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(54) CAPACITOR

(57) A capacitor 1 includes a capacitor element 3
holding a predetermined solution between an anode foil
5 and a cathode foil 7 that are wound up with a separator
6 in between, a body case 2 for housing the capacitor
element 3, and a sealing member 4 for sealing the body
case 2. A part of the separator 6 makes contact, at a
plurality of points or over an area, with the face of the
sealing member 4 facing the capacitor element 3 so as
to rest on that face. The solution contains, dissolved in
a lipophilic solvent, a sealing member deterioration pre-
venting agent that solidifies by oxidation. The solution is
supplied through the separator 6 to the sealing member
4 and permeates the sealing member 4, so that a coating
17 resulting from the sealing member deterioration pre-
venting agent solidifying coats the outer face of the seal-
ing member 4, leaving the solution present in the part of
the sealing member 4 closer to the capacitor element 3
than the coating 17.



EP 4 030 452 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a capacitor that
is sealed with a sealing member.

Background Art

[0002] A known capacitor is disclosed in Patent Doc-
ument 1. This capacitor has a body case, a capacitor
element, and a sealing member. The body case is formed
of metal in the shape of a bottomed cylinder, and its cy-
lindrical circumferential wall is closed at one end and is
open at the other end to have an opening.
[0003] The capacitor element has an anode foil and a
cathode foil, each having an oxide film formed on it,
wound up with a separator in between, and is housed is
the body case. Between the anode and cathode foils, an
electrolytic solution is held. The anode and cathode foils
each have a lead terminal connected to it. The opening
of the body case with the capacitor element housed in it
is sealed with a sealing member formed of, for example,
rubber, and the lead terminals penetrate the sealing
member to be led out of the body case.
[0004] It is believed that, when a polymer such as rub-
ber is exposed to the energy of heat or light in the pres-
ence of oxygen as in air or elsewhere, it is triggered by
generation of radicals to initiate a chain of oxidation re-
actions, resulting in degraded properties. To cope with
that, mention is often made of mixing into the sealing
member an anti-aging agent for suppressing oxidation
reactions.
[0005] Patent Documents 2 and 3 disclose a capacitor
that has a solid electrolyte instead of an electrolytic so-
lution. These capacitors have a body case, a capacitor
element, and a sealing member like those of the capacitor
of Patent Document 1. Between the anode and cathode
foils of the capacitor element, an electrically conductive
polymer as a solid electrolyte is held. In the capacitors
so structured, the electrically conductive polymer con-
tributes to a low ESR.
[0006] In the capacitor of Patent Document 3, between
the anode and cathode foils, a functional liquid (e.g., wa-
ter) is held. The functional liquid helps repair defects in
the oxide film formed on the anode and cathode foils.
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[0007]

Patent Document 1: Unexamined Japanese Patent
Application Publication No. 2000-100670 (pages
2-4, Fig. 1).
Patent Document 2: Unexamined Japanese Patent
Application Publication No. 2016-76562 (pages

7-16, Fig. 2).
Patent Document 3: Internationally Published PCT
Application No. 2014/050913 (pages 9-23, Fig. 2).

Summary of Invention

Technical Problem

[0008] Today, with the trend of diminishing the size and
increasing the performance of the devices that incorpo-
rate them, capacitors are used increasingly in high-tem-
perature environments, where they are arranged near
motors, engines, fast-operation semiconductor devices,
and the like that produce large amounts of heat.
[0009] With the capacitor disclosed in Patent Docu-
ment 1 mentioned above, the anti-aging agent mixed in
the sealing member is consumed as it exerts an antioxi-
dant effect; that is, it is gradually depleted. In the capacitor
used in a high-temperature environment, as the anti-ag-
ing agent is depleted, the sealing member deteriorates
rapidly. This often causes the electrolytic solution to
evaporate out of the body case, eventually bringing what
is called a dried-up state. Hence the problem of the ca-
pacitor being unable to maintain its characteristics stably
for a long period.
[0010] Likewise, with the capacitor disclosed in Patent
Document 3 mentioned above, using it in a high-temper-
ature environment leads to deterioration of the sealing
member. As a result, the functional liquid held between
the anode and cathode foils leaks out of the body case,
no longer able to repair the oxide film. Hence the problem
of the capacitor being unable to maintain its characteris-
tics stably for a long period.
[0011] This is true not only with a functional liquid that
repairs oxide film: also with a functional liquid having a
function of enhancing the characteristics of a capacitor,
likewise, leakage of the functional liquid leads to the ca-
pacitor being unable to maintain its characteristics stably
for a long period.
[0012] An object of the present invention is to provide
a capacitor that can maintain its characteristics stably for
a long period.

Solution to Problem

[0013] To achieve the above object, according to one
aspect of the present invention, a capacitor includes: a
capacitor element holding a predetermined solution be-
tween an anode foil and a cathode foil that are wound up
with a separator in between; a body case for housing the
capacitor element; and a sealing member for sealing the
body case. A part of the separator makes contact, at a
plurality of points or over an area, with the face of the
sealing member facing the capacitor element so as to
rest on that face. The solution contains, dissolved in a
lipophilic solvent, a sealing member deterioration pre-
venting agent that solidifies by oxidation. The solution is
supplied through the separator to the sealing member
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and permeates the sealing member, so that a coating
resulting from the sealing member deterioration prevent-
ing agent solidifying coats the outer face of the sealing
member, leaving the solution present in the part of the
sealing member closer to the capacitor element than the
coating.
[0014] According to another aspect of the present in-
vention, in the capacitor described above, the sealing
member deterioration preventing agent may be a lipid-
soluble vitamin.
[0015] According to another aspect of the present in-
vention, in the capacitor described above, the solution
may be an electrolytic solution having the sealing mem-
ber deterioration preventing agent and an electrolyte dis-
solved in the lipophilic solvent.
[0016] According to another aspect of the present in-
vention, in the capacitor described above, the density of
the sealing member deterioration preventing agent in the
electrolytic solution may be from 1% by weight to 90%
by weight.
[0017] According to another aspect of the present in-
vention, in the capacitor described above, the density of
the sealing member deterioration preventing agent in the
electrolytic solution may be from 3% by weight to 80%
by weight.
[0018] According to another aspect of the present in-
vention, in the capacitor described above, the he li-
pophilic solvent may be gamma-butyrolactone.
[0019] According to another aspect of the present in-
vention, in the capacitor described above, the lipophilic
solvent may contain at least one of sulfolane, ethylene
glycol, and diethylene glycol along with a nonionic sur-
factant.
[0020] According to another aspect of the present in-
vention, in the capacitor described above, the lipophilic
solvent may be polyethylene glycol having a lipophilic
group bonded thereto, or a copolymer of polyethylene
glycol with polypropylene glycol
[0021] According to another aspect of the present in-
vention, in the capacitor described above, the width of
the separator in the lateral direction may be greater than
the width of the anode and cathode foils in the lateral
direction, and the separator may protrude beyond the
anode and cathode foils toward the sealing member.
[0022] According to another aspect of the present in-
vention, in the capacitor described above, a central part
of the face of the sealing member facing the capacitor
element protrudes relative to a peripheral part thereof.
[0023] According to another aspect of the present in-
vention, in the capacitor described above, the body case
may have a constriction that protrudes from an inner face
of the body case and that presses the outer circumfer-
ential face of the sealing member, and the ridge of the
constriction may be located farther from the capacitor
element than the middle of the sealing member in its
thickness direction.

Advantageous Effects of Invention

[0024] According to the present invention, a capacitor
element holds a solution having a sealing member dete-
rioration preventing agent dissolved in a lipophilic sol-
vent, and a separator makes contact, at a plurality of
points or over an area, with the face of a sealing member
facing the capacitor element so as to rest on that face.
The sealing member is permeated with the solution sup-
plied through the separator, and the outer face of the
sealing member is coated with a coating resulting from
the sealing member deterioration preventing agent so-
lidifying by oxidation. This makes it possible to suppress
deterioration of the sealing member through oxidation for
a long period. It is thus possible to prevent the solution
held in the capacitor element from leaking out, and to
maintain the characteristics of the capacitor stably for a
long period.

Brief Description of Drawings

[0025]

Fig. 1 is a perspective view of a capacitor according
to a first embodiment of the present invention, as
seen from above.
Fig. 2 is a perspective view of a capacitor according
to the first embodiment of the present invention, as
seen from below.
Fig. 3 is a front sectional view of a capacitor accord-
ing to the first embodiment of the present invention.
Fig. 4 is a perspective view of a capacitor element
of a capacitor according to the first embodiment of
the present invention.
Fig. 5 is a detailed view of part H in Fig. 3.

Description of Embodiments

< First Embodiment >

[0026] Embodiments of the present invention will be
described below with reference to the accompanying
drawings. Figs. 1 and 2 are perspective views of a ca-
pacitor 1 according to a first embodiment, as seen from
above and from below respectively. The capacitor 1 is
an electrolytic capacitor, and is mounted on a seat plate
15. The seat plate 15 is formed of synthetic resin, and
holds the capacitor 1. The seat plate 15 has a pair of
through holes 16 formed in it.
[0027] The capacitor 1 has lead terminals 8 and 9. The
lead terminals 8 and 9 are laid through the through holes
16 in the seat plate 15, and are bent outward. Thus the
capacitor 1, held at its top face by an automated machine,
can be positioned on a circuit board and mounted on it
with the lead terminals 8 and 9 soldered to lands on the
circuit board.
[0028] Fig. 3 is a front sectional view of the capacitor
1. The capacitor 1 includes a body case 2, a capacitor
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element 3, and a sealing member 4. The body case 2 is
formed of metal such as aluminum in the shape of a bot-
tomed cylinder with a circular cross section, closed at
one end with a top wall 2a and open at the other end to
have an opening 2b. The capacitor element 3 is housed
in the body case 2, and the opening 2b is sealed with the
sealing member 4.
[0029] Fig. 4 is a perspective view of the capacitor el-
ement 3. The capacitor element 3 includes an anode foil
5, a cathode foil 7, and a separator 6. The anode and
cathode foils 5 and 7 are each formed of metal foil in the
form of an elongate band. The separator 6 is formed of
nonwoven fabric or the like in the form of an elongate
band.
[0030] The capacitor element 3 is formed by winding
up the anode and cathode foils 5 and 7, with the separator
6 in between, into a cylindrical shape. The anode foil 5,
the cathode foil 7, and the separator 6, each in the shape
of a band, are elongate in the winding direction (longitu-
dinal direction, machine direction), and their width in the
direction (lateral direction, cross direction) orthogonal to
the winding direction is smaller than their length in the
winding direction. The anode or cathode foil 5 or 7 is at
its terminal end fastened with tape 12. The anode foil 5
has the lead terminal 8 connected to it, and the cathode
foil 7 has the lead terminal 9 connected to it.
[0031] The separator 6 is formed such that its width in
the lateral direction (axial direction) is greater than the
width of the anode and cathode foils 5 and 7 in the lateral
direction. Thus the separator 6 protrudes, beyond the
anode and cathode foils 5 and 7, upward (toward the top
wall 2a) and downward (toward the opening 2b), thereby
preventing short-circuiting between the anode and cath-
ode foils 5 and 7.
[0032] The anode foil 5 is formed of a valve metal such
as aluminum, tantalum, niobium, or titanium. The cath-
ode foil 7 faces the anode foil 5 across the separator 6,
and is formed of aluminum or the like. The anode and
cathode foils 5 and 7 have an oxide film (not illustrated)
formed on their surfaces.
[0033] Between the anode and cathode foils 5 and 7
of the capacitor element 3, an electrolytic solution is held.
Immersing the capacitor element 3 in the electrolytic so-
lution for a predetermined length of time permits the elec-
trolytic solution to permeate the separator 6, to be held
between the anode and cathode foils 5 and 7. The elec-
trolytic solution functions as the cathode in practical
terms. The electrolytic solution also helps repair defects
in the oxide film on the anode and cathode foils 5 and 7.
[0034] The electrolytic solution is a solution of an elec-
trolyte and a sealing member deterioration preventing
agent in a lipophilic solvent. In this embodiment, as the
lipophilic solvent, gamma-butyrolactone is used. Also us-
able is a lipophilic solvent containing at least one of sul-
folane, ethylene glycol, and diethylene glycol along with
a nonionic surfactant. Also usable as the lipophilic solvent
is polyethylene glycol having a lipophilic group bonded
to it, or a copolymer of polyethylene glycol with polypro-

pylene glycol.
[0035] The electrolyte, by dissolving into the solvent,
dissociates into ions to exert electrical conductivity. Us-
able as the electrolyte is, for example, an organic amine
salt of a boric acid compound or of a carbonic acid com-
pound.
[0036] The sealing member deterioration preventing
agent is soluble in a lipophilic solvent, and is a compound
that solidifies through a chain of reactions based on ox-
idation in the presence of oxygen. Usable as the sealing
member deterioration preventing agent is a lipid-soluble
vitamin, an unsaturated fatty acid, a polyglycerol ester
containing a unsaturated fatty acid group within the mol-
ecule, a saturated fatty acid, or a derivative of any of
those. To ease dissolution of such a sealing member
deterioration preventing agent in the lipophilic solvent,
an amphiphilic compound may be added.
[0037] Examples of lipophilic vitamins that solidify by
oxidation include vitamin A (retinol, α-carotene, β-caro-
tene, β-cryptoxanthin), vitamin E (a-tocopherol, tocotrie-
nol), vitamin D (vitamin D2, vitamin D3), and vitamin K
(vitamin K1, vitamin K2, menaquinone-7). Except a-to-
copherol, these lipophilic vitamins have a double bond
other than an aromatic ring within the molecule, and so-
lidify easily by oxidation. Although α-tocopherol does not
have a double bond other than an aromatic ring within
the molecule, it solidifies by oxidation at a high temper-
ature.
[0038] Compounds such as unsaturated fatty acids
contained in drying oil and polyglycerol esters containing
an unsaturated fatty acid group within the molecule (pol-
yglycerol fatty acid esters) have a plurality of double or
triple bonds within the molecule. Accordingly, these com-
pounds are liable to solidify as they react with oxygen in
air, as a result of fatty acid groups bonding together and
increasing their molecular weights. Examples of such
compounds include tetraglycerol triesters containing
oleic acid as a fatty acid group.
[0039] Saturated fatty acids, and derivatives of satu-
rated fatty acids such their ester compounds, have the
property of solidifying as a result of carbonyl groups within
the molecule being oxidized in a high-temperature envi-
ronment of, for example, 160°C in the presence of oxy-
gen.
[0040] In FIG. 3, the sealing member 4 is formed as a
molding of an electrically insulating elastic material in the
shape of a circular disc having a pair of through holes 10
and 11 formed in it. The lead terminals 8 and 9 of the
capacitor element 3 are pressed through the through
holes 10 and 11. Usable for the sealing member 4 is butyl
rubber, silicone rubber, fluorine-containing rubber, or the
like.
[0041] Among those, butyl rubber is preferred because
it is high in environmental resistance, such as heat aging
resistance, chemical resistance, and weather resistance,
high in electrical resistance, and low in gas permeation.
Silicone rubber and fluorine-containing rubber, though
less airtight than butyl rubber, can be given higher air-
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tightness by coating the outer face of the sealing member
4 with a coating 17, which will be described later.
[0042] With the sealing member 4 placed in the open-
ing 2b of the body case 2, the body case 2 is swaged
from outside its outer circumferential face. This forms a
constriction (inward bead) 13 that protrudes inward of
the body case 2. The constriction 13 constricts the outer
circumferential face of the sealing member 4 inward, and
thereby brings it into close contact with the inner circum-
ferential face of the body case 2. Moreover, constricting
the sealing member 4 brings the inner faces of the
through holes 10 and 11 into close contact with the lead
terminals 8 and 9. Thus the opening 2b is sealed with
the sealing member 4 so that the electrolytic solution held
in the capacitor element 3 may not leak out of the body
case 2.
[0043] Here, the ridge 13a of the constriction 13 is ar-
ranged farther from the capacitor element 3 than the mid-
dle 4a of the sealing member 4 in its thickness direction
(i.e., assuming that the sealing member 4 has a thickness
t, the position t/2 away from its bottom). Thus the outer
circumferential face of the sealing member 4 is pressed
from below as viewed in the illustration, with the result
that the top face (facing the capacitor element 3) of the
sealing member 4 bulges to be convex upward such that
a central part of it protrudes relative to a peripheral part
toward the capacitor element 3.
[0044] The open end of the body case 2 is folded onto
the outer face (facing away from the capacitor element
3) of the sealing member 4 to form a replication portion
14. The replication portion 14 and the constriction 13 pre-
vent the sealing member 4 from dropping out of the body
case 2.
[0045] Fig. 5 is a detailed view of part H in Fig. 3. At
least part of the separator 6, which protrudes downward
beyond the anode and cathode foils 5 and 7, makes con-
tact, at a plurality of points or over an area, with the top
face (facing the capacitor element 3) of the sealing mem-
ber 4 so as to rest on that face. Here, since the top face
of the sealing member 4 bulges such that a central part
of it protrudes upward, the separator 6 reliably makes
contact with the sealing member 4 at a plurality of points
or over an area so as to rest on it.
[0046] It is preferable that the width of the separator 6
in the lateral direction be 0.15 mm to 2.0 mm greater than
the width of the anode and cathode foils 5 and 7. With a
width greater by 0.15 mm or more, and more preferably
greater by 0.2 mm or more, the separator 6 can bend
such that a bottom end part of the separator 6 reliably
makes contact with the top face of the sealing member
4 without applying stress to the anode and cathode foils
5 and 7.
[0047] The sealing member 4 is constantly supplied
with the electrolytic solution through the separator 6. The
electrolytic solution permeates the sealing member 4
through intermolecular gaps inside it to reach the outer
face (facing away from the capacitor element 3) of the
sealing member 4. The outer face of the sealing member

4 is coated with the coating 17 (see FIG. 3) resulting from
the sealing member deterioration preventing agent so-
lidifying by oxidation. Here, the electrolytic solution is
present in the part of the sealing member 4 closer to the
capacitor element 3 than the coating 17.
[0048] The manufacturing process of the capacitor 1
includes the repair of the oxide film formed on the anode
and cathode foils 5 and 7. The repair is performed, for
example, by applying a voltage of 35 V between the lead
terminals 8 and 9 in a high-temperature environment of
125°C. During the repair of the oxide film at a high tem-
perature, the sealing member deterioration preventing
agent that has reached the outer face of the sealing mem-
ber 4 oxidizes and solidifies to form the coating 17.
[0049] That is, during the repair of the oxide film, the
outer face of the sealing member 4 is exposed to plenty
of air in a high-temperature environment outside the body
case 2. Thus the outer face of the sealing member 4 is
coated with the coating 17 resulting from its precursor,
i.e., the sealing member deterioration preventing agent,
solidifying by oxidation, and this makes the entire sealing
member 4 unlikely to be exposed to oxygen any longer.
This suppresses deterioration of the sealing member 4
by oxidation, and prevents the electrolytic solution from
evaporating through cracks and the like in the sealing
member 4. It is thus possible to maintain the character-
istics of the capacitor 1 stably for a long period.
[0050] In addition, the electrolytic solution in liquid form
permeates and is present in the part of the sealing mem-
ber 4 closer to the capacitor element 3 than the coating
17. Thus, even if part of the coating 17 deteriorates, that
part is supplied with the electrolytic solution. The sealing
member deterioration preventing agent then solidifies
and repairs the coating 17. It is thus possible to maintain
the characteristics of the capacitor 1 stably for a longer
period.
[0051] The formation of the coating 17 may be per-
formed concurrently with the repair of the oxide film on
the anode and cathode foils 5 and 7, or may be performed
in a process different from the repair of the oxide film. In
a high-temperature environment, the electrolytic solution
is supplied to the sealing member 4 rapidly, and the seal-
ing member deterioration preventing agent oxidizes rap-
idly. Accordingly, it is preferable that the coating 17 be
formed at a temperature of 105°C or higher, and more
preferably 125°C or higher. In a case where the sealing
member deterioration preventing agent is a saturated fat-
ty acid or an ester compound of a saturated fatty acid,
which takes time to solidify, it is preferable that the coating
17 be formed at a temperature of 160°C.
[0052] For sufficient formation of the coating 17, it is
preferable that the high-temperature environment be
maintained for 30 minutes or more, and more preferably
one hour or more, though at 160°C or higher, the duration
may be shorter.
[0053] It is preferable that the concentration of the seal-
ing member deterioration preventing agent in the elec-
trolytic solution be from 1% by weight to 90% by weight.
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With a concentration less than 1% by weight of the seal-
ing member deterioration preventing agent in the elec-
trolytic solution, oxidation of the sealing member 4 cannot
be suppressed for a long period. On the other hand, with
a concentration more than 90% by weight of the sealing
member deterioration preventing agent in the electrolytic
solution, the electrolytic solution has increased viscosity.
This increases the time required for the capacitor element
3 to hold the electrolytic solution and the time required
to supply the electrolytic solution from the capacitor ele-
ment 3 to the sealing member 4, leading to increased
man-hours for the capacitor 1. A concentration of 3% by
weight to 80% by weight of the sealing member deterio-
ration preventing agent in the electrolytic solution is par-
ticularly preferable to achieve more effective suppression
of oxidation and hence reduced man-hours.
[0054] The capacitor 1 was then subjected to durability
tests in a high-temperature environment of 150°C to
study how its capacitance varied with time. For the elec-
trolytic solution of the capacitor 1 of this embodiment,
gamma-butyrolactone was used as the lipophilic solvent,
and vitamin D3 was used as the sealing member deteri-
oration preventing agent. The concentration of the seal-
ing member deterioration preventing agent in the elec-
trolytic solution was 10% by weight. For comparison with
the embodiment under discussion, a comparative exam-
ple in which the electrolytic solution contained no sealing
member deterioration preventing agent as well was sub-
jected to the durability tests. In both of the capacitors 1
of this embodiment and of the comparative example, the
sealing member 4 was formed of butyl rubber.
[0055] The durability tests revealed the following. The
capacitor 1 according to this embodiment exhibited, as
compared with its initial capacitance, a variation of 20%
or less in capacitance in 8 000 hours. It can thus maintain
its characteristics stably for a long period in a high-tem-
perature environment.
[0056] In contrast, the comparative example devel-
oped cracks in the sealing member 4 in 4000 hours and
thus, as a result of the lipophilic solvent evaporating, ex-
hibited a sharp drop of more than 30% in capacitance
from its initial capacitance. This makes quality assurance
difficult.
[0057] According to this embodiment, the capacitor el-
ement 3 holds an electrolytic solution having a sealing
member deterioration preventing agent dissolved in a li-
pophilic solvent, and the separator 6 makes contact, at
a plurality of points or over an area, with the face of the
sealing member 4 facing the capacitor element 3 so as
to rest on that face. The sealing member 4 is permeated
with the electrolytic solution supplied through the sepa-
rator 6, and the outer face of the sealing member 4 is
coated with the coating 17 resulting from the sealing
member deterioration preventing agent solidifying by ox-
idation. This makes it possible to suppress deterioration
of the sealing member 4 through oxidation for a long pe-
riod. It is thus possible to prevent the electrolytic solution
held in the capacitor element 3 from leaking out, and to

maintain the characteristics of the capacitor 1 stably for
a long period.
[0058] The electrolytic solution permeates and is
present in the part of the sealing member 4 closer to the
capacitor element 3 than the coating 17. Thus, even if
part of the coating 17 deteriorates, that part is supplied
with the electrolytic solution. The sealing member dete-
rioration preventing agent then solidifies and repairs the
coating 17. It is thus possible to maintain the character-
istics of the capacitor 1 stably for a longer period.
[0059] The sealing member deterioration preventing
agent may be a lipid-soluble vitamin. It is then easy to
obtain a sealing member deterioration preventing agent
that solidifies by oxidation to form the coating 17.
[0060] The density of the sealing member deterioration
preventing agent in the electrolytic solution may be from
1% by weight to 90% by weight. It is then possible to
suppress an increase in man-hours and to suppress de-
terioration of the sealing member 4 for a long period.
[0061] The density of the sealing member deterioration
preventing agent in the electrolytic solution may be from
3% by weight to 80% by weight. It is then possible to
further suppress an increase in man-hours and to sup-
press deterioration of the sealing member 4 for a long
period.
[0062] The lipophilic solvent in the electrolytic solution
may be gamma-butyrolactone. It is then easy to obtain
an electrolytic solution having a sealing member deteri-
oration preventing agent dissolved in it.
[0063] The lipophilic solvent in the electrolytic solution
may contain at least one of sulfolane, ethylene glycol,
and diethylene glycol along with a nonionic surfactant. It
is then easy to obtain an electrolytic solution having a
sealing member deterioration preventing agent dissolved
in it.
[0064] The lipophilic solvent in the electrolytic solution
may be polyethylene glycol having a lipophilic group
bonded thereto, or a copolymer of polyethylene glycol
with polypropylene glycol. It is then easy to obtain an
electrolytic solution having a sealing member deteriora-
tion preventing agent dissolved in it.
[0065] The separator 6 may protrude beyond the an-
ode and cathode foils 5 and 7 toward the sealing member
4. The separator 6 can then reliably make contact, at a
plurality of points or over an area, with the sealing mem-
ber 4 so as to rest on it.
[0066] A central part of the face of the sealing member
4 facing the capacitor element 3 may protrude relative to
a peripheral part of that face. The separator 6 can then
more reliably make contact with the sealing member 4.
[0067] The ridge 13 a of the constriction 13 that pro-
trudes inward from the inner face of the body case 2 is
located farther from the capacitor element 3 than the mid-
dle 4a of the sealing member 4 in its thickness direction.
It is thus easy to form a sealing member 4 of which a
central part of the face facing the capacitor element 3
protrudes relative to a peripheral part of that face.
[0068] Since the top face (facing the capacitor element
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3) of the sealing member 4 bulges, the bottom face (fac-
ing away from the capacitor element 3) of it dents. Thus
the bottom face of the sealing member 4 has, in a part
of it where it dents relative to a flat plane, a larger surface
area, giving a larger contact area between the coating
17, which covers the bottom face of the sealing member
4, and the sealing member 4. This helps enhance the
bond strength between the sealing member 4 and the
coating 17. It is thus possible to reliably prevent the so-
lution held in the capacitor element 3 from leaking out,
and to maintain the characteristics of the capacitor 1 sta-
bly for a long period.
[0069] Instead, giving the bottom face of the sealing
member 4 a shape that bulges outward in a central part
of it also results in the bottom face of the sealing member
4 having an increased surface area. This, too, gives a
larger contact area between the coating 17 and the seal-
ing member 4, achieving effects similar to those men-
tioned above.

< Second Embodiment >

[0070] Next, a second embodiment will be described.
In this embodiment, the capacitor element 3 holds, in-
stead of an electrolytic solution, a solid electrolyte (not
shown) and a predetermined functional liquid. In other
respects the second embodiment is similar to the first
embodiment.
[0071] The solid electrolyte is composed of an electri-
cally conductive polymer or the like. The electrically con-
ductive polymer helps reduce the ESR of the capacitor
1. Usable as the electrically conductive polymer is, for
example, polythiophene, polypyrrole, or a derivative of
any of those. Polyethylene dioxythiophene is particularly
preferable for its high electrical conductivity.
[0072] Immersing the capacitor element 3 in a disper-
sion liquid of the electrically conductive polymer for a
predetermined length of time and then drying the result
permits the solid electrolyte composed of the electrically
conductive polymer to be held between the anode and
cathode foils 5 and 7.
[0073] Also held between the anode and cathode foils
5 and 7 is a functional liquid with a function of increasing
the withstand voltage of the capacitor 1. The functional
liquid is a solution having a sealing member deterioration
preventing agent dissolved in a lipophilic solvent. As the
lipophilic solvent, gamma-butyrolactone can be used. Al-
so usable is a lipophilic solvent containing at least one
of sulfolane, ethylene glycol, and diethylene glycol along
with a nonionic surfactant. Also usable as the lipophilic
solvent is polyethylene glycol having a lipophilic group
bonded to it, or a copolymer of polyethylene glycol with
polypropylene glycol. Any of these lipophilic solvents
helps increase the withstand voltage, and permits the
sealing member deterioration preventing agent to dis-
solve.
[0074] As mentioned previously, usable as the sealing
member deterioration preventing agent is a lipid-soluble

vitamin, an unsaturated fatty acid, a polyglycerol ester
containing a unsaturated fatty acid group within the mol-
ecule, a saturated fatty acid, or a derivative of any of
those. To ease dissolution of such a sealing member
deterioration preventing agent in the lipophilic solvent,
an amphiphilic compound may be added.
[0075] Examples of lipophilic vitamins include vitamin
A (retinol, α-carotene, β-carotene, β-cryptoxanthin), vi-
tamin D (vitamin D2, vitamin D3), vitamin E (tocopherol,
tocotrienol), and vitamin K (vitamin K1, vitamin K2, me-
naquinone-7).
[0076] The solid electrolyte becomes swollen with the
functional liquid. This provides an increased degree of
close contact of the solid electrolyte with the anode and
cathode foils 5 and 7, between which the solid electrolyte
is held. This helps reduce the ESR of the capacitor 1.
Thus the functional liquid also has a function of reducing
the ESR of the capacitor 1.
[0077] As in the first embodiment, the separator 6 in
the capacitor element 3 makes contact, at a plurality of
points or over an area, with the top face (facing the ca-
pacitor element 3) of the sealing member 4 so as to rest
on that face. The sealing member 4 is constantly supplied
with the functional liquid through the separator 6. The
functional liquid permeates the sealing member 4
through intermolecular gaps inside it to reach the outer
face (facing away from the capacitor element 3) of the
sealing member 4. The outer face of the sealing member
4 is coated with the coating 17 (see FIG. 3) resulting from
the sealing member deterioration preventing agent so-
lidifying by oxidation.
[0078] This makes the entire sealing member 4 unlikely
to be exposed to oxygen outside the body case 2, and
helps suppress deterioration of the sealing member 4
through oxidation. This makes it possible to prevent the
electrolytic solution from evaporating through cracks and
the like in the sealing member 4. It is thus possible to
maintain the characteristics of the capacitor 1 stably for
a long period.
[0079] According to this embodiment, the capacitor el-
ement 3 holds a functional liquid having a sealing mem-
ber deterioration preventing agent dissolved in a li-
pophilic solvent, and the separator 6 makes contact with
the sealing member 4. The sealing member 4 is perme-
ated with the functional liquid supplied through the sep-
arator 6, and the outer face of the sealing member 4 is
coated with the coating 17 resulting from the sealing
member deterioration preventing agent solidifying by ox-
idation. This makes it possible to suppress deterioration
of the sealing member 4 through oxidation for a long pe-
riod. It is thus possible to prevent the functional liquid
held in the capacitor element 3 from leaking out, and to
maintain the characteristics of the capacitor 1 stably for
a long period.
[0080] The functional liquid permeates the part of the
sealing member 4 closer to the capacitor element 3 than
the coating 17. Thus, even if part of the coating 17 dete-
riorates, that part is supplied with the functional liquid.
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The sealing member deterioration preventing agent then
solidifies and repairs the coating 17. It is thus possible
to maintain the characteristics of the capacitor 1 stably
for a longer period.
[0081] While in this embodiment the functional liquid
has a function of increasing the withstand voltage of the
capacitor 1, it may instead have a function of enhancing
any other characteristics of the capacitor 1.
[0082] Instead of the functional liquid, an electrolytic
solution like that in the first embodiment may be held
between the anode and cathode foils 5 and 7. Holding
the solid electrolyte along with the electrolytic solution
between the anode and cathode foils 5 and 7 helps en-
hance the function of repairing oxide film and further re-
duce the ESR of the capacitor 1.

Industrial Applicability

[0083] The present invention finds applications in ca-
pacitors such as electrolytic capacitors, and in vehicles,
electronic devices, and the like that includes capacitors
mounted on their circuits.

Reference Signs List

[0084]

1 capacitor
2 body case
2b opening
3 capacitor element
4 sealing member
5 anode foil
6 separator
7 cathode foil
8, 9 lead terminal
10, 11 through hole
12 tape
13 constriction
13a ridge
14 replication portion
15 seat plate
16 through hole
17 coating

Claims

1. A capacitor comprising:

a capacitor element holding a predetermined so-
lution between an anode foil and a cathode foil
that are wound up with a separator in between;
a body case for housing the capacitor element;
and
a sealing member for sealing the body case,
wherein
a part of the separator makes contact, at a plu-

rality of points or over an area, with a face of the
sealing member facing the capacitor element so
as to rest on said face, while
the solution contains, dissolved in a lipophilic
solvent, a sealing member deterioration pre-
venting agent that solidifies by oxidation,
the solution is supplied through the separator to
the sealing member and permeates the sealing
member, so that a coating resulting from the
sealing member deterioration preventing agent
solidifying coats an outer face of the sealing
member, leaving the solution present in a part
of the sealing member closer to the capacitor
element than the coating.

2. The capacitor according to claim 1, wherein
the sealing member deterioration preventing agent
is a lipid-soluble vitamin.

3. The capacitor according to claim 1 or 2, wherein
the solution is an electrolytic solution having the seal-
ing member deterioration preventing agent and an
electrolyte dissolved in the lipophilic solvent.

4. The capacitor according to claim 3, wherein
a density of the sealing member deterioration pre-
venting agent in the electrolytic solution is from 1%
by weight to 90% by weight.

5. The capacitor according to claim 3, wherein
a density of the sealing member deterioration pre-
venting agent in the electrolytic solution is from 3%
by weight to 80% by weight.

6. The capacitor according to any one of claims 3 to 5,
wherein
the lipophilic solvent is gamma-butyrolactone.

7. The capacitor according to any one of claims 1 to 5,
wherein
the lipophilic solvent contains at least one of sul-
folane, ethylene glycol, and diethylene glycol along
with a nonionic surfactant.

8. The capacitor according to any one of claims 1 to 5,
wherein
the lipophilic solvent is polyethylene glycol having a
lipophilic group bonded thereto, or a copolymer of
polyethylene glycol with polypropylene glycol.

9. The capacitor according to any one of claims 1 to 8,
wherein
a width of the separator in a lateral direction is greater
than a width of the anode and cathode foils in the
lateral direction, and the separator protrudes beyond
the anode and cathode foils toward the sealing mem-
ber.
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10. The capacitor according to claim 9, wherein
a central part of the face of the sealing member facing
the capacitor element protrudes relative to a periph-
eral part thereof.

11. The capacitor according to claim 10, wherein
the body case has a constriction that protrudes from
an inner face of the body case and that presses an
outer circumferential face of the sealing member,
and a ridge of the constriction is located farther from
the capacitor element than a middle of the sealing
member in a thickness direction thereof.

15 16 



EP 4 030 452 A1

10



EP 4 030 452 A1

11



EP 4 030 452 A1

12



EP 4 030 452 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 4 030 452 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 4 030 452 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2000100670 A [0007]
• JP 2016076562 A [0007]

• WO 2014050913 A [0007]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

