
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

00
6 

41
6

A
1

*EP002006416A1*
(11) EP 2 006 416 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
24.12.2008 Bulletin 2008/52

(21) Application number: 07740155.2

(22) Date of filing: 28.03.2007

(51) Int Cl.:
C23C 28/00 (2006.01) B32B 15/08 (2006.01)

(86) International application number:
PCT/JP2007/056717

(87) International publication number:
WO 2007/111354 (04.10.2007 Gazette 2007/40)

(84) Designated Contracting States:
BE DE ES FR GB

(30) Priority: 29.03.2006 JP 2006091353
16.03.2007 JP 2007069262

(71) Applicant: Nippon Steel Corporation
Tokyo 100-8071 (JP)

(72) Inventors:
• NISHIDA, Hiroshi

Kitakyushu-shi, Fukuoka 804-0001 (JP)
• HIRANO, Shigeru

Kitakyushu-shi, Fukuoka 804-0001 (JP)

• TACHIKI, Akira
Kitakyushu-shi, Fukuoka 804-0001 (JP)

• HAMAGUCHI, Shinsuke
Kitakyushu-shi, Fukuoka 804-0001 (JP)

• TAKAMIYA, Toshiaki
Kitakyushu-shi, Fukuoka 804-0001 (JP)

• YOKOYA, Hirokazu
Kitakyushu-shi, Fukuoka 804-0001 (JP)

(74) Representative: Vossius & Partner
Siebertstrasse 4
81675 München (DE)

(54) STEEL SHEET FOR CONTAINERS

(57) A steel sheet for a container includes a Ni plating
layer or a Fe-Ni alloy plating layer formed on a surface
of the steel sheet, the Ni plating layer including Ni of 5
mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer in-
cluding Ni of 5 mg/m2∼150 mg/m2, Sn plating layer of
300 mg/m2∼3000 mg/m2 being plated on the Ni plating
layer or the Fe-Ni alloy plating layer, the Ni plating layer,
or some or all of the Fe-Ni alloy plating layer and part of
the Sn plating being alloyed and a Sn plating layer being

partially left by a tin melting process, and two or more of
a Zr film including the amount of Zr of 1 mg/m2∼500
mg/m2, a phosphoric acid film including the amount of P
of 0.1 mg/m2∼100 mg/m2, and a phenol resin film includ-
ing the amount of C of 0.1 mg/m2∼100 mg/m2 being
formed on the alloyed Sn plating layer and the left Sn
plating layer.
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Description

[Technical Field]

[0001] The present invention relates to a steel sheet for a container which is excellent in, as a material for use in
manufacturing a can, drawing-ironing, weldability, corrosion resistance, paints adhesion and film adhesion.
This application is based on Japanese Patent Application Nos. 2006-091353 and 2007-069262, the contents of which
are incorporated herein by reference.

[Background Art]

[0002] A metal container used for beverages and foods may be classified into a 2-piece can and a 3-piece can. For
the 2-piece can, which is represented by a DI can, drawing-ironing is performed, and then a can inner side is painted
while a can outer side is painted and printed. In addition, for the 3-piece can, a can inner side is painted, a can outer
side is printed, and then a can body is welded.
It is essential for both types of cans to perform the painting process before or after manufacturing the can. Solvent-
based paints or water-based paints are used for the paining, and then the printing process is performed. In the painting
process, waste (wasted solvent), which is derived from the paints, is discharged as industrial waste, and exhaust gas
(mainly carbonic acid gas) is emitted into the air. Recently, an effort to reduce industrial waste and exhaust gas has
been made to preserve the global environment. As part of such an effort, a technique to laminate a film comes into the
spotlight and has rapidly spread to replace the painting process.
[0003] Hitherto, there have been proposed various methods and related inventions for manufacturing a 2-piece can
by laminating a film. For example, Patent Document 1 discloses a method for manufacturing a drawing-ironing can. In
addition, Patent Document 2 discloses a drawing-ironing can. In addition, Patent Document 3 discloses a method for
manufacturing a thin-walled deep drawing can. In addition, Patent Document 4 discloses a coating steel sheet for a
drawing-ironing can.
In addition, for the 3-piece can, Patent Document 5 discloses a film laminated steel strip for a 3-piece can and a method
for manufacturing the same. In addition, Patent Document 6 discloses a steel sheet for a 3-piece can having a multi-
layered organic film laminated on an outer side of the can. In addition, Patent Document 7 discloses a steel sheet for a
3-piece can having a stripe-shaped multi-layered organic film. In addition, Patent Document 8 discloses a method for
manufacturing a 3-piece can stripe laminate steel sheet.
[0004] On the other hand, a chromate film which is subjected to an electrolytic chromate process is used for a steel
sheet used as a base of a laminate film in most cases. The chromate film has a two-layered structure including a metal
Cr layer and a hydrated oxidation Cr layer formed thereon. Accordingly, the laminate film (an adhesive layer if an adhesive
is adhered to the film) secures adhesion with the steel sheet through the hydrated oxidation Cr layer of the chromate
film. Although details of a mechanism of this adhesion are not obvious, it is known that this adhesion is obtained by a
hydrogen bond of a hydroxyl group of the hydrated oxidation Cr with a functional group, such as a carbonyl group or an
ester group, of the laminate film.
[0005] The above-mentioned inventions can obtain an effect of reliably advancing the preservation of the global
environment. On the other hand, cost and quality competition between materials such as PET bottles, bottles, paper
and so on is intensified in a beverage container market, and there is a need for excellent adhesion and corrosion
resistance over the conventional paining technique, and more excellent can manufacturing workability, particularly, film
adhesion, worked film adhesion, corrosion resistance and so on for the above-described steel sheet for the laminate
container.

[Patent Document 1] Japanese Patent, Publication No. 1571783
[Patent Document 2] Japanese Patent, Publication No. 1670957
[Patent Document 3] Japanese Unexamined Patent Application, First Publication No. H02-263523
[Patent Document 4] Japanese Patent, Publication No. 1601937
[Patent Document 5] Japanese Unexamined Patent Application, First Publication No. H03-236954
[Patent Document 6] Japanese Unexamined Patent Application, First Publication No. H03-113494
[Patent Document 7] Japanese Unexamined Patent Application, First Publication No. H05-111979
[Patent Document 8] Japanese Unexamined Patent Application, First Publication No. H05-147181
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[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0006] The present invention has been made in consideration of the above problems, and it is an object of the present
invention to provide a steel sheet for a container, which is excellent in adhesion, corrosion resistance, weldability, can
manufacturing workability and external appearance.

[Means for Solving the Problems]

[0007] The present inventors have reviewed use of a Zr film as a new film to replace a chromate film, discovered that
the Zr film or a composite film including the Zr film and a phosphoric acid film or a phenol resin film forms a very strong
covalent bond with paints or a laminate film, which may result in excellent can manufacturing workability over a conven-
tional chromate film, and made the present invention based on the discovery as follows.
[0008] (1) A steel sheet for a container, including a Ni plating layer or a Fe-Ni alloy plating layer formed on a surface
of the steel sheet, the Ni plating layer including Ni of 5 mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer including Ni
of 5 mg/m2∼150 mg/m2, Sn plating layer of 300 mg/m2∼3000 mg/m2 being plated on the Ni plating layer or the Fe-Ni
alloy plating layer, the Ni plating layer, or part or all of the Fe-Ni alloy plating layer and part of the Sn plating being alloyed
and a Sn plating layer being partially left by a tin melting process, and two or more of a Zr film including the amount of
Zr of 1 mg/m2∼500 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼100 mg/m2, and a phenol
resin film including the amount of C of 0.1 mg/m2∼100 mg/m2 being formed on the alloyed Sn plating layer and the left
Sn plating layer.
[0009] (2) A steel sheet for a container, including a Ni plating layer or a Fe-Ni alloy plating layer formed on a surface
of the steel sheet, the Ni plating layer including Ni of 5 mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer including Ni
of 5 mg/m2∼150 mg/m2, Sn plating layer of 300 mg/m2∼3000 mg/m2 being plated on the Ni plating layer or the Fe-Ni
alloy plating layer, the Ni plating layer, or part or all of the Fe-Ni alloy plating layer and part of the Sn plating being alloyed
and a Sn plating layer being partially left by a tin melting process, and two or more of a Zr film including the amount of
Zr of 1 mg/m2∼15 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼15 mg/m2, and a phenol resin
film including the amount of C of 0.1 mg/m2∼15 mg/m2 being formed on the alloyed Sn plating layer and the left Sn
plating layer.
[0010] (3) A steel sheet for a container, including a Ni plating layer or a Fe-Ni alloy plating layer formed on a surface
of the steel sheet, the Ni plating layer including Ni of 5 mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer including Ni
of 5 mg/m2∼150 mg/m2, Sn plating layer of 300 mg/m2∼3000 mg/m2 being plated on the Ni plating layer or the Fe-Ni
alloy plating layer, the Ni plating layer, or part or all of the Fe-Ni alloy plating layer and part of the Sn plating being alloyed
and a Sn plating layer being partially left by a tin melting process, and two or more of a Zr film including the amount of
Zr of 1 mg/m2∼9 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼8 mg/m2, and a phenol resin
film including the amount of C of 0.1 mg/m2∼8 mg/m2 being formed on the alloyed Sn plating layer and the left Sn plating
layer.
[0011] (4) A steel sheet for a container, including a Sn plating layer of 560 mg/m2∼5600 mg/m2, which is formed on
a surface of the steel sheet, part of the Sn plating layer being alloyed by a tin melting process, and two or more of a Zr
film including the amount of Zr of 1 mg/m2∼500 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼100
mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼100 mg/m2 being formed on the alloyed Sn
plating layer.
[0012] (5) A steel sheet for a container, including a Sn plating layer of 560 mg/m2∼5600 mg/m2, which is formed on
a surface of the steel sheet, part of the Sn plating layer being alloyed by a tin melting process, and two or more of a Zr
film including the amount of Zr of 1 mg/m2∼15 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼15
mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼15 mg/m2 being formed on the alloyed Sn plating
layer.
[0013] (6) A steel sheet for a container, including a Sn plating layer of 560 mg/m2∼5600 mg/m2, which is formed on
a surface of the steel sheet, part of the Sn plating layer being alloyed by a tin melting process, and two or more of a Zr
film including the amount of Zr of 1 mg/m2∼9 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼8
mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼8 mg/m2 being formed on the alloyed Sn plating
layer.
[0014] (7) In the steel sheet for a container according to one of the above (1) to (6), two or more of the Zr film, the
phosphoric acid film and the phenol resin film may be formed by a cathode electrolysis process.
[0015] (8) In the steel sheet for a container according to one of the above aspects (1) to (6), all of the Zr film, the
phosphoric acid film and the phenol resin film may be formed by a cathode electrolysis process.
[0016] (9) In the steel sheet for a container according to the above aspect (7) or (8), the cathode electrolysis process
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may be performed in an acid solution or a tannin acid-contained acid solution.

[Effects of the Invention]

[0017] The steel sheet for a container of the present invention has excellent drawing-ironing, weldability, corrosion
resistance, paints adhesion, film adhesion and external appearance.

[Best Mode for Carrying Out the Invention]

[0018] Hereinafter, a steel sheet of a container with excellent weldability, can manufacturing workability and external
appearance according to an embodiment of the present invention will be described in detail.
An original sheet used in the present invention is not particularly limited but may typically use a steel sheet used as a
material for a container. A manufacturing method and material quality of the original sheet are not particularly limited,
but the original sheet is manufactured from a typical billet manufacturing process through hot rolling, pickling, cold rolling,
annealing, skin pass rolling processes and so on. Although a metal surface treatment layer is formed on a surface of
the steel sheet, a method of forming the layer is not particularly limited but may use, for example, an electroplating
method, a vacuum deposition method, a sputtering method or others methods known in the art, and further may be
combined with a heating process to form a diffusion layer.
[0019] In the present embodiment, as one form of the metal surface treatment layer, an Ni plating layer including Ni
of 5 mg/m2∼150 mg/m2, or a Fe-Ni alloy plating layer including Ni of 5 mg/m2∼150 mg/m2 is formed on the surface of
the steel sheet, Sn plating layer of 300 mg/m2∼3000 mg/m2 is plated thereon, and then, a tin melting process is performed
to alloy part or all of the underlying Ni layer and part of the Sn plating layer while partially leaving the Sn plating layer.
The purpose of performing the Ni or Fe-Ni plating process to form the Ni plating layer is to secure corrosion resistance.
Since Ni is high corrosion resistant metal, the corrosion resistance of the alloy layer formed in the tin melting process
can be enhanced by plating Ni on the surface of the steel sheet. The amount of Ni used is necessary to be more than
5 mg/m2 since the effect of Ni on enhancement of the corrosion resistance of the alloy layer appears when the amount
of Ni is more than 5 mg/m2. The effect of enhancement of the corrosion resistance of the alloy layer increases with
increase of the amount of Ni. However, if the amount of Ni exceeds 150 mg/m2, the enhancement effect is saturated.
In addition, Since Ni is expensive, it is uneconomical to plate Ni of more than 150 mg/m2. Accordingly, it is preferable
to plate Ni of 5 mg/m2∼150 mg/m2.
[0020] In addition, if an Ni diffusion layer is to be formed, although a diffusion process is performed to form the Ni
diffusion layer in an annealing furnace after plating Ni, even when nitriding treatment is performed before or after the Ni
diffusion process or at the same time of the Ni diffusion process, the effect of Ni on the Ni plating layer and the effect
of a nitriding treatment layer can be obtained. The electroplating method generally known in the art may be used as the
Ni plating and Fe-Ni alloy plating methods.
[0021] The Sn plating process is performed after the Ni plating. The Sn plating used herein is a plating using metal
Sn, however impurities may be inevitably mixed into the Sn plating or a very small amount of element may be added to
the Sn plating. The Sn plating method is not particularly limited and may be the electroplating method known in the art
or a method of digesting and plating melted Sn. The purpose of Sn plating is to secure corrosion resistance and weldability.
Since Sn has high corrosion resistance, a Sn alloy formed in the tin melting process, which will be described later, as
well as Sn metal shows excellent corrosion resistance. The excellent corrosion resistance of Sn is remarkably enhanced
when the amount of Sn is more than 300 mg/m2. The corrosion resistance of Sn increases with increase of the amount
of Sn plating, but if the amount of Sn plating exceeds 3000 mg/m2, the effect of Sn is saturated. Accordingly, it is
preferable to set the amount of Sn plating to be less than 3000 mg/m2 from an economical point of view.
[0022] In addition, since Sn has low electric resistance and is pressed and spread between electrodes in welding,
thereby securing a stable electrical conduction area, Sn shows excellent weldability. The excellent weldability is shown
when the amount of Sn exceeds 100 mg/m2. In addition, if the amount of Sn plating falls within a range according to the
present invention, there is no need to defme the upper limit of the amount of Sn. Accordingly, in consideration of the
two points, the amount of Sn plating is defined to be 300 mg/m2∼ 3000 mg/m2.
[0023] The tin melting process is performed after the Sn plating. The purpose of tin melting process is to melt Sn and
alloy the melted Sn with an underlying steel sheet or underlying metal to form a Sn-Fe or Sn-Fe-Ni alloy layer, enhance
corrosion resistance of the alloy layer, and leave Sn metal partially. The metal tin may be left in various forms of island,
pool, stripe and so on. By controlling the tin melting process to leave the Sn metal partially, it is possible to obtain a steel
sheet having a plating structure in which the Sn-Fe or Sn-Fe-Ni alloy layer having excellent paints and film adhesion is
partially exposed.
In addition, as another form of the metal surface treatment layer of the present invention, Sn of 560 mg/m2∼5600 mg/m2

is plated on the surface of the steel sheet and some of the Sn plating layer is alloyed by the tin melting process. Although
Sn has excellent workability, weldability and corrosion resistance, Sn of more than 560 mg/m2 is needed from a viewpoint
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of corrosion resistance. The corrosion resistance increases with increase of the amount of Sn plating, but if the amount
of Sn plating exceeds 5600 mg/m2, the effect of Sn is saturated. Accordingly, it is preferable to set the amount of Sn
plating to be less than 5600 mg/m2 from an economical point of view. In addition, by performing the tin melting process
after the Sn plating, the Sn alloy layer is formed to further enhance the corrosion resistance.
[0024] Two or more of a Zr film, a phosphoric acid film and a phenol resin film are formed on the metal surface treatment
layer.
The Zr film, the phosphoric acid film and the phenol resin film may show an effect to some degree even when they are
separately used, but do not show sufficiently practical performance. However, a composite film including two or more
of the Zr film, the phosphoric acid film and the phenol resin film shows excellent practical performance. A composite
film including the Zr film and one or more of the phosphoric acid film and the phenol resin film shows further excellent
practical performance. In addition, if the amount of film is small, since the Zr film, the phosphoric acid film and the phenol
resin film complement their respective characteristics, a composite film including all of the Zr film, the phosphoric acid
film and the phenol resin film show more stable practical performance. A single film including two or more of Zr, phosphoric
acid compound and phenol shows low practical performance of corrosion resistance and adhesion as compared to the
composite film including two or more of the Zr film, the phosphoric acid film and the phenol resin film. The reason for
this is not obvious, but it is believed that the mixture of Zr, phosphoric acid compound and phenol hinders performance
of individual components.
[0025] The role of the Zr film is to secure the corrosion resistance and the adhesion. The Zr film is formed of Zr
compounds such as Zr oxide, Zr hydroxide, Zr fluoride, Zr phosphate or the like, or a composite film including these
components. The Zr compounds have excellent corrosion resistance and adhesion. Accordingly, the corrosion resistance
and the adhesion increase with increase of the amount of the Zr film, and if the amount of Zr metal exceeds 1 mg/m2,
the corrosion resistance and the adhesion are secured sufficiently from a practical point of view. In addition, although
the increase of the amount of the Zr film enhances the corrosion resistance and the adhesion, if the amount of Zr in the
Zr film exceeds 500 mg/m2, the Zr film gets too thick, which results in deterioration of the adhesion of the Zr film, and
electric resistance increases, which results in deterioration of weldability. Accordingly, it is preferable to set the amount
of Zr in the Zr film to be 1 mg/m2∼500 mg/m2.
[0026] In addition, since spots adhered to the film may appear as external appearance spots if the amount of Zr in
the Zr film exceeds 15 mg/m2, it is more preferable to set the amount of Zr in the Zr film to be 1 mg/m2∼15 mg/m2. In
addition, to more stabilize the external appearance spots, it is preferable to set the amount of Zr in the Zr film to be 0.1
mg/m2∼9 mg/m2.
[0027] The role of the phosphoric acid film is to secure the corrosion resistance and the adhesion. The phosphoric
acid film is formed of Fe phosphate, Sn phosphate, Ni phosphate, Zr phosphate, or a film such as a phosphate-phenol
resin film, or a composite film including these components. These phosphoric acid films have excellent corrosion resist-
ance and adhesion. Accordingly, the corrosion resistance and the adhesion increase with increase of the amount of the
phosphoric acid film, and if the amount of P exceeds 0.1 mg/m2, the corrosion resistance and the adhesion are secured
sufficiently from a practical point of view. In addition, although the increase of the amount of the phosphoric acid film
enhances the corrosion resistance and the adhesion, if the amount of P in the phosphoric acid film exceeds 100 mg/m2,
the phosphoric acid film gets too thick, which results in deterioration of the adhesion of the phosphoric acid film, and
electric resistance increases, which results in deterioration of weldability. Accordingly, it is preferable to set the amount
of P in the phosphoric acid film to be 0.1 mg/m2∼100 mg/m2.
[0028] In addition, since spots adhered to the film may appear as external appearance spots if the amount of P in the
phosphoric acid film exceeds 15 mg/m2, it is more preferable to set the amount of P in the phosphoric acid film to be
0.1 mg/m2∼15 mg/m2. In addition, to more stabilize the external appearance spots, it is preferable to set the amount of
P in the phosphoric acid film to be 0.1 mg/m2∼8 mg/m2.
[0029] The role of the phenol resin film is to secure the adhesion. The phenol resin film has very excellent adhesion
with paints or a laminate film since the phenol resin is an organic substance. Accordingly, the adhesion increases with
increase of the amount of the phenol resin film, and if the amount of C exceeds 0.1 mg/m2, the adhesion is secured
sufficiently from a practical point of view. In addition, although the increase of the amount of the phenol resin film enhances
the adhesion, if the amount of C in the phenol resin film exceeds 100 mg/m2, electric resistance increases, which results
in deterioration of weldability. Accordingly, it is preferable to set the amount of C in the phenol resin film to be 0.1
mg/m2∼100 mg/m2.
[0030] In addition, since spots adhered to the film may appear as external appearance spots if the amount of C in the
phenol resin film exceeds 15 mg/m2, it is more preferable to set the amount of C in the phenol resin film to be 0.1
mg/m2∼15 mg/m2. In addition, to more stabilize the external appearance spots, it is preferable to set the amount of C
in the phenol resin film to be 0.1 mg/m2∼8 mg/m2.
[0031] A method of forming the films as described above includes a method of digesting a steel sheet into an acid
solution into which Zr ions, phosphoric ions and low molecular phenol resin are dissolved and a method using a cathode
electrolytic process. In the digesting method, adhesion is irregular since various films are formed by etching a base. In
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addition, this digesting method is disadvantageous in industrial respects since a long process time is taken. On the other
hand, the cathode electrolysis method is very advantageous in industrial respects since it takes a short time, for example,
several seconds to several ten seconds, to process a uniform film, in addition to effects of compulsory charge movement,
surface cleaning by hydrogen generated at a steel sheet interface and promotion of adhesion by increase of pH. Ac-
cordingly, it is preferable to employ the cathode electrolytic method to form the Zr film, the phosphoric acid film and the
phenol resin film.
In addition, if a tannin acid is added in the acid solution used in the digesting method and the cathode electrolysis method,
the tannin acid is bonded to Fe, a tannin acid Fe film is formed on a surface, which results in enhancement of rust
resistance and adhesion. Accordingly, depending on use, the films may be treated in the acid solution in which the tannin
acid is added.
[0032] Hereinafter, embodiments of the present invention and comparative examples will be described and results
are shown in the following tables 1 to 3. To begin with, a surface treatment layer is formed on a steel sheet having
thickness of 0.17 mm∼0.23 mm using following processes (1) to (3).
[0033] (1) After removing fat from an original sheet, which was already cold rolled, annealed and skin pass rolled, and
pickling the original sheet, Sn is plated on the original sheet using a ferrostan bath. Thereafter, a tin melting process is
performed to manufacture a Sn-plated steel sheet having a Sn alloy layer.
[0034] (2) After removing fat from an original sheet, which was already cold rolled, annealed and skin pass rolled, and
pickling the original sheet, a Fe-Ni alloy is plated on the original sheet using a sulfuric acid-hydrochloric acid bath.
Subsequently, Sn is plated on the Fe-Ni alloy using a ferrostan bath. Thereafter, a tin melting process is performed to
manufacture a Ni, Sn-plated steel sheet having a Sn alloy layer.
[0035] (3) Ni is plated on a cold-rolled original sheet using a Watt bath, a Ni diffusion layer is formed in annealing,
and after removing fat from the Ni diffusion layer and pickling the Ni diffusion layer, Sn is plated on the Ni diffusion layer
using a ferrostan bath. Thereafter, a tin melting process is performed to manufacture a Ni, Sn-plated steel sheet having
a Sn alloy layer.
[0036] After forming the surface treatment layer through the above processes, a Zr film, a phosphoric acid film and a
phenol resin film are formed using following processes (4) to (11).
[0037] (4) The steel sheet is digested into a treatment solution in which Zr fluoride, phosphoric acid and phenol resin
are dissolved, cathode-electrolyzed, and then dried to form the Zr film, the phosphoric acid film and the phenol resin film.
[0038] (5) The steel sheet is digested into a treatment solution in which phosphoric acid and phenol resin are dissolved,
cathode-electrolyzed, and then dried to form the phosphoric acid film and the phenol resin film.
[0039] (6) The steel sheet is digested into a treatment solution in which Zr fluoride and phosphoric acid are dissolved,
cathode-electrolyzed, and then dried to form the Zr film and the phosphoric acid film.
[0040] (7) The steel sheet is digested into a treatment solution in which Zr fluoride and phenol resin are dissolved,
cathode-electrolyzed, and then dried to form the Zr film and the phenol resin film.
[0041] (8) The steel sheet is digested into a treatment solution in which Zr fluoride, phosphoric acid and tannin acid
are dissolved, cathode-electrolyzed, and then dried to form the Zr film and the phosphoric acid film.
[0042] (9) The steel sheet is digested into a treatment solution in which Zr fluoride, phosphoric acid and phenol resin
are dissolved, and then dried to form the Zr film, the phosphoric acid film and the phenol resin film.
[0043] (10) The steel sheet is digested into a treatment solution in which phosphoric acid and phenol resin are dissolved,
and then dried to form the phosphoric acid film and the phenol resin film.
[0044] (11) The steel sheet is digested into a treatment solution in which Zr fluoride and phosphoric acid are dissolved,
and then dried to form the Zr film and the phosphoric acid film.
[0045] For the above-processed samples, a performance evaluation is made in terms of following evaluation items
(A)∼(H). A sample is manufactured by laminating a 20 mm thick PET film at temperature of 200˚C, and a performance
evaluation is made for the sample in terms of the following items (A)∼(D).

(A) Workability

[0046] The 20 mm thick PET film is laminated on both sides of the sample at temperature of 200˚C, and can manu-
facturing work such as drawing and ironing are performed step by step. The performance evaluation for the sample is
made in four steps (& : very good, s : good, ∆ : a little scratched, and x : cut and work impossible).

(B) Weldability

[0047] The sample is welded while varying current under a condition of welding wire speed of 80 m/min using a wire
seam welder, synthetic judgment is made from a proper current range from the minimum current from which sufficient
welding strength can be obtained to the maximum current at which welding defects such as dusts and welding spatters
are seen. The performance evaluation for the sample is made in four steps (& : very good, s : good, ∆ : inferior, and
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x : welding impossible).

(C) Film adhesion

[0048] The 20 mm thick PET film is laminated on both sides of the sample at temperature of 200˚C, drawing-ironing
is performed to manufacture a can, and a retort treatment is performed at 125˚C for 30 min. The peeling of the film is
evaluated in four steps (& : no peeling, s : almost no peeling which is no problem in practical use, ∆ : a little peeling,
and x : mostly peeling).

(D) Paints adhesion

[0049] An epoxy-phenol resin is coated on the sample, printing is performed at 200˚C for 30 min, and lattice eyes
having depth reaching a binding band are inscribed at 1 mm intervals, and the sample is peeled using a tape. The
peeling for the sample is evaluated in four steps (& : no peeling, s : almost no peeling which is no problem in practical
use, ∆ : a little peeling, and x : mostly peeling).

(E) Corrosion resistance

[0050] An epoxy-phenol resin is coated on the sample, printing is performed at 200˚C for 30 min, and cross cuts
having depth reaching a binding band are inscribed, the sample is digested into a test solution as a mixture solution of
1.5% citric acid-1.5% salt at 45˚C for 72 hours, cleaned, dried and peeled using a tape. Corrosion under film and corrosion
of flat portion of the cross cuts are evaluated in four steps (& : no corrosion under film, s : a little corrosion which is no
problem in practical use, ∆ : very little corrosion under film and a little corrosion of flat portion, and x : severe corrosion
under film and somewhat corrosion of flat portion).

(F) Rust resistance

[0051] The sample is left alone for two months under an atmosphere of repeated drying and wetting (humidity of 90%,
2hr <=> humidity of 40%, 2hr). The rust for the sample is evaluated in four steps (& : no rust, s : almost no rust which
is no problem in practical use, ∆ : a little rust, and x : mostly rust).

(G) External appearance

[0052] The sample is observed with the naked eye. Spots on the Zr film, the phosphoric acid film and the phenol resin
film are evaluated in five steps (&& :no spot, & : almost no spot which is no problem in practical use, s : a little spot,
∆ : some spot, and x : remarkable spot).

(H) Condition of Sn metal

[0053] Sn is plated after Ni is plated, the tin melting treatment is additionally controlled, and then the Sn metal is
observed using an optical microscope. The Sn metal is evaluated in three steps ( s : remaining throughout surface, ∆ :
partially remaining on surface, and x : no remaining).
[0054] For the amount of adhesion of the film, a quantitative analysis is made for the amount of Zr and P using
fluorescent X-rays, and the amount of C is obtained by a total carbon measuring method.
[0055]
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[0056]

[0057]

[0058] As shown in the above tables 1 to 3, the embodiments 1 to 42 satisfy the conditions prescribed in the present
invention. On the other hand, the above comparative examples 1 to 5 do not satisfy the conditions prescribed in the
present invention. All the embodiments 1 to 42 obtain good evaluation results for all the evaluation items (A) to (H).
Particularly, in the embodiments 31 to 42, two or more of the Zr film in which the amount of Zr is 0.1∼9 mg/m2, the
phosphoric acid film in which the amount of P is 0.1∼8 mg/m2, and the phenol resin film in which the amount of C is
0.1∼8 mg/m2 are formed. On this account, it is possible to obtain excellent external appearance. On the other hand, the
comparative examples 1 to 5 do not obtain good evaluation result for all the evaluation items (A) to (H).



EP 2 006 416 A1

9

5

10

15

20

25

30

35

40

45

50

55

[Industrial Applicability]

[0059] According to the present invention, it is possible to obtain a steel sheet for a container having excellent drawing-
ironing, weldability, corrosion resistance, paints adhesion, film adhesion and external appearance.

Claims

1. A steel sheet for a container, comprising a Ni plating layer or a Fe-Ni alloy plating layer formed on a surface of the
steel sheet, the Ni plating layer including Ni of 5 mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer including Ni
of 5 mg/m2∼150 mg/m2,
wherein Sn plating layer of 300 mg/m2∼3000 mg/m2 is plated on the Ni plating layer or the Fe-Ni alloy plating layer,
wherein the Ni plating layer, or part or all of the Fe-Ni alloy plating layer and part of the Sn plating are alloyed and
a Sn plating layer is partially left by a tin melting process, and
wherein two or more of a Zr film including the amount of Zr of 1 mg/m2∼500 mg/m2, a phosphoric acid film including
the amount of P of 0.1 mg/m2∼100 mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼100
mg/m2 are formed on the alloyed Sn plating layer and the left Sn plating layer.

2. A steel sheet for a container, comprising a Ni plating layer or a Fe-Ni alloy plating layer formed on a surface of the
steel sheet, the Ni plating layer including Ni of 5 mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer including Ni
of 5 mg/m2∼150 mg/m2,
wherein Sn plating layer of 300 mg/m2∼3000 mg/m2 is plated on the Ni plating layer or the Fe-Ni alloy plating layer,
wherein the Ni plating layer, or part or all of the Fe-Ni alloy plating layer and part of the Sn plating are alloyed and
a Sn plating layer is partially left by a tin melting process, and
wherein two or more of a Zr film including the amount of Zr of 1 mg/m2∼15 mg/m2, a phosphoric acid film including
the amount of P of 0.1 mg/m2∼15 mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼15 mg/m2

are formed on the alloyed Sn plating layer and the left Sn plating layer.

3. A steel sheet for a container, comprising a Ni plating layer or a Fe-Ni alloy plating layer formed on a surface of the
steel sheet, the Ni plating layer including Ni of 5 mg/m2∼150 mg/m2, and the Fe-Ni alloy plating layer including Ni
of 5 mg/m2∼150 mg/m2,
wherein Sn plating layer of 300 mg/m2∼3000 mg/m2 is plated on the Ni plating layer or the Fe-Ni alloy plating layer,
wherein the Ni plating layer, or part or all of the Fe-Ni alloy plating layer and part of the Sn plating are alloyed and
a Sn plating layer is partially left by a tin melting process, and
wherein two or more of a Zr film including the amount of Zr of 1 mg/m2∼9 mg/m2, a phosphoric acid film including
the amount of P of 0.1 mg/m2∼8 mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼8 mg/m2

are formed on the alloyed Sn plating layer and the left Sn plating layer.

4. A steel sheet for a container, comprising a Sn plating layer of 560 mg/m2∼5600 mg/m2, which is formed on a surface
of the steel sheet,
wherein part of the Sn plating layer is alloyed by a tin melting process, and wherein two or more of a Zr film including
the amount of Zr of 1 mg/m2∼500 mg/m2, a phosphoric acid film including the amount of P of 0.1 mg/m2∼100 mg/m2,
and a phenol resin film including the amount of C of 0.1 mg/m2∼100 mg/m2 are formed on the alloyed Sn plating layer.

5. A steel sheet for a container, comprising a Sn plating layer of 560 mg/m2∼5600 mg/m2, which is formed on a surface
of the steel sheet,
wherein part of the Sn plating layer is alloyed by a tin melting process, and
wherein two or more of a Zr film including the amount of Zr of 1 mg/m2∼15 mg/m2, a phosphoric acid film including
the amount of P of 0.1 mg/m2∼15 mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼15 mg/m2

are formed on the alloyed Sn plating layer.

6. A steel sheet for a container, comprising a Sn plating layer of 560 mg/m2∼5600 mg/m2, which is formed on a surface
of the steel sheet,
wherein part of the Sn plating layer is alloyed by a tin melting process, and
wherein two or more of a Zr film including the amount of Zr of 1 mg/m2∼9 mg/m2, a phosphoric acid film including
the amount of P of 0.1 mg/m2∼8 mg/m2, and a phenol resin film including the amount of C of 0.1 mg/m2∼8 mg/m2

are formed on the alloyed Sn plating layer.
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7. The steel sheet according to any one of Claims 1 to 6, wherein two or more of the Zr film, the phosphoric acid film
and the phenol resin film are formed by a cathode electrolysis process.

8. The steel sheet according to any one of Claims 1 to 6, wherein all of the Zr film, the phosphoric acid film and the
phenol resin film are formed by a cathode electrolysis process.

9. The steel sheet according to Claim 7 or 8, wherein the cathode electrolysis process is performed in an acid solution
or a tannin acid-contained acid solution.



EP 2 006 416 A1

11



EP 2 006 416 A1

12



EP 2 006 416 A1

13

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2006091353 A [0001]
• JP 2007069262 A [0001]
• JP 1571783 A [0005]
• JP 1670957 A [0005]
• JP H02263523 B [0005]

• JP 1601937 A [0005]
• JP H03236954 B [0005]
• JP H03113494 B [0005]
• JP H05111979 B [0005]
• JP H05147181 B [0005]


	bibliography
	description
	claims
	search report

