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1 DESCRI PTI ON ELECTRODE FOR SECONDARY BATTERY,
PROCESS OF PRODUCI NG THE ELECTRODE, AND SECONDARY
BATTERY Technical Field: 5 [0001] This invention
relates to an el ectrode for a secondary battery, nore
particularly to an electrode ﬁyoviding a battery
having a high current collecting efficiency, a high
out put, and a high energy density and an el ectrode

providing a secondary bat pgicdygviipg; an extended
cycle life as a result of preventing the active

material fromfalling off. 10 The present invention

al so rel at r f _produci ng the el ectrode

and a sec@ﬁ%‘gﬁeﬁ’%@@%@wlﬁ@%’@@%@%ﬂ BRECESS OF

Backgr ouﬁmeCINGm@EELEEJT@@E@,@@%DtMOﬁBx%JPgﬁ%@%d
y

in secondary batteries include those prepare
appl ying an active material paste containing particles

ofregnllydrpgen storage alloy, etc. to one or both
sides of a current collector, such as a netal foil

(he¥dinafter referred to as collector type
el ectro ): - own are el ectrodes qbtained by
filli ngqﬁﬁémbﬁlélgm@e% aﬁé‘feéfrog%‘ wheomdarythiatiery, more particularly

et e erbirpdr proeidey abalety ARESS UNgsh E :
r e 1o LONOLEABhe SR, o i

hQt« I r.sinterin see Patent [Dx

B B B g e e e hving
wiit lexigodddveyomtifer aab rpaittt dChreserding (R %th@.gmﬁﬁﬁal”ﬁ&%' falling off
f@Fén Wt ﬂge@io‘:keﬂﬁéch m um al | oy or a nickel -zinc

al O)P (see Pat ent “DOJGiETt 1022 diicedntod rodysine tenelegyode and a
(reprdanabaiery hadtgibe eebyodeef erred to as foam type

el ectrodes). [0003] A collector type electrode is

expected to provide a high output. However, 25 since
UBRKGHILE M. COl | ector used is as relatively thick as

10 to 100 m the proportion of the active material in

t[R80E ectrode is of necessi ty relatively small, which

has mads./ i fi to i ncrease the ener density.

Reduci ;%e(%tltﬁ)g egﬂ(}:1 %{I}/agg h%etneursfa%fn Sﬁg?liqeaﬁ}f ‘gat@P nglgde those prepared by

ijge béngsan actize sytstief pastemnfaiﬁﬁmg @Tﬁagil bes ighlyode s"tc{]ﬂég'eeﬂl%?, etc. o

tdae : ot her . proble suc

act iosgtoﬁng%lgé‘s?d;ld %e%‘?%(ﬁeg{o racl &%@é’ﬁtﬁr‘ﬂfPQ%‘a'e’@ﬁﬁ@a@de to as

GPllecsprigre eactragies)Vo idaveopmare elbbieticObbhyBe bR hﬂﬁ{grtﬁiél Bores of a
' 2

tnQRglS fdfh Sy ec{ctit/é %t[?laiklﬂl f)act)rftifcleg fuﬁdgze p%gsts{lr\é? fgﬁ(t)v%cll aby vacuum
hot-pressing or sintering (see Patent Document 1) and those obtained by filling the
pores of a metal foam with active material particles and plating the metal foam with a
nickel-chromium alloy or a nickel-zine alloy (see Patent Document 2 and Patent
Document 3) (hereinafter inclusively referred o as foam type electrodes).

[0003]

A collector type electrode is expected to provide a high output. However,
since the current collector used is as relatively thick as 10 to 100 um, the proportion of
the active material in the electrode is of necessity relatively small, which has made it
difficult to increase the energy density., Reducing the active material particle size to
increase its specific surface area thereby to increase the output can invite another
problem that such active material particles are susceptible to oxidation or corrosion.

Moreover, a collector type electrode tends to suffer from fall-off of the active material
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t hrough expansi on and contracti on acconpanyi ng

el ectrode reaction. It has therefore been not easy to
obtain an extended cycle life. On the other hand, a
foamtype electrode is expected to have a high energy
density but difficult to desigh to produce a high

output. A foamtype electrode is as thick as about 1

mm which is 5 disadvantageous for nmaking a flexible
othreeghperpaneéreetd outeractResidempaiind slefddeqd8sdich I has therefore

S r Gl ..contact, hetween_the active nmateri al

pg%ﬁl g?t;%gsgn@ (?[ﬁgémcad]r ‘Frgﬁ’fdego“rylc c[}%r %HT Hgt other handh e foam type

t eleeigodeds bepeetedad hivea highicnolgatdedsigCht \ierrioBl Bé&ion ¢ produce a
bar to obtain increaseg

pPaL i i ch has beep a L
j&&%%ﬁ%ﬁ%ﬂ%f%ﬁ?ﬁ@“@%%@%MWMWth
gdlﬁ@b’apﬁag@ue Ifm:]lalddga (flariditegr doffpabd dlEvired.SEBARMIAT I is not easy to
r . which conprises, as constituent conponents,
a?e%e&?a%”ﬁzﬁwen\eng%‘fta?@ggp e histotiye &Pqi?fiﬂtl R €5 e B ghrnticollcctor.
aThtiithet emdnto hchasctiois isotited Qe Ahtd|al B¥rtideb Nwhich has been a
ntent of the nmetal el enent

It hi .0 which the c

b B0 Bl iRt b PRGNt h 1ithiumis highor in
the surface portion that is to conme into contact with
an el ectrolytic solution and face the 15 positive
el08¢4lr ode (cathode) and in the portion that |eads to

an out ] e.. Pat ent cu t 4), The
o eap s RO Bla b BEEvE SR B e b somadery batteries
Which heriprisss.ads qmmmMESWMenf?am;]@all éléxﬁenmh:ﬁl fbﬂﬂsl &Y &by with
tiho a t.forns a lithiumallaoy .devel ops
é?ﬁ%ﬂf %ﬁc{]gn‘gaélr %i?%?lﬁn%atd S (19t frge e gy v Eﬁ%‘l‘l’@i Pigwhich. the
;:Fﬁﬂtedi lharl“g&taﬂgﬁler[l@ﬁ@ﬁf]t dloé’zgnélﬂ’fénﬁ i Qdioprevit]s ligugs %sahi%?er in the
| t ent: Tent ncl u L structure . gonposed O
zfﬁf:f_gf%rlgdrﬁlocoi ltjI ggép}l %Ognépg’g F%ﬁaﬁa‘%‘& Bt etéﬁ@"%? gglup%@nd face the
d@@@vq:]@tecfrodqr(c_athoﬂehhmmin ailel pl?v]‘ti@nghaa lgds tti) %hgmgg tfminal (see
AN . a at roms,a . ljthium | .
TAEIEDOEQRER 41} Pnd BETERG WIS ol BRn Rkt omtntaiesd via the
trgsalftlnt does Iplbfwrhnmliﬁn}'fdrmmlhI}SeA vteﬁ ltlﬁmlgh Iﬂdﬁ’ﬁt ettalht'lﬁfﬂtefgrms a 1ithtium alloy
V. . ne . e nt.t hat. does no
RGN RS e A e

containing the netal that forns a lithiumalloy. The
| ayer of the netal elenent that does not forma
LP0RY um alloy is forned by, for exanple, plating.

[ 0006] VBNIR; of R tnDocunent 4
under ggg‘g not id::né%rﬁfe?ﬁg%ggg rria i%%e%? a]go%m?eg’g u‘? tingipde a structure
fanpesed of o cumgrtticellesting porion omdp détle nethiuim deaRGEBHE YQithium
| raction qf the actiwve o
R AP 2D pRORL (AFbEk e Bk G lithium aioy
abe lajter ertien (pwdarabding adidredriurtht &snichpetigh bxaeMsioPA binder.
PR s RAE Ay W akk® ANQIA didneht that does not form a lithium alloy can

be disposed on the layer containing the metal that forms a lithium alloy. The layer of
the metal element that does not form a lithium alloy is formed by, for example, plating,

[0006]

However, the anode of Patent Document 4 undergoes noticeable deformation
as a result of a failure to sufficiently accommodate volume changes due to expansion
and contraction of the active material while charging and discharging. When the

active material cracks and crumbles through expansion and contraction, the anode is
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i ncapabl e of effectively preventing the active
material fromfalling off. Therefore, it is still
difficult with this technique to provide an anode
havi ng i nproved cycle characteristics. [0007] 5

[ Patent Docunment 1] JP-A-62-20244 [Patent Docunment 2]
JP- A-6-140034 [ Patent Docunent 3] JP-A-6-231760

[ Patent Docunent 4] JP-A-8-50922 Summary of the

| inapthlonf eI@ i EQQedveAingohi astveahathia RSB, o Jf Therefore, it is
gﬁf?n&fﬁ&i swlgot [ OV de an el ect rode for sec

batteries SricERTSy B B! Ss%c@é’@@dhwnm ltﬂh@ved cycle

r eh@bedrigics, a process of producing the el ectrode,

and a secondary battery having the el ectrode. [0009]

15 The object of the invention is acconplished by

p @)Owl ng an el ectrode for secondary batteries which

first surface and a second surface both show ng
eI ectrlﬁ)atentbnctum\v ] IBrAagpd2Gdapt ed to be brought into

cont act e'iquS‘ Wl%\/gﬂl’oé;éﬁ%?:ﬁm uti on and ha_s an

active erla g active mat eri al
parti clli@stecheDomerent 8 hP-Aig-23]1780d t he second surfaces.

The eI ductor for current 20

col | ect’ td{egpl?%‘%’%&]np%ﬁy%%g@ i nvention al so provides

a process of producing an electrode for secondary
batteries conprising the steps of applying an
ePweppiycithyngeridact i ve slurry containing active

nabeg)i al particles to a release layer of a carrier

foil to forman active 25 material |ayer, plating the

act i ve Amwbicriabf thaymesewnt tdveatmetsaﬂo lbnbwde an_electrode for secondary

SLRSALHSDIS L g o oML B3 BB Srocce

|tb§/élaectr0d@n@nd§taepmar}gbaﬁha lelvaptthodecedde. t he carrier

foil at the release layer. [0011] The invention al so

provi des an el ectrode for secondary batteries which

hesosg 4 first surface and a second surface both

showi ng electrical conductivity and adapted to be

br ought!hp ritbiect ehtthe invghtion anaeoaplisieddyby prodditg izanclantbde for

GOERANT CBatRAeA WHiME hARLEFl® syl B%hnd a sccond surface both showing

electrical conductivity and adapted to be brought into contact with an electrolytic
solution and has an active material layer containing active material particles between

the first and the second surfaces. The electrode has no thick conductor for current
collection.

[0010]

The present invention also provides a process of producing an electrode for
secondary batteries comprising the steps of applying an electrically conductive slurry
containing active material particles to a release layer of a carrier foil to form an active
material layer, plating the active material layer with a metal by electrodeposition in a
plating bath containing the metal to form an electrode having the active material layer,
and stripping the electrode off the carrier foil at the release layer.

[0011]

The invention also provides an electrode for secondary batteries which has a
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containing active material particles between the first
and second surfaces and an electrically conductive

foil in the mddle of the thickness direction thereof.
The active 5 material layer is present on both sides
of the conductive foil. [0012] The invention also

provi des a secondary battery having the
above-descri bed electrode as a cathode or an anode.

S PO L0 AN A0 LML b o1
ePwREhigae contast w@nt]mgn tloctrelfrac pxrlmrtndlcnmm&som acliv@material layer
Zéﬁﬁamﬁggacn%é Bhatefrii9 arﬁ& 18 ’be%/ Ve Ct:h% gﬁrﬁth &&%fsh&,nvfigégpa&ps and an

i ncl ude proces
F@lgctrlgaliyl@nptucgwej(gléjn thEmgddlB (olﬁ)he thicknesS (@gctiofritibrecd( d)he active

oy Bt AR L R bRt R o 1R G,

schematically i I lustrates a surface | ayer with
m crovoids being formed. Fig. 5is a schematic
el Oég]ged cross-section of another el ectrode according

to therprgs&iton YL g:%'vg#és azét)acé;dt% az%t{f%h%%siﬁg ﬁfgeagggve-described

enla ed cross-secti

ltq%éaéacﬁhmprlanmc@. 5. Fig. 7(a), Fig. 7(b), and
Flg. 7(c) show steps included in a process of
producing the electrode of Fig. 6. Fig. 8 is an

B ARG FR FADAWERen of a cut area of the anode
r@@ﬁ;ned in 25 Exanple 2. Fig. 9 is an electron

graph taken of the surface (current collecting

sur f acig liay aphrthf, st A0 HRs hg%gtc?dsg 1Sch bR fofﬁ(lfg.@!:tgoa% acgosding to

that had. been in contact wmth a carrier
i18° BHSS BRERUAL i crograph of a cut area of the anode

obt ai nEFiig |2('a) lﬁéaﬁfﬁ &i3 2(@0&&{%1'I Iﬁg 2](&) %%u/as[f')ei II?CQ%Ja%QH a process for

m crog h of area of t
X P‘ét eelf‘scmﬁétoé Figed Description of the Invention:

[ 0014] Fig. 3(a), Fig. 3(b), Fig. 3(c), Fig. 3(d), and Fig. 3(f) illustrate steps included in
another process for producing the electrode of Fig. 1.
Fig. 4 schematically illustrates a surface layer with microvoids being formed.
Fig. 5 is a schematic enlarged cross-section of another electrode according to

the present invention.

Fig. 6 is a schematic enlarged cross-section of a modification of the electrode
shown in Fig. 5.

Fig. 7(a), Fig. 7(b), and Fig. 7(c) show steps included in a process of producing
the electrode of Fig. 6.

Fig. 8 is an electron micrograph taken of a cut area of the anode obtained in
Example 2.

Fig. 9 is an electron micrograph taken of the surface (current collecting surface
layer) of the anode obtained in Example 2 that had been in contact with a carrier foil,

Fig. 10 is an electron micrograph of a cut area of the anode obtained in

Example 3.

Fig. 11 is an electron micrograph of a cut area of the anode obtained in
Example 4.
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The el ectrode of the present invention will be

descri bed based on its preferred enbodinents with

reference to the acconpanying drawings. In Fig. | is

shown an 5 enlarged partial, schematic cross-section

of an electrode 10 according to a first enbodi nent of

the present invention. Wile ofly one side of the

el ectrode is iIIustrated t he ot her side has al nost

t Mt SRADSLE in Fig. 1. [0015] The

el ectrode 10{5{&#1 Ele 1T st Wj;n‘oodl ment has a first

subP¥ifde 1 (shown) and a 10 second surface (not shown)

bot h adapted to ct, W n :

el ectrol yti CC&Q%eb(ﬁfttgg ﬁl%g%}h H‘% Z[LE ﬂ?fcﬁé‘id g@?@%@fl.ﬂ\s@referred
mgtepfiaenisayish referont & rhen@campmgraﬁaaﬁm@l hpfﬂg i clseshown an

e e r e Eac f.t active
2 cHRIep e L4 LAEERCABES 3L 2520t NP B0 10 o e
Clgm,b@qhme@uolf elbe | igsestrifaaton, ayWhllé nﬁlﬂw dheOBde Ohf Eﬁi‘:e eiectrode is

S The su ers on bot h
1Y eEs hEUBESI BIBIR ot R e s P s T e
second surface, respectively. As is understood from

FBﬁH , the electrode 10 does not have a thick
aktor for current collection, which is called a

ot ol TS SR o e ﬁkfﬁ%“ﬁm’%@“@ L8 FEURRES Slopm) and o
p@cp@c} frfase (ol shewn) hosh hdsptedrig be Lbrmlghbmto 2dhtadn viithean electrolytic
e&cﬁ&ﬁdn‘)dmﬁ(&ecgg@e ?Urhfaé"%ﬁ al:@yeeﬁlﬁtieﬁap gger 3205}\13{1@}5 agtive material

pr event the active materl a

| ByBeles 2t pasivedraltici fep stifacduie Heohesiqransitienacing material layer 3 is
d

Eng?ﬁlhgﬁs%}g%bgeég)‘i\ggpagﬂﬂraﬁ cgp&ﬁ gé ntgrrt;% egfty%rﬁlc on ygone of the surface

f ¥t fohewms  dhe griferstiaysed 4 enboth sndesaea:mnhhsbratolfﬁ{el St surface

| aih@ t'ﬂ@%ecrbﬂd %ErAﬂid Eésged'tf%@l&t L Wi Gy uﬁ@erst cgirgg]p g ign é {hg glgsgrode 10

| SC ar gh s Chosen
aMe aZ@“%F@@hW%nﬁr tcngeidi omleofiort, hehiahtis vaalled a current

%ﬁl@&tb@'such%é%tﬁ f‘c?m{(éaﬁ)l b d‘:d%}ét{ﬁ' n the conmon

know edge to those s he art and not hi ng

worth going into detail about. Exanples of useful

iﬁ@gﬁs are Cu, Ni, Fe, Co, and their alloys. C may be
i nprove anticorrosion. The two surface

| aYir %S} T]\gi%@g?g&%tadgﬁgeﬁglg%}lgﬁcgdlh%&g ﬁep'%ffofnrﬂ tlaé-ra.grgenlt %ollecgng function

egtrde d8c o basyiasatlexsrs é@isosv@m tagrévent itehictine nawerial of
SE@ %ﬁ% Ym&eridl €[y €S 13 tff&?n SfH]Irhfn%C&"f | gyerns g[pglflég élgiarezﬁrdagmﬁractlon

made of an el epent _ havi ng capa 3i 1] ty

B ERRFRY 08 (FpUging. and disshaimge nEechasuefacx Bypt 4 15 made of 2 metal that

functions as a current collector of second batteries and has no or little reactivity in
charging and discharging. A proper metal is chosen according to the type of the
battery and the kind of the active material. Such a choice is within the common
knowledge to those skilled in the art and nothing worth going into detail about.
Examples of useful metals are Cu, Ni, Fe, Co, and their alloys. Cr may be added to

improve anticorrosion. The two surface layers may be the same or different in
material.

[0017]

Where the electrode 10 is an anode for nonaqueous secondary batteries, such as
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by the above-recited ones. Anong them Cu, N, and

their alloys are suitable. An N -Walloy is

particularly preferred for providing high-strength

surface |layers 4. The 5 expression "l ow capability of
form ng a lithiumconmpound” as _used herein neans no
capability of fornming an interfetal lic conpound or a

solid solution with lithiumor, if any, the

c I t . th lting it coppound
CARRI 0 Xed A HE 4GS, LMD SOPOHIT
| 4BYing lovy g@@é]]hty aDfoEaTg adithtulrreccsnlpidtade Sml‘ledlan&lté Sre exemphﬁed

f h
2ot sh ner el RIS B3R, B e

agh-é}/ wilay irapartitrloknesfree doi }medldlrfgo}lngls-ubﬁtgﬂnﬁmﬁdcb }l’ayers 4, The

W he active material,. | ayer
%g& %%/Hﬁ gé‘)(gv%ﬁ%bﬁl% t hemzlalg i vlétglr!l’ﬁq 8??‘8‘?“‘&:;1@?.‘1&%&&2111 means no
f eapabiligl b1 frgmbfef an mtasmeﬂaﬂ&d:onﬁmﬁﬁdi bt eabliy soltrfiéh with lithium or, if

i T AET AT CE PR A

OaIBOIIYéOibthwnparstwethdy preferably about 0.5 to 5 m

Wth this thinness of the surface |ayers 4 and

wi t hout a thick conductor for current collection, the

ejpp¢sy ode has a relatively increased proportion of the

active material and thereby exhibits an increased

ener gy rehsi the spelacalnyers 4 o proferabirdthiniet thagiaghitk conductor used as
[ I Ln incr

oMol s er RSB ELURT MRBAR 0 Brb gt § iR Bighess required

pleb poiostreipligt C@ntswt)ﬁﬂlx:kcovcmg éhd -ctilve endtbng Q@Blduictaﬁ& thereby

Tﬂ?@ve%ﬂﬁé AeLacki®Y Glaferidl P%ﬁgg?2%¥ogi ?P’éf; glf? Zsf é\é&{‘%ggl quchfécaliy, the

recited range are g
Thisknggs o stﬂ}ﬁ fsuface layer 4 ig pmafyrabbf sshemslame aboutdd Bf@r Bfim, still

RS o 00161 s e LOngS T [E PGILEES v

I'ayers "4 are inclus
tthianess ob s suleealagers Hesp exdthoued ﬂlicchh:eldﬁd:thfor Smﬁérﬁ(éslléctlon the

A ubhE 128 CORaRkly 3fce Ve\aﬁé %(ﬁ)oﬁ? n 8{ tlgggt tzil%t pﬁayténrz]tl and thereby

el ectrolytic sol ut’ion
£Zhibitp |agdn¢rmsgd antsay demsyty peOuntthehobdend baineveight.t h(E@xKr,entlonal

UM HeQJel z?q:frﬂlpga R Fk%ﬁﬁé oerne%gﬁ?eangﬁy %e{fa%g%ﬁ?tthe rgatweiy large

el ectrode has no surface~in

ereporiian of ite thigk.ueursnt-eillecting tortastoan Het burfaceddyerd alhaving a
I [ surf,ac n nt ac
YRl Vi R e R A0, BB, B et gl e owo
seifpopdayest ¢ piagbe Iﬂww@me@ndrffwcm imdthidkhesseof . | n ot her

words, in the absence of a thick, current-collecting
conductor the surface | ayers 4, i.e., t he out er nost

I@mers of the electrode 10 participate in the passage

of an electrolytic solution and al so bears the 7

cur r enfAscrAntiensd, e torretfaemlayonidi are dnokisive @f theifiedt isorface 1 and

R seBdrRM@IhEd) Beshaiiveld! T TRE fildp uPl '18d the second surface are to be in
contact with an electrolytic solution when the electrode 10 is assembled into a battery.
On the other hand, a thick, current-collecting conductor used in a conventional electrode
has no surface in contact with an electrolytic solution where it has an active material
layer on its both sides or only one surface in contact with an electrolytic solution where
it has an active material layer on one side thereof. In other words, in the absence of a
thick, current-collecting conductor, the surface layers 4, i.e., the outermost layers of the

electrode 10 participate in the passage of an electrolytic solution and also bears the
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material. [0020] Since the surface |ayers 4 having the
first surface 1 and the second surface, 5
respectively, both have a current collecting function,
there is an advantage that a battery can be desi gned
to have a lead wire connected to whi chever surface
| ayer 4 is appropriate. [OOZlﬁ As illustrated in Fig.
1, the electrode 10 has a | arge nunber of mcrovoids 5
16ureqe Boldstiag fRash caien&f withe furicrt:%ﬁ fcﬁ'lﬂiév%ﬁﬁn%faﬁ% be active
secg?d surface and leading to the active mat
The mcrovoids 5 are fornmed in at |east one
of the current-collecting surface |ayers 4, extending
in the thickness direction of the surface |ayer 4.
TH®26j crovoids 5 all ow an electrolytic solution to
suffici ntI pasg% 5% %h— material layer 3 and to
suf fi ci &htt )}1‘3 Y ¢ haviag the Brshayréice i ashiei sspened surface,

2res;ba’¢tlaelﬂz5)dﬂﬁ be& saefehotlRbtindRn&inl aeR 's@b{%& aﬁt
ni cr %ds 5 have a width of %}Eout 0.1 1o Y agw&f‘abaﬁery

i PE PRUBhS Vo 1l F rCoBRCe (UGS TR s GFICA layer 4 is
tdqypropridtdy of the mcrovoids 5 is preferably about 0.1
to 10 gm The microvoids 5 are so fine and yet w de
enough to allow penetration of an electrolytic
S@P {i on. In particular, a nonaqueous electrolytic

ion whi ch has a smaller surface tension than an

aqueousA@Dlvensed s Fipapatieelatrope fllethﬁﬁhllﬁ%e tnhﬁl%k!ﬂ@f ﬁl'f'é"ovmds 5
m cr

e DSttt 10 SPE o a B By o e S e i to the

taceves unftadad lagyerd. 4Ty ndteosidon abd MomdO2%k EBE one of the
I surface and/ or the

CBEOUR R 8P FEe Mt g o uh e Bpeidt the surace

dam 4of Tab @iitrofoitis 6(mll&@(hngﬂ%troﬁﬁib|sbluﬁ61ﬂ&§t§‘ﬁbﬂéntﬂbﬁéé§ tHe active
m above er an el ectron

b ath% 1836% M T'Lﬁcg t%\%&lgbegag et énghﬁle, 3pliy e gpatprig grerticles 2. In a

asswisesticnudf ihei rfacepbiyet naﬂ'ﬂeQﬂlcﬂifvoﬂi% E'hﬁf]é kOMEH 6f about 0.1 to
the active

V\,hl le effective eve

IO Ei o T S Pise Sy BB g etk wideh of the
|mucroeaﬁie§ is tixferabigrapedd.s et ao gen. Ca]ﬂl%crhitcyovf)[dérﬂ Eu@%o fine and yet
wlld 5%33 l:l?f char ge/ di s#:harge cycl.ing, To

ensure neiCh BFeFaiop. 8 e?‘ﬁ‘ely%“ctﬁoi}%loﬁnt é?ll pgrticular, a
mandquebmcléqtrol%%técl slpjoaf ﬁrhlfcﬁdlab B%tnalibﬁi;cr)?}\@ E@l@ti%nQHﬁ{‘an aqueous

ar t cu to 9

3G s Ryt & ek Bk ah el ShL i Goveie Sabith vesmel avidiy Such
pEctoveldes a2e preferably forrned simultaneously with formation of the surface layer
4 by electroplating.

[0022]

The microvoids 5 open on the first surface 1 and/or the second surface
preferably have an average open area of about 0.1 to 100 pm?, still preferably about 1 to
10 pm®, when seen from above under an electron microscope. The average open area
in that range assures sufficient penetration of an electrolytic solution while effectively
preventing the active material particles 2 from falling off. That range also increases
the charge/discharge capacity from the initial stage of charge/discharge cycling. To
ensure prevention of fall-off of the active material particles 2, it is preferred that the

average open area be 5 to 70%, particularly 10 to 40%, of the maximum cross-sectional
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[0023] The ratio of the total open area of the
m crovoids 5 on the first surface 1 or the second
surface to the mcroscope field area, called an open
area ratio, is preferably 2 to 5 20% still
preferably 5 to 10% for the same reasons as for the
average open area of the m cro¥oids 5. For the sane
reasons, when the first surface | or .the second
srdfefaa)@'qleg&gvég,gte%pﬂ&y Qids 5 whose average open area
falls within the recrtedS preferred range is observed
from above under an el ectron m croscope, it is
p@zg red for the surface to have 1 to 20,000, still
ably 100 to 2,000, microvoids 5 within every 1
cm squartke rati@ dfitie t@‘eal IPnSar UPREE 1o PRiGS 9}68 61% fjrr%t Lfface 1 or the

referred to aa}ga mcrovoid distribution.
BRCRRd 8Urfacs 19 Bigarickscepe fabatsp.callebaeonn asercuatis, is preferably 2 to

PLEROsiNgiaEdrably B t6 N sSTH he s‘fa?rﬁ:' r@Qsoh?@s 13)9% r@feraée Suen area of the

el ect rog the m crovoids do not nee
| BIGBYHAS r £ Bveth e|83191érr%aszrns nehea rthe, irss ssrfager Aot itembecond surface

biadtigf mﬂﬁroﬂﬁ&seﬁ wh@ééea\r@ra%@ Bﬁé’r@&r@i ﬁa@i@ %1@]11?919 %cgf'ed %?eferred range is

el ectr 8% des “of
SeRSRTVEd HERR ébezvec%rﬁ%er gt clecion mlpltOSfF@e s iprefbrrat fdna;he surface to

bigvia ISMrj(ﬂ% ki@y Efe?eréblﬁ 296 14 hool) rﬁfc?cé%ﬁcﬂss é/rthl F gip square

}{.ﬁé& de 10, havin e m Crovoi I'n on

t lﬁélu%lﬁ%‘]q é’@}CWO@QéHS wlowdtienya m@n‘fm@drsaibwnn a
set of two electrodes 10 joined with their void-free
surface layers facing to each other is used to obtain
tioe24lame effect as with the el ectrode 10 having the

20 m crl%ﬁor ds.5 on both sides thereof. [0025] The
act i ve TEEE BF 'Fapfier of %wlfﬁtf@%dOb@wréemedmmﬁmtbsun the side

sfacihgeiee donae elebieodes Bie MMroYuidh 3CR AR LA t'aaoeﬁﬁ&e}ﬁem bé)th surface
Hat er| I t]ﬁartt:hd es 2. The active materi al

BVepheletsn iPrasticeld Patisiies itsadhayei acienaetsr tindse counter
Ltﬁédnio&e on ol kKaeesf @W@rl@rﬁ?@l@@tr&fe 2% SRAONI/eYy configuration, it is

ecific _exa es of useful active

n‘%ﬁléar If‘aﬁ?t\}ao SygEacyl %th%w he wiievdidhed Whepgheweksatrode 10

&apﬁlﬂgr thef nlidievsigy fSa@rﬁ onBY @he dde ttllfé?e(ffcis' 1%) {[E? 'sﬁ'éh a battery
%ﬁr cles 2 ectjvely protected m

%‘H@“%tars?rtégr‘r‘ﬁ? gleptagder 4§ éfrm@ Vil they V@)Qoﬁﬁrsﬂmfacamers facing
Q@%ﬂﬁ@tﬁeﬂﬂs Gzclele] cﬂitzﬁﬁl tM\é kimée Racaeddiag "iﬁcr BRcGIR F5: ha‘ﬁmg the
E @Fgontag gvl R?é el ectrolytic solution thro
{HETONPIS 303 beh Hdesithggeofct i ve material particles 2 are
not 30 hindered fromreacting with the electrolytic

solution. 9 [0026] The maxi mum particle size of the
§e@A5ye material particles 2 is preferably not

The active material layer 3 positioned between the first surface 1 and the
second surface contains active material particles 2. The active material that can be
used in the present embodiment broadly includes those usable in cathodes and anodes of
secondary batteries. Specific examples of useful active materials will be given later,
Sandwiched in between a pair of the surface layers 4, the active material particles 2 are
effectively protected from falling off the active material layer 3 due to expansion and
contraction associated with charge/discharge cycles. Kept in contact with an
electrolytic solution through the microvoids 5, the active materia) particles 2 are not
hindered from reacting with the electrolytic solution.
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greater than 100 m still preferably 70 mor smaller.

The nedi an particle size (Dso) of the active materi al
particles 2 is preferably I to 50 m still preferably

1to 20 gm 5 Particles 2 whose maxi mum si ze exceeds

100 mare apt to fall off to shorten the electrode

life. While smaller particles dre better, a practi cal

lower limt of the particle size would be about 0.01
mipd ¥ the present invention, no matter how small the

actlve material particles 2 may be, they hardly

under go T mimsn pertickosirosf . acff#ﬁemafenale;pannﬁvseﬁ i@preferably not
h Site@r, [

’é%ﬁ?% "oy R ph Bl WONP ' PURET Y dhp P il size (Dx
i of ﬁ@r&ﬁ‘lw mtqual patides 2tiheraanblyel waj(b;nmaknlpﬁlrefer@m? 1 to 20 pm.

S [ reased out
clgﬁlglrcge?g %L%S gla)p{)lr esen e?%ve%l on maKkss @ Ett % g’iﬁ?ﬁl fg fhgrten the
uglectiodeylife og‘é/ﬂmlg swabgeasidieyarabeter) 4 prapéoal idkee 1iB1iZ6f the particle

r gdu %qmtl:fé a%%uls(p@i Lmas Iﬁ&%ﬁ)tr%sggwgym\’\gﬁég?o? [8%1 & }}q}évosneagl the active

stora i'h conv

hal@éerlai p@raﬁlﬁ él Ieass bz,ethcf haﬂd@um(ﬂiﬂgmxfﬁh@omaﬂr‘] tmrﬁdsﬁmsu Z@erefore,
0 h sured the | ase

diévfe%lrgél? F’léng %tgfdlgéraﬁn ’tc gsﬁce}éﬁ‘bﬁ%t{? SRidAEH c?é%oﬁl wed as an
ot e viatted, lt[@Q@ﬁ]ﬁtﬂEd)do&ﬂ&hde the mbm?mrrtatmﬁl phrtiale size thereby to
a&ﬁth}ﬁ%ﬂ%f@%bébut’p §4 ﬁgrgtgﬁd htee(ssages%z% 15\éenpﬂxé makes it feasible to

i nsufficient ene
prsspohydrogent fémage alioycafuhelsf aarliclotize obduche to acti¥e as about 5 um

MRh&ELAl e Wdfbehn g‘r%gé engencLe 21} tc?)ﬁ\gerﬁagnagalqc\;r@des had to have a

CONSi dﬁr at’ion, proportion
nipereel alzeiof abdus ?@I tect r Dateparscliprsekefald yarlifles 0 (3% measured by

ShEMRi iR ARG, B GHaLLY, REsleratlY

active rraterlal Iayer 3 is subject to adjustnent in
accordance with the proportion of the active materi al
i[f02He el ectrode and the particle 25 size of the

active t | rst 0 « the

t hi ckne@ ?lgh@ ut hﬂ)g%tiq% mrtazld ?tm% g10 ? et 17 (& slsgtrade results in
pRefEpian) spendy dansitioGnehtod lregatiei preportive tandb td apee fBll-off of the
F%{cﬁ(/@ hRAREMI. fotMs@Yenﬂ%é’s’ tggfﬁlalﬂto %0%%%(1%1}?&?% t%glproportwn of the

con uctive sl urry cont al ni
FEHY$ éfraéegiaiz ing éheglsetradp el plrﬁbtrahly [D0629)%, 301 Pakemblyt 2@ to §0%,

B RRS rSeShi n gy density into
?Jonsi der trl 8n ebgo?égy%%ckness of the el ectrode

i ncl usive of the surface |layers 4 and the active
g@éerlal layer 10 3 is preferably about 1 to 500 m
44 preferably about | to 250 m particularly

pr ef er gipk yihaRAss HOtHeOakRR Akterial layer 3 is subject to adjustment in
accordance with the proportion of the active material in the electrode and the particle
size of the active material. In the first embodiment, the thickness is, but not limited to,
about 1 to 200 pm, preferably 10 to 100 pm. The active material layer 3 is preferably

formed by applying an electrically conductive slurry containing the active material
particles 2 as described infra.

[0029]

Taking the electrode’s strength and energy density into consideration, the total
thickness of the electrode inclusive of the surface layers 4 and the active material layer
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[0030] The interstitial spaces between the active
material particles 2 in the active 5 material |ayer 3
are preferably penetrated with an electrically
conductive material. The conductive materia
preferably fills in the whole thickness direction of
the active material |ayer 3 st’that the active
material particles exist in the conductive material.

Thats p&ferbﬁly'a‘boﬁtr ef@rs@d,hh Fll E)H:?ergﬁ:lg Oa\f)%um eri% um, particularly

artjcles be not practically expos

p ?flﬁ’@@s‘”@@Puﬁ%toelﬁQmode 10 but burl ed in the surface
Iayers 4. Thus, the active 10 naterial |ayer 3

exhibits firmer adhesion to the surface |ayer 4, and
theoxqgtive material is nore effectively prevented

fromcom off.., El ectron conductivity between the

surf ace%ﬁ&%‘i@rsﬂt@n%{)aﬁ?ﬁe befweeny dhenaative iradteiial wetaeed faythe active
t eat@ i thyed 3 ¥@ pIEtRblyHenbened ﬁfﬁﬁ h.l'ggiecth@zﬁgf contductwglmatena} The

cl.e-to- artlcle spaces of
9%4”‘3%"3 Y i’aétl?réﬁ‘?fﬁli‘%y éills cinr the athle thickheat efircaisri vé the active

rm{aeeri allayBABdoChBSHERR f
ﬁ | \; ea na{ayteer | gl 1| at ler vé Hm?e'ﬂ%l ?ﬁ%@le?%f{{sf thh% conguctwe material.

cifs il &y Rrefepgd éhaft élgqjmtlve ﬂ?éer@b parélnkfcs ediel et pravgcally exposed on

f Ufecdur-fabesi & thetetdcns f t functio
< suppressed, and 0 LREFICER (2 SHEE LA 4 aaus e active

THekTaElyac ehifvs limenrdhesien tsthe spéaic ddvey 4; amduha: m:glva material is
SRIHC QH@&%!W PrevepRd ! ﬁfome&ﬁﬁfhgo&f copglugsl VS, uc& g}r abestqeen the

a silicone materi al S an active

i %urpa@%\z‘?yﬁ/ 4 apdideaetivirapterakis spautddebyf the eqraiuntive mbterial penetratmg
eﬂl@?}(ﬁﬁﬁ@w&}fa@@ﬂé’ ked O hbScdve mlie sl l%@p ?d' @gérﬁtugn &t elgctrically

differs i.n structure from convention
HS%‘é{eﬁ&a%%e BBtearheaticlpy cvende theofslenportpnodithe scbtdzeSnzaémfl layer 3

&t ahusl RavBnRAVIRGH A V. 54 Al %Ie ceﬂ'égttc%h?cstﬁggﬁ.ﬁgwp is retained,

thgr ein,, such as those ose
ST SN e%&ﬁ?eﬁw@omﬁms@ppres[s@bm]d thaeclearde clif-vie prolonged

”Blie@él lifectd |dr@dad\ﬁniaE@ou§CTe§ @ Hf‘t fil 'LElngl %y%rglcgaalfcéxgg poorly

| ected .25 fromthose us
%ﬁ%%n Yokin e At iafeueh ﬂaassﬂa'oee pratsiial, raedn actiVeematerial.  As is

fer ent fro
C@%:;g%ﬂ?ﬁgﬁﬁﬁ?é 'ag%mlrrg%/ée ?@reg&ﬁg,_rﬁl%te e?Jctlgleg cg?r g 10 Mhe  first

g ugeris differs in slyuetie fromp canvetiomel foa;nenype dearudles obtained
tHyeel&Qz%glaﬁh%\bSth St qjggtglf {?ta;ﬁ%a%ﬁﬁg ﬁ g&t getnaflggg?%%ﬁt@ported

e sane or mat eri a
&er?lﬁeﬂ@h 7% those disglesed in Phigyt Desudient 2 pmhPatért dhctinent 3 supra,
conductive material of the active 30 material |ayer 3.
In case (a), the hereinafter described process for
flatglijcating the electrode 10 is carried out through
si npl eg_ Eroc(fdures Further (c)The material of each
surf acéh RYucHs msderi filed dmther achive toderiad alyertd van be selected

ifbe tiosd uﬁdfhi' ®0mhie b el fal® 1d7RESL. T Alterdibic thAYELs are preferred.
The conductive material may be the same or different from that of the surface layers 4.
That is, (a) all the materials constituting the two surface layers 4 and the conductive
material of the active material layer 3 may be the same or (b) the material of at Jeast one
of the surface layers 4 may be different from the conductive material of the active
material layer 3. In case (a), the hereinafter described process for fabricating the
electrode 10 is carried out through simpler procedures. Further (c)The material of each

surface layer may be different from the conductive material filled in the active material
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[0032] In case (b), the surface layers 4 may be the
sane or different in material. That 1is, (b-1) the two
surface |ayers 4 may be of the same nmaterial that is
different fromthe 5 conductive material filled in
the active material layer 3 or_(b-2) all the materials
meki ng up the surface | ayers 2'land the conducti ve
material filled in the active material layer 3 nay be
dijffegrent from each other. Wiere the el ectrode of the
first enbodinment is an anode for nonaqueous secondary
batteries such as a lithiumion secondary battery, the
Ci&%ﬁitive material filled the active material |ayer 3
[ ferably a material having | ow 10 capability of

f or m ngIrﬁcdsb i tlh@“sﬁz%fﬂéqw&?s 4 §1ta$' lbkltﬁy E}n@r %@kﬁ‘ergﬁ in ma 66191 That

?}% #Ch materi al , such
s0f theptygFayiage layeys 6r1@¢yeber@fdh¢ harne nh@rmbﬁﬂmstdrfferent from the

rra@:@:r cetve fklelisl [
Imad, ;Ct Ie i ﬁ’alt ei?lllbgtlﬁelééjéébtru'vé %a%e%'aﬁé neC rd('b Zﬁ%%)l %mgferials making

t HB e urtaee 1ayatsel andathe whrdustiye Al Blledin apbaeenaterial layer 3
| apers difalest £b8ath y thve

mat Zr Ifa| to pr ovi de gﬁﬂg{' el \gg{%}gg% ggat/ci"ld@ Oafgﬁ%gpsggm%odlment 15 an
e BB ARsRYE seeandary| bttegssuclage 2 lithiemwion|secondary battery, the

_ei_lr:](gﬁhét@@:g?tg?algﬁﬁ%ﬁ? i?céi‘?/H E:rgaﬁés?{all i 8%}' ff:stﬂx%@raﬁaﬂpa ha @0 having low

ctAPf PRERE H iy feapeonngdy etil plbfgebileta aieedid meterial, such as

eghj NeFt e kngsslodiigedd on of the active materi al
| ayer to connect the two surface |ayers can be

confirmed by el ectron 20 nmicroscope nappi ng of
d@ﬁé i bution of the material. A preferred nmethod of
p rating t he conductive material into the active

mat er i dk id pyRrreiitak Reodesgivt b LihSe divact:
p%feper r eél pt&hat et hea éonguct ive rrgirﬂgirilﬁa mflélPlgggx]eidﬁltoﬁés direction

G 8tygRarg! 1gy drang coprpctsdp betheetathy sprfade latess 4, whereby the
i toestshide | laﬁiérs 8 m&t@@q%@&&:f%@ vkt Vﬁ’ndﬁ%ﬁ@c{ }nQ{eHal fo provide the

| es but Ieave vacant spaces
bei %8@%&" ith, increased 35‘3 ‘é‘éé’é‘YG thieeaser the whae electrode 10

mema@valdﬂl&eﬁt fc@ﬂé&ﬂg' ﬂmbthcﬁl CUTKL FheiClat ea“rhd?&% u&fn@ﬁﬁtmg the
er. 4. The va spaces 6 serve to rel

%t collgeting s cee %rﬁéjfl RsActEes e prtiradhickres fliredtion of the active

an:etterVeﬂ Imtetd aonn@t CABPRAY isidace hﬁl‘é}%‘e 5 NEhnd %g (gonfirmed by, electron

di.schar i'S, connection
SRR e bt OB R SRty | Al preyred mottiod of punetrating
phedoddadiye e o g 238% J%){te}’lgll I% wlxﬁ Qe Sibddr bc later.

preferably about 3 to 9% by volu e propor Ion of

the vacant spaces 6 can be determ ned by el ectron
Zscope mappi ng. When the active material |ayer 3

|s 1 formed by applying an electrically conductive

sl ur ry Iiceptefernédhat the casductiee Mtedk] Blled in the active material layer 3
not completely fill the interstitial spaces between the active material particles 2 but
leave vacant spaces 6. It should be noted that the vacant spaces 6 differ from the
microvoids 5 formed in the current-collecting surface layer 4. The vacant spaces 6
serve to relax the stress caused by expansion and contraction of the active material
accompanying charging and discharging. In this connection, the proportion of the
vacant spaces 6 in the active material layer 3 is preferably about 1 to 30% by volume,
still preferably about 3 to 9% by volume. The proportion of the vacant spaces 6 can be

determined by electron microscope mapping. When the active material layer 3 is



10

15

20

25

30

particles 2, followed by drying as described infra,

vacant spaces 6 are necessarily forned in the active

material |ayer 3. Accordingly, the volume proportion

of the vacant spaces 6 can be controlled within the

recited range by properly selefilng the 5 particle

size of the active materi al icles 2, the

conmposition of the conductive slurry, and the

fqhﬁldﬂle Védlc gﬂfapﬁfyg%gg&ll 'efé@irfc@l‘i‘y c?f%c‘ﬁ% ﬁf[&rgp&ﬁﬂ@flﬁl otﬂe actwe material

t PetigSed %’ZIP“‘?@ bﬁfafhé(iqgaﬂs Idﬁ?ﬁelbe@ e\racmtm@eces 6 are necessarily

candidd BNthe adi903RteTIaaG3 VE | Oy AEYSEE o

varies depen%ll ng onerv\he?ﬁéér thpée;%?(g%%@od}e %ﬁmg per%bomon of the

uYBERIASPACes &t trpdee epntzaHedhmdthin tl%recé@bl‘angatblyqnopal}aseiectmg the

c hﬁféfé%zéaemaﬁ&th}é% les 2N

h%dr oxi de and cobal tﬁﬁ{%:‘%@lc % g{o:%a pﬁklggt%lkohﬁ cgnducﬁwe Slurry,

afBdée qepditions ogennl W@thiilat dhe aflobmmpﬂomteon af ﬂcmacant Spaccs 6 may

hyHb 89 a8usk@ba9Rs@hl ¥ Q

P B B e e A 8 Tt Gomations

batteri es such as I ithiumion secondary batteries,

L Ets havi ng hi gh capability of formngallthlum
ﬁ%@ 15 can be used. Such el enments include

SI I | CONThé hdtive RhHaD W be Gld VABEBINHE i
at ed!_:,‘)g{if enphasi zed, efhe struct ree o? E?ﬁ@@g ﬁﬁke el%:tmde 10 s
u%scé hedpyor gy vt sFemarpliseiion apat eathede, Ehopetive material

f ﬁicldd@g nRRkEl Kiigostige @@mltq{}d?dﬁdéjo%f Al ?ﬂoﬁ”’ag %Ehgnode useful

charge and a, djscharge. In view of this e
ePLEF it el pinplade warioxs hydpgen storage plloysatadonumoand cadmium oxide.

SB&OEﬁﬂfcﬁn&ﬁhﬁ ah i @8dd 6@%9&%5&5%%%‘&%{&&& %E]?%se} um ion
di sch cles, particularly nic

S%B?%ﬁ?&a%%que?lp@gmﬁ RaviRg dheh hepakiity wé fwmleg iaglithium compound
USRIETdReS MSich CRARNLE IRARGNSLEQIR ag,da IGARLEAGH mgg 0f..

el ectrode 10 is especially SU|fe as an ano

ni ckel - hydrogen secondary batteries because the active
n@@gé of the anode is a hydrogen storage all oy

t undergoes | arge expansion and contraction as a 25

resul t &f rbpﬂdfo@l}eemgbaﬁsﬁieﬂt RN seidufes PR ieRBtrodd190 successfuily

anode oﬁl c% g‘ secondary batteries using a

Ny aFee cdich %5@ 2 3%@”&1& tdug do \eapassiog| ang reopirarsion with a

m}%fgﬁ pelvar dect apdviex hebitis e?fé@terth@rele@%@@ub' {sY suitable for
and.hi

h relln? and ni ckel - hydrogen secondary
%P 1%"’rt B0 2PN rt@%?ﬁﬁ‘é reRfafeaby W%@Cé@ torehaasrand discharge cycles,
qiaﬁﬁxtuﬂar@ MekelQiyﬂﬁjgéMWHﬁﬁ&on@é}Waﬁ&@&' i wiibh E}%Oz?b@ve material

e allqys t have been us

%} en stora
e O Bt le PR So® SRE pestronionn n Thecokesiory a0 pespocialy suited
%cmnmady obaickelrlRifogeR Redddhi§htteRed BRalNE8ERLtive material of the

| nvge 15 a Hydrogen storage alloy that undergoes large expansion and contraction as a
result of hydrogen absorption and desorption. The anode of nickel-hydrogen
secondary batteries using a hydrogen storage alloy as an active material provides high
power output and exhibits superior durability and high reliability, and nickel-hydrogen

secondary batteries are therefore suitably used in hybrid electric vehicles (HEVs) and
power tools.

[0037]

Any known hydrogen storage alloys that have been used as an anode active
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Useful hydrogen storage alloys include AB5 all oys

having a CaCus type crystal structure and Laves phase

AB2 all oys typified by ZrVo44Ni 155. AB all oys and A2B
alloys, e.g., My2N, are also useful. Exanples are

LaNis, MMNi 5 (where Mn5 repre%ents m sh netal ), and

mul ti conponent alloys having the structure of MM s

with part of N replaced with at |east Al, Co, and M
annhterpil i Im&ikblyhﬁir(b'@h @E&[@F}t Bﬁierfé? |c§1{35§ %edf 1nOffk rese%mventlon

er alia, ogen st or
al 58@ I?Yg%‘?%%sﬁ?ré@e %Y? drpden A W%%@ertgg:@dceﬁmme crystal

Maftruﬁum &fd I®iedlphads Q%.a‘ﬂ%g? tyﬁﬁéfh?%\@@gu 5 _?_h§§0$ﬂ)g§ and A,B

< 0. 35 %ga+b+c+d< ) are pr eferr
?W’ azgz Bfce ISP aBieftlhaFeamples - &iv i kalian §frNaf (Where Mm
49@;@;&111@ ﬁmbiﬁﬁﬁ%[) é‘lﬁlﬂmﬁltﬁoﬁﬁpbzﬁerﬁ %ﬂ(g}srhagfngﬁf?e'sstm% of MmNis with

lattice of truc

| SB8T N halelfL Bt ShBet a0 d Vin pat oiepoly bt eleraent(s) selected
aﬁsam 'Slu Ch@bﬂl 7rf OF, 280D, | 95} Sh, 'ICRN-CB ;ggxg Sidr @%ﬁgjgsqregresented

g {\/Ehuﬁ%’la thhlumlon secon ri es
SP¥i 9 pkingfy Cacnéﬂheréme sk alis hyrmtaigéro<as4 7; 0.35b<0.65;
SGQ@(E\d}iﬁ Y 0B@t(.39;i 83xaithe+a89de p?ﬁgxﬁeorﬁe 53?18%] 43 i type

batteries uses an act ive nat er| aI
eREEHEGIB Aol eawe densth 8h499 b & Henageend andixrs length of 405 pm or

dlesghian gesorydif1038te 4 (R ehets 8dicppocess of produci ng
the el ectrode of the first enbodinent is 20 described

with reference to Fig. 2. First of all, a carrier foil
1@00'}3% prepared as shown in Fig. 2(a). The carrier
11 is not limted in material but is preferably

eI ect r i Tl élyctrdd@nldhéf theetirsVBnbditdagt Paaﬂﬁd §ﬁ1tafb@€ lfor]'ciépphcatzon to
ich is cond ve does Fh?ts nheed to be netal
c%Wﬂ‘é‘%ﬂuf 87D afy At Rk i IBRGOR aesondmy kaleripsagsimilarly to

tiﬂlatanaiw&edclf@hb'dﬁgﬂl B ofi®@lry @diter’RB0thE BAY4 @idndnrd&&ous secondary
From t he. st and easy recycl abili

n%"i“&?? =\ e f"ﬂévez'éa%‘gfﬁ r%ﬂg}’vl%?wge FAPINSIOpraae e:pamc\ywn welth charges

sanelighale surface |ayer 4 forned by el ectropl ating.

Serving as a support for making the el ectrode 10, the

carrier foil 11 preferably has such strength not to

gp Ie or twist during fabrication of the electrode.
om'this viewpoint, the carrier foil 11 preferably

has a thipcKeaesk pnfceﬂboﬁjproﬂﬁcxhg thé) e[@ctr&il&@? thd Rest embodiment is
2%’ lscgg)r { erpr 6d Oglf:’tf go Flgf t h rsé |0§elil rao‘@éi‘%%"iilg %%5%%? as shown in
dligal(s). r dpei camriensfeil dfl ishmt Cigtiteigh hadérial \Ml?'ise feR@ably electrically
%ldflé&?ge | A ille T el csarrslft:rrfgﬂgll which 93 con%lﬁctzve does not need to be metal,
the carrier foil 11 which is metal provides an advantage that a used foil can be melted
and recycled into foil. From the standpoint of easy recyclability, the material of the
carrier foil 11 is preferably the same as the surface layer 4 formed by electroplating,
Serving as a support for making the electrode 10, the carrier foil 11 preferably has such
strength not to wrinkle or twist during fabrication of the electrode. From this
viewpoint, the carrier foil 11 preferably has a thickness of about 10 to 50 um. Since
the primary role of the carrier foil 11 is to serve as a support, production of the electrode

10 does not always require use of the carrier foil where the surface layer 4 is strong
enough.
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The carrier foil can be prepared by, for exanple,

el ectrolysis or rolling. Rolling provides a carrier

foil with small surface roughness. Such a carrier foil

with small surface roughness has a nerit that a

rel ease layer Il a (herei naftelr described) is 5

unnecessary. \Were the carrier %oil 11 is fabricated

by el ectrolysis, on the other hand, operations from

powagt i on of the carrier foil 11 to production of

t he eIe rode. 10 can be «carried out on the sane

pr oduct B PiTe. forthean Re |nrerargst dpudur exenyfle.t hlectuﬂym e)lr rolling.

f Riollinklprbide sl v and f tign,of th

el ec n]g]p e 10 and %ggﬁgﬁgﬁﬁg 1%(plfra{%l' u@@é@%ﬁ% #th 2 cartlét foil with
EFERt F iTeughgeps hasia merip Brahp meldaseylaysr dder(bbrgsiafer described) is
a[hn&]c@éé&rfym YWhefe BRLAERMEiRN msnfgbxn@aﬁe%l by(ljgeétpoqzsm( Sn%ne other hand,

copper or nickel jons) using a rot
c RHHRDS digHRigdusiontaf dhegaeradr foibhl td‘w Odhclulm oTthfe electrode 10 can be

depasd blﬂd)nrfﬁé @dmé ﬁro@ﬁ& ?q \%r oﬁl fe?lel rgeﬁpkflg%éc Pgl ﬁ'fgcatﬁrgeg foil 11 is

ca rier foil C
aptaggnus gf&regtq:bé@@wﬁ@g@n af filee fé@cttnovle 1frandrddattidrayfrrodidtion cost.

&Eﬁct@&yﬁ@ FaTRd] G bRGTHbY b? %}f{cﬂﬁggﬁrlﬁ gt %ec%oian g}:»étgq Genigining metal

herw se, the carrier
r O K%, FORPEF O nickel dgnsy Meing alfnf&F}{ gn'unﬁésaa catbodanoi dblpohh&ze metal
agit fhe arumt 'melal I |
11a not onleglhf(ggghﬁ?et%zﬁ%%l 1pgttéﬁq)l ng ltJehclﬁun%thr t%§§aln ¥ Hier oil 11.
anticorrosion to the carrier foil 11. Irrespective of
\A@ﬁ%ﬂer or not the release layer 11 a is forned, the
er foil 11 preferably has a surface roughness Ra

of 0. 0IWhén thearrikifbil 11 BiE
rii ﬁul arly “orefer albl 0. %ﬂlﬁ%ﬁcgr&]@%s#ht@ fetlve mateyial layer

?é@@leﬁo@%ﬂéé@ the rarrir deil rldde Otlharwese) shebesrtier fopl may be
qiotibiel Wﬂhfd @[eafs@ldyerl i aCQSnSh%%Hﬁqzllg Cb(?)T on whw]% the]t activg material

ucce ] the re| ease
e”% \Lf? da Jh?ffslﬁﬁﬁet J@V@khb%@ot ovwefaeﬂmtes paﬂegsbut imparts
|aﬁ§l&cﬁrol;ﬂon&olt§e @hAX BRd 1. t hespdthil 868 whaHGNERS ¢ ef?efase layer 11a

carr er f.oi I N SoOnNe cases excee

%H@Beﬂzéotlﬁd&fe%’é’i&?bi Ing asHfagsrronglaess Roof 0. ﬁé to 3 pm, still
wffz@ﬁl@ owgtlane% %M&Mﬁ%f&f&ﬁbl&% gl ths Od“g?!&xgh Oith this small

uced Iease | ayer
Eﬁ wLdaug qt@ %ﬁ@@@wéﬁmlyup o ‘r‘i’@dlamer foibi 1 can be peeled off
ex@ﬂﬂdﬁﬁly, Rk, &hd: Rdeadk Udyer ¢1Y O Mrﬁéf@??g@&vh?ggﬁg{m? thickness.

%2#1 The reason for this pre
24 %9%131% Id atih providsd.ntbel syrdacagoughnossi Rieobihe satrier foil 11
Sﬂ@ynml S8 caselickbeciage alfcéliéﬁcxta#}%@ “ﬁ@iu agﬂﬁ-% &R/eproblem for the

esi on_between the carrier
évr FOtEpERSiof i qaa 00! phekddieneduced byl gsoelcbedpyer 1la.
thereby to inprove releasability. Organic conpounds
are also effective as a rel ease agent.
N(42bgen- cont ai ni ng conmpounds or sul fur-cont aini ng

T oBh SBhs B o AT res by Faexampl, plating it
chromium, nickel or lead or chromating. The reason for this preference is that the
release layer 11a thus formed forms an oxide or salt skin layer, which has a function to
reduce the adhesion between the carrier foil 11 and an electrodeposited layer
(hereinafter described) thereby to improve releasability. Organic compounds are also
effective as a release agent. Nitrogen-containing compounds or sulfur-containing

compounds are particularly preferred. The nitrogen-containing compounds preferably
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i nclude triazol e conmpounds, such as benzotriazole

(BTA), carboxybenzotriazole (CBTA), tolyltriazole

(TTA), N ,N -bis(benzotriazolyl nethyl)urea (BTD U),

and 3-amno-iH 1,2, 4-triazole (ATA). The

sul fur-contai ni ng conpounds i ncl ude

nmer capt obenzot hi azol e (MBT), thi ocyanuric acid (TCA),

and 2-benzim dazolethiol 5 (BIT). These organic

C OB G e n

aci dic sol ve‘ﬁt&hiﬁ%&aél gsgplpn% £% vog[tr]l%ml }@ﬁ)’aﬁ’a%ﬁ@eﬂzoma‘z‘ﬂe
s6CBTAGn tpiyltspgile o T, tﬂieNchItheezotﬁazdlylﬂnle&kyy)umy (BTD-U), and
cqalhing. i ng 4ip

concent rlg{ ?%%%%e@wzn orﬁ %f I%'UP% coé %{Wﬁge copgfunds  include
i snopeaptabentsttyiazole (VBT Ithlommusucxca:ts{ﬁ“@lﬁ),pa@d 2- bd’ﬂﬁlmdazolethlol
t negg.Lf

D TS bR A IR PR e i BBt 1 e sotven,

f &l plkgllnqw(éf’mi,aﬂm yantiGh dutzonsiampplieel uocrhl@baiﬁ&SfoRa 1dfy any coating

pgerggnll 9 ﬁlc[ﬂdufg[pdléémg efh%r 39%9{1&?1 6016()%&%130121}1% pL forpxprgple, CBTA

t h?epre&r&hijeﬂ b g/l.1Foo nuwassﬁti ptehie tleec thickmegwpdfethé adlease layer 11a is

845y S TR0 o AR, AOBGEE S
P @c&e@@faca TOIJSmSdeEt bf @Dbssy pmursﬁ:ﬁq&efembb)nﬁ Ositele ;,Lm particularly

ngx%tfegé’(g tr():;tggtgrbg‘% Enngﬁarq a&lgq;o efjtggi ier éo“ﬁ“hf‘ ;}z&haqﬁg attive material
dapersi isdel bs famed diewlyher wor ds, the two sides of the
electrolytic foil 11 are different in surface

roughness. The release layer 1lla, if necessary, can

bgohgr med on either the glossy surface or the matte
surface, Formng the release layer | la on the gl ossy

sur f acellii tairisnélil &} peapafedcey elocigiipes has, saanEhupre aff eh¢ @ebcess, a

f Qﬁod’t@ E.\rhsﬂc@ ¥n o\lx\@ @fd? tltlé?gofr tlﬁ%t%i FadAUEL Oﬁ%f!é’gdrli”B and @ rough,

f or med I'S ‘Teco
anadq @%fﬁcé ontﬂilecoffl@i Sideﬁ oe- nﬁ‘@ rhetak df@ogxteelesedme Iobth@nwords, the two

t ddi t
SSJ.I%% %fgtg% tellér%trolgﬁﬁ I?m??g ggésé?fere?l't' s%? cﬁ%r}g}%@"ﬁ%ﬁ: \éf%e release layer
sUef dcBedsasany, ecafldr:nfonged e mt@beameglosgyesurﬂatem; the niedte surface.

rIﬁHerﬁQﬁlerf@feﬁs% Ig%@ﬁ J]qgﬁm t%u% gfoggy %Jr? ce %9‘1{"%&&1{,@& 5 urg r3ghness is

rou rgh ness. n
| GlErred ql‘deliegs st e Ve thearekehser IlayercldlaMafqnma@ on diei nagtte surface

'Wisexreb@ljmn@xgﬁéd' fo! Lﬁé aB% %;?BI% & ?&%‘xk:}ﬁn Sr:eg%l(:{; ﬁ)g)én eIectrolytlc

epi cte ere
leadditivgysoeh a3 ﬂa% addﬁEJeaflhmlmdmntH’rAé} 143?58&; oB3td stch the matte

C&'uff%et iﬂfof gxgoﬂﬂe tragaslecl?%!é} 519 {}ro bd {o]ll1 gf Thgfit% lsur%acx thereby to

contains a ng ZoPvén

d@féﬂoplﬂéﬁrﬁwf@w aglB@sacti ve material particles. Useful

bi nders i nclude styrene-butadi ene rubber (SBR),

pol yet hyl ene (PE), and an et hyl ene- propyl ene-di ene
(EPDM . Useful diluting solvents include

wat er and ethanol. The slurry preferably contains
about A®dke next step, the release layer 11a is coated with a shurry containing active

material particles to form the active material layer 3 as depicted in Fig. 2(b). Where
there is not the release layer 11a, the active material layer 3 is directly formed on the
carrier foil 11.  The slurry contains a binder, a diluting solvent, etc. in addition to the
active material particles. Useful binders include styrene-butadiene rubber (SBR),
polyethylene (PE), and an ethylene-propylene-diene monomer (EPDM). Useful
diluting solvents include water and ethanol. The slurry preferably contains about 40%
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16 to 90% by weight of the active material particles,
about 0.4%to 4% by weight of the binder, and about
5% to 85% by weight of the diluting solvent. [0045]
Before form ng the active material |layer 3 on the

rel ease layer Il a, the release 5 layer 1la may be
electroplated to forma very thtn |ayer as a precursor
of one of the current-collecting surface | ayers 4

(hergb r S. su c ayer 4
7 “Prock st B Bl Bfye Sl BB ol LATLGH Bife weleht of e
| dvmder.cwrd fabois SPatpels Y4by amighs ofthe ditfititld spleat. f or med
| ater by the hereinafter described step of
electroplating, previous formation of the precursor
| ay@ssjon the release layer 11 a by electroplating is
effective in 10 bal ancing the thicknesses of the
final | y BeGrenbmped the eftivunttadel lnpyéra e release Iayer I1a, the release

El gt nep ?’I Yo% Jedid lagﬁl 386! aaye%& tthlﬁﬁ%;ee? a]% %é}rpg%ﬁg)r of one of the

précursor tayer cah be carried
c ShdenticoHecting sirfaceheydie tdheafrtader rzbées*ﬂeﬂl tb&id thd RiweRfsurface layer 4

| t | it
SetgPalat 1 B LG O ANSE, T80 Rl P + o
meegcesssii bishei fnnnemelatepb}e ﬁwlmndf&y descn}hEd ité}@éﬁdlec’fﬂ@laﬂng, previous
S lfd%HaYioﬁBP{hE %geo{n%oxt {Aﬁelf $ Q‘?‘cﬁ%ase aggr I,lal b Pjeqt@p&npgas ¢fifpetive in

precur sor € rel eas
f b@lﬁﬁlql%ffl&dhlpwsmwé theaﬂinalila)femneﬁ pail'ﬂ‘tﬂ" safhdeVigydray er EﬁJctropIatmg
fine,interstitia

I 0 ro
s%%?es E'Ie?d \L:/’\;/éreifa LEFD glg{ﬁ g I"St‘?sé)lr N Sap {F Gegied eftﬁeunder the same
c eenditéqnsfagiin tlehenpindfter hiescaxbt:d wizpdteticiraplatigy e rEl&cticplating under

el I T i ———

chbusewreer layesctropl ating (this process will hereinafter

be sonetines called penetration plating). On putting

the active material layer 3 in the plating bath, the
p!o@ta,gpg sol ution penetrates into the fine spaces and
reaches_the interface between the active materi al

| ayer 3Thgrdurtnerplied éate reile@péayelllaonﬂletpimunbelaymsm the release

| duct
(EYSIUARLD BERYR R RLD  AERLELEd fver s
nefeed Bas quaperus fine (igyrsttialtsheces btieres thefaaties l(nmlaﬁal partlcles The

seEfi@cRil llant‘ﬁnf @Catctl% gxtfht&{‘ag ?}e}?ti g lﬁ%t L eé‘§ed ghpfpél%tglg bath

active materi al a er
(YOREIHDE ﬁé@éﬂh%m@ﬂﬂl&@tklm oﬁpmﬂectwelnmm 14, &y esnduci éctroplating

qgu& Bﬁ)c@s%twﬂ%ef%{a%f B sclfgé? es callec-lr B?._neg'atl ‘?SP ﬁg@?@g On putting the

tali ned the el ectrode
petive graterigblager 3 divthe plating Isaﬂzn, the ptaungu ssludes peﬁwaa@fmto the fine

;kgﬁ%etk :hgltd ?%‘éﬁemee#ﬁwﬁ%?)g&ﬁ Enesseollflg%la?l 18}@0; apg dhe release
dexaryéa pithe preghrspmipper. 31 témestEe ClecRpplpling [s@OATIcted to deposit the
metal (a) in the inside of the active material layer 3, (b) on the outer surface (the surface
in contact with the plating bath) of the active material layer 3, and (c) on the inner
surface (the surface in contact with the release layer 11a) of the active material layer 3.
There is thus obtained the electrode 10 shown in Fig. 1 having a pair of the surface
layers 4 on both sides thereof and the same material as the surface layers 4 penetrating
the whole thickness direction of the active material layer 3 (see Fig. 2(c)).

[0047]
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17 The conditions of the penetration plating are of
i nportance for depositing the netallic nmaterial deep
in the active material layer 3 and for formng a great
nunber of mcrovoids 5 in the surface |ayer 4. Wen,
for exanple, a copper sulfate- Qased plating bath is
used for copper plating, reconnended conditions are 30
to 100 g/l in copper 5 concentration, 50 to 200 g/1 in

sul furi @haemdiu@@ﬁ&ﬂ‘rthé Q&ﬂe@ﬁmorﬁﬁa I‘Brof l'f?lwgftaﬁc@ for depositing the

chl entrtlon 30 to
51-?3%11%%? & ?’?B Hialfﬁ'oa%e r%tfawtlaryrr %arcr Entforteingiat great number of
I mictsaigs & ilCOPREfaRARPROS W}@heﬁ)p lf’laaéopggr skﬁffg‘r!a tbased plating

E‘»@ %ﬁj condltlons are 2 to
c SRRt {98 FOPRGPIEY E7 cRyogymengled s@tdatsfmsm 30'to 100 &/ in copper
pydimbilitﬁ:&i@has(ﬁto m@ﬁﬁi sfu%h@ ﬁcld%gnéeﬂtr% BP cﬁ)ﬁg{ & loyar in chlorine

erature 2in and
&B&?ﬂ atigand® tt9 8%Fé i ﬁ?@l{éﬂﬂp@ﬁf@& ﬁ@fb i é@ ilAg A/@n%/\a‘t tursent density.
bhi hsigan cb@eﬂ%ﬁ@ph@@ﬁ@l@@ﬁ@%ﬁaﬁ rb&if@a&?{ed é;gﬁditl})]l'rs are 2 to

%&gﬁrﬁgl ating using a Watt'
| CURPE FWCCIEBHE BN ]rOth |t@n 70@8/1t an 7poigssiurin pyrophosphate

n¢c@1|saitraclbh 030°08 &ﬁﬂclﬁrﬂaﬂﬂe'r rahi!rQ f{)@o EQ i9hl 'aﬂ{i RO f A/dm? in

ure,

aci d ncent atr
et @enlsgy ‘1 @Wbelpﬁr%a%mém “@étn%lpqﬂy can Byused. _Recommended
armnrimi@m ﬁéreélyctﬁiﬂ)ld#ﬁtgllﬁglgt DeBRe @f'b%tarr 1%8'43 325‘6'@21' £ Q8%e1 sulfate

eri the 15 surface [ayers
a“rolni?)%‘&“% eWe?dngn t&n PW%‘L@WHQ@(&‘JO\VW@W@U@W ](ﬂ(hveﬁtg/i in boric acid

ddonegitiaten, al° tdwarcarﬁtu VBB aiulahn t
Sggér of sbr ace |ay ergl 4e%ecﬂfca¢?§q§:é§%é‘z lrntCurrentdBllSIty

ﬁpp}gpﬁ@tle Y & &Stffl’ge thepe redgeialysis neanditionsyr thes mater1a1 forming the
mumawm?;@is éﬁlsadlﬁm%@StUﬁénét?e[té'r%()ué]#h@ewﬁdié fﬁ?&es& WEBn of the

e current Sen3|t IS

C?@B}Sesinla feHAl gl toformea v §f %Iﬁfaﬁm@yﬁr@dtﬁﬁctsmﬂ‘yamen@fted to each

tdﬁlﬁa 2aidi e aféiBérd
e B U B L0 U TR s

dPErS P‘é“edlé CEBTiiEll tog highy mat@édamsyzont takes place only on the

aRek Sl of gfe EROLICHANAIS viBAGIY i iHBheT 1 al 1 nside
the active material |ayer 3 e operation for

form ng the surface layer 4 having mcrovoids 5 on at
g@@i one side of the active material layer 3. In this
rg the netallic material 25 deposited inside the

acti veAnertréfngato kl@y%box% ek BeR eprdBdsS! had (Yp!?:ﬁh'iitohﬁ Uld '}%{formed

ast face Iayers 4 are't

S@Lﬂgg%quﬁﬁ'e%?% OE%{P??/“ 3” denesisias ithe repidHatmetadal inside the active
mmatagbw ahd tﬁem}ﬁréﬁlaﬁ Gor foRgin ?;gh@klh‘fa%e rf%l eF i 31‘%|Bfll‘fgsh‘x1(:rovo1(15; 5

active nmaterial

ited
Bg ﬁ‘glfé?%tofl% ﬁllaf) Pg er?ﬁtlvea‘i’ﬁlatef‘ﬁ]elal‘f‘éﬁr i &t thﬂ%pqocq_sg, ﬂ‘lametﬁ;ljllc material
tigmsaat invide it @:ﬁﬂv&mz&éiﬁ‘? Taydr 3 bfd F%%tbmﬁﬁﬁﬁuﬁﬂé t least one of
not h Iatln th to carry out electro ¥o

ﬁ’&’r%“[%ﬁee GG %gée Famlfar 14 1soppsgifle @c@&%orﬁatf@sq &ivo operations
b IR Bythisagaky,i I |

o )IBVI dgtd srjl b%rgteé Iﬁ:}altlé Ikiggﬁaﬁgbngép 8% kﬁ%%@grtﬁégg%e Baterial

f

faggre} Ey pehetigton g theagasnerabil dilflasingribe active material layer 3

is then immersed in another plating bath to carry out electroplating to form the surface
layer 4 on the active material layer 3. By carrying out the step of electroplating in two
divided substeps, at least one of the surface layers can be made of a material different
from the metallic material deposited inside the active material layer 3. When the upper
surface layer 4 is formed by electroplating separately from the penetration plating, the
conditions of the former can be the same as for the latter, whereby the microvoids are
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fromthe netallic material deposited inside the active
material |ayer 3. Wien the upper surface layer 4 is
formed by el ectroplating separately fromthe
penetration plating, the conditions of the forner can
be the sane as for the latter, whereby the m crovoids
are 18 successfully forned i it he upper surface |ayer
4. [0049] The nethod of form ng the mcrovoids 5
Weide8sshlIB BHAL PGS @ %fsuﬂ;ab PQMTEd by electroplating
I nvol ves 'no application o er force unlike the
herei nafter described 5 nethod including pressing.

TB)% ngre damage to the surface layers 4, which | eads
G| ge of the electrode 10, is averted. The present

| nvent oTRe @s&udBf tRRing (AEmidkh ¢digy 9 Wﬂﬁe ey a%eﬁlr g&dﬁqxs formed by

ﬁrl n the formation of the surface [ayer
gctrg éart1n(8ve1ﬂri@1\’?§eﬁ% applisatiorsph ester Hercasmnlive thrmhmunafter described

| @Eﬂ’lbd $ndedihabRssihhe BfRbdive dB gé 't@lthe RAaLd ffakgx% 42’wh1éh leads to

h M Cro$copj ¢ _Unévenness on ITs surface.
& pedheyelecieds V@ 10 axgricdwi deenrsyeng rluvmﬁorsfastﬂkme that the

rﬁﬁic@d)\l'd@s §ré&§t@¥r§ecﬁﬁ£ﬂm‘}§ k}%r fothiaBiSn A th %faJé“ BN LAY iR ush the

growth is not unitormon such an un

crystal
{?ﬁf"ﬂt@ MPPRGRISEhe Sioeithe astieanptgrial faggred comtamh ithe active material
qshlilﬂéléd DNt hs cRREIAPhAL Bithesd &’Fltf §l¥§a,tc@| ﬁl‘ia‘? W Ig?llﬂg sitQlare active

formandthe mat er i al part
SN SBToHOPeh @éé@%ﬁle&&w @w@iSaand Aﬁxer lsBeseteandti cThe rate of

r@ﬁfﬁﬁl' SbwiUCAR T undbRW oh ubh Gh XﬁE@énsﬁrﬁg& aC@?éﬂ Y SR Snaterial

butt agai nst._ each other formn
tIRsr dip Bu e itiogrpelegroptated, th@u:gysrt@ rgn@mthsmu unifaps and the material

t I f.on 5
%ﬁﬁ[zgf}/sg ﬁndtge g@?%??r%}g‘:? gyérte\ﬁ éc@ gbg%%rgé BBQX&S%F As @quetﬁlhc oaterial

dWCIe BEOW 1R shstads, adiotrmbpryFials hrtcagminst dachbothemforhig ol gaps
Gh&ebsRedy M@rﬁfsbﬁglettﬂﬁs %rgféﬂts%a?lhg%\é &getP & other to form

active materjal [ayer

JBICFOYOKIs| Sy dig ImeOT@d%Bthdén’ftflt @b@mde‘s@lt@dtm@hnd have exireme
gopdegtivity, the pressing is preferably carried out

to such an extent that the total thickness of the

active material layer 3 and the surface layers 4 is

rﬁ@ib ed to 90% or less, still preferably 80% or |ess.

Fl-> ing can be performed with, for exanple, a roll

press mhehhieovolds s sarfl@Bb LS s ,
mag er i al Vo %e 1% s 25&%&8% %lrgé\jsgl%’l:lﬁz% ﬁ%c ¢ hM@ng the

e Bg@é&ar@ ? Es Soransyl ioawEgce Ipersviac a“mobtam sufficient
%Lb@ﬁ‘&s chndirlidy, tﬁ&ﬁreﬁﬁgﬁﬁsp@feifeﬂﬂl)b hiidd LRt f] &cﬁ%%ent that the
gﬁtﬁ on of the active nater] al during c
&) #8951 Vo mateniel Waeahendsipa sedas lavams hes reduced to 90%
obllexh,neidl d@%fe%lbt BOYol drnekst hPre@é'xﬁ‘@%ﬁr[‘Be 9B RS 185 example, a
cri bed gbove.  The proportion of g vacant spaces o
gii prges machine. [t is desxrable that the pressed actlve material layer 3 have 1% to
30% by volume of the vacant spaces 6 as previously stated. The vacant spaces 6 relax
the stress attributed to the volume expansion of the active material during charging.
Such a proportion of the vacant spaces 6 can be obtained by controlling the pressing
conditions as described above. The proportion of the vacant spaces 6 can be

determined by electron microscope mapping.

[0051]

Prior to the penetration plating, the active material layer 3 may be subjected to
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determ ned by el ectron m croscope mappi ng. 30 [0051]
Prior to the penetration plating, the active materi al

| ayer 3 may be subjected to 19 pressing. The pressing
in that stage will be referred to as prepressing for
distinction fromthe pressing after plating.
Prepressing is effective in préventing del am nation
bet ween the previously fornmed | ower surface |ayer 4

i .t ) i d th t C
el "Pa BRI B SR SR ) Ry o BB St
paet Hleepressify afar pdathg. s Peogn@s'mgdi@ reﬂfelftévesimr %mc@ti@@ dd@nination

. i t
coerie e Aol LIS Dok TP, B BB R ceuor e
pand thelagdveompterigilaxes dtand préeepnehsiangyeahserialgaries 1 fom being

f i th talli
oLk O, 47126 B SENEAL Y, 0 Bl et aery o

?lifeodﬂg! o fallesf @f tha h@ivacmbtv:s'a?petr'létlbﬁa V\lﬁ _q:yﬁrcn&dg eBHpRSsing also
S e artic , ich curhs, . i
Do R BEASED L RB Ry AEUED SHEDR v e s
g}_ﬂ@@@@way@hé. adt enestratgbr :p&:ssddaym a&i\:]eehﬁ'te!ﬂilsl dayleP B reduces the
. C . .t cl es ic cilitates .

N TN T v e
i lsgfpkyaireﬁsablftlyc activn chaddriad [dyer Sumfin'am I(mgtcﬁﬂhndehﬁgwdehghe particles,
t hi i Ve, mat er.i.a ayer is reduced to
oBbEANER RS dPB ek SRl RS sadiT] oL PrebGasre i greferably
Réomdli¢tyq totsheh eh edentolke tkOthickn@e ef 8@ aofife mlierigldsiydr 8fis reduced to

f §o : ' 3,9...2(d). Although Fig. 2(d)

S o}\?\g}ﬂeﬁgg tlﬁﬁ%@%ﬁigggé’gﬁrﬁ%‘r I I a remains on the
carrier foil 11, whether the release |ayer 1la
actually remains on the side of the carrier foil 11 or
t[R852]el ect rode 10 depends on the thickness or the

mat eri al; : ry | .The.. ease | ayer,
| oty BRRICELRIRPiq RN it b e B foil 1 0 Hpih Hie. 2000
eblélequgh dag.12(d) Whewe th2o thehecleast dgze llayemaibs loa thermaims foil 11,
RkESe ' [ r,mnce becau
o TR, RSP Pl R B et A8 B3 ATaF A Teg phig ! or the
plestrede 18fdeping's op, the Weickiess br duemarialf ofnhi ablebdaclapat tla. The

' ' : ode. r t,k Qn n b
e OBl 1 €3 etk D YR A 30T SR T iffipae g, Where
dhe sdease Byl keriemiains ayakes oo ldifaperee in blecitalet peafotmance because of
\(}E%Mgng{ckﬁgsgpesses for producing an el ectrode of

ich the bot

Sides serve for electrode reaction
require formng an active material |ayer on each side
of a_thick conductor (i.e., a current collector). In
P9 words, two operations for form ng an active

mat eri aloch@ngito RRVKOEEBF 1Y 8! €ectrode 10 of which the both sides are

subject to electrode reaction can be produced by conducting the operation for forming
an active material layer only once. In contrast, conventional processes for producing
an electrode of which the both sides serve for electrode reaction require forming an
active material layer on each side of a thick conductor (i.e., a current collector). In
other words, two operations for forming an active material layer have been involved.
Therefore the above-described process shown in Fig. 2 achieves extremely improved
production efficiency.

[0054]
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Therefore the above-described process shown in Fig. 2
achi eves extrenely inproved 30 production efficiency.
[0054] 20 The process of Fig. 2 also offers an

advant age that the electrode 10, which is thin and
wrinkly, can easily be handled and transported as
formed on the carrier foil 11 “%ntil it is peel ed from
t he carrier foil 11 when assenbled into a battery.

[ 0055] ?%Hggkeéf PEe? &b %‘#ﬁpsr %Cgcﬁf%ntfag%{)l due%%c?r%dt , which is

electr ccording to t
bdhiges W%&r ) hasriwbe hapdied argl Fingporged a‘ﬁrfernmheis(nr fhptch@iar foil 11
abeut it f r
appr oprslrtgte Elayfﬁ)gggg ?éllsrﬁ?go%t ﬁo\glge%;agﬁ%bé% grosa B3terhe
present process shown in Fig. 3 that are not
em@kgined here. Simlarly to the aforenentioned
the present process includes the steps of

f irst fanpihegpichercl QesSHdE E)ﬁ)‘aﬁmL elébtrod? lpaceor?§§ &o the first

t he q@trve terlal | ayer 3 omer sur
4 emBpdimegt wilh dey Yractifsgerith sefereaee t &iger3. 4 Thehdespiimivessbout the

Sbﬁlférﬁerwoh&i @@ggglé on aﬂ{rgﬁggg? '21{; 5ft(§)glo§elé¥ﬁg’ul§'r?$£@1§ present

in Fig
Pt g i Fik o thatare ot ousained bree | chiemisgurs divesfotnentioned
| @ﬁb@éss4thl3 §rés@nt%cfe%ﬂ€m&atﬁe %%@%fr fﬁ&gfgﬂﬁﬁ? 1h B Lﬁface layer 4,

a snooth surface on hereo

ngﬁr@rl@ f atthe rﬁalélé@é&ver@mrtbaéoveqremfmr lgryer o, food forimasg the upper

r Qifike Salef ace
mﬂ‘g;ﬁﬁe TH00 prRe Shitcnf Srda BB R UG, fiown in
e

h el ectrolysis. So, the rough surface of an
el ectrolytic foil can be nmade use of as the surface
on which the Iower surface layer 4 is to be forned,
wWioiosl i s 20 nnre conveni ent than using a carrier foi
with |ti{sur der ed rou?h by any surface

t r eat meh{s Pt ge g%ﬂleéﬁé%cea‘? fithe B%’fl@dfoﬂdltm?ewh@h tlf losver surface

ri@ytghi 8Uus bagemat lhbs BsmélRughidgd Réiﬁ:ﬁ%ll hddg E{a]&?tgt} face on both
has a surface roughness g

%@%% %r efer abI
§ 1§ n55ire 8 the prpeess. Wihergas elestrabrip foil has o rough swrface on
lcmeoeder ido fgﬁbd,tht alrfck gy r i ds. of i
(e and fesi red 4t L AR Y01 GG roHRE e is the
qftla Os%ﬁéf 135 69“? pEs.r o%rgﬁhesrauzra@@fac@ﬁf me@mlytloeﬁoﬂ can be

frodde ukd of &8s B ABrfade@ineRBiaR HR 18 cPRPhYd ﬂge [s8b 88%6rmed, which is
rel ease, | ayer (not sh

ent to forma
C% S CORYRIG {H@Bl"‘mpﬁé CAIeH 8§19W6]ﬁ Itéélﬁif%ﬁﬁ rﬁ@}ldafﬂde‘begsby any surface
agaiiient.S ThesddvhRtab@Cddribht Qo REEL4NS & Rtigh surface will be described
later. The rough surface preferably has a surface roughness Ra (JIS B0601) of 0.05 to

5 pm, still preferably 0.2 to 0.8 pm in order to facilitate forming microvoids of desired
diameter and desired distribution.

[0057]

One surface, preferably the rough surface, of the carrier foil 11 is made
releasable by applying a release agent to form a release layer (not shown).
Considering that the purpose of applying a release agent is just to facilitate peeling the
formed electrode 10 off the carrier foil 11 in the hereinafter described step of peeling

(see Fig. 3(f)), the step of applying a release agent may be omitted.
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fornmed electrode 10 off the carrier foil 11 in the

herei nafter descri bed step of peeling 30 (see Fig.

3(f)), the step of applying a rel ease agent nay be

omtted. 21 [0058] After a release |layer is fornmed, a
coating solution containing an electrically

conductive polyner is applied @dnd dried to form a

polymer film 12. The coating conposition applied to
tgg?ﬂﬁugh surface of the carrier foil 11 is liable to

pool in the 5 depressions of the rough surface.

Ther ef ordler eviafrasatayenisabrd asalaviag solugisnllcbstainthg an electrically

f }s pol vimer. fi .12 wi.th a non-uniform )

| REARELOD e ROLABRL L] IGZ L 2 BIADHLST e coning

paﬁmQO%uwnegﬂmddbmmznghhmﬁﬂﬁpﬁebsbmﬁarﬁﬁﬂlikﬂﬁﬁﬁ%topodinthe
ections . of the ro

p . cQr onding t.0 th I Oj ugh ,
Do AT b S B0680 o LMD ot i
[ @mi;aola(mf @][pcziyideli filnt ﬂlagvit]:hﬁ nﬂ@ﬂﬂilﬂitinf ‘tlﬁfc‘lhfeys.i Mhat is, the polymer
t Ri S8..0f..; 10 conductive polyper film1l1l2 is .

t gkgnﬁ]%dg%sntt%%g&op %Sorcﬁ'fﬁsé’oﬁ Par e tﬁ%n@?QFeS%‘PnS and thinner parts
nteropoidisg o rthe ipeojéaions ofuhd acehl ayeice of HOBM;er foil 11. The

tionally kno conduct, ve, pol yner.s can be used
icgﬂ%%ﬁlg | %1?)8%]8n S ﬁfg%%%%rézegv\hr% hhax othg ap(%/q-gxg ogfuty 1n thickness of the
r egrduptine mihymédanpl s takbn udehtige 60f@MGTd MarROWIBF Sf microvoids

a V| i.dene fluoride (PVDF), polyethylene
oﬁﬁg%ijo(%yg&g)“%acﬁg%{%gr ylonitrile (PAN), and pol ynet hyl

met hacrylate (PMVR). Lithiumion conducting pol yners
are referred for application as an anode of
n@ﬂé‘aﬂﬁeous secondary batteries, such as lithium ion

second : ' Th nducti ve pol yners .are
pref er Z%(%@V@?{l%%!}# %éc-“g%ﬁ néllﬁ gﬁl\g@gp Olyers cay g? lised i the present process
fwitbr neprgenlai mestyctpol ymBxamplee of abbfil agaidosiven@atymers are

i.cal C Leally str Fromall . .
AraRANene sfoadd (PODIE PR Re el ) B Rebaniste ean0,
iand @ofymeghil nez_e&xanwhatmi(amm).%/nmhgmi iog Oléc'brtdmpruggg N mers are
| e ef erred. e by
JRDFHEL Y dbication 57 JBSL PhGAHA seropiiy PhectiS. such as lithium
son gedosdanyf battidess ofiiacbidietivpoblymers ire mefebht flh®@ine-containing
n le, N hyl pyrrolidone is,
SRk AR omaitbe BRIRG art sPPlioPeaE Tobany shemgls and
weschanieallst siwnga Fronyel] thesbemsiderations, pebivils/lider figsrimdwhich is
[ 1 . r,-4 hy the fol.] ow
R e OB SIS e B i e LG b S R gyt
film 12 is electroplated to formthe | ower surface
|[88/6%r] 4 as shown in Fig. 3(c). Fig. 4

The coating solution of the conductive polymer is a solution of the conductive
polymer in a volatile organic solvent. For example, N-methylpyrrolidone is suitable

for polyvinylidene fluoride.

[0061]

It is believed that a large number of microvoids are formed in the lower surface
layer 4 by the following mechanism. The carrier foil 11 coated with the polymer film
12 is electroplated to form the lower surface layer 4 as shown in Fig. 3(c). Fig. 4
schematically represents an enlargement of Fig. 3(c). The conductive polymer film 12

is electron-conductive anyhow, while not so conductive as metal. The electron
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30 schematically represents an enl argenent of Fig.

3(c). The conductive polyner film1l2 is

el ectron-conductive anyhow, while not so conductive as
nmetal . The electron 22 conductivity of the pol ynmer

film12 varies with the filmthickness. Therefore,

metal being deposited on the $olymer film 12 shows
variations in deposition rate in accordance with the
vabhalde hiekn vari ati

in epolsWlogﬁleoé)dl%ﬂg{%%%ﬂ?v 155 W&EE@%? %E cKes§ h erefore, metal
I éwexg deirdstetk onather p@ﬂym'fheﬁm tleé efovisheariamRE 1ﬁuﬁefp@§1ﬁ015 rate in

:3%&3{5%3?{10% k}ﬁfh tﬁg(f&gﬁﬁgg é)g)taergglg} ?xfc ke(:esrs.r o ét yé’rlqutgagem deposition
t safdgesull i eaiommoids (i tlevipidr smesmm | ThEkigs ofithe lower surface

L9582 e 1 5 o B 80,80 L T A8 i

Raatpfs lpWetecéﬂoubecomm hiddvad Sreshivanddigbove but al so

the 10 concentration of the conductive polyner in the

coating solution. For instance, a | ower conductive

ppdagoer concentration tends to result in a snaller

m crovoi d dianmeter and a smaller mcrovoid

di st ri blibe diametep anddistibption oﬁthghmnrolwomisi lSCetrfj ventailailFey not only

C%Cﬁﬁ%@trbﬁ? Phob QS e arger,. di

Fromthis ?\ v&gg\r}r@ gagjﬂ& k@r ?éqas ﬁta‘ij’@?ns’é"’e but also the

p‘é‘}’rgﬁﬁ’étfatiﬁ)ﬁlﬂféhﬁ goatpasive |pnlymﬁe ic Gt dontings@lwitanon Fosindtaf&Yem lower
0 0

t Qoo e Mrﬂ&loon&eitxgﬁl&lf feg&'é f%rlje uit1 1 t 2 qilé’; n%%;oxé%gtazameter and a

The coating sol ution can
cadiong miswtvaidqudstiihetiandi nngnm;eﬂw a[ ORigBdr Tdv@ductive polymer

p&(ﬁkbtﬁ%ﬁ%ﬁttéhdﬁ%%gﬁllt b é)ﬁruge?%a% he' !roixtal gp Qg%\gtaw a preferred

for form n(g | ower s ace a er
afpdagiicapadymeraennesrdiation tip tlumeoamng eplusibn af 010686 &UEHAE weight,

|-t i hs the s rfac
A&I{ {&M%{)y gﬂf) tllgn%}bl]f gNéa}lgi%:to gé‘? sl Déast0 ’iﬁ)ﬁtcﬁ“ g\ﬁpﬂg c'ae‘)‘(h‘;’r by any
@F&@q%mi@dmgahppmg of 150 to 350 g/l and an
H2SO4 concentration of 50 to 250 g/l and a copper
pyr ophosphate bath. A preferred bath tenperature is
9513] 40 to 70C, and a preferred current density is

out 0.5 to 50 A/dnR. [0064] 25 The surface |ayer 4
haV| ng é‘el RipRe Auhtrempesition cindvathersplting comhtimk fuir t forming the

dbwehRRLE 1584 4 Xre%@ﬂb’? ta?ﬂrﬁgﬁétéigra}écocrﬁﬁk% e ﬁ%ﬂ' ﬁpe surface

gaterlal particles to ctive
ayerfte Alating bathp fasmaking thy swrf@edayes 406 cmpdr ima]suda a copper sulfate
rHAFER ARy 4 CH§04 e Ecﬁfcblﬁtkﬁion%? 36k ?%?W %g% anhlngSQ; concentration

r?Zrtlcles e carrier
130 10925 agzopgermmf@eldlaitmbahpl Atprafgubatbath temperature is

@BBHIon 't(F‘gO"@ RS AplefredRUAE A ensif & 2Bt 8% o 50 A/dm?,

[0064]

The surface layer 4 having a large number of microvoids 5 is coated with an
electrically conductive slurry containing active material particles to form the active
material layer 3. The active material layer 3 thus formed has a numerous fine
interstitial spaces between the particles. The carrier foil 11 with the active material
layer 3 is immersed in a plating bath containing a metallic material, a kind of
conductive maierials, to conduct electroplating (penetration plating). On putting the
active material layer 3 in the plating bath, the plating solution penetrates into the
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30 conductive materials, to conduct electroplating
(penetration plating). On putting the active materi al
layer 3 in the plating bath, the plating solution
penetrates into the 23 interstitial spaces and
reaches the interface between the active materi al
layer 3 and the |ower surface?dayer 4. In this state,
el ectroplating is performed to deposit the netal (a)

i g 3 d.(b

e Q8AAS LA SFLNE B EE| By h2YTTsh0 Bla o o
| doweer syrfpdedlaperiday dn thly stofe, elharcqsd}ttnnges pafcembdbo dappsit th3- metal (a)
Thllr'%he 1%: e %f 'Eﬁaet %lt bé ?n il ﬂag]gxl‘ ? Red S at %ﬁ%l?@rér%u flcct tee surface in

ekness di F ect
| aygactgwntl b6 3pwath s.trfqop elayes uﬁlf)f SIC ehel @o,ne'e dateSalt B@S 3. Thus, the

Cont ai )
o AR TS o B Be e R ity vgmateral
héayemn3.r ough surface. 10 Therefore t he upper surface
| ayer 4 can be forned while creating a | arge nunber of
mcrovoids 5 in itself by adopting the sanme techni que
agyjed) form ng the lower surface |ayer 4 on the rough
side of the electrolytically prepared carrier foil 11.
That i sThé& uppoasurfage sl@)remtfl mﬂtlmmnfoamadi g e active material layer 3.

e I ied t

SR O YT B e £ e e
p&heratere, fthe npmﬂﬁ@prfgcteolmgr 4 'Eh!e bp dbryreerwhike énehtmgl ® ldrfe Aumber of
e 0 ans. as

??ﬁg‘f‘?ggn%? ﬁsﬁpgfﬁwﬁgstﬁé"? élgee{e?flﬁl ©gs i ofOfnal[n Ee] lower surface

]@y@rrél ourthaceughaside off theselsttonlytidaly I-fjrgnaleﬂ §aejier {ofl0BG] That is, a
Sur ?h%%o utibe c&gﬁﬁﬁn%ranf QEJ(tHc}éIy (ionB\? Gl Ey(gflegtép g | ‘%ﬁe to fhe active
}:mgterlgl( lf,iyer 3Aﬂoﬂhwg@ hy Biving ®(him stpoi/ysnﬁth lfﬂrjh (hdit%hp@h%( Mefhe polymer

t he | ower. sur

A ren SRR b A8p ol B b plidtche tover
owrfahelagtrdewcfbnn e upger sueﬁacef layér 44 showh reFigl Bey.r ode 10
depends on the thickness or the material of the
polymer film 12. The polynmer film 12 can remain on

@bgst he carrier foil 11 and the el ectrode 10. [0067]
2

Anot her enbodinent, i.e., a second enbodi ment of
the el ddrallye éhea“eaémrdfpﬁgl Itis pecleé orﬁfr@sémwen swiant layar Witb Igive the

k&edﬁ%ﬁ& 10 ReShoM:t 1 i P:TE gben%qthbﬁgl{:ﬁ% 38 s &Qa%%ﬁer b2 1m 12

about the first e
dppees rndhepide ap thei lower srfase dayephr wh@thﬁrahes polfymeh&ilm 12 actually

%@ﬁlﬁﬁg oft MHMe E{}ﬁfer 418 Ir}ﬁttheeégétﬁ)'dg% dgﬁ{.g%s on { hhe - fhickness or

nmbers_ in .
gfb‘?/ &ppteripd of éhfepﬁlwn’@r rﬁ&;al 1?r eflde grobwserafiln h2 Fag rerihaln on both the

carrier foil 11 and the electrode 10.

[0067]

Another embodiment, i.e., a second embodiment of the electrode according to
the present invention will be described with reference to Fig. 5. The description about
the first embodiment of the electrode appropriately applies to those particulars of the
second embodiment that are not explained here. The members in Fig. 5 that are the

same as in Fig. 1 are given the same numerical references as in Fig. 1.

[0068]
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30 [0068] 24 As shown in Fig. 5, the electrode 10" of
the second enbodi nent has an el ectrically conductive
foil 7 in the mddle of its thickness direction, an
active material layer 3 on both sides of the
conductive foil 7, and current-collecting surface

| ayers 4a and 4b covering the?%espective active
material layers 3. The conductive foil 7 can be 5 of

Strengt i SO L ERE o | e R 10RENGe b emiogtbgaiment has an
stedictricey cemcmetlvé ﬁ:ull 7 oathe beddis ed its (K106RFs dinetieh &6t 4006€ material

I Lve terlal f|IIed|
¢ Rveb Ao f SRS RhER Sl FAREHE ot LR akEetshas Sietiendavers 4a
a(and b cnaftrﬁ‘rg thb rd:s@ycﬂlvs astiveTetesiglt llayfﬁ*s ont ghi @bndu]sﬁve foil 7 can be
e surface of

p exposed on t

el%gglt‘ r%) & ngh?s gﬁrﬁugigcq ﬁ?y?rﬁ'e Eﬁreflﬁg% SpreRedh.ga ﬂélegn‘cﬁﬂ of high
4|stren‘@1ieaidxgndmtamdessrmde¢efdiiaianfobIuls@i in the thickness
direction of each of the active material |ayers 3 and

| eads to the conductive foil 7. Thus, both the surface

Ig@(@@i 4a and 4b electrically connect to the
c tive foil 7, whereby the electrode 10° exhibits
i npr ovedhe kksetrodsn] @ olmd ot d:lecbttig/aibrsc@dwmeemaﬂcghﬂ filled i m the entire

e A 15..emho
R Brckon B ot faR 3B RO bt RABHE By Ry (peiaghio® maerial
t harticleb é@lrfr u@teexp@sedfontthe stirifacs tof @rchdebtmdat OShaWwuried in the surface
Fi 0] n f. rfa
s apata PO RAREY ol o U8 ahens oM o gt of e
saﬁb/easat@hdsieyﬂ:rm 3t el feadsto drbanidngive. foll® ek BemSthe surface
Ly t 0 gm ,
b2 PRI el Rel bensti e e Rpf B IRT o BireP fdtyode 10
esrdnis mgvadyelwmme:omiuutzmty ang viede. t Oftel eléduiodk nes 8f (e second
t Er a viewpoint, the.t
¢ R FLEEC Bl B Sfentd0hepcit MBRLRL by Ssfe Sty 1o the
gﬂTJCtSIdleIlIO ofﬁrediretraaiﬂioﬁuﬁ&tisbo%m Riml.parti cuI arly
preferably 10 to 250 gm [0071] 25 The el ectrode 10
of the second enbodi nent can be produced as follows. A
Sfoapfy containing the active material particles 2 is

appli‘ed to each side of the conductive foil 7 and
dried tﬂlqtbwlﬁl%ssﬁmfﬁhmﬁurfahelaamts |4aendrab and ge dcayemte&ai layers 3

Tllﬂﬁy Bgﬂfégﬁn@b ‘é?thfo # n the ﬁgggé%lg(ﬁdﬂ{ ﬁ citgfhg c?xﬁiuctlve foil

t?]és prederaly fcéfséo Ptrlhestkﬂomiﬂmblyel()f ©i IO ]Iml, fomse@ﬁﬂngkahyxmproved
Gt i,ve

%3{ (ﬁéglsf?% gﬁgg‘fﬁl\%@grﬁmg%é 'tq?zﬁ thfgﬂ%sggf Uk eb% rﬁ)dg rgm the same

txﬁgmﬂt,.tbe itetake teekaress of the electrode 10° is preferably 5 to 600 um, still

preferably 10 to 450 um, particularly preferably 10 to 250 pm.

[0071]

The electrode 10° of the second embodiment can be produced as follows. A
sharry containing the active material particles 2 is applied to each side of the conductive
foil 7 and dried to form a pair of the active material layers 3. The conductive foil 7
may be prepared separately or in the same line for producing the electrode 10°. In the
latter case, the conductive foil 7 is preferably prepared by electrodeposition. The
conductive foil 7 having the active material layer 3b on both sides thereof is immersed
in a plating bath containing a metallic material and electroplated with the metallic
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in a plating bath containing a netallic material and
el ectroplated with the netallic 25 material to form
the surface layers 4a and 4b. By this process, a |large
nunber of mcrovoids can easily be fornmed in the
surface | ayers 4a and 4b. The netallic materi al
constituting the surface |ayer% 4a and 4b al so
penetrates the whol e thickness direction of the

SSHLR PG o LBl SRl H R, Ly mumber o

ace Tayers 4a an
[ (mwzﬂvoidm camc;‘ctsiig the pimmdsxs thea;uff&teahj/&r@ 4:&@1&&% al THe&netalhc material

d t
ST T TN ——
rréllléalad:tl\tc mmeenll lajers andlechizally eogheet iheesurficé l%rel‘ha% BAd 4b to the

terial layers 3 is then i merse
ano?ﬁgéb%ﬁﬁ I'ng 10 bat h contai ni ng anot her

electrically conductive material to carry out
electroplating to formthe surface |ayers 4a and 4b
h&¥i7Ry a | arge nunmber of microvoids 5 on the outer

f
fg[)r gggnr?éncg]’ri]‘& ﬁ&?}e %Oxﬂgtggfcar%%%xa% is ggmsbtﬁgl 6@51(%(%@6 a%twe material
elayetsrioeiepertiatiaibpl{tirerieianddtingrbattedomtaisidg tie rﬁ&amcﬁlﬁutérthl and the
OB %5, PR AL 18 0, PR et
ehﬁbdqon’@mmg hoyther @ied%nicgally&ﬁnd\gqj)wgb pmgcaﬁzﬂlt? oaﬂpldueféls‘c@oplatmg to
rd enmbodi men
ﬁﬂﬁx:ﬁhgggﬁéc%qgﬁrsq%% 8 &a %@ VIE% k1 iilr§e élélB‘lggxl' gﬁ Wr%\’ﬂlése% on the outer

f@Hﬁwsefﬂnan@ﬁaqwenuéaaetbndary batteries such as
[ithiumion secondary batteries. The anode 10" has an
electrically conductive 20 foil 7 in the mddle of its

t jpokness direction, a netallic lithiumlayer 8 on

bot h S|des of the conductive foil 7, an active

mat er i afigl &y &prgen Yachods 10Reas bt modifichtirercs Be eadrode 10°

Cﬁl%fe%{htfreP Rl REL NS ST %&%ohﬂ?’eﬂ of fh% e?e%g'oéerﬁgc%g g &gthe present

e respective active nater
n*ﬁltf%‘?fqoﬁ | akher degription athoutrihel memd ¢rabading et ghown in Fzg 5

Hatdl ano

Sy o0 B3 O WO GBI eSS e
ehlﬁ’é%t rH@eanP@B 19h dowestienialty guitsl fmr wshdh notlachaSust beondary batteries
MRERI bith a€0®

conduct \}uerh FJ&}L&F%B 1%/lccor %89? g El?‘l et %e?tgcally conductive
eﬁsrd&owb%mldc@%ﬁlta theskgess [dire¢tiompra metzdbmhﬂmmﬂ lalyler B on both sides of
GhEIcHRRch c | 530!

supg o eé: ?@gﬂ% ?hge}?%‘gﬁﬁlmuir‘#ﬁgﬁ lg)r;@ %oﬁl «3’1 ﬁﬁ)g latﬁlum layers 8, and
eurieninealisstinghaufapplayers Ha amé% caveringticapipetiienadive blagal layers
tatTHeScRle HARAET 1y Endin an element having high capability of forming a
lithium compound. The anode 10” shown in Fig. 6 structurally differs from the
electrode 10° shown in Fig. 5 in that it has the metallic lithium layer 8 on each side of
the conductive foil 7.

[0074]

According to the third embodiment, even though lithium is consumed with
charges and discharges, lithium is dissolved and supplied from the lithium layers 8.
This eliminates what we call the lithium depletion problem that is of concern where a

battery is designed to have a reduced volume of the cathode active material as compared
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battery is designed to have a reduced vol une of the
cat hode active material as conpared 26 wth the

vol ume of the anode active material. As a result, the
initial irreversible capacity can be reduced, and the
charge/ di scharge efficiency in every charge/dlscharge
cycle, i.e., cycle characteristfcs can be inproved.

Mor eover, because the active material has

f St t
B L iy L p——
I i Qaﬁ?ﬁ@m ¢ant ber e Ilcath o tHe Ichaxge/dilsalfaggmg‘f ciaficbg d\@ﬁﬂu@ﬂﬁ%e/dlscharge

i feéy%%%rfc%?g EWItpg‘IV%EoI b@é‘g‘%ﬁe auseethe active

I éﬂ@teéﬁié@é snignealated lnﬂuuw Helfcire Ithd drartiof Elay@ydisdharge By€les, the volume

iggt&?gs&rcﬁxo%& gpuhgﬁ ?ﬁtér% tlon ﬁﬁﬁ{n%ro%ﬁllp %%S(Eaﬁ%e f?fg{?ﬁ% rdgh makes great

an@nﬂﬁgmhaﬂg@sHHMENabyﬁbﬁcpﬂ@h&nt the active material

from cracking and crunbling. Even if cracking and

crunbling of the active material proceeds wth

repetgjtion of charges and discharges, the active

materi‘al , not being exposed on the electrode surface

but bur iAdril I‘I@P@edlsﬁiolsvep,rtdwleoaredieﬂ spaves al thengetallit 1akdm layers 8.
c [ collecting,funct

Bl GEALRS rel RO A 1F Bt b SR b e e Gteral wit
expysey apfh disphargas dherehyr ftfaqne'\twt tIIDEu racibek nmtdriab fﬁtﬁl@dﬁac}(mg and

Zgléiﬁﬁf)nt gt 2;@5815 qQple gd(%@]g ?ﬁemﬁ 1 %I ng Wta%%tlg; é’h%ﬁ%{?é} proceeds with
c &EBlien of cdiﬁrgpwn@rdmgmgese thapaitvet matanlae TR @Iposed on the
e.@Fc@tz&fe tsﬂﬁac%ebfi‘ﬂ Ib fed 15%?&6?2%' @y ger edo/frltgq qxﬁlggggéf ahd continues

% to 100% stl prefe
parRIEng theycysieat eollebliye S8tction. 5Mésides, dilve tﬁaliruﬂtzﬂli@ﬁthlum layers

r §1‘éex‘1§t'e§}g§se@%a@kta¥o@é st ’oﬁa Illr\{eed lélrt erl aI taa\lmr%e}grobiem of

in the adjacent actrve nateri
t Aendaitisgeoviid of igpim dees iat ofiwg. 6 has t he rret aI I ic
[ithiumlayer 8 between the conductive foil? and each
of the active material layers 3, it suffices that the

jic 25 lithiumlayer 8 is provided between the
conductjve foil 7 and at |east one of the active
mat er i al'or RjEpwe Fatisfares] capallionotissooing dfie tdpacitshithe amount of

esdea i FRNhcthBic mﬁﬁﬁr%ﬁ%k&syiﬁ \5‘2&9&%@ (??%_/t{}'lk)@‘%’ssnlf‘ rgﬁerabiy 0.1% to

0 node precursors
E%?aP@a@EI?f Iy prefeiablyad%3o ﬂBﬁd@f:thev@tLp@ﬂw meverdibleoapacity of the

Ofttide Gitlidriablorliflhdd th¥ne dGEdThWiide Sl ARyl AYEr 4 on the

[0077]
While the anode 10” depicted in Fig. 6 has the metallic lithium layer 8 between
the conductive foil 7 and each of the active material layers 3, it suffices that the metallic

lithium layer 8 is provided between the conductive foil 7 and at least one of the active
material layers 3.

[0078]

The anode 10” of the third embodiment is preferably produced as follows. A
pair of anode precursors 20 shown in Fig. 7(b) are each prepared by forming a
conductive polymer film 12 on a carrier foil 11, forming a surface layer 4 on the
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27 polynmer film12, and form ng an active materi al

| ayer 3 on the surface |ayer 4 by applying an

el ectrically conductive slurry containing active
material particles to the surface |ayer 4, followed
by penetration plating in accordance with the
procedures shown in Figs. 3(aj’through 3(d). 5 [0079]
Apart fromthe anode precursors 20, a conductive foi

7 ' dithiumla for d on eacgh
p%%‘%er eof gm{ o dpRE, 4o ﬁg&%B\%&riaﬁ I%’Fb on fhe supfpge layer 4 by
rrmpalylmg:alh wiehtrwahijr ayehstite @&nyb@mfczﬁmﬂgdicfi% nfa@rial particles to the

e S on a lithiumfoil bot h sjdes

?a‘?ﬁé@ & E‘Bgt?"@ ?Jffp%“etf? @ rvigtnggupcmr@ﬁwwnam Procedures
8 shawyn &l Bigs.[3éa)ftwonetd3M0. by various thin filmfornmation

t echni ques, such as chem cal vapor deposition and
sputtering. [0080] The conductive foil 7 having the
nzéﬁtﬁic lithiumlayer 8 on each side thereof is

S ched between the pair of the anode precursors 20

Wit h t hépadtirue thaterdeaprebayas 20, ]a5c031dﬁamenﬂ>ﬂl Vl\llﬁ’(rﬁlgaé metallic

Sty 0l LR b Ao D43 B8 T e
t h@t@h@ljéuuﬁ)'iayas 88¢310\/m formddi Ig' fdf(e&)lmprhpress‘JlQﬁﬂﬂfgta N®@®ium foil on

p%ﬁﬁ@ﬁ({es of th'ésco#’xau&fv% f?fln g} : j’ﬂ (?Icifh%rg %@rsyg@%ﬁiso be formed

i hy evatioon this filot f@wnmﬂ ttcﬂhnhmek | suched ¢lentibe f@bedepdddion and

eg@g%h nts. For instance, while in the first

enbo nt shown in Fig. 1, the conductive nmateri al

fills in the entire thickness direction of the active
material layer to electrically connect the upper and
HE)pbmer surface |ayers, the two surface layers do

not W&fngﬁﬁgfetfgﬂ I?%X\%Pg | lﬁ%ét%ll‘ﬁglhgg g%e;ycl?fr Iég)?ll agh lsiger:] thereof is

as each sur er su cien
cepndwiied beivesen ih@gaamcdpm tiicals. pr¢qursorm with thenatieaseaterial layers

tf‘?ac‘ﬁfg{ in%BrPis s%%wﬁ% F%?? b31e ! F%&%qg%ca%zgrt fg{% bﬂg{@ Q?eped from the

the active naterral
SKSERACH YN Surfacen dyerst Fﬁafto giveothe nammde at0” esashowm emsHYgf age). The

| @%ﬁﬁct%d{)élgﬁ%p $mb e a% X \Acélgﬁ'{ g::; 5, b, %ngﬂ _(%g Vihe sake of

mat er 1 al at the s

piil@pl¢ify t he whol e thickness direction of the

el ectrode may be fornmed by | aser machining or with a
punch, a needle, 30 etc. 28

[0081)

The present invention is not deemed to be limited to the foregoing
embodiments. For instance, while in the first embodiment shown in Fig. 1, the
conductive material fills in the entire thickness direction of the active material layer to
electrically connect the upper and the lower surface layers, the two surface layers do not
always need to have electrical connection as long as each surface layer sufficiently
secures its current collecting properties. In order to increase the active sites for the
electrode reaction between the active material particles and the electrolytic solution, a
hole that is open on at least one surface layer and reaches the surface portion of the
active material layer at the shallowest or a through-hole piercing the whole thickness

direction of the electrode may be formed by laser machining or with a punch, a needle,
etc.
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[0082] Each of the surface |ayers 4 may have a
mul tilayer structure consisting of two or nore
subl ayers nade of different materials instead of the
single layer structure as in the foregoing
enbodi nents. For exanple, the surface |layer 4 may have
a doubl e layer 5 structure comfosed of a nickel |ower
| ayer and a copper upper layer. Such a double |ayer
stbgﬁfure is nore effective in suppressing deformation
é el ectrode ascribed to the volunme change of the
acti Ve Eatlenf thk sur\ﬂitermydrhé nsagyr Haaca duﬁﬁ&ﬁ/emmcﬁme consisting of two

., stru | east. one t he rials
ke Sl i o iR B oot esinl fver et s i
f rtkm‘rfdrd‘@mgmmdmdtmems rT&‘ler:kahplfa I tht eglfdca 1dyees @ﬁiyl Hé@e a double layer
er|al 1{ P zp@ilals rraklnﬁ t he
e ﬁi?é“ %&P& ?H;?WB% 24P} 16 & FRPPFT BRREHEYEr. | Stch a double
C (ba}d:tl stricnee 1smat)1er6f&|ct1vd DQBBpreW¥er éefbeitioR e Heddle@odt B&ribed to

rfa e |l ayer 4fUﬁ di f.ferent { t he, con ctlve
e}’? line (hfitag Pt the RV E]P"\I}‘é mat BE dhe Fuiace layer dhpg a multilayer

cemdmmteg rﬂeleﬁﬁto&&loﬁlthmw@ﬁlspﬂh@ﬁﬁgﬁu UBe td:6 otrQnérB%ublayers may be
active.

oORFSEh 5 RS RoldiFuty Gl BLEd v %@%ﬁ%aﬁata”d lexgeba Al the

t h&itermbsafrﬁﬁhg andiheasgiectivd eutd@ets ﬁfaytH&dﬁféfefn@Q’ﬁmh € tonductive
Conversely, the nmaterial constituting the surface

IBV% 2 may exceed that boarder and be present in the

active material layer 3. [0084] 20 It is possible to

carry out depositing the conductive material in the

afdlsve rrateri al layer 3 in two or nore divided steps

of pene n Si di
conduct th} mater| %ﬁl&l gfi H’ t i %‘c% é@'g 4t 'r?eCﬁ gf%{epggrom the conductive
ntatariahfill¢daipethe scthrasnattwml d)a[yem‘irﬁe comh@tiod neeriaBin@y ibalpsesent up

d

oFE SR R IRELD R RO YR 3 apeam mofianbasr 4 or the
detraiubtitgymatesialahay &caebihesbodddr ant gsﬁmmlgd phe o:ﬁ Qﬁ@ﬂxr%ce layer 4.
t t as being Li e
N e e AT
apesait uethe bytiveenagdial 1{y6086] EXAMPLE 1 30 (1)

Preparation of active material particles 29 Raw
materi als of a hydrogen storage all oy were wei ghed out

amshj xed to give
It is possible to carry out depositing the conductive material in the active
material layer 3 in two or more divided steps of penetration plating using as many
different conductive materials. In this case, the active material layer 3 has two or more

conductive materials deposited therein in as many layers.

[0085]
The present invention will now be illustrated in greater detail by way of
Examples, but it should be noted that the invention is not construed as being limited

thereto. Unless otherwise specified, all the percents are given by weight.

[0086]
EXAMPLE 1

(1) Preparation of active material particles
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an all oy conposition of MmN 4. 45Mho. 45Al 0. 30Co0.i 0 The
m xture was put into a crucible, and the crucible was
set in a high frequency induction furnace, and the
furnace was evacuated to 1.33 x 10-2 Torr or |ower.
After the m xture was nelted in_an argon 5 atnosphere,
it was poured into a wat er - coof &d copper nold and cast
at 1430C to obtain an alloy. The all oy was heat

treat ed @t 19 f o rgon atnmpsphere to :
gi ve a hydr og%%%tog%gggggﬁ %?/Ila %gfg??a\l”%ﬁﬁ’t’?lgh%ﬁé}%f ixed to give
weld glousemaeritial ef ddmit.oMubrsad 0Caact i s mixfe Mas put into a

2Q- ] 0 : reparation.of active
20 i 5 MR 8, S BALRact E rrc
covpesreatd W0as3pr Bpafedoubineg t heft@Ghe@inurefwRGHdIRA in an argon

of d : L1 aoy., Active erj al o .

PP 5 Dol SRR sPgrbpief ShoneF itE! G Gt a5 14305C to obtim

?%n allgy Bj ﬁh%%}IstW%ﬂlmaetr;:altédﬂ HI66°C lﬁdn?ehoz;re% B IhxtgeﬂtamX)Sphere to
: =or maton_of rel ease, | ayer A.

S?wﬁ%%%glé}gtg%oﬁ%i ag agélg%)é'r B e AS RO WA 3fdrsivgd into three

r Slegteres s2(Ramo20-03 1, pl >3 0umas used as a carrier foil.

The copper foil was subjected to chromate treatnent to

form a release layer as shown in Fig. 2(a). The

r@@@a?e | ayer had a thickness of 0.5 m [0089] 4)

Formation of active naterial |ayer The active materi al
sPUFrepaigien afastive matesiat Herry el ease | ayer and dried to

forma A28:,608L¢iR ¢ L i sified by

pressin ug?ﬁg a ol:le?%glro es %&Oﬁﬁ%ngﬁgf R aﬁ%%},xé(mg the 20-53 pm
priagtimrd teys hyolregen/stovpgelopr m an active material |ayer

hawiifOmaetifi pkngss of 30 m [0Qg)] 5) Formation of
current-col l'ecting surface |ayéers The copper foil wth

t hestilene Placktnagiqlasize: dylepmdn w8% i mersed in a plating
3Biret R haMiadid 1AL PW Ng T geymul ation and
el ect rdgp}{i]at ed %tl a rcurf'lrrgnt ,denglﬁt y of 5 Aldn2 30 for
1Pgpend éetbagd) t o nmke an anode 46f6wn in Fig. 2(c).
Plating bath fornul ati on:

[0088]

3) Formation of release layer

A 35 pm thick electrolytic copper foil having a surface roughness Ra of 0.1 um
was used as a carrier foil.  The copper foil was subjected to chromate treatment to form

arelease layer as shown in Fig, 2(a). The release layer had a thickness of 0.5 um.

[0089]
4) Formation of active material layer

The active material slurry was applied to the release layer and dried to form a
coating layer, which was densified by pressing using a roll press machine at a linear
pressure of 0.5 t/em to form an active material layer having a thickness of 30 pm.

[0090]
5) Formation of current-collecting surface layers

The copper foil with the active materia) layer on was immersed in a plating
bath having the following formulation and electroplated at a current density of 5 A/dm?
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Ni ckel sulfate 250 g/I Nickel chloride 45 g/l 5
Boric acid 30g/|l Bath tenperature: 50C The resulting
anode had a pair of current-collecting surface |ayers
as shown in Fig. 2(c). The thickness of the surface

| ayer in contact with the copper foil was I m and
that of the surface layer that3%as not in contact with
the copper foil was 14 m 10 [0091] 6) Peeling of

Caof 1 B30 éce@éﬁds-wﬁaﬁ@&( fe R4 W%?g prated from the

anode at the rel ease [ayer. € a havi ng t he
stifgfatehagh Erowation: Fig. | was thus obtai ned. [0092]

15GiEXANRIER 2 AN anoggog/?vi ng the structure shown in

Fil\% | was produced in“the same nmanner as in Exanple
1, Nigkd sploriler usi ng48 B@ <20 gm fraction in place of

t e, 20erB M fractigp,of the hydrogen storage all oy.
An el ectron mcrograph taken of a cut area of the

r é¥h teppgradwrede is 806w in Fig. 8. An electron

m crogr . rent-callecting surface .
ayer of i e el b B ERaf AR Fdlee B atthed fhyerie shown in
shegnd(¢)n ThE ghiclgiessii the surfree ﬂ!iyef lngcrctm]fﬂnt Qﬁthﬁh?cop&elldﬁﬁlswas I um,
n ent.-col | ecti surface | ayer

¢ e B L R LR R S i e Fitr £ 19 .
formation of the <current-collecting surface |ayer

vvitfbin'crovoi ds on the side that had faced the copper
cd®ilér foil. It was al so confirmed that the active

Mgy Bélidk off 8yeikr @S covered with the 25 surface [ayer
of that_side and the active material particles were

not expbleerTERr foflavassaparaicd oGO Bhod X AMPLdEea8e Aer.  The anode
anRges M viri8utdowh VELYT Gas BQMILID T 9- 1 was

produced in the sane 0" manner "as’ i n Exanple 2,

except for changing the plating tine from 1180 seconds

tﬁ) 51%3 seconds. An el ectron micrograph taken of a cut
af@3%bf t he resulting anode is 31 shown in Fig. 10.
VBKIAGLPIOE 2shown i n the drawi ngs, electron mcroscopic
observa‘%on og t.he surface that had faced the copper

carri erF GPPds byung ke sirestyrershawnon g f heas produced in the same

manner as in Example 1, except for using the <20 pm fraction in place of the 20-53 pym
fraction of the hydrogen storage alloy. An electron micrograph taken of a cut area of
the resulting anode is shown in Fig. 8. An electron micrograph taken of the
current-collecting surface layer of the anode that had faced the copper foil is shown in
Fig. 9. While the micrograph of Fig. 8 does not clearly show the current-collecting
surface layer that had faced the copper foil, Fig. 9 verifies the formation of the
current-collecting surface layer with microvoids on the side that had faced the copper
carrier foil. It was also confirmed that the active material layer was covered with the
surface layer of that side and the active material particles were not exposed on the

surface.

[0093]
EXAMPLE 3

An anode having the structure shown in Fig. 1 was produced in the same
manner as in Example 2, except for changing the plating time from 1180 seconds to
413 seconds. An electron micrograph taken of a cut area of the resulting anode is
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current-col l ecting surface | ayer with mcrovoi ds on
that side. It was also confirmed that the active
material | ayer was covered with that surface |ayer and
the active material 5 particles were not exposed on
the surface. [0094] COVPARATIVE EXAVPLE 1 The sane
slurry as used in Exanple 1 was applied to one side of
a 100 Itm thick stainless steel perforated netal

shezmmamd[«*;grlced WIien @ aBbHAGh HAYBEWIES e h%&'@r%tscjoio@c observation

| ] ess er.a |inear pressure o
@E hﬂoﬁ%ﬁgﬁﬁiﬁ ke sonpsy swmisrnfodkreseisdy the formation of the

rraﬁﬁf&xﬁlooll@}ﬁﬁg sQifac@N@yeri Wieh tefoR8fds 08RO dide. 1t wias also confirmed
eﬁ prance eval ti on: Aqueous secondary batteries
@ B &8&5‘&%?&% BYY 3RS CBYETed Piifg thaicHriede It‘-Y‘f-’e an(iﬁie active material

anpgteisieptveRaiceexjeExaiiRlsggade t 0 3 and Conparative
Exanple 1. The resulting batteries were eval uated by

measuring the capacity density per volunme at the cycle
atr, &QLch a maxi mum di scharge capacity was reached
%P after referred to as a naxi num capacity

de@@MBtAMTIWEIEMLPLEhe capacity retention at the
200t h cy. an characteristics in
accor dan@ %l"}ehg‘frﬁ% a%fq%oﬁsﬁéeéﬁgﬁ lpwas slisdto Phe side of a 100 um
r elﬁmlktssaln 128 andel prAsHRe MRMIShas@ndoNa, | Thel@BliRs Tayer was densified
é’ll és senbl Y [ﬂ’i‘ aqueous s cong:mérbatter

FICHINEREAICH, (3% PrssWe 0RO o4 otgsinep aaers laving a 150 um
thbzchmomse nbedalned: ahevesidashepeofor ki ng el ectrode were
pl aced to face each other with a separator between

them 25 and assenbled into an aqueous secondary

bg &Y in a usual manner by using a KOH aqueous
Iutlon having a specific gravity of 1.30 as an

adlsslotmarseewalngiopt i ¢ sol uti on. [0097] 1) NBX|num

copact B Ll MR R S B EERL g or
marpdnsnprgpaehar dixacppracl tty vasd r(é@ﬁbh&dm&asxaﬁ);il@l ]nedl“he resulting
WL &I wah %(Jggat?@ﬁg%e%iglfrﬁl g V?tl;;;c{m Asity, agpege ?u(rﬁ% aty the cycle at

expressed per Vo
adthishe ammasimpuh dibdivege, cetplaeltyjl\smhmagbecb@mahiﬁ’erp%ferred to as a

v MR cab iy ANQ ! 2GR
the advanctaggey?% %%t ﬂ%iﬁoﬁgﬁ) ? %I ¢ a%WrrF%eHﬁorb?)tl 'i%ﬁgtogf'h oycle, and
the output characteristics in accordance with the methods described below. The results

of measurements are shown in Table 1.

[0096]
Assembly of aqueous secondary battery:

Sintered nickel hydroxide as a counter electrode and the anode obtained above
as a working electrode were placed to face each other with a separator between them
and assembled into an aqueous secondary battery in a usual manner by using a KOH

aqueous solution having a specific gravity of 1.30 as an aqueous electrolytic solution.

[0097]
1) Maximum capacity density per volume:
The discharge capacity per anode volume (Ah/em®) at the cycle at which a

maximum discharge capacity was reached was obtained. While discharge capacity per
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[0098] 5 2) Capacity retention at the 200th cycl e:
Capacity retention (200th cycle) (% = discharge
capacity at 200th cycl e/ maxi mum di scharge capacity x
100 [0099] 3) Qutput characteristics 10 The capacity
at the 21st cycle was neasured. Then, the el ectrode
was charged at 0.2C for 6 houfs, followed by
di scharging at 0.2C for 2.5 hours, followed by
al o ] es.. followed b . .
G (PphoR, oo oS s ML e R BRGr or the active materia
di laxstiathg idisgharacyapaeity parkeiuras ofihe iancHecais miopefl Hewt @uUis (o clarify
c LehLSL : e tained were expressed
rglﬁgt [ ve{a)bléé)%%i?ﬁaﬁq?Eém&%&?é%:ngﬁ@pe&%gchar gi ng vol tage of
Is the battery using the anode of Conparative Exanple
1 a standard (100). The higher the voltage, the
bésg%gﬂ t he out put characteristics. "2C' in discharging
TS acGh [ current that all the
g?acﬁt%?%?ﬁcgiaﬁg}iea%ogag %f'c?nut es. [0100] TABLE I
AR chpEen (y0Uapaelel ket disthage Captapity at DOOGI &yeleBaximum
r d‘ié@hda‘g@ca%ciépﬁﬁb Cycle (% Characteristics mAh/c )
Exanplé 171120 95 110 Exanple 2 1150 95 150 Exanple
3 1380 90 130 Conp. Exanple 1 1010 80 100 20 [0101]
Aidé% apparent fromthe results in Table 1, the
el leary batteri es having the anodes of Exanples 1
t ) BupiiclauReiis@fs t 0 the battery having the anode of
Conpar arr' ve Exanpl %61 in all of maxi mum capacity
densi t y PeraRiGHUnE, the apkst i aygler weemeastredt Then, BOO¢lkctrode was
CYldrgad AN Ok BHours? B1lokkA 2, d?’s%harﬁ?ﬂ(a i g'\é\%b{éhc“{d“@s hours, followed by

el ectrode was re3par ed in accord . € process
Sﬁ@%‘f“g Ao I—_qt@_d g)_r X munutes, followed by discharging at 2C. The voltage at

10 second discharging (2C) was taken as an indication of output characteristics. The
results obtained were expressed relatively taking the 10 second discharging voltage of
the battery using the anode of Comparative Example 1 as a standard (100). The higher
the voltage, the better the output characteristics. “2C” in discharging means

discharging at such a current that all the capacity is drained in 30 minutes.

[0100]
TABLE 1

Maximum Capacity . .

Density per Volume (iangglg CRetentoion Output i

(mAh/em®) al th Cycle (%) | Characteristics
Example 1 1120 95 110
Example 2 1150 95 150
Example 3 1380 S0 130
Comp. Example 1 1010 80 100

[0101]

As is apparent from the results in Table 1, the secondary batteries having the
anodes of Examples 1 to 3 are superior to the battery having the anode of Comparative
Example 1 in all of maximum capacity density per volume, capacity retention at the
200th cycle, and output.

[0102]
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35 mthick electrolytic copper foil was subjected to

acid cleaning at roomtenperature for 30 seconds,

foll owed by washing with pure water at room

tenperature for 30 5 seconds to prepare a carrier

foil. The carrier foil was immersed in a 3.5 g/| CBTA

sol ution kept at 40C for 30 seédnds for rel ease

treatnent. The carrier foil taken out of the solution

WaySy 4With pure water for 15 seconds. [0103] A

2.5% solution of polyvinylidene fluoride in

N- et hy 14y eleeirddgoves prersredlin aaqpddnee with thehpromu ghow BeFig. 3. A

0f35t ’ilﬂg rt}r?ﬁek %ie@{wl&é& ke;‘qe%afbglfﬁ @gge?teg 10 ?%%f |cp %@\ég gg{({gfr%e %mperature
t rfér 36| seaedst |f¢linwﬁsb3elvashmg)p1/1ﬂt @dre watearat room temperature for 30

SO FE LR L n coma
Al Sdiﬂzlotl &eptat ﬁD%C fapie seudS fac ecléay etatafent opeca®Rr fiktaken out of
Pohy MRtid A Ll ARSIk Ness ol B . The

carrier havi n 5 layer forned

t hereon was washed with pure water for 30 seconds and

dried in the atnosphere. [0104] A slurry containing
adPl®Pé material particles was applied to the | ower

S urface s lager f&l?ﬁl(ﬁl S @W@Idgﬁe o etr Olglf ﬁrlrzp%}g{}lpyrrolidone was

active materi a trve nma
papplicd] f@sthmpeglsslric @6 mhepmwrcfods(mwmsngn)a ﬁmeu %h/ent vaporized to

dif@eL $hlyHRY ff?lih 21 C{ir rkﬁ)l iU, %d%g% N 83{1 Wewas glectroplated

naterlal acetyl ene rene
r ippar HAOACuSPibpsed plgiag 20351 cpm‘.amﬁig zﬁfegfeaxfre@sw aid 70 g/l of

h@MSOQ af Q%uﬁ&{t'aﬁﬁsﬂpt%fesr Aﬁ]lk 2 t@?’fﬁﬁ% faag\?v? sutrgage ﬁayer 0FZopper on the

25 el ectropl at
c Bpbyaienfilg iqg@iegqspt tbmkmsSOﬂS 8#20,Thd Sagied fwf havmg the lower surface

N'la?l-lz fGHRA; thaReh 30 g&‘/%jh@ L ﬁg&ﬁe %at@r {%r d{bn geiclf-')@ cg dried in the

50C, a bath pH of curren
*@?@EP Thi s el ect roplating was penetration plating
i nvol ving penetration of the plating bath into the
active material |ayer. A nickel anode and a direct
CIUlp@nt power source were used for electrolysis. The
penetration plating was 30 stopped when part of the
active WY wnteamguaéméesmfene parii¢les empep@itdan thdbmwer surface

plagéetd a %Eﬁr@(j@of TRANCRY fobr &Héxlve ‘%#haﬁ rl%egldfaﬁ?e active material

active materjal |ayer was vva
f pArtides Seh sidison partigles daving a h@da‘»nrﬁwpbter &s0 of @406] The slurry

contained the active material, acetylene black, and styrene-butadiene rubber at a ratio of
93:2:5.

{0105]

The carrier foil having the active material layer formed thereon was
electroplated with nickel in a Watt’s bath containing 250 g/l of NiSO46H,0, 45 g/t of
NiCly-6Hy0, and 30 g/l of H3BO; at a bath temperature of 50°C, a bath pHof5, and a
current density of 5 A/dm®. This electroplating was penetration plating involving
penetration of the plating bath into the active material layer. A nickel anode and a
direct current power source were used for electrolysis. The penetration plating was
stopped when part of the active material particles were still exposed on the plated
surface. The carrier foil with the plated active material layer was washed with pure
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A 2.5% sol ution of polyvinylidene fluoride in

N- et hyl pyrroli done was applied to the active
material |ayer. The solvent vaporized to forma
polymer film 5 The carrier foil coated with the
pol ymer filmwas electroplated in an Cu plating bath
cont ai ning 200 g/l of H3PO4 antf 200 g/| of
Cu3(POM)2.3H20 at a bath tenperature of 40C at a

c [ f. 5 to forman upper surface
Ig§g§q%¥§§%%8%%E%%dpﬁ@ﬁﬂg%F§W§Pg??ln1to a deposit
thickness of 2 to 3 m The carrier foil having the
upger surface | ayer forned thereon was washed with
pliPHblater for 30 seconds and dried in 10 the

at nospheyr of, 0 1..Fi.pal . the carri.er .foj,l .

stri pgeg\‘ (?f%kt #(el)&%ogwgfapg Wgna@ggﬁlea?él “?% Iﬁwgléﬁ%p&‘ﬁ%l&@m was

f applirgntagile cutives weridakyerbaffhe rsbsntheapotiged tefoastd ¥elymer film.
r |2 i i n.betwee i r, of .

sorf caftler 1B B0 SN L Bitymlel AR YR i tsB Rl G anapu glating bath

ofonthmings? Ubf HaROaaout200 /1 shGwn(PioR), B0 4l bAR t@nperature of

PG R eafeR AR (FEARRETR Brf PRl pBrS b’ Shepores on he
| pokymes dilfdoer deppsit shitladssHof 2nd 3 |30 fTiRecpBEeHil having the upper

r til el [ e r .1.cmsquare. 08 L
ETROBE LG S AL RRE R led BT P ot A aominand ared in
atheiatmesphepl e 4, except that the |ower and the upper
surface | ayers were forned as follows. Formation of

| ower surface layer: The carrier foil having the

pijr;rEr filmwas electroplated with copper to form a

8 mthick first sublayer having fine pores under the

same copipelly. phatchmigr éghaias istiped 267 de loweExsarfpleelafler to give an
T, j ol . I I ted with.nickel, .
(eI iy SRR G phiales L A i 1YeF SShdiched
sifbbelyreen BaRAimgl Sirfase dayess tAweellotron anitwgraph afoakbie area of the
I : f: liaye t1's bath had the .
o TR 15 Phs o BN S ey PorRlcloitBRigiBeervarion of
pihasprgcevazers 4t waetbuod thag theaupipat ind daperaturfacoly&a@Gad 50 and

5; re sity of 5 A/dnR.
g%mf[hgel%%]@g’gegsé,&?{elg?mt%hgggééﬁfr}e&h%‘vvas formed on the
active material layer, the carrier foil was
%Eﬁéropl ated with nickel to forma 2 mthick second

yer having fine pores and then with copper for
floraner i85 mthick first sublayer having fine pores

thereby to .
An anode was produced in the same manner as in Example 4, except that the

lower and the upper surface layers were formed as follows.
Formation of lower surface layer:

The carrier foil having the polymer film was electroplated with copper to form
a 8 um thick first sublayer having fine pores under the same copper plating conditions
as in Example 4. The carrier foil was further electroplated with nickel using a Watt’s
bath to form a 2 pm thick second sublayer having fine pores thereby to form a double
layered lower surface layer. The Watt’s bath had the same composition as used in
Example 4. The nickel plating was carried out at a bath temperature of 50°C and a
bath pH of 5 at a current density of 5 A/dm?.

[0109)]
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forma doubl e | ayered upper surface layer. The plating

bath conposition and the 5 plating conditions used for
formng the first and the second subl ayers were the

same as those used in the formation of the double

| ayered | ower surface layer. [0110] COVPARATI VE

EXAVMPLE 2 The sane slurry as used in Exanple 4 was

applied to each side of a 35 m 10 thick electrolytic

copper  f Qfikr hOpdINa} Altn AGL i gl Layer.having a . .
t hi ckness of !@L_S?m_pelr?n gvl% gdgg&ﬁghg%%élrvef%aﬁ?“%%Vleﬁghe carrier foil
t heasglesiiaplated with alickeheefosmvia? pel tatkr epbmt adblayer héving fine pores

CORRBherGIRY %irHFm b LD Ghi ypder the sane
condi tions agls IJI% gf anpiglé%ztl r‘?%uaeggﬁwsug)qﬂebgavﬁ?% ﬁP%RoreS thereby to
cofﬁﬁfﬂra ﬁg@&l@ é@ﬁr@a@m@amfﬁt@ ttier iTélle_pIaj@lr batAScomposition and the
r essthds ShdiioRsE cannin eciron

mﬁgr 0SC %E _el, t iegegg%fpg?mﬁﬁgé ﬁ\?\%én?{o}ﬁr?a tsug féyﬁé weie the same as
c dheserisesLisl the Bowatiomef thhdowbde layeedriatver afackayer. but to

be distributed in islands, and there were no holes

that could be regarded as fine pores in the copper

| ggero] [0111] Performance eval uation: Nonaqueous

secondary batteries were produced as follows by using
ﬁImVEZ%XéWd@SZ prepared in Exanples 4 and 5

and Conmae ahhy @4 PkLd 2n Eltgﬁngfeﬁcg)%}a%n g?dg fgothetéa?:bl‘ésledse of a 35 um

wer.e eval uat.ed by “measuri ng

c &g icteglrolyte coprer feBpadony anetodine ingaterad loyee HaOlg a thickness of
cyvslen b fgcorda W o)V t hods. The

res }ﬁ E of neasupﬁ)%\gnt @a@%ﬁlsg{]@\%m&%@%gﬁlgp Vers s glectroplated
251 @RY1 Ypingf the s8¢ nES g betbowderathy simat tenditionkhe iamaeRple 4 to

oldrai AeflofEmA ' tdn0 | CaCr a
count er. el Ect ?Hé\g(rélsb_ﬁv\]%f gé%?:a%e%%{l g&?l g%el%ég%ﬂa%f'ﬂer Afji § esult of
a OSEpIgr gpdes arspeming Heshoanuicrssaebihe dopper dayar was found not to be
nesaiy - (VIR VY [ .. er.h

o] B0 (GRERE R A2 Il Bt AR G IRRREH s, and there
cReBatodesdivd caplgbernsgardedras sinaperes in thebyppeolagse) as a
nonaqueous 30 electrolytic solution. 36 [0113] 1)

Maxi mum di scharge capacity The di scharge capacity per

WEilght of the active material (mAh/g) at the cycle at

i ¢ch a maxi yjum di scharge capacity was reached was
ﬁ@qﬁw&a@e efﬁggté‘?%char ge

Nonaqueous secondary batteries were produced as follows by using each of the
anodes prepared in Examples 4 and 5 and Comparative Example 2. The resulting
batteries were evaluated by measuring the maximum discharge capacity, and the
capacity retention at the 50th cycle in accordance with the following methods. The
results of measurements are shown in Table 2.

[0112]
Assembly of nonaqueous secondary battery:

The anode obtdined as a working electrode and LiCoO, as a counter electrode
were placed to face each other with a separator between them and assembled into a
nonaqueous secondary battery in a usual manner by using an LiPFg solution in a
mixture of ethylene carbonate and dimethyl carbonate (1:1 by volume) as a nonaqueous
electrolytic selution.
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5 capacity per volune of the anode (mAh/cnB) at the
cycle at which a maxi rum discharge capacity was
reached was al so nmeasured. [0114] 2) Capacity
retention at the 50th cycle Capacity retention (50th
cycle) (% = discharge capacit¥ at 50t h cycl e/ maxi mum
10 di scharge capacity x 100 [O ("flS] TABLE 2 Maxi mum
Di scharge Maxi mum Di scharge Capacity Retention

aciity per Weight Capacity per Volune at 50th Cycle
?% mAh/ g ,gé)lmbxh/crre) Exanpl e 4 3000 2750 90 Exanple
5 DodeximguotisthargesapacitExanpl e 2 1800 700 5 [0116] As

havi g 1 e eafclf 36 b ol AR LG bl B4R Gine cvere
t ¢ PHEcth A pRaiy U adisobgree apanity deasofeaiorpeasambaserclx alfRé @ischarge

2 t ' itlschar it nd_capaci t .
e P e U PGP RRaR B WER P ey eymeximm
[ GlisEharee papagidy epetsrehedevasfalsohecapmedent i nvention, the
active material is not exposed on 20 the el ectrode

surface but buried inside. As a result, generation of
elfecit4fi cal ly isolated active material particles is

e SECt i vely prevented, which assures sufficient

cdr FEPRCLLY sgiehienat Hig 98pettsid i ti es and brings about an

e e bt T Cho,ye Lal 1S preyvented :
T O PR eE S MR BkES rabhiy DL ER ¢ SPrermarimunm
difSesEgewaciig 1@the current col lecting properties of

the active material is secured. Deterioration with a
repetition 25 of charges and di scharges can be

sfapsessed to bring about an extended

charge/ di scharge cycle life, and the charge/ di scharge

ef fi ci epey—is—inproved Thel Ei%ie material. being

buried,j i s protect edMagaundlischugeldtlaxdmuno rDishirEOSCAAGity Retention
which germits 37 ugEapstityaet Weight metagacitaber Yalutne cl #2S0th Cycle (%)
with areduced size;uiAggacti ve mah@hicah W th

smal | er| ExRagié 4 CTE€ S| Ze Nago@@ T ar ger spegk it st 50
area, Wexehpl€ONTTT DUTES THod MPT OVEENT R, 90
Comp. Example 2 1800 700 5

[0116]

As is apparent from the results in Table 2, the batteries having the anodes of
Examples 4 and 5 are superior to the battery having the anode of Comparative Example
2 in both maximum discharge capacity and capacity retention at the 50th cycle.

Industrial Applicability:
[0117]

In the electrode of the present invention, the active material is not exposed on
the electrode surface but buried inside. As a result, generation of electrically isolated
active material particles is effectively prevented, which assures sufficient current
collecting capabilities and brings about an increased output. The active material is
prevented from falling off with a repetition of charges and discharges, and the current
collecting properties of the active material is secured. Deterioration with a repetition
of charges and discharges can be suppressed fo bring about an extended
charge/discharge cycle life, and the charge/discharge efficiency is improved. The

active material, being buried, is protected against oxidation or corrosion, which permits
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out put. When the el ectrode of the invention has a pair

of surface layers for current collection, the

el ectrode exhibits increased strength. Unlike

col l ector type electrodes, 5 the electrode of the

i nvention has no current collector so that it has an

i ncreased rel ative proportion36f the active material.

Thus, the secondary battery using the el ectrode of

t [ ' ' density.per unit .
O e e Tk Gt R 2 smale
cotriede sizethppen larase tspesdfes surfase s, nehiducomributeotd aapiOvement in
al ri i I de flexibilit
oot Ve B SR IRUE T E G 007 E s Rty for curren
AFOEP@ ity Hiteclsutiods exlghitraingrepsetit strchgth. Whintike callepior $8% @ectrodes,

fiy h h_show n Lectrical .

! gﬁ% Elg?ﬁ%e?ﬁ%}%@%égg thé%ﬁ(? Sv.rgegﬁ 6?12‘*68%?0 I%}.?? &ﬁ@% AR g&reased relative
Ympmpoahon ef dstactvy niaterisbl Lifhmpllllamdccmfi_a@f:‘rtaﬁ\eﬁj W@fueaélecmde of
3 i i j.al particles erein
LR R AP e Bt ol BBt s MRl iR ancp g etght compared
hy’ﬂglb@éﬁﬁ atieg ﬁl@@otibqt@yypqodsd:trdd@fledfc; bet me@meatabalector also brings

s nductor..for curren
c % IBI 1gtgtﬁl on. d gl%é i ﬂe %P‘Eebgﬁtﬁ?'%ggggrg d Srth fﬁ@mﬁ ecq?%ﬁtrﬁfiﬂs‘;

whi ch has a | arge nunber of mcrovoids which are open
on at |east one of the first surface and the second
surface, lead to the active material |ayer, and all ow
the electrolytic solution to pass. 3. The el ectrode
according to claim2, which has a pair of surface

| ayers for current collection inclusive of the first
surface and the second surface, respectively, the

m crovoids being formed in at | east one of the surface
| ayers and extending in the thickness direction of
the at | east one of the surface |ayers, and the active
mat eri al |ayer being positioned between said surface
| ayers. 4. The el ectrode according to claim3, which
has an electrically conductive material filled in the
active material |ayer over the entire thickness
direction thereof to electrically connect the surface
| ayers and exhibits a current collecting function as a
whol e, 5. The el ectrode according to claim3, wherein
the surface | ayers each have a thickness of 0.3 to 20
Hun. 6. The el ectrode according to claim1, wherein
the active material layer is formed by applying an
electrically conductive slurry containing the active
material particles. 7. The el ectrode according to
claim 3, wherein the surface |ayers are forned by

el ectropl ati ng.



8. The el ectrode according to claim1, which has a
total thickness of I to 500 m 9. An electrode for
secondary batteries which conprises a first and a
second surface both showi ng electrical conductivity
and adapted to be brought ingg® contact with an
el ectrolytic solution and an active material |ayer
contai ning active naterial particles 39 positioned
bet ween sai d surface and has no thick conductor for
current collection, whereitAM& el ectrode is an anode
for a nonaqueous secondary battery and which conprises
pair of su face | ayers for current col|ection each
hdvi ng % clesiPrls e ereatay Y Sallgispyigh e Biscsr Beight @ sscppdsurface

C@Bﬂhaﬁwagtehbc&mﬁlO&&lﬂ&tﬁow afd @GdpTe@! Y the Cor&h i@ RoANE vath an
?st one active material layer which is disposed

CRERYC fpBitEY A @B al"%\‘jﬁei*@‘e‘alﬂdm@br%)%ﬁ‘ﬁ%’g P4 bRl gpaticles,
aﬁ}vhax@ztnl M€ adlRd RkicAll paﬂi@iéb B aiidRs 6RPMRIrddeh ¥oREe HIRKMpdFioned
a I|th|u%1 oﬁﬂ | east one of the surface Iayers
h&FEY 4 Sﬁl??gs Hhap “l&ﬂk CRIQIFISYIST erareBbeeBHEPhg in  the
t hi ckness direction thereof and all ow ng the
ngnaquepus, el ectrol ytic sol ution to pass,
n’gt e?i jf © Glspteade ﬁa‘?‘fr BEpC b Vhigh &i?s ? b H‘d“l%f‘ |0f tHErQYAids
C i@ URpBEd NG Idaitlohe6f thdBkRER:ctah@thp 8dchh CdueradcOle i@ tiehctive

the at | east e active materjal |ayer and bel ng
P PdREr a?‘?ag&“’éﬁ ff'%:éiglty“w?z“t@f‘ &S nat eri al

constituting one of the surface layers. 10. The
electr ge acc d|n .to claim9, mhereln at | east one

of t he |5GPFIEE ?059,‘ ing T laiing. gyt apaiF olsyupiaet pyees for current

C ofifots@d nﬁfus@.ct dfetastﬁ:t;t\/\/@m&idblaayeﬂz@ sdednti e§u€fﬁ$e | Bspectively, the
one of the

TR bR v e Foreier Wi B dbosiiors Shednd Sxsrdng d the

hamkngss ldowetiof apabial leﬁsy ofif off ¢ Birfge Rydrk, tahil UIN LORNBMAGI layer
e K%SH east one active materi al | ayer.
Browues

th
'?““&FﬁFB@@&?“%?“ eﬁ@mgn el ectrode for secondary
batteries conprising the steps of: preparing a
carrie il having. a rel ease yer o de t hereof
S0ty Sieraroieitiodid §rEohatedGever eI Srrets Agler
adticdvie tnededvd @hterdidybicdvesiht onte tlﬁ(ﬁll@aﬁﬁed:&y@nélef)ﬂb FRGrically
m an _act

FOlltl]eCc% ﬂ]e SW‘ 'ngLﬂ%)?l %lld??é[] Igl,t? % u”|eiét)f8becf:”8ﬁ' erIrOIB gé }t ‘P{@(}/leer '
carrler foil with a netal by electrodep05|t|on in a
gatlngh q ontakripg tpe get? to for electque
conta|n|n§ CEIPEC A5RF Ve WS Y Pal Vi {Pethe Sy ﬁm B A" REe @
ellekhesodm. ofof20tie carrier foil at the rel ease | ayer.
12. An el ectrode for secondary batteries which
conprised a first and a second surface
6. The electrode according to claim 1, wherein the active material layer is formed by

applying an electrically conductive slurry containing the active material particles.

7. The electrode according to claim 3, wherein the surface layers are formed by

clectroplating.
8. The electrode according to claim 1, which has a total thickness of 1 to 500 pm.
9. An electrode for secondary batteries which comprises a first and a second surface

both showing electrical conductivity and adapted to be brought into contact with an

electrolytic solution and an active material layer containing active material particles



both show ng el ectrical conductivity and adapted to be
brought into contract with an electrolytic solution
and an active material |ayer containing active
material particles positioned between said first
surface and said second surfagce, and an electrically

conductive foil in the mddle of the thickness
dipbRGdnb @Rk QR 88 burf2dh 81d81adind MRK AGIIME: R Bh@blectigY SMherein
is present. on both sides of the conductive foil. O

14 e’l‘ﬁ%“[?l ip ?IH&%%@&BW&PW@S pesondnky; hgftary andpyhigh cqnapriges a pair

aapﬂ@rqéaayeas RPOARHEAUS oS BLANAAYa BRhiEhM :@m%ﬂ%io@% brought
onprises a pair of surface |ayers for curren

SO BRI DN e B PRAa¥ERYS HepralySe peldtion apdhat legssongasihecerterg layer

b&vh RR GHgiosdd BBy e Meatfad IdyRrsain ONRAMEIMT IR 0B Gl LY Eﬂa&l ial
sol ution and at |east one active material |ayer whi

§m@ﬁ§b%§@8mﬁé¥ﬂ%@ﬂmﬁ%%“@WFFQE@OWﬁyers and contalns

par t | C Llﬁ&asﬂcfne@ﬂth@@ﬁ:fa\é@!a?@i l%fvlng'a 148 thdlg)ehéfg]hcx‘é@d?@s@x{eh@l}fg in
hium co | east one of the

sﬁl}cft%fe@e%Safvléf@“ﬁhwqﬁ @Méali(wg%ethﬁ uwaélfe%@rel%ﬁtrelyav éﬂ"&?“ to pass,
extending in the thickness direction thereof and
al l owi ng the nonagueous el ectrolytic solution to

and a FREEFRLMIERSHOR S EM GRS § 1S Ceionichbp e flled

| bthbdinth€ PARAL RSHmB® inGe fal leh®@ne RELVBRR, 1§ih§yep ahd bGhLdifferent
rmed in the at |east one active material” |ayer and

b {PRG! R pRer e matsrBhoattity g ste it rfetyeat er i al
constituting one of the surface |ayers. 14. The

electrog according to claim 12, which has a total
t K ckndselgfrofe geporgigy orflaim Powhertip aidpastee G e st By pighas a

t GuBilatMihdureRenHeded of ReleAECHIoVsaL IR Ediffaknt iR YR lerAIOETEA feast

on each side. of the conductive foll contains an

ePennthe Haakr E wrghteapalirYery § SFeredriAthegrid MRl bving low

C ORI thT famtnga mednah kbspduhd Bhdimiddayi@he hiSleRE OV £8de material

bet ween the conductive foil and the active nateria

| &8r on at |east one side of the conductive foil. 16.

A secondary battery having the el ectrode according to
anode. 17. A secondary

as a cat hode or an
oAf or PRk i) PEHACIES B e | espuT (PASEE FBPREITS the teps
cat hode or an anode.
preparing a carrier foil having a release layer on a side thereof,
applying an electrically conductive slurry containing active material particles (o a
release layer formed on a carrier foil to form an active material layer,
plating the active material layer formed on the carrier foil with a metal by
electrodeposition in a plating bath containing the metal to form an electrode containing the
active malerial layer, and

peeling the electrode off the carrier foil at the release layer.

12. An clectrode for secondary batteries which comprised a first and a second surface
both showing electrical conductivity and adapted to be brought into contract with an
electrolytic solution and an active material layer containing active material particles
positioned between said first surface and said second surface, and an electrically

conductive foil in the middle of the thickness direction thereof, wherein the active material

layer is present on both sides of the conductive foil.
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13. The electrode according to claim 12, which is an anode for a nonaqueous
secondary battery and which comprises a pair of surface layers for current collection each
having a surface that is adapted to be brought into contact with a nonaqueous electrolytic
solution and at least one active material layer which is disposed between the surface layers
and confains particles of an active material having high capability of forming a lithium
compound,

at least one of the surface layers having a large number of microvoids extending in
the thickness direction thereof and allowing the nonaqueous electrolytic solution to pass,
and

a material which has low capability of forming a lithium compound being filled
between the particle formed in the at least one active material layer and being different

from at least one of the material constituting one of the surface layers.

14. The electrode according to claim 12, which has a total thickness of 1 to 600 um,

15. The electrode according to claim 12, wherein

the active material layer formed on each side of the conductive foil contains an
clement having high capability of forming a lithium compound, and

a metallic lithium layer is provided between the conductive foil and the active

material layer on at least one side of the conductive foil.

16. A secondary battery having the electrode according to claim 1 as a cathode or an
anode.
17. A secondary battery having the electrode according to claim 12 a cathode or an

anode,



