
[Document Type]Speci6cation

[Titleofl山elnvention] COLDROLLEDSTEELSHEETFOR DRAM N CANAND

M[ETHODFORM[ANJIJEACTUR 酬「GSAME

[TechnicaIFieldofthelnvention]

[0001]

Thepresentinventionrelatestoacoldrolledsteelsheetfioradrawn can and a

melhod fior manufactuLring 山 esame.

Priority is claimed on Japanese Pm;entApp.ic 測[ionNo.2017 ‐083214, 6.ed in

Japan onApril l9,2017,thecontentofw hichis incorpormedhereinby ・eたrence.

[RelatedAn]

[0002]

B紙te・y cans ofD b紙teriestoNb 紙teries,buttonb 紙teries,12urge‐sizedhybrid

batteries,and 山 elikeoravarietyofcontainersaremanufacturedbycarrying out harsh

multiplestagesofdrawing,drawing 嶺ldironing(DI:drawingironing),or 山 elike on a

coldrolledsteelsheetoronacoldrolledplatedsteelsheetobtained by cそ紅lying out a

v測riety ofplatingsuchasNiplating,Nidil 著『usionplating,Snp 夏江ing,andtin 丘ee steel

(TFS)plating (aplatingmadeupoftwolayersofametallicCI1ayerandaC ・hydrated

oxidelayer)on 山 e sur魚 ceof 山 ecoldrolledsteelsheet(hereina6ter,collectively

reIR}・red to as a cold rolled steel sheetinsomecases,includingacoldrolled steel sheet

havingaplating). A1ternatively,acanofacoldrolledsteelsheetwithoutplating is

manufactured, and then a vmriety ofp1atingsuchasNip1ating,Snp1ating, and TFS

plating otpainting is cmrliedout 山 ereon,therebyproducingacancontainer.

[0003]

Principal chmacte ・isticsdemandedForacoldrolledsteel sheet 山 at is used For

theabove ‐describedcancontainerare(1)pressformability(acapabilityofbeing
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formed wi山 out generating a de免 ctsuchascrachngduringwor 超 ng), (2) sur鍋ce

rougheningresistaulce(aProPenyofbeingroughenedonthesur 魚 ceonlytoasmall

extent aaerPress 恥 rming),(3)ez 虹ingresistance(lowaniso せoPyofamaterial そmd a

propeny ofsuppressing 山 e occurrence ofearingtoasmallextenta6terdeepdrawing),

and (4) anon ‐ageingpropeny(apropenyofpreventing 山 egenerationofs せetcher

strains during drawing).

[0004]

For battery czulsthat i孤eusedForhybridcz 虹sand 山 elike,perFormance

improvement isbeingdemal ーdedmoreandmore,andasteelsheet capable of

wi山 standinghi 虹sherpressingisindemalld. lnorderFortheabove-described

perFormance improvement,acoldrolledsteelsheetthatisexcellentinterms ofpress

formability,hasahighaverageplastics せainratiormandasm 副11△rl(absolutevalueof

△r),has non ‐ageingpropeny,andisexcellentintermsofsur 魚 cerougheningresistance

is in demal ーd.

[0005]

ColdrolledsteelsheetsForadrawncanoftherelatedmtaiedisclosed by, for

examp1e,JapzmesePatentNo.3516813(PatentDocument1),Japz 紅IesePatentNo.

3996754 (PatentDocument2),J モ中anesePatentNo.4374126(PatentDocument3), 皿 d

J可)anesePatentNo.5359709(PatentDocument4).

[0006]

PatentDocument l discloses asteelsheetForadrawncan having a

composition containingC: ≦ 0.0030wt%,Si: く 0.05wt%, M[n: く 0.5 wt%,P: ≦ 0.03

wt%,S: ≦ 0.020 wt%,sol.A1:0.0l to0.100wt%,N: く 0.0070wt%, Ti: 0.0lto 0.050

wt%,Nb:0.008too.030wt%,a lldB:0.0002too.0007wt%wi 山 aremainder being Fe

and aunavoidableimpurit ヌ inwhichacrystalgrainsizeNo.is lo.oorhigher,a lーd
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HR30T is 47 to 57. Patent Document l stmes 由ーatthesteelsheetfioradbrawn can is

capable ofsuppressing asurfacedel たct.

[0007]

PatentDocument2discloses asteelsheetfioradrawncan having a

composition containingc:0.0050to0.0170%,Si: く 0.35%,N[n: く 1.0%,P: ≦ 0.020%,

S: く 0.025%,sol.AI:0.005 to o.100%,N: く 0.0070%, 瀧ldTi:(6to20) X C% wi山 a

remainderbeing Fe 嶺ldaunavoidableimpurity,inwhich 山 e △rv 副ueisinarange of

十0.15 to‐0.12, an average r value ≧ 1.20,G ‐S.Noofarecrystallizedgrainis 8.5to ll.0,

and 山 e eそばing ratio is l.0%orless.

[0008]

PatentDocument3 discloses asteelsheetfioradrawncan having a

compositioncontaining,bymass%,c:0.045to0.100%,Si: く 0.35%,N[n: く 1.0%,P: ≦

0.070%,S: ≦ 0.025%,sol.A1:0.005 to 0.100%,N: く 0.0060%,and B: B/N=0.5 to 2.5

wi山 aremainder being Fe and aunavoidable impurity,inwhichasheetl 山ic diess t is

o.15 to o.60 mm, a △r valueis inarangeof 十0.15to-0.08,andacryst 副 orientation of

thesteelsheetisrandomizedbysettingaheatingrateduringrecrystallization anne 副ing

to50C/secorfaster. PatentDocument3 states 山 at 山 esteelsheetForadrawn can is

excellentinterms of,pzuticularly,a nemingratio.

[0009]

PatentDocument4discloses asteelsheetfioradrawncan having a

compositioncontaining,bymass%,c:0.0035to0.0080%,Si: く 0.35%,M[n: く 1.0%,

P: く 0.030%,S: ≦ 0.025%,sol.AI:0.003 to o.100%,N: く 0.0100%,a lーdNb く 0.040%

and(3to6) × C%with aremmnder beingFe and aunavoidable impurity,inwhich a

△rv 副 ueis 十0.15to-0.15, an averagetv 副 ue:1.ooto l.35, G‐S. No ofarecryst 副 lized

grain:11.oto13.0,andanearingratio:2.5%orless. PatentDocument4states that
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the steel sheet fior a dlrawn can is e×cellentinterms ofei 虹ingresistanceandasurface

qu副ity a負erdrawing.

[0010]

However, 山 ecryst…UgrmnsizenumberofthecoldrolledsteelsheetofPatent

Documentlislo.3tolo.9(re 化rtoTable2inPatentDocument l),the cryst副 grain

sizenumberof 山 ecoldrolledsteelsheetofPatentDocument2is8.8tolo.8(re 化rto

Table 2 in Patent Document 2). Thegraindimnetersarelarge in bol山 ofl山e cold

rolledsteelsheets. Surfacerougheningresistancedeterioratesmoreascrystal grains

become laurger,and 由ーus 山ーe cold rolledsteelsheetsdisclosedby 山ーese Patent

documents have aproblem with surface roughening resistance.

Patent Document 3 discloses 山紙山 eobtainedsteelsheetForadrawn can is

excellentintermsofe 嶺 ingresistance,butdoesnotdiscloseanythingaboutthe crystal

grain size number. ln addition, 山 esteelsheetis lowczurbonsteel,and thus 化le

average P1astic strmn ratio rm is assumed to be a value as low as aPProximately l.0.

The crystal grmn size number of化ーecoldrolledsteelsheetofPatent

Document4is ll.6to 12.1 (re化rtoTable2inPatentDocument4),which is行ne, but

the average r value is aslowasl.05tol.35(re 免rtoTable2inPatentDocument4).

ThereFore, せーe Press Formability is consideredtobePoor.

As described above,in 化ーerelatedmt,itwasdifficulttoobtainasteel sheet For

which Pressformability(drawability)andsur 鍋cerougheningresistanceareimProved

at 化ーe smne time and,6u 亘hermore,whichhas favorableez 鵜ring resistance and a

favorablenon ‐ageingProPeny.

Thegrainsizenumberisde6nedbyanequationdescribed below in JIS G‐

0551 (2013), 瀧ld化ーegrain sizenumberincreasesasthecryst …Ugri額ndialneter

decreases. Here,mrePresentstheaveragenumberofcrystalgrainsPer square meter
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ofa cross section ofatest piece,andG ‐representsthegri=nsizenum ーber.

m=8x2G

[0011]

ln addition, in山 e case ofassumingausefiorab 砥terycan orthe like, a steel

sheet obt額ned by ci鶏FryingoutNiplatingonasteelsheetiso 負enusedfioradraw ncan.

Ni‐plzu;edsteel sheets mre used as a v測rietyofbatterycasesfioranal 服;alimanganese dry

battery, a litlliumionbattery,anickelhydrogenbattery,and 山 elike due to山 e

excellent chemical stabilityofNi. lnrecentyears,asaNiplating me 山 od For a

batteryczm,amelhod,inWhichNiplatingiscz 紅riedoutinadvanceonasteel sせip to

be used Forthe can manufacturing,has beenusedinsteadofaconvention 副 Ni plating

me 山 od For a batterycan,inwhichabarrelplatingiscarried out a賃erthecan

manufacturing. Thecaseofcz 紅ryingoutNiplatinginadvanceisbetterthzm the case

ofbi虹relplatinga 賃ertheczmmanufacturingfromtheviewpoint ofmallufact 皿 ing

costsorplatinguniEormity. However,ForNi ‐platedsteelsheetsthatNi plating is

cz紅ried out beFore the can manufacturing, 山 ereisacasewherecracksm egenerated in

the Ni-plzu;ed layer duetoworkingduring 山 ecanmanufacturingoraplatedcoating is

peeled. These cracks orpeelingresultin 山 edegradmionofcorrosionresistance.

[0012]

VVith respect to the above-describedprob1em,Forexalnp1e,Patent Document5

(J可)aneseUnexaminedPatentApplication,Firstl ね blicationNo.H6 ‐21α1)discloses a

highlycorrosion-resistantNi-plm;edsteels せipForwhichaNiplatinghavingaplated

layerl山ickness of l to 5 一m is Formedonacoldrolledsteelsheet そmd 山 en 山 erm 副ly

treated at a low temperatme(45 び Cto68 び C)foralongperiodoftime(6to13 加 .),

therebytmning 山 e Ni‐platedlayerintoaFe-NidifFusionlayer.

W/hen 山 e山 ermal 立eatmenta 負erl山eNiplating is cz紅riedoutaFe-Ni
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diffusion alloy layer is Formed in山 einterfacebetweentheNi plating and 山 e steel

sheet,therebyimproving 山 eadhesionof 山 eplatedlayer(hereinaaer,asteel sheet

having aFe-Nidiffusion 副loylayeratleastin 山 einterfacebetweenaNiplating and

the steel sheetFormedby 山 erm 副ly立eatingaNi ‐platedsteelsheetwill be re化rred to

as aNi di節usionplatedsteelsheet). lnaddition, 山 eNi-platedlayerinwhich Fe does

not diffuse, but remains in a swrface layerturnsintoarecrystallizedso 負 Ni‐plated layer

and does not easily crackduringwor 超 ng. ThereFore,itispossibletodecrease 山 e

m ea of 山 ebasemet …Usteelsheete ×posedaaerworking. ○n 山 eo 山 er hand, the

recryst副lizedso 負 Ni‐plzu;edlayerislikelytocauseseizureontoadieduringpressing

and degrades productivityinsomecases.

As aresult ofresearch, 山 e presentinventorsFoundthat,under a 山 ermal

treatment condition ofPatentDocument5, 山 ereisahighpossibilitythat 山 eabove-

described recrystallized so負 Ni‐platedlayerremains.

[0013]

ln orderto suppress 山 e seizureofNi-platedlayer on a die, itis necess 嶺 yto

diffuseFeupto 山 esur 魚 celayer. PatentDocument6(Jap 縄leseUnexamined Patent

Application,Firstl 組 blicationNo.2014 ‐47359)disclosesasmface- せeatedsteel sheet

For a battery container havingaFe-NidifFusionlayerFormedbyFormingaNi-plated

layer at least on a swrfaceofl 山esteelsheetwhichbecomesaninnerslurface side ofthe

batterycontainerand 山 encz紅ryingouta 山 ermaldifFusion 立eatmentl 山ereon, in which

aratio ofNi to Fe in an outermostlayerofl 山eFe-NidifFusion layer is 7.5 orlessin

terms of山 emolarratioofNi/Fe,anda 山 icknessof 山 eFe-NidifFusionlayer is o.6 一m

ormore. ltis described 山須山 is smface ‐立eatedsteelsheetiscapableofsuppressing

the elution ofFe orNiintoanon-aqueouselec 立olyticsolutiona nd capable of

eぼectivelypreventing 山 e occurrenceofpittingcorrosionorliquidleaJ(age and the
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degradmion ofbad[terychaiaJcteristicswhenusedas abatterycontainerofabattery

when a non-aqueous electrolytic solutionisusedasimelec せolyticsolution.

[0014]

Patent Document 6 states山 atthethickness of山 eNi‐platedlayer beFore the

thermal diffusiontreatmentispre 免rablyl.0 一morless(8.9g/m2orlessinterms ofme

adhesion amountofNi). As 山 ereason 山 erefor,PatentDocument6states 山紙,when

the thickness of山 eNi-platedlayeris l.0一morless,itispossibletodiffuse Fe up to

the outermost layerin 山 ecaseofcontinuouslyannealing 山 esurface ‐せeatedsteel sheet

under conditions ofa 山 ermal せeatmenttemperatureof7 α Cto8000Calldathermal

treatment time of lo to 300seconds;however,when 伍 e位 icblessof 伍 eNi ‐plated

layer is more than l.○一m, in the case ofcontinuouslyannealing 山 esurface-" ÷eated

steel sheetundertheabove-describedconditions,Ni 山 atdoesnotFormanalloy with

Fe remains in a surfacelayerPod[ionof 山 eP1ating.

[0015]

ln recent years, in associationwith 山 edis 立ibutionof 山 eNidiffusionP1ated-

steel sheet,山 ere has beenaPotenti 副 demandForaNidifFusion ‐P1atedsteel sheet 山 at

contains a ce"ain concen 立ationormoreofFeinanoutermostst 北facePodion ofa

P1ated layer, and has an adhesionamountofNiof9.0g/m2ormorewhile having

excellent formability(includingearlngresistance)andsur 魚 cerougheningresistance as

a steelsheetForaczm. However,inPatentDocument6,aNidifFusionPlating in

which 山 e a(辻lesion a1nountofNiis 9.0g/m2ormore 瀧,dFedifFusesuPtomesurface

cannot be obtained.

ln addition, in the case ofattemPting to manufacturea JidifFusionP1ated ‐

steel sheet in which Fe difl『usesuPto 山 esurfacelayerofa トTi-P1zu;edlayer,the

recryst副1ization condition ofa stee1sheetbasemet ≧uandthemutua1 diffusion
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condition ofNi and Fe do not necessarily coincide with each other.Under a山 ermal

treatment condition under whichthegraingrow 山 ofthebasemetalissuppressed to an

optimal extent,山 ereisaproblemin 山 atNi 山 atdoes notFormany 副loysremains in a

surface layer ponion ofathickNiplating. Theabove ‐describedproblem becomes

moreserious as山 ea(辻lesionamountofaNiplatingincludedinacoldrolled steel

sheet (山 e steelsheetisnotyetanne 副ed)increases.

PatentDocument6does notsufIEicientlytakethecontrol ofthe crystaJ grain

sizeof 山 ebasemetalintoaccount.

[PriorAd Document]

[Patent Document]

[0016]

[Patent Document l]

[Patent Document 2]

[Patent Document 3]

[Patent Document 4]

[Patent Document 5]

Public;紙ion No. 日6‐2104

JapanesePatentNo.3516813

JapanesePm;ent No.3996754

JapanesePatentNo.4374126

JapanesePatentNo.5359709

JapaneseUnexanninedPatentApp.ication,First

[PatentDocument6] JEやaneseUnexmninedpatentApplication,First

Public測[ionNo. 2014‐47359

[Disclosmeofthelnvention]

[Problems to be Solved by 山 elnvention]

[0017]

Ano 覇 ectofthepresentinventionistoprovideacoldrolledsteel sheet For a

drawn can which is excellent in terms ofpressformability(drawability), sur鍋ce

rougheningresistanceofacan,andez 憩ringresistanceandhasnon-ageingpropeny
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[Means fo・Solving 山 eProblem]

[0018]

(1)Asteelsheetforadrawncanaccordingtoanaspectofthe present

invention, as a chemicalcomposition,contains,bymass%,C:0.0060%too.0110%,Si:

0.50%or less,N[n:0.70%orless,P:0.070%orless,S:0.050%orless,SOI.AI:

0.005%too.100%,N:Lesslmano. 駅)25%,Nbs 砥is写 ingExpression(1),B:0%to

o.0030%,andTi:0%too.035%witharemainderofFeandallimpurity, has a 免rrite

single‐phasesbmcturewi 山 acryst 副 grainsizenumber of ll.o or more, a sheet

thickness iso.15too.50mm,inanLdirectionofl 山esteelsheetaaeranageing

treatment at loooC For onehour,ayieldstrengl 山 YPis 220to290M[Pa, atensile

stren啓hTS is 330to390M[Pa,atotalelongationELis32 ‐%ormore,ayieldpoint

elongationYP-ELiso%,anaverageplastics せainratiormismorethan l.35,andallin-

plane mQiso 立opy △ris-0.30to 十0.15.

500X C ≦Nb/c く8.0- (a)

Here,to element symbols in Expression(a), 山 eamounts (% bymass)ofthe

correspondingelementsm eassigned.

[0019]

(2)Thecoldrolled steel sheet 和 radrawncz 皿 accordingto(1),may 垣巾]er

include: any oneof 山 egroupconsistingofa トTi‐platedlayer,aNidill 『usionplを辻edlayer,

aSn ‐p夏江ed layer, and atin丘eestee1 FS)-platedlayeronasur 魚ce.

[0020]

(3)Theco1dro11ed stee1sheet 貴)radrawncanaccordingto(2)may inc1ude a

Nidiffusionplatedlayerhavinganadhesionamount ofNi of9.o to 27.0 g/m2, in

which,in 山 ecaseofanalyzingaconcentr 紙ionofFeinasuu ぼacelayer ofthe トTi

difl『usion platedlayerbyxPS, 山ーeconcenu ÷ationofFemaybe3%to80%bymass%.
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[0021]

C4)Theco1dro11ed stee1 sheet 貴)radraw ncanaccordingto(2)r] ローay inc1ude a

NidifFusionP1atedlayerhavinganadhesionamount ofNi of9.oto22.5g/m2,in

which,in 山 ecaseofanalyzingaconcentrationofFeinaswfacelayer oftheNi

diffusion platedlayerbyXPS, 山 econcen せationofFemaybe3%to80%bymass%.

[0022]

(5)Amelhod for manu1 陸ctwingasteelsheetforadrawncan according to

another asPect of 山 e Present inventionisanlelhodfiormanufacturing 山 esteel sheet

for a drawn can accordingto(1), 山 eme 山 odincluding:he 紙ingacastpiecehavingthe

chemicalcompositionaccordingto(1)tol,0oooCtol,28 び C,carrying out a 行nish

rollingatarolling 行nishtemPeri 紙uureof870 0to960OC,cooling 山 e 行nishrolled cast

Pieceaaer 行nishrolling,andcoiling 山 e 行nishrolledcastPieceat4500Corhigher 嶺ld

lowerthan 700oC, thereby mーanufacmringahotrolledsteelsheet;carrying out a cold

rolling on 山 e hot rolled steel sheet atacoldrollingreductionof80%or more and less

than 90%, mereby manu 魚 cturing acoldrolledsteelsheethavingasheet 山 ickness of

o.15too.50mm; call顕ngoutacontinuousannealinginwhich 中 ecold rolled steel

sheetis so副くedat810octo85 び Candthencooled;andtemPe ・‐rolling中 ecoldrolled

steel sheetthathas been continuouslyannealed at arolling reductionofo.5%to5.0%.

[0023]

)Thememod formanu1 陸cturingacoldrolledsteelsheet 恥 rad rawncan

accordingto (5),inwhich,inmanuEacmring 山 ehotrolledsteelsheet,the cast Piece

may be heated at l,10び C to l,23び Candcoiledat600oCto6700C,thereby

manufacturing me hot rolled steelsheet.

[0024]

(7)Thememod formanu 筋cturingacoldrolledsteelsheet 恥 rad rawn can
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accordingto (5)or(6),may6u ばtherinclude,aaer 山 etemperrolling, α紅ring out any

one of 山 e group consisting ofa Ni platingtreatment,asnplating せeatment, anda

tinfree steel (IFS)pl 紙ing 立eatmentonatleastones 皿魚 ceofl 山ecold rolled steel

sheet.

[0025]

(8)Theme 山 od formanu1 陸cturingacoldrolledsteelsheet 和 rad rawn can

accordingto(5)or(6),may6uu 【therinclude:carryingout,aaermanufacturingthecold

ro11edstee1sheetandbeforecmrryingoutthecontinuous annea1ing, aNi p1ating

treatmentinwhichanadhesionamountofNiis9.oto27.0g/m2onatleastone surface

ofthe cold rolledsteelsheet.

[0026]

(9)Theme 山 od formanu1 陸cturingacoldrolledsteelsheet 和 rad rawn can

according to(5)or(6),may6uu 【therinclude:cm[ryingout,aaermanufacturing 山 ecold

ro11edstee1sheetandbeforecmrryingoutthecontinuous annea1ing, aNi p1ating

treatmentinwhichanadhesionamountofNiis9.oto22.5g/m2onatleastone surface

ofthe cold rolledsteelsheet.

[Eぼects ofthe lnvention]

[0027]

Accordingto 山 e above‐describedaspectof 山 epresent invention, itis

possibletoprovidea6ne ‐grainedcoldrolledsteelsheetfioradrawncan which is

excellent in terms ofpress formability(drawability),sur 魚 cerougheningresistance ofa

can, and ez憩ringresistanceandhasnon-ageingpropel 【y.

Furdlermore,in 山 ecoldrolledsteelsheetForadrawn can accordingto 山 e

above ‐describedaspectof 山 epresentinvention,inacasewherea トTidi節usionplated

layer,inwhich 山 eadhesionamountofNiontoabasemetalsteel sheet is laurge,is
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Formed, itis possible to enslure an appropriateconcen せationofFein 山 eoutermost

layer ofl山e Ni difFusionplatedlayer 嶺ldre行nebasemetalcrystalgrains.

[BriefDescription of山 eDrawings]

[0028]

FIG.l is a view sho wingarelationshipbetweenanamount ofC andF1

Nb/C),andmaterialchi 虹acteristics

[Embodimentsofthelnvention]

[0029]

The present inventors cmrried out investig例〔ions andstudiesregmding press

Formability, the suurfaceroughening resistanceofacanaFter 山 ecanmanufacturing,

emr・ng resistance, and a non-ageingpropei 亘yandobtainedtheFo11owingknow.edge.

Here,as described above,acoldrolledsteelsheetandacoldrolledplatedsteel sheet

will 副so be collectivelyre 免rred to asacoldrolledsteelsheetinsomecases.

Regarding press Formability,itisknown 山 at,gener 副ly,amore favorable

chmacteristic can be obtained as m averageplastics せainratiorm(hereinaaer, relたrred

to as 山 eaveragerv 副ueinsomecases)increases. lnterstitiaIFree (IF) steel

represented by Nb‐addedul 立alowcarbonsteel(Nb-SULC)hasahighaveragervalue.

However, generally, 山 e cryst 副 grainsofIFsteelarecoarser 値 an 山 oseoflowcarbon

steel. W〆hen an attempt is made to 6uldler increase the average r valueintheabove-

described IF steel,itis necessarytoincrease 山 etemperatureduringallne 副ing, alld山 e

crystal grains are Guldler co…紅sened.

[0030]

Surface roughening occurring on 山 esurfaceofacoldrolledsteel sheet a賃er

the can manufactuLringcanbeFuu 【thersuppressedasthecryst …ugri=nsofthecold rolled

steel sheetpriorto 山 ecanmanufacturing 鑓 e 行ner. Palticulaurly,inauseForabattery
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can of 化le like, itis necessそばytoensuureasealingProPei 忙yofanoPeningsealing

Pod[ion ofan uPPer lid,and 由ーusasurfacequalitya 負erdbrawingw hichisextremely

suPerior to山 at in山 erelmedaltis demanded. lnacasew here 山 eabove ‐described

demand is si紙is行ed,itisnecess そばytoset 山 ecrystalgrainsizenumberto ll.oormore

(averagecrystalgraindiameter く 7.8 一m).

[0031]

As described above, 山 euseofIFsteelobti 紙ns ahighaveragervalue. 0n

the ol山erhzmd, sur魚 cerougheningresistance6u ばtherdeterioratesas 山 ecryst 副 grains

become larger. Therelbre,itisdifficulttosatisfybol 山 PressFormabilityand st虹鏡 ce

rougheningresistau1ceusing IF steelhavinglargecryst 副 grains.The use oflow

cz紅bOn stee1 is caPab1e ofre6ningcryst ≧ugrains,butitisdif ョEicu1ttoobtain ahigh

average P1asticstrmnr 測tiorm. ThereFore,evenW hen ムowCarbon steel is used, it is

difficultto si紙isfy bo山 PressFormabilityandsuurfacerougheningresistance.

[0032]

Thee そばing resistaulce becomes more favorable as me absolute value ofl山 ein-

planeaniso せoPy (hereinaaer,simP1yre 免rredtoasin ‐P1aneaniso せoPyinsomecases)

△r of 中 e r value decreases. SPeci 行cally,asmeabsolutevalueof △rdecreases, 山 e

generation ofez虹sdudngdrawingdecreases. W〆henthee 嶺 ingresistanceis 錠vorable,

the yield ofa steel sheet afた ctedby 中 eearingofadrawncanimProves, and itis

Possible to decreaseaPressnawor 中 elikeat 立ibutedtoaProgressivetrouble between

stePs caused by earing in multiP1e stages ofdrawingorD1wor 超 ngor atear atthe

frontendofearing.

rm and △r :me respective1y de6ned byEXPressions(1)and(11)be1ow

rm=(ro十2×r45十r90)/4 (1)

△r=(ro十r90‐2×r45)/2 (11)
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Here,ro rePresents 山ーe r v副ue inarollingdirection,r9orePresents the r v副ue

in arolling odhogonaldirection,andr 45rePresentsthervalueina45Odirection 丘om

the rollingdirection.

ln addition, 山 e r v副ue in each direction is obtained usingExpression(111)

below

r=ln(w/vvo)/ln(t/to) (111)

Here, to represents the sheetthickness befiore defiorr]nmion,trepresents the

sheet 山 icknessa 負erdeFormation,worepresentsasheetwid 山 beForedeFormation, and

w represents 山 esheetwid 山 a負erdeFormation.

ln orderto decrease the absolute value l△rlof 山 ein‐plane aniso立opy, itis

effectivetore6necrystal gralns

[oo33]

VVhen sl比etcher str額 ns 嶺 egenerated,protl 「usions andrecesses 嶺 egenerated

on 山ーe circumferential suurfaceof 山ーecanand 山ーecanbottom. VVhena batterycan

(draw ncan)hastheabove ‐describedprotnlsionandrecessshape,contact electric副

resistanceincreases,w hichisnotpreIR}rable,and, 副Lso,山 ereisacasew here the tensile

rigidity of 山 e can degrades and the internalandexternalpressure ‐resistant slに÷eng山 of

thecan 副 sodecreases. ThereFore,inthecoldrolledsteelsheetfioradrawn can, it is

necessそばyto suppressthegenerationofsl 比÷etcherstrmnsduringdrawing.

Stretcher sせainsa上egeneria直edduetothecottre11efFectinacasewhere an

excess solid solution ofC is presentinsteel. Specilncally,inacasewhere an extern副

Force is exein:edonthecoldrolledsteelsheet,dueto 山 eCotll÷elle1日当ect atbFibuted to the

solid solution ofC,disloci 印tionsdonotmoveuntiltheForcereaches 山 eyieldpoint,

and, atthe yield point, 山 edislocationsm ereleased 丘om 山 esolid solution ofC and

migrate atonce,wherebyyieldpointelongation(YP-EL)isgenerated. At 山 istime,
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stretcher sl比ains mregenerated. Thatis,slに÷etchers 立ainsm egenerated due to yield

pointelongation(YP-EL:theelongationamountofstationmy delbrmation advぞulcing

wi山 a smallerdeform 紙ionresistance 山 antheyieldpointimmediatelya6terayield)

w hen 山 e steel sheet deForms. Therefore,w hentheyieldpoint elongation is zero, 山 e

generation ofslに÷etcherslに÷ainsis suppressedfiora1ongperiodoftime.

[0034]

As aresult ofstudies, 山 e presentinventorsFoundthat,inordertosuppress the

generation ofsl比÷etcherslに÷ains W hi1een‐hancingpressFormabi1ity,suurfaceroughening

resistance,andez 憩ringresistance,itisimpo"anttoanne 副 asteelsheet in w hich 山 e

amount ofcis setto0.0060%to0.0110%andanamount ofNb is set to an alnount

satis写 ingExpression(1)inapredeterminedtemperaturerange and to, as山 e

microsb[ucture,Formaferdtesingle ‐phasesumctureinw hich 山 ecrystal grain size

numberis ll.oormore.

500X C くNb/c ≦ 8.0 (1)

Here,to element symbols in Expression(1), 山 eau]nounts (% bymass)ofl 山e

correspondingelementsareassigned.

Here, F1 is de行ned as Nb/C. F1isanindexregi 虹ding 山 eau]nount ofl山e

solid solutionofCand 山 ere 行nementof 免rritegrains by aNb carbide

[0035]

VVhen F1 is lower 山 an500X C, 山 ealnountofNbis excessivelysmaller 山 an

the amount ofcinsteel. ln山 iscase,cinthesteelisnotsuaEicientlyprecipitatedas

NbC, and thus the amount ofC remaining as a solid solution in山 esteel(the amount of

the solid solutionofC)becomesexcessivelylarge.Asaresult,dueto 山 eCot 立ell

e1"「ect of山 e solid solutionofC, 山 eyieldpointelongmionYP-ELisgenerated, and

stretchersl 比ains mregenerated.
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[0036]

on 山 e otherhand, whenF1ishigher 山 an8.0, 山 eamount ofNb is

e×cessivelylaurgerthan 山 eamountofC. lnthiscase,NbCco 棚rsens,andthe Pinning

e1"「ectdegrades. ThereFore, た rritegrmnsco 測rsen,andthecrystalgrain size number

becomes less than ll.0. lnthiscase,surfacerougheningislikelytooccur.

[0037]

ln a case where FI S紙is行esE ×pression(1),anappropriateamount ofaNb

cmrbideisgenerated, 定rritegrainsm ere 行ned,andthecrystalgrainsize number

becomes ll.o or more. ThereFore,surfacerougheningresistanceePhances.

Fuu【thermore, the amount of 山 e solidsolutionofCisdecreased,and 山 usnosl 比etcher

strmns 組re generi 紙ed. Fu 【hermore, 定 rritegrains mere 行ned,and 山 eabsolute value

l△rlofthe in‐plane anisotropyis suppressedonalowlevel.

[0038]

FIG. l is a vlew showing 山 erelationshipbetween 山 ealnountofC alldF1

Nb/C),andmateri 副 characteristics. FIG.lisaviewshowing 山 erelationship

between the mnountofcandF1,andmaterialchmracteristics inanorganized manner

regmdinge ×amples inwhich 山 ealnountofC,comPonents o山 er山 anNb/C, and

manufacturing conditionswerein 山 escopeofthepresentinvention alnong e×alnples

described belowindetail. Regmrdingthematerialchmracteristics,acold rolled steel

sheetForadrawncaninwhichthecrystalgrainsizenumber was ll.o or more,inanL

direction(extensiondirection)ofthecoldrolledsteelsheetforadrawncan that had

been aged at loooCfDronehow, 山 eyields 立en停hYPwas220to290M[Pa, 山 e tensile

stren停hTS was 330to390:Mpa, 山 etotalelongationELwas32 ‐%ormore,the yield

point elongationYP ‐ELwas o%,theaverageplasticstr 額nratiormwas more 山 an l.35,

and 山 ein‐plane aniso 立opy △r was -○.30 to +○.15wasregmdedaspass,and a cold
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rolled steel sheet fioradrawn czm which failed to satisfy any ofl山eabove-described

material ch;虹acteristicswasreg …紅dedas fail.

Thereason forevaluatingthe yield stren帥ーYEtensile s口ength TS, tot副

elongationEL,yieldpointelongationYP-EL,averageplasticsl 比mnratiorm,andin-

plane aniso立opy △r of 山 e cold rolled steel sheetforadb awncanwhichhad been aged

at looOC 貴)ronehour(hereinaaer,reIR}rredtoas"progressiveageing 立eatment “) is as

describedbelow.

Thecoldrolledsteelsheethaspredeterminedchmracteristicsregmrding all of

the above ‐described material chmracteristicsimmediatelya 負erbeing manufactured, but

is agedatanormaltemper 砥 uureovertime,whichchanges 山 echmacteristics.

Gener 副ly,ageing increases 山 es 立engh,decreases 山 eelongation, and mal【es the

generationof 山 eyieldpointelongationeasier. ThereFore,whenthetime elapses

fromthe manufacturing,thereis acasewherepredeterminedcharacteristicscannot be

obtained at山 e time ofactually manufacturingadrawncan. Theageing treatment at

loび C For one hour is ianacceleratingtestl 山atacceleratesl 山enorm 副 temperature

ageing, alld山 us, whenpredeterminedchi 虹acteristicsareobtainedaaer 山 eageing

treatment at loooC For onehour,itmeans 山紙山 ecoldrolledsteel sheet For a drawn

canhasthepredeterminedchmacteristicsevenaaeralongperiodoftimeelapses at a

norm 副 temperature.

Even in a case where 山 e progressiveageingisnotci 劃Friedout,Fore ×ample,

when 山 ecoldrolledsteelsheetForadrawncanis storedatanormal temper 砥uureFor

si×mon 山 s or longeraaer 山 emanufacturing,ageingis consideredtobecompleted.

[0039]

From FI G. 1, it is Found 山 at,when 山 eamountofC, 山 ecomponents o山 er

thanF1 Nb/C), and 山 em 嶺lu1陸cturingconditionsarelimitedto 山 escope ofl山e
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present invention,then,theamount 。fcissett 。〇・〇〇6〇%to 〇.〇11〇%,and F1 satis行es

E×Pression(1),necess そばymm;erialch 組織cteristicscanbeobtained even aaer

ProgressIVeagelng.

[0(MO]

The cold rolled steel sheet For a drawn can 。fl中epresentinvention completed

on 山 ebasisof 山 eabove ‐described 行ndinghasachemicalcomposition containing,by

mass%,C:0.0060%to o.0110%,Si:0.50%orless,M[n:0.70%or less,P:0.070%or

less,S:0.050%orless,Sol.AI:0.005%too.100%,N:less 山 an o.0025%, Nb

satis写 ingExpression(1),andB:0%too.0030%,wimaremainder ofFe and an

lmpurityanda 免rritesingle‐phasestmctmewimacrystalgrainsize number of ll.o or

more,thesheet 山 ickness iso.15too.50mm,in 山 eLdirectionof 山 ecold rolled steel

sheet fi。r a drawn can a賃er山 eageingtreatmentat loooCfioronehour,the yield

stren停hYPis220to290Mpa,thetensiles 立eng曲 TSis330to390Mpa, 山 etotal

elongationELis32%ormore, 山 eyieldpointelongmionYP ‐ELiso%, 山 eaverage

plastic sせain ratio rmismore 山 an l.35,and 山 ein‐planeaniso 立opy △r is -0.30to

+○.15. The crystal grain size number was 12.○ orless in 山 ee ×periments, but is

prelたrably ヱ3.o orヱess inconsiderationoftheeconomicel ぼiciency. Here,the grain

size number is advantageouslylzurge 丘om 山 eviewpointofsurface roughening

resistance, and 山 us meupperlimitthereofisnotlimited.

500X CくNb/c く 8.0- - (1)

Here,to element symbols in Expression(1), 山 eamounts (% bymass)ofl 山e

correspondingelementsareassigned.

[○(し11]

The cold rolled steel sheet fi。radrawncanmaybeacoldrolledsteel sheet

including any one ofthe group consisbngofaNi-platedlayer,aNidi" 当usionplated
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layer, a sn‐plated layer,andatinfreesteel(IFS)-P1atedlayer on 山 esur 魚ce

[0(M2]

Amelhod For manufa 柳町 ing a steel sheetForadrawncanofl 山e Present

invention includes a stePofhe: 紙ingacastPiecehavingtheabove ‐described chemic 副

comーpositionto l,0000Corhigher,cm[ryingout 行nishrollingat8700 ‘oto96 び C,

coolingthe 行nish‐rolled castPieceaGter 行nishrolling,andcoiling 山 e行nish‐rolled cast

Piece at 4500C orhigherandlower 山 an7000C, 山 erebym ーanufacturingahotrolled

steelsheet,astepofc そばryingoutcoldrollingonthehotrolledsteel sheet at a cold

rollingreductionof80%ormoreandless 山 an90%, 山 ereby mーanufacturing a cold

rolledsteelsheethavingashe 帆 tコhicknessofo.15too.50mm,astePofc そ鶏〔rying out

continuous annealing in which the cold rolled steelsheetisso モ氷edat8100Cto8500C

and 山 en cooled, andastePoftemPer ‐rollingthecoldrolledsteelsheetthat has been

continuously annei副Ledatarollingreductionofo.5%to5. ○%.

[0(M3]

ln the steP ofmanufactuLring 山 ehotrolledsteelsheet, 山 ecastPiece may be

he紙ed at 1,100octo1,23 び candcoi1edat600Octo670O(),thereby ll[]Lanufacturingthe

hotrolledsteelsheet.

[0(M4]

ln the mallu1陵ctwing melhod,a 負erl山etemPerrollingisc そばriedout,

6u【hermore, any one of山 e grouPconsistingofaNiP 夏江ingtremment,aSnPlating

treatment, andatinfreestee1 FS)P1ating せeatmentmaybecarriedoutonatleast one

surface of 山 e coldrolled steelsheet.

[0(M5]

ln the mallufact 皿 ing melhod,inthestePofmanufacturing 山 ecold rolled

steel sheet, aNi P1atingtreatmentmaybecz 虹riedoutonatleastoneswface ofthe cold
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rolled steel sheet beFOFe the step ofcarrying out 山 e continuous anne 副ing. The

adhesion amountofNimaybe9.oto27.0g/m2or9.oto22.5g/m2.

The Ni-Fe 副loyingofthe Niplating andthe allnealingofl 山esteel sheet czm

be ci虹ried outat 山 esametimebyci 虹ryingoutNiplatinga6terl 山ecold rolling and

beFore the continuousannealing,whichisreasonable 丘om 山 eviewpoint ofheat

economy. ln 山 iscase,temperrollingiscarriedouta 賃er山 eNi ‐platedsteel sheet is

annealed.

[0(M6]

Hereinaa:er, a cold rolled steel sheetfiorad 比awncanaccording to an

embodiment ofthe presentinvention(theco1dro11edstee1sheet 貴)radrawn can

according to the present embodiment)wi11bedescribedindet 三瀬i1.

[0(M7]

[Chemical comPosition]

Thechemicalcompositionofthecoldrolledsteelsheetfioradrawn can

accordingto 山 epresent embodiment contains theFollowingelements. Asign “%
“

reg;紅ding amounts described below indicates "%bymass “unless pauticularly

o山 erwisedescribed.

[0(M8]

C:0.0060%too.0110%

Carbon (C) is anelement 中 atissolidsolutedinsteeland increasethe streng山

and,inacasewhereanappropriateamountofNbdescribedbelow is contmned, Forms

a 6necmrbidetore6necryst ≧ugrains. vvhentheamountofCiso.0060%ormore,

with an assumーP1ion 山 ato 山 erchemicalcompositions andmanufacturingconditions

described below are satis行ed,in 山 eLdirectiona 貴ertheprogressiveageing 立eatment,

the yield s立engl山 YPbecomes220M[Paormore,alld 山 etensiles 廿en停hTSbecomes
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330M[Pa or more. W〆hen 山 e amountofCis lessl山ano.0060%, 山 iseぼectcそばlnot be

obtained. ThereFore, 山 eau]nountofCis settoo.0060%ormore.Apre 化 rred lower

limit ofl山e amountofCiso.0065%alldmorePreferablyo.0070%.

on 山 e otherhand, when the amountofCexceedso.0110%, 山 ehardness of

the cold rolled steel sheet becomes excessivelyhigh. ln山 is case, 山 etotal elongation

ELin 山 eLdirectiona6ter 山 eprogressiveageingtreatment decreases,a lld山 epress

Formabilitydegrades. ThereFore, 山 eamountofCiso.0110%or less. Apre 化rred

upper limitof 山 eamountofCis o.0105%.

[0(M9]

Si:0.50% or less

Silicon(Si)is,inthecoldrolledsteelsheetforadrawncan according to山 e

presentembodiment,aninevitably ‐containedimpurity. Sidegrades 山 e plating

adhesion ofl山e coldrolledsteelsheet そmd 山 epainta( 泊 esionofl 山ecold rolled steel

sheet a賃erthecanmanufacturing. ThereFore, 山 eamountofsiiso.50% or less. A

pre化rred upperlimitofl 山eamountofSiisless 山 ano.50%.The amount ofsi is

pre免rably as smallaspossible.

[0050]

N[n:0.70%or less

N[nhi 虹densl山ecoldrolledsteelsheetanddecreasesthetotal elongation ELof

the coldrolledsteelsheet. ThereFore,when 山 eamountofM[nbecomes excesslve,

the press Formability degrades. ThereFore, 山 eamountofM[niso.70 % orless. A

pre化rred upper limit oftheamountofM[nis o.50%,morepre 定rablyo.35%,and still

more preferablyo.22%.

Manganese(Mn)hasanefFectforpreventinghotembrittlement at立ibuted to

the presence ofs. ln山 ecaseofobtainingthisefFect, 山 eau]nount ofM[nispre 定rably
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set to o.02% or more and more preferablysettoo.05%ormore.

[0051]

P:0.070% or less

Phosphonls(P)isanlnevitably ‐contmnedimpurity. Pisanelementthat

increases 位 esセengdlofthecoldrolledsteelsheet;however,when 伍 eamount ofp is

e×cessively laurge,山ーepressFormabilitydegrades. Specilncally,anti‐second w orldng

embrittlementcrac]bingpropelnyinacandegrades. lnadb awn can, 山 ere is a case

w hereanendpon[ionofacansidewall 丘actures inabrittlemannerduetoanimpact

during drop or a bendings せainat,Fore ×a1nple,alowtemperature such as -10OC. The

above ‐describedeasiness in丘actureisreIR}rredtoasthe secondw orkingembrittlement

crackingpropei 亘y. ThereFore,themnountofpis0.070%or1ess.The amount ofp

maybeo%.

[0052]

S:0.050% or less

sulnlr(S)isanlnevitably ‐containedimp 皿 ity. Scausessur 魚 celayer brittle

crackinginthestee1sheetunderhotro11ingandcauses eそば roughening in ahotro11ed

steelsbFip. ThereFore,thea1nountofS is o.050%orless.The amount ofS is

preIR}rably as smallaspossibleandmaybeo%.

[0053]

SOI.AI:0.005%too.100%

A1uminum (AI)is ane 爺ectiveelementl わrthedeoxidationofsteel. When

the amount ofA1 islessl山ano.005%, 山 eabove ‐describede ぼectcそばlnotbeobtained.

ThereFore, 山 e amount ofA1is settoo.005%ormore.

on 山 e otherhand, when the amountofA1exceedso.100%, 山 eabove-

described e1"「ect is satur紙 ed, and the manufacturingcostincreases.ThereFore, 山 e
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amount ofA1 is o.100% or less. ln 山 epresentembodiment, 山 eamount ofA1 is山 e

amountofacid ‐solubleA1(SOI.AI).

[0054]

N:less 山 ano.0025%

Ni立ogen (N) is anlnevitably ‐containedimpurity. When 山 eamoount ofN is

o.0025% or more, itbecomes easyFor 山 eearcrackingofaslabtooccur. ThereFore,

the amount ofN is set to less than o.0025%. TheamountofNmaybeo%.

[0055]

Nb:Amounts 紙is写 ingExpression(1)

500X C くNb/c く 8.0- - (1)

Here,to element symbols in Expression(1), 山 eamnounts (% bymass)ofthe

correspondingelementsareassigned. lnaddition,F1isde6nedasNb/C.

[0056]

Nb is an element 山 atbondstoCandForms a 行ne carbide, 山 ereby

suppressing 山 eamountof 山 esolidsolutionofC.This 行ne carbide con立ibutes to山 e

re行nementofcryst 副 grains. F1isanindexregardingthere 行nementof 免rritegrains

by aNb c嶺 bide. W〆henF1islowerl 山an500X C, 山 eamountofNbisexcessively

smaller 山 alltheamountofCinsteel. ln山 is case,CisnotprecipitatedasNbC,a lld

thus the amount ofC remaining as a solid solution in山 esteel( 山 eamount of 山 e solid

solutionofC)becomeslarge. Therefore,dueto 山 eCottrellefFect of山 e solid

solutionofc,theyieldpointelongationYP ‐ELisgenerated.

on 山 e otherhand, whenF1ishigher 山 an8.0, 山 eamount ofNb is

excessivelylaurgerthan 山 eamountofC. lnthiscase,NbCco 棚rsens,and the pinning

e1"「ectdegrades. ThereFore, 定 rritegrainsco 嶺 sen,andthecrystalgrainsize number

becomes less than ll.0. ln thiscase,surfacerougheningis likelytooccur.
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[0057]

W/hen F1 is 500 × C to 8.0,山 e au]nountofNbwi 山 respectto 山 eamount ofC

in山 e steel is appropriate. lnthiscase,6neNbCis su伍 cientlyprecipitated.Due to

the pinning e爺ectofl 山is行neNbC, 免rritegrains arere 行ned,a lld山 ecryst 副 grain size

numberbecomes ll.oormore. Furdlermore, 山 eamountofl 山e solid solution ofC is

suppressed, andthustheyieldpointelongationYP ‐ELisnotgenerated (YP‐EL

becomeso%)evenaaerageing. Therelbre,s せetchers 立ains 組renotgenerated.

[0058]

The remainder of山 e chemicalcompositionof 山 ecoldrolledsteel sheet For a

drawn czm according to the present embodiment is Feandallimpurity. ln 山 e present

embodiment, 山 eimpmityre 化rstoanelementl 山atismixedinfromaminer 副 or a

scrap as araw material or from a mallufactwing environmentor 山 elike duringthe

indus立ial mallufacturingofasteelmateri 司. Theimp 皿 ityis,Forexample,Cu,Ni,Cr,

and sn. Pre 化 rred mnountsofl 山 eseelementsareo.5%orlessForCu,0.5%orless For

Ni,0.3%or less For Cr,ando.05%orlessForSn.

Thechemicalcompositionofthecoldrolledsteelsheetfioradrawn can

according to山 e present embodimentbasicallyincludes 山 eabove ‐described elements

wi山 中 eremainderofFeand 山 eimpwity,butmaycontainBandTiinstead ofsome of

Fe.

[0059]

B:0%too.0030%

Boron (B)re 行nesrecryst 副lizedgrainsduring 皿 ne副ing. ln山 ecase of

obtainingthisefFect, 山 eamountofBispre 免rablysettoo.0001% or more. The

amount ofBis morepre 免rablyo.0003%ormore.

on 山 e otherhand, when the amountofBexceedso.0030%,theoptimalcold-
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rollingreduction Fo・re6nementdecreases,andtheproductivitydegrades. ThereFore,

even in a case where B is contained, 山 eau・nountofBiso.0030%or less. APrel 危rred

upperlimitof 山 eamountofBiso.0020%. B isanarbi 立aryadditive element and

maynotbecontained.

[0060]

Ti:0%too.035%

Ti is an elementthat Forms a nne carboni せideandis e爺ectiveForsuppressing

the coarseningofcryst 副 grains. ln 山 ecaseofobtaining 山 is e爺ect,the amount ofTi

is prelたrablysettoo.005%ormore. Theau]nountofTiismorepre 定rably o.010% or

rnore.

W/hen 中 e au]nount ofTi exceeds o.035%,TiNcoi 狂 sens,a11dthere is a case

wheretoughnessdeteriorates. ThereFore,eveninacasewhereTiiscontained, 山 e

amount ofT is o.035% or less. Apre 化rreduPPerlimitoftheamountofTiis o.025%

Ti is ;anarbi立ary additiveelement そmdmaynotbecontained.

[0061]

[Microstmcture and crystal grain size number]

The microstructu 止e ofthe co・drolledsteelsheetForadb awncanaccordingto

thepresent embodimentincludes 免rriteandaprecipitate. Thatis,thema せix

(PrimaryPhase)ofthemicrostmctureisa 免rritesinglephase.The matrix is a 免rrite

singlephase,and 山 usuniFormdeForm 紙ionispossible,and 山 etotalelong 紙ion ELcan

be setto 32% or more. As aresult, excellentpress Formabilitycanbeobtained.

[0062]

Fu 【hermore, whenthecryst 副 grainsm ecomrse,surface roughening is 1i]ke1y

tooccm. ThereFore,in 中 emicrostmctureofthecoldrolledsteel sheet For a drawn

canaccordingto 山 epresentembodiment, 山 ecrystalgrmnsizenumber is ll.○ ormーore
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Thecrystalgrainsizenumberispre6erably ll.2orr・loFe

[0063]

The crystal grain size number of山 e 免rritegrainre 化rstoacrystal grain size

number accordingtoJ1SG0551(2013). Specil丘cally,thegrainsize number is

measu ぱedbyobservinganL-section(asectionpafalle.toarollingdirectionandasheet

thickness direction)ofthecoldrolledsteelsheetbyanopticalmicroscope,according

to a compairisonmethod(re6E}rto7.2ofJISG0551(2013)).

[0064]

[Mechzmical ch;虹acteristics]

The yield s口en帥ーYE 値 etensiles 口engthTS, 山 etotal elongation EL, 山 e

yield point elongationYP-EL, 山 eaverageplasticstrmnratiormvi 司ue,and 由ーein-

plane i組 iso立opy △r in山 e L direction(rollingdirection);a 負erl山eageingtreatment at

loび C fDronehour(re 化rredt。 asmeprogressiveageing 立eatment)are as described

beloW.

YP:220 to 290ハ4Pa,

TS:330 to 390 M[Pa,

EI>32%

YP‐EI=0

Averageplastic strain rautiorm >1.35

1n‐planeanisotr 。py △r:‐0.30 to 十0.15

W〆henYS or TS is below 山 elowerlimit,anecessarys 立enghcannot be

obtained. W〆henYS exceeds 山 eupperlimit, 山 eFormingloadincreases,and Forming

becomesdifficult. W〆henTS exceeds 山 eupperlimit,theFormabilitydeteriorates, and

arisk causing secondary worhng embrittlement increases.

vvhen the total elongation E1 orthe average plastic strmn ra口tiormbecomes
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excessively small, 山 e Formabilitydegrades. Theaverageplasticstrain ratio rm ls

pre 免【ably l.4001more.

The uppel limit ofthe ave・age plastic strainratiormmaynotbelimited;

however, in the cold rolled steel sheetForadb awncanaccordingto 山 e Present

embodiment, BゑUF‐OAis notczU[liedout,and 由ーus 山 eaverageP1astics せainratio rm

becomes substanti 副 1y2.l ot1ess.

VVhenYP-E1 exceeds o,stretchersl 比ains 組regeneri 紙ed.

VVhen 山 e absolute v副ue l△rlof 山 ein‐P1aneaniso せoPyincreases, 山 e e山ring

resistancedegrades. VVhen 山 ein‐P1aneaniso せoPy △ris- ○.30to+ ○.15, 山 ee 劉ring

resistance is also excellent.

[0065]

Theyields 口en帥ーYE 山 etensiles 口engthTS,thetotalelongationEL,a nd the

yield point elongation YP-ELin theLdirectionareobtainedusing 山 eFollowing

me 山 ods.

AJIS No. 5tensiletestpiece (accordingtotheregulationofJISZ2201)

having ap;虹a11e1po"ion p;嶺a11e1totheLdirection(ro11ingdirection),which is

collected fromthe cold rolled steel sheet For a drawncan,isProduced. Anageing

treatment(Progressiveageingtremment)iscmrliedouton 山 eProducedtest Piece at

loび C 貴)lonehour. Atensiletestisc 棚[liedoutaccordingtoJISZ2241(2011)on 山 e

tensiletestPiecea 貴erl山eProgressiveageingtreatmentatroomtemPe 【須山re (250C)in

theatmosPhere,therebyobtaining 山 eyields 立engl山 YP(MPa), 山 etensile sl比en啓hTS

(Mpa), andthetot 副 elong 紙ionEL( 切り.

[0066]

The average P1astic sせainratiormand 山 ein-P1auleaniso せoPy △ra re obtained

using 山 eFollowingmethods.
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JIS No. 13 B tensile test pieces(accordingto 山 ere だjlmionofJISZ2201)

par副L1elto individual directions ofbeing par副L1el,450,and9oowithrespect to the

rollingdirection 嶺 eproduced 丘omthecoldrolled steelsheetfioradrawn can. An

ageingtreatment(progressiveageing 立eatment)iscarriedouton 山 eproduced test

pieces at looolofioronehour. Aplasticstrmnr 紙iotestis c測rriedoutaccording toJIS

Z2254 (2008)on 山 etensiletestpiecesa 賃er山 eprogressiveageing 立eatment, 瀧ld山 e

averageplasticstrmnr 紙iormand 山 ein‐planeanisotropy △rwithaplastic sせain

amountbeing15%m eobtained.

[0067]

[P1atedlayer]

The cold rolled steel sheet fiora dbawncanaccordingto 山 e present

embodiment may include aplatedlayeron 山 esmface. Theplatedlayer is not

necessarily limited,a lld,Forexample,platings suchas aNiplating,aNidiffusion

plating, a sn plating, andatinfreesteel( 汀コS)pl 紙ingareexemplaryexamples.

[0068]

Among 山 e above‐describedsmface 立eatments,Nidiffusionplating is

pa」[ticulaurlypreIR}rredsinceNidill『usionp 夏江ingis caPable ofePhancing 山ーe adhesion of

theplatedlayerbytherm 副L1yu÷eatinga トTi‐platedsteelsheettoturnap 組tof 山ーe plated

layerintoaNi ‐Fe 副L1oylayer.

ln addition,Nidi" 当usionplatingisalsocapableofturningatleast apau【 ofa

Ni-plm;ed layer into ahighly economicNi-Fealloylayerinanannealingstep ofthe

drawn steel sheet Foracanbycz 紅ryingoutNiplatingbefioreannealing. ln山 e cold

rolled steel sheet For adrawn canaccordingto 山 epresent embodiment, itis not easyto

co測rsen山 ecrystalgrainsbyhigh ‐temperatureannealing,andthus by cz鵜[rying out トTi

platingonasteelsheet 山 athasbeencold ‐rolledbutyettobeanne 副Ledsoastoprovide
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aP1ating with arelatively 12urgeP1atingthickness,and 山ーesteel sheet is annealed at a

hightemPerature,itisPossibletoProvideaNidifFusionP1atedsteelsheet having a

P1ating せlicknessinw hichFedifalsesuPto 山 esurfaceof 山 eP1atedlayer.The トTi

diffusionP1atedsteelsheethavingaP1atingthicknessinwhich Fe difhlses uP to the

surfaceof 山 eP 夏江edlayerise ×cellentinterms ofslidingability with a die. ln

addition,w henFeis dilfuseduPto 山 esuurfacelayer,tiheoccu][renceofseizure on die

duringpressingisdecreased,and 山 us delたcts doesnoteasilyoccur,andane] 日当ect fior

lmprovlng corroslon resistance, せlesuppressionofadecreasein 山 eelectrical

conductionpropeny onthe can inner st北faceofanalkalibattery,alld 山 eimprovement

ofelec 立olyticsolutionresistau・ceontheinnersur 魚 ceofali 中 iumionbattery are also

e×pected.

[0069]

ln the case ofcarrying out 中 eNiplating せeatment,apre 免 rredmickness of

the Ni‐plated layerthatisFormedon 山 esurfaceof 山 ecoldrolledsteelsheetis o.51 to

5.l whn (4.5to45.0g/m2intermsofl 中eadhesionamountofNi).ln 値 e case of

carrying out a Ni diffusionplating せeatment,apre 免rred 山 icknessoftheNi ‐plated

layer 山 at is formed on 中 e sur魚 ce ofthecoldrolledsteelsheetisl.oto 3.o um (9.oto

27.0g/m2 in terms ofl中ea(泊esionamountofNi),morepre 定 rably l.oto2.5 以m(9.o

to22.5 g/m2 in terms ofthe adhesion zunountofNi),andstillmorePre たrably l.2to

2.o ]==n(10.8to18.0g/m2intermsofl 中eadhesionamountofNi).When the

thickness of 山 eトTiplatingis e×cessively 山 in,corros・onresistancedeteriorates. 0n

the o山 erhand, when 山 eせlicknessofthe トTiplatingis e×cessively せlick, itis not

possible to diffuseFeupto 山 eoutersu は‐facelayerofthe トTi‐platedlayereven when 山 e

cold rolled steel sheet is continuouslyannealed,and トTi山 atdoesnotForm an alloy

with Fe remainsin 山 esuurfacelayerpon[ionof 山 eplating,andthusthecold rolled
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steel sheet is likelyto clingto 山ーedieduringPressing,and 山ーereis acasewhere 山ーe

press Formーabilitydegrades.

[0070]

The adhesion amount of 山 eP1atingcanbemeasuu 「edusinganuorescentx-

ray analysis insbrlunlent.

[0071]

・n the case ofForming aNi di節usionP1atinginwhichFediff 当uses uP tothe

surface ofaP1atedlayeras 山 eP1atedlayer, 山 econcen せationofFein 山 esurface layer

ofaNi difFusion P1ated layerisdesirably3%by mass or more. W/hen 山 e

concentration ofFeislessthan3%bymass, 山 esteelsheetislikelytocling to山 e die

duringPressing, and 山 ePressFormabilitydoesnotimProve. Theconcentration ofFe

in値 e s皿魚 celayerisPrel たrably lo%bymassormorei 掴ldmorePreferably 15% by

mass or more. From 山 e viewPointofcorrosionresistance,theconcen 立ation ofFe in

thesur 魚 celayeris80%bymassorless,Preferably70%bymassorless,and more

Pre定 rably60% bymass orless. TheconcentrmionofFein 山 esurface layer ofthe

Ni dif著『usion P1ated layercanbeanalyzedusinganx ‐rayPhotoelecl ぱonsPecl ばonneter

(XPS).

Here, 山 e surface layerl山atregilatesl 山econcentration ofFe reたrs to a

locationatadePth(severalnanometersfrom 山 est虹鏡 ce)atwhichinl おrmation can be

obtainedusingXPS. Thatis,whentheconcen せationofFeisFound out to be 3% by

massormoreand80%bymassorlessbymeasurementusing XPS, itcan be

determinedthatFeisPre 免rablydiffuseduPto 山 esurfaceof 山 eP1atedlayer.

[0072]

[Sheetthickness]

ThesheetthicknessofthecoldrolledsteelsheetForadrawncan accordingto
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the Present embodiment is o.15too.50mm. W/henthesheetl 山ickness exceeds o.50

mm, itbecomes di任icult to obtainexcellentPress Formability. on 山 eol山erhzmd,

when 山 e sheetthickness is less山 ano.15mm, 山 esheetthickness ofl山ehotrolled

steel sheet needstobe 山 in,and,inthiscase,a 行nishtemPeratureduringhot rolling

described below czulnotbeensured. ThereFore, 山 esheetl 山icblessofl 山ecold rolled

steelsheetiso.15too.50mm.

[0073]

[M 瀧lu1陸cturing melhod]

An examP1e ofa me 山 odFormanufacturingacoldrolledsteel sheet For a

drawncanaccordingtothePresentembodimentwillbedescribed

ThemethodFormanufacturingacoldrolledsteelsheetForadrawn can

accordingto 山 ePresentembodimentincludesastePofmanufacturingacastPiece

(steelmakingsteP),astePofmanu 鏡 ctwingahotrolledsteelsheet(hotrolling steP), a

stePofmanu 魚 cturingacoldrolledsteelsheet(coldrollingsteP),astePofcarrying out

continuous anne 副ing AL)onthecoldrolledsteelsheet(continuous annealing

川 L)steP),andastePofcarryingouttemPerrollingonthecoldrolledsteel sheet

a負er C UL. HereinaGter, 山 e resPectivestePswillbedescribedindetail.

[0074]

[Steelmaking steP]

First,molten steel having 山 eabove ‐describedchemicalcomposition is

manu 魚 ctured. AcastPiece(slab)ismanu1 陵cturedfrom 山 em 嶺lu1陵ct皿 edmolten

steel using a continuous castingme 山 od. AmethodFormanufacturing 山 eslab is not

Pauticularlylimited.

[0075]

[Hotrolling steP]
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The slab heated to aheatingtemperature of l,0000.Corhigherishot ‐rolled,

thereby manufacturing ahot rolled steel sheet. M[oresPeci6c 副ly,the heating

temperatmeofl 山eslabis,ForexamQple,1,0000Cto l,2800C. W〆hen 山 eheating

temperatme ofl山eslabishigherthzm l,28(アC,eそば cracks is likelytogenerate during

hotrolling. lnaddition, 山 eaverageplastics せainratiormdecreases. on 山 e other

hand, when 山 e heatingtemperatmeofl 山eslabis lower 中 anL1,00 び C,itbecomes

difficultto ensure an appropriaterolling 行nishtemperat 皿 eFT. Apre 化rredheating

temperatmeofl 中eslabis l,1α Cto l,230oC.

ln the hot rolling,6nishrollingiscompletedatarolling6nishtemperature FT

of87 び Cto960OC. VVhenFTishigher 山 an960OC, 山 eaverageplastics せainratio rm

decreases. 0n the otherhand,whenFTislowerthan870OC, 山 eabsolute value l△rlof

thein ‐planeaniso 立opyincreases.

The hot rolled steel sheet aaer 山 e 行nishrolling is cooled in a cooling zone

and 山 encoiled 組roundacoil. AcoilingtemperatuureCTis,For exalnple, 450Olo or

higherandlowerthan7000(). VVhenCTishigher 山 an70 び C,thecrystal grains

become comrseaコ6terro11ingandannea1ing,andthesurfacerougheningresistance

degrades. 0n the o山 erhand, whenCTbecomeslowerthan45 び C, 山 eaverage

plastic sせain ratiormdecreases,and 山 eabsolutev 副ue l△rlof 山 ein‐plane aniso立opy

increases. ApreIR}rredcoilingtemperatureCTis60 び Cto6700().

[0076]

[Cold rollingstep]

The hot rolled steel sheet is cold‐rolled,therebymanufacturingacoldrolled

steel sheet. ln a case where 山 ecoldrollingreductionis less山 an80% or morethan

90%, 山 e in‐plane aniso立opyofthesteelsheetincreases. ThereFore, 山 ecold rolling

reductionis setto80%ormoreandlessthan90%. ltispreIR}rabletostudy 山 e
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optimal coldrollingreduction ofthe coldrolled steel sheet お rad rawn can in aJdvぞu1ce

by changingthe cold rolling reductionandset 山 ecoldrollingreduction so 山ーat山 e

absolutevaluel △rlofthein ‐P1aneanisotroPyof 山 esteelsheetdecreases.

[0077]

[Continuous annealing AL)step]

Continuousannealingiscarriedoutonthecoldrolledsteel sheet. A

continuous annealinglineisreIR}rredtoas "ContinuousAnnealing1 ine“,and 曲ーus,in

the present embodi ・・lent,continuousannealingwill be reIR}rredto as "C uし“. An

annealingtemperatmeST(soadkingtemperatme)inCALis8100Cto85 び C.When

the annealing temper 砥uureSTis lower 故 an 81( C,recrystallizationis notcompleted in

steel, and a non ‐recrystallizedsbructuureremains. lnthiscase,desiredmechanical

chmracteristics cannot be obtained.

on me otherhand, when the annealing temperatmeSTishigherl 山an8500C,

recrystallized grains coarsen, and the crystalgrain sizenumberdecreases. ThereFore,

the annealing temperat 田 eSTis 8100Cto8500C. Apre 化rredlower limit ofl中e

annealing temperatmeSTis 820oC. Apre 化rredupperlimitof 山 e i掴lnealing

temperatmeSTis 8300C. Theso …"kingtimeatmeannealingtemperature ST is,For

example,loto60seconds.

[0078]

[Regz紅rdingBAF-OA]

ln the present emb( diment,a 6terCAL,overaginginaboxannealingFurnace

(theboxanne 副ing6 皿 nacere 化rsto “BoxAnnealingFI 皿nace',over aging rel危rs to

‘‘0verAging',and,hereinaaer,overaginginaboxannealing6t 虹nacewillbereferred

to as BAF ‐OA)isnotcz 紅riedout. Thisisbecause,inthecoldrolledsteel sheet 1おr a

drawn cをm according tothepresentembodiment,theyieldpoint elongation YPーEL
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a賃erthe Progressive ageing 官eatmentis o%,a lldstretchers せainsarenotgenerated.

ln山 e melhod For mallufact 皿 ingacoldrolledsteelsheetForadrawncan accordingto

the Presentembodiment,BAF-OAisnotcz 紅riedouta 負erCAL,and 山 us 山 e

Productivity enhそ紅.ces.

[0079]

[TemPerrolling steP]

TemPerrolling(skinPassrolling)iscarriedouton 山 ecoldrolled steel sheet

a負erCAL. TherollingreductioninthetemPerrolling is o.5% to 5.0%. 帆/hen 山 e

rollingreduction islessthano.5%, 山 ereis acasewheretheyieldPointelongationYP-

ELis generated in山 e coldrolled steelsheeta 賃ertheProgressiveageingtreatment.

W〆hen the rollingreduction exceeds 5.0%, 山 etotalelongationELbecomes less l山an

32‐%, alld山 e Press Formabilitydegrades. 帆/hen 山 erollingreductionis o.5%to5.0%,

stretcher sせains are not generated, and e×cellentPressFormabilityisalsoobtained.

[0080]

The cold rolled steel sheet For a dbawncanaccordingto 山 e Present

embodiment ismanufact 皿 edwith 山 eabove ‐describedmallufactwing stePs

[0081]

[P1ating せeatment]

Asurface treatment such as P1ating may be carried out on 山 eabove ‐described

cold rolled steel sheet Foradrawnczm. Thesurface せeatment is not necessarily

limited,a11d,Fore ×amP1e,P1atingtreatments suchasaNiPlating せeatment, aNi

di節usionP1ating せeatment,aSnP1ating せeatment, 皿 datinfreesteel(TFS)Plating

treatment are exemP1ary examP1es. TheNiP1ating せeatment, 山 eSnP1ating せeatment,

and 山 e汀コS P1ating 立eatmenti 紅eci虹riedouton,ForexaunP1e, 山 ecold rolled steel

sheet a賃erthetemPerrollingsteP.
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[0082]

ln the case ofcarrying out 山 eNiplatingtreatment,aple 化rred 山 ickness ofa

Ni‐plated layerthat is Formed on the surfaceof 山 ecoldrolledsteelsheetis o.51 to5.1

]m (4.5to45.og/m2intermsof 山 eadhesionamountofNi).

[0083]

lnthecaseofFormingaNidifFusionplatingbycarrying out a山 ermal

treatmenta 負erNiplating, 山 eNiplating 立eatmentispre 免rably carried out a賃erthe

coldrollingstepandbeFore 山 eCALStep. ln山 is case,CALis c徳 ried out on 山 e cold

rolledsteelsheetonwhich 山 eNi-platedlayeris Formed. DwingCAL,Niin 山 eNi-

P1ated layer difFuses, and aNi diffusionP1atedlayeris Formed.

ln the case ofcarrying out the JidifFusionplatingtreatment, apre6erred

thickness ofa トTi‐platedlayer 山 atis Formedon 山 esuurfaceof 山 ecoldrolled steel sheet

beforetheCALStepisl.oto3.0 脚 Q(9.oto27.0g/m2intermsof 中 ea(泊esionをmoount

ofNi),morePre 免rablyl.oto2.5um(9.oto22.5g/m2intermsoftheadhesion

amountofNi),andstillmorepreferablyl,2to2,0]m(10,8to18,og/m2interms of

the adhesion amount ofNi).Whenthethicknessof 山 eNiplatingisexcessivelythin,

the corrosion resistance deteriorates. VVhen 山 eせlicknessoftheNiPlating is

excessively せlick, itis not Possibletodill『useFeuPtotheoutersurfacelayerofthe トTi‐

P1ated layer even w hen 山 e cold rolled steel sheet is continuouslyannei 副Led under 山 e

above‐describedconditions,and トTi山 atdoesnotformanalloywithFeremains in山 e

surfacelayerPod[ionofthePI 測ting,andthusthecoldrolledsteelsheetislikely to cling

to山 e die during Pressing,and 山 ePress Formabilitydeteriorates.

[0084]

ln the manu 魚 ctwing ofaNi di簿usionP1atedsteelsheet(Pz 旧 icularly,a steel

striP),itisreasonabletoPre せeat(de 錠t,Pic盟 e,orthelike)anlll ‐hardcold rolled steel
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sheet in advance befiore the continuous annealing steP of 山ーecoldrolledsteelsheet,

then, cm[ry out Ni P夏江ing by,Fore ×alm胆le,NielectroP 夏江ing,and 山 en cmrry out

continuous anne 副ing s・nce itis possibletocarryouttherecryst 副lizationofabase steel

sheet and the alloying ofNiandFeat 山 esametimein 山 econtinuous annealingstep.

[ExamQples]

[00851

Cold rolled steel sheets having a va・ietyofchemicalcompositions were

manufacturedunderav 測rietyofmanufactu[ringconditions,and mechanica1

chmracteristics and r va1ues wereinvestigated.

[0086]

[Method for manu1 陵ctwingmateri 副 stobetested]

S1absofsteelsAtoZhavingachemicalcompositionshowninTable l were

manufactured.

[0087]

The slabs wim ーindividu 副 testnumberswerehot-rolledunderhotrolling

conditions (aheatingtemperatureoftheslab(oC),a6nishrollingtemperatureFT(oC),

and a coiling temperature CT(OC))showninTable2 ‐l and Table 2-2,山 ereby

manufacturing hotrolledsteelsheets.

The hot rolled steel sheets were pickled and then cold‐rolled under a cold

rollingcondition(coldrollingreduction)showninTable2-l and Table 2-2, 山 ereby

manufacturing cold rolled steelsheetshavingasheet 山 ickness ofo.25mmoro.55mm.

[0088]

Atest level in which aNi difFusion plated layer was Fo【med on each of山 e

cold rolled steel sheets shownin ・lab.e2-l andTable2-2Wasalsoadditionally cz刃Fried

out. SPecil丘cmL1y,befioreC uし,electroplatingwas czUrriedouton 丘ont and reそば
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surfaces of山ーe cold rolled steel sheet under conditions show ninTable3,thereby

Forming aplating.The 紙ingadhesionamountwasadjustedbychanging 山 e pl紙ing

tilne ・

[0089]

Continuous anne 副ing AL)wasczUrriedouton 山 eobtainedcold rolled steel

sheetsofTable2-l andTable2-2and 山 eNi-P 夏江edcoldrolledsteelsheetsofTable 4‐l

and Table 4-2. Annealingtemper 須田 esST(OC)wereasshowninTable2-1,Table2-

2, Table 4-1,andTable4-2. Here,Table2 ‐l andTable2-2show 山 ecold rolled steel

sheets,andTable4-l andTable4-2showNidi 節usionplatedcoldrolledsteel sheets

(theNiplated steel sheets werecontinuously 縦lnealed, 山 erebyobtaining Ni di簿usion

plated cold rolledsteelsheets). RegmrdingtestnumbersoftheNidi 節usionplated

cold rolled steel sheets ofTable4 ‐l andTable4 ‐2,B,B2,andB3were added to the

back ofthetestnumbers of山 ecoldrolledsteelsheetsForwhich components and

manufacturingsteps 山 roughthecoldrollingwerecommon.

ln CAL, 山 e cold rolled steel sheets imd 山 eNidiffusionplatedcoldrolled

steel sheets wi山 中 e respectivetestnumbers wereso 副(edattheannealingtemperatwre

ST C)for25 seconds. Aaer 山 at,gascoolingwascarriedoutusingani 立ogengas.

ln山 e gas cooling, 山 eaveragecoolingratefromtheannealingtemperat 田 eST C)to

500C orlowerwere setto250C/secondFor 副lofthecoldrolledsteelsheets.

[0090]

0n 山 e cold rolled steel sheet with 1lestNumber ll and 山 eNidifl『usionplated

cold rolled steel sheetwith ・lestNumber .IB,BAF-OAwas 6u【hercそばried out a6ter

C UL. ln BゑUF‐OA, the cold rolled steel sheetsandtheNidif 著『usionplatedcoldrolled

steel sheet were soaked at 450OCFor 行vehoursand 山 enslowlycooledFor72hours.

onthecoldrolledsteelsheetsandtheNidiffusionplatedcoldrolledsteel sheets with
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the ol山 ertest numbers,BAF-OAwasnotci 狂riedout. ln 山 ecolumn “annealing

melhod “○fTable2-1,Table2-2,Table4-1,a11dTable4-2, “CAL 十BAF ‐OA''indicates

thatBAF-OAwascz 紅riedouta 負erCAL. "CAL “indicates 山 atCALwas cそ紅riedout

andBAF-OAwasnotc そばriedout.

[0091]

()n the cold rolled steel sheets and the 寸idifFusionpla 直edcold rolled steel

sheets a賃:ertheannealing,temPerrollingwasca 」[riedout. Therolling reductions ln

the temPerrollingwere l.8%oro.3%. VVith 山 eabove ‐describedmanufacturingstePs,

the cold rolled steel sheets and 山 eNidi 節usionP1atedc 。ldrolledsteel sheets, w hich

served as materi…=Lstobetestedweremanufactured.

For 山 e cold rolled steel sheets and theトTidi節usionP1atedc 。ldrolled steel

sheets manufactured as describedabove,amicrosb[uctuure,mechanic 副 chmracteristics,

an average P1astic sl比ainri 紙iorm,anin ‐P1aneaniso 立。Py △r,山 eadhesionamounts of

Ni in theトTi-P夏江ingon 山 e 丘ontsurfaceand 山 ere 嶺 surface,and 山 e concentrmion of

Fe in a surface layer ofthe plated layerweremeasured.

[0092]

[observati 。n ofmicrosbnicture and measmementofcryst 副 grainsizenumber]

L‐sections(sectionsparalleltoarollingdirectionandasheetthickness

direction)of 山 ecoldrolledsteelsheetsand 山 eNidiffusionplatedc 。ldrolled steel

sheetsa 賃erthetemperrollingwereobservedusinganoptical microscope, and

microsb〔uctures 。f山 ecoldrolledsteelsheets andthe トTidifl『usionplatedc 。ldrolled

steel sheets were specil日ed. Specil日edresults meshowninTable2-1,Table 2-2, Table

4‐1,andTable4 ‐2. Themicrosb[luctures werea た rritesingle ‐phase su〔lucture in all of

thec 。ldrolledsteelsheets.

Furdlerm 。re,山 e crystal grain size numbersof 免 rritegrains in山 ecold rolled
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steel sheets with 山ーe resPective test numbers were obtmnedusingtheabove-described

melhod according toJ1SG0552(2013). Theobtainedresu1tsm eshowninTab1e2-1,

Table 2‐2, Table4 ‐1,andTable4 ‐2.

VVhen 山 e sb[luctuurewasa たrritesingle‐Phase stlucture and 山 ecryst…Ugri額n

sizenum ーberwas ll.oormore, 山 esurfacerougheningresistancewas determined to be

excellent.

[0093]

[Test lわr ev副uating mechzmicalchi 虹acteristics]

JIS No. 5 tensile test Pieces were Produced 丘om 山 ecoldrolledsteel sheets

and 山 e Ni di節usion P1ated cold rolledsteelsheets with 山 eresPectivetestnumbers.

ParalleIPonions of山 e tensile testPieceswereParallelto 山 eLdirection(rolling

direction)of 山 ecoldrolledsteelsheetsand 山 eNidiffusionP1atedcoldrolled steel

sheets. AProgressiveageing 立eatmentwas czUrriedouton 山 eProduced tensile test

Pieces. SPecilncally,anageing 立emmentwasc 棚rriedoutontheresPective tensile test

Pieces at loooCfioronehour.

Atensi.e test was carried out accordingto JISZ2241(2011) ○nthe tensi.e

test Piecesa 賃erl山eProgressiveageing 立eatmentatroomtemPerat 山re (250C)inthe

atmosPhere,therebyobtainingyields せengdhsYP(Mpa),tensiles せengthsTS(Mpa),

totalelong:紙ions EL(%), and yieldPointelongationsYP-EL(%).The obtained

results me showninTable2-1,Table2-2,Table4-1,a lーdTable4-2.

[0094]

[Test恥 r measwingrm v副uesand △rvalues]

JIS No. 13 B tensile test Pieces(accordingto 山 ere だjlmionofJISZ2201)

Par副L1elto individual directions ofbeing Par副L1el,450,and90owith resPect to the

rolling directionwereProduced 丘omthecoldrolledsteelsheets and 山 eNidi 節usion
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plated cold rolled steel sheets With the respective test numbers. Anageing 立emment

(progressiveageingtreatment)Wascairriedoutontheproducedtestpieces at loooloβDr

onehour,aplasticstrainratiotestWascairriedoutaccordingtoJISZ2254 (2008) on

thetensiletestpieces a賃:ertheprogressiveageingtremment,andtheaverage plastic

strmn rモ=[iorm and 山 e in‐planeaniso 立opy △rWithaplasticstrmnalnountbeing15%

Were obtmned. The obtmnedresu1ts 嶺 eshoWninTab1e2-1,.lab1e2-2,Tab1e 4-1,and

Table4 ‐2.

W〆hen rm exceeded l.35,山 e press Formability Was determinedtobeexcellent.

ln addition,When △rWas -0.30to 十0.15, 山 eeそばingresistanceWas determined to be

excellent.

[Adhesion amount ofplating and concen 立ationofFeinsur 魚 celayerofplated

layer]

on the Ji difFusion plated cold rolled steel sheets,inadditiontotheabove ‐

described tests,山 e concentrations ofFe in the surfacelayersofl 山eNidifFusion plated

layers Were measturedusinganX ‐rayphotoelec せonspectrometer(XPS). ln an

ani副ysis usingxPS,PH15600manufacturedbyULMAC ‐PH1,lncorporatedWasused.

As an X‐ray source,M[gK α Wasused. ThesurfacelayerWas spattered WithAr ions 4

nmintermsofsio2,and 山 en 山 ecompositionWas al・alyzed. ln 山 ecomposition, 山 e

total ofNi z紅ld Fe Was set to loo%. AnX-raybeaindiameterWas setto800 以m.

ln addition, 山 e adhesionamountofl 山eplatingWasmeasmedusing a

nuorescentX ‐ray analyzer

The measurement results are shoWninTable4-l and Table 4-2
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[0096]

[Table 2‐1]

Test

Nu]mbel

S誇 el

No.

HotroUbingcondidons Coldro 出血gcondidons ん血閉五ngcondidolls
rlemーPef

roIUbing

Heat"〕g
能mP 切 at皿 eof

slab C)

Finish

能mPefatme
(oC)

Coabmg
能mP 切 atme

C)

Ro 川ing

reducdon

(%)

Sheet

仕口ckness

(皿 )

ん血閉五ng
melhod

如 ea節g
temーPefature

C)

Ro 川ing

red眼 don

(%)
I A 1200 925 630 87 0.25 C凡 830 1.8

2 B 1200 925 630 87 0.25 C凡 830 1.8

3 C 1200 925 630 87 0.25 C凡 830 1.8

4 D 1200 925 630 88 0.25 C凡 830 1.8

5 E 1200 925 630 88 0.25 C凡 830 1.8

6 F 1200 925 630 88 0.25 C凡 820 1.8

7 G 1200 925 630 88 0.25 C凡 850 1.8

8 H 1230 960 630 87 0.25 C凡 830 1.8

9 I 1200 925 600 81 0.25 C凡 830 1.8

10 J 1100 870 670 87 0.25 C凡 810 1.8

11 K 1230 930 670 89 0.25 CAL 十BAF ‐OA 720 1.8

12 L 1220 900 600 87 0.25 C凡 830 1.8

13 M 1230 910 620 87 0.25 C凡 820 1.8

14 N 1210 900 630 87 0.25 C凡 820 1.8

15 ○ 1230 920 610 87 0.25 C凡 820 1.8

16 P 1220 910 600 87 0.25 C凡 820 1.8

17 Q 1230 930 620 87 0.25 C凡 820 1.8

18 R 1230 920 630 87 0.25 C凡 820 1.8

19 S 1210 900 600 88 0.25 C凡 820 1.8

20 T 1200 900 610 88 0.25 C凡 820 1.8

21 U 1230 920 620 88 0.25 C凡 820 1.8

22 V 1220 910 630 88 0.25 C凡 820 1.8

23 A 1220 900 600 87 0.25 C凡 780 1.8

24 A 1220 900 600 87 0.25 C凡 870 1.8

25 A 1220 980 600 87 0.25 C凡 820 1.8

26 A 1220 850 600 87 0.25 C凡 820 1.8

27 A 1220 900 720 87 0.25 C凡 820 1.8

28 A 1220 900 430 87 0.25 C凡 820 1.8

29 A 1300 950 600 87 0.25 C凡 820 1.8

30 W 1220 920 550 89 0.25 C凡 780 1.8

31 W 1220 920 550 89 0.25 C凡 830 1.8

32 X 1220 920 630 87 0.25 C凡 780 1.8

33 X 1220 920 630 87 0.25 C凡 840 1.8

34 Y 1220 920 630 86 0.25 C凡 780 1.8

35 Y 1220 920 630 86 0.25 C凡 840 1.8

36 Z 1230 930 620 85 0.25 C凡 830 1.8

37 A 1200 925 630 92 0.25 C凡 830 1.8

38 A 1200 925 630 盤 0.25 C凡 830 1.8

39 A 1200 925 630 82 0.55 C凡 830 1.8

40 A 1200 925 630 87 0.25 C凡 830 0.3

(No 絵 ) Unde 山田ed values are condidons ow 縦de 伍 e scope of 値 e present invendon.
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[0099]

[Table 4‐1]
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Test
Numbef
S博司
No.

Hotrol 皿ngcondidons Coldro 出血gcondidons AJ1nea 五118 condi 樋ons 繋留培
H閉類鰯 跨加e Fimsh能mP 切 atme

「 )

Coabmg

能雫匙な加e認識&(%)
Sheet
雌 c如 ess
(mm)
欄獣部

ALn血閉五ng

teヰ塾rre ,R濃艶濁。(%)
IB A 1200 925 630 87 0.25 C凡 830 1.8

IB2 A 1200 925 630 87 0.25 C凡 830 1.8

IB3 A 1200 925 630 87 0.25 C凡 830 1.8

2B B 1200 925 630 87 0.25 C凡 830 1.8

3B C 1200 925 630 87 0.25 C凡 830 1.8

4B D 1200 925 630 88 0.25 C凡 830 1.8

5B E 1200 925 630 88 0.25 C凡 830 1.8

6B F 1200 925 630 88 0.25 C凡 820 1.8

7B G 1200 925 630 88 0.25 C凡 850 1.8

8B H 1230 960 630 87 0.25 C凡 830 1.8

9B I 1200 925 600 81 0.25 C凡 830 1.8

1OB J 1100 870 670 87 0.25 C凡 810 1.8

1IB K 1230 930 670 89 0.25 CAL 十BAF ‐OA 720 1.8

12B L 1220 900 600 87 0.25 C凡 830 1.8

13B M 1230 910 620 87 0.25 C凡 820 1.8

14B N 1210 900 630 87 0.25 C凡 820 1.8

15B ○ 1230 920 610 87 0.25 C凡 820 1.8

16B P 1220 910 600 87 0.25 C凡 820 1.8

17B Q 1230 930 620 87 0.25 C凡 820 1.8

18B R 1230 920 630 87 0.25 C凡 820 1.8

19B S 1210 900 600 88 0.25 C凡 820 1.8

20B T 1200 900 610 88 0.25 C凡 820 1.8

21B U 1230 920 620 88 0.25 C凡 820 1.8

22B V 1220 910 630 88 0.25 C凡 820 1.8

23B A 1220 900 600 87 0.25 C凡 780 1.8

24B A 1220 900 600 87 0.25 C凡 870 1.8

25B A 1220 980 600 87 0.25 C凡 820 1.8

26B A 1220 850 600 87 0.25 C凡 820 1.8

27B A 1220 900 720 87 0.25 C凡 820 1.8

28B A 1220 900 430 87 0.25 C凡 820 1.8

29B A 1300 950 600 87 0.25 C凡 820 1.8

30B W 1220 920 550 89 0.25 C凡 780 1.8

31B W 1220 920 550 89 0.25 C凡 830 1.8

32B X 1220 920 630 87 0.25 C凡 780 1.8

33B X 1220 920 630 87 0.25 C凡 840 1.8

34B Y 1220 920 630 86 0.25 C凡 780 1.8

35B Y 1220 920 630 86 0.25 C凡 840 1.8

35B2 Y 1200 920 630 86 0.25 C凡 840 1.8

35B3 Y 1200 920 630 86 0.25 C凡 840 1.8

36B Z 1230 930 620 85 0.25 C凡 830 1.8

37B A 1200 925 630 92 0.25 C凡 830 1.8

38B A 1200 925 630 盤 0.25 C凡 830 1.8

39B A 1200 925 630 82 0.55 C凡 830 1.8

40B A 1200 925 630 87 0.25 C凡 830 鰹

(No 絵 ) Unde 山田ed values are condidons out縦de 伍 e scope of 値 e present invendon.
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[0100]

[Table 4‐2]

Test
Numbefs

N1icros口1肌;tlure Ddecha 副icalcharac 帳江is色cs rValue Ni dilfu縦onP1adllg

Note
Sbl肌;twre

C1ysキI
graNm。予鵜

畜1引d

s凝時
Ten 縦le

s凝時
To韻1
elongadon
(%)

畜1引d

崎裏きon今警部叢書△r
Adhe 縦on
amowntof
Ni(g/m2)

Concenbadon
ofFein
s山ーfacelaY 切
fmass%

No誇IB Fem著釜凄 gle 11.2 227 349 39.3 0.O 1.41 ‐0.27 13.5 16

lnventive
Example

IB2 Fem著釜凄 gle 11.2 225 347 39.5 0.O 1.42 ‐0.27 4.2 82

IB3 Fem著釜凄 gle 11.2 232 356 38.9 0.O 1.38 ‐0.25 30.5 O

2B Fem著釜凄 gle 11.I 240 354 37.8 0.O 1.42 ‐0.20 13.5 17

3B Fem浅薄 gle 11.I 237 358 39.O 0.O 1.36 ‐0.19 13.5 16

4B rem浅薄 gle 11.5 261 366 35.4 0.O 1.42 ‐0.21 13.5 18

5B rem繋駕 gle 12.O 254 367 36.6 0.O 1.36 ‐0.20 13.5 16

6B Fem繋駕 gle 11.9 235 355 38.9 0.O 1.72 ‐0.26 6.I 68

7B Fem著釜凄 gle 11.I 257 364 37.5 0.O 1.77 ‐0.17 17.6 15

8B Fem著釜凄 gle 11.8 250 383 34.I 0.O 1.40 ‐0.11 13.5 16

9B Fem著釜凄 gle 11.I 255 390 33.3 0.O 1.36 ‐0.23 13.5 17

1OB Fem浅薄 gle 11.6 245 375 35.2 0.O 1.39 ‐0.06 13.5 16

1IB rem浅薄 gle 11.8 254 378 34.9 0.O 0.90 ‐0.21 13.5 O

CodIPafadve
Example

12B rem繋駕 gle 9.3 2俳 339 40.9 0.O 1.71 ‐0.23 13.5 16

13B Fem繋駕 gle 10.I 219 345 40.8 0.O 1.35 ‐0.08 13.5 9

14B Fem著釜凄 gle 10.3 234 350 40.3 0.O 1.36 ‐0.17 13.5 10

15B Fem著釜凄 gle 10.2 219 349 39.5 0.O 1.52 ‐0.19 13.5 9

16B Fem著釜凄 gle 11.3 256 354 38.9 鰹 1.35 ‐0.10 13.5 9

17B Fem浅薄 gle 10.I 279 372 34.6 0.O 1.64 ‐0.27 13.5 17

18B rem浅薄 gle 11.2 295 394 31.I 0.5 1.55 ‐0.28 13.5 9

19B rem繋駕 gle 10.3 298 398 30.8 0.O 2.01 ‐0.17 13.5 11

20B rem繋駕 gle 10.2 283 379 34.2 0.O 1.63 ‐0.26 13.5 9

21B Fem著釜凄 gle 10.4 242 358 36.9 0.O 1.35 ‐0.28 13.5 10

22B Fem著釜凄 gle 11.5 249 363 36.2 0.5 1.36 ‐0.23 13.5 9

23B Fem著釜凄 gle 11.4 262 374 36.3 0.O 1.34 ‐0.33 13.5 O

24B Fem著繋駕 gle 10.6 192 324 41.9 0.O 1.49 ‐0.25 13.5 37

25B Fem浅薄 gle 11.O 222 340 39.3 0.O 1.25 ‐0.26 13.5 9

26B rem繋駕 gle 11.I 233 358 37.4 0.O 1.46 ‐0.40 13.5 10

27B rem繋駕 gle 10.3 225 343 39.4 0.O 1,糾 ‐0.23 13.5 9

28B Fem著釜凄 gle 11.O 237 364 36.5 0.O 1.26 ‐0.45 13.5 10

29B Fem著釜凄 gle 10.5 230 353 37.9 0.O 1.21 ‐0.28 13.5 10

30B Fem著釜凄 gle 11.O 242 352 35.9 0.O 1.23 ‐0.29 13.5 O

31B Fem著繋駕 gle 10.2 2の 322 38.7 0.O 1.35 ‐0.26 13.5 16

32B Fem浅薄 gle 11.6 257 370 37.9 0.O 1.22 ‐0.03 13.5 O

33B rem繋駕 gle 10.I 2俳 332 42.5 0.O 1.35 ‐0.02 13.5 25

34B rem繋駕 gle 11.8 262 375 37.6 0.O 1.25 ‐0,04 13.5 O

35B Fem著釜凄 gle 10.3 209 356 41.9 0.O 1.36 ‐0.03 13.5 23

35B2 Fem著釜凄 gle 10.3 208 355 42.I 0.O 1.37 ‐0.03 4.3 81
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35B3 Fem繋駕 gle 10.3 214 363 41.5 0.O 1.33 ‐0.05 27.8 O

36B Fem著釜凄 gle 11.I 284 436 29.3 0.O 1.23 ‐0.33 13.5 18

37B Fem著釜凄 gle 11.I 229 350 37.5 0.O 1.37 ‐0.38 13.5 16

38B Fem著釜凄 gle 11.O 223 345 38.I 0.O 1.36 ‐0,糾 13.5 15

39B Fem浅薄 gle 11.I 220 343 34.9 0.O 1.25 ‐0.36 13.5 16

40B rem浅薄 gle 11.2 249 350 38.I 0.6 1.36 ‐0.30 13.5 17

(No 絵 ) Unde 山田ed values are condidons out縦de 伍 e scope of 値 e present invendon.
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[0101]

[Testresults]

With re化rence toTable2-1; 虹ldTable2-2,itwasfound 山紙山 echemical

comーPositions of1lestNum ーbers l to lowereaPProPriateandF1was 副Lsoin 山 erangeof

Expression (1). FWthermore, 山 emanu1 陵cturingconditionswerealsoappropriate.

ThereFore, in the cold rolled steel sheetswith 山 esetestnumbers, 山 ecrystal grmn size

numberswereashighas ll.oormore,and 山 e た rritegri頭ns were 行ne. lnaddition,

the average plastic strmn r…=[iosrmweremore 山 an l.35,andthein-plane aniso立opy △r

was ‐0.30to 十0.15.

Furdlermore,inallofl 山etestnumbersofrFest Numbers l to lo, in the L

directionofl 山ecoldrolledsteelsheets a6terl山eprogressiveageingtremment,the yield

strengths YPwere 220to290Mpa, 山 etensiles 立eng曲 sTS were330to390Mpa, 山 e

totalelongationsELwere32 ‐%ormore,andtheyieldpoint elongations YP-ELwere

o%.

That is,山 ese cold rolled steel sheets had excellent mechmQicalchi 虹acteristics,

were excellent in terms ofpress Formability,surfacerougheningresistau.ce,a lーde 嶺 ing

resistau・ce, and hadnonageingpropeny.

[0102]

With re化rence toTable4-1;mdTable4-2,itwasfound 山紙山 echemical

compositions of1lestNumbers IB to lOB were aPproprim;eandF1wasalso in山 e

range ofExpression(1). Fuldhermore,themanu 魚 ctwingconditions were also

appropriate. ThereFore,in 山 eNidill『usionplを辻edcoldrolledsteelsheets with these

testnumbers,thecryst 副 grainsizenumberswereashigh as ll.○ or more, and 山 e

たrritegri額ns were 行ne. lnaddition, 山 eaverageplasticstrmnr モ=[iosrmwere more

than l.35,andthein ‐planeanisotropy △rwas ‐0.30to 十0.15.
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Furthermore,inallofl 山etestnumbersofrFestNumbers IB to lOB, in山 e L

direction ofl山e cold rolled steel sheets a6tertheprogressiveageingtremment,the yield

strengths YPwere 220to290Mpa, 山 etensilestreng 山 sTSwere330to390Mpa, 山 e

total elongations EL were 32‐%ormore,andtheyieldPoint elongations YP-ELwere

o%.

That is,山 eseトTidi節usionP1atedcoldrolledsteelsheets had excellent

mechanical chmracteristics,wereexcellentinterms ofpressFormability,surface

rougheningresistance,ande 測ringresistance,andhadnonageingpropei"y.

[0103]

ln addition, except ForTest Numbers IB2alld IB3, 山 econcen せations ofFein

the surface layers ofthe Ni diffusion plated layers were also in arange of3%to80%

in terms of山 e mass % in副l ofthetestnumbersof 皿estNumbers IBto lOB.

Furdlermore, except For TestNumber IB2, 山 eadhesionalnounts ofNi were

also4.5g/m2ormoreinallof 中 etestnumbersof 皿estNumbers IB to lOB. ln

addition,exceptFor IB2and6B,meadhesionamounts ofNi were also 9.0 g/m2 or

more. ThereFore,sufficientcorrosionresistanceczmbeenst 北ed.

ln IB2, 山 e a(辻lesion mnount ofNi wasasex 立emelysmall as 4.2 g/m2, and

thus, in a casewhere 山 esteelsheetis imne 副edunderaconditionunder which the

characteristics were sufficientlydeveloped, 山 econcen せationofFein 山 esurface layer

ofthe Ni‐platedlayerexceeded80%,a llditis concernedthatl 山ecorrosion resistau・ce

may becomeaproblem. ln IB3, 山 ea(辻lesionamountofNiwasasex 立emelylarge as

30.5g/m2,a l,dmus,asaresultoflmesteelsheetbeingannealedunderacondition

under which 山 e characteristics were sufficientlydeveloped,aNilayer remained in山 e

surfacelayerof 山 eplatedlayer. Theso 負enedNilayerwas likelytocause adhesion

to a die duringpress Forming.
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[0104]

on 山 e otherhand, in rFestNumbers ll i虹ld lIB,the amounts ofC were

excessivelylarge. Funhermore,in 山 eannealingstep,CALandBA こF‐OAwere

czぱriedout,theannealingtemperaturesSTwerealsoaslowas lower 山 an 8000C. As

aresult, 山 e average plastic strainratiosrmwereas lowas l.35or less. ln rFest

Number lIB, 山 econcentrationofFein 山 esurfacelayerof 山 eNidifFusion plated

layer wasless 中 anL3%bymass,a lldundertheallne 副ingconditionsofrFestNumber

8B, 山 e 副loying ofNi and Fe did not proceedupto 山 esurfacelayerof 山 e plated layer

in a case where 山 ea(辻lesionamountofNiwas13.5g/m2.

[0105]

ln 皿estNumbers 12 alld 12B, 山 eamountsofCwereexcessivelysmall, and

the amounts ofN were excessivelylarge. Furd1ermore,F1exceededthe upperlimit

ofExpression (1). As aresult,thecrystalgrainsizenumbersbecameless 山 anll.0.

FWthermore,the yield s立eni夢hswerealsoaslowaslessl 山an220 MPa. lnrFest

Number12B, 山 econcentrationofFeinthesurfacelayeroftheNidifFusion plated

layerreached16%;however,underthisal 口lealingcondition,thecrystal grain size

numberbecame9.3, 山 atis, 山 ecryst 副 grains becameverycoi 虹 se.

[0106]

ln 皿estNumbers 13 alld 13B, 山 eamountsofCwereexcessivelysmall. As a

result,山 e cryst副 grain sizenumberbecamelessthan ll.0. Furdlermore, 山 e yield

stren停hwasalsoaslowasless 山 an220M 【Pa. lnrFestNumber 13B, 山 e

concentrationofFein 山 esmfacelayerofl 山eNidifFusionplatedlayer was 9%, but l山e

crystal grain size numberwasless 山 an ll.0. lnaddition,theaverage plastic sせain

ratiormwasaslowas l.35orless.

[0107]
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ln 皿estNumbers 14 alld 14B, 山 eamountsofCwereexcessivelysmall. As a

result,山 e cryst副 grain sizenumberbecamelessthan ll.0. ln 皿estNumber 14B, 山 e

concentrationofFein 山 esmfacelayeroftheNidiffusionplatedlayerwas almostthe

same as l山at in 13B alld was inanaPProPriaterange,butl 山ecryst 副 grain diameters

werelarge.

[0108]

ln 皿estNumbers 15 alld 15B, 山 eamountsofCwereexcessivelysmall. As a

result,山 e cryst副 grain sizenumberbecamelessthan ll.0. Furdlermore,the yield

stren停hwas alsoaslowasless 山 an220M 【Pa. lnrFestNumber 15B, the

concentrationofFein 山 esmfacelayerofl 山eNidifFusionplatedlayerwas almostthe

sameas 山 atin13B.

[0109]

ln皿estNumbers 16 alld 16B,F1was lessl山an 山 elowerlimitofExpression

(1). Therelbre, 山 eyieldpointelongationYP-ELwashigherthzm o%. ln 16B, the

concentrationofFein 山 eslurfacelayerofl 山eNidifFusionplatedlayer was in an

appropriaterange. lnaddition, 山 eaverageplastics せainratio rm was as low as l.35

orless.

[0110]

ln皿estNumbers 17 瀧ld 17B, F1exceeded 山 eupperlimitofExpression(1).

As aresult, the crystal grain size number was lessthan ll.○. ln1lest Number 17B, 山 e

concentrationofFein 山 eslurfacelayerof 山 eNidifl『usionplatedlayer was in an

appropriaterange.

[0111]

ln 皿estNumbers 18 alld 18B, 山 e amounts ofCwereexcessivelylarge,and,

垣巾]ermore, F1 was less l山an 山 e lowerlimitofExpression(1). Therelbre,the yield

‐ 53 ‐



point elongation YP-ELwashigherl 山ano%. Furdlermole, 山 e yield s立en停hYP

exceeded390Mpa,thetensiles 口eng曲 TSexceeded390Mpa,and 山 etotal elongmion

ELwas lessthan32%. ln18B, 山 econcentrationofFein 山 esurface layer of山 e Ni

di節usion plated layer was in an approprimerange.

[0112]

ln 皿estNumbers l9 alld l9B, 山 e amounts ofCwereexcessivelylarge.

ThereFore, 山 e crystal grainsizenum ーberwaslessthan ll.○. Fu 【hermore, 山 e yield

stren停hYPexceeded390M[Pa, 山 etensiles 立en停hTSexceeded390M[Pa,and the

tot…U elong 砥ion ELwas less山 an32%. ln l9B, 山 econcentrmionofFein 山 esurface

layer of山 e Ni difl『usion P1ated layer wasinanaPProPriaterange.

[0113]

ln皿estNumbers 20 瀧ld 20B, F1exceeded 山 eupperlimitofExpression(1).

As aresult,thecrystalgrainsizenumberwasless than ll.○. ln 20B, 山 e

concentrationofFein 山 eslurfacelayerofl 山eNidifFusionplatedlayer was in an

appropriaterange.

[0114]

ln皿estNumbers 21 瀧ld 21B, F1exceeded 山 eupperlimitofExpression(1).

ThereFore, 山 e crystal grain size numberwas lessl山 an ll.0. ln21B, 山 e concen せation

ofFe in山 e surface layer ofl山e Ni diffusionplatedlayerwasinanappropriaterange.

ln addition, the average plastic strain ratio rm was as lowas l.35orless.

[0115]

ln皿estNumbers 22 alld 22B,F1was lessl山an 山 elowerlimitofExpression

(1). ThereFore, theyieldpointelongationYP ‐ELwashigherthan o%. ln 22B, the

concentrationofFein 山 esmfacelayerofl 山eNidifFusionplatedlayer was in an

appropriaterange.
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[0116]

ln 皿estNumbers 23 alld 23B, 山 eannealingtemperat 山resSTwereexcessively

low. ThereFore, 山 eaverageplastics せainratiosrmwereaslowas l.35orless,and,

Guldlermore, 山 e in‐planemQiso 立opy △rwaslower 山 an-0.30.Underl 山 e annealing

conditionof23B,Fewas notdetectedin 山 eslurfacelayeroftheNidiffusion plated

layer ・

[0117]

ln 皿estNumbers 24 aIーd24B,theannealingtemperatmessTwere excessively

high. ThereFore, 山 e crystalgrainsizenumbersbecameless 山 an ll.0,and 山 ecrystal

gra・nswereco 嶺 sened. Furdlermore, 山 eyields 立eni醇hwaslessthan220 M[Pa,and

thetensiles 口en帥ーwasaslowaslessthan330Mpa.ln24B, 山 econcentrmion ofFe

in山 e smface layer ofl山e Ni difFusion platedlayerwas inanappropriaterange.

[0118]

ln皿estNumbers 25 a11d 25B, 山 e行nishtemperaturesFTwereexcessively

high. ThereFore, 山 eaverageplasticsl 止ainratiosrmwere as low as l.35 orless. ln

25B,theconcen 立ationofFein 山 esuurfacelayerof 山 eNidiffusionplatedlayer was in

an appropriaterange.

[0119]

ln llestNumbers 26 and 26B,the6nishtemperaturesFTwereexcessively low

ThereFore, 山ーein‐planeanisotropy △rwas lower 由ーan- ○.30. ln 26B, 山 e concenu ÷ation

ofFe in山 e surfacelayerof 山 eNidi 節usionplatedlayerwasinanappropriaterange.

[0120]

ln皿estNumbers 27 a11d 27B, 山lecoilingtemperat 山resCTwereexcessively

high. ThereFore, 山 ecrystalgrainsizenumbersbecame less山 an ll.0. ln 27B,the

concentrationofFein 山 eslurfacelayerofl 山eNidifFusionplatedlayer was in an
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apploprlate range.

[0121]

ln皿estNumbers 28 a11d 28B, 山 ecoilingtemperat 田 esCTwereexcessively

low. ThereFore, 山 eaverageplastics せainratiosrmwereaslowas l.35orless,and,

6u【hermore, thein ‐P1aneaniso 立opy △rwaslower 山 an- ○.30. ln 28B, 山 e

concentrationofFein 山 esuurfacelayerof 山 eNidifl『usionplatedlayer was in an

appropriaterange.

[0122]

ln 1lestNumbers 29 and 29B, 山 eslabhemingtemperatureswereexcessively

high. ThereFore, the crystal grainsizenumbersbecameless 山 an ll.0. Fuu【thermore,

the average plastic strmn rモ=[iosrwereaslowas l.35 or less. ln 29B, 山 e

concentrationofFein 山 esuurfacelayerof 山ーeNidifl『usionplatedlayer was in an

appropriaterange.

[0123]

ln 1lestNumbers 30 and 30B, 山 e amounts ofCwereexcessivelysmall,and,

垣巾]ermore, F1 exceeded 山 e upperlimitofExpression(1).Furdlermore, 山 e

annealing temper 孤 uuresSTwereexcessivelylow. Asaresult, 山 eaverage plastic

strmnr モ=[iosrwereaslowas l.35orless. ln30B,Fewasnotdetectedin 山 esurface

layer ofl山e Ni difFusionplatedlayer. lnmechemicalcompositionofasteeIT, an

appropriate annealingtemperature is consideredto be 7800Cwi 中 an assumPtion 中 at a

preIR}rred crystalgr 額 nsizeisensuured. H:owever,undersuchanannealingcondition,

the adhesion amount ofNi was large,a llditwasnotpossibleto mal(e 山 e 副loying of

Ni and FeproceeduPto 山 esurfacelayerof 山 eNidifFusionplatedlayer.

[0124]

ln 皿estNumbers 31 alld 31B, 値 e amounts ofCwereexcessivelysmall,and,
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垣巾]ermo ・e, F1 exceeded 山 e upperlimitofExpression(1).Furdlermore, 山 e crystal

grain size numbers becalneless 山 an ll.0. Funhermore, 山 eyield streng 化ls were as

lowaslessl 山an220M 【Pa,and 山 etensiles 立eni夢hswereaslowasless 山 an330M 【Pa.

ln 31B, the concenu÷ationofFein 山ーesurfacelayerof 山ーeトTidi節usionplated layer was

ln an appropriaterange.

[0125]

ln 皿estNumbers 32 alld 32B, 山 eamountsofCwereexcessively smalI

FWthermore, the annealing temperatmes sTwereexcessivelylow. As aresult, 山 e

average plastic strain ratios r were aslowas l.35 orless. ln32B,Fewas notdetected

in山 e smface layer ofl山eNidifFusionplatedlayer. Anappropriate annealing

temperatmeofasteeIXisconsideredtobe7800Cwithanassumption 山 at apre 化 rred

crystal grainsizeisensured,and,undersuchanannealingcondition, 山 e adhesion

amountofNiwaslarge,anditwasnotpossibleto mal(e 山 e 副loying ofNi and Fe

proceedupto 山 esurfacelayerof 山 eNidifFusionplatedlayer.

[0126]

ln 皿estNumbers 33 alld 33B, 山 e amounts ofCwereexcessivelysmall.

ThereFore, 山 e crystal grain size numbers becalneless 山 an ll.○. Fu 【hermore, 山 e

yield s立eni胃;hswereasl0 waslessthan220M[Pa. ln 33B, the concen 立ationofFein

thesurfacelayerof 山 eNidill『usionplatedlayerwasinanappropriaterange. ln

addition, the averageplasticstri=nrmiormwasas lowas l.35orless.

[0127]

ln 皿estNumbers 34 alld 34B, 山 e amounts ofCwereexcessivelysmall.

Fuぱthermore, the annealing temperatures ST were excessivelylow. Asaresult, the

average plasticstrmnr …=tiosrwereaslowas l.35 orless. ln34B,Fewas notdetected

in山 e suurfacelayerof 山 eNidill『usionplを辻edlayer. Anapproprim;e annealing
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temperatme ofa steeIY is considered to be 78(アCwi 山 anassumption 山 at apre 化rred

crystal grainsizeisensured,and,undersuchanannealingcondition, 山 e adhesion

amountofNiwaslarge,anditwas notpossibletomal 【e山 ealloying ofNi and Fe

proceedupto 山 esurfacelayerof 山 eNidiffusionplatedlayer.

[0128]

ln 皿estNumbers 35 alld 35B, 山 e amounts ofCwereexcessivelysmall.

ThereFore, 山 e crystal grain size numbers becamelessl 山 an ll.0. Furdlermore, 山 e

yields 立eni胃;hswereasl0 waslessthan220M[Pa. ln 35B, the concen 立ation ofFe in

the surface layerofl 山eNidiffusionplatedlayerwasinanappropriatera ぱ1ge.

[0129]

Test Number 35B2 is im example ofl山esame condition as l山at ofrllest

Number35B exceptFor 山 efact 山 eadhesionamountofNiin 山 eNiplating. ln mest

Number 35B2, the adhesionamountofNiin 山 eNiplatingwasexcessivelysmall.

ThereFore, 山 econcen せationofFein 山 esmfacelayeroftheNidiffusion plated layer

wasmore 山 an80%bymass.

[0130]

Test Number 35B3 is im example ofl山esame condition as that ofTest

Number35B exceptFor 山 efact 山 eadhesionamountofNiin 山 eNiplating. ln mest

Number 35B3, the adhesionamountofNiin 山 eNiplatingwasexcessivelylarge.

ThereFore, 山 econcen せationofFein 山 esmfacelayeroftheNidiffusion plated layer

wasless 中 anL3%bymass. lnaddition, 山 eaverageplasticstrainratio rm was as low

as l.35orless.

[0131]

ln mestNumbers 36 alld 36B, 山 eamountsofM[nwereexcessivelylarge. As

aresult, 山 etensilestrengl 山swereashighasmore 山 an390M 【Pa. ThereFore,the total
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elongations were less 山 an 32%, 山 e plastic strain ratiosrmwereas lowas l.35orless,

and,Guldlermore, 山 ein‐planeaniso 立opy △rwaslower 山 all-0.30.

[0132]

ln皿estNumbers 37 alld 37B, 山 erollingreductionsincold rolling were

higherthzm90%. As aresult, 山 ein-plauleanisotropy △rwas lowerthan-0.30

[0133]

ln rFestNumbers 38 alーd38B,therollingreductionsincoldrolling were less

than80%. Asaresult, 山 ein‐planeaniso 立opy △rwas lower 中細ー-0.30.

[0134]

ln rFestNumbers 39 alld 39B, the sheetthicknesseswerelarger 山 ano.50mm.

ThereFore, 山 e plastic strain ratios rm wereas lowas l.35orless,a lld,Gunhermore, 山 e

in‐planeianiso 立opy △rwaslowerl 山 an-0.30.

[0135]

ln皿estNumbers 40 alld 40B,thetemPerrollingreductions were less l山an

o.5%.ThereFore,theyieldpointelongmionsYP ‐ELwerehigher 山 ano%

[0136]

Hi山 eno,the embodiment ofthe present invention has been described.

However, 山 eabove ‐describedembodimentis simplyanexampleFor carrying out 山 e

present invention. ThereFore, 山 epresentinventionis notlimitedto 山 eabove-

described embodiment,a lーditispossibletoappropriatelymodifyandc そばry outthe

above ‐described embodimentwi 山 inthescopeof 山 egistofthepresentinvention.

[lndustriaIApplicability]

[0137]

Accordingto the present invention,itispossibletoprovidea6ne ‐grained

cold rolled steel sheet For a drawn can which is excellent in terms ofpress formability,
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surface roughening resistance 。facan,ande 側ringresistance,anddoeSnotage.
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[Document Type]CLAIMS

W〆hat is claimedis:

1. Acold rolled steel sheet For a drawn czm comprising,asachemical

composition,bymass%

C:0.0060%too.0110%;

Si:0.50%or less;

N[n:0.70%or less;

P:0.070%or less;

S:0.050%or less;

SOI.AI:0.005%too.100%;

N:less 山 ano.0025%;

Nbs 砥is写ingExpression(1);

B:0%too.0030%;and

Ti:0%too.035%

with aremainder ofFe and an impurity,

wherein 山 e steel sheet fiora drawn can include a ferritesingle-phase sb[lucture

with acryst…Ugrmnsizenumberofll.oormore,

a sheetthickness is o.15too.50mm,and

in an Ldirection ofthe steel sheet aaer an ageingtremment a直10oolo fiorone

hou ば,

a yield s立en停hYPis 220to290MPa,

atensile strengl山 TS is330to390M[Pa,

atotal elongation ELis 32‐%ormore,

a yield point elongation YP‐ELis o%,

an average plastic sせainratiormismore 山 an l.35,and
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anin ‐plane anisotropy △ris ‐0.30to 十0.15,

500X C くNb/c く 8.0- - (1)

here,to element symbols in Expression(1), 山 eamounts (% bymass)ofthe

correspondingelementsafeassigned.

2. Thecoldrolledsteelsheetfioradrawncan according to CI…Um l,6u【her

including:

ally one ofthe group consisting ofaNi ‐platedlayer,aNidiffusion P1ated

layer, a sn‐platedlayer,andatin コ丘eesteel(TFS)-platedlayeronasur 魚 ce.

3. The cold rolled steel sheet For adrawn can acco【dingtoC1mm2,

including:

山 eNidifFusionplatedlayerhavinganadhesionamount ofNi of9.oto27.0

g/m2,

wherein, in中 e case ofanalyzingaconcen せationofFeinasurface layer of

the Ni difFusion P1atedlayerbyXPS, 山 econcentrationofFeis3%to80% bymass%

4. The cold rolled steel sheet fiora drawn can according to C1ain[12,

including:

山 eNidiffusionplatedlayerhavinganadhesionamount ofNi of9.oto22.5

g/m2,

wherein, in中 e case ofanalyzingaconcen せationofFeinasurface layer of

the Ni difFusion platedlayerbyXPS, 山 econcentrationofFeis3%to80% bymass%

5. Amelhod For ma11u1陵ctwingthecoldrolledsteelsheetForadrawn can
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according to C1mm l, themelhodcomprising:

heating a castPiece havingthe chemic 副 comPositionaccordingtoC1aim l to

l,00び C to l,2800(), cmFryingouta 行nishrollingatarolling 行nish temPerature of

87び C to 960OC,cooling 山 e行nish‐rolledcastPieceaaer 行nishrolling,and coiling 山 e

6nish‐rolled castPiece at 45001o ot higherandlowerthan7000(),thereby

manu 云acmring ahot rolled steelsheet;

cそ紅tyingoutacoldrollingonthehotrolledsteelsheetatacoldrolling

reduction of80%ormoreandlessthan90%, 山 erebymanufacturingacoldrolled steel

sheet havingasheet 伍 icblessofo.15too.50mm;

cそ紅tyingoutacontinuous annealinginwhichthecoldrolledsteel sheet is

soakedat8100Cto8500C alld位 en cooled; alld

temPer‐rollingthecoldrolledsteelsheet 山 athasbeencontinuously annealed

atarollingreductionofo.5%to5.0%.

6. The me 山 odFormanufacturingacoldrolledsteelsheetForad rawn can

accordingtoC1aim5,

wherein, in mallufact 皿 ing 山 ehotrolledsteelsheet, 山 ecastPieceisheated at

l,1α C to l,2300C alld coiled at 6000Cto6700C, 山 erebymanufacturing 山 ehotrolled

steelsheet.

7. Themelhodfiormanufacturingacoldrolledsteelsheetfioradrawn can

according toC1mm5or6,6u ばthercomPrising:

cm〔tying out, a負:erthe temPetrolling,anyoneofthegrouPconsisting ofaNi

P1ating せeatment,aSnP1ating せeatment,andatinfreesteel(TFS)P1ating せeatment on

at least one surfaceof 山 ecoldrolledsteelsheet.
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8. The me 山 odFormanufacturingacoldrolledsteelsheetForadrawn can

according toc1mm5or6,6U ばthercomprising:

a6ter mallufacturingthe coldrolled steel sheet iuld beFore cそlfrying out l山e

continuousannealing,cm[ryingoutaNiP1ating せeatment in which an adhesion alnount

ofNi is 9.o to 27.o g/m2 on at leastonesuurfaceofthecoldrolledsteelsheet.

9. The me 山 odFormanufacturingacoldrolledsteelsheetForadrawn can

according toc1mm5or6,6U ばthercomprising:

a6ter mallufacturingthe coldrolled steel sheet iuld beFore cそlfrying out l山e

continuousannealing,cm[ryingoutaNiP1ating せeatment in which an adhesion alnount

ofNiis 9.oto22.5g/m2onatleastonesuurfaceof 曲ーecoldrolledsteelsheet.
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