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Conventionally, a Ni-plated steel sheet has been‘
popularly used as a material for manufacturing battery cans.
Also, to further enhance the corrosion resistance of an outer
surface of a battery can, there has been used a Ni-plated steel
sheet where Ni plating is formed on a surface of a steel sheet
corresponding toanouter surface of abatterycanand, thereafter,
a Fe-Ni diffusion layer is formed by applying heat treatment
to the Ni-plated steel sheet.

As properties which such a Ni-plated steel sheet for
manufacturing a battery can is required to possess, the stable
press formability can be named along with the excellent battery
characteristic and the excellent corrosion resistance. The
stable press formability means that the scratches are not formed

on a battery can and no seizure is generated at the time of press

forming. Press formability is an important factor in terms of
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containing a brightening agent of a sems-briglitenlng agent. is fornmed on
the allovoorentioed | ayer, and an average surface tougeness Ra of the

Nl -plated layar is set to 0.3 umor nere. Also in such a. N eplatad stael
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containing a brightening agent or a semi-brightening agent is

formed on the above-mentioned layer, and an average surface
roughness Ra of the Ni-plated layer is set to 0.3 pm or more.
Also in such a Ni-plated steel sheet, a coating weight of the
Fe-Ni diffusion layer or a coating weight of the Fe-Ni diffusion
layer and the recrystallized softened Ni-plated layer formed
on the Fe-Ni diffusion layer is 5 to 45g/m2 in terms of Ni (a
Ni amount of the Fe-Ni diffusion layer or a total Ni amount of

the Fe-Ni diffusion layer and the recrystallized softened



METI ES HOP. SOLVI NG TUE PROBLEM S 000 3.1
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can, Mde Carryi CQut ntl on [.0008 Acccor di ng to an er enmbodi ment .
| Of t he ﬁL€§éﬁFeFﬁ@gﬂ&ﬁ%Lite stee shee or a tery ca ere
Fe-Ni diffusion layer is formed on a surface of a steel sheet
corresponding to an outer surface of the battery can, and a
Ni-plated layer <containing a brightening agent or a
semi-brightening agent is formed on the Fe-Ni diffusion layer,
average roughness Ra of the Ni-plated layer is 0.lum or more
and lum or less, and its Rmax is lpum or more and 10um or less.

Also in such a Ni-plated steel sheet, a coating weight of the
Fe-Ni diffusion layer is 5 to 45g/m2 in terms of Ni and a coating
weight of the Ni-plated layer containing the brightening agent
or the semi-brightening agent is 0.5 to 20g/n€ in terms of Ni.

Prior Art Document
Patent Document
[0004]

Patent document 1: Japanese Patent 4051012

Patent document 2: Japanese Patent 4051021

SUMMARY OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE
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the excellent press formability while preventing the generation

of scratches and the generation of seizure to a mold at the time

of forming the battery can.

MEANS FOR SOLVING THE PROBLEMS
[0006]

(1) The present invention is directed toaNi-plated steel
sheet for a battery can having excellent press formability,
wherein

an Fe-Ni diffusion layer and a softened Ni layer formed
on the Fe-Ni diffusion layer are formed on a surface of a steel
sheet corresponding to an outer surface of the battery can,

a semi-bright Ni plating layer is formed on the softened
Ni layer,

a Ni ceating weight of the Fe-Ni diffusion layer and the

softened Ni layer formed on the Fe-Ni diffusion layer is set
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(2) In the Ni-plated steel sheet for a battery can having
excellent press formability having the above-mentioned
constitution (1), the Ni coating weight of the Fe-Ni diffusion
layer and the softened Ni layer formed on the Fe-Ni diffusion
layer is 5 to 8g/m?, and the Ni coating weight of semi-bright
Ni plating layer is 8g/m? or more.

ADVANTAGEQUS EFFECTS OF THE INVENTION
[0007]

The present invention canprovideaNi-platedsteel sheet
foracanhaving theexcellent press formabilitywhile preventing
the generation of scratches and the generation of seizure to
a mold at the time of forming the battery can.

Mode for Carrying Out the Invention
[0008]
According to an embodiment 1 of the present invention,

there isprovidedaNi-plated steel sheet for abatterycanhaving



ahCfusHe | ayer having a. thM ganoss |arger than necessary i3 rornmed, srace
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lyhri-..hjs.:2,. when the thickness ofife-Na. diftusl.on idefer is large...
in pnaes--- j: irral 3,.)4b ::tel:13/ Ca 3.: aFcnx:cing .r :tnio.k anal
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current deéPsiey 9% Ssefrt1w 5Se EETT PAT 2 aNd TEABCREHEhercuC et is to
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20um or less, and surface roughness Ra’ of a surface of the

semi-bright Ni plating layer in an area of 2.5um x 2.5um which

is obtained by an atomic force microscope falls within a range

from 5 to 22nm.

Further, according to an embodiment 2 of the present
invention, in the Ni-plated steel sheet for a battery can having
excellent press formability in the above-mentioned (1), the Ni
coating weight of the Fe-Ni diffusion layer and the softened
Ni layer formed on the Fe-Ni diffusion layer is 5 to 8g/m?, and
the Ni coating weight of the semi-bright Ni plating layer is
8g/m? or more.

The embodiments of the present invention are explained
in detail hereinafter.

[0009]
<Steel sheet>

Usually, a low carbon aluminum-killed hot-rolled coil



[ NO131 <Diffusion> Next:. heat tniatiiient for formng- a .0e-Na. cti . ,
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pr, udi noed ;hy ;an zint siopi g e5ack LLiathod nefersed t oras: hyd,deeEul rich
anneal ingtral VO K ahla heat transfritthis tie tbut.1., ta.VC ha.h-1ja
fh'fla tH@iorae. rat:arca ,:::).3tribh.tikih: is asp:sir:et; in the ircaide
of a steel. strip in the longitudinal direction as well as in the.

wi dt hwi se <direecetbegniorbe fidre stleelingtrip and hence " ttle rieflitul has art
advant ageous e tree': that. one trreglalariticeein the Fo-N diffnaiun
layer in tne of Ahersites tredigs e eiher|driogel wriatiles § e BN

di ffueion._layer between steel strips.can. be decreased, [0014 <Tenper
rfrilLies 1™ frorn}&fjt%}aﬁiu&'%?f?.o. %.c.o.l%r—ﬁﬂ%f‘?%,sﬁ??rﬁé £t e 1P Oieot eet

-ie. roll i Lj . ' - thess ted t
le. ro %ghgé?ﬁgggggrelge&w 50 ctﬂé%lﬁgg@gl%t@hln aperkiessane dyparted to

t he steel the surtace rcuih e pl ati ng-1ayer whict3

forms a suiface dUrcoRlRg-anuouhghnsukbace0fi-accapndoi adjusied o a
predel erm ned roughness The tenrer folio is perforned such that ayere'ge

roughness sRath ataa:m@inedghyta. After the scateughnessvgaugenbetomes 1.0;: m
or- nore ang. 2,0pm O ieso, and a maxi mhm hei ght. Spm or nore and.

20i . i . m orsheet is rolThilstd s beediste thy cadpastimg-callke raverages ¥ oughness Rat
and the, maal mum height Ry within such cahges, it is possible-to set the
ayeadpr e rl@dghAess Rat and the nexi monheight Ry after succeeding- re

-pl ating edthi n,pr eget erm ned. ranges. [001.5] <Re-plating- of sem -bright
Ni biafing nneating Tyfter adjusting surface roughness to predeterm ned

roughness by terﬂ)ﬁ{ef Qjollhﬂgg Sem zbrdighton Mo spl ati g ot fgbpReorigore. is
appliedto the NI olaTirn; |ayer- being asin:facewhich
rolling is cleaned by electrolytic cleaning, the steel sheet
is annealed.
Annealing may be performed by either one of continuous
annealing and box annealing, and is not limited specifically.
After annealing is applied to the steel sheet, a shape of the
steel sheet is modified.
[0012]
<Ni plating>
Next, Ni plating is applied to the steel sheet.

In general, although a Ni sulfate bath which is referred

to as a watt bath is mainly used as a Ni plating bath, besides
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a beseleifity that scratches are generated cn wail _ of a battery can O
seizure is eenbrated on at neld, The reason an Nf bestirs; weignr of the
PeeNi | ayer and the softened N layer: for:rud oh the-Ni Pediffusion |ayer
is se:: snma:: t hail an NI. coat:ingweignt of La :38:71:1 :at Ni plating

| ayer is thet tne Pe-Nf diffnsion |ayer fornmed by

CT:E:1i8 :Mated tht: rrus ionla Ver at ie;;* f: Kea.: ne a bat eryca

rbl ei Ehi | e attéadtthebx: afhloxude Paghfon Flohalne omatler rap A coating  exi SY. 3
a possibility that the corrosjon rgsistanc IS advej.x:ialg énfluenced,

.nocor i upl%EEgRE: °F SINBLEELRT vt §OFERFRIRT HEEp"T AF 1Y iTHSG°, P HES ' N | aye

ha v ise a infr. S gua. o] : Kee I . . Frriusion
| aye ;:or%ﬁﬁn%gséﬂgﬁhééPﬁ%ﬁ.ﬂT%U%#%.1Hé%é2$§gé ﬁgud%ﬁgggggaléﬁit%ﬁ
re-pi:sting2rerably set to 5 to g/mPreferable 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 thanidz0eifewaerspacenbetoseengantighsheet: candriearaseld’ Litt wWNith
aliairmt enters at tne tThie press -torm np becesns smai f and hence,
scrshehes vard sekizutof farse dni abkettent il gbnépated, Otnatkiyarfrhivd atl, when
saver& g e totea 1-lemmrtie.edsi.2 the generation off 'powder particles
from r oephFeds Fv19% (F3 ErSurf aédyeF oRpHEIT Ay step i & "Far gty i eased

thus indvtin belity eni.s_sesh dent s ,caused owde articles,:
Aecnrdinp&??gggéré@% ?%gﬁéhﬁéiéuﬁéO%iﬁﬁﬁﬁﬁ ﬁﬁdz.e?ﬁ%ﬂ#gﬁfpﬁgde eéﬁ%%ible .t hnxe
a vi ewpoi D A Lrs .3 the i nxi i on of
scratchesQ%ﬁgkfglg?%?gig |t.Cﬁﬁnﬁgsggfﬁgt§§f¥%§$%3%§tgggi?%??gé sa, ouni of
inbru:txhit betweennheChthar Hikid,arapdrés Ste@el ni SiaSeally, wMght iia" a
portion otsteei sheet which. firstly comes into contact wite the die will.
becone a bettdem portlnresefi sa- dbat¢ernt canj clantds @sthdeebot it §etsigortion i3
hardly. wo-pke,d, aohness at tha steel sheet remains. Ronan:tingly: by-
setting awarage tamoecohessaReal then recyisativny 6 ANeaeng, Opet, it is
':1;83:: _biete a ..)ly an. anmount. et |ubricant pattery ca.c. or the

iy
generattag of séﬁgﬁéFFe P BISE51R TEPTEM Y Ul alecBr? the"%t'edld ehoet
0011.7; ...R axt | ght > .t 13 i t, a range
O AP LI Y o D 1S b e e e

ot nmexiitum a re -pla st ant

. Lai . Lvsogi.e Féﬁf@’aitf%hs%ﬁim%& a\wer 8ge 1.pUghnessed, and the Fe-Ni
to. That is, with respect to the surface tonohness, tendency. which is

subst anti aliltyuegeal 1a {0 teSodkE: hi £y=0hsenvede wShserd@sSpect aydOor
:1.x..Tersa(ae ,:all0;ftnesn eiee observed with. respect to the nazi mem
hei ght Ry aahdotheneeynsitierial pr eneeables t oAsebrd ey maxivhemtire Filiiby to
avaiie W8I Ch, within a range .f..rOXEl 201.j.Zl. ‘

diffusion layer having a thickness larger than necessary is

formed, cracks are generated in the Fe-Ni diffusion layer at

the time of forming a battery can leading to the expcsure of

the iron base material thus adversely influencing the corrosion

resistance.

Further, when the thickness of the Fe-Ni diffusion layer
is large, in press-forming a battery can, a load for working

a thick and hard plated film becomes necessary and hence, a load

is applied to a mold thus giving rise to a possibility that wear
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semi-bright plating where an organic compound referred to as
leveling agent which makes a precipitated crystal surface of
a plating layer smooth is added to a plating bath, and bright
Ni plating where an organic compound which contains sulfur
component for making a plating layer bright by making the Ni
plating crystal structure fine with the further addition of a
leveling agent to a plating bath are named. However, Ni plating
which is formed using a bath where an organic compound containing
a sulfur component is added to the bath is not preferable as
Ni plating of the present invention.
This is because, in thermal diffusion treatment which
follows Ni plating as a next step after, a sulfur containing
compound intrudes into a plating layer and hence, brittleness

is causedatthe time of heat treatment thusdeterioratingvarious

properties such as corrosion resistance.
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the continuous annealing furnace, usually, a Ni diffusion
temperature which falls within a range from 600°C to 700°C and
a Ni diffusion time which falls within a range from 30 seconds
to 120 seconds are used in usual Ni diffusion by heating. An
annealing atmosphere may be a non-oxidization protective gas
atmosphere or a reduction protective gas atmosphere.

In the present invention, as a heat treatment method by
box annealing, preferably used is the heat treatment which uses
aprotective gas consistingof 75% of hydrogen and 25% of nitrogen
produced by an ammonia crack method referred to as hydrogen rich
annealing with favorable heat transfer. In this method,
favorable uniformity of temperature distribution is acquired
in the inside of a steel strip in the longitudinal direction
as well as in the widthwise direction of the steel strip and
hence, the method has an advantageous effect that the

irregularities in the Fe-Ni diffusion layer in the inside of

10



ti-nm matte [:imidoer sem ebs.:irfht plating is :also eharactdricee in
that. cxi dadation. advdnees 3i nwnv conpared. co bright NN hlai :id- and
hence, the contaet rem stanee is nct increasod tdum (stem a:siting

sem shright :plating fromadirecone.ly influendlcm: characteristics.
Accoringly, sem sdrieht plating is suitable for acquiring both press 1t
preterabl esurf ace roughness atter smma-briqdt N riatlng be nieanmureo by
an atom cm croscope. Although t tee re i s aim,:dlietnch whi ehobservem
ncdnnUrt ade roughness by an electron r) _c)xc.occ)()e it le thfticmt for an
numeri cal wral RaEB1i f:rvew ehei 1 fegsaaciitdiem sNQ OGRENIDYI f fudeaahr enent
The nmeannrenent using a traceabl e cononness ganoe or a |aser m croscope
1.5 al so diayfefr: b@ulvten §rom -grmiewpoent batdacciasacy i n. meassrenent,
Accordi ngly, surface roughness after ser” -bright N platicg is neasured
usi ng' an é)[odrﬁ]c force arMroscope (surface roughness neasured using the
atoadt: fotcc n‘icroitfslﬁ)e being retertacit. c, as "surface roughness Ra' :
and as rougliifess RA*atYseni-bright plating is set to a value which tails
within ar.in-ig . rface . - Lt plating |
ilmh&Vifl.g an Igjf—ééerg%ﬁgig&pgﬁ%ﬁﬁgég’ Hefstlef h%%ttsﬁsr gggééric?é/ghness Rar
exceeds 22nh.scrat ches arenhiable 1,0 he ?;%%EY@ﬂeQQan’ia wabkrofq acaner
seizure is lastde to be generated OR a nold, On the other hand, when.
surface razel sness Ratet,i sinsinahéesuthan: Samyhhhes edecthe girgsitsitance of an
Ni plating filmdte to oxid,i2J.(in of the NN. plating filmis trio teased
t hus | owerldng rCadheiarip rebar actréricst b esomisr ondingly sursaet aded rovgl i cess
Ra' having Such values is not preferable, [0022; CEorm ng of battery can>

Nezt, a batt 8fyuearit® fdrifst:tusdiinglar NeR!pisted StedlsShéet o t%hi s
enbed: | . nen t hcugh. sei ze. ot theis:terﬁ/c .4 n%&
speci fi caIJ15y E16irnj:iOtrtrana',éd ,EB\.CHA}&RaEr & mar esf:%lé%hlﬁj%sésd, e g egf csani ng a
bat s: Sexy.t%%’&e'a%l{eokw#@sasr ?é\é‘g@gbe&‘ﬁé %(.%ﬁfn! gﬁ%yéj_a%fd how,yigcosity or
water-soli:hie erldsion is used’as a pllnass'lithruicai RLan
and: ef | al ,1Lis21i 2 pi sPaad istRehe sheelr 18cLohaBd um bst Qo fe draWoEkRd N a first
step and, the.reafter the sup is fcn."re.r.iv:: so as to have a diantLer
ol a P.Errleisery can st kbtloyvaolsadbawengus nitdrés toesige stagesesn Reot al , and
the cup is forned. into a battery can -hr.70",.:z0:1. further roar stapes,

and the maximum height Ry within such ranges, it is possible

to set the average roughness Ra and the maximum height Ry after

succeeding re-plating within predetermined ranges.

[0015]

<Re-plating of semi-bright Ni plating>

After adjusting surface roughness to predetermined

roughness by temper rolling, semi-bright Ni plating of 8g/m?

or more is applied to the Ni plating layer being a surface which

will become an outer surface of a can.

When a coating weight of semi~bright plating is less than
8g/m?, a semi-bright plating effect does not appear and hence,
sufficient press formability cannot be acquired. Further,

there exists a possibility that scratches are generated on a

wall of a battery can or seizure is generated on a mold.
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The reason an Ni coating weight of the Fe-Ni diffusion
layer and the softened Ni layer formed on the Fe-Ni diffusion
layer is set smaller than an Ni coating weight of the semi-bright
Ni plating layer is that the Fe-Ni diffusion layer formed by
annealing is hard so that there exists a possibility that cracks
are generated in the Fe-Ni diffusion layer at the time of forming
abatterycanleadingtotheexposureofironbasematerial whereby
there exists a possibility that the corrosion resistance is
adversely influenced. Accordingly, it is necessary to form,
by re-plating, the Ni layer having a thickness equal to or more
thanathicknessof the Fe-Nidiffusionlayer formedbyannealing.
[0016]
<Average roughness Ra after re-plating>

It is preferable to set average roughness Ra after
re-plating to 1.0 to 2.0pm. The reason is that when average
roughness Ra is less than 1.0pm, a space between a steel sheet
and a mold into which a lubricant enters at the time of
press-forming becomes small and hence, scratches and seizure
are liable to be generated.

On the otherhand, whenaverage roughness Raexceeds 2.0um,
the generation of powder particles from roughness rolls in a
surface roughening step is largely increased thus inducing
quality defects such as dents caused by powder particles.
Accordingly, average roughness Ra exceeding 2.0pm is not
desirable from a viewpoint of the manufacture.

To prevent the generation of scratches and seizure, it

is necessary to impregnate a large amount of lubricant between
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a bottom portion of a battery can, and as the bottom portion
is hardly worked, roughness of the steel sheet remains.
Accordingly, by setting average roughness Ra after re-plating
to 1.0 to 2.0pm, it is possible to apply an amount of lubricant
which can prevent the generation of scratches on a wall of a
battery can or the generation of seizure to a mold to a surface
of the steel sheet.
[0017]
<Maximum height Ry>
In this embodiment, a range of maximum height Ry after
re-plating is also defined by the substantially same reason for
defining average roughness Ra. That is, with respect to the
surface roughness, tendency which is substantially equal to
tendency observed with respect to average roughness Ra is also
observed with respect to the maximum height Ry and hence, it
is preferable to set the maximum height Ry to a value which falls
within a range from 5.0 to 20pm.
The reason for defining an upper limit and a lower limit
of the range of maximum height Ry is as same as the reason set
forth in conjunction with average roughness Ra.
As the reason for such setting, it is thought that when
the maximum height Ry is less than 5.0um, a space which is defined
between a steel sheet and a mold and into which lubricant enters

at the time of pressing becomes small.

On the other hand, it is considered that when the maximum
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height Ry exceeds 20um, the uneveness of the surface of a Fe-Ni
diffusion layer before re-plating is large so that a possibility
that an iron base material which forms a substrate below the
Fe-Ni alloy layer is exposed is increased. Accordingly, the
maximum height Ry exceeding 20pm is not preferable from a
viewpoint of ensuring the corrosion resistance of the steel
sheet.
[0018]
<Definitions of Ra, Ry>

Definitions of the average roughness Ra and the maximum
height Ry are described in JIS B0601-1994, and this standard
shouldbe referencedwith respect to thedetailof thedefinition.
InJISB0601-1994, arithmeticaverage roughnessRa (alsoreferred
to as “average roughness Ra” in this specification) is defined
as an arithmetic average height of a roughness curve and is an
average value of absolute value deviations from an average line.
On the other hand, a maximum height Ry is defined as a height
from the lowermost bottom part to the uppermost top part for
every reference length. “Roughness curve” is a curve obtained
through an electric filter, and is a curve obtained by removing
low frequency components in a curve in cross section when an
electric traceable roughness gauge is used.
[0019]
<Measuring method of Ra, Ry>

Measuring methods of Ra, Ry are not specifically limited
provided that a roughness meter adopting a traceable surface

roughness measuring method is used. A measurement device is
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based on the description of JIS-B0651-2001.

Although no other conditions are particularly specified
with respect to themeasuringmethods except for that measurement
is performed using the traceable surface roughness measurement
device which is calibrated using a reference sheet, the
measurement is performed as follows in this embodiment.

One example of measuring method is described as follows.

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

[0020]

The average roughness Ra and the maximum height Ry depend
on roll roughness and a rolling load in a temper rolling step.

The larger the roll roughness becomes, the larger the
roughness of the plated steel sheet tobe rolled by temper rolling
becomes, while the larger the rolling load, the larger the
roughness of anoutermost surfaceof aplatedsteel sheet becomes.

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

In this embodiment, rolls used for temper rolling are

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

By also defining the surface roughness of semi-bright
Ni plating while defining macroscopic surface roughness of the
steel sheet obtained by rolling, it is possible to prevent the
generation of scratches on a wall of a can or the generation
of seizure to a mold.
[0021]

semi-bright plating is characterized by forming a harder
filmthanmatte Ni plating. Further semi-bright platingisalso
characterized in that oxidization advances slowly compared to
bright Ni plating and hence, the contact resistance is not
increased thus preventing semi-bright plating from adversely
influencing battery characteristics. Accordingly,
semi-bright plating is suitable for acquiring both press
formability and battery characteristics.

It ispreferable that surface roughness after semi-bright
Ni plating be measured by an atomic force microscope.

Althoughthereisalsoamethodwhichobserves suchsurface
roughness by an electron microscope, it is difficult for an
electron microscope to express the surface roughness with
numerical values in view of irregularities and accuracy in
measurement.

The measurement using a traceable roughness gauge or a
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laser microscope is also difficult from a viewpoint of accuracy
in measurement.

Accordingly, surface roughness after semi-bright Ni
plating is measured using an atomic force microscope (surface
roughness measured using the atomic force microscope being
referred to as “surface roughness Ra’“), and surface roughness
Ra’ of semi-bright plating is set to a value which falls within
a range from 5 to 22nm on a surface of a semi-bright plating
film having an area of 2.5pmx2.5um.

When surface roughness Ra’ exceeds 22nm, scratches are
liable to be generated on a wall of a can or seizure is liable
to be generated on a mold. On the other hand, when surface
roughness Ra’ is smaller than 5nm, the electric resistance of
an Ni plating film due to oxidization of the Ni plating film
is increased thus lowering battery characteristics.
Accordingly, surface roughness Ra’ having such values is not
preferable.

[0022]
<Forming of battery can>

Next, a battery can is formed using a Ni-plated steel
sheet of this embodiment.

Although a size of the battery can is not specifically
limited, AA, AAA are main sizes used.

A method of forming a battery can is forming by drawing.
A press liquid of low viscosity or water-soluble emulsion is
used as a press lubrication material. A Ni-plated steel sheet

is formed into a drawn cup in a first step and, thereafter, the
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cup is formed so as to have a diameter of a battery can through
drawing in three to six stages in total, and the cup is formed
into a battery can through further four stages.

As a press forming condition, the battery can is formed
such that a thickness of a can wall gradually becomes equal in
the direction toward an opening part of the battery can on which
a negative pole cap is mounted from a bottom (positive pole
terminal part) of the battery can.

As a material of the mold used for such press forming,
sintered hard alloy is preferably used. However, the material
of the mold is not specifically limited. In this embodiment,

materials described in Table 1 can be used.

[0023]
[Table 1]
resista compressi i thermal
kind of o density h:zg nce ve Yozng s conductiv
ma kel composition . force strength | MU | ity
g/m? HrA | GPa GPa GPa W/mK
G3 WC-Co 14.7 89% 2.6 4.7 579 71
NRS8 WC-Ni 14.8 a0 2.3 4.2 600 75
NR11 WC-Ni 13.5 90 2.4 4.6 530 63
NM15 WC-Ni 14 8Gé 2.5 3.5 530 50
RCCL e 14.7| 93 1 3.6 640 70
T™2 Ti-TiC-Mo 5.2 54 0.7 = 250 9.2
W3 TLTTe™Me 1 s.5-5.8| 63 0.5 - 226 9.2
. . 91.

DUX40 TiC-Ni 6.5 5 1.8 3.9 470 29
sicC SicC 3.2 94 0.6 3.5 441 46
Si;Ny Si3N,g 3.3 92é 1.1 4 314 25.1
[0024]

A lubricant used in general in press forming is roughly
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classified in two kinds of lubricants having low concentration,
that is, a mineral-oil-based lubricant and a
water-soluble-emulsion-type lubricant.

As the mineral-oil-based lubricant, a lubricant having
low viscosity where kinematic viscosity (40°C) is 40mm*/s or
less is used. The reason the lubricant having low viscosity
is used is that cleaning with a neutral surface active agent
can be performed without requiring an organic solvent or alkali
cleaning inacleaning step after forming a battery canandhence,
the lubricant works extremely significantly in terms of an
envirconmental load as well as a cost.

It is also possible to add a slight amount of additive
such as molybdenum to the lubricant. In this embodiment, the
conditions which the lubricant having low viscosity is required

to satisfy are listed in Table 2.

[0025]
[Table 2]
name of product mlnera1101l
press oil
density {15°C) g/cm’ 0.89
flash point {Ccoc) °C 190
k%nemaFlc (40°C) ma’/s 30
viscaosity
acid value mgKOH/g 1.9
color ASTM L2.5
Corrosion of 100°CX1h la
copper sheet
pour point °C -15

[0026]
The water-soluble-emulsion-type lubricant isalubricant

forpreventingseizureingeneral,andthefOllowingcomposition
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Corr 'fa: on of

examples are listed.

Such a water-soluble-emulsion-type lubricant can use hot
water in cleaning after manufacturing a can and hence, cleaning
which takes into account an environment can be easily performed
without using an organic solvent.

[0027]

<Composition examples of water-soluble emulsion>

component blending specific name of component

mlneralOll """"" 40_509 """"" mineral oil or fatty acid
ester

higher alcochol 10% t-butyl alcohol

surface-active 5 anionic or nonionic

agent ° surface~active agent

alkanolamine 5-10% triethanolamine

Gl "GO BTN 1% benzotriazole

agent

water balance

Liquid having the above-mentioned composition is mixed,
andis furtherdilutedwithwateruntil the concentrationbecomes
2 to 10% thus producing water-scluble emulsion.

Examples
[0028]

The present inventionisexplainedhereinafter in further
detail using examples and comparison examples.
<Examples>

A low carbon aluminum-killed steel sheet having a sheet
thickness of 0.25mm which is manufactured through cold-rolling
and annealing is used as an original sheet.

The composition of a steel sheet which constitutes the

original sheet is as follows.
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co: opo poul pc.) i;v;

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

The above-mentioned steel sheet is subjected to alkali
electrolytic cleaning and pickling by immersion into a sulfuric
acid and, thereafter, Ni plating is applied to the steel sheet
using a watt bath with a Ni coating weight of 5 to 8g/m2.

After performing Ni plating, continuous annealing is
performed within a temperature range from 600°C to 700°C for
30 seconds to 120 seconds thus thermally diffusing Ni in the
Ni plating layer and Fe in the steel sheet whereby two layers
consisting of the Fe-Ni diffusion layer and the softenedNi layer
are formed.

Next, temper rolling is performed such that with respect
to roughness of a surface of the steel sheet which becomes an
outer surface of a can, average roughness Ra becomes 1.0pm or
more and 2.0pm or less, and a maximum height Ry becomes Sum or

more and 20pm or less.

Further, semi-bright platingisappliedtothe steel sheet
by an amount of 8g/n€ or more thus manufacturing an Ni-plated
steel sheet for a battery can.

After re-plating, roughness of a surface of the steel
sheet is again measured, and it 1is confirmed that average
roughness Ra is 1.0um or more and 2.0pm or less, and a maximum
height Ry is 5S5pum or more and 20um or less.

A semi-bright Ni plating film formed by re-plating is
measured at 10 points in the measurement of surface roughness

within a measurement range of 2.5umx2.5um using an atomic force
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microscope (scanning-type probe microscope NanoScopeIIl made

by Digital Instruments, Inc.), andit isconfirmedthat theplated

film is semi-bright plating having surface roughness Ra’ within

5 to 20nm, and a grain size of the Ni-plating film surface layer

is smaller than a grain size of matte plating.

Ni plated steel sheets of embodiments 1 to 15 which are

prepared by changing preparing conditions as described above

are shown in Table 3.

[0029]
[Table 3]
Eom=ing roughness
weight of g thickness| surface
. , measured by
diffusion traceable after roughness presence or
ox 1e 1iguid layer and roughness re-platin| measured | scratches non-presence
amp press Llquld| ghfrened g by AFM on can (of seilzure to
. meter
Ni mold
Ra Ry 2
/m? /m” Ra (nm)
g (um) | (pm) g :
1 watcr-soluble 5.5 1.1 5.3 9 22 not present|not present
2 water—-soluble 5.0 1.9 19 10 15 not present|not present
3 water-soluble 6.0 1.5 15 9 20 not present|not present
4 water-soluble 7.0 1.0 10 15 15 not present|not present
5 water-soluble 8.0 1.1 5.5 10 6 not present|not present
6 water-soluble 7.0 1.9 19 11 14 not present|not present
7 water-soluble 6.0 1.5 12 13 9 not present|not present
8 water-soluble 7.5 1.3 9 11 20 not present|not present
9 water-soluble 8.0 1.2 12 10 17 not present|not present
10 low viscosity 5.5 1.1 6.0 9 22 not present|not present
11 low viscosity 5.0 2.0 18 9 21 not present|not present
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[0026] exanples are listed. Suchawater -soluble -enulsion-typecanusehot
water 1.n. cleaning at.:ter manutacturing a can and hence.. cleaning which
takes .i.nto account: an environnent. can be easily pertcncnect w thout
usi ng an organic solvent, <Conposition exanples of water-sol ubie enulsion>
conoonent bl endl nbrwpeci fi e nane of conddtnt mneral oil. or fatAty acid

m neral oil. 4D 50% hi gher al cohol 10% wur f ace-adtivo agent: kanci atai n. o.
agent wat Ler bal ance nari.illo the

andi sfuruherdi | ut edw t hwat eruntil t heconcentrati onbecones 2 to 10a thus

prodbci ng wat er - sol ubl e enul si on, | Exappl es ;. 0028]
Tnepresent| i Nt i pev onésexp| afnedhet i naftpritd f aft her detapiesusjmy rescaryl es
and conpar Fsofi—¢ \allpi €S- = txanpies
13 low viscosity) 8.0 1.0 13 15 15 not present|not present
14 Low 5.50 1.1 15 10 10 not present|not present
concentration ’ )
15 e 7.0 1.9 19 9 9 not present|not present
concentration ) ) p

water—-soluble: water-soluble emulsion press liquid

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

preparation steps are substantially equal to those for preparing

the examples of the present invention, Ni plated steel sheets

are prepared by changing roughness of temper rolling rolls and

Ni plating conditions for re-plating from those of the examples

of the present invention.

[0030]
[Table 4]
coating
we;c_ght thickness
. . roughness after
diffusi . surface
on MEISEEEE By eI roughness resence or
i layer fracsabie g measured scratch rf)n— resence
comparison press % roughness (semi-bri = = on-pre C
example liquid and ; by AFM of seizure to
meter ght Ni can
softene plating) mold
d Ni
layer
Ra Ry 2
/o’ /1 Ra (nm)
iy (um) | (um) B
comparison | water-sol
. t
example 1 Uble 0.8 9 9 present presen
comparison | water-sol
example 2 uble 0.9 10 10 present present
comparison | water-sol
example 3 uble 5.0 1.9 15 16 present | not present
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A low carbon al Lnm nuri-killed steel.

sheet .
original s
Air 0,06in

-nmenti oned steed sheet
rp.1Elg. by ifrac
Nii sled sca the st eel.

heer

The conposition of a steel

Lsrol | ows.

;' 5, Ng ,0030%

t si

0, 04Y) %
bal f ai ces:
is subjected to alkal
oninto a 3itifuric a ¢ agi
sheet using a watt bath pdth a N

Nig!'S.i

sheet heAting a sheet

Fe and anevatabl e
el ect 201 gtsio clean ins a

a 1d,

rrrickness ot
0, 2 ;Mair:313. atiatacLured thrcncfh and annealing is used as an ori gi nal

sliest which constitutes the
.9 0:02% fg 0.012% 0, 009' 15,

The abe-ve

t hereafter,

coating wei ght of

5ts r formgng bi plating, centinuougs anneal jng is|perforned
within a. t%ﬁﬁﬁﬁﬁﬁa?ﬁ%ﬁﬂ?g3926ﬁroﬁ1B@it?lﬁo 700€C f ar 3@Esecdﬁg§mfop198“mt
sec: b. : ni dettausN—tn—the Nt——statingrgayor—andbej i tnoghee—1y hereby
tge lavers| Cons,Js [t1° Lh |of 7the| foON|rtpf{ U.x05] [.0FA aygeresang t hessent
sot: tenet: [N formed—N—e—f—{—thrrogqrs—peffor—trad—suvetat—wt
respect to ﬁ@ﬁﬁ %ésgugtsgw urf-ace| di-7it hefi sk eel vihi ch becones| mnseuf expresent
surface or atan?—average—touphnrepsbecoros—i-3CpmorMK-e—=a 2 Opm-ot
1033, and pCTHEELMIM nel sy, beconss Bph] oronor g afisf, Zﬁpaseat r bees
TUrth e39b*n;lmp!atﬂ FtVUf.B soft—eet+o—the—steer—+oset—1by—-anftarb—ont
PRI U5 0 TSl U B e e oot
shsor as PEANur edy : Andziot | si.confiismed tigat pi ?.20eri peesdolighnesseRe
is 1,0wt ess.—anda'falgst1thy s Spmorlnere—and
ngn1or | esster- soluble& seferbsbgtbl Nl enpilasilannerbsbm feiinerl by. fp

-pkatang iv neasured at 10 points in tne irbaeurenent of surface ragghness

w tshata a
PLi

. P. 0 PPeRa!

19E: vasc@s i34l menerEl- otl pregsangaudfl oft 1aw myigcossdapi
witthio
out of range of the present invention

Next, battery cans for AA size alkali batteries are formed
by forming the Ni-plated steel 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 emulsion.

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 WC-Ni material using a Ni binder (NR-8)
the steel sheet is formed into a

is used. In the first step,

cup by cupping (cup diameter: ¢31.42mm, drawing ratio: 1.85,

blank diameter: ¢52mm), drawing is performed in second and 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 battery can for AA size battery having a can
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2Ssm anc: a :Train olae oflsqgsot: | soil: Layer Is soalleo than a ytait) P

t:tee ebet.5 0 tt",,Fh h are prepax,,..ifl by ohsaglns pt'ioocirang
ionSirlono as dosoi xi boS abovo are tibs,,v's in Talt:13. tTt'at)l. E
ctr,int:iat .77 u.v.f.ac.e re.tert:. t: CP:

wall thickness of 0.18mmt.

ToevaluatetheNi-platedsteel sheet for formingabattery
can, cans are continuously manufactured, and the presence or
the non-presence of seizure to a mold and scratches on the cans
are checked. The result is shown in a column “scratches on can”
and “presence or non-presence of seizure to mold” in Table 3
and Table 4 respectively.

[0031]
<Evaluation>

The Ni-plated steel sheets of the examples 1 to 15 which
fall within the scope of the present invention exhibit no
“generation of scratches” and no “seizure to mold” as can be
clearly understood from Table 3 and hence, these Ni-plated steel
sheets are used as excellent Ni-plated steel sheets for forming
battery cans.

On the other hand, the Ni-plated steel sheets of the
comparison examples 1 to 9 which do not fall within the scope
of the present invention exhibit the “generation of scratches”
and “the generation of seizure to a mold” and hence, these
Ni-plated steel sheets do not have practicability.
Industrial applicability
[(0032]

According to the Ni-plated steel sheet having excellent
press formability of the present invention, it is possible to
provideaNi-platedsteel sheet where the generationof scratches
at the time of forming a battery can by a press is suppressed

and the generation of seizure to a mold can be prevented and
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wat er - sol ubl e: wat er-sol uble enmulsion press ligq id |low viscosity: mneral
oil press liquid of low viscosity <Conpari son exanpl es> I n
conpari son exanples 1 to 9 shown in Table 4, although steel sheets used for
preparing the conparison exanples and the

preparatirm stapsaraEnapstantiall.yequal to those for preparing the
exanpl es of the present invention, Ni plated steel sheets are prepared by
changi ng roughness of tenper roll.ing rolla and Ni plating conditions for
e -plat ing ftbni those of the exanples of the present invention. [0030]
[ Tabl e 4] hecorpa thes oresxanplrereht iconparsleowes: :axampitcrede.l ycdmpar | Ei on
oxaTplc 7 conpar ',son COrsar son oxamnl,? water-soluble: water-sol uble
ermul si on presstEigui doP owakiséési-ty: mineral oil press liquid of |ow
viscosity : out of range of the present invention Next, battery
cans for size alkali batteries are formed by form ng the N -pli!:Ezteel
sheets described in the exanples and the conpari son exanpl es using two

ki nds of lubricants consisting of a mneral oil press liquid of |ow
viscosity and a water-sol uble enuisi on The battery cans are
formed through ten steps. As a material for formng a part of a nold which
cones into contact with the steel sheet, a 14Cimaterial using a N binder
(NR-8) is used. In the first step, the steel sheet is fornmed into a cap by
cupping (cup dianmeter: 01.42ant1l drawing ratio: 1.85, blank dianeter:
02mm), drawing is perfornmed insecondand.third steps and draw ng and ironing
are perfornmed in fourth to sixth steps such that the cup has an outer

di aneter of a battery can, and shoul der form ng, final shoul der forn ng,
step formng- and cutting of ears are performed in seventh to tenth steps
t hus manufacturing a bal:t:.erN can for AA size battery having a can

26



wal | thickness of To ova eve lus teN|-plated steel she.et roz fp=1i ng a
tiaLter-y can, cess sre contiusousLy manufactred, soci the presence or rhp
non -presence er selzure to anoid asd seratenes en rhe cans are 11.1'
bet:ked ;1;;; rest: it, 13 I;owm tn. acol SFSD ":1 S Sh (1= 0 ass:.

' presence er nos-presence or seizure to nold Ls Table and Table 4

ne, zpectively. <Eszal uen.| en> The ierslated steel sheets of the
exanples 1 to 15 which fall withis the scope of the: present it:we: Al an.
exhibit no "generation ef scratches”. and. no "seizure to neld." as can be
cl early understoodfronTabl e 3 endt Enrusp, theseNi -pl atedsteel sneers are
000 00 e:;8miet 'tent N -plat-JEKI, ereel 3:-.:;--:;ett's tor ticicrlng
battery cans. On the otherthe Ni -plated steel sheets of the conparison
exanples 1.t.02; oilhe present iruKU Ltss exhibl.t the ''generst.in et
scratches" and 'the generation or seizure to a Incad- and hanee, these

Ni - pl ated steel sheets do not. have practlLeahli--- Industrial applicability
re0321 Accordi ng totheShci:CSS Ueviing exeelLent press formability of the
present. isnention. it. is pessilslecbespeal NidetPkoa dedtsckee-where
tn.::: generation et scratches at the tinme of formng a battery can hy a
press i s suppmessedeéhdht herqger fpirpabidhtgel Zuneitnp a nol d can be prevent 0S
and ;erice,.pre:=JErit:relEleiy 1 ri chlis t:ai:.:63ly d ains:

A N -plated ste@m.Fesﬁlée@lfla%si@rbiw@rw@aﬁ $raiiong dei e el verit £ priess

formability, wherein. .. , n E-N diffuslon | aver and a softened. N
| ayer :‘olrrFéHtB?]eErf-'l.N.ll%%g@S]I@él- %Yeﬁﬁrltet I%FIB% Ioéi‘y%rSu\a{ﬂféCfeo‘?]?réi‘ds%1l sur i acia
at a steel e i u r f attery eaff,.
bR g T R R N I A R A SRS R L P el

wei ght of the sems=bright gN nRi@tdichd aYeEr iSOEMNQ] oA softened a N
coating weight of the Fe -Ni diffusion layer arxiltiee softened N | ayer

formed or niheaker; N di ffusioc layer is set. smPCbLer than a N coati ng.
we.ient of the sem-bright Ni cdat.thg 1 a ye r average roughness
Rac.:fttiseni-|i&iNBhtoapeasweenahbyof theat eabtle indbughhesstgaggeayes 1, Onm or
nore and 2,0nmm oy |ess, and a maxi num hei ght Ry of the sem -bright N

pl ating | dyef9nBastr 88¥By the traceabl e rougnness gauge is 51lmor.. nore
and 20px or | ess s..tar o surface of the

sem -brinht N dpll\lg[]g% til%/@?igﬁ{];O%Cg?%i%%g?e%%?nzi%ﬁ?ﬁ\ﬁﬁfic 9s
obtai ned hy 28,840 & JRUCLINELOSFARR FALLS WM EALN @ hagae [Lopsd to 22nm
smaller than a Ni coating weight of the semi-bright Ni plating
layer,
average roughness Ra of the semi-bright Ni plating layer
measured by a traceable roughness gauge is 1.0um or more and
2.0um or less, and a maximum height Ry of the semi-bright Ni
plating layer measured by the traceable roughness gauge is 5um
or more and 20pm or less, and
surface roughness Ra’ of a surface of the semi-bright
Ni plating layer in an area of 2.5um x 2.5um which is obtained
by an atomic force microscope falls within a range from 5 to

22nm.

2. The Ni-plated steel sheet for a battery can
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She NI -plated steel. sheet tor a Udttety dah ;13 ving --.,xcec":Ety a
c.c..nr,;";:c) N.1. la -,ur j!=ed. rirt c.herAitti.J3lan laty,i,c :LS

having excellent press formability accordingtoclaiml, wherein
theNicoatingweight of the Fe-Nidiffusionlayer andthe softened

Ni layer formed on the Fe-Ni diffusion layer is 5 to 8g/m?.
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