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1 DESCRI PTI ON ELECTRODE FOR SECONDARY BATTERY, PROCESS
OF PRODUCI NG THE ELECTRCODE, AND SECONDARY BATTERY
Technical Field: 5 [0001] This invention relates to
an el ectrode for a secondary battery, nore
particularly to an electrode providing a battery
having a high current collecting efficiency, a high
out put, and a high energ%qdensitf and an el ectrode
provi ding a secondary bat an ext ended
cycle life as a result of preventing the active
material fromfalling off. 10 The present invention

al so r el aEBECTRODR FORSECONDNTIY BA TTER VEPROEESETStE

Chckgr o EPAEING TBEELHGPRAERS A SEch 8 marme

in secondary batteries include those prepared by 15

a_FpI ying an active material paste containing particles
chnisglfielden storage alloy, etc. to one or both

%P of a current collector, such as a netal foi
nafter referred to as collector type

eI ect r obhis )nvemmelamm aarkcebdecior adesondbiyattes), Mbre particularly

ey L W|th act.ive

o e 1t ppiihe % by FiBue areh Plrsis tletine,ciiciensy. a high

HEPUy @31@ high gnergy dens:lty ragd éﬁ ekcﬁadee;b}bwﬂﬁfglmf bndary fBﬁlery having

tho [ e 2 es Q oam

R MORC Y b hoslthr PEuculol by 2efve, MefReieliom Talng oft

fBl@anSQIﬁ iaventiork else ablatesi Wﬁhaﬁrg%s af ?roﬂtg)%ih@'ﬂn&'éﬂé‘c)trode and a
rﬁ%axffl% 2 and Pat ent cunment

%Iﬁérel a ﬁ,ﬁ}i st‘ieferredto as foam type

el ectrodes). [0003] A col lector type electrode is

expected to provide a high output. However, 25 since
kegroupddt:col | ector used is as relati vel y thick as
Zé 100 m the proportion of the active material in

the I

ectrode is of necessity relatively small, which
h as naddeqtrodesithat havelbeen useidrin sexandary atteris rmu@%emasd Prepared by

arti I e .Si .z
00 0 SR I B3 . .
toﬁé 05 popusid o®i 4 ourréng caliantdre suchpasabinetal tf'd)‘l&(héi&iﬁﬂ’ter referred to as
%BH&M% art re susceptihble t at
both rtg?é Elet rAelgé/ gr?ou%'égrg (S:?Jq @‘8@ %g? by ﬁbkqu.b%pores ofa
t%%ls foaan sWith eactiveomafesial -mtticlel unber pedskme, MON@KERIby 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-zinc alloy (see Patent Document 2 and Patent
Document 3) (hereinafter inclusively referred to 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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2 through expansion and contracti on acconmpanyi 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 de3|g% to produce a high
output A foamtype electrode is as thick as about 1

or ﬂ(@ &?t el e?:l?dr ode. @tgg g:ggl%a{l%‘gg eﬁJB %Qgtll‘fn)(;l i fas therefore

Qr@tS@SYItQI @ﬁmwnbﬂemdeﬂetmﬂnﬁt heDmahé \otheireHa@ll] @l foam type

|| ect
B33 5 G G847 o D oo e
pkighi ewtput. WA cﬂoamasymeetecaodéaas bo thivkaiap abvut €RERE which is

04 ro d that

SR AAL I X AcRBICH rosfPact PP Bl o B gt s not casy to
begetre rsufficient IWW@?W?@G&@ aei$vecnatztinl p@ﬂﬂe.‘fme %ﬁfrﬁnt collector.

Nols n Wt i thi um_and
TR okt BBEYo b oYt o ety which has been a
| bar b olptaini increksed lelectren caradut@vity. of the netal el enent
that does not forman alloy with lithiumis higher in
the surface portion that is to conme into contact with

51;0064 jectrol ytic solution and face the 15 positive
ectrode (cathode) and in the portion that leads to

an out guts propeded ghat (aswgam%ﬂlewttodac(mmnfor4i&uuiﬂ1§écondary batteries

d t t
EVch E6hibAtksns FRSANERomRMMST b Yicha ol i it Rogpcapetioy with
th anth@ metahlclenteat tifabrdoes aol fdrhn amatlby evith H’@Mﬁhoﬁﬁwhlch the

to r etiti.on aQ ar
03@&? 08 el URRhORRE USis' B SR B AR e er in the
sirfeeq portiondbatnisrio cam.enmou@tmta:t stithuai eleetr6lgtip @alaﬂo@fan@ face the
t i.on, made. of tal that does
ﬁ#”sft S A RtdB AR 3 5 ORI ol Gt anchpvigarinal (s
chﬂﬁQlﬁlDﬁqtiglenh é). nelhzl plﬂahaatloinalmeatﬂalt ichndirtigity @3/ maintdifed via the
LN r ot
abtpthaRiek nGl ol Gy Ry ef oG8 the Pt Bt e lthum alloy
signelaps eraoiing kndtrambling thato @petitionalf chapingeankididthstFing.
all oy can 25 be disposed on the | ayer containing the
metal that forns a lithiumalloy. The layer of the
b@dy el enent that does not forma lithiumalloy is

formed by, for exanple, plating. [0006] However, the
anode ofhepgmbadi Hmmﬁeggeswdunﬁd?amEsDnatmmabl @iclude a structure

g%c r??r?d%?apecvo a@n%lf CEH%BOI‘PB %J gﬁ(cS[g @ﬁ{él gl eﬂﬁ)r}ﬁahﬂnum
cdiey randta partioh mads efcpdwder mtltanm thehimetal ¢ rfginiga afitium alloy.
ArROBAE Y don m%e})rfemg adhered to the former portion by means of a binder.
The structure may be baked. A metal element 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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active material cracks and crunbl es through expansion
and contraction, the anode is 3 incapable of
effectively preventing the active material from
falling off. Therefore, it is still difficult with
this technique to provide an aAode having i nproved
cycle characteristics. [0007] 5 [Patent Docunent 1]

IPo A G2 [ Pat ent Do t 21 JP-A 6- 140034
B A BB st s g e
JeallA- 02 witbu thimr ipclafiqueneao | proefdei e andde| B9A8F Mbroved cycle

ofEfterRficd Ne Present invention is to provide an
e‘%ﬂgg%r%g{ew or secondary batteries free fromthe

probl ens associated with the related art, a process of
producing the electrode, and a secondary battery
hB6PPy t he el ectrode. [0009] 15 The object of the

i nventi | g%ﬁ? h shed b viding an el ectrode
for sec@ﬁﬁgﬁ) a%ﬁgrlj'gfggv\%?%ﬂﬁﬁgs a first surface and
a secorl@atent Pewndnd 2hIB-Hevl4g034el ectrical conductivity

and adg?gﬁgtﬁgc]%se&??gﬁqm_%bﬁ&gmcont act with an

electrolytic s n an an active materi al

| ayer dBateni Roowgnent #] IRARR509201 particl es bet ween
the first and the second surfaces. The el ectrode has
no thick conductor for current 20 collection. [0010]

ThEnRLES e Ind jon al so provides a process of
produci'ng aPh e}élgtg{t‘ﬂrode for secondary batteries

i sing the steps of applying an electrically
conduct i-n,0Q acti.ve materi al
part i_clg%tb J:)écgbﬁ &eeg%gélﬁa@{é%}glgﬁ ltz?\ 1 Provids ap slgctiode far reondary
ahattgees free fromnthe proti¢ms agseriate;il\mh thg relardant, iavocess of producing
' | ) egtrodeposition in a
pmfléat%ireﬁgb%éét dE%:(S)érlﬁgltogl nf Egﬁ‘%’ﬁgaﬁ%@}‘e {I%Ct'fog?m an el ectrode
having the active material |ayer, and stripping the

eﬂ@g trode off the carrier foil at the release |ayer.
[ £l]] The invention al so provides an el ectrode for

secondarpe fgtiest a2 iﬁt}ﬁlﬁfbnhﬁsac%omplished by providing an electrode for
secondary batteries which has a first surface and a second 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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4 first surface and a second surface both show ng

el ectrical conductivity and adapted to be brought

into contact with an electrolytic solution and

conprises an active material |ayer containing active

material particles between theafirst and second

surfaces and an electrically conductive foil in the

g%gdle of the thickness direction thereof. The active
FetuERrearng 25eepnd surface beth showingmlectu¢al eendskctivifeand adapted to be

06k ity @ohBet with Q@él%]:tra_ P‘Ec et ov eérgfébsoﬂrpﬁ'%gg P48 SnBerial layer

secondary battery havi n
SOBRIHBE cAch¥e dn%t@flﬂo%tl £s &@md@e Brst ehd Deesond phufaces and an

@e&@@ﬂ?&ﬁﬂﬁk@ﬁe foﬂﬁ'i 8 diddefdrdhe c'kﬁcs@ gﬁ%&%&ﬂgereoﬂ The active

schenat.ic enl arged cross-section an

JBgisrialagpr dpresent op pethesides of ﬂ@mpp@pphvg fojl. 2(a), Fig.

2(b), Fig. 2(c), and Fig. 2(d) show steps included in

a process for producing the electrode of Fig. 1. 15
Hog1213(a), Fig. 3(b), Fig. 3(c), Fig. 3(d), and Fig.

3(f) strate steps i ncluded in another process for

pr oducflhlj pentignedlsq pEYidss g-pegondary phajeryshaving the above-described

seidvardet beakathodd drittansdes a surface layer with
m crovoids being formed. Fig. 5is a schematic

enl arged cross-section of another elect rode according
eﬁ“%ﬁ[gﬂé‘&gresé}l vention. 20 Fig. 6 is a schematic
t@‘“e TH6R2Hf a nodification of the
goet3]r ode shown in Fig. 5. F|g 7(a), Fig. 7(b), and
Fig. 7(I-C€ 1show st i ncl udn? a process of
pr oducifg ! FREEY ’c"'tcp%@t“‘oﬁf ‘F’E@d crgss-gection of anselggfrode according to
ghe ptesen imdeatiogr aph taken of a cut area of the anode
obtain . 9 is_ an electron
m cr ogﬁfj f#l?)aé% 5@5“?%2@ (%@rsh@WtStQPé |1m0é‘¢<i€'idng a process for

produitrey the aleetrpdeddf fife1.anode obt ai ned in Exanpl e
with a carrier foil. Fig

that h
o e P Fi A o bies M B 3 Y A&t 368 ilvstratey ahpe dncluded in
chibthien prbced? folpraddig the cReubGHSof B, 1S an el ectron

m crogr.aph o cu ea of the anode obtained in
g PaE 4 scfhemancaﬁlyaflustrates 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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Exanple 4. 5 Detail ed Description of the Invention:
[0014] The el ectrode of the present invention will be
descri bed based on its preferred enbodinents with
reference to the acconpanying drawings. In Fig. 1 is
shown an 5 enlarged partial, seshematic cross-section
of an el ectrode 10 according to a first enbodi nent of
tBe%ﬁngﬁent i.nvention. Wiile only one side of the
gfefieq Qescription pf thetnvanéien: t he ot her si de has al most
tfpe1gpme structure as shown in Fig. 1. [0015] The
ectrq?g 10 of the first enbodinent has a first
sur f acellie ¢lesirnde)of dheiprgsent dnveatiom wikt be dasoribed bbsesromviry) preferred

behbodasends tad Wit h an.. )

ol oo BB i S Entt 'O accPBenink bkl i, 1 o shovn an
¥EPa Partigfe selpmatio: erons-srytiar tofy en rﬁecémdal 10 peeorditlgeso a first

f ¢S Fion E2 of

2ertt§l?l§.(;(§d|i\!{g‘Iel@t ‘ghgdrm13 \gﬁeéﬂfcontl ﬂuou@{"hJ covgr eﬂé ns?q gtﬁe electrode is

ciirpiEaied, das ‘Pté%l’[ sidpphasabmnest she %y@rsmct@mﬂs;showa inFig he

surface layers 4 shown). The surface |ayers 4 on both

sides are inclusive of the first surface 1 is and the

s@)oq)_f;l]d surface, respectively. As is understood from

Fi g. the el ectrode 10 does not have a thick

conductpgl?e ¢lggtrader Yok the firFicerbastimeninhasta fist suitfacedl @hown) and a
Iﬁ:ﬁ t
Csébdi iurfa@@ AR Gh&n) Btk rfld@;ﬁedTFJ & bl’i)ﬁéﬂ uﬂﬁo{ﬂc@ &I A an lectrolytic

q’%@ he current col l'ectin
o ¢ %‘?ﬁtﬁoéﬁt 0chss | aacactivg mag |l@y¢r 3 Goritaintrigeactive material
e[ba@ﬁéléﬁgeb@t@eeﬂr e Wb fsﬁﬂﬁcésaygﬁéh éldel éfoth%eﬁc\f%{etrgate{lal layer 3 is

prevent the actjve materi al Ive na
| cpbipuanshy epwered Vithg C@Flﬁnﬁ‘ﬁéleﬁféﬂ&%p@qs llayier dr{dnly one of the surface

Clafdrs aGhoWi). ACHORPREY 1296rs GGH gétg er%lg? gll'ediklﬁlglgﬁ'é 95 B first surface 1

Each surface |layer 4 is"made o
fACHP SReOndssurfage; reeneetivaly.| obs by unsfersiensofidmbigt &y theslectrode 10

- adds it e Of ﬂu'cktéo%dﬁ&@ﬁtﬁ‘[: Vbl'.iﬁ‘x=:111 ncoll‘é@t%ng'&%,cﬂqg called a current

d chargi ng. A proper I's chosen ac¢ ng to
Cigt Stlﬂbaszgevabfoalewxamiedn@tah nd of the active

rraterlal Such a choice is within the conmon

know edge to those skilled in the art and not hi ng

VOO01 6T goi ng into detail about Exanpl es of usef ul

net al s , N and their_alloys. O may be

Fe,
added t £ ?%%wl%ﬂflg é%qf%slams 4 peeormyshes eirtent gollecting function
liaytRe eleoBYddE0.t MPheS RO Naydhs 4 GlsB Verveto PRVt 1R active material of

the active material layer 3 from falling off due to expansion and contraction
accompanying charging and discharging. Each surface layer 4 is made of a 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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30 [0017] Where the el-ectrode 10 is an anode for

nonaqueous secondary batteries, such as 6 |ithiumion

secondary batteries, the surface |layers are preferably

made of an elenent having |ow capability of formng a

['ithium conmpound. Such elenents are exenplified by

t he above-recited ones. Anong them Cu, N, and their

al]oys are suitable. An N -Walloy is particularly

JHBIuEY jaaysecandasy baiteriasgthei syfase lava are queferably nage of an element

B ) . . | C ¢ - :

e o RN iR ARRAR kol SRTHEReRs are romplified
thsrabomerreniterl mnes.neAmbhg ¢hemo Khu O¥ig aod theis elloyd are suitable. An

Lt L W dabid i j ) il is

such t_%}’t“ tﬂl’?glérug%rg)l #@%g‘reﬂ_if{’#rg?ﬁ ccﬁrp un%%@@.ﬁtsgf%%e ISI{IEF;S/ 4 The
£xpreggian “Taw gapability |of tfoming ar lithsuny epypbadd” . used Gieflin means no
14, e ' refer . thi.nner, . .
CRBRAES, O foine ] nfificla oty of SRR igh Y Flhiom or, i
@y Biet ¢apabilite isesuchalietsthe sedulting Hthiem nionipwahd chitainsesdy a trace
r2tint 8ELthhRk ofﬁ% L&l |y continuously covering the

active material layer 3 and thereby preventing the

active material particles 2 fromfalling off is

S[ﬁ ured. Specifically, the thickness of the surface

I §I§9r] 4 is preferably as small as about 0.3 to 20 pm

still IcROEHRY : QI]'IB[R | I

prefer abIc Oabo_ust%p%g%ﬁ? %gtg lgpé\g\%'rtg%l}t 'S r@%{%ﬂgi&@o{%ﬂﬁctor used as
theUEGE cacecleralcsonvantonal cleetrasies as long aka enintmad tthickdess required
Cff I <@Bbtaf®ilye %Bhﬂ{houglgfec?\%gﬁgt fRAG RS n?z}térfil gfra]lggre 3 and thereby

I NCr ea_sed pr oport 1 on | ctive I’THt er
tHreyealDe thecatiye tmaaterial ipagiclas Jefiomrietipg off issietyreger Spaifically, the

YRR SO ¢ COMEBOTE) L SEL0E81815 . i

rrsefgrablse phout -3 o 10 Ham.opsaviarilasty pfeferrblytdbionk 0.5 to 5 um.  With this
GHinheRtorard thﬁ'?atcb T%fgfs\?\f ?{ch%ﬁ?%u ik Wohe&o gf%¥ glﬁlgen% collection, the

having a thickness etreCIteérane
mlwaamay 3 gelativelpyineteasstr propartiongof Thee attive nmtarfahcmad thereby
I . i.f£er j I ckness. .
(YRS 4 RikaRe Ly &iief bef i Fofili 4l bitt AT Conventional
iskeatigdes, bavs atlimsitfinrinereasimg goergy demsity Pocause of ghenelatively large
ety ' a t .
ARG JrAEPER, Skl e’ Sinddol P g3 1lfers 4 baving 2
chiskress | Withie the reritcd mangeeme tpnefersblyc formdd tyOeleatroplating.  The two
et ay AT '4|r}h£’y ﬁeg@ts&rﬁé ¥t gig@fbﬂt Reahdigls hand, a thick,

current-coll ecting conductor used in a conventi onal
el ectrode has no surface in contact with an

el ectrolytic solution where it has an active materi al
06191 *' Y

As mentioned, the two surface layers 4 are inclusive of the first surface 1 and
the second surface, respectively. The first surface 1 and 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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| ayer on its both sides or only one surface in contact
with an electrolytic solution where 30 it has an
active material |ayer on one side thereof. In other
words, in the absence of a thick, current-collecting
conductor, the surface layers 4, i.e., the outernost

| ayers of the electrode 10 participate in the passage

of an electrolytic solution. and also bears the 7 )
KopE B A Ltobrith bR BhuRcion (o pRventing Sk the scive
foatepaleventing fall-off of the active material.
[ 0020] Since the surface |layers 4 having the first
surface I and the second surface, 5 respectively,
ngﬂﬂhave a current collecting function, there is an

va

tage that a battery can be designed to have a
| ead wiSiececthersacthers ldyerswh haviay ahe Sivt fsaffecd 21488 the kécond surface,

at 0021] As illustrated in Fig. 1, the
SRR s DA T Ao ot g ot et
apenbodesignédas thaveen ddadt ref tomiectedribaghiche dsurfage layer 4 is

. surface and |l eading to the active nmateri al
ﬁagyggo:}glgf'The mcrovoids 5 are forned in at |east one

of the current-collecting surface layers 4, extending
in the thickness direction of the surface |ayer 4.
TA82Hi crovoids 5 allow an electrolytic solution to

ffici (] terial 3and to

cur 1 ciani¥eRE Ty FF 1n e oot B bk bals mpdbdt o fbrovoids s

2pen ronaat]igast roanss:rfshcﬁrs_lgsughcei meatx;sluhé gec?nﬂaswﬂ?%%md l@%ing to the
OV, . \V, { or . ut t . m 0]

B0 B0 BB o THE o S s et PG e of the

Secur e prevention
tduereni-chillectifig suréacedayerovdpexisnding $n fecthivkabisydirdast o the surface

10 him.. JrLnpvoids 5 are sq fine and .ye )

i 4 n e hie i SR Plepr e Felufort oo ety pass the active
godtetidlolayer B godribi sufificientlyareaciondttiuhe Uktied eedtértd] Wattécles 2. In a
. QF l,ch_has S l.er surface nsi on than
Xobitss B, SO R s T, 6 Bt v Aot Aout 0.1 to
niOdrowoi Te sgtl:umbgﬂre‘aanﬂmldf falletfh of 3}1@ mcti%'h‘ﬁ?d@éﬁﬂl,dﬂl&wic%th of the
e I e [ t aneous Wi t 0 tion
R D o 000 b BT e e s s
rwide oeraiugh mﬂegSpmdh}aﬁoiﬁ ibdifShﬂSel.Eét&ﬂ?tid salfliodl tIA€particular, a
r . .ef er ave an average ope
R YN T R
Joneo isl Capable, ofipenetatien throogh doxtcruvelas sawith! £6iaRWidth. Such
ThictQBIRPF are-lial}gfelaa\‘)?yr Rtmed Bttultar gc?usly 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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in that range assures sufficient penetration of an

el ectrolytic solution while effectively preventing
the active material particles 2 fromfalling off. That
range al so increases the charge/discharge capacity
fromthe initial stage of charge/di scharge cycling. To
30 ensure prevention of fall-off of the active
materjal particles 2, it is preferred that the
a?J%#%fgtbeéﬁé‘Wfaﬁté@alkP@ﬂElqs(i 70% particularly 10 to 40%
of the maxi mum cross-sectional 8 area of the active
material particles 2. [0023] The ratio of the total
qoezsjarea of the mcrovoids 5 on the first surface 1
or the second surface to the m croscope field area,

cal | ed e BRe AT thedatal apengres of (e aniesoxpidy Son the SirsGesface 1 or the
sgebd,ﬂd pifke E@&bmérds&)p%%d 5&5, {dIRd 3 TRed 23041, ?s?]%rfe?errably 2 to

erage open area the M Crovoi
6?%53 & IQ%equlth%me ap forrthe pverage-openh area of the
SHIct@RRds HaVFROHE] sﬁﬁle‘i‘eés@ﬁs 5?’er ; e fﬁ'ﬁ@ﬁlﬁ'&%ﬁ: qp&gﬂﬁrs%@oqnd surface

falls wythin the recited rang
hayeBIvRYoidi hase aveeage p@ﬁn Afes rfdﬁcmﬂ@n thq reciied preferred range is

RsHRESEd SFbnh %Box'ié"ﬁnd%i" lzhad&etiod midy&o ﬂ‘%tllo 132%69391%1 £oF ﬂhﬁ! surface to
0 S

preferaaﬁ/ 00, m crovol n every
Ve duardd,000 S‘TIIII @reéerahim 190ria 00, mcm@ld@\‘iomdgnﬁve]sr 1 cm square

rRfl@r r ehis h8mBer &F hicrvorRi s ‘i‘éﬁﬁéd R e%rév%@c?éilsmbutlon.

Because the reaction of the electro occurs
predom nantly in the side facing the counter

edqsg rode, the mcrovoids 5 do not need to be present
[ h surface |ayers 4. Neverthel ess, practical

bat t er i Bécatdel 82 RaMfnAof BRAERERSA
géectrodeaon bot h sides of a mo?é?ﬂgcgmggﬁgggﬁnﬁl fly in the side

eiRg dheyepuniar wlechrds. dhe migreypids § dpgiot geas tpéfmmeaentam both surface

biayds saur f N@ﬁerﬂﬂlé% Sptactiay eoa‘tt@ﬁesmogdéﬂvlﬁvgs Eﬁe Hep :Hae 2 counter
el ectrode 10 having the. m Crovoi In on 9 one sid

tHesogde ansboth sides ot Aovarking dleaadeer In sushra bmpom‘&gur@non, it is
sdsirdble tthit RJtR GhffRdeRyd 4 ﬁhﬁe%e\"fnid?o'}dq@ 5. VWI'Q,n ?%lectrode 10

surface |l ayers facing™ to each other Is used to o
thpying, the anicrowpidssS e pnlyhane|side theaeof1 Rpliedgta sach a battery

28dnificGiabuR] et of Qb él&iulbdéé fi¢ Fl oém{helr[‘g@@ﬂ:e g_l?'?ace layers facing

active material | ayer posi et ween the

si9r 3a5h othergis ised do Ob@@b#@ samme gtfectcasnwith fbe glectrode 10 having the

alcesvoids Pank bbhlsifes there?e active material that can be
used in the present enbodi nent broadly includes those

usabl e in cathodes and anodes of 25 secondary
E@bé ries. Specific exanples of useful active
ials will be given later.

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 bafteries. 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 material particles 2 are not
hindered from reacting with the electrolytic solution.
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Sandw ched in between a pair of the surface |ayers 4,
the active material particles 2 are effectively
protected fromfalling off the active material |ayer 3
due to expansion and contraction associated with
charge/ di scharge cycles. Kept bn contact with an

el ectrolytic solution through the mcrovoids 5, the
active material particles 2 are not 30 hindered from
r@886J ng with the electrolytlc solution. 9 [0026] The

2 is pr e% er gjt()@ g%ﬁ%lergel%é hanviﬁjg%ﬁlﬁ{ P%‘PF%% 2is pr&'grably not
pETedter 'élbn)IOOGHpmlb mrei'mblye?o ufﬁhn smatleran TMnhediirepaﬁ-uzle size (Dsp)

(P20 e BB APLINATY BB 1t e o 20w,

FRarticles @sWﬂosmmsmmmmsmemmzds laeﬁ:pmch&e ]e(ﬁ;ﬂ t@ rfalkroff &pkhorten the

t f d
T e T X T
ofize Weulﬁd:retaboil@ 0kj pme o ltﬂe@rbsenahn'mﬁtldh, 04 niattet Rowlzmall the active

?%rﬁlglta Arggl?%]b rﬁ%g be th'crath:ggc{ly g?fgﬂé’l"b‘? gg rcggo&\égion Therefore,
oxiedag hypdrogen storagesalloy, whircdr BfSﬂB@pthEVIBrb)ﬁdehm[ @@t Nis used as an

%c?%@%at@llléﬂoy 15\;{' k}&egstgif ngtb %qﬁvéﬁm&%(lba gamcr:]e size thereby to
pehtaintandocréased eviput tMereamhcmlymheepne@dnt ppehiicl Makészi€ feasible to

: . .
L RarpBen ABLBL BBY S BRI tebitiuodt forsmapal] a5 ghout S
uwheraash yher bydrogest sﬁomge aldyoysedi inhcdriventiumial Ietdc&o&eszﬁad to have a

I bout m eas.the_h

PR i heaBoR Rl fonn° TR PiricT ar SEHscir iRt i bF gheasured by
hthe dasar dl}ﬁﬁzdtlion-lseatteiring mdth@berudlectn piicrobsid slideinkion.
size of the particles 2 can be neasured by 15 the
| aser diffraction-scattering nethod or electron
nT'fO@Q copi ¢ observation. [0027] Too small a proportion
of an active material in an electrode results in
i nsuf f i tdersmalner prppoftioni oﬁl,anaatdivtomaicaagmtdme electrode results in

pfngm{cfe:np @W?ﬂ q{%ﬁsﬁlgé&?c\ej% f € mgzpfé oJﬁ‘tl%)rhhfegdg% icgl?se fall-off of the

materi a
cantive deatenidlon Withhtheger tmpdmtcmsrtakrh infvecad@idarationethe proportion of the

R Rinetidl hi¥ie YSHHACIE pheteBES! R BP0 i eBdeiny 20 10 80%,

4p)arthﬂ&®?/preﬁ;rablse|4@m 80%:0BR 8kighhe t hi ckness of the
active material layer 3 is subject to adjustnment in
accordance wWith the proportion of the active materi al
obfp el ectrode and the particle 25 size of the
a trve material. In the first enbodi nent, the
t hi ckneEke ﬂlglpkrmg; afothe| agtiveenhatedial 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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about 1 to 200 m preferably 10 to 100 pm The active
material layer 3 is preferably fornmed by applying an
el ectrically conductive slurry containing the active
material particles 2 as described infra. [0029] 30
Taking the el ectrode's strengtlp and energy density
into consideration, the total thickness of the
el ectrode inclusive of the surface layers 4 and the
atis veeferablyr abwut |1ate 500 pmg st prefefablptabyutabdut 25D jim, particularly
' |y about 1 to 250 p. m

é%?%ﬁ%ﬁfg#%blﬁgfg erably about 10 to 150 pm [0030]
The interstitial spaces between the active nateri al
particles 2 in the active 5 material |layer 3 are

(Hrably penetrated with an electrically conductive
mat er i iHh&s ' hg&ke' . Lahl Ll in .
t he v_\/ngilhé3 t hi ctgﬁégg?&%lb\r/%ct | onﬂg%ﬁhﬁé%@ﬁ@eﬁ(mﬁ%{%% ‘é‘\"l the active
| mgterialdayes rae preferebly penairatedevith amelegnicelixtasluetiveshaterial.  The
t GARAUG et i [ Lt et.er . .
{ PREAREHERICHEL PRABD, fils e Sholb ' icRas SRR of e acive
pratetialclayery3 ex phaidbie aative metesial particles ekist e thel eartductiles material.
I st s j : - Thu .
iR % T PP e ARG et B 2 b St griffgly pyposed om
tthe sudagea of theiplsetrade 19 dut heredin the swefheg layersi 4 Timrse the active

ehhRRAl R % Y6 o %Jeh%ﬁbﬁ ?@gguﬁgée' laﬂiqlEWﬁﬁ Zactive material is

conduct 1 V] tly; etween t sur ayer
Jupiey efferdivelyi arevented elromecorhipgt off. ¢ Gitmitroni eenduetivity &ktween the

j j -1 Q- | S es. of the .
BLE B Wond 18 814 Rl PR ) B AR R pencrin
i 159 pattiele-tacnarticle apaces phthepativd whtesiaklager 3.n Géaeratiapf electrically

' f act i 4 l.aye re t.hus .
PS8l ABCRE N ATREAL e WY B M Bt e
ciat st pregniadreffectivelys Aetaesdy the cembnt toltacting function is retained,

d 1.0/ i n he, el egt r,ode
SRS, SRR T D530 108 AISIELER 1 pionga
eEhpsei efifeqys i are usdvaptageswsi esperdhllyt iine psipgorl yemiconductive, poorly

. ' ri e .& Silicone . .
USRI 0] P REg, B BORE .
weraidy sursleritdsidablier fuont Hthe f foregypigygthet blecebdctacosding to the first

' ' d t. Ly diff .
SGFGIHBA e D3 e AL o b obutned
ot elieteaplating beitle sidew pf atmieta) fharh thasingestiod naterial phrtibles Bupported

A o 1 PP SR PR o RS s

Pat ent Docunent 3 supra. [0031] The conductive
material filled in the active material |ayer 3 can be
s03kk ed

The conductive material filled in the active material layer 3 can be selected
from those useful to make up the surface layers 4. Metallic materials 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 least 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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25 fromthose useful to make up the surface | ayers 4.

Metallic materials are preferred. The conductive

material nay be the sane or different fromthat of the

surface layers 4. That is, (a) all the materials

constituting the two surface ljgyers 4 and the

conductive material of the active material |ayer 3

may be. the sane or (b) the material of at |east one

ofiyathe surface |layers 4 may be different fromthe

conductive material of the active 30 material |ayer 3.

In case (a), the hereinafter described process for

frRbgacating the electrode 10 is carried out through

si mpler_ procedures. Further (c)The material of each

s u r f ac ln|cageeib) thy swécdiléyersremay be the saine aralifferettiiu enaterial. That
I

Eoo e v sleqg lajef 4 Aly o Bl Shbl el BFs giffrent from the

s‘&ﬂéu@?rvedmtﬁle@l 1ed|1n theeactive alaten‘ﬁhhwer 3er (b( b} dl) the meatériads making

d| ffer errt fr m %ﬁmggﬁgéucglpggﬁn& eri gﬁ? afel aé:gve Wa?%-'é"l layer 3

ABEY be difigrent zom|cagte Dﬂ'@r orWhexezhe alelctrodaeofrﬁt:eﬁ:rstaémbodlment is an
nduct i v

b o oS Sy SNBSS Qe LRGP Seoll pattery, the

otomfluetisigtmateniah fdbdrﬂl@amgc memai dayend ieprefiraldga mitefidldhaving low

f [ equs caon

P RB ORI o i oA, R ERRRNY SR FRahel such s

condVic Feeo omarealloyithéreofl ed the active material | ayer 3

is preferably a material having |low 10 capability of

formng a lithium conpound, still preferably a
el i C material such as Cu, N, Fe, Co or an alloy
thereof. [0033] 'S preferred that the conductive

mat er i at is rplrefegrerlﬁhatnbe eondugtive iatekialefilds idithe ettire thickafess direction
t&ﬁh@%&ﬁ%ﬁ?ﬁﬁf !agé r 3 Qﬁ’vai%or &Q?%B&?Eﬁ%é strfa P.Cf%)t},rso& whereby the

the surface tWo sur
| Bxpesusfage layerse ase plepmﬂlllxl cmmmted viadhe tendubtivematdriel topeovide the

”&Eﬂdd@lwfﬂ? 2)¢k4 Peletcﬁ‘grir rﬁ:gtrrﬁ.&gl(rfgg {hﬂs E%&b&%s\?rgoie electrode 10

el ectron con UCth t
eJCELEST 8 deurnamt %k@%@ dunatione ntThﬂoIf:hCé cthahep froateridloconstituting the

T&iﬁreﬁn@@&llécpﬁ% sérf%tlgw{rjérf ggﬂ{ﬁsattésttﬂé petr#el][ kness dirgction of the active

current-collactin ayers
eliii@ieflél tiapee kﬁ@esgnmt dleet iton atrfach elagersi van breatrmﬁmied by electron

5305 d&%@ﬁﬁg bof Hﬁﬁ-rﬁu %T'&Ie%ﬁeﬁzﬁy Y p%rg%rreg fmethod of penetrating

conrr m Croscope’ na

dths ppncbwtwematﬁrnal hvéo ﬁmaehveamatcnalriajaéremﬂdnb destrited laiér.
penetrating the conductive material into the active
material |ayer will be described |ater. [0034]

[0034]

It is preferred that the conductive material filled 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 1o relax the stress caused by expansion and confraction 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
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It is preferred that the conductive material filled in
the active material layer 3 not conpletely fill the
interstitial spaces between the active nateri al
particles 2 but 25 | eave vacant spaces 6. It should be
noted that the vacant spaces @xdiffer fromthe
mcrovoids 5 forned in the current-collecting surface
| ayer 4. The vacant spaces 6 serve to relax the

siormed hyaapnlying yaneslpeiriealn contctive shimt toniainingt the active material
t

i, AR oSO, s o sy

viesmed i8 ghe mstive materigh layeri e Aenoedingly, theyvoluge BrOportmn of the

Wa%gﬁtr ?ét':é/s Q%thelcotnﬁ'oﬁ@f/ GRdhirY %@f@ltﬁpﬁ%ﬂ%@ﬂ& properly selecting the

preferably about 3 to 9% by vol une
t Prsticle stastof Shrnentiye enaterial rﬁemctr@t%rthn epaaposiionof ther eamductive slurry,

r n i gl
i B3 TARGHTRPLY AptpltRl) THE 3Rk FroBleth &ty Mkt shaces 6 may
salen bgadivstehbn prﬁ:gsmgrﬁleaiaed wetiveamaterial langérmldclt propér, conditions.
foll owed by drying as described infra, vacant spaces 6

are necessarily fornmed in the active nmaterial |ayer
3rpodsordingly, the volume proportion of the vacant

spaces 6 can, be controlled within the recited range by

pr oper | Yheastiveimaterial fe be upag varies depgndinggm whestherdhe elscirode 10 is

N8l ds2h datode dresh ﬁo&heﬁpgﬁgggéétioﬁnasoé chft®de, the active material

conductive slurry, itions of appl’ication.

Teluges pipk elph)&b@f!flr and srbqlhbydra@dm Eqroapplicgioness arafmngle, useful
b
sotReinkiéeds IRE 983h it gglﬁﬁ 11 st 9% OOSgi/ %aﬁﬁflﬁﬁ |8l cadmium oxide.

| ayer 3. under proper co e active
nEeleaprlication Be apsangdy ofinonaguasun seenndary baitsrine sueihes lithium ion
e!ce%Sﬁdl SaktbridsS eleﬁ@nﬁolgﬂ r%sh%h %Qﬁﬂ?y Bf f cﬁﬁ@?ﬁgpmgp Eompound

application as a cath Ive materi a

nFaKks) usegdr Susharleraents inslyde silispair tirk inbumninwo anggsrasinmon
as an anode, useful active materials include various
hydr ogen storage alloys, cadm um and cadm um oxi de.
Foo3gppl i cation as an anode of nonaqueous secondary
batteri es such as I|th|un1|on secondary batteries,

el ement &shiEpeaiefly grphasizeti thet siresture ophitheg elecirpden 1Qnpuccessfully
CHRREME dhe &&%at@ﬁaluﬁ’@rﬁ falfisghore |dﬁm%§lidn§ﬁhuﬂﬁ contraction with a

silicon, t|n al um num _and ger nani um

r ehaeeg dadya dlischargez efn vigve oft thiveffeet, ghe teif'@tred%cltOr isgeuitable for
%ﬁli&ﬁﬁ@&ﬁf stcbifdar baNG RS SepdfedRF E%bgé‘ctéﬂa{oeéﬂa?ée rInrdodchharge cycles,

ling off due to ex&gnsron and ntraction wt

cﬁ%ﬁﬂa‘é‘ﬂ%lﬁ JugkelthydrmggnydNiME) sscopdasy hafipreseinf which theh ectwe material
%ﬁg%oﬁgedb?e Siph A6 End Q(Fnh%gtlérppl Tﬁéa%é&lr(‘)dE 90 is espemg.lly suited

secon batterles repeat edly subjecte har ge
drsamapes ef ickel-hydigen iseepndriyybaticdire beaayerr @g@ﬁtwwmatgnal of the

S BEIRAS aYhyHed deBl stdidgd Allodthaudddfe s tdr¥€ efnSToh@nd 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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under goes noti ceabl e expansion and contraction. The

el ectrode 10 is especially suited as an anode of

ni ckel - hydrogen secondary batteri es because the active
material of the anode is a hydrogen storage all oy

t hat undergoes | arge expansi ontdand contraction as a 25
result of hydrogen absorpti on and desorption. The

f ni | -.hyd d batterjes using a, .
oAkl Sok Taeh 39ahead bR, bam e aBr D Becwires invention.
hUgéful hydeagen utqrage aﬁdy&iﬁ&l’@de{( ABU B%cﬁ)isoha\ﬂﬂg @ida'?:y type crystal

i.gh iability, and nickel.- r n...secaondayy
o ieBP dut S nbete BEG Wbt dbpiped S A M | 4B aldys and AB
ehlbuysy ieqg.v M%zuli,es_re( hEU5l)lse&ﬂd| lm@x@ntest EQ&LEaNﬁo NIRRES ](glhere Mm
Any Kk . torage allao .haye been use L
AR il e BP e C Rrmngt ot Eavine g auigars of Monis with
sparbof i seplaatd with ?SIng rmpeo,tm?cMh And Bﬁtid@faﬂ? j%ﬂ{elr elggaegtésé) selected
' dan. r al ] oys inclu
B B BECEanl 4 TR S5 il ke s
Ly efsrnpiias Mnﬁﬁzmilbllm%d t(whedel Rﬁ/g gﬁl , lﬁrsh{%ét%!};l 4.5saﬁfl7$dl 0.3<b<0.65;
al.l.oys, e.g., i, .are al so use o

@é%@e@ngfﬁ% 3 é;ZS%N@d%Méraée vEeSsTiedpr edenalloys oF this type
npﬂeﬁmrably ande thiakts?emﬁf %!ﬂMQQb{mpMSlé)BQéﬂtdr?ﬁ ata'ﬁ:éigtslfﬂg%l Bf 805 pm or

' it r epl aced wi a , .
%ngﬂbwrﬁﬁ@ IE%F? Sﬁ%%’c{% IEl%‘%ﬁ“‘t\'étlcerrent (s) selected
fromTi, Cu, Zn, Zr, C, and B. Inter alia, |ow Co
hydrogen storage all oys represented by fornmula:

MEWBaMWnb Al cCod (where Mmis msh netal; 4.0< ab54.7;

0.3< b 65: . 25C 5;~ 0<d <0,.35;, . . . .

5. 2: Ga+ %i’c%Et_‘%‘Pesf‘? é’?g“‘b At errRaslimentols alyo, juitable fos application to
t ypmqiéous rseéandatyl atledve sach &; H‘ehmgn i@ gcbndiry $3Rerfua) ?Eimilarly to
| gnger ;and_a, ¢-,axi s | engt h of. 405 or onger in e
P rE PRI S el Jhe anqdsoaigonpgeous secondary
ebaiteries deesH aetivé hatdrial shoveinp ¢gtgeempankidn aind @ofitthdtidh | With charges
for & |ication to nonagueous secondary batteries,

S dn 1§%afge(shi umion secondary batteries. Simlarly to

15 the anode of nickel -hydrogen secondary batteries,

the anode of nonaqueous secondary batteries uses an
afl039k material showi ng | arge expansi on and

cont 2 SR8 455l GEBERR oh B fmboament i
f desstibehwishreferehcd ® Fig@.deRiest bbait] andairierifeil @1 é0pRpared as shown in
Eﬁ%ﬁ@)n Fjl’ﬁg' tcar?fer ?(l)ill 1195 3t Iii'lnei‘{edthlnllatér}allbsﬁt Fl)Sr %Pe?‘érgglyaéectrically
conductive. While the carrier foil 11 which is conductive 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 fo wrinkle or twist during fabrication of the electrode. From this
viewpoint, the carrier foil 11 preferably has a thickness of about 10 to 50 pm. 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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Fig. 2(a). The carrier foil 11 is not |limted in
material but is preferably electrically conductive.
VWhile the carrier foil 11 which is conductive does not

need to be netal, the carrier foil 11 which is netal
provi des an advantage that a uged foil can be nelted
and recycled into foil. Fromthe standpoi nt of easy

r@g (ﬁlability, the material of the 25 carrier foil 11
[ % ef erably the sanme as the surface |ayer 4 forned

by el ecI'Hdi’Bé.t@ifei' T6il cafehe/ ipA&hafs] %ys'ﬁ&pgﬁm 18] ¢ %Pﬁﬂ)lﬁﬁs or rolling,
Sljg@electr de 10, the carrier foi eT a

ling grovadegtancargier fodl with srell S@J’fa%woelgﬁmﬁm n%uch a carrier foil with
f sakiil) GuaFdce Go@hn%@h&' aeﬁlEﬁPﬂﬁt aE‘EEHg A #ﬂl C]El' @@ﬁ%a?l‘er described) is

the carrier_foil 11 preferab has
2BOEEESIFY t o WSTethe Sares foil b @f&b@t@d boFlecialysineon the other hand,

eFdtRhs froh prl}dl!lctioﬁ of %esc"ah’f& 18 1¢# t(\?ﬂgﬁﬂﬁéﬁon &{tﬂéjaﬁéﬁ&? 10 can be

the el ectrode 30 10 does not al S require us
tqfilén"éia?lﬁloér § same Wﬁ’é\ﬂ‘éloﬁlﬂéles uﬂﬁa@tzlmapmdumorsofﬁhqa cargier foil 11 is

eimﬂﬂﬁgeo% f&r@@éf@& Pfgaﬁctﬁfi‘lrcfﬂ thé elte édecl%nanaerf:@lcﬁBﬁ of frddiction cost.

for exanp el ec 5SIS or

p‘@]sw&@%c £011:2a} i ebtamedl by glectrolsais in @mlﬁ@;miym@bghrcesmmng metal
Sﬁﬁb(ea% C@éﬂp’e? br fn%k\l:l i¥hd) '?151%@110#‘1:2 &S ar&#%ta@ 85 e PR the metal

a neri hat a rel ease erei na

d¥s Fldﬂé'ﬁ) The de mﬁ@t@g@hxs;peelvﬁ&om tha drwra ke oletainfthé tartigr foil 1. -
is fabricated by electrolysis, on the other hand,

operations from production of the carrier foil 11 to
qﬁodgptlon of the electrode 10 can be <carried out on

e sa%roductl on_|i ne The_in-line production of
the car VpeR thesarrierojld 1 heasmall syefaeestonahness, dhe ective material layer

F’J @ﬁh“bbliﬁﬂnéﬁ dirB&lyehe the @é}ﬁellﬁ)llan@ r@ﬁiéf\tdsenthgf ier f01l may be

B‘H% cost. ‘Electrolytic f 'S o’btaln %/
SMBEEd M & relpdss daeer ddp eaishewe i 51131 %@npmwhxnlg thepaciive material

1@ydromsi (ﬁnﬁ d. CORPRIeRE 1Be&kkBla han y
drﬂm assa cathode 10 %Iegoé#t ?ﬁehﬁeﬂyuﬁgﬁ%ftﬁsebgélg{% but imparts

THECORPIAR fthe watrier foik1he drespecivnef whethenonnos thsorelease layer 11a
1|§ Foraadd, th%rcaf'rﬂir oil 11 p{'&%g-l]y h%‘ﬁ@uffm rSﬁ‘éHﬂe?sr Rh Bf b 0} %0 3 pm, still

has_smal|_ surface roughnesS, the active teria

SPTEﬁS’ﬁabélé GO e dl my gertioplaghy pwger@ldyr(p el tﬁo@ P pm. Wlth this small
QutREMABhndS! eth@ AlekirSde difdctly Hadt E’;?oﬂ- r%ﬁ IWc bﬁ geeled off

rel ease_layer a as shown”in

aep £ & |ﬂaﬁ felqaéﬁ;/léwel?,l lascaﬂd?er@anedr rqoal @éhe una"yen thickness.
I f i |

S0 14 9, 00 TS i i 1
vilaY HersoBie ¢ases execer dhe geditedarpage witheut |csuSﬁrcg peyl protilem; for the
Cﬁ&fab@foﬁgﬁhéss %%ﬂﬁrcﬁf-rferr QY %ﬁﬁ%&%&%ﬁ%ﬁ%g&?@%@ fay&P11a.

01 to 3 m stil pre era
part|cularly preferablyOOlto .2 gm Wth this

(%)

The release layer 1la is preferably formed by, for example, plating with
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
(bereinafter 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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20 surface roughness, the electrode directly built up

on the carrier foil 11 can be peeled off

successfully, or, the release layer I 1 a can be

fornmed thereon with a uniformthickness. Were the

rel ease layer 1la is providedasthe surface roughness

Ra of the carrier foil 11 nay in sone cases exceed

the recited range w t hout causing any problem for the
sinelpde etriegelg heemspousts,t isuche sasr benzofriizblel (BA)) datbexybenzotriazole

(@@Sl%d | | .
:el easé F%{/ler He: (??g T e gl?g ﬂ%é’e?%ortﬁeéz(é)[l@%‘éaiygrﬁpe% (BTD-U), and
ekaminoel HolZif-triagold t (ATAhr oniThen snifekerintaininge apmpounds  include

Sk SBBB o6 IHE Wil s R STEASE oyt Dot

SIBIH)-1 alhese orgahisivohpourdsfare dissalved m anr alchhod, water, an acidic solvent,

azf_# R4 t ' £ Ql.lg: . .

e ect_érlo .esgg}sf}ﬁ? g%"l%@/ é?é%ﬁtﬁnelrs %#Dhlé#'tg f{ﬁ% 8%@? 1 Oéldsl by any coating

tthelmégie incluilimg dinping. | Bresabidntition of gersbhition wfidfunesmple, CBTA
v .

5r a0 A0 UL SRS ASAE B e s 1

614 8.0arte 3pam.t | Thd midase layef Barfednedltrethe carrier foil 11 preferably

Lt I.006R- LA referabl v, 15 d.ncl ude .
b OREReE BB 1% SEURP AR STu, SUFpARSI AU HAR, paricutary
cerefsoabyph 6104 dorQ.2 poi, eimila@i3Tia) the catriet foil 47 @hewlfitH M)e active material

i Y yl met hyl Jurea (BTD-U), and 3
I-\f g%é}rn%l-g Efﬁ%fd}%%gdkéég{ azol e (ATA). The
sul fur-containi ng conpounds i ncl ude
ner capt obenzot hi azol e (MBT), thiocyanuric acid (TCA),
alf8431 benzi mi dazol ethiol 5 (BIT). These organic

conpou aLgedl ' , £t gp

acingi C SO vente{j&‘(ﬁggll;ﬁ%ﬁr%angps%c\%g t%s Ié%g?ir‘? it toﬁéhe process, a
swnanth ghosy surfgseicadonecsidenthersof thaghas Gickd the togarprdyum and a rough,
CRafd Betack SRS ?H‘Eﬂ L‘iﬁg,l juding Irﬁi:'ta? Ql'eB&itea- HBle In otegtl_ ords, the two
concentration of the solUtion of, Tor exanple, R

i §dgsr off e slgojrobyticdfoB 1g/ are diferentuincastte royghakss. t Ahe release layer

toﬁgg K? gé%s%;ﬂ,t %eﬁf gﬁ@gege&?)é%errl lihle Ia%{b%gr ﬁﬁe‘%fcg rno?tkfhée/ matte surface.

cBorriing theoleleasd layerd by amthe glossyamirfacs withasmaalleo surfavesoughness is
el e, e U by Pl s

t fds cesomimendéd td uselarpeleotinlytic fdikfamed e thmpreséme of an electrolytic
I additi b, r o [e  [1R043]  He<cartl

B af%ﬁ‘g?’e%%rhe% b8 R il ip 8 AZ B3 B Iy Blepahe mate
psustree defage farpningdhe reledsodayer dlrf ectd ooll theemsitelsurface, thereby to
t f d the rotary drum and a rough,
rr%ta?geoélﬁtrs‘{ﬂ%%cgqgé féést?ot her side, i.e., the netal

deposited side. In other words, the two sides of the
electrolytic foil 11 are different in surface

r 94thess. The rel ease | ayer

In the 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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I la, if necessary, can be fornmed on either the gl ossy
surface or the matte surface. Form ng the rel ease

| ayer 11 a on the glossy surface with smaller surface
roughness is 20 preferred for releasability. Were the
release layer | lais forned ojsthe matte surface, it
is recomended to use an electrolytic foil forned in

t he esence of an electrolytic bath additive, such
atp 9‘5)% bydeeight/ef tie sictivs sterial patisles- 4b687 88% tr 4%obyetveight of the
t ) ng.the rel ease |ayer 11
RGP o Sy PbE bR i D, e
the surface roughness. 25 [0044] In the next step, the
rel ease layer 11 a is coated with a slurry contai ning
al3k material particles to formthe active materi al

| ayer 3 o t
| YT OmBRrORRYEA D BBl 18] B AN B e s
diaveci laf’HTaZﬁrhﬁ’?eﬁiemPtﬂtﬂd tOcﬁ)mm averfychin lager aBhe pgcmsoy of one of the

|
cof g AR, il RSO KB B il Twer ptace lavr 4
bfardehes sikgc ol dases tofr émnmmrr)du eﬁ&mgbkthc loSBR)surface layer 4 can

n
P R 9 0, B ST Pt i
wiarmatien af Sietpaerarsor Eyer e therrglepsedfigardidh py eleotraplating is effective in

S B g SR S

the mivose layes ba &5%@ thnepxghursmf lagrbrecan bm:amr@dsmit\lmdtr the same
terdal, la 3.0n
Ee o Tsdhing BbAiRRet ASpRRd 6 BFLREHlandd T Fichifiaring under

béieéft cenditpnsatasily tresults rim farmﬁ[qp ofhihe dfereerentisned microvoids in the
p one of the current-collecting surface
Igl%g%éﬁfyﬂferei nafter referred to as the | ower surface

| ayer 4 for the sake of ease of description).

Al t hough the | ower surface |layer 4 can successfully

b&80G46k med | ater by the hereinafter described step of

Chyer | o2t pB o By Tl o B BB NBPE the e
efﬂYéti }ais dried 1o form tin@phge ﬂh@rlahlawkmlas sBe aﬁhvc aterial layer 3 thus

f Td}ﬁleh%a.{s Hﬁlﬂ@l%u? ée 1rRér < eé%%%& tl}% acfive material particles. The

El'ect ropf at | g rer ease e m
pﬁ@"élﬁf é"@}i 1I1a%,th tbaracbee ouateriabdayent3 mdhen ineersedrén a plating bath

m%ﬁﬂli tlgﬁalhg cf@lf éo%ﬁu%ﬁ%%%t beds b %8%8.}@: glegtroplating

electro atln ectf tlng an hese "con
e bis| proeass will eltemaﬁgr h:asormtumfs ¢aled pématmtiemplating)l  On putting the

MLGhRRhERal Byd"$in e GRMR Eath KE" 1at1}1§ b8! penetrates into the fine

spaces and reaches the interface between the active material layer 3 and the release

layer 11a or the precursor laycf. In this state, electroplating is conducted 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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The slurry applied to the release layer | la or the
precursor |ayer on the release layer 11 ais dried to
formthe active material layer 3. The active nateri al

| ayer 3 thus formed has nunerous fine interstitia
spaces between the active matéfial particles. The
carrier f0|I 11 Mﬁth the active material layer 3 is

then i ﬁlatln bath 20 containing a
met al | | ‘PiOBF of #oncplating are\of imperancg) for deppsiting the

Qﬁétﬁllli@tmzﬁbﬁ@ tde@jlﬁ) hﬁﬂ'le N@tivé hiitetiaP Q6L §ncYV'f6r| foﬁﬁfng' aﬂ?‘feﬁteﬁumber of

|.ed penetration_ plati ng

be, sone é‘{ {/res ca
tTRisToVRIds; 3,18 theswfacg laverder Whenpfor gyamplata prmlﬁfafetbﬂfsed plating
[Bad inGsedOot Lhpier ?ﬂ%ﬂﬁigr Adcdmnhdhded khfdifibiieare Wfbefo@éﬁ in copper

reachesthelnterd%e tvveenthe active materi a

| SQPeEgtign, PG 1200 yeid cpncentigfion, 30 pame et fayer in chlorine

| RYidntratibn,t 30° %0 F0BC (i‘n b@thSﬁlb&E{lﬁ'é 04 1 WBWQQ c{u‘?ent density.
eposit the 25 neL in the inside of the a

?Faﬂ@iagaar CPRRFEPY™OP ?WPﬂTSrbaﬁ?ﬂepléHB& bathmepmepdwecondmons are 2 to

S3rg/BCR1  doppbiO nécﬁ&&nﬁ’&tibﬁ ti® p{oat 70@% ann) pobdssiulie ?yroghosphate

active materj al é;er .. and (c) ner sur

(FoReediEHPRC% 1 @o ity fqmparafires &)t didein pijeand1 1 )10 A/dm’ in
qunfeﬂﬁde?ﬁitj(]V EF dFadiiel @iecﬁ%ﬂ&ﬁngf a WItli"é‘ I'b%th' cs‘mtﬂél’h%ed _Recommended

obtaJnedt e electrode 10 shown in ) havi n
itigps foreclesirapiating ‘Fsé‘}%ﬁswﬁtt@rbﬁﬂbm l:in& 360 afldofnickel sulfato

aﬁﬂcéﬂﬁ%h&ﬂnﬁ) &ﬁ?@%}é% rickel Bﬁoﬁﬂé E@iﬁﬁgﬁéﬁ/ﬁ S040 50 %/Lm boric acid

30t whol e t hi ckness direcfion

trat
%ggg?)f&f%%gﬂ 49 39y by bath tempergtyrg, angl &3 jo IQQ)Alﬂn(})Z inZugent density.
| npoa%?fﬁiﬁﬁteﬁn%dﬁfstlﬁ@ %&%n%&?&lyﬁ@ o%}‘lﬁﬁlbﬁg ﬂlreemgfengle forming the

ance for depositing t teria
st layers 4 és plewed @ P?Iwyréte @'Ith the wifode thiekness grrecaton of the
%ﬁb@ Ena@énal MyeFf 949 ifsten §p‘aﬂ dof réﬁlgééér lg?é}F 4 éfé’c%‘icagl Wﬂﬁ&ted to each
for exa e, a co per sul f at e- base at1ng AtH
nﬁ'@ ASprermeption rrgmqr@@owmww & areciasily iﬁ@nmdenme surface
tlﬁyér@ Q 9t thebubRRP&Ensity G %eﬁigh aﬁ-lhﬁ[‘d pﬁgltfoﬁ t%ﬂ% Shle bfly on the

furic acid concentration
ot surface @fghe aviivieanateral lapr 8 @uexmm thebaslﬂe
tenperature, and 1 to 100 A/dn2 in current density.
In using a copper pyrophosphate-based plating bath,
r@oggmended conditions are 2 to 50 g/l in copper
concentratign, 10Q to 700 g/l in potassium
pyr ophds§AeE{BE teotheepqvatdestribedopiogesso vp nopsaatipns are performed

tﬁﬂiﬂﬁﬁ:ﬁsbuﬁl? the berdtéor ForPhbp o@@i‘ﬁ Itht Clnétgllre‘/ ﬁﬂgrﬁaﬁ uﬂsﬁhe the active
curre dens%g%ngor ni ckel ectrop at 1 ng,

bRERIRIAYHe3 R A S L havmg microvoids S
edLatlEap bﬁé tlﬂﬂ ofihicRBtide Mﬁfehaﬁla?&tj" % ﬁn; ?gact':%r ﬁé%&éjllc material

i ni ckel fate concentration,

fepRufedngids ﬂ%fea%ﬁ swATehiaysh 3 ang tb%mg@ngl/ qonshtubag jat least one of

ot GurfRed a8is! A 0
and 0.5 tga(g(?C?OA]iAa/k %)r%e ?%liurlgenp bﬁgﬂgft&] chitfRt; héteCwo operations

separately. In this case, the metallic material is dep051ted inside the active material

layer 3 by penetration plating, and the carrier foil 11 having the 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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By appropriately adjusting these electrolysis

conditions, the material formng the 15 surface |ayers

4 is allowed to penetrate through the whol e thickness
direction of the active material layer 3 to forma

pair of surface |ayers 4 electusically connected to

each other, and the aforenentioned nunerous

m crovoi ds 5 are easily forned in the surface |ayers
gucqesstulle formed émthedipped syfacslayed.hi gh, net al

deposition takes place only on the outer surface of

the active material layer 3 but not in the inside. 20

[[0648] According to the above-described process t wo
operatigns are_perfornmed sinmultaneously:

oper at i B meRodiehiosningthe mieroneida IWbéleﬁ%ﬁ wfaac layaes# dscformed by
te@dplatin mﬁﬁﬁ%r AR E?ﬁlﬁ'ﬁﬁén %ﬁ Yfbr B qgﬁirk@ttgg 'Eglfeg{after described

form ng t he surface ayer aving m cCcrovol

Ilehed Heduding)pressing. hclhesef; pvedamg@rtp ahe surfase layers 4, which leads to
1281288 Sof m&eeﬁgﬁ@dej g, E@%@%ﬁt&i}e Phe r| a tt G ehtdl 96&ub{iCthat the

active_materi al (%er 3 an constitutin

Joicreygids orase cfprm@ dudng fthe domgfiensofs ther surfase leyered through the

1£811 SahRpfar t

separ a ell%'/ [ nn{t:hlsgﬂcgg%% abﬁﬁe;ﬁn%éi\ﬂ]l ?E%f rgra‘% gr I a The acuve material
5% Ddt hasgnigroseopic egvieneesrandisisutface. ajlbet B, smyne sites are active

[ 3dal [ g

?%‘2621‘%“’3%” 2 g IE R Bl (i ATMORT The rate of

FaptiHegroptinis ng waformien suwhran waaver safeceopVéhémthetastive material

f

1542 i Uit Bl its oot SRR O AP Gl KR B the materia

Rﬂﬁ'—ld%ﬁ in @e@@e@sltaw& grow tcehglonmﬁolmrystﬂe sﬁuirﬂlawtalhc material

I s

RS Rt P IO TR, o R iy deplell Elth, othdr UG gl eaps

| thgrepetyeenh dMant of thp drus Hmedomallagaps connest fto rqaelml olﬂg,cr to form

ti BRPA

SII*]%? ‘.S‘L"gdy ?h emcondl to?%sﬁﬂsyoo E? %%?ﬁr@?eﬂggﬁ{ ed q?%ﬂmd Aave extreme

dénemess.the | atter, whereby the nicrovoids are 18

successful ly formed in the upper surface | ayer 4.

[0049] The nethod of formng the mcrovoids 5 while

tjpesgur face layer 4 is formed by electroplating

i nvol'ves no _application of outer force unlike the

her ei naFheeMi¢re¥eifds Beeansalse thgoereatad bydpragsing wsstugture having the

Tah:ﬁ'ir@fn%&lag’ ‘Hﬁg@ ah@ tﬁé‘ﬁm§ 3651%21%0%?&% faggfﬁmrc frd 69 sufficient
damage o el ectro i's avert

rﬁ‘l%@@fﬂt Cqmdv@mlm Eheamm istpreferahly camried Gubitelsuch anr extent that the

ft%’félrﬁgcl%é"sé Bﬂth% l’&@tl\?@oﬁﬁﬁh Qtf 3 Eﬁl:?gé al@¥ gfrls 4cduccd to 90%

t hrough t omnng nmec nlsn1 nce e’ acti

nft less, étﬂllm‘;féiabb’ eWhtomiless- t Reessiog icom bmefpnmd w1th for example, a

PRIt ﬁrEiselﬁa&nné U IPRSSraHio ﬁ:ﬁi@ Fﬂiec%ﬂé&%é{ %Ef?@esﬁ’laﬂ'ﬁal faYer 3 have 1% to

sur face. is, sone sites ar
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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10 allowing easy gromh of the nmetallic crystals and

other sites are not. The rate of <crystal growh is

not uni formon such an uneven surface. Wen the active
material layer in this condition is el ectroplated,

the crystal growth is not unifijgrmand the materi al

particles in the surface layer 4 grow to becomne

polycrystal. As the netallic material nuclei grow

| Pessingy yg't'lalpg:ssmaj indhattstageywillbbes rdfett&d E)g@ prspresmn:gt for distinction

Rl BrALAG IR 'PlarBP° PR IO AR ol BGefing Bamination

rhetwmdhd preS'IOU'-ﬂyd'ormoi ower d'srf&eflmyatréc(l by thehwery thin precursor layer)

045 95 BER DS I 5D Sl BSEBE S5 T s

Sitmedmnethh auiface ofthe eh@trade il0e HebBowsthat agdnctich aftHattery cycle

L L TR O T

pepfee rtabdoptroh the d@emtoftpmnstmﬂh)nauf ¢het metallidhadatdria® into the active

t es ACLjve 3, and.t
r% ?llél\c eﬂb'%k g Ps Wﬁelns E'?%n&t}é & aestg%d‘l%% acg ¢ Hg%tgnalstay?rl 3' iuces the
rrhﬂﬁlmed:b:hyeeﬁ(l% prbs’SW hJE]n esrbs pepetation of ﬂemﬁaallte Ghaterial. When

Wy AT By RS B e o parits

hehich Ta6ilitated pedoatimn Uf)thcnmetaihct Inatevialc aﬂtllesm‘ap‘xe&i@ s preferably

R o?létgg&i {oysluﬁ A e:gte{tt tﬁ?ttﬁéag-g @jﬁ%wgtvs ag%(ria(l&agr%r 3 is reduced to

a&ﬂ“/ﬁuelemats&lipadfeﬂblylgrﬁ)gﬁoﬂ'ﬂassgl ng. Such a proportion of
t he vacant spaces 6 can be obtained by controlling the
pressing conditions as descri bed above. The
ggarti on of the vacant spaces 6 can be determ ned
el"‘ectron m croscope mappi ng. 30 [0051] Prior to the
penet r inaly, theatlectpdetifais pee¢led offithe earriat fdihybas showayin Fig. 2(d)

b jegt e h r ing.n

OBy I M el BB ST 1B camier o 1
dwhethercthe acleaserlayertifie aptuelly |rergala§ barthetide ofighe carrier foil 11 or the
P [ t [ vent in atipn

UL ITRSRACEA 6 DS Y SRR ST AR Bllr 10 e
(tielegse layhelkeecayu tehiam pm éoﬂnrthe rcaim:y doi) 11 and thdeleeictdevE). Where

f, the. ac ve, materi al

B Pk e ¥ e et BEUER) BBl if Blebitbid B friings pecause of
elltsevﬂryeuiellllﬁckne’ssfol | ows that reducti on of battery
cycle Ilife due to fall-off of the active materi al
particles 2 is prevented. Prepressing also serves to
ﬁ@@tﬂfl the degree of penetration of the netallic

ertal into the active material layer 3. Wen
st r ongl 4cqording dalthetpitecess of Vig. Axthe eleatrodealeof Bhick dhscleath sides are

tgtfﬁject 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., 2 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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di stance between the particles, which curbs

penetration of the netallic material. Wen 10 lightly
pressed, the active naterial |layer 3 retains a | ong

di stance between the particles, which facilitates
penetration of the metallic mgigerial. The prepressing

is preferably conducted to such an extent that the

t hi ckness of the active material layer 3 is reduced to

95% or Thsprocessidf|Fiprikdleo alfess #04dvantake et t‘t[eOélEcS‘:}ode]lﬂi which is

fﬂg,lﬂt%r%&’wnhﬂgho e%wgghga%ﬁcfiﬂ?ﬁ? qgor?e r_{' gne ?%khe carrier foil 11

strildt is patled fromythe earsier fodyldrw]iehaassﬂnbied] mtoa bhitery.
carrier foil 11, whether the release layer 11 a
actual |y renains on the side of the carrier foil 11 or

55l ectrode 10 depends on the thickness or the
material of the release layer | la. The release |ayer
11 a cahnetberprafeoied peadess fee preducingrthé elettrdde Hhatcording to the first
€ layesr 1 r J
o ETagE ) DEARREE WIE A2 R LT e UERRGn about dhe
otforementipned propess of Figi 2 Iapmpnai{elyw&}lesﬁtodbmsmmglwhm bthe present
p 1‘3&%§ $h&bvn fih @‘1%% thhf re §lof Eﬁélgﬂngd }re0f S‘Mﬂlﬁ{i}r %)h‘&ne B84 Bmentioned

des are  subjBCt to €l ectrode reacti on ca
pPl'@G@éeﬂ}e D;eselﬁrmms mgludpsethestapa of Grst famifgtheiloge2drface layer 4,
s, B8 aEi sl AUORY AP th BRTGwet HuBRELRF 1t ond foming the upper
whHrEage dassr Yot Ahsipdessss starte wn@r prepaetiorn df arceaizt ifoih 11 as shown in
gﬁygéﬁ formng an active material |ayer on each side

i ck conductor (i.e., a current collector). In

ot her words, two operations for formng an active
naterlal Iayer have been involved. Therefore the

@l descri bed process shown in Fig. 2 achieves

ext r enejiys [gfé?ér&\detﬂat RO sRERd lb?ttﬁé)%:ﬁ&f fofii 8 Picﬂ %?4 LOV{GI‘ surface

20 The process 2 also offers an a
t lagered ictorbsdermed hWﬁDlm toyghness. n Rollgd fpil ﬂaks ¥ ,smoaﬂn surface on both

egakd tﬁefk%f lﬁ?ﬂ&@ufedofaﬁig lptr&,%gss Rﬂ{e'i'@ag c?%:rf)gfugqgﬂ% 'ér}Sugh surface on

carrier unt i e carri

fong sye ména aﬁ;ﬂmﬂbl sutfa¢en top éhdoaattheer side.] 00%6] rough surface is the
RSBl S BERIFE (S o U MR gL i e
winede peef el asribe surbacriog. which thedovwessnrfape layer 4 hoiot bet foemed, which is
aﬁﬁff%ﬁi@ﬂl&ﬂmﬁ) Pﬁgfrig a \%?m%feﬂ Fdlg‘;\ﬂtﬁ i @Hﬁ?c%rﬂcgﬁe%&’ roteh lerea%y surface

to those particu
treattnent. The advantages attributed to the use of a rough 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 (mot 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 hereinafier described step of peeling
(see Fig. 3(f)), the step of applying a release agent may be omitted.
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process shown in Fig. 3 that are not expl ai ned here.
Simlarly to the aforenentioned process, the present
process includes the steps of first formng the | ower
surface layer 4, 10 forming the active material |ayer
3 on the |ower surface |ayer 4; and form ng the upper
surface |ayer 4. The process starts with preparation
of a carrier foil 11 as shown in Fig. 3(a). [0056] It
i[60jB]eferred that the surface of the carrier foil 11

on 1 I o R 6ot U i

aontudttive spodyrnert eagplledi ahdnddied & &mi Bepdlyaecsitm 12. The coating

OSSR SR o b R 5 L o R el i e

slepfeasions of tthe rought alrfatepoThérefdrsi clapbratieh eft thel phiest results in

t he rpough, surface,.of .an el ectrol yti.c, foil can.be
iR S08 Bt A6 F s Rofriind icinsnt, B indbe polymer
|fidperi24 has thickee partsmedirespohdingi fo 2he NBdpResSidNY €McENthinner parts

t han usi,n arrier foil th its surface . rendered.

SRR B Predtetiofs of e dpuet airlics. oh isg@uner Toil 11, The

girésreh’pblﬁrgctsf Oist &ea:mh il i rtﬁatg?les ﬁéﬁ-@ﬁ?‘oﬁﬂit}: iﬂﬁthickness of the
ri . r r r, . .

RSl S 1 (R Rt B o BRIt o mirovoia

shithd lopreebafabllayeP42 to 0.8 min order to facilitate

form ng mcrovoids of desired dianmeter and desired

di stribution. 25 [0057] One surface, preferably the

r@ﬁgg surface, of the carrier foil 11 is made

rel@asabl e by applying a rel ease agent to forma

r el easeComvgatioratly tknetvawopductiCe psiyeierd ceg Behased ih¢éhe present process

rpose of ..applyin rel ease ent. is Just to .
PR BY Pt eaefien PRI et ol omgrgtiven golymers are
qmilﬁinylidenb Iﬂ(ubi:idb rF(PUID&"%h pmlgémylﬁhe roxtﬂ%S(G’;E’O);e @F@hagl@ﬁu-ile (PAN),

eel in see Fig. t he.st.ep af applying a
PR pRBmi: FRRpohdieg i) 5T R8s fong Rlgitk Dotymers are
r mbéia:ed fb@p@llicatmnfasragmdodaomlhqﬁmus Sdcohdan .bamﬁaajd flich@s lithium
an_electrically. c uctive.polynmer is appli nd. ..
cPp aSGaht Picien ol Db fondiFifep R S5 dRPtkly Mbrine-containing
caresp fort ﬁlﬁpﬁmiﬁd)ﬂtﬂﬂ}rﬁgOpblbﬁlefwwls&bref ﬁ%ﬁnsgfhdah @nd chemicals and
carrier foi [ [ e to pool .in't ressions ... .
cefaBlonliy shot, e driigre fPlRrasl, oo iorpiiaere RRICE, which is
sofluaririe-¢orsaihing polymedr baving lidiutfioRcqmuytivty, i thendodt preferred.
with a non-uni formthickness. That is, the polyner

film 12 has thicker parts corresponding to the
dﬁ)%g]ssi ons and thinner parts

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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corresponding to the projections of the rough surface
of the carrier foil 11. The present process is
characterized in that the non-uniformty in thickness
of the 10 conductive polyner film12 is taken
advantage of formng a | arge nynber of mcrovoids in
the |l ower surface |ayer 4. [0059] Conventionally known
conductive polymers can be used in the present process

wionductovifyastt the pobymer didtor llzwhﬁm: wﬂ(a’tﬁmghﬁ tlﬁ?lrnﬁﬁf Ulherefore, metal
C 0 ar e ol.yvi.nyl i dene, fl uori,d
W)&W%@F@e?’m& g diioety S0 SEEops i fppogition rete in
uct i

rl‘j% f%?%ﬁ e OR i R 058 e gyt 1 dhe 30 of Bisfoer surace
| layéri duthat @ds nol di it 1eird &St h it QR Where the d
%t?/llnf ) g??gtigrbeferaeﬁml u@; nehgignl?mﬁl ng Ionegr'3 f%reposmlon
Ii P RITY® PBYTREFE 245 S"eVR B ¥8atrai nst  heat

and chem cal s and 20 nechanically strong. From all
t hese consi derations, polyvinylidene fluoride, which
i 9062 f| uori ne-contai ni ng pol ymer having |i thi um ion

conduct referred, 0
coat i ng’l’ﬂééoﬁ X?"F{c??] a}@ S{S %tct;lgﬁ Z %CI‘% &.‘g?} | C§n ollable by not only
stbk usuiriape Gbughnessc Bladoﬁ:thevearnpnlfylrlrerl i mentiohed labeve but also the

cht@&g:fatl%ﬂé)ﬁ COndS ti/v\%l %Wned: elﬁgh? F(?%J%Qg aéf’uﬁﬁ%bg r 1P§ta.1i1c'§ a lower
b@lnldem ndllﬁneracdnaclgmtlnu tenels tofesait i a¥miallar raiceoviodd diacheter and a

I rf,a | ayer by the foll.gw n .

Eﬂg:gl sn?ln gdjcglrs ﬁﬁ’él}m? oi | qofvgrggl?edawaa‘efh%%@f%r polymer
f¢dmentﬂzﬁlonstendsetc tcsmhlmhdatgtxodlﬁmemt hErotothéy paihl dfadew, a preferred
I . 30 s C
B Rhertye ol 0B Eorcnlinln U coptibpilytion RO ST tsc Sl weight,
ppdriicedarly |1%rt012% b}S wei@tt r'The- eoaridy cbhuvion @&y he\upplidd Eiher by any
Q% gn& gt etal . The el ectron 22
con tlvqy' q\‘ég%IBP ﬁErf|Im12 varies with the
fil m thickness. Therefore, nmetal being deposited on

t he g)ol ymer film12 shows variations in deposition
r K06 accordance with the variations in polyner

filmthig i %Fa%ﬁ The 03%553{1{3?? q,gfl nd e@gﬁ?ga'ggﬁ‘@gé@st fop forming the

resul t vol ds
Tioaves surfacsflaydret dre\decldedjaﬁmc[mzﬁelbr ayerrdidgtib die material of the surface’

P ner . fj
558 0 e oSk 5 PERHESE e o i
abath baving iadC B QS Hbouncenirafiog .of 450 to 350 g/l and an H,SO4 concentration
of 50 to 250 g/l and a copper pyrophosphate bath. A preferred bath temperature is
about 40° to 70°C, and a preferred current density is about 0.5 to 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 materials, 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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[0062] The dianeter and distribution of the m crovoids
5 are controll able by not only the surface roughness
Ra of the carrier foil 11 as nmentioned above but also
the 10 concentration of the conductive polyner in the
coating solution. For instance,; a | ower conductive
pol ynmer concentration tends to result in a smaller

m crovoid dianmeter and a smaller mcrovoid

ohnsarmﬂampaam afidreaetics ahy mtafetvegieexeeﬁcm uaivevmateﬂblylawr 3 and the
atlon ten

nce s,to.res a lar di
CRRF e 1 b0 o S el imelhRe i Dl i o Geposit the metal ()
pinl heraside00f B a4 onteril layer § @A (Bord Bleihhburfacd (86 Yorface in

G i B e SRS s B e Sl TS Thus, e

Cmatallfmhteﬁﬂrpeﬂat@atémmrtﬁe Whﬁl%l thiknds® AErddtioh T the active material
pf&a 9 bat h conposition and ot her plating conditions

ormng the |ower surface |ayer 4 are decided
appropriately according to the material of the surface
20 layer 4. Plating baths for making the surface |ayer
4[0865Fkopper include a copper sulfate bath havi ng a
CuSH4. O concentr at,i on

f 0 g/
10508 R BROPaTARe Iayotsh if JRom STgRe. s dhe, 80D ateril layer 3.
p@bmm@m Ihat-hal parficles, ethe edtiva iatdraleeaBUli® 4 Sough surface.

SUR 0 8 S P, o S AR e LSt b o

hmwr?g)lds b dm ??elﬁ lb};r‘mgbpthfg nh:b@r.mu atchdiqueias if d@in€idlg \the Tower surface
an_ el ectrjca nduc r.ry. cont ai ni ng.acfi,v .

B8l £ e Tondh SBRT the el Biebnd BRid ol e, That is, a
3codfing sahitlbn eonaimdiig ah eleﬁtﬂ%ﬁllfﬁ coidigtif® pﬂgﬂleh&saﬁphed to the active

B%ﬁfeﬁgfég élOIB"Q?tF‘?RS’Z‘tW %? foyn 4ol bet ﬁﬁaZ??ngown) The polymer

rrﬁtrﬁ li$ elen dle@plated sndemmips Szﬁﬁb t:dihcﬁtuiﬂsaisl iNOth® @bfnation of the lower

St BB fuficinthe bbodf Sttt doier ek showt B 36>

(penetration plating). On putting the active naterial
layer 3 in the plating bath, the plating solution
pHIOébt ates into the 23 interstitial spaces and reaches

the I obBeG e et Jol 1T 8 Bheite oohEiinPer sueet 13ye Vo give the
eblecltaidmp](hﬁs shgwinsin [iRég. f3gH) e AlthougtePigs B(f) shvevshbtathe pa)ymer film 12

o PEBCRaCH Ao LRGP e B, 2 sl

I DAREAI NS QI thacs&iel cﬁ‘m cadr1)1emﬂ‘o1ltll1&>rahé elb'ﬁrdmtl@rdeﬁbndsaxﬁhe $hickness or

ol AR TR PR, B T2, TR B Aofemai 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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| ayer 3. [0065] The upper surface layer 4 is then

formed on the active material |ayer 3. Containing

active material particles, the active nmaterial |ayer 3

has a rough surface. 10 Therefore, the upper surface

| ayer 4 can be formed while crgating a | arge nunber of
mcrovoids 5 in itself by adopting the sanme techni que

as in formng the ower surface |ayer 4 on the rough

si de ofA¢ Bhowh datFigl ¥t itkalelegtrpdeepar of tharsecdid Embbddihbnt has an

That, .i a_.coati ol ption.containi.ng an. . . .
remtly PpgSai dal 7 Gt sRONE BF S RS froctionyan active material
alalyér\/k on ]Eﬂs_afh&fiﬂa;l ofl mﬁebn&cﬁgl)_ﬁ If@im,fia@cﬂiieéﬂt—ﬁglllédﬁpg Qtﬁﬁh@ layers 4a
0 r fi.l my(not shown). e mer ilmis then

AT SR e B PR BB ITD ds  Abe Agugve Tl 7 can be

f off thiatsamp mitetislcas thesarfaslayace Ta\dsurd shengll Mrbikal foil of high
upper .surface {Q?lﬁer 4 gf.lsho in Fig. 3 (e). [0066]
F%E‘)?Bg?hf,ﬁoyﬂéaé PSP PR DPUSEbel ed of f the | ower

surface layer 4 to give the electrode 10 as shown in

Fig. 3(f). Although Fig. 3(f) shows that the pol yner
fjO0691L2 20 remains on the side of the | ower surface

| h | £ 1 tual ly. i .
on” the TS L' ChB0ant PR EpenlyborinBhie Barctey (G gt entive
d‘damknl' e imfmdﬂi gf hrﬂ_l_leksilemle ofthe ?d_tti&e ﬂmztﬁ‘idl dhyepd 31 hhe active material
ilm.12. e r fi ca in on,,
EBte O3 ot ek B $er eyt EpuEHR A1E B Bl e surtace
Zﬁlyém ldh land 4b.bThi mallld_ c:ti\i'ei matt;ariai ﬂlsdnmhbt thivkaeisndirction ofl‘ each of the
t he. el ectr. accordin e present ..nvention w
IS SEPIT RS o Dok do B cBRRRue T aLER, Bith e surface
alagers 4atahé 4bietestricaiih ednweento the combuctveftil Bdehereby the electrode 10°
N RN T, —
membedisment pEifgrmsd thieh _atm*ft[t&?lh@tiu@ fomction a9 éFiNgolflsiggﬁrly to the
iven e NUMeyi ca erences.as in Fig. 1.
?6‘5@%1&392) 0@%%%@%&}%{.5 ,Wntlﬂgl lect r ode %O' of the
second enbodi nent has an electrically conductive foil

7 in the mddle of its thickness direction, an active
nfi0gP] al | ayer 3 on both sides of the conductive foil

7, and t-collesgting surface |layers and 4b, .
coveri nite fikpesd of Uit e afY 55 ndlhe RMie i tayers
c omayl be thevearndfeaislthdsedn thehirsternbodients ahe tetlatesabf the colrductive foil
ﬁ?&{s‘ ab(f'gfell-a%}/ye%st'o I(P j,l.l%lj %H[leprg%ega%T)gtls’tand Srlnl, ef'gr ];é)clulring fan improved
energy density while minimizing the total thickness of the electrode. From the same
viewpoint, the total thickness of the electrode 10’ is preferably 5 to 600 um, still
y
preferably 10 to 450 pm, particularly preferably 10 to 250 pm.

[0071]

The electrode 10’ of the second embodiment can be produced as follows. A
slurry 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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strength alloy or a stainless steel foil can be used.

[ 0069] The el ectrode 10' has an electrically
conductive material filled in the entire thickness
direction of at |east one of the active materi al

| ayers 3. The active material ;L0 particles 2 are not
exposed on the surface of the el ectrode 10" but buried
in the surface |ayers 4a and 4b. The conductive

naketiabto fodd thel surfabe liﬁtsCHﬁlQﬁ& 4b. 1 @5t i) pRfce®@Nafle number of

the active nma e | eaqs t he

B B e ?Oms@ IR Rt aise gae%ff 4b.ay Bregmaigllic material

aguhsttutial €ed surfaod layergaanag 4b taﬁotgﬁ?etﬁd@éﬂﬁé Wh\éﬁfé tlfﬂéldgesz direction of
ibits ved el ectron

t he el ectrode X
o it sl deies i plectripnly apRact bt dryernda nd 4b to the
sesdackivibfogipodi nent perforns the current collecting
function as a whole simlarly to the electrode 10 of
the first enbodi mrent shown in Fig. 1. [0070] The
t@#ﬁégesses of the surface layers 4a and 4b and the
' material layers 3 may be the sane as those in

the firbi amniisodiromss, a ﬂihﬁllidﬂn@iéﬁﬁb& dbfplolﬁltw m]?iﬁdlﬂ@d hotive material
m St refer

]%y%%%y Ee&etrg 5 of rabl l%tg}% g}ergql b %te]ﬁgl and the

\ébnﬂdacmmffom Thaving ﬂhe at@&e&hat&ﬁhlqwlﬁiﬁ 8 1sﬂﬂ1eE Hlﬁnﬁks@fﬂ‘hti gtfher plating
ol.nt tota I ness o

bR enotberBRPally (ot Smatenal & Fary Out Eleiroplating to
pfoginetha BusfackOlayers 42 Qn@ b Haginlg £14drgy humireffeniefdveidsG 6@ the outer
250.pm OO7§;ﬁ e el ectrode 10" of the second
eﬂﬁggPH{; CB’@teﬁ‘F‘gﬁ “as follows. A slurry
contai ning the active naterial particles 2 is applied
to each side of the conductive foil 7 and dried to

f (IOMBR pair of the active material |ayers 3. The
conduct j ve nma ar ed
e |

sepat.at e ,
Che. sanbid i aepfe 28| BT POBRRRY of| (e plgetode 10
| dter@nafteaseferredéo ava dhind ¢rvbodimieht of the elecebdy adebiding to the present
prepar e by lectro ostlo The 3 uctlvef0|l
DRI e, ceGRRY abbit e, B0k GBIt fhedh in Fig. S
t hlgqﬂ?prﬁatély aipphesrtsehbsg Ipartau?ksi(bﬁ thtg tl’gfd ﬁ?ﬁﬂ{ilﬁﬁhﬂhﬁ%ﬂa not explained
a and electr ed wi e netallic
DBt Lo BP0 1o i Ror@l shiEL B et ‘nonadhiats,pitopgiry bateries
t bich asrlﬂgmﬁsxonasebmdgﬁj lﬁnmlﬁesr OFhe dfiodé QU0 hasare alactéiagily Yonductive
ce l.ayers 4a
L T gl iR s RERs tetions £ et Rt s Bomdbott sides of
atld dindatthe fotingt M@ﬁetmeﬁmqaﬁerm bf leaels of lﬂlw Bhhir® Nayers 8, and
t ﬁlélT?’E rchCt ] nggageelr&%erﬁﬁﬂ a.%:E{H? 85\%5131«; Cet Jelslg:e%u\fé/ agu%%r}gaﬁgnal layers
The active material layers 3 contain 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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5 conductive foil 7. [0072] In another process, a
metallic material is deposited inside the active
material layers 3 by penetration plating in a plating
bath containing the netallic material, and the
conductive foil 7 having the agtive material |ayers 3
is then immersed in another plating 10 bath containing
anot her electrically conductive material to carry out

eivitht thoptadihe ®ftthe dnodénatiivee siutdrizte Aayefesudathaniaitthd irreversible

havi n a | ar nu of .mcr i ds an the outer
o EARPERE Ot % ﬂ%“giﬂei theaghapgesis %av@ %ﬂeenqyo@ﬁyrwmb@rgeédlscharge
rejmlegsem Scyele chaeabeeribfcs @Sn a)dT&ﬂprfolvédit | Mor&fvet,NBecause the active

CHBbtR B oo BESS bEes ettt patas Drbopse syt the volume

I mcfmec i) to 1 lm&@m&ﬂManQQﬁhgiﬂgQaﬁ%QBdhced which makes great
rrent % qng ¢ aﬁproprlately applles to
‘btﬁ?nttp 'Q?Pgown 8 ‘t")fﬁl‘? Cenbodi ment that are not

explalned here. The anode 10" is especially suited

for use in nonaqueous secondary batteries such as

| [Q0ABUmM i on secondary batteri es The anode 10" has an
el ectri 0 foi

| |y...conduct ddl e..of ..t s
i okneoRtet iR oS, Boe) Rk 16k paded o P oGS flnbiin tayers 8.
bahe spdcdeselnf the tstressatwedolekpaneiohint céntrévtioa dff itiveactive material with
terial lLlayer 3 o hofthelthlmlaer and
TR e U Shestel RN OR kit b Dol SR, B grecking and
t bmmtdimpec Bvee ifcrdckingnaide chahblirgy ef she 3ctive énabstial \fRoceeds with
n an,el enent havi,n

CRPERFY o5 SeEe A AircReried{ G ARG AR Mot bR fegosed on the

161ech$dBM3u1rfm:ergt baried riasidelr & Ipyotditbd efkemf f0lagd REF 248d continues
CBRTHFRRE 1 g B e B et T i it e
cmfedmmte)qoesefdoaﬂ thé. arjod® édifacdCinartdiried ih ahd Atodehdo dlat the problem of
nent fﬁ though [ithiumis consuned with
ﬂﬂﬁFﬂggsnPﬁqqﬂqnnl s di ssol ved and
suppl | ed fromthe [ithiumlayers 8. 30 This elimnates

what we call the lithiumdepletion problemthat is of
cPd¥é6l n where a battery is designed to have a reduced

vol une of .cath ctive er
Wbt bt nBor BPEE PRR Rt sHEatIRY S Rafis T BRERy, e amount of
r esahl df the inetallid lithaim layem\Beis prdftablydBPaco tlQO%amlbpreferably 0.1% to

e g&%ﬁ‘@%‘é’ﬁ hgfer%@%%’g} % %i’b°’r%§ﬂﬁ%f GhRRR bR Sipheity of the

c actilzamatepalaoonatiinelitn devaljaceltectus matdnial Rgér 3.e

[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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material has intercalated lithiumbefore the start of
char ge/ di scharge cycles, the volunme 5 increase due to
lithiumintercal ati on during charging can be reduced,
whi ch makes great «contribution to the inprovenment of
cycle life. [0075] After |ithi di ssol ves, there are
left spaces in the metallic lithiumlayers 8. The
spaces rel ax the stress due to expansi on and

POlyIRE tﬁmnlpfaﬂdhﬁmamg ¥ abifee rlabdriaMldylr 200 iy Qiﬁ*‘f'ac@ Neyer 4 by
éﬁharges therg prevent the acti've material fron

Y8 (Anaflgetrie “VGE\?]@FFYu gongaining; atjve, epterial particles to the

Cﬁuﬁmlel 18gero4, fd[l@w@&tHyVﬁeﬂE&hﬁéﬂ MlatidpOmeaddrddhéd) with the procedures
s and di scharges, the active

etifi f _char ge
ngf qu%gfa)ﬁlé‘ioﬁé’%@bosed on the electrode surface

but buried inside, is protected fromfalling off and
continues performng the current collecting function.
BREI76¢sS, since the metallic lithiumlayers 15 are not

exposed on t ode urface but buried i.n th
so that APRE FhBHTe fhede PHENEPR: i% Uetivg fwﬂ%ﬂm&& a metallic

dn&ﬁumqtayszcx: €rmefl Qﬁ?@a]ch EQIe 1hbfcaf ﬁ&p&?ﬁ'ﬁfsﬂsw trm Fig. 7(a). The
e anou of

a restorin cit

R bt b Fn ety Pk spls. ross Gpadiag Aithivm foil on
Obdth%lde@ of Qﬁl?/coxﬁlhbthw}e fofief. ermsl Iﬁeﬁllﬂs 1ithitufh BPerd @%nay also be formed

rtlcul aréi‘% eferabJ 5% t.0 50% of the sa urateg

Y YA5IOPS ﬁ Psm%lro fehnigues; Ficlas chemical JARGH figrgsition and

qmnhgngdjacent actlve material |ayer 3. [0077] Wiile
t he anode 10" depicted in Fig. 6 has the netallic
[ithiumlayer 8 between the conductive foil 7 and

eﬁgﬁﬁgf the active material layers 3, it suffices that
t tallic 25 lithiumlayer 8 is provided between

t he condhetonducties foil77 }mWh@dae nedlic ttturdllayeh® o8 Ghelvside thereof is

mat Ia ers 0 anode 1 of, the third

Ao SEHEE B¢ BB i, BEmers 20 VAN g6t aterial ayers
oB fm@mm&wsl&mmmzﬁggﬂbm Fifally, the Jalﬁ:ﬁér ﬁﬂf@lféﬁd‘peelsd from the
pre conduct i Q i 1,m

RRHEE, SHERep  TXot 6t e 06 ol oftP gt shav iy R o). The

podnydmnvé igolprdet, fikne 1R 0481 Gr@itRd BCFigse m@t ghd ai(c) &tethe sake of
3.on.the surface layer 4 by applying an electrically
c‘r%R! ve slurry containing active material particles
to the surface layer 4, followed by penetration

plating in accordance with the procedures
[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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shown in Figs. 3(a) through 3(d). 5 [0079] Apart from
t he anode precursors 20, a conductive foil 7 having a
netallic lithiumlayer 8 forned on each side thereof
is prepared as shown in Fig. 7(a). The netallic
l[ithiumlayers 8 can be forned,y, for exanple, press
bonding a lithiumfoil on both sides of the
conductive foil 7. The netallic lithiumlayers 8 nay
ajope2pe formed 10 by various thin filmformation

t echni ques, such as chem cal vapor deposition and . .
sput t e?ﬁ?@: of [t_g%%?ac? cEoh v ammilfilayeryichye cppsisting of two
&t bte sublaybiinkifel FYERfer8ntORaRAS iSit&hd Jffies 88fleil8yer structure as in

aﬁg wi ched between the pair of the anode precursors 20
OregIng £ E&?ﬁfser iFQF exayRlethe surface Jasiep § maxkavg aglouble layer

s&ifurt RofmipSsed ) nickdl Wk laybh L 2ChpRE ubfér 18yl 8L6h a double
peel ed fromthe respective surface layers

4 to give ]
t R¥eTaimIgRITe tymors edfcethys inrsuppigssing dgfornption of dhejelestrade ascribed to

Pk WHRimé ichifze loF thE Ac@VE hfaRial.n Whele- thd cBfa@@yd{ Kas a multilayer
for the sake of sinplicity. [0081] 20 The present
i FEHSHTE O3 Ipast 98¢ of dbhEmpterily, making; unethe twor ofenprs, Bipdayises may be

eFPREUNIENS thd B6ndubSv BfaforialMille® ihthd B&ive fodlerial layer 3. All the
enbodj rent_ shown .in Fig. conductive material

1, the | .
f Jpfesialsnmaking upnther kespesHivk Teklayers meast bo difiFrenty Eomc theyeonductive
nghekisBl | ayer to electrically connect the upper and
the | ower surface layers, the two surface |layers do
not always need to have electrical connection as |ong
aﬁﬁﬁgﬁh surface | ayer sufficiently 25 secures its
c t collecting properties. In order to increase

E Ee act WiRres 'tﬂeeﬁl_afeiﬁﬁl bh:the 'Qﬁﬁﬁer lg??hll Q@tﬁﬁﬂfft@nt?ﬁ?iﬁeﬂﬁ conductive
e acC e.nateri a artl cles a eLectrolytic
smatf'ﬂai)hﬁe%m ﬁ%s |a@tw°nr§fﬂe¥1§1 16}5%3’3]?? %ﬂn%rl%t&&matﬁ@alsrm he gresent up
I &%/ﬂ{e_ Bbtﬁ‘tliéreﬁétﬁeﬁnt ﬁ]bea@:ﬁfelf T’ﬂ@fériﬁ? TdvePn {ﬁf]d H{éers]mg&:l%i Mfer 4, or the
mateyl a ayer. a e owe (0] a tnrougnh-nal e

oPerKluefiye PRETAHERE cXored v ROardsr muk ponsHIGE Patk et e surface layer 4.
eCefilersuly, ththakeial QUneBAltAY tHeamefacdTROEN NinAg eRécelithdd bdarder and be
punch, .a_needle, 30 etc. 28 [0082] Each of the

shrepentdn thevactive mateggl IA¥Fd-a nul til ayer structure

consisting of two or nore sublayers nade of different

materials instead of the single |ayer structure as in
[0084]

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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t he foregoing enbodi ments. For exanple, the surface

| ayer 4 may have a double | ayer 5 structure conposed

of a nickel |ower |ayer and a copper upper l|layer. Such

a double layer structure is nore effective in

suppressi ng deformati on of thex®l ectrode ascribed to

the vol une change of the active material. Were the

surface |layer has a multilayer structure, at |east

one of Raw mederials of zhydrkganstonage aldoyt wereoveighedeut and mixed to give

RN, of ML T il o o o s

t ¢r@01b®, aed thei cmlcsblnakasrsgt in higle frequamey mduetimuﬂirmoer and the furnace

far uct i al
B8 205 o FEP G BRPCLANS BB H0ET n o
f atotnsphﬁ@e,cbwampmurecb 1ntmmtera:lool‘edlcbppbr imold bed east atvB130°C to obtain

|
5 1y 8, S (AP g Phon s
ngive aj IHIdrd%y @toragesalldytal ansmgdt.ac@hé mget wds groand hed sieved into three

cgg&#]l%%Jgﬁ) t?(;g?l”t ceed t hat boar der and

constitute pat sur'flmf:e | ayer 4. Conversely,
the materi al constltutl ng the surface |ayer 4 may
exceed that boarder and be present in the active
k30871 al 1ayer 3. [0084] 20 It is possible to carry

O%P‘gﬁﬂﬁﬁ?ﬁ bf‘&t%@ﬁmﬁfé}ﬁij%}r&ve material in the active

mat er ayer in two or“nore divided steps of
penet r af\i Ywrp having gheifllnying compysitiati fag pespared using the 20-53 pm

cgg&uﬁlt‘?ﬂﬁa i %é aét&a%ééllobﬁ' s case, the active

teria nmore conductive materials
dégbvs materi ¢lesin as many | ay8ks. [0085] 25 The

p J be idoustrated in greater
A%étﬂkhg'b[h\’:ﬁ?drﬁ&g‘éﬂzle ?Tg&)but éIJt’ shoul d be noted that
tB@lden(sémm@ utadienotubben st r ued 2% be| ng |imted

t Ss ot herw se speci all the percents
apzﬁlg]itlt )}fv\m ght. [0086] J’ LE 1 30 (1)
Preparat|on of active material particles 29 Raw

mat eri al s of a hydrogen storage alloy were wei ghed out
al¥88 xed to give an alloy conposition of

&nﬁﬁwﬁgf@@ﬁglﬁgpoom The mixture was put into a

crucl ble, and uci ble was set in a high frequency
i nduct i &r3% wnribiek clegwmelytin eomner fibkaving a surface roughness Ra of 0.1 pm

was used as a carrier foil. The copper foil was subjected to chromate treatment to form
a release layer as shown in Fig. 2(a). The release layer had a thickness of 0.5 pum.

[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/cm 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 material 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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was evacuated to 1.33 x 10.2 Ton or lower. After the
m xture was nelted in an argon 5 atnosphere, it was
poured into a water-cool ed copper nold and cast at
1430C to obtain an alloy. The alloy was heat treated
at 1060C for 3 hours in an arggn atnosphere to give a
hydr ogen storage alloy as an ingot. The ingot was
ground and sieved into three fractions: <20 m 20-53
, faxrld 86 58conds td f6l&74n anbde Bhovw ByRigal(tpn of active
rial.,sdurry.A slurry having the follow ng
gg%p%l i%f& oﬁgnWél tl?)rf‘epared using the 20-53 pm fraction
oNidkebsulfatk ogen st o2smglal | oy. Active nateri al
paticles .50% Acetylepe black (particle size: 0.1 pm
8 oICkfgc@Pﬂgeér (styré#wgﬁbut adi ene rubber) 2% Di | uent
( Botiamcid) 40% [ 008830g/B) Formati on of rel ease |ayer A

3 mthick electro { c copper foil having a surface
r@ﬂﬁﬁ%@?&’aﬂﬁ%f 0. 115%46 20 was used as a carrier foil.

The copfiae résultingmadshifd & phie df carediicolledtingtsuffaédBiérs 28 shown in

far rel ease | ayer,as sho in Fig. 2(a). The ,
Bl | ToE RS RneR S P Sfeedmur To caftash b s ppenyfoil was 1
Fandritiat ofthe surdiadei lvyer it &Vak abt indyatactikigh @RldopSerToil ak Al ym.
slurry was applied to the release |ayer and dried to

forma 25 coating |layer, which was densified by

pt@ﬁﬁing using a roll press machine at a linear

ptessure of 0.5 t/cmto forman active material |ayer
h&yPegling afleacienésis of 30 m [0090] 5) Formation of

current ne0l | ecti-ng surfac ers The, c er . foi] wt

the act ET\‘E;% “Aate F?lg}”a* ﬁﬁpgfa?%gngéﬂstﬁ? f'r?ﬂﬂesag g‘?‘ﬁ Wleﬂs‘biag?’i' ngrhe anode
3baviag thewmichge shvevf inlRigvii was thas obthiaed.on and

el ectroplated at a current density of 5 A/dn2 30 for

1180 seconds to make an anode shown in Fig. 2(c).

PI[(%g'zTg bath formul ati on: Nickel sulfate250 g/l

EXAMPLE 2

An anode having the structure shown in Fig. 1 was produced in the same
manner as in Example 1, except for using the <20 pm fraction in place of the 20-53 um
fraction of the hydrogen storage alloy. An electron micrograph taken of a cut area of
the tesulting 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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Ni ckel chloride45 g/l 5Boric acid30g/1 Bath
t enper ature: 50C The resulti ng anode had a pair of
current-coll ecting surface |ayers as shown in Fig.
2(c). The thickness of the surface |ayer in contact
with the copper foil was 1 m 3and that of the surface
| ayer that was not in contact with the copper foil was
14 m 10_[0Q91] _6). Peeling of carrier foil The carrier
f ShoWnR Fige 19y aPdalernot shavw imhslawings. (rleciron arigepscopic observation
| @fQhe s & r ' foilS
was t hu‘sﬁﬁﬁ%t 1 e AT A ied i bhmathon of the
h &YTTRR-qoNecting E}tffa&ﬁéamﬁdwﬂl mrcrovgids et gdedul esialso confirmed
t it SR BetivEBISal é1‘§yei' Wa@:@%}b@ v&th 1;1'5‘13.%‘35‘?1Pf‘élcéC RUerkniti e %&Re material
<20 pmfraction in ace of the 20- m fraction
t tpart ﬁﬂﬁ@ﬁ“&@ﬁpaﬁghhﬂméy rfage electron m cr ogr aph
taken of a cut area of the resulting anode is shown
in Fig. 8. An electron mcrograph taken of the 20
cyoo®nt - col l ecting surface layer of the anode that had
d the ¢ er, foil |s shown in Fig. 9. Wile the
lé&@ %ﬁg des not clearly show t he

curr ent ml dafifel slmyé a$ lﬁ%écﬂﬁ?E‘xﬁ%Bfe 1 hak A ?gﬁ’ed‘ fb‘:&ﬂe LiB€ of a 100 pm

verifies t f or mat

F
cﬂi‘%ﬂé ﬁEa“E%SISISée@h PRgoatrdrmgtal $h§9'eﬁﬂd/\ﬁililw nilde opatingslaper was densified

t g 181l @Ressimgtundada TiA6R HrédereCHNPS Hem &8 obiaf] arf Sidde Habing a 150 um
wagléﬁl sQ confirmed that the active material |ayer was

aehVG Pafetipldayes oppneside thergek of that side and the
active material particles were not exposed on the
surface. [0093] EXAMPLE 3 An anode having the
stfoe@Xjure shown in Fig. 1 was produced in the same 30
|l e 2, except for changing the

Exa
m}% OHBalﬁeﬁé’a]f"PB‘lP‘ﬁ)ﬂSO seconds to 413 seconds. An
eI ectr omq’ﬂemisogdfcapﬁ}ary Heasried warecpﬁodﬂ&ﬁaasofollbﬁ@ by using each of the

;%%%t : ng a*%k‘ﬂ&é‘es Dlogg l3'r gﬂ‘f ﬁ%?%{tg\é\h]éxamﬁe 1. The resulting

olbateneat wem emfuatdddaﬁ%ﬁﬂ@ﬁgtthafcaﬁh%ﬂyfd%ﬁﬂ@ lﬁd?euoﬁﬂﬁ@ﬁf the cycle at
carr.i.er. foil rev% d the farmation L cf £
which'a ‘maximum’ discharge capacity was reache ereinafter referred to as a
maximum capacity density per volume), the capacity retention at the 200th cycle, 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/cm®) at the cycle at which a

maximum discharge capacity was reached was obtained. While discharge capacity per
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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] COWPARATIAE EXAMPLE 1 The sane
slurry as used in Exanple 1 was applied to one side of
a 100 m thick stainless steel perforated netal sheet

awclushei ie gencFhaldy expatisad penyduameas tﬁ@ﬁrﬂivfeirﬁﬁiendl%rhhe a&five material

pr.essi.ng..under a |i.near essu .5 t/emto obtain

D o5 SRk pediBohe Bl R e Brode i i helg 5 25 to clarity
otheadeargagbeofinoe nsing a t§icloOntent B@Mefcwmance eval uati on:

Agqueous secondary batteries were produced as foll ows

by using each of the 15 anodes prepared in Exanples 1
tgloggfnd Conparative Exanple 1. The resulting

batteti es were eval uated by neasuring the capacity
déh@&papitpwtenthﬂnmﬁﬁw%%wowcl e at which a nmaxi num

hed erei nafter r red .

© CRRR, IR EABR a0t B3 9= ide g, ABasifina) S0ih T te/maximum
cdxsdtargq/capemenxﬂ()@\ at the 200th cycle, and the output
characteristics in accordance with the nethods
descri bed below. The results 20 of neasurenents are
sgmgg in Table 1. [0096] Assenbly of aqueous

con ]JIary battery: Sintered nickel hydroxide as a
céhﬂﬂmutdh@@tﬁmgs and the anode obtai ned above as a

& sopar 1is PGt al e APEH, ool REEEEL | PAUC ol dlbtrode wes
aqhmmatsib%mtaﬁ howsatfolowed by dlsuhanglhg rmﬁﬂé}fobﬂ Susiung fallowed by
KQT‘J% eRUSaP ? ﬁg.{ﬁﬁ F’es,n 901&1“%?619 s(ftzgzgrg%\él 591’;8“ thg’ c%foltage at

as an queous e It SO
VAR isenpmd c;bﬁphcngu;g @é])srilawtabm asval indicatidhef dutpnb ahayacteristics. The

WA bhallEh 200 CRont el TRl Sind el PR ocBYFd BisPhopeipgvoliase of

oBtechattery, usittg 1lhe ado@cdffa(ﬁcgnparatpaxﬁ)taynm@l 282 stantland®10G). The higher
‘ t .

P Bl 78" BERAT ot oultlh MBrderdsifs 2P LpE G e diging means

péischakmget sxichtfhcmrmnbﬂhat albthe adpreite ds dreined $0 3@ mihwtes.

clarify

[0100]
TABLE 1
Maximum Capacity . .
Density per Volume Ciangg':ltiy CRe;en?/pn 8L1tput teristi
(mAh/em’ ) al ycle (90) aracteristics
Example 1 1120 95 110
Example 2 1150 95 150
Example 3 1380 50 130
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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t he advantage of not using a thick current collector.
[0098] 5 2) Capacity retention at the 200th cycle:
Capacity retention (200th cycle) (% = discharge
capacity at 200th cycl e/ maxi mum di scharge capacity x
100 [0099] 3) Qutput characteyd stics 10 The capacity
at the 21st cycle was neasured. Then, the el ectrode
was charged at 0.2C for 6 hours, followed by
dEXehvaPgErg at 0.2C for 2.5 hours, followed by

allowing to stand for 30 m nutes, fol]owed b N

di sc hargPﬁEeCHPSez&?s RIFRATGE i agperdgpce w@&wﬁagss shown in Fig. 3. A

d3 5 phathitkgedrdGiticWppéras B waaSubiected 6 88 icRANRE a0 ¥dd temperature

cgaar cteri at ;{o;fl Thﬁ)@' resul ts .gbtai ned were expressed

r B Y Seopds SofliRyed hy YasSiRE Svith BrescWatepidhJoow| eaperagye for 30

iEecbﬁlﬁ i@?pkgﬁné aJsélrﬁgr) fdal_er amﬁ%n@é e ﬁghnmr ﬁfﬂtnﬁ@e@h?m.syl CBTA
s.a standar ) e_hi gher e voltage, .the

psalitign kapbait gué)r 8& affcseél‘eﬂor &lease treatment.; il @m&@ﬁl taken out of

MBRRGlutidh $ak IFGhétDwith phieGihtér o5 Sitbnddat all the

capacity is drained in 30 mnutes. [0100] TABLE 1

Maxi mum Capacity Density per Vol uneCapacity
R léﬁjai onCQut put (mAh/crmat 200t h Cycle
(% racteristics Exanple 1112095110 Exanpl e

3(1)15898%]5Q£§£Mtﬁm3b3§ﬂ%fa}1ﬁﬁicﬁﬂMUoﬂdlaﬁﬁi _Q\l-h:?l_&ﬂ;?&ﬂicﬂﬂone was

i § agparent from.the results in Tahle 1,

¢ RO b ot B A B restiph ] RRA-Tosis Dhe asturasitaeorized to

é(f)drm @ paliyenes fidal | C[}he fearrieh QoiF&Bdt?f withaled pelyidee fikiose ééctroplated

mpar at in of _maxi paci t

danen oS ibed eling: Bt Dreaing 200 RE Costfy pnd 701 of

c¥e80, anaduaektiiensity?bf § 0YART t3frm a lower surface layer of copper on the
polymer film to a deposit thickness of 5 pm. The carrier foil having the lower surface

layer formed thereon was washed with pure water for 30 seconds and dried in the

atmosphere.

[0104]

A slurry containing active material particles was applied to the lower surface
layer to a thickness of 18 um to form an active material layer. The active material
particles were silicon particles having a median diameter Dsy of 2 ym. 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 NiSO4-6H>0, 45 g/l of
NiCly-6H,0, and 30 g/i of H3BO; at a bath temperature of 50°C, a bath pH of 5, 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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EXAMPLE 4 An el ectrode was prepared in accordance with
the process shown in Fig. 3. A 35 pmthick

el ectrolytic copper foil was subjected to acid
cleaning at roomtenperature for 30 seconds, followed
by washing with pure water at fpomtenperature for 30
5 seconds to prepare a carrier foil. The carrier foi
was i mMmersed in a 3.5 g/l CBTA solution kept at 40C

f wateBforSOmecstalsfaad dried e atni®phérent . The carrier foil
taken out of the solution was washed with pure water
for 15 seconds. [0103] A 2.5% sol ution of
pghngnylidene fluoride in N-nethyl pyrrolidone was 10
appl'red to the rough side of the carrier foil (Ra=0.5
pm

Tha 2d1% esvllutiomp of | podylitylidens nfhworide! im@N-rdettyipyrioidone was

f.oil ted wth the pol £il
cRihieltp B o et bl R PNEL aopipPal 1 gomm evpotymer i
cBhe aimienfoil 66atel hwithf thEypSIMnerilny/ Grag klectbplatd $04nalu lating bath

R T e 2y T A B 0 e of

t #0%€k aes sunéntHepsity s Addm? ke forfroar upyryisugfadeRyérov®dopper on the

surface =15 | ayer for t her.eo ) hed wi th. qure

WO shmto Y BnnsR RERa s A 2 16 Thbrsptis i Bvine the upper
[ Sl 1dyes Ifornied therebaiwusngashed with puiaé evatedlfop30 téoohdsSand dried in
V\&séf%% |i,ed to the |lower surface |ayer to a thickness

0 g?ﬂh%e'form an active material |ayer. The active
material 20 particles were silicon particles having a

medi an di ameter D50 of 2 m The slurry contained the

afdli?ve material, acetyl ene bl ack, and

styrene dihene rubber . rati f .93:2; 105] .
The car Fp’élrl?f g‘u%l gaﬁ%%‘i f@ ‘{"%}’es Py ﬁr&i‘e‘eﬁf’i‘”ﬁf SF‘%?%‘% B3ePlo give an
f amoriedfot henmmrowsascottare battries hheihg dherbdtive mhatkeddl layer andwiched

B e g U 0 9 b O 44T s ot e

t easplingtanode 3fsh6@fTin Bigoat.h Ablaoésuli,of eledtran micros@pic observation of

dansi .o Thi ectraopl at ,ng_was

oSS b by RS ol e HRGIPRSE A 1P BT srfop devers had 50 and
pBatfina gotras tespactively hia asempey pernipdra siquadre.| ayer . A ni ckel

anode and a direct current power source were used for

el ectrolysis. The penetration plating was 30 stopped
V\,i@lrbgiart of the active material particles were still

exposed on the plated surface. The carrier foil wth
tﬁg{-@@léoﬁ active material |ayer was washed with pure

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 pum 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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34 water for 30 seconds and dried in the atnosphere.

[0106] A 2.5% sol ution of polyvinylidene fluoride in

N-net hyl pyrrol i done was applied to the active

material |ayer. The solvent vaporized to forma

polymer film 5 The carrier foid coated with the

pol ymer filmwas electroplated in an Cu plating bath

contai ning 200 g/l of H3PO4 and 200 g/l of

Cu3( PoANgesteodimer fHmt was fomped at dhecactive mbeEiadlayar, the carrier foil

Cc htoyiaof - t r n r.surface
B T XAYT oW e W,
t Ak thes y§thotopper for Sorm anlB guc thicki Brst fudildyeh having fihl gores thereby to

RS 0 QIR Blels et ST BVE e/ ERIEBAR Ceottpoliton and.the
aplating henditionsoused forrforming the firwe and: thei secorfdosublayers were the same as

SH| : c r to give an anode
7 Hosb e 1R e o B S By B s P e
material |ayer sandwi ched in between a pair of

surface |ayers. An electron mcrograph of a cut area

ofCldAk 15 resulting anode is shown in Fig. 11. As a

ggr face T ayer gﬁ it vvaEs:é ?zﬁggi fhg?ssrh\éah:oggr o];mdt ?ﬁe

| ower sﬂi’h‘# aeme iShlylé’r%S weed i8(Example 30w4s applipdtesach side of a 35 pm
LIEEPEHGk e (b BB kSRR 0 B g prickacs of
ad> um Pxasife.e The eoppepfoil haing e adtiveenaterial layses wsedlectroplated
B pr AT e Shfie pE 2P o fune BrdBlnds % Example 4 10
pbirmer 0.05 um whick sbppsrrlepiraom dach tehtivo preterial dafenr mAsaa result of
o b i, St P AOR L 16 BREEP BY Gl ot e
Teentsaenshe covesing thearctive materal &yec butdp ba disttimitéchinrislakds, and there

A ProtR oot b oA B} oS8 b F e 6

| ayered | ower surface |layer. The Watt's bath had the
same _conposition as used in Exanple 4. The ni ckel
plBtilhg was carried out at a bath tenperature of 50C

apefermAdet Bvddbdeh: 5 at a current density of 5 A/dnR.

30 [0101%] ]
onaqueous 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 solution.
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35 After the polynmer filmwas fornmed on the active
material |ayer, the carrier foil was electroplated
with nickel to forma 2 pmthick second subl ayer
having fine pores and then with copper for forman 8
pmthick first sublayer havingsdine pores thereby to
forma double | ayered upper surface |layer. The plating
bat h conposition and the s plating conditions used for
f fdBhg the first and the second subl ayers were the

i the formati on of the double
| g’;ﬁdaﬁlﬁ@gﬁﬁggﬁ C&™ ayer. [0110] COVPARATI VE
EXAI\/PL Elke disch=msgereapmbiny pyr wasight efithe ncxanfategiall (niAk/g) at the cycle

copper f%gﬁaﬁﬁgﬂ?gﬁ%ﬁgﬁe SePIS 35‘3%1’%#%‘10%%5' eg'{‘l{ﬁ% Y g discharge

t bapekite ger ofolus qf i the peodsi (dﬁﬂ\hfiﬁlil%) anﬂmlebycﬂgldt \hmﬁhn:g maximum
t js ersivas el ectroplated wit
co%%%?ééuéaﬁag& ﬁég %5?%%3&#%9 ??él‘"f? under the sane

conditions as in Exan'ple 4 to forma 0.05 p.mthick
copper | ayer on each active material |ayer. As a

Eﬁdﬂl of observation under a scanning el ectron

] r was found not to be 15

ﬁ??‘%&gﬁ?ﬁmﬁt@&a@w FP%\{E'SCUVE material |ayer but to
b@apnosfvr relmltled (5ath sydn)jsg%)&ﬂcﬂmdherge capaciey @0 30 eycle/maximum
t rded as fine pores in the copper
I g@é}}ﬁgf%ﬁ%{&rf ormance eval uati on: Nonaqueous
secondary batteries were produced as follows by using
each of the 20 anodes prepared in Exanples 4 and 5
alfl1&bnparati ve Exanple 2. The resulting batteries
wer e eval uat ed by nmeasur i ng -Itm’g'gm mum d| schar ge

CapaCIt C—andthe—ogpac IL IIL n—at fe—50t
cycle ijp accordance @ \{1 \g Yk ?f gee ﬁag’a""ty Retention
resul ts| of nmeasur emgntRH BEF ﬁ’beé Eumf’Olﬂf th Cycle (%)
25 Assenbly of nona d@é@@secondarxﬁmbblﬁméry The| anode

obt ai nedExampls 4wor ki ng el ed00ode and Li CeT as a 90

count er | BampleSode  were pR&ed to |face d&h ot hef w t hoo
a separm It hem 4B@D asserdbl ed iT™0 a 5

ng(pl greous. secondary battery in a usual manner by
ng-an Li PF6 solution in a mxture of ethylene
car bona®#e isappagénteidny the sastlts bt ’Eab(la 21ﬂte>battehem’@vu@ﬂ:& anodes of

NeYAAHRES YSind 3% Is&ﬁ&h P ltcy {h %aﬁgljy% 1ng ‘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 to 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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36 [0113] 1) Maxi mum di scharge capacity The di scharge
capacity per weight of the active material (mAh/g) at
the cycle at which a maxi num di scharge capacity was
reached was neasured. The discharge 5 capacity per
vol ume of the anode (mAh/cm) af;the cycle at which a
maxi mum di scharge capacity was reached was al so
nmeasured. [0114] 2) Capacity retention at the 50th

cysel of a@apamatepat pa.rén]bi; oiith(E@tcedsidee) Th¥hctiverthaiefisingith a smaller

PR by Pl SRR R Tiocen i bR % improvement in

Dostphtar g¥héafircéletrode tofthe vetimatiad ¥ paér of Wirfabé layers for current

R 8B Shn o R B o,

2&%9&2:0@56 bﬂﬁ%ﬁﬂveﬁson ha.ﬂmcpamit ﬁélﬂéﬂﬁrgsb @hdt ?ﬁh&staﬁ ihdreased relative
Table 2. t arteri e anodes, o 1
CRbiron o GrachvEimetlial o T, 18 SeRONBS: bty Halps e elecirode of
t the iaveridndias Goorpaed ehatgy Iﬂ)&ﬁs‘@l per uhit volixak bnﬂ%ﬁt%tght compared
dIS gﬁﬁ% gnsé)tﬁmtﬁ ndt?’ﬁagllacit retention at the th

E spHlsqion B Bierirodes. ?efiez?o Fhirggtollcctor also brings
ehlﬁmit inpved elebifoder fasibilityl dﬁﬁgﬁ&dd&ﬂﬁh fdagh §Pé ENBirodes.
material is not exposed on O the el ectrode surface

but buried inside. As a result, generation of
el ectrically isol ated
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active material particles is effectively prevented,

whi ch assures sufficient current collecting
capabilities and brings about an increased output. The
active material is prevented fromfalling off with a
repetition of charges and di scimrges, and the current
collecting properties of the active material is
secured. Deterioration with a repetition 25 of charges
and di scharges can be suppr &3sABMBo0 bring about an
extended charge/discharge cycle life, and the
charge/di scharge efficiency is inproved. The active

MRt eri ajn Q&dtiide Mo is€bndhs Qitfétri%gtvﬂﬁclﬁg%lﬂﬂéesoé( iﬂiﬂté:fma second

o orr05|on which permts 37 use ve nateri

3¢ path %PW%I?@E%?& sandycsixity andadaptadie bebranghbinto contact with
V\éﬁ BlearSlyRt QtioP akd b h&iva! Iﬁ&eﬁﬁsla?erlc%ﬁ n%?&ﬁz'efrhftenal particles

surface area, which contributes to | ove
ob@sifigned\sbreen ﬁé‘déllléfé‘fer dagpo thigk P@r%ﬂtor &ar cuerentcoPgdtion.
of surface layers for current collection, the
el ectrode exhibits increased strength. Unlike'

cp) | ect The tlpRo® ARbidstER clairh NS Wi @Ch4sOH Br g mﬁﬁiﬁer of microvoids
i nyention has no curren ﬁmpfge(:tor so that Tt has

an
| PEICDArS goPe pa al kst Preoplotheifgpt Birtace andthy sesondswfacsy lead to the
Thtive thiieridl e8RRAARMIIBRhEE et s diiforib gt ode of

the invention has increased energy density per unit
vol une and unit weight conpared w th those using the

Po” br HhtleREad, AEicog v FlBrbe: PR B Hain o4 gartsce layers fo

c ourpant edllsdtioh ificlasive Me ﬁ:ﬁ(hhff@ﬁ@énd ﬂa@ s&éondlstv e, %spé‘éhvely, the
electroﬁe for eco &¥#batter| h conpri ses

f PRLPYAfY b§m§e ¢Sk OBot ﬂg‘hé 5 ]@p’g@tqnficgqtendlng in the

ctektnets &irdc!?ioﬂﬁﬂ tlﬁdﬁﬁéaﬁlcbﬂe%ftlﬁe D8 Myets) b SRMHcAGE material layer
an..el %ﬁ?rol étl C, SO ut on and an active materi al

héite pgicng O35 particles 5

positi oned betmeen said surface and has no thick
conductor for current collection. 2. The el ectrode

a_écor di filje tebectiode racdordidyi wh claa 3, whichehiy ah edleddfically conductive

P ot BB B 62 SRl Alecion theror o
ae]lecmaa.lﬂmt:emeat theagieface dn@rabhd exiiibits @l Redendtollecting function as a
s%j ion to pass. 3. The el ectrode according to claim
2, ifch has a pair of surface layers for 10 current
collection inclusive of the first surface and the
second surface, respectively, the m crovoi ds being :
f or ned The zlectreds ticamnding fto tchams By vherein theesusfaad dayers each have a

8&%{ dglt(;#"@ t hi ckness direction of the at | east
one Ut fat® | ayers, and the active materi al
| ayer

6. The electrode according to claim 1, wherein the active material particles are
particles of a hydrogen storage alloy.

7. The electrode according to claim 1, wherein the active material layer is formed
by applying an electrically conductive slurry containing the active material particles.

8. The electrode according to claim 3, wherein the surface layers are formed by
electroplating.
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bei ng positioned between said surface |ayers. 4. The

el ectrode according to claim 3, which has an

el ectrically conductive 15 material filled in the

active material |ayer over the entire thickness

direction thereof to electricaldy connect the surface

| ayers and exhibits a current collecting function as a

whol e. 5. The el ectrode according to claim3, wherein

t Be surThedettrpdenscading thalagmd, whivhbase sstalchicRn&s o 120500 um,
m 20 6. The el ectrode according to claim1l, wherein

the active nmaterial particles are particles of a

hy@lr 0geths LRLANG %Eéo‘i‘& to di3fin 8, &6 I?JEI?(E afCabiad! f&g altgonaqueous
claim1l, wherein t e acki Ve materi ayer IS

bsecapdsiry ibatiersirand| which icomipriyesce pain of |Suéa<£e| lawcly for current collection

?Jk%?#égg‘%g% ggg?%c{#gysso %?éd & b@v\}]&dlgﬁ{ ﬁﬁ? c%gtagt fvﬂﬂ 2 NONAqUEOUS
I aly@r@m solnténmand db jeastorecictive tmtanablayagwmch Tmélsposed between the

LS 085 R SR by A D B b i o

t Braing adithiumipmpoirgd, an anode for a nonaqueous
secondaéﬁyleggtt Bﬁ‘% Yorofhd MH‘ cb ﬁ?&g&a@ﬁ% Qeﬂ%r Hav fnber og microvoids

surface |ayers for current
sexterding fim ﬂle thickadsspdisgtion theredfr andgiltowing che nmtmutous electrolytic

%gl&&ﬁ%ggeus 5 electrolytic solution and at | east

one acti rial layer which is disposed between
the sua flwel‘lala\ybllcb has dowocepabitisy pfifoindhgsa Githiem compound being

R BeREE hE RagtRlC Rl i (2RARc ont iy, SB I dpr and being
hdiffenent éromaatd@sh qm)wtho fnatdrizl curstititing ent efithie sgrface s .

t hi ckness direction thereof and allow ng the
nonaqueous el ectrolytic 10 solution to pass, and a

mpyeri ag'h%@!lee&]oc{@&c{aﬁgﬁggm&ﬂ l(% Youtfibeidh QfF {:E{aﬂqim df'té@klﬂﬂce layers

compoun fil et ween parti

t hes amuitdayer Sbﬁe‘fum:@‘?mleosnépé af I@Bstltwyenblamts dififergnt in material, and
d

cg{n Ifgﬁtt%g{: Iofr'] fh@(’ﬁl}@&é & @ﬁfsﬂﬂﬂﬁg%&‘gﬁ?& f@&ﬁfﬂle }1fr01:Phsa1d material having
ellféfétcﬂﬁd%hfac@fomnl‘@ adithiumi gpmEo mde filedtin |tbaisit least one active
o;nagg}gﬂgi%é ace layers 15 has a nultilayer structure

conpose at least two sublayers different in

material, and at | east one of the materials

comotL W GO BT Sy LRI, Sy e
ad@p$of:led in the at | east one active
preparing a carrier foil having a release layer on a side thereof,
applying an electrically conductive shurry containing active material particles
to 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 material layer, and

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

13. An electrode for secondary batteries which comprised a first and a second
surface both showing electrical conductivity and adapted to be brought into contact with

an electrolytic solution an active material layer containing active material particles
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material |ayer. 20 12. A process of producing an

el ectrode for secondary batteries conprising the

steps of. preparing a carrier foil having a rel ease

| ayer on a side thereof, applying an electrically

conductive slurry containing aggive material particles

to a release layer fornmed on a carrier foil to forman
active material l|ayer, 25 plating the active nmateri al

| pgsitiorfedr basweern stide ficshrsurface fand | said sécomdn®itrfaee,bynd an electrically

e It [ [ h,.cont ai.ni ng. t he . .

TETERERAPRAR i (B il o B B ERRR L, fRrein the active

nenatsriablayersig resestroh todesidexpfithecaidactiveofddl. of f t he

carrier foil at the release layer. 13. An el ectrode

for secondary batteries which conprised a first and a

segond Showy | e . -

c g?fd uct F@?tei&gfr? gg Zag g(g ?%g {%Wba'gﬂ bllergé 3’81?1‘? A ﬁ%% d (tzoc%l t tél(l)(ikness of 1 to
@hram el ectrolytic solution an active material |ayer

containing active material particles 40 positioned

between said first surface and said second surface,

ang an %@E&Eﬂr&@d&ordﬁ%\?%faﬁﬁ"l?,%ﬁ'ﬂeﬂn the mddle of

the thickness directio ereo erein the active

mat er i athe|aglive materigh layerformed oo eachsiidpeef the conductive foil contains an
c ' [ 1 ' cl aim

[ GRS g eh corkblo) DF ARl d ORI CHRLIE R 7 %

The el edtmeigHicalithvmi lagert s proyided1 betwebe rthe reopdustive foil and the
A6 N ABAAThRE oh3Y Rhstiodk TRE of hetRRfuciivigod! the

conductive foll contains an elenent having high

capability of formng a lithium conpound, and a

ng%allic lithiumlayer is provided between the

cofiduct Aviserriary Raliery having theelestiade ageeiding tojcdaimy 1 ana cathode or
abhnhfskt one side of the conductive foil. 16. A

secondary battery having the el ectrode according to

claim1l as a cathode or an anode. 17. A secondary

battery havi ng the el ect.rode accor.di n o claim1l3 as
a?gat hg@esespnogagyl B%@Fﬁ% ggwnig e e?ectrode accgorgling to claim 13 as a cathode or
an anode,




