1 ALUM:NUM ELECTRCDE FO L FCOR.ELECTROLYTIC CAPACI TOR AND ELE

CAPACI@CR USI NG THE FO L BACKGROUND OF THE | NVENTION This inve Nl relates
te an al um num el ectrode 5 foil for an electrolytic capaC|té?-and an
 ePectront|c capacitor using the foil. An alum numfoil conventionally used
‘as. an €lectrode material for alun1nun1e1ectrolyt|c capacitors are treated

by el ect r ocheni Cﬂmmm@rﬁn@hwﬂ @‘oﬁozmcﬁ%ﬁ&Q&d Q:A‘iﬂc'i"m its
effective area and increase the capacitance per wunit area.

i nprove etching perf QUYPEEECTRGLYPHS CASRTROR USHNG Pue reoPYal Of a
surface layer of the alumnumfoil, formation of an oxide film annealing

and:so forth are carried out in 15 nost cases before the etching
‘treatment. However, raising a surface expansion ratio of the al um num f oi

as nmuch as pos %“Eﬁﬁb tion of a | arge nunber of deep
etching pits. This |nV|tes p?ﬁ% ens suc <ﬁgs a drop of nechanical strength
20 of the alu”‘”“ﬁﬂi?'kn@@ﬁti&ﬁ Qéfgggget éﬁféEdﬁgﬂﬁﬁlelectrode

S foil for an electrolytic capacitor and an electrolytic
capacitor using the foil.

An aluminum foil conventionally used as an
electrode material for aluminum electrolytic capacitors
are treated by electrochemical or cheﬁical etching in

10 general to enlarge its effective area and increase the
capacitance per unit area. To improve etching
- performance, various treatments such as removal of a
surface layer of the aluminum foil,'formation of an
oxide film, annealing and so forth are carried out in

15 ) most cases before the etching treatment. |

However, raising a surface expansion ratio of‘the
aluminum foil as much as possible by etching means
formation of a large number of deep etching pits. This
invites problems such-as a drop of mechanical strength

20 of the aluminum foil and its breakage in a formation
process, etc. after etching. The foil is thickened to
cope with these problems, but if the foil is thickened,
another problem that a size of a capacitor becomes
larger arises. For these reasons, a method that can

25 satisfy requirements for the increase of capacitance of



process, etc. after etching. The foil is thickened to cope wth these
problenms, but if the foil is thickened, another problemthat a size of a
capaci tor becones | arger arises. For these reasons, a nethod that can 25
satisfy requirenents for the increase Qf capacitance of 2 an al um num
el ectrode foil for an electrolytic capgcitor sinmul taneously with

i nprovenent of as r eddinkidiae headtitasdd edfolD t Bert eahni elledmaeigrniond as

descri bed above, 5 t he applicant of the present invention has previously
proposed a net kebaafi oo Eigiuld adRolsLy WMithelinpirovdmeny loff gtmength

el ectrolytic capacitor, conprising steps of reducing an alumnumfoil after
et ching the foiHad bawmnheiesikeident Lai d- Open No. Hei. 6-204094) as a 10

nmet hod capabl e of inproving the strength of the foil wthout increasing the

t hi ckness whil e ensurd nghé heedhnei el ebatkgheundapasi daseribly tabeveret hod,
rEdUCtlonS the applicant of the present invention has previously
proposed a method of producing an aluminum electrode
foil for an electrolytic capacitor, comprising steps of
reducing an aluminum foil after etching the foil
(Japanese Patent Laid-Open No. Hei. 6-204094) as a
10 method capable of improving the strenéth of the foil
without increasing the thickness while ensuring the
increase of the capacitance. By this method, reduction
of the etched foil can accomplish both increase of the
capacitance per unit volume and improvement of the
15 strength of the foil.

However, subsequent studies by the inventors have
revealed that even when etched foils are reduced at-the
same draft, increase of the capacitance per unit volume
and improvement of the strength cannot be occasionally

20 obtained depending on etching conditions of the etched
foils. From further studies, it was found that
aluminum density of a reduced etching layer functions
as a dominating factor for effect in increasing
capacitance per unit volume and in improving strength

25  of the foil.

The present invention has been completed on the



of the etched foil can acconplish both increase of the capacitance per unit
vol unme and i nprovenent of the 15 strength of the foil. However,
subsequent studies by the inventors have reveal ed that even when etched
foils are reduced at the sanme draft, increase of the capacitance per unit
vol ume and i nprovenent of the strength3annot be occasionally 20

obt ai ned dependb&h #ro £t €A Ngli c@NKGE | @8ScPibédeassedeshd obbFects Erem

further studies, it was found that alum numdensity of a reduced
etching | ayer fegcimprovésser&egtnadfngnfarhwinknrebééeedbdeénfonLr €88i ng
capaci tance per unit volune and in inproving strength 25 of the foil.

The present invamti gdebBsobeaticonphphedtor thed td bateredsé¢ hethendi ngs
descri bed above and objects are to inprove strength of an al um num
el ectrode foil ¢spacitshestipostamic eapaneélor and to increase the
5 Another object of the present invention is to
provide an aluminum electrode foil for an electrolytic
capacitor that can securely accomplish improvement of
the strength and increase of the capacitance.

It is still another object of the present

10 invention to prbvide an aluminum electrolytic capacitor
that is small and yet has large capacitance.

The objects of the present invention described
above can be accomplished by an aluminum electrode foil
for an electrolytic capacitor having a sponge-like

15 etching layer on at least one of the surfaces thereof,
wherein the sponge-like etching layer is reduced in a
direction of thickness, and alﬁminum density of . the
reduced sponge-like etching layer ‘'d2' is set from 0.8
to 2.2 g/cm’.

20 The objects of the invention can also be
accomplished by an electrolytic capacitor using the
above aluminum foil as an electrode material.

Other object, features and advantages of the
present invention will become more apparent from the

25 following description taken with the accompanying

drawings.



capaci tance per unit volune. 5

Anot her object of the present

I nvention is to provide an alum num el ectrode foil for an electrolytic
capacitor that can securely acconplish inprovenent of the strength and

Fncrease of the capacitance. It is still another object
I nvention to provide an aluninun1electﬂolytic capaci tor

of the present 10
that is snmall and

yet has |arge anigd DESCRIPTIONOBEFCOHE PRalftRGBr esent invention described

above can be acconplished by an al um num el ectrode foi

for an electrolytic

capaci tor having a NI i#e dlSsect f4kdl NPitRYE8E AR dluh@dsin aEi0f the
surfaces thereof, wherein the sponge-like etching layer is reduced in a

direction of thihaisng 8h0ak! sBJUITRN S/t ¥hef pkggeﬁ@diw@&x@ma%di ke

etching layer 'd2' is Set from0.8 to 2.2 g/cnB.
I nventg(

of the

using the above alumnumfoil as an electrode material. O her object,
features and agHiaes Hfer;he present invention will becone nore apparent

fromthe
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Fig. 2A is a photograph of the section of the
aluminum foil before reduction according to the
embodiment of the present invention, Fig. 2B is a
photograph of a section of the aluminum foil after
reduction, Fig. 2C is a photograph 'of a magnified
section of the etching layer before reduction, and Fig.
2D 1is a photograph of a magnified section of the
etching layer after reduction; and

Fig. 3A is an electron micrograph of the surface
of the etching layer before reduction according to the
embodiment of the present invention shown in Figs. 2A
to 2D, and Fig. 3B is an electron micrograph of - the

surface of the etching layer after reduction.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In this specification, the terms ‘aluminum
density’, ‘thickness’ and ‘draft’ are the mean values.
The aluminum foil used as an electrode foil
preferably has high purity of at least 9%.9 %, but it
is not particularly limited tﬁereto. It may have

enough purity to be used for the electrode of

_ The objects
] 188Rs 8hSen1DSyRF EUHEMaHIR] SEtAbrYICTN W1 Giteapaci tor



25 followng description taken with the acconpanying draw ngs. 4
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1A is a sectional view of an

al umi num foil according to an enbodi nent of the present invention and Fig.
1B is an enlarged schematic sectional viewof its 5 etching |l ayer; Fig.
2A is a photograph of the section of t®e aluminumfoil before reduction

according to thelarhesliyEr cabati€ops £Sertie | dMaMinua) foflgshdBldshave
phot ograph of a section of the alum numfoil after 10 reduction, Fig.

"2C is a photogrephi shed sagoili edlicay @rodfesishand chisngsubyertddf boe
reduction, and Fig. 2D is a photograph of a nmagnified section of the

etching |ayer afimdl raiexdling, a6dréggiréd. i sThe thickriessnisrpg0aph of the
surface 15 of the etching |layer before reduction according to the
or below, preferably from 15 to 120 um.

5 The sponge-~-like etching layer described above can
be obtained by etching the aluminum foil. The term
‘sponge-like etching layer’ represents an etching
structure layer 2 having wveid portions 2a complicatedly
communicating with one another in a generally

10 continuous babble form in a three-dimensional direction
as shown in Fig. 1B. All of the existing void portions
do not have to communicate with one another completely,
in other words, the etching structure layer 2 may
contain independent void portions in the non

15 communication state; In a tunnel etching type in which
pits are formed substantially perpendicular to the
direction of thickness of the foil, length of a tunnel-
like pit becomes shorter when the foil is reduced and
the volume drops corresponding to the draft.

20 Consequently, the effect of reduction cannot be
observed. In contrast, in’ sponge-like etching a
decrease_of surface areas of void portions becomes
smaller than a decrease of the volume of the most void
portions. Therefore, the effect of reduction can be

25 obtained.

The sponge-like etching layer 2 described above



enbodi nent of the present invention shown in Figs. 2A to 2D, and Fig. 3B is
an el ectron mcrograph of the surface of the etching | ayer after reduction.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 20 In this

specification, the terns “alum num density', 'thickness' and 'draft’
are the nean val ues. The aluminumfoil @ised as an electrode foil preferably

has hi gh puritymafy afe |RAAtedDrd 24 Pé&ét:ttoﬁé 8ot tRar khevhakky olfi HHeed
t her et o. It may have 25 enough purity to be wused for the

el ectrode of alumdmed roéyl) cbwapactt diss. gdiéral Iy Formied | o h@dtdh have
finished a foil rolling process and was subjected to final annealing, if

required. The tBurifaees | 6£20themaQruntieluaw, £pief er allinii § r eohel-q ik
[err]m 5 The sponge-1like etching | ayer descri bed above can be

obt ai ned by et chiteBihfelayari B ffyrmed byNettRIAY SHONBmiken &aihi,ng
| ayer' represents an etching _

5 appropriately combining various etching conditions such
as composition' of a treating solution, a solution
temperature, treatment time and so forth. An example
of the etching conditions enabling to form the sponge-
like etching layer 2 will be described below. The

10 etching treatment may be either electro.chemical etching
by applying a voltage or chemical etching without
applying voltage. The treating solution may be a mixed
solution of HC1l, HNO; and H;PO,, a mixed solution of
HCl, HNO; and H,SO,, a mixed solution of HCl, HNO,, H,;PQ,

15 and H,S0,, a mixed solution of HCl, HNO;, H;PQ,, K,SO, and
AlCl;, a mixed solution of HCl and H,S0,, an agueous HC1
solution or the 1like. The 1liquid température is
preferably from about 30 to about 85 °C. The treatment
time will changé depending on the relatién to the other

20 etching conditions, but in general it preferably takes
from about 1 to about 20 minutes. In electrolytic
etching, the impressed voltage is preferably A.C.,
superimposed alternating current to direct current or
a pulse. The current density is preferably set from 3

25 to 30 A/dm?*. The etching treatment may be single stage

etching in which the etching treatment is conducted



structure layer 2 having void portions 2a conplicatedly comunicating with

one anot her

in a generally 10 conti nuous babble formin a
t hree-di nensional direction as shown in Fig. 1B. Al of the existing void
portions do not have to communicate with one another conpletely,

wor ds, the etchlng structure |ayer 2 nﬁ& contain |ndependent voi d

ce % 18wo ozC‘?r{HI‘é”'s‘E%bOEtéﬁgﬁc‘i 0 wrhfcli Uiiele tehGaigng type

portions I n

in which pits are ormed substantially-perpén

t hi ckness of thErEchenEeQQtQeQPeﬁtEHgﬂgpcaEkksdpbhtb £07RS st Rle, when

the foil is reduced and the corresponding to the 'draft.

he dlrectl n

20 Cbnsequen&hxnglhaethgfggﬁﬁlngfcogggggghgn cannot be observed.

contrast

i n spongé-|like

ortions becone ma: an e t of
portions s smaihes ol t@e&'ﬁ&ﬁéﬁ@é £ t Gy ﬁ%ﬁzfﬂgg thte{;t e neé‘&%

portions. Therefore, the effect of reduction can be
sponge- | i ks etcpergolraMdice? d8ERMI H8d 24Pal of a surface layer,
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formation of an oxide film, annealing, etc., can be.
carried oﬁt before the etching treatment.

The sponge-like etching layer 2 must be reduced in
the direction of the thickness. This is because the
strength can be improved by reducing tﬁe etching layer
2 without lowering the capacitance of the foil too
much. The capacitance of the foil does not drop while
the etching layer 2 is thinned. It means that the
capacitance of the goil per unit volume increases
corresponding to a decrease of thickness of the etching
layer 2. 1In other words, a thin, high performance and
strong electrode foil can be obtained. If aluminﬁm
density of the etching layer 2 after reduction is less
than 0.8 g/cm®, the capacitance of the foil per unit
volume increases to a certain extent. However, a
sufficient effect of improving the strength cannot be
obtained, because a large number of voids yet exist.
On the other hand, if the aluminum density of the
etching layer 2 after reduction exceeds 2.2 g/cm?, the

strength of the foil can be improved. However, the

i n ot her

ecrease of surface areas of v0|d

In



6 may be fornmed on at | east one of the surfaces of the alumnumfoil, but

It is generally formed on both surfaces of the alumnum foil. Thi s
sponge-li ke etching layer 2 is forned by etching the alum numfoil, 5
appropriately conbining various etching conditions such as conposition of a
treating solution, a solution tenperatée, treatnent tinme and so forth. An

exanpl e of the eiffddtdveondidli o6t EMRP! ddrik bty e isbfemdnkeo £t chi ng
| ayer 2 will be described bel ow. The 10 etching treatnment may be

ei ther el ectrochemsurdlacet ekpadsbyn apPt ¥ Nt cre4iid, a0 lcaphfl e cetehi ng
wi t hout applying voltage. The treating solution nmay be a m xed sol ution of

HC1, HNO3 and HYXH, £aill Xbinixoi shé®) @hdHGhe Hi@padidaieepes NMixEE
sol ution of HCl, HNGC3, H3IPO4 15 and H2SO4, a m xed sol uti on of HC1,

HNCB, H3PO4, H2S@Awaed ofl€hE, £8ili desbs b Eif | OMTHYrior Nt HE Y HumiurRqueous
HC1 solution or the |ike. The liquid tenperature is preferably from

about 30 t & abouterfiitaCofThhet eEEhIRGt1iyeE 2Vidttaxhangiusienandidge ofo t he
relation to the other
be within the range of 0.8 to 2.2 g/cm®. Preferably,
the aluminum density is 1.0 g/cm’® or over and 1.8 g/cm®
or less, and more preferablj, 1.2 g/cm® or over and
1.5 g/cm?® or less.
10 Aluminum density of the etchind layer 2 after
reduction can be calculated from the equation (W1 -
W2) /v1, where Wl is weight of the aluminum foil, W2 is
calculated weight of a core layer 3 shown in Fig. 1A
exclusive.of the etching layer 2, and V1 is a volume of
15 the etching layer. The aluminum density at the time of
reckoning the calculated weight W2 is 2.7 g/cm®.
| Reduction of the sponge-like etching layer 2 ﬁay
be carried out by a plate press or the like, but
rolling an aluminum foil after etching is generally
20 preferable. Further, it is desirable to roll an
aluminum foil continuously while unwinding the coiled
aluminum foil, from the aspect of production efficiency
or because reduction can be carried out at constant
pressure without wvariation. More concretely,

25 conventional post treatments such as surface washing,



20 etching conditions, but in general it preferably takes from about 1
to about 20 m nutes. In electrolytic etching, the inpressed voltage is
preferably A C., superinposed alternating current to direct current or a
pul se. The current density is preferabgg set from3 25 to 30 A/dnR2. The
etching treatnment may be single stage e¥ching in which the etching
treatnent is coddyingd etcli @reepreferably’ caided 2yt @fHdm@EtdhiMy ch the

etching treatnment is sequentially carried out at |east twi ce, changing the
etching conditi ¢the ¥inmdnemtrfailientand othempr thiengfdhe etshimg led.
performance such as removal of a surface layer, formation of an
oxide film annBalilang éscpreferelbky canried out witboettheimg avliging
treatnment. The sponge-like etching layer 2 nust be reduced in the direction
of the thicknes9ilTHilaibirddaaddusbecamse) if ttheewgild partionsnobwiet by
reducing the etching |ayer
5 etching layer are filled with the rolling oil, the
capacitance drops and removal of the oil is difficult.
The conditions of the reduction vary with the
degrees of etching. In slight etching, the draft may
be low. On the contrary, in excessive etching, the

10 draft becomes high. When the sponge-like etching layer
is formed on both surfaces of the aluminum foil, the
overall draft is selected within the range of 5 to 50
%, for example. It is preferable that only the etching
layer is substantially reduced, but the core portion

15 exclusive of the etching layer is left intact. When
the aluminum foil is reduced to the extent of the core
portion, the etching layer is reduced too much, so that
the void portions get clogged and both of the
capacitance and the strength drop.

20 Regarding the sponge-like etching layer before
reduction, structure and density or the like are not
particularly limited. However, to secure a large
absolute value of the capacitance, the aluminum density
‘dl' is preferably set at 1.0 g/cm® or below. When the

25 aluminum density of the sponge-like etching layer

before reduction ‘dl' exceeds 1.0 g/cm?, the



2 without | owering the capacitance of the foil too nuch. The capacitance of
the foil does not drop while the etching layer 2 is thinned. It neans
that the capacitance of the foil per unit volune increases 15
corresponding to a decrease of thickness of the etching layer 2. In other
words, a thin, high performance and stﬂQng el ectrode foil can be obtained.

I'f al uni num denshpycetahbe @oeli Mot AtRiredst,! YedAMICIERE hEmbBESolthan 0.8
g/ cnB, the capacitance of the foil per unit 20 vol une increases to a

certain extent. voidewgvefed BySetEhehgnisekhngtl . of Thapee¥ray Lhenstkength
cannot be obtained, because a | arge nunber of voids yet exist. On the other

hand, if the al wednomidandst gaetitleoatcBbnghhayeheladhihehumcdegki®sy
exceeds 2.2 g/cnB, the 25 strength of the foil can be inproved.
However, the o€ théecetchving diayeromifitens redottibit "0 't BecbResvEFoRt Of a
surface expansion ratio decrease, the capacitance of
5 0.8 to 2.2 g/cm?, the reduction cannot be raised and an
effect in improving strength may be weak. Preferably,
the aluminum density ‘dl' is 0.9 g/cm® or less. When
the aluminum density of the etching layer before
reduction ‘dl' is less than 0.6 g/cm’®, the number of

10 ineffective voids is so great that the'capacitance per
unit volume after reduction of the etching layer cannot
be much increased. Therefore, the aluminum density
before reduction ‘dl' is set at least 0.6 g/cm?® and
more preferably, from 0.7 to 0.9 g/cm’.

15 The ratio ‘d2/dl' of the aluminum density of the
sponge-like layer after reduction ‘d2' to that of the
layer before reduction ‘dl' is preferably from 1.2 to
3.7. 1If the ratio ‘d2/dl' is less than 1.2, reduction
is sometimes insufficient and the effect in improving

20 strength is low even though the aluminum density of the
sponge-like etching layer before reduction is 1.0 g/cm3
or less. On the other hand, if the ratio ‘d2/d1l’
exceeds 3.7, reduction becomes excessive, so that the
voids decrease or the void portions get clogged, the

25 overall capacitance drops and eventually, the effect of

increasing the capacitance per unit volume cannot be



the foil dimnishes, and the capacitance per unit volunme of the foi
off. Therefore, the alum num5 density of the etching |ayer 2 after
reduction have to be within the range of 0.8 to 2.2 g/cnB. Preferab
al um numdensity is 1.0 g/cnBor over and 1.8 g/cnB or |ess, and nore
preferably, 1.2 g/cnB or over and 1.5 YlcnB or less. 10 Al uni

density of the ebthined aper sdmaf tRisdLdUCtFrn CBRe baspictd adp€d Hothin t he

equation (W - W2)/V1, where W is weight of the alum numfoil,
cal cul ated wei glatt rehgahC iRl | cipdcit s mordi greféraBlyysicne afatiwe

etching layer 2, and VM is a volune of 15 the etching layer. The
al um num densi t yd2i/dihe itsi feoaf 1r.8ckeneng.the cal cul ated weight W2 is 2.7
g/ cnB. Reduction of the sponge-like etching |layer 2 may be carried out by a
pl ate press or the |iThe, abuhimahl|foigl am alhiwhnghef albmibdirerdeisitngf s

general ly 20
al um num f &i |

at const ant
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preferable. -Further, it is desirable to roll an

W is

dr ops
y, the

num

cahle reimlsing Wiyer @vafigkngrédectdon eddal utisnsetf dftom f rom
t he aspect of production efficiency or because reduction can be carried out

0.8 to 2.2 g/cm® may be annealed, as occasion required,
at a temperature from 200 to 500 °C in order to improve
the elongation. Particularly when vacuum annealing is
conducted, fine pores clogged partially due to rolling
are ruptured and opened again. Weak'etching may be
carried out after rolling to remove the clogged
portions which thinly covered fine pores in part.

The aluminum foil described above may be used for
the cathodized electrode £foil for the electrolytic
capacitor in its intact form, or may be used for the
anodized electrode foil after carrying out anodic
oxidation in a solution or an aqueous solution of boric
acid, ammonium borate, ammonium adipate, ammonium
tartrate or the like to form an oxide film.

Accqrding to the present invention, the sponge-
like etching-layer is formed on at least one of the
surfaces of the aluminum foil, the sponge-like etching
layer is reduced in the direction of thickness, and the
aluminum density of the reduced sponge-like etching
layer 'd2' is controlled to the range from 0.8 to 2.2

g/cm?. Therefore, in comparison with conventional



pressure w thout variation. More  concretely, 25 conventi onal
post treatnents such as surface washi ng, 9 drying, etc. are preferably
carried out after etching the alumnumfoil, and then the foil is rolled.
Rolling is preferably carried out without using rolling oil (lubricant),
because, if the void portions of the 512 etching layer are filled with the
rolling oil, thetchedcifiodlce wii thsutingdedd®iah, of itdgrowerents @iff ftrelt.
The conditions of the reduction vary with the degrees of etching. In slight
etching, the dradtremgtibe andv. in€nedse ot they,cdpaciteasss vepeet clinfy, the
10 draft becones high. Wen the sponge-like etching layer is formed on
bot h surfaces ofvelemel gannire fatdomphisshadkrhy| theaffrdserse| Entvent idhhi n
the range of 5 to 50 % for exanple. It is preferable that only the etching
| ayer is substarméze|yelibalkedandustalbhky corMopestenn Hécausexdtast vesof the
etching layer is left intact. Wen
5 not need of control during the production and aluminum
density of the sponge-like etching layer of finished
products may only be controlled, control of various
aluminum electrode foils becomes extremely easy.
When the aluminum density of the sponge-like
10 etching layer before reduction ‘dl' is 1.0 g/cm® and
less, or when the ratio ‘d2/dl' of the aluminum density
of the sponge-like layer after reduction ‘d2' to that
of the layer before reduction ‘dl' is from 1.2 to 3.7,
improvement of the strength and increase of the
15 capacitance per unit volume can be obtained more
reliably and stably, and the control becomes further

easier.
The aluminum electrolytic capacitor using the
aluminum foil described above as the electrode material
20 can be increased the capacitance when the capacitor is
set at the same size as a conventional electrolytic
capacitor, and the size can be diminished when the
capacitance is set at the same value as a conventional

capacitor.

25 Examples:



the alum numfoil is reduced to the extent of the core portion, the etching
| ayer is reduced too nuch, so that the void portions get clogged and both

of the capacitance and the strength drop. 20 Regar di ng t he
sponge-li ke etching | ayer before reduction, structure and density or the
like are not particularly linmted. Hb3ever, to secure a large absolute

val ue of the capacit angburdherpldfiduimedeasuhynusl! foiBs MAFBiQPurizgt at
1.0 g/cnB or bel ow. Wen the 25 al um num density of the sponge-like

etching |ayer beéfogess §efhdttiitknesdl 'of 108CaRO8Sere lartheglleiit 300he
10 capaci tance does not increase, because the nunber of voids fornmed by

etching is smal PC Tberefnoerseyenthé Nediay iamdspraie. ed out so that the
al um num density of the etching | ayer after reduction 'd2' becones fromb5

0.8 to 2.2 g/cnB, thNekeduwhibes eaphotolid WwaissbeingduawoahtsCletichingdr ovi ng
strength may be weak. Preferably,

5 treatment was carried out under various conditions as
listed in Table 1 to form sponge-like etching layers on
both surfaces of each aluminum foil. The aluminum
density of this etching layers ‘dl' were shown in Table
2.

10 Then, these etching foils were respectively rolled
at different drafts, at a rolling rate of 100 m/min
without a lubricant.

The aluminum density of each etching layer after
rolling ‘d2' was measured and the ratio of aluminum

15 density of the etching layer before reduction to that
of the layer after reduction ‘d2/dl' was calculated.
The results are shown in Table 2.

The aluminum density of the etching layer ‘dl' and
‘d2' were determined by the equation (W1 - W2)/V1,

20 where W1 is the weight of the aluminum foil, W2 is the
calculated weight of the core layer and V1 is the
volume of the etching layer.

Each aluminum foil is produced under the above
conditions. Then, the tensile strength was measured

25 before and after reduction and the capacitance of each

of the aluminum foil before and after reduction was



t.he alum numdensity 'dl' is 0.9 g/cnB or |ess. Wen the al um num density
of the etching |ayer before reduction '"dl' is less than 0.6 g/cn8, the
nunber of 10 ineffective voids is so great that the capacitance per unit
vol une after reduction of the etching | ayer cannot be nuch increased.
Therefore, the alum numdensity bef or &reduction 'dl' is set at least 0.6
g/ cnB, and nor edptetminblyaftepnfdrmatiion).i% @ncrthmohium adipatellatmti o
"d2/dl" of the alum numdensity of the sponge-like |ayer after reduction
'd2' to that of wiilth 120/6¥. beffabger @dwstiowan thll 'rékatpiwed erabliy brfordhke 2 to
3.7. If the ratio 'd2/dl' is less than 1.2, reduction is sonetines
i nsufficient andapacidfahest per nundti ngo2@ime shdendibiteds Ifawrevearhe hough
the al um num density of the sponge-like etching |ayer before reduction is
1.0 g/cnB or | esepacitrande of hd&hehaaymindmt fieilat ibefom®/ dhd exfitmads 3.7
reduction becones excessive, so that the voids decrease or the void
portions gét cl sgguctiome 2Bd thevdralflt.capacitance drops and eventually,
the effect of increasing the capacitance per unit vol une cannot be

Figs. 2A to 2D are photographs of the sections of

the sample of Embodiment No. 7 before and after
reduction, and Figs. 3A and 3B show secondary electron
images of the surface of the etching layer before and

10 after reduction, respectively.



obt ai ned in sonme cases. Fromt he aspects of both strength and

capaci tance, nore preferably, the ratio 'd2/dl' is from1.3 to 2.7. The
alum numfoil in which the alum numdensity of 5 the etching | ayer 2
after reduction 'd2' is set from0.8 to 2.2 g/cnB may be anneal ed, as

occasion required, at a tenperature frdf 200 to 500 Cin order to i nprove
Li

the elongation. Particul arly whgh—vascuHp-an g—s—conduct ed, fine pores
cl ogged partially due to rolling 10 gre |rugt urled jand opened agai n. Wak
etching may be carried out aftef Zol l@and td noe tlhe |cl ogged porti ons
which thinly covered fine pores ig\(gdjt. Ih | i gimd|oi| descri bed above
may be used for the cathodized gl r_zde i Hif of] tle~gl et rol ytic 15
capacitor in its intact form of gdilve us¢g t hg anodifzed el ectrode
foil after carrying out anodic pxvsdation in alsolfutijon [or fpan aqueous
solution of boric acid, amonipF—berate— FoH—ae-pat e, anmoni um
tartrate or the like to form an| oxide fi|fl m
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20 According to the present invention, the sponge- |ike etching

| ayer is forned on at | east one of the surfaces of the alumnumfoil, the
sponge-li ke etching layer is reduced in the direction of thickness, and the
al um num density of the reduced sponge-li ke etching 25 | ayer "'d2' is
controlled to the range from0.8 to 2. %8¢/ cnB. Therefore, in conparison
w th conventi onal 12 etched foils wthout. reduction, inprovenent of the
strength and i ndredse of he cgpaqrtance per tnif vol ume icar b _
acconpl i shed by |thg @ estht i nventlion mireireliaply} and stahjly.|] Moredver,
because draft id 5| § 8o iedriokaicent mol odusi ngi tdhe g eeuedii ey and §
. . N =1 (=] 1. N} A - ™M
al um num densi ty of pon,lge-llcke—qta}nﬁg gqay-e' -oﬁ‘ |m'sl'r&d—groduo§s may
only be control ljed, =1 o] of ivarli ous al uii num bl ectriodd fdil 4 becoffes
extrenely easy. (Whdn_th L um un1dersiﬂv4@f he! sp ng@:l'k 1 ggching
| ayer before reductlian 'df' &s i1.d g/iicn® amnd <
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.l ess, or when the ratio 'd2/dl'

| ayer after reduction 'd2' to that of the | ayer before reduction 'dl
from1l.2 to 3.7, inprovenent of the strength and increase of the 15
-capaci tance per unit volune can be obtained nore reliably and stably,
the control becomes further easier. TAd al um num el ectrol ytic capacitor
using the al um num f gromdeher reedlabdve tablieh@,elig¢ctisodeoumal ahat 2

be increased the capacitance when the capacitor

a conventi onal

10

15

20

S

of the alum num density of the sponge-like

and

can

is set at the sane size as

aelleatintmy tfod Ic e dding atwl the preasentniheeditiion séesd when
t he capacitance is set at the same value as a conventional capacitor.
Exanpl es: 13 rémpiriadlliyt yimpronsd efin alstriegthf cid bapaodtpncet pexf 99. 98
% and thi ckness of 108 Mm were anneal ed at 300

unit volume.

In contrast, in comparison Nos. 1 and 3, the
density of the etching layer after reduction is
exceeded the range of the present invention, the
capacitance per unit volume dropped though the effect
in improving strength is observed. In comparison No.
2, the density of the etching layer after reduction was
lower thaﬁ the range of the present invention, and the
effect in improving strength was low though the
capacitance pér unit volume increased to some extent.

The same sample as embodiment No. 5 was reduced
and vacuum annealed at 350 °C for 5 hours. Then,
formation was made in an ammonium adipate bath with 20
V. In that case, the relative ratio of the capacity
prer unit of the embodiment to the one before reduction
was 128. Whereas the elongation of the embodiment No.
5 after reduction was 0.6 %, the elongation of the
product that was vacuum annealed at 350 °C for 5 hours

after reduction was 0.8 %. Thus, the elongation was

improved.

25



C for 6 hours in the N2 gas atnosphere. Next, while each coil was being
unwound, etching 5 treatnent was carried out under—various conditions as

listed in Table 1 to form sponge-|ike etching | ayers surfaces of
each alum num foil. The al um num density of this etﬁ &i! Uﬂ
* L

uﬂﬂugmere
shown in Table 2. 10 . Then, theb® etching foil's g iy
‘rolled at diffeqgrat dakigimall @skolling rate of 100 mMmn wt ouf a*

| ubricant. The alum num density of each etching layer after rolling 'd2

was neasured and the ratio of alumnum 15 density of the etching | ayer
before reduction to that of the layer after reduction 'd2/dl' was

cal cul ated. The results are sgawnaipmiabme 21cbBtacaieum foin defsity agf t he
etching layer 'dl' and 'd2' were determi ned by the equation (W - W)/ VM,

20 where W p3ethgopt Dbtcafadit®ralchiradelrdized Y8 ithatha epbdigeat ed
wei ght of the core layer and V1 is the volune of the etching layer. Each
alum num foil igipeoddgeeHingdeTaydle aROVEormed on at least one of
surfaces of said foil, said sponge-like etching layer
is reduced in a direction of the thickness, and

aluminum density of said sponge-like etching layer

after reduction ‘'d2' is set from 0.8 to 2.2 g/cmi.

2. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
the aluminum density of said sponge-like etching layer

after reduction ‘d2' is 1.0 g/cm® or over.

3. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
the aluminum density of said sponge-like etching layer

~ after reduction ‘d2' is 1.8 g/cm® or less.

4. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
the aluminum density of said sponge-like etching layer

after reduction ‘d2' is 1.2 g/cm® or over.

5. An aluminum electrode foil for an



.conditions. Then, the tensile strength was neas b ae hofore and after
reduction and the capacitance of each of the al um r(,;u “ &"Qjﬁ and after
reducti on was 14 determ ned after formation in*arc a pat e bath

wWth 20 V. Table 2 shows the relative ratio of the capacitance per unit
vol une cal cul ated fromthe capacitancd®f the al uminumfoils before and

after 5  redugtd@vorpid heapidf tor Faeéerafn 0£3DAREm Nt ogh@pdsn of t he

sections of the sanple of Enbodi nent No. efore and after reducti on,
and Figs. 3A anthe3Rlsawunedengdaty @f%&i@%pé&;@slmetéecﬁméat@y@f the
etching | ayer before and 10 after reduction, respectively.

after reduction ‘d2' is 1.5 g/cm® or less.

6. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
aluminum density of said sponge-like etching layer

before reduction ‘dl' is 1.0 g/cm® or less.

7. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
aluminum density of said sponge-like etching layer

before reduction ‘dl' is 0.9 g/cm® or less.

8. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
aluminum density of said sponge-like etching layer

before reduction ‘dl’' is d.G g/cm® or over.

9. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein
aluminum -density of said sponge-like etching layer

before reduction ‘dl' is from 0.7 to 0.9 g/cm’.

10. An aluminum electrode foil for an

electrolytic capacitor according to claim 1, wherein a



16

17 Fromthe-rtesult in table 2, it is found that the al um num foi

according to t
capaci tance pe

and 3,

t he den

e e C

reducti on"was | ower than the

10

range of the presggat etBMEA§i DiyerwEtidie r@lduetiohn ‘\HIP! €Y ta S td Bl was
| ow t hough the capacitance per unit volune increased to sone extent.

layer before reduction ‘dl' is from 1.2 to 3.7.

11. An aluminum electrode foil for an
electrolytic capacitor according to claim 1, wherein a
ratio ‘d2/dl' of the aluminum density of said sponge-
like etching layer after reduction ‘'d2' to that of said

layer before reduction ‘dl’' is from'1.3 to 2.7.

12. 'An  aluminum electrode foil for an
electrolytic capacitor characterized in that a sponge-
like etching layer is formed on at least one of the
surfaces of said foil, said sponge-like etching layer
is reduced in a direction of the thickness, aluminum
density of said sponge-like etching layer before
reduction ‘dl' is set at 1.0 g/cm® or less, -and
aluminum densiﬁy' of said sponge-like etching layer

after reduction ‘d2' is set from 0.8 to 2.2 g/cm’.

13. Aﬁ aluminum electrode foil for an
electrolytic capacitor characterized in that a sponge-
like etching layer is formed on at least one of the
surfaces of said foil, said spongé-like etching layer
is reduced in the direction of the thickness, aluminum

density of said sponge-like etching layer after

h ' I on was remarkably inproved in strength and
imm[]ﬁmmmnm" In contrast, in conparison Nos. 1
ALy cOfL Ing |ayer after reduction is exceeded the
range of the present invention, the céﬁbcitance per unit volume dropped
though the effeghtiif I"aRY/A1I'NG Sthan@mifuadIRNEAdy T GARASpHyeND.
2, the density of the etching |layer after



The sane sanple as enbodi mrent No. 5 was reduced 15

at 350 C for 5
bath with 20 V.

hours. Then, fornation was nade in Hw Lﬂ’ Ll'
In that case, the relative ratio of t'§ Aalartl g b

of the enbodinent to the one before reducti on was 128. ereas the
el ongati on of the enbodi nent No. 20 % after reduction was 0.6 % the

el ongation of tiedpeoiont ‘dlat ipssyecausmam®al €sl 2t 23%) cm3f orarfd hgurs

after reduction was 0.8 % Thus, the elongation was inproved. What is
claimed is: 1. ratio AiR/ddUndfitthe edoiimde ddmsity fof said espenge+ytic
capacitor characterized in that a sponge- like etching layer is forned on
at | east one oflihks femddingf laged &4Dtér reduttipmnodzl'i ke ehabi 68 sayer is

reduced in a di

g/ cnB.

rection of the thickness, and al um num density of said
sponge- | i ke et chayer |eforaftetuateidrct Ydit 'id2 ' fricm Jet2 fgoorB 0718 to 2.2

14. An aluminum electrode foil for an
electrolytic capacitor characterized in that a sponge-
like etching layer is formed on at least one of the
surfaces of said foil, said sponge-like etching layer
is reduced in the direction of the thickness, aluminum
density of said sponge-like etching layer before
reduction ‘dl' is 1.0 g/cm®or less, aluminum density of
said sponge-like'etching layer after reduction ‘d2' is

set from 0.8 to 2.2 g/cm®, and a ratio ‘d2/dl' of

aluminum density of said sponge-like etching layer .

after reduction ‘d2' to that of said layer before

reduction ‘dl’' is from 1.2 to 3.7.

15.. An aluminum electrode foil for an
electrolytic capacitor characterized in that a sponge-
like etching layer is formed on at least one of the
surfaces of said foil, said sponge-like etching layer
is reduced in the direction of the thickness, aluminum
density of said sponge-like etching 1layer after
reduction ‘d2' is set from 0.8 to 2.2 g/cm®, and

a'nnealing is carried out at a temperature from 200 to

and vacuum anneal ed

te
unit



2. An alumnum electrode foil for an electrolytic capacitor
according to claim1l, wherein the alum numdensity of said sponge- | i ke

etching layer after reduction 'd2' is 1.0 g/cnBor oOVer 3 ————AR-—
alum num electrode foil for an eleéérolytlc capi

claim1l1, wherein the al um num densi ty sai d spong ﬂmmﬂlg'ﬂm’ 'ﬁ/

after reducti B00 02 dfter S eHuddi dH. An talumnu ectrode
foil for an electrolytic capacitor accordlng to claim1, wherein the

al um num density of said sponge-like etching |ayer after reduction 'd2' is
1.2 g/cnB or over. 5. An alumnum electrode foil for an 19

el ectrolytic capacilér accagi nglufaiaum MelleddiyRi N Ehe1al Weunygdensity
of said sponge-like etching |layer after reduction 'd2" is 1.5 g/cnB or
| ess. 6. dlectatolptivncapbestoedehatotter{ £6d B that a sponge-
like etching layer is formed on at least one of the
surfaces of said foil, said spgnge-like etching layer
is reduced in the direction of the thickness, aluminum
density of said sponge-like etching layer before
reduction 'dl' is 1.0 g/cm® or less, aluminum density
of said sponge-like etching layer after reduction ‘d2’
is set from 0.8 to 2.2 g/cm® and annealing is carried

out at a temperature from 200 to 500 °C after

reduction.

17. An- aluminum electrode foil for an
electrolytic capacitor characterized in that a sponge-
like etching layer is formed on at least one of the
surfaces of said foil, said sponge-like etching layer
is reduced in the direction of the thickness, aluminum
density of said sponge-like etching layer after
reduction ‘d2' is set from 0.8 to 2.2 g/cm?, a ratio
‘d2/dl' of aluminum deﬁsity of said sponge-like etching
layer after reduction ‘d2' to that of the layer before
reduction ‘dl' is from 1.2 to 3.7, and annealing is
carried out after reduction at a temperature from 200

to 500 °C.



glectrolytic capacitor according to claiml, wher ei n al umi num densi t
sai d sponge-like etching |ayer before reducti o:“uﬂ uI"jl "'llmn or I ess
7. An alumnum electrode foil for aci tor

according to claim1, mhereln al um num density of said sponge-1i ke etching
| ayer before reduction 'dl' is 0.9 g/chB or less. 8. An al um num

el ectrode foil fows.an el gatr @niGEAPAE] ECFre@&0r ¢bRq t OFSE ai Binl,
mherein al um num density of said sponge-like etching | ayer before reduction

'dl' is 0.6 g/elBotroVetic TapacitorAghaghulerifedeiacthadea kpbhgelor an
electrolytlc capacitor according to claiml1, wherein alun1nun1den5|ty of

sai d sponge-| i kéket @tichingyaydref s efoededt baAnatdiledst foren 8£7the O

g/ cnB. 10. An alum num electrode foil for an electrolytic

capaci tor accosdrfigces ofasaid, fohkjesaid spoRfe-like etching layer
is reduced in the direction of the thickness, aluminum
density of said sponge-like etching layer before
reduction ‘dl' is 1.0 g/cm® or less{ aluminum density
of said sponge-like etching layer after reduction ‘d2°
is set from 0.8 to 2.2 g/cm®, a ratio ‘d2/dl' of
aluminum density of said sponge—liké etching layer
after reduction ‘d2' to that of said layer before
reduction ‘dl' is from 1.2 to 3.7, and annealing is
carried out at a temperature of 200 to 500 °C after

reduction.

19. An aluminum electrode foil for an
electrolytic capacitor according to any of claims 15 to

18, wherein the annealing after reduction is conducted

under vacuum.

20. An electrolytic capacitor using an aluminum
foil as an electrode material, wherein said aluminum
foil has a sponge-like etching layer formed on at least
one of the surfaces thereof, said sponge-like etching
layer is reduced in a direction of thickness and

aluminum density of said sponge-like etching layer



ratio 'd2/dl'" of the alum num density of said sponge- |ike etching |ayer
after reduction ““munlﬂl .mufai d layer before reduction 'dl' is from
1.2 to 3.7. 11. 'ANEEA M electrode foil for an electrolytic
capaci t-or according to claiml, wherein a ratio 'd2/dl' of the al um num

density of said sponge- |ike etching I%@er after reduction 'd2' to that of
sai d layer bef qire eredéeiic@l ond!va2l's ik’ Q@k! £30m00287t018.2 g/c®, al um num

el ectrode foil for an electrolytic capacitor characterized in that a
sponge- |like etching layer is fornmed on at | east one of the surfaces of
said foil, said sponge-like etching layer is reduced in a direction of the
t hi ckness, al umi numzdensiany eqfec&:&*di/wa@ﬁgﬁﬂalcmo@ Ring laay el vEhnhe
reduction 'dl' is set at 1.0 g/cnB or less, .and alum numdensity of
said sponge-|i f®iQt B Ngh | €Vect PHEE maeEHEAL PnwheBeihSsagl i tO 2. 2
g/ cnB. 13. An alum num electrode foil for an electrolytic .
capaci tor char Fiar haedai BpbH@é-Bikd Wtitriny Aayet ChoRfled 2terat SLdaytmed on
at | east one of the surfaces of said foil, said sponge-like etching |ayer

one of the surfaces thereof, said sponge-like etching
layer is reduced in a direction of thickness, aluminum
density of said sponge-like etching layer before
reduction ‘dl' is 1.0 g/cm® or less, and aluminum
density of said sponge-like etchiﬁg layer after

reduction ‘d2' is set from 0.8 to 2.2 g/cm’.

22. BAn electrolytic capacitor uéing an aluminum
foil as an electrode material, wherein said aluminum
foil has a sponge-like etching layer formed on at least
one of the surfaces thereof, said sponge-like etching
layer is reduced in a direction of thickness, aluminum
density of said sponge-like etching 1layer after
reduction 'd2' is set from 0.8 to 2.2 g/cm?, and a
ratio 'd2/dl' of aluminum density of said sponge-like
etching layer after reduction ‘'d2' to that of said

layer before reduction ‘dl' is from 1.2 to 3.7.

23. An electrolytic capacitor using an aluminum
foil as an electrode material, wherein said aluminum

foil has a sponge-like etching layer formed on at least



1s reduced in the direction of the thickness, alum numdensity of said

sponge-li ke etching | ayer after 21 reduction 'd2'" is set from0.8 to 2.2
g/cnB, and a ratio 'd2/dl' of the alum numdensity of said sponge- |ike
etching layer after reduction 'd2' to that of said | ayer before reduction
'dl' is from1.2 to 3.7. 14. An 2% num etectrode—foil—For

el ectrolytic capacitor characterized in that a s g Iayer
is formed on at | east one of the surfaces of sal ﬂﬂ'ﬂ" B’ ﬂ& e-like
etching layer is reduced in the direction of the |@kne

density of said sponge-like etching | ayer before reductlon IS 1 0

g/ cnBor | ess, alum numdensity of said sponge-like etching Iayer after

reduction 'd2' is set from0.8 to 2.2 g/cnB, and a ratio 'd2/dl" of

al um num density of said sponge-like etching |ayer. after reduction

that of said | o dbfthe surfaces thereof, said sponge-like etching
layer is reduced in a direction of thickness, alumihuﬁ
density of said sponge-like etching layer before
reduction ‘dl' is 1.0 g/cﬁﬁ or less, aluminum density
of said sponge-like etching layer after reduction ‘42!
is set from 0.8 to 2.2 g/cm’, and a ratio ‘d2/dl' of
aluminum density of said sponge-like etching 1layer

after reduction ‘'d2' to that of said layer before

reduction '‘dl' is from 1.2 to 3.7.

I' d2|

to



reduction 'dl" is from1.2 to 3.7. 15. An alum num electrode foi

for an electrolytic capacitor characterized in that a sponge- |ike etching
| ayer is formed on at | east one of the surfaces of said foil, said
sponge-li ke etching layer is reduced in_the direction of the thickness,

al um num density of said sponge-like eg§hing | ayer after reduction 'd2' is

set from0.8 to 2.2 g/cnB, arxBSTEEET oK THE C8fscesswrit at a tenperature
from200 to 22 500 C after reduction. 16. An al um num el ectrode

foil for an electrolytic capacitor characterized in that a sponge- |ike

hi I is f d I f th f f i i id
Sponge | ko et chi ng AEpeRg BLEGTROST FOH. TR AIRCTRSHTRE thrbaRECR®
[ '

A P I RN S e S
An aluminum electrode foil for an electrolytic
capacitor has a sponge-like etching layer formed on at
least one of the surfaces thereof, and the sponge-like
S etching layer is reduced in a direction of thickness.
The aluminum density of the reduced sponge-like etching

layer ‘'d2' is set from 0.8 to 2.2 g/cm’.

This Sheet Has B eplaced

i

THIS SHEET HAS BEEN !

REPLACED




of .sai d sponge-1like etching Iayer-after reduction 'd2' is set
. 2.2 g/lcnB, and annealing is carried out at a tenperature,‘&g
fo

after reduction. 17. An alum num electrode foi
el ectrol ytic capacitor characterized in thgtibstitcipe3Heet L i2XE
is fornmed on at | east one of the surfaéﬁ% of said foil, saicd

etching layer is reduced in t R@SERACC! OFNTHEE DISCLOSURE:SS H i
density of said sponge-like etching |ayer after reduction \d2' is set
0.8 to 2.2 g/cnB, aratio 'd2/dl' of alum numdensity of s d-sporge-

T 1S trom 12 to SN prfeamoRs’ Mt wo prfilnii e SAAh el

]Eg?p e;ﬁture from200 to 500 G ccriSLittc capAlrrk'OLIHE r8ECFbrede  foil

An aluminum electrode foil for an electrolytic
capacitor has a sponge-like etching layer formed on at
least one of the surfaces thereof, and the sponge-like

5 etching layer is reduced in a direction of thickness.
The aluminum density of the reduced sponge~like etching

layer ‘d2' is set from 0.8 to 2.2 g/cm’.

(Figure 1A and Figure 1B)



el ectrolytic capacitor characterized in that a sponge- |like etching |ayer

is formed on at | east one of the surfaces of said foil, said sponge-like
etching layer is reduced in the direction of the thickness, alum num
density of said sponge-like etching | ayer before reduction "dl" is 1.0

g/cnB or less, alum numdensity of said sponge-like etching |ayer after
reduction 'd2' is set from0.8 to 2.2 g/gnB8, a ratio ""d2/dl' of alum num
density of said sponge-like etching |ayer after reduction 'd2' to that of

said | ayer before reduction '"dl'" is from1l.2 to 3.7, and annealing is
carried out at a tenperature of 200 to 500 OC after reduction. 19. An
al um num el ectrode foil for an electrolytic capacitor according to any

of clains 15 to 18, wherein the annealing after redugtion |q conduct ed
under vacuum 20. An electrolytic capacitor using anal um un1f0|l as an

el ectrode material, wherein said alum num foil hasda’spo -li ke etching
| ayer forned on at Jeast one of the surfaces theregf, said sponge-like
et chi ng AN RNNY

3
NSNNNNNNNNNNNNNNNNNNNN
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| ayer is reduced in a direction of thickness and al um num density of said
sponge-li ke etching | ayer 24 after reduction 'd2' is set from0.8 to 2.2
g/cnB. 21. An electrolytic capacitor using an alum numfoil as an el ectrode
material, wherein said alumnumfoil has a sponge-like etching |ayer formed
on at |east one of the surfaces thereqf, said sponge-like etching |ayer is
reduced in a directiog ' ] ' ai d sponge-1like
etching | ayer before and al um num
density of said spong 'd2' is set from
0.8 to 2.2 g/cnB. 22. al um num foil as
an el ectrode nmateri al onge-1li ke etching
| ayer forned on at : ‘ : 1 sponge-1ike
etching layer is redu§ oK H " " M num

Before reduction

FIG. 2A

After reduction (Draft: 36 %)

FIG. 2B



density of said sponge-like etching |ayer after reduction 'd2' is set from
0.8to 2.2 g/cnB, and a ratio 'd2/dl' of alum numdensity of said
sponge-li ke etching | ayer after reduction 'd2' to that of said | ayer before

reduction 'dl" is from1.2 to 3.7. 23. An electrolytic capacitor using an
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