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Description
TECHNICAL FIELD
[0001] The present invention relates to a steel sheet for cans and a method of manufacturing the same.
BACKGROUND ART

[0002] Patent Literatures 1 and 2 disclose a steel sheet for cans including, "on a surface of a steel sheet, a chromium
metal layer and a hydrated chromium oxide layer stacked in this order from a steel sheet side" in which the chromium
metal layer further includes "granular protrusions”.

CITATION LIST
PATENT LITERATURE
[0003]

Patent Literature 1: WO 2018/225739 A
Patent Literature 2: WO 2018/225726 A

SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0004] The steel sheet for cans disclosed in Patent Literatures 1 and 2 has favorable characteristics such as corrosion
resistance and weldability, but in recent years, further improvement in corrosion resistance is required.

[0005] Therefore, an object of the present invention is to provide a steel sheet for cans having excellent corrosion
resistance and excellent weldability, and a method of manufacturing the same.

SOLUTION TO PROBLEMS

[0006] The presentinventors have conducted intensive studies, and as a result, have found that the object is achieved
by adopting the following configuration, thereby completing the present invention.
[0007] That s, the present invention provides the following [1] to [14] .

[1] A steel sheet for cans comprising,

on a surface of a steel sheet, two or more coating layers and a chromium-containing layer stacked in this order
from a steel sheet side,

wherein the chromium-containing layer has a plurality of core-shell particles,

the plurality of core-shell particles are disposed on, of the two or more coating layers, one layer adjacent to the
chromium-containing layer, and

each of the plurality of core-shell particles has a core of chromium metal or a chromium compound and a shell
of chromium oxide covering the core.

[2] The steel sheet for cans according to [1] above, wherein the core is in non-contact with, of the two or more coating
layers, one layer adjacent to the steel sheet.

[3] The steel sheet for cans according to [1] or [2] above, wherein chromium oxide is present between the core and,
of the two or more coating layers, one layer adjacent to the steel sheet.

[4] The steel sheet for cans according to any one of [1] to [3] above,

wherein, of the two or more coating layers, one layer adjacent to the steel sheet is a chromium metal layer, and
of the two or more coating layers, one layer adjacent to the chromium-containing layer is a metal layer or a

metal oxide layer.

[5] The steel sheet for cans according to [4] above,
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wherein, of the two or more coating layers, one layer adjacent to the chromium-containing layer is the metal
oxide layer, and
the metal oxide layer is a chromium oxide layer.

[6] The steel sheet for cans according to any one of [1] to [5] above, wherein the two or more coating layers are two
layers.

[7]1 The steel sheet for cans according to any one of [1] to [6] above, wherein the core is formed of the chromium metal.
[8] The steel sheet for cans according to any one of [1] to [7] above, wherein a coating weight of chromium metal
is 50 to 200 mg/m2,

[9] The steel sheet for cans according to any one of [1] to [8] above,

wherein an area fraction of the plurality of core-shell particles is 10% or more, and
a number density of the plurality of core-shell particles is 1 particle/um?2 or more.

[10] The steel sheet for cans according to any one of [1] to [9] above,

wherein a grain size of the core is 10 to 500 nm, and
a thickness of the shell is 1/3 or less of the grain size of the core and is 0.5 to 10.0 nm.

[11] The steel sheet for cans according to any one of [1] to [10] above, wherein an aspect ratio of each of the plurality
of core-shell particles is 2.0 or less.

[12] The steel sheet for cans according to any one of [1] to [11] above, wherein the core is a single crystal.

[13] The steel sheet for cans according to any one of [1] to [12] above, wherein the shell is amorphous.

[14] A method of manufacturing the steel sheet for cans according to any one of [1] to [13] above, the method
comprising:

subjecting a steel sheet to a primary cathodic electrolysis treatment, an anodic electrolysis treatment, a sec-
ondary cathodic electrolysis treatment, and a tertiary cathodic electrolysis treatment in this order with use of an
aqueous solution containing a hexavalent chromium compound and a fluorine-containing compound,

wherein a current density of the secondary cathodic electrolysis treatment is 15 A/dm2 or less, and an electric
quantity density of the secondary cathodic electrolysis treatment is 5.0 C/dm?2 or less.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the present invention, it is possible to provide a steel sheet for cans having excellent corrosion
resistance and excellent weldability, and a method of manufacturing the same.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

[FIG. 1] FIG. 1 is a cross-sectional view schematically illustrating an example of a steel sheet for cans of the present
embodiment.

[FIG. 2] FIG. 2 is a TEM image obtained by observing a cross section of the steel sheet for cans of the present
embodiment.

[FIG. 3] FIG. 3 is a graph showing an element distribution in a thickness direction of the steel sheet for cans of the
present embodiment.

[FIG. 4] FIG. 4 is a cross-sectional view schematically illustrating an example of a conventional steel sheet for cans.

DESCRIPTION OF EMBODIMENTS
[Steel Sheet for Cans]

[0010] FIG. 1 is a cross-sectional view schematically illustrating a steel sheet 1 for cans of the present embodiment.
[0011] As illustrated in FIG. 1, the steel sheet 1 for cans includes a steel sheet 2. The steel sheet 1 for cans further
includes, on a surface of the steel sheet 2, two or more coating layers 3 and a chromium-containing layer 4 in this order
from the steel sheet 2 side.

[0012] FIG. 1 illustrates an example in which the coating layers 3 are two layers. That is, the steel sheet 1 for cans
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includes a coating layer 3a and a coating layer 3b. The coating layer 3a is, for example, a chromium metal layer as
described below. The coating layer 3b is, for example, a chromium oxide layer as described below.

[0013] The chromium-containing layer 4 is composed of a plurality of core-shell particles 5. The core-shell particles 5
are disposed on, of the coating layers 3, one layer (coating layer 3b) adjacent to the chromium-containing layer 4.
[0014] The core-shell particles 5 each have a core 5a of chromium metal or a chromium compound and a shell 5b of
chromium oxide covering the core.

[0015] Thatis, in the steel sheet 1 for cans, "chromium oxide" is present between the core 5a of the core-shell particle
5 and, of the coating layers 3, one layer (coating layer 3a) adjacent to the steel sheet 2. In other words, the core 5a is
in non-contact with the coating layer 3a.

[0016] This "chromium oxide" is chromium oxide constituting the shell 5b, and may be chromium oxide constituting
the coating layer 3b (chromium oxide layer).

[0017] Inthe presentinvention, chromium compounds containing oxygen such as chromium hydrated oxide, chromium
oxide, and chromium hydroxide are collectively referred to as "chromium oxide".

[0018] For the steel sheet 1 for cans of the present embodiment, a cross section cut out using a focused ion beam
(FIB) was observed using a transmission electron microscope (TEM).

[0019] FIG. 2 is a TEM image obtained by observing a cross section of the steel sheet 1 for cans of the present
embodiment. Specifically, a bright field scanning transmission electron microscope (Bright-Field Scanning Transmission
Electron Microscopy, BF-STEM) was used as the TEM.

[0020] As viewing the TEM image of FIG. 2, it can be seen that the core-shell particles 5 each having the core 5a and
the shell 5b are disposed on the coating layer 3b.

[0021] For the steel sheet 1 for cans of the present embodiment, an element distribution in a thickness direction was
determined using a three-dimensional atom probe (3DAP).

[0022] FIG. 3 is a graph showing an element distribution in a thickness direction of the steel sheet 1 for cans of the
present embodiment.

[0023] In the graph of FIG. 3, a composition of Cr-O/Cr/Cr-O/Cr/Fe is observed in order from the outermost surface
toward the steel sheet.

[0024] From the above results, it can be seen that the steel sheet 1 for cans has a configuration of the shell 5b
(chromium oxide)/the core 5a (chromium metal)/the shell 5b (chromium oxide), the coating layer 3b (chromium oxide
layer)/the coating layer 3a (chromium metal layer)/the steel sheet 2 from the outermost surface toward the steel sheet
2 in the thickness direction.

[0025] That is, the above results demonstrate that "chromium oxide" is present between the core 5a and the coating
layer 3a, and the core 5a is in non-contact with the coating layer 3a.

[0026] A configuration of a conventional steel sheet for cans will be described.

[0027] FIG. 4 is a cross-sectional view schematically illustrating an example of a conventional steel sheet 11 for cans.
[0028] The conventional steel sheet 11 for cans includes, on a surface of a steel sheet 12, a chromium metal layer
13 and a chromium oxide layer 14.

[0029] The chromium metal layer 13 includes a flat plate-shaped base portion 13a and granular protrusions 13b. The
chromium oxide layer 14 is disposed on the chromium metal layer 13 so as to follow the shape of the granular protrusions
13b.

[0030] Inthe conventional steel sheet 11 for cans, the base portion 13a and the granular protrusions 13b are in contact
with each other, and there is no "chromium oxide" therebetween.

[0031] Thechromium metal layer 13 and the chromium oxide layer 14 covering the steel sheet 12 contribute to corrosion
resistance.

[0032] When the surfaces of the conventional steel sheet 11 for cans are brought into contact with each other or
rubbed in a contact state, the granular protrusions 13b may be detached from the base portion 13a together with the
chromium oxide layer 14 covering the granular protrusions 13b.

[0033] In this case, at a portion where the granular protrusions 13b are detached, only the base portion 13a of the
chromium metal layer 13 covers the steel sheet 12, the steel sheet 12 is easily exposed, and corrosion resistance may
be insufficient as compared with the initial state.

[0034] On the other hand, in the steel sheet 1 for cans of the present embodiment described based on FIGS. 1 to 3,
as described above, "chromium oxide" is present between the core 5a of the core-shell particle 5 and the coating layer
3a, and the core 5a is in non-contact with the coating layer 3a.

[0035] Therefore, even if the core-shell particles 5 are detached, not only the coating layer 3a (chromium metal layer)
but also "chromium oxide" such as the coating layer 3b tends to remain at the portion, so that the steel sheet 2 is hardly
exposed.

[0036] Therefore, the steel sheet 1 for cans of the present embodiment is relatively more excellent in corrosion resist-
ance than the conventional steel sheet 11 for cans (see FIG. 4).

[0037] Hereinafter, each constituent of the steel sheet for cans of the present embodiment will be described in more
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detail.
<Steel Sheet>

[0038] The type of the steel sheet is not particularly limited. In general, steel sheets used as materials for containers
(for example, a low carbon steel sheet and an ultra low carbon steel sheet) can be used. A manufacturing method,
material, and the like of the steel sheet are also not particularly limited. The steel sheet is manufactured through a
process starting with a typical billet manufacturing process, followed by such processes as hot rolling, pickling, cold
rolling, annealing and temper rolling.

<Coating Layer>

[0039] Two or more coating layers are disposed on the surface of the steel sheet.

[0040] The coating layers suppress surface exposure of the steel sheet and improve corrosion resistance.

[0041] It suffices if the coating layers are disposed on at least one surface of the steel sheet, and the coating layers
may be disposed on both surfaces of the steel sheet.

<<Number of Layers>>

[0042] The number of coating layers is, for example, five or less and preferably three or less. The number of coating
layers may be two.

[0043] When the number of coating layers is two, hereinafter, for the sake of convenience, the coating layer adjacent
to the steel sheet (see "coating layer 3a" in FIG. 1) may sometimes be referred to as "coating layer A", and the coating
layer adjacent to the chromium-containing layer described below (see "coating layer 3b" in FIG. 1) may sometimes be
referred to as "coating layer B".

<<Chromium Metal Layer>>

[0044] At least one of the coating layers is, for example, a chromium metal layer.
[0045] In particular, the coating layer A adjacent to the steel sheet is preferably a chromium metal layer.

<<Metal Layer or Metal Oxide Layer>>

[0046] Another layer of the coating layers is, for example, a metal layer or a metal oxide layer.

[0047] In particular, the coating layer B adjacent to the chromium-containing layer is preferably a metal layer or a metal
oxide layer, and particularly, a metal oxide layer is more preferable.

[0048] Suitable examples of the metal element constituting the metal layer include metal elements nobler than Fe,
such as Ni, Sn, Ag, Pt, and Au, from the viewpoint of obtaining sufficient corrosion resistance.

[0049] Suitable examples of the metal oxide constituting the metal oxide layer include stable oxides such as Cr oxide
(chromium oxide), Sn oxide, and Al oxide from the viewpoint of obtaining sufficient corrosion resistance, and among
them, Cr oxide (chromium oxide) is more preferable. That is, the metal oxide layer is preferably a chromium oxide layer.
[0050] A method for forming the metal layer is not particularly limited, and examples thereof include a method of
electroplating using a known plating bath when the metal element constituting the metal layer is Ni, Sn, Ag, or the like.
[0051] A method for forming the metal oxide layer is also not particularly limited. For example, the metal layer may be
naturally oxidized to obtain a metal oxide layer. The metal layer may be oxidized by performing an anodic electrolysis
treatment in a plating bath or the like.

<<Thickness>>

[0052] The thickness of the coating layers is not particularly limited, and from the reason that the corrosion resistance
is more excellent, the total thickness is preferably 3 nm or more and more preferably 5 nm or more.

[0053] Meanwhile, the upper limit is not particularly limited, but when the coating layers are excessively thick, this may
cause cracking or peeling, so that the total thickness of the coating layers is preferably 1000 nm or less, more preferably
500 nm or less, even more preferably 200 nm or less, and particularly preferably 100 nm or less.

[0054] The number and the thickness of the coating layers can be measured by observing a cross section cut out
using FIB with the use of a transmission electron microscope (TEM). An average value of arbitrary five visual fields is used.
[0055] The core grain size and the shell thickness described below are also measured in the same manner.
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<Chromium-Containing Layer (Core-Shell Particles)>

[0056] The chromium-containing layer is a layer composed of a plurality of core-shell particles.

[0057] The core-shell particles are disposed on, of the coating layers, one layer (see "coating layer 3b" in FIG. 1)
adjacent to the chromium-containing layer.

[0058] The core of the core-shell particle is formed of chromium metal or a chromium compound. The shell covering
the core is formed of chromium oxide.

[0059] The core ofthe core-shell particle reduces the contact resistance between the steel sheets for cans and improves
the weldability. An estimated mechanism by which the contact resistance is reduced is described below.

[0060] The shell of the core-shell particle is formed of chromium oxide.

[0061] Asdescribed above, of the coating layers, one layer (see "coating layer 3b" in FIG. 1) adjacent to the chromium-
containing layer may also be a metal oxide layer such as chromium oxide layer.

[0062] A metal oxide such as chromium oxide has a higher electrical resistance than chromium metal, and thus can
be an inhibitor of welding.

[0063] However, the cores of the core-shell particles destroy these metal oxides due to the surface pressure at the
time of contact between the steel sheets for cans during welding, and become current-carrying points of welding current,
and as a result, the contact resistance greatly decreases.

<<Core>>

[0064] As described above, the core of the core-shell particle is formed of chromium metal or a chromium compound.
Examples of the chromium compound include chromium compounds other than chromium oxide, and specific examples
thereof include Fe-Cr alloys, chromium carbide, chromium nitride, and chromium boride.

[0065] The core is preferably formed of chromium metal from the reason that conductivity is high and weldability is
more excellent.

[0066] The chromium metal or the chromium compound constituting the core is preferably a single crystal from the
reason that the single crystal has higher conductivity and more excellent weldability than a polycrystal.

(Core Grain Size)

[0067] The grain size of the core (core grain size) is preferably 5 nm or more, more preferably 10 nm or more, even
more preferably 25 nm or more, and particularly preferably 40 nm or more, from the reason that the metal oxide is easily
broken effectively and weldability is more excellent.

[0068] The upper limit of the core grain size is not particularly limited. However, when the core grain size is excessively
large, the number of contact points decreases, and it may be difficult to effectively reduce the contact resistance.
Therefore, the core grain size is preferably 5000 nm or less, more preferably 1000 nm or less, even more preferably
500 nm or less, and particularly preferably 250 nm or less.

<<Shell>>

[0069] The chromium oxide constituting the shell is preferably amorphous. Since the shell is amorphous, defects are
less likely to be introduced into the interface between the shell and the core, and the adhesion between the shell and
the core is excellent.

(Shell Thickness)

[0070] When the thickness of the shell (shell thickness) formed of chromium oxide is large, welding is easily hindered
as compared with a case where the thickness is small.

[0071] From the reason that weldability is more excellent, the shell thickness is preferably 10.0 nm or less, more
preferably 7.0 nm or less, even more preferably 5.0 nm or less, and particularly preferably 1.0 nm or less.

[0072] For the same reason, the shell thickness is preferably 1/3 or less, more preferably 1/6 or less, and even more
preferably 1/10 or less of the core grain size.

[0073] Meanwhile, when the thickness of the shell formed of chromium oxide is large, the corrosion resistance becomes
favorable as compared with a case where the thickness is small.

[0074] From the reason that the corrosion resistance is more excellent, the shell thickness is preferably 0.5 nm or
more, preferably 1.0 nm or more, more preferably 3.0 nm or more, and even more preferably 5.0 nm or more.
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<<Area Fraction and Number Density>>

[0075] From the reason that the core-shell particles are likely to effectively destroy the metal oxide (particularly, the
coating layer which is a metal oxide layer), the area fraction of the core-shell particles is preferably 10% or more, more
preferably 20% or more, and even more preferably 40% or more.

[0076] Forthe same reason, the number density of the core-shell particles is preferably 1 particle/uwm?2 or more, more
preferably 20 particles/um?2 or more, and even more preferably 50 particles/um?2 or more.

[0077] Meanwhile, when the core-shell particles excessively occupy the surface of the steel sheet for cans, the contact
between the core-shell particles increases, and it may be difficult to contribute to the reduction of the contact resistance.
[0078] Therefore, the area fraction of the core-shell particles is preferably 90% or less, more preferably 85% or less,
and even more preferably 80% or less.

[0079] The number density of the core-shell particles is preferably 300 particles/um?2 or less, more preferably 240
particles/um? or less, and even more preferably 180 particles/um?2 or less.

<<Aspect Ratio>>

[0080] In a case where the core-shell particles are excessively elongated, when the steel sheets for cans are brought
into contact with each other, the core-shell particles do not get stuck in the surface of the counterpart steel sheet for
cans, and there is a high probability that reduction in contact resistance due to destruction of the metal oxide is not
achieved.

[0081] Therefore, from the reason that weldability is more excellent, the aspect ratio of the core-shell particle is pref-
erably 3.0 or less and more preferably 2.0 or less.

[0082] The area fraction, the number density, and the aspect ratio of the core-shell particles are determined as follows.
[0083] First, a photograph of a surface of the steel sheet for cans is taken at a magnification of 50,000 using a scanning
electron microscope (SEM).

[0084] The captured photograph is binarized using software (trade name: ImagedJ) and subjected to image analysis
to determine the area fraction (unit: %) and the number density (unit: particle(s)/um?2) of the core-shell particles occupying
the surface of the steel sheet for cans.

[0085] For each core-shell particle, the aspect ratio (a/b) is obtained with the longest particle length as a major axis
length "a" and the particle length at the time of longest crossing of the particle in the direction perpendicular thereto as
a minor axis length "b".

[0086] In any cases, an average value of arbitrary five visual fields is used.

<Coating Weight of Chromium Metal>

[0087] From the reason that the corrosion resistance of the steel sheet for cans is more excellent, the coating weight
of chromium metal is preferably 50 mg/m?2 or more, more preferably 60 mg/m?2 or more, and even more preferably 70
mg/m2 or more. The coating weight is a coating weight per one surface of the steel sheet (the same applies hereinafter).
[0088] Meanwhile, when the coating weight of chromium metal is too large, high-melting-point chromium metal covers
the entire surface of the steel sheet, and this induces significant decrease in weld strength in welding and significant
generation of dust, which may lead to poor weldability.

[0089] Therefore, from the reason that the weldability of the steel sheet for cans is more excellent, the coating weight
of chromium metal is preferably 200 mg/m? or less, more preferably 180 mg/m? or less, and even more preferably 160
mg/m?2 or less.

<Coating Weight of Chromium Oxide>

[0090] From the reason that the corrosion resistance of the steel sheet for cans is more excellent, the coating weight
of chromium oxide in terms of chromium is preferably 3 mg/m2 or more, more preferably 4 mg/m?2 or more, and even
more preferably 5 mg/m?2 or more.

[0091] Meanwhile, chromium oxide is inferior to chromium metal in conductivity, and accordingly, too much amount
of chromium oxide leads to excessive resistance in welding, which may cause generation of dust, occurrence of splash,
and a variety of weld defects such as blowhole formation associated with overwelding, thus resulting in poor weldability
of the steel sheet for cans.

[0092] Therefore, from the reason that the weldability of the steel sheet for cans is more excellent, the coating weight
of chromium oxide in terms of chromium is preferably 30 mg/m? or less, more preferably 20 mg/m2 or less, and even
more preferably 10 mg/m2 or less.

[0093] The coating weight of chromium metal and the coating weight of chromium oxide in terms of chromium are
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determined as follows.

[0094] First, the amount of chromium (total amount of chromium) of the steel sheet for cans is measured using an X-
ray fluorescence device. Next, the steel sheet for cans is subjected to alkaline treatment, i.e., is immersed in a 6.5 N
aqueous sodium hydroxide solution (liquid temperature: 90°C) for 10 minutes, and then the amount of chromium (the
amount of chromium after alkaline treatment) is measured again using an X-ray fluorescence device. The amount of
chromium after alkaline treatment is taken as the coating weight of chromium metal.

[0095] Thereafter, the equation (amount of alkali-soluble chromium) = (total amount of chromium) - (amount of chro-
mium after alkaline treatment) is calculated, and the amount of alkali-soluble chromium is taken as the coating weight
of chromium oxide in terms of chromium.

[Method of Manufacturing Steel Sheet for Cans]

[0096] Next, a method of manufacturing the steel sheet for cans of the present embodiment described above will be
described.

[0097] In the following, a method of manufacturing a steel sheet for cans satisfying the following conditions (also
referred to as "present manufacturing method" for convenience) will be described.

- Number of coating layers: 2

- Coating layer A adjacent to the steel sheet: chromium metal layer

- Coating layer B adjacent to the chromium-containing layer: chromium oxide layer
- Core of the core-shell particle: chromium metal

- Shell of the core-shell particle: chromium oxide

[0098] The present manufacturing method is generally a method of subjecting a steel sheet to a primary cathodic
electrolysis treatment, an anodic electrolysis treatment, a secondary cathodic electrolysis treatment, and a tertiary ca-
thodic electrolysis treatment in this order with use of an aqueous solution containing a hexavalent chromium compound
and a fluorine-containing compound.

[0099] In the present manufacturing method, a current density of the secondary cathodic electrolysis treatment is 15
A/dm?2 or less, and an electric quantity density of the secondary cathodic electrolysis treatment is 5 C/dm?2 or less.
[0100] When the steel sheet is subjected to the cathodic electrolysis treatment in an aqueous solution containing a
hexavalent chromium compound, a reduction reaction occurs on the surface of the steel sheet, and chromium metal
and chromium oxide, which is an intermediate product to chromium metal, are deposited on the surface.

[0101] Sincethe anodicelectrolysis treatmentis performed between the two cathodic electrolysis treatments, chromium
metal and chromium oxide are dissolved over the entire surface of the steel sheet at multiple sites. More specifically, it
is assumed thatin the anodic electrolysis treatment, chromium oxide is dissolved and becomes thin, and further, chromium
metal in the lower layer is changed to chromium oxide.

[0102] Thereafter, when the cathodic electrolysis treatment is performed to deposit chromium metal, a current con-
centrates on a portion where chromium oxide is thin (deposition site), and granular chromium metal is generated.
[0103] In the present manufacturing method, by performing the secondary cathodic electrolysis treatment under ap-
propriate conditions (low current density and low electric quantity density), the deposition site is covered with chromium
oxide so thinly that the deposition site is not crushed.

[0104] As a result, in the subsequent tertiary cathodic electrolysis treatment, granular chromium metal (that is, core-
shell particles) whose periphery is coated with chromium oxide is deposited at the deposition site.

[0105] The mechanism (reason) by which chromium metal is deposited (electrolytically deposited) on chromium oxide
formed thin is not clear in detail, but reasons are considered as follows, for example: chromium oxide forms a semicon-
ductor of Cr,O5 or the like to perform electron transfer; and chromium oxide is an extremely thin film, so that electrolytic
deposition proceeds due to the tunneling effect.

[0106] When the secondary cathodic electrolysis treatment is not performed (or the secondary cathodic electrolysis
treatmentis not performed under appropriate conditions), granular chromium metal grows directly from the deposition site.
[0107] In this case, specifically, for example, like the conventional steel sheet 11 for cans described with reference to
FIG. 4, the base portion 13a is in contact with the granular protrusions 13b.

[0108] Hereinafter, the aqueous solution and each electrolysis treatment used in the present manufacturing method
will be described in detail.

<Aqueous Solution>

[0109] The aqueous solution used in the manufacturing method of the present invention contains at least a hexavalent
chromium compound and a fluorine-containing compound.
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<<Hexavalent Chromium Compound>>

[0110] Examples of the hexavalent chromium compound include chromium trioxide (CrO3); dichromates such as
potassium dichromate (K,Cr,0-); and chromates such as potassium chromate (K,CrOy,).

[0111] The content of the hexavalent chromium compound in the aqueous solution is preferably 0.50 mol/L or more
and more preferably 0.80 mol/L or more as the amount of Cr, from the reason that chromium metal can be stably
deposited for a long time with high efficiency.

[0112] Meanwhile, the amount of Cr is preferably 5.00 mol/L or less and more preferably 3.00 mol/L or less.

<<Fluorine-Containing Compound>>

[0113] Examples of the fluorine-containing compound include hydrofluoric acid (HF), potassium fluoride (KF), sodium
fluoride (NaF), hydrosilicofluoric acid (H,SiFg), and a salt of hydrosilicofluoric acid.

[0114] Examples of the salt of hydrosilicofluoric acid include sodium silicofluoride (Na,SiFg), potassium silicofluoride
(K5SiFg), and ammonium silicofluoride ((NH,4),SiFg).

[0115] The content of the fluorine-containing compound in the aqueous solution is preferably more than 0.100 mol/L,
more preferably 0.110 mol/L or more, even more preferably 0.150 mol/L or more, and particularly preferably 0.200 mol/L
or more as the amount of F. With this, it is easy to obtain uniform and fine deposition sites on the entire surface at the
time of dissolution in the anodic electrolysis treatment.

[0116] Meanwhile, the amount of F is preferably 4.000 mol/L or less, more preferably 3.000 mol/L or less, even more
preferably 2.000 mol/L or less, and particularly preferably 1.000 mol/L or less.

<<Sulfuric Acid>>

[0117] The adhesion efficiency of chromium metal is improved by using sulfuric acid in combination with the fluorine-
containing compound.

[0118] A part or all of sulfuric acid may be a sulfate such as sodium sulfate, calcium sulfate, or ammonium sulfate.
[0119] The content of sulfuric acid in the aqueous solution is preferably 0.0001 mol/L or more, more preferably 0.0003
mol/L or more, and even more preferably 0.0010 mol/L or more as the amount of 8042'.

[0120] Meanwhile, the amount of SO42 is preferably 0.1000 mol/L or less and more preferably 0.0500 mol/L or less.
[0121] The liquid temperature of the aqueous solution is preferably 20°C or higher, more preferably 30°C or higher,
and even more preferably 40°C or higher.

[0122] Meanwhile, the liquid temperature of the aqueous solution is preferably 80°C or lower and more preferably
60°C or lower.

[0123] In each electrolysis treatment (the primary cathodic electrolysis treatment, the anodic electrolysis treatment,
the secondary cathodic electrolysis treatment, and the tertiary cathodic electrolysis treatment), it is preferable to use
only one kind of aqueous solution.

<Primary Cathodic Electrolysis Treatment>

[0124] The primary cathodic electrolysis treatment deposits chromium metal and chromium oxide.

[0125] At this time, from the viewpoint of achieving an appropriate deposition amount, the electric quantity density
(product of the current density and the current application time) of the primary cathodic electrolysis treatment is preferably
5.0 C/dm?2 or more, more preferably 8.0 C/dm2 or more, and even more preferably 10.0 C/dm2 or more.

[0126] Meanwhile, the electric quantity density of the primary cathodic electrolysis treatment is preferably 40.0 C/dm?
or less, more preferably 35.0 C/dmZ or less, and even more preferably 25.0 C/dmZ or less.

[0127] The current density (unit: A/dm2) and the current application time (unit: s) of the primary cathodic electrolysis
treatment are appropriately set from the above electric quantity density.

<Anodic Electrolysis Treatment>

[0128] Inthe anodic electrolysis treatment, the chromium metal and chromium oxide deposited in the primary cathodic
electrolysis treatment are dissolved to form the above-described deposition site.

[0129] At this time, when the dissolution in the anodic electrolysis treatment is too strong or too weak, the deposition
site may decrease, the number density of the core-shell particles may decrease, the dissolution may proceed unevenly
to generate a variation in distribution of the core-shell particles, or the thickness of the chromium metal layer may decrease.
[0130] From the above viewpoint, the electric quantity density (product of the current density and the current application
time) of the anodic electrolysis treatment is preferably 0.1 C/dm2 or more, more preferably more than 0.3 C/dm2, and
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even more preferably 0.8 C/dm2 or more.

[0131] Meanwhile, the electric quantity density of the anodic electrolysis treatment is preferably 5.0 C/dm?2 or less,
more preferably 3.0 C/dm? or less, and even more preferably 2.0 C/dm?2 or less.

[0132] The current density (unit: A/dm2) and the current application time (unit: s) of the anodic electrolysis treatment
are appropriately set from the above electric quantity density.

<Secondary Cathodic Electrolysis Treatment>

[0133] In the secondary cathodic electrolysis treatment, as described above, the deposition site formed in the anodic
electrolysis treatment is thinly covered with chromium oxide. That is, the purpose of the secondary cathodic electrolysis
treatment is not deposition of chromium metal.

[0134] When the current density and/or the electric quantity density of the secondary cathodic electrolysis treatment
is too high, the deposition site is not covered with chromium oxide, and granular chromium metal is likely to be deposited
from the deposition site.

[0135] Therefore, the current density of the secondary cathodic electrolysis treatment is 15 A/dm?2 or less, preferably
12 A/ldm2 or less, and more preferably 8 A/dm?2 or less.

[0136] The electric quantity density of the secondary cathodic electrolysis treatment is 5.0 C/dmZ2 or less, preferably
4.0 C/dm?Z or less, and more preferably 3.0 C/dm?2 or less.

[0137] The lower limit of the current density of the secondary cathodic electrolysis treatment is not particularly limited,
and is, for example, 1 A/dm2 and preferably 3 A/dm?2.

[0138] The lower limit of the electric quantity density of the secondary cathodic electrolysis treatment is not particularly
limited, and is, for example, 0.5 C/dm2 and more preferably 1.0 C/dm2,

[0139] The current application time (unit: s) of the secondary cathodic electrolysis treatment is appropriately set from
the above current density and the above electric quantity density.

<Tertiary Cathodic Electrolysis Treatment>

[0140] In the tertiary cathodic electrolysis treatment, granular chromium metal is deposited at a deposition site thinly
covered with chromium oxide. In this way, chromium metal whose periphery is coated with chromium oxide (that is, core-
shell particles) is produced.

[0141] In the tertiary cathodic electrolysis treatment, when the current density and/or the electric quantity density is
high, granular chromium metal is easily deposited. In the tertiary cathodic electrolysis treatment, since chromium oxide
is also deposited, in this case, the thickness of the shell formed of chromium oxide is also easily increase.

[0142] From the above points, the current density of the tertiary cathodic electrolysis treatment is, for example, 20
A/dm2 or more, preferably 30 A/dm?2 or more, more preferably 50 A/dm2 or more, even more preferably 70 A/dm2 or
more, and particularly preferably 100 A/dm2 or more.

[0143] Similarly, the electric quantity density of the tertiary cathodic electrolysis treatment is preferably 10.0 C/dm?2 or
more, more preferably 15.0 C/dm2 or more, even more preferably 20.0 C/dm2 or more, and particularly preferably 25.0
C/dm?2 or more.

[0144] Meanwhile, the current density of the tertiary cathodic electrolysis treatment is preferably 250 A/dmZ2 or less,
more preferably 200 A/dm2 or less, and even more preferably 150 A/dm?2 or less.

[0145] The electric quantity density of the tertiary cathodic electrolysis treatment is preferably 100 C/dm?2 or less, more
preferably 80 C/dm? or less, and even more preferably 60 C/dm? or less.

[0146] The current application time (unit: s) of the tertiary cathodic electrolysis treatment is appropriately set from the
above current density and the above electric quantity density.

[0147] Each electrolysis treatment need not be continuous electrolysis treatment. That is, each electrolysis treatment
may be intermittent electrolysis treatment because electrolysis is carried out separately for each set of electrodes in
industrial production and accordingly, an immersion period with no current application is inevitably present. In the case
of intermittent electrolysis treatment, the total electric quantity density preferably falls within the foregoing ranges.
[0148] After the tertiary cathodic electrolysis treatment, the steel sheet may be electrolessly immersed in an aqueous
solution containing a hexavalent chromium compound for the purposes of controlling the amount of the chromium oxide
layer, modifying that layer, and other purposes.

[EXAMPLES]

[0149] Hereinafter, the present invention will be specifically described with reference to Examples. However, the
present invention is not limited to the following Examples.

10



10

15

20

25

30

35

40

45

50

55

EP 4 421 215 A1
<Production of Steel Sheet for Cans>

[0150] A steel sheet (tempered grade: T4CA) as produced to a sheet thickness of 0.22 mm was subjected to normal
degreasing and pickling.

[0151] Subsequently, this steel sheet was subjected to the primary cathodic electrolysis treatment, the anodic elec-
trolysis treatment, the secondary cathodic electrolysis treatment, and the tertiary cathodic electrolysis treatment using
an aqueous solution shown in Table 1 below under the conditions shown in Table 2 below. When any of the electrolysis
treatments was not performed, "-" was put in the corresponding space in Table 2 below.

[0152] In each electrolysis treatment, the aqueous solution was circulated by a pump at a rate equivalent to 100 mpm
in a fluid cell, and a lead electrode was used.

[0153] In this way, a steel sheet for cans was produced. The steel sheet for cans as produced was rinsed with water
and dried at room temperature using a blower.

<Coating Weight etc.>

[0154] Forthe produced steel sheet for cans, the coating weight of chromium metal and the coating weight of chromium
oxide in terms of chromium (simply referred to as "coating weight" in Table 2 below) were measured.

[0155] For the core-shell particles of the produced steel sheet for cans, the area fraction, the number density, the
average grain size, the thickness of the shell, and the aspect ratio were measured.

[0156] The measurement methods are as described above. The results are shown in Table 2 below.

[0157] When any of the measurements was not performed, "-" was put in Table 2 below (the same applies hereinafter).

<Configuration and Contact State>

[0158] For the produced steel sheet for cans, the cross section was observed by the above-described method and
the element distribution in the thickness direction was determined.

[0159] As aresult, it was be confirmed that the produced steel sheet for cans had the following configuration (except
for some comparative examples).

. Number of coating layers: 2

- Coating layer A adjacent to the steel sheet: chromium metal layer

- Coating layer B adjacent to the chromium-containing layer: chromium oxide layer
- Core of the core-shell particle: chromium metal

- Shell of the core-shell particle: chromium oxide

[0160] Forthe produced steel sheetforcans, when "chromium oxide" was present between the core (granular chromium
metal) and the coating layer A (chromium metal layer) and the core was in non-contact with the coating layer A, "Non-
contact" was put in the column of "Contact state" in Table 2 below.

[0161] Meanwhile, when the core (granular chromium metal) was in contact with the coating layer A (chromium metal
layer), "Contact" was put in the column of "Contact state" in Table 2 below.

<Evaluation>

[0162] The corrosion resistance and weldability of the produced steel sheet for cans were evaluated by performing
the following tests. The results are shown in Table 2 below.

<<Corrosion Resistance>>

[0163] Two test pieces were cut out from the produced steel sheet for cans, and the surface on which the coating
layer and the chromium-containing layer were formed was used as an evaluation surface. The two test pieces were
superposed such that the evaluation surfaces faced each other, and passed between metal rolls, and a surface pressure
of 40 MPa was applied.

[0164] Thereafter, an epoxy-phenol resin was applied to the evaluation surface of one test piece, and a heat treatment
of heating at 210°C for 10 minutes was performed twice to form a coating film.

[0165] Next, a cross cut having a depth reaching the steel sheet was formed in the coating film, and then the test piece
was immersed in a test solution (a mixed solution of 1.5 mass% citric acid and 1.5 mass% sodium chloride) at 45°C for
72 hours. After immersion, the test piece was taken out from the test solution, washed and dried, and then a test of
peeling off the coating film using a tape was performed.
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[0166] The peeled width (the total width of peeled portions extending to right and left from a crossing point) was
measured at four places within 10 mm from the crossing point of the cross cut, and the average value of the peeled
widths at the four places was determined. The average value of the peeled width was regarded as an under film corroded
width and evaluated according to the following criteria. The case of "Superior", "Excellent", or "Good" was evaluated to
be excellent in corrosion resistance.

Superior: A corroded width of 0.5 mm or less

Excellent: A corroded width of more than 0.5 mm and 1.0 mm or less
Good: A corroded width of more than 1.0 mm and 2.0 mm or less
Fair: A corroded width of more than 2.0 mm and 3.0 mm or less
Poor: A corroded width of more than 3.0 mm

<<Weldability>>

[0167] Two test pieces were cut out from the produced steel sheet for cans, and heated in a batch furnace. Specifically,
heating of holding at a target plate temperature of 210°C for 10 minutes was performed twice. The two heated test pieces
were superposed.

[0168] Subsequently, the two superposed test pieces were sandwiched by using 1 mass% Cr-Cu electrodes of DR
type (electrodes processed with a tip diameter of 6 mm and a curvature of R40 mm) and retained at a pressure of 1
kgficm? for 15 seconds.

[0169] Thereafter, the test pieces were energized at a current value of 10 A, and the resistance value (unit: pQ)
between the two test pieces was measured at 10 points. The average value of 10 points was taken as a contact resistance
value to be evaluated according to the following criteria. The case of "Superior", "Excellent", or "Good" was evaluated
to be excellent in weldability.

Superior: A contact resistance value of 50 pQ or less
Excellent: A contact resistance value of more than 50 nQ and 100 p.Q or less
Good: A contact resistance value of more than 100 pQ and 300 pQ or less
Fair: A contact resistance value of more than 300 pQ and 1000 nQ or less
Poor: A contact resistance value of more than 1000 pQ

[Table 1]

[0170]

Table 1

Composition

Aqueous solution mol/L
Whole
Cr F S0,%

CrO4: 180 g/L
A NaySiFg:6.5g/L | 1.80 | 0.207 | 0.0102
H,S0,: 1.0 g/L

CrO,: 100 g/L
B Na,SiFg:5¢g/L | 1.00 | 0.160 | 0.0102
H,S0,: 1.0 g/L

CrO5:55¢g/L
C Na,SiFg:3.5g/L | 0.55 | 0.112 | 0.0102
H,S0O,4: 1.0 g/L

CrOz: 195 g/L
D Na,SiFg:6.5g/L | 1.95 | 0.207 | 0.0102
H,SO,4: 1.0 g/L

12



10

15

20

25

30

35

40

45

50

55

[Table 2]
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<Summary of Evaluation Results>

[0172] As shown in Table 2 above, Examples 1 to 15 were excellent in corrosion resistance and weldability, whereas
Comparative Examples 1 to 3 were insufficient in corrosion resistance or weldability.

[0173] More specifically, the following results were obtained.

[0174] In Examples 1 to 6, the conditions of the anodic electrolysis treatment are different from each other.

[0175] Among them, in Examples 3 and 4 in which the electric quantity density of the anodic electrolysis treatment
was within a range of 1.0 to 2.0 C/dm2, as compared with Examples 1, 2, 5, and 6 in which the electric quantity density
was out of this range, a result was obtained in which the area fraction and the number density of the core-shell particles
were high.

[0176] In Examples 7 to 11, the conditions of the tertiary cathodic electrolysis treatment are different from each other.
[0177] Among them, in Example 10 in which the current density of the tertiary cathodic electrolysis treatment was 105
A/dm?2, as compared with Examples 7 to 9 and 11 in which the current density of the tertiary cathodic electrolysis treatment
was lower, the shell thickness was large, and corrosion resistance was more favorable.

[0178] Example 12 is an example in which the current density and the electric quantity density of the secondary
cathodic electrolysis treatment are higher than those in Examples 1 to 11 and 13 to 15.

[0179] Example 12 as above had a small shell thickness and more favorable weldability as compared with Examples
1to 11 and 13 to 15.

[0180] In Examples 13 to 15, the aqueous solutions B to D having different compositions from the aqueous solution
A were used, but the same or similar results as in Examples 1 to 12 using the aqueous solution A were obtained.
[0181] Comparative Example 1 is a comparative example in which the current density and the electric quantity density
of the secondary cathodic electrolysis treatment are excessively high, and the tertiary cathodic electrolysis treatment is
not performed.

[0182] In Comparative Example 1 as above, the core (granular chromium metal) was in contact with the coating layer
A (chromium metal layer), and corrosion resistance was insufficient.

[0183] Comparative Example 2 is a comparative example in which the electric quantity density of the secondary
cathodic electrolysis treatment is excessively high.

[0184] In Comparative Example 2, the core (granular chromium metal) was in contact with the coating layer A (chromium
metal layer), and corrosion resistance was insufficient.

[0185] In Comparative Example 2, since the tertiary cathodic electrolysis treatment was performed, it is considered
that chromium oxide was slightly formed on the granular chromium metal (core) at that time. Therefore, the shell thickness
of Comparative Example 2 was 0.3 mm.

[0186] In Comparative Example 3, only the primary cathodic electrolysis treatment was performed. Therefore, a core
(granular chromium metal) was not formed, and weldability was insufficient.

[REFERENCE SIGNS LIST]
[0187]

1: steel sheet for cans

2: steel sheet

3, 3a, 3b: coating layer

4: chromium-containing layer
5: core-shell particle

5a: core

5b: shell

11: conventional steel sheet for cans
12: steel sheet

13: chromium metal layer

14: chromium oxide layer
13a: base portion

13b: granular protrusion

Claims

1. A steel sheet for cans comprising,
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12.

13.

14.

EP 4 421 215 A1
on a surface of a steel sheet, two or more coating layers and a chromium-containing layer stacked in this order
from a steel sheet side,
wherein the chromium-containing layer has a plurality of core-shell particles,
the plurality of core-shell particles are disposed on, of the two or more coating layers, one layer adjacent to the
chromium-containing layer, and
each of the plurality of core-shell particles has a core of chromium metal or a chromium compound and a shell
of chromium oxide covering the core.

The steel sheet for cans according to claim 1,
wherein the core is in non-contact with, of the two or more coating layers, one layer adjacent to the steel sheet.

The steel sheet for cans according to claim 1 or 2, wherein chromium oxide is present between the core and, of the
two or more coating layers, one layer adjacent to the steel sheet.

The steel sheet for cans according to any one of claims 1 to 3,
wherein, of the two or more coating layers, one layer adjacent to the steel sheet is a chromium metal layer, and
of the two or more coating layers, one layer adjacent to the chromium-containing layer is a metal layer or a
metal oxide layer.

The steel sheet for cans according to claim 4,
wherein, of the two or more coating layers, one layer adjacent to the chromium-containing layer is the metal
oxide layer, and
the metal oxide layer is a chromium oxide layer.

The steel sheet for cans according to any one of claims 1 to 5, wherein the two or more coating layers are two layers.

The steel sheet for cans according to any one of claims 1 to 6, wherein the core is formed of the chromium metal.

The steel sheet for cans according to any one of claims 1 to 7, wherein a coating weight of chromium metal is 50
to 200 mg/m?2.

The steel sheet for cans according to any one of claims 1 to 8,

wherein an area fraction of the plurality of core-shell particles is 10% or more, and
a number density of the plurality of core-shell particles is 1 particle/um?2 or more.

The steel sheet for cans according to any one of claims 1 to 9,

wherein a grain size of the core is 10 to 500 nm, and
a thickness of the shell is 1/3 or less of the grain size of the core and is 0.5 to 10.0 nm.

The steel sheet for cans according to any one of claims 1 to 10, wherein an aspect ratio of each of the plurality of
core-shell particles is 2.0 or less.

The steel sheet for cans according to any one of claims 1 to 11, wherein the core is a single crystal.

The steel sheet for cans according to any one of claims 1 to 12, wherein the shell is amorphous.

A method of manufacturing the steel sheet for cans according to any one of claims 1 to 13, the method comprising:
subjecting a steel sheet to a primary cathodic electrolysis treatment, an anodic electrolysis treatment, a sec-
ondary cathodic electrolysis treatment, and a tertiary cathodic electrolysis treatment in this order with use of an
aqueous solution containing a hexavalent chromium compound and a fluorine-containing compound,

wherein a current density of the secondary cathodic electrolysis treatment is 15 A/dm? or less, and an electric
quantity density of the secondary cathodic electrolysis treatment is 5.0 C/dm?2 or less.

16
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