A GROUND PLATE FOR THE SUBSTRATE °"OF A SECONDARY BATTERY EL /p (.T
SEBSTRATE OF A SECONDARY BATTERY [ELECTRODE, A PRODUCTI ON METHOD( T ,
AND AN ELECTRODE AND A BATTERY PRGDUCED THEREOF

FIELD OF THE I NVENTION - The present invention relates to a ground
pl at e-f orA aGROBNDatRLATE a FOX OTHE \SWBSTRATE:| OFt AORECONDARY bBATAERY! a
secondary battery el ectrode produced thereof, and a secondary battery

el ect r od ELEOTRODE, 0nAa SYBMRATY OFoAuSECONPARYT BATTERY ELECTRODE, A
THE BACKGROUND ART In a nickel- cadm um secondary battery served
as a hi gFPRODPUTION (METHQRD THEREQKe ANIMpANS EAECGTROUDE: ANI2 AaBATTERY

| ayer of Pi(ﬁﬁﬁrggh  OUS tal wth a large surface area is used so as to
generate HEREOFThe substrate havi ng a |layer of sintered porous
metal is produced by pressing nickel powder onto a perforated steel sheet,
that is, a ground plate, which is plated by nickel wth a thickness of 60

to 80 [err] m or by applying VaS-lanil; r toit and thereafter
sintering the sanme at a tenpera upeb% %WW C inananti-
oxi di zi ng at "DSPPRE Presehd invRtiok P¥I8teIBD Qﬂﬂﬁd}p{?ﬁg%@& YOBstAE P a deeBhdryS

gener at ed necki ng caused by the solid phase di lon at the contacting

porti ons hattefy eleetrofe nllé assubbirhtecsfchsavohédry tattdryn eltstbde pretiuced dhiereof, and
sintered. At the sane tinme bonding is caused at the contacting portions

bet ween tasecprddrgrbatteryy selectrodehanst a secondaryrbattiesy ppoducedithexgefs and t he
ni ckel powders due to the solid phase diffusion of nickel. Thus, the
substrate of a secondary battery electrode is produced by bonding the
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substrate is rolled up and fixed into _
sintered porous metal is produced by pressing nickel powder onto a perforated steel
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sheet, that is, a ground plate, which is plated by nickel with a thickness of 60 to 80 & m,
or by applying slurry of nickel pdwder to it and thereafter sintering the same at a
temperature of 900 to 1100 ° C in an anti—oxidizing atmosphere. In the
above—mentioned temperature range, there is generated necking caused by the solid
phase diffusion at the contacting portions of nickel powders with each other, and nickel
powders are sintered. At the same time bonding is caused at the contacting portions
between the perforated steel sheet with a nickel—plated layer and the nickel powders
due to the solid phase diffusion of nickel. Thus, the substrate of a secondary battery
electrode is produced by bonding the sintered porous nickel layer, which is composed of
the nickel powders bonded to each other at the necking portions to form a network
themselve_s and have about 80% of porosity, to the steel sheet or the ground plate.
However, the substrate of a secondary battery electrode of such structure,
that the sintered porous metal is bonded to the ground metal plate only by the solid
phase diffusion, has not enough bonding strength, so that the sintered porous metal
often peels off from the ground metal plate when the substrate is rolled up and fixed into



a cyllndrlcal battery .container. This peellng- of f occurs particularly in
the center portion of the rolled-up substrate where the roll-up radius is
too small, which causes problens as shown in Fig.1 (a) such that an active
mat eri al falls off due to the peeling- off of the sintered porous netal
from t he geyHsasicAltiatlerp caitainet! ThS HebRhg-C8K B6kirY ParfiluBiriyin ﬂa@dceatat Sorfien
porous netal crash through the separator, to cause a short circu

So far, sfthe ablletagy sutstiaty shefethd fdllelip talind s 90 sindll) eviiden daudgs mlﬂaﬁ‘s h
of the sintered porous netal to the ground nmetal plate which constitute a
subst r at escfhownsindtigdafa) Isach thay anlactive meerialndallsooff dpe tv thet p&limgr@ffgpﬂthef
the sintered porous netal. Those are_as fol| ows

cont ai ni rigteEIt PoFqUSemetal from the greund mmetal,platm oorwﬂteaﬁallspaa@vssmateé@} @nd
material i.n er to_in qrease t he.strength, of . the sintered netal (Laid Open
Japanese %F&‘?ﬁfp?a& %a 53’4%’6 gh e 3e arator, t3 cau Féy%’rorﬁﬂﬁ‘@’&t by cobalt or
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A surface of the gfound netal p elsrou ened yetC|ng|n or to

| ncrease dedendi@y hagkiy Qle@fr@ée tahe e anpi‘é\féﬂﬂiehﬁréng‘th aifatle ngiiteted b@ﬂoﬁs @ﬁ@ﬁil
Japanese Patent  No. Hei 4-162360). 4) TD nickel plate is used as

t he gr ourfbhosetaze aplfeliowvs: n or der to increase the anti-peeling strength of it
with yttoria partjicle contacting nickel particle (Laid Open Japanese Patent
No. Sho 61-13040%) .A layer containipgmstal fiberris Sermerh nearcthergroynd mefak plate as a

within a solid phase sintering technol ogy, and they cannot dr
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met al pl e con a e of a secondary battery el ectrode.
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nmetal fromthe ground netal plate when the electrode is rolled up and fi xed
into a cydtiengeh ofthedsihteeed meedlt HiaiteOpen Japanese Patent No. Hei 5—174831).

3) A surface of the ground metal plate is roughened by etching in order to

increase the contacting area thereof with the sintered metal (Laid Open Japanese Patent
No. Hei 4—162360) .

4) TD nickel plate is used as the ground metal plate in order to increase the
anti— peeling: strength of it with yttoria particle contacting nickel particle (Laid Open
Japanese Patent No. Sho 61— 130405) .

However, these improvement skills remain within a solid phase sintering
technology, and they cannot drastically increase the bonding strength of the sintered

| porous metal to the ground metal plate constituting a substrate of a secondary battery
electrode. _

The object of the present invention is to provide a ground plate for a substrate
of a secondary battery electrode and a substrate, and a secondary battery electrode and a
secondary battery ﬁsing the same, having sufficient bondihg strength so as not to cause
peeling—off. of the sintered porous metal from the ground metal plate when the

electrode is rolled up and fixed into a cylindrical battery container.



--2- . _ : : DI SCLOSURE OF THE | NVENTI ON
According to the present invention, a substrate having sufficient bonding
strength so as not to cause the peeling- off of a sintered porous netal
froma ground nmetal, can be produced by neans of generating a snall
quantirty of a liquid phase when the sintered porous netal is heat-bonded to
the ground netal plate. In the ground plate for a substrate of a
secondary battery el ectrode DISCLHOSURE OIMTHRINVENTIONR netal | ayer having
a nelting point lower than that of a steel sheet is formed on at | east one
side of the steeAcxirdimg. to the presentAinventien, na cdubbtrhtey baving sufficrent donding

| east one side of a steel sheet, and further a |ayer of netal having a

nel ting tSrgagtnsaras n@vier causerthe meeling— off of 1 tintared porqus metab fraz aoground

ni ckel | ayer

A ni ckel - hor, | [ f bl. |
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b ' | IS f d t i d teel sheet.
Aso t et Aot Brettlis Rt dRited Rk #0roh a8t ifteel T aver, formed
t | t | h ' [
Formed on the ni ok ife Grofh bR 68 Subse, &r'4 oBEincard Bty BleckiBU (of he
ground plgleSedtaavention! 8 néthiNBRer Bivinyos AfeltRdVhdlft B Ithal €F€0Lh Steel sheet is

A producing nmethod of a ground plate for a substrate of a secondary battery
el ect r odefofrhed loa aplesedhe siteasithosteebsidetr acterized in that a netal |ayer
having a nelting point |ower than that of a steel sheet is forned at |east
on one side of tAtsosaaatke}fayer ihfovined on dtdeapt omerside ofod steel ebeati and Sirther

di anet er s. Al'so, it is characterized in_that a nickel |ayer is
formed at2 laygstofometah hayingea greling ttemperatiare; lowey; than thaty pf the, sughkel layerpisy es

with smal] dianeters, .and further a netal |ayer whose nelting tenperature
is | ower H&ﬁgpﬁéﬁe&fdﬁ?fgwsﬁ- is forned on the nickel |ayer.
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after thahelting point, and it is also preferable that a boronized layer is formed on at least one

~ side of a steel sheet.
Also, the ground plate of the present invention has a nickel layer, formed on
~ at least one side of a steel sheet, and further a boronized layer is formed on the nickel
layer. _ |

It is also preferable that such a ground plate has a laj:ge number of pores
having small diameters.

A producing method of a ground plate for a substrate of a secondary battery
eled:rode of the present invention is characterized in that a metal layer having a melting
point lower than that of a steel sheet is formed at least on one side of the steel sheet
having a large number of pores with small diaméters.

Also, it is characterized in that a nickel layer is formed at least on one side of
a steel sheet having a large number of pores with small diameters, and further a metal
layer whose melting temperature is lower than that of nickel is formed on the nickel
layer.

Further also, it is possible to form a nickel layer on a steel sheet having a

large number of pores with small diameters, and further to be boronized after that.



It is preferable in the above- nentioned produci ng nmethods that the netal
| ayer having a low nelting tenperature is conposed of nickel- phosphorus
al | oy. Further, a porous layer is formed on a ground plate for a
substrate'of a secondary battery el ectrode of the present invention.
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el ectrode that the porous |ayer is prepared by sintering nickel powder.

A pr oduci lagemiedviggla idw anedtirys tenagetatnte is comaposddiof nlckek-ephosphioras alicke of t he
present invention is characterized in that a porous layer is forned on a
ground pl ate by Fuarthenga poreuselayer isrforned ondarground miate foel a isubstpatenof a

hi gher than that _.of a nmetal |ayer having a l.ow nelting point, heating it at
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heating it at a't e etween not less than t mel t'i ng tenperature
of the eupreséntCiavéntionl scohashcraized iaHat @?ﬁrdub dfiydrhigtfoPhedon ae@ound pkite B
the netal powder, and sintering the netal powder, and the porous |ayer Is
bonded t dforingya tayed op heetal powdeh daviagm melimg point higher than ehatnafaar mebal tlayery
el ectrode of the present invention is characterized in that the above-
ment i onechaying @r love maglting pomic theatieg Hhat - telpperaturenbetmiesn notplesgrihandthe
therein, angd, a secondary ttery of the. present inventjon é:?ergs)rt{_lasnes th
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Figure 1 &ﬁeh%%ﬂ@‘#gﬁxd%ﬁﬁ@%"tﬁ&sﬁﬁ@ owi ng a substrate of a secondary
ep

battery electrode o resent Invention. o Figure 2 is a graphic
view show ng chapgiolet Rthaficiiyaa il thahR Hafdus Thydr i§ To9ePbA Alaroling phite Myer €
a battery is charged and di scharged using the secondary battery el éctrode,
to whi ch farminyss layee o bowderedanetal thabati dejeutdotehliydifoyetl wikle bproms heating it
i nvention : '

at a temperature between not less than the melting temperature of the eutectically

-

alloyed metal and less than that of a steel sheet or the metal powder, and sintering the
metal powder, and the porous layer is bonded to the ground plate at the same time.

A secondary battery electrode of the present invention is characterized in that
the above—mentioned substrate of an electrode has an active material impregnated
therein, and a secondary battery of the present invention comprises the-

above— mentioned secondary battery electrode .

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 (a) is a schematic view showing a conventional substrate of a
secondary battery electrode, and Figure 1 (b) is another schematic view shpwing a
substrate of a secondary battery electrode of the present invention.
Figure 2 is a graphic view showing charging and dischaging characteristics
obtained in case where a batterj is charged and discharged using the secondary battery
electrode, to which a substrate of a secondary batfery electrode of the present invention



-4- i Is applied, as a positive el ectrode. MOST
PREFERRED EMBODI MENT OF THE | NVENTI ON A substrate of an

el ectrode of the present invention is prepared by formng a |ayer of netal
having a nelting point lower than that of a ground plate, for exanple a
layer - of jgispkRdd, REASRRRIVeel6Mbgiet i ¢ al loy, at least on one side of the
ground plate, formng a netal powder |ayer on the above-nentioned netal

| ayer, and sintering the nmetal powder at a tenperature between not |ess
than the nelting point of the netal |ayer and not nore than that of the
met al - powder to t heM&ST PREFRERRED EMBODNIENT ORTHEENYENIION®T to bond
the porous |ayer to the substrate. Al so, a porous layer is forned
by formng a | ayArsubstrpigefeancglegtrode of thg presgnbiventien s praparedaby dgraringiat h

phosphorus at | east on.one side of.a boronjze raound pl at apd sinteri
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el ectrode having s exc ndi ng strength of the porous layer to the

ground pl megal tgowidet e doad ¥ DetWeas nop lessetan cthe meltihg! poigt bf the médthle
ground pl ate when the substrate is rolled up and fixed into a cylindrical

battery clapémamnot more than thaSohthe mietal polder td therébyforal 2 poramsdaydr arteat
present invention essentially has a surface area as |arge as possible so as
to flow athessaree timertoriond 4he persius dapestto dhe substeate| - pl at ed steel sheet
having a thickness of 25 to _100.[err] mis used as a netal, plate to be the
ground pl ate for A8S0sapaEpes)layer éuformed iy forming a layer of powdergd metal dhatocage o
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and sintering the powdered metal at a temperature between not less than the melting

point of the formed eutectic alloy and not more than that of the powdered metal,
whereby the porous layer is bonded to the ground plate at the same time. Thus, it is
possible to produce a substrate of a secondary battery electrode having such excellent

| bonding strength of the porous layer to the ground plate that the porous layer does not
peel off or fall off from the ground plate when the substrate is rolled up and fixed into a
cylindrical battery container.

Since the substrate of an electrode of the present invention essentially has a
surface area as large as possible so as to flow a large current, a steel sheet or a
nickel— plated steel éheet having a thickness of 25 to 100 # m is used as a metal plate
to be the ground plate for a sintered porous metal.

The metal plate to be a ground plate may be one with a large number of holes
having small diameters of 1 to 3mm formed by punching or the like, one perforated
using a chemical etching process or an electro— chemical etching process, or another one
having a surface mechanically roughened using a sand— blasting or using an embossed
roll.

In a practical mode of the substrate of an electrode of the present invention, a

layer of metal having a melting point lower than that of a ground metal plate is formed



usi ng a chem cal etching process or an el ectro- chem cal etching process,
or anot her ‘one having a surface nmechanically roughened using a

sand- bl asting or using an enbossed roll. In a practical node of
the substrate of an el ectrode of the present invention, a |ayer of netal
havi ng a oiefhei abgveomentibiedegrouhd méthlaglatef a ground netal plate is forned
-5- on the above- nentioned ground netal plate. “In this
case, a netal | alnethis casépa metialdayes ig formed onea grounidanetahpldte amchthengoponous

| ayer is formed on it by forming a | ayer of powdered petal having, a_nelting
poi nt. hi dawar i fermedhen itdyy formingsa laver of powdarad spetelchaving 2 meliegpaing dugher o) |
whi l e the, porous | ayer is bonded .to the netal, plate to thereby a nelt part
of ot ol A Shat gt 408 SespLiederrn] siiesing a6 Sonfered gl BhiS e bofp fatsron
bet ween the e ly Sl er: ous
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por ous | aélﬂearge’g&éﬂfggchrgﬁgﬁsa@h ex c%@?g%ﬁe%%ﬁ%%@m%%‘hﬁwm tﬂwp&'@gerred
exanpl e, jgtaf cﬁl?s‘iﬁirig“&'éep@o@ yer. e THusy e et U5Rd esSertiabkRhs ponelting Pdir
porous |ayer is bonded to a ground netal plate such as a steel sheet, or a
ni ckel - pllawesl thire ahostheftthe qirotultd seetple plate anddthehpewderad mretsl i consisting cthe,

ni ckel - phosphorus eutectic alloy and the |like, prepared by a plating

met hod arporpuslagensd es fsobthin nt| hopding streagth.eut ectic al | oys have
melting points | ower than that of pure ni Ck%}ayTherEf O%ﬁ elgqthe ni ckel

7 Vm .
powder | ayer for HRGEEMBleNG 63861 WREIE 1 33/ntey PE Corapesed ofucks] powderase o
tenperature beh&een ss than,th |.ting, poi_nt
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view of productivity, electrolytical plating i's preferably selected as a

ni ckel plPhésegenetiiedliby hiveemeltinghpoiats Wwerhthan fthateof ptreonititehi (Rwreforet ed
steel sheet, and gloss plating, sem-gloss plating or mat plating using a
known watwhémthe nickel powdealayer doimedoon theaewtechicallby bdyer isTheatpd and siptered at
thickness is preferably 0.5 to 10 [err] m . El ectrql ess plating as
vel | as thtemepesature betwesn ngsiless than tke melingppiat eiherqptectic alloy and not more

than that of pure nickel, the eutectic alloy melts to generate a liquid phase,

which promotes the diffusion between the nickel powder and the steel sheet as the
ground metal plate and /or the nickel plating layer on it, thereby also promoting the
strong bonding between them. |

In view of productivity, electrolytical plating is preferably selected as a nickel
plating method for the formation Qf the aforementioned nickel—plated steel sheet, and
gloss plating, semi—gloss plating or mat plating using a known watt bath or a sulfamic
acid bath are available. The plating thickness is preferably 0.5 to 10 £ m.

Electroless plating as well as the electrolytical plating is available for the
formation of the aforementioned eutectic alloy layer. However, the latter is more
preferable because a required plating thickness is.obtainable ina shortér period of time.

As an industrial plating bath for the electrolytical nickel— phosphorus platiﬂg, a bath
mainly containing nickel sulfate or nickel chloride, or a bath containing nickl sulfamide

and phosphorous such as supplied from phosphorous acid, phosphoric acid, or hypo



f-ormation of the aforenentioned eutectic all.oy |ayer. However, the latter
I's nore preferable because a required plating thickness is obtainable in a
shorter period of tinme. As an industrial plating bath for the

el ectrol ytical nickel-phosphorus plating, a bath mainly containing nickel
sul fate @hosphok®ls &did,cdriddfor shosphitk iphosgtizk@ioRi Hypophddshité Us prefetudlyn ided.
phosphor ous such as supplied from phosphorous acid, phosphoric acid, or
hypo The nipkelsiphosphosus piating dayer/ has plihickinésseof prefesaibilpt®5do 10 £ m. A
hypophosphite i s preferably used.. The nickel-phosphorus plating |ayer has
a t hi cknsyficient diquidephase is mob generatedainpthe plating layee having guibirkpass lesh $hawt
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phosphorus 1 n ating 1s preferably 5t wel ght percent in order to
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substrate of an electrode of the present invention, a ground plate Is

pr oduced 1Bywéighopércemgint didemfoyeneratethe tigad phasel pl ate or ni ckel - pl at ed
steel sheet, and a porous layer is formed on it by layering a powdered
metal which is eint anathemipractiadll modd ofi the stissttate i are@lecﬁgnge @f?uﬂlﬁsipmm ng
the powdered netal at a tenperature between not |ess than the nel ii ng poi nt

of the edieantios, algrenndaplate warofigsed yhberonkme e abeeesmentioned sigel pife Ohe
ot hog Q@%%%éla | bes! phods Fﬁﬁﬁé&&%‘ﬁy@'ﬁiﬁ St sper oy byt éﬁé’fﬁn?%q?%eeh
or oot es el AP Gl MO HE B BFAR G B R et
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al so pronoted. hi's case i's explal ned bel ow.

After a siotehoreRBai tiit ofthd SisGlceMaydired thd 8fund pefte or sh&tawfahe powdeedonetal.
ground pl ate, a porous |ayer conposed of powdered netal is provided by
fornmi ng a Acagelingto this ppadutingeniethmtdavhenhthehpirsue leyectis bandegd tol theysufase tof
boron on the ground plate and sintering the powdered netal at a, tenperature

bet ween ribe greurd plede, 2 Iparined thenmepali layeromeltstocthesehyi gengratey a digich phaseor e

t han those .of the surface | er of the grqund ate or :
which promotes the d?ffus%x/l between the gurqtace ofp e ground plate and the powdered

metal consisting the porous layer and the bonding between them is also promoted.
The detail of this case is explained below.
After a steel sheet or a nickel—plated steel sheet is boronized to be a ground
plate, a porous layer composed of powdered metal is provided by forming a layer of the
powdered metal which is eutectically alloyed with boron on the ground plate and
sintering the powdered metal at a temperature between not less than the melting point
of the eutectic alloy and not more than those of the surface layer of the ground plate or
the powdered metal. The eutectic alloy melts to generate a liquid phase, which
promotes the diffusion between the ground plate and the powdered metal consisting the
porous layer, whereby the bonding between them is more strengthened. '
For example, in a case where a steel plate is used as a ground plate and a
sintering layer composed of ﬁickel powder is bonded on the ground plate as a porous

layer, the steel sheet is boronized. A layer of nickel powder is formed on the boronized



t--he_boy\dere_d metal . The eutectic alloy mel ts to generate a |iquid phase,

whi ch pronotes the diffusion between the ground plate and the powdered
metal consisting the porous |ayer,. whereby the bonding between themis nore
strengt hened. For exanple, in a case where a steel plate is used
as’a groupgerdkid BicRBOpGwddr'ts YirtBged ﬁ@fﬁﬂ%&f&&%@%eﬁﬁeéﬂ fidftlesd PpCthel rﬁeigﬁgded

on the ground plate as a porous | ayer, '

. he steel sheet i1s boronized.

| ayer of pyigtkef nieketddioroms elitectie dlloy ahtiendbanerei thadl that of nickel, and at the same
-7- - | ayer, the nickel powder is sintered at a tenperature between
not | ess tilnenat liguidrgdhtse @f ghe mtickel— homhetutsctio allew tie generatéd on thedinterfaceor e
than that of nickel, and at the sanme tinme, a liquid phase of_the

ni ckel - bobesweentthe isteel fheel and the pickel pewdsr, ¢ Rrametgs dhe sliffision befavesnee
sheet and _the ni ckel er., i C ronotes .the diffusion tyeen.t st eel
Sheet  ancihermieqlisbeet b ronicts] SolieP TEoRbing ih SFrgas DAAG. T Domined Jater
| ayer has, a thickness [ I . o] [ . roni; r
winat ch RS orcrefey P a8, 2 oy e Rkt b W] & B hecs
enough e td (o] urik NGt fiRiedl r [ | Ul a
liquid p_ﬁfaegg qhgnﬁgtb %nlghglﬁ glgneraetﬁ_te ,F fgralé(ggét e §m %E‘tglt:gﬁ mdimr]\gh‘??hr?ot
enough ei §ihetringPeridie vt etie Resigh that al Bl phase (PAY BAdlgh ténepited! ¢hefeby
boroni zed | ayer 'having a thickness of nore than 10 [err]. m which is not
pract i cal the diffusion bordingis fiot encugheeithetral Oh ahe otier hand, griakewitqol many heurs
menti oned above, a |ayer of netal powder is fornmed on it and then the netal
powder i stospradsced boropizedusycrahaving @r tuckness 9 mexgethansSlh¢e m,hwhieht igl not
powder nust he sintered at the tenperature where the aforenenti oned netal
| ayer mel pEctigahe net al powder essentially has a nelting tenperature higher
than that of the tal l.ayer. er | egnated.wi th an .acti.ve nmaterial
the sintered porég%’r 3?%1}%86% [age’é%n%%&Wﬁﬁlgﬁésé{l@mwpﬁg@@e‘%ﬁ?ﬁoqt
shoul d ha n It I vi.e LAt
ment i onedfﬁgﬁagﬁo,%dm c’l%eﬂ)%%%\adééé tl%rah go%égﬁlgf mzera?g%/ mal nﬁsygygg&n%gstédﬁép u(r:ﬁ (?kel
I's pref ergh{&e@om% Iﬁg&ﬁ! dﬁﬁw%ﬁe ofstRepbiddremik e BBt Ghtepéd bh Sh&RERpeRRNREr
i's suitabl'y sel écted considering the porosity and the strength of the
si ntered {wAyRS theldioresmsitivbed awialr laye\inels,aht angtsl pewderadssentizlydiasra inelting
preferable for increasing the porosity, while it has not enough

temperature higher than that of the metal layer. After impregnated with an active

material, the sintered porous metal comes to cohtact alkaline electrolyte so that it
should have excellent durability to alkali. From the view points as mentioned above,
nickel powder or powder of alloy mainly composed of nickel is preferable as the metal
powder. A particle diameter of the metal powder is suitably selected considering the
porosity and the strength of the sintered layer. The coarse powder having a large
particle diameter is preferable for increasing the porosity, while it has not enough
strength because the contacting pointé of each particle per unit volume are decreased.
On the other haﬁd, a sintered porous layer composed of a fine powder having a small
particle diameter has increased strength, but decreased porosity. A preferable particle
diameter of the metal powder is 2 to 10 & m.

After a slﬁrry is prepared by dispersing the metal powder into water or
organic solvent with a viscous agent composed of water soluble resin 6r one soluble in a
specified organic solvent, the slurry is applied to the metal layer formed on the
aforementioned ground plate. Viscosity of the slurry is controlled by regulating the



strength because the contacting points of each particle per unit volune are
decreased. ~ On the other hand,. a . sintered porous |ayer conposed of a fine
powder having a small particle dianmeter has increased strength, but
decreased’porosity. A preferable particle dianeter of the netal powder is 2
to 10-[ ?rc{ﬂanﬂﬁes of the disperdidgeigeht Sand Witer SorPth@Pera@sic Wolvént RE be! el 8 thBL 2l
powder into water or organi c solvent with a viscous agent conposed of water
sol ubl e rmastahpowdemnso aotodol® 4 aniformpesat layes withga desiresbthyckhess.t he slurry is
applied to the netal layer forned on the aforenentioned ground plate.

Vi scosity of theAftbumapplying thenshuutyl ou wiychr thpmatalnpowéder 1s disperseduintoi thees
of the dispersing agent, and water or the organic solvent to be added to

t he net al mptphdayer,sWates of the erganis selvenbanfidedoff| odler that.ithg greund metal plate

s e codtavin b e o A1 etooc ke gl bl e e ' ©
ff. Af hat .. hawi f

et al” poviley 3h ginfiah 2 RAuPRY agRisBhéier c Yadftef of &ibee R 3RED R o tffien, o
in a redugld éﬁg@%&ﬁ?ﬁg&ﬁ&d Kgfgg&mgﬁggaﬁofggscﬁp aﬁegysé OgRN rBfktive -

nitrogen pro _ econpo | e used as the reductive

at mospher gmotpigersel NUEHd Ngntefifip efedipéirftuté Br pfcférablyy noet leds@Sthahhéiie thelting -
melting tenperature of the netal |ayer and [ower than that of the netal
powder byteRfiferataré56Dthe métalllayer amislowehdhan that ofthelmetalvpewdérsbyp 308 taiGel |

it is preferably 900 to 1100 C . Thus, a substrate of a secondary
battery el e€tr bule case wherhthe metad powday &  pyreapekealdit by pseferably 80 to d1edind
netal plate and netal powder is bonded can be manufactured. A

ni ckel hy@roxi de el ectrode is produced by inpregnating nickel nitrate as an
active material jnto the,thu

f b f .el d
fol | owed by di ppitBiS: heubLHP ﬂ%&?ﬁf@%@igﬁ%g’zﬁr&%ﬁﬁ{? 3{’}’,‘8%?@@%{1% e i o
SR eﬁﬁef)&%ﬁ Wrsiﬁte?'ﬁl%o ngféﬁnd metal plate and metal powder is bonded can be

manufactured.

A nickel hydroxide electrode is produced by impregnating nickel nitrate as an
active material into the thus manufactured substrate of an electrode followed by dipping

into sodium hydroxide aqueous solution, so as to use it as an electrode for a secondary

battery.
EXAMPLES
The present invention is explained more in detail below in accordance with
the examples.
(Example 1)

A ground plate was produced by plating on a steel sheet having a thickness of
80 1+ m with nickel—phosphorus alloy using a nickel— phosphorus bath having a
composition as mentioned below at the current density of 10 A/dm ?. It was confirmed
by a wet analysis method that about 10 weight % of phosphorus was contained in the
thus produced nickel-phosphorus film and the melting temperature of the
nickel—phosphorus alloy having this composition was about 880 ° C.

[Nickel—phosphorus plating bath]



battery. i : . EXAMPLES The
present invention is explained mire in detail below in accordance with the
exanples. (Exanple 1) A grqund plate was produced by plating on a
steel sheet having a thickness of 80 [err] m w th nickel-phosphorus all oy
usi ng-a ni ckel - phosphor us higkél dulfdteng a corrpomotg/pn as nentioned bel ow at
the current density of 10 A/dnferr]. It was confirnmed by a wet analysis
met hod that about 10 wei ghhickelodhlgridesphor us wedb gibnt ai ned in the thus
produced ni ckel - phosphorus filmand the nelti Q%bt enperature of the nickel -

phosphorus al |l oy havi ng thbericagfositi on was gl 830 C

[ Ni ckel - phosphorus pl ati ng pat . . ni ckel
sul fate 240 g/ | pgospm)rous acid 20#dkel chioride 45
o/l ric i d o 30 g/l

phosphorous acid 20 Bgtﬁ empel%%ure 60" C bat h tenperature
60 C pH 1tol.5

Porous sintered nickel Iayglr{s wer e foir med on b%ttﬂ 1é5| des of the gro_und'pl ate
in the foll ow nporRRNGhterdd nitkélhyers HepeforiRidorl béta! diddsasfahad gréund plam

agent was dissolved into water and 4% sol ution was prepared. A slurry was
prepared the following manner. At first, carboxymethyl cellulose as a viscous agent was
dissolved into water and 4% solution was prepared. A slurry was prepared by
dispersing nickel powder having a particle size of 2 to 3 1 m in the viscous sulution.
The slurry was applied to both sides of the aforementionéd nickel—phosphorus plated
‘steel sheet with a coating machine, and then the moisture component was dried off in
the electric oven. The nickel—phosphorus plated steel sheet coated with the slurry was
heated for 15 minutes at 1000° C in the mixed gas consisting of 25% of hydrogen and
75% of nitrogen, and then cooled off. Thus, a substrate having a porous layer of
sintered nickel on one side of it was produced. The bonding strength of the porous -
layer of sintered nickel to the steel sheet was evaluated as follows: |
The substrate having the thus produced porous layef of sintered nickel was
bended af 180 ° angle in the bending diameter of 1mm, 2mm and 4mm respecﬁvely, and
the degree of the peeling—off of the porous laYer of sintered nickel.from the steel sheet
was evaluated with the naked eye based on the fbllowing standards. The results are
shown in Table 2.
[Standards for evaluation]
O : Cracks were caused in the sintered nickel layer
but no peeling— off was observed.
O :  Cracks were caused in the sintered nickel layer
and a little peeling— off was observed in the
center portion of the bending.
A Cracks were caused in the sintered nickel layer

and peeling— off was observed in considerable
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di spersing ni ckel powder having a particle sjze of 2 to 3 [err] min the
vi'scous sulution. The slurry was .applied to both sides of the

af orenenti oned ni ckel - phosphorus pl'ated steel sheet with a coating

machi ne, and then the noisture conponent was dried off in the electric
oven. - The ni ckel - phosphoptgionl cftké beidigg. sheet coated with the slurry was
heated for 15 mnutes at 1000 [err] Cin the m xed gas consisting of 25% of
hydrogen and 75% of Xni t r Cyaks veerd catieed incthé athtefed. nidltsl Sayed aggbst r at e havi ng
a porous |ayer of sintered nickel on one side of it was produced. The
bondi ng strength of the peslings off wgsebsstvesi inttheavhale preiontef t he steel sheet
was eval uated as foll ows; .  The substrate having the thus produced
porous | ayer of si nt er ed 6 BGUNG s  bended at 180 angle in the bending

di anet er 1 nd 4nmm respectively, and the degree of the peeling-
of f of thgé}&m%glrpg)@r of sintered nickel fromthe steel sheet was

evaluated with t egﬂ%_gﬁ%n erOfOQ dt}ﬁ: {Vgé lfgigh;n& ot %ng?é'egsshez{'g}a&f]%:“at S

are shown in Tabl ds for eval uatl

Cracks weth@kaaskseigo Tnb@sﬁgrht WaBthdth B40ing! 2¥Shposition as mentioned below at %\Q!Jt
no peeling- off was observed. [err] Cracks were caused in
t he si nt enerentideksity bAy®A/dm 2. and a little peeling- off
was observed in the ) center portion of the bending.
A : Cracks wer Bughers ednickelt-phosphores pliting daysr hawymy the thickness as shown in

and peeling- off was observed_ in, considerable
- 10- Table 2 was formed on the nickel plating layer in the same manner as that of Example 1.

Thus, a ground plate was manufactured.

[Watt bath]
nickel sulfate 300g/1
nickel chloride 45g/1
‘boric acid 30g/1
bath temperature 50° C
pH 41045

The same porous sintered nickel layers as that of Example 1 were formed on
both sides of the ground plate in the same manner as that of Example 1. With regard to
the substrate in this case having the porous layer of sintered nickel thus prepared, the
degree of the peeh'ng— off of the sintered nickel layer from the nickel—plated steel sheet
having a large number of holes as a ground plate was evaluated by the observation with
the naked eye based in the same manner as that of Example 1, to thereby evaluate the
bonding strengfh of the sintered nickel layer to the nickel plated steel sheet. The
results are shown in Table 1.

(Examplés 5t0 7) |

A nickel plating layer of 4 © m was formed on a steel sheet having a
thickness of 80 « m using a sulfamic acid bath having a composition as mentioned
below at the current density of 10 A/dm 2. '

Further, a nickel— phosphorus plating layer was formed on the nickel plating

- 11 -



portlon of the bendi ng. X : .Cracks were caused in the
sisntered nickel |ayer and . peel i ng- off was observed in
t he whol e portion of t he bending. (Exanples 2 to 4)

A nickel plating layer of 2 [err] mwas formed on a steel sheet having a .
t hicknes Slagér @Singethe] sdihal &na;QI-apN&bhoﬁ@tﬂﬂaﬂﬁ@g/ bt m&%@ inﬁﬁné‘ls adT®R4¢ gned
bel ow at the current density of 10 A/ dnf Further, a

ni ckel - phBsphpleuks @m;mgrdmﬂmiatbmsngamﬁmtﬁn‘udckness as shown in Table 2
was formed on the nickel plating |ayer in the sane manner as that of

Exanpl e 1!Solfamic agiddatluhd pl at e was” manufactured. [Watt bat h]

ni ckel sulfate 300¢g/ | ni ckel chloride

45g/ | mck%'oﬁqlféma@q d 400g/1 309/ |

bat h tenperature

4to 4.5 The sarre ﬁg?‘o‘fﬂo%q%tered ni cw I ayers as that of Exanple
1 were fornmed on both si deP ‘% &&e ground pl at the sanme manner as that
of Exanple 1. Wth regard t0 Ae“substrate in s case having the porous

|l ayer of sintered nickel tRygiuRf BRAISHatENe degkgg of the peeling- off of
the sintered nickel |ayer fromthgﬁ"rln ckel - pl at e?steel sheet having a

| arge number of holes as abghaenfepitédee Was evpd gt ed by the observation
with the naked eye based in the same manner as that of Exanple 1, to

t hereby eval uate the bondi pH strength of the sidtered nickel layer to the
ni ckel plated steel sheet. The results are shown in Table 1. (Exanples 5 to

7 A dlag| sagieaporays. rsm;@rﬁddnclwl fasiers am@fflixam driweresfosmed e et

oot DA EASER B ki e o i ol AN

Puriher . gheliBte BRI Eavth thd Bolod Hyel bt Ster nidler s Vrbfiba, the
degree of the peeling— off of the sintered nickel layer from the nickel—plated steel sheet
having a large number of holes as a ground plate was evaluated by the observation with
the naked eye based in the same manner as that 6f Example 1, to thereby evaluate the
bonding strength of the sintered nickel layer to the nickel plated steel sheet. The
results are shown in Table 2.
(Example 8) |

A nickel plating layer and a nickel— phosphorus plating layer were formed on
either sides of a steel sheet in the same manner as that of Example 5, and then a large
number of holes having small diameters were punched in the above mentioned plating
layers using a punching press (punching steel sheet). Further, porous layers of
sintered nickel were formed on both sides of the steel sheet in the same manner as that
of Example 1 to thereby prepare a substrate.

With regard to the substrate in this case having the porous layer of sintered
nickel thus prepared, the degree of the peeling— off of the sintered nickel layer from the
ground plate was evaluated by the observation by the naked eye in the same manner as
that of Example 1, to thereby evaluate the bonding strength of the sintered nickel layer
to the nickel plated steel sheet. The results are shown in Table 2.

(Example 9)



Iayef usi ng the same ni ckel - phosphorus plating bath in the same manner as
that of Exanple- 1. Thus, a ground plate was manufactured. [Sulfamc acid

bat h] ni ckel sul fam de 4009/ |

ni ckel chloride . 209/ boric acid

30g/1 - * A nickel %lating layep&f unu| muwyd fortletdadita sBedithleet as the same as
bath tenperature 0 C pH

4 that Tdfe Examplepdr hawng sa rthizkaessniof 180 1| my eisimgaa $ulfsmiof adick dbaph.e A

were formed on both sides of the ground plate in the sane manner as that

of Exanpl koronized thhyereyas érmed orhthes awdaceatfcthennickelsplated esteelvshest tyebyryingus
L B o ed W B B SRR | o b
w bt ne Rmmedtar® 08 6t ke foon iRt 8 2 o AOeeBROEA B0

t hereby e et oRdi h | Sﬁiﬁﬁ}l ' 1s -1 he
ni ckel plie@}e St eeﬁ%ge%h%ﬁgﬁiégggﬁgﬁer% &%hwgltcl n aﬁ@k?‘e k‘?%garsné)ﬁle&n&
A nickel ghaivaHon! fH4€rthe HicknBisC bE khd HOPRBAIU PyBt G4dsNSbduRYE e WET eThE'daRE ON
either sides of a steel sheet in the sane mannér as that of Exanple 5, and
then a | aglgarynasnihat obOExdraples] way apyliedinlthe dimeahsiner ae thatofEstaechlée 1 tohsne
above mentioned plating |layers using a punching press (punching steel

sheet) . Feide hafr thepboronszet asteels shefet,s and ¢he dnoistire | componehio wasddmed loff h Tiedes

of the steel sheet in the sane nanner as that .
boronized steel sheet coated with the slurry was heated for 30 minutes at the

temperature of 1150 ° C, in the mixed gas of 25% of hydrogen and 75% of nitrogen, and
thereafter cooled off. Thus, a substrate having a porous layer of sintered nickel formed
on one side thereof was obtained. With regard to the substrate thus produced, the
degree of the peeling— off of the sintered nickel layer from the steel sheet as a ground
plate was evaluated by the naked eye observation in the same manmer as that of
Example 1, thereby evaluating the bonding strength of the sintered nickel layer to the
steel sheet. The results are shown in Table 2. |
(Examples 10 to 14)

A nickel plating layer having the thicknéss as shown in Table 1 was formed on
a steel sheet having thickness of 60 £ m in which a large number of tiny holes were
formed (perforated steel sheet) using a sulfamic acid bath having a composition

mentioned below at the current density of 10 A/dm 2.

" [Sutfamic acid bath]
nickel sulfamide 400g/1
nickel chloride 20g/1
boric acid 30g/1
Sodium lauryl sulfate 0.5g/1
bath temperature 50° C
pH 4

A nickel- phosphorus plating layer was formed on the steel sheet using the
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of Exanple 1 to thereby prepare a substrate.. Wth regard to the
substrate in this case having .the porous |ayer of sintered nickel thus

prepared, the degree of the peeling-off of the sintered nickel layer from
the ground plate was eval uated by the observation by the naked eye in the

Same manneimesidkeR! pitispRraTistie bitd Aepe Jpaigle 10 Qs 8¢ Rl ARG 1

of the sintered nic | ayer to the nickel st ee
ar e shownhavingl dhitlmedses 4 xhowa én Table 1 were obtained. And then a mckel sl

- 12- A nickel plating |ayer of 4 [err] m was for me ona
st eel sheappliad to hkins theesamme tm?aneloas thedirgf IExafnpletiand thethoisture <onpénedd waar r |
m using a_sulfanic aci.d bat A boroni zed | ayer was fornmed on the surface
of the nidmed oy Xbe@reur@epla%qqe@ﬁe%ynﬂbuw slgnyneasSanteredm im they same | anhew ash
boron po [ nd t.h e sa hour at the tenperature of
950 C. Y\ﬁ‘at Rfeﬁ %Ség %%a‘m&j? BGERSARYEr Of oy erad mﬁk@

obser vat ot ukafd Goi 2 O ??Peeg"‘i%é’r%@?‘& il e S, M peb ol & Hh%n
The sane ghisréd nﬁ:‘kgf fsé?%re ?ﬁﬁ'ﬁnﬁhﬁ shelBSs Q?bﬁxf&iglﬁgbeb}ﬂg’ e%%ﬂ?ﬁeﬁaﬂ%ﬂ{e Rgkeghat

of Exanple 1 to on oroni zed sture
cormonent?mbgervaﬁbxpﬁﬁ .thé heank¥p mediing e chsStiRe! ofSEﬁﬁhgléoiﬂ Eleréby havfatiﬁuﬁ% Uthley
was heat for 30 mnutes at the tenperature of 11 C, in the mxed gas
of 25% of bandihgstrengih df The/sinterad mickgt tayen ol thdhsteehihent. cDd eekubisfare Bhogm a
substrate having a porous |ayer of sintered nickel forned on one side

t her eof wasl: thﬁ‘gi ned. Wth regard to the substrate thus produced, the
degree of ,the peell O{ﬁfé of .the sintered nickel layer fromthe steel
sheet as S-YRBAIAY %@@P d, &Yal uat ed by the naked eye observation in the

Same manner as tﬂa%ﬁgplagﬁgggy%%?thggrﬁxb&negggg%howg i EpRor 4 ag form E%tnh '

of the sintered
both sides of the steel sheet in the same manner as that of Example 1 using a sulfamic

acid bath as shown in Examples 5 to 7. But a nickel—phosphorus plating such as
carried out in the cases of Examples 1 to 8 was not formed. And then, a porous layer of
sintered nickel was formed in the same manner as that of Example 1. With regard to
the thus produced steel sheet having the porous layer of sintered nickel, the degree of
the peeling—off of the sintered nickel layer from the steel sheet was evaluated by the
naked eye observation based on the same standards as shown in the above Examples to
thereby evaluate the bonding strength of the sintered nickel layer to the steel sheet.
The results are shown in Table 2. |

(Comparative Examples 3, 4)

Nickel plating layers having thicknesses as shown in Table 1 Wefe formed on
both sides of the same perforated steel sheet as that of Examples 10 to 14 using the
same sulfamic acid bath as the aforementioned.  But a nickel— phosphorus plating such
as. carried out in Examples was not formed. And then, a porous layer of sintered nickel
was formed in the same manner as that of the Examples. With regard to the thus
produced steel sheet having the porous layer of sintered nickel, the degree of the
peeling— off of the sintered nickel layer from the steel sheet was evaluated by the naked

eye observation based on the same standards as shown in the above Examples, to
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steel sheet., The results are shown in Table 2. (Exanples 10 to 14)

A nickel plating | ayer having the thickness as shown in Table 1 was forned
on a steel sheet having thickness-of, 60 [err] min which a | arge nunber of
tiny holes were forned (perforated steel sheet) using a sulfamc acid bath

having a_ gReEeesevil@dte A HOANRE NI of thd)Sinfdred SRtkel BB it :
Aldnmerr]. [Sul fam ceaci dobg?%] ogth . ' qwri;:i cﬁgﬁéssul flasr}ﬁegsa

4009/ | The results are shown in Tabl¥ TkeAnd il thesd @esults are shown(dg/Table 2.

boric acid 309/ | ] ~ Sodi um | auryl
sulfate 0.5g/| As shown in Figure 1, since thbasubstretepbavngrthe ground plate5of the ]
c ) ) pH . .4 A

ni ckel - phBEQSABY inveption ihag excplentnbending stengih of thes sebered prpus davey tonthe

- 13- a ni ckel - osphorus _plating bath as that aof Example 1.
Thus.  t heZBRRtS| BraDE-l o Bl b e cstutered niub W¥es b scar ey datised
obt ai ned. k . jed to it in the same manner as
t hat of Ex@ggltéggﬂgﬁtgﬁ%%?@%%?%xggﬁ%gg%kms dried off. The ground

pl ate coa Wob adi r cﬁ‘lﬁ%}ge‘rf&ﬁ in the sane manner as that of
Exanpl e lf(?ﬁﬁere%ﬁégfgﬁth%iéln% a s stratggé%}zavi ng a porous |layer of sintered

nickel. Wth regamg &ibstrate ofBhaale 3t wds difpedulies ant ﬁtfue@ﬁgrs%ﬁlﬁbﬁl bhaickel
e

peel i ng-of f of the sintered nickel l'ayer fromthe ste sheet as a ground

pl at e wasnitvaié uaided rbgudedepressiad sy ¢hatbsickel anitrate is) impregnated. imbmthe pogoushat

of Exanple 1, thereby evaluating the bonding strength of the sintered

ni ckel | alayer obthensintared nickhk eAlterithaty tha aforemaensiongd\poreus layen of the sintered

(Corrpar al In}/ elE%(vggp tl'eea%edl n 31)1 aqueous solution of 25 weight % of sodium hydroxide so that
the nickel nitrate is made into nickel hydroxide. Thus, an electrode was obtained. An
electrode of the substrate according to Comparative Example 1 was 6btained in the same
manner.

The charging and dischaging characteristics obtained in a casé, where the
secondary battery electrode of the present invention was used as a positive electrode in
an aqueous solution of 6 normal of potassium hydroxide, was measured under a constant
current (discharging ratio:3C) using a nickel mesh as a counter electrode and a silver
chloride electrode as a reference electrode.

The measurement results obtained from one case where the electrode
comprising the substrate of Example 3 (the present invention) was used and from the
other case where fhe electrode comprising the substrate of Comparative Example 1
(conventional) was used are shown in Figure 2. As shown in Figure 2, the battery
using the electrode comprising the ground plate and the substrate of the present
invention was lttle polarized and showed an excellent charging and discharging
characteristics.

This is because the substrate of a éecondary bat’tery electrode of the present

invention has a porous layer having excellent bonding strength to a ground plate.
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Ni ckel plating |layers having a thickness as shown in Table 1 were fornmed on
both sides of the steel sheet in the sanme manner as that of Exanple 1 using
a sulfamc acid bath as shown in Exanples 5 to 7. But a nickel - phosphorus
plating such as carried out in the cases of Exanples 1 to 8 was not forned.

And then, a porous |ayer of ppssiBNgtYHEREE ﬂ@?Nbng‘H@Yi n the sanme manner
as that of Exanple 1. Wth regard to the thus produced steel sheet having

the porous | ayer Infthei substratt of aksdconddiy Bheere@l@trddeeofnaR) pRgenP itvedtiohhe
sintered njckel |ayer fromthe steel sheet was evaluated by the naked eye

obser vat i 81C® #sswtarad tpocousametal thas cenceldernd shondingnstirength eo &b gramBxmetdl qiatep
t hereby eval uate the bondi ng strength of the sintered nickel |ayer to the
steel shetie smigred noneysslayer deesRpt peelTefhezen whenothsasubstrate Bahjected 30 )
Ni ckel plati ng Iaxer haéi n(g t hi cknesses as shown in Table 1 were fornmed on
bot h si deSCGHEWEXSUAR 2D AFRYREt ed steel sheet as that of Exanples 10 to 14

i ckel - phosphor udl s oo (€ Aobl Bep: & e bREEAL RRGRon e 3 porons, eer
uc

And then, f@rardls tva¥shinefa Si gexnfa' r]‘?:gi t ; r
as that of the Exarygl es.mg\i’atl_ﬁ‘h@eggﬁ _to%rﬁen #ﬁ?éaft%?o re dsétﬁgcgﬁﬁgﬁgéer?m&
havi ng t hehesebguthel sifiered pofiustieyeachdadi etcellent! behdilgoseengh ﬂoh&legg@hha Platef f
of the sintered nickel layer fromthe steel sheet was eval uated by the
naked eyethshsmteretli porots dagyer odoes hmotspeat off everarwienathes lgooundi platehés abesrely
Examples, to . . - 14-

t her eby ei@ﬁl@dtsélchﬁéﬂbbﬂ%ﬂmg} strength of the sintered nickel |layer to the

steel sheet. 'The results are sho in Taple 1. And. all .these results are -
shown in Table > Purther, since fae GrRWA Plater? thecpresent; Myention: 1ssaheeh PaVIREA ng

e S ol At R e Y S BB Bi B
of the si E'ihférgﬂ S@ﬁéﬁ%ﬁﬁ% ed RIS HR At stEHEEE fo Y Brdudf pidtRSHeR g a

subj ected to
metal powder layer on the plating layer and sintering them and the sintered porous layer

does not peel off even when it is severely formed such as in bending.

Still further, since the ground plate of the present invention has a boronizing
layer, and a metal powder layer is formed on the boronizing layer and is sintered, the
sintered porous layer has excellent bonding strength to the ground plate even when it is
formed and the sintered porous layer does not peel off even when it is severely formed
such as in bending, similarly to the case where a nickel— phosphorus plating layer is
formed on the ground plate.

Since the ground metal plate is a punched steel sheet and is characterized in
that at least one side of the punched steel sheet is boronized, a layer of powdered metal
which is eutectically alloyed with boron is formed on it, a porous layer is formed by

'~ sintering at a temperature not less than the melting temperature of the eutectic alloy
and not more than those of the ground metal sheet and the powdered metal, and the
porous layer is bonded to the ground metal plate at the _same' time, the porous layer
formed by sintering the layer of powdered metal to the ground metal plate has excellent
bonding strength to the ground metal plate and the sintered porous layer does not peel

off even when it is severely formed such as in bending.
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(The eval uation of the- el ectrode performance). The substrate of
Exanpl e 3 was di pped into an aqueous solution of nickel nitrate under
reduced pressure so that nickel nitrate is inpregnated into the porous

| ayer of the sintered nickel. After that, the aforenentioned porous |ayer
of the sintered Stifllatthensitceche @drous layerdg pecditced by uintering nickel E@Wﬂéﬁar% of
sodi um hydroxjide so that the nickel nitrate is nade into nickel hydroxide.
Thus, an tiecdifusign hetweasbthe peraus leyer and the grountd plite is pvemotedebya tomeiting t o

Conmparativ anple 1 s.obtained.in the same nmanner. L The
char gi ng Fh8 %f’%&# dﬁ?ﬁqﬁﬂ“’éﬂ?a? iRW &elting temperptura sy the time of sinteyirg, dhe perous

of oot ?3{3?%9%1; b St %§ﬁ$ﬁ°f8ﬁ?%§$f%eﬁ§§‘#éﬁuﬂﬁfp%f aﬁ*ﬁ%ﬁﬁ%@w@s i ,siﬁigéri '
Toan no. aBOGCROReRRBE 3Eh g TEN seRtal Mt itheh B i bEinlls AoZsibe ek e
el ect r odepas excellent ,dﬁfh%i]{ff%tﬁl@]i? the 's8B4t itéxdalﬁib %@%}%ﬁ%l&&f@de‘“@@?ﬁon)

the el ectrode conprising the substrate of sent 1 nven

was used predefitr invedntion bidexcellemecortusich tdatstaiceciieitie contipts Akdlthe! dlectrolyte.
substrate of Conparative Exanple 1 (conventional) was used are shown in

Figure 2. As showill i furthiegurithe? eledtrodeataf etiye upresgnt hinventiont r isdeproduqedi Hyng
t he ground plate,and the, substrate of the present invention was little
pol ar i zedBPELEHBIG AnaACte: Ataterial BHar yh @l dihe afosementyoneg substrates for an

h teristjcs. Thi.s i et bst r at . a, d

e L kot oo, Sl s AL i v
I | ent i . . . .at e.

f}X(lzg- o eﬁ%ﬂgﬁp&lﬁéﬁﬁ Qg& }alstCBaI%lr%r &%a%c%l LITY OF USE I N | NDUSTRY
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In the substrate of a secondary battery el ect.rode of the present invention,
sihce a sintered porous netal has.excellent bonding strength to a ground
netal plate, the sintered porous |ayer does not peel off even when the
substrate is subjected to a severe work such as bendi ng. Al so,

si nce ‘t he Whab wedclpinnise of the present invention has a porous |ayer formed
on it by formng a netal powder |layer on its plating |ayer and sintering

t he sane, whereby the sintered porous |ayer has excellent bonding strength
to the ground plate, the sintered porous |ayer does not peel off even when

the ground pl at e ¥ s Asgxpupd njate dora substrate 0f 4 secondary rhttery electrode whereines |
[ th d pl.ate.of the,. [ ti ' t ' |
nunber of 13GT SE IR B PR RPIG Ioveh Blh BRe0Fa A Sheet B taoheg at et

the sinte d xcel I ent bonding strength to the ground
pl ate aftéﬁ%ngarg@ngféﬁngegrg%g\?Uer | ayer on the plating | ayer and sintering

them and the sintger %dgﬂﬂha%t%gléﬁﬁg SQBgfatQQﬁ apgéé'%)flﬁ }ﬁm:yegé%ﬂrohé Wrein a

severely forned such as in-be _ [T furt since e
ground pl aickeblaythis formeéat 1da8y 61 ton@ sidenst 2 sieel SHécting d RYEF of Akthl havRigad
powder |ayer is formed on the boronizing layer and is sintered, the

si nt er ed peltgpoiat lowedrdbareidae lof sait nicketl laygr & foemgd lontsaid mekelrlayerd pl at e
even when it ‘is forned and the sintered porous layer does not peel off even
when it is severdty# growl plats oh<laim bedrd? nwhereinvishidr mgtal dayéreisc asleyerhef e
a ni ckel - osphorus plating layer is formed on the ground pl ate.

Si nce then§£SGHQKFEW§B&pIate Is a punched steel sheet and is characterized
in that at |east ,on | de of .t he punghed steel sheet .is boronjzed, .a |l.ayer
of powdered net al4' V\ﬁ\ g’iﬁ’“f‘@ piﬂ?? 2%11 ?ﬂﬁ%ﬁg@gﬁggo&fw bﬁ%f"‘ ne}%g{rpgq TSR 4 ¢t |
a porous }axatzelSaderi ¥ 221848 loh efsg%é‘ofae%%{ @gsge not less than the

nmelting tenperature of the eutectic a and not nore than those of the

ground netal sheet angrouhi@ pRAWAs £QubStiat of ANgbcbi®irP Yaftisy LREEbdS %véiégélﬂeéj

to the ground netal plate at the sane tine, the porous |dyer forned by
si nt eri ngnickel laygeis dormpaivdie leadt Rt are tidet dfea Gtesl nshesbiandll abatdidedSlayer is
excel |l ent _bonding strength to the ground netal plate and the sintered
porous | ajeemedswssarbnickelclayest f even when it is severely formed such as in
bendi ng.

6. A ground plate of any of claims 1 to 5 wherein é:?ld ground plate has a
large number of holes having small diameters.

7. A produéing method of a ground plate for a substrate of a secondary
battery electrode wherein a layer of metal having a melting point lower than that of a
steel sheet having a large number of holes having small diameters is formed at least on
one side of said steel sheet.

8. A producing method of a ground plate for a substrate of a secondary
battery electrode wherein a nickel layer is formed at least on one side of a steel sheet
having a large number of holes having a small diameter and a layer of metal having a
melting point lower than that of said nickel layer is formed on said nickel layer.

9. A producing method of a ground plate for a substrate of a secondary
battery electrode wherein a nickel layer is formed at least on one side of a steel sheet
having a large number of holes having small diameters and a boronized layer is formed
on said nickel layer.

10. A producing method of a ground plate of claim 7 or 8 wherein said metal
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Still -further, since the porous layer is produced by sintering nickel
powder and the diffusion between the porous |ayer and the ground plate is
pronoted by the nelting of a |ayer-of metal with a |ow nelting tenperature
at the tine of sintering, the porous |ayer has excellent bonding strength
to the gr dayed iph aickehrphdsprorus alley &Fepor ous | ayer does not peel off even
when it is severely formed such as in bending. Al so, since nickel has
excel | ent durabi 11l y At substtate for 4 lsecondinst battery dlectratecwhel@iny almirbes Yayer i is
el ectrode of the present invention has excellent corrosion resistance when
it cont acfermaden sa@gm@@tnlaﬂe;af@ny of claims 1to&.1| further, the el ectrode of

the present inve S, prodyced by i gnating an actlve material,into

any of the aforeﬁ@nt :‘lb 'é‘?fe?ﬁ%g?rr ét%ﬁoﬂ‘g?y S’Fﬁelan ade of gham; kb @@é@ﬁd%ﬂl@'

3?;%?9?%‘){%}?%%& éﬁ)&({q%ggbg s1nten3g LY ]_:t)dvg ershows excel l ent chargi ng and
13. A producing method of a substrate for a secondary battery electrode

wherein a layer of powdered metal having a melting point higher than that of said metal
layer, is formed on the ground plate of any of claims 1 to'6, then a porous layer is
formed by heating said layer of powdered metal at a temperature not less than the
melting temperature of said metal layer and less than the melting temperature of said
steel sheet and said powdered metal, sintering said powdered metal, and bonding said
porous layer to said ground plate at the same time.

14. A producing method of a substrate for a secondary battery wherein a
layer of powdered metal which is eutectically alloyed with boron is formed on the ground
plate of claim 4 or 5, then a porous layer is formed by heating said layer of powdered
metal at a témperature not less than the melting point of said eutectic alloy and less
than the melting points of said steel sheet and said powdered metal, sintering said
powdered metal, and bonding said porous layer to said ground plate at the same time.

15. A secandary battery electrode wherein an active material is impregnated
into the substrate for an electrode of claim 11 or 12.

16. A secondary battery using the secondary battery electrode of claim 15.

— 19 —



-17 - . VWhat we claimis - 1. .Aground plate for a substrate
of “a secondary battery el ectrode wherein a layer of nmetal having a nelting
point lower than that of a steel sheet is formed at |east on one side of
sai d steel” sheet. 2. A ground plate for a substrate of a

secondary battery el ectrode whapsiTRAC m—qez\e Is formed at | east on
one side of a steel sheet and a Iayer of neta aving a nelting point |ower
than that of sai dli phesent éwentibs prevideda @abstaite for & kRbond@Y$ battery electrod§

A ground ptate of claim1 or 2 wherein said netal layer is a |layeéer of

ni ckel - pihevipgexgellent bonding strength gf olsndenddqioeoﬁsnmeaal&u ks groahd métabplate so
secondary battery el ectrode wherein a boronized layer is fornmed at | east on
one si de’ dhatathesintered petous metal does mot peel nﬁuﬁumnmhatgound metaluplater when ghe a

secondary b ttery eI ectrode wherein kel yer is formed, at | east on
one side éflg 3 seeqndany battery S%CE'Q Ilayfé’ﬁeﬁl U gpeheliregninga @ cilindagal

| ayer. 6. A ground plate of any of clains 1 to 5 wherein said
ground pl g?teteWas a |l arge nunber of hol es having snall dianeters.

7. A produci ng mepaghiOhuBod, QUAE-Rlf Hh&al Rivirdk ?Hﬁ?ﬁﬁfﬁ&nﬂoﬁeﬁﬁ&ﬁ BERTOf the
ground plate is formed at least on one side of the ground plate, and a porous layer is
formed by forming a layer of powdered metal having a melting point higher than that of
the layer of metal on the layer of metal and sintering the powdered metal at a
temperature not less than the melting temperature of the layer of metal and not more
than those of the ground plate and the powdered metal. Also, at least one side of the
ground plate is boronized, and a porous layer is formed by forming a layer of powdered
metal which is eutectically alloyed with boron on the boronized layer, and by sintering
the powdered eutectic alloy at a temperature not less than the melting point of the
eutectic alloy and not less than that of the ground plate and the powdered eutectic alloy.
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battery el ectrode wherein a |ayer of netal having a nmelting point |ower
than that of a steel sheet having. a | arge nunber of hol es having smal
dianeters is fornmed at | east on one side of said steel sheet. 8. A
produci ng ‘net hod of a ground plate for a substrate of a secondary battery
el ectrode wherein a nickel layer is formed at | east on one side of a steel
sheet having a | arge nunber of holes having a small dianeter and a | ayer of
nmetal having a nelting point |ower than tha said nickel |ayer is fornmed
on sai d nickel |ayer. ’ 9. A producing nethod of a ground plate for
a substrate of a secondary battery el ectrode wherein a nickel layer is
fornmed at | east on one side of a steel sheet having a | arge nunber of holes
having smal| diameters and a boronized |ayer is fornmed on said nickel

| ayer. 10. A producing nethod of a ground plate of claim?7 or 8
wherein said netal - 18-

| ayer is a nickel- phosphorus alloy |ayer. 11. A substrate for a
secondary battery el ectrode wherein a porous |ayer is formed on said ground
plate of any of clainms 1 to 6. ) 12. A substrate for a secondary
battery el ectrode of clain1ﬂ19mhbrein said porous layer is produced by
sintering nickel powder. 13. A produci ng nethod of a substrate

for a secondary battery el ectrode wherein a |ayer of powdered metal having
a nelting point higher than that of said netal l.ayer, is fornmed on the
ground plate of any of clains 1 to 6, then a porous layer is formed by
heating said | ayer of powdered netal at a tenperature not |less than the
melting tenperature of said nmetal |layer and |l ess than the nelting
tenperature of said steel sheet and said powdered netal, sintering sajd
powdered netal, and bonding said porous |ayer to said ground plate at the

sane tinme. —14 A producing nethod of a substrate for a secondary
battery wherein agjdiay&l nefaipowdefed netal which is ically alloyed
with boron is forned on the ground

sintered metal

ground pléte .
. ground plate

(E{? Ni plated substrate : (t)) Ni/Ni-P plated substrate

poor bonding strength . ' ) good bonding strength
(peel-off occurs) ~ (peel-off does not occur)



platé_of claim4 or 5, then a porous layer is formed by heating said | ayer
of powdered netal at a tenperature not |less than the nelting point of said
eutectic alloy and |l ess than the nelting points of said steel sheet and
said powdered netal, S|nter|ng sai d powdered netal, and bonding said porous
| ayer ‘to said ground plate at the sane tine. 15. A secandary
battery el ectrode wherein an active naterlal is inpregnated into the

substrate for an el ectrode of claim 11l or ) 16.- A secondary
battery usi ng t he secondary battery el ectrodg{ cl ai m 15.
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