. ; e3ef c: X6 TDMr Q00002* SPECI FI CATION N PLATED STEEL SHEET FOR POSI Tl VE
EL ECTRODE CAN ,ALKALINE MANGANESE BATTERY AND POSI Tl VE ELECTRODE CAN CF 5

ALKALI NE MANGR E BATTERY Field of the Invention The present rﬂﬁf &gp
relates t teel sheet material_ysed for a positive electro can
for an 1omwmﬁﬂ“ ﬂ ganese battery and, ‘nmore particularly, to a plated
steel she and a positive electrode can for an al kal i ne manganese

battery capabl e of inproving the balgbetraitamaeneri stics and the corrosion
resi stance of an al kal i ne manganese battery. 15 Background of the Invention
In an al kal i ne nmanganese battery, a N -plated steel sheet is generally used
as the material far paaceDt STREL SE@EWITWR @bGQHUWQBELE@EHMBEﬂCAwHﬂﬁed for
filling a 20 % 1 [ B I i ' i |, an
el ectrolyte s O cime . e s

term nal3 Cbnventlonally, N ALEALT i1 -rrrSmeBA- nEw by socalled barr el
plating nmethod in which plating is 25 perforned after the can has been
formed. As this nmethod has problens such as insufficient adherence of the
Ni plating | aféeldoofhshendaveation: f ace of the can, or instability in the

quality of the pla&hegp&é%@ht hhvb%tﬁ%hn&eﬁ%Rb%CQ@ @ypaaaﬁd“ytéén.whlch a
pre-plated ste 30 sheet, iis processed intq the f a can. However,

this nethod u§§ﬁ&t MGLEL fPdt BGesk dOF ShEesdyey) Q§ﬁﬂqﬂﬂQQﬁ|QPQIﬁﬁ as
the Ni y0ati nglka)tenehaanlglagbsbatodmm‘yara@hdl owoax mﬂildultamlyt,he:o a

pre-pl at ed ste sheet h Qar, rka lit d the p | ayer
tends to be 3§ 55§r3%88§ Beﬁﬁ %ﬁ 56 %n FY@&&HH& Fﬁ' g?ﬁFﬂb on in
corrosion resisraaoealkalanéemahgamesel%at&mry [ragialbdn df netyadr iingy known

i n which heat e i f.ar f i I n I

Fe-Ni d|ffu5|ohglg§g§gEX %Raracter?ggégggg%ggn%%hcg ﬂ% %e qﬁ%%?‘éhd t he
iron substrat@fs@na§l$él#ﬁﬁr@@@Qﬁﬁés@l@@ét@dﬂerence of the N| pl ati ng | ayer
as wellyms to inprove the 5 extensibility of the N platin
recrystallization and softening of Ni. This has led to a s%mmﬂmmmummmmw

i nprovenent oP3FKETAPESs OfiotkEDIFPVERtARE corrosion resistance. d@sor der to

attain high capaCIun af aﬂkaﬂkﬁblm%nbﬁn@%@9®@Q&%r@th€Nﬁ pﬂaaea @wwélred to
i ncrease the c nt of man n

di d t it
this leads to° |n&?egggeFﬁﬁggngﬁgboéés%gkaﬁ@ggﬁﬁéitnghé ﬁﬁﬁ?ﬁ%&ﬁﬁw cal
conductivity QPOBEMQaaeséedmmmdéecamsthlchsla m@e@témme&suﬂamgaaconduct|ve

i L dormehoRn.hle L3ekat8uanh 3Urhane of Hieoags Uike gl T ode can.
Wth suc al'iné manganese batt al't ho t he contact resi stance is
initially Iommaﬁﬁéléémté@teﬁ@§¢§9éﬁ@@ ﬁ@éﬁé&@@s edgi-dl y@ngf wdyichr disonged

storage at hlgmsbeaaeaabgra,pbga@hoa kA cdegdbadatie@mitfait.ne battery 20
characteristi venments in the above-nentioned battery

characterlstlggnVFPBgEPﬁilgvdglopgﬁﬁén§t &5 bred; PrEfer™ed HYd SO pri or

art, are foundaﬂmeﬂhba&@bﬂopﬂaglpgtmnthpdbhmcahu@msplbmlh@pamESe Unexam ned
Patent Publ i, i ( ) 4 or, nple | osed

t hat, azzénatek) g?to% glrngFQEr%%wtnN% S ?f ?lr%%n?’ﬁgfn fé’?é‘% at |Ar?g tshuc'%n%gzﬁvm%lsjl d
prodyce crackbaBnPNbbéEmS|ﬁgchaygrl@ﬁuﬁﬁgcnhatp@dhagﬂmqy|Q§ gffeedtii ve in
causing the s EB%Eﬁgaﬁﬁ e&”t%o@hécﬁnwﬁkg Hh%uEQ%b%'%% ghhecidagde ;30 materi al
to be increas racks produce urin processi ng And permtting
the battery chaﬁaébé##§v|é§ FaebQU9Hé¢yb9f| ﬁo@éetlvarﬁ@a§rexaﬁpu@s of

hard plating Bé&n%hQé@l%@éH @ H‘mﬂkﬂbﬁngnc%ﬂh@hﬂhn@r%L@@%%%da@Qb%uVes the
35 diffusion | ayer, and

aforengﬂéloned g gtlng ag vi,a a Fe- él
li ke, menfP§REA LS| RT Eﬁéﬁggelﬁﬁgxa né&rﬁapénﬁ BEBI*i c ZOMEY SEoERLF Nos.
07122246 and ﬂét366695;n@DaQ@kél@Z&tedrsthellBheetahmethddo a—p&obﬂ@m

ensuring suff ta h _t Si ct t I form ng
a very hard ahﬁogﬂ%suc %hﬁrﬁé l%%égﬁ 1%N£%S 3% %%)hg?d ﬁ% Fgéer on
the top Iayerl@Urﬁé§§@ﬁdbnél¢U,théelnﬁerpéatﬁdcéteﬁlaspsgmtmwa Boglrect r ode
can and produgl-agsciackapikhe aBliakhaoghBkehgtublBe REGHS WO Kieng, 1S

di scl osed. Al so in Japanese Unexam ned Batent i cation (Kokal) No.

08- 138636, a ﬁﬁ?ﬁéét?érdPﬁéP§a§PﬁgPFﬁée§§ﬂﬂace1§ﬁéan9nt@oﬁ@é@FlW¢ﬁﬁlPﬁe

positive el ecinoderiBkebhakeandthiieeeby thmpraeirngot Rasba veathaky
characteristics kzgdlsclose in whkch Sn.,and_Ni ~are plated as dual plating

| ayer, in thi B¥BP4ER, BnPE&tECd: d&| §H¥€t1§th&F§pB§PﬁgtFﬁétBP§Flﬁ& | ayer
converted into an alloy layer by heat treatnent so as to serve as an
internal surface of the positive electrode can so that 15 surface cracks
are produced during press working due to the difference of extensibility
bet ween the upper | ayer being conposed mainly of Ni and the | ower |ayer
bei ng conposed mainly of Sn. In Japanese Unexani ned Patent Publication
(Kokai ) No. 09 306439 a nethod |s dlsclosed 20 |n mhlch an N| aIon
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., 10"solution. A N based diffusion plating layer refers to a layer in which
Ni based plating such as Ni plating(bright, sem-bright, dull), N-Co alloy
plating, Ni-Fe alloy plating is applied, followed by heat treatnment to
convert 15 a part or all of the NI based plating layer into a diffusion
layer. It is surmsed that, if strain has been introduced into the plating
[ayer during plating process, many sub-m cron pinholes are forned when

di ffusion takgsrpbased attbe h@aFlhrteat;mat f@rrﬂﬁ%s$‘e—$ﬂe@1fﬂf®smh0ds 20
for |ntrodu0|? strain nclug Eggp S\;%Aag"e at hlr#ra
current densi 3 Y&Ft Afnt ﬁ'elln ﬁﬁéaf:ﬁa e&n i ¢ % 2 Y5t

deposit, platthg apphl edbat-rexier eoelg ttowmlpa'tolweg téfef icdiosec adheatenexeanpl e,
usi ng pIating a d),, t i K I desirable in
order to obtaf ICH &gapﬁ tli?ﬁger Fgﬁélrlfa)r‘?gewt%he}t Ié;éuh:ochrp(#no‘)ﬁ r‘fﬁ' es have, as
observed by SEMtedsabetlertyobethe~Ni yilat izugd l@ryerprbe'sent at density of 30
pcs/ (10 ~mx Iy i C ctly
recogni zed i nlpgﬁ }r%aéﬁoggﬁs’é"@?&agﬁéong@e‘fﬁ;{%g:tolfg‘;t]ﬂ of E@?&O%%ﬁgqe@ ek
constructive PégoiféRents iBProNemsnts afe ther PESSEN WOk akd ldt Yeranst nal
surface of a @gsl_rblsggneg_-ggtlrsegac@an wi || be described below As the

i nfl uence of an external, surface of a _positive electrode c i.s. 35
negligibly small adPr8§9eds trnBr&PdReRt g‘f CRRR It é'rnya@héﬁ%(,atle‘ﬂesti cs

whi ch 10 t he abhgahesk bhetprgsedt is r@qt_mnweﬁb dncridasd aleowiontent
requirement s gre,ngt RALE GUlakK qHUchY [33.1a00 343,001 Y AAG At tery
characteristi cs are?concer sirnce nore stringent and h|

corrosi on resileadacsoi ant ypicealasy E'lnr @qmtta@d: fr@smtaemeerdmai tsllrtﬂ’@celom a
positive el ec ; p hi

requi r enent WEFLQE{%J:E gs}cregquag%%ték’g\l/%vyogf i (?%gllelrs%% at the suérfacSAe to be
used as an exfBefAEnteymMeassrieay @ §0Péuﬂltlcref ff&énbrirsmf&mmgl logydheni th a Ni

platingdayer jgRelBatoBuakl o 'Eh't%ep?b@lt S v@0 @ R @ esiysittance to be
obtained for the term nal _portion of ositive el ectrode which is

subj ected to F4Fhi &dl éﬁwls@@eﬂ@nﬁ%@é?s%t%ﬂe aditdosyadp tyie (GenFaGk of
EOF rosion rfelsr&ba@eenctehesaaa\ieimw Q& N:hepb@tnlﬂla@:ﬂ ayeridtantle sof tened
y recrystalli,zation nt i one at ayer ha conposite
ol it e my BEPARRE) TR L ATEEE By aReRd AECT AR Ao PR ch_an
Fe-Ni diffusi aempayetuire,f demed nign ta plergma@rataforaolﬁ thleatbatg-elrayer by heat
treatmeyy aft 1 i such that NN is 20 left as it is in the

upper nost | ay gkayﬂgme%telsrs&ggesl sheet material for the Ni plated steel sheet
for a positive el eB¥P8@pdegarif GRPZRVEMeaItisn d MdhGa sy epaarngryengd t he

present invenbia@Rery tharla@wesdsRaesst e@othwé Bicand M nrddadaal ameedr in
25 conbi nati on, | ow arb n . Al ki,lled s:te Eadded I(%gﬁciqr steel, or
AFeat &

the like, nmay™B&eprt JuSEFOTTRE P%ositive
el ect rode canphaenan palbla.aldalte.dmngarIasealpasmteesrey mn‘exdne.rmdemﬁenmventl on
can be nuf a I egr i:ng,and Haci pi St heet s

fol | owed by N:‘\'ph%llg"? Flr‘%og‘p K%%(%’lq N% Ogst ggloeaghegié l§J |en%a%l\][ Ie'Lgét |ln%g bat h
with current déssilogesdjtisited atSoH@tttea‘llrﬁlla fgiratiIngiviealiand emdddgiandag,

thickness, angahy $4REHY RS IN% S LRERI1 S BeRfaudld @ doidl 1170 NI QARSI P heat
treatnment in an oxygen-free 35 atnospheré at about 800C. In N, plating, it

i s desirabl e £§Y8<e MIFRG: ithe BEOFeSsS G is &hteg &S &neﬁa?s&rngc Fhgse high
gurrent densi Ts)ﬂrf‘&ictehla&efahﬁnr@:wgafcl‘taWJ.th tha pdme.s;m eg.le\tﬁrfdd%e to a

ur nt osi t rder. tQJ ntroduce strain int
Pr ef erg% tg‘rar‘ﬁeerrlragl |t|°n§’e| sLnS%F %rer% er rg:trhectkh rea rredql% na?s
required. 5 Byhabwecmﬁtun@n@@dh@@trmrtéammmhe éDaMteGﬁYf mmﬂm@’w@
formed betweent g s.th%efle b rre%%)r@wzdt he vl alduRo dxafiyie s2RHE @;aﬁd“i:l% i e,

sub-m cron pinholes are in the NI plating | ayer and/or di f fdsi on
| ayer. Using Pr&sSEOWSENCAs a8 B pleddngr conteamdmey Of(ga;i‘rlé’ss a positive

el ectrode canaldaitdweal, kelmenememaen@i Al 19fg ta%lﬁreQiSQﬂlta ian\FRNion
can be pbtai n:éd fromt h Iat%s gg_ sheet thus th ai a shapi ng
and forfiing p &Cfés@lofS &?ﬁﬂ ke BESPIeOE LRE fa cat ed
starting fromarpameaen@alw@nﬁllnreﬂl Patlen tCPUH] iart i q®okaiini Mpssupdr- | ow
carbon) steel sh s as S t I and
after degrea5|l%gngltr?d%ag?(9% :‘;’?IQIGQS %@0 9:%]@1%‘;5[}2@ z}attlii‘hagq&g(s g%pl?t{e% under
varied plating condition in 2 passes of down-pass and up-pass in a vertical
plating cell, followed by heat treatnent in an oxygen free atnosphere under
varied heat treatnent conditions, and then by tenper rolling, to obtain
sanpl es 25 used in Exanples. Plating conditions such as type of plating
bath, current density, plated anount of N plating, etc., and conditions
for the heat treatrrent after pl atlng are as shown in TabIe 1. For

o I r P T o o . R I Y, | o I N 1



., - 14 surface of the positive electrode term nal facing upwards. After
testing for 3 hours, the positive el ectrode can was renoved fromthe
tester, and after being washed with water and dried, was inspected for the
5 presence or absence of red rust. No rust was evaluated as "0", and
occurrence of rust was evaluated as "X'. The result is shown in Table 1. As
is evident from Table 1, good characteristics were obtained with the 10

Exanpl es of therpegsepinynyeptienentabbatdcReqtkh QheDQBEQEE%@CG eval uation
Condi ti on of Sﬁ%face toBattergibﬁéoglonCDrrOS|onbe us
t

"nternal per f of ENEEPSS; BRERED HEBLRE! SeuBrY: REZAn ALl PEana e o ARUMDer
ofsurfaceextemnghofSugshgramﬁmmfacesuofpmeannboﬂayéaesblehb ﬁbeiaybExanple
1As Fig. 21200~=02As % aratlve As

Sloxexaimt o 00T RatRebeEno Ed EhanirTeE St RREoaRY e Rk A%e i des a

pl ated $teel sheetrasedcénrandppsptivéngl ecbhcideivanhkoplaniakkabyee
manganese bat o, eI t for ganese
battery mhere§§£¥%§ Erng éb}k §§d88g8é8?P85|0%§%Paﬁlng P§9§?gon t he
surface to beUGGEGmageénPah@@tnaubémﬁﬁéé@noﬂKPhéldaNO sG8h 18848 bmany

sub-m cron p'ﬁ@@h@é a6e EH&BBQ59Hgt€ﬁeSHGEQS@e geed QﬂtE%h¥a%Qa&§Eher'5t'Cs
can be obtained and, while elimnating the problens associated wth the

prior art batFE?yPoéthBelﬁ%?§5§@dﬁnm€6ﬁFéé PBY| §hgRERYC ARPEEVEPEY EREed
even afiter bebﬂﬁt§f9rGHaQécBéﬁhstQHﬁeﬁétd&gcﬂaéea Langhpehi 88 and- Ni5

CLAI M5 what is clagng % ﬁﬁ g at ed_st eel % t used for a positive
el ectrode can?f6rPaf §Fk3F| ga ﬁga &8 8¥?5ryln5 iSr RECEFiF283tPn3t hat a
N - based diffsseeh phaeetngndagéspbainggtpenpdbedingf ldyaretenveatedr eat er
than 1 ~, mon. r i h f e, st heet to be
used as an in é?ﬁa?Hsé? ¥ §a¥8§”§9 RQaE %rggE&gﬁ%dgstégltghgg% ésg for a
positive 10 edRcinbdenginspsfaan aﬁkahenQOﬁmnganegéebarpdeyca@cspdmhgtto
clai m ks vher ghpe38bdcPheRS! g2cnBY6a.88a0BAEKE 9£S§EWBrQ'ﬁ§egg@ k8 the

range of 0.1 ~ ~.mand are gresen density ess t
~.mx 10 ~ n)thg dAf feEERESSP ePX§ﬁé§%baééanBﬁtaesasFbﬁvéppgre#é&?rode can

for an a|ka|lBélﬂgngampéQeBathﬁYyaQEONdlBGdtQh§|4bWb¥ Qayar B@thln on
the surface of said steel ? % sg as _an ﬁxterna gu% ace of the
can, a FeNi dfPfESPSA BRAPIHg® §8r ahtt 22RPPBFSt PRE*PEYEP%aF8tfBFned. 20
4. A plated sPeblishEean$§dkamo Hopo§PtB0648bectr méehodn ikodianlakledl i ne
manganese batter oL di a I ayer on the
surfacg%of sa%g %ngﬁ éﬂegg %glég hﬂh 1n§h§%§ggté?§éggsur ggggg% t he can
has been sof teasdnegsescyvyshan| that pdéating dayarpasi fovaed svchodsatan for

an al kal i ne ”Eﬂga?ﬁéngéti§§¥r EBaBéCEQEHZQQr'@hEhQBtEQﬁa@0§hEE¥@eeb?CtrOde
can i s conposed of a steé heet having a N based diffusion plating |ayer

with pinhol es® FaﬂlaﬁétEthﬁF BPEQP%FSthﬁrllnﬁFSﬁsﬂﬁé sher §8EER6RMed on
the 30 surfacgoofhhbessbeethaherternabesuggdcaso@nai ahar dakiaur paeesof the

I d f Ik | b
;220rd3ﬁ3 ng%%gﬁﬁPg,g&%égegﬂcgﬁPﬁgg ﬁﬁggeg 8hg$ﬁ§g§g§gﬁagﬁ82%keas observed

by SEM have 3podiamneeecelentrbdermagerdhl. 1As an-~emeapdaayemptbsdnfoat -
16 density n n ( it ctrode
can for an aI f#%gan%ﬁéaﬁgggﬂggé ég aﬁlé%%%?n ﬁ%gléﬁ ﬁn?§§ bé?ymhg

sai d p05|t|vetBPeéVP@d@rcéheoPmaubﬁtPéryhﬁsmééﬁéo§@db§faé19Y§ﬁeHPt§h§ét

having a Fe- hbrdvﬁty§h@ntﬁéa5m89nhaweraandrgathpbauh@gvbay@é formed on the
surface of sai.d steel .Shee e used as an external,L surface of the can.

8. A poditivediPELPFBde c%isPorlHnJéPESFFﬁeUHﬁHGEHE§Q Batedty according to
claim?7, wherpublibethNonlQxrpkatngokayeo-on2tbe auafaceisbsgai dasteel sheet

e A e ?S?ﬂigﬁigﬁ‘fagbiamf

(GHm| k| is formed, or Ni-Co alloy plating is applied via a Ni

d Z
Lea e cnep R LR ER cpbcebichsporiggbot bl crheal cabig) oo call
| QR} xs®i3d_Z] célea] espe Pca¥@apéaPEQFda}§ana]EéP&épéaFéaPﬁaFéa}aa]écha]ca]
Ca]Ca]Ca]Ca]C?lééLC@LEQIH?]SﬁhCQ]GéL9akin§T§9h aézg#ﬁé(QMQQQL}}kxéﬁéé{ |}

xsni d_Z] ca] ca]calcalcalcaJcalc ca] ca]calca ca]ca ca ca]ca ca ca]ca]ca]c
a]ca]ca]ca]cafeaf€a}€a}@3f€3fc§%€aan ace prght the PPE& WE2G2 298594855
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LLLLLLmvuvaM we | ga\ W ] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
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10%&' ()- 4 3 PRy -layer 1%%&“(‘; PJZF%S TORE¥YS ang élo%?i()flaes 10%&' ()-
ALLLLLLDB| ] >5sddfglhess is thereby formed so as to improve the contact

with the positive electrode material, to thereby improve
the battery performance. Also in Japanese Unexamined
Patent Publication (Kokai) Nos. 11-329377 and 11-329378,
a method is disclosed to utilize a Ni-Bi alloy plating

15 layer and a Ni-In alloy plating layer, respectively, to
improve the alkali resistance of the aforementioned Ni-Sn
alloy plating layer having low alkali resistance, to
thereby improve the battery performance.

The various methods in prior art as described above

20 all aim to form a very fine roughness on the internal
surface of a can during press working, and to this end, a
steel sheet having a hard plating layer formed thereon is
mainly used to produce fine cracks in the plating layer
during press working. However, there is a problem

25 associated with the concept of producing cracks in the
plating layer during press working that production of
cracks in the plating layer varies depending upon the
variation of the condition of the press working, and
therefore, stable battery characteristics cannot be

30 obtained.

In order to overcome the above-described problem, a
method is disclosed in WO 97/44835 for increasing the
close adherence to the positive electrode material by
applying an electrolytic treatment in acidic solution

35 after Ni plating and thereby roughening the surface.
Also in Japanese Unexamined Patent Publication (Kokai)
No. 2000-192281, a method is disclosed in which, after
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10%& ()- 41 3pl@¥&nlQ) 1adbr3 0% rined 4b Dbk (9 suh D Wefdng dahy
10%/ () - 4JNKNLNWqultsMgwrdgéygheré%ﬁ& (however, these methods
5 require equipment for treatment in an acidic solution,
and are therefore undesirable in terms of cost.

It is an object of the present invention to overcome
the above-described problems and to provide a plated
steel sheet material to be used as a positive electrode

10 can for an alkaline manganese battery and a positive
electrode can for an alkaline manganese battery having
good battery characteristics.

Disclosure of the Invention
15 The present invention can be summarized as follows:

(1) A Ni plated steel sheet to be used for a
positive electrode can for an alkaline manganese battery,
characterized in that a Ni based diffusion plating layer
having pinholes of diameter not greater than 1 um on its

20 surface is formed on the surface of the steel sheet to be
used as an internal surface of the can.

(2) A plated steel sheet to be used for a positive
electrode can for an alkaline manganese battery according
to (1), characterized in that the above-mentioned

25 pinholes as observed by SEM are present at density not

less than 30 pcs/(10 pum x 10 um) in diameter in the range

of 0.1 ~ 1 um.

(3) A plated steel sheet to be used for a positive
electrode can for an alkaline manganese battery according
30 to (1) or (2), characterized in that a Fe-Ni diffusion
plating layer and a Ni plating layer are formed on the
surface of said steel sheet to be used as an external
surface of the can.
(4) A plated steel sheet to be used for a positive
35 electrode can for an alkaline manganese battery according
to (3), characterized in that the Ni plating layer, on
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5 manganese battery, characterized in that the positive
electrode can is composed of a steel sheet, with a Ni

based diffusion plating layer having pinholes of diameter
not greater than 1 um formed on the surface, to be used

as an internal surface of the can.

10 (6) A positive electrode can for an alkaline
manganese battery according to (5), characterized in that
said pinholes on the steel sheet as observed by SEM are

present at density not less than 30 pcs/ (10 pum x 10 um)

and in diameter in the range of 0.1 ~ 1 um.

15 (7) A positive electrode can for an alkaline
manganese battery according to (5) or (6), characterized
in that the said positive electrode can of the battery is
composed of a steel sheet, having a Fe-Ni diffusion
plating layer and a Ni plating layer formed on the

20 surface, to be used as an external surface of the can.

(8) A positive electrode can for an alkaline
manganese battery according to (7), characterized in that
the Ni plating layer on the surface to be used as an
external surface of said positive electrode can of the

25 battery has been softened by recrystallization.

Brief Description of the Drawings
Fig. 1 is a SEM photograph (x 1000) showing a

surface of a Ni plated steel sheet having many sub-micron
30 sized pinholes according to the present invention;

Fig. 2 is a SEM photograph (x 5000) showing a
surface of a Ni plated steel sheet having many sub-micron
sized pinholes according to the present invention; and

Fig. 3 is a SEM photograph (x 5000) showing a

35 surface of a Ni plated steel sheet according to a prior
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First, constructive requirements of the surface of a

5 steel sheet corresponding to the internal surface of a
positive electrode can for an alkaline manganese battery
in accordance with the present invention will be
described. A Ni based diffusion plating layer is formed
on the surface to be used as an internal surface of the

10 can, and it is required the surface of the plating layer
have many pinholes of diameter not greater than 1 um
(hereinafter referred to as sub-micron pinholes).
Examples of SEM (Scanning Electron Microscope) photograph
of the steel sheet surface having a plating layer

15 containing submicron pinholes are shown in Figs. 1 and 2.

Magnification is x1000 in Fig. 1, and x5000 in Fig. 2.
It will be seen that the pinholes can be hardly discerned
in magnification of x1000 (Fig. 1), but that many

pinholes of diameter not greater than 1 um can be

20 observed as dark shadows at a magnification of x5000

(Fig. 2). ©Small pits formed in accordance with the
conventional method as disclosed in Japanese Unexamined
Patent Publication (Kokai) No. 2000-192281 are of larger

diameter of about 10 um, and are present at density of

25 less than about 1 pcs/(10 um x 10 pum), and therefore are
clearly distinct from the submicron pinholes in
accordance with the present invention. For comparison, a
typical surface condition of Ni plated steel sheet for a
positive electrode can in prior art which has much fewer

30 sub-micron pinholes and which has inferior battery
performance is shown in Fig. 3 (magnification, x5000).

Although the reason has not been clarified in
detail, it is surmised that, by providing the surface of
the Ni based diffusion plating layer with many minute

35 pinholes of diameter not greater than 1 um, a certain
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5 electrode can, leading to improvement of battery
characteristics. The Ni based diffusion plating layer is
also effective in ensuring adequate primary rust-
preventing capability, after being formed into a can, and
corrosion resistance in strongly alkaline electrolyte

10 solution.

A Ni based diffusion plating layer refers to a layer
in which Ni based plating such as Ni plating(bright,
semi-bright, dull), Ni-Co alloy plating, Ni-Fe alloy
plating is applied, followed by heat treatment to convert

15 a part or all of the Ni based plating layer into a
diffusion layer. It is surmised that, if strain has been
introduced into the plating layer during plating process,
many sub-micron pinholes are formed when diffusion takes
place in the heat treatment process. Specific methods

20 for introducing strain include, for example, plating
applied at high current density within the range that
does not give rise to a burnt deposit, plating applied at
extremely low plating efficiency (for example, using
plating bath free of boric acid), and the like. It is

25 desirable in order to obtain good battery performance
that sub-micron pinholes have, as observed by SEM,

diameter of 0.1 ~ 1 um, and are present at density of 30

pcs/ (10 pym x 10 um). Pinholes having diameter of 0.1 um
can be distinctly recognized in an image of SEM at
30 magnification of x5000.

Next, constructive requirements of the surface
corresponding to an external surface of a positive
electrode can will be described below. As the influence
of an external surface of a positive electrode can is

35 negligibly small as regards improvement of the battery
characteristics which is the object of the present
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5 required for an external surface of a positive electrode

can, composition of plating layer that meets this
requirement will be described below. It is desirable
that the surface to be used as an external surface have a
Fe-Ni diffusion plating layer with a Ni plating layer on

10 top of it. This permits good corrosion resistance to be
obtained for the terminal portion of the positive
electrode which is subjected to particularly severe
processing. More preferably, in view of corrosion
resistance, the above-mentioned Ni plating layer is

15 softened by recrystallization. The above-mentioned
plating layer having composite structure may be formed,
for example, by adopting a method in which an Fe-Ni
diffusion layer is formed in a portion of a Ni plating
layer by heat treatment after Ni plating, such that Ni is

20 left as it is in the uppermost layer.

As the steel sheet material for the Ni plated steel
sheet for a positive electrode can for an alkaline
manganese battery of the present invention, ultra-low
carbon steel with Ti and Nb added alone or in

25 combination, low carbon Al killed steel, B added low
carbon steel, or the like, may be preferably used.

The Ni plated steel sheet for a positive electrode
can for an alkaline manganese battery of the present
invention can be manufactured by degreasing and acid

30 pickling of steel sheets followed by Ni plating applied
to the steel sheets in a Ni plating bath with current
density adjusted to obtain a plating layer of desired
thickness, and by subjecting the steel sheet after
plating process to heat treatment in an oxygen-free

35 atmosphere at about 800°C. In Ni plating, it is
desirable to use a plating bath of low plating efficiency
or to use high current density, within the range that
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5 By above-mentioned heat treatment, a Ni diffusion
layer is formed between the steel sheet and the plating
layer, and at the same time, sub-micron pinholes are
formed in the Ni plating layer and/or Ni diffusion layer.

Using presses such as a DI press or a transfer
10 press, a positive electrode can for an alkaline manganese
battery of the present invention can be obtained from the
Ni plated steel sheet thus obtained by a shaping and
forming process.

15 Examples

Samples in Examples were fabricated starting from an
unannealed Nb-Ti-Sul. C (Ti and Nb containing super low
carbon) steel sheet of 0.3 mm in sheet thickness as a
sheet material, and after degreasing and acid pickling,

20 Ni based plating was applied under varied plating
condition in 2 passes of down-pass and up-pass in a
vertical plating cell, followed by heat treatment in an
oxygen free atmosphere under varied heat treatment
conditions, and then by temper rolling, to obtain samples

25 used in Examples.

Plating conditions such as type of plating bath,
current density, plated amount of Ni plating, etc., and
conditions for the heat treatment after plating are as
shown in Table 1. For comparison, samples for

30 Comparative examples were fabricated in a method similar
that in the Examples. Plating conditions such as type of
plating bath, current density, plated amount, etc., and
conditions for the heat treatment after plating are as
shown in Table 1. Each of the samples was evaluated in

35 observation of surface condition, evaluation of the
battery performance, evaluation of corrosion resistance
of the can internal surface, and evaluation corrosion
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KV, magnification x5000). Number of pinholes of 0.1 ~ 1
5 um in diameter was counted, and was reported as number

per 10 pum x 10 um,

(Method for evaluating battery performance)
A positive electrode can formed from the above-

10 mentioned steel sheet samples by press working was used
to fabricate an ordinary LR6 type alkaline manganese
battery, and the fabricated battery was stored for 40
days at 60°C and 70% RH. Internal resistance was
measured with an AC resistance meter. An internal

15 resistance of 120 mQ or less was evaluated as ©, 121 ~

150 mQ as O, 151 ~ 200 mQ as /A, and 201 mQ ~ as X.

(Method for evaluating corrosion resistance of the can
internal surface)

20 A positive electrode can formed from the above-
mentioned steel sheet samples by press working was
degreased, and after the end surface was sealed with wax,
was allowed to be left in an atmosphere at 60°C and 90%
RH for 3 days. Thereafter, the internal surface was

25 inspected carefully using a loupe (x10) to check for the

occurrence of rust. No rust was evaluated as "(O", and
occurrence of rust was evaluated as "X".

(Method for evaluating corrosion resistance of the can
30 external surface)

Corrosion resistance: A positive electrode can
formed from the above-mentioned steel sheet samples by
press working was degreased, and after the end surface
was sealed with wax, was placed in a salt spray tester

35 (in accordance with JIS - Z - 2371) with the external
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5 presence or absence of red rust. No rust was evaluated

as “O" ,

and occurrence of rust was evaluated as "X".
The result is shown in Table 1. As is evident from

Table 1, good characteristics were obtained with the

10 Examples of the present invention.
Table 2 Result of performance evaluation
Condition of surface to Battery Corrosion Corrosion
be used as can internal performance resistance |resistance
surface of internal |of
Condition [Number of surface external
of Submicron surface
surface pinholes
(pes/10pumx10um)
Example 1|as Fig. 2 120 © O @)
2 |As Fig. 2 170 © O O
3 |As Fig, 2 60 © O @)
Comparative .
example 1 |As Fig. 3 10 % O O
15 Industrial Applicability
The present invention provides a plated steel sheet
used for a positive electrode can for an alkaline
manganese battery and a positive electrode can for an
alkaline manganese battery wherein, by forming a Ni-based
20 diffusion plating layer on the surface to be used as an
internal surface of the can, such that many sub-micron
pinholes are formed on the surface, good battery
characteristics can be obtained and, while eliminating
the problems associated with the prior art battery, an
25 increase in contact resistance can be prevented even

after being stored at high temperature for a long period.
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electrode can for an alkaline manganese battery,
5 characterized in that a Ni-based diffusion plating layer

having pinholes of diameter not greater than 1 um on the

surface is formed on the surface of the steel sheet to be
used as an internal surface of the can.
2, A plated steel sheet used for a positive
10 electrode can for an alkaline manganese battery according
to claim 1, wherein said pinholes have, as observed by

SEM, diameter in the range of 0.1 ~ 1 um and are present

at density not less than 30 pcs/(10 um x 10 pum).
3. A plated steel sheet used for a positive

15 electrode can for an alkaline manganese battery according
to claim 1 or 2, wherein, on the surface of said steel
sheet to be used as an external surface of the can, a Fe-
Ni diffusion plating layer and a Ni plating layer are
formed.

20 4, A plated steel sheet used for a positive
electrode can for an alkaline manganese battery according
to claim 3, wherein the Ni plating layer on the surface
of said steel sheet to be used as an external surface of
the can has been softened by recrystallization.

25 5. A positive electrode can for an alkaline
manganese battery, characterized in that the positive
electrode can is composed of a steel sheet having a Ni-
based diffusion plating layer with pinholes of diameter
not greater than 1 um on the surface formed on the

30 surface of the steel sheet to be used as an internal
surface of the can.

6. A positive electrode can for an alkaline
manganese battery according to claim 5, wherein said

pinholes on the steel sheet. as observed by SEM, have

35 diameter in the range of 0.1 ~ 1 um and are present at
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