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(54) SEPARATOR FOR ELECTROLYTIC CAPACITOR, AND ELECTROLYTIC CAPACITOR

(57) A cellulose solution obtained by dissolving cel-
lulose in an amine oxide solvent is formed in a film form,
and the resulting cellulose solution is immersed in water
or a poor solvent of the amine oxide solvent, so as to
coagulate and regenerate the cellulose. The regenerated
cellulose is washed with water to remove the amine oxide
solvent, and then dried, thereby obtaining a cellulose film
that is thin, uniform, and dense and has few impurities.

An aluminum electrolytic capacitor, which has been
down-sized and/or capacity enlarged, can be construct-
ed by interleaving the obtained cellulose film as a sepa-
rator between an anode aluminum foil and a cathode
aluminum foil and winding them into a capacitor element,
immersing the capacitor element in liquid electrolyte so
as to impregnate it with the electrolyte, placing it in a
case, and then sealing it closed and aging it.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a separator for an electrolytic capacitor and an electrolytic capacitor. More
specifically, it relates to a separator for an aluminum electrolytic capacitor using, for example, a cellulose film as the
separator capable of down sizing and/or capacity enlargement of a capacitor, and an electrolytic capacitor using said
separator.

BACKGROUND ART

[0002] Generally, an aluminum electrolytic capacitor is constructed by interleaving a separator between an anode
aluminum foil and a cathode aluminum foil and winding them into a capacitor element, impregnating the capacitor element
with electrolyte, placing it in a case, and then sealing it closed and aging it.
[0003] Dielectric of the aluminum electrolytic capacitor is a very thin oxide film formed on the surface of the anode
aluminum foil through electrolytic oxidation (chemical conversion). Through impregnation of electrolyte in the separator
within the capacitor element, the electrolyte becomes a real cathode and the oxide film on the anode aluminum foil
surface becomes a dielectric.
[0004] The capacitance of the capacitor is expressed by the following Formula 1. 

C: Capacitance (F)
ε: Dielectric constant (F/m) of dielectric
S: Surface area (m2) of electrode
d: Distance (m) between electrodes

[0005] To attain a larger capacitance [C in Formula 1] of the aluminum electrolytic capacitor, it is effective to increase
the surface area [S in Formula 1] of the electrodes and decrease the distance [d in Formula 1] between the electrodes
since the dielectric constant [ε in Formula 1] is dependent on type of dielectric. Since the oxide film can be formed having
an arbitrary thickness and with high withstand voltage per unit thickness, the aluminum electrolytic capacitor has a
smaller distance d between the electrodes than other types of capacitors such as ceramic capacitors and film capacitors.
Moreover, etching of the anode aluminum foil allows an approximately 20 to 120 times larger effective area than the
apparent area, and therefore the area S of the electrodes is larger. As a result, realization of a smaller aluminum
electrolytic capacitor having a larger capacitance than other types of capacitors is the greatest feature.
[0006] The main role of the separator in the aluminum electrolytic capacitor is isolation of the electrode films and
retaining the electrolyte. Electrical insulation is required for the material of the separator, and hydrophilic properties and
lipophilic properties are required for retaining various types of electrolytes. Cellulose has these properties and therefore
electrolytic paper, which is cellulosic paper, is used as the separator for electrolytic capacitor.
[0007] In recent years, application of energy efficient inverter circuits in all fields related to the environment such as
wind-generated electricity, solar cells, hybrid vehicles, electric vehicles, various energy-saving devices, etc. has been
expanding through not only Japan but world-wide energy saving policies and measures, and petroleum alternative energy
policies and measures. Furthermore, regarding household electronic appliances, many devices such as air-conditioning
equipment, refrigerators, laundry machines, lighting devices or the like have started using inverters for the purpose of
saving energy.
[0008] Here, an inverter refers to an adjustable speed device for highly controlling rotation of a motor by controlling
frequency and voltage. The aluminum electrolytic capacitor is used for the inverter to smooth fluctuation components
included in direct current output from a rectifier. The aluminum electrolytic capacitor occupies a large volume ratio of
the inverter constructional elements, and thus there is a high demand for further down sizing.
[0009] The aluminum electrolytic capacitor may also be used for input smoothing in a switching power supply or the
like. The switching power supply is a conversion device for outputting arbitrary direct-current electricity by converting
an alternating current input from a commercial power supply. The power supplies, such as a switching power supply,
also have the case of limited space for installing the aluminum electrolytic capacitor and are demanded for being down
sized.
[0010] Furthermore, since there are many cases where a plurality of the aluminum electrolytic capacitor is used, and
reduction in the number of mounted capacitors is possible if capacity is increased with the same size, there is high
demand for capacity enlargement along with down sizing. Further down sizing or capacity enlargement of the aluminum
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electrolytic capacitor is a common important development point in various fields.
[0011] Since the element of the aluminum electrolytic capacitor is constructed by interleaving a separator between an
anode aluminum foil and a cathode aluminum foil and winding them, the area [S in the above Formula 1] of the oxide
film which is a dielectric of the capacitor, can be increased because length of the anode aluminum foil of an element of
the same volume is increased by making the separator thinner, and capacity enlargement of the aluminum electrolytic
capacitor can be realized. Furthermore, since volume of the element of the same capacity decreases by making the
separator thinner without changing the area [S in the above Formula 1] of the oxide film, down sizing of the aluminum
electrolytic capacitor can also be realized.
[0012] Some causes of shorting of the aluminum electrolytic capacitor are piercing or damage of the separator due
to burr on the tab portion or an electrode foil end, or burr of a connecting part between an electrode foil and a lead wire,
damage of the separator due to mechanical stress such as vibration or impact, dielectric breakdown of the oxide film
resulting from electrical stress such as spark discharge, the aging process during capacitor manufacturing and a defect
of the oxide film, or the like. Making the separator thinner means lowering resistance to these causes of electrical short
circuits (referred to as short-circuit resistance characteristics hereafter). It is effective to make the separator have a
further uniform and dense formation or increase the density thereof in order to maintain the same short-circuit resistance
characteristics even if the separator is made thinner.
[0013] In the case of a medium and high voltage aluminum electrolytic capacitor, electrolytic paper having sufficiently
high density and thickness to maintain the short-circuit resistance characteristics is used. The higher the working voltage,
the higher the risk of short-circuits. Therefore, high density electrolytic paper of one-ply with a density of 0.70 to 1.00
g/cm3 without any pinholes (referred to as ’Fourdrinier simplex’ hereafter), which is made using a Fourdrinier machine
from a raw material obtained by strongly beating or highly refining fibers, or electrolytic paper of two-ply (referred to as
’Fourdrinier/cylinder duplex’ hereafter) made by layering and combining on a paper making machine, high density layers,
which are formed by layering paper using the Fourdrinier machine, and low density layers, which are formed by layering
paper using a cylinder machine, is used (Patent Document 1).
[0014] Softwood kraft pulp that is highly refined by applying a large amount of electric power and taking a refining time
is generally used as raw material for the Fourdrinier simplex and the high density layers of the Fourdrinier/cylinder duplex.
While the cross section of the softwood kraft pulp before refining has a flat shape approximately 10 mm by 40 mm large,
it may be fragmented into smaller pieces of several tens of nm to several mm by refining and thereby generating fibrils.
Paper is made by dispersing fibers in water, forming fiber mat on a paper making wire mesh. Thereby, the more the
fibers are refined so as to further fragment the fiber diameter, more uniform and dense fiber mat may be formed.
[0015] However, it is difficult to make equable diameters and lengths of all of the fibers even if they are further highly
refined. As a result, the paper is a sheet of various sized fibers physically intertwined and/or joined by hydrogen bonding.
It is difficult to make a completely uniform internal structure of the paper, and there is therefore a limit to improvement
in uniformity and minuteness.
[0016] Electrolytic paper also has a limit to thinning. In the paper making process, on a paper making wire mesh, water
filtering rate becomes slower as many fine fibers fall through the wire mesh during initial water removal and gradually
form fiber mat, and after the middle stage of the water removal process, many fine fibers yield a wet paper, thereby
gradually forming dense fiber mat. A raw material having a large ratio of fibers with small diameters resulting from high
refining needs to be used in order to make thin paper since thickness of the paper depends on diameters of the raw
material fibers and how many are layered.
[0017] Since fiber length of the raw material having a small fiber diameter resulting from high refining becomes shorter,
when making paper of 10 mm or less, for example, many fine fibers fall through the wire mesh during the initial water
removal. Therefore, yield rate decreases and pinholes or formation irregularity occurs. Fibers do not exist in pinholes.
There are areas with only a few fibers as formation irregularity has an uneven distribution of fibers. When there is a
pinhole or formation irregularity in the separator, electric charge converges in those areas and causes a short-circuit.
Furthermore, trouble of repeated tearing of paper of 10 mm or less occurs even in the paper making process due to
decrease in places of physical adhesion between fibers, decrease in insufficient wet paper strength, and decrease in
dry paper strength.
[0018] The density of paper is calculated by the following Formula 2. Thus, when paper having the same basis weight
(weight of paper per 1 m2: g/m2) becomes thinner, density increases. 

[0019] However, even refining more than the most refined, highly-refined raw material having a density of approximately
1.00 g/cm3 of the Fourdrinier simplex and the high density layers of the Fourdrinier/cylinder duplex makes it difficult for
the paper to become thinner and to increase density since the fiber form making the fiber mat hardly changes except
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for increase in the rate of fibers falling through the wire mesh during paper making.
[0020] While calendering in post processing after the paper making process can provide a higher degree of density,
providing a higher degree of density by this method only compresses along the thickness the fibers for making the paper
but does not change size of the fibers or minuteness along the surface, and thereby does not improve short-circuit
resistance characteristics.
[0021] A film is a representative molded product that is uniform and in sheet form.
[0022] As it is necessary for the separator for an aluminum electrolytic capacitor to retain electrolyte, films that cannot
impregnate electrolyte inside such as a polyethylene (PE) film or polypropylene (PP) film and films that dissolve electrolyte
such as a polyvinyl alcohol (PVA) film cannot be used as the separator. Note that the separator for an aluminum electrolytic
capacitor requires dimensional stability and chemical stability at temperatures of 100°C or higher. Use of a PE film, a
PP film, or a PVA film as a separator is difficult even from the aspect of heat tolerance.
[0023] A representative example of films using as the main component the same cellulose as the electrolytic paper is
a cellulose film made by making a film of viscose, which results from dissolving cellulose in an alkali such as sodium
hydroxide and carbon disulfide, and neutralizing it using an acid such as sulfuric acid so as to regenerate cellulose
(cellulose film made through a viscose process).
[0024] Since the cellulose film made through this viscose process is a film, it has a dense component and higher
density than the electrolytic paper. Moreover, since it is cellulose, it has hydrophilic properties and lipophilic properties.
In the case of electrolytic paper, while the role of retaining electrolyte is mainly taken on by the low density layers of the
Fourdrinier/cylinder duplex, if the Fourdrinier simplex or the high density layers of the Fourdrinier/cylinder duplex are
also immersed in the electrolyte, the hydrogen bond between fibers or between cellulose molecules is severed and
paper is swelled, and the electrolyte can thereby be retained. The cellulose film made through the viscose process does
not have any void parts in a dry state since it is highly dense; however, if it is immersed in the electrolyte, the hydrogen
bond between the cellulose molecules is severed and film is swelled, and the electrolyte can thereby be retained.
[0025] However, since the cellulose film made through the viscose process also causes a chemical reaction that
generates carbon disulfide gas in the process of regenerating cellulose, pinholes are easily formed. An approximately
20 mm-thick cellulose film made through the viscose process has approximately ten pinholes per cm2 having a diameter
of 10 mm or greater, where the thinner the film, the greater the number of pinholes. Since there are pinholes in the
cellulose film made through the viscose process, compared to electrolytic paper of the same thickness, the cellulose
film made through the viscose process has weaker short-circuit resistance characteristics than the low density electrolytic
paper.
[0026] Furthermore, the cellulose film made through the viscose process contains hydrosulfate. When using a separator
having a high content of hydrosulfate, sulfate ions elute into the electrolyte, corroding the oxide film, which is to be an
insulator for the anode aluminum foil of the aluminum electrolytic capacitor. A defective part of the oxide film is a cause
of increase in short-circuit defects and leakage current. For the reasons stated above, use of a cellulose film made
through the viscose process is unsuitable as a separator for an aluminum electrolytic capacitor.
[0027] Furthermore, it is necessary for the cellulose film made through the viscose process to reduce the degree of
polymerization of the cellulose, so as to make appropriate viscosity of a cellulose solution at the time of manufacturing.
Decrease in degree of polymerization reduces strength of the cellulose film and resistance against the electrolyte.
[0028] A cuprammonium rayon process is another representative process of maki ng regenerated cellulose. A cu-
prammonium solution used in fabrication of cuprammonium rayon is created by adding an ammonium solution and
sodium hydroxide to copper sulfate. In the cuprammonium rayon process, the cellulose film is made by dissolving
cellulose in the cuprammonium solution, extruding it in diluted sulfuric acid and molding it.
[0029] The cellulose film made through the cuprammonium rayon process contains sulfate ions as well as many copper
ions. In the case of using a separator having a high content of copper ions, a failure leading to a short-circuit occurs in
that copper ions seep into the electrolyte, precipitate as copper oxide on the defective part of the oxide film on the anode
aluminum foil when a reverse voltage is applied while the capacitor is repeatedly charging and discharging, and become
dendrite that penetrates the separator. For the reasons stated above, use of a cellulose film made through the cupram-
monium rayon process is unsuitable as a separator for an aluminum electrolytic capacitor.
[0030] Other well-known cellulose solvents include lithium chloride/ dimethylacetamide cellulose solvent, lithium hy-
droxide/ urea cellulose solvent (Non-patent Document 1), sodium hydroxide/ urea cellulose solvent (Patent Document
2), sodium hydroxide/ thiourea cellulose solvent (Patent Document 3) and ionic liquids. However, the cellulose film using
the lithium chloride/ dimethylacetamide cellulose solvent has a high content of chlorine, and the lithium hydroxide/ urea
cellulose solvent, the sodium hydroxide/ urea cellulose solvent and the sodium hydroxide/ thiourea cellulose solvent in
actual use have a high content of hydrosulfate since diluted sulfuric acid is used in a coagulation bath for neutralizing
the alkali.
[0031] The ionic liquids are well-known that 1-butyl 3-methylimidazolium salt including Cl-, Br-, SCN-, BF4

-, PF6
- etc.

as an anion dissolves cellulose (Non-patent Document 2); however, the ionic liquids that dissolve the cellulose use
chlorine, which has good reactivity, or another halogen as an anion. Since residual elements of the chlorine or halogen
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corrode the oxide film on the anode aluminum foil more than sulfate ions, use of a cellulose film made using these ionic
liquids is unsuitable. Furthermore, as ionic liquids are very expensive, they are unsuitable for manufacturing constructional
elements of an aluminum electrolytic capacitor characterized by its affordable price.

Prior Art Documents

Patent Documents

[0032]

Patent Document 1: JP Patent No. 3693299
Patent Document 2: JP 2008-542560A
Patent Document 3: JP 2009-508015A

Non-patent Documents

[0033]

Non-patent Document 1: "Experimental and analytical methods of cellulose" series No. 15, Dissolution of cellulose
in alkaline-urea solvent and regenerative gelatinization thereof, KUGA, Shigenori, CAI Jie Cellulose Communications
Vol. 15, No. 2 (2008)
Non-patent Document 2: CMC Publishing Co., Ltd., Ionic Liquid II- Chapter 13: Solubilization of poorly soluble
substances, FUKAYA, Yukinobu and OHNO, Hiroyuki

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0034] The present invention aims to provide as a separator for an aluminum electrolytic capacitor, a cellulose film
that is thin, uniform, and dense and has few impurities. Furthermore, it aims to provide an aluminum electrolytic capacitor
that is down sized and/or capacity enlarged by using said cellulose film as a separator.

Means of Solving the Problem

[0035] The configuration below, for example, is provided as a means for solving the above aim. That is, a separator
for an electrolytic capacitor is characterized in that it is a film using cellulose as a raw material.
[0036] Moreover, for example, the film using cellulose as a raw material is characterized in that it is a cellulose film
obtained by forming in a film form a cellulose solution obtained by dissolving cellulose in an amine oxide solvent,
immersing the resulting cellulose solution in water or a poor solvent of the amine oxide solvent so as to coagulate and
regenerate the cellulose, washing the regenerated cellulose with water to remove the amine oxide solvent, and drying
the resulting cellulose.
[0037] Furthermore, for example, the amine oxide solvent is N-methylmorpholine-N-oxide. Yet further, for example,
film thickness is 3 to 20 mm.
[0038] Yet even further, for example, chlorine content of the film is 2 ppm or less. Alternatively, hydrosulfate content
of the film is 10 ppm or less.
[0039] Alternatively, it is an electrolytic capacitor having the separator with a configuration given above interleaves
between an anode foil and a cathode foil.
[0040] For example, an aluminum electrolytic capacitor, which has been down-sized and/or capacity enlarged, can
be made by interleaving this separator between an anode aluminum foil and a cathode aluminum foil and winding them
into a capacitor element, immersing the capacitor element in liquid electrolyte so as to impregnate it with the electrolyte,
placing it in a case, and then sealing it closed and aging it, is provided.

Results of the Invention

[0041] According to the present invention, minuteness and uniformity may be improved, and density may be higher,
thus providing a very dense and uniform film. Short-circuit resistance characteristics of an electrolytic capacitor may be
significantly improved by using this film as a separator for the electrolytic capacitor, and further down sizing and/or
capacity enlargement of the electrolytic capacitor may be realized.
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BRIEF DESCRIPTION OF DRAWINGS

[0042]

FIG. 1 is a plotted graph showing extracted relationships between thickness of separators and percent defective
after aging for 160 WV aluminum electrolytic capacitors;
FIG. 2 is a plotted graph showing extracted relationships between thickness of separators for 160 WV aluminum
electrolytic capacitors and capacitance of the aluminum electrolytic capacitors;
FIG. 3 is a plotted graph showing extracted relationships between thickness of separators for 160 WV aluminum
electrolytic capacitors and impedance characteristics of the aluminum electrolytic capacitors;
FIG. 4 is a plotted graph showing extracted relationships between thickness of separators and percent defective
after aging for 450 WV aluminum electrolytic capacitors;
FIG. 5 is a plotted graph showing extracted relationships between thickness of separator for 450 WV aluminum
electrolytic capacitors and capacitance of the aluminum electrolytic capacitors; and
FIG. 6 is a plotted graph showing extracted relationships between thickness of separators for 450 WV aluminum
electrolytic capacitors and impedance characteristics of the aluminum electrolytic capacitors.

DESCRIPTION OF EMBODIMENTS

[0043] Aluminum electrolytic capacitors according to embodiments of the present invention use a cellulose film made
by using an amine oxide cellulose solution as a separator interleaving between an anode aluminum foil and a cathode
aluminum foil.
[0044] It is preferable to use tertiary amine oxides as the amine oxides, which are main components of an amine oxide
solvent, applied in the embodiments of the present invention. While any tertiary amine oxide may be used as long as it
dissolves cellulose and mixes it with water and is stable against water, use of N-methylmorpholine-N-oxide (referred to
as NMMO hereafter) is particularly preferred from the aspect of availability, ease of collecting and refining used solvent,
etc. Here, stable tertiary amine oxide against water means it does not induce a chemical reaction with water.
[0045] Composition of the cellulose solution used in the embodiments according to the present invention preferably
has concentration ranges of 70 to 95% by weight of NMMO, 2 to 28% by weight of water, and 2 to 20% by weight of
cellulose. If the ratio of NMMO falls below 70% by weight, dissolving cellulose becomes difficult. Note that when the
concentration of cellulose in the solution drops below 2% by weight, a large amount of cellulose solution is required
when making a cellulose film, thereby decreasing production efficiency, and when it exceeds 20% by weight, viscosity
of the cellulose solution increases and is thereby inadequate for making a thin film.
[0046] Within this range, cellulose can be dissolved favorably and a homogeneous solution can be attained. However,
solution conditions differ according to type of solvent, molding equipment, and even molding conditions, and therefore
composition of the cellulose solvent is not limited thereto.
[0047] Dissolution temperature is preferably within the range of 75°C to less than 150°C. A favorable cellulose solution
cannot be obtained at 75°C or less, and decomposition of the NMMO and the cellulose may occur at 150°C or higher.
Dissolving at 120°C or less is particularly favorable.
[0048] A cellulose base material that is either chlorine-free (TCF) bleached or unbleached is used to make the chlorine
content of the cellulose film be 2 ppm or less. Since corrosiveness of the oxide film becomes stronger and increase in
short-circuit defects and leakage current occurs when the chlorine content in the separator is greater than 2 ppm, it is
unsuitable as a separator for an aluminum electrolytic capacitor. Note that the chlorine content here is a value measured
by a method described in JIS C 2300 ’Cellulosic papers for electrical purposes’ - Part 2: ’Methods of test’, Ion chroma-
tography (extraction method) for chlorine content.
[0049] Furthermore, in order to make the hydrosulfate content of the cellulose film be 10 ppm or less, it is preferable
to use cellulose having a hydrosulfate content of 200 ppm or less. While hydrosulfate decreases in a washing process
described later when making a film, the hydrosulfate content in the cellulose film may exceed 10 ppm when washing is
insufficient if a cellulose having a hydrosulfate content of 200 ppm or greater is used. If the hydrosulfate content in the
separator exceeds 10 ppm, corrosiveness of the oxide film becomes stronger, thereby causing increase in short-circuit
defects and leakage current. Note that the hydrosulfate content here is the value of the extract, which is used in the
aforementioned chlorine content measurement, measured using the ion chromatograph.
[0050] Wood pulp, nonwood pulp, mercerized pulp, dissolving pulp and regenerated cellulose may be used as the
cellulose base material. One or more types of these may be used in combination, and paper made from these cellulose
base materials may be used as well. It is particularly favorable to use dissolving pulp or cotton linter pulp as the cellulose
base material. Dissolving pulp and cotton linter pulp are suitable for preparation of a uniform and homogeneous cellulose
film as they have an α-cellulose content of 90% or greater and high cellulose purity. Characteristics of a cellulose film
obtained from difference in chemical properties and physical properties of the cellulose base material may be adjusted.
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[0051] The cellulose solution is passed through a heating extrusion die to be extruded, passed through little air gaps
between the heating extrusion die and a coagulation bath, and put in the coagulation bath constituted by water or an
NMMO poor solvent. When air gaps are not provided, the heating extrusion die is cooled by the coagulation bath, the
cellulose solution is hardened in the extrusion die, and blockage occurs.
[0052] As the film forming method, aside from using the heating extrusion die, a method of casting on a heated base
material with a predetermined clearance and a method of forming a film by transferring it onto the base material using
a heater roller are available. Once the cellulose is regenerated in the coagulation bath, it is washed with ion-exchange
water and dried, thereby obtaining a thin, uniform and dense cellulose film with few impurities. The obtained cellulose
film has hydrophilic properties and lipophilic properties, and thus the hydrogen bond between cellulose is severed and
film is swelled due to immersion in the electrolyte, and thereby the electrolyte can be retained therewithin.
[0053] Thickness of the cellulose film is preferably 3 to 20 mm. The separator has a great influence on the impedance
characteristic of the aluminum electrolytic capacitor. Since the cellulose film has a higher density than the electrolytic
paper, it has a tendency to have an inferior impedance characteristic to electrolytic paper of the same thickness. However,
when substituting the cellulose film for the electrolytic paper as the separator, the cellulose film that is thinner than the
electrolytic paper can be used, thereby shortening the anode-cathode distance. As a result, the impedance characteristic
is improved and deterioration due to increase in density can be compensated. In this regard, since the impedance
characteristic is deteriorated quadratically as the thickness of the cellulose film increases, a practicable thickness for
the separator is 20 mm or less.
[0054] Meanwhile, since mechanical strength decreases remarkably with a cellulose film of less than 3 mm, a problem
in the making process such as breaking in the film manufacturing process or aluminum electrolyte capacitor element
manufacturing process may occur. Furthermore, it is difficult to use this film as a separator as it is also weak against
burrs of the anode aluminum foil and the cathode aluminum foil, and short-circuit resistance characteristics are weak.
[0055] An aluminum electrolytic capacitor that has been sized down and/or capacity enlarged can be made by inter-
leaving a cellulose film obtained in this manner as a separator between an anode aluminum foil and a cathode aluminum
foil and winding them into a capacitor element, immersing the capacitor element in liquid electrolyte so as to impregnate
it with the electrolyte, placing it in a case, and then sealing it closed and aging it.

Working Examples

[Measurement method and evaluation method of separator characteristics]

[0056] Measuring method and evaluating method of respective testing results for separators described in respective
working examples, comparative examples and conventional examples are as given below.
[0057] Thickness, density, tensile strength and chlorine content are measured in compliance with the test method of
JIS C 2300: ’Cellulosic papers for electrical purposes’. In measurement of thickness, ten samples are stacked, thickness
is measured at three or more points using an automatic stop-type external micrometer, and a mean value per sample
is calculated. Measurement of density is conducted in compliance with B method (method of finding density in the
absolute dry condition). In measurement of chlorine content, extract produced in compliance with 17. 2. 4. 2 Extraction
method, Part 5 is measured through 17. 2. 4. 3 Ion chromatography. The hydrosulfate content is measured by the same
method as the chlorine content.

[Manufacturing method of aluminum electrolytic capacitor]

[0058] A separator is interleaved between an anode aluminum foil and a cathode aluminum foil, which have undergone
etching and oxide film formation so as not to touch each other, and wound into a capacitor element. The capacitor
element is impregnated with a predetermined electrolyte, placed in a case and then sealed so as to construct an aluminum
electrolytic capacitor that has a diameter of 10 mm, height of 20 mm, and rated voltage of either 160 WV or 450 WV.

[Percent defective after capacitor aging]

[0059] Voltage applied to each of 1000 capacitor samples with respect to working examples, each of 1000 capacitor
samples with respect to comparative examples and each of 1000 capacitor samples with respect to conventional ex-
amples, is gradually increased until reaching approximately 110% of a rated voltage and then the samples are aged.
Number of faulty capacitors including aging short-circuits, operation of an explosion proof valve, liquid leakage and
external aberrations such as swelling of the sealing part are divided by 1000, and the resulting value is set as percent
defective.
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[Capacitance of aluminum electrolytic capacitor]

[0060] Capacitance of the electrolytic capacitor is measured at 20°C and a frequency of 120 Hz using an LCR meter.

[Impedance of aluminum electrolytic capacitor]

[0061] Impedance of the electrolytic capacitor is measured at 20°C and a frequency of 1 kHz using an LCR meter.

[Working Example 1]

[0062] 150 g of TCF dissolving pulp having a degree of polymerization of 600 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 78°C while stirring
and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is 2.2% by
weight cellulose, 71.9% by weight NMMO, and 25.9% by weight water.
[0063] This cellulose/NMMO solution is extruded from a 0.25 mm-wide slit using a T die-type extruder, passed through
10 mm air gaps, and then immersed in a coagulation bath of a 20% by weight NMMO poor solvent so as to regenerate
the cellulose.
[0064] Once the regenerated cellulose is washed in three washing baths of ion-exchanged water, it is dried in a drum-
type dryer, thereby making a cellulose film. The obtained cellulose film has a thickness of 3.1 mm, a chlorine content of
1.1 ppm, a hydrosulfate content of 5.1 ppm, and tensile strength of 9.8 N/ 15 mm.

[Working Example 2]

[0065] 150 g of TCF cotton linter pulp having a degree of polymerization of 1500 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 105°C while
stirring and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is
2.9% by weight cellulose, 94.7% by weight NMMO, and 2.4% by weight water.
[0066] This cellulose/NMMO solution is extruded from a 0.50 mm-wide slit using a T die-type extruder, passed through
10 mm air gaps, and then immersed in a coagulation bath of ion-exchanged water so as to regenerate the cellulose. A
cellulose film is then made through the same operations as in Working Example 1. The obtained cellulose film has a
thickness of 7.9 mm, a chlorine content of 1.5 ppm, a hydrosulfate content of 3.3 ppm, and tensile strength of 21.6 N/ 15 mm.

[Working Example 3]

[0067] 1300 g of TCF dissolving pulp having a degree of polymerization of 600 and a hydrosulfate content of 195 ppm
is added to 7000 g of a 70% by weight NMMO aqueous solution. The temperature of the compound liquid of this pulp
and NMMO is raised to 120°C while stirring and then the water is evaporated, thereby obtaining a cellulose/NMMO
solution. Composition of the solution is 19.8% by weight cellulose, 74.6% by weight NMMO, and 5.6% by weight water.
[0068] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.15 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 2. The obtained cellulose film has a thickness of 13.8
mm, a chlorine content of 0.6 ppm, a hydrosulfate content of 9.5 ppm, and tensile strength of 37.2 N/ 15 mm.

[Working Example 4]

[0069] 600 g of TCF dissolving pulp having a degree of polymerization of 600 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 95°C while stirring
and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is 9.8% by
weight cellulose, 80.0% by weight NMMO, and 10.2% by weight water.
[0070] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.30 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 1. The obtained cellulose film has a thickness of 17.3
mm, a chlorine content of 1.8 ppm, a hydrosulfate content of 5.9 ppm, and tensile strength of 46.1 N/ 15 mm.

[Working Example 5]

[0071] 600 g of TCF cotton linter pulp having a degree of polymerization of 1500 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 110°C while
stirring and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is
10.5% by weight cellulose, 85.8% by weight NMMO, and 3.8% by weight water.
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[0072] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.35 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 1. The obtained cellulose film has a thickness of 19.7
mm, a chlorine content of 1.2 ppm, a hydrosulfate content of 6.7 ppm, and tensile strength of 51.9 N/ 15 mm.

[Comparative Example 1]

[0073] 150 g of TCF dissolving pulp having a degree of polymerization of 600 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 95°C while stirring
and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is 2.7% by
weight cellulose, 88.2% by weight NMMO, and 9.1% by weight water.
[0074] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.15 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 1. The obtained cellulose film has a thickness of 2.3 mm,
a chlorine content of 0.5 ppm, a hydrosulfate content of 4.8 ppm, and tensile strength of 3.7 N/ 15 mm.

[Comparative Example 2]

[0075] 600 g of TCF dissolving pulp having a degree of polymerization of 600 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 110°C while
stirring and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is
10.4% by weight cellulose, 84.9% by weight NMMO, and 4.7% by weight water.
[0076] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.40 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 1. The obtained cellulose film has a thickness of 22.0
mm, a chlorine content of 0.8 ppm, a hydrosulfate content of 5.5 ppm, and tensile strength of 57.8 N/ 15 mm.

[Comparative Example 3]

[0077] 600 g of TCF dissolving pulp having a degree of polymerization of 650 and a hydrosulfate content of 250 ppm
is added to 7000 g of a 70% by weight NMMO aqueous solution. The temperature of the compound liquid of this pulp
and NMMO is raised to 120°C while stirring and then the water is evaporated, thereby obtaining a cellulose/NMMO
solution. Composition of the solution is 10.2% by weight cellulose, 83.3% by weight NMMO, and 6.5% by weight water.
[0078] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.30 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 1. The obtained cellulose film has a thickness of 14.8
mm, a chlorine content of 1.1 ppm, a hydrosulfate content of 12.3 ppm, and tensile strength of 23.5 N/ 15 mm.

[Comparative Example 4]

[0079] 600 g of ECF dissolving pulp having a degree of polymerization of 600 is added to 7000 g of a 70% by weight
NMMO aqueous solution. The temperature of the compound liquid of this pulp and NMMO is raised to 100°C while
stirring and then the water is evaporated, thereby obtaining a cellulose/NMMO solution. Composition of the solution is
9.8% by weight cellulose, 80.0% by weight NMMO, and 10.2% by weight water.
[0080] A cellulose film is made by extruding this cellulose/NMMO solution from a 0.30 mm-wide slit using a T die-type
extruder and then the same operations as in Working Example 1. The obtained cellulose film has a thickness of 15.1
mm, a chlorine content of 2.3 ppm, a hydrosulfate content of 5.8 ppm, and tensile strength of 22.5 N/ 15 mm.

[Comparative Example 5]

[0081] Evaluation of physical properties of a cellulose film made through the viscose process using dissolving pulp
shows a thickness of 15.5 mm, a chlorine content of 122 ppm, a hydrosulfate content of 512 ppm, and tensile strength
of 32.3 N/ 15 mm.

[Comparative Example 6]

[0082] Evaluation of physical properties of a commercially available polypropylene (PP) film shows a thickness of 14.3
mm, a chlorine content of 0.2 ppm, a hydrosulfate content of 0.1 ppm, and tensile strength of 28.4 N/ 15 mm.

[Comparative Example 7]

[0083] Evaluation of physical properties of a cellulose film made through the viscose process using cotton linter pulp
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shows a thickness of 18.8 mm, a chlorine content of 126 ppm, a hydrosulfate content of 485 ppm, and tensile strength
of 30.4 N/ 15 mm.

[Conventional Example 1]

[0084] A raw material resulting from refining unbleached softwood kraft pulp until reaching a CSF of 5 ml or less using
a refining device is made into paper using a Fourdrinier machine so as to make Fourdrinier simplex having a thickness
of 10.1 mm and density of 0.83 g/ cm3. The obtained Fourdrinier simplex has a chlorine content of 0.3 ppm, a hydrosulfate
content of 3.8 ppm, and tensile strength of 16.7 N/ 15 mm.

[Conventional Example 2]

[0085] A raw material resulting from refining unbleached softwood kraft pulp until reaching a CSF of 5 ml or less using
a refining device is made into paper using a Fourdrinier machine so as to make Fourdrinier simplex having a thickness
of 15.0 mm and density of 0.85 g/ cm3. The obtained Fourdrinier simplex has a chlorine content of 0.2 ppm, a hydrosulfate
content of 4.2 ppm, and tensile strength of 26.5 N/ 15 mm.

[Conventional Example 3]

[0086] As a raw material for Fourdrinier paper making, softwood kraft pulp is refined until reaching a CSF of 5 ml or
less using a refining device in such a manner that a high density paper is made having a thickness of 20.1 mm and
density of 0.85 g/ cm3 at a Fourdrinier part, while as a raw material for a cylinder paper making, softwood kraft pulp is
refined until reaching a CSF of 400 ml in such a manner that a paper having a thickness of 20.1 mm and density of 0.61
g/cm3 is made at a cylinder part, and then the obtained papers are combined together to make Fourdrinier/cylinder
duplex having an overall thickness of 40.2 mm and overall density of 0.75 g/cm3. The obtained Fourdrinier/cylinder duplex
has a chlorine content of 0.5 ppm, a hydrosulfate content of 5.4 ppm, and tensile strength of 66.6 N/ 15 mm.

[Conventional Example 4]

[0087] A raw material resulting from refining unbleached softwood kraft pulp until reaching a CSF of 5 ml or less using
a refining device is made into paper using a Fourdrinier machine so as to make Fourdrinier simplex having a thickness
of 20.1 mm and density of 0.86 g/ cm3. The obtained Fourdrinier simplex has a chlorine content of 0.6 ppm, a hydrosulfate
content of 4.7 ppm, and tensile strength of 34.3 N/ 15 mm.

[Conventional Example 5]

[0088] As a raw material for Fourdrinier paper making, softwood kraft pulp is refined until reaching a CSF of 5 ml or
less using a refining device in such a manner that a high density paper is made having a thickness of 25.2 mm and
density of 0.85 g/ cm3 at a Fourdrinier part, while as a raw material for a cylinder paper making, softwood kraft pulp is
refined until reaching a CSF of 400 ml in such a manner that a paper having a thickness of 34.8 mm and density of 0.67
g/cm3 is made at a cylinder part, and then the obtained papers are combined together to m ake Fourdrinier/cylinder
duplex having an overall thickness of 60.0 mm and overall density of 0.75 g/cm3. The obtained Fourdrinier/cylinder duplex
has a chlorine content of 0.5 ppm, a hydrosulfate content of 6.1 ppm, and tensile strength of 110.7 N/ 15 mm.
[0089] Using the cellulose films obtained in Working Examples 1 to 5, the cellulose films obtained in Comparative
Examples 1 to 6, the PP film and the electrolytic papers obtained in Conventional Examples 1 to 3, one thousand 160
WV aluminum electrolytic capacitors are constructed, and percent defective, impedance and capacitance are measured.
[0090] The physical properties of the cellulose films obtained in Working Examples 1 to 5, the cellulose films obtained
in Comparative Examples 1 to 6, the PP film and the electrolytic papers obtained in Conventional Examples 1 to 3, and
evaluation results of the aluminum electrolytic capacitors are given in Table 1. Table 1 gives a list of property measurement
results of the respective working examples, comparative examples and conventional examples.
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[0091] In the case of using the 2.3 mm-thick cellulose film obtained in Comparative Example 1, the cellulose film often
broke during the process of constructing the aluminum electrolytic capacitor element, and thus an aluminum electrolytic
capacitor could not be constructed. Since the tensile strength is 3.7 N/ 15 mm, which is low, it is considered that the film
could not tolerate a winding tension in the process of capacitor element construction.
[0092] In the case of using the PP film of Comparative Example 6, the PP film could not retain the electrolyte and
therefore the capacitor did not function as an aluminum electrolytic capacitor.
[0093] Percent defective measurement results of the 160 WV aluminum electrolytic capacitors using the cellulose
films obtained in Working Examples 1 to 5, the cellulose films obtained in Comparative Examples 2 to 5 and the electrolytic
papers obtained in Conventional Examples 1 to 3 are given in FIG. 1. FIG. 1 is a plotted graph showing extracted
relationships between thickness of separators and percent defective after aging for the 160 WV aluminum electrolytic
capacitors.
[0094] As shown in FIG. 1, the percent defectives of the 160 WV aluminum electrolytic capacitors, which use the 13.8
mm-thick cellulose film obtained in Working Example 3, the 17.3 mm-thick cellulose film obtained in Working Example
4 and the 19.7 mm-thick cellulose film obtained in Working Example 5, are all 0%. The percent defective of the aluminum
electrolytic capacitor using the 7.9 mm-thick cellulose film obtained in Working Example 2 is 0.8%, and percent defective
of the aluminum electrolytic capacitor using the 3.1 mm-thick cellulose film obtained in Working Example 1 is 2.3%. The
percent defective of the aluminum electrolytic capacitor using the 22.0 mm-thick cellulose film obtained in Comparative
Example 2 is 0%.
[0095] The percent defective of the aluminum electrolytic capacitor using the 40.2 mm-thick Fourdrinier/cylinder duplex
obtained in Conventional Example 3 that is generally used as a separator for the 160 WV aluminum electrolytic capacitor
is 0%. The percent defectives of the aluminum electrolytic capacitor using the 10.1 mm-thick Fourdrinier simplex obtained
in Conventional Example 1 and the aluminum electrolytic capacitor using the 15.0 mm-thick Fourdrinier simplex obtained
in Conventional Example 2 are 54.8% and 19.2%, respectively, where the percent defectives are significantly higher
than that of a cellulose film of approximately the same thickness. Since the cellulose film is uniform and dense, it has
greater short-circuit resistance characteristics than electrolytic paper of the same thickness. Therefore, a cellulose film
having a thickness with which the electrolytic paper cannot be used can be used as a separator.
[0096] The percent defective of the aluminum electrolytic capacitor using the cellulose film having a hydrosulfate
content of 12.3 ppm obtained in Comparative Example 3 is 45.1%. The percent defective of the aluminum electrolytic
capacitor using the cellulose film having a chlorine content of 2.3 ppm obtained in Comparative Example 4 is 84.6%.
The chlorine content and hydrosulfate content of the cellulose film available as a separator for an aluminum electrolytic
capacitor are 2 ppm or less and 10 ppm or less, respectively.
[0097] Note that the cellulose film made through the viscose process of Comparative Example 5 has high contents of
chlorine and hydrosulfate, and the percent defective of the aluminum electrolytic capacitor using this cellulose film as a
separator is 100%. This aluminum electrolytic capacitor is unsuitable for use.
[0098] Capacitance measurement results of the 160 WV aluminum electrolytic capacitors which have percent defec-
tives of 3.0% or less after aging the aluminum electrolytic capacitors, using the cellulose films obtained in Working
Examples 1 to 5, the cellulose film obtained in Comparative Example 2 and the electrolytic paper obtained in Conventional
Example 3 are given in FIG. 2. FIG. 2 is a plotted graph showing extracted relationships between thickness of separators
for the 160 WV aluminum electrolytic capacitors and capacitance of the aluminum electrolytic capacitors.
[0099] If the separator is made thinner, area of the anode aluminum foil in the element of the same size can increase,
and thus the capacitance of the aluminum electrolytic capacitor increases. While the capacitance of the aluminum
electrolytic capacitor using the 40.2 mm-thick Fourdrinier/cylinder duplex obtained in Conventional Example 3 is 33.0
mF, as shown in FIG. 2, capacitance of the aluminum electrolytic capacitor using the 3.1 mm-thick cellulose film obtained
in Working Example 1 is 47.7 mF, where improvement in capacitance is 44.4%.
[0100] The capacitance of the aluminum electrolytic capacitor using the 13.8 mm-thick cellulose film obtained in Working
Example 3 is 42.3 mF, where the capacitance has improved 28.2% more than that of the aluminum electrolytic capacitor
using the 40.2m m-thick Fourdrinier/cylinder duplex obtained in Conventional Example 3. The percent defectives of the
aluminum electrolytic capacitor using the Fourdrinier/cylinder duplex obtained in Conventional Example 3 and aluminum
electrolytic capacitor using the cellulose film obtained in Working Example 3 are both 0%. Use of the cellulose film of
the present invention allows improvement in capacitance of the aluminum electrolytic capacitor without increasing the
percent defective thereof.
[0101] Impedance characteristic (1 kHz) measurement results of the 160 WV aluminum electrolytic capacitors which
have percent defectives of 3.0% or less after aging the aluminum electrolytic capacitors, using the cellulose films obtained
in Working Examples 1 to 5, the cellulose film obtained in Comparative Example 2 and the electrolytic paper obtained
in Conventional Example 3 are given in FIG. 3. FIG. 3 is a plotted graph showing extracted relationships between
thickness of separators for the 160 WV aluminum electrolytic capacitors and impedance characteristics (1 kHz) of the
aluminum electrolytic capacitors.
[0102] While the impedances of the aluminum electrolytic capacitors using the cellulose films obtained in Working
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Examples 1 to 5 are 2.55Ω, 2.91Ω, 3.89Ω, 4.82Ω and 5.84Ω, respectively, as shown in FIG. 3, the impedance at 1 kHz
of the aluminum electrolytic capacitor using the 22.0 mm-thick cellulose film obtained in Comparative Example 2 is 9.83Ω.
Since the impedance characteristics of the aluminum electrolytic capacitors deteriorate quadratically when the cellulose
film becomes thicker, a practicable thickness for the cellulose film as the separator is 20 mm or less.
[0103] A thickness of 20 mm or less, with which there is a low impedance deterioration rate, allows a shorter anode-
cathode distance since a cellulose film thinner than electrolytic paper can be used, and therefore impedance character-
istics at 1 kHz are improved and deteriorated portions due to increase in density can be compensated. Furthermore, in
the case of constructing capacitor elements of the same size, an effect of decreasing impedance occurs due to capacity
enlargement. There are also cases where use of a thin cellulose film rather than thick electrolytic paper decreases the
impedance of an aluminum electrolytic capacitor.
[0104] Using the cellulose films obtained in Working Examples 3 to 5, the cellulose film obtained in Comparative
Example 7 and the electrolytic papers obtained in Conventional Examples 4 and 5, one thousand 450 WV aluminum
electrolytic capacitors are constructed, and percent defective, capacitance and impedance are measured.
[0105] The physical properties of the cellulose films obtained in Working Examples 3 to 5, the cellulose film obtained
in Comparative Example 7 and the electrolytic papers obtained in Conventional Examples 4 and 5, and evaluation results
of the aluminum electrolytic capacitors are given in Table 2. Table 2 gives a list of property measurement results of the
respective working examples, comparative examples and conventional examples.
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[0106] Percent defective measurement results of the 450 WV aluminum electrolytic capacitors using the cellulose
films obtained in Working Examples 3 to 5, the cellulose film obtained in Comparative Example 7 and the electrolytic
papers obtained in Conventional Examples 4 to 5 are given in FIG. 4. FIG. 4 is a plotted graph showing extracted
relationships between thickness of separators for the 450 WV aluminum electrolytic capacitors and impedance charac-
teristics of the aluminum electrolytic capacitors.
[0107] As shown in FIG. 4, the percent defective of the aluminum electrolytic capacitor using the 60.0 mm-thick Fourdrini-
er/cylinder duplex obtained in Conventional Example 5 that is generally used as a separator for the 450 WV aluminum
electrolytic capacitor is 0%. While the percent defective of the aluminum electrolytic capacitor using the 19.7 mm-thick
cellulose film obtained in Working Example 5 is 0%, the percent defective of the aluminum electrolytic capacitor using
the 20.1 mm-thick Fourdrinier simplex obtained in Conventional Example 4 is 35.7%.
[0108] Excellent short-circuit resistance characteristics are required by the separator for a 450 WV aluminum electrolytic
capacitor. In the case of using electrolytic paper, it is necessary to secure anode-cathode distance using a thick electrolytic
paper as in Conventional Example 5 so that the anode aluminum foil and the cathode aluminum foil are completely
isolated; however, the cellulose film is dense and uniform and is thereby usable as a separator having a thickness of
20 mm or less.
[0109] Note that the cellulose film of Comparative Example 7 has high contents of chlorine and hydrosulfate, and the
percent defective of the aluminum electrolytic capacitor using this cellulose film as a separator is 100%.
[0110] Capacitance measurement results of the 450 WV aluminum electrolytic capacitors which have percent defec-
tives of 3.0% or less after aging the aluminum electrolytic capacitors, using the cellulose films obtained in Working
Examples 3 to 5, and the electrolytic paper obtained in Conventional Example 5 are given in FIG. 5. FIG. 5 is a plotted
graph showing extracted relationships between thickness of separators for the 450 WV aluminum electrolytic capacitors
and capacitance of the aluminum electrolytic capacitors.
[0111] As shown in FIG. 5, the capacitance of the aluminum electrolytic capacitors using the cellulose films obtained
in Working Examples 3 to 5 increased 48.9%, 44.7% and 40.4%, respectively, more than the capacitance of the aluminum
electrolytic capacitor using the Fourdrinier/cylinder duplex obtained in Conventional Example 5.
[0112] Impedance characteristic (1 kHz) measurement results of the 450 WV aluminum electrolytic capacitors which
have percent defectives of 3.0% or less after aging the aluminum electrolytic capacitors, using the cellulose films obtained
in Working Examples 3 to 5, and the electrolytic paper obtained in Conventional Example 5 are given in FIG. 6. FIG. 6
is a plotted graph showing extracted relationships between thickness of separators for the 450 WV aluminum electrolytic
capacitors and impedance characteristics (1 kHz) of the aluminum electrolytic capacitors.
[0113] As shown in FIG. 6, relationships between thickness of separators for the 450 WV aluminum electrolytic ca-
pacitors and impedance at 1 kHz of the aluminum electrolytic capacitors are plotted. The impedance of the aluminum
electrolytic capacitor using the cellulose film of Working Example 3 is 24.09Ω, impedance of the aluminum electrolytic
capacitor using the cellulose film of Working Example 4 is 30.37Ω, and impedance of the aluminum electrolytic capacitor
using the cellulose film of Working Example 5 is 38.43Ω. The impedance of the aluminum electrolytic capacitor using
the Fourdrinier/cylinder duplex of Conventional Example 5 is 39.57Ω. When thickness of a cellulose film of a 450 WV
aluminum electrolytic capacitor becomes thicker than 20 mm, it can be presumed that impedance characteristics tend
to deteriorate significantly.
[0114] As is apparent from the embodiments, working examples, etc., a film may be provided by dissolving a cellulose
base material, separating the cellulose to a molecular chain level, making it into a sheet form and regenerating the
cellulose, and a very dense and uniform film may be made. Moreover, since this film does not have any void parts unlike
a high density electrolytic paper, it may have a higher density than the electrolytic paper. As a result, in comparison to
electrolytic paper of the same thickness, short-circuit resistance characteristics are significantly improved due to im-
provement in minuteness and uniformity, and to increase in density.
[0115] Moreover, a cellulose film made using an amine oxide cellulose solvent does not contain an impurity that
corrodes an anodic oxide film of an aluminum electrolytic capacitor. Furthermore, using cellulose that has a hydrosulfate
content of 200 ppm or less and is either TCF bleached or unbleached as cellulose to be dissolved may obtain a cellulose
film which is usable as a separator for an aluminum electrolytic capacitor, having a chlorine content of 2 ppm or less
and a hydrosulfate content of 10 ppm or less.
[0116] When making a cellulose film from an amine oxide cellulose solvent, gas does not generate as with the viscose
process since a chemical reaction does not occur and there are no air bubbles within the film. Therefore, pinholes do
not exist even with a thin cellulose film, thereby securing short-circuit resistance characteristics.
[0117] Since the cellulose films according to the embodiments of the present invention are uniform and dense, they
have further excellent short-circuit resistance characteristics than electrolytic paper of the same thickness, short-circuit
resistance characteristics can be secured even if they are made to be thinner. As a result, capacitors constructed using
the cellulose films according to the embodiments of the present invention that are thinner than the conventional electrolytic
paper have the same or better short-circuit resistance characteristics and lower impedance than a capacitor using the
conventional electrolytic paper. In other words, use of a cellulose film having a thickness of 20 mm or less as a separator
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for an aluminum electrolytic capacitor allows down sizing and/or capacity enlargement of the aluminum electrolytic
capacitor without deteriorating the impedance characteristic.
[0118] Furthermore, since even a cellulose film having a thickness of 10 mm or less, which is marginal thickness for
the electrolytic paper, has sufficient short-circuit resistance characteristics, use of this cellulose film as a separator for
an aluminum electrolytic capacitor allows further down sizing and/or capacity enlargement of the aluminum electrolytic
capacitor that could not be implemented when using the conventional electrolytic paper as the separator.

Claims

1. A separator for an electrolytic capacitor, wherein the separator is a film using cellulose as a raw material.

2. The separator for the electrolytic capacitor according to claim 1, wherein the film using cellulose as a raw material
is a cellulose film obtained by forming in a film form a cellulose solution obtained by dissolving cellulose in an amine
oxide solvent, immersing the resulting cellulose solution in water or a poor solvent of the amine oxide solvent so as
to coagulate and regenerate the cellulose, washing the regenerated cellulose with water to remove the amine oxide
solvent, and drying the resulting cellulose.

3. The separator for the electrolytic capacitor according to claim 2, wherein the amine oxide solvent is N-methylmor-
pholine-N-oxide.

4. The separator for the electrolytic capacitor according to any one of claim 1 to claim 3, wherein film thickness is 3 to
20 mm.

5. The separator for the electrolytic capacitor according to any one of claim 1 to claim 4, wherein chlorine content of
the film is 2 ppm or less.

6. The separator for the electrolytic capacitor according to any one of claim 1 to claim 5, wherein hydrosulfate content
of the film is 10 ppm or less.

7. An electrolytic capacitor having the separator as defined in any one of claim 1 to claim 6 interleaving between an
anode foil and a cathode foil.
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