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Description TITLE OF THE | NVENTI ON

NI - PLATEDSTEEL SHEETANDMETHODOFMANUFACTURI NGBATTERY CAN USI NG THE NI - PLATED
STEEL SHEET TECHNI CAL FI ELD [ 0001] The present invention relates to
a N -plated steel sheet where the occurrence of scratches at the tine of
formng a battery can is suppressed and a nethod of manufacturing a battery
can using the N -plated steel sheet. BACKGROUND ART [ 0002]

Conventionally, a Ni-plated steel sheet has been popularly used for

manuf acturing a battery can. DescPL8P; L0 further enhance the corrosion
resi stance of a Ni-plated steel sﬁeet, atfer N plating, Ni is diffused in
the steel sheet by heat treatnent. For exanple, patent docunent 1
(JP-A-61-235594) discloses a Ni-plated steel sheet where N plating is
appl i ed ¢orarsbeelrysheri/rRrTaR adhesi on amount of 9 to 62g/n2 for one-side
surface before diffusion by heating and, thereafter, heat treatnent is
applied to the gteelashestrebhusiFrar AR PUE@noberNANG FYTIRWeE BRaYERY @

t hi ckness of 41.tmor |less on the steel sheet, and a net hod of

manuf act gaNngssNchTaENNTpbahedDsEeEELSBREET Further, patent
docunents 2 (Japanese Patent 3045612) discloses an N -plated steel sheet
used for manufacturing a battery can where a Ni-plating layer is fornmed on
a cold-rolled steel sheet and, thereafter, thermal diffusion treatnment is
appl i ed TBCHNECBLe&LESPReet thus turning the Ni-plating | ayer into an Fe-N
diffusion layer. Prior Art Document Patent Docunent [0003] -Patent docunent
1. JP- A- 6209335594 Pat ent docunent 2: Japanese Patent 3045612 SUMMARY OF THE
| NVENTI ON PROBLEMS THAT THE I NVENTION IS TO SOLVE [ 0004] However ,
the Ni-plated sikelPrekeatsigyeet bsedelnteetaboVe-rbatedidegdasbaetdocunent
1 and 2 have the Fe-N diffusion [ayer which is obtained by diffusion by
heati ng BRS&R G\t @FFDSECRER Péc%qaéﬂfé}esaﬁﬁ therfclere QEFRreies abatherkr at ed on
an outer surface of a battery can in _a press operatjon where a press fluid
used as S2PubfiTHRTGTEEL cﬁ“é%lvianﬁeg]fl%ﬁ ‘PE R He’ O P Wt @PFSEFYbFan

enmul si on- based Llu'd tEuE giv%ng rige go a drawback in ternms of quality.
Scrat che854P8 FP&wEwRiehcHr 8°§EhePRF8H  on an outer surface wall of a can
after formng the can and flaws which are generated linearly in the
pressing direction. As the reason scratches are generated, it is considered
that a s } becomes a factor for generating flaws on a can wal
adher es EgégégﬁgNg?kggnnld. Particularly, in case of a N -plated steel

sheet hayjyggoa Fe-N diffusion layer, when the N -plated steel sheet is
brought into contact with the nold, mnute Ni powder adheres to the nold .

It is thought tdaivahelb@a PIEsSS LPREALIQRHS Sepeat edhsaverals hyadred
t housand tines, nost of Ni i's peeled off and falls. However, sonme N does

not fall pbBusagilyi Qgechi 6t RafdupheREPBEAGNaVBEt EcNy adheres to NI so that Ni
gradual |y grows. Further, once Ni adheres to the die of the nold,

Ni is not peel egleodf vemwherr thRapresshopesaitd Hivn LRt biua gi vi ng
rise to a phenonenon referred to as build-up where the adhered NI gradually
grows. Ni-plated steel sheet, after Ni plating, Ni is diffused in the

steel sheet by heat treatment.

For example, patent document 1 (JP-A-61-235594)
discloses a Ni-plated steel sheet where Ni plating is applied
tx)asteelsheetateﬂladhesionamountofS)to62g/m2forone—side
surface before diffusion by heating and, thereafter, heat
treatment is applied to the steel sheet thus forming an Fe-Ni

alloy layer having a thickness of 4um or less on the steel sheet,

and a method of manufacturing such a Ni-plated steel sheet.




It is thought that N which adheres to the nold and is built up on the
nold, in a stage where an adhered Ni grows to a certain size, generates
flaws on a wall of a worked product (can) at the time of formng the
product thus generating scratches on the wall. Accordingly, it is an
obj ect of the present invention to overcone the above-nentioned
conventional drawbacks and to provide a N -plated steel sheet which
suppresses the generation of scratches at the time of formng a battery
can. | tFurshanot pert ealyj dotunkntlse2pléspahesavRatenn 304 p6DOY) de a
met hod of manufacturing a battery can using such an N -plated steel sheet.
MEANS FOR SAA4NG JHE PROBLEMS $10095]siagt Ansadl - Phatreahsfzet usieeta
according to the present invention is a N -plated steel sheet having a
Fe-N di¥gtusson ceayehesn aaNiontletabgtlayef dceftayed omhaetel drrokled ace
roughness Ra is 0.9 to 2.0m a surface roughness Ry is 4.0 to 15gm and

a rati o PetSeet Rt ARAN thereakt e NiheFrd st bRt paier Frearerfuchst hat Fe

accounts for, 20 to 50%in an Auger anal In the Ni-plated

si s, o (2) 1
steel sHERRIRESHUITE SF&He Sﬁ@@%ﬁ?”ﬁn%éﬁf‘ﬂ@ﬁ Fhe (N} Piaeing - vred steel
sheet is, a N -plated ste sheet. for manufacturing a battery can which is
f or med blgf‘aro‘? a?lé)n%leﬂg‘}r rfi)ngtltﬁjqfff? d-3¥fFth cont ai ni ng wat er - sol ubl e emul si on as
a press |i met hod of manufacturing a Ni-plated steel

g (3 A
sheet i nci ttfed The T EFE ot ; applying Ni plating to a surface of a

steel s it _.coating anobunt of 0.3 to 2gm formng a Fe-Ni
di f fusi gﬁae%ea%%erﬁ%%@gnn%ut ernost surface |layer of the N -plated steel sheet

by heati ¢ Ni - pl ated steel sheet at a tenperature of 600 to 800C such
that a ratio between Fe and Ni in the Fe-Ni diffusion |ayer is set such
that Fe mecount 49520 10 5% idy aynAger anal ysis; and appl yi ng

tenper rolling to the steel sheet thus setting a surface roughness Ra of
the Fe- Niawhdd usdQmnddyer: toa a4 EaQpim afgh s sur face roughness Ry of the
Fe-Ni diffusion layer to 4.0 to 15mm (4) I'n a nethod of

manuf acturing a battery can according to the present invention, an

Ni - pl ated steel sheet which has a Fe-N diffusion | ayer on an outer nost
sur f ace sapearrRAral iTHE iiNvENTIen Fe- N di ffusi on | ayer has a surface
roughness Ra of 0.9 to 2.0pmand a surface roughness Ry of 4.0 to 15gm and
t he Fe- NN\RQBIBMG i THAT afHE INMBENLIGCIN ol FefNiSOIAtE 0 t hat Fe accounts for 20 to
50% in an Auger analysis is subjected to drawi ng using a water-sol uble

i quid wHi@H cont ai ns wat er-sol ubl e enersion as a press |ubricant.
ADVANTACGEQUS EFFECTS OF THE | NVENTI ON [ 0006] The N -pl ated steel
sheet of the pHewewexri nidet NdTrdatast evestl Nihdatemdidiwdsey tio athwl d and
frombeing built up at the tine of formng a battery can thus preventing

t he gene&RAVOMFidred pRESNEHadEpdt L engd ¢aave the Fe-NEgihrsiercor di ng
the nethod of manufacturing a Ni-plated steel sheet of the present

i nvent i OfY§% VR4 Choss i Hte e hp gt e 1 haneeativh Bf a8 QuiHeastat t he

time of forgn' ng .a batterdy can. Brief Descrigtion of the Draw ngs [ 0007]
surface layer and hence, scratches are generated on an duter

surface of a battery can in a press operation where a press fluid
used as a lubricant in a drawing step is formed of a water-soluble
emulsion-based fluid thus giving rise to a drawback in terms
of quality.

Scratchesare flawswhichare generatedonanouter surface
wall of a can after forming the can and flaws which are generated
linearly in the pressing direction. As the reason scratches

are generated, it is considered that a substance which becomes



Fig. 1 is a cross-sectional constitutional view of a N -plated steel sheet
according to the present invention where scratches are not generated.

Fig. 2 is a cross-sectional constitutional view of a N -plated steel sheet
of a conparison exanpl e where scratches are generated. Mde for Carrying

Qut the Invention [0008] Herei nafter, an enbodi nent of the present
invention is explained in detail. <Steel sheet> Usual ly, a |l ow
carbon alum numkilled hot-rolled coil is used as an original sheet of a

Ni -plated sheebrshsftgenerating FIdMeron & QI WI1CA e LQr FBA,0h; ¢
extrenel y-1 ow carbon Steel whiCh contains 0.003 weight% or |ess of carbon,

or a coi brwhi @b18s fry ek ofaop- &Gl G EORf BURWS peaskaskeek1mepdtact ured
by addi ng ni obiumand titaniumto the extrenely-1ow carbon steel. [0009]

<Pr et r eahARIhgheF-aipHaFiFagron layer Avhiretheat st a hied ene N spkati ng,
usually, a scale (oxide filnm) formed on a surface of a cold-rolled steel
sheet i sisesmeshtbynapptyhbgcehaaty ohytn€l &) eanung 01 pwerti AghbyeksmMmer si on
to the cold-rolled sheet using an alkali solution containing caustic soda
as a nmai hoagentold\f t @t tdhehsaghe thatnérmvegreshesireali shieerepsatetl ed to a
product thickness in a cold-rolling step. <Annealing> . After rolling
oi | whi chezdhel esutdrefiet sveshindhiebtes N madt iafg Nis icl paréddbypfél eutirol ytic
cl eaning, the steel sheet is anneal ed. Anneal i ng nmay be perforned by
ei ther ofAelds.comvweniwus somedi wpeanddioxaddngalisngivand rssaotol anmited
specifically. After annealing is applied to the steel sheet, a shape
of the sPBehonpeen Verpdis ia@dl.ere[sogmmlw thatt Ndgsrrexe 1N 9pPEsing i s
applied to the steel sheet. i In general, although a_ N sulfate bath
which is referrBtheras Rt BEPRTES Fai ARy dikedadhe Koleh alingsbat h,
besi des the Ni fulngg?te plati ng bath, a sulfamc acid bath, a fl uoroborate
pl ating BEEPCEICRIDT G Bathedr ChRETTRS T Vet Used. TAPEBAEANG fount of

N plati I, f i | ati i th bat hes .i t i fical
bt on SesBenr e 0 & o oot boPatFedors B T i e ABBTRLGRF 1o’
val ue mhigg Eghlﬁimjgggaaﬂlragg from20 to 50% in thermal diffusion

ich i

treat ment s perrormed g?'plating, the coating anmount of N is

f bl t : t +0 : WY t i
Condi 1 ond for oeall fTRg S Tie oSt o ThT HaRe ey v, BEREIR AR o ca

watt bat Bk $+USEhn i RIA, NG nt B g{‘zg?é Swicdde &, %C&glbl@-rre%fj N'iggﬁ)wg_h@o

el ectrolysis conditions where in a bath having the bath conposition

cont ai ni AY-@BPalR SPAY/ e Mtetulefiate, 080a th BOY+ 0§, cNkeghb B iidec and 20
to 509/1 of boric acid, pHis set to 3.6 to 4.6 and a bath tenperature is

set to 5Qchf) GRGhLUImenlt UaAsidd/t hSpsetiute thulsybiA Lith avdribenaynber of
coulonb is set to approximately 300 to 1500c/ dnR. Her e, besides
matt e N opl ahengaWhbere organi c conpounds are not added to a plating bath
except for a pit suppressing agent, dull plating where an organi c conpound
referred to as Asvwstdingylagenit vile cln mbkestaofir ebeppratedtciyseatisnrface of
a plating layer snooth is added to a plating bath, and bright N plating
wher e antorgadi cond meuatbowki-mknt dnhadnsoswfiur ocahpbreevitadker amaktog a

pl ating |layer glossy by making the NI plating crystal structure fine by
further ndgvihgea Nevelphgdagenl pheatadd atosapprassag that feaeeahaord.
However, N plating where by an organic conpound containing a sulfur
componen®ti §Caabiebdcsoah EhﬁhtF@en@g ppERERADR yPAHBPEERACAR- Ni pl ati ng
according to the present_ invention. This is because a sul fur
cont ai ni ng conpburd FROLRHE ANEFT AL 1 RERAGRLalRYCH Hl ehErnBF OB #€ usi on
treatnent which is a ngﬁé step after Niﬁglatin .and hence, brittleness is

i nduced aMEHPI PHEFFUHRGEUT+RACHRAE CERUS et PEr s TG VA TBLRE B oper ti es

such as coLr sggge£g5|stance. [0012]

MEANS FOR SOLVING THE PROBLEMS
[0005]

(1) An Ni-plated steel sheet according to the present



<Di f f usi on> Next, heat treatnent for formng a Fe-N diffusion

| ayer is perforned after Ni plating. This heat treatnent is provided for

i ncreasi ng adhesi veness between base steel and a plating |ayer by softening
and recrystallizing an extrenely fine crystal state of NI plating as it is,
and also for controlling an exposure ratio of Fe in an uppernost surface

| ayer of the Fe-N diffusion |ayer fornmed by heat treatnent. As a
met hod for diffusing NN by heat treatnent, a nmethod which uses a continuous
anneal i ngyvantiage ir aaNhephodedhs de Lisdeet bov-inigke Berdaldhgidsiorace is
naned. |In the thermal diffusion nethod, usually, a N diffusion tenperature
fal | s witdHatr £ ayeTremetocuEarodawmiy Nheyigfusion time falls within
a range from 60 seconds to 12 hours. However, the N diffusion treatnent
may be perf or méd stgfagsr soughness Rouis. OA9g4S at-Rb8phere may be a

non- oxi di zati on gas atnosphere or a reduction protective gas atnosphere.
Further, in thé gh&dane rRveRness, Risig Helt tor datwentnfet hod by box

l'ing, f X d i t t i ch. tecti
Cons: st by of - PSSRLHOHIBT B8R sbItiof inF D OB br GULERRLEY LY Smon o

k t hod f d.t hyd I | i ith f bl e heat
Cr ansf ore® PHELTIED (EHoRS TEVUTAET & 06§ Dy bF AehperatiioLastr i but i on
i ired i he. | psi.de | _strip.n_the |l i tudinal_ di ti
wel | s i n i he G i se Rtk R B8 Tl BebOTe RIN0 Sk aRe tfe et nod
has an aiql‘(?é}?taigﬁpgﬁ ﬁ;)f,eghetﬁla—t thed EEQQE'ﬂ{ééH €3 aof\TiLP?La%@a rdif fusion
| ayer in the inside of the steel strip or theirregularrties o e Fe-N

di ffusi aihdeay ebrheimeenihasly 814 RS 4R A8 BRI 1 S dned by drawd
diffusion treatnent, by continuing heat treatnent even aftgr Iron Teaches

an out enimisly $4hbace.wrd dretbRt fin 119N at¥RPOSEd ubl IO RIARS L pAYES can be
i ncreased. [0013] Heat treatnent conditions are variously changed
correspandjyigit o respective plating thicknesses, and a thickness of a Fe-Ni
di ffusion layer is obtained by a nethod where the thickness is cal cul ated
based on a resuyBy Abhatned b§ maghoscehsLhargeN Bt O €e @ Nd 5S¢ Dsheet
spectrochem cal analysis (GDS analysis), while an Fe/(Fe+N) ratio is

obt ai nedirtnl vAlegerthed exttapen csfpect roscopy. By carrying nmany experinents, a

| ar ge number of sanples where a Fe/(Fe+Ni) ratio of iron exposed on an

out ernost surf applivaper Nofpideing -pd &t edirdieee] osheestesl chlamgedviarte

pr epar ed. GDS anal ysis is a neasuring nethod which acquires an

anal ysi & dHartoatnnchexgepith odi rlect iton,2pand is a nethod where it is
considered that an el enent exists when a peak intensity ratio between Fe
and Ni falls wWteRMARE 3 &ifgdlif AR SAPEhEaYSe Pk 2paP e ¥Boat Bl i Gthich i s
1/ 10 of the highest peak val ue. Accordingly, even when Fe diffuses in a
sur f ace Ja4fdr OF $he WP At ehatpRL gty &cied ipst WeeNiFelang Nt 1/ 10 of
the highest value or below, the surface |layer is recognized as a free N

| ayer. AhSfitcRhcdSegPerREUESs RE NG £as3ON T apep thalorst aphéd BEHe8ul ati on

b i NEDS) | t_.of. le_to which _plati i | i ith th
Chermal A FROS o EPEarraHe bl £ P Lot YPECLT £-bP AT tApt BB L pl ati ng
[ i ' t- fh | diffusi t t.ment F th 't of
Irr;nspgx;:)tgog:l \r,‘r!éotn{)cg)u SIO% ?L;n gu%glq%urzlta r‘liylygsét%t'in%gldt he Fe/ ( Fe:&im) r gt |r gsgf t (r)le

out er st | YeLppt §8hal Seml XPOSHE A Ao die shBebney B ad g ppt or most

surface | ayer ctive platin nesses to values whic | within

a range f ome20% t.8y,9AKe sBURL ds Hp- 1S F-An dﬁf%|SQO%a@a9\§/\ﬁZEBP%e§St%j' [0014]

<Exposure ratio of Fé in Fe-N diffusion'layer> e Fe-N

di f fusi 0 h f | LS Ny ger
R S R A i

Fe/ (Fe+Nig x1Q0(%) .15dn.i s found that the exposure ratio of Fe which does not
generate scratches caused bybuild-upfallsw thina range fron20 to 50%
andror epr ef er ahlhy m hnstBod aeahn@a-8AriagdPattery can Wtbtdighgxposur e
ratio of Fe is less than 20% the ratio of NN in the outernost surface

| ayer id ntreepsedent thabnbiiohyi bh Np-phaBetiDstleeBnshédie v digd-ngs Ni
generates scratches on an outer surface of a can. On the ot her
hand, weelrethd eldfdsstienr abiyerobnFenexceetso50%uatfidboughyéhearhdiidrd- up of
Ni on a nold can be suppressed, there arises a drawback that rust is
extrenely liable to occur on a plated steel sheet and hence, this exposure
ratio-is not preferable. [0015] <Surfgace roughness Ra> After
diffusion treatnent, the steel sheet is rolled by tenper rolling so that
mechani cal properties are inparted to the steel sheet, and the surface
roughness of the Fe-Ni diffusion layer is adjusted to a predeterm ned
roughness. It is preferable to set the surface roughness Ra of the




On the other hand, when the surface roughness Ra exceeds 2. Opm since
irregularities on the surface of the Fe-Ni diffusion |ayer becones |arge,

an iron base material which fornms a substrate below the Fe-N alloy |ayer
is liable to be exposed. Accordingly, the surface roughness Ra exceedi ng
2.0pmis not preferable froma viewpoint of ensuring the corrosion

resi stance of the steel sheet. Further, in manufacturing the

Ni - pl ated steel sheet, powder fromthe roughness roll is largely increased
in a surface,r heni gﬁﬂ{ §$ggj t it o u as

fl aws arg@gg%%?g?egg @gé%ﬁgﬁ%g y,lt e sggfa%2é$%ﬁg %g%gﬂﬁéﬁg%igéaﬁﬁg 2 .0pm
i's not prefee e r.0 I i fagt ur] |+ ted
st eel shgég.£8bé'Oﬁ£%9$£apgg§£%F82%%% c%%%?qﬁ?%F€§hgcggggig?ﬁgdaﬁh%M/a

| arge anpuniiiofiFehsi6antator hey Lania RedleiNithe SPagdeld Redohgtween a
die of a nold and the steel sheet. A largest anount of build-up of N is
gener at edoat 2@ RO 0% iof ahi MegdhahaliRe @i £s isifjidcttddy tbraughing ak9ngont act
with the steel sheet. The die firstly cones into contact with a boftom
portion af wateanrsabdbhentegquiMrkiith icoraridlsy wpekiorsmmarar therbebhom
portion whereby the roughness which the steel sheet has renmains.
Accor di nglsy a2 byeadj Usbirigahte roughness, it is possible to supply an anount
of lubricant with which the build-up of NN can be prevented to a surface of
the steel sheet. [0016] <Surface roughness Ry> Wth respect to surface
roughness, the surface roughness Ry also exhibits the tendency simlar to
t he t end@RYPNIAGERESSsBEFREESr OBgRHESINRBNTLON| s preferable to set the
surface roughness Ry to a value which falls within a range of 4.0 to 15gm
The reasdﬁoaﬁQ an upper limt and a lower Iimt of the range of the surface
roughness Ry is decided is as sanme as the reason set forth in conjunction
with the surfacE? liginedeRateel sheetTpfithe pragerjeddvantdrnofaser at ches

i s not observeg &g %he steel sheets havggg t he_surface roughness of 4.0
to 15pm Preven R TN D% Geleadr 2BY1 £ 00 tP§3NG Rolidiit WPhat when

t he surface roughness is less than 4.0 a_space ich is defined
bet ween §%§ttejé?g§%e€?m%bg a k?ﬁ)qtoera}'naapﬁctm%?fgﬁeﬁgbpg% JERFERSLEE t he
time of Bﬁe%§&ggc ggoggstﬁgaklttIE igagnomn that scratches are generated
when the Tubricant s particu arFyya waf er - sol ubl e- enul si on based

l'ubricant. The f‘@f‘&’?elp,f tJLf‘c ifn%cetf'lgu LERSq RYof- Sm%ﬁ#f%%%u&&ng"e?he

substantially sane reason as the reason tor defining € range

surface youghuess feel sheet 08 the IRLhandenphien, the ssurfacept gughness

Ry exceeds 15gm since irregulariti the surtace of F usi on

| ayer begenBspbaége tra gbheRakase JRILIIA MY 6 £RE MBI SYbSLEAL Rgbel owt he
Fe-Ni al | oyl ayer is liabl'e tobe exposed. Accordingly, the surface roughness
Ry exceedi bgttegin tannot preferable froma vi ewpoint of ensuring the
corrosion resistance of the steel sheet. [0017] <Definitions of Ra, Ry>
Definitions of Ra, Ry are described in JI'S B0O601-1994. Ra is an arithnetic
aver age height of a roughness curve and an average val ue of absol ute val ue
devi at i oBsitfoPeanrapeiageolfi hke BndwRygks a nmaxi num hei ght and indicates a
hei ght f romthe | owernost bottom part to the uppernost top part for every
referencéOPérdgt h. [0018] <Measuring nethod of Ra, Ey> Measuri ng
met hods of Ra, Ry are not specifically |limted provided that a roughness
met er adopting B9+ akebdl @ supfacecroughnbssonebsunt hgnakt hoewi sfused. A
measur enent device is based on the description of JIS-B0651-2001.

Al t houghNAoPéRREf TRl Shewd acecpdiny &t ahpyrBpren | iladenitiiery éspeet to the
nmeasuri ng net hods except for that nmeasurenent is perfornmed using the
traceabl ECEaFFREE RBBgRAEsEeRBAE_EPENent device which is calibrated in
accordance with_a reference version, the peasurement is perforned as
follows in the presentl? nveRf PR, Sene! RAMpFeroF L bk hgV HeY hodl #s
described.as.fol l.ows. t he neasurenent device, a traceable
Surface MouBAREEY RStk ofodi CORAEET ComreBin e REReo By~ HERID SEM TSU
Co. , LTDargs gﬁggatJIS' 94 is adopted as the neasuring condition. That is,
the meastrengnt 18 %gfforned under the conditions where an eval uation

| ength: 5nm a neasuring speed: 0.4mmisec, a cut-off value : 1.0mm a kind
of a filter: Gaussian, a neasuring range: 50gm gradi ent correction:
straight, and a cut-off ratio: 400. [0019] The surface roughnesses
Ra, Ry depend on rolling roughness ang arolling load in a tenper rolling
st ep.



The |l arger the rolling roughness, the | arger the roughness of the plated
steel sheet to be rolled by tenper rolling becones, while the |arger the
rolling | oad, the larger the roughness of an outernost surface of the

pl ated steel sheet becones. It is possible to adjust the roughness
of the outernost surface of the plated steel sheet by adjusting the rolling
roughness and the rolling | oad. Rolls used for tenper rolling are

not specifically Ilimted, and EDT rolls can al so be used besi des shot dul

rolls. Tate ixyr tGeernyilries Guir thenplerverdiiomg are not specifically limted
provi ded that a nethod where the roughness falls within a range called for
in CainP0&ladopted. Further, a tenper rolling facility is not also

specifically limted. [0020] <Formi ng of battery can> Next, a
battery can i sBegerpafisrngan el bnent stfedhesheesepaniiaenuied by a
manuf acturi_ng nethod of the present invention. A nmethod of formng a

bat t ery g3 Ngbrif UL Idr awi ng. Usual |y, water-sol ubl e enersion is used
as a press lubrication nmaterial. A Ni-plated steel sheet is forned into a
cup in &¥55%t h&Fand, thereafter, the cup is formed so as to have a

di ameter of a batt can_.through drawing in three to six stages jn total,
and the cup is FBPﬁég'iﬁt$O§ HAtPeryA %ﬂg?%WBEbLl?%rW% Tr?%&ﬁgé¥ﬁb%s.

f ' di.ti.on, an Jis f d h th
hi ckhods 1S4 iy bt 1o GadlATy T Ly (1 h redon 1 ovard an
opening part o ugflglﬁgg?téecr A 1CEH 120 W%i§ohrrt%cp§%a%%1\ég%1§%teFEgvga%asrbnoDIynt ed

froma bottom (po i've pol'e termnal ‘par y That

i's, the 1i%h%hd@&éé'f@stoh%t%tQ%iéﬁk%kgfsﬁes%fo%hce? 2 wal | aioffgch step

is gradually increased toward the opéning part from ottom he can.

As a matayid| 1 frd e dmkd, iRy céﬂe_@n%ggscafsoa }Bga n%‘%rmﬂcetg,lf@c{d al I oy

is preferably used. However, the Tateri al themol dis no

speci fi g} é&&iﬁ%h@@bihﬁta!}ﬁpf§§§ﬂium R¥aNd oR: rBRL eyl aby desehidiedin Table 1
can be used. [0021] In the materials shown in Table 1, anong
sinteredduwug all oys used for formng a nold for press formng, an alloy
whi ch particularly apts to generate scratches on the battery can is an

al | oy whirdetoanitaiars: Nefasra gliaderg> Wien an Ni binder is used, N
in the steel sheet surface layer and N in the nold alloy cause sticking
t hus i ncreasi ngspretssidiindritybd fiate i lpdidtd-ngy whudl 1y safsaated(oxide
Further, it is also found that seized N generates flaws on an outer

surf ace foflma €annefiws: & sunifagesef atchkd-rolled stRelbsmeker isimdmerwesd har d
alloys are indicated by WC-Ni (see Table 1). [Table 1] kind of material
conposi tioArPerdne ylaatdneysscrebéaninacy fcdree@ing by immersion to

thecold-rolledsheetusinganalkali solutioncontainingcaustic
soda as a main agent. After the scale is removed, the steel
sheet is rolled to a product thickness in a cold-rolling step.

<Annealing>
After rolling oil which adheres to the steel sheet in
rolling is cleaned by electrolytic cleaning, the steel sheet

is annealed.
" Annealing may be performed by either one of continuous
annealing and box annealing, and is not limited specifically.
After annealing is applied to the steel sheet, a shape

of the steel sheet is modified.



conpressi ve strength Young's nodul us thermal conductiv arty g/nm2 H A GPa
GPa GPa WmK G3 Wo-Co 14.7 89.5 2.6 4.7 579 71 NR8 WC-N 14.8 90

[0011]
<Ni plating>

Next, Ni plating is applied to the steel sheet.

In general, although a Ni sulfate bath which is referred
to as a watt bath is mainly used as a Ni plating bath, besides
the Ni sulfamate plating bath, a sulfamic acid bath, a
fluoroborate plating bath, a chloride bath or the like can be
used. Acoatingamount of Niplatinginperformingplatingusing
these bathes is not specifically limited. However, to set an
exposure ratio of Fe in a surface layer to a value which falls
within a range from 20 to 50% in thermal diffusion treatment
which is performed after plating, the coating amount of Ni is
preferably set to 0.3 to 2.0um.

With respect to electrolysis conditions for acquiring
the plating thickness, in a case where a typical watt bath is
used, the plating thickness can be acquired under the
electrolysis conditions where in a bath having the bath
composition containing 200 to 350g/1 of Ni sulfate, 20 to 50g/1
of Ni chloride and 20 to 50g/l of boric acid, pH is set to 3.6
to 4.6 and abath temperature is set to 50 to 65°C, current density
is set to 5 to 50A/dm’ and the number of coulomb is set to
approximately 300 to 1500c/dm?.

Here, besides matte Ni plating where organic compounds
are not added to a piating bath except for a pit suppressing
agent, dull plating where an organic compound referred to as
leveling agent which makes a precipitated crystal surface of

a plating layer smooth is added to a plating bath, and bright

7



3 4.2 60075 NR11 W-N 13.5 90 2.4 4.6 530 63 NML5 WC-Ni 14 86.5 2.5
55

2.
3. 30 50 WC-Ti G Ta

Ni plating where an organic compound which contains sulfur
component for making a plating layer glossy by making the Ni
platingcrystal structure fineby further addinga leveling agent
is added to a plating bath are named. However, Ni plating where
by an organic compound containing a sulfur component is added
to a bath is not preferably adopted as Ni plating according to
the present invention.

This is because a sulfur containing compound is contained
in a plating layer in thermal diffusion treatment which is a
next step after Ni plating and hence, brittleness is induced
at the time of heat treatment thus deteriorating various
properties such as corrosion resistance.

[0012]
<Diffusion>

Next, heat treatment for forming a Fe-Ni diffusion layer
is performed after Ni plating. This heat treatment is provided
for increasing adhesiveness between base steel and a plating
layer by softening and recrystallizing anextremely fine crystal
state of Niplatingas it is, andalso for controlling an exposure
ratio of Fe in an uppermost surface layer of the Fe-Ni diffusion
layer formed by heat treatment.

As a method for diffusing Ni by heat treatment, a method
which uses a continuous annealing furnace or a method which uses
a box-like annealing furnace is named. In the thermal diffusion
method, usually, aNi diffusion temperature falls within a range
from 600°C to 800°C, and Ni diffusion time falls within a range

from 60 seconds to 12 hours. However, theNidiffusiontreatment




RCCL 14.7 93 1 3.6 640 70 C TM2 Ti-TiCM 5.2 54 0.7

may be performed for more than 12 hours. A gas atmosphere may
be a non-oxidization gas atmosphere or a reduction protective
gas atmosphere.

Further, in the present invention, as a heat treatment
method by box annealing, preferably used is heat treatment which
uses a protective gas consisting of 75% of hydrogen and 25% of
nitrogen produced by an ammonia crack method referred to as
hydrogen rich annealing with favorable heat transfer. 1In this
method, favorable uniformity of temperature distribution is
acquired in the inside of a steel strip in the longitudinal
direction as well as in the widthwise direction of the steel
strip and hence, the method has an advantageous effect that the
irregularities of the Fe-Ni diffusion layer in the inside of
the steel strip or the irregularities of the Fe-Ni diffusion
layer between steel strips can be made small.

Indiffusion treatment, by continuingheat treatment even
after iron reaches an outermost surface, a ratio of iron exposed
in an outermost layer can be increased.

[0013]

Heat treatment conditions are variously changed
corresponding torespectiveplatingthicknesses, andathickness
of a Fe-Ni diffusion layer is obtained by a method where the
thickness is calculated based on a result obtained by a glow
discharge atomic emission spectrochemical -analysis (GDS
analysis), while an Fe/(Fe+Ni) ratio is obtained by Auger
electron spectroscopy. By carrying many experiments, a large

number of samples where a Fe/(Fe+Ni) ratio of iron exposed on



- 250 9.2 Ti-TiCGM 5.5-5 TWB -W.8 68 0.5 - 226 9.2 DUX40 TIiGN 6.5
91.5 1.8 3.9

anoutermost surface layerof theNi-plated steel sheet is changed
are prepared.

GDS analysis is a measuring method which acquires an
analysis chart in the depth direction, and is a method where
it is considered that an element exists when a peak intensity
ratio between Fe and Ni falls within a range from a highest peak
value to a value which is 1/10 of the highest peak wvalue.
Accordingly, even when Fe diffuses in a surface layer, so long
as the intensity ratio between Fe and Ni is 1/10 of the highest
value or below, the surface layer is recognized as a free Ni
layer. A thickness of the Fe-Ni diffusion layer is obtained
by calculation by comparing a GDS result of a sample to which
plating is applied with the thermal diffusion treatment with
a GDS result of a sample to which plating is applied without
thermal diffusion treatment.

From the result of many experiments, it is found that
by setting the Fe/(Fe+Ni) ratio of the outermost layer, that
is, an exposure ratio of Fe in the plating outermost surface
layer in respective plating thicknesses to values which fall
within a range from 20% to 50%, build-up of Ni on a mold can
be suppressed.

[0014]
<Exposure ratio of Fe in Fe-Ni diffusion layer>

When the Fe-Ni diffusion layer of the outermost surface
layer is analyzed in an Auger analysis and the exposure ratio
of Fe obtained in terms of Fe/ (Fe+Ni)x100(%), it is found that

the exposure ratio of Fe which does not generate scratches caused

10




470 29 SICSIC 3.2 94 0.6 3.5 441 46 S13N4 Si3N4 3.3 92.8 1.1 4 314 25.1

[ 0022] As a lubricant for preventing sticking generally used in
press formng, the foll ow ng water-soluble enersion is named. Si 3N4

Wth the use of such water-soluble enersion, hot water can be used for
cleaning after formng a can so that it is unnecessary to use an organic
sol vent whereby cl eaning can be easily perfornmed while taking into account
the environnment. <Conposition exanples of conponentbl endi ng

bybuild-upfallswithinarangefrom20to50%, andmorepreferably
within a range from 30 to 40%.

When the exposure ratio of Fe is less than 20%, the ratio
of Ni in the outermost surface layer is increased so that Ni
built up on a mold, and the build-up Ni generates scratches on
an outer surface of a can.

On the other hand, when the exposure ratio of Fe exceeds
50%, although the build-up of Ni on a mold can be suppressed,
there arises a drawback that rust is extremely liable to occur
on a plated.éﬁeel sheet and hence, this exposure ratio is not
preferable.

[0015]
<Surface roughness Ra>

After diffusion treatment, the steel sheet is rolled by
temper rolling so that mechanical properties are imparted to
the steel sheet, and the surface roughness of the Fe-Ni diffusion
layer is adjusted to a predetermined roughness.

It is preferable to set the surface roughness Ra of the
Fe-Ni diffusion layer to a value which falls within a range from
0.9 to 2.0um. The generation of scratches is not observed in
the steel sheets having the surface roughness Ra of 0.9 to 2. 0um.

As the reason for such a result, it is thought that when
the surface roughness Ra is less than 0.9%um, a space which is
defined between a steel sheet and amold and into which lubricant
enters at the time of pressing becomes small. It is known that
scratches are generated when the lubricant is particularly a

water—-soluble-emulsion based lubricant.

11



m neral oil 40-50% hi gher al cohol 10% 5% 5-10% 1% bal ance wat er-sol ubl e
emul si on specific nane of conponent mneral oil or fatty acid ester t-butyl
al cohol anionic or nonionic surface-active agent triethanol am ne

benzotri azol e Li qui d havi ng the above-nenti oned conposition is
m xed, and is further diluted with water thus produci ng water-sol uble

ener sion having the concentration of 2 to 10% Exanples [0023] The
present invention is explained hereinafter in further detail using

exanpl es. On the g@thkr Bandcnmises: sket $wnédce anstghingssoRalexteydof a

Ni - pl ated steel sheet of the exanple where scratches are not generated, and
Fig. 2 i Gumrosseseéctregnabréonssidruthesal feicew f ha FNi-Npl it feftli sstgel  sheet
of a conparison exanpl e where scratches are generated. <Exanple 1> A
| ow car B@ved Regones kirped astioedn basemaltgrilngd whisteéormbiackisisragfe 0. 25nm

and after being treated_by coId-roILin? and annealing is used as an
ori gi nalPedipagihe Fe-Ni al¥Ry leoifiokss LishleftodbasesrPssHeetAadichindist i t ut es

the original sheet is as follows. _ C. 0.045% WMnr: 0.23% Si: 0.02%
P: 0. 012%¢ surpaoegnruddiness 8839%CIed DB banmicerefFerahlieifani t abl e
impurities, . . The steel sheet is subjected to alkali electrolytic
cIeaninG'XﬁﬁwBP&?Fiﬂg BDYS FhRd Sifth GRS SA CQuFREr-PE2RERIC AN tH&Faf ter, N

platinggﬁzégxﬂied to the steel sheet under a condition of watt bath nmatte
pl ati ng. * AN plating adhesion anount is set to 0.3w. After N

perform o N pheLDg, WiegaheRbclitha SRS Le dAer flegnng and
ot ToSPIGIS I FRGH S Doaln U 038 A OB BRI, 1n OSBRSS !
o ook SRR DL et by sk e ot e sl D
0.5 are generated. Accordingly, the surface roughness Ra exceeding

2.0um is not preferable also from a viewpoint of manufacturing

the Ni-plated steel sheet.

To prevent scratches, it is necessary to allow a large

amount of lubricant to be contained in the space defined between

adie of amold and the steel sheet. A largest amount of build-up

of Ni is generated at a point of time that the die is firstly

brought into contact with the steel sheet. Thedie firstly comes

into contact with a bottom portion of a can and hence, working

is hardly performed on the bottom portion whereby the roughness

which the steel sheet has remains. Accordingly, by adjusting

the roughness, it is possible to supply an amount of lubricant

with which the build-up of Ni can be prevented to a surface of

the steel sheet.

[0016]

<Surface roughness Ry>

With respect to surface roughness, the surface roughness

12



S pm As the result, an anount of free N, a thickness of Fe-N
diffusion layer, a Fe exposure ratio (% and surface roughnesses (Ra, Ry)
of the obtained Ni-plated steel sheet are shown in Table 2. [0024]

<Exanples 2 to 15> N -pl ated steel sheets are obtained in the same
manner as the exanple 1 except for that a Ni plating adhesion amount is
changed to val ues shown in Table 2. A heat treatnent tenperature

and a heat treatnent tine are changed in a gas atnosphere furnace, and heat

tr eat nengycandyt bafli b3-60E ol diedlspup i frbiala t e ko 3es Ay ben pxposur e

rati os of various Fe-N diffusion |layers are obtained. As t result, an

anount okufrfaeeNroudhinlisgkmess af Rer Nrdidfsiond ayer , tRe FeugXResUr e
ratio (% and surface roughnesses (Ra, Ry) of the obtained N -plated steel

sheet ar eocsgawassnRyabbea 2val@92n) i i atd 16l Llwi dHige Nirahgd offe@Np dif f usi on
t hi ckness (Om) Fe exposure (c) coating anmount of N plating surface

roughnesssum. The reason why an upper limit and a lower limit of the
range of the surface roughness Ry is decided is as same as the
reason set forth in conjunction with the surface roughness Ra.

That is, the generation of scratches is not observed in
the steel sheets having the surface roughness Ry of 4.0 to 15um.

As the reason for such a result, it is thought that when
the surface roughness Ry is less than 4.0um, a space which is
defined between a steel sheet and amold and into which lubricant
enters at the time of pressing becomes small. It is known that
scratches are generated when the lubricant is particularly a
water-soluble-emulsion based lubricant. The range of the
surface roughness Ry is defined in the substantially same reason
as the reason for defining the range of the surface roughness
Ra.

On the other hand, when the surface roughness Ry exceeds
15um, since irregularities on the surface of Fe-Ni diffusion
layerbecomes large, anironbasematerial which forms a substrate
belowtheFe-Nialloylayerisliabletobeexposed. Accordingly,
the surface roughness Ry exceeding 15um is not preferable from
a viewpoint of ensuring the corrosion resistance of the steel
sheet.

[0017]
<Definitions of Ra, Ry>

Definitions of Ra, Ry are described in JIS B0601-1994.

13



result of generation of scratches thermal diffusion Ra (Om Ry(Om
exanple 1 0 0.5 20 0.30 0.9 4.0 not present present

Ra is an arithmetic average height of a roughness curve and an
average value of absolute value deviations from an average line,
andRyisamaximumheight andindicatesaheight fromthe lowermost
bottompart to the uppermost top part for every reference length.
[0018]
<Measuring method of Ra, Ry>

Measuring methods of Ra, Ry are not specifically limited
provided that a roughness meter adopting a traceable surface
roughness measuring method is used. A measurement device is
based on the description of JIS-B0651-2001.

Although no other conditions are particularly specified
with respect to themeasuringmethods except for that measurement
is performed using the traceable surface roughness measurement
devicewhichiscalibratedinaccordancewitha referenceversion,
themeasurement is performedas follows inthe present invention.

One example of measuring method is described as follows.

As the measurement device, a traceable surface roughness
measurement device (surfcom series) made by TOKYO SEMITSU CO.,
LTD. is used. JIS’ 94 is adopted as the measuring condition.
That is, the measurement is performed under the conditions where
an evaluation length: 5mm, a measuring speed: 0.4mm/sec, a
cut-off value: 1.0mm, a kind of a filter: Gaussian, a measuring
range: £50um, gradient correction: straight, andacut-offratio:
400.

[0019]
The surface roughnesses Ra, Rydependon rolling roughness

and a rolling load in a temper rolling step.

14



exanple 2 0 2.0 25 0.80 1.1 8.0 not present present exanple 3 0 1.5 20 1.0
1.5 10 not present present exanple 4 0 0.5 50 0.15

The larger therolling roughness, the larger the roughness
of the plated steel sheet to be rolled by temper rolling becomes,
while the larger the rolling load, the larger the roughness of
an outermost surface of the plated steel sheet becomes.

It is possible to adjust the roughness of the outermost
surface of the plated steel sheet by adjusting the rolling
roughness and the rolling load.

Rollsused for temperrollingarenot specificallylimited,
and EDT rolls can also be used besides shot dull rolls. That
is, the rolls for temper rolling are not specifically limited
provided that a method where the roughness falls within a range
called for in Claims is adopted. Further, a temper rolling
facility is not also specifically limited.

[0020]
<Forming of battery can>

Next, a battery can is formed using a Ni-plated steel
sheet manufactured by a manufacturing method of the present
invention.

A method of forming a battery can is forming by drawing.
Usually, water-soluble emersion is used as a press lubrication
material. A Ni-plated steel sheet is formed into a cup in a
first step and, thereafter, the cup is formed so as to have a
diameter of a battery can through drawing in three to six stages
in total, and the cup is formed into a battery can through further
four stages.

As a press forming condition, the battery can is formed

such that a thickness of a can wall is gradually increased in

15



1.7 13 not present present exanpl

e 503.040 1.0 2.0 15 not present
present exanple 6 0 0.5 35 0.3 1.0 4.0 not

the direction toward an opening part of the battery can on which
a negative pole cap is mounted from a bottom (positive pole
terminal part) of the battery can.

That is, the can is molded such that the thickness of
thecanwallineachstepisgraduallyincreasedtowardthe opening
part from the bottom of the can.

As a material of the mold used for such press forming,
sintered hard alloy is preferably used. However, the material
of themoldisnotspecificallylimited. Inthepresentinvention,
materials described in Table 1 can be used.

[0021]

In the materials shown in Table 1, among sintered hard
alloys used for forming a mold for press forming, an alloy which
particularly apts to generate scratches on the battery can is
an alloy which contains Ni as a binder.

When an Ni binder is used, Ni in the steel sheet surface
layer and Ni in the mold alloy cause sticking thus increasing
a possibility that a build-up of Ni is formed.

Further, it is also found that seized Ni generates flaws
on an outer surface of a can thus forming scratches.

Ni binder sintered hard alloys are indicated by WC-Ni

(see Table 1).

[Table 1]
densit | hardne resista | compressi Young's thermal
kind of L. ss nce ve modugus conductiv
material composition | Y force strength ity
g/m? HrA GPa GPa GPa W/mK
G3 WC-Co 14.7 89.5 2.6 4.7 579 71
NR8 WC-Ni 14.8 90 2.3 4.2 600 75

16




present present exanple 7 0 5.0 50 1.5 1.0 6.0 not present present exanple
8 05.050 1.7 1.9 15 not present present exanple 9 0 5.0

NR11 WC-Ni 13.5 90 2.4 4.6 530 63
NM15 WC-Ni 14| 86.5 2.5 3.5 530 50
RCCL 2C“T1C_Ta 14.7 93 1 3.6 640 70
™2 Ti-TiC-Mo 5.2 54 0.7 - 250 9.2
™3 e 68 0.5 - 226 9.2
DUX40 TiC-Ni 6.5| 91.5 1.8 3.9 470 29
sic SicC 3.2 94 0.6 3.5 441 16
SisN, Si.N, 3.3| 92.8 1.1 4 314 25.1
[0022]

As a lubricant for preventing sticking generally used
in press forming, the followingwater-soluble emersion is named.
Si3Ny

With the use of such water-soluble emersion, hot water
can be used for cleaning after forming a can so that it is
unnecessary to use an organic solvent whereby cleaning can be

easily performed while taking into account the environment.

<Composition examples of water-soluble emulsion

component blending specific name of component

mineral oil 40-505 mineral oil or fatty acid
ester

higher alcohol 10% t-butyl alcohol

surface-active 52 anionic or nonionic

agent ° surface-active agent

alkanolamine 5-10% triethanolamine

inhibitor 1% benzotriazole

water balance

Liquid having the above-mentioned composition is mixed,
and is further diluted with water thus producing water-soluble

emersion having the concentration of 2 to 10%.

Examples

17



20 2.0 1.0 6.0 not present present exanple 10 0 2.5 20 1.5 1.9 15 not
present present exanple 11 0 0.7 50 0.30 0.9 5.0 not

[0023]

The present inventionisexplainedhereinafter in further
detail using examples.

Fig. 1 is a cross-sectional constitutional view of a
Ni-plated steel sheet of the example where scratches are not
generated, and Fig. 2 is a cross-sectional constitutional view
of aNi-platedsteel sheet of a comparisonexample where scratches
are generated.
<Example 1>

A low carbon aluminum-killed steel sheet having a sheet
thickness of 0.25mm and after being treated by cold-rolling and
annealing is used as an original sheet.

The composition of a steel sheet which constitutes the
original sheet is as follows.

C: 0.045%, Mn: 0.23%, Si: 0.02%, P: 0.012%, S: 0.009%,
Al: 0.063%, N: 0.0036%, balance: Fe and inevitable impurities

The steel sheet is subjected to alkali electrolytic
cleaning and pickling by immersion into a sulfuric acid and,
thereafter, Ni plating is applied to the steel sheet under a
condition of watt bath matte plating.

A Ni plating adhesion amount is set to 0.3um. After Ni
performing Ni plating, the steel sheet is subjected to water
cleaning and drying. Then, the steel sheet is subjected to heat
treatment in a gas atmosphere furnace with an HNX gas (dew point:
-20°C) containing 6.5% of hydrogen at a heating temperature of
580°C for a soaking period of 6 hours and, subsequently, the

steel sheet is subjected to temper rolling with elongation of

18




present present exanple 12 0 1.7 22 0.90 1.3 8.5 not present present
exanple 13 0 2.0 30 1.0 1.7 13 not present present exanple 14 0 0.6

}_.l
N
o®

A thickness of the obtained Fe-Ni diffusion layer is 0.5

pm.

As the result, an amount of free Ni, a thickness of Fe-Ni

diffusion layer, a Fe exposure ratio (%) and surface roughnesses

(Ra, Ry) of the obtained Ni-plated steel sheet are shown in Table

2.

[0024]

<Examples 2 to 15>

Ni-plated steel sheets are obtained in the same manner

as the example 1 except for that aINi plating adhesion amount

is changed to values shown in Table 2.

A heat treatment temperature and a heat treatment time

are changed in a gas atmosphere furnace,

and heat treatment

condition is controlled such that thicknesses and iron exposure

ratios of various Fe-Ni diffusion layers are obtained.

result,

an amount of free Ni,

As the

a thickness of Fe-Ni diffusion

layer, a Fe exposure ratio (%) and surface roughnesses (Ra, Ry)

of the obtained Ni-plated steel sheet are shown in Table 2.
[0025]
[Table 2]
FeONi coating surface result of
free . \ Fe amount roughness .
X diffusion generation thermal
(g;) thickness exp(ogs)ure gf Ra (Om) | Ry (Cm) of diffusion
(Om) ° . a ) v scratches
plating
not g
example 1 0 0.5 20 0.30 0.9 4.0 present present
not
example 2 0 2.0 25 0.80 1.1 8.0 present present
not
example 3 0 1.5 20 1.0 1.5 10 present present
not
example 4 0 0.5 50 0.15 1.7 13 present present
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50 0.15 1.5 10 not present present exanple 15 0 0.7 50 0.3 1.9 14 not
present present conparison exanple 1 0 0.5 15 0.30 1.2 8.0

example 5 | O 3.0 40 1.0 2.0 15 przgznt present
example 6 0 0.5 35 0.3 1.0 4.0 prrelZZnt present
example 7 | 0 5.0 50 1.5 1.0 | 6.0 | 20 . | present
example 8 | 0 5.0 50 1.7 1.9 15 prggznt present
example 9 | O 5.0 20 2.0 1.0 6.0 prre“s";nt present
example 10| 0 2.5 20 1.5 1.9 15 orecent | Present
example 11| 0 0.7 50 0.30 | 0.9 | 5.0 pr;“s’znt present
example 12| 0 1.7 22 0.90 | ‘1.3 8.5 prggznt present
example 13 0 2.0 30 1.0 1.7 13 przzznt present
example 14| O 0.6 50 0.15 | 1.5 10 przgznt present
example 15| O 0.7 50 0.3 1.9 14 prggznt present
i;ﬂg;;if%? 0 0.5 15 0.30 1.2 8.0 present present
ceci{ma;;:prliesozn 0.3 0.5 5 1.0 1.5 10 present present
Ce‘;“;fjprlies"; 0 0 0 0.2 1.5 13 present | _ P%%
C;maljjprlies‘f 0 0.7 35 0.3 0.8 | 3.5 | present | present
i;ﬁg;jﬁ:if 0 0.6 50 0.15 | 0.7 | 3.0 | present | present
Zzgigiji? 0.1 1.5 10 1.0 1.7 13 present | present

[0026]
<Forming of battery can>

A battery can for AA size alkali battery is formed by
drawing the Ni-plated steel sheets described in examples 1 to
15 using the above-mentioned water-soluble emersion.

The forming is performed through 10 steps, wherein the
Ni-plated steel sheet is subjected to drawing and ironing such
that a cup has an outer diameter of a battery can through 1 to
6 steps, and the cup is subjected to shoulder forming, final

shoulder forming, step forming and cutting of ears through 7
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present present conparison exanple 2 0.3 0.5 5 1.0 1.5 10 present present
conparison exanple 3 0 0 0 0.2 1.5 13 present not present conparison
exanple 4

to 8 steps thus forming a battery can. A press operation is
performed by transfer drawing and ironing.

Amaterial of apart of amoldwhich is brought into contact
with the steel sheet is made of a WC-Ni material (NR-8) which
uses a Ni binder.

[0027]
first step cupping
cup diameter: ¢31.42mm
drawing ratio: 1.85
blank diameter: ¢$58mm
second step drawing: ¢25.60mm
drawing ratio: 1.23
third step drawing: ¢21.52mm
drawing ratio: 1.19
fourth step drawing: ¢18.52mm
drawing ratio: 1.16
fifth step drawing: ¢15.52mm
drawing ratio: 1.19
sixth step drawing, barrel forming: ¢13.3mm
drawing ratio: 1.17
seventh to tenth steps

An AA size battery can is formed after shoulder forming,
final shoulder forming, step forming and cutting of ears.
[0028]

An outer surface of the battery can is observed after
the sixth step at which drawing is finished, and the generation

of scratches 1is checked.
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0 0.7 35 0.3 0.8 3.5 present present conparison exanple 5 0 0.6 50 0.15 0.7
3.0 1.7

7
present present conparison exanple 6 0.1 1.5 10 1.0

The result of checking is shown in “result of generation
of scratches” in Table 2.

A thickness of a Fe-Ni diffusion layer is obtained by
a GDS analysis, and a Fe/Fe+Ni ratio of an outermost surface
layer, that is, an amount of Fe present in an outermost surface
layer is measured by an Auger analysis.

[0029]
<Comparison example>

Ni-plated steel sheets of comparison examples 1 to 6 are
prepared, and AA size battery cans are formed in the same manner
as the examples.

[0030]
<Evaluation>

The Ni-plated steel sheets of the examples 1 to 15 which
fall within the scope of the present invention exhibit no
generation of scratches as can be clearly understood from Table
2 and hence, these Ni-plated steel sheet are used as excellent
Ni-plated steel sheet for forming battery cans.

On the other hand, the Ni-plated steel sheets of the
comparison examples 1 to 6 which do not fall within the scope
of the present invention exhibit the generation of scratches
and hence, these Ni-plated steel sheets do not have
practicability.

Although the Ni-plated steel sheet where the Fe-Ni
diffusion layer is formed on a surface of the steel sheet is
used in the examples, the Fe-Ni diffusion layer may be formed

on an outermost surface layer, and surface roughness and a ratio
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13 present present [0026] <Form ng of battery can> A battery can
for AA size alkali battery is formed by drawi ng the N -plated steel sheets
described in exanples 1 to 15 using the above-nentioned water-sol ubl e

ener si on. The formng is perforned through 10 steps, wherein the

Ni -pl ated steel sheet is subjected to drawing and ironing such that a cup
has an outer dianeter of a battery can through 1 to 6 steps, and the cup is
subj ected to shoulder form ng, final shoulder formng, step form ng and

cutting 8 28rfalNbeuglc/eol 0n8 86608 hBHE; LALE aiAcbattery can. A press

operation is perforned by transfer draw ng and ironing. A materi al

of a part of a x©ls-yhi | SirRyralght oiat j I eet is
made of a WC-Ni materi a(?ﬂ% NR- 8) whi éﬁ%gggggn%?c%ri%le%& %027%%f Firigt

st epcuppiregNEURi giFABBbAr 1a¥32. 43AMdeawkag1r ahket . 1. 85 bl ank
di aneter: +58nmm second step draw ng: +25.60mm drawi ng rati o:
1. 23 thirddakepdaawapglic2hid2emn drawing ratio: 1.19 fourth

step drawi ng: +18.52mm drawing ratio: 1.16 fifth

st epdr ami[0g@31+15. 52mM drawi ng ratio: 1.19 sixth stepdraw ng,
barrel formng: +13.3mm drawing ratio: 1.17 seventh to tenth
st eps ArAddo xdl izey bad tterey poarsant flowvemd iait, e Sheplldeedf ecseng, fi nal
shoul der form ng, step formng and cutting of ears. [0028] An out er

surface eheehevibate éahe ganeirstobserVebafttdred e shetthingt eff dbrmhihgh

drawing is finished, and the generation of scratches is checked.
abatterycanissuppressedandamethodofmanufacturingabattery
can which uses such a Ni-plated steel sheet are provided and

hence, the present invention possesses an extremely high

industrial applicability.

23



The result of checking is shown in "result of generation of scratches" in
Tabl e 2. A thickness of a Fe-Ni diffusion layer is obtained by a GDS
anal ysis, and a Fe/Fe+N ratio of an outernost surface layer, that is, an
anount of Fe present in an outernost surface |ayer is neasured by an Auger

anal ysis. [0029] <Conparison exanpl e> Ni -pl ated steel sheets of
conpari son exanples 1 to 6 are prepared, and AA size battery cans are
formed in the same nanner as the exanpl es. [0030] <Eval uation> The

Ni - pl at et sitget sheets of the exanples 1 to 15 which fall within the scope
of the present invention exhibit no generation of scratches as can be
clearly understood from Table 2 and hence, these N -plated steel sheet are
used as excellent Ni-plated steel sheet for form ng battery cans. On
t he ot her handl-tAeNN-pphatddtstcdesthadiebbyioh & Re-Rodpdifusdonekamt es 1 to
6 which do not fall within the scope of the present invention exhibit the
gener at ioh af stratdws andfdrhceayahesthNiept at ed steel sheets do not have
practicability. Al t hough the Ni -plated steel sheet where the Fe-N

di ffusi on | ayeer issirffeceedomghaesisr Racé sofl .tthéosPedumsheet is used in the
exanpl es, the Fe-N diffusion layer may be formed on an outernost surface

| ayer, and surﬁa@@rﬁ@G@hﬁ@@gh@ﬁ@SaRWaﬂﬁo4 -6f tPe livtiyn, bénﬁet to the

above-nentioned val u Accor di ngly, another ¥ may be provided
bet ween t he FeaNéaHFPf9§FﬁﬁePaQ%ﬁ”5ha“tH@ §P€eFesNée@l FediteR riayer

I bilit A di t t Ni - pl ated
Foel “SdbEeinere 3*‘1]#@ JERGHST G DEOLct ieh a0 atn AL PRE T Fitting &
bat t hod of f act tt whi ch
daes such a N 25l A PQ%? T e oS B0 ea A eneLr wﬁﬂ%ﬁca” -
| nventi g1, pogs dgfgﬁe negathenplyLhi gh Endustri ale pppLigabididy daim

1. An Ni-pla sheet having a F& usi on ayer on "an out er nost

surface | fyefcaent] 0 d541d fxgcg BOHEQBﬁsﬁsREokﬁ%ei oy & %%Qr%d?ﬁ\gr face

roughness Ry 1s 4.0 to 15Am aratro n the
Fe- N dif fiushom ayiedn 'c%rﬁt?élrﬁq'%q @l r F& AaeQUNS folorP G d & 39/ hdd an

Auger anal ysi1s. plated steel sheet according to claim 1,
mhereln,ﬂﬂQtﬂ@, pl ated steel sheet is a Ni-plated steel sheet for
manuf acturing a battery can which is forned by drawing using a |iquid which

cont ai ni ng wat er.- ao0hehbheems siemRstadmss INiGWihted steel Fhdhtet hod of
manuf acturing a N -plated steel sheet conprising the steps of:

app! yi ngdiipyplsatricng-Heo st eay faaite of a steel sheet with a N coating anount
of 0.3 to 2Am
applying Ni plating to a surface of a steel sheet with
a Ni coating amount of 0.3 to 2um;
forming a Fe-Ni diffusion layer on an outermost surface
layer of the Ni-plated steel sheet by heating the Ni-plated steel
sheet at a temperature of 600 to 800°C such that a ratio between
Fe andNi in the Fe-Ni diffusion layer is set such that Fe accounts
for 20 to 50% in an Auger analysis; and
applying temper rolling to the steel sheet thus setting
a surface roughness Ra of the Fe-Ni diffusion layer to 0.9 to
2.0um and a surface roughness Ry of the Fe-Ni diffusion layer

to 4.0 to 15um.

4. A method of manufacturing a battery can where an
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formng a Fe-Ni diffusion |layer on an outernost surface |ayer of the

Ni - pl ated steel sheet by heating the N -plated steel sheet at a tenperature
of 600 to 800C such that a ratio between Fe and Ni in the Fe-N diffusion

| ayer is set such that Fe accounts for 20 to 50%in an Auger analysis; and
applying tenper rolling to the steel sheet thus setting a surface roughness
Ra of the Fe-Ni diffusion layer to 0.9 to 2.0gm and a surface roughness Ry

of the Fe-Ni diffusion layer to 4.0 to 15Am 4. A met hod of
manuf act ye L S0 WR8Y; NL - pl 2 . ich_has a
Fe-Ni diyéugggﬁeﬁgéégé%n an outé%%ggfsshr?%g%fﬁﬁééﬁﬁ%ﬁ%pﬁggﬁ%?gﬁ the Fe-N

di f f usi ogyLaygbshas, A S hage gﬂahﬂ?%i%gll %e%@-ﬁf gég@ﬁ&%aﬂgﬁérsur face

roughness Ry of 4.0 to 15mand the Fe-N usi on r has such a Fe/N
rati o thihsBes@FEAUOLSLANCEY §.002090d Poan aanalyel s 8.aHhLegted to
drawi ng using a water-soluble I'i qui d whi ¢ch Cont ai ns water - sol e enersion
as a pregg d#RrioCeH5um and the Fe-Ni diffusion layer has such a Fe/Ni

ratio that Fe accounts for 20 to 50% in an Auger analysis is

subjected todrawing using a water-soluble liquid which contains

water-soluble emersion as a press lubricant.
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