1 [Docunent title ] Specification | BBO-q~~~9tl *159159* A SURFACE TREATED
STEEL SHEET FOR A BATTERY CONTAI NER, AIMETHOD OF PRODUCI NG A SURFACE
TREATED STEEL SHEETMENT, A BATTERY CONTAI NER AND A BATTERY USI NG THEREOF
| NDUSTRI AL FI ELD The present invention relates to a surface treated steel
sheet for a battery container, a nethod of pr OdUCI\Mt‘lﬁmwﬂmm\mﬁ treated

st eel EDemmdnstitke loabpesificationt ai ner, a battery con battery
usi ng thereof. BACKGROUND OF THE I NVENTION Wth the inchease of the demand
for al kali ne manganese battery used for snall- sized donestic electric
device such as a shaver, the denmand for the inproved erformance of these
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between the inner surface of a batter¥ container which is the ppﬁiﬁéj'fé‘ﬁ?
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battery should b d X I 0 t achi eve the inproved battery
perfom%ﬁ% %ﬁm%%&?ﬁ}fl“g@%posal s are disclosed as
follows: A nethod of applying a coating having excellent conduction on the
i nner surface of a container (Laid Open Japanese Patent Sho. 58- 48361 and

wni chSARSIRIRLIELIE Coat ing i i mproved {Lai d Cpen Japancee Patent Hei .
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apanese Pat ent 439) .

BACKGROUND OF THE INVENTION

With the increase of the demand for alkaline manganese battery used for
small-sized domestic electric device such as a shaver, the demand for the improved
performance of these batteries has been increased. Above all, the conductivity of electron
between the inner surface of a battery container which is the positive electrode and the
positive electrode active material inserted into a battery should be made excellent so as to
achieve the improved battery performance. For that purpose, a lot of proposals are
disclosed as follows:

A method of applying a coating having excellent conduction on the inner surface of
a container (Laid Open Japanese Patent Sho. 58—48361 and Laid Open Japanese Patent Sho.
59— 160959),

a pre coated steel sheet in which adhesion of the coating is improved (Laid Open
Japanese Patent Hei. 6— 342653 and Laid Open Japanese Patent Hei. 8—287885),

as the other methods for improving adhesion of the coating,

a method of forming concave and convex portions on the inner surface of a
container (Laid Open Japanese Patent Sho. 59— 209056), and

a method of causing roughened surface or cracks on the inner surface of a
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However, the conventional nethod of pre coated steel sheet or the like, in
whi ch a coating having excellent cond@ction (conductive coating) is

appl 1ed on the one side of a steel sheet to become the inner surface of a
container, is not favorable because the conductive coating is easily

peel ed off when the pre coated steel sheet is forned into a battery

cont aterdaineniLhid QpanclapantsefPagrp! Heing—30643ing on the inner surface of a
contai ner causes the increase of the process which produces an increase in
cost. Consi dBpwaven hitheeconventienas mathed ebprscedates steek sheep pesemiikenvaithigh i s
to produces a inproved surface treated steel sheet having nore excell ent
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obj ective the present invention is to produces a battery cqntainer and a
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phosp I I kel - bismuth alloy. In these surface treated steel
sheet QP{CH”l%g@S%;e eefr?‘gg{ﬂa?'t hat a diffusion layer is forned under the plating

layer. Furt Ngypnkd Bﬁtggﬁr ;?B;é&ﬁ% th&hidert! §RlentidRCls :Otlbaip&dﬁ'béi ej ab&a@téggglt

any |ayer of nmat ni ting, sem - gloss nickel i ng, gloss ni

pl at i REntaltet haH a 1BARAF hisidl!tRY sudadt GKfkd séd@héet. i ron al | oy, nickel -
manganese al | oy, nicKel- phosphorus alloy or nickel- bisnmuth alloy is

formed under the plating layer. In these surface treated steel sheet it is
preferable that the content of graphite in the plating layer is 0. 1 to 25

wei ght ISCTOSURR DOCTHECINVIENTION claim 7 is characterized that a plating
| ayer is formed on

The surface treated steel sheet for a battery container according to claim 1 is
characterized that a graphite dispersed nickel plating layer is formed on at least one surface
of the surface treated steel sheet, that is to become the inner side of a battery container.

The surface treated steel sheet for a battery container according to claim 2 is
characterized that a graphite dispersed nickel alloy plating layer is formed on at least one
surface of the surface treated steel sheet, that is to become the inner side of a battery
container.

In these surface treated steel sheet it is preferable that the alloy plating layer is
any layer of nickel—cobalt alloy, nickel—cobalt—iron alloy, nickel—manganese alloy,
nickel— phosphorus alloy or nickel—bismuth alloy.

In these surface treated steel sheet it is preferable that a diffusion layer is formed
under the plating layer.

Further, in these surface treated steel sheet it is preferable that any layer of mat

nickel plating, semi—gloss nickel plating, gloss nickel plating, nickel—cobalt alloy,



at least on one side to becone the inner side of a battery container using
a plati ng bath including nickel salt, 3surface active agent and graphite
‘bowder. The method according to claim8 is characterized that a plating
|ayer is formed on at |east on one side to becone the inner side of a
battery container using a plating bath including gne kind or nore_of netal
sal t vishel-seabalj— @lfoncoiﬂgll}'t sdligkelr mangarese, HOyganduekelaphosphnstphaars or
conpound and bismuth salt, nickel salt, surface active agent and graphite
pomdeﬂleﬁhé)lﬁatlthealgﬁ)Ydérﬁ@@i@eﬂnd@ééb‘# alabgetayes| aim 9 is characterized that it
is produced from the above- nentiaoned surface tre ted steel sheet. The

battery accoldihege syrfagertneated steelcsheeh it r prefayablgthat the cendentnel graphits yn

cont ai ner. according to claim9, BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
The pﬂ&@lﬁtmg W@ﬁﬁ Bnl ¥ 2P ‘B@g%%brl bed | n det ail below [Steel sheet
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corrosion resistance even a stee get Is forne Into
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bath u nth pl ati ng such as watts bath, sulfam bat h
bor of lyaggkse bath or chloride bath can be applied to the present
i nvent| on. There are 2 types of nickel plating, electrolytical plating and

el ectrol ess Fhathaftery WiithileLhQotdifk €6 Slaphd igehdracteriséd ek ¢ isi prodeedrfedm
electrolytical plating is easier to be used since the bath conposition and
the plhé abgrethhektined steficdereated steel sheet.

The battery according to claim 10 is characterized that it uses the battery

container according to claim 9.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be described in detail below.
[Steel sheet used]

A cold-rolled steel sheet based on a plain steel, particularly based on a
continuously casted low carbon aluminum killed steel is used as a steel sheet applied for the
present invention. In addition, a hyper low carbon steel having 0.003 wt % or less of
carbon content, an anti aging steel that is the hyper low carbon steel added by metals such
as niobium, titanium and so on, or a stainless steel sheet including 3 to 18 wt % of

chromium content is also available.

[Substratum nickel plating]



controlled. The current density of 3 to 80 AAdmz is applied in the

el ectrolytical plating and it is prefdrable to stir the bath by air
‘bubbling for formng a plating |ayer having a uniform thickness.
Furthernore, pH of the bath is preferably in the range of 3. 5to S 5, and
the bath tenperature is preferably in the range of 40 to 60 C In the
present i nvelmt thensurfaceatreatiedtstealushest doren hattery sgntainsy, of isrdrefgrable flat a

wi t hout the use of organic additives, sem -_gloss plating or gloss plating
usi nglayeyahnickebplating veformed onea il isheet. THerejnaltan « eonckel platingsisy sid,as

ni ckel plating |ayer is preferably 0. 5to0o 5 m _The quantity of |ess than
0. 5 subtisr@BRIekE]i Mating. Jﬂlérﬁbl%vérqfn@eo‘{‘)rmh@%Pééhe s Pﬁ,&tyW&ﬁ platngot
cause_enoygh corrosion resistance that is the_objective of th substrat um
i ckolaYT & FhGrOCHRE IeBop s CRERSIOBTESIICE kAN ftchtie PlAted Steel ABeetoPapTh
effect as well as causes unfavorable econom cal effect. It is preferable
to folHPARAEEHEPMANGR nickel plating on both surfaces of a steel sheet in
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plating, “nic ef- cobalt- iron plating, nPc e?- manganese pl ating, nickel -

phosphggisidy. aggg Qgﬁfgnt a'eﬁéfe‘gﬂ of Pit§ 8Ot A/arl atik Agplaarmchertledttaitidil plating akat h

conprising nic any of cobalt, 'manganese, iron, phosphorus or

bi snutihjsCariaferhsie tBestaVidie! iHeh By A6 babiklint forFoRng, a AW layes! Hadlrg Hadtform

sul famate bath or the |ike can be used. The thickness of the plating m ght

be i mhichgessankurtidtapras pH@F ti batheis itbfeicatdy winthe eXkale ¢fl &5 6@ 5. bFandaheon
of diffusion layer] Wile the substratum nickel plating |ayer may be the

one a$gath singsbratute isSprefurablerinthe rangetofaltst@bn’t@e ni ckel plating |ayer
entirely or partially into a diffusion layer by a heat treatnment after
pl ati ng. Theld aheapresentofintenéiod) fasuai substrapien viakele plaingefangcof gnat plating
preventing of peeling- off of the nickel plating layer froma steel i
subst rtteut Tthe tseatof targaticsdditives preefrer-ghisy plating et gloss iplatmg asng - organic
oxi dation atnmosphere or in a reducing protective atnosphere to prevent the
f or matadditives can b iappliesd The muantityrof theistbsteatum nickel plating layer is preferably 0.
5to5 u m. The quantity of less than 0.5 u m produces insufficient covering of the steel
sheet, which can not cause enough corrosion resistance that is the objective of the
substratum nickel plating, while the mass of more than 5 u m saturates the covering effect
as well as causes unfavorable economical effect. It is preferable to form the substratum
nickel plating on both surfaces of a steel sheet in view of securing corrosion resistance. It
is preferable to form the plating having a thickness of about 1 to 3 4 m on the one surface
to become the inner surface of a container, while it is preferable to form the plating having
a thickness of about 1 to 4 u m on the other surface to become the outer surface of a
container. It is preferable that the plating thickness on the surface to become the outer

surface of a container is a little greater than that on the surface to become the inner surface

of a container in view of preventing rust occurrence of a battery container.




of the diffusion layer. As an anti- oxidation atnosphere, the so- called
inert gas such as nitrogen, argon or BBeliumis preferably used, while as a
'reduci ng gas hydrogen or ammonia cracking gas (75 % of hydrogen and 25 %
of nitrogen) is preferably used. As a nethod for the heat treatnent, any
of a box annealing or a continuous annealing is available. In case of the
box anneal i nByrthére teherather substratume plaging, tfoeaxample ingckel-etehaltbplatngy C
or nore. The duration for the heat treatnment is shorter in the continuous
anneahichgl— ashalteiron ipatingat hiskelronarganese t pletingx nackebaphesphormsneplating, of ¢
is preferably 30 seconds to 2 minutes for the continuous annealing and 6
t o 15nickek-shismnth platingbasehoa aliny. plafiag hath camprisingapickeleany apeof @baltckel
(alloy) plating layer] This graphite dispersed njickel plating |ayer_ is

f or medapganesei deons oPhesphers oy bisguth 1gan jafseche availphlee 85 aaplptng bath, known

container. As a plating bath, one based on_a nickel plati ath i.n ich
gr aphptléate dath, s pelfayeaie ?@Hbf”éb‘}ﬂ hke F%ﬂ)g?t"ée@ri sﬂ'@r é’é@mﬁﬁﬁ @é&gﬁ‘ppgﬁm&@n%\%ﬁ% is
formed) or another one b d op alloy p]ating bath conprising a netal

excl uél g %r@(gqr{ge@sstgéqﬁf;geég %tﬁt,‘l“%é‘ﬁ%%rfg%lg‘,g'i ron, phosphorus or bisnuth,
and nickel in which graphite is dispersed (thereby a graphite dispersed
nickel alloy plating layer is forned) is used. However, as netals such as
nol ybdenum -anti nmon seni hromiumor the like and sem netals have
possi bi | i ty[??}“ﬁaﬁe%éﬁ/%ftc&lﬁlbsé‘%“ ﬁweﬁhe battery or to drop the voltage, it is
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t
t he steel s ni ckel plating [ayer whi I's conventionally used, the

surface of tirgeNeakBleatthditi i8PriRyMly ShrdiRdi dut ifanPafsaskiditiokedtmboayiftre d@fint he
present invention has a greater nunbers of concave and convex portions and

a gr eat Rducifif iproeetivé anosphefd t& prERAt ehes FBilation f AcCsxidiesd filranpetheFsurtdeer
in contrast to the conventional conbination of steel sheet/nickel plating
| ayer logrth@Riffiesidieyer. tAveas aitiF-oxidation avhospieet, theesoHtallédingrt @hs sgch as
| ayer/ graphite di spersed nickel plating |ayer/graphite |ayer of the
pr esentditrogene naigon drdreliansisgpreferabiy sised, amdsle dsta resluaingqgaafliyeodged dryaminenia
smal l er resistance at the interface of graphite di spersed nickel plating
| ayer /ogackiply gas (% 66 obhydrogemand At %i ofustrogem) is preferably asedt s hendthedkfdrace
of nickel plating |layer and graphite | ayer.

the heat treatment, any of a box annealing or a continuous annealing is available. In case of

the box annealing, the temperature for the heat treatment is preferably 450 ° C or more.
The duration for the heat treatment is shorter in the continuous annealing, while it is
rather longer in the box annealing. Generally, it is preferably 30 seconds to 2 minutes for

the continuous annealing and 6 to 15 hours for the box annealing.

[Formation of graphite dispersed nickel (alloy) plating layer])

This graphite dispersed nickel plating layer is formed on a side corresponding to
the inner surface of a battery container. As a plating bath, one based on a nickel plating
bath in which graphite is dispersed (thereby a graphite dispersed nickel plating layer is

formed) or another one based on alloy plating bath comprising a metal excluding nickel,



Wil e either natural graphite or synthetic graphite is available for the
present invention, finely crashed graphite having 50 % cunul ati ve di aneter
'of 10 u mor less is favorably used. Further, graphite having 50 %

cunul ative dianeter of 5 mor less is nore favorably used, because the
use of graphite having too large particle dianeter conpared with the |

pl ati sgch #8 cébalts smangmese,eaxon, ppleispherusadftf bismutth e and méket ing whgthi graphite is
Further, it is also favorable to use graphitelized carbon bl ack. .

Gr aphilispéiseéd(thezeblyom grhplute idispersedonickelaaltoyplating taygr dpHormed)z d¢l usd. has
extrenely fine particle dianeter of about 0. 1 u mor less. Since graphite
has hylomspanbae mefalsagush as molyhdgrem; cansBnenys paiseayy,  romap| ot theglikeyandy py
mere stirring. Therefore, it is forcedly dispersed usin surfacef active
agent semy m@%érlgﬁvagp%g@ﬁttmo genester §3s 1n W (battexyy obto (diep Jhe Vallpge, 1t 1s

ani oni c type nonionic type or anphoferic type can be used as e
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i spersing agent to graphite is preferably 0. 5 to 10 wt % The content

of gr aBRvdrRionsl ¢disbinitidi b SteBPthedtmidket phitiak! Myapihplitd Bgess the combifitighL
at the end. Wiile the content of less than 1 g/L causes to small graphite

cont enff stael sSheetplidliol piatingtlaydt/graptdtec dispérssdnickel plating ilayer/@vaphitetlayer of the
conduct ance between the inner surface of a battery container and positive
el ect ppekznddhventiondesta statler oedistanceof Inisr ase laffactéd bygthel smalleyeresstance at
fluidity of the plating solution or adhesion of graphite powder around the
pl at i rihe aytpefacet ofsgraphite dispersagmitkel phtiag layer/graphite layer of the present invention

in contrast to the interface of nickel plating layer and graphite layer.

While either natural graphite or synthetic graphite is available for the present
invention, finely crashed graphite having 50 % cumulative diameter of 10 4 m or less is
favorably used. Further, graphite having 50 % cumulative diameter of 5 p m or less is
more favorably used, because the use of graphite having too large particle diameter
compared with the plating thickness causes easy peeling— off of the adhered graphite.

Further, it is also favorable to use graphitelized carbon black. Graphitelized
carbon black is carbon black which is graphitelized and has extremely fine particle diameter
of about 0.1 u m or less.

Since graphite has hydrophobic surface, it is hard to be dispersed in the plating

bath by mere stirring. Therefore, it is forcedly dispersed using surface active agent



sone troubles. Further, 2 to 10 m /L of dispersing agent is previously
added into the plating solution for prieventing aggregation of graphite
‘particles. After dispersing graphite powder in the plating solution, it is
preferable that the graphite is always being dispersed in the plating bath
by both nethods of which one is to circulate the plating solution to the
bot t ordippersingnaget tdfi ezraplets) - oWhsle sanyaok catginig) typeci arighigt type nopiomc &ype or
another is to stir the plating solution by blow ng air through the mcro
hol esampbotevicatypd cin bée1sedt asothe slispersing fagenle o | graphits) y sonsidesg, tauglMn ¢ he
favorabl e dispersion, 8 graphite can be scattered in the plating |ayer at

t he cexeedlent adhesionioftthe Phting layrivie the|steqlisheptsandateoprenert embritlementiobthel at
the content of 1 to 10 % Incidentally, it is favoraple to use, the |qwer
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redrawn I n cup having sma r aneter and taller height than
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y a nest ring inserted into the redrawn cup and a redraw ng die
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so as to shuttle in the nest ring, and the redrawi ng dies having varied
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battery contai ner nmay be fornmed by the other form ng nmethod. [Production of

al kal idispepsodg athesgraphite & yddedhatptiss plating dhthctundedestitiing) STy bikndmg dyount
m Xxi ng manganese di oxi de, carbon and al kaline water solution. It is
pr ef ercfldispetsingagent lte graphitetis pacferabhgan® e 10i exi%le Tife ¢ungént of graphite in the
plating bath is preferably controlled as 1 to 100 g/L at the end. While the content of less
than 1 g/L causes to small graphite content in the plating, which produces insufficient
improvement in conductance between the inner surface of a battery container and positive
electrode active agent, the content of more than 100 g /L causes poor fluidity of the plating
solution or adhesion of graphite powder around the plating apparatus, which is apt to cause
some troubles. Further, 2 to 10 ml/L of dispersing agent is previously added into the
plating solution for preventing aggregation of graphite particles.
After dispersing graphite powder in the plating solution, it is preferable that the
graphite is always being dispersed in the plating bath by both methods of which one is to
circulate the plating solution to the bottom portion of the electrolysis tank using a circulation

pump and another is to stir the plating solution by blowing air through the micro holes

perforated at the bottom portion of the electrolysis tank. Under the favorable dispersion,



purity as manganese di oxide. The characteristics required for the graphite
powder are high purity, chem cal 9 stea&di ness, and excellency in

‘conduct ance, formability into mix and storage ability of elecrtrolyte. As
an exanpl e of graphite powder having the above- nentioned required
characteristics, acetylene black, several kind of denatured carbon bl ack
such gmphije &phibeedcatteckdeiar therplitiing layer at fhet bentent of Qphito £5pZwddboeg all, It
listed. The positive electrode mx is produced by m xing el ectrolytical
nmangaisefsvordblextocke scattgred aptiet eonsetadrl 40 10h®. plnsidentadlye s fvorablg touss
20/1 to 10/1, further addi ng potassium hydroxi de water, solution and m Xxi ng
by sothe sewerapuaentedansity for graphite; dispersed qflatingc tayer thaving greaten ggount of
preferable for excellent conductance between the battery container and the
posi t BAPhBe seRtedlle ni x, for exanple, to coat a nixture conprising graphite
powder, thernosetting resin and organi c solvent such as nethyl ethyl

ket one on the inner surface of a battery container using spraying and so
on, and dry_i Next., the afore- mentioned mx is pressed in a nold to

forma pr esiF%"%@%‘onﬁa’@ﬁﬁﬁf C%‘Hé‘ﬁ@ﬂ] mx pellets, and then the nix pellets

a2 I nser {0,300, pLessed o e, LRl LD HaLLELY.COTt Atner Eut e e
o1 et PaetisROh FaRTe P TRE splgutid 97 SR BBk (et vBEHR gy
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ot or P BERGoRARE then TACH ShaB0Y bafaREr e gy SpRBhicl ShnBCHAYE e e
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and se arge 1nt batt nmade o resi stant fibrous

Mat er i fr ?ih'lﬂ@&t\fﬁﬁ‘ théRtHecomB snialet BRE By oR¥Nt ARL bCwhicR $infl §tBp SFondlg G dRsas
vi nyl on, polyoletin, polyamde or the like, linter pulp having 98 % or

nore Qfie frofiRly! dHAMASRr CBRESHndinBirBlel ARer WRRt&UbMhe MABBALEGHtSideE lthed fse or
the like can be used. These fibrous separators are inserted in the battery

cont aisﬁ&fes@ib@l@gpésb@d ithfbREh thkriesifEdeRCakifg tdie masiot tauee el aaist dyeprsying
pellets pressed to the battery container, and 10
using a punch of which head has rounded shoulder.

In case of DTR forming, a shallow drawn cup is firstly prepared as in case of DI
forming, then successively redrawn into a redrawn cup having smaller diameter and taller
height than those of the first shallow cup. Namely, in the redrawing, the redrawn cup is
held by a nest ring inserted into the redrawn cup and a redrawing die provided under the
redrawn cup, a redrawing punch is coaxially installed so as to shuttle in the nest ring, and

the redrawing dies having varied drawing diameter are successively used. In case of further

necessity, the battery container may be formed by the other forming method.

[Production of alkaline manganese battery]

The positive electrode mix is produced by mixing manganese dioxide, carbon and
alkaline water solution. It is preferable to use electrolytical manganese dioxide of high
purity as manganese dioxide.

The characteristics required for the graphite powder are high purity, chemical



then the negative el ectrode gel conprising potassium hydroxi de water
Solution in which zinc particle and zonc di oxide are dissolved is inserted
in the battery container. In this case, atomi zed zinc particle having a
center dianeter of around 200 mis preferably used. Mreover, starch,

cel lul ose derivative, polyacrylate or the like can be used as a gelllng

mat er stabdingdst eand rexeellency nie cordudtance, t foembhititye iytoc sk adntk rstorage aaility of
insulating material is nounted on the negative el ectrode board, and then a
rid ielecafdyte. Anan examplek of i graphiteapgwides chaying she abgvm)mm@pwl required
EMBODI MENTS | Enbodi nents according to the present invention wll be

descr ¢hasactenstins aaqetsd@m@wblac{t Beanenab knda @fotdfﬂ@ﬂr@é SeEan shlage RN nds a
chem cal corrp05|t|onofC O3 wt_ % M : 0. 200w % Si : 0. 01 wt %
P : ographitelgedogarhon: black %smth%c pyaphite poyder %ﬁe ligrethd N: 0. 0 025 wt %
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Next, the afore—mentioned mix is pressed in a mold to form a prescribed
doughnut shaped mix pellets, and then the mix pellets are inserted and pressed to the
inside the battery container. Further, the prescribed portion under the open edge portion
of the battery container is previously processed by neck—in forming for mounting the
negative electrode board on which the negative electrode collector rod is spot welded to the
battery container.

The separator used in battery, of which objective is to prevent the mutual
migration of the particles of the negative electrode active material and the positive electrode
active material and separate the reaction product formed at the negative electrode from the
positive electrode by itself so as to prevent the short circuit and self discharge in the battery,

is made of a alkali resistant fibrous material or unwoven cloth. For instance, synthetic
resin material such as vinylon, polyolefin, polyamide or the like, linter pulp having 98 %
or more of « cellulose content, mercerized wood pulp, regenerated cellulose or the like
can be used.

These fibrous separators are inserted in the battery container along the inner

circumference of the positive electrode mix pellets pressed to the battery container, and




Bath tenperature55 2 C pH4.2-1-0.2 Current density20 A/dm 2 The steel
sheet finished by the substratum nickeioplating was heat diffusion
treatnent at 550 C for 8 hours in the atnosphere of nitrogen : 94 % and
hydrogen 6 % The thickness of the nickel- iron diffusion |ayer was
confirmed as 2. 6 mby a glow discharge enission spectroscopy. [ Skin pass
rol | i thgp thetnegativeeeleetabdel g€l compyising petegsinm hydrexide awterssplwtionis whiehzipas s
rolled for preventing the occurrence of stretcher strain. [Gaphite

di spepatialg and gisc cbmagqs aeg digsplyedtip dnsertedeing g hatterydeonsanes. ndn thisiese,
plating was carried out using a graphite dispersing nickel plating bath
under atopzedo NG \Raticle AYIRG 8reentam diagieters of AFquRg M gs prglerahly usgd: i n
this graphite dispersing nickel .platipng. The condition about the anode was
corr eg/bﬁﬂ‘éﬂeﬁg Qt@}‘CEhaﬁellH ¢ dleriyative. o melyasylate orsths sk camnbsi BS&d aHRaE6IRE | n
this graphite dispersing nickel plating, the plating thickness and the
graphﬁﬁ&ﬂ8$ntent in the plating |ayer were varied by varying the plating

dur ati dth hi t t jn.th ti bat.h. [.Conditi for .
ar aphi to. i SHBFEHTY hitiselied IRt My b oo HEbD oG a1t e IRF L 0o
/L Nick hl ori de45 g/ L Bori i dA5 Graphitel gfL,Di ' t5
o /L [t e Rge) clraads Aonin afd ik ap e ok, TS, 4T QR
d ityls Ald P ' t hod of hite di [ i ckel plati
par n] mgettsg el e Ra S e T "t e bl ati ng Sof uti on-as menti oned |
below. At first, 4 m of sodium benzene sul fonate (graphite dispersing
agent) on sale was diluted with 1 L

EMBODIMENTS

Embodiments according to the present invention will be described in detail below.

[Example 1]

A hot rolled steel sheet having a chemical composition of C : 0. 03 wt %, Mn : 0.
20 wt %, Si:0.01 wt%, P:0.011 wt%, S:0.06 wt %, Al:0.035 wt% and N : 0.0
025 wt % was cold rolled, annealed and then skin— passed so as to make a plating substrate
having thickness of 0.4 mm. The plating substrate was degreased in alkali solution using
NaOH water solution (30 g/L) at 75 ° C by anodic treatment (5 A/dm X 10 seconds)
and cathodic treatment (5 A/dm *X 10 seconds). Then, it was dipped into sulfuric acid
water solution (50 g/L) for about 15 seconds for pickling. After that, the substratum
nickel plating layer was formed on the plating substrate using watts bath and air stirring
under the following conditions. As the anode, a titanium basket provided with a
polypropylene bag containing nickel pellets was used. Plating duration was controlled such
that the plating thickness on the surface to become inner surface of a battery container was
2.0 u m and that on the surface to become inner surface of a battery container was 1.9 u
m, respectively.

[Conditions for substratum nickel plating]

[Bath composition]

Nickel sulfate 300 g/L



of dem neralized water, and 1 kg of fine particle graphite was m xed into
the diluted solution (m xed solution)i1 After that, further 1 L of

‘dem neralized water was added for inproving fluidity of the m xed
solution, and then the solution was fully stirred and m xed wusing an

ul trasoni c dispersing device. Thus, the diluted m xed sol ution was
prepared. The grMiskelehlaidpersi ng ni cket5 @lati ng bath was prepared by
adding the diluted m xed solution into the above- nentioned plating

sol ution and stirBomgacids fine particle 4r&phite, graphite powder ASSP (50
% cunul ative di ameter of 6 u m manufactured by N HON KOKUEN KOGYO I nc.
was used. [Forr{Rlan@E C@ﬂdlb‘étlﬁ]ery container] Next, a battery container was
formed by DI forming nethod using this plated steel sheet. After formng a
cup having a di anB#tBrtegperstures mm the cup WBs2fokned into a contai ner
havi ng an outer dianeter of 13. 8 mm a wall thi %kness of 0. 20 nm and a
hei ght of 56 m*nﬂ?ﬁl redrawi ng and 2 step 4 Pori ng using DI form ng machi ne.

After that, the er portion of the contaiper was trimed off and thus a
cont ai ner for LR—HEIR'FS}tp 5t ery havi ng éah&ed&ht of 49. 3 nm was obtai ned

ot ne e ThE RO R RREE Pk Bl HEFET Al s lebfioson
scatteringl g}g ree s.spots.. Eurther, . the gr. E g optent, i é}l_er?]p}ating
| ayer Rﬁé@ge‘ﬁea% Eed b?r §_n ‘?Urﬂsr“étﬂi%a%%]sgpﬁﬁ %ﬁmﬁ@ %ﬁ)d %Jl?)sa_%g l?’i‘?%)é he”
cxar 1801 Bl 0 61 AL RBL MRy bl 20 b0 J T
t hat h[égyzgggreegli?gggﬁ)géecgogg(?d%ect proportion. Nanely, when the quantity of

graphite bath was 5 to 100 g/L, the content of

graphite on reated steel sheet was neasured as 1 13 to 25 %
I nci dent al | &Sﬁmgégﬂgﬁ%% to 10 mM /L of dispersing agent was added into the

plating sol upkep,thkhgeAdaRMsINARchine®t! f{He WRRI shedt r94d SRIPRALS | 1dfled Ofok he
graphite content. en nmore than 10 mi /L, the graphite content saturates.

[ For ”'?i‘év‘éﬂtiﬁ th@bé@r¥dncé oPatrefth¥r $BginmaNuUf actured in the fol I ow ng manner
by filling the positive electrode active material into this battery

I(\:/gnt ai ner. I@@hit@hﬁ%ﬂ&lﬁihgﬁﬁcl&epfaﬁhg”}ince of it was measured. At first,
nganese di oxi de and graphite were gathered at the weight ratio of 10
After that, the graphite dispersing nickel plating was carried out using a graphite
dispersing nickel plating bath under the following conditions. The air stirring was also
carried out in this graphite dispersing nickel plating. The condition about the anode was
corresponding to that afore—mentioned in the substratum nickel plating. In this graphite
dispersing nickel plating, the plating thickness and the graphite content in the plating layer
were varied by varying the plating duration and the graphite content in the plating bath.
[Conditions for graphite dispersing nickel plating]

[Bath composition]

Nickel sulfate 300 g/L
Nickel chloride 45 g/L
Boric acid 45 g/L
Graphite 1 g/L
Dispersing agent 5 ml/L

[Plating conditions]



1. After that, potassium hydroxide of 8 nole was added to them and mi xed,
whi ch produced the positive el ectrodeiam x. On the other hand, the m xture
‘conprising 80 weight part of graphite and 20 wei ght part of epoxy resin
was diluted by nethylethyl ketone. Then, the diluted solution was air-
sprayed onto the inner surface of the battery container followed by
heating at 150 Bitbrtemperdtueet es for drybhgt FheCaf ore- nentioned positive
el ectrode m x was pressed in a nold to be shaped i nto doughnut shaped

pel l ets of mix, ich were inserted intd.8h& Baktery container and
pressure- bonded to it. The prescribed portion under the open edge of the
battery cont ai nerCwerent densttsl by neck- iri5deﬁlng for the purpose that a
negative el ectrode board to which a negative el e¢trode, collecting rod was

D enel, barvt ol Dok dlblR et o separat or mde
g e b it dyese el o et 6
Rl bt gy b At o b
:alni :lr if’fecﬁ%ﬂﬁ‘gga #d Batster %ncic}ni‘gi ?fgflflea??d‘ﬂ rgW@ﬁItSaWR%cfmx?ﬂu ,%O b iluted

21 kal Pt HRAE S0 R orAndE Tl TRBRET kbt BBl SlBF Pt for
e L e e

| ExamRESn s e fispti FBART Gus. e ARt BB RN BrebRA® Fhe

Pht CkREDDHE Al b ISOERS hathl walprEbIBH 15! WRif RHE Bt red SHBfion  NE
di spegshnge 386M— ARdAbAGI pRAME WblupfonHmAPHikRgUNAE finkNAraERragaRdi kiaphte as

t hose o Exarrp?ée_l. Battery containers were press- fornmed using these
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battery performance of themwere neasured in the sane nanner as in Exanple
1. Th&OEPO The. Wedstuded! | ectively shown in Table 1. [Exanple 7] A hyper- |ow
carbon cold rolled steel sheet having thickness of 0. 4 nmand the

fol I ow ng clhesimationcofiaeely comtaiderth was used as a substrate for plating
was degreased,
Next, a battery container was formed by DI forming method using this plated steel
sheet. After forming a cup having a diameter of 20.5 mm, the cup was formed into a
container having an outer diameter of 13.8 mm, a wall thickness of 0. 20 mm and a height
of 56 mm by redrawing and 2 step ironing using DI forming machine. After that, the
upper portion of the container was trimmed off and thus a container for LR—6 type battery
having a height of 49. 3 mm was obtained at the end. The magnifying observation of the
inner surface of the container by an electron microscope confirmed that the graphite was
scatteringly adhered as spots. Further, the graphite content in the plating layer was
measured by an infrared absorption method (JIS G 1211).
The examination of the relation between the quantity of graphite added in the
plating solution and the content of graphite in the plating layer showed that they were almost

in direct proportion. Namely, when the quantity of graphite added in the plating bath was 5

to 100 g/L, the content of graphite on the surface treated steel sheet was measured as 1



pi ckl ed and then covered w th substratum nickel plating. <Chem cal
conposition>C: 0. 003w % M1 : O. 1® W % Si : 0. 01w % P : 0. 011
w % S: 0. 06 wt % Al : 0. 035w % N: 0. 0021 w %and Nb : 0. 002
wt % After being covered with substratum nickel plating, the steel sheet
was sinmultaneously heat treated for recrystallization annealing and for
heat th 25 i on of nickel plating layer in a continuous annealing furnace.
The anneal i 2&1 condition was heating at 780 C for 1 minute in the sane

at nospher e alcidentallys whemphe up tohi) miile i edispersing; agant was leddedi ntadhen
| ayer confirnmed by a gl ow di scharge em ssjon spectroscopy was. 2. 8 ,u m
Af t er Plating goltiional the agdad élkl?“htltpfa@fg‘t R3S | 18 flirech @rpmw %gly& ZaRkits coptedtyy
graphite dispersed nickel- cobalt- iron alloy plating under the follow n
condi Whemsmorethap) 1k mid. & graphite Gartent SHUERES: stirred. The condition ofg
t he anode Wﬁé t he sane as that for the substratum nickel plating. The

di spersi ng ?Ww@f(’q&agﬁﬁﬂte was the same as that of Exanple 1. 15 [Bath

conposi ti Ni ckel | fat e300 g/ L Ni | . chloride45 g/ L g i d45,.g/ L
Cob | lst’f“L A Srg?:rLy e PR Ae oy Hhe oUpNEe SRt B JlRe: 6 ROSHES
L ti,n ondi ti Bath t ture 60, 2 C 4.3 0.2 Curr.ent
densi %@C%Qd?\/g“ﬁﬁY% r‘%ﬁ%ﬁ%i”é‘bﬁf‘?e"% eécl%gg’i&?eg, |"69€‘bf)£‘?er r?ggﬁWoB%%r&naéer(rg[} int e
di spersed nickel] alloy plating containing 2. 3 %of cobalt, 1 %of iron
and 7Y IFCGIEShite. Then, a battery containers was press- formed using

Lhe:battery Perra rnngtgpe (R andpdBhI el Shbe PRI B WERE AR 1P

the battery p of manc . € Sane mann
Exanphe Ao Nfat e5sthlsilAs njadWMae Bf @M dle lwas added to them and mixed, which

produced the positive electrode mix. On the other hand, the mixture comprising 80 weight
part of graphite and 20 weight part of epoxy resin was diluted by methylethyl ketone. Then,

the diluted solution was air—sprayed onto the inner surface of the battery container
followed by heating at 150 ~ C for 15 minutes for drying. The afore—mentioned positive
electrode mix was pressed in a mold to be shaped into doughnut shaped pellets of mix,
which were inserted into the battery container and pressure—bonded to it. The prescribed
portion under the open edge of the battery container was formed by neck—in forming for the
purpose that a negative electrode board to which a negative electrode collecting rod was
spot— welded was provided to the battery container.

Next, a separator made of unwoven cloth of vinylon was inserted along the inner
circumference of pellets pressure—bonded to the battery container, and then negative
electrode gel comprising dissolved zinc granules and zinc oxide in potassium hydroxide was
inserted in the battery container. After that, an insulating gasket which was fit to the
negative electrode board was inserted into the battery container, and further calked. Thus,

an alkaline— manganese battery was completed.

After the thus manufactured alkaline—manganese battery was placed at 60 ° C for
20 days, internal resistance, short—circuit current and continuous discharge duration until

the voltage dropped to 0.9 V in case of being connected to an outer resistance of 2 Q



[ Exanpl e 8] A steel sheet having thickness of 0. 4 mmwas used as a
substrate for plating, which was degreased, pickled and then covered with
'substratum ni ckel plating. After being covered with substratum nickel
plating, the steel sheet was heat treated for heat diffusion under the
sanme conditions as those of Exanple 1. After being skin pass rolled, the
st eel wem;meamdpl’Ehtedesluitsgvecrpmhbwndns’liwleséd ni ckel - nmanganese al | oy

pl ati ng under the followi ng conditions. The plating solution was al so air-
stirred. The condition of the anode was the sane as that for the
substratum ni ckel plati ng The dispersing nmethod of graphite was the sanme
as that of EE&&prlé 21top at h corrp05|t| on] 16 N ckel sulfamate280 g/L N| ckel
chloride5 g/L Boric acid33 g anese sul fatel5 g/L G aphited0

Di sper si ng aé@femloklm of puffaqeegrgatsgeﬁ@d sheety werg pr%&ar%vwma %heoﬂqu@aﬁ h
tenperature Current density raphite
di spePgéBe aﬁppﬁy‘atﬁ%ﬂcﬁﬁf)ﬁ}a@&&c’éﬂera HHFIF@S&CQ&FPE]@H? %Pﬁéﬁe aPlICiS?l glap £i ng
cont ai ni ng . 0. % .0f anese and 10 % of graphite att

cont aldy&Fs b\%sq%“g% 0 g’%ﬁ%@“{%laﬂﬁm( ingd EIEFrfCé?BEenttr %fa% ?gﬁeeéllnae ﬁgﬁt sarge

batter re ma red,  and then, the battery performance of it was
neasuFé‘b‘iﬂg?PSc??e&@é #&ﬂ‘i‘i‘@ s in Exarrpl e 1. The result was shown in Table

: ug[stE?Z{'E' f oﬁl‘tﬁﬁaﬁ (eGPl eSS AGPCRRRE shiser oo BT PR 1
ol at i BB RRE e meRuAbup, ahGhod? Q@P%tgefﬁov%%ﬁfg%ﬁ%e DR, Heied o

condi ttflé) E'zﬁn@?na%ﬁgrs Gs 8 E%ﬁﬁfél £ JI’heAifegﬁlrts Rekd golFe‘éhOely shown in Table 1.

[Example 7]

A hyper—Ilow carbon cold rolled steel sheet having thickness of 0.4 mm and the
following chemical composition which was used as a substrate for plating was degreased,
pickled and then covered with substratum nickel plating.

<Chemical composition>

C:0.003 wt%, Mn:0.19 wt %, Si:0.01 wt%, P:0.011 wt%, S:0.06
wt %, Al:0.035 wt %, N:0.0021 wt % and Nb : 0. 002 wt %

After being covered with substratum nickel plating, the steel sheet was
simultaneously heat treated for recrystallization annealing and for heat diffusion of nickel
plating layer in a continuous annealing furnace. The annealing condition was heating at 780

* C for 1 minute in the same atmosphere as that of Example 1. The thickness of
iron— nickel diffusion layer confirmed by a glow discharge emission spectroscopy was 2.8 u
m. After being annealed and skin pass rolled, the steel sheet was plated by graphite
dispersed nickel— cobalt—iron alloy plating under the following conditions. The plating
solution was also air—stirred. The condition of the anode was the same as that for the
substratum nickel plating. The dispersing method of graphite was the same as that of

Example 1.



pass rolled, the steel sheet was plated by graphite dispersed nickel-
phosphorus alloy plating under the fol$owi ng conditions. The plating
'solution was also air- stirred. The condition of the anode was the sane as
that for the substratum nickel plating. The dispersing nethod of graphite
was the same as that of Exanple 1. [Bath conposition] N ckel sulfate 280
g/L 17 Nickel dBatrcatepssitign] Bori c aci d45 g/ L Phosphorous acid5 g/L

G aphitel5 g/L Dispersing agent4 nmi/L [Plating conditions] Bath tenperature
65 2 o C pH 1.2NKmeQSﬂEM¢rent densi t y3@®G gl dm 2 This graphite dispersed
all oy plating produced a graphite dispersed nickel alloy plating
contai ni ng 2 % of NigkekeMerde and 3 % of @ &hite. Then, a battery
containers was press- forned using this surface treated steel sheet, a
battery were nanuBed¢afidd, and then, the 4aétlery performance of it was
measured in the sagne manner as in Exanple 1. The result was shown in Table
1. [Exanple 10] AEQ?%%ﬁﬂgﬁ%et havi ng thi ckn€ds of 0. 4 mmwas used as a
substrate for plating, i ch was degreased, ,pickled and then covered with
substratun1nicke|£ﬁm§%$ﬂ t€ After being co&%g@d wi th substratum ni cke

pl ating, the steeb_s eet was heat treatgﬁ %HL heat diffusion under the
same conditions aS™{ e of Exanple 1. Afte eing skin pass rolled, the
steel sheet was plated.b raphite di sper ni ckel - bismuth alloy plating
under the foll ow gmgﬁﬂﬁgﬁg%ﬁs. The platﬁigl lution was also air- stirred.
The condition e S the sane as that for the substratum nickel
pl ati ng. The di ﬂ%ﬁdg(ﬁ§aﬁQﬁﬁ d of graphite was the sane as that of Exanple

1. [Bath conposi tbgﬂxltel}fhfe%ﬂurém fate240 gpl4 o -
pH 4,3 £ 0.2
Current density 15 A/dm *
This graphite dispersed alloy plating produced a graphite dispersed nickel alloy
plating containing 2. 3 % of cobalt, 1 % of iron and 7 % of graphite.
Then, a battery containers was press—formed using this surface treated steel
sheet, a battery were manufactured, and then, the battery performance of it was

measured in the same manner as in Example 1. The result was shown in Table 1.

[Example 8]

A steel sheet having thickness of 0.4 mm was used as a substrate for plating,
which was degreased, pickled and then covered with substratum nickel plating.

After being covered with substratum nickel plating, the steel sheet was heat
treated for heat diffusion under the same conditions as those of Example 1. After being skin
pass rolled, the steel sheet was plated by graphite dispersed nickel—manganese alloy
plating under the following conditions. The plating solution was also air—stirred. The
condition of the anode was the same as that for the substratum nickel plating. The
dispersing method of graphite was the same as that of Example 1.

[Bath composition]



Bi smuth sulfatel g/L Di sodi um et hyl enedi am ne tetra acetate20 g/L 18

Di spersing agent 5 mM/L Gaphite 20 glé Pit less agent 2. 0 nml/L
[Plating conditions] Bath tenperature 45 2 ' C pH 1.5 Current density 10
Alldm 2 This graphite dispersed alloy plating produced a graphite dispersed
nickel alloy plating containing 4 %of bismuth and 5 % of graphite.

[ Exanpl e 111 A st Netkeshdématavi ng t hi ckr#88s2bf 0. 4 mm was used as a
substrate for plating, which was degreased, pickled and then covered with
subst rat um ni ckel Nigkgt clgrid@s t he substrabuflni ckel plating, seni gl oss

ni ckel plating was carrjed out using a plating solution conprising the

ni ckel plating baBerigged i n Exanpl e 1 whith&flas added by sem gl oss

bri ghtener consistjng of 3 fC/L of fornarde;%;je unsat urated carboxylic acid
and 3 cc/L of pol aneserfjifaiee additives!® er being covered with the
substratum ni ckel pl ating, the steel shegt s plated by graphite

di spersed ni ckel S’lr%ﬁ lt'r‘i’g of whi ch thickness s 2 ,u mand graphite
content was 5 %uT)der t.he sane conditions as.ihose of Exanple 1. The

di spersi ng met hod 6§pe§§l%ﬁgqrg'sms the sam® hat of Exanple 1. Then, a

battery contai ners.was press- forned ihn his surface treated steel
sheet, a battery ?ét\r,YgSSrrggﬁ??actured, aﬁzbtﬁgﬁf, the battery performance of it
was rneasured i he . ner as in Exanple 1. The result was shown in
Tabl e 1. [Exanquégtﬂ%&%‘r@foglg sheet having thickness of 0. 4 mmwas used as
a substrate for p I .ch was degreasead,, pi<ckl ed and then covered

W th substratum n?gtﬂe%qnpqeé‘ I%]% Next , as%'?hg s2ubs rat um ni ckel plating,

ni ckel - 1 % phosppﬁlr us plating was 19 carjigdeogity using the foll ow ng

pl ati ng bath. [Bath conposition]

Current density 10 A/dm *
This graphite dispersed alloy plating produced a graphite dispersed nickel alloy
plating containing 0. 7 % of manganese and 10 % of graphite.
Then, a battery containers was press—formed using this surface treated steel
sheet, a battery were manufactured, and then, the battery performance of it was

measured in the same manner as in Example 1. The result was shown in Table 1.

[Example 9]

A steel sheet having thickness of 0.4 mm was used as a substrate for plating,
which was degreased, pickled and then covered with substratum nickel plating.

After being covered with substratum nickel plating, the steel sheet was heat
treated for heat diffusion under the same conditions as those of Example 1. After being skin
pass rolled, the steel sheet was plated by graphite dispersed nickel—phosphorus alloy
plating under the following conditions. The plating solution was also air—stirred. The
condition of the anode was the same as that for the substratum nickel plating. The
dispersing method of graphite was the same as that of Example 1.

[Bath composition]

Nickel sulfate 280 g/L



Ni ckel sulfate280 g/L N ckel chloride45 g/L Boric acid45 g/L Phosphorous
acids g/L [Plating conditions] Bath tepperature65 2 C pHL.20.2 Current
densityl5 A/dm 2 After being covered with the nickel- phosphorus plating

| ayer, the steel sheet was plated by graphite dispersed nickel plating
under the conditions of Exanple 11 in which the treating duration al one
was changed. ThenNickebeltlbeds cont ai ners #ag/bress- formed using this
surface treated steel sheet, a battery were manufactured, and then, the
battery perfornmaBedcatidit was neasured 4mglhe sane manner as in Exanple 1.
The result was shown in Table 1. [Conparative exanple 11 A steel sheet
havi ng the sane tRhespheransactl t he same cher@kal conposition as those of
Exanple 1 was used as . a substrate for plating, which was degreased, pickled
and then cover edGERMtesubst r at um ni ckellpB8ting. After that, the steel
sheet was heat treated, skin pass rolled, and then nickel- plated again
under the fol | owi RéPEEHEE A8YHs. [Bat h co"rrﬁé@i'ti on] Nickel sulfate300 g/L

Ni ckel chlori d;ﬁ)i 9/ L I%gri C ?Ci d45 g/L Pit |less agent (sodiumlauryl
sulfate) 2. 0 ng ¢ngitiaRs.) condi tions] 20 Bath tenperature 60 2 0 C pH

4.3 0.2 Current depsjty 15 A/dm 2 [ Conpatati ye. exanple 21 A steel sheet
havi ng the sane t%ﬁ@k{?gﬁ?rﬁtﬂﬁethe sane cﬁém'tcél onposition as those of

Exanpl e 1 was used,,as a substrate for plati i ch was degreased, pickled
Exa ite NG 3

Current density 15 A/dm *
This graphite dispersed alloy plating produced a graphite dispersed nickel alloy

plating containing 2 % of phosphorus and 3 % of graphite.
Then, a battery containers was press—formed using this surface treated steel
sheet, a battery were manufactured, and then, the battery performance of it was

measured in the same manner as in Example 1. The result was shown in Table 1.

[Example 10]

A steel sheet having thickness of 0.4 mm was used as a substrate for plating,
which was degreased, pickled and then covered with substratum nickel plating.

After being covered with substratum nickel plating, the steel sheet was heat
treated for heat diffusion under the same conditions as those of Example 1. After being skin
pass rolled, the steel sheet was plated by graphite dispersed nickel—bismuth alloy plating
under the following conditions. The plating solution was also air—stirred. The condition of
the anode was the same as that for the substratum nickel plating. The dispersing method of
graphite was the same as that of Example 1.

[Bath composition]
Nickel sulfate 240 g/L.
Bismuth sulfate 1 g/

Disodium ethylenediamine tetra acetate 20 g/L.



t hen covered with substratum nickel plating. However, further plating was
not carried out after that. The charatgeristics of the steel sheets and
the battery perfornmance of Exanples and Conparative exanpl es were neasured
as follows: (1) Gaphite content in the plating layer It was neasured by an
infrared absorption nethod nmentioned in JIS G 1211. After the carbon
content in 1 g ofDisperspngagentst eel sheet was nea8un¥l, that in the same
steel sheet of which plating |ayer was renmoved was neasured. Then, the

di fference in thefraphtedefi ned as the graphite cof &% (weight % in the
plating |layer. The 50 % cunul ati ve di ameter of graphite particle was
measured using a Pédess aggnffracti on type parti cl%eosm% distribution tester.
(2) Thickness of the diffusion l[ayer It was neasured by a nethod using a

gl ow di schar ge Mt%%d%’@éfr oscopy. (3) Internal resistance After the
manuf act ur ed battﬁéé‘l was placed at 60 C for %g ga s, At he internal

resi stance (m Q SIS by an al t er nat e *8utr ént Y npedance nethod. (4)
Short circuit current After the manufactured ba]:éery was placed at 60 C
for 20 days, the Birrent value flown in the clofed circuit conposed by
connecting a amefer tp .the battery was rreasw and the val ue was
deternined as a s BFrtengij%%ﬁyt current. 21 (4) @Mnuous di schar gi ng

duration After.the nuf.act at t.er re - 00,.

the durati on%hl?ngfalpﬂﬁﬁeélg%qr#écggngﬁl 006%%%@ ﬁgosd&%&g a\/gﬁ\%éltgreggﬁé%r%‘gd tﬁ&ﬁga%lﬁy

cl ose i rCuif . 0oge 0 t4 istance of 2 0 to the battery.
The n&g‘gf&gé%héaérﬁﬁgg V\Zosgfslﬁ%%lﬁlaéﬂgg ll%%gaﬂhﬁn'the case where the neasured
val ue of Conparative exanple 2 was shown as the index of 100. PCSSIBILITY
OF USE I N I NDUSTRY The battery container of the present invention has a
graphite di Tﬂﬁfnﬁ @ pijckel  plating layer or a graphite dispersed nickel -
all oy plating ager containing graphite on the outernost |ayer inside the

oL Lot B R S 0 DR o oIk et ek gy
dur at iyfich was degreased, pickled and then covered with substratum nickel plating.
As the substratum nickel plating, semi gloss nickel plating was carried out using a
plating solution comprising the nickel plating bath used in Example 1 which was added by
semi gloss brightener consisting of 3 cc/L of formardehyde unsaturated carboxylic acid and 3
cc/L of polyoxy— ethylene additives. After being covered with the substratum nickel plating,
the steel sheet was plated by graphite dispersed nickel plating of which thickness was 2 u
m and graphite content was 5 % under the same conditions as those of Example 1. The
dispersing method of graphite was the same as that of Example 1.
Then, a battery containers was press—formed using this surface treated steel

sheet, a battery were manufactured, and then, the battery performance of it was

measured in the same manner as in Example 1. The result was shown in Table 1.

[Example 12]
A steel sheet having thickness of 0.4 mm was used as a substrate for plating,
which was degreased, pickled and then covered with substratum nickel plating.

Next, as the substratum nickel plating, nickel-1 % phosphorus plating was



conpared to a nickel layer or nickel- iron alloy |ayer can be obtained.
Thus, the battery wusing the battery coftai ner of the present invention has
an i nproved battery performance since the plating |layer of it contains
graphite. 22 CLAIM1. A surface treated steel sheet for a battery container
i'n which a graphite dispersed nickel plating layer is forned on at | east
one sgafrigdeousfusingethe followiag plastgdimitht eel sheet, that is to becone the
inner side of a battery container. 2. A surface treated steel sheet for a
battery cont ai rid¥ath GOmBPYIHORl gr aphite di spersed nickel alloy plating |ayer
is forned on at | east one surface of the surface treated steel sheet, that
is to becone the MNigkel sulfde of a batterﬁBQdﬁ¥ainer. 3. A surface treated
steel sheet for a_pattery container according to claim2 in which said
al oy plating | aydicketchlgpde ayer of nickéﬁ-ggobalt al l oy, nickel- cobalt-
iron alloy, nickel- manganese alloy, nickel- phosphorus alloy or nickel-
bi smuth al l oy. 4. ﬂpﬁﬁFﬂhce treat ed stee&gé%%et for a battery container
according to any §kain 1 to,3 in which é&;fusion | ayer is formed under
said plating | ayef NOSPROFOUSA4dice treated 8t¥E sheet for a battery
cont ai ner accorgj 0 aims 1 to 4 in which any |ayer of mat nickel
it frnilars)

pl ati ng, sem - | ati ng, gl oss nickel ©plating, nickel- cobalt
al l oy, nickel- co - ] | oy, nickels ganganese all oy, nickel -
phosphorus al |l oy ?gh{mtecnl%geq%m%%srmt h all 03?5i S ?gr rrrtgd under said plating

| ayer. 6. A surfaﬁﬁ treated steel sheet f?rz a; bgtd ery contai ner according
to any clains 1 0 5 in which the conteni 'of graphite in said plating

layer is 0. 1 to @%ﬁy& hsi 7. A nethogs of jygur face treatment for a
battery contai ner ergigﬁ %%pl ating | ayer ?is/ formed on at | east on one

side to beco eff rbgg 'g[lfb%ré?f Wfh Qhe Rkl ﬁlﬁdépﬁ&%%adlﬂﬁf%l:d?éﬂgtlfé Seaf sHdt w‘%%\t h

i ncl udi ng ni cke surface active agent and grap e powder. 23 8
te 8i8

et hogakd %Wér@l?rﬂ ?éﬂé’@d'hidi@r pRtiRgtundeY tHORSRiitSs o EEhple a 1PlAwhitt thayer
is fornmed on at |east on one side to becone the inner side of a battery

cont aith@itingSduisticéh Rloaki sk chidigbd Miendi A®anBs kortdiners Was ereds—reimed siging
consisting of cobalt salt, iron salt, nmanganese salt, phosphorus conpound

and bithisukhrfs® treatdd lsedel setidet, Ubhttesy ardrevmanagfactured)d agd athienf ethe pbattieny.
9. A battery container produced fromany surface treated steel sheet
accor dierfprinance of it was measured in the same manner as in Example 1. The result was

shown in Table 1.

[Comparative example 1]

A steel sheet having the same thickness and the same chemical composition as
those of Example 1 was used as a substrate for plating, which was degreased, pickled and
then covered with substratum nickel plating. After that, the steel sheet was heat treated,
skin pass rolled, and then nickel— plated again under the following conditions.

[Bath composition]

Nickel sulfate 300 g/L
Nickel chloride 45 g/L
Boric acid 45 g/L

Pit less agent (sodium lauryl sulfate) 2.0 ml/L

[Plating conditions]



claims 1 to 6. 10. A battery which uses said battery container according to
claim9. CCCC ra (C0000C ONOOcOCCC) g@pLam NC) C

‘CCC) NWM OWN+~, --i'--~r-i00 4 (Cxrl.--~--~r~H, --~, ~1-1r-1,--~ 4.--4 4- ON
Ol CUOI 4-4C U ..0O0NLCNOOOOC) COLCL- 400C) C) U+~d
C-'ti0000Ci | -~t" 0000l --:0000L-:c01.6 O-i Cul U a)

Bath temperature 60 = 2 C

pH 4,3+ 0.2

Current density 15 A/dm *

[Comparative example 2]

A steel sheet having the same thickness and the same chemical composition as
those of Example 1 was used as a substrate for plating, which was degreased, pickled and
then covered with substratum nickel plating. However, further plating was not carried out

after that.

The characteristics of the steel sheets and the battery performance of Examples
and Comparative examples were measured as follows:
(1) Graphite content in the plating layer
It was measured by an infrared absorption method mentioned in JIS G 1211.
After the carbon content in 1 g of the plated steel sheet was measured, that in
the same steel sheet of which plating layer was removed was measured. Then, the
difference in them was defined as the graphite content (weight %) in the plating layer.
The 50 % cumulative diameter of graphite particle was measured using a laser
diffraction type particle size distribution tester.
(2) Thickness of the diffusion layer
It was measured by a method using a glow discharge emission spectroscopy.
(3) Internal resistance
After the manufactured battery was placed at 60 ° C for 20 days, the internal
resistance (m Q) was measured by an alternate current impedance method.
(4) Short circuit current
After the manufactured battery was placed at 60 ° C for 20 days, the current
value flown in the closed circuit composed by connecting a ammeter to the battery was

measured, and the value was determined as a short circuit current.



I C Ca- C -LCDNMDONO 41 CNOON-LUC). 4 !'ti Cn~NN-+ONNNNNL-co CC d) Cn ba
a)i-.LO-+CDN, - 40L0OCDLCDrti C)--~N 91 ¢t ElIlIIlIl o0-~a"CiN-.MC]M CCr~'
a+~ Wi C2Mco LO'I,"""LOLO"' a 4+ O-,NLO +~ ~t
(4) Continuous discharging duration
After the manufactured battery was stored at 60 ° C for 20 days, the duration
until the voltage dropped to 0.9 V was measured using a closed circuit composed by
connecting a resistance of 2 Q to the battery. The measured value was shown as an index
in the case where the measured value of Comparative example 2 was shown as the index of

100.

POSSIBILITY OF USE IN INDUSTRY

The battery container of the present invention has a graphite dispersed nickel
plating layer or a graphite dispersed nickel—alloy plating layer containing graphite on the
outermost layer inside the battery container. For this reason,,the smaller contacting
resistance, the greater short circuit current and the longer continuous discharging duration
compared to a nickel layer or nickel—iron alloy layer can be obtained. Thus, the battery
using the battery container of the present invention has an improved battery performance

since the plating layer of it contains graphite.
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CLAIM
1. A surface treated steel sheet for a battery container in which a graphite

dispersed nickel plating layer is formed on at least one surface of the surface treated steel

sheet, that is to become the inner side of a battery container.

2. A surface treated steel sheet for a battery container in which a graphite
dispersed nickel alloy plating layer is formed on at least one surface of the surface treated

steel sheet, that is to become the inner side of a battery container.

3. A surface treated steel sheet for a battery container according to claim 2 in
which said alloy plating layer is any layer of nickel—cobalt alloy, nickel—cobalt—iron alloy,

nickel—manganese alloy, nickel—phosphorus alloy or nickel—bismuth alloy.

4, A surface treated steel sheet for a battery container according to any claims 1

to 3 in which a diffusion layer is formed under said plating layer.

5. A surface treated steel sheet for a battery container according to any claims 1
to 4 in which any layer of mat nickel plating, semi—gloss nickel plating, gloss nickel
plating, nickel—cobalt alloy, nickel—cobalt—iron alloy, nickel—manganese alloy,

nickel— phosphorus alloy or nickel—bismuth alloy is formed under said plating layer.

6. A surface treated steel sheet for a battery container according to any claims 1

to 5 in which the content of graphite in said plating layer is 0. 1 to 25 weight %.

7. A method of surface treatment for a battery container wherein a plating layer is
formed on at least on one side to become the inner side of a battery container using a plating

bath including nickel salt, surface active agent and graphite powder.



riC ari4-)+.) axC. c cccoO3coacokatotxo a byto cn bDrnr C
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zzzzzzzzzzzzzzzzzzzzbabaaR‘ aRzzzz tor- i ) . )
rr4)+)+) +) +) &) A method eff surface treatment for- a4pa|tte¢y container wherein a plating layer 1s
xcocococococaCacacocawCCcococacacacacaCCer aa. 4- g, -i cocococa
eeeeefurmadeaneatcleastcuprse side de decome the inner side of a battery container using a plating

bath including one kind or more of metal salt consisting of cobalt salt, iron salt, manganese
salt, phosphorus compound and bismuth salt, nickel salt, surface active agent and graphite

powder.

9. A battery container produced from any surface treated steel sheet according to

claims 1 to 6.

10. A battery which uses said battery container according to claim 9.
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