
Description Tr= OF TEE INVENTION         NI-nATED ST2.EL SHEET TOR BATTERY
CAN HAVING EXCELLENT PRESS FORMABILETY TECENICAL FIELD r r, c, r,1 1
[,),JV.,...:       The presr.,.t Inventi)DX1 .reiat:es to a Ni-piated
sLeiei sh'eiet a battery can. ,,,Jblch sahib:Li:8 EL-?..."091.1ent press
iiciiiiiiiability, EACKGPADEIND ART r:1,,fl.11 : ')La..:L : ",         Cch
ventionally, a NI-plated. steel sheet has been popularly used as a material
for- gianufacturing battery cans
-Also, to further enhance the ,...',..r.rosici resistancm of an outer
surtace or a battery can, there has beer_ used. a. Ni-rdatect steel. sheet
wherm Ni. plating- is formedsarface of a steel sheet correspondinci Lo an
oc.t.er :ur:N.a.cc.E., or a battery Cart and,. ehereatter, a. E'e-Ni
diffusicn: layer. is formed. hy ariplyfmg heat tr(1,.atment. to the
NI-plated steel sheet.         As properties which such a NI-plated steel
shoe: for manufacturing a bali_.try can is requixd tb possess, the stable
press formabi 1 ity. can be named alone with_ the excellent t)6.itt.ery
characteristic and the excellent corrosibn resistance. The stable press
formability means that the scratches are not formed on a hattery can and no
seizure is genE:rat.na, at the: time of preas forming. Dress tbriiiability
is an -important factor in terins of  prodnctivit y tor prevfmting a pmcom
mac:nine fr,cm', Poing shut down because of maintenance done on a maid_
Uri:her,nLi8E; Of 8.11V: _CO ricr,t. their. 8 ;la b88ClEircarVi fer the re
Oic( ti o f t neoe nv rnuAmen t a A. icmas nn a non-- o rn fui c so ilnant
ang nom-a liAc3 I i a ieartinc WI-8 8 cleaning a fiar pressing' i8 8,8 C;
sfing an a cm ch) es solution o on taining a sur         According-ty,
there taS been a clemancl for a N;issiAlated steel sheet whacn enablas the
manufacture of a battery can by press forming esen when a wotar-basod
emulsion or a press liquid et low- viscosity is used, [0003J H'or exampl.e,
pat.ent doca.ment I Tapanese fhatem t. 40.51012 



cliff usion la',/er or a PcpsNi. (lit fuer:h.:in layer and a
rearysta.1.11.zec:i softeneci Nis-plated layer cAnich is formcd cm the
Fe-NI cliff:v.:ion layer are formed on a surface of a steal sheet
corresponding to an outer surface of the battery cn., and a NI-plated layer
containing a brightening agent of a semis-briglitenIng agent. is formed on
the allovoorentioed layer, and an average surface tougeness Ra of the
NI-plated layar is set to 0.3 um or mere. Also in such a. Nieplatad stael
sheet, a coating weight of the    -Niaiffusion layer orcic)shting- weight
of theFes-Nicliffuslon layef ang tho reexystattired softened -plated layer
formeci. Ott the Fe-NA diffusion layer is 'A to 45q/m.2 in terms of Ni (a
Na. amount of the Pe -Ni aiffuelon layer- or a Lolal NA. amount ot rhe Fe
-Ni dittimlen layer and the recrystallized softened.  N.is-plasted layer
tormed on the<lit-A:us:Son layer), a.nd coating ',,,feeght of the
NS--.plated layer containing. tIms brighternt.n4        re :and less tnar
Ni amount: of a laver below the Niuplated jailer Ctne NJ. aultatut. at the
Pe.--Ni difruslon. layes Or tile t: 01:3.1 Nl. aimaun-n of the Se -Ni
difrusion L'Ayer and 1:118. recrystalliaed softened Ill-elataad layer toned
on the. Fe-Ni del:tuts.: on layer'3,           Furtner, patent t3ocuttent 2
; Jap ;lePatent .1011021) demeloses a. N1 -plated steel sheet for a battery
can 'a-hers an FE:e.-14.1 t.H Eiention .Le.rc.:c is formed on a cnrf:ftce
Of a 53sheet correspondtto an enter ssrface of the Jaattry can; and a
NI-plated. layer containing a brIghlening agent or a semi-brighteninm scent
is t():Cill@Ci on the ifehNi diffusion tayent, average rougbness ha of the
Ni-plated layet is 0.1nn or more anCi lum or less, ar.d its Umax is Of more
and lOnm or less.. Also en. sUCh a US.-plated steel neet, a coating weight
et the 'Fe-N.1 laYed: fat to 45M/m2 1.n. terms of Ui. and a nt:atiiig
ght tthe 1. a. .r 'CI a ill:I.:rig g cl,..Nirt: or the: semi-brightening
agent's (L5 to 20g/sP: in terms of N.1" Prier 'Art Docuaent. 1-setent.
[0004.1 Patent documentJapanese Patent 4051012 Patent. document 2: Japenese
Patent 4051021 OF THE INVENTION PROBJ2MS TUAT THE ItnlIthTION Is To SOLVE
Howtier" with respect to the above-ttentioned Ni-plated steel stneets
disclosed in patent dotnsnwmts 1 and 2, aS tbe time of it ;3 rilgald:a0 a 3
-aa.:1`2 3 bon-basdcifiress ailpild. 23 a ;area il: t zad, for- a lubricant
in a draw).nn- siselo scratches are generated on an. outet surface of a
battery can OK illadre is geneteted on a mold thus giving .tise te
drawbacks concerning the quality of cans.           The present. invention.
has been itade to overcome such convent Tonal drawbacks., and it is an
object of the present invention to provide a Ni-piated teel sheet for a
cart tiks1 erns Press torniabittstypfeventing the dams-ration of 2cratthes
stod thecetieration of sent,sure Lo. mold at the titse fotmb)..ti the
battery can. 



METIES HOP. SOLVING TUE PROBLEM'S 000 3.i
TtuspresiiinitiunsentionisdirecistKiiysaUi-biatebitteel sheet for a battery
can having excellent presas formability, athe 11 ti          an 'e---N:i
dIfILSIon 12 \lad: 22,51 a so:Ste:Tied Ni layer formed on the 11 2,re t 011
3 .il da cif: a ;.3tcat.ak sheet cotresponding to an outer- cur ace of the
tattety fan,           a. S.:Eyza-brigbt Ni 'plating layer is formed on the
ftened Ni 1.3 yaail, a l'b noatints weight of thediffusion layer and Inc.
softened Ni layex foiwned on the Eo-Ei daf Fusion layer is set  smaller.
f.nan. a NI Cli:E't,t,:-.L.nc;title layer, average .con.c.,1:hnes3 Ra of
the sead..-laright. Ni.Laver measured. by a. traceable roughness gauge is
1,dym ur :flore. and ?if:Yr:a: or less, and a 7,..iflCLM:UM hoight. Ry of
the seinHidright Ni pladjitn.,-,?: layer measnrod by the traceable
roughness gauge ia 5pm or more and 20,gm or less, and surface roughness Rai
of a snrface of the semi-bright Ni plating layer in an area2,Spm x 2.511m.
wnich a obtained by an atomic: force microscopewithin a range from. 5 to
22nm. 1,2)sheet..:if,almOpteri.,7u-,u11.-.:iiing excellent press
fhrmabiliry haaing the above -mentioned oonstitiition. ;1), the ho coating
weight. of the Fe -Ni diffusion layer and the softened Nl. layer formed on
the Pe -Ni diffnion layer is 5 to E::.g/m.2, and the hf coating weight of
semi -bright. NJ. plating layer is eg/nH or more. ADVANCNGEOES EFFECTS OE
THE INVENTION [0007; fora can lnrltnij the generation 0.f. scratches and
iho genetation of sedmure to a. mold at the tire of forming the battery
can, Mode for Carrying Out the invention [00081 According to an embodiment.
I of the present invention, 



excellent press formability, wherein an Fe-Nr. diffusion lar,rer ar.1 a
softened N1 layet forpund en the Fc: i difidurlon layer are fbrmen on a
surface at e oteel oheet corresponding to an outer siuNfahma of the bgrtte
t y can, a semi -bra ght Ni plat ?dug layer- 13 for:tan:id         on thc,
sof tiennad NI_ layer; a Ni bearing weirght, of the re-NI diffusion 'Ryer
and the softened. N. layer formed on the ife-Ni          Hqhf: Ni plating
1.,gyeit, average roughness .Ra. of' the aerif.)gright Rd. plating layer:
measared. by traceable roughnerro gangs is 1" Rpm or more and. 2, Gdm or
less, a ma,mrsiumRy measured by. the traceable fougness gauge5Nm or mete
and 2114m or lass, and surface roughness Ra' of a inaffThrhoe of the
semil-dairight Rt. plating larr..q:-.)r in an area of 2, 41m x 2, 2-5,:arm
which. is obtain:eh] :ry. an atomic fa:nee rflod.h.andrpemnitinin a. rarnge
f roart 2 2 :am         Further, accotding to an embodiment 2 of the
preoent invention,. in .the) rtra-plated steel street. for a battery can
Laving edcelles:t ru:eir 3 f 'at malt Li ity i )73 t11.1.:: ed (1), the N
coat ing weignt of :.he teNi diffusion layer. and the softened Ni layer
formed on the. )-ce-i difinutioa. Jr:pier is o to rr)gisir!, and the Ni
coating weright of the semi -bright Ni plating layer Is         The
eatf)rmihments of the present invent .Eon are explainad in detail
hereinafter, 00 0 9 .1 <Steel U all.a loti carbon alumardrrmitifiled tot-
rolled coi1  isusedassnordgirrallshsiec...otaNi-blateostsbisheet- Further,
a coil ,..ddlchfermbd. of extremely-low. carbon stool which contains.003
s,h.Esigh.t.tb.:: carbon,. rir a coil which Lc:in-nod. ot non-aging
conti.nl.tsasstock alarputacturecthy adding nick:111:bn and titan hmth.o
extreraoly-ca-cb.con stec.--21.11S1ed. , treatmne tore plating> f I)
Or:fled. 01-L a. SU r.Ce 0 ifc:rolled steel. .F3 he1 3 .rC:00CIPC: by
applying electrolytic cicanang \r. cleaning by. immersin to
rh,.schiri-rollec'sneetbsinganaikalisotutioucontalningcasefic 



soda as a main agent. Arr.er Lne scale is removers:, the st,..E.,e1
snec.s:::is rcilect to a icroctuct t icicriess in a CC: id-rolling step.
00111 P.,nbealinc>         After rolling oil which adheres to the stbel
sheet. in roi ing is cleaneo by electrolytic cleaning, the steel sheet 1.13
a on e a I e(1..         Annealing m.ay be perfbrmed. by. either. one of
continboas annealing and box annealing, and ls nct speclf.ically. 2.:ifter
anneal-ing is apt:Li:h.:: te the steel sheet, a shape of the steel sheet is
mcdified. <Ni.1. Ni11:1.\11 plating- is applied to the steel sheet.
In a sc eral , a 1 'thr...,:hdh a Nibathi refers-ad to as a h.t.t bath is
Maild 1.:Sed as. a. Ni plating batb, besIdes  the Ni).-M3 ty
asulfamateto:Len:bath, flusteberste :bath./ :a :chloride Oath or the
liceedne used. :A. coati hq weight a fpletieeoedifonmlne pi sting using
these bathes Is not speogfleally limited- However, a NI coating weight is
la a sase where the Ni CC) a r -"rig weight s.iess than fd/m2, wher3 heat
sirlosion t rbat310.3):. 1 fMaC tante* a)_ayeis soft: enE.:d ; SO ft
enedlity ) La not fortieci and the wholey becomes the fo-Ni diffusion layer
and hence, the steel. Sheet :cemnomes disadvantadeons in terms of
corrosion. nesistae:so, Cr. the other hand, the reason. eha Ni coating
weight is. or I e52 StSts 'prevent a f.hichness ofNiditt ayeraal beCo-Ming
ler ger the 13 e 3 be a a ea, in an anneaiisig step.
.ifroat.l.here assists a tendency: threa: What).Ni coating weddht of the Pe
-Ni dffuslon laver is large, a thiefeess at the ge-Hi diffseion iayex is
usealls Uesreamed, and. the diffusion layer becomes. laaKberthe softened
Nal laver or a I sea, base Ma t erib el3.3.eal led. According-1 y when.
there 



ahCfusHe layer having a. thM.ganoss larger than necessary i3 rormed, srace
are generated in the Fe -Ni. dittesicn laver at the Lime of lates:mih.; a
eattery oan. leading to the exposure of Line:corrosion rest a tance ,
Iyhri-..hjs.:2,. when the thickness ofife-Na. diftusl.on idefer is large...
in pnaes--- j: irral 3,.)4b ::te1:13/ Ca 3.: aFcnx:cinq .r :tnio.k anal
hard piatedbd. bet:cm:0o le 3 Ce SSary and iignce; a load appit o a MO a)
tKTr S e C) a p 0t)tat: W za a K  ca the maLi as innUCe d , e CC
Ly.-FH,JJE: Cead :Jai 0 3,3 :LC::1E:GC337.1d -3 re a talbath is used is zpl
a I h edttilthe plat inqct...3.n be acg:u ed under the eiect..rfdysia
conditions where a bath has the bath composition containing 200 to 30g./E:
of nickel sgiiate, 23 to 50g/l, of nickel chiarJ.cieand 20 to 502/1., of
tnrio acid, hae of 3,6 to 4.6 and has a .bath tampeiature of $0 to 05')0,
current dersity is set. to 5 Sc eOniffm:2 and the ncbabercaul atib is to
appx:ax.ipii-mttly 170 to -1500c/dm2. Here, besines matte Ni
05aning,.e.r00..E.Ire. at; organic C Crape 7,,,rd:   caTd -bright plating-
where an organic cam: cons referred te as leveling. agent whitnh makes a
precipitated. crystai. sub.fane ef a plating. layeK. smooth. is added to a.
plating bath, and bright iJ plating where an organic compound which
contains component for making' a. plating layer bright by making the Ni
Klating- crystal. strueare fine with the .i.r.nichher addtlan of a.
-Leveling a ac..1.mit. th p at :Lag d th are namedHOWC:VefiiLt:xnc Ni ie.::
a .9 ::::::3311e Ldid dd a hat W}:33.1-: '8 an 01:2:4;afcoMpeand coat a
sulfa:: component la. added to the bath i ntn preferable as niating of the
eresent invent nOn. Thft3bacz.asa, in tiwtmial tij Finn-Lon treatment.
which Ni. plEilt flda nect step altar, a sulfur containing compbunn
intrudes into a. plating layer: and btde" brittlehest.: caused. at the time
of beat treatmen t thus cletc::::ionatir.g various pfopertiez sucii as
corrosion. res.istancet. 



[N0131 <Diffusion> Next:. heat tniatiiient for forming- a .0e-Na. cti . ,
tus ion layer perisrited atterplat 1ThIL)) heat tpreViCted
im.ireasing adhesuveneao bstween bans steei and a latins laileo, The Deat
treatment atso torms FfioNi.       leaves a sac:Ler:cc:: Ni plating- layer
ras the Fei-Ni. Oilfusign iayet,           Ao a matnod tor ciit.En.S11:(,
Ji byh(a  cccUSE?-3C)()M.:.arthz(););:: :3.:).3).ei:1:;x:3-LE:c>.:: Or a
sfer:h.od whien. uses                e 1 "foe I:Lin:Lace naaeu f.ne wniL
cin uses the C011:11Thlat). an-healing iarnaCha usg.aliy, a Ni thing:Dion
ternpereatube on:Leh falls within a range f: num -1002):: and        &if
inijoil time wiri ch ralis c. a ha :COM -30 :eeecre:e:3 tC, 120 Seer)nde
are used in usual Ni diffusibn by heating. Tin annealing atmosphere may be
a nenadziiiizatlen profeoti ye gas a Ltcor..Tttce or a rsgticnuf en
pfetect:fYe g.ts almogri:There. t ija ))"_)2ah. iChtent3 a heat treatmen.L.
Ir et-hod by boil annea1:J.1N, prole-cab-1'i foredLtts heat: reatme.n.t
which gefes protest.ise gas c ens lotting at: b-ec>t hyotrocsanof nit togen
pr,udinoed by an zintsionia crack rriathod referred to as hyd.reTEul rich
annealingtraIVC)K ahla heat transfritthis tie tbut.1., ta.VC:ha.h-lja
fh`fla tHiairae. rat:arca ,:::).3tribh.tikih: is asp:sir:et; in the ircaide
of a steel. strip in the longitudinal direction as well as in the.
widthwise direc tleg ori the steel strip and hence " ttle rieflitul has art
advantageous e tree': that. one trreglalariticeein the Fo-Ni diffnaiun
layer in tne of the steel strip er the irrogelarlties in the Fa -NI
diffueion. layer between steel strips can. be decreased. [0014 <Temper
rfrilLie>         After did'.1:..3e....rpnt.rE,nrtment, the steel oteet
-ie. rolled by temper roiling so that mechanical properties are tmparted to
the steel sheet, and the surface rcuihness of the Ri plating-layer whict3
forms a surface Ur:coming an outer surface of a can do adjusted Lo a
predel_ermined roughness The temrer folio is performed such that ayere'ge
roughness Rat ota.:ained by a.             roughness gauge becomes 1.0;:m.
or- more ang. 2,0pm Or ieso, and a maximhm height. Ry5pm or more and.
20i.i.m or          This is becdhse by adjusting- the average roughness Rat
and the, maalmum height Ry within such cahges, it is possible-to set the
ayeadpre roughness Rat and the maximomheight Ry after succeeding- re
-plating edthin predetermined. ranges. [001.5] <Re-plating- of semi-bright
Ni biafing>         Tyfter adjusting surface roughness to predetermined
roughness by temper rolling, semi-bright. Ni plating of fg/m2 or-more. is
appliedto the Ni olaTirn; layer- being asin:facewhich 



beccme an outer shtface cf a can - 'efln:h-ta. coating
c..Neightofsemi..-brirpg:ta n:Lees 'ag/m2, a semd-nb_ght. plaWingN does nbt
appear andhence,     fil -1.ent. press fcannot be ;Hog:LireaRn there exists
a beseleifity that scratches are generated cn wail_ of a battery can Or
seizure is eenbrated on at meld,  The reason an Nf bestirs; weignr of the
PeeNi layer and the softened Ni layer: for:rud oh the-NiPediffusion layer
is se:: sma:: t hail an NI. coat:inqweiqnt of La :38:71:1 :at Ni plating
layer is thet tne Pe-Nf diffnsion layer formed by
asnes.:lingisnafl::soUir.itthereexistsepossitiiiiy:hatsrecis 3).2E:
CT:E:Ii8 :Mated tht: rrus ion la Ver a t ie;;* f: Kea.: ne a ba t eryca
rbleiEhilhe tea the x:af, txurrt c:f trona me materialw             eXiSY.3
a possibility that the corrosion resistance is advei.x:ialy influenced,
.nocoriuply, it: is Necessary to reare ki:reep 1 aft. in q , the, 'N laye
ha v ise g a th infreme s s qua k to or than 2:Keess ur the IE.: f:riusion
laye ;:ormed isst annealing. 1001.V.1 <Average roughness Ra ef.ter
re-pi:sting>                      preferable to set_. averepe roughness Pa
after re-plating to 1.0 to 2:Npau The reason is tnat when average ronpheess
Na xsle 3 S than 1:0erne a. space between ant. sheet and e aveld Litt wNith
a liairm.t enters at tne tThie press -torminp becesns smaif and hence,
scrshehes and selzuro are liable to lie gbnerated, Onmatlinifr haiatl, when
saver& g e totea 1-lemmrtie.edsi.2 the generation off 'powder particles
from roephness rolls in a surface. rohphel.ng step is largely innreased
thus indvting qbelity Merenis sesh as dents caused by powder particles,:
Aecnrdinply, average roeehness Re exceeding 2: niem is not desirable .thnxe
a viewpoint of t::0 masfacsure.       Ta pe.-veht the gsinxiration of
scratches and selertire, it. iunfessary to linpregnste a ibitge sa,ouni of
inbru:txhit between  CilLa: 01: a:and a Ste,e.I. SiaSelL, Mat .ia" a
portion otsteei sheet which. firstly comes into contact wite the die will.
become a bottbm portlnn of a battery can, anti as the botttset portion i3
hardly. wo-pke,d, aohness at tha steel sheet remains. Ronan:tingly: by-
setting awarage ttow-,:hness Real:ter re-plating to 1,0 te 2,0pei, it is
':1;83::_bie te api,..)ly an. amount. et lubricant battery ca.c. or the
generattag of sefLkaire to a 10.:..fa 1.10 a surrace er the eteel ehoet,
[0011.7; ...Riaxtmum. halght Ry.>            th. Sh13 emberilment, a range
ot mexiitum height L-Zy atter re -plat ingI l.30 deli. nod .by t s t ant
:Lai.Lvsogie reaCon tor defining average roughness
to. That is, with respect to the surface tonohness, tendency. which is
substantially egeal. to teS.SIE:ricy observed wiSb, respect. LO
:1.x..Tersa(ae ,:a110;ftnesn eiee observed with. respect to the mazimem
height Ry and hencey it     prererable to set the maximum he ihL by to
avaiie WSICh, within a range .f..rOXEI201.j.Zil. 



'the .tezeoion tor definite; a_end a of the range ef mamboaelhoieht Py is
as same as the reasoh set "tortn.SCISICEISt.i.anaveraQca ?:0',:a-dbiseas
.teee;er-, for such sett :mg, it to th00.2:1:t that when the fl-'aj.aa..ial
height Py e:a'.-T3 iiaafl . :4KM, space wb Jab, cie.p; scd, bettv'en ..:1;
:ael. atiCet. ana: a mold ass; into which italnnhant enters at. the time of
ptessing becomes ii. Cto the other hand: it is consitftinei that when the
:maximtot  height Ry exceeds 20um, the hneasenese of the aim:fa:me of.
diffusion la yer before re-plat:Lug' is large so that a [.:y4s43:b4elity
that an iron base material which. forma a substrate below. the Fu-Ni alloy
layer 13 expce.d. ic incxeaaed, Accorninely, the maximum height Py.
exceeaing 2C.nm is not. preferable. frnm a vi.ewpoint of. enmariwq the
corrosion resictance of the steel sheet.. ERO <Delense.tious ot Re. tty.>
1.2stinieleris ot the average roughness Pa -.;rat. the Imaximuta height Ry.
axe described. in. JIS SO601-1994: and thin standar:: sci tie re frespect
to L. tw,. detail ofthedet:Lnxns -114, rithma tett: average rosghneSS Pa a
le o is-I:erred +0 :1: 'a:tr.:rage roughness Re- la. this eettol
tic:et:ion) is rte.:n:44,4      an. arreametne.: average he:jai:at ot a
roughness curve and le an. ave.:cage valus at ;absolleite vaLuethey:Latices
frnm an averace an thehana" et maximum aeiget. Ry is defined. as a height
from the lewermnet bottom part to the hp,e.armost top part for evert/
tgainst-ence Hengeta, "RtaaR?ieneer curve" is a cartre et:tea:tune through.
ac. electric fl.....Lter, sat; is a curve obtained by rex:eying low
fregeuncy components in a cur ye in Cf0:33 section when. an electric
traceable roughnecis gauge it: used. <Meashx1no merhod of RE:, Ry> 41'e
surrite thodsRa R al7e nat. speolfi.cally 144:cited   :settle:a that. a
roughneee aletter adopting a traceable Haiti:ace roughness measuring mrthod
is uce:d. it .eicSui,Uenr. de:vinn  based On the description of
Altimaoiarb:casUe:f concntionsereN:hrticuierlyepeclilied. wneepcaUs tot:he
me s:pj..rspesr'ciarith3 ,awckelotifts: ti:..tnrassai.b.Arament 



Elpe IC ILO nne:i using the traceable murtace 01121Ine S 3 15.-)5.nn
CeMent: eevice wntch is calibrated uuing a reference sneet, the
measdramett. is performed as fellows ib this embodiment. ;:ine
exam.b.leiraeasur ng aeu;:htsal is cleserrhsedOS tul o-;. Am tho,
measure.ment desa trahasfiashale surface roughness Mb 5 3 urfr.--..im.eini:
device ; a2r-Ira:4T; s:er 4 eaby Tarc),:::) SIi itiSt CO ICCD. tsJIS' 94 is
adopted ae the measuring coteition.
themeasurementimpsboarabblandere.;:cordItiotwhere an avsluation. 'swath:
:amm, a mea.oariiag speed: 0.A011bO130., a outeoff 'valuta: 1., onar, C.d.'
a fl iter CaU.8 Ian a 31155 3n:7 in.:). r a .t.gegradient correction stra
ght: .and cut-off .rat 4 0 0 [00201 The'IN:gn555 Re a nia the 111 2111:1W
height Fry- deiaent: on reit ::aughteef and a roilite .load InateMpe r
.co)_1 I nc;           TUE harrier the roll rolignnees becomes, the larger
the foughnPssotthepiahedataalsheerto.barolladbytoempersrolling bauomes,
while the Jav_baf the least, iha larger the
n)ia,gistessott"isatcwcnestsurtewed.tarliete..dstectet:w:bmes.
It: is ric:Issliole to adjust the rbudeh.ees of the otaearmost smr etc? of
the.; plated ,steei aheet by abjusLing the rolling raaghness and the
roiling load - In this embediiment, f011:3 ased. for temper rolil  shot
ciull roils, Thatthe :cells for term:mi.:: coiling are nct
specifelbaliylimiteedrtnalds6that a mettemlwnbavotte roughness        wlth
n a range called for :;t1 Claims :is -edoptoti, curt:her a temper:rolling
tan::OTaU 311;i:ype and .1.5 Tie 11 peLoa.: limited. hy alsothe sttc race
iff:f:sc.cf gnu es 5.f.  Nip:M:itLnq MM:foOrdfinidu manoscopie surface
cougnness of the StOt 1. hCcl.c) trt,.E:dy col.Mil ,phssdole tc P.CS c?ent
n) oeneratido of mcrathes on a walla can cc the generation of seirsre to a
mold. [0021-] semi -Spd: plat fdiq is ch.aracte.rizsm:1 by loccrnaim:i a
hamofE:r 



ti-nmi matte l:im:idoer semi ebs.:irfht plating is :also eharactdricee in
that. cxidadation. advdnees 3inwnv compared. co bright Ni hlai :id- and
hence, the contaet remistanee is nct increasod tdum (stem/a:siting
semishright :plating from adirecome.ly influendlcm!: characteristics.
Accoringly, semisdrieht plating is suitable for acquiring both press 1 t
preterablesurf ace roughness atter smma-briqdt Nl riatlng be nieamureo by
an atomicmicroscope. Although t tee re i s aim ,:dlietnch whiehobservem
mcdnnUrtade roughness by an electron r)_c)xc.occ)()e it le thfticmit for an
numerical vainams in. vnew of irregsaacitiem snO aocno:moy in meaahrement,
The meannrement using a traceable cononness ganoe or a  laser microscope
1.5 also di ff:iCult:. from -criewpoint at accuracy in. meassrement,
Accordingly, surface roughness after ser"  -bright Ni platicg is measured
using' an atomic force arMrroscope (surface roughness measured using the
atoadt: fotcc microscspe being retertacit. c, as "surface roughness Ra' :
and as roughness Ra' at semi-bright plating is set to a value which tails
within a r.in-ige from) to 22nm On a surface or a. setRc-lanYiiit plating I
ilm h&Vifl.g an af.ea of. 2 , Spmx2.5vn-         When surface roughness Rar
exceeds 22nr, scratches are liable to be gesetved on a wall of a caner
seizure is lastde to be generated OR a mold, On the other hand, when.
surface rczcliness Rat' is smaller than 5nm, the elech  o resistance of an
Ni plating film dte to oxid,i2J.(in of the Ni. plating film is trio teased
thus lowerdng Cadnuary cbaracteristics. Accordingly-, surface rouglicess
Ra' having Such values is not preferable, [0022; CEorminq of battery can>
Nezt, a battery can is formed. using a Nd-plated steel sheet of this
embed:I.men         Althcugh seize. ot the ist:tery can. is not
specifically limited, AA. AAA are mair sizes used, methK)d of fcsaning a
bats:sexy can is foinu1YRJars:wing. A pfls(ss lagLL:_d of low viscosity or
water-soli:hie erldsion is used as a plInass lithruicaiRLan
and:eflal,1:71i-pisPaad steel sheet 13 formed ..Isto a drawn cup in a first
step and, the.reafter the  sup is fcn."re.r.iv:: so as to have a diamcLer
ol a P.Errliery can tkItcvach drawing in thres to six stages in total, and
the cup is formed. into a battery can -hr.70',.:z0:1. further roar stapes, 



An a press forming cocIrd.t.i.c.),:i, t:ne batery can is 'I()rmed such
th,:st. a th.-.hrkness of a can wall. (4.taduallyr5K2rxmss egnal io.
thech.r.335ctioc.I.r.....watd an ope3ttngfi.rt st the can on. a negative
pole cap is moi..nted from a bat:tompple terminal part) of the hattety
cen.. As a E0arerial of the noI:sc.:0d fele SUCh press formi.n2i, sinierea
nard aii0j 13How,..Emitic-., the nmiterlal of the
gioldnc)t1.1.E.:11.3-.7ei?..d..in. is.tiis (0023; [Tatile    e0e:40.00107,
ne/e42:44y  444etloi  C,34. d.7  1.0    [0024j  



t :LOC:tWO:IS OfC isOZ3 nti3ng Low coscestration, thatis,amLseral -oil
-lasedlubricantanda watsil?..-drluble-emrisicna-d:vide lubricant, t-tle-Gil
Haased Il .ib:icaui: stub:ncant hsvIuu low viscosiLv Where kicersatlo
viscosityis 10m)Irl'is sr Less Ls used, The ressct the lubcicant Csvlcq low
viscosity is usedtsat odeacing witb a fleutKal alUraCaCe active arjeu can
ise per r.orsied jiah.OU r CO' an. en:gar:lc soi vent cr i
01amridr,neicscleaningstkhdafteffeycrulneabst:terycanandhsance, the
lohscicerd, works ez1,:remely signIElcanfly in terms of an re eatenIcad as
well as a cost,           It :is also possible to add a sli4st amount of
adddtsiss hue": as molybdenum to the lubricant. is tnis embodiment, the
conditions wh Loh r.ne Lib:: -,tdant heNrinc; viscosi:y tm satIsify are
listedTaLle 2, 1.002'31 ETable 21              
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[0026j  examples are listed. Suchawater -soluble -emulsion-typecanusehot
water 1.n. cleaning at.:ter manutacturing a can and hence.. cleaning which
takes .i.nto account: an environment. can be easily pertcncmect without
using an organic solvent, <Composition examples of water-solubie emulsion>
comoonentblendlmbrwpecifie name of comddtnt mineral oil. or fatAty acid
mineral oil.4D-50% higher alcohol10% wurface-adtivo agent: kanciatain.o.
agent watLerbalance                 nari.illo the
andisfuruherdilutedwithwateruntiltheconcentrationbecomes 2 to 10a thus
prodbcing water-soluble emulsion, Examples ;.0028]
Tnepresent:invtintionisexplaAnedhereinartpritifarther detail using examples
and comparison examples. <i-Lxampies> 



A low carbon alLmminuri-killed steel. sheet heAting a sheet rrrickness ot
0, 2 ;Mair:313.atiatacLured thrcmcfh and annealing is used as an original
sheet.         The composition of a steel sliest which constitutes the
original sheer Lsrollows.  0,04Y)%, Nig!S.i.g 0:02%, fg 0.012%,0,009'15,
Air 0,06in-;'5, Ng ,0030%, balfaices: Fe and anevatable          The abe-ve
-mentioned steed sheet is subjected to alkali elect 201 gtsio clean ins a
rp.1Elq. by ifrac:::::tsi on into a 3itifuric a c agi a 1d, t hereafter,
Niisled sca the st eel. sheet using a watt bath pdth a Ni coating weight of
5 ts         After pefformang bi plating, continuous annealing is performed
within a. ter4nsgoature range from 60ibt to 700C far 30 seconds to 120
sec:b.:nide tlausNI In the NI :slating gayor and be in tnoghee: 1v:hereby
tge lavers cons is ti rh-, of the fo-N rliff U.:5j 1.01; aye:: and the
sot:tenet: Ni layer ars formed_ N e f.t thr oqrs perfor trad sue rat: wit n
respect to rcsqhhess of a surface of the steelwhich becomes an sutex
surface or a tan? average rouphneesbecomos i3Opm or MOK'e aEri 2,0pm or
1033, and a maeimum neigist. Ny becomss 5ph: or more afrf, 20pra or lees,
TUrth e3cbtnvf plata FICO-F3 sor,L:_ectro the steer. rose!: by an arb ont
of a g ni!.2 r rote th cis ma raft actor: ng anlated steel sneot for a
battery oan,         After re-plating, roughness of a surface of ths steel
shsor as again meahured, :And it is confirmed that ai?..eriae :roughness Re
is 1,0wit or more and 2,0pam or Less, and a faigst 'thy is Spm or more and
2gpm or less.         A semi-bright NI pia-lino film fofmer1 by. fp
-pkatang iv measured at 10 points in tne irbaeurement of surface ragghness
witshata a WE: a :3 L311 e;;;E:-.t: tl range of  ft:1.m It; scapi-sni.gbr.
PLi.P.0 PPeRa! witthio 



2Ssm, anc: a :Train olae ofIsqsot: I soil: Layer Is soalleo than a ytait) P
t:tee ebeUt.5 0 tt`,,Fh h are prepax,,..ifl by ohsagIns pt'ioocirang
ionSirlono as dosoixiboS abovo are tibs,,v's in Talt:13. tTt'at)1.E.:
:tr,int:iat    .77 u.v.f.ac.e   rt.ttrt:.      t:CP:    



water-soluble: water-soluble emulsion press liq id low viscosity: mineral
oil press liquid of low viscosity <Comparison examples>          In
comparison examples 1 to 9 shown in Table 4, although steel sheets used for
preparing the comparison examples and the
preparatirmistapsaraEnapstantiall.yequal to those for preparing the
examples of the present invention, Ni plated steel sheets are prepared by
changing roughness of temper roll.ing rolla and Ni plating conditions for
:e -plat ing ftbni those of the examples  of the present invention. [0030]
[Table 4]  compa r s on example 1  compa:alow :::xampic 6v. comparlEion
oxaTplc 7 compar ',son COmsar son oxamnl,?  water-soluble: water-soluble
emulsion press Liquid low viscosity: mineral oil press liquid of low
viscosity : out of range of the present invention          Next, battery
cans for size alkali batteries are formed by forming the Ni-pli!:Ezteel
sheets described in the examples and the comparison examples using two
kinds of lubricants consisting of a mineral oil press liquid of low
viscosity and a water-soluble emuisi on          The battery cans are
formed through ten steps. As a material for forming a part of a mold which
comes into contact with the steel sheet, a 14C-imaterial using a Ni binder
(NR-8) is used. In the first step, the steel sheet is formed into a cap by
cupping (cup diameter: 01.42amt1 drawing ratio: 1.85, blank diameter:
02mm), drawing is performed insecondand.third steps and drawing and ironing
are performed in fourth to sixth steps such that the cup has an outer
diameter of a battery can, and shoulder forming, final shoulder forming,
step forming- and cutting of ears are performed in seventh to tenth steps
thus manufacturing a bal:t:.erN can for AA size battery having a can  



wall thickness of To ova eve lus teNil-plated steel she.et roz fp= i ng a
tiaLter-y can, cess sre contiusousLy manufactred, soci the presence or rhp
non -presence er selzure to amoid asd seratenes en rhe cans are 11.1'
bet:ked';1;;; rest: it, 13 I;own tn. a co I SFSD ":1 S Sh (1= 0 ass:.
'presence er nos-presence or seizure to mold' Ls Table and Table 4
ne,zpectively. <Eszaluen.len>           The ierslated steel sheets of the
examples 1 to 15 which fall withis the scope of the: present it:we:Alan.
exhibit no "generation ef scratches". and. no "seizure to meld." as can be
clearly understoodfromTable 3 endtEnrusp, theseNi-platedsteel sneers are
000 00 e:;"-Jel 'tent Ni-plat-JEKI, ereel 3:-.:;--:;ett's tor ticicrIng
battery cans. On the otherthe Ni -plated steel sheets of the comparison
examples 1.t.o2; oilhe present iruKU_Ltss exhibl.t the ''generst.in et
scratches" and 'the generation or seizure to a Incad- and hanee, these
Ni-plated steel sheets do not. have practLeahli--- Industrial applicability
re0321 According totheShci:CSS Ueviing exeelLent press formability of the
present. isnention. it. is possil:le te pra N a.-pl a Led s Lee where
tn.::: generation et scratches at the time of forming a battery can hy a
press is suppressed enN the ger:pip:Lion seizune tp a mold can be preventoS
and  ;erice,.pre:=JE:rit:relEileiy 1 ri chlis t:ai:.:631y  Claims:
A Ni -plated steel. sheet for a battery can having excellent press
formability, wherein.         an E'-Ni diffuslon laver and a softened. Ni
layer formed on 1-..1Tv=2: Fe-NJ. ciittusion layer are formed Can suriace
at a steel sheet corresponding to en. outer surrace of tne battery eaff,.
s Ni. plating layer is formed on the softened i layer,     a Ni coating
weight of the semi-bright Ni piatlng layer. Sg/m2 or more,         a Ni
coating weight of the Fe -Ni diffusion layer arxiltiee softened Ni layer
formed or the Fe -Ni diffusioc layer is set. sm-PCbLer than a Ni coating.
we.ient of the semi-bright Ni cdat.thg 1 a ye r average roughness
Rac.:fttisemi-liribht: measuren by a trateable roughness gauge iS 1,0mm or
more and 2,0mm or less, and a maximum height Ry of the semi-bright Ni
plating layer-measured-by the traceable rougnness gauge is 511m or.. more
and 20px or less, and         surface roaghness :tar of a. surface of the
semi -brinht Ni plating laver in rn area of- 2,Spm x 2.5mm which is
obtained by an atomic force microscope fails within a range from 5 to 22nmi



She NI-plated steel. sheet tor a Udttety dah  ;13 vinq --.,xcec":E:ty a
c.c..nr,;";:c) N-.1. la -,ur j!=ed. rirt c.herAitti.J3lan laty,i,c :LS 


