26 May 2005 - 1 SPECIFICATION 5 N PLATED STEEL SHEET FOR POSI Tl VE
ELECTRODE CAN OF ALKALI NE MANGANESE BATTERY AND PGCSI TI VE ELECTRODE CAN OF
ALKALI NE MANGANESE BATTERY Field of the Invention The presegénérv i on
relates to a plated steel sheet material used for a positi Y ode can
for an 10 al kali ne manganese battery and! more particularly, to a plated
steel sheet material and a positive electrode can for an al kaline
manganese battery capabl e of inprovin the battery characteristics and the
corrosion resistance of an aIkalin@Pﬁﬁﬁﬁéﬁégéoﬁattery. 15 Background of
the Invention In an al kal i ne manganese battery, a Ni-plated steel sheet is
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as insuffici eniebdhef eriee ohvékeidh plating layer to the internal surface
of the can, or i ﬁabili%g I n, the qualitg of the plating l.ayer, it is
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resolve this IPrqPIenl a method 1s, known I n i C eat treatnen 26 May
2005 - 2 the battery characteristics and the corrosion resistance

Ve
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of an alkaline manganese battery.

15
Background of the Invention

In an alkaline manganese battery, a Ni-plated steel

sheet is generally used as the material for a ccntainer
(positive electrode can) which is used for filling a

20 positive electrode material, a negative electrode
material, an electrolyte solution, etc., and which is
also used as a positive electrode terminal.
Conventionally, Ni plating has been performed by so-
called barrel plating method in which plating is

25 performed after the can has been formed. As this method
has problems such as insufficient adherence of the Ni
plating layer to the internal surface of the can, or
instability in the quality of the plating layer, it is
being replaced by a method in which a pre-plated steel

30 sheet is processed into the form of a can. However, this
method using a pre-plated steel sheet has also a problem
in that, as the Ni plating layer has high hardness and
low extensibility, the pre-plated steel sheet has poor
press workability and the plating layer tends to be

35 separated during the processing, leading to deterioration
in corrosion resistance. In order to resolve this
problem, a method is known in which heat treatment is



performed after Ni plating to forma Fe-Ni diffusion |layer in the
I nterface between the NI plating |layer and the iron substrate so as to

i nprove the close adherence of the Ni plating |ayer as wel nprove
the 5 extensibility of the Ni plating Iayer by recrystallléggﬁﬂﬁﬂgﬁ
softening of Ni. This has led to a sigm ficant inprovement of the press
wor kabi lity and corrosion resistance. In order to attain high capacity in

an alkaline 1 S t quired t |ncre se the content
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CharacterlStlsSgnifﬂﬁahbelﬁpaev@ﬁehheoﬁtegb pbest wBRk8&biak tgndnin prior
art, are foun? ? %he follom% g pat ent publications. |In Japanese
Unexan1ned Pat ent - 25  PubFF LAt f ﬁe(Kokal) No. 05-21044, for exanple, it is
di scl osed that, asImamedéaltéoatfmimrhmghgcapdcitpningan hakdlmhating such
as woulig prOdM&ﬁg&ﬁ@&éSbéﬁté% plating ré§¥f£e§u£%n9n Eg?g gg%?%? et

effective in causing the sur ace area in con
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cont act thf1qqqh[ﬁnHQMKﬁ;1ne manganese battery, although the contact
resistance is initially low, the contact resistance
increases rapidly after prolonged storage at high
temperature, leading to degradation of the battery

20 characteristics.

Examples of improvements in the above-mentioned
battery characteristics, from the side of the steel sheet
material and in prior art, are found in the following
patent publications. In Japanese Unexamined Patent

25 Publication (Kokai) No. 05-21044, for example, it is
disclosed that, as material for DI drawing and ironing,
hard plating such as would produce cracks in Ni plating
layer during the processing is effective in causing the
surface area in contact with the positive electrode

30 material to be increased by the cracks produced during
the processing and permitting the battery characteristics
to be thereby improved. Various examples of hard plating
are shown such as Ni plating containing organic
additives, the aforementioned plating applied via a Fe-Ni

35 diffusion layer, and the like, are mentioned. 1In
Japanese Unexamined Patent Publication ({Kokai) Nos. 07-
122246 and 07-300695, WO 95/11527, or the like, a method



el ectrode material by formng a very hard alloy (such as N 3Sn, Ni 3Sn2,
Ni 3Sn" etc) plating |ayer on the top |layer corresponding to the inner

surface of a positive 5 el ectrode can and produci ng cracks E@ehgﬁgﬁkating
| ayer during press working, is disclosed. Al so in Japanese ned
Pat ent Publication (Kokai) No. 08-138636, a nethod for increasing the
surface area in contact with the positive electrode naterial and thereby
i nproving the 10 battery characteristics |% di sclosed in which Sn and N
are plated as dual plating layer, in this order, onto a steel sheet and
di sposing the plating | ayer converted into an aIon | ayer by heat
treatment so as for seraweiag sanfkoiemtuﬂonﬂAb&aaetﬁftm@ep¢gﬁﬂﬂdeve el ectrode

can S hal 1o surionndy gaks.ace or oduead Oy Lo ess JOLl Mg duecto
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20 in which an p | aye V|n different nesses within
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i nt ernal surfacéiltiflngapéaﬁs h‘a%rkﬂlgherlshdn-anégsedforAIJsmcrlelaglapgnesle surface
roughness of themigxeninak ﬁﬁé:&p@mh@a%andwémprz@oss 0%51%5angaso as to

i nprove the cl ose t%%l erencentot Ptg Eelectroe mat er |
exenpl ary net hozrl var yt g §3re 1a ﬁe§§r AP oy FPAERRE Whler,
varying the tyﬁé’eopoﬁhél‘aﬁmﬂrﬂcmod@h@aneradlltfmdae:h@ldebyedimw:mhm\d} Loy

varying the am%@&taiyaanﬁmﬁs&qegthyedléél&%di'ﬁcmieﬂ sA S0 dN i
Japanese Unexam faé b |c tlton (Kokai ) .Nos. -172521 an
10- 172522, a n'e RoB*1&® ﬁ‘ AP cn? I 1(§ot5‘llls ﬁrﬁ?ﬁtl‘ﬁb"’q &er is

formed, or N|-Cétﬁﬁﬂoyhﬁﬁ‘@tawgd|l§papphgedwu;alaa;mg lplyati ogn¥exytard As t he

Ni-Co alloy is veey BRTL1eNky3E by Neest AiuciiehPsBdNE et b lie Y at i ng
eaby forned

| ayer during the ress a ver Jne roughness I1s t
so as to inprové™t E@t%‘b Vgcstur%gfﬁ Pﬁetlb%sﬁlqsi%vél 8&8?"66% ?6:%3?02 4
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Unexani ned Pat e8he Reibf f Gainic@N o Kekabd s I¥: 114) between the upper layer
being composed mainly of Ni and the lower layer being
composed mainly of Sn. In Japanese Unexamined Patent
Publication (Kokai) No. 09-306439, a method is disclosed
20 in which an Ni alloy plating layer having different
' hardnesses within the plating layer is formed such that
the plating layer to be used for the internal surface of
a4 can has higher hardness, for increasing the surface
roughness of the internal surface of a can during press
25 working so as to improve the close adherence to the
positive electrode material. As an exemplary method for
varying the hardness in an alloy plating layer, varying
the type or the amount of the metal to be alloyed with Ni
or varying the amount of an organic additive, is
30 disclosed. Also, in Japanese Unexamined Patent
Publication (XKokai) Nos. 10-172521 and 10-172522, a
method is disclosed in which a Ni-Co alloy plating layer
is formed, or Ni-Co alloy plating is applied via a Ni
plating layer. As the Ni-Co alloy is very hard, very
35 fine cracks are produced in the plating layer during the
press working and a very fine roughness is thereby formed
SO0 as to improve the contact with the positive electrode



102671, a nmethod is disclosed in which NN-Ag alloy plating or N-Cr all oy
pllating is applied via a Ni 5 plating |layer onto the surface to be used as

the internal surface of a positive el ectrode can. Since boégP%pﬁgw
alloy plating layer and the N-Cr alloy plating | ayer are very
fine cracks are produced in the plating l4yer during press working and a
very fine 10 roughness is thereby fornmed so as to inprove the contact wth

the positive el ectrode nat rial, to thereby inmprove the patter
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to obtain a smpfave hhei ajkahiyresistance 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 associlated 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.
Alsc in Japanese Unexamined Patent Publication (Kokai)
No. 2000-192281, a method is disclosed in which, after



small pits forned thereon. However, these nmethods 5 require equi pnent for
treatnment in an acidic solution, and are therefore undesirable in terns of
cost. It is an object of the present invention to overcone émﬁy 005
above-descri bed problens and to provide a plated steel pla? t%rlal to
be used as a positive electrode 10 can for Sarr al kal i ne manganese battery
and a positive electrode can for an al kal i ne manganese battery havi ng

good battery characteristics. Disclosure of th% anention 1 Thehgéesent

i nvention can B&SSARFAARSSE1Ys TPEMGEs N1 PRATRINI 3¥BLSad SHUEIPS et to be
used for a popktit¥emelechr ade acaditoscantdlokalainds Fangease Dati ery,
characterized 1n that Ni - based diffusion,plating |ayer Vi ' | es,
as observed byngﬁFnafﬁﬁfgﬁeﬁér?Pﬁmfﬁeifoopgﬁdg & 4 aFﬁfﬁﬁkﬁﬁkﬁﬁa ensi ty
of not |ess themna30 ppes/ EdE@medx thérepnon Heseverfacdeise ferbhedison t he
surface of the_steel sheet. _to be.use i.nt.er nal r.f a _+the can
(2) AN Yl at eb®8F2EF sﬁBéPmFBQbéggs25%?8§Q§‘2§%p§§iFF3§15|gﬁ?géﬁﬁnkan for
an al kal i ne naagdnese bhetrefpreavodedingbie (1) texhngr &ft ¢osted in that a

Fe-N diffusion pl ilp i Laveksand 8¢Ninkl atb88nkay ek edts o0& ddife
surface of said steel Sheet to"be used_as an external surface of can. 30
(3) A N platetihet abpvendescrobpe psegleBs andpse Predigeedt &hn for an

al kal i ne mnga@@é@lb%ﬁ.h%@’ma@%‘é‘@édi 86 be (3kd chamapbefirze@ ielediatodee N
plating_ |ayer, on_the surEﬁCﬁ,of sai d_steel sgﬁet to_he _used.as . _an
*2ral%p n8a

ext er nalt %sur f a€@Rof ¥ hdhc3 BBRYEBFEE §I¥52PECAYEPEN TS i on. (4)
A positive el egeleodeodanchar far ahkalkadéidé hhyg2068Se- b@themyahesengattery,

characterized in that_ the. positi ode can is conposed of a stee
sheet which hag?oéngaF%Srgugﬁé%éxggrgé%gééd as an internal surface of the

can, a N -based diffusion plating |layer formed with pinholes, 5 as

observed by S seio?'%gEB?rthB theehapgg of 0.1 - 1 mand at density of

not | ess than pcs ? pmx 10 m | ,

15 Theé 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, as observed by SEM, of diameter in the

20 range of 0.1 ~ 1 um and at density of not less than 30

pcs/ (10 um x 10 um) on its surface is formed on the

surface of the steel sheet to be used as an internal
surface of the can.
{2 A Ni plated steel sheet to be used for a

25 positive electrode can for an alkaline manganese battery
according to (1), 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 can.

30 (3) A Ni plated steel sheet to be used for a
positive electrode can for an alkaline manganese battery
according to (2), characterized in that 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

35 recrystallization.

(4) A positive electrode can for an alkaline



on the surface. (5) A positive electrode can for an al kaline manganese
battery according to (4), characterized in that 10 the said positive

el ectrode can for the battery is conposed of a steel sheet Fe- N
diffusion plating layer and a Ni plating | ayer forned oni%ua gur?ace

be used as an external surface of the can.é(6) A positive el ectrode can for
an al kali ne 15 manganese battery according to (5), characterized in that

the Ni plating |layer on the surface to be use external_ . face of
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N plated steel, shegt peaidlng $0 fopri ks 20ndky2g0Pbsy (10, prt x Bestn)
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15 manganese battery according to (3), characterized in that
the Ni plating layer on the surface to be used as an
external surface of said positive electrode can for the
battery has been softened by recrystallization.

20 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
sized pinholes according to the present invention;
Fig. 2 is a SEM photograph (X 5000) showing a
25 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

surface of a Ni plated steel sheet according to a prior



pi nhol es of dianeter not greater than 1 mcan be 20 observed as dark
shadows at a magnification of x5000 (Fig. 2). Small pits fornmed in
accordance with the conventional nethod as disclosed in Jaggﬂfs

Unexam ned Patent Publication (Kokai) No. 2000-192281 are §£%£55

di anmeter of about 10 m and are present—af density of 25 |ess than about 1
pcs/ (10 pmx 10 n), and therefore are <clearly distinct fromthe subm cron
pi nhol es in gggordance with the present invention. For conparison, a
typical surfacCe"tondition of Ni plated steel sheet for a positive

el ectrode can in prior art which has nmuch fewer 30 sub-m cron pinhol es and

whi ch has infggri.or e r | S, sho In.Fig.,3 (magnification
x5000) . A|th%ég‘ﬁ %@égg%{%%gh%épno %%%EH%?Y“??%&%@%MM, it is
surm sed that, by Prostdieenstheuctifaceegpiirementd dfiselle dsdffsconcplating

layer wist h Megyedh M@e@%@f{%}%@ﬁg{ﬁ%&%griﬂ'@érrgéfaé@fdf%é;?nof‘ N a
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| ayer in whitetveNimargs gd niicitd s udlamestdd rpitatdreg(ded gittan Isem - bri ght,
dull), N-Co ,allaoy platin i -Fe, all o lLlating is applied, followed by
heat treat merf etr(gi@&ﬁeqrt %Pag\learr tt°oraysal utb'fm’to%é’“l\lip $h-ating | ayer
into a diff ixamplledyerf SEM i(Scanmiinge® ldwiron Mitirclicogss gir_idgraph
I ntroduced i e Rl ati | gyer ring pl.ating _[RrQcess,, ..many sub-m cron
pi nhol es are% oFt}r?%d? ‘%nl %’?ﬁ%s%gr#;égl?eglavﬁ% & FHAHEHEEY S eat nent
proces}? Spe€Prite imdmigogsbadcron pinhodes rgestshawn iimc Ridgs,. flomnexanpl e,
plating apphgd ;34 cRLgRn Yl $ToodeRR B g™ ) 1nk$s53098n" BEY. 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 pes/ {10 um x 10 um), 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 pm, a certain



does not give rise to a burnt deposit, plating applied at extrenely |ow
plating efficiency (for exanple, using plating bath free of boric acid),

and the like. It is 25 desirable in order to obtain good bq@%@%¥2 0
performance that sub-m cron pinholes have, as observed by algneter
of 0.1 - J. m and are present at densirysof 30 pcs/ (10 mx 10 m. Pinhol es
havi ng dianmeter of 0.1 <can be distinctly recognized in an i nage of SEM at

30 magnificatjon_ of x5000, ,Ne constructive requjrenments,pf the, surface
cor reapondi ng L85 ancHSTer Akl RnpFEBES ot PEERREFUcoRFRTER: FRBe "EaRoHer:  bo
descri bed bel @nffdsitheplatlingnteyenfoantbat tnnatnslir acfacé afpbbetive

el ectrode cang} L L gl Rl S g S| e _battery
characteristiEéfﬂgécﬁgggtgkg_%%ﬁgg%ggé ?ég %#gs%nggégﬁﬁg§géogéé£?§g

i nvention, thePpbledvphgtheqinternpal ssarbapetof phhei formetlypesitive as | ong
as onlysthe b@ié@ifod&“@éﬁ??fébéih&st@rfm§98§@ﬁ@§9-?f§M§¥€éry5'”Ce nor e

stringent and higher corrosion resistance i s_t required for an

i Ca
ext ernal surfEReFJFLErpRcichve EW%C?%OB@SGQaﬁ%gg%ﬁ%%%iPi%ﬁiﬁg BRYBT ngS| ayer

that meets thibsorefifkcéeieat i bhsbeifigssdéhestdepoinaty roseesirable that
the surface to_be used as_an external .surface have a .,Fe-N diffusion
plating | ayerPhTY A SERT GRBEPRUL hyctE CF (PP £97T0d SHTQ PeFrilt s2hfod
corrosi on reststameion aréeisovhnae ned $orondlky telkahihe peléconobytehe

posi ti el ich is subjected to particularly severe processing.
Mor e p?gferag$$%&?$F%?eM/of corrosion resistance, the above-nentioned N
plating layer is 1 Nbfhased diffesigntplating i bivemheefeovctoent laned

pl ating | ayeriDayiikh opOSide Fﬁiayﬁ%rﬁlmyasbmi %I@Qin?{@fi%%@ﬁm e, bty_
orned. In a portion

of B N bl at LTIy GHEah) £ GRS AT atTHES KT hat N <
20 left as itplsting tive agpkiedstfdBymved Asy thentstiersdatgineet tatosnwdr€or
the Nijplated ig8l oSNESt dPTeifk ROSHd o6 YEAT OGS F Qe &My al kal i ne
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 pm x 10 pum). 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



manganese battery of the present invention, ultra-low carbon steel with Ti
and Nb added al one or in 25 conbination, |ow carbon Al killed steel, B

added low carbon steel, or the |like, may be preferably USﬁg &he%d}ys pl at ed
steel sheet for a positive electrode can _for an al kaline ﬁ Nese battery
of the present invention can be manuf act 8r ad by degreasing and acid 30

pi ckling of steel sheets followed by Ni plating applied to the steel

sheets in a N b b ' e ' adjusted to obtain a
pl ati ng Iaye?kg?égégﬁgédéﬁghﬁ%%ggégﬁga%%qggggﬁgﬁégtg%é tR& steel sheet
after platinpaptocetariy dracisiecasnbongi asaondyxygbe-batted§ at nosphere at

about 800C. |ondbaptatisfick abs coRsbEADL® {Rotste?d PLIhLBINGALN Of |ow
plating efficiency or to use |g% current density, within the range that
26 May 2005 -S9DingRRE At igke¥cerresioBurptiatppaet isi Aypigetivo
introduge strpéquiré® foe HhabkP@rhayesurPaséesablypost €1PEr elobLEBEel S
performed after the heat.treatnent, as required. 5 Bé above; nenti oned heat
treat ment, a.%?nﬂi??TﬁﬁﬁﬁFl?%ygf ?%a?b?ﬂeﬁg%%¥mE%ﬂttﬂ etfetPi8heet and the
pl ati ng Iayerequﬁmbm&ntrmibknmetdmwcrsMQdnbelom.pinhoiesdasﬂrabbﬁned in
the N plati el ' yer . LN r u s_a Dl
press olro a tp%}]ést?g‘?{igg#fe%:sé\l %(gp%lélq?gl%% ée?e%ﬁr%%%égg%ff %‘?gg%:%l ﬁ% %n%
manganese ba&edly SFLfprion caatingvkayedrivitn deNbbphéhbugflayerhen Ni

platedist eel sheeds thus offad Nesk by & SR A PO off Oﬂg@ﬂgtgﬁ@g%é-b&
Exanpl es Sanpl.es jn Exanples were fabricated starting froman unanneal ed
Nb- Ti - Sul . C QEtaihRf NP ditsi HRERL Rab RO T biPn @F bohe ReSEEi¥Reet of 0.3 nm
in sheet thi cknessrage avhidieets BiRJddded af&d;@éﬁ@icm:ejlaswﬁeﬁ@d acid
pi ckling, 20 N_based pl atjng was l.i.ed under, vari ed atin condi tion
'in 2 passes &?rocfo‘z\’/ﬁﬁldﬁ's aﬂﬁ)‘geu;?ﬁfa%g‘p"’}k?}ya' %r‘ﬁ%"él"%l%&’hﬁséﬁ, f ol | owed
by heat treatmesistianas, the/ ghova-eeatinorsphale plueing alawst hiest treat nent
condi thgns, %QQQHHHBtQQtfggF¥s€é¥f££E¥iéﬁz(ﬂgﬁgrhﬁgvguﬁﬁﬁtioned
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



25 used in Exanples. Plating conditions such as type of plating bath,

current density, plated anount of N

heat treatnment after plating are as shown in Table 1. For @%@Parbﬁg
sanpl es for 30 Conparative exanples were fabricated in a n¥ qY 31 | ar
that in the Exanples. Plating conditionsluech as type of plating bath,
current density, plated anmount, etc., and conditions for the heat

t r eat ment aftgéeglatin&%are as shown, i n Tabl e 1, Each of the sanpl es was

eval uated in

bRRF vEtY BnT bFe stP f AcRUERhd ?P%ﬁltevéFu%F%ﬁ BP the

battery perfofmansdéucevattaihoinod €éresadingesapgéanceprrofethslgpn

i nternal surface, and aluatlon C rros on res| st ance of
the can exter?%ﬂp%ﬁr¥%§ 109 stheP fgﬁﬁggg?b%%aBeFBQFtﬁ% DMRmy29005 ra
N ra .D O)Jx/a;_q/un)ed:a)oNNNElO@OarthNeNNUOxxxxkJOOU

Ua 008 0wR(agd 90,0 NePDi 878 9P 50 Meddment, a Ni diffusion

10

15

20

25

30

35

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
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.

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,
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
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
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
observation of surface condition, evaluation of the
battery performance, evaluation of corrosion resistance
of the can internal surface, and evaluation corrosion

plating, etc., and conditions for the
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resistance of the can external surface, using methods as
described below.
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'awA'O 1Jr) U cob 326 May 2005 - 13 (Cbservation of surface

condition) The surface corresponding to the can internal M%Q? @%
observed using SEM (accel erating voltage 15 KV, nagnlflcatlo 8 ).
Nurber of pinholes of 0.1 1 5 min diametle was counted, and was reported

as nunber per 10 Rmx 10 m (N@thod for eval uating battery performance) A
mentioned steel sheet

positive el ec roed fromthe a 1 _
sanpl es by prL{)Bg8 §§9ﬁ88 ng ﬁgg ac?o°?3§?¥&3? an ordinary LR6 type
al kal i ne nanganeseTheasuefyceaodrrbspbaﬁingatedtbattenyimmarsamred for 40

days at 60C aQQrgQ%; In?lgﬁgéPﬁédr§§iﬁéa§§ﬁ @?éiﬁggﬁéﬁéﬁg ggg evaluated

resi stance neter erna resrstance
as 0Q 121 - KV, magnification x5000). Number of pinholes of 0.1 ~ 1

5 um in diameter was counted, and was reported as number

per 10 pm 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 "()", 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



150 mQ as Q 151 -
corrosi on resistance of the can
can formed fromthe above-

i nt er nal

ment i oned st eel

w88 Ma 0%

200 nQ as A, and 201 nQ - as X. (Method for evaluating
surface) 20 A positive el ectrode

sheet sanples b

was degreased, and after the end surface was sealed with

to be left in an atnosphere at 60C and 90% RH for 3 days. Thereafter,

I nternal surface was 25 inspected carefully using a |oupe (x10) to check
for the occurrence of rust. No rust was,evaluated as "Q', and occurrence

of

of the can

can

was degreased,
in a salt spra

facing
renoved f
I nspecte

as "Q,

omt
for
and oc®ur'l

with the 10 Exanpl

rust was eval uated as
30 external

tester

n Xll .

surface) Corrosion resistance:
formed freurfase alfowdenpntioied elleeelrcibeetrsompl efadivig press working

3 JB3r LR AL g

I N accor

Qr@J ter ?9 €nd:

d after

e é%sc}oresencge%

of thg pres
per f or mance eval uati 8nre:5ﬁ Ft1orf

fég}e

ance

IR R

nt

i nventj on.

A posit

(Met hod for eval uating corrosion resistance
I ve el ectrode

was pl aced

7% with the
external 26 Ma§loppsde f&n Yakf Beeewsc faempsbet teetet e@ndodéterr ni nal

upwar dise iy twershHed@st/iog &éﬁeﬁ3dmauﬁ§me3 ewé%“iﬂéﬁ@%te@'?SEreﬁ@ can was

§ e Bhaliias
efeeand <msxrrwaseevél uasttedva@ gvinathe aesUKt.is shown in

Table 2. As is evident from Table 2, good characteristics were obtained
Tabl e .2 Result of

s GP BRRIE Poat S yEoPY 68EBRGF e used as

can i nt er nal peidtden@nc ¢bad ceh stadtare sConsli wéom Nintkamedf extier fiad

of Submi qpone  $ixahRA8RI BAOLES dRGEINLOTK,OM sobxanpl eAs Fig. 21200 As 1700Q0

15

20

25

Table 2 Result of performance evaluation
Condition of surface to Battery Corrosian Corrosion
be used as can internal performance (resistance |resistance
surface . of internal|of
Condition |Number of surface -external
of Submicron ' - surface
surface pinholas
(pcs/loumxlcum)
Example 1-|As Fig. 2 120 © @) O
2 |Ag Fig. 2 170 © O O
3 |As Fig. 2 60 ©) O O
Z::i:iztlve 1|As Fig. 3 10 X O O

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

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

increase in contact resistance can be prevented even

fter being stored at high temperature for a long period.

r ki ng
al | oned

dried, was
%valuated




Fig. 2 J3As 60000 Fig. 2 Conparative exam As Fig. 310X00 le p 15 Industri al
Applicability The present invention provides a plated steel sheet wused for
a positive electrode can for an al kaline manganese battery, 9% sitive
€l ectrode can for an al kal i ne manganese battery wherein, 59? V%Pﬁg a

Ni - based 20 diffusion plating |ayer on the surface to be used as an

I nternal surface of the can, such that ny sub-m cron pinholes are forned
on the surface, good battery charactéri-stics can be obtained and, while
elimnating the problens associated with the prior art battery, an 25

I ncrease in contact resistance can be nted even after being stored at
hi gh tenperature for a |ong period. 2§£ﬁ§§32005 - 15 CLAIMS What is
claimed is: 1. (Wbkbtad)claipedtés: anendnent) A N plated steel sheet to
5 be used for a pesitiygegbeghfode can for an al kaline manganese battery,

characterized in fhat, ‘'on the Surface of the steel sheet. tqQ be used as an
internal surface &F thBLEGH, ameRAMSRLL QHW¥LE§§ﬁF4ﬂ§ﬁ??ﬁ;éﬁﬁﬁ§' % forned

with pigshol egse aaeebﬁsfvedpbylsm oledli rods aran nfdhen G ldarigmeof 0.1 - 1 m

R e R g

(after anend e uséd ositive
el ectrode capffbheastetkasheet h@n@an@%@ﬂtﬁﬁtﬁﬂ)ﬁ&kﬁﬁﬂ&ﬂrﬁ?ﬁ cel &fm 2,

wherein a Feyf ééndléfﬁz‘élﬁgs@éaéiméfa&?r X iy Naﬂxatllsngfdmar are

formed on the surface of said steel qget to be u S an %ﬁternal
surface of tWatBaRpinholes, as observe y SEM, of lame er in

10 range of 0.1 ~ 1 ym and at density not less than 30

pcs/ (10 um x 10 pm) on the surface.

3. (after amendment) A Ni plated steel sheet to
be used for a positive electrode can for an alkaline
manganese battery according to claim 2, wherein a Fe-Ni

15 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. (éfter amendment) A Ni plated steel sheet to.
be used for a positive electrode can for an alkaline

20 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.

5. {deleted)
25 6. (after amendment) A positive electrode can for

an alkaline manganese battery, characterized in that the
positive electrode can is composed of a steel sheet which
has, on the surface of the steel sheet to be used as an
internal surface of the can, a Ni based diffusion plating
30 layer having on its surface pinholes, as observed by SENM,

of diameter in the range of 0.1 ~ 1 um and at density not

less than 30 pcs/(10 um x 10 um) formed.
7. (after amendmentj A positive electrode can for
an alkaline manganese battery according to claim 6,
35 wherein said positive electrode can of a battery is
composed of a steel sheet having a Fe-Ni diffusion



4. (after anmendnent) A N plated steel sheet to, be used for a positive

el ectrode can for an al kaline 20 manganese battery according to claim 3,
wherein the NN plating |ayer on the surface of said steel @pﬁﬁtszSbe

used as an external surface of the can has been softened y
recrystallization. 5. (deleted) 25 6. (after amendnent) A positive

el ectrode can for an alkaline manganesg battery, characterized in that the
positive el ectrode can is conposed of a gtéel sheet which has, on the
surface of the steel sheet to be used as an internal surface of the can, a

N based di féﬁﬂ,ﬂ?%pi%;éf'gar%) 4 AeHihavn @91%1'}ért sfo'iwefda% Rihahol es, as

observed by aneter 1n the ran nd at denS|ty not
| ess t han 30spefage 0con e 14599 q*’or%&"t?r“@éf tsé‘lrfé"ﬁ@nd’ﬁeﬁ?’f K3Bosi tive

el ectrode can forg, an ﬁﬂﬁﬁ%iﬁﬁbdﬂﬁmyt&eﬁaebahMeEpraamomdkag1he claimé6, 35
wherein said positive .electrode can .of S of;;a steel
sheet havi ng"FRKFE cﬁ?ﬁ?ﬁﬁ(N?9ﬁ§ﬁﬁéygzgﬁﬁ%h%§%y7plgpggggﬁaggr gﬁd a Ni

pl ati ng Iayeplétﬁﬁgxﬂayeﬁfnn the fagdace theo becussd as e%teﬁharﬂéhrface of
the can 8 &ppalliye GlECdPdns Hehlootiedibyne manganese batiery

accordlng to C erein e N pl ati ng Iayer on the surface to be
used as an exeerystalkiggti@n .of the can has been softened by

recrystallization.



