Description TITLE OF THE | NVENTI ON NI - PLATED STEEL SHEET AND METHOD OF
MANUFACTURI NG BATTERY CAN USI NG THE NI - PLATED STEEL SHEET TECHNI CAL FI ELD
[ 0001] The present invention relates to a NI plated steel sheet
where the occurrence of scratches at the time 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 N -pl ated
steel sheet has been popularly used for manufacturing a battery can.
Al so, to further enhance the corpostoiptesi stance of a N -plated steel
sheet, after NI plating, Ni is diffused in the steel sheet by heat
treatnent, For exanple,e st docunent | (JP-A-61-235594)
TITLE OF THE INVENTION
NI-PLATED STEEL SHEET ANDMETHOD OF MANUFACTURING BATTERY

CAN USING THE NI-PLATED STEEL SHEET

TECHNICAL FIELD
[0001]

The present invention relates to a Ni-plated steel sheet
where the occurrence of scratches at the time of forming abattery
can is suppressed and a method of manufacturing a battery can

using the Ni-plated steel sheet.

BACKGROUND ART
[0002]

Conventionally, a Ni-plated steel sheet has been
popularly used for manufacturing a battery can.

Also, to further enhance the corrosion resistance of a
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
to a steel sheet at an adhesion amount of 9 to 62g/m2 for one-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 4pum or less on the steel sheet,

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



di scloses a Ni-plated steel sheet where NI plating is applied to a steel
sheet at an adhesion anount of q 62cilra 2 for one-sr de surface before

di ffusion by heating and, thereafter, heat treatnment is applied to the
steel. sheet thus formng an F. NI. alloy |layer having a thickness of 4pm
or less on the steel sheet, and a nethod of manufacturing such a Ni-plated
steel sheet. Further patent docunents 2 (Japanese Patent 3045612)

discloses an Neplated stselyeieel used boy motact pri g o pasbesy can

where a. N|-p| on a c rorfed s eet and,

therealtg H‘Sé malndif LpsLongt cealientels apok! £dk e, S dihe, steelngheet thus

turnlng I'ng I yer into an usi on ayer Prior Art

Document gttgeg é&?%@% [ QPQ3]; Ratent . docunert rhed W A-831 32355044 Pat ent
docunent anese Patent 3045612 "SU RY OF THE | NVENTI ON PROBLEMS THAT

THE | NVENTLON Eﬁeg@ %VEtBQQQQ]Eter, therki@Weyer fut hen N rpi ahedh st gel

sheets disclosed in the above-nenti oned patent docunent 1 and 2 have the

Fre-N dibpustantbaygs yhich discabtaiviedubyidigf tusi vn-pyabeasi hgyen an
outernost: surface | ayer and hence, scratches are generated on an outer

surface ehta batteryicanfiEasaopr esgeoperation where a press fluid used as a
lubricant in a drawing step is formed of a water-soluble emulsion-based
fluid thesigirvhng Dbsemtota drawback in terns of quality.

Patent Document

[0003]

Patent document 1: JP-A-61-235594

Patent document 2: Japanese Patent 3045612

SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
[0004]

However, the Ni-plated steel sheets disclosed in the
above-mentioned patent document 1 and 2 have the Fe-Ni diffusion
layer which is obtained by diffusion by heating on an outermost
surface layer and hence, scratches are generated on an outer
surface of a battery can in a press operation where a press fluid
used as a lubricant in adrawing step is formed of a water-soluble
emulsion-based fluid thus giving rise to a drawback in terms
of guality.

Scratchesare flawswhicharegeneratedonanouter 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



Scratches are flaws which are generated 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
t hat a substance which beconmes ator for generating flaws on a can wall
adheres to a. die of a nold. Particularly, in case of a N -plated steel
sheet having a Fe-N dif:i:us.ion |ayer, when the N -plated steel sheet is
brought into contact with the nold, mnute Ni powder adheres to the nolid.

It is thoughtdhat Wienecaapress ropesabhol &snnepentathseyveral undr ed

t housand tinmes, nost of NI is peeled off and falls However, sone N does
not fal loft husigiavi ngakt seut @rayphenosesenc hene N1 adheres=41o deeso that Ni
gradual |y grows. Further, e Ni adheres to the die of the nold, N

i s not. Heselred aof&-1ev en then drhé agrees swiopertatd th-p$atepest edl tdhesetgi vi ng
rise to a phenonenon referred to as id-up where the adhered Ni gradual ly
grows. lits bsothbughtt¢ hantictwhii th @dhepreés, trolntes ol doener isglheres t up on
the nold, in a stage where an adhered NN grows to a certain size, generates
fl aws orfcatmahlbldl al woskéwyshdducat fhear Drefs ohera i ren 6f faras t he
product thus generating scratches on the wall_ Accordingly, yobject of the
present Sawestitl GMNCE Sy Moo ché 1als6v e IRERt PENBE EorvRMt§Gralt drsibacks
and to provide a N -plated steel sheet which suppresses the generation of
scr at ches2 lgts + h&opee rof SPEEMIRgdachabPer 2 £anthus 91VIing §45% Ghét her

obj ect of the present invention to pravide a nethod of facturing a
bat t er y RIS HY shGH aNINeOpPEEadtQibelSshoa .NW@%&WW THE

PROBLEMS [0005¥Urther, once Ni adheres to the die of the mold, Ni is
not peeled off even when the press operation is repeated thus
giving rise to a phenomenon referred to as build-up where the
adhered Ni gradually grows.

It is thought that Ni which adheres to the mold and is
built up on the mold, in a stage where an adhered Ni grows to
a certain size, generates flaws on a wall of a worked product
(can) at thetime of forming the product thus generating scratches
on the wall.

Accordingly, it is an object of the present invention
to overcome the above-mentioned conventional drawbacks and to
provide a Ni-plated steel sheet which suppresses the generation
of scratches at the time of forming a battery can.

It is another object of the present invention to provide
a method of manufacturing a battery can using such an Ni-plated
steel sheet.

MEANS FOR SOLVING THE PROBLEMS
[0005]

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



invention is a Nl -plated steel sheet having a Fe-Ni diffusion |ayer on an
outernost surface |ayer, wherein a surface roughness Rais 0.9 to 2.0p,m a

surface roughness Ry is 4.0 to 1l4tm and a ratio between Fe and
Ni inthe Fe-Ni diffusion layer is set such that Fe accounts for 20 to 50%
in an Auger anal ysis. (2) I'n the N -plated steel sheet according

to the present invention in (1) , the Ni-plated steel sheet is a N -plated
steel sheet for manufact.uriing a, battery cap which is_fornmed. dr awi ng
ixi g o el 9%1?@%ﬁlﬁ%%@%ﬁe%ss’ﬁgm‘@w t&“ﬁaﬁl?%;%fﬁg% t

me (o] u [ i--pla e i ncl udes e steps
of : Eaggraggrggnaﬁﬁ%gmﬁggt%Hgf?geaﬁggF?écgh%?QggsteeI sheet with a N

coat i ng anount gfsgrg Lo 3%&33?%%5hﬁép}%zﬁéylggé?“gﬁ%Ni di ffusion | ayer on

an out ernost surface ?ayer 0 et by heating the

Ni - pl ated st eel 3 §@P§§‘%§t£§?{i}?§%% ?Igu}zrfs 0{.(55090 _tfgﬁrpogrﬁych that a ratio

bet ween Fe and rnt ion layer is sét such that Fe accounts

for 20 to 50% i 8 af AUGRIt @3] Y& 8ndald in the Fe-@RPHYFRAst 8APEAyESI 1ing to
the steel sheet thus setting a surface roughness Ra of the Fe-N diffusion

layer t0iQ. Qet @udh Ot Al aacsuhftaceor Qugbaess: Ry of Auke rFeni ydi &t usi on
|ayer to 4.0 to 15w (4) In a nmethod of manufacturing a battery

can accordi ng t o2} he piesenbpliameenston] sapehiaqplateichesteahesheesemhi ch has
a Fe-N dif.fusion |layer on an outernost surface |layer and In
invention in (1), the Ni-plated steel sheet is a Ni-plated steel
sheet for manufacturing a battery can which is formed by drawing
usingaliquidwhich containingwater-soluble emulsion as apress
liquid.
(3) A method of manufacturing a Ni-plated steel sheet
includes the steps of:
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 1l5um.

(4) In a method of manufacturing a battery can according
to the present invention, an Ni-plated steel sheet which has

a Fe-Ni diffusion layer on an outermost surface layer and in



which the Fe-N diffusion |ayer has a surface roughness Ra of 0.9 to 2. Gum
and a. surface roughness Ry of 4.0 to 15pm and the Fe-N diffusion |ayer

has such a Fe/Nl ratio that Fe accounts for 20 to 50% i n an Auger anal ysis
is subjected to drawi ng using a water-soluble Iiquid which contains

wat er - sol ubl e eners on as a press lubricant. ADVANTAGEQUS EFFECTS OF THE

i NVENTI ON [ 0006] The N -plated steel sheet of the present invethon
can prevent Ni from adhering to a nold and frombeing built up at the tine

of formng abahteryCan. & ixs, oI syentyjdid Huhe agener att ol @fnsed atrehes on the
battery can. Further, according the nethod of manufacturing a

Ni - pi sd:ed %Beﬁl?ﬁﬂ%{d of shh}%ag'ée§8ﬁ%;hh@¥§pﬁ§i{% 4 £8 P9ssidlethe suppress

the generation o scratches at the fine o ormng a battery can. Brief
Descri ptricomiofitthiesPhaw agsr [I009Hduch a FelNg. rdtis hodr 0SS sebuona
constitutional view of a plated steel sheet according to the present

i nvent i g rwhere SCratcbesraser rota lgenier asedib Faies] aoctossise etsiiowal
constitutional view of a Nl-plated steel sheet of a conparison exanple
wher e ser abhthessarlebjenétgtiéd. whModecdora Cas rd ey -Qutl ulhee lemeerstiioon

as a press lubricant.

ADVANTAGEQUS EFFECTS OF THE INVENTION
[0006]

The Ni-plated steel sheet of the present invention can
prevent Ni from adhering to a mold and from being built up at
the time of forming a battery can thus preventing the generation
of scratches on the battery can.

Further, according the method of manufacturing a
Ni-plated steel sheet of the present invention, it is possible
to suppress the generation of scratches at the time of forming

a battery can.

Brief Description of the Drawings
[0007]

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

Fig. 2 is a cross-sectional constitutional view of a
Ni-plated steel sheet of a comparison example where scratches

are generated.



[ 0008] Herei nafter, an enbodi nent of the present invention is

explained in detail. <Steel sheet> Usual ly, a | ow carbon
alum numkilled hot-roiled coil is used as an original sheet of a N -plated
steel sheet. Further, a coil, whdch is fornmed of extrenely-|ow

carbon steel which contains 0.003 weight.% or |ess of carbon, or a coi
which is fornmed of non-aging continuous cast steel manufactured by adding
ni obi um and titaniumto the extrenel y-1ow carbon steel [0009] <Pretreatnent
before platFngS* Carryln%sobFeF?%a?ﬂ%ﬁ?tb%?ore Ni plating, usually, a
scal e ( g 6@ film formed on a surface of a cold-roiled steel sheet is
renoved @ Eblying el ectrolytic cleaning or cleaning by imersion to the

i n agent . AT T &7 EnPalavBn. Tha h Sbr “eRser e FHRe o a

mai n agent €'1s renove IS TO to a

pr oduct %Q%g%pggé in @%gglg:rolling step, <Annealing> After rolling

oil whic eres to e steel sheet inrolling is cleaned by electrolytic
cleaning<sﬁggls%§gét§heet i's anneal ed, Anneal i ng may be perforned
by either one of continuous annealing and box annealing, and is not limted

specifically. Usually,Afatqrovﬁ%%@%'oinnglhtﬁ%ggﬂ-kfﬂlé@ the-stepbasheet, a

shape of the steel sheet is nodified.
is used as an original sheet of a Ni-plated steel sheet.

Further, a coil which is formed of extremely-low carbon
steel which contains 0.003 weight® or less of carbon, or a coil
which is formed of non-aging continuous cast steel manufactured
by addingniobiumandtitaniumto the extremely-low carbon steel.
[0009]
<Pretreatment before plating>

Aspretreatment beforeNiplating, usually, ascale (oxide
film) formed on a surface of a cold-rolled steel sheet is removed
by applying electrolytic cleaning or cleaning 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.



<NI platino> Nextplating 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 N plating bath, besides the N sulfate bath, a sulfamc acid
bath a horofluoride bath, a chloride bath or |ike can be used- A coating
amount of Ni plating in perform ng plating using these bathes is not
specifically limted. However, to set an exposure r tio of Fe in a surface
| ayer to a value which falls within a range from20 to 50% i n hermal

di ffusi ompdreat ment which is perforned after plating, the coating anount of
Ni is preferably set to 0.3 to 2,0mm Wth respect to electrolysis
condi ti onsi froratacays ring the plating thickness, in a case where a typical
watt bath is used, the plating thickness can be acquired under the

el ectrol ysi s corelitt,i ons ppMaerneqg Asaabatlhchationghthetbatthsgeapositi on
containing 200 to 3509/1 of N sulfate, 20 to 50g/1 of Ni chloride and 20
to 50g/1 of borincgacedal plalithcseth ka3 s6ltfet4, ba@mdhdlat hs tremperaddire i s
so." to 50 to 65C, current density is set to 5 to 50A/dn2 and t he nunber of
coul onb s aska vatapproxiimameliyl300se¢0 d500dVidpRating bath Héressideesi des
matte Ni. plating where organic: conpounds are not added to a plating bath
except figre dipstlSuppedsing agemnidalcidpbativng wheeélanr odgdrdtd,.conpound
referred to as |eveling agent which ;flakes a precipitated crystal surface
of a pl & i9id Ay Pafwbol FBeabded 3 PDluRShg Bathe bhad ikt 9§ pl ating
where an organi ¢ conpound whi ch contains sulfur conponent for naking a

pl ati ng Yiayeta gl s sy by haRF RGN helRiF 1 pPatiSag dcHysesl PSEhESt drte Tthe by
further ad.ding Ie:ﬁﬁrl i,n% agent is added to a plating bath are_naned,
I-IO\/\/ever,sH@C]pq[]Jef“t%r‘ﬂgy BrléChy  ahCBTianhi c- T SfpotR BT Hi T AG 1A Shiltur

conponent_is added to a bath is not preferably adopted as Ni plating
b o TS et 2aRe MO dhireinte TS RASEOPHER Ao d Bl
cont ai ni [ ound.is cont.ained in_a at i l.ayer in_thermsl_diffusion
et oA SR R L e A ARG Wl B RERE LR WL PR eI A T Lo o

i nduced at_.the ti f S i.Qratj variou operties
such as E?(;Loargrlr(;fg ’oril:riqr:-‘eeg’ioéa'tE gﬁée%ﬁ@ggg?% <@15’fsu %%r%bﬁv 58t ?éx(?éh%%t
treatmens forming a Fe-N.i diffusion layer is perfornmed after N

pl ati ng. I's heat treatment is provided for increasing adhesiveness

between base sigeh apdpachl abi BYLaystyBYsSebhenE NGnaneL F ecsystaldd zi ng an
extrenely fine crystal state of N pl a%,l ng as it is, and also for

control liHg AR teXResULe khakisQ of Fecdde amdipper myst caur ace baveriHf the
Fe-Ni diffusion layer fornmed by heat treatnent. As a method for

di ffusi ngsdNi, bynhkeaplbreaynmenticanaes hashmhich dsesiaecaonthdepusranneal i ng
furnace or a nethod which uses a box-like annealing furnace is naned. In
t he t heremdctdid fysioncorthadonasudldys anNia dbbtusitonstreppenat wacif al | s
within a range from 600C to 800C, and Ni diffusion tinme falls within a
range fromsdsisecondsntaib2nhok@s to BolevYeref NiesN falié¢ f ¥ bo TGedt ment

of Ni chloride and 20 to 50g/1 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 plating 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



may be performed for nore Than 12 hours A gas atnosphere may be a non-oxid
Lon gas atnosphere or a reduction protective gas atnosphere.

Further, in the resent. invention, as a heat treatnment nethod by box
anneal i ng, preferabl yusedi s heat treatnent which uses a protective gas
consi sting of 75% of hydrogen and 25% of nitrogen produced by an ammoni a
crack nethod referred to as hydrogen rich annealing with favorabl e heat
transfer. . In_this method, favorabl.e unifornﬂ%yqof t enperat ure d%gtribution

i s acqui FedPLACLRE ASTGe 3BF H%Es StHP™ ?ﬁch;%ﬁ Udihal " diTe

Ifection as

lﬁ‘:'s' aﬁsa‘a?;ﬁ%?ﬁaﬁ%ﬂé%“ﬁai%?ﬂéﬁaztﬁf%ei"r{ At %;? BRe PR di T usi on
. age ! . ne. ust o

di 1 Tus of oy el B raar SRSy O FERE R - le LAEEAaNd B Plade (B

ffusion LsedEnt, Aogslg(elrﬂglgg;ﬂ{}gah}@%aﬁé&at MR RYENY Al 8k ihbom& eaches an

out er nbst sur a rat I ron exposed I n an outernbst ]ayer can be

increased, [0 anic compdiedt cbheat ReAl gondi fionsmpoRendr i susdyeghanged
corresponding to respective plating thicknesses, and a thickness of a Fe-N
di ffusi oRol ayercd s sohbai medr dyais yreideed csheeent hel dthirekaessrisngatsul at ed
based on a result obtained by a gl ow di scharge atom ¢ em ssion
spectrochesi paksanal yairentGbs.anal ysis), while an Fe/(Fe4Ni.) ratio is
obt ai ned by Auger el ectron spectroscopy. By carrying many experinents, a

| ar ge nunber of Tisapkeas: ashereea & uRe(rFesNia ) n 1y icompbundars expozede@dn an
outernost surface |layer of the Ni-plated steel, sheet is changed are
preparedin a plati@pSlayeat yisi slHermm Ingddifrisigpnretieednghiccihacquifes an

anal ysis chart in the depth direction, and is a nethod where i t is

consi der egxthatenne Eteneht idsing vitieh henseak biriftéAsneysr 481 ePPetAten Fe
and N. falls within a range froma hi ghest peak value to a value which is
1/ 10 of €lhke WHigghekhe peik hﬁeﬂme.tr%%?ag nghys RFEIHITR P i TFE5RSSin a
surface layer, so long as the intensity ratio between Fe and Ni. is 1/10 of
t he high@§PP§§F&§SoFUEEIBﬁACPﬁ§O§&PFaEéSF§§@PC?S recogni zed as a. free N

| ayer. A tHi%kness of the Fe-Ni diffusion |ayer is obtained by cal cul ation
by conpaﬂp & a GDS result of a sanple to which plating is applied with the
t her mal dig%#sion Lreat ment with a CDS result of a sanple to which plating
i s appli 6§ WtHoGE "t her mal diffusion treatnent. Fromthe result of
Ty exper mEMiSext, n 'a%téfé'ggméﬁétfob:yféﬁﬁdhg% %Q@Ngedif(f%@ro'}!! %%%QE' o of

t he out ernost |ayer’ Ra S, an exposure ratio of Fe'in the p I ng

o ek AL L aEL i sagegtLe o 4 P nsga L ualueg i o
suppressed, Q01415 sRYPISHES  1@hkbOs Wethfedh HtsdNistdidif Usion paverrg
layer by softening and recrystallizing an extremely fine crystal
state of Ni platingas 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, a Ni 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



When the Fe-Ni diffusion |ayer of the outernost surface |ayer is analyzed
in an Auger analysis and the exposure ratio of Fe obtained in terns of Fe/

(FsfNi) x100 (% , it is found that the exposure ratio of Fe which does not
generate scratches caused by build-ab .f ails within rangeor..rp, and nor
e preferably within a. range from30 to 40% When t he exposure

ratio of Fe is less than 20% the ratio of NI in the outernost surface
| ayer is increased so that Ni built no on a nold, and the build-up N .

gener at 68, $¢fALChed QR 4AR: PUE SF e SWHAES REuASCA gas atmosHReFO&Hf her
nand, when tlie exposure. ratio of Pe exceeds 50% although the buil d-up of

N on a poldacancke suprress§ds éﬁ}%ﬁ)@éié% a deauwbacknthaicdustyd s
extrenely liable to occur on"a plated steel sheet and hence, this exposure

rati o i sgnotapreisrabte. [0015] <Surface ::oughness Ra> After
diffusion treatnment, the steel. sheet. is rd |ed by tenper roiling so that
mechani cal propeimites ,ane thpapteset© ihersierl, sheat hand ihestsurdit ace
roughness of the ire -Nl diffusion layer is adjusted to a predeterm ned
roughnessethod by boit tinhsapt efjeratd fee tadp Isetist e sshief acecaoughnessi®a of t he
Fe-Ni diffusion layer to a value which falls within a range fromO0.9 to

2. 011m U$es gepeodticon vef gseratichiest irsy ndt 70Bsef vediiagpdarhenst 26 sheet s
havi ng- the surface roughness rt-NE: of 0.9 to 2. Own. As the
reason foitsecdnapresuted By s amougin chatkwhehhohersinfeee Yourthness Ra
is less than 0.911m a space which is defined between a steel sheet: and at
mol d andlY@ReSSiiich POBEREARE. Vi épryoapbliRenef e ins fntessiTRgt betones

small. It is known that_ scratches are gener ated when the lubricant is
parti cul%ﬂ%o‘é' wat BP L 3t aibrel enimsi vrebat YBeTaibrFeant Stribution 1is

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.

Indiffusiontreatment, 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
correspondingtorespectiveplatingthicknesses, 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



On the other hand, when the surface roughness Pa exceeds 2. Op,m since
irregularities on the surface of the Fe-Ni diffusion |ayer becones |arge,
an iron base material which fornms a substrate below the alloy layer is
Iiabl e tobe exposed. Accordingly, the surface roughness Re exceeding 2. 0pm
is not preferable froma viewpoint of ensuring the corrosion. resistance of
the steel sheet. Further, in manufacturing the N -plated stee
sheet, powder fromthe roughness roll is largely increased in a surface
rougheniﬁ&QHﬁﬁﬂmﬁﬁﬁs@ﬁ%ﬁF%EaYﬁﬁpﬁﬁﬁﬁ¥%9Pg%€%%¥§e§3 5 19 QURNAT S

gener at ed. Accordin%:y, t he surface roughness Pa exceeding 2.0pmis not

pr ef er abPé€aPSGPAFGM a vi ewpoi nt of manufacturing the Ni-plated steel

sheet . revent scratc it Is S o] L arge
anount of Iubri%é%tg %Y%%l%oﬁ%a%nggg?%ki%% %gg§§8d§%¥ﬁ%dag %m%%% % die of a
mol d and .ee e r qﬁﬁ%gi- buj ] d-up jof NS, Qeper at ed at
a poi nt S%Q?'%égtkgggﬁh%nﬁF%éis |¢st y t?%%ﬁht.cfﬁtoacoﬁtagt mjth t he

steel sheet,; Then O §efdd St COMBSchBhe CONEASL WAL I Bcht igmeporEon of a
can and hence, working Is hardly perfornmed on the bottom portion er eby

the roughness Mbisdet e steali sheet Jias inEHB NSge AGRl 8inghystbyead] usting
the rouahness, it is possible to supply an anount of |ubricant with which
the buil guupeofcNia cagn e preventedivooacsurfracehtfhdde séekel vsheet . [

0016] <Surface roughness Ry> Wth respect to surface roughness, thesurface
r oughnes gccBy dang0 yexdi bn tunhdrh@et @hdensys sirmal anrface hietendencyond t he
surface roughness Ra. It is preferable to set the surface roughness Ry to a
val ue whiaghthalirstarditiynrativapgevedn £e0and NbLsaiml Thef rtéasbhonbyt an upper
limt and a lower limt of the range of the surface roughness Py is decided
is as savelas bhebeéaspntlsetsfinfade irwonjimctaamoniiaad elseashirpachl
roughness Ra. That is, the generation of scratches is not observed
in the stleglershebtshhaknags tdfe S ffacdlir sidinedorRy agrr4ie pPtaspea.

As the reason for such a result is thought that when the surface, roughness
Ry is | e$y FRARUAATORA, LY SUHA WM ChOPs BeFRABIohet iedI 1% SPothicReet and

a nold and into which lubricant enters at the tinme of pre sin? becones
u

smal | . . P1ating gRo@kRPliRdt sER dtlthdd ey Sd@WhéFERE FuBFFRant s
articularly a water-sal ubl e-enul si on .based | ubricant. The_.ran of the
gurface Foﬁéﬁn§§§u§§ Pg ﬁe???ﬁi%ﬂﬁ?tﬁh%ébﬂﬁiﬁ%ﬁﬁqaﬁﬁyaggiéegegégﬁogé t he
reason f%r defi.ning the rang%a%%e%@e surface Ra On the other hand, when the
sur f ace 5ﬁﬁﬂﬁés§l%fu§%88e5 .

pm "since irregularities on the surface of

N S

substrate bel ow [T1 & ayer. e Lobe expos Accordi ngly,

the surfaee JLoughReeaeRYc PXPERAL NOr DI T4 SIOLRIARIAPh8ybEOM AaV] ewpol Nt
of ensuring the corrosion resistance of the steel sheet.
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
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[0017] <Definitions of Ra, Definitions ol. Ra, Ry are described in CrlS
80601-1994. Ra is an arithnetic average height of a roughness curve and an
aver age val ue of absol ute val ue deviations froman average line, and Ry is
a maxi mum hei ght and indicates a he i ght f romthe | owernost bottom part
to the uppernost top part for every reference length. [0018] <Measuring

met hod of Ra, Ry> Measuri ng nmet hods of Ra, Ry are not
specifically limted provided that a roughness neter adopting a traceable
surface gppghnessp rBasyriing itel Pedqt ¢ rused.+ L MEAsHHRRR Hend ey is based
on the description of JIS-B0651- 20% Although no ot her conditions
are partiycilaf ly spegd f4.ed vid rtdrezs(pact to the nmeasuring nethods except for
that measurenent is perforned using the traceabl e surface roughness

nmeasur ement dewihee whécxdesweal khtatved Fa acdesdancen i) aheefearience
version, the nmeasurenent is perfornmed as follows in the present invention.
One exanpt eNiofimedasuniung rnetshodurs adestaybediasifiobéawsd so that NiAs t he
measur enent devi ce, a traceabl e surface roughness neasurenent device

(surf corrwsiert es) onagendld, TAKYOL SENPTSW-O® NiTDenegatisedscrit&he9hpn s
adopted as the neasuring condition. That is, the neasurenent is perforned

under t e condrt i vnstawreret an @val uation length: 5Mm a M a s U .j. tlig
speed : 0. limil sec , a cut-off value: 1.0nm a kind of a filter Gaussian,
a nmeasuring rafgethesathgr Qlaé}ﬁllre‘ﬁlﬂe%cﬁﬂeeéﬁpéﬁu@t?%‘ﬁg%t(?f BACECEAS of f
ratio: 400. [0019] he surface rcughness de end on

rol i ng TOugnddusiy taer BPF#HQUPOQH h o eefper g%PI ]PﬁgsR‘ZR -ssed,

there arises a drawback that rust is extremely liable to occur
on a plated steel 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 0.9um, 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.
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The | a. r ger ther 01 lingr ou ghne s s , the larger the roughness of
the plated steel sheet to be rolled by temper roiling becones, while the
larger the roiling load, the |arger the roughness of an outernost surface

of the plated 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. Rol | s used for tenper

Il i ifically limt d EDT rol | | so_ b d
bosi dS ahot . GO LAy BFPEE TARAL T- W FOFTS ot CtSNREre 161 FERGe S & not
ificglly Iinited Provided that t hod. wh h . f i t hi
2 Tange GaPiBa 8 - T 5l T o CARAT B P INRE o  OHpet L OF TRy

fact !ty bsenatalaq shesl fLeablh JJadhech  LODGRT KROLGNDs b battery can>

Next, a ery can 1's r using. a ated steel. eet manuf act ured

by a WPHEQS&gﬂe%Iﬂ QPPO?&?S]Q?_i@rl%;ﬁ{%e tbBY@IHIRRG. AccordfhgDgt . :aixi

of formng a battery can IS formng by draw ng. Usually, water-So ubl e

emer si Onahé 5L as r@,u%'h?l%%fsl @%&%@Etﬂﬂg{j@? Gl @ls: nd Nraleated SEesh sheet

is formed rnto a cup i irst step a thereafter, the cup is fornmed so

as to hayeygefhai®t eff @nsudalgt ehy €8Arot heQUAHE HGhce off BPel Sitédree to
Six stages in total, and the cup is forned into a battery can through

further tawetstages. As a press formng condition, the battery can
is formed such that a thickness of a can wall is gradually increased in

the direction towatidean Openamgf partroigt hiee DAt ¢l ytednsoee Whslobe®w, negati ve
pole cap is nmounted froma bottom (positive pole termnal part) of the
battery pamder from theTtmtghrsssg heltdrs lasgaby dedrsdcied hata shefade ckness

of the can wall in each step is gradually increased toward the opening part
fromt herpoghemiod tiratgegnt step so that quality defects such as flaws

are generated. Accordingly, the surface roughness Ra exceeding
2.0pm 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



As a material of the nold used for such press formng, sintered hard all oy
is preferably used However, the material of the nold is not. specifically
limted. In the present. invention, materials described in Table 1 can be
used. [0021] In the materials shown in Table 1, anong sintered
hard all oys used for formng a nold for press formng, an alloy which
particularly apts to generate scratches on the battery can is an all oy

whi ch contains NN as a bi nder. When an Ni. binder is used, N in
the steel, sheel sufiacs It%éerte%la@nulry 's’im&ﬁﬁr”@bdtﬁél@é(n&@ﬁ’éf Stigki ng thus
|ncreaS|ng a possibility that a buifd-up of NN is forned Furt her,

it is also-found-bhgtnseszed NiT gemgrﬁlﬁ:gsgkb@m@ eB anouter swface of a
can thus form ng scratches. i binder sintered hard alloys are

i ndi cat eeblbyh W NiRy S alabli@el)vhichl 8822k within aAsafg UbFicanttd or
preventing sticking generally used in press formng, the foll ow ng

t er - sol upd eenersiconics sBaNBHy an upper Witdhi tt Beduselefesuthmwat €f -tgad ubl e
enersion, hot water can be used for cleaning after formng a can so that it

i S unnecessa o it cheseuafaoe ganighrsed v/ &t 1 swhec ethyd cl eas ngmeans beheasi |y
performed while taking into account the environment. <Conposition exanples
of 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 reascon 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
layer becomes 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



conponent bl endi ng ui . neal oil 40-50% hi gher al cohol 10% surface-active agent
al kanol am ne i nhi bitor water wat er - sol ubl e enul si on specific nanme of
conponent rnlneral oil or fatty acid ester t-butyl alcohol anionic or

noni oni ¢ surface-active agent triethanoi am ne benzotri azol e

Ra is an arithmetic average height of a roughness curve and an
average value of absolute value deviations from an average line,
andRy isamaximumheight andindicatesaheight fromthe lowermost
bottom part 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
devicewhichiscalibratedin accordancewithareference version,
themeasurement is performedas follows in the 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: x50um, gradient correction: straight, andacut-offratio:
400.

[0019]
The surface roughnessesRa, Rydependonrolling roughness

and a rolling load in a temper rolling step.

14



Li quid having the above-nmen t lon.ed conpcsi ion is mxed, and is further
diluted with water thus produci ng water-sol ubl e enersion having the
concentration of 2 to LO% Exanples [0023] The present invention
is explained hereinafter in f urt:her detail using exanpl es. Fi g.
us a cross-sectional constitutional view of a N -plated steel sheet of the
exanpl e where scratches are not generated, and Fig. 2 is a cross-sectional
constitutional view of a Ni-plated steel sheet of a conparison exanple

where scratchespare, genefat ed) 1 sEXaMI@inL2 s, the 1argérkow Car Ss
alum numkill ed steel” sheet having a. sheet thickneSs of 0.25mm and after

bei ng treated dyatcol dreel ldme and rNACal 06y Selsed ras 1aRgUd@imal, sheet .
The conposition of a steel. sheet which constitutes the original sheet is

as foll awsile the largbr Ohd45001 MY 10a23% hSilayd2%eProlyRiass & 0. 009%
Al : 0.063% N 0.0036% balance: Fe and inevitable inpurities The
st eel sheetoutssisutectedide adkallie gl lectad| stdecl cdreani ngcamd i ckl i ng by
imrersion into a sulfuric acid and, thereafter, N plating is applied to
the steel sheetltunderosstondittd enjobtwah¢e datdhmeds efptia¢icgiermost A N
pl ati ng adhesion anobunt is set to 0.3pm After NN performng N plating,
the steetustmet ¢& slbj ptteddt etraiesheksabivngdand tdmg rigie Thelhlindte st eel
sheet is subjected to heat treatnent in a gas atnosphere furnace with an
HEX gas {@&dipoiftand 206 tohtEihi Fp®. 5% of hydrogen at a heating
tenperature of 580C for a soaking period. of 6 hours and, subsequently, the
steel sheet i §OJut5|EraREO¥ §oF@RPETCrloINg e RPEFPEIIngatileny bmited,

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



m LILL:in:U:Mu_ned Fe-Ni diffusion As the result ,
t hi ckness of 7e-Nd diffusion |ayer, a Fe exposure ratio (% and surface
roughnesses <Exanple, 2 to 15> Ni - pl ated steel sheets are
obtained in the sane manner as the exanple 1 except for that a N plating
adhesi on anount. is changed to val ues shown in Table 2, A heat
treatnent tenperature and a heat treatnent tinme are changed in a. gas

at nosphere furnace, and heat treatnE conditionjs controlled sucg.t at
t hi cknes$6§ G B P @0 toé&qndélgo?a*@%ﬂfoﬁée AT i FRUSOR Fﬁger s are

obtai ned. As the result, an anount hickness of Fe

It f f Ni , -Ni
Qi rueion PagelivE Rl IE, saB.aE Mabreeog tana s Pt hoh (RS R rotecBotta, Ry)

8{ t he OQE%%E%glNEAQk§t%% %%%eba%Qg%b gggoshown in Table 2. [0025] [Table

an ampunt.free Ni, a

That is, the can is molded such that the thickness of
thecanwall ineachstepisgraduallyincreasedtowardthe 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 themoldisnot specificallylimited. 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]
dEnEit. |Lhazdns resista compressi Young's thermal‘
kind of L. ss nce ve modulus conductiv
material | composition | ¥ 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-N1i 14.8 90 2.3 4.2 600 75
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free N feraP diffusion :Jos:S.-nese (Mi) Fo exposure (S) C oating sneunt

NR11 WC-Ni 13.5 90 2.4 4.6 530 63
NM15 WC-N1i 14| 86.5 2.5 3.5 530 50
RCCL gC'TlC'Ta 14.7 93 1 3.6 640 70
M2 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 SiC 3.2 94 0.6 3.5 441 46
Si,N, 514N, 3.3| 92.8 . 1 4 314 25.1
[0022]

As a lubricant for preventing sticking generally used
inpress forming, the followingwater-soluble emersion is named.
SisNg

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 10-50% mineral oil or fatty acid
ester

higher alcohol 10% t-butyl alcohol

surface-active 58 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



of Ni

ci

exanple 1 0,5 20 exanple 2 0 2.0 25

[0023]

The present invention isexplainedhereinafter 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 acomparisonexample 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 0.3pum. 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
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0.80 exarepfe 1JO0 20 1.0 exanple 41 50 0,15 sxaHple 03.0 00.5

'_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 a Ni 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. 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.

[0025]
[Table 2]
. coating surface
FelINi result of
free . . Fe amount roughness .
Ni diffusion exposure of generation thermal
thickness o . of diffusion
(Cim) (Cm) (%) Ni Ra (Cm) | Ry (Cm) scratches
plating
t
example 1 0 0.5 20 0.30 0.9 4.0 prg‘;ent present
example 2 | O 2.0 25 0.80 | 1.1 8.0 prggznt present
example 3 | O 1.5 20 1.0 1.5 10 prggznt present
example 4 | O 0.5 50 0.15 | 1.7 13 prggznt present
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05.0 05.0 95.0 02.5 00.7 01.7 02,0 00.6 00.7 00.5 0.310.5 0

example 5 0 3.0 40 1.0 2.0 15 not present
present
example 6 | O 0.5 35 0.3 1.0 | 4.0 prg‘s’znt present
example 7 | 0 5.0 50 1.5 1.0 6.0 prg‘s’znt present
example 8 0 5.0 50 1.7 1.9 15 e present
present

example 9 | O 5.0 20 2.0 1.0 6.0 przgznt present
example 10 [ O 2.5 20 1.5 1.9 15 przgznt present
example 11| 0 0.7 50 0.30 | 0.9 | 5.0 | 2% | present
example 12| O 1.7 22 0.90 | 1.3 8.5 prg‘;znt present
example 13 0 2.0 30 1.0 1.7 13 przzZnt present
example 14 [ 0 0.6 50 0.15 | 1.5 10 pchs)Znt present
example 15 0 0.7 50 0.3 1.9 14 prZZZnt present
rale 1| O 0.5 15 0.30 | 1.2 | 8.0 | present | present
rample 2| 03 0.5 5 1.0 1.5 10 present | present
comparison not
example 3 0 0 0 0.2 1.5 13 present present
comparison

example 4 0 0.7 35 0.3 0.8 3.5 present present
emles | O 0.6 50 0.15 | 0.7 | 3.0 | present | present
comparison

example 6 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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00.7 00,6 0.11.5 [0026] <Form ng of battery can> A battery can for
AA. size alkali battery is forned by drawing the N -plated steel sheets
described in exanples 1 to 15 using the above-nentioned wat er-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 shoul der form ng, final shoulder formng, step form ng and

cutting of @aSAhrQuad 620 nd & $SkeRs, thys fArgréng Godateidiyi£an. A
press operation is perforned by transfer draw ng and ironing. A

materi al pe PfoAnParty of ran el 8 whighnd sahg oughtihdt o contact with the steel
sheet is nmade of a %[2-Ni. mat eri al %NR—S) whi ch uses a Ni bi nder
Amaterial of apart of amoldwhich isbrought 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 is checked.
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[0027] first stepcupping cup dianmeter: 01,42nm drawing ratio: 1.85 blank
di aneter: 08mm second step drawi ng: '1)25.60pcmdrawi ngratio: 1.23 third
stepdrawin': d2. 1 .52mmdrawi ngratio: 1.19 fourth step drawi ng: el8:5
drawing ratio 1.16 fifth stepdrawing: '15.52mm drawing ratio: 1.19 sixth
stepdrawi ng barrel form ng: 013.3mm

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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drawing ratio: 1.17 seventh to tenth steps Jafiery can
is formed after shoulder formng, final shoulder formng, step form ng 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 is checked. The result of checking is
shown in "result of generation of scratches' in Table 2. A

t hi ckness of a Fe-N diffusion layer is obtained by a GDS anal ysis, and a

Fe/ Fe+Nier@éiﬁaffb@ns@yti%r@§é S aGEh @YSHea thatuds, an anount of Fe
present 1 n an outernost surface |ayer 1s neasured by an Auger analysis.

[0029] <Compar AcdHiXNaPh83ther layer Maplit edostieeld shegtsnafhe
conparison exanples 1 to 6 are prepared, and AA size battery cans are

forned imetie sapeusBOMETa @S tAed exaaplese]l 1si0030. | <Eval uati on>
The N -plated steel sheets of the exanples 1 to 15 which fall wthin the
scope ofIddnespresendippvestii ontexhi bit no generation of scratches a.s can
be clearly understood from Table 2 and hence, these N -plated steel sheet
are used[@%3ekcellent NH -plated steel sheet for formng battery cans.
According to the present invention, a Ni-plated steel
sheet where the generation of scratches at the time of forming
abatterycanissuppressedand amethodofmanufacturingabattery
can which uses such a Ni-plated steel sheet are provided and

hence, the present invention possesses an extremely high

industrial applicability.
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On the other hand, the N -plated steel sheets of the conparison exanples 1
to 6 which do not fall within the scope of the present invention exhibit

t he generation. of scratches and hence, these N -plated steel sheets do not
have pr a cti cabi lit vy Al t hough the Ni-plat ed. steel sheet
where the Fe-N diffusion layer is fornmed on a surface of the steel sheet
is used in the exanples, the Fe-N diffusion |ayer may be forned on an
outernost surface | ayer, and surface roughness and a ratio Acoordinaly,
anot her r Chay™5e’ provi deb betwee Fe-Ne diffusion | aand the steel sheet.

I ndust "alcanil LO 31) According to the present invention,plated stee

sheet where the generation of scratches ce:. the tinme of formng a battery

can is suppressed and, 4 it hod, o ARULAGL. | ng, @ haterye any i ghouses such

a N -pisted steel Sheet” dr e provi enc e prese invention

possesses an e§hkgq§k%thEg?fhEQPEBEEQLe@&%E%??biIitv' (:31 a.ins

1, An N -plated sté shee avi ng-a fusion | ayer on an out.ennos
c surface layeé’s&@?é@énroughness Ra is 0.9 to 2.0pm,

a surface roughness Ry is 4.0 to 1l5pum, and

a ratio between Fe and Ni in the Fe-Ni diffusion layer
is set such that Fe accounts for 20 to 50% in an Auger analysis.

2. The Ni-plated steel sheet according toclaiml, wherein
the Ni-plated steel sheet is a Ni-plated steel sheet for
manufacturing a battery can which is formed by drawing using
a liquid which containing water-soluble emulsion as a press
liquid.

3. A method of manufacturing a Ni-plated steel sheet
comprising the steps of:

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 and Ni 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 1l5pm.

4. A method of manufacturing a battery can where an
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a surface roughness Rais 0.9 to 2.0nm, a surface roughness Ry is 4.0 to
15pm and aratio between Fe and Ni. in the Fe-N diffusion | ayer set.
such that Fe accounts for 20 to 50%in an Auger analysis. 2. The
Ni - pl ated steel sheet according to claim1l, wherein the N -plated steel
sheet is a Nl -plated steel sheet for manufacturing a battery can which is
formed by drawi ng using a |iquid which. containing water-sol ubl e enul sion

as a press |iquid, 3. A nethod of manufacturing a N -plated stee
sheet cogpri i gy tdhest epsedf which hadPPlyd NG NirphaticRg1bged. osuif ace of a
steel sheet wth N coating ambunt of 0,3 to 2nm formng a Fe-N

di ffusi of, ¢ &yeds OB Qi eRpBsStasurfrage i bayere ofe -hedNefpkabed syeel sheet
by heating the N -plated steel sheet at a tenperature of 600 t.:a 800C such

that a ratiq hetmeen 5eqandsNea bn ot.herde- Nundidd dsierFadayesudisnsed such
that Fe accounts for 20 to 50%in an Auger analysis; and applying tenper
rolling ﬁq? drhe . steel ssheshd tiies Feelit i dgf fus Seui flage o aighness aRee afi t he
Fe-Ni diffusion layer to 0.9 to 2 Om and a surface roughness R the Fe-N

di ffusi orataverhdo He GdaowBpmfor 20 to 504. iA setAodepfanalysis is

manuf act uri ngbattery can where an Ni -pladusd. steel sheet which has a
Fe-Ni dd$fibjwdead ltaydrawimans bug el vaost - sutflakbe Ligyéed vdridh aombiehs t he
Ee.Nt diffusion |layer has a surface roughness Rat of 0,9 to 2 0;.er and a.
sur f acesvaorr ghnkgBlFE| gmefsion 2% o2 1B1S A andrt®eFe- NI di ffusion | ayer has
such a Fe/i9i ratio that. Fe accounts for 20 to 50%in an Auger analysis is
subj ect edt odr awi ngusi ngawat er - sol ubl el i onl Oahi . chcont ai ns wat er - sol ubl e
enersion as a dress |ubricant,
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