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(54) ALUMINUM ALLOY SHEET FOR CAN LID

(57)  One aspect of the present disclosure provides
an aluminum alloy sheet for a can lid, the sheetincluding:
0.20 mass % or more and 0.47 mass % or less of Si; 0.30
mass % or more and 0.59 mass % orless of Fe; 0.11 mass
% or more and 0.40 mass % or less of Cu; 0.70 mass % or
more and 0.98 mass % or less of Mn, and 1.1 mass % or
more and 3.7 mass % or less of Mg, wherein, ineach of 0°,
45°, and 90° directions to a rolling direction, a minimum
evaluation value S,;;, among evaluation values S calcu-
lated by a following formula (1) using a 0.2% yield
strength o ,, a tensile strength oz, and an average value
O, Of the 0.2% yield strength and the tensile strength is
330 MPa or more and 410 MPa or less.

S = ofm/(00.2/08) ... (1)
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This international application claims the benefit of Japanese Patent Application No. 2023-067145 filed on April
17, 2023 with the Japan Patent Office, the entire disclosure of which is incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to an aluminum alloy sheet for a can lid.
BACKGROUND ART

[0003] In recent years, there has been a demand for an aluminum alloy sheet that emits less CO, during its
manufacturing process due to growing environmental awareness. A major and indirect cause of CO, emissions in the
manufacturing process of aluminum is to blend primary aluminum in a casting process.

[0004] Production of the primary aluminum requires a large amount of electricity in its refining process, which leads to
large CO, emissions. Thus, reducing an amount of blending the primary aluminum and increasing a closed recycling rate
lead to reduction of CO, emissions in production of the aluminum alloy sheet.

[0005] Ingeneral,itis said that CO, emissions can be reduced to approximately one-thirtieth when aluminum scraps are
re-melted for casting compared to a case where the primary aluminum is produced. In particular, an amount of aluminum
alloy sheets produced for beverage cans, which are widely used around the world, is very large. Thus, furtherimprovement
in the closed recycling rate has great significance in reducing the burden on the environment.

[0006] Among those alloy sheets, a can lid made of 5182 aluminum alloy (AA5182 alloy) has lower upper compositional
limits of Si, Fe, Cu, Mn, and the like than those of a can body made of 3104 aluminum alloy (AA3104 alloy). Thus, itis difficult
to blend scraps derived from can stock containing the 3104 aluminum alloy.

[0007] For example, when can scraps (UBC: Used Beverage Can) collected from around the city are blended as they
are, the resultant contains more components contained in the 3104 aluminum alloy due to a weight ratio between a can
body and a can lid. Thus, the upper compositional limits for the 5182 aluminum alloy are easily exceeded. As a result, itis
necessary to dilute the resultant composition with primary metal.

[0008] Thus, an aluminum alloy sheet for a can lid is adjusted to include a composition of the 5182 aluminum alloy by
using a large amount of primary metal compared to an aluminum alloy sheet for a can body, resulting in a lower recycling
rate. Thus, by changing the alloy for a can lid to an alloy having a composition in which more 3104 aluminum alloy can be
blended, the usage rate of the primary metal for a can lid can be greatly reduced.

[0009] Patent Documents 1 to 5 disclose aluminum alloy sheets for can lids excellent in recyclability and each having a
composition relatively closer to that of the 3104 aluminum alloy.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0010]

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2001-73106
Patent Document 2: Japanese Unexamined Patent Application Publication No. H9-070925
Patent Document 3: Japanese Unexamined Patent Application Publication No. H11-269594
Patent Document 4: Japanese Unexamined Patent Application Publication No. 2000-160273
Patent Document 5: Japanese Unexamined Patent Application Publication No. 2016-160511

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0011] Problemsin making an alloy for a can lid similar in composition to the 3104 aluminum alloy include reductionin a
buckling pressure (pressure resistance) of the can lid and toughness of a material. The buckling pressure ofthe canlidis an
internal pressure value when the can lid bulges (buckles) under a pressure inside the can, which is a resistance value when
the internal pressure of the can accidentally increases due to changes in the external environment.

[0012] Especially for positive pressure cans used for beer and carbonated beverage, high buckling pressure is required.
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In general, the buckling pressure increases as the strength of the material increases and the sheet thickness increases.
For this reason, high-strength 5182 aluminum alloy that is high in Mg, which is a component that contributes to increased
strength, is used for lids of the positive pressure cans.

[0013] In contrast, if the conventional 3104 aluminum alloy is used for a can lid, the buckling pressure thereof is greatly
reduced, and it is highly possible that the lid bulges and the content leaks when the internal pressure of the can is
unexpectedly increased. Ifthe sheetthickness is greatly increased to improve the buckling pressure, the weight and cost of
the lid are increased.

[0014] Moreover, the toughness of a material affects the formability and the opening property of a lid. If the toughness of
the materials is low, a molding crack may occur especially in a rivet part and a countersink part of the lid. In addition, when
the internal pressure of the can is unexpectedly increased, a crack may occur in a score part, and it is highly possible that
the content of the can leaks. In particular, these cracks occur along a rolling direction of the alloy sheet. Thus, toughness is
required against tensile stress and bending stress in a direction perpendicular to the rolling direction.

[0015] However, the conventional aluminum alloy sheets for can lids each having a composition relatively close to the
composition of the 3104 aluminum alloy do not satisfy either or both of the above two problems: the strength of the material
(that is, buckling pressure of the lid) and the toughness of the material (that is, formability and opening property).
[0016] Inone aspect of the present disclosure, it is desirable to be able to provide an aluminum alloy sheet for a can lid
that achieves both high strength and high toughness while blending scrap materials derived from can stock.

MEANS FOR SOLVING THE PROBLEMS

[0017] One aspect of the present disclosure is an aluminum alloy sheet for a can lid, the sheet comprising: a silicon (Si)
content of 0.20 mass % or more and 0.47 mass % or less; an iron (Fe) content of 0.30 mass % or more and 0.59 mass % or
less; a copper (Cu) content of 0.11 mass % or more and 0.40 mass % or less; a manganese (Mn) content of 0.70 mass % or
more and 0.98 mass % or less, and a magnesium (Mg) content of 1.1 mass % or more and 3.7 mass % or less, and a
balance consisting of orincluding aluminum (Al) and inevitable impurities, wherein, in each of 0°, 45°, and 90° directions to
arolling direction of the alloy sheet, a minimum evaluation value S,,;,, which is a minimum value among evaluation values
S calculated by a following formula (1) using a 0.2% yield strength o, 5, a tensile strength o, and an average value o, of
the 0.2% yield strength and the tensile strength, is 330 MPa or more and 410 MPa or less.

S = 6tm/(60.2/0B) ... (1)
[0018] With this configuration, itis possible to achieve the high strength and high toughness of the aluminum alloy sheet
while blending scrap materials derived from can stock. That is, a certain amount of scraps derived from 3104 aluminum
alloy for a can body can be blended, thereby reducing the usage rate of the primary metal and the amount of CO,
emissions. Furthermore, it is possible to obtain a highly formable aluminum alloy sheet for a can lid that can be used for
positive pressure can lids which require high buckling pressure.
BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is an explanatory view of an L-ST cross-section.
FIG. 2 is graph showing an example relationship between cold rolling reduction and strength anisotropy.

MODE FOR CARRYING OUT THE INVENTION

[0020] Hereinafter, an embodiment to which the present disclosure is applied is described with reference to the
drawings.

[1. First Embodiment]
[1-1. Configuration]
<Composition>

[0021] An aluminum alloy sheet for a can lid of the present disclosure (hereinafter, also simply referred to as "alloy
sheet") comprises aluminum (Al), silicon (Si), iron (Fe), copper (Cu), manganese (Mn), and magnesium (Mg).
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[0022] The lower limit of Sicontentis 0.20 mass %, and preferably, 0.30 mass %. If the Si content is less than 0.20 mass
%, an amount of Si precipitation by processing heat during cold rolling, which is conducted after hot rolling and solution heat
treatment, may decrease and the strength of the alloy sheet may be insufficient.

[0023] The average value of Si component specified for 3104 aluminum alloy according to JIS-H-4000:2014 is 0.30
mass %. Thus, by setting the Si content to 0.30 mass % or more, a larger amount of scraps of 3104 aluminum alloy can be
blended.

[0024] The upper limit of the Si contentis 0.47 mass %, and preferably 0.39 mass %, and more preferably, 0.35 mass %.
If the Si content is more than 0.47 mass %, more Mg,Si particles are formed, and the toughness of the alloy sheet
decreases.

[0025] The lower limit of Fe contentis 0.30 mass %, and preferably, 0.40 mass %. The average value of Fe component
specified for 3104 aluminum alloy is 0.40 mass %. Thus, by setting the Fe contentto 0.40 mass % or more, a larger amount
of scraps of 3104 aluminum alloy can be blended.

[0026] The upperlimitofthe Fe contentis 0.59 mass %. Ifthe Fe contentis more than 0.59 mass %, more Al-Fe-Mn base
or Al-Fe-Mn-Sibase intermetallic compounds (thatis, second phase particles) are formed. As aresult, a crack propagation
path is generated, and the toughness of the alloy sheet decreases.

[0027] Thelowerlimitof Cucontentis0.11 mass %, and preferably 0.15 mass %, and more preferably 0.20 mass %. Ifthe
Cu contentis less than 0.11 mass %, there is insufficient Cu to enhance the strength by solid solution or precipitation, and
the strength of the alloy sheet decreases. The strength of the alloy sheet significantly increases by precipitating Cu in the
process of the cold rolling after the hot rolling and the solution heat treatment.

[0028] The average value of Cu component specified for 3104 aluminum alloy is 0.15 mass %. Thus, by setting the Cu
content to 0.15 mass % or more, a larger amount of scraps of 3104 aluminum alloy can be blended.

[0029] The upperlimit of the Cu contentis 0.40 mass %, and preferably 0.25 mass %. If the Cu contentis more than 0.40
mass %, the toughness of the alloy sheet decreases.

[0030] Thelowerlimitof Mncontentis 0.70 mass %, and preferably 0.75 mass %. Ifthe Mn contentis less than 0.70 mass
%, there is insufficient Mn to enhance the strength by solid solution or precipitation, and the average strength of the alloy
sheet decreases.

[0031] The average value of Mn component specified for 3104 aluminum alloy is 1.1 mass %, and the average value of
the Mn component specified for 5182 aluminum alloy is 0.35 mass %. Thus, by setting the Mn content to 0.75 mass % or
more, a larger amount of scraps of 3104 aluminum alloy can be blended compared to the conventional 5182 aluminum
alloy.

[0032] The upperlimitofthe Mn contentis 0.98 mass %, and preferably, 0.90 mass %. Ifthe Mn content is more than 0.98
mass %, more Al-Fe-Mn base or Al-Fe-Mn-Si base intermetallic compounds (that is, second phase particles) are formed.
As a result, a crack propagation path is generated, and the toughness of the alloy sheet is reduced.

[0033] Thelowerlimitof Mg contentis 1.1 mass %, and preferably 1.4 mass %. If the Mg contentis less than 1.1 mass %,
there is insufficient Mg to enhance the strength by solid solution, and the average strength of the alloy sheet decreases.
The strength of the alloy sheet significantly increases by precipitating Mg in the process of the cold rolling after the hot
rolling and the solution heat treatment.

[0034] The upperlimitofthe Mg contentis 3.7 mass %, and preferably 3.1 mass %. The average value of Mg component
specified for 3104 aluminum alloy is 1.05 mass %, and the average value of the Mg component specified for 5182
aluminum alloy is 4.5 mass %. Thus, by setting the Mg contentto 3.7 mass % or less, itis possible to use a larger amount of
scraps of 3104 aluminum alloy and to reduce the amount of blending additional Mg-containing raw material.

[0035] The alloy sheet may comprise titanium (Ti). The upper limit of Ti content is preferably 0.10 mass %. If Ti is
contained, an ingot structure of the alloy sheet is refined. The alloy sheet may also comprise zinc (Zn). The upper limit of Zn
contentis preferably 0.25 mass %. Furthermore, the alloy sheet may comprise chromium (Cr). The upper limit of Cr content
is preferably 0.10 mass %.

[0036] The alloy sheet may comprise inevitable impurities to the extent that the performance of the alloy sheet is not
significantlyimpaired. Thatis, the alloy sheet contains Si, Fe, Cu, Mn, Mg, Ti, Zn and Cr in the above-mentioned respective
ranges, and a balance consists of or includes aluminum and inevitable impurities. The upper limit of the total amount of the
inevitable impurities is preferably 0.15 mass %. The balance may contain substances other than aluminum and the
inevitable impurities.

<Material Strength and Buckling Pressure>

[0037] Arolled aluminum alloy sheet has material anisotropy, and the strength shows different values in 0°, 45°, and 90°
directions to arolling direction of the alloy sheet. When aninternal pressure of the can has increased, deformation beginsin
the direction with the least strength.

[0038] Thus,inthe alloy sheetof the presentdisclosure, in each of the 0°,45°, and 90° directions to the rolling direction, a
minimum evaluation value S, (= min(Sye, Sy50, Sgg-)), Which is a minimum value among evaluation values S (Sg., Sys5e,
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and Sq.) calculated by the following formula (1) using a 0.2% yield strength o, ,, a tensile strength o, and an average
value oy, of the 0.2% yield strength and the tensile strength, is 330 MPa or more and 410 MPa or less.

S = otm/(c0.2/0B) ... (1)

[0039] Abuckling pressure value of a lid made of aluminum alloy has a strong positive correlation with a value V obtained
from the following formula (2) that is empirically expressed by the minimum evaluation value S;;, and sheet thickness t of
the aluminum alloy sheet.

V =227 % Spin ... (2)

[0040] Thus, by setting the minimum evaluation value S, of the alloy sheet to 330 MPa or more, itis possible to form a
lid having a sufficient buckling pressure without increasing the sheet thickness. Furthermore, the minimum evaluation
value S, is preferably 360 MPa or more. By setting the minimum evaluation value S,,;, to 360 MPa or more, the buckling
pressure of the lid can be further increased.

[0041] Ifthe minimum evaluation value S,;;, exceeds 410 MPa, the material strength becomes excessively high and the
toughness ofthe material decreases. Thatis, shear bands are more likely to occur on the materials due to tensile stress and
bending stress during forming, and forming breakage is likely to occur. By setting the minimum evaluation value S ,;,to 410
MPaorless, itis possible to achieve both the strength of the material (that is, buckling pressure of the lid) and the toughness
of the material (that is, formability and opening property).

[0042] The 0.2% yield strength o , and the tensile strength o in the formula (1) are measured by a method specified in
JIS-Z-2241:2011. The sheet thickness t is measured, for example, with a micro gauge.

<Toughness>

[0043] It is known that the toughness of the aluminum alloy sheet affects the formability of a lid and a force (i.e. an
opening force) required to open a score part.

(Number of Cyclic Bending)

[0044] A cyclic bending testis one of the evaluation indices of the toughness of an aluminum alloy sheet. For aluminum
alloy sheets having the same sheet thickness, the higher the number of cyclic bending is, the more excellent in toughness
the alloy sheet is.

[0045] The cyclicbending testis performed by the following procedure. For example, a test piece cutinto a strip with 12.5
mm inwidth and 200 mminlength is arranged so that a bending ridge line is parallel to a rolling direction D of the alloy sheet.
Both ends of this test piece are fixed with chucks, and the test piece is tensioned with a load of 200 N.

[0046] Inthis state, ajig having abendingradius R2.0 mmis placed ata position 150 mm in a longitudinal direction of the
test piece from the end of the test piece fixed with a stationary chuck, and with the jig as a fulcrum, the other chuck is rotated
90° to the left and the right, thereby the test piece is bent repeatedly. The number of bending is measured until the test piece
breaks.

[0047] As for the number of bending, each of an operation of bending the test piece 90° to the left or the right and an
operation of returning to its original position is counted as one. If the test piece breaks during the test, the angle 6 thereofis
read (0° to 90°), and the number of cyclic bending N is calculated by the following formula (3). In the formula (3), "Ng" is a
total of the number of operations of bending the test piece 90° to the left or the right and the number of operations of
returning from the 90° bent position to its original 0° position until the test piece breaks.

N =No+6/90 ... (3)
[0048] Since an evaluation of the cyclic bending is unfavorable as the sheet thickness increases, it is necessary to
correct the number of cyclic bending N using a reference sheet thickness to carry out the evaluation. Thus, a normalized

number of cyclic bending N is obtained by the following formula (4) based on a sheet thickness of 0.235 mm. Here, "t" (mm)
is a sheet thickness of the test piece.

Ne=N x /0.235 ... (4)

[0049] It is preferable that the aluminum alloy sheet of the present disclosure has the normalized number of cyclic
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bending Ny of 18 or more.
(Second Phase Particle)

[0050] Thetoughnessis affected by strength and distribution of second phase particles. Thatis, as the strength is higher
and the density of the second phase particles is higher, the toughness decreases. In particular, if the Mg content and the Si
content are increased, Mg,Si particles are easily formed. As a result, the Mg, Si particles may become a starting point ora
propagation path of a crack, and affect the decrease in toughness.

[0051] Inthealuminum alloy sheet of the presentdisclosure, itis preferable that, in an L-STcross section of a central part
in a width direction of the alloy sheet shown by diagonal lines in FIG. 1, a ratio of a total area in the L-ST cross section of the
Mg,Si particles each having an area of 0.3 um2 or more is 0.2% or less. InFIG. 1, "L" indicates a longitudinal direction, "ST"
indicates a sheet thickness direction, and "LT" indicates the width direction of the alloy sheet.

[0052] The ratio of the area of the Mg,Si particles can be measured by the following method, for example. First, a
measurementsample is cut, and a surface to be measured (i.e., the L-STcross section) is mechanically polished to a mirror
finish. Then, the polished surface (i.e., the L-ST cross-section) is observed using a scanning electron microscope (SEM),
and 10 fields of view are obtained in a central region of the sheet thickness. The accelerating voltage ofthe SEMis setto 15
kV, the magnification of the SEM is set to 1000 times and a range of one field of view is set to 0.012 mm?2, and imaging is
performed. Then, a COMPO image (a backscattered electron composition image) is obtained.

[0053] The obtained COMPO image is analyzed by image analysis software "ImageJ". Specifically, the most frequent
brightness value of the image in 256 shades is used as a background brightness, and particles with brightness of less than
a value obtained by subtracting 30 from the most frequent brightness value is determined to be the Mg,Si particles.
[0054] Inthe determined Mg,Si particles, a total area of particles each having an area of 0.3 wm?2 or more is calculated.
Then, the obtained value is divided by an imaged area of the 10 fields of view (i.e., animaged total area). Thereby, the ratio
of the total area of the Mg,Si particles each having the area of 0.3 um? or more in the L-ST cross-section is calculated.

<Calculation of Phase Diagram by Computer Software>

[0055] Inthe alloy sheet of the present disclosure, in order to increase the toughness of the material, it is preferable that
the Mg, Si particles that become a starting point and a propagation path of a crack and affect the decrease intoughness are
re-solutionized in the process of the homogeneous heat treatment of the ingot.

[0056] In order to re-solutionize Mg, Si while avoiding local melting of the aluminum matrix, it is preferable that a solidus
temperature is higher than a solid solutionizing temperature of Mg, Si, and itis further preferable that a difference between
the solidus temperature and the solid solutionizing temperature of Mg,Si is 30°C or more.

[0057] Inamaterial having a crystallization temperature of Alg (Mn, Fe) higher than the solidification start temperature of
aluminum, Alg (Mn, Fe) is generated as coarse crystals during casting, which leads to molding defects such as a pinhole.
Thus, it is preferable that the crystallization temperature of the primary crystal (that is, Alg (Mn, Fe)) is lower than the
solidification start temperature of aluminum.

[0058] The solid solutionizing temperature of Mg, Si herein indicates the highest temperature at which Mg, Si can existin
the equilibrium diagram, and is the lowest temperature at which a liquid phase can exist. In addition, the solidification start
temperature of aluminum indicates the highest temperature at which solid Al can exist in the equilibrium diagram, and the
crystallization temperature of the primary crystal is the highest temperature at which Alg (Mn, Fe) can exist.

[0059] The solid solutionizing temperature of Mg,Si, the solidus temperature, the solidification start temperature of
aluminum and the crystallization temperature of the primary crystal can be obtained from the equilibrium diagram of the
aluminum alloy calculated using a thermodynamics calculation software.

[0060] The solid solutionizing temperature of Mg,Si, the solidus temperature, the solidification start temperature of
aluminum and the crystallization temperature of the primary crystal are uniquely determined by the composition of the
aluminum alloy. The method for calculating these boundary temperatures from the alloy composition includes calculating
thermodynamic quantities required for respective calculations using the CALPHAD method.

[0061] Such thermodynamic calculations for multi-component alloy can be performed using a commercially available
system software (for example, "JMatPro" developed by Sente Software Ltd.) which includes a thermodynamic database
required for the calculations, an interface, and a phase diagram creation function.

[0062] Inthe aluminum alloy sheet of the present disclosure, the solid solutionizing temperature of Mg,Si is lower than
the solidus temperature, and the crystallization temperature of the primary crystal is lower than the solidification start
temperature of Al. Thus, without generating coarse crystals during casting, it is possible to avoid performance degradation
caused by coarse crystals.

[0063] In addition, by performing the homogeneous heat treatment at the solidus temperature or below and at the solid
solutionizing temperature of Mg, Si or above, Mg,Siis re-solutionized, and the Mg, Si particles that become a starting point
and a propagation path of a crack, and affect the decrease in toughness can be reduced.
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<Strength Anisotropy>

[0064] Itis known that materials with low cold rolling reduction (hereinafter, abbreviated as cold rolling reduction) have
high toughness. For example, a material in which annealing is performed on a rolled sheet during cold rolling using a
continuous annealing line (CAL) so that the final cold rolling reduction (that is, cold rolling reduction after annealing) is
reduced has high toughness.

[0065] Inaddition, the higher the cold rolling reduction, the greater the 0.2% yield strength 6, 5 g in the 90° direction to
the rolling direction compared to the 0.2% yield strength 6 5 o in the 0° direction to the rolling direction. Thus, a difference
inthe 0.2% yield strength between the 0° direction to the rolling direction and the 90° direction to the rolling direction, thatis,
the strength anisotropy, can be associated with the cold rolling reduction of the material.

[0066] In the alloy sheet of the present disclosure, it is preferable that a value D obtained by subtracting the 0.2% yield
strength 6, gg- in the 90° direction to the rolling direction from the 0.2% yield strength o , . in the 0° direction to the
rolling direction, using the formula (5), is -13 MPa or more and 13 MPa or less. N

D = 60.2_0°-60.2_90° ... (5)

[0067] The metallographic meaning of the strength anisotropy obtained by subtracting the 0.2% yield strength 6 5 gg-in
the 90° direction to the rolling direction from the 0.2% yield strength 5 , - in the 0° direction to the rolling direction canbe
explained as follows. N

[0068] The material after hotrolling orannealingis in arecrystallized state, and has high degree of integration of isotropic
Cube orientation. From here, by plastic deformation due to cold rolling, Cube orientation transforms into a rolling texture
having anisotropy in the rolling direction. Moreover, the higher the cold rolling reduction, the more elongated the crystal
grains in the rolling direction. Thus, while diameters of the crystal grains along the 0° direction to the rolling direction
increase, the change in diameters of the crystal grains along the 90° direction to the rolling direction decreases compared
to that in the 0° direction to the rolling direction.

[0069] Referring to the Hall-Petch equation, a relationship between the texture changes caused by the rolling and the
0.2% yield strength o , shows a relationship in the formula (6). In the formula (6), "x" is a resistance to crystal grain
boundary sliding, and "d" is a crystal grain diameter.

Gop XK XdF . (6)

[0070] Forthetensioninthe 0° direction to the rolling direction or the 90° direction to the rolling direction, the resistance k
has different values. This is because the degree of integration of the rolling texture having anisotropy in the rolling direction
increases as the cold rolling reduction increases, causing changes in resistance to the crystal grain boundary sliding
depending on the tensile direction.

[0071] Furthermore, while the crystal grains are elongated and the diameters increase as the cold rolling reduction
increases in the 0° direction to the rolling direction, the change in the crystal grain diameter with respect to the cold rolling
reduction is relatively small in the 90° direction to the rolling direction. Accumulation of these effects results in strength
anisotropy with respect to the increase in the cold rolling reduction.

<Production Method of Aluminum Alloy Sheet>

[0072] The aluminum alloy sheet of the present disclosure can be produced, for example, by the following procedure.
First, an aluminum alloy having a composition same as that of the aluminum alloy sheet of the present disclosure is
subjected to a semi-continuous casting (i.e. Direct Chill (DC) casting) in a normal manner to produce an ingot.

[0073] Then, four surfaces, except for the front and back end surfaces, of the ingot are scalped. After that, the ingot is
placed in a soaking furnace, and a homogenizing treatment is performed. The temperature in the homogenizing treatment
is preferably, for example, 470°C or higher and 620°C or lower. The duration of the homogenizing treatment is preferably,
for example, one hour or longer and 20 hours or shorter.

[0074] If the temperature in the homogenizing treatment is 400°C or higher, segregation in the ingot structure can be
easily resolved. Furthermore, if the temperature in the homogenizing treatment is 450°C or higher, the Mg,Si particles are
re-solutionized, and the strength and toughness of the alloy sheet can be improved. Moreover, if the temperature in the
homogenizing treatmentis 470°C or higher, and more preferably the solid solutionizing temperature of Mg,Si or higher, re-
solutionization of the Mg,Si particles is promoted and the strength and toughness of the alloy sheet can be further
improved. On the other hand, if the temperature in the homogenizing treatment is 620°C or lower, local melting of the
aluminum alloy is less likely to occur.

[0075] If the duration of the homogenizing treatment is one hour or longer, the temperature of the entire slab becomes
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uniform, segregation of the ingot structure is easily resolved, and the Mg,Si particles can be easily re-solutionized. The
longer the duration of the homogenizing treatment is, the more Mg,Si particles can be re-solutionized. However, if the
duration of the homogenizing treatment is longer than 20 hours, the effect of the homogenizing treatment is saturated.
[0076] After the homogenizing treatment, the ingot is subjected to hot rolling. The hot rolling process comprises a rough
rolling process and afinish rolling process. In the rough rolling process, the ingot is processed into a plate material having a
thickness of approximately several tens of millimeters by reverse rolling. In the finish rolling process, the thickness of the
plate material is reduced to approximately several millimeters by, for example, tandem rolling or the like, and the plate
material is coiled to form a hot-rolled coil.

[0077] If a total rolling reduction in the finish rolling is high, a recrystallization texture is formed after coiling, and an
integration degree of isotropic Cube orientation can be increased. If a coiling temperature in the finish rolling is high, the
recrystallization texture is formed after coiling, and the integration degree of Cube orientation can be increased.
[0078] Afterthe hotrolling, the sheet material is subjected to cold rolling. In the cold rolling, the hot-rolled coil is rolled until
a product sheet thickness is achieved. The cold rolling may be either single cold rolling or tandem cold rolling. In the single
cold rolling, the rolling is preferably divided into several times and performed in two or more rolling passes.

[0079] The solution heat treatment is performed on the coil during the cold rolling, and Mg and the like are re-
solutionized. Thereby, while increasing the strength of the material, it is possible to reduce the final cold rolling reduction
and obtain an alloy sheet with reduced material anisotropy. For example, a continuous annealing line (CAL) is used to
perform a heat treatment (i.e. annealing) at a target peak metal temperature of 440°C or higher followed by forced cooling
such as air-cooling, whereby the strength of the alloy sheet can be effectively increased.

[0080] By setting a finish temperature at 120°C or higher in intermediate passes other than the final pass of the cold
rolling, Si, Cu and Mg are finely precipitated and age-hardening occurs, making it possible to increase the strength of the
alloy sheet. When the finish temperature is set at 130°C or higher, the strength of the alloy sheet can be further increased.
[0081] Ifthe solution heat treatment is not performed during the cold rolling, a cold rolling reduction is preferably 80% or
more. When the cold rolling reduction is 80% or more, the strength of the alloy sheet can be increased. The lower the cold
rolling reduction is, the more isotropic Cube orientation remains. Thus, the cold rolling reduction is preferably 92% or less.
[0082] Ifthe solution heat treatment is performed during the cold rolling, the cold rolling reduction after the solution heat
treatment (i.e., annealing ) is preferably 50% or more. By re-solutionizing Mg and the like by the solution heat treatment, the
strength of the alloy sheet can be increased even if the cold rolling reduction is low. The lower the cold rolling reduction is,
the more isotropic Cube orientation remains. Thus, the cold rolling reduction is preferably 80% or less.

[0083] The cold rolling reduction R (%) is obtained by the following formula (7), where "t;" is a sheet thickness (mm) of a
sheet after the hot rolling or solution heat treatment, and "t;" is a product sheet thickness (mm) after the cold rolling.

R = (o - t1)/to x 100 ... (7)

[0084] The product sheet thickness can be selected as appropriate so that a desired buckling pressure is obtained. As
shown in the above-described formula (2), the buckling pressure increases as the sheet thicknesses increases. The
product sheet thickness can be selected in accordance with the value V of the formula (2). The value Vis preferably 13.0 or
more, and more preferably 14.0 or more. As described above, with the aluminum alloy sheet of the present disclosure, itis
possible to avoid increasing the sheet thickness to maintain the buckling pressure high.

[0085] The coil that has been cold-rolled to have a product sheet thickness is precoated on a coating line or the like. The
surface(s) of the cold-rolled coil is subjected to degreasing, cleaning, and chemical conversion treatment, followed by paint
coating and paint baking treatment.

[0086] Inthe chemical conversion treatment, a chemical solution such as a chromate based solution and a zirconium
based solution is used. Examples of the paint to be used may include an epoxy based paint and a polyester based paint.
These can be selected according to applications. In the paint baking treatment, the coil is heated at a peak metal
temperature (PMT) of 220C° or higher and 270C° or lower for approximately 30 seconds or shorter. At this time, the
recovery of the material is inhibited at lower PMT, and thus, high strength of the alloy sheet can be maintained.

[1-2. Effects]

[0087] According to the embodiment detailed above, the following effects can be obtained.

[0088] (1a)Boththe high strength and high toughness of the aluminum alloy sheet can be achieved while blending scrap
materials derived from can stock. That s, a certain amount of scraps derived from 3104 aluminum alloy for a can body can
be blended, thereby reducing the usage rate of the primary metal and the amount of CO, emissions. Furthermore, it is
possible to obtain a highly formable aluminum alloy sheet for a can lid that can be used for positive pressure can lids in
which high buckling pressure is required.
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[2. Other Embodiments]

[0089] The embodiment of the present disclosure has been described; however, it is needless to say that the present
disclosure is not limited to the above-described embodiment, and that the present disclosure can take various forms.
[0090] (2a) The present disclosure also includes various forms other than the aluminum alloy sheet of the above-
described embodiment, such as a member comprising this aluminum alloy sheet and a production method of this
aluminum alloy sheet.

[0091] (2b) A function of a single component in the aforementioned embodiments may be distributed to a plurality of
components, and functions of a plurality of components may be achieved by a single component. A part of the
configuration of each of the aforementioned embodiments may be omitted. At least one part of the configuration of
the aforementioned embodiments may be added to or replaced with the configuration of another embodiment or other
embodiments of the aforementioned embodiments. All the modes that are encompassed in the technical idea defined by
the language in the claims are embodiments of the present disclosure.

[3. Examples]

[0092] Hereinafter, some tests conducted to confirm the effects of the present disclosure and the evaluation results
thereof are described.

[0093] Asexamples and comparative examples, aluminum alloy sheets of S1to S17 shown in Table 1 and Table 2 were
produced. Hereinafter, specific production procedures are described.

[0094] First, ingots each comprising components (mass %) specified by alloy numbers 1 to 9 shown in Table 3 and a
balance consisting of aluminum and inevitable impurities were produced by a semi-continuous casting method. Eachingot
includes 0.10 mass % or less of Ti, 0.25 mass % or less of Zn, 0.10 mass % or less of Cr, and 0.15 mass % or less of
inevitable impurities.

[0095] Next, the four surfaces, except for the front and back end surfaces, of each ingot were scalped. Then, the ingot
was placed in the furnace, and subjected to homogenizing treatment. The temperature of the homogenizing treatment is
shown in Table 1. After the homogenizing treatment, the ingot was removed from the furnace and hot rolling was
immediately started to thereby obtain a rolled sheet.

[0096] Moreover, for the aluminum alloy sheets of S1 to S7, S14, S15 and S17, cold rolling was performed on the hot-
rolled sheet until a CAL sheet thickness shown in Table 1 is achieved. Then, annealing was performed on the rolled sheet
having the CAL sheet thickness in a continuous annealing line (CAL). The CAL temperature during annealing is shown in
Table 1. After annealing, the rolled sheet was cooled to the room temperature by air-cooling. After cooling, cold rolling was
again performed on the rolled sheet. The target cold rolling reduction in the cold rolling after annealing is shown in Table 1.
[0097] Forthe aluminum alloy sheets of S8 to S13 and S16, the hot-rolled sheet was cold-rolled without being annealed.
The target cold rolling reduction in the cold rolling is shown in Table 1.

[0098] The productsheetthickness of the aluminum alloy sheets of S1to S17 (i.e. "t;" in formula (7)) after the cold rolling
is within a range of approximately 0.235 + 0.03 mm.

[0099] Inthe aluminum alloy sheets of S1 to S17, after the cold rolling, a paint was applied to a sheet surface, and paint
baking treatment was performed for approximately 30 seconds. The peak metal temperature (PMT) at the time of the paint
baking is shown in Table 1. After the paint baking, the aluminum alloy sheets of S1 to S17 were obtained. Also, for the
aluminum alloy sheets of S1 to S17, the sheet thickness (i.e., product sheet thickness) measured with a micro gauge is
shown in Table 1.



EP 4 570 935 A1

9ce ¥9¢ 68¢ (0) 23 v.€ 90¢ €20 0/¢ 99 (0) 47 0.0 06¥ 6 LS
v.c G8¢ 29C ¥9¢ 6.¢ 0S¢ 9eC’0 09¢ 0.8 - - 009 8 9ls
6v¢ g9¢ cee Sve 65€ lee 1€2°0 09¢ €88 02s 00¢c 0¢s L GLS
€9¢ 6.¢ e 09¢ v.€ e JAX AL 09¢ €88 02s 00¢c 0SS L 1453
gee €ve 80¢ €ce 1473 €0¢ €20 09¢ €88 - - 08§ 9 €ls
yee Lye 10€ cce €ve coe €20 09¢ €88 - - 08§ S Zls
1453 Lee 16¢ cle A% €6¢ 9eC’0 09¢ €88 - - 08§ 14 LS
Le 8¢ce S6¢ oLe 6¢¢ 06¢ ¥€C0 09¢ €88 - - 08§ € oLs
Le lge S6¢ Le Lee c6¢e 6€C°0 09¢ €88 - - 08§ 14 6S
Sie Lee 0o¢ oLe 8¢ce 44 0€cC0 09¢ €88 - - 08S I 8S
yee 09¢ 80¢ eve go¢ lce 9¢c0 09¢ 809 0c2s 090 08S l .S
€ce €5¢ €6¢ lce €6¢ 00¢ JAX AL 09¢ 0¢cs 0c¢s 670 08S 9 9S
gee 113 16¢ 0ce Gse so¢ ¥€20 092 0'cs 02s 670 08S S SS
0ce 8v¢ ¢6¢e 0ce eve 96¢ ¥€C0 09¢ 0¢cs 0¢s 670 08S 14 ¥S
Sie e 98¢ Lee 12513 80¢ 9¢c’0 09¢ 0¢cs 0cs 670 08G € €S
Sie eve 88¢ lce 143 86¢ 8€C’0 09¢ 0'¢s 0¢s 610 08G 14 Zs
9le 143 68¢ yARS Lye ¥6¢ €eCo 09¢ 0¢s 0¢s 610 08S l LS
ediN ediN ediN ediN ediN ediN wuw Do % Do ww Do

o i i o i i SSaUNOIY L uotionpey alnjesadwa| SSaUNOIYL e.me.sduis) >.M N a|dwex3

uonoalg uonoalg 108US LNd Buijjoy o 103US Y0 Juswieas| 4
Buljjoy 03 uonoalq S Buljjoy 03 uonoalq .0 PIoD BuiziusbowoH

10

15

20

25

[1L @1qel]

(=
™

35

40

45

50

55

10



10

15

20

25

30

35

40

45

50

55

EP 4 570 935 A1

[Table 2]
90° Direction to S, Ma-Si | Number | Normalized 3104
Rolling Direction 92 ~ | Numberof | Strength | Possible
Alloy 5o/ Are.a of Cy<.:I|c Cyclic Anisotropy | Blending
Fxample No. | %02 8 ofm (Go.zTGB) Ratio | Bending Bending Ratio
MPa | MPa | MPa | MPa % ;”TTn:’:; N”TTr::; o 1 Mpa mass %
S1 1 290 | 345 | 318 368 0.012 22.9 22.7 4 =50
S2 2 291 349 | 320 370 0.011 22.8 23.1 7 =50
S3 3 301 359 | 330 379 0.007 22.2 213 8 =50
S4 4 292 | 351 321 371 0.007 221 22.0 4 =50
S5 5 295 | 357 | 326 384 0.133 20.9 20.8 10 =50
S6 6 299 | 361 330 384 0.031 20.4 20.5 1 =50
S7 1 318 | 368 | 343 390 0.012 20.8 20.0 3 =50
S8 1 312 | 344 | 328 348 0.012 20.5 20.1 -20 =50
S9 2 309 | 345 | 327 345 0.011 19.5 19.8 -17 =50
S10 3 31 348 | 329 347 0.007 19.8 19.7 -21 =50
S11 4 313 | 348 | 330 350 0.007 20.7 20.8 -20 =50
S12 5 325 | 359 | 342 360 0.133 19.1 19.0 -24 =50
S13 6 321 359 | 340 363 0.031 21.2 21.1 -18 =50
S14 7 359 | 394 | 377 389 0.014 14.6 14.7 -13 =50
S15 7 348 | 382 | 365 374 0.672 12.2 12.3 -17 =50
S16 8 270 | 296 | 283 295 0.000 21.2 214 -21 =50
S17 9 296 | 373 | 335 411 0.400 28.2 28.1 10 50<
[Table 3]
. Solidus Mg,Si Solid Solidi?i‘::ation Fg;;?g
Alloy S Fe Cu Mn Mg Temperature Solution Start Crystallization
No. Temperature Temperature Temperature
mass % °C °C °C °C
1 0.35 | 046 | 0.22 | 0.84 | 2.7 596 554 642 640
2 0.33 | 044 | 021 | 082 | 24 601 539 643 640
3 0.27 | 045 | 0.21 | 083 | 24 603 492 643 641
4 021 | 046 | 0.21 | 0.82 | 25 603 487 644 641
5 0.33 | 045 | 0.21 | 0.82 | 2.8 594 553 641 639
6 0.27 | 045 | 0.21 | 0.81 | 2.8 596 513 642 639
7 032 | 043 | 0.22 | 0.80 | 26 598 544 643 639
8 0.33 | 045 | 0.22 | 1.00 | 1.2 623 419 649 647
9 0.10 | 0.23 | 0.09 | 0.33 | 45 576 578 636 617

<Evaluation of Aluminum Alloy Sheet>
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(Tensile Properties)

[0100] The aluminum alloy sheets of S1 to S17 were each milled to form three test pieces No. 5 specified in JIS-
Z-2241:2011. Longitudinal directions of the three test pieces extend in respective directions forming angles of 0°, 45°and
90° to the rolling direction.

[0101] These test pieces were subjected to a tensile test according to JIS-Z-2241:2011, and 0.2% vyield strength and
tensile strength were measured. Tables 1 and 2 show the measurement results of the 0.2% yield strength o , and the
tensile strength og, and the average values oy, of the 0.2% yield strength and the tensile strength.

[0102] In addition, three evaluation values S were calculated from the measurement results of the respective tensile
testsin the 0° direction, 45° direction, and 90° direction to the rolling direction and the formula (1). Table 2 shows a minimum
evaluation value S;,, which is the minimum value of these evaluation values S.

(Toughness)

[0103] Ineach ofthe aluminum alloy sheets of S1to S17, the ratio of the total area (area ratio) of the Mg, Si particles each
having an area of 0.3um?2 or more in the L-ST cross section was calculated by the measurement method described in the
embodiment. The measurement results are shown in Table 2.

[0104] In each of the aluminum alloy sheets of S1 to S17, the number of cyclic bending and the normalized number of
cyclic bending were calculated by the measurement method and formulas (3) and (4) described in the embodiment. The
results are shown in Table 2.

(Strength Anisotropy)

[0105] In each of the aluminum alloy sheets of S1 to S17, the strength anisotropy (i.e., value D) was calculated by the
formula (5) described in the embodiment. The results are shown in Table 2.

(Phase Diagram Calculation)

[0106] Table 3 shows the solid solutionizing temperature of Mg,Si, the solidus temperature, the solidification start
temperature of aluminum and the crystallization temperature of the primary crystal (thatis, Alg (Mn, Fe)), calculated based
on the components (mass %) specified by the alloy numbers 1 to 9.

[0107] Each boundary temperature was calculated based on the equilibrium diagram obtained based on the five main
components (Si, Fe, Cu, Mn, and Mg) using "JMatPro". Here, the effects of Ti, Zn, Cr and the inevitable impurities are not
taken into consideration.

(Scrap Blending Ratio)

[0108] Withrespecttothe composition of each of the aluminum alloy sheets of S1to S17, it was determined whether the
possible blending ratio of the scraps of 3104 aluminum alloy was 50 mass % or more. The results are shown in Table 2.
[0109] InTable2,the aluminum alloy sheet marked "> 50" means that 50 mass % or more of 3104 aluminum alloy can be
blended in the sheet. The possible blending ratio of the scraps of 3104 aluminum alloy is determined based on Table 4.
[0110] Table 4 shows the correspondence between the blending ratio of 3104 aluminum alloy and 5182 aluminum alloy
and the average values of the components. The first line of Table 4 shows the average values of the components of 3104
aluminum alloy, and the second line shows the average values of the components of 5182 aluminum alloy.

[0111] Forexample, ifthe blending ratio of 3104 aluminum alloy is 50 mass %, the average value of Siis 0.20 mass %, the
average value of Fe is 0.29 mass %, the average value of Cu is 0.11 mass %, the average value of Mn is 0.7 mass %, and
the average value of Mg is 2.8 mass %.

[0112] Therefore, when the ratios of the respective components in the aluminum alloy sheets are equal to or more than
the above-described values of Si, Fe, Cu, Mn, and Mg, these sheets have 50 mass % or more of the possible blending ratio
of 3104 aluminum alloy sheet. As the blending ratio of 3104 aluminum alloy increases, the contents of Si, Fe, Cuand Mn
increase, and the content of Mg decreases. In the aluminum alloy sheets of S1to S10, 50 mass % or more of the scraps of
3104 aluminum alloy can be blended.

[Table 4]
Alloy Si Fe Cu Mn Mg
3104 0.30 0.40 0.15 1.10 1.05
5182 0.10 0.18 0.08 0.35 4.50
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(continued)

3104 Blending Ratio Si Fe Cu Mn Mg
5% 0.11 0.19 0.08 0.4 43
10% 0.12 0.20 0.08 0.4 4.2
15% 0.13 0.21 0.09 0.5 4.0
20% 0.14 0.22 0.09 0.5 3.8
25% 0.15 0.23 0.09 0.5 3.6
30% 0.16 0.24 0.10 0.6 3.5
35% 0.17 0.25 0.10 0.6 3.3
40% 0.18 0.27 0.11 0.7 3.1
45% 0.19 0.28 0.11 0.7 29
50% 0.20 0.29 0.11 0.7 28
55% 0.21 0.30 0.12 0.8 26
60% 0.22 0.31 0.12 0.8 24
65% 0.23 0.32 0.12 0.8 23
70% 0.24 0.33 0.13 0.9 21
75% 0.25 0.34 0.13 0.9 1.9
80% 0.26 0.36 0.14 1.0 1.7
85% 0.27 0.37 0.14 1.0 1.6
90% 0.28 0.38 0.14 1.0 1.4
95% 0.29 0.39 0.15 1.1 1.2
100% 0.30 0.40 0.15 1.1 1.1

(Evaluation)

[0113] Thealuminum alloy sheets of S1to S15 have higher strength (thatis, S,,,;,) than the aluminum alloy sheet of S16.
In particular, in the aluminum alloy sheets of S1 to S7 and S14 to S15, the Mg content was low compared to the 5182
aluminum alloy for conventional can lids shown in S17, but the equivalent strength was achieved.

[0114] In general, there is a trend in which, as the material strength increases, the number of cyclic bending, that is,
toughness decreases. However, even though the aluminum alloy sheet of S14, which was subjected to the homogenizing
treatment at high temperature to re-solutionize Mg,Si, has the same alloy components and equivalent strength, the
number of cyclic bending is high compared to the alloy sheet of S15 with the insufficiently re-solutionized Mg,Si. In other
words, the alloy sheet of S14 achieves both high toughness and high strength.

[0115] In the alloy sheets of S1 to S7, the cold rolling reduction has decreased through the intermediate annealing
process. Thus, the alloy sheets of S1to S7 have less strength anisotropy compared to the alloy sheets of S8 to S13 with the
cold rolling reduction exceeding 80%. In other words, it can be seen that the strength anisotropy is associated with the cold
rolling reduction. In the alloy sheets of S1 to S7 with the reduced cold rolling reduction through the intermediate annealing
process, both high strength and high toughness (thatis, high number of cyclic bending) are achieved compared to the alloy
sheets of S8 to S13 with the cold rolling reduction exceeding 80%.

[0116] Asshownin FIG. 2, when the alloy sheets of S1, S7 and S8 with the same alloy components and different cold
rolling reductions are compared, the strength anisotropy has a negative correlation with the cold rolling reduction. In a
highly tough material with the cold rolling reduction reduced to 50% or more and 80% or less through intermediate
annealing and the like, an absolute value of the strength anisotropy is considered to be maximum at the cold rolling
reduction of 80% in the negative direction. Here, from the trend in FIG. 2, the strength anisotropy at the cold rolling
reduction of 80% is estimated to be -13 MPa, and thus it is said that the lower limit of the strength anisotropy is -13 MPa.
[0117] Similarly, the absolute value of the strength anisotropy is considered to be maximum at the cold rolling reduction
of 50% in the positive direction. From the trend in FIG. 2, the strength anisotropy at the cold rolling reduction of 50% is
estimated to be 7 MPa. On the other hand, referring to the strength anisotropy of the alloy sheets of S3, S5, and so on, itcan
be seen that some variation in strength anisotropy is unavoidable. Thus, the appropriate strength anisotropy at the cold
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rolling reduction of 50% is considered to be around 13 MPa.

Claims

1. An aluminum alloy sheet for a can lid, the sheet comprising:

a silicon (Si) content of 0.20 mass % or more and 0.47 mass % or less;

an iron (Fe) content of 0.30 mass % or more and 0.59 mass % or less;

a copper (Cu) content of 0.11 mass % or more and 0.40 mass % or less;

a manganese (Mn) content of 0.70 mass % or more and 0.98 mass % or less;

a magnesium (Mg) content of 1.1 mass % or more and 3.7 mass % or less; and

a balance consisting of or including aluminum (Al) and inevitable impurities,

wherein, in each of 0°, 45°, and 90° directions to a rolling direction of the alloy sheet, a minimum evaluation value
S nin» Which is a minimum value among evaluation values S calculated by a following formula (1) using a 0.2% yield
strength o, ,, atensile strength og, and an average value cy,,, of the 0.2% yield strength and the tensile strength, is
330 MPa or more and 410 MPa or less.

S = otm/(c0.2/08) ... (1)

2. The aluminum alloy sheet for a can lid according to claim 1, the sheet comprising:

a silicon (Si) content of 0.20 mass % or more and 0.39 mass % or less;

a manganese (Mn) content of 0.75 mass % or more and 0.98 mass % or less; and

a magnesium (Mg) content of 1.4 mass % or more and 3.1 mass % or less, wherein

adifference in temperature between a solidus temperature and a solid solutionizing temperature of Mg, Siis 30°C
or more,

a crystallization temperature of primary crystal is lower than a solidification start temperature of aluminum,
inan L-STcross section of a central partin a width direction of the alloy sheet, aratio of atotal areain the L-STcross
section of Mg,Si particles each having an area of 0.3 pm?2 or more is 0.2% or less, and

the minimum evaluation value S, is 360 MPa or more and 410 MPa or less.

3. Thealuminum alloy sheet for a can lid according to claim 1 or 2, wherein a value obtained by subtracting a 0.2% yield
strength 6 , g¢° in the 90° direction to the rolling direction from a 0.2% yield strength o , - in the 0° direction to the
rolling direction is -13 MPa or more and 13 MPa or less.

4. The aluminum alloy sheet for a can lid according to claim 1 or 2,
wherein a bending operation is an operation of bending 90° a test piece cut into a strip with 12.5 mm in width and 200
mm in length and then returning to a 0° position, a number of cyclic bending N is a number of times of the bending
operation until the test piece breaks when the bending operation is repeatedly performed in a direction of a bending
ridge line parallel to the rolling direction, and a normalized number of cyclic bending N4 obtained by normalizing the
number of cyclic bending N by a sheet thickness t and a following formula (2) is 18 or more.

Ns =N % t/0.235... (2)
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