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ABSTRACT

A cladding plate consisting of a metal different from the metal of a
continuously cast slab used as a base plate and having a thickness of
lram - 5Smm is laminated on at least one surface of the slab having a thickness
of 200mm - 300mm; the cladding pl.ate—laminated slab is hot-rolled and
o drawn to reduce the width thereof; the cladding plate-laminated slab 1s
wound while both edges thereof in a width direction thereof are being
heated; and the cladding plate-laminated slab is cold-rolled. In this
manner, a cladding plate comprising the base plate consisting of the slab

and having a thickness of 0.0lmm - 0.7mm and the cladding plate having

10 a thickness of 10um or less is manufactured.
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TITLE OF THE INVENTION:

Battery Can-Forming Plate and Method of Manufacturing the Plate

DETAILED DESCRIPTION OF THE INVENTION

»

Technical Field of the Invention

The present invention relates to a battery can-forming plate, a
method of manufacturing the battery can-forming plate, and a battery can
formed of the battery can-forming plate. More particularly, the present
invention relates to a plate to form various kinds of battery cans such
as an alkali manganese battery, a lithium primary battery, lithium
secondary battery, nickel cadmium battery, nickel hydrogen battery, and
the like which are preferably used as the power source of cordless

equipments, electric cars, and the like. A clad steel 1s used as the
battery can-forming plate and made of not a steel plate but of metal such
as nickel and nickel alloy formed on the surface of a steel plate to 1mprove
the battery characteristic by reducing the contact resistance at the inner
surface of a battery can, enhance corrosion resistance and the appearance
of the outer surface thereof, and reduce the cost of the battery can by
reducing the number of manufacturing processes.

Conventional Art

Heretofore, the battery can is formed by subjecting a plate to a
drawing processing such as a multi-drawing processing (transfer drawing

processing) or DI (drawing and ironing) drawing processing. Generally,

as the plate to form the battery can by such a drawing processing, a
nickel-plated steel plate is used. The nickel-plated steel plate 1is

manufactured by nickel plating an ordinary cold-rolled steel plate having

a specified thickness. Otherwise, amethodof nickel-plating the ordinary
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cold-rolled steel plate and then performing annealing and temper-rolling
again is used or a method of nickel-plating unannealed cold-rolled steel
plate and then performing annealing and temper-rolling is used to diffuse
a steel plate and the nickel--platéd layer so as to form an iron/nickel
diffusion layer between the steel plate and the nickel-plated layer. In

this manner, the nickel-plated steel plate having a specified thickness

is manufactured.

However, because in the nickel-plated steel plate formed by directly
nickel-plating the surface of the steel plate, the adhesiveness between
the plated layer and the steel plate is not so favorable, the plated layer

is incapakle of following the deformation of the steel plate and thus

may be separated from the steel plate depending on the shape. Further,
because the nickel-plated layer is hard and frail, parts thereof not
separated from the steel plate are likely to be cracked and further, pin
holes are unavoidably formed even though the amount of the nickel-plated
layer is increasingly formed. Thus, the conventional method has problems
in processability and corrosion resistance.

In the nickel-plated steel plate manufactured by nickel-plating the

ordinary cold-rolled steel plate or the non-annealed cold-rolled steel

plate and annealing, temper-rolling, the metallurgically connected
iron/nickel diffusion layer is formed on the interface between the steel
plate and the nickel-plated layer. Thus, the adhesiveness of the plated
layer to the steel plate can be enhan.ced and thus the corrosion resistance
and processability of the nickel-plated steel plate can be improved. But

in the case of the nickel-plated steel plate, after the steel plate 1is

plated with a necessary amount of nickel, the iron/nickel diffusion layer
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is formed only in the interface between the steel plate and the
nickel-plated layer by annealing treatment, with the nickel-plated layer
present in the upper part thereof. Therefore, it is very difficult to
make the thickness of the iron/niékel diffusion layer and that of the
nickel-plated layer uniform, respectively.

That is, as the annealing treatment method, batch annealing method
and continuous annealingmethod can be used. Inthebatch annealingmethod,
the diffusion of iron/nickel starts earlier at the outside and upper side
of a coil having high temperatures than at the inside and lower side thereof.

Thus, the diffusion layer of the iron/nickel is thick at the portion having
a high temperature and hence, the nickel-plated layer 1s thin, whereas
the diffusion layer of the iron/nickel is thin at the portion having a
low temperature and hence, the nickel-plated layer is thick. Accordingly,
the thickness of the nickel-plated layer and that of the generated
iron/nickel diffusion layer are necessarily nonuniform, respectively.

In the continuous annealing method, heating is performed at a high

temperature for a short period of time. Thus, the diffusion speed of the
nickel-plated layer and that of the steel plate are fast for a short period

of time, and the thickness of the diffusion layer of the iron/nickel cannot

be controlled.

However, in the nickel-plated steel plate to form the batt'ery can,
it is indispensable to make the iron/nickel diffusion layer uniform in
thickness. If the thickness of the iron/nickel diffusion layer 1is
nonuniform, products manufactured in a subsequent processing such as a
drawing processing have problems. That is, corrosion resistance 1s

inferior in a part of the nickel-plated steel plate where the iron/nickel
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diffusion layer is thinner than a required thickness, whereas a part
thereof where the iron/nickel diffusion layer is thicker than the required

thickness is cracked and thus has a very low corrosion resistance.

In the battery can composed of this kind of nickel-plated steel plate,
there is a case in which the iron/nickel diffusion layer and/or the
nickel-plated layer having the same thickness or different thickness are
required to be formed on both the outer and inner surfaces of the battery
can. But because it is difficult to control the thickness of the
iron/nickel diffusion layer by the above-described method, needless to
say, it is difficult to form the iron/nickel diffusion layer and/or the
nickel-plated layer having the same thickness or different thickness on
both the cuter and inner surfaces of the battery can.

Further, because the nickel-plated steel plate manufactured by the
above~described conventional method is normally formed by performing dull
plating on the surface of the steel plate and then forming the iron/nickel
diffusion layer, the upper layer of the produced nickel-plated steel plate
is not sufficiently bright. In particular, when an integrally top-
attached battery can provided with a positive side is formed by drawing
the nickel-plated steel plate, a drawn part has a high degree of processing
and thus is not bright. The positive side of the battery can not appear
bright and thus the product wvalue of the battery 1is low.

Generally, in selecting a material of the Dbattery can, the
processability (drawing ability), corrosion resistance, and brightness
thereof are important factors. . The corrosion resistance and the

brightness are important for the part of the battery can-forming plate

corresponding to the outer surface of the peripheral wall of the battery
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can. Further, if the roughness degree of the inner surface of the
peripheral wall of the battery can is fine, the inner surface of the
peripheral wall which contacts a substance charged into the battery can
is smooth and thus has a high contact resistance. As a result, the
characteristic of the battery deteriorates. Therefore, the surface
roughness degree is an important factor for the surface of the material
corresponcding to the inner surface of the peripheral wall of the battery
can which affects the characteristic of the battery. That is, 1t 1s
preferable to set the surface roughness degree of the inner surface of
the peripheral wall of the battery can to be coarse to make the contact
resistance low so that the battery has a preferable characteristic and
allow the outer surface of the peripheral wall of the battery can to have
a smooth bright surface so that the outer surface of the peripheral wall

of the battery can has a high degree of corrosion resistance and a fine

appearance.

The above-described processability (drawing property), the battery
characteristic, the corrosion resistance, and the brightness are
correlated with one another. Generally, if the drawing property of the
material is favorable, the battery characteristic made of the material
is unfavorable, whereas i1f the battery characteristic is favorable, the
drawing property is unfavorable. For example, in a case where a nickel
plated plate consisting of the steel plate, both surfaces of which are
plated with nickel and the iron/nickel diffusion layer having a thickness
of 5 - é6um interposed between the nickel-plated surface and the steel
plate is used, the side of the material to be formed as the inner surface

of the battery can is cracked in the shape of a wedge at the time of drawing,
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because the iron/nickel diffusion layer becomes thick and hard. In this
state, because the resistance generated as the contact between the side
of the material to be formed as the inner surface of the battery can and
filler which 1s charged into the battery can becomes low, the
characteristic of the batteryis favorable. However, the drawlng property
deteriorates greatly. For example, earring occurs at the end surface of
the opening of the battery can. In addition, the corrosion resistance
deteriorates as well if the diffusion layer at the side of the material
to be formed as the outer surface of the peripheral wall of the battery
can is thick, the drawn outer surface i1s likely to be cracked.

That is, it is preferable that in view of the battery characteristic,
the side of the material to be formed as the inner surface of the battery

can has a thick diffusion layer of 5 — 6um and that in view of corrosion

property, the side of the material to be formed as the outer surface of

the battery can has a thin diffusion layer of 2 - 3um. Further, it 1s

preferable that the diffusion layers at both outer and inner sides are
thin in view of the drawing property.

In order to solve the above-described problems, there is proposed
a method. According to the method, after at least one of the upper and
lower surfaces of a steel plate i1s thinly nickel-plated, the nickel-
plated steel plate is annealed to compose an iron/nickel diffusion layer
with all the plated nickel and having a uniform thickness on the surface
of the steel plate. Then, temper-rolling is carried out, and nickel 1is
plated on the iron/nickel diffusion layer (namely, nickel plating by any
one of three methods selected from a method of carrying out only dull

nickel plating, a method of carrying out bright nickel plating, and a
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method of carrying out bright nickel plating on dull nickel-plated layer).

As described above, it is possible to form the iron/nickel diffusion
layer having a uniform thickness and control the thickness of the
iron/nickel diffusion layer as desired by thinly nickel-plating the steel
plate, annealing the nickel-plated steel plate to compose the iron/nickel
diffusion layer with all the nickel, and nickel-plating the iron/nickel
diffusion layer. Further, because the iron/nickel diffusion layer having
the uniform thickness is nickel-plated, the nickel-plated layer 1s allowed
to have a uniform thickness as well. Thus, it i1s possible to manufacture
the iron/nickel diffusion layer and the nickel-plated layer having the
uniform thickness, respectively. Furthermore, because the thickness of
the iron/nickel diffusion layer can be controlled as desired, 1t 1is
possible to form the iron/nickel diffusion layers and the nickel-plated
layers having the same thickness or different thicknesses on both the
outer and inner surfaces of the steel plate.

Because the nickel-plated steel plate manufactured by the above
method has the iron/nickel diffusion layer and the nickel-plated layer
having the uniform thickness, respectively, there are no portions very
thin or very thick in the iron/nickel diffusion layer. Therefore, there
isnovariations inits processability and corrosionresistance. Moreover,
because it is possible to form the iron/nickel diffusion layers having
different thicknesses on both the outer and inner surfaces of the steel
plate, the battery characteristic can be improved by thickening the
iron/nickel diffusion layer at the surface of the nickel-plated steel
plate corresponding to the inner surface of the peripheral wall of the

battery can and making the surface roughness of the iron/nickel diffusion
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layer large. Further, because the surface of the iron/nickel diffusion
layer is nickel-plated, the nickel-plated layers having the same thickness
or different thicknesses can be reliably formed on both the outer and
inner surfaces of the steel plate. 'In addition, when the steel plate 1in
bright nickel-plating is drawn, the brightness of the nickel-plated steel
plate can be secured. In a result, all required quality such as
processability, corrosion resistance, brightness, and battery
characteristic can be 1mproved.

However, in the above-described manufacturing method, 1t 1is
necessary to carry out the primary plating to form the iron/nickel
diffusion layer and the secondary plating which is performed after the
iron/nickel diffusion layer is formed. That is, it 1s necessary to plate
the steel plate at least twice. In particular, in forming the iron/nickel
diffusion layers or the nickel-plated layers having different
thicknesses, it is necessary to carry out plating three to five times
because both the outer and inner surfaces are required to be plated
individually. Further, in forming the surface to be formed as the outer
surface of the peripheral wall of the battery can into the bright surface,
it is necessary to perform plating at least three times. Thus, 1n order
to manufacture the nickel-plated steel plate superior in corrosion
resistance, processability, brightness, and battery characteristic,
complicated and many processes are required, which causes the battery

-

can to be wvery expensive.

Further, in various kinds of nickel-plated steel plates produced
by the conventional manufacturing methods, a steel plate having a

thickness equal to or almost equal to the size of a product 1s plated,
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annealed, temper-rolled or otherwise treated. Because the nickel-plated
steel plates are thin, much time and labor are required. Thus, they are
expensive. Further, it is necessary to manage plating liquid in the
plating processes and drain it, which also causes the nickel-plated steel
plates to be expensive.

Unlike the above-described plated battery can-forming plate, there
is proposed a clad steel which is a combination of a base plate and a
cladding plate consisting of such as a titanium plate or a nickel alloy
plate united on the surface of the base plate. In this kind of clad steel,
for a base plate having a thickness of about 100mm, a cladding plate having
a thickness of 5Smm - 30mm is used. The cladding plate-laminated plate
is rolled o reduce the thickness of the base plate to about 20mm and
that of the cladding plate to about lmm - about 3mm. The minimum thickness
of the base plate is about 10mm and that of the cladding plate is about

1lmm.

The clad steel has an advantage over the plated plate because it
is not necessary to manage plating liquid and drain 1it, but has a
disadvantage because the extensibility of the steel plate is increasingly
reduced as the thickness of a steel plate becomes thicker. Thus, the clad
steel has a problem that unlike shallow draw goods such as pans or a kilns

having large sizes and requiring low degrees of drawing, in forming a

battery carn having small sizes requiring a high degree of processability
and bending, the thickness of the steel plate which 1s the base plate
of the battery can-forming plate cannot be made to be too thick in view

of tensile strength and elongation thereof. Therefore, if the thickness

of the steel plate is lmm or more, the steel plate lacks extensibility
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and hence, corners are cracked or a desired size cannot be obtained. That
is, it is very difficult to form the battery can by drawing it.

In recent years, batteries are widely used for various kinds of
cordless equipment such as personai computers, cellular telephones, and
the like. In the portable equipment, the space occupied by batteries 1is
very large. In order to make the portable equipment compact and light,
it is necessary to provide themwith batteries which are compact and light,
and yet have a high performance. Thus, battery cans are required to have
a high capacity. In order to allow batteries to have a high capacity,
it is necessary tomake the battery can thin because the outer shape thereof
is specified by the international standard. But considering a yield
strength and a strength high enough to withstand the internal pressure
of the battery can, the thickness of the bottom wall of the battery can
cannot be made to be thinner compared with the side wall. In particular,
in the case of a secondary battery, if the bottom wall i1s thin, the inner
and outer surfaces of the bottom wall i1s strained at the time of spot
welding. Thus, the bottom wall is required to be so thick that it is not
strained. In consideration of the above description, 1t 1s preferable
that the thickness of the steel plate used to form the battery can is
0.4mm or less in the case of the multi-stage drawing method (transfer
drawing method) which draws the thickness of the bottom wall and that
of the side wall of the battery can to almost the same one; and 0. 7mm
or less 1in the case of the DI drawi.ng method which draws the thickness

of the side wall of the battery can thinner than that of the bottom wall

thereof.

The thickness of the plating layer of the battery can-forming plate
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made of the nickel-plated steel plate is set to Sum or less and normally

as thin as 2um - 3um. The main purpose of plating steel plate is to prevent

its surface frombeing rusted not tomake the thickness of the nickel-plated

layer large. Likewise, 1t 1s preferable to make the thickness of the

cladding plate used in the clad steel to a possible smallest thickness

to reduce the cost. Because the extensibility of metal other than the
steel plate decreases as the thickness thereof becomes thicker, it 1is

necessary tomake the thickness of the cladding plate as small as possible.
When a metal plate such as a titanium plate, a nickel plate, a nickel
alloy plate or the like is used as the cladding plate, it is difficult

to draw the clad steel by the multi-stage drawing and almost impossible
to draw it by the DI drawing if the thickness of the cladding plate 1is
10pum or more because the hardness of the cladding plate is higher than
that of the steel plate. Therefore, the clad steel plate consisting of
a base plate having a thickness of 10mm and a cladding plate having a
thickness of 1lmm cannot be used as the battery can-forming plate, because
the thickness of the cladding steel plate 1s too large.

There is proposed an art of using a nickel/stainless-clad steel
consisting of a thin stainless steel plate used as the base plate and
a nickel foil used as the claddingplate as the electrode plate of abattery.
However, because normally, the hardness Hv of the steel plate used for
the battery can is 135 or less and the hardness Hv of stainless steel
is as hard as 150 or more, the hardness of the nickel/stainless~clad steel

causes a difficult problem about a drawing processability . If the
nickel/stainless-clad plate is used not as an electrode plate but as a

battery can-forming plate by means of drawing, it 1s unfavorable 1in
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follow-up property and likely to be cracked. Thus, it cannot be used as
the batterv can-forming plate. Even though the battery can can be formed
of it without the problem of quality such as crack, the market price of
the stainless steel plate 1s three to four times as high as that of the
ordinary steel plate or that of the cold-rolled steel plate. Further,
when the hardness of the nickel/stainless—-clad steel is high, the drawing
speed is slow and thus products comprising it are manufactured in a reduced
number. Therefore, when the battery can 1s formed of the

nickel/stainless-clad steel, the price of the formed battery can is very

expensive.

Summary of the Invention

The present invention has been made in view of the above-described
problems, and it is an object of the present invention to provide a battery
can-forming plate which has a low contact resistance at the inner side
of a battery can, enhances the corrosion resistance and the appearance
at the outer side of the battery can, allows the number of manufacturing
processes to be reduced to reduce the cost, and comprises a clad steel

consisting of a different metal such as nickel, nickel alloy or the like
and having a thickness of 10um or less and formed on a steel plate having
a thickness of 0.0lmm - 0.7mm; a method of manufacturing the battery
can-forming plate; and a battery can formed of the battery can-forming
plate.

Firstly, in the present invention, there 1s provided a battery
can-forming plate comprised of a.clad steel having a base plate and
cladding plates on both surfaces of the base plate, wherein the base plate

has a thickness of 0.0lmm - 0.7mm; a thickness of the cladding plate 1s
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10um or less; and the each metal of the cladding plates i1s different from

the metal of the base plate and also different from each other.
Secondly, there is provided a battery can-forming plate comprised

of a clad steel having a base plate' and cladding plates on both surfaces

of the base plate, wherein the base plate has a thickness of 0.0lmm -

0.7mm; a thickness of the cladding plate is 10um or less; and the each

metal of the cladding plates 1s different from the metal of the base plate
but identical to each other.

Thirdly, there is provided a battery can-forming plate comprised
of a clad steel having a base plate and a cladding plate on one surface
of the base plate and a plated layer on the other surface, wherein the

base plate has a thickness of 0.0lmm - O0.7mm; and a thickness of the

cladding plate is 10um or less; and the metal of the cladding plate 1is

different from the metal of the base plate.

Fourthly, there is provided a battery can-forming plate comprised
of a clad steel having a base plate and a cladding plate on one surface

of the base plate and a carbon-applied layer on the other surface, wherein

the base plate has a thickness of 0.0lmm - 0.7mm; and a thickness of the

cladding plate is 10um or less; and the metal of the cladding plate is
different from the metal of the base plate.

As described above, in the first invention, the cladding plate

laminated on one surface of the base plate 1s different from that laminated

on the other surface thereof. In the second invention, the same cladding
plate is laminated on each surface of the base plate. 1In the third
invention, the plated layer 1s formed on the other surface of the base

plate having the cladding plate laminated on one surface thereof. 1In the
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fourth invention, the carbon-applied layer is formed on the other surface
of the base plate having the cladding plate laminated on one surface

thereof.

In addition to the above-described four kinds of the battery
can-forming plates, the battery can-forming plates have a plated layer
on at least one surface of the cladding plate, further a carbon-applied
layer on at least one surface of the cladding plate and furthermore a
carbon-applied layer on at least one surface of the plated layer.

The cladding plate consists of nickel, nickel alloy, copper, copper
alloy, silver, gold or titanium. In particular, during a process of
forming a battery can, the cladding plate positioned on an outer surface
of the battery can consists of nickel, and the cladding plate positioned
on an inner surface of the battery can consists of nickel alloy.

Preferably, the plated layer consists of a metal selected from Au,
Ag, Mo, Co, Ir, Rh, W, and Zn each having a low contact resistance. Further,
preferably, the plated layer consists of a metal selected from C, Co,
and Pd not easily oxidized; and an alloy selected from N1-C, N1-Mn, Ni-Co,
Ni-B, Ni-Fe, Ni-Sn, Ni-Zn, Ni-Si, Ni-In, Ni1-Ge, Ni1-Se, Ni-La, Ni1-W, N1-T1i,
Ni-P, Ni-Mo, Ni-Ga, Co-Mo, Fe-W, and Ag-Sn not easily oxidized.

There is provided a battery can made of the battery can-forming plate

described above.

Further, in the present invention, there are provided methods of

manufacturing a battery can-forming plate described above.
That is, there is provided a method of manufacturing a battery
can-forming plate comprising the steps of: laminating a cladding plate

of which a thickness is lmm - 5Smm consisting of a metal different from
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the metal of a continuously cast slab on at least one surface of the slab
having a thickness of 200mm - 300mm; hot-rolling and drawing the slab
laminated with the cladding plate to reduce the width thereof at 10% or
less; winding the slab with the claEiding plate while both edges thereof
in a width direction thereof are being heated; and cold-rolling the slab
with laminated with the cladding plate, whereby a clad steel comprised

of a base plate made of the slab having a thickness of 0.0lmm - O.7mm

and the cladding plate having a thickness of 10um or less 1s manufactured.

The clad steel manufactured by the manufacturing methods includes
the one laminated on only one surface of the base plate and the one laminated
on both surfaces thereof. Further, there is a case in which the cladding
plate consisting of the same metal is laminated on both surfaces of the
base plate and a case in which the cladding plate laminated on one surface
of the base plate is different from that laminated on the other surface
thereof.

Further, there is provided a first method of manufacturing a battery
can-forming plate comprising the steps of: providing two laminated plates
by laminating cladding plates consisting of a metal different from the
metal of a continuously cast slab on at least one surface of the slab;
applying a separation material between the cladding plates of the
laminated plates; hot-rolling the laminated plates at a predetermined
ratio; cold-rolling the laminated plates at a predetermined ratio; and

separating the laminated plates from each other at the separation

material portion, whereby a clad steel comprised of a base plate consisting

of the slab and having a thickness of 0.0lmm - O0.7mm and the cladding

plate having a thickness of 10um or less 1s manufactured.
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Further, there is provided a second method of manufacturing a battery
can-forming plate comprising the steps of: providing two laminated plates
by laminating a cladding plate consisting of a metal different from the
metal of a continuously cast slab on at least one surface of the slab;
applying carbon powders between the base plates of the laminated plates;
hot-rolling the laminated plates at a predetermined ratio; cold-rolling
the laminated plates at a predetermined ratio; and separating the
laminated plates from each other at the carbon powders portion, whereby

a clad steel comprised of the base plate consisting of the slab and having

a thickness of 0.0lmm ~ O.7mm; the cladding plate on one surface of the

base plate and having a thickness of 10um or less; and the carbon powders
applied to.the other surface of the base plate.

Furthermore, there is provided a third method of manufacturing a
battery can-forming plate comprising the steps of: providing two laminated

plates by laminating cladding plates consisting of a metal different from

the metal of a continuously cast slab on both surfaces of the slab; applying

carbon powders between the cladding plates of the laminated plates;

hot-rolling the laminated plates at a predetermined ratio; cold-rolling
the laminated plates at a predetermined ratio; and separating the
laminated plates from each other at the carbon powders portion, whereby
a clad steel comprised of the base plate consisting of the slab and having

a thickness of 0.01lmm - O.7mm; the cladding plate on each surface of the

base plate and having a thickness of 10um or less; and the carbon powders
applied to the surface of one of the cladding plates.

The first method through the third method relate to a method of

forming two battery can-forming plates in one-time manufacturing process.
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The second method and the third method are characterized in that the

carbon-applied layer is utilized as the separationmaterial for separating

the two battery can-forming plates from each other.

A plated layer 1s coated on the surface of the cladding plate or/and

o the surface of the base plate by plating the surface of the cladding plate
or/and the surface of the base plate after the laminated plates are
cold-rolled. A carbon layer is coated on the surface of the plated layer

by applying carbon to the surface of the plated layer after the plated
layer is coated. That is, it is possible in subsequent processes to form

10 the plated layer on the surface of the cladding plate or the surface of
the base plate by plating the surface of the cladding plate or the surface

of the base plate. Further, it is also possible i1in subsequent processes

to form the carbon layer on the surface of the cladding plate or the surface

of the base plate by applying carbon thereto. Furthermore, it 1is also

15 possible in subsequent processes to form the carbon layer on the plated

layer.
As described above, the battery can-forming plate of the present
invention is manufactured by laminating a cladding plate having a
thickness of lmm - Smm on a base plate consisting of a slab having a
20 thickness of 200mm - 300mm, then hot rolling is carried out, and then,
cold rolling is performed. The clad steel of the present 1nvention thus
manufactured is thinner than and superior to the conventional one 1in the
deep—-drawing characteristic. That .is, during the hot rolling time, the
width of the cladding plate-cladded base plate is reduced by 10% or less

25 to prevent the cladding plates from separating from the base plate and

prevent the generation of so-called edge drop which occurs when the
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thickness of both edges of the hot-rolled cladding plate-laminated base
plate in the width direction thereof is reduced. The hot-rolled cladding
plate-laminated base plate is wound in the shape of a coil by heating
both edges thereof in its width direction so that the difference in the
cooling speed at the center thereof in its width direction and that at
both edges thereof initswidthdirection canbeminimized. Inthismanner,
the characteristic of the clad steel in its width direction can be allowed
to be uniform. Consequently, it is possible tomanufacture the clad steel
plate thin and uniform in the thickness and metallic structure at the
center and both edges thereof in its width direction. Thus, 1t 1s possible
to reduce the in-plane anisotropy Ar which is the difference among the
elongation percentage in its length direction, that initswidthdirection,
and that in its oblique direction. Consequently, when the clad steel 1s
drawn to form a cylindrical battery can, it 1s possible to prevent an
ear-shaped projection from being formed partially, namely, the generation
of so-called earring caused by a difference of the elongation percentage

at the end of drawn parts, and thus the yield can be improved. In this

manner, it is possible to manufacture the clad steel consisting of the

base plate having a thickness of 0.0lmm - O0.7mm and the cladding plate

having a thickness of 10um or less and suitable for a battery can-forming

plate.

Although welding the cladding plate such as a nickel plate, a nickel
alloy plate or the like to both sur.faces of the slab used as base plate
requires much process in manufacturing the clad steel, a diffusion layer
formed between the base plate and the cladding plate by welding makes

bond strength higher. Considering the high bond strength, it is possible
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to dispense with annealing to form the diffusion layer but the plated
plate requires annealing. Therefore, it makes easy total management for
the manufacturing process from the casting of the slab to the production
of the clad steel. Inparticular, the clad steel takes advantages of being

easily differentiated the metal layer on one surface of the base plate

from the metal layer on the other surface thereof.

That is, it is required that a metal layer having a high degree of
corrosion resistance and brightness is positioned on the outer surface
of a battery can and that a metal layer having a low internal resistance
of the battery is positioned on the inner surface thereof to improve the
internal characteristic of the battery. Therefore, in the clad steel,
metals such as pure nickel having a preferable corrosion resistance 1s
used as the cladding plate to form the outer side of the battery can,
while alloy such as Ni-Co alloy is used as the cladding plate to form
the inner side of the battery can so as to prevent the metal positioned
on the inner surface of the battery can from being easily oxidized by
a substance contained in the battery can. In this manner, the internal
characteristic of the battery is improved. In addition, the metal
positioned on the inner surface of the battery can is allowed to have
a low percentage of elongation by appropriately adjusting the proportion
of metals of an alloy so as to crack the inner surface of the battery
can and bring the inner surface thereof into the substance contained in
the battery can closely. Consequently, the contact electric resistance
can be reduced to improve the internal characteristic of the battery.

In this case, it is possible to prevent the inner surface of the battery

can from being easily oxidized by the substance contained in the battery
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can and allow the battery can to have a low contact electric resistance,
by using alloy-plated metal as the inner surface of the battery can instead
of the cladding plate consisting of alloy. But it is almost impossible
to plate a steel plate with alloy consisting of two - three kinds of metals.
Unlike the alloy plating, in the case of the cladding plate, about 10
alloys consisting of different combinations of metals can be used
selectively. Thus, the clad steel is more favorable than the alloy-plated
metal in improving the internal resistance of the battery. It ispossible
to allow the inner surface of the battery can to have a low contact electric
resistance by providing the inner surface of the battery can with a plated
layer consisting of a metal such as Au, Ag or the like having a low contact
electric resistance or with a plated layer consisting of a metal such
as C, Co or the like which is not easily oxidized.
Currently, in batterymakers, in order to improve the characteristic
at the inner surface of the battery can, carbon is applied to the

nickel-plated inner surface of the Dbattery can to improve the

adhesiveness of the nickel-plated inner surface to the substance contained

in the battery can. In the present invention, because a carbon-applied
layer can be formed in advance in manufacturing the battery can-forming
plate, it is unnecessary for battery makers to perform a carbon-applying
work. In particular, the carbon-applied layer can be formed very easily
by applying carbon between two battery can-forming plate laminated one
on the other as the separation matr;zrial for separating them from each
other.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a battery can-forming plate
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of a first embodiment;

Fig. 2 is a flowchart showing the manufacturing process of the first

embodiment;

Fig. 3A and 3B are schematic views each showing a state in the

manufacturing process;

Figs. 4A through 4C are schematic views each showing a battery can
processed from a battery can-forming plate of the first embodiment;

Figs. 5A through 5C are schematic views showing various examples
of battery can-forming plates manufactured by the manufacturing method

of the first embodiment;

Fig. 6A through 6D are schematic views each showing a manufacturing

method of a second embodiment:;

Figs. 7A through 7C are schematic views showing examples of battery
can-forming plates manufactured by the manufacturing method of the second

embodiment;

Fig. 8 is a flowchart showing the manufacturing process of a third

empbodiment; and

Figs. 9A through 9G are schematic views showing modifications of

battery can-forming plates manufactured by the manufacturing method of

the third embodiment;

Figs. 10A through 10G are schematic views showing modifications of

battery can-forming plates having a carbon-applied layer formed on

surfaces.
Description of the Preferred Embodiment

The embodiments of the present invention will be described in detail

with reference to drawings.



CA 02233532 1998-03-30

- 27 -

A battery can-forming plate 1 of a first embodiment shown in Fig.

1 consists of a cladding plate composed of a nickel plate 3 formed on
one surface of a base plate 2 consisting of a steel plate and a nickel

alloy plate 4 formed on the other surface thereof. The entire thickness

of the battery can-forming plate 1 is 0.3mm. The thickness of the base

O

plate 2 is 0.292mm. The thickness of the cladding nickel plate 3 and that

of the cladding nickel alloy plate 4 are 0.004mm (4um), respectively.
With reference to a flowchart shown in Fig. 2 and Fig. 3, the method
of manufacturing the battery can-forming plate 1 of the first embodiment
10 will be described below. At step #1, oxide is removed from the surface
of a slab 10 formed by continuous casting and having a thickness of 250mm,
a width of 900mm, and a length of 4.5m. In the oxide-removing operation,
each surface of the slab 10 is ground by 1 - 5mm (in this embodiment,

3mm) .
15 Then, at step #2, a cladding plate 11 consisting of a nickel plate
having a thickness of 4mm is laminated on one surface of the slab 10,
and a cladding plate 12 consisting of a nickel alloy plate having a
thickness of 4mm is laminated on the other surface thereof. Then, the
cladding plates 11 and 12 are welded to the slab 10. In this case, as
20 shown in Fig. 337, the width of each of the cladding plates 11 and 12 1s
set to 855mm smaller than that of the slab 10 which is S00mm, and the
center of the slab 10 is made to be coincident with that of each of the
cladding plates 11 and 12 to project both edges of the slab 10 in a small
Iamount from both edges of the cladding plates 11 and 12 in the width

25 direction of the slab 10.

Then, at step #3, the welded materials is hot-rolled at 1100°C in
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a heating cven to form a hot-rolled clad steel having the entire thickness
(sum of thickness of the base plate and that of the cladding plates
laminated on the base plate at both surfaces thereof) of 2.45mm and then,
it is wound in the shape of a coil. 6uring the hot-rolling period of time,
as shown in Fig. 3B, the width of the clad steel being hot-rolled 1s reduced
by 5% to prevent the cladding plates 11 and 12 from separating from the
base plate 10 and prevent the generation of so-called edge drop which
occurs when the thickness of both edges of the clad steel being hot-
rolled in the width direction thereof is reduced. The hot-rolled clad
steel is wound in the shape of a coil by heating both edges of the material

at 700°C by a heating means consisting of an electric heater provided at

both edges thereof in its width direction so that the difference in the
cooling speed at the center thereof in its width direction and that at
both edges thereof initswidth directioncanbeminimized. Inthismanner,
the characteristic of the hot-rolled clad steel in 1its width direction
can be allowed to be uniform.

Thereafter, after the hot-rolled clad steel is washed with a solution
containing an acidic substance, it is cold-rolled at step #4. The rolling
percentage in the cold rolling is set to 87.6 to adjust the entire thickness

of the cold-rolled clad steel to 0.305mm.

After the cold-rolled clad steel was washed electrolytically, at

step #5, it is continuously annealed at 600°C - 900°C for 0.5 minutes to
2.0 minutes. In this embodiment, it is continuously annealed at 750°C
for one minute.

Finally, at step #6, the cladding material 1s temper-rolled at a

rolling percentage of 1.2% to obtain the battery can-forming plate 1 having
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a thickness of 0.3mm. The thickness of the cladding plate 3 consisting

of the nickel plate and that of the cladding plate 4 consisting of the

nickel alloy plate are 0.004mm (4um), respectively.

The battery can-forming plate'l was formed as a cylindrical battery

can by transfer drawing method or drawing and ironing method. As a result,

the battery can-forming plate 1 had almost the same degree of elongation

as that of the conventional nickel-plated battery can-forming plate and
could be processed without the battery can-forming plate 1 being cracked.
In this case, as shown in Fig. 4A, the outer side of a battery can 20
was formed of a cladding plate 3 consisting of a nickel plate and the
inner side thereof was formed of a cladding plate 4 consisting of a nickel
alloy plate. The battery can 20 had a higher degree of corrosion
resistance and internal battery characteristic than those of the
conventional nickel-plated battery can.

Because in the hot rolling, the width of the cladding material 1is

reduced tc prevent the generation of the edge drop, the battery can-
forming plate 1 can have uniform in the thickness and metallic structure

at the center and those at both edges in its width direction. Thus, 1t

is possible to reduce the in-plane anisotropy Ar which is the difference

among the elongation percentage in its length direction, that in its width

‘direction, and that in its oblique direction. Consequently, when the

cladding plate is drawn to form a cylindrical battery can, it is possible
to prevent an ear-shaped projection from being formed partially, namely,
the earring generates because the elongation percentage at the end of

the steel plate is not different from that of other portions thereof,

and thus the yield can be improved.
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As shown in Fig. 5A, in the clad steel which composes the battery
can-forming plate of the first embodiment, both surfaces of its base plate
2 is provided with the cladding plates 3 and 4 consisting of metals (nickel
plate and nickel alloy plate) different from the metal of the base plate
2 and different from each other. But as shown in Fig. 5B, it is possible
to compose the cladding plates 3 and 4 at both sides of the clad steel
of the same metal plates, for example, nickel plates. Further, as shown
in Fig. 5C, it is possible to form the clad steel having the cladding
plate 3 formed at only one surface of the base plate 2. In the case of
the cladding plate shown in Fig. 5C, frequently, the other surface on
which no cladding plate is laminated is provided with a plated layer or
a carbon-applied layer. In the schematic views showing the battery
can-forming plate, the base plate 2 is shown by oblique lines, the cladding
plates 3 and 4 are shown by cross oblique lines, the carbon-applied layer
6 which will be described later is shown by waveform-shaped lines, and

the plated layer 8 i1s shown by solid black.

The manufacturing method of the first embodiment relates to a method

of manufacturing one battery can-forming plate consisting of the clad

steel. As shown in Figs. 6A through 6D, in the second embodiment, two

battery can-forming plates composed of clad steels are manufactured

simultaneously.

That is, in Fig. 6A, a cladding plate 11 1s laminated on one surface
of a slab 10 by welding, and no cladding plate is laminated on the other
surface thereof. Two laminated plates 100 consisting of the slab 10 and

the cladding plate 11 are provided, and separation materials 15 are

interposed between the cladding plates 1l. In this state, similarly to
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the first embodiment, hot rolling, cold rolling, and temper-rolling are
carried out.. Then, the two laminated plates 100 are separated from each
other at the center of the separation plates 15 to form two clad steel

plates each consisting of the base plate having a thickness of 0.0lmm

- 0.7mm and the cladding plate 11 having a thickness of 10um or less.

It is preferable to plate the exposed surface, on which the cladding plate

11 is not laminated, as will be described later to form the battery

can-forming plate. That is, it 1s preferable to laminate the cladding
plate 11 consisting of a nickel plate on one surface of the slab 10 and
plate the other iron surface of the slab 10 with nickel alloy, silver
or the like.

Referring to Fig. 6B, a laminated plate 100' consisting of two
laminated plates; each laminated plate having the cladding plate 11 welded
to one surface of the slab 10 and the cladding plate 12 welded to the

another surface thereof, is provided. Separation materials 15 are

interposed between the cladding plates 1l. In this state, similarly to

the case shown in Fig. 6A, after required rolling i1is performed, the
laminated plate 100’ is separated from each other at the center of the
separation materials 15 to form two clad steel plates simultaneously.

Referring to Fig. 6C, the cladding plate 11 1s laminated on one
surface of the slab 10 by welding, and the cladding plate is not laminated
on the other surface thereof. Two laminated plates 100 comprising the
cladding plate 11 consisting of a nickel plate and the like are provided,

and carbon powders 16 are applied between the slabs 10 and interposed
as a separation material. After required rolling 1s performed, the two

laminated plates 100 are separated from each other at the carbon-applied
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portion positioned between the slabs 10. As a result, for example, 1t
is possible to simultaneously manufacture two battery can-forming plate
1 consisting of a nickel plate 3 formed on one surface of the base plate
2 shown 1in Fig. 7A and a carbon-appliéd layer 6 formed on the other surface
thereof. It is possible to simultaneously manufacture two clad steels
having a construction shown in Fig. 7B by laminating the laminated plates
100 between the cladding plates 11 through a separation material
consisting of carbon powder and rolling them and then separating them
from each other.

Referring to Fig. 6D, a laminated plate 100' consisting of two
laminated plates; each laminated plate having the cladding plate 11 made
of a nickel plate and the like welded to one surface of the slab 10 and
the cladding plate 12 made of a nickel alloy plate and the like welded
to another surface of the slab 10, is provided. Carbon powders 16 are
applied between the cladding plates 12 of the laminated plate 1l00' as
a separation material. After required rolling 1s performed, the the
laminated plate 100' is separated from each other at the carbon-applied
portion positioned between the cladding plates 12. It 1s possible to
simultaneously manufacture two battery can-forming plates 1 each having
the nickel plate 3 as an example formed on one surface of the base plate
2, the nickel alloy plate 4 formed on the other surface thereof, and a
carbon-applied layer 6 formed on the surface of the nickel alloy plate

4, as shown i1in Fig. 7C.

As described above, when two laminated plates comprising a cladding
plate or cladding plates laminated on the base plate are formed and

laminated one on the other through the separation material, then the two
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laminated plates are rolled it is possible to simultaneously manufacture
the two battery can-forming plate having the carbon-applied layer formed
on one surface thereof respectively, thus enhance the productivity and
also eliminate the process of appiying carbon powders on the surface,
of the battery can-forming plate, corresponding to the inner surface of
battery can in a subsequent process.

The flowchart shown in Fig. 8 shows a third embodiment of the present
invention. At step #2, a cladding plate 11 is welded to only one suriface
of a slab 10 and a cladding plate is not laminated on the other surface
thereof. Similarly to the first embodiment, at step #3, the laminated
plate is hot-rolled; at step #4, it is cold-rolled; at step #5, 1t 1is
continuously annealed; at step #6, temper-rolling 1s performed; and at
step #7, the exposed surface, of the base plate 10, on which the cladding
plate 11 is not laminated is plated. After twobattery can-formingplates
are simultaneously manufactured by the method shown in Fig. 6A from step
#1 to step #6, they are separated from each other at the center of the
separation material, and then, needless to say, the exposed surface of

the base plate 10 may be plated.

After the exposed surface of the base plate 10 is plated, continuous

annealing is performed at step #8. Then, at step #9, temper-rolling is
performed again to manufacture a battery can-forming plate consisting
of the base plate 2 made of a steel plate and having a thickness of 0.01lmm
~ 0.7mm shown in Fig. 9A, the claddin.g plate 3 consisting of a metal plate
different from the metal of the base plate 2 and having a thickness of

10um or less and laminated on one surface of the base plate 2, and the

plat.ed layer 8 formed on the other surface thereof.
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Figs. 9B through 9G show modifications of the battery can-forming
plate, of the third embodiment, having a plated layer formed on at least
one surface of the clad steel. A battery can-forming plate shown in Fig.
9B consists of the base plate 2, a'plated layer 8 formed on one surface
thereof, and the cladding plate 3 formed on the other surface thereof,
and a carbon-applied layer 6 formed by applying carbon to the surface
of the cladding plate 3. A battery can-forming plate shown in Fig. 9C
consists of the base plate 2, the plated layer 8 formed on one surface
thereof, the cladding plate 3 formed on the other surface thereof, the
carbon-applied layer 6 formed on the surface of the plated layer 8. A
battery can-forming plate shown in Fig. 9D consists of the cladding plate
3 formed on one surface of the base plate 2 and the plated layer 8 formed
on the cladding plate 3. The other surface of the base plate 2 1s exposed
to the outside. A battery can-forming plate shown in Fig. 9E consists
of cladding plates 3 and 4 of the same or different kind of metal and
formed on both surfaces of the base plate 2 and the plated layer 8 formed
on the surface of the cladding plate 3. A battery can-forming plate shown
in Fig. 9F consists of the plated layers 8 formed on the surface of both
the cladding plates 3 and 4. A battery can-forming plate shown in Fig.
9G consists of the cladding plate 3 formed on the base plate 2, the plated
layer 8 formed on the surface of the cladding plate 3, and the plated
layer 8 formed on the other surface of the base plate 2. As shown in Fig.
4B, it is preferable that when the battery can-forming plate i1s processed
into a battery can, the nickel-plated layer 8 1is positioned on the outer
surface of the battery can 20 and the cladding plate 4 consisting of alloy

is positioned on the inner surface thereof.
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It is preferable that the inner surface of the battery can 1s plated

with metals such as Au, Ag, Mo, Co, Ir, Rh, W, and Zn having low electric
resistances; and/or metals such as C, Co, Pd not easily oxidized; and
alloy metals such as Ni-C and Ni-Co. It is preferable that the surface,
of the battery can-fonning‘ plate, corresponding to the outer surface of

a battery can has a high degree of corrosion resistance and 1s plated

brightly. For example, it is preferable to brightly nickel-plate on a

dull nickel-plated layer.

As shown in Figs. 6C and 6D, when two battery can-forming plates
are manufactured simultanecusly, it 1s preferable to form the
carbon-applied layer 6 therebetween as the separation material. But
needless to say, in addition to forming the carbon-applied layer 6 as

the separation material, carbon powder may be applied to the surface of

a single clad steel plate.

It is possible to manufacture the battery can-forming plate formed
by combining the base plate 2, the cladding plate 3, the plated layer
8, and the carbon-applied layer 6 in various modes as shown in Figs. 10A
through 10G by the methods shown in Figs. 6C and 6D or forming the
carbon-applied layer 6 in a subsequent process. In forming a battery can
of the battery can-forming plate having the carbon-applied layer 6 formed
on at least one surface thereof, it is preferable the carbon-applied layer
6 1is positioned at the inner side of the battery can 20 and the cladding

plate 3 is positioned at the outer side thereof.
The above-described battery can-forming plate can be preferably used
as materials of the terminal of positive and negative electrodes and

needless to say, as materials for forming battery component parts, for
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example, electricity-collecting members, lead terminals, washers, rings,
explosion-proof valves, and the like.

As apparent from the foregoing description, according to the present
invention, after the cladding platé having a thickness of lmm - Smm 1s
cladded on the base plate consisting of a slab having a thickness of 200mm

~ 300mm, the cladding plate-laminated base plate is hot-rolled by reducing

the width thereof by 10% or less, the hot-rolled cladding plate-laminated
base plate is wound in the shape of coil by heating both edges thereof
in its width direction, and it is cold-rolled. Therefore, it is possible
to manufacture the thin clad steel plate consisting of the base plate
having a thickness of 0.0lmm - O.7mm and the cladding plate having a

thickness of 10um or less and having superior deep-draw characteristic,

which allows a material formed of the clad steel plate to be used as the
battery can-forming plate. That is, 1t 1is possible to manufacture the
thin clad steel plate having a good elongation and uniformity in the
thickness and metallic structure at the center and both edges thereof
in its width direction. Thus, 1t 1s possible to reduce the in-plane
anisotropy Ar which is the difference among the elongation percentage
in its length direction, that in its width direction, and that in 1its
oblique direction. Consequently, when the cladding steel plate 1s drawn
to form a cylindrical battery can, the cladding plate can follow the
elongation of the base plate. Thus, in forming the battery can by drawing
the battery can-forming plate, theré are no problems that crack, earring
occurs, and a desired size cannot be obtained. Further, the number of

the manufacturing processes is much smaller in using the clad steel plate

as the battery can-forming plate than that of the manufacturing processes
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in using the conventional plated plate such as nickel-plated steel plate
as the battery can-forming plate.. Accordingly, it is possible to
manufacture the battery can-forming plate superior 1in corrosion
resistance, processability, brightness, and 1nternal battery
characteristic easily and at a low cost. Thus, the present invention
provides the battery can-forming plate at a low cost.

Further, it is almost impossible to plate a steel plate with alloy

consisting of two - three kinds of metals. The kind of metal, the number
of metals which can be mixed with each other, and mixing ratio of metals
in forming an alloy are limited. Unlike the alloy plating, when an alloy
plate is used as the cladding plate of the clad steel, about 10 alloys
can be used selectively in different mixing proportions. Thus, there 1s
hardly a limitation in the kind, number, and mixing proportion, and the
cladding plate formed of an appropriate alloy can be selectively used

in view of the performance and price of a battery.
The characteristic requested for the outer side of the battery can

is different from that requested for the inner side thereof. In the clad
steel, because the metal composing the cladding plate to be formed on

one surface of the base plate is different from the metal composing the

cladding plate to be formed on the other surface thereof, the above request

can be easily satisfied.



10

15

~)

.

CA 02233532 1998-03-30
- 33 -

WHAT IS CILAIMED IS:

1. A battery can-forming plate comprised of a clad steel having a base
plate and cladding plates on both surfaces of the base plate, wherein
the base plate has a thickness oz:f 0.0lmm - O.7mm; a thickness of the
cladding plate is 10um or less; and the each metal of the cladding plates
is different from the metal of the base plate and also different from
each other.

2. A battery can-forming plate comprised of a clad steel having a base
plate and cladding plates on both surfaces of the base plate, whereiln
the base plate has a thickness 0of 0.01lmm - 0. 7mm; a thickness of the cladding
plate is 10umor less; and the eachmetal of the cladding plates isdifferent
from the metal of the base plate but identical to each other.

3. A battery can-forming plate comprised of a clad steel having a base
plate and a cladding plate on one surface of the base plate and a plated
layer on the other surface, wherein the base plate has a thickness of

0.01lmm - C.7mm; and a thickness of the cladding plate i1s 10um or less;

and the metal of the cladding plate 1s different from the metal of the
base plate.

4. A battery can-forming plate comprised of a clad steel having a base
plate and a cladding plate on one surface of the base plate and a carbon
applied layer on the other surface , wherein the base plate has a thickness
of 0.01lmm - 0.7mm; and a thickness of the cladding plate 1s 10um or less;
and the metal of the cladding plate 1s different from the metal of the

base plate.
5. The battery can-forming plate according to any one of claims 1

through 4 which has a plated layer on at least one surface of the cladding
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plate.

6. The battery can-forming plate according to any one of claims 1
through 5 which has a carbon-applied layer on at least one surface of
the cladding plate. .

7. The battery can-forming plate, according to claim 3 or 5, having
a carbon—-applied layer on at least one surface of the plated layer.
8. The battery can-forming plate according to any one of claims 1
through 7, wherein the cladding plate consists of nickel, nickel alloy,
copper, copper alloy, silver, gold or titanium.

9. The battery can~-forming plate according to claim 8, whereiln during
a process of forming a battery can, the cladding plate positioned on an
outer surface of the battery can consists of nickel, and the cladding
plate positioned on an inner surface of the battery can consists of nickel
alloy.

10. The battery can-~forming plate according to any one of claims 3, 5,
6, 7, 8, and 9, wherein the plated layer consists of a metal selected
from Au, Ag, Mo, Co, Ir, Rh, W, and Zn each having a 1low contact resistance.
11. The battery can-forming plate according to any one of claims 3, 5,
6, 7, 8, and 9, wherein the plated layer consists of a metal selected
from C, Co, and Pd not easily oxidized; and an alloy selected from Ni-C,
Ni-Mn, Ni-Co, Ni-B, Ni~Fe, N1-Sn, Ni1i-2Zn, N1-Si, Ni-In, N1-Ge, Ni1-Se, Ni-La,
Ni-W, Ni-Ti, Ni-P, Ni-Mo, Ni-Ga, Co-Mo, Fe-W, and Ag-Sn not easily
oxidized.

12. A battery can made of the battery can-forming plate described any

one of claims 1 through 11.

13. A method of manufacturing a battery can-forming plate comprising
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the steps of:

laminating a cladding plate of which a thickness 1s lmm - 5mm
consisting of a metal different from the metal of a continuously cast
slab on at least one surface of tﬂe slab having a thickness of 200mm -
300mm;

hot-rolling and drawing the slab laminated with the cladding plate
to reduce the width thereof at 10% or less;

winding the slab with the cladding plate while both edges thereof
in a width direction thereof are being heated; and

cold-rolling the slab laminated with the cladding plate,

whereby a clad steel comprised of a base plate made of the slab having

a thickness of 0.01lmm - O0.7mm and the cladding plate having a thickness

of 10um or less 1s manufactured.
14. A method of manufacturing a battery can-forming plate comprising
the steps of:

providing two laminated plates by laminating cladding plates
consisting of a metal different from the metal of a continuously cast

slab on at least one surface of the slab;

applying a separation material between the cladding plates of the

laminated plates;
hot-rolling the laminated plates at a predetermined ratio;
cold-rolling the laminated plates at a predetermined ratio; and
separating the laminated plates from each other at the separation
material portion,
wheresby a clad steel comprised of a base plate consisting of the

slab and having a thickness of 0.01lmm - 0.7mm and the cladding plate having
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a thickness of 10um or less 1s manufactured.
15. A method of manufacturing a battery can-forming plate comprising
the steps of:

providing two laminated plétes by laminating a cladding plate
consisting of a metal different from the metal of a continuously cast

slab on at least one surface of the slab;

applying carbon powders between the base plates of the laminated

plates;

hot-rolling the laminated plates at a predetermined ratio;
cold-rolling the laminated plates at a predetermined ratio; and
separating the laminated plates fromeach other at the carbon powders

portion,

whereby a clad steel comprised of the base plate consisting of the

slab and having a thickness of 0.0lmm - 0.7mm; the cladding plate on one
surface of the base plate and having a thickness of 10um or less; and
the carbon powders applied to the other surface of the base plate.
16. A method of manufacturing a battery can-forming plate comprising
the steps of:

providing two laminated plates by laminating cladding plates

consisting of a metal different from the metal of a continuously cast

slab on both surfaces of the slab;
applying carbon powders between the cladding plates of the laminated
plates;
hot-rolling the laminated plates at a predetermined ratio;
cold-rolling the laminated plates at a predetermined ratio; and

separating the laminated plates fromeach other at the carbon powders
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portion,

whereby a clad steel comprised of the base plate consisting of the
slab and having a thickness of 0.0lmm - 0.7mm; the cladding plate on each
surface of the base plate and having a thickness of 10um or less; and
the carbon powdérs applied to the surface of one of the cladding plates.
17. The method of manufacturing the battery can-forming plate according
to any one of claims 13 through 16, wherein a plated layer 1s coated on
the surface of the cladding plate or/and the surface of the base plate
by plating the surface of the cladding plate or/and the surface of the
base plate after the laminated plates are cold-rolled.
18. The method of manufacturing the battery can-forming plate according

to claim 17, wherein a carbon layer is coated on the surface of the plated

layer by applying carbon to the surface of the plated layer after the

plated layer 1s coated.
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