DESCRI PTI ON A SURFACE- TREATED STE'E-L SHEET FOR BATTERY CONTAI NER, A BATTERY
‘CONTAI NER, AND A BATTERY USI NG SAME Techni cal Field The present inventi on
relates to a surface-treated steel she for use in afMgttery container,

battery container, and a battery usi Background Art ,Batter
. containers for batteries such as BESGC%%I?E"!)I(BNttery ||¢e‘r %ya&%e
" battery, a secondary battery |ike nickel-cadm umbattery, and a

ni ckel - hydrogen battery, which is expected to be increasingly denmanded as a
new secondary battery, should be filled with a strong al kaline sol ution.

They hawe V’PREAPPED' STRERY SRR POR BATIERYI CONTAINER! nA

nmet hod 1 n |ch a coI roIIed steel sheet is press-fornmed and subjected to
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proposal s for inprovenent in these nmethods have been nmade, anong which the
present inventors have propose'd an excellent surface-treated steel sheet
used for_ a battery container with a low internal resistance. (International
Publ i caflleghnigal Rmbb/ 11527) Further, in recent years, as the press-formng
met hod for manufacturing a battery cont ai ner, DI (Draw ng and Ironing)
forning met hodThaspresknh inventitmeelatés tha sarface-treapedistes] dthent for mee Hod
since DI form ng nethod enables the container to be nmuch nore thinned so as

to achi aVisatdéry G&iﬂa@ﬁ&d Lhattery voifaihdic sl & datterPuldingdt.i on of Pat ent
applicati ons No.
Background Art
Battery containers for batteries such as a primary baftery like
alkali-manganese battery, a secondary battery like nickel-cadmium battery, and
a nickel-hydrogen battery, which isl expected to be increasingly demanded as a
new secondary battery, should be ﬁlled with a strong alkaline solution. They
have been conventionally ﬁ:anufactured by a so-called after-plating method in
which a cold rolled steel sheet is press-formed and subjected to a barrel plating
or by a so-called prior-plating method in which a nickel plated steel sheet is
pressed and formed into a battery container. Many proposals for improvement
in these methods have been made, among which the present inventors have
proposed an excellent sﬁrface-tfeated steel _sheet used for a battery container
with a low internai resistance. (International Publication_No. W095/11527)
Further, in recent years, as the press-forming method for
manufacturing a battery container, DI (Drawing and Ironing) forming method
has taken the place of the multitstep deep drawing method since DI forming
method enabl.es the container to be much more thinned so as to achieve an

increased capacity of the battery (Publication of Patent applications No.



HEl - 7-99686). These DI forming nmethod and DTR (Drawi ng Thin and Redr awi ng) .
ferm ng nethod are advant ageous, becaus%t hey enable a battery container to
bé so forned so that the thickness of t side wall is thinner than that of
the bottomportion, Accordingly, nuch nore anode and cathode el ectrode
active niBH799688)n b@%@cl@gﬁ forminghanethodaiangt BIRus (Drawingai Fhimcandsed
battery capacity and al so attain enhanced pressure-proof strength of the
battery HReshrawéing¥ farmigherethad geret hilvimizpeons, bbeauset tlhey panblon bhttely
container. The DI form ng nmethod and DTR form ng nmethod are effective in
achi evi ngohteinen¢o dasso formée sbahhe the AhRdidsY Ftheesilb oRsT i3RBVEne BNBY T |
as for the formability of a container, they have a di sadvant a]ge in the ,
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met hods has a greater deformation resistantCe conpare

convent i | .55k e dr.aw d; specifically., in a.case
 where t hg%lfdtaﬂréi tz%dll%é i|?1n er |316°’r cfa&r%n P%eg%tr]]{(l'la b%%éﬁ? n‘*g’“%?wér B¢ s (ppgttan )
properti f | afing | ayer agai nst i.ng peeled off in a powdery state
then subjazeestt bedler ety G886t afhin e BresPE néa?doﬁrepi%gn%_
formng nethod, th eel ed_of f powder w || adhere to a die and punc uring
the i ronﬁ@%@?% E’S sk of & gatherslange: thickpess of tbsi h@ﬁto%t’%&@nW%ﬁhe on
the side wall thereof. This happens in the deep drawing forming in the sane
way. ThoG@mtalper.t he cases of the DI forning method and DTR form ng nethod,
t he obtained container has a side wall having a small surface roughness and
gl ossi er appear ZheeDlIs fornhimgabratbodeand oDAR ffoamsing pprethod agfeereffective in
conspi cuous. Thus, the anti-powdering properties of a material is nore
si gni fi cachieving bke dnqeasein the battdrgrdapasititishednaidae@EHRVE! NHA%HRE RS-
In addition, in the cases of the DI form ng nethod and DTR form ng net hod,
the for the formability of a container, they have a disadvantage in the continuous

formability because a material subjected to these forming methods has a greater
deformation resistance compared with that used. In the conventional multi-step
deep drawing method.

More specifically, in a case where the material is inferior in the
anti-powdering properties (the properties of a platingllayer against being peeled
off in a powdéry state) when subjected to the cupping operation in the DI
forming method or DTR forming method, the peeled-off powder will adhere to a
die and punch during the ironing operation, with the result that the container
suffers flaws on the side wall thereof. This happens in the deep drawing
forming in the same way. Though, in the cases of the DI forming method and
DTR forming method, the obtained container has a side wall having a small
surface roughness and glossier appearance, so the above mentioned flaws appear
rather conspicuous. Thus, the anti-powdering properties of a material is more
significant in the cases of the DI forming method and DTR forming method. In

addition, in the cases of the DI forming method and DTR forming method, the



REPLACEMENT SHEET 3 material and. tools come into contact with.each ot her
at a. hi gher contaet pressure conpared wig¢h that in the case of deep draw ng
met hed Therefore the material is required to have Iexcel I Ielnt snoot hﬂess in
view of the, |ifeti of. the tools. Thus, a materjal excellent in the

anti - podeFF%ﬂjalpraé‘grtP?]és come, Qi ceRtach Wétriﬁseéﬂ&haﬂhﬁno@ttt &r highan gontact
However, the conventionally used material sheet has the surface to be the
out er surfrggeung cempared With dhasiinetherase ofdleapt drawing grethod ckThepdford,ng.
Thi's bright nickel plating has a problemthat it shows poor anti-powdering
proper t i ehevmatejabjerequired tprlese- éxvelieny smivuthhess i eidverofi thet hftithB & f
brjight nickel plating includes sulfur-containing organic additives

(sul f oni ¢hacitebleom¥Thus, ng araterialegiollens frortHRX AHH -Bhwdekidy gﬁ{aﬂéfdiésg is
el ectrodeposited crystal particles and this . sulfur is adsorbed ih the

pl ating lrayfireduWo BOubE a8l LhAROALBARRIAGY  Wen the material sheet is
subj ect ed fﬁo I roni nguand stret cﬁii%ﬁg I n t(ﬁg DI form ng process or DIR
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surface-treated steel sheet
nickel plating includes sulfur-containing organic additives (sulfonic acid
comprising a= C-SO2-group, for example) for micronizing electrodeposited
crystal particles and this sulfur is adsorbed in- the plating layer during the
electrodeposition. When the material sheet is subjected to ironing and
stretching in the DI forming process or DTR forming process, the temperature of
the material is raised, which increases the brittleness of the plating layer due to
sulfur. As a result, the anti-powdering properties of the material is further
deteriorated.

With a view to solving the above mentioned problem, it is an object of
the present invention to provide a battery container, of which the inner surface
has a surface-treated layer having low internal resistance and of which the
outer sﬁrface has a surface-treated layer of high quality and excellent in
continuous formability.

It is also a technological object to provide a surface-treated steel sheet
suitably used for forming the battery container.

It is a further technological object to improve the ability of a formed

container to be pulled off from a punch (strippability) after DI forming or DTR
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suitably used for forni ng'the battery container. It is a further

‘technol ogi cal object to inprove the abi I4dty of a formed container to be
puIIed of f froma punch (Strlpﬁablﬂty) f'éler c[i)l form?ﬁ 08 DTeRe o
REPLACEMENT SHEET 4 formn This is _considered since e degr

diffi cuﬁgxmw& enfBVs i cansisiened stunet thendegtieeorh difBcylimdn resnovipgabiformed in
the final operation of the press-formng process is inportant in addition
to the algowtainent fromed that ipyiwhd clstrippabitity) t irestha\Emabeiopgration edf othe
fromthe punch, the formed container has its end portion hooked to be

renoved bress-farmipgnaqirocevad ishémpoltartorinai Aklitibas tBOQheStho%alihéﬁﬁMnedt

will frequently suffer breaks or tears at the end port I on thereofeI whi ch
may | oweantfgowdedugt x\etptayt es. tWheﬁOBéﬁglﬁﬁﬂe otf 16RLd on
A %attery ci(:%t ai nergo elpr esent I nventTon tlps char act er c};hﬁ} \?%I c%t t he
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surface of Whl ch is provided with an upper | ayer formed of a nickel-cobalt
alloy and a | ower |ayer formed of a nickel -phosphorous alloy. A battery
contai ner of the present invention is characterized, wherein the cobalt
cont ent Desedlsurg ckef thebaventiod oy | ayer of said outer surface of the
battery A battery container of the present invention is caracterised, of which the
inner surface is provided with a nickel-phosphorous alloy layer.

A battery container of the present invention is caracterised, of which the
inner surface is provided with a nickel-phosphorous alloy layer and the euter
surface of Wixich is provided with a nickel-cobalt alloy layer.

A battery container of the present invention is caracterised, of which the
inner surface is provided with a nickel-phosphorous alloy layer and the outer
surface of which is provided with an upper layer formed of a nickel-cobalt alloy
and a lower layer formed of a nickel-phosphorous alloy.

. A battery container of the present invention is caracterised, wherein the
cobalt content in the nickel-cobalt alloy layer of said outer surface of the battery
container is within the range of 0.1 to 1.0wt%.

A battery container of the present invention is caracterised, of which the
inner surface is provided with an upper layer formed of a nickel-phosphorous
alloy and a lower layer formed of a nickel-cobalt alloy, and the outer surface is

- provided with an upper layer formed of a nickel-cobalt alloy and a lower layer

formed of a nickel-cobalt alloy.
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~container is within the range of 0.1 to 1.QM% A battery container of the
" present invention is characterized, of ich the inner surface is provided
with an upper |ayer formed of a nickel-pghosphorous al'loy and a | ower |ayer
formed of a njckel-cobalt all o¥ and the ,outer surface is. provided with an
.upper | ayerAf batiery sonaines ef the resent iByentiop ds| eakacterised. whereia ghe o
‘ni ckel cobal t al | oy. REPLACEMENT SHEET 5 A battery contai ner of the
present icobalht¢ombent in Hdeavickelcobalfrdlast formmimec tinilowendayen of rsaideouter

ni ckel -cobalt alloy formng the | ower |ayer of said outer surface of the
battery eanfase nsfl thes battely conb@ineanigewithif. thet cargeOof V. hrtd Lidevttdlaald the
content in the nickel-cobalt alloy |layer of said inner surface of the

battery gopilticogtentSinid nftkeloob838109 lajel of 8aidl DM stfhat 6£fhe BRALA Ner

of the present invention is characterized., of which is obtained by the

dr awi ng E%@iiﬁgiﬁeﬁ@ﬁﬂn tRe fa‘i’%@dﬁ‘%@%&%% DIR form ng nethod. A battery

cont ai ner present 1 nvention Is racterized, wherein the
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| ayer | s ORPEAEN PHEnF ifgrioe Sripe methodh D] AT 0] Wo b HEPDYRE  he
present invention is characterized; wherein the thickness of said
nickel-cmdalloy | ayer is within the range of 0.1 to 2.0 A m

A battery container of the present invention is caracterised, wherein the
phosphorous content in said nickel-phosphorous alloy layer is within the range
of 0.1 to 1.0wt%.

A battery container of the present invention is caracterised, wherein the
thickness of said nickel-phosphorous alloy layer is within the range of 0.1 to 4.0
u m.

A battery container of the present invention is caracterised, wherein the
thickness of said nickel-cobalt alloy layer is within the range of Q.l to 2.0 u m.

A surface-treated steel sheet for use in a battery container of the present
invention is éaracterised, of which the side surface to be thg inner surface of the
battery container is provided with a nickel-phosphorous alloy layer.

A surface-treated steel sheet for use in a battery container of the present
invention is caracterised, of which the side surféce to be the inner surface .of the
battery container is provided with a nickel-phosphorous alloy layer, and the side
surface to be the outer surface of fhe battery container is provided with a
nickel-cobalt alloy layer.

A éurface-treated steel sheet for use in a battery container of the present

invention is caracterised, of which the side surface to be the inner surface of the
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A surface-treated steel sheet for use in a battery container of the present
"invention is characterized, of which thg side surface to be the inner
surface of the battery container is provided with a nickel - phosphorous
alloy layer. A surface-treate tee] sheet fqr use in a batjery container
.of the Sﬁ%@em CORtUIREY Jf PROvated xuth g ﬁgfel&oh%ﬁ' o, alloy glavely { 488 $h5 be
the inner surface of the battery container is provided with a, )

ni ckel - ppidephuiangstaabe oyhe apter suniace ofthy battery tortainer ireprdvaded with an
surface of the battery container is provided with a nickel-cobalt alloy

| ayer. Auppef daget rfommed of ecinickelatobhitr alley andaabkliwer Jayemtformed of a he
present invention is characterized , of which the side surface to be the

i nner supfckebphbsplierous difyt ery container is provided with a
ni ckel - phosphorous alloy |ayer, and the side surface to be the outer

surface of A NRrbael GbiiddBtcd Heet FoP %! HES Wabtdrd eonRRfler! ﬁﬁ’ﬁ&e Bt of
a nickel-cobalt alloy and a | ower layer forned of a nickel-phosphorous

all oy. AHEAGETd LeAl ArSLeClaRlSs! ¢ho" Hifcl hohBAHC IndiOBhAnBE lotfhd N
c“leﬁE ‘? %i Hrfﬁth {I%/o b :

present Thvention i's aracteri ze er €l e surface € inneér
surface pf_ the battery container .i.s,provi.ded with an er layer forped of
S ool BRHSIShoRRBHET oy APAvidRd aitiern: syEPSF or BUa offokmed *bF"%

ni ckel - copal | 1 oy, and _the surface to be_the guter_ surface of the hattery
cont ai nepl i'ﬁ%@w umlip:s'alfamm?&d pdower fIWﬁfe@rmedaOﬁacnéékelémﬁt Yoy
and a |ower | ayer formed of a nickel-cobalt alloy. A surface-treated steel
sheet f oramndéh¢ suzfasattodreytheoomter sarfase afithehastenyt conteineriisprovided with

characterizedl, wherein the phosphorous content in said nickel-phosphorous
al | oy | agerupgemdayernfarieed afige nidkel-cabals dll@madtd a lower layer formed of a

nickel-cobalt alloy.

A surface-treated steel sheet for use in a battery container of the present
invention is caracterised, wherein the phosphorous content in said
nickel-phosphorous alloy layer is within the range of 0.1 to 1.0wt%.

A surface-treated steel sheet for use in a battery container of the present-
invention is caracterised, wherein the cobalt content in the nickel-cobalt alloy
layer of the side surface to be the outer surface of the battery container is
within the range of 0.1 to 1.0wt%.

A battery container or a surface-treated steel sheet for use in a battery
container of the present invention is caracterised, wherein the cobalt content in

| the nickel-cobalt alloy forming the lower layer of said outer surface is within the
range of 0.1 to 1.0wt% and the cobalt content in the nickel-cobalt alloy forming
the lower layer of said inner surface is within the range of 1.0 to 2.0wt%.

A surface-treated steel sheet for use in a battery container of the present
invention is caracterised, wherein the thickness of said nickel-phosphorous alloy

layer is within the range of 0.1 to 4.0 ¢ m.

-
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A surface-treated steel sheet for use in a battery container of the present
invention is -characterized., wherein the cobalt content in the

ni ckel -cobal t all oy | ayer of the side surface to be the outer surface of
the battery container is within the range of 0.1 to 1.OM% A battery

.cont ai ner ok sarfageftreetad etaeddsheebdbr siseein faobatkexyi condainert of yhe ameaenier
‘of the present invention is characterized, wherein the cobalt content in

t he ni ckidvesival is ehtaeyerfissd)i wiheiele thevﬁmiclimse rofofaid aickeltdobalis allbpdayes
within the range of 0.1 to |.OmM % and the cobalt content in the

ni ckel - c;&;aliﬂmﬁlth@)@af!@@rafrmlttbg(b . layer of said inner surface is wthin
the range of 1.0 to 2.0mt % A surface-treated steel sheet for use in a
battery CO fyO{x R8G9 conty itk N GheéAE6H is Wash&leRisthe

t hi ckness %sagl% ]%gea%osp ocro(l’t)ltrl}s al' | oy e flg W t%ﬁn t1 e rangemtg;i

19, 6holl g R GBSt Wﬁ%@%?lﬁ *BleBfoRb GRbisp GRferial

wherein th t hi ckness. o ni ckel alt alloy layer is within the range
of 0.1 t8® %nﬁgﬁlv%e}pg%qoﬁyaquen@a e”&‘(é)tft ery contai ner of the present

i nvention is characterized, wherein the batterg container is packed with a
14

positive el/bananatacharinganeihos:foxia syrface traghed steal sheet freusg in acbattery

material. A manufacturing nethod for a surface-treated steel sheet for use

in a bat cmbpmmoﬁthmpreﬁemhavmbele s caractarised, wherdiar aaiekdlwsphorows n a

ni ckel - phosphorous alloy plating is applied to the steel sheet surface to

be the ialey platihgds ayplidietdahe etgelaheietisueface to be the inner surface of the
battery container.

A manufacturing method for a surface-treated steel sheet for use in a battery
container of the present invention is caracterised, wherein a nickel-phosphorous
alloy plating is applied to the steel sheet surface to be the inner surface of the
battery container and a nickel-cobalt alloy plating is applied to the other surface
of the steel sheet to be the outer surface of the battery container.

A manufacturing method for a surface-treated steel sheet for use in a battery
container of the present invention is caracterised, wherein a nickel-phosphorous
alloy plating is applied to the steel sheet surface to be the inner surface of the
battery container and a nickel-cobalt alloy plating is apph'ed.to the other surface
of the steel sheet to be the outer surface of the battery container.

A manufacturing method for a surface-treated steel sheet for use in a battery
container of the present invention is caracterised, wherein a nickel-cobalt alloy
plating is firstly applied to both surfaces of a steel sheet, subsequently a
nickel-phosphorous alloy plating is applied to the plated steel sheet surface to be

the inner surface of the battery container, and then a nickel-cobalt alloy plating

1s applied to the plated steel sheet surface to be the outer surface of the battery
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A manufacturing nmethod for a surface-treated. steel sheet for use in a
battery contai ner of the present invention is characterized; wherein a

ni ckel - phosphorous alloy plating is appﬁ ed to the steel sheet surface to
be the inner surface of the battery container and a nickel-cobalt alloy
.pl ati ng centzppér.ed to the other surface of the steel sheet to be the outer
‘surface of the battery container. A manufacturing nethod for a
surface-treated steel sheet for use in a battery contai ner of the present
invention is .characterized, wherein a nickel-hosphorous alloy plating is

appl i ed Best heodd fR!casbfitle sutthackveatida the inner surface of the battery
contai ner and a nickel-cobalt alloy plating is applied to the other surface

of the steel shacluimedfdiies QietstRUt bRES a0l tHTHIAIREN: GARRARS rbw

manuf act uri ng et ho or a surtace-treate , Sheet for use In a
battery | ner th e | nyent | [ aracteti. wher el n..
o ekl © cERAIDhRT Phe | clfeRRgAad el draRs of AATPRGRR JBFPuub iintidos.
sheet, subsgquent | ni ckel -,phosphorous alloy plating.is,appli.ed to,the
o't ed SPBEROSTReAtd aaiof JHEeRh Sirtures RerBeBveh for dhgopuiiRep t6 e
container, and then a nickel-cobalt alloy plating_is applied %g t.he pl ated
steel shihe whersurface vk a hattryesoniainercangs fornthe surtaop to bg Eamomtas: .
Best node for carrying out the Invention A surface-treated steel sheet
accor di ngurface hef phesbatterncomtaioveri s Tookegip vaithe dhe Thiests stiueture rafathel
steel sheet of the present invention conprises surface-treated |ayers of
di f f er ensusfacedrented lmpecf ithel stebbrshebt forirthec énher lBarfdee ofithe battbage
of a battery container and for the surface to be the outer surface of the
battery ecenfaah&ris edplaiedl fn Weidil. the first structure of the
In the first structure, a nickel-phosphorous alloy layer is formed on the
surface of the steel sheet to be the inner surface of the battery container. This
. alloy layer on the inner surface of the battery container produces lower battery
internal resistance so as to enhance the battery performance, for example, the
lifetime of the battery. The nickel-phosphorous alloy layer is provided on the
inner surface of the battery container also for another reason mentioned below.
Recently, the developed can forming methods such as DI forming method or
DTR forming method has made it possible to decrease the thickness of a can
body. At the same time, a battery employing such container of thinned can
body uses a strong alkaline inner solution such as potassium hydroxide.
Therefore, it is necessary for the inner surface of the battery which is exposed to
such a strong alkaline solution to have a surface-treated layer further improved
in the anti-corrosion properties than a metallic nickel layer.
When a nickel-phosphorous alloy layer is formed on a steel sheet by

electroplating, the formed nickel-phosphorous alloy layer becomes amorphous

and the anti-corrosion thereof increases in proportion to the phosphorous



surface-treated | ayer of the steel sheet for the inner surface of the
battery container is explained in detail,. In the first structure, a

ni ckel - phosphorous alloy layer is fornmetd on the surface of the steel sheet
to be the inner surface of the battery container. This alloy |ayer on the
i hner sugdntent.ofAt the pamedimpes bawavanrther bandness obibe Matingrlgyenhingraases
‘resi stance so as to enhance the battery perfornmance, for exanple, the

|'i f eti meimfpropertivat terthe Phespliarkes -qonbemth orWhenatheohardyess bf the opliatteng on
the inner surface of the battery container also for another reason

ment i onethyee! exesdieeBninateasdie theveickpbphosphorotgiplgtdie imesis satfabe ast fhle

formng nethod or DTR form ng nethod has nade it possible to decrease the

t hi cknesgofthireC IR QAKer AbrakRs ddviRg! | f@s-f@rrﬂﬁié nd &Ml 8hdel JodéCdf the
cont ai ner of thinned can body uses a strong al kaline i nner solution such as

a
pot assi u Leeq T rea:id ol '
Phe batt Sy NHT Do QRICRLE, fhidt alOeRERy Bafitorabte LE sbfEnSuinet 8 |
surface-freated.l ayer,further. i.nproved in the.anti-gorrosi on pr rtigs
Uhan & nERSFTEIRETI PArapar, iR dir oy e i s BRORRECEPRE GO PR, to e
formed on a steel _sheet by el ectroplating, the fornmed nickel - phqsphorous
alloy | amg%egﬁést%ﬂﬁ% B AR RECYRTT the OreurTeRCce wcfrtﬁtﬁ cFaRkendREDE
proportion to the phosphorous . 9 content. At the same_tine, however, the
har dnessprgsstihemingt i arthey.cit is mecessaay fon the aekelinhespborons pHex pamrots
content. Wien the hardness of the plating | ayer excessively increases, the
ni ckel - phaephar otlsickhedsedof nAdr tur #drq: ofmt he Whenh aither thi¢knessf fafr #hreacks
during press-formng and the steel base of the container will be exposed,
whi ch aduikebbhosisheonsrdi@sldyee ialless tlodn @51 e ntstheoéffect of decreasing the

battery internal resistance cannot be obtained. On the other hand, when the
thickness is more than 4.0 ¢ m, the effect of increasing the adhesion of this
.alloy layer to a positive electrode compound comes to saturation, which is
uneconomical. Accordingly, when a layer of nickel-cobalt alloy is further formed
as the lower layer of the nickel-phosphorous alloy layer, instead of forming a
mono layer of nickel-phosphorous alloy on a. steel sheet, the nickel-phosphorous
alloy layer as the uppér layer may have a thickness less than that mentioned
above.

The nickel-phosphorous alloy layer may preferably be formed by
electroplating using a Watt bath. The electroplating is practiced using the Watt
bath comprising a water solution containing 100 to 350g/1 of nickel sulfate, 10 to
50g/1 of nickel chloride, and 5 to 40g/l of phosphorous acid, under the conditions
set at a bath temperaturé of 50 to 70° C, to pH of 0.5 to 1.5, and at a current
density of 3 to 15A/dm”.

Next, as the upper layer of the surface-tljeated layer of a steel sheet to

be the outer surface of a battery container, a nickel-cobalt alloy layer is provided



the container. Therefore, it is necessary to limt the phosphorous content
to the range of 0.1 to 1.Om% so as to event the occurrence of the cracks
during press-formng. Further, it is ne ssary for the nickel - phosphorous
alloy layer to have a t hi ckness of 0.1 to m Wien the

.thi cknesfowthe fallowingereasansprbrafuis, & mp}cel a«;b&lt iadloyclager paexcellenteiny fhen

‘the effect of decreasing the battery internal resistance cannot be
obt ai ned an€ipowdexingeroperties ahé alschexdehlicnk nedheiformabdityhiznthe DI [fermingn
the effect of increasing the adhesion of this alloy layer to a positive

el ect r odgpestisnchd OER fopniag Wopirhtion vdthphrdds wibke CihrRotbedntidiedosidighg! v,
when a Iayer of nickel-cobalt alloy is further forned as the | ower |ayer of

the ni ckghy eQﬂﬂSERRéPPPat%é onntcﬁwﬂtany NeHee AtkkRA - cHRAIRT AN Tby2lafeR FotB¥a  orP bhe
ni ckel - phosphorous alloy on a steel sheet, the nickel-phosphorous all oy

2yer asshPBolpeh LAKPIHIRY 7K fnd RuBkN RS EAES £ oS A ey

above. osphorous a ayer may pre erab
electroplat S The eI tro atin p S} t he
Vart bat REEGHIYS Pﬁga bright pI8GPe RSRrconfid o dreble (el &%}ﬁ Iegai ey
sulfate, ;10 t ni cke] .chloride, d 5 t 409/ | 0S horou
Setd undSrer; Ras adhgrdallons etalls dossa tich RoRtEbEIS B ashidhye BTl (o
pH of 0.5 to 1, 5, and at. a current density of 3 to 15A/dnferr]. Next, as
the uppevalugef e baderassace-treated | ayer of a steel sheet to be t he
outer surface of a battery container, a nickel-cobalt alloy layer is
provi ded 10 This t bdght| platime i aperfermahasuck, thahi skeb- eobatnt aof oy
| ayer is excellent in the anti-powdering properties and al so excellent in
t he for mbbighténirghagdret like aiocomimgrcially-available brightener or saccharin is added

to a bath composition for nickel-cobalt alloy plating.

Specifically, the nickel-cobalt alloy plating is performed such that cobalt
sulfate is added to a nickel sulfamate bath so as to mingle cobalt into a nickel
plating layer. More specifically, for example, the nickel-cobalt alloy plating is
performed by the use of a bath composed of 400 to 800g/1 of nickel sulfamate, 5
to 10g/l of nickel chloride, 1 to 30g/l of cobalt sulfate, and 20 to 60g/l of boric
acid under the conditions set to pH of 4.0, at a temperature of 60° C with air
agitation, and at a current density of 10A/dm®. As cathode, spherical nickels
packed in a titanium basket and further lapped with a polypropylene bag is
used.

The second structure of the plating according to the present invention
comprises a surface of a steel sheet to be the inner surface of a battery
container, which is provided with two layers of a nickel-phosphorous alloy layer
(upper layer) and a nickel-cobalt alloy layer (lower layer) and the other surface

of the steel sheet to be the outer surface of the battery container, which is

provided with a lower layer of a non-bright nickel-cobalt alloy and an upper



operation and DTR form ng operation conpared with the conventional single
l-ayer of. nickel plating. Incidentally, the nickel-cobalt alloy |ayer forned
on the surface of a steel sheet to be t outer surface of a battery

cont ai ner may pref erab be a bri t plating layer. This is because the

.ni ckel - claygrof & bxght lea a]érﬂ cellent netallic gloss, which
‘contributes to a higher commercial value of the batteries. This bright
plating is per f’Bhemelasnmfortﬂhatfosmnﬁowmﬂsuchoﬁombbrgmmlekek@wbaﬂoy ilaperm
commerci al | y-avail abl e bri ghtener or saccharin is added to a bath

conposi t (lowef dayai)chela balbery cntainep! &t andoll&peci Nagsdlyy it idaecessary to

ni ckel -cobalt alloy plating is perfornmed such that cobalt sulfate is added

to a ni chRlventlthargbel B@éd‘oﬁ%@&oﬁtﬁlﬂﬂﬂ‘ﬁb& peRA diresily e%pBéé&% tRé atiditk
| ayer. re specifically, for exanple, the nickel-cobalt alloy plating 1s

perfor rreg]]gg%] h 4 u?x(é kel
sul famat € n{e g?lgglﬁ 5} %%?%Qf%%g??}ge%nf %ﬂ (%:8 91% %zﬁg %1% ul 8}[1216 and
20 to 60 of b |c aci ¢ ynder..the ¢ |t|ons set,to of 4.0,
t enper at g‘?‘i]eh ofs 6 (ﬁ aaté?rtyaﬁ 8 108 P E aW@ﬁPr gcﬁte d&‘?@r )}ag?r of
| OA/dnf e hode ri cal ni | s, packed in et and
further P’A%fﬁ}eAf‘ﬂ/F 04‘@‘& g“ﬂﬂre?i‘é T| glé; 1OyT %'e H%P PPU&
the plating accordi ng to_the present invention conprises a surface of a
st eel shlagersuiffors macks during pregedoryning. b Aheeransopnioxitherallash pemppsition
provided with two | ayers of a nickel -phosphorous alloy |ayer (upper |ayer)
and a ni ckehickebatnd akcdlglt| sy ethatl dher nickedrcobaltd ally dishexcelientacin ofhe he
steel sheet to be the outer surface of the battery container, which is
pr ovi dedautitdikalitconeosiomyitrhay an exoelidnti glohgatiok ao-thaltak tis a[h}noyt fired from
upper
cracks at the time of press-forming, it includes the same nickel component as
the upper layer so that it is excellent in the adhesion to both the steel base and
the upper nickel-phosphorous alloy layer, and so on.

‘A nickel-cobalt alloy layer as an intermediate layer between the steel
sheet and the upper layer may preferably be formed by a nickel-cobalt alloy
plating. The nickel-cobalt alloy plating is performed such that cobalt sulfate is
added to a nickel sulfamate bath so as to mingle the cobalt into a nickel plating
layer. More specifically, for example, the nickel-cobalt alloy plating is
performed by use of a bath composed of 400 to 800g/l1 of nickel sulfamate, 5 to
10g/1 of nickel chloride, 1 to 30g/1 of cobalt sulfate, and 20 to 60g/l of boric acid
under the conditions set to pH of 4.0, at a temperature of 60° C with air
agitation, and at a current density of 10A/dm>. As cathode, spherical nickels
packed in a titanium basket and further lapped with a polypropylene bag may
preferably be used.

As for the inner surface layer of the battery container according to the

present invention, a cobalt content in the nickel-cobalt alloy layer may



| ayer of a bright nickel-cobalt alloy. The reason for the formation of such
“non-bright nickel-cobalt alloy |ayer (If%er | ayer) on a battery container
is as follows. Nanmely, it is necessary prevent the steel base of the
container frombeing directly exposed to the strong al kaline solution in

.the bat t Breferahlyhe vathingthe)zangs ehdel de 40%er VBhen tthesbalts pentens isdasdge
‘of a battery solution, even when the upper |ayer of nickel-phosphorous

al | oy | aplean d).1%i, chelantoteatrtosiin effettague tbotheegresencheofl whalt isjest, suiler s
cracks during press-form ng. The reason for the alloy conposition of nickel

and cobakthenstidasbdlb@oniteritels-mokatham|4.0%, itsledseiol @ntecofiomteal loss. The
anti-alkali-corrosion, it has an excellent elongation so that it is al nbst

free from&r&?ﬁsﬁhofdﬁ% WIS ydl FS thidf Mebshd | btrubflrddes Fdien&NEn Nikdel

conponent as the upper layer so that it is excellent -in the adhesion to

bot h the ) e, UPReh Rl =P ﬁ%ﬁ'p a I

on. A ni gli(%a]ﬁ%?ggga ta]g(ﬁlﬂ%%ilﬁéyer. gsﬂgglﬁl%%{le{r%%e |aélgq%§y§aq%1§%%€ryrfzﬂ%%ss§gel
sheet and the upper ka refetably he.for b ni.ckel - gobal i all oy
o1 a1 ng. aRbGHER Sfndd She "B SfiBR 410 in S Brdl) BriNSER: TBEDEbe®

sul fate is added to.a.nicke] sulf te bath so as.to.mngle the cobalt into
2 ni ckel MANHINE] Pagkel PhoBRerclisealley dayes, or fide 8@%‘#@193% oy dRERE SRl
alloy plating is perforned by use of a bath conposed of 400 to 800g/| of

ni ckel spréfgrably have e thighnresstoff.dkie 46hiomi aed moxe, prefgrablyt 1.6oksali0
sulfate, and 20 to 60g/l of boric acid under the conditions set to pH of

4.0, at m,trespectitalye of 60 C with air agitation, and at a current density ><

of | QA/dnR2. As cathode, spherical nickels packed in a titanium basket an /

further | apped Thé manpficypriagypeoessaf) thesupfaetdrediey steelisheet éecdrdingﬁé\

I nner surface |layer of the-battery container according to the present _

i nventi 0B thHe pOSINt i6OBAEOA 1§ Mowhexplatked wittPAdfbréddeOty Fyar may /'
[Steel sheet]

As a base sheet to be plated, a low carbon aluminum-killed steel is
suitably used in general. Further, a non-ageing h&per'low carbon steel made of
the low carbon aluminum-killed steel to which niobium, boron, or titanium is
added is also used. Normally, such base sheet is prepared by subjecting a steel
strip to the steps of electro-degréasing, annealing, and skin pass rolling after
cold rolling.

[Nickel-phosphorous alloy plating]

The above mentioned base sheet is subjected to a pretreatment
comprising the steps of alkaline electrolytic degreasing, rinsing, pickling by
sulfuric acid or hydrochloric acid (electrolysis or immersion), and rinsing.
Thereafter, the thus pretreated base steel sheet has one surface or both
surfaces thereof provided with a nickel-phosphorous alloy plating. In the

present invention, a plating bath for the nickel-phosphorous alloy plating may

be any of known baths such as Watt bath, sulfamat:,e bath, and chloride bath.
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12 preferably be within the range of 0.1 to 4.0% Wen the cobalt content
i.s [.err].than 0.1% the anti-corrosion fect due to the presence of cob

I's lost, while when the cobalt content nore than 4.0% it leads to an
econom cal | oss. The nickel sphorous alloy layer of this second

.st ruct ur When the abave mqnteonﬁdcwiebybm harops alloyyplatinghelctheninayesuriacy med
‘in the manner as previously nentioned, under the same conditions as in the
first stoficthe ebafteeyalwonéaiment ihmseda nithk&lnepho&qﬁhdesmstbaﬁ 0.1 ayea, othd he
ni ckel -cobalt alloy |ayer nmay preferably have a thickness of 0.1 to 4.0
[err] m afdtelrphesph@iovsatiloy plabidgolaged hased hhimiher efspigdbisscprosent therein.

Thel manuf acturing process of the surface-treated steel sheet according to
the pr eSAe&ofdmﬂgsvt ixQfh {oF theWaRY¥ F%'té’él“s?ﬁet)[ ﬁc@é‘émﬁéﬁﬁaﬂss&%eél ik@Sthe ABSNId® be

pl at ed, [ow cafbon al um numkilled steel i s sur t abl y used in general.
Furt her, b f n
al um nun“r(ﬁl ?@gﬁg@gg&&%ﬁei@&&% %S&t or 1?lc{anl u C{p%ﬁ% gldolfsanal

the. st epuogotiies ?ﬁc@‘é‘%e é‘?%tabieanﬁigﬁF §d rirﬁhsféﬁb%%ﬁléogﬂuﬁ aFioF pledpie e °
heet | sURLBIAR BEFIAES BF SRETPERI ISR AQHAS s daoet CAFRAN Trie T
el ectrol ytic degreasing, rinsing, pickling by sulfuric acid or hyd[ochloric
aci d (el eath enyen surface phihe batiery asinferiesiincormeien sesistanceh avhiph ds also
pretreated base steel sheet has one surface or both surfaces thereof.
provi dedunfavorable. ckel - phosphorous alloy plating. In the

Next, the formation of the m'ckel-phésphorous alloy plating and the
nickel-cobalt alloy plating on the battery container or the surface-treated steel
sheet as mentioned above is explained. The nickel-phosphorous alloy plating is
performed by the Watt bath such that a phosphorous acid is added to i:he nickel
plating bath. One specific example of such nickel-phosphorous alloy plating
bath is such that 0.3 to 2.0g/1 of .phosphorous acid as H3PQ3 is
quantity-variably added to a composition of 300g/l of nickel sulfate (6 hydrated),
45g/ of nickel chloride, and 40g/1 of boric acid so that the deposition amount of
phosphorous in the nickel layer may be adjusted.

The nickel-phosphorous alloy plating bath may preferably have a
temperature of 55 to 60° C and pH up to 2.0 at most. In such a case, .the
thickness of the plating layer may preferably be 0.5 to 4.0 ¢ m.

Further, the nickel-cobalt plating is performed also by the Watt bath
such that cobalt sulfate is added to the nickel plating bath so that cobalt and
nickel are co-electrodeposited to form a surface-treated layer.

[Description of Battery container]

Next, the manufacture of a battery contamer using the above
Y
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present invention, a plating bath for the nickel-phosphorous alloy plating
may .be any of known baths such as Watt th, sulfamate bath, and chloride
bat h. When t he above nentioned ni ckel=phosphorous-all oy plating of . the
i nner surface of th% battery contaﬂlner, has_a thi ckness of |less than 0.1
JJerr] m merntionediariznecgatadosiechphert isiamlagetayer has a nunber of

"pi nhol es present therein. Accordingly, iron (of the base steel sheet)

i ncreasi ngly di $Bhe vbatienyo comsaiaeral daaterdinigut toonthed fphesantt t mvention is

el ectrolyte, resulting in an increasing formation of an iron oxide, which

i s unf avoisahifactutbé byt formingkidle- pirdstreats] stdebyshpbhibroducid adhabouvé énto
surface of the battery container has a thickness of less than 0.1 [err] m

such out grghapefFesliates Q@iﬂ%gt;ﬁ-és’s.i s inferior in corrosion resistance,
which is al so unfavorable. xt, the formation of the nickel-phosphorous

al 1oy plating affl ihg, Eé%f tﬁﬁ?‘i‘ééeﬁ' ih%nﬂbﬁtlifﬂ% Rfudd eh P2 Fréésﬁov%%]é"er
or the surface-treated steel sheet as nentioned above 1s. explalned. e

ni ckel - phosphar.ous ali oy..pl atl i r y.t tlg%thsch-that a
phosphor tike AkovE PeRlipléa vBihfueRuil S afRhel i MRed il SRRt o
of such pi ckel - phosphor,ous al.loy. plating,bath,  is such . that 0.3 to . 0g/ |
of phospettens chrraags for gplkaknd div rall, X hastes /ag s Gontaiam Sen i
of 300g/l of nickel. sulfate (6 hydrated), 45g/1 of nickel chloride, and
40g/ | of prrfided awith s» mexe exeeligapobattesy neaformasse pihampHidiaduysing  the

ni ckel |ayer may be adjusted. The nickel -phosphorous alloy plating bath may
pr ef er abtonveaimnal haifeay containet. 56 to 60 C and pH up to 2.0 at nost. In
such a case, the thickness of the plating |ayer may preferably be 0.5 to
4.0 [ err[Structaretdfeduterrarfioeksf Battbrt toxptadenlg i s perforned al so by the
Watt bath '

According to the present invention, it is preferred that the outermost
layer of a surface-treated layer formed on the outer side of a battery container
may be a bright nickel-cobalt alloy. This is because such bright nickel-cobalt
alloy layer formed on the uppermost surface of the battery container effectively
serves to suppress the powdering of the surface-treated steel sheet to a lower
level than the single nickel plating layer of a conventional surface-treated steel
sheet at the time of press-forming. In addition, it is also because the
nickel-cobalt alloy layer has excellent anti-corrosion properties.

It is to be noted that according to the present invention, an
intermediate layer of a non-bright nickel-cobalt alloy layer or a
nickel-phosphorous alloy layer or the like can be provided under the bright
nickel-cobalt alloy layer. Such intermediate layer serves to impart further
improved corrosion resistance to the surface-treated steel sheet, which also
provides an improvement in the corrosion resistance of the entire outside

appearance of the battery container.

[Structure of Inner surface of Battery container]



such that cobalt sulfate is added to the nickel plating bath so that cobalt
and nickel are co-el ectrodeposited to fi)gma surface-treated | ayer.

[Descrl ption of Battery container] Next;“the manufacture of a battery

cont ai ner using the above 14 mantroned surface-treated steel sheet is
.expl ai ned. The Aggarding ctmt therefirslc combpdiment 1 ok the-sprasephy dnyention,s a
‘manuf actured by forming the surface-treated steel sheet produced as above
into a skupiaceftreatedndyer wfithg imner engfacehef anbatitiexyr sontiainewr ip fasmead of a

i nvention have found that in a case where the above nentioned

sur f ace- nicalehospRetoushalddy.i s used for manufacturing a battery contai ner
for an alkaline dry cell, a battery using this container can be provided

with a nore excgbé&atng)atd efhé REEST NBbBdihant t dfatthes ipResddie i6PaNEABA] opal
battery contai ner. [Structure of Quter surface of Battery cont ai ner|]

Accor di g} L. ALESEOLy IgME il blefhse RES] Bettly! Bakatdle Qb%giﬂ%tan

| ayer of sur face- Iayer on the out tter

cont e gy @ﬁr%ﬁt%ﬁ *\%Y% iR ?L%lcﬁsfp@%r}@riﬂr AREREER %%Stle%tﬁht

cont ai ner, eff vel erv s 0 suppress the powdering of the

sur f ace- if(rré%?‘ia% Q—:’éﬁe]s ]g")é I 83/er | evel ltohan the95| ngl e ni ckel plating
| ayer of a conventional surface-treated steel sheet at the tine of

press- for[ﬁiﬂglp ﬂgul] addition, it is also because the nickel-cobalt alloy

| ayer has excellent anti-corrosion properties. It is to be noted that
accordi ng to t hThprmesant inventiownis explained more in detail in accordance with

Examples.
[Examples 1 to 6]

A low carbon aluminum-killed steel sheet having a thickness of 0.25mm
which had been already cold rolled and annealed was used as a base steel sheet
to be plated. The chemical composition of the base steel was as follows.

C: 0.04% (% means a percentage by weight, and the same hereinafter),
Mn: 0.19%, Si: 0.01%, P: 0.012%, S: 0.009%, Al: 6.064%, and N: 0.0028%

The above mentioned steel sheet was subjected to alkali-electrolytic
degreasing under the following conditions.

[Alkali-electrblytic degreasing]
Electrolysis condition
Bath composition: 30g/1 of caustic soda
Current density: 5A/dm’ (anodic treatment) X 10 seconds
5A/dm® (cathodic treatment) X 10 seconds
Bath temperature: 70° C
Subsequently, the base steel sheet was subjected to sulfuric acid

pickling (50g/l of sulfuric acid, bath temperature of 30° C, immersion for 20



intermedi ate | ayer of a non-bright nickel-cobalt alloy |layer or a
ﬁickel-phosphorous all oy layer or then;%¥e can be provided under the bright
ni ckel -cobalt alloy |ayer. Such inter | ate | ayer serves to inpart further
I nproved corrosion.resistance . to the surface-treated steel sheet i ch
.al so pr otAcgBdshn AfBr dhske it mései'ﬁbowhqw@%églgtlagcwaéfamﬁ@%ﬁpi ¢h
out si de appearance of the battery container. [Structure of Inner surface of
Bat t er y sunfacesnafrhe thuscpretiatgd thase istedlisheet amidedithe followvingh conplisiomst

i nvention, a surface-treated |ayer of the inner surface of a battery

cont ai nefNickel-phosphafous ailoykglatimedsphor ous al | oy. According to the second
enbodi nrent of the present invention, a surface-treated |ayer of the inner

surface of a baBi@y dorpsdigioner 3 bf ke Bulfgper (outernost) |ayer forned
~of a nickel -phosphorous alloy and a |ower |ayer forned of a nickel-cobalt

al l oy. [Exanpl es] The present 4;%%‘/?5‘1‘13&'8&(??8?' ained nore in detail in
es

accordance with Exanples. [Exa to 6 | ow car bon al um numkill ed

steel sheet having a thickness ' had been already cold rolled
and anneal ed was used as a bas%é)éq(gfeﬁl%géieém#@ebe pl ated. The chemi cal

conposition of the base steel s,as follows. C 4% (% neans a

per cent age by wei ght, and the @gﬁg"ﬁé?&%\fﬁ‘éﬁ’ﬁ,s- %eo. 19% Si: 0.01% P:
0.012% S: 0.009% Al: 0.064% and N.. 0.0028% The above nenti oned st eel
sheet was subjected to al kal i -¥lgéel phesphorous acid

Bath temperature: 55 £ 2° C
| pH: 1.5t0 2.0

Agitation: air agitation

Current density: 10A/dm?

Anode: nickel pellets (nickel pellets packed in a titanium basket, which
is then lapped with a polypropylene bag)

The nickel-phosphorous alloy plating to both surfaces of the steel sheet
was performed under the above mentioned coﬁditions and for a variable time of
the electrolysis so as to obtain plating layers having varied thicknesses.
Incidentally, there were also obtained samples each of which has plating layers
different in thickness on both sides of the steel sheet.

[Nickel-cobalt alloy plating]

After the nickel-phosphorous alloy plating, only the surface of the steel
sheet to be the outer surface of a battery container was subjected to bright
nickel-cobalt alloy plating. In this case, the nickel-cobalt alloy plating was
performed in a Watt bath. Namely, cobalt sulfate was added to the Watt bath
as follows so that a nickel plating layer might have a cobalt content.

Bath composition: 600g/1 of nickel sulfamate Ni(NH:SOs)-4H:0

This Sheet Has Been Replaced

L




degreasi ng under the follow ng conditions. [Al kali-electrolytic degreasing]
El ectrol ysis condition Bath conpositi 081:.7 30g/| of caustic soda Current

density: 5A/dnR2 (anodic treatnent) X 10 ‘seconds 5A/dnR (cathodic treatnent)
X 10 seconds Bath tenperature:_ 70 C Subsequently, . the base steel sheet was

.subjected to sulfuric acid pi ckighef pickgl ehleridey| Nik 8B d, bath

‘tenperature of 30[err] C, imersion for 20 16 seconds). After that, a
ni ckel - phosphorous al |l oy pl atidhtp @@g/lafsbbals sudfatet CoSilf 6He@ of the thus
pretreated base steel sheet under the follow ng conditions.

[ Ni ckel - phosphorous al | oy pl at40wdl ofSeétic acidpdiBOoNn: 3009/ 1 of ni ckel

sul fate 40g/1 of boric acid 45gf1 of nickel chloride 0.5g/1 of sodium

| auryl sul fate J1P0/ 4 (8djuRbb By @ubfamiaciftidat h tenperature: 55 + 2 C pH 1.5
to 2.0 Agitation: air agitation Current density: | OAdnR2 Anode: nickel

pel | ets (nickel 1 8 m a titani um basket, which is then | apped
with a pol yproﬁ%/ g%\% ag?)Bil tio : '

Bath temperature: 60° C

Cathode current density: 10A/dm’

Anode: S PELLETs (spherical shape, manufactured by INCO
Corporation) packed in a titanium basket, which is then lapped with a
polypropylene bag)

The nickel-cobalt alloy plating was performed under the above
mentioned conditioﬁs, by va.riable amounts of cobalt sulfate to be added, and for
variable time of the electrolysis so that the plating layers might have varied
cobalt contents and varied thicknesses.

The thickness of the plating layers was measured by the ICP method.
[Examples 7 to 10]

The same steel sheet as in Example 1 was used as a base sheet and
provided with the above mentioned nickel-cobalt alloy plating on both surfaces

' thereof. Then, another nickel-cobalt alloy plating was applied to one of the
surfaces of the steel sheet to be the outer surface of a battery container under
the same conditions as in Example 1 and subsequently a nickel-phosphorous
alloy plating was applied to the other surface of the steel sheet to be the inner
surface of the battery container under the same conditions as in Example 1 to
produce a surface-treated steel sheet.

[Comparative Examples]

A nickel plating (not a nickel-phosphorous alloy plating) was applied to



The ni ckel - phosphorous alloy plating to both surfaces of the steel sheet
was .performed under the above nenti onedygondi tions and for a variable tine
of the electrolysis so as to obtain plating |ayers having varied

t hi cknesses. Incidentally, there were al so gbtai ned, sanpl es each of which
.has pl at fbﬂgsmge? oF b sl 08 khagtARrhes She SRR ﬁu’%ﬁﬁﬁsgp arbatterss coRiATA ot
"(Nickel -cobalt_alloy plating] After the nickel-phosphorous alloy plating,

only theunder the falowing enndationficet to be the outer surface of a battery

contai ner was subjected to bright nickel-cobalt alloy plating. In this

case, théNidkekglatinghlt alloy plating was perforned in a Watt bath. Nanely,
cobalt sulfate was added to the Watt bath as follows so that a nickel ’

plating layer rBgth chyosidiocsob300gh ofiingdlie] sidfalle cONposi tion: 600g/ 1 of

" nickel sulfamate Ni([err]) [err] 17 1 g/l of nickel chloride Nid[err]
6H err]0 5 to 20g/1 of cobalt sedqafBolealierrl- 6H20 40g/1 of boric acid
Herr]BO[err] pH 4 (adjusted by sulfamne acid) Agitation: air agitation

PELLETS (sphercal shape, manutot of kst BB, Vor att o) packed i a
P cel —cobal t ai 10y plating el BORRGPREIIAIEH THEBove. )
Bath temperature: 55 +=2° C
pH: 4.0 to 4.5
Agitation: air agitation
Current density: 15A/dm?
A reference inaterial obtained from the above mentioned Examples and

Comparative Examples is shown as Table 1.
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menti oned conditions, by variable amounts of cobalt sulfate t.ﬁ}.b agdded,
and for variable tinme of the electrolysis so that the plating s 23 peaReplaced
have varied cobalt contents and vari ed1Phi cknesses. . The thi ckn%ﬂ ﬂ ’I
plating | ayers was nmeasured by the |1 CP nethod. [Exanples 7 to

.steel siPeliledd in Example 1 was used as a base sheet and provided with the
"above nentioned nickel-cobalt alloy plating on both surfaces thereof. Then,

anot her ni ckep=eobat-t—att+oy—pl-atpowas—appred—ro—ene—ef—the—gurfaces of
the steel shegegfto|be t er sprflags at tlery jeentjai ner junder |t he
same conditiong |as lia E 1 apd [sdh I‘y & nijckel L @hosphoroug al | oy
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THIS SHEET HAS BEEN
REPLACED




pH 4.0 to 4.5 Agitation: air agitation Current density: 15A/dm A reference
mat eri al . obt ai ned fromthe above nenti d Exanpl es and Conparative

Exanpl es is shown as Table 1. REPLA NT SHEET - 20 [ Manufacture of
Battery gontainer] Agcording to the DI form ng nethod, a battery contai ner
.Was manu puf%auwotﬁﬁaﬁ@wwenwgl mentioned surface-treated steel sheet
“having a thickness of 0.38mm That is, the surface-treated steel sheet of
41mm in bl ank dheserding wes the nbd iforwing copetbdd,20a Siatiary dicanbaimer Wi h
was then subjected to redrawi ng and two-step ironing by means of a DI

formi ng sEaohifaetured by tsingethel abioveamentioaed eurfaeditreatedngeahsladtdiavdngreet er
of 13.8mm a wall thickness of 0.20mm and a height of 56mm Finally, an

upper enthipRhb4OBE 038R, C ThadiisethedOehfavd srelatéddbsb] tshept 0 Udenid HEblely
contai ner of LR6 type having a height of 49.3nmm According to the DIR .

Sur f‘;ﬂg- TFanris Qe roRhad ot Tk By Y0 POSL Ty GegE Oyt s fhen |
i mee of SRbER T Rt RRR o TRl R AT AR bR @

to be formed into a container body having an outer diameter of 13.8mm, a wall

thickness of 0.20mm, and a height of 56mm. Finally, an upper end portion of
the container body was trimmed to produce a battery container of LR6 type
having a height of 49.3mm.

According to the DTR forming method, a battery container was
manufactured using the surface-treated steel sheet having a thickness of
0.25mm. That is, the surface-treated steel sheet of 58mm in blank diameter
was formed by several times of drawing and redrawing into a LR6 type battery
container having an outer diameter of 13.8mm, a wall thickness of 0.20mm and
a height of 49.3mm.

[Manufacture of Battery]

After the battery container was manufactured as mentioned above, an
alkali-manganese battery of LR-6 type was manufactured in the following
manner.

At first, manganese dioxide and graphite were compounded at a weight
ratio of 10 manganese dioxide to 1 graphite, to which 8 mol potassium hydroxide
was added to prepare a positive electrode compound. Then, the positive
electrode compound was pressed in a mold under pressure to produce a
doughnut-shaped pellet having a fixed size. The pellet was pressed into the

battery container. Next, a negative electrode plate to which a negative



cont ai ner having an outer dianeter of 13.8nm a wall thickness of 0.20mMm
and a height of 49.3nm [Manufacture of_ Battery] After the battery

cont ai ner was nanufactured as mantioned2 bove, an al kal i - nmanganese battery
of LR-6 type was manufactured in the foll ow ng nmanner. At first, manganese
.di oxi de eleatrgdasalleeting bar sorpepetawelded wandixgr tortde; hatterylcontainmese
‘dioxide to 1 graphite, to which 8 nol potassium hydroxi de was added to
prepare a posi tSulsseguentlypde cepaxator. mBlden,oft menpwevén veimtlext clodk was
conpound was pressed in a nold under pressure to produce a doughnut-shaped
pel I et hngeftpdairtothd Iditery diittapedrl glongatheihess eRripHerytdfeheapdlastywhich
container. Next, a negative electrode plate to which a negative 21

el ect rodﬁaaobb@ﬁtpf&s%ina@&osrt% paksied \e@ﬁtathéled Thehhea bahilRids %?1 of
contai ner. Subsequently, a separator made of non-woven vinylon clot

| nser edgttotts&&,ﬂ b ﬁgaﬁq;%bm%g{t% ARL0080 AL Yol HHOE § IB&J et

whi ch h €en press-j ol ne al ner hen a

of pot as roxi de._satu artl Ies an XI de

(11 Do P BRRERE Ao EFpeEon aF i a&wnﬂﬁ% heiad e 2688 Vt’?‘f%d
- to the negative ﬁctrcigghplate V\:hl hvvas tedlntotheb t;??

cont ai nelectmegenn t WAR etnsfEed: HER teny, GRntsIBeK | ttery

al kal i - manganese battery as the finished product I nci dent al ly,
pr ef er r eeontaznergmashihea palkede thppnreducing: ae allsalirmenganess battteme aﬁatheer y
container so as to inprove the battery perfornmance. In

finished product.

Incidentally, it is preferred that graphite may be applied to the inner
surface of the battery container so as to improve the battery performance. In
such case, 80 parts by weight of graphite is blende.d with 20 parts by weight of
thermosetting epoxy resin diluted with methylethylketone, air-sprayed to the
inner surface of the battery container, and dried at 150° C for 15 minutes.

The thus manufactured batteries were each evaluated with regard to
the battery performance. The evaluat:ion results are shown in Table 1. It is to
be noted that the measurement was repeated three times with respect to 30
containers as one measurement unit in every examination, since a single
measurement for each container alone may lead a large difference.

In Table 1, Comparatiye Example is a case where a battery container is
manufactured by using a surface-treated steel sheet, of which the surface to be
the inner surface of the battery container is provided with a single plating layer
of nickel and press-forming it. In contrast, Examples 1 to 6 are cases where
battery containers are manufactured by using a surface-treated steel sheet, of
which the surface to be the inner surface of the battery container is provided

with a single plating layer of nickel-phosphorous alloy and press-forming it.



such case, 80 parts by weight of graphite is blended with 20 parts by

wei ght of thernopsetting epoxy resin dilgted with nethylethyl ket one,
air-sprayed to the inner surface of th attery container, and dried at 150
C for 15 mnutes. The thus manufactured batteries were each evaluated with
regard t BurtherpFizaamplepct toRwrecasemhere hatteryrconssiners axe angnufactnred
‘Table 1. It is to be noted that the neasurenent was repeated three tines

Wi t h r esppatsihg a38urfant-iresded séeelmieetdesing mesurface-treated layer eomaptisiaig on,
since a single neasurenent for each container alone nmay | ead a | arge

di fferengf. uppeFabiyerl of Cafgkel-phosshdrsasphloy Sphatteg canliene lowbat lagey of
container is manufactured by using a surface-treated steel sheet, of which

t he Surfmel—gopﬁttélﬁ)ylﬂg@{ngSldhﬂ%%sg-ffoﬁﬁlﬁlé)ﬁttery contai ner is provided
with a single plating layer of ni'ckel and press-formng it. In contrast,

Exanples 1 to W g@ﬁ?
using a surfacgr reaggﬁ;ggx aqﬂeet%(é{'%le&ﬂptﬂgie{aﬁé&éﬁ}&ac éﬁg&ﬂé?ﬁ% %%ser
surface of the batt t Wi t Si n l.ati.n er of
o kel - pRERHEPE RAgeteg AR BRAF e fﬁf*??ﬁv*héaag?ery e it Faf Bhaililg BLY, 0,
10 are cases where bhattery .con ers nufa tured b
sur f ace- 19TBRBERFUZE | %hdtﬁ”‘hgb ‘1!‘@' “fa‘rse %f@amla9 M%Fﬁé‘)an
upper layer of n| ckel éhos hor ous al | oy pI ating and.a Iovver | ayer of
ni ckel - cdpzation| |(Byinpted tily, reasking ethe rendyi vajtage ofhds8V bt eoptiomeusbher s
were each filled with the active material, thus producing batteries of LR 6
si ze. Eadischargimgyat 8s®hpi.ec aﬁmaa*esultarthe(ﬂm'atiantdiﬁm battesiesf of6Bx&mipdes 20
days and then was deternmined with respect to duration (mnute) till
r eachi.ngatdvedany toolthegeresert Jdvénticonareulmpey than that of Comparative
Example. Thus, it is clear that the alkaline battery manufactured by the
surface-treated steel sheet of the present invention has superior performance.
The surface-treated steel sheet of the present invention can be suitably
used in the conventional multi-step deep drawing method with improved battery
performance, anti-powdering property and scratch resistance as well as in DI

forming method or DTR forming method for thinning the wall thickness of a

battery container.

Industrial Applicability

In a case where the surface-treated steel sheet of the present invention
is used for forming a battery container such that its surface provided with the
single layer of the nickel-phosphorous alloy plating or the combination layers of
the nickel-phosphorous alloy plating and the nickel-cobalt alloy plating serves as
a surface of the battery container exposed to the active material of a battery, it
exhibits a more excellent effect in the battery perforn';tance compared with the

case of using the conventional surface-treated steel sheet having a single nickel



N

di scharging at 2 Chm As a resulLt.—tte duration of the batteries of
Exanpl es -according to the present inven?%pn are |l onger than that of

Conpar ative Exanple. Thus, it i's clear at the alkaline battery
nanufactureg by, the surface-treated steel sheet of the present invention
has superlBHPE@F B mance. The surface-treated steel sheet of the present

i nvention can be suitably used in the conventional multi-step deep draw ng
met hod with inproved battery perfornance, anti-powdering property and
scratch resistance as well as in DI form ng nethod or DTR form ng net hod
for thinning the wall thickness of a battery container. |ndustrial
Applicability In a case where the surface-treated steel sheet of the
present invention is used for formng a battery container such that its
surface provided with the single |layer of the nickel-phosphorous all oy
plating or the conbination |ayers of the nickel-phosphorous alloy plating
and the nickel-cobalt alloy plating serves as a surface of the battery
cont ai ner exposed to the active nmaterial of a battery, it exhibits a nore
excellent effect in the battery performance conpared with the case of using
t he conventional surface-treated steel sheet having a single nickel 23
pl ati ng | ayer. The d ai ns 24 1. A battery
cont ai ner, of which the inner surface is provided with a




ni ckel - phosphorous alloy layer. 2. A battery container, of which the inner
surface is provided with a nickel -phospggrous all oy Tayer and the outer

surface of which is provided with a nicKkel-cobalt al I attery
cont ai ner. of _which the inner surface is provi ded,\_M(J mlmiwl !:U hor ous
al | oy Iayr@?e Glmse outer surface of which is provi il | ayer

formed of a nickel-cobalt alloy and a | ower | ayer forned of a

ni ckel - phosphorous alloy. 4. A battery container, of which the inner
surface is provided with an upper |ayer forned of a nickel-phosphorous

all oy and a.| uebattayercontaired, off avhitkkehe Gobelrt sethey , isapdovidedOWhHER a
surface is provided with an upper |ayer forned of a nickel-cobalt alloy and

a |over Imyledl-gldspberals ally taerdr; cobalt alloy. 5. A battery contai ner

according to aﬂny of gl aSi ms&ji _tor4 obt ai ned by the draw ng forni ng method,

DI form ngZﬁeFﬁogaﬂérjpTé%n\ftAﬁfﬂ&n%anﬂi&ﬁ't ifinBat éﬂf¥c§ QR g&&&ﬂgéc%%}?' 49
phosp sal

to any of clains 1 to 5, erein thé horous confegt it c y R
ni ckel - I.S. W thin er e J1.to 1.4 0.,{.

pat t or y. COARLHIBD LB pBY e ot Be Btel” s{ARE of etien b BapidkG Wi 21 n
t he nickel.-cqba t allho | ayer of said outer surface of the battery

cont ai nerifEeLGopaltA q%laryg ge of 0.1 to|.OM% 8. A battery container
according to claim4, wherein the cohalt content in the nickel-cobalt alloy
form ng t hé | dhebattemsecoptaingrd afuwdick klfeaduner surfateatisepyovidedaimith as

within the range of 0.1 to |.OM % and the cobalt content in the 25
nickel-phosphorous alloy layer and the outer surface of which is provided with

an upper layer formed of a nickel-cobalt alloy and a lower layer formed of a
nickel-phosphorous alloy.-

4. A battery container, of which the inner surface is provided with an upper
layer formed of a nickel-phosphorous alloy and a lower layer formed of a
nickel-cobalt alloy, and the outer surface is provided with an upper layer
formed of a nickel-cobalt alloy and a lower layer formed of a nickel-cobalt alloy.

5. A battery container according to any of claims 1 to 4 obtained by the
drawing forming method, DI forming method or DTR forming method.

6. A battery container according to any of claims 1 to 5, wherein the
phosphorous content in said nickel-phosphor_ous alloy layer is within the range
of 0.1 to 1.0wt%.

7. A battery container aqcording to claim 2 or 3, wherein the cobalt content
in the nickel-cobalt alloy layer of said outer surface of the battery container is
within the range of 0.1 to 1.0wt%.

8. A battery container according to claim 4, wherein the cobalt content in the
nickel-cobalt alloy forming the lower layer of said outer surface of the battery

container is within the range of 0.1 to 1.0wt% and the cobalt content in the



ni ckel -cobalt alloy l|ayer of said inner surface of t contai ner is
W thin the range of 1.0 to 2.OM % 9. ?éjattery cont Biﬂﬁﬂjhﬂﬂﬂ@iﬂ;ﬂllo any
of clains 1 to 8, wherein the thickness™of said nickel* | oy

| ayer is within the range of 0.1 to 4.0 ,[err] m 10. A battery contajner
.accor di ngmﬂs@l'a@hfalbfalbWalgay@r »fs9id Inpep suriace o thei batiers comtainey) 1s within
‘nickel -cobalt alloy layer is within the range of 0.1 to 2.0 [err] m 11. A
sur f ace- theerangk ef 24 tosBOeitt%.or use in a battery container of which the
side surface to be the inner surface of the battery container is provided
wi th a ni kel Aphastgior ooistamhéoactending t2.any ufr tladmst ledd e8, stleedeis hiled
for use in a battery container of which the side surface to be the inner
surface gfickhesdat sdynieREL-ghosphoréud allvy dgfeiid Writhifl theetaniROsPOAr §314.0
all oy lLayer, and the side surface to be the outer surface of the battery
container, js provided with a nickel-cobalt alloy layer. 13. A
surface-freated steel sheet for use in a battery contai ner of which the

i th ani e f%gﬁ%ﬂ%?f otlEf ap it athﬁggﬁ‘é%% ity A ?82?{ ﬁ%%l%?ﬁéﬁgeﬁ?fer
i okl Higkarts G Pog BRRoL VL AI0R) BYST o NEHIBY i RPORS P! Shb Spriof ohat-

alloy. 14. A surface-treated steel sheet for use in a battery cqntainer
wher ei n t hil.su suekacedrented iteelvhaet Jox nge dn 6f bakery sepiainer phwdhieh thes
provided with an upper |ayer fornmed of a nickel -phosphorous alloy |ayer and
a | ower sidgesurffacerbel befthe ninsredurfateadf thé bagterprmpntaimesusfproyided wdth e
outer surface of the battery container is provided wth an upper |ayer
formed ohickeltphbspharonsldllox lagyr.and a | ower |ayer formed of a nickel-cobalt
alloy. 15. A surface-treated steel sheet for use in a battery container

accordi ng 1D A surface-treated steel sheet for use in a battery container of which the

side surface to be the inner surface of the battery container is provided with a
nickel-phosphorous alloy layer, and the side surface to be the outer surface of
the battery container is provided with a nickel-cobalt alloy layer.

13. A surface-treated steel sheet for use in a battery container of which the
side surface to be the inner surface of the battery container is provided with a
nickel-phosphorous alloy layer, and the side surface to be the outer surface of
the battery container is provided with an upper layer formed of a nickel-cobalt
alloy and a lower layer formed of a nickel-phosphorous alloy.

14. A surface-treated steel sheet for use in a battery container wherein the
surface to be the inner surface of the battery container is provided with an
upper layer formed of a nickel-phosphorous alloy layer and a lower layer formed
of a nickel-cobalt alloy, and the surface to be the outer surface of the battery
container is provided with an upper layer formed of a nickel-cobalt alloy and a
lower layer formed of a nickel-cobalt alloy.

15. A surface-treated steel sheet for use in a battery container according to



~

26 ahy of clains 11 to 14, wherein the phosphorous CHIHH ",llmuﬂﬂmmll
i ckel - phosphorous all oy l.ayer is withij,the range ofl%iR JOHE 16. A

surface-treated steel sheet for use in battery contai ner acCor di n to
claim12 or 13, wherein the cobalt content_in the nickel-cobalt alloy |ayer
.of the saBE «frfdatmso He the l4ut sthesgin athe ophasphereye  gortantaj Her Syl
‘wWithin the range of 0.1 to 1.OM% 17. A battery container or a

sur f ace- nickel-piospketousradlay fayer is withindheatangeyofdbhitai héwt¥ccor ding to
claim 14, wherein the cobalt content in the nickel-cobalt alloy form ng the
| ower | ayel6.0fA sairfhoetiireatedusteat gheet ¥ort hise it hee badteye w@hiinkrt accbrdnig®mnd
the cobalt content in the nickel-cobalt alloy form ng the |ower |ayer of

sai d i nnglaimu12 3peL3, SwMbiidih Bhe RebAB@Rteht #n Thé hickdMoaltlSlloPlayer of the
surface-treated steel sheet for use in a battery contai ner according to any

of cl ai ng; 7 [ ' lgﬁe&l% ' G 1PRSERA o]
| ayer i 2§1 v(\iﬁég%llhga(gehgo ‘rygﬁ%lg 6&1:%8%%{&884' 0, upépﬁté?QQm%a%% ]é.Sl(::)e-F reg‘{}%gf??éééel Y
sheet fog)%gﬁteo:%gﬁlt%ttery cont ai ner according to any of clains 12 to 17,

wherein ess of said nickel-cobalt alloy layer is within the range
of 0.1to 0 rr] m 20..A battery ,usi attery c ai ner. according to
oy of o ol A Hestard) cqitinor he N et abesh elrel heet TiBcREdra AT
positive el ectrode active material and a negative el ectrode_ active

mat er i al coptaingy pegording to clajmmddhatherein the gpbaltcontent iy the airkeleabalf or

use in a battery container, wherein a nickel-phosphorous alloy plating is
appl i ed aboy Herming:the lewer daydracfesaid dxter surfaacis withimdbe ofangecofh@ilt tr y
container. 22. A manufacturing nmethod for a surface-treated steel sheet for
use in al.0wt% and the cobalt content in the nickel-cobalt alloy forming the lower layer

of said inner surface is within the range of 1.0 to 2.0wt%.

18. A surface-treated steel sheet for use in a b;.ttery container according to
any of claims 11 to 17, wherein the thickness of said nickel-phosphorous alloy
layer is within the range of 0.1 to 4.0 u m.

19. A surface-treated steel sheet for use in a battery container according to
any of claims 12 to 17, wherein the thickness of said nickel-cobalt alloy layer is

~ within the range of 0.1 to 2.0 u m.

20. A battery using a battery container according to any of claims 1 to 10,
wherein the battery container is packed with a.positive electrode active material
and a negative electrode active material.

21. A manufacturing method for a surface-treated steel sheet for use in a
battery container, wherein a nickel-phosphorous alloy plating is applied to the
steel sheet surface to be the inner surface of the battery container.

22. A manufacturing method for a surface-treated steel sheet for use in a

battery container, wherein a nickel-phosphorous alloy plating is applied to the

steel sheet surface to be the inner surface of the battery container and a



battery container, wherein a nickel - phosphorous allo ing is applied to
the steel- sheet surface to be the inner2 urface of taﬂmﬁmuﬂim:ﬂﬂjﬁﬂlger
and a ni ckel -cobalt alloy plating is“applied to t Mof the
steel shee %ng ng ou{ er surface of the battery container. 23. A

.manuf act E‘F‘Ftl??é' thrllavoplating is apnlied daithg othersuzfasetofithe sieel sheet tsabeery

contai ner, wherein a nickel -phosphorous alloy plating is applied to the
steel shibe outer swdacnobthe hatterymeontanémce of the battery container and a
ni ckel -cobalt alloy plating is applied to the other surface of the steel

sheet to b23.thA marerfacsurimg enethotdhforbatsiafycecrebtideteel 2¢heeh fornudeneh Uf i Ny
nmet hod for a surface-treated steel sheet for use in a battery container,

wher ei N batteg} RlontQal! werin Al Rick8BphssgHdrshis YalRRPpIadthd 9 nghea%‘ thes

of a steel sheet, subsequently a nickel -phosphorous alloy plating is

appl 1 ed bieel Nenddhabittyad o) bENER! iSUEE AGEAL BF TP DGY BURLAGE: UndE |

battery container, and then a nick 'S app

plated sieal.13B68k a“‘lﬂfyf ftide isbgplgﬁ'gd QWLRE RHEL 368e0L Jrife bs%gélesrﬁ/eet to be

cont ai ner.

the outer surface of the battery container.

24. A manufacturing method for a surface-treated steel sheet for use in a
battery container, wherein a nickel-cobalt alloy plating is firstly applied to both
surfaces of a steel sheet, subsequently a nickel-phosphorous alloy plating is
applied to the plated steel sheet surface to be the inner surface of the battery
container, and then a nickel-cobalt alloy plating is applied to the plated steel

sheet surface to be the outer surface of the battery container.



