embodiment 1 of the invention.

Comparative Example 1

An anode aluminum foil and a cathode aluminum foil were
wound around an electrolytic paper containing Manila hemp
fibers (density 0.55 g/cm’, thickness 50 um). Thus a capacitor
clement was prepared. This capacitor element was 1mpreg-
nated in electrolyte A, and an aluminum electrolytic capacitor
clement with rated voltage of 50 V and electrostatic capacity
of 390 uF was obtained. This capacitor element was put 1n an
aluminum metallic case together with sealing member A.
Then the opening was sealed by curling process. Thus, an
aluminum electrolytic capacitor was composed (size: ¢3
mmxL 20 mm).

Comparative Example 2

An electrolytic capacitor was prepared 1n the same manner
as 1n embodiment 1 except that electrolyte A was not impreg-
nated in embodiment 1 of the imnvention.

Comparative Example 3

An anode aluminum foil and a cathode aluminum foil were
wound around an electrolytic paper containing Manila hemp
fibers (density 0.55 g/cm’, thickness 50 um). Thus a capacitor
clement was prepared. This capacitor element was kept at
temperature of 300° C. for 30 minutes, and the electrolytic
paper was carbonized. Then this element was immersed in
7,1,8,8-tetracyanoquinodimethane complex in molten state
and impregnated at reduced pressure. By cooling, a 7,7,8,8-
tetracyanoquinodimethane complex layer was formed
directly between the electrodes. Thus, an aluminum electro-
lytic capacitor element with rated voltage of 50 V and elec-
trostatic capacity of 390 uF was obtained. This capacitor
clement was put in an aluminum metallic case together with
sealing member A, and the opening was sealed by curling
process. Thus, an aluminum electrolytic capacitor was com-
posed (s1ze: ¢13 mmxL 20 mm).
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Comparative Example 4

An anode aluminum foil and a cathode aluminum foil were

wound around a glass fiber nonwoven cloth (density 0.13
g/cm”, thickness 50 um), and the obtained aluminum electro-
lytic capacitor element was immersed 1n an aqueous solution
of manganese nitrate, lifted, and pyrolyzed (10 minutes at
300° C.), and this process was repeated 10 times, and a
manganese dioxide layer which 1s a solid inorganic conduc-
tive material was directly formed between the electrodes.
This capacitor element was 1mpregnated in electrolyte A.
Thus, an aluminum electrolytic capacitor element with rated
voltage of 50 V and electrostatic capacity of 390 uF was
obtained. This capacitor element was put 1n an aluminum
metallic case together with sealing member A, and the open-
ing was sealed by curling process. Thus, an aluminum elec-
trolytic capacitor was composed (size: ¢13 mmxL 20 mm).

Comparative Example 5

An electrolytic capacitor was prepared in the same manner
as 1n comparative example 1 except that carbon fabric weav-
ing carbon fibers was used istead of the electrolytic paper 1in
comparative example 1.

Comparative Example 6

An electrolytic capacitor was prepared 1n the same manner
as 1n comparative example 1 except that glass fiber nonwoven
cloth coated with water dispersion type colloidal graphite was
used instead of the electrolytic paper in compartitive example
1.

Table 1 shows results of comparison of 1nitial characteris-
tics (electrostatic capacity, impedance leak current) and num-
ber of shorting troubles during aging process 1n aluminum
clectrolytic capacitors 1n embodiments 1 to 11 of the mven-
tion and comparative examples 1 to 6.

In each material, the number of samples was 20, and the
initial characteristic (except for shorting troubles) 1is
expressed by the average of 20 samples.

TABLE 1
Electrostatic Leak current Number of
capacity (LA) at shorting Impedance
(LE) rated voltage,  troubles (mg£2)
=120 Hz 2 min during aging {=400 kHz

Embodiment 1 390 92 0 10
Embodiment 2 390 90 0 11
Embodiment 3 370 93 0 11
Embodiment 4 393 90 0 12
Embodiment 5 385 88 0 22
Embodiment 6 380 180 0 10
Embodiment 7 390 89 0 11
Embodiment 8 390 89 0 12
Embodiment 9 384 90 0 13
Embodiment 10 360 91 0 13
Embodiment 11 380 91 0 11
Comparative 395 70 0 41
example 1
Comparative 360 1000 15 15
example 2 Or more
Comparative 385 1000 18 13
example 3 Or more
Comparative 385 195 2 18
example 4
Comparative 380 170 0 30
example 5
Comparative 390 1000 17 25
example 6 Or more
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As clear from Table 1, the electrolytic capacitors 1n
embodiments 1 to 11 of the invention 1s extremely small 1n
impedance as compared with the electrolytic capacitor com-
posed only of electrolyte 1n comparative example 1.

In the aluminum electrolytic capacitor lowered 1n resis-
tance by using carbon fabric weaving carbon fibers as means
of making the separator conductive in comparative example

S5, the impedance 1s improved as compared with comparative
example 1, but the impedance is larger than 1n the electrolytic

capacitors in embodiments 1 to 11.

In the electrolytic capacitors in the comparative examples,
that 1s, 1n the aluminum electrolytic capacitor not having
clectrolyte using only conductive high polymer (polyethyl-
ene dioxythiophen layer) in comparative example 2, 1n the
aluminum electrolytic capacitor not having electrolyte using
only organic semiconductor (7,7,8,8-tetracyanoquin-
odimethane complex layer) in comparative example 3, and 1n
the aluminum electrolytic capacitor lowered 1n resistance by
applying water-dispersion type colloidal graphite as the con-
ductive means of separator in comparative example 6, short-
ing troubles (shorting between electrodes due to lack of
dielectric strength) occurred 1n all samples during aging pro-
cess for applying a direct voltage of 63 V at temperature of

85° C.

In the aluminum electrolytic capacitor using manganese
dioxide which 1s a solid inorganic conductive matenal,
instead of solid organic conductive material, in comparative
example 4, although the impedance i1s excellent, since the
conductive material 1s inorganic, the electrolyte, which 1s an
organic matter, 1s hardly diffused, and the restoration pertor-
mance of the dielectric oxide film was not assured sudifi-
ciently. Accordingly, slight shorting troubles occurred during
aging.

As explained herein, the mvention presents, 1n a simple
process, electrolytic capacitors having excellent characteris-
tics, such as excellent impedance characteristic, small leak
current, superior reliability, and high dielectric strength. Of
the embodiments of the invention, 1n embodiment 6 of the
invention using electrolyte D, since the spark 1gnition voltage
of electrolyte 1s below 80 V, the dielectric strength 1s not
suificient, and the leak current value tends to be higher as
compared with other embodiments although shorting did not
occur during aging. Therefore, to express the effects of the
invention suiliciently 1n the aspects of dielectric strength and
leak current, the spark 1gnition voltage of the electrolyte 1s
preferred to be 80 V or more.

Of the embodiments of the invention, in embodiment 5 of
the invention using electrolyte C, since the conductivity of the
clectrolyte 1s less than 1.0 mS/cm, the conductivity 1s not
suificient, and the impedance tends to be higher as compared
with other embodiments. In order to express the etffects of the
invention suificiently in the aspect of impedance perfor-
mance, the conductivity of the electrolyte 1s preferred to be
1.0 mS/cm or more.

Table 2 shows the results of observation of the sealing
member surface after 1000 hours of continuous application
test of rated voltage of 50 V 1n the atmosphere of temperature
of 60° C. and relative humidity o1 95%, 1in aluminum electro-
lytic capacitors in embodiments 1 to 11 of the invention. The
number of samples 1s 20 each.

TABLE 2

(Ll

Appearance of sealing member surface after 1000
hours of humidity resistance test at 60° C., 95% RH

No abnormality
No abnormality
No abnormality

Embodiment 1
Embodiment 2
Embodiment 3
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TABLE 2-continued

Appearance of sealing member surface after 1000
hours of humidity resistance test at 60° C., 95% RH

No abnormality
No abnormality
Electrolyte leak in 2 samples
No abnormality
No abnormality
No abnormality
No abnormality
No abnormality

Embodiment 4
Embodiment 5
Embodiment 6
Embodiment 7
Embodiment &
Embodiment 9
Embodiment 10
Embodi meat 11

As clear from Table 2, extreme abnormality was not
observed 1 any embodiment. However, in embodiment 6
using electrolyte D, since the base of the electrolytic material
1s a base of strong basicity with hydrogen 10n concentration of
less than 1.0x10™"° mol/dm’, in the long-term test in complex
environments of high temperature and high humidity, the
sealing member (sealing portion) 1s likely to be damaged by
the effects of the base of strong basicity, and, as a result,
clectrolyte leak was observed 1n two samples. The electrolyte
leaks from the lead. In order to express the effects of the
invention sufliciently 1n the aspect of reliability, in the base
for composing the electrolytic substance, the concentration of
the base or the hydroxide of the base 1s preferred to be 1 wt. %
or more, and when the measuring temperature 1s 30° C., the
hydrogen 1on concentration of the base or the hydroxide of the
base 1n aqueous solution 1s preferred to be selected at 1.0x
10~'° mol/dm> or more.

According to the method of embodiments 1 to 11 of the
invention and comparative examples 2 and 3, again, alumi-
num electrolytic capacitor elements with rated voltage of 6.3
V and electrostatic capacity of 1000 uF were obtained. This
capacitor element was put 1 a aluminum metallic case
together with the sealing member A. Then the opening was
sealed by curling process. Consequently, a resin seat plate
made of polyphenylene sulfide was mounted. As a result, an
aluminum electrolytic capacitor of vertical surface mounting
type was fabricated (size: $10 mmxL 10 mm). Thus com-
posed aluminum electrolytic capacitor of surface mounting,
type was mounted on a glass epoxy substrate (2 mm thick) by
using cream solder (Sn—Ph eutectic composition). By pass-
ing through a reflow furnace for infrared and hot air treatment
(peak temperature 240° C., exposure time to temperature of
200° C. or more of 50 seconds), mounting and heat resistance
test was conducted. The number of samples was 20.

As a result, the surface mounting type aluminum electro-
lytic capacitors composed in the methods conforming to
embodiments 1 to 11 of the mvention were suppressed 1n
pressure elevation 1n the capacitor due to water adsorbed on
the members because the electrolyte was composed of an
organic solvent with boiling point o1 200° C. or more added to
solid organic conductive material as electrolytic substance.
Hence, mounting troubles due to scatter of sealing member of
swelling of sealing member did not occur. On the other hand,
in the surface mounting type aluminum electrolytic capaci-
tors composed 1n the methods conforming to comparative
examples 2 and 3, the pressure elevation 1n the capacitor due
to adsorbed water was extreme, and the sealing members
scattered 1n all 20 samples. Evidently, the surface mounting
type aluminum electrolytic capacitors manufactured in the
methods of the embodiments of the invention were enhanced
in heat resistance when mounting, by using the electrolyte
composed of organic solvent of boiling point of 200° C. or
more, 1 addition to the solid organic conductive material.
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Thus, the electrolytic capacitors of the mvention have
excellent characteristics such as excellent impedance charac-
teristic, small leak current, excellent reliability, and high
dielectric strength. Hence, 1ts industrial values are outstand-
ng.

What 1s claimed 1s:

1. An electrolytic capacitor comprising:

(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material,
said capacitor element arranged such that said positive
clectrode and negative electrode define a region therebe-
tween,

(b) an electrolyte,

(c) a case for accommodating said capacitor element and
said electrolyte, and

(d) a sealing member disposed to over an opening of said
case,
wherein said solid organic conductive material 1s dis-

posed so that said solid organic conductive material
fills said region between said positive electrode and
said negative electrode such that said solid organic
conductive material functions as a solid electrolyte.

[2. An electrolytic capacitor of claim 1, wherein said posi-
tive electrode comprises a metal foil and a dielectric oxide
film formed on the surface of said metal foil, and has a valve
action. ]

[3. An electrolytic capacitor of claim 1, wherein said case
is formed of a tubular metal having a bottom.]

4. [An] The electrolytic capacitor of claim 1, wherein said
solid organic conductive material has a conductive polymer.

5. [An] The electrolytic capacitor of claim 4, wherein said
conductive polymer has a polymer of at least one monomer
selected from the group consisting ol pyrrole, amiline,
thiophen, ethylene dioxythiophen, sulfonated aniline, sul-
fonated pyrrole, sulfonated thiophen, sulfonated ethylene
dioxythiophen, and their derivatives.

6. [An] 7%e electrolytic capacitor of claim 4, wherein said
conductive polymer has at least one polymer selected from
the group consisting of liquid-phase chemical polymerization
composition, vapor-phase polymerization composition, lig-
uid-phase electrolytic polymernzation composition, and
residual dry polymer of soluble polymer solution.

7. [An] The electrolytic capacitor of claim 5, wherein said
conductive polymer has at least one polymer formed by
chemically polymerizing selected from the group consisting
of polypyrrole, polyethylene dioxythiophen, and polyaniline.

8. [An] The electrolytic capacitor of claim 5, wherein said
conductive polymer has at least one polymer formed by elec-
trolytically polymenzing selected from the group consisting,
of polypyrrole, polyethylene dioxythiophen, and polyaniline.

9. [An] The electrolytic capacitor of claim 1, wherein said
solid organic conductive material 1s at least one selected from
the group consisting of organic semiconductor and conduc-
tive polymer, and aresidual dry polymer of soluble sulfonated
polyaniline solution.

10. [An] 7%e electrolytic capacitor of claim 1, wherein said
clectrolyte has an organic solvent, and at least one electrolytic
substance of organic salt and inorganic salt dissolved in said
organic solvent.

11. [An] The electrolytic capacitor of claim 10, wherein
said solid organic conductive material 1s swollen 1n said
organic solvent.

12. [An] The electrolytic capacitor of claim 10, wherein
said electrolyte has at least one selected from the group con-
s1sting ol a compound having alkyl subsistent amidine group,
quaternary salt of compound having alkyl substituent ami-
dine group, tertiary amine, and ammonium.
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13. [An] 7%e electrolytic capacitor of claim 12, wherein
said electrolyte has said quaternary salt of compound having
alkyl substituent amidine group, the alkyl substituent of said
quaternary salt of compound having alkyl substituent ami-
dine group 1s one selected from the group consisting of alkyl
group and aryl alkyl group with 1 to 11 carbon atoms, and the
compound having the amidine group of said quaternary salt of
the compound having alkyl substituent amidine group 1s at
least one selected from the group consisting of 1midazole
compound, benzoimidazole compound, and alicyclic ami-
dine compound.

14. [An] T%e electrolytic capacitor of claim 10, wherein
said electrolyte has at least one property selected from the
group consisting of:

(1) a boiling point 1s 200° C. or more,

(2) an electric conductivity at measuring temperature of

30° C. 1s 1.0 mS/cm or more, and

(3) a spark 1gnition voltage 1s 80 V or more.

15. The electrolytic capacitor of claim 1, wherein said solid
organic conductive material 1s disposed on at least one of said
positive electrode and said negative electrode.

16. The electrolytic capacitor of claim 1, wherein said solid
organic conductive material 1s disposed at least one of in and
on said separator, and further, said solid organic conductive
material 1s disposed on at least one of said positive electrode
and said negative electrode.

17. The electrolytic capacitor of claim 1, wheremn said
clectrolyte 1includes a solvent and an electrolytic substance,
and said electrolytic substance 1s dissolved 1n said solvent.

[18. An electrolytic capacitor comprising:

(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material,
said capacitor element arranged such that said positive
clectrode and negative electrode define a region therebe-
tween,

(b) an electrolyte,

(c) a case for accommodating said capacitor element and
said electrolyte, and

(d) a sealing member disposed to cover an opening of said
case,
wherein said solid organic conductive maternial 1s dis-

posed so that said solid organic conductive material
f1lls said region between said positive electrode and
said negative electrode such that said solid organic
conductive material functions as a solid electrolyte,
wherein said solid organic conductive material has an
organic semiconductor material.]

[19. An electrolytic capacitor of claim 18, wherein said
organic semiconductor material 1s at least one selected from
the group consisting of 7,7,8,8-tetracyanoquinodimethane
complex and its derivatives.}

20. An electrolytic capacitor comprising:

(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material
disposed between said positive electrode and said nega-
tive electrode,

(b) an electrolyte,

(c) a case for accommodating said capacitor element and
said electrolyte, and

(d) a sealing member disposed to cover an opening of said
case,
wherein said solid organic conductive material has an

organic semiconductor material and a conductive
polymer.

21. An electrolytic capacitor comprising:

(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material,
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said capacitor element arranged such that said positive
clectrode and negative electrode define a region therebe-
tween,

(b) an electrolyte,
(c) a case for accommodating said capacitor element and
said electrolyte, and
(d) a sealing member disposed to cover an opeming of said
case,
wherein said solid organic conductive material 1s dis-
posed so that said solid organic conductive material
f1lls said region between said positive electrode and
said negative electrode such that said solid organic
conductive material functions as a solid electrolyte,
wherein said solid organic conductive material has a
conductive polymer, wherein said conductive poly-
mer has a residual dry polymer of soluble sulfonated
polyaniline solution.
22. An electrolytic capacitor comprising:
(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material
disposed between said positive electrode and said nega-
tive electrode,
(b) an electrolyte,
(¢) a case for accommodating said capacitor element and
said electrolyte, and
(d) a sealing member disposed to cover an opening of said
case,
wherein said electrolyte has an organic solvent, and at
least one electrolytic substance of organic salt and
inorganic salt dissolved 1n said organic solvent, and

wherein a base of said at least one electrolytic substance
has a hydrogen ion concentration of 1.0x10~"> mol/
dm"” or more in 1 wt. % aqueous solution of the base or
hydroxide of the base.
23. An electrolytic capacitor comprising:
(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material
disposed between said positive electrode and said nega-
tive electrode,
(b) an electrolyte,
(c) a case for accommodating said capacitor element and
said electrolyte, and
(d) a sealing member disposed to cover an opening of said
case
wherein said electrolyte has an organic solvent, and at
least one electrolytic substance of organic salt and
inorganic salt dissolved 1n said organic solvent, and

wherein said electrolyte has at least a quaternary salt of
the compound having alkyl substituent amidine group
selected from the group consisting of:

1-methyl-1, 8-diazabicyclo [5,4,0] undecenc-7,

1-methyl-1, 5-diazabicyclo [4,3,0] nonene-3,

1,2,3-trimethyl imidazolinium,

1,2,3,4-tetramethyl imidazolinium,

1,2-dimethyl-3-ethyl-imidazolinium,

1,3,4-trimethyl-2-ethyl imidazolinium,
1,3-dimethyl-2-heptyl imidazolinium,
1,3-dimethyl-2-(-3" heptyl) imidazolinium,
1,3-dimethyl-2-dodecyl imidazolinium,
1,2,3-trimethyl-1,4,3,6-tetrahydropyrimidium,
1,3-dimethyl imidazolium,

1 -methyl-3-ethyl-imidazolium, and

1,3-dimethyl benzoimidazolium.

24. An electrolytic capacitor comprising:

(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material,
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said capacitor element arranged such that said positive
clectrode and negative electrode define a region therebe-
tween,

(b) an electrolyte,

(c) a case for accommodating said capacitor element and
said electrolyte, and

(d) a sealing member disposed to cover an opening of said
case,
wherein said solid organic conductive material 1s dis-

posed so that said solid organic conductive material
f1lls said region between said positive electrode and
said negative electrode such that said solid organic
conductive material functions as a solid electrolyte,
said electrolytic capacitor further comprising a sepa-
rator between said positive electrode and said nega-
tive electrodes, arnd wherein said solid organic con-
ductive material 1s disposed on surfaces of said
positive electrode and said negative electrode, and 1n
said separator, said electrolyte includes a solvent and
clectrolytic substance, and said electrolyte 1s disposed
in said solid organic conductive maternial and said
separator at a state of swelling said solid organic
conductive material and said separator.

[25. An electrolytic capacitor comprising:

(a) a capacitor clement having a positive electrode, a nega-
tive electrode, and a solid organic conductive material
disposed between said positive electrode and said nega-
tive electrode,

(b) an electrolyte, and

(c) a case for accommodating said capacitor element and
said electrolyte, wherein said solid organic conductive
material 1s formed on at least one of said positive elec-
trode and said negative electrode, wherein at least one of
said positive electrode and said negative electrode has a
dielectric oxide film formed on a surface thereof,
wherein said dielectric oxide film has a roughening sur-
face, and said solid organic conductive materal 1s dis-
posed 1n a hollow place of said roughening surface of
said dielectric oxide film.]

26. An electrolytic capacitor comprising:

(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material
disposed between said positive electrode and said nega-
tive electrode,

(b) an electrolyte, and

(c) a case for accommodating said capacitor element and
said electrolyte,
wherein said solid organic conductive material 1s formed

on at least one of said positive electrode and said
negative electrode, and

said solid ovganic conductive material has at least one
polyvmer selected from the group consisting of poly-
thiophen, polyvethylene dioxythiophen, and their deriva-
lives.

277. The electrolytic capacitor of claim 26, further compris-
ing a separator disposed between said positive electrode and
said negative electrode.

[28. The electrolytic capacitor of claim 26, wherein said
clectrolyte 1s disposed between said positive electrode and
said negative electrode.]

[29. The electrolytic capacitor of claim 26, wherein said
solid organic conductive material has at least one of an
organic semiconductor material and a conductive polymer.}

[30. The electrolytic capacitor of claim 26, further com-
prising a sealing member disposed at an opening of'said case.]
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[31. The electrolytic capacitor of claim 26, wherein at least
one of said positive electrode and said negative electrode has
a dielectric oxide film formed on a surface thereof ]
[32. The electrolytic capacitor of claim 26, wherein said
solid organic conductive material has a function of a solid
electrolyte.]
33. The eclectrolytic capacitor of claim 26, wherein said
clectrolyte includes a solvent and electrolytic substance, and
said electrolytic substance 1s dissolved 1n said solvent.
34. The electrolytic capacitor of claim 26, wherein said
solid organic conductive material is [disposed so that said
solid organic conductive matenal fills between said positive
electrode and said negative electrode] formed by impregnat-
ing between said positive electrode and said negative elec-
trode with a liguid composition that includes said solid
organic conductive material and a solvent, and by drying said
liguid composition therveafter.
35. The electrolytic capacitor of claim 26, further compris-
Ing a separator between said positive electrode and said nega-
tive electrode, wherein said solid organic conductive material
1s disposed further 1n said separator, said electrolyte includes
a solvent and electrolytic substance, and said electrolyte 1s
disposed 1n said solid organic conductive material and said
separator at a state of swelling said solid organic conductive
material and said separator.
36. An clectrolytic capacitor comprising:
(a) a capacitor element having a positive electrode, a nega-
tive electrode, and a solid organic conductive material
disposed between said positive electrode and said nega-
tive electrode,
(b) a separator disposed between said positive electrode
and said negative electrode,
(¢) an electrolyte, and
(d) a case for accommodating said capacitor element and
said electrolyte,
wherein said solid organic conductive material 1s dis-
posed at least one of in and on said separator, [and]

further said solid organic conductive material 1s dis-
posed on at least one of said positive electrode and
said negative electrode, and

said electrolyte swells said solid organic conductive mate-
rial.

377. The electrolytic capacitor of claim 36, wherein said
electrolyte [is disposed between said positive electrode and
said negative electrode] kas at least one of y-butyrolactone
and ethylene glycol.

38. The eclectrolytic capacitor of claim 36, wherein said
solid organic conductive material has at least one [of an
organic semiconductor material and a conductive polymer}
polymer selected from the group consisting of polvthiophen,
polvethylene dioxythiophen, and their derivatives.

[39. The electrolytic capacitor of claim 36, further com-
prising a sealing member disposed at an opening of said case.]

[40. The electrolytic capacitor of claim 36, wherein at least
one of said positive electrode and said negative electrode has
a dielectric oxide film formed on a surface thereof ]

[41. The electrolytic capacitor of claim 40, wherein said
dielectric oxide film has a roughening surface, and said solid
organic conductive material 1s disposed 1n a hollow place of
said roughening surface of said dielectric oxide film.]

[42. The electrolytic capacitor of claim 36, wherein said
solid organic conductive material has a function of a solid
electrolyte.]

[43. The electrolytic capacitor of claim 36, wherein said
clectrolyte includes a solvent and electrolytic substance, and
said electrolytic substance is dissolved in said solvent.}
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44. The electrolytic capacitor of claim 36, wherein said
solid organic conductive material is [disposed so that said
solid organic conductive matenal fills between said positive
electrode and said negative electrode] formed by impregnat-
ing between said positive electrode and said negative elec-
trode with a liguid composition that includes said solid
organic conductive material and a solvent, and by drying said
liguid composition thereafter.

45. The electrolytic capacitor of claim 36, wherein said
solid organic conductive material 1s disposed in said separa-
tor, said electrolyte includes a solvent and electrolytic sub-
stance, and said electrolyte 1s disposed 1n said solid organic
conductive material and said separator at a state of swelling
said solid organic conductive material and said separator.

46. The electrolyvtic capacitor of claim 5, wherein said
conductive polymer has at least one polymer selected from
the group consisting of polythiophen, polvethvlene diox-
vthiophen, and their derivatives.

47. The electrolytic capacitor of claim 10, wherein said
organic solvent has at least one of y-butyrolactone and eth-
viene glycol.

48. The electrolytic capacitor of claim 10, wherein said
electrolyte has at least one selected from the group consisting
of polvhvdric alcohol system solvents, lactone system sol-
vents, water, amide system solvents, ether system solvents,
nitrile system solvents, furane system solvents, and 2-imida-
zolidinone system solvents.
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49. The electrolvtic capacitor of claim 10, wherein said
electrolyte has at least one selected from the group consisting
of phosphor compounds, boric acid compounds, and nitro
compounds.

50. The electrolytic capacitor of claim 33, wherein said
organic solvent has at least one of y-butyrolactone and eth-

viene glycol.
51. The electrolvtic capacitor of claim 33, wherein said

electrolyte has at least one selected from the group consisting
of polvhvdric alcohol system solvents, lactone system sol-
vents, water, amide system solvents, ether system solvents,
nitrile system solvents, furane system solvents, and 2-imida-
zolidinone system solvents.

52. The electrolvtic capacitor of claim 33, wherein said
electrolyte has at least one selected from the group consisting
of phosphor compounds, boric acid compounds, and nitro
compounds.

53. The electrolytic capacitor of claim 36, wherein said
electrolyte has at least one selected from the group consisting
of polvhvdric alcohol system solvents, lactone system sol-
vents, water, amide system solvents, ether system solvents,
nitrile system solvents, furane system solvents, and 2-imida-
zolidinone system solvents.

54. The electrolvtic capacitor of claim 36, wherein said
electrolyte has at least one selected from the group consisting
of phosphor compounds, boric acid compounds, and nitro
compounds.
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