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A capacitor is a general electrical part and is

widely used in power circuits and noise filters for
15 digital circuits in various electric and electronic
devices.

Various types of electrolytic capacitors are well-
known at present, and examples thereof include aluminum
electrolytic capacitors, wet tantalum electrolytic

20 capacitors and the like. Among these electrolytic
capacitors, particularly excellent effects are expected
from an aluminum electrolytic capacitor in the practice
of the present invention. Therefore, the present
invention will now be described with reference to this

25 kind of electrolytic capacitor. The term "electrolytic
capacitor"” used herein refers to an aluminum electrolytic
capacitor, unless otherwise stated.

A conventional aluminum electrolytic capacitor can .
typically be produced by using an anode foil, which is

30 made by etching a high-purity aluminum foil thereby to
increase its surface area, and anodizing the surface of
the aluminum foil to provide an oxidized film, and a
cathode foil whose surface has only been etched. The
resulting anode foil and cathode foil are disposed

35 opposite each other and a separator (release paper) is
interposed between those foils to form a laminate, and
then an element (capacitor element) made by winding the
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having a large surface area produced by etching has been

used and the resistivity of the capacitor has recently

15 increased. Therefore, an electrolytic solution having a
low resistivity (specific resistance) and high
conductivity is required as the electrolytic solution to
be used in the electrolytic capacitor.

A conventional electrolytic solution for use in an

20 electrolytic capacitor is generally prepared by
dissolving as an electrolyte a carboxylic acid such as
adipic acid, benzoic acid, etc. or an ammonium salt
thereof into a solvent prepared by adding about 10% by
weight or less of water to ethylene glycol (EG) as a

25 principal solvent. Such an electrolytic solution has a
specific resistance of about 1.5 Q-m (150 Q-cm).

On the other hand, the capacitor is always required
to have a low impedance (2Z) to sufficiently show the
performance thereof. The impedance is determined by

30 various factors and, for example, it is reduced when the
electrode area of the capacitor increases. Therefore,
the impedance can be reduced, of course, in case of a
large-sized capacitor. An approach of reducing the
impedance by improving a separator has also been made.

35 However, the specific resistance of the electrolytic
solution is a large controlling factor, particularly in a
small-sized capacitor.
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40 at present. In addition, there arises a problem that,
if water is contained in the electrolytic solution, it
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15 can freeze under the operation conditions at a low
temperature. Under these circumstances, it is now
required to provide an aluminum electrolytic capacitor
which has a low impedance and excellent low-temperature
stability.

20 Furthermore, water used as portion of the solvent in
the electrolytic solution of the aluminum electrolytic
capacitor is a chemically active substance to aluminum
constituting the anode foil or cathode foil, and
accordingly, there is a problem that water reacts with

25 the anode foil or cathode foil, thereby to generate a
hydrogen gas and to drastically deteriorate the
characteristics.

On the other hand, in a conventional aluminum
electrolytic capacitor, phenomena such as a gradual

30 reduction in the capacitance of the capacitor and an
increase in change of other capacitor characteristics are
sometimes caused by formation of a hydrate film on the
surface of the anode foil and cathode foil in a
temperature accelerated test. These phenomena can cause

35 a reduction in the working life of the electrolytic
capacitor.

Since the above-described hydrate film is easily
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provide an electrolytic capacitor, particularly an

aluminum electrolytic capacitor, capable of sufficiently

preventing a hydrate film forming on the surface of the
15 anode foil and cathode foil.

Disclosure of the Invention

The present invention is directed to solve the

above-mentioned problems of the prior art, and an object
20 thereof is to provide an electrolytic capacitor which has

a low impedance, excellent low-temperature stability and

heat resistance, and a particularly long working life.

According to the present invention, the abowve object
can be attained by an electrolytic capacitor comprising a

25 capacitor element formed from an anode foil, a cathode
foil opposed to the anode foil and a release paper
sandwiched between the anode foil and the cathode foil,
and an electrolytic solution, characterized in that:

the content of cation(s) in said release paper

30 is not more than 500 ppm.

In general, the release paper used in the
electrolytic capacitor contains metal salts (salts of an
organic acid and an inorganic acid, such as carboxylic
acid, sulfuric acid, and nitric acid) in a low

35 concentration such as about several percent. That is, in
the case where these metal salts and ionic compounds are
contained in the release paper in a high concentration,
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papers and haVGfB&EQ? Eﬁﬁgrahféggiéﬁﬁérature conditions occurs when
using a current release paper containing metal ions
{cations) of Ca, Mg, Na, etc. in a concentration capable
15 of exerting no influence on the conductive
characteristics of the electrolytic solution, that is,
the total amount of several thousand ppm to several
percent.
Based on the above findings, the present inventors
20 have further studied and found that drawbacks such as
gradual reduction, with time, in the capacitance of the
capacitor and large increase in change of the other
capacitor characteristics can be prevented by reducing
the content of cations in the release paper to a
25 predetermined value or less. The "predetermined value of
cations" used herein means the above content of 500 ppm.
The present inventors have also found that the
content of cations such as calcium ion in the release
paper can be reduced to a level of 500 ppm or less by
30 subjecting the paper to a washing treatment.
Furthermore, they have found that the effects
derived from the reduction in content of cations is
enhanced when the electrolytic solution used in the
electrolytic capacitor consists of an organic solvent and
35 water and the amount of water contained in the organic
solvent is large.
Accordingly, the electrolytic solution used in the
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benzoic acid, oxalic acid, malonic acid, succinic acid,

15 glutaric acid, adipic acid, fumaric acid, maleic acid,
phthalic acid, azelaic acid, citric acid and
hydroxybutyric acid, and ammonium, sodium, potassium,
amine and alkyl ammonium salts thereof. The inorganic
acid or salt thereof which is also used as the

20 electrolyte is selected from the group consisting of
phosphoric acid, phosophorous acid, hydrophosphorous
acid, boric acid, sulfamic acid, and ammonium, sodium,
potassium, amine and alkyl ammonium salts thereof. These
electrolytes may be used alone or in combination.

25 Preferably, the electrolytic solution of the present
invention further contains at least one additive selected
from the group consisting of:

(1) a chelate compound,
{2) saccharides,
30 (3) hydroxybenzyl alcohol and/or L-glutamic-
diacetic acid or a salt thereof,
(4) a nitro compound, and
(5) 9gluconic acid and/or gluconic lactone.
The electrolytic capacitor of the present invention

35 is preferably an aluminum electrolytic capacitor, and the
aluminum electrolytic capacitor is more preferably formed
by comprisings
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I nvention 35 i&e&r%E§E§9 184 g%u 1 N electrolytic capacitor, and the
al um num el ectr ) ' ly formed by conpri sing:
Figure 1 is a sectional view showing one preferred
embodiment of the electrolytic capacitor according to the
15 present invention, and
Fig. 2 is a perspective view showing the
constitution of a capacitor element of the electrolytic
capacitor shown in Fig. 1.

20 Best Mode for Carrying Out the Invention

In the electrolytic capacitor according to the
present invention, a paper produced by using, as a raw
material, a naturally occurring cellulose material, for
example, Manila hemp and raw pulp can be used as the

25 release paper. As the release paper, for example, there
can be advantageously used a paper produced by passing
the raw pulp through a dust removing process, a washing
process, a beating process and paper-making process. A.
paper derived from synthetic fibers can also be used,

30 however, such a paper is not preferred because it is
inferior in heat resistance and corrosion of the
capacitor is caused by halogen ions contained in the
paper.

In the release paper thus produced, the total

35 content of impurities except for a-cellulose as an

ingredient of a paper is usually 10,000 ppm. Among these
impurities, the content of calcium ions is 3,000 ppm or



-7- a capacitor elenment forned by wi nding an anode foil consisting of an
atumnumfoil, with an anodized filmon the surface of the alum numfoil,
and a cathode foil made of the alum numfoil via a rel ease paper so 5

that the surfaces face each other; an electgolytic solution; a case
containing the capacitor elenment and the electrolytic solution; and an
elastic sealant with which an opening 10 . portion of the case is seal ed.
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cathode film which is not anodized.

According to the present invention, formation of the
gel-like hydrate film on the surface of the anode foil
and cathode foil can be sufficiently inhibited by using a

15 release paper wherein the content of cations including
calcium ions have been reduced to a predetermined value,
thus making it possible to prevent a reduction, with
time, in capacitance of the aluminum electrolytic
capacitor, and to prolong a working life of the

20 electrolytic capacitor.

The release paper used in the present invention,
that is, a release paper wherein the content of cations
is not more than 500 ppm, can be obtained by carrying out
an enhanced or advanced washing operation in any stage of

25 paper-making processes (e.g. a dust removing process, a
washing process, a beating process, a paper-making
process, etc.). This enhanced washing operation can be
carried out by using conventional washing techniques
alone or in combination, and examples thereof include a

30 treatment with an acid.

In the electrolytic capacitor of the present
invention, the aluminum foil used as the anode foil and
cathode foil is preferably an aluminum foil having high
aluminum purity of 99% or more. The anode foil can be

35 preferably formed by electrochemically etching the
aluminum foil, anodizing it to form an oxidized film on
the surface, -and attaching a lead tab for connecting an
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cnhanced &F adv S RISy BIBEAROHAE AOShy A0 SR GTS BECYLag R Hraki ng
processes (e.Q. clahst-enenoaisegmptiecessalaminum or the like, thereby to

contain them in the case, and sealing the opening portion
of the case with an elastic sealant while leads led from
the anode foil and cathode foil are allowed to protrude

15 out of the case.

In the electrolytic capacitor of the present

invention, as described above, a solvent containing a
highly increased amount of water, which consists of a
mixture of an organic solvent and water, can be

20 advantageously used as the solvent for dissolving the
electrolyte in the electrolytic solution for use in the
electrolytic capacitor.

As described above, protic solvents or aprotic

solvents may be used alone or in combination, optionally,

25 as the organic solvent. Examples of a preferred protic
solvent include alcohol compounds. Typical examples of
the alcohol compound used advantageously herein include,
but are not limited to, monohydric alcohol such as ethyl
alcohol, propyl alcohol, and butyl alcohol; dihydric

30 alcohol (glycol) such as ethylene glycol, diethylene P
glycoi, triethylene glycol, and propyleﬂe glycol; and
trihydric alcohol such as glycerin. Examples of
preferred aprotic solvent include lactone compound.
Typical examples of the lactone compound used

35 advantageously herein include, but are not limited to, y-

butyrolactone and other intramolecular polarizable
compounds. When using at least one selected from the



washi ng process, a beating process, a paper-naking process, etc.). This
enhanced washi ng operation can be carried out by using conventional washing
techni ques al one or in conbination, and exanpl es thereof include a 30
treatnent with an acid. In the electrolyti% capacitor of the present

i nvention, the aluminumfoil used as the ahdde foil and cathode foil is
preferably an alum numfoil having hjgh alumnumpurity of 99% or nore. The
anode foil can B&EC35C ang, apephbfysebyerts bin dihe tirgekdsiec 8 Fhet ching t he

al um num foi |, ?ﬁ@ieﬁitnﬁlnbbn’tﬂoﬁ riioPd &pyddh Ziedh 1y, Mo t3ur atgendnd
attaching a | ead tab for onnect?n éﬁé-g- elegirode.b$%e at hode film

an
can be forned byt &fi HG® heoﬁ?uﬁf’ﬂ?ﬁﬂ"? FILERE RYa bR e | RAYTRAL for
connecting an elpeoticdsol¥brtsanagi borusddmasliurean dpecticaiseddehyswinagi ng

the 5 apode d hode f Qi hus_fornmed via {he.aboye- .describe

rel ease pa%er m%%lg %ﬁé ggff%%téré%ﬁ Ve %ﬂWﬁﬁgé'ﬁﬂévgpﬁnPﬁu %ei§8F ol ytic
capacitor can bensbpaohéd bpliestrandet Neastsuine rproapacisbdveskement and
the 10 el ect gl yskg,sol ution through an opening portion of a closed-end

case made of alum numor the like, thereby to contain themin the case, and
seal i ng the openi ng p8rthenebectrelrbie spkutinn efasdiec preseast while | eads

led fromthe angd@eheibnangatathodeadddd, af AldiewRe o Rhet hHdeeld out
In the elegtrolytic capacitor of the present invention, as

f th .
descr i bodt8ibove SeECEEPEEPLOBRIS RO TRELES i jFhenEPaNeBE SRBRRRSBE - wat or

whi ch consi sts ®hr&icularly, the present invention differs from a
conventional electrolytic solution because a
comparatively large amount of water is used in the
present invention. According to the present invention,

15 by using such a solvent, the solidifying point of the
solvent is lowered, thereby making it possible to improve
the specific resistance characteristics at low
temperature of the electrolytic solution and to realize
good low-temperature stability expressed by a ratio of a

20 resistivity at low temperature to that at normal
temperature. A content of water in the electrolytic
solution is preferably within a range from 20 to 80% by
weight, and an organic solvent is contained as a balance.
When the content of water is smaller than 20% by weight

25 and when the content of water exceeds 80% by weight, the
degree of depression in solidifying point of the
electrolytic solution becomes insufficient, thereby
making it difficult to obtain good low-temperature
stability-of the electrolytic capacitor. Preferred

30 content of water in the solvent is within a range from 30
to 80% by weight, and most preferred content of water in
the solvent is within a range from 45 to 80% by weight.

As the electrolyte in the electrolytic solution of
the present invention, a carboxylic acid or a salt

35 thereof, and an inorganic acid or a salt thereof may be
used. These electrolyte components may be used alone, or
two or more kinds of them may be used in combination.



m xture of an organic solvent and water, can be 20 advant ageously used
as the solvent for dissolving the electrolyte in the el ectrolytic solution
for use in the electrolytic capacitor. As described above, protic solvents
or aprotic solvents may be used al one or_iglcgnbinatlpn, optionally, 25
as the organic solvent. Exanples of a preférred protic solvent include

al cohol conpounds. Typical exanples of the al cohol conpound used
advant ageousl y hereiﬁgﬁﬂe §8e0f phe Farbrsty Hidiacdd whickosanybei vsetcakol

such as et hyl akhehenecpropy£?aé@mﬁfﬂenfﬂmﬁﬁmﬁﬁgqeﬁu@pgﬁbégﬁkhﬁgﬁgfﬁaPene
ene , . i

Gl yool, snd profsreienBroter iy ENE FFVRHIE SH AL Aohdas 26PYAEr FRLA,
Exanplés of prepéppédnapracid,shmmywﬂciauﬁdﬂﬂ%jﬁﬂﬁrwménﬁaFaoﬁadd!Typic?ld

I th 3 n ed 35 vant agequs ecel n_i ncl ude,
cramples,of (heskatkgaecCaIpaL 4358 A0 oo 05N LSt Sl
pol ari zabl e confBBRd3s Phehiesieid atmdlagsic awddkselsecrdditr amithe - 10 -
protic and aproyltael¥CRES! Nad fif DIt G irlile sR1ASCRL LENCRLE QN MO e
specifically, on rotic solvent nayéﬁé'dse,, one agg;fiq sol'ven nﬁy be
used, plural pngFgangv%ﬁ%§r R REQIAE Jetig-al Capporydiconroide shaning
be used, or, al tefuattiehyl gréipxashanlaseMyddoxdlt beaab, 0rErPELLLG180! vent

' fution
of the prident EhVERE S veRE By PR Y AGdct P8R FLSPHBSLBERE. 10
descri bed organi c soExampbes asf ttte SolorepnicorpadenhicRachhcaligs! e the
present inventigedi L effe [{QBAo1yte component include, but are not
limited to, phosphoric acid, phosophorous acid,
hypophosphorous acid, boric acid and sulfamic acid.

15 As the salt of the above-described carboxylic acid
or inorganic acid, various salts can be used. Suitable
salté include, for example, ammonium salt, sodium salt,
potassium salt, amine salt and alkyl ammonium salt.

Among these salts, an ammonium salt is preferably used.

20 In addition, when using the inorganic acid or salt
thereof as the electrolyte in the practice of the present
invention, depression in solidifying point of the
electrolytic solution can be expected, thereby making it
possible to contribute to a further improvement in low-

25 temperature stability of the electrolytic solution. The
use of the inorganic acid or salt thereof is noticeable
in that the hydrogen gas absorbability (described in
detail hereinafter), derived from the nitro compound
particulafly used in the present invention, can be

30 maintained for a long period of time.

According to the present inventors' study, by using
the electrolyte such as inorganic acid or salt thereof in
combination with the above-described carboxylic acid or
salt thereof, an effect of remarkably prolonging a

35 working life of the electrolytic capacitor as compared
with the case where they are used alone can be obtained.
Furthermore, an inorganic acid-based electrolyte has



conventional electrolytic solution because a conparatively |arge anount of
water is used in the present invention. According to the present invention,
15. by using such a solvent, the solidifying point of the solvent is
| ower ed,. thereby making it possible to iqpﬁﬁye t he specific resistance

characteristics at low tenperature of the el“ectrolytic solution and to

real i ze good | oyt erature stability expressed by a ratio of a 20
resistivity at I}U\ﬁ%t e P2 ¥5ed Fﬁﬁiuﬁi—vﬁ&’nﬁm 3 apgrk it ke highcont ent of
vater in the el exiltaigd i(Q690kat 500 ¥61p5¢f eypd! ¥l MLy d AGRAJIRYP 3@ to
80% by wei ght, %PQX,Q,OfQ?“gﬁ szlvgnt ig.contained as, a bal ance. \Wen the
content of water® i & SRRITEPAhENCSEILBY IR GRRASEEOr iny HiqthQf e cont ent
of water exceeds@@Mdhiwigiyght Howbeedegwken ofis thegreksd aro Iyt esoliindi f yi ng
poi nt of the el | yti:c sol.uti.qn C Insufficient, thereby nmaking it
di fficult tgo obt%aq“{ir\bqr%“‘%&%rndwggerlfgng?ugggé?%giP?Y?Pfolr”{'het%ﬁ eegﬁ\’/’&fﬁliﬂ/&%
capacitor. Prefdé@e@®ls50 be gspdeptdvantageeuslyn ime saiwerdltageni(tless a
range from 30 t g 3% hght d r t of water in the
solvent is wthin a rgﬁgg%%ggnfzgat%ﬂggég . véﬁgﬁ%%éégyéﬁka el ectrolyte in
the electrolytic sol eoﬁmSPthﬁprﬁgeﬂ¥e¢gﬁi#ﬁﬁ%nﬂsﬁﬂ(ﬂﬁﬂ&hﬁylic acid or a

salt 35 t her edfectaddy@ici BOLIBNLE S£i €hdpresaid MRIMRSlnMunPeeUsed.
These elegérolyte compaonents ga¥ be.usgd al one, or two or nore kinds of
t hem may usePPTOPEABTRAYi BRTCTILIRES PPRRNGING IR0 VAIIGCHR f_RCEOEE whi ch
can be used as tsuehelascthekgteerbspboentequittedief MHe aledtebllitikt ed to,
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and di car boxyl | €o8@cgitions and amount of the solvent, and kind of the
electrolyte.

15 In the electrolytic solution of the present
invention, a more remarkable effect can be obtained by
adding the following specific additives (1) to (5) to an
electrolytic solution of the above-described specific
compositions, that is, an electrolytic solution

20 comprising an aqueous mixed solvent consisting of 20 to
80% by weight of an organic solvent and 80 to 20% by
weight of water, and at least one electrolyte selected
from the group consisting of a carboxylic acid or a salt
thereof and an inorganic acid or a salt thereof.

25 (1) A chelate compound, for example,
ethylenediamine-N,N,N',N'-tetraacetic acid (EDTA), trans-
1,2-diaminocyclohexane-N,N,N',N'-tetraacetic acid,
monohydrate (CyDTA), N,N-bis(2-hydroxyethyl)glycine
(DHEG), ethylenediamine-N,N,N',N'-

30 tetrakis(methylenephosphonic acid) (EDTPO),
diethylenetriamine-N,N,N',N",N"-pentaacetic acid (DTPA),
1,3~-diamino-2-hydroxypropane-N,N,N',N'~-tetraacetic acid
(DPTA-OH), ethylnediamine-N,N'-diacetic acid (EDDA),
ethylenediamine-N,N'-bis(methylenephosphonic acid},

35 hemihydrate (EDDPO)}, 0,0'-bis(2-
aminoethyl)ethyleneglycol-N,N,N',N'-tetraacetic acid
(GEDTA), and N-(2-hydroxyethyl)ethylenediamine-N,N',N'-



such as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic
acid, fumaric acid, maleic acid, phthalic acid, and azel aic acid.

Car boxylic acids having a functional group such as hydroxyl group, for
exanpl e,. 10 citric acid and hydroxybutyric acid can al so be used.
Exanpl es of the inorganic acid which can 1% be used as the el ectrol yte
conponent include, but are not limted to, phosphoric acid, phosophorous
aci d, hypophospﬁ%ﬁkﬂﬁ?%ﬂﬂ(ﬁcﬂﬂaﬂﬁ@ﬁécpﬁ)andGen¢¥®h1E,ath@ chelate As
the salt of the ahRyentes idretcrabgXybieaachders ARGEIRN LG G r4HdeDUS

salts can be used. Suitable"salts include, for exanple, amoniumsalt,

sodi um salt, pot &l 60 33nibye veaERt andSuFRky2 %Qﬁ%#ﬁ?nﬁQﬂﬂqunQAﬁﬁﬂb

these salts, an @Eﬁmléﬂﬂéﬁﬂsﬁ slu%hphgf 95:8@6Mgb!§§6|n 8@ a working Ilmﬁddidd on,
when usi ng the inor ni.c,.acid Qr % é thereof as the electrolyte in the
Foeq8y

practice of the ¥ PIt1em, AZaLigh F?\a%‘bjr?lﬁl‘? i3y HHAHOE ¢ he
el ectrol ytic sol {AlpreleatdodiecXpddt ed, at howebmpadknay cdpamstsddl e to
contribute to a § s 5 u.e stability of
the electrolytic @ﬁtgt}ﬁmoéﬁm) l%hﬁg%gté'e}gp %ﬁ%x%o?t%%{ cﬂgf ‘%é or" salt ther eof

i s noticeabl e i rekeptiralytiey depgedtess (absbaba@mweqrde@trmmﬂancaj@ttau
hereinafter), d@ﬁdﬁﬁﬁlfﬂéMBéE%%u&btﬁﬁdCQHHQUQQ P@Wtééﬁﬁé¥éﬁhﬁ?“§kdﬁéé§@%

present inventi 30% can mai ntai ned for a long perio time

Accordingifo th %&ﬁﬁﬂﬁheh§€ﬂﬁﬁﬂ§ §P§d9°mﬁ9sh§49ﬁﬁt¢k9%9e&ﬂrﬁﬂ?@?b such as
i norgani ¢ aci d aforsrddpdndmROito & &BfbEPateANsKELd) | DM FRSEHD e

carboxylic acid or salt thereof an effect of remarkably prolonging a 35
working life of SHFWIOR FHS}EEPEpaci tor as conpared with the case where
they are used al one c@}) bsackharidds, FAot hexampbe, afllucuyegaiicaisd based
el ectrol yte has

xylose, and galactose. Generally, the saccharides are

15 preferably added in the amount within a range from 0.01
to 5% by weight. These saccharides can exert effects
such as prolongation of a working life due to inhibition
of the hydration reaction of an aluminum electrode foil
of a low-impedance capacitor, inhibition of decomposition

20 or activation of an electrolyte (e.g. carboxylic acid)
due to the addition of saccharides, and improvement in
low-temperature stability of an electrolytic capacitor (a
change between an impedance at normal temperature and
that at low temperature decreases because the solvent has

25 compositions close to those corresponding to a non-frozen
state).

(3) Hydroxybenzyl alcohol, for example, 2-
hydroxybenzyl alcohol, L-glutamic-diacetic acid or a salt
thereof. 'Generally, this additive is preferably added in

30 the amount within a range from 0.01 to 5% by weight.
Such an additive can exert effects such as prolongation
of a working life due to inhibition of the hydration
reaction of an aluminum electrode foil of a low-impedance
capacitor, and improvement in low-temperature stability
35 of an-electrolytic capacitor (a change between an
impedance at normal temperature and that at low
temperature decreases because the solvent has



- 12 - hitherto been used exclusively in a mediumto high- voltage (160 to
500 volts) type electrolytic capacitor in a conventional electrolytic .
capacitor in view of the conductivity. However, when using electrolytes in
5. conbi nation, as in the present invethgnL the electrolyte can also be
used advantageously in a lowvoltage (less™than 160 volt) type electrolytic
capacitor. The anount of the electrolyte used in the electrolytic solution
of the present GBS FoREncheseote these oprizrsnondigierhd wedotefsrdeng on
various factors sdse)as characteristics required of the e!eptrolytlc
solution and the capagitor finally obtained, kind, conpositions and anmount
of the solvent, and Ki*dd &f PEhECe e%P?%m@teﬁoqzﬁxample, 3 pegHeselPéctrol ytic

sol ution of the xﬁrta:?n:_em:fomipbuﬁats!,Oﬁora_eia@rﬁﬁlé,efﬁfﬁ&%ﬂk%rﬁ;lf %tchclagc ?o?bt ?Lned
by adding e, g RaeLlie, MRl A) ad Yo an el eelrol vt
electrolytig EoNd&F@MeZOZic aoﬁﬂvigimiszPenpnﬂnkadﬁi?e@tg&?gent ?Sﬂflsglng
water, and at | EaaroacetopRanBEllRnt 2R s A R SRS SR St PRE. of
carboxyl i ¢ aci d iditreagisplener £af gereirah, ithe guitine svingoundaisal t t her eof .
25 . (1)préf%&%b@&eaaaéﬂoﬂﬂdthéCﬁméﬁﬁﬂnuf%hin a range from 0.01
ethyl_ened:klgmneéllg\s,g3 g’,yNW-'r‘etir__afas:et|c acid (EDTA 4 trans- v
1, 2- di ami hBcycl fReXEnEYNVREEPEN - TR% e icompaudd pemoRy8PahavecyDTA) ,
N, N-bi s(2- hydr oxaialrgabgeynyacogéiiigls aidvrmiieni airaetNablaNa, Bunc89on
Leraki s(mety! S2eRARIRIOULG 861As 1P U end! g ELGAY B AN N N
1, 3- di ami no- 2- hffgnokyipnopéne- haNodénated diydraneirbonaciséd on washing of
a printed circuit board, for example, trichloroethane
15 (halogen capturing function in other words).
An excellent hydrogen gas absorption function
provided by the nitro compound could also be confirmed in
a relation with the electrolyte used in combination. 1In
a conventional electrolytic solution, the procedure of
20 adding only one nitro compound to only a carboxylic acid-
based electrolyte, or adding only one nitro compound to
only an inorganic acid-based electrolyte has been
employed. However, satisfactory hydrogen gas absorption
function cannot be obtained by the procedure in case
25 where the amount of water contained in the solvent is
large, and the same results are obtained in an
electrolytic solution wherein both of a carboxylic acid-
based electrolyte and an inorganic acid-based electrolyte
are present. 1In case of the electrolytic solution of the
30 present invention, even if only one nitro compound is
used, the hydrogen gas absorbability could be maintained
for a longer period of time than the case where nitro
compounds are used alone, surprisingly, even in case of
the carboxylic acid/inorganic acid mixed electrolytic
35 solution.
(5) Gluconic acid, gluconic lactone and the like.
Generally, this kind of the additive is preferably added



(DPTA-OH), ethyl nedi am ne-N, N -di acetic acid (EDDA), _

et hyl enedi ami ne- N, N' - bi s( et hyl enephosphoni ¢ acid), 35 . hem hydrate
(EDDPQ), O O -bis(2- ami noethyl)ethyleneglycol-N N N ,N -tetraapetlc_a0|d_
(GEDTA), - and N-(2-hydroxyet hyl)ethyl enedi angne-N, N, N - - 13- triacetic
acid (EDTA-OH). Generally, the chelate conpound is preferably added in the

anmount within a range fromO0.01 tqQ 3% by wei ht. Such a chel ate conmpound
can exert effectd gﬁﬁ WOYRO VIR 8nrangg fibeRi fgllite Sy weight.
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may also be added. Preferred conventional additives
include, for example, mannitol, a silane coupling agent,
15 a water-soluble silicone and a polyelectrolyte.

The electrolytic capacitor of the present invention
is preferably an aluminum electrolytic capacitor, and it
is formed so that a capacitor element formed by winding
an anode foil, wherein the surface of an etched aluminum

20 foil is anodized, and a cathode foil made of the etched
aluminum foil via a release paper so that surfaces of the
both face each other, and an electrolytic solution of the
present invention are contained in a case and,
furthermore, an opening portion of the case containing

25 the capacitor element is sealed with an elastic sealant.

Figure 1 is a sectional view showing one preferred
embodiment of the electrolytic capacitor of the present
invention, and Fig. 2 is a perspective view enlarged
partially'in the thickness direction, which shows a

30 capacitor element of the electrolytic capacitor shown in
Fig. 1. It should be noted that although the embodiment
shown in the drawings is an electrolytic capacitor with a
wound structure, electrolytic capacitors other than the
electrolytic capacitors with wound structures are

35 included in the present invention.

An electrolytic capacitor 10 shown in the drawing is
a chip-shaped ‘aluminum electrolytic capacitor and has



te). (3 droxybenzyl al cohol, for exanple, 2- hydroxybenzyl alcohol,
iESIu%an§c2ercetiZ acié or a salt thereof. Cenerally, this addltlge S
prief erably added in 30 the amount within a range fromO0.01 to 5% by
wei ght. .Such an additive can exert effects f&Ch as prolongation of a
working life due to inhibition of the hydration reaction of an al umi num

el ectrode foil of quOMqugggance capaci tor, and inprovenment in
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conbination. INggiease paper 24 and the second release paper 25 may be
the same or different. These two release papers are
preferably made of the same material in view of
15 simplification of the production process and reduction of
the production cost. The second release paper may be
formed from an insulating film which is usually used in
the field of the electrolytic capacitor, if necessary.
The capacitor element 1 is impregnated with an
20 electrolytic solution.

In the electrolytic capacitor shown in the drawing,
the sealant 3 has a lead wire-penetrating hole for
inserting a lead wire 2, thereby to conduct sealing,
therein. The end of the opening portion of the case 4 is

25 provided with a curl 14 to enhance the sealing strength
of the sealant 3.

The electrolytic capacitor shown in Figs. 1 and 2
can be produced, for example, by the following procedure.
First, an anode foil, wherein an oxidized film is

30 provided over the entire surface by anodizing the surface
of a high-purity aluminum foil as a raw material, and a
cathode film whose surface area is increased by etching
the surface are made. Then, the resulting anode foil and
cathode foil are disposed facing each other and a

35 separator (release paper) is interposed between those
films to form a laminate, thereby making an element with
a structure obtained by winding this laminate, that is, a



a conventional electrolytic solution, the procedure of 20 addi ng only
one nitro conpound to only a carboxylic acid- based el ectrolyte, or adding
only one nitro conpound to only an inorganic acid-based el ectrolyte has
been enpl oyed. However, satisfactory hydrpgfp_gas absorption function
cannot be obtained by the procedure in case 25 where the anount of water

contained in the solventié;$ff e, ang the sane results are obtained in an
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the like. Gener @®%tiqmicf Khed coset he addiedveits pradalanty abdedead - 15
- in the amount yiddy M 1i9aee tbaOTHB04 18 3% bye Ykl ra e I 2 d and
gluconic lactone can further exert remarkable effects suchas” an"
i mprovenent in colY MR NtestieERbY, tPncamBletehy (9edlinkt ionthathi ch are

specific 5 t dddleage eferhel BIeBtr8Nyt $8CE0BSt FoI RN Gt Pefr.a Wor ki ng
| ' in lowtenperature stability

e o0 oL byt SBRIEL R o BECHET R L L Sl e =t o
el ectrol ytic solagdamlisly ttoe theepeasentvinvéntionGrill be deddriadd tinon to
the above-descrijhad addiLijves FiEBE‘{eB&LQEf{u&E’Q'éié’::‘?esnés otpeclfel ealndod%f the
al um num foil and cathode foil are as described above. As

described above, the release paper can play an important

15 role in the present invention and its constituent element
is also as described above.

The sealant used in the electrolytic capacitor of
the present invention can be formed from various
conventional materials as far as the material has high

20 hardness and proper rubber elasticity, and it is also
impermeable to an electrolytic solution and has good
airtightness for the sealant. Preferred sealant material
includes, for example, elastic rubber such as natural
rubber (NR), styrene-butadiene rubber (SBR), ethylene-

25 propylene terpolymer (EPT), and isobutylene-isoprene
rubber (IIR). The isobutylene-isoprene rubber (IIR) is
preferably used because the airtightness is high and the
electrolytic solution does not penetrate in the form of.
vapor. Vulcanized IIR having more excellent heat

30 resistance, for example, sulfur-vulcanized, quinoid-
vulcanized or resin-vulcanized IIR is used more
preferably, and the resin-vulcanized IIR is particularly
preferred.

Further, in the practice of the present invention, a

35 hybrid material obtained by laminating a resin material
plate having sufficient airtightness and strength (e.qg.
fluorine-~contained resin plate such as PTFE plate) can be



electrolytic capacitor and other electrolytic capacitors may al so be added.
Preferred conventional additives include, for exanple, nmannitol, a silane
coupling agent, 15 a wat er-soluble silicone and a polyelectrolyte. The
el ectrol.ytic capacitor of the present inve iéon is preferably an al um num
el ectrolytic capacitor, and it is formed so that a capacitor element forned
by’ wi nding an anpgde foil, wherein the surface of an etched al um num 20

foil is anodi zed® HHREAIMHuASS Hnnpdacsr of hshet ehevieadlesinibed oi | via a

rel ease paper sosédbdntsundwnemiof the both face each other, and an
electrolytic solution of the present invention are contained in a case and,

furthermore, an opening portion of the case containing 25 the capacitor
el ement is sedeﬁkamplggn elastlc sealant Figure 1 is a sectlon?ltxlew
show ng one preferre el ect tic capacitor o e
present |n§ent|on %3 |g épgﬁgét% gég %ih%%fﬁﬁ? pially in

t he thickness d|93é%ﬁeftih lnmmnoghgmdataﬁ)l. These | Bxame] eredde Glo tHee
el ectrol ytic can,a&déﬁlrueﬁﬁqwa'm Ebgge&ts'és #ft‘é&ﬁbae»? 9L &5 d et al though

t he enbodi mnent shown in the drawn IS an e ro r\Mth a
wound st ruct ur e, TSGR CN@éﬁaéPt bhe 6@hb¢WIMrF-xdﬂ@J&tsedﬁraﬁ yithiec

capacitors w th aentehtstofueiatieansaia 8he relé‘&éé‘dﬁébéf' Jdlf lRBYG in

ram ng 1s a
chi p-shapad al uriLCaSHErG FEPECABaCi 1By MRl heabEainasbiby: shacdeter ¢
e noars hmameTet B Calsegechaets sie sbibects o G S g
\(/:Mo?';]a;ngga: gn? X%Jﬁe%%z{%al%l te’gg g %g?éigilgrﬁ%lwqur? pitrich@cig al case
i's in the form dolatdonndasHeshehi kke content of cations was determined

by an atomic absorption spectrophotometer.

15 Example 1

An aluminum electrolytic capacitor with a wound
Structure was produced in accordance with the following
procedure.
First, an aluminum foil was electrochemically

20 etched, followed by anodizing to form an anodized film
over the entire surface of the aluminum foil, and then a
lead tab for leading an electrode was attached to make an
aluminum-made anode electrode. Another aluminum foil was
also electrochemically etched and a lead tab for leading

25 an electrode was attached to make an aluminum-made
cathode electrode. Subsequently, a capacitor element was
made by interposing a release paper between the anode
electrode and the cathode electrode, followed by winding.
The release paper used herein is a paper made by using

30 Manila hemp as a raw material and the content of cations
was as small as 489 ppm because of the washing step in
the paper-making process. Then, the capacitor element
was impregnated with an electrolytic solution of
compositions described below and contained in an aluminum

35 closed-end case so that the lead tab for leading an
electrode protrudes out of the case, and then an opening
of this case'was sealed with an elastic sealant to make



| am nate 20. The | am nate 20 conprises, as shown in the draw ng, an

al umi num foil (anode) 21 having an al um num oxide film 22 over the entire
surface thereof, an alum numfoil (cathode) 23, a first rel ease paper 10
(rel ease paper) 24 interposed between thQ§g“FIectrodes, and a second

rel ease paper (rel ease paper) 25. The first Telease paper 24 and the second
rel ease paper 25 may. be the same or different. These two rel ease papers are
preferably made ¥ §4RE Tt SAPECitprvWélhor weund strgttyre atf .ch Wi- t he
production proce§§oguuhgf¥hmnion of the production cost. The second rel ease
paper may be fornmed froman insulating filmwhich is usually used in the
field of the electrolytic capacitor, if necessary. The capacitor elenent 1
is inmpregnated w | ectrolytic solution. t.he electrolytic
capaci tor shomvgiélﬂxl%rehezd%al 'Cr?g', the sealant 3 has a 4%%(?%"?%1 thetrat i ng
hol e for iﬁsertiWﬁf%fl ead wire 2, thereby to conduct4®ediy mgighterein. The
end of the openixgnqiQiin Q@i®htihe case 4 is 25 ,{1.04/4 Vyg-t@}ta curl 14
to enhance the §ﬁﬁ!ing strength of the seal ant 3. e el ctr&l e
capacitor shown T912%Figs. 1 and 2 can be produced, fOr5%tahpied gy t he
foll owi ng procediufywdani 3D L1, wherein . fdi,zed. filmis 30
provi ded over the ggrﬁ%ar%%tsﬁfﬁgcg ggéﬁ%’g‘%. zing the s‘ﬁ’ﬁﬁ?fc eiz?hliﬁ gh-purity
alumnumfoil as a raw material, and a cathode fil mwhose surface area is

ncreased1ty, et ol ng feh@valibage b CoREee ek ddi%d S il angre ol

and cathode foil are dispgsed facing each other and a or
(rel ease paper) SIEGHFOLYEdScGapachten, t wostnitiak valveor(mharaaterdseic

thereby meking amlelecrmplediatBly SEEEStHAR MDA NG NDIHAO 4t hi s
| ami nate, that'é%af%cteristic value after the capacitor was allowed to
stand at high temperature (lapse of 3,000 hours at 105°C)
15 under application of a rated voltage were measured with

respect to the capacitance, tan & and leakage current.

As a result, measured values as described in Table 1
below were obtained, '
Examples 2 and 3

20 The same procedure as in Example 1 was repeated,
except that the content of cations of the release paper
used was changed to 280 ppm (Example 2) or 120 ppm
(Example 3) in these examples. The results as described
in Table 1 below were obtained.

25 Comparative Examples 1 to 3

The same procedure as in Example 1 was repeated,

except that the content of cations of the release paper
used was changed to 1,121 ppm (Comparative Example 1),
1,932 ppm (Comparative Example 2) or 3,013 ppm

30 (Comparative Example 3) for comparison purpose in these
comparative examples. The results as described in Table
1 below were obtained.



-17- capacitor element. Subsequently, the resulting capacitor elenent is

i pregnated with an electrolytic solution and the capacitor el enent

i mpregnated with the electrolytic solution is contained in a case
(generally nade of 5 al um num, as descrihed above, and then an opening
portion of the case is sealed wth a seal ant? Two lead wires are inserted

into a | ead W re-penetrati ngrhote—of the—seal "ﬂg—thereby to conpletely
seal it so that |eakage of the elecfrolytifc shhldntbn does not occur. 10
The constitution of the electrol §tik capadi t ofS[&8ording to the present
invention will be described in ngrel$etailio Fg%g constituent el enents of
the anode foil and cathode floill 8rel=2 Hestyi pediabove. As described above,
the rel ease paper can play anii orfante13 @ A8lin the present invention
and its constituent elenent |is gg:so og deder i e |Bbove. The seal ant used in
the electrolytic capacitor af ©n 5 can be fornmed from
various conventional material g gt er | al has high 20
har dness and proper rubber gf% o ijsjal] so i npernmeable to an
el ectrolytic solution and hag g sg—4for the seal ant. Preferred
seal ant material includes, f|o4 cgeui-dpber such as natural
rubber (NR), styrene-butadigp¢ g;gag,p thAyFene- 25 pr opyl ene
terpol ymer (EPT), and isobut{yliene-ijsop %Tr‘j;egrrm Qe (IR . The
i sobut yl ene-i soprene rubber QIIR) ils prefwemadl ¥ used because the
airtightness is high and thesgel €ctrloty1g &8 i,0p| does not penetrate in
the form of vapor. Wul cani ze@ | BReHagi ng 9rgré excel | ent heat 30
. — oot~ .
resi stance, for exanple, sullfursvuticanzed gamoetd- vul cani zed or
resin-vul canized IR is usedsis e prefagé‘bby, and [t he resin-vul canized IR
is particularly 4 @ 2638
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preferred. Further, in the practice of the present invention, a 35
hybrid material obtained by lamnating a resin material plate having
sufficient airtightness and strength (e.g. fluorine-contained resin plate

such as .PTFE pl ate) can be - 18 - advantageously used in place of the
above-descri bed sealant material. Exanples 5 The foll ow ng
Exanpl es further illustrate the present invention in detail. These Exanpl es

are to be construed iASalf RpRPERAL from |Yhestesules shdwnotinr @abileclj ve.
Note in the fol | enipe Eéaﬁalgfgﬁfﬁcéﬂle S HSYn fl%ahkﬁ'éiai”vé'ﬂg?re' ease

aper was neasured.in the follow ng procedu | e obtai ned by
gbgolute drying PtHeF%|EE§ {ﬁﬁﬁﬁ°%¥£99nﬂﬁ£?QH¥°§ScPﬁcFQWQaﬁﬁélVﬁe ashed

sanpl e was d|ssoExamplesamhémhﬁnnthéﬂddnﬂén&CbQ %@Eﬂbh@nexéeddéh@“ob@eppm

d an at c
apect rophot et efd 1Ee CELELELIRATY ARl o273 Be b abrat capuertPmw t b
a wound structurﬁhmellprbmmimmaaca)w 5\m0t ppmhe Ho{vévwngt]&)éﬁ@eﬁslre
Enodi 2i g 10 for o aardh oiende i (EDEBEEIOLER, o EhE Eloar Tt Bt M R um
foil, and then a®h@adfte®m #d?lglééiﬁﬂmr@tumeedpﬁddaems aAtacheiing otorakize an

alun1nun}nade anpﬂes@ﬁ@0£ﬁ¢ék%1c&nOkm%rc%%H%b%%EgE@héimﬁf 8 $8rking life
el ectrochem cally etched ﬂnd a lead tab for |eadin an eleciro

attached t nake B B¢ e I deREavIesde electrode Subsequently, a
capaci tor el ement maSThe electrolytic capacitor subjected to the high-

temperature load test was disassembled and the surface of
anode and cathode foils was observed using a microscope.

evvas

As a result, a gel film was observed on the surface of

15 the anode and cathode foils in the electrolytic capacitor
of Comparative Examples and, furthermore, a remarkable
gel film was recognized on the surface of the cathode
foil as compared with the case of the anode foil. On the
other hand, no gel film was observed on the surface of

20 the anode and cathode foils in the electrolytic
capacitors of the present invention.

Industrial Applicability

As described above, according to the present

25 invention, formation of a hydrate film (gel film) on the
surface of anode and cathode foils of an electrolytic
capacitor, which is caused by a cation ingredient such as
calcium ions contained in a release paper, can be
inhibited. Therefore, according to the present

30 invention, there is provided an electrolytic capacitor
with high reliability, particularly an aluminum
electrolytic capacitor, which has a low impedance,
excellent low-temperature stability and heat resistance,
and good characteristics of working life.



made by interposing a rel ease paper between the anode el ectrode and the
cat hode el ectrode, followed by w nding. The rel ease paper used herein is a
paper made by using 30 Manila henp as a raw material and the content of
cations was as snmall as 489 ppm because of 2he-washing step in the
paper - maki ng process. Then, the capacitor element was inpregnated with an
electrolytic solution of conpositions described bel ow and contained in an
al um num 35 cl osed-end case so that tHeLARE tab for |eading an

el ectrode protrudes ouf ofad flﬂ.e%ﬂ:&%lg%’i@ basacaeoepe&hﬁﬂlgin@hés case was
sealed with an elastlc seal ant t - an _electrolytic C%P aci tor
with a wound str?ﬁ??ﬁ%&??59%%ﬂ€nt1f@6@eFeFFPﬂ)anEFﬂ?ﬁ%nﬁohlycélcatho e

45% by wei ght 5 foiMidmgosed to the anode 5pgl and a re%ﬁ%5e4§@@§W wei ght
Anmmoni um agi pat e 0 I )

0. 5% by we%gﬁt Harished betyees, Hhe; 3898ﬁe¥°¥'\’f I e traaBds fRight 10
To eval uate the amiirmt&irecs:tnodstab sbéuabiomnm, naohaebhetérbiedi tn cgpcd t or, an

initial value (characteristic %abg tgggegka%ngogggg{%%ag%ﬂ?dg a aC|tor)

and a characteristic value after e capacitor wa G at hi gh
t enperature (| ap@PHt i3 OOG W@ﬁﬁstéﬁnléQPePP?CD 15 under appllcatlon of

t
a rated vol tage were greasuied eWekhrbe§ReE céﬁaéféofaé)@&éf ed I%ﬁf[lgff

and Ieakag% curr.ent neasured val ues as desc

| t
bel ow wer &"obt alhed’heé%ﬁlplsé‘&% Ca4doB(8y are derl"ﬁ‘ﬁ %%{Freapfr%téféﬁﬁﬁéf
Exanple 1 was repeat ghoducedph plratesbeogoBhenteDéasatpfssr aind he rel ease

paper content thereof is reduced to a level of aforesaid
content as a result of a washing treatment.
3. The electrolytic capacitor according to claim 1
15 or 2, wherein said electrolytic solution contains a
solvent consisting of 20 to 80% by weight of an organic
solvent and 80 to 20% by weight of water, and at least
one electrolyte selected from the group consisting of a
carboxylic acid or a salt thereof and an inorganic acid
20 or a salt thereof.
4. The electrolytic capacitor according to claim
3, wherein said organic solvent is a protic solvent, an
aprotic solvent, or a mixture thereof.
5. The electrolytic capacitor according to claim
25 3, wherein said carboxylic acid or salt thereof is
selected from the group consisting of formic acid, acetic
acid, propionic acid, butyric acid, p-nitrobenzoic acid,
salicylic acid, benzoic acid, oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, fumaric acid,
30 maleic acid, phthalic acid, azelaic acid, citric acid and
hfdroxybutyric acid, and ammonium, sbdium, potassium,
amine and alkyl ammonium salts thereof.
6. The electrolytic capacitor according to claim
3, wherein said inorganic acid or salt thereof is
35 selected from the group consisting of phosphoric acid,
phosophorous acid, hypophosphorous acid, boric acid,
sulfamic acid, and ammonium, sodium, potassium, amine and

AT RO




used was changed to 280 ppm (Exanple 2) or 120 ppm (Exanple 3) in these
exanpl es. The results as described in Table 1 bel ow were obtai ned. 25
Conparative Exanples 1 to 3 The sane procedure as in Exanple 1 was
repeated, except that the content of cati-ens3 of the rel ease paper used was
changed to 1,121 ppm (Conparative Exanple 1), 1,932 ppm (Conparative
Exanpl e 2) or 3,013 ppm 30 (Conpar ati ve Exanple 3) for conparison
purpose in these? AR Qe &R HSe s heTRefresul ts as described in Table 1

bel ow were obtained. 7. - B elle®ftirblytic dipachbolSaPRisny {4
results shown in gq%t§¥%% there is noy ignif?cgntodi?ferenggéin ;%ﬁ%!éﬁe
e I

S . ¢
val ue between th& 315% CoapReredns SatdCehpaE EP1 VRl Ex@tt EOMher ei n
t he contentfofhcﬂmithér(nﬁnﬁaihsla&oaﬁaaﬁl5nehadﬂﬂtih@ §é£§$f?ﬂ)&ﬂdm the
capaci tor t he ent j.nventjon wherein the content is bel ow 500 ppm
However, t%@re i%gg eééﬁg%:%iﬁ§é°&ﬁ characteristics of the capacitor before
and after a hi gh-tenpellat & ehledadet esmpoAnderdi ng to the present invention,
the characteristics ofy deHag-ildeke 10 can be markedly inproved. The
el ectrolytic capacito¢ sug%icte%ltggfhe hi gh- tenperature |oad test was
di sassenbl ed and t he &bk f dElroxyhesarlandcehehodedfor | s-glastasbiser ved usi ng

a mcroscope. Asfadd@sid tacid @8 of shMtwagepbserved on the surface of
10 (4) a nitro compound, and
(5) gluconic acid and/or gluconic lactone.
8. The electrolytic capacitor according to any one of
claims 1 to 7, which is an aluminum electrolytic
capacitor.

-_
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15 t he anode and cathode foils in the electrolytic capacitor of

Conpar ati ve Exanples and, furthernore, a remarkable gel filmwas recogni zed
on the surface of the cathode foil as conpared with the case of the anode
foil. On the other hand, no gel filmwas okseryed on the surface of 20

the anode and cathode foils in the electrolytic capacitors of the present

i nvention. Industrial Applicability As described above, according to the
present 25 invention, formation of oABSERAGR film (gel film on the
surface of anode and cathode foils of an electrolytic capacitor, which is
caused by a cation ir}%{je i ent s]g(ch as calciumions contained in a rel ease
paper, can be inhibit .eiﬁ‘r‘éiréﬁ‘ TaC SEPEFATERY FOTPRESPREsRFaRRritor

i n?/_en'ltji f)_n, thereel_anelnﬁo?/ﬁdiﬁtcédilrfr@ne@w airbuECflegpgcat@atma@ f‘t'bﬂi"_o%pohsed
reliability, particular n al.um_num_el ectrol ytic capacitor i C as a
| ow i rrpeda)éce, e&%e%eenﬁr}/CT%Nﬁ’ &P&t &r Ee‘;?ﬁﬁ?lpwe’énga%%‘&‘tc}? iREHREE and
good char act eri sthe sargfdevfiddilngnid fthe cathodd fofl Al Mtd lan eXectetelnitiad ytic
capaci tor conprigsl a j t f r . il

cat hode foil oppéoés.e J?oorp't @%atﬁ%rgggk%ﬁ@aﬁégggggﬂagg %%To‘gppgfegé)ésapnac?\?ﬁrched
bet ween the anode¥ng |ngihdratee tharhs48 ppml, The ehkeetrelybigtdapasitay on,

characterized i mddal ‘1ck Gafcdidince|, 6abbonbs) 18ySeémbdLlease ry sis§, not
nore t han %OO ppm . 2. The el ectrol yti.c capacitor arg%o%i ng to ¢ eililrh%lo
sai'd 4 i;&?(%

1, wherei Fegistadceyednf gAPe Yarkied eki%® or a production
process of the relasdgmEpicand a



content. thereof is reduced to a | evel of aforesaid content as a result of a
washi ng treatnent. 3. The el ectrol ytic capacitor according to claim1l 15
or- 2, wherein said electrolytic solution contains a solvent consisting of
20 to 80% by wei ght of an organic solvent and 80 to 20% by wei ght of water,
and at | east one electrolyte selected fromthe group consisting of a

carboxylic acid or a salt thereof and an inorganic acid 20 or a salt

t hereof . 4. The el ectrolytic capacitor according to claim3, wherein said
organic solvent is a protic solvent, an aprotic solvent, or a m xture

t hereof . 5. The el ectrolytic capacitor according to claim?25 3,

wherein said carboxylic acid or salt thereof is selected fromthe group
consisting of formc acid, acetic acid, propionic acid, butyric acid,

p- ni trobenzoic acid, salicylic acid, benzoic acid, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid, fumaric acid, 30 mal ei c
acid, phthalic acid, azelaic acid, citric acid and hydroxybutyric acid, and
ammoni um sodi um potassium am ne al kyl ,amoni um salts thereof. 6.

The el ectrol ytic capacitor according o‘ im 3, wherein said inorganic
acid or salt thereof is 35 sel ected freM'the group consisting of
phosphoric acid, phosophorous acid, hypophosphorous acid, boric acid,

sul fam ¢ acid, and ammoni um sodi um potassium am ne and - 23 - al kyl
amoni um salts thereof. 7. The el ectrolytic capacitor according to any
one of clains 3 to 6, wherein said elegtrolytic solution further contains
at | east one additive selected fromthp
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5 group consisting of: (1) a chelate conpound, (2) saccharides, (3)
Hydr oxybenzyl al cohol and/or L-glutam c- diacetic acid or a salt thereof,
1Q (4) a nitro conmpound, and (5) gluconic acid and/or gluconic

l.actone. 8. The electrolytic capacitor according to any one of clains 1 to
7, which is an alum num el ectrol ytic capacitor.

Fig.2
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