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DESCRIPTION 

TITLE OF INVENTION: ALUMINUM ALLOY SHEET FOR TAB 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This international application claims the benefit of Japanese 

Patent Application No. 2023-067405 filed on April 17, 2023 with the 

Japan Patent Office, the disclosure of which is incorporated herein in 

its entirety by reference.  

TECHNICAL FIELD 

[0002] The present disclosure relates to an aluminum alloy sheet for a 

tab.  

BACKGROUND ART 

[0003] In recent years, increasing environmental awareness calls for an 

aluminum alloy sheet that causes reduced production of C02 

emissions in its production process. In the production process of 

aluminum, blending of primary aluminum in a casting process affects 

greatly and indirectly on the C02 emissions.  

[0004] Production of the primary aluminum consumes a large amount of 

electricity in a refining process, leading to a large amount of the C02 

emissions. Thus, reduction of a blending amount of the primary 

aluminum and an increase in a rate of closed loop recycling will lead 

to reduction of the C02 emissions in the production of the aluminum 

alloy sheet.  

[0005] In general, it is said that the C02 emissions can be reduced to 

about one-thirtieth in a case where aluminum scraps are re-melted for 

casting compared with a case where the primary aluminum is produced.  

In particular, the amount of production of aluminum alloy sheets for
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beverage cans used worldwide is very large, and therefore further 

improvement in the rate of the closed loop recycling of the beverage 

cans is significantly meaningful in reduction of an environmental load.  

[0006] In particular, tabs made predominantly of 5182 aluminum alloy 

(AA5182 alloy) have lower upper limits on compositional standards 

of Si, Fe, Cu, Mn, and the like, compared with can bodies made of 

3104 aluminum alloy (AA3104 alloy). Thus, for the tabs, it is 

difficult to blend scraps derived from can stock containing 3104 

aluminum alloy.  

[0007] For example, if can scraps gathered in cities (UBC: Used 

Beverage Can) are blended as they are, the resultant contains 

relatively large amounts of components of the 3104 aluminum alloy 

due to a weight ratio between can bodies and can lids. Therefore, 

the compositional upper limits of the 5182 aluminum alloy can be 

easily exceeded. Therefore, there arises a need to dilute the 

components with a primary metal.  

[0008] Thus, as compared with aluminum alloy sheets for can bodies, 

aluminum alloy sheets for tabs are prepared by using a large amount 

of the primary metal to adjust to the composition of the 5182 

aluminum alloy, which lowers the recycling rate. Accordingly, a 

usage rate of the primary metal for tabs can be significantly reduced 

by changing an alloy for tabs to an alloy having a composition that 

facilitates blending of the 3104 aluminum alloy.  

[0009] Patent Document 1 discloses an aluminum alloy sheet for a tab 

having a composition relatively approximated to the composition of 

the 3104 aluminum alloy with excellent recyclability.  

PRIOR ART DOCUMENTS 

PATENTDOCUMENTS
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[0010] Patent Document 1: Japanese Unexamined Patent Application 

Publication No.H5-263175 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0011] Problems in the case where the alloy for tabs is made to include 

components approximated to those of the 3104 aluminum alloy include 

lowering of tab-bending strength and toughness of materials. For 

example, under a mechanism of pry opening a scored part by using the 

principle of lever as in a stay-on tab, there is a possibility of causing 

a can opening defect in which a tab is bent when opening the can.  

[0012] The tab-bending strength is the maximum value of a load applied 

to a pull-up part when the can opening defect occurs and the tab is 

bent when opening the can. The tab-bending strength is a parameter 

to indicate a resistance to bending of the tab. Thus, high tab-bending 

strength is required in order to avoid an occurrence ofthe can opening 

defect.  

[0013] In general, the tab-bending strength increases as one or both ofa 

sheet thickness and strength of materials increase. Thus, a high 

strength 5182 aluminum alloy containing a large amount of Mg is used 

for tabs.  

[0014] In contrast, if the conventional 3104 aluminum alloy is used for 

tabs, the tab-bending strength is largely reduced, which increases the 

possibility of causing the can opening defect. Also, if the sheet 

thickness is excessively increased to increase the tab-bending strength, 

the weight and the cost of the tab are increased.  

[0015] Furthermore, the toughness of the materials affects formability of 

the tabs. If the toughness of the materials is low, cracks during 

forming may occur particularly in a part of the tab subjected to a
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bending process. However, the aluminum alloy sheet for tabs 

including the components relatively approximated to those of the 

conventional 3104 aluminum alloy does not solve either one or both 

of the aforementioned two problems, or in other words, does not 

satisfy either one or both of the tab-bending strength and the 

toughness (formability).  

[0016] In one aspect of the present disclosure, it is desirable to provide 

an aluminum alloy sheet for tabs that can achieve both high tab

bending strength and high toughness while blended with scrap 

materials derived from can stock.  

MEANS FOR SOLVING THE PROBLEMS 

[0017] One aspect of the present disclosure provides an aluminum alloy 

sheet for a tab including a silicon (Si) content of 0.20 mass% or more 

and 0.60 mass% or less, an iron (Fe) content of 0.30 mass% or more 

and 0.70 mass% or less, a copper (Cu) content of 0.11 mass% or more 

and 0.40 mass% or less, a manganese (Mn) content of 0.7 mass% or 

more and 1.2 mass% or less, a magnesium (Mg) content of 1.1 mass% 

or more and 3.0 mass% or less, and a balance consisting of or 

including aluminum (Al) and inevitable impurities. A sheet 

thickness t (mm) and a tensile strength GB_O (MPa) in a 0-degree 

direction with respect to a rolling direction satisfy the following 

formula (1). In an L-ST cross-section, a percentage of a total area 

of Mg2Si particles having an area of 0.3 m 2 or more is 0.2% or less.  

( 2 .7 xt-0. 4 5 )xGB_o°>67 ... (1) 

[0018] According to the above configuration, the aluminum alloy sheet 

can achieve both high tab-bending strength and high toughness while 

blended with scrap materials derived from can stock. That is, scraps 

of the 3104 aluminum alloy for can bodies can be blended at a certain
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amount, and the usage rate of the primary metal can be reduced to 

thereby reduce C02 emissions.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic view of a cyclic bending test.  

FIG. 2 is an explanatory view of an L-ST cross-section.  

FIG. 3 is a graph showing a relation between a value V and tab

bending strength in Examples.  

MODE FOR CARRYING OUT THE INVENTION 

[0020] Hereinafter, embodiments in which the present disclosure is 

implemented will be described with reference to the drawings.  

[0021] [1. First Embodiment] 

[1-1. Configuration] 

<Composition> 

An aluminum alloy sheet for a tab of the present disclosure 

(hereinafter, also simply referred to as "alloy sheet") includes 

aluminum (Al), silicon (Si), iron (Fe), copper (Cu), manganese (Mn), 

and magnesium (Mg).  

[0022] The lower limit of the Si content is 0.20 mass%, and preferably 

0.27 mass%. A Si content of less than 0.20 mass% may reduce an 

amount of Si precipitation due to processing heat in cold rolling, 

which is carried out after hot rolling and a solution heat treatment.  

As a result, the alloy sheet may have an insufficient tensile strength.  

[0023] The average value of compositional standard of Si in 3104 

aluminum alloy specified in JIS-H-4000:2014 is 0.30 mass%; and the 

average value of compositional standard of Si in 5182 aluminum alloy 

specified in JIS-H-4000:2014 is 0.10 mass%. Thus, by arranging the 

Si content to be 0.27 mass% or more, a large amount of scraps of the
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3104 aluminum alloy can be blended.  

[0024] The upper limit of the Si content is 0.60 mass%, and preferably 

0.39 mass%. A Si content of more than 0.60 mass% reduces a 

difference between the solid solution temperature of Mg2Si and the 

solidus temperature of Al matrix, which makes it difficult to solid

solutionize as large an amount of Mg2Si, which is present in an ingot, 

as possible in a homogenizing treatment process. Moreover, coarse 

Mg2Si is newly precipitated in the hot rolling. As a result, the 

tensile strength and the toughness are decreased.  

[0025] Furthermore, by arranging the Si content to be 0.39 mass% or less, 

Mg2Si can be easily solid-solutionized in the homogenizing treatment 

process. Moreover, the precipitation of the coarse Mg2Si in the hot 

rolling is inhibited, which makes it possible to obtain favorable 

tensile strength and toughness without performing a heat treatment 

process after the hot rolling.  

[0026] The lower limit of the Fe content is 0.30 mass%, and preferably 

0.35 mass%. The average value of compositional standard of Fe in 

the 3104 aluminum alloy is 0.40 mass%; and the average value of 

compositional standard of Fe in the 5182 aluminum alloy is 0.18 

mass%. Thus, by arranging the Fe content to be 0.30 mass% or more, 

a large amount of scraps of the 3104 aluminum alloy can be blended.  

[0027] The upper limit of the Fe content is 0.70 mass%, and preferably 

0.55 mass%. A Fe content of more than 0.70 mass% increases Al

Fe-Mn-based or Al-Fe-Mn-Si-based intermetallic compounds that are 

abnormally coarse (that is, giant compounds). As a result, a crack 

propagation path is generated and the toughness of the alloy sheet is 

decreased.  

[0028] Furthermore, by arranging the Fe content to be 0.55 mass% or 

less, the tensile strength and the toughness of the alloy sheet can be
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compensated while crystallization of the aforementioned coarse 

intermetallic compounds is inhibited in a case where a large amount 

of Mg is added.  

[0029] The lower limit of the Cu content is 0.11 mass%, and preferably 

0.17 mass%. A Cu content of less than 0.11 mass% leads to lack of 

Cu that increases the strength by forming a solid solution or 

precipitation. Consequently, the tensile strength of the alloy sheet 

is decreased. It should be noted that, by causing Cu to be 

precipitated during the cold rolling after the hot rolling and the 

solution heat treatment, the tensile strength of the alloy sheet is 

increased significantly.  

[0030] Furthermore, the average value of compositional standard of Cu 

in the 3104 aluminum alloy is 0.15 mass%; and the average value of 

compositional standard of Cu in the 5182 aluminum alloy is 0.075 

mass%. Thus, by arranging the Cu content to be 0.11 mass% or more, 

a large amount of scraps of the 3104 aluminum alloy can be blended.  

[0031] The upper limit of the Cu content is 0.40 mass%, and preferably 

0.25 mass%. A Cu content of more than 0.40 mass% increases coarse 

precipitates, which reduces the toughness of the alloy sheet.  

Moreover, by arranging the Cu content to be 0.25 mass% or less, the 

tensile strength can be increased without largely impairing the 

toughness of the alloy sheet.  

[0032] The lower limit of the Mn content is 0.7 mass%, and preferably 

0.75 mass%. A Mn content of less than 0.7 mass% leads to lack of 

Mn that increases the strength by forming a solid solution or 

precipitation. Consequently, the tensile strength of the alloy sheet 

is decreased.  

[0033] Furthermore, the average value of compositional standard of Mn 

in the 3104 aluminum alloy is 1.1 mass%; and the average value of
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compositional standard of Mn in the 5182 aluminum alloy is 0.35 

mass%. Thus, by arranging the Mn content to be 0.75 mass% or more, 

a large amount of scraps of the 3104 aluminum alloy can be blended, 

as compared to the conventional 5182 aluminum alloy.  

[0034] The upper limit of the Mn content is 1.2 mass%, and preferably 

0.95 mass%. A Mn content of more than 1.2 mass% increases Al-Fe

Mn-based or Al-Fe-Mn-Si-based intermetallic compounds that are 

abnormally coarse. As a result, a crack propagation path is 

generated and the toughness of the alloy sheet is decreased.  

[0035] The lower limit of the Mg content is 1.1 mass%, and preferably 

2.2 mass%. A Mg content of less than 1.1 mass% leads to lack of 

Mg that increases the strength by forming a solid solution.  

Consequently, the tensile strength of the alloy sheet is decreased. It 

should be noted that the tensile strength of the alloy sheet is increased 

significantly by causing Mg to be precipitated during the cold rolling 

after the hot rolling and the solution heat treatment.  

[0036] The upper limit of the Mg content is 3.0 mass%, and preferably 

2.8 mass%. The average value of compositional standard of Mg in 

the 3104 aluminum alloy is 1.05 mass%; and the average value of 

compositional standard of Mg in the 5182 aluminum alloy is 4.5 

mass%. Thus, by arranging the Mg content to be 3.0 mass% or less, 

and preferably 2.8 mass% or less, it is possible to reduce an additional 

blending amount of materials containing Mg while blending a large 

amount of scraps of the 3104 aluminum alloy.  

[0037] The alloy sheet may contain titanium (Ti). The upper limit of 

the Ti content is preferably 0.10 mass%. An ingot structure of the 

alloy sheet is micronized by containing Ti. Furthermore, the alloy 

sheet may contain zinc (Zn). The upper limit of the Zn content is 

preferably 0.25 mass%. Still further, the alloy sheet may contain
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chromium (Cr). The upper limit of the Cr content is preferably 0.10 

mass%.  

[0038] The alloy sheet may contain inevitable impurities to the extent 

that the performance of the alloy sheet is not significantly impaired.  

In other words, the alloy sheet contains Si, Fe, Cu, Mn, Mg, Ti, Zn, 

and Cr in the ranges described above, and a balance consists of or 

includes aluminum (Al) and the inevitable impurities. The upper 

limit of the total amount of the inevitable impurities is preferably 

0.15 mass%. The balance may contain a substance other than 

aluminum and the inevitable impurities.  

[0039] <Sheet Thickness, Material Strength, and Tab-bending Strength> 

As regards the alloy sheet of the present disclosure, a sheet 

thickness t (mm) and a tensile strength GB_O0 (MPa) in a 0-degree 

direction with respect to a rolling direction satisfy the following 

formula (1).  

[0040] V=(2.7xt-0.45)XGBo>67 ... (1) 

The value of the tab-bending strength of the tab made of 

aluminum alloy empirically has a strong positive correlation with the 

value V (that is, the left side of the formula (1)) expressed by the 

material strength and the sheet thickness of the aluminum alloy sheet.  

Thus, a value V of 67 or more allows formation of a tab with sufficient 

tab-bending strength.  

[0041] Furthermore, it is desirable that the tensile strength GB o is 330 

MPa or more. This allows formation of a tab with a value of the 

sufficient tab-bending strength without significantly increasing the 

sheet thickness of the alloy sheet.  

[0042] Mechanical significance with regard to the relation between the 

value V and the tab-bending strength can be explained as follows.  

Specifically, if the tab exhibits a low resistance to a load applied
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thereto when the tab is pulled up to open the can, the tab will undergo 

local material yielding and consequently begin to deform plastically 

before a scored part is properly opened. Tab-bending is a 

phenomenon in which the tab is bent due to progress of this plastic 

deformation.  

[0043] Consideration is given to a cross-section of the tab parallel to a 

bending ridge line at a point where the tab-bending occurs. The 

resistance to a bending moment applied to the cross-section due to 

pulling up of the tab increases as a section modulus and a 0.2% proof 

stress (o.2 increase. The section modulus is a value intrinsic to a 

cross-sectional shape. The 0.2o proofstress (.2 is yield strength of 

materials.  

[0044] In the case of a tab with a fixed shape in the form of, for example, 

the stay-on tab of the standard DRT Holdings-type, the section 

modulus of the above-described cross-section increases as the sheet 

thickness increases. Thus, in the tab-bending, the sheet thickness 

and the 0.2% proof stress (.2 of materials can account for how easily 

the bending begins due to the material yielding and the plastic 

deformation.  

[0045] It should be noted that, since the tab-bending is a phenomenon 

that includes progress of the plastic deformation to the point where 

the tab is bent, there is a need to consider work hardening of materials 

during the plastic deformation. Even in a case where the 0.2% proof 

stress (o.2 is low and the plastic deformation begins early, the plastic 

deformation is inhibited from proceeding and the tab does not easily 

bend if a large amount of work hardening takes place during the 

plastic deformation.  

[0046] Accordingly, the 0.2% proof stress (o.2 is replaced to introduce 

the tensile strength G B o as a parameter that indicates a material
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strength including the work hardening. By using the value V 

expressed by the sheet thickness t and the tensile strength GB 00, a tab

bending property of the aluminum alloy sheet can be evaluated.  

[0047] The tensile strength GB_00 in the formula (1) is measured by a 

method specified in JIS-Z-2241:2011. The sheet thickness t is 

measured with, for example, a micro gauge.  

[0048] The tab-bending strength of the aluminum alloy sheet can be 

measured according to the following procedures, for example. A 

shell formed of the aluminum alloy sheet is subjected to a forming 

with a conversion press, except for scoring, so that a can lid is formed 

as an end without a scored part. In addition, a tab formed of the 

aluminum alloy sheet is attached to the can lid. The can lid is fixed 

to a jig and the tab is pulled up. The value of the maximum load 

applied to the pull-up part at this time is regarded as the tab-bending 

strength.  

[0049] Specifically, forming of the tab utilizes a die for a tab in the form 

of the stay-on tab of the standard DRT Holdings-type. Forming of 

the shell utilizes, for example, a die for a shell with the full-form 

(B64) profile of a diameter of p204. Measurement of the tab-bending 

strength utilizes, for example, a pop and tear tester, which is an 

opening tester manufactured by LEAD Sokki Co., Ltd.  

[0050] More specifically, a can lid, which is formed with a dedicated jig 

and which has a tab attached thereto but no scored part, is fixed to a 

jig. Subsequently, a jig for applying a load is attached to a pull-up 

part of the tab, and fixed such that a load is applied in a vertical 

direction with respect to a panel part of the lid with a magnitude that 

does not cause plastic deformation of the tab. In this state, the lid 

is rotated at a rotational speed of 30°/sec, whereby the tab is pulled 

up and bent. The maximum value of the load on the pull-up part of



-12

the tab is read within a range up to a 90-degree rotational angle.  

[0051] <Toughness> 

It is known that the formability of the tab is affected by the 

toughness of the aluminum alloy sheet.  

[0052] (The Number of Times of Cyclic Bending) 

There is a cyclic bending test as one of evaluation parameters for 

the toughness of the aluminum alloy sheet. Under the same sheet 

thickness, the aluminum alloy sheet is more excellent in toughness as 

the number of times of cyclic bending increases.  

[0053] The cyclic bending test is carried out according to the following 

procedures. For example, as illustrated in FIG. 1, a test piece cut 

out into a strip shape of 12.5 mm in width and 200 mm in length is 

placed in such an orientation that the bending ridge line R is parallel 

to the rolling direction D of the alloy sheet. Both ends of the test 

piece are fixed with chucks, and a tensile force is applied at a load of 

200N.  

[0054] In this state, by using a jig, which is arranged at a position of 150 

mm away in a longitudinal direction of the test piece from an end of 

the test piece fixed to the immovable chuck and which has a bending 

radius of 2.0 mm, as a fulcrum point, the other chuck is rotated 

rightwards and leftwards at 90 degrees respectively to perform the 

cyclic bending. Measurement is carried out on the number of times 

of bending until the test piece is broken.  

[0055] The number of times of bending is counted such that a rightward 

or leftward bending operation at 90 degrees is counted as one time 

and a restoring operation to the original position is counted as one 

time. If the test piece is broken in the middle, an angle 0 (0 to 90°) 

at the breakage is read and the number of times of cyclic bending N 

is calculated according to the following formula (2). In the formula
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(2), No is the sum of the number of times the test piece is subjected 

to the rightward or leftward bending operation at 90 degrees and the 

restoring operation from a bent position at 90 degrees to the original 

position at 0 degree until the test piece is broken.  

[0056] N=No+/90 ... (2) 

Since evaluation of the cyclic bending is less favorable as the 

sheet thickness increases, there is a need to compensate for by using 

a reference sheet thickness and take it into account. To address this, 

a sheet thickness of 0.245 mm is used as the reference, and the 

standardized number of times of cyclic bending Ns standardized by 

the following formula (3) is obtained. It should be noted that tt (mm) 

is a sheet thickness of the test piece.  

[0057] Ns=Nxtt/0.245 - (3) 

In the present disclosure, the standardized number of times of 

cyclic bending Ns is preferably 11.7 times or more, and more 

preferably 15.0 times or more.  

[0058] (Second Phase Particles) 

The toughness is affected by the strength and the distribution of 

second phase particles. That is, the greater the strength is and the 

higher the density of the second phase particles having large areas is, 

the lower the toughness is. In particular, as the Mg content and the 

Si content increase, Mg2Si particles are formed more easily. As a 

result, the Mg2Si particles become a source and a propagation path of 

a crack, which affects a decline in the toughness.  

[0059] In the aluminum alloy sheet of the present disclosure, the 

percentage of the total area of the Mg2Si particles having an area of 

0.3 m2 or more is preferably 0.2% or less in a center area in the sheet 

thickness of the L-ST cross-section illustrated in FIG.2 in oblique 

lines. It should be noted that, in FIG. 2, L indicates longitudinal
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directions, ST indicates sheet thickness directions, and LT indicates 

width directions.  

[0060] The area ratio of the Mg2Si particles can be measured according 

to the following method, for example. Firstly, a measurement 

sample is cut out, and its surface subjected to the measurement (that 

is, the L-ST cross-section) is mechanically polished into a mirror 

surface. Subsequently, the polished surface (that is, the L-ST cross

section) is observed with a SEM (Scanning Electron Microscope), and 

ten fields of view are obtained in the center area in the sheet thickness.  

The SEM performs imaging at an accelerating voltage of 15 kV, with 

a magnification of 500 times, and in an area of 0.049 mm2 for each 

field of view to obtain a compositional image (COMPO image), or a 

backscattered electron composition image.  

[0061] The COMPO image photographed is subjected to analysis with 

"ImageJ", which is an image analysis software. Specifically, the 

brightness of the image expressed in 256 levels is adjusted such that 

its most frequent value is considered to be the background brightness, 

and particles with a brightness lower than a value obtained by 

subtracting 30 from the most frequent brightness value are determined 

to be the Mg2Si particles.  

[0062] Among the Mg2Si particles determined, the total area of particles 

having an area of 0.3 m 2 or more is calculated, and is divided by 

areas photographed for the 10 fields of view (that is, the total area 

photographed). In this way, the percentage of the total area of the 

Mg2Si particles having an area of 0.3 m 2 or more in the L-ST cross

section is calculated.  

[0063] <Anisotropy in Strength> 

It is known that materials having a low ratio of cold rolling 

(hereinafter, abbreviated as "cold rolling ratio") have high toughness.
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The higher the cold rolling ratio is, the larger the 0.2% proof stress 

(ao.2 900 in a 90-degree direction with respect to the rolling direction 

is, compared with the 0.2% proof stress (ao.2 0 in the 0-degree 

direction with respect to the rolling direction. Thus, a difference 

between the 0.2% proof stress in the 0-degree direction and the 0.2% 

proof stress in the 90-degree direction with respect to the rolling 

direction, that is, anisotropy in strength, can be associated with the 

cold rolling ratio of the materials.  

[0064] A value D of the alloy sheet of the present disclosure, obtained 

by the formula (4) by subtracting the 0.2% proof stress (o.2 go in the 

90-degree direction with respect to the rolling direction from the 0.2% 

proof stress (.2 o_ in the 0-degree direction with respect to the rolling 

direction, is preferably -4 MPa or more.  

[0065] D=30.2 0- 0 o.2 900 ... (4) 

The 0.2% proof stresses o.2 o and 9o.2 go- in the formula (4) are 

measured in accordance with a method specified in JIS-Z-2241:2011.  

[0066] The material structural significance of the anisotropy in strength, 

which is obtained by subtracting the 0.2% proof stress (O.2 go in the 

90-degree direction with respect to the rolling direction from the 0.2% 

proof stress (.2 o_ in the 0-degree direction with respect to the rolling 

direction, can be explained as follows.  

[0067] Materials that have undergone hot rolling or annealing are in a 

recrystallized state, and have a high degree of integration of the 

isotropic cube orientation. Then, due to plastic deformation by cold 

rolling, cube orientation is deformed into a rolled texture having 

anisotropy in the rolling direction. Moreover, as the cold rolling 

ratio increases, the crystal grains are elongated to be slenderer in the 

rolling direction. Thus, the diameters of the crystal grains in the 0

degree direction with respect to the rolling direction increase,



-16

whereas there is less change in the diameters of the crystal grains in 

the 90-degree direction with respect to the rolling direction, as 

compared to the changes in the 0-degree direction.  

[0068] The relation between these structural changes caused by the 

rolling and the 0.2% proof stress (o.2 is expressed in a relation in the 

formula (5) with reference to the Hall-Petch equation. In the 

formula (5), "K" is a resistance to grain boundary sliding, and "d" is 

a crystal grain size.  

[0069] (.2ccKxd-1/ 2 - (5) 

The resistance K can be different values to the tensile stress in 

the 0-degree direction or the 90-degree direction with respect to the 

rolling direction. This is because, the degree of integration of the 

rolled texture having anisotropy in the rolling direction increases as 

the cold rolling ratio increases, and the resistance against sliding of 

the grain boundaries varies depending on the tensile direction.  

[0070] Furthermore, the crystal grains are elongated to have larger 

diameters in the 0-degree direction with respect to the rolling 

direction as the cold rolling ratio increases, whereas the change in 

crystal grain size with respect to the cold rolling ratio is relatively 

small in the 90-degree direction with respect to the rolling direction.  

Integration of these influences results in an occurrence of the 

anisotropy in strength with respect to the increase in cold rolling ratio.  

[0071] <Method of Producing Aluminum Alloy Sheet> 

The aluminum alloy sheet of the present disclosure can be 

produced as follows, for example. Firstly, in accordance with a 

usual method, an ingot is produced by performing a semi-continuous 

casting method (that is, Direct Chill (DC) casting) on an aluminum 

alloy having the composition of the aluminum alloy sheet of the 

present disclosure.
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[0072] Subsequently, four surfaces of the ingot, excluding a front end 

surface and a rear end surface, are ground. After the grinding, the 

ingot is placed in a soaking furnace and subjected to a homogenizing 

treatment. The temperature in the homogenizing treatment is 

preferably 530°C or higher and equal to or lower than the solidus 

temperature of the Al matrix.  

[0073] If the temperature in the homogenizing treatment is 530°C or 

higher, the temperature in the homogenizing treatment is sufficiently 

higher than the solid solution temperature of the Mg2Si. Thus, the 

amount of presence of Mg2Si, which is the second phase particles 

crystallized or precipitated in the ingot, can be reduced. As a result, 

both the tensile strength and the toughness of the aluminum alloy 

sheet are improved. Moreover, by setting the temperature in the 

homogenizing treatment at 550°C or higher, the amount of presence 

of Mg2Si can be extremely reduced.  

[0074] On the other hand, if the temperature in the homogenizing 

treatment is equal to or lower than the solidus temperature of the Al 

matrix, the aluminum alloy sheet can be produced without an 

occurrence of local fusion. The temperature in the homogenizing 

treatment is preferably lower than the solidus temperature of the Al 

matrix by 10°C or more. Thus, the aluminum alloy sheet can be 

stably produced without an occurrence of local fusion.  

[0075] The solid solution temperature of Mg2Si and the solidus 

temperature of the Al matrix are uniquely determined depending on 

the composition of the aluminum alloy. For example, these 

temperatures can be obtained by inputting the composition of the 

aluminum alloy into "JMatPro", a thermodynamic calculation 

software developed by Sente Software, to calculate an equilibrium 

diagram. CALPHAD method is used for calculating a
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thermodynamic model.  

[0076] The duration of time for the homogenizing treatment is preferably, 

for example, one hour or longer and 20 hours or shorter. When the 

duration of time for the homogenizing treatment is one hour or longer, 

the temperature of the entire slab becomes uniform, which easily 

eliminates segregation of the ingot structure and easily solid

solutionizes the Mg2Si particles again. The longer the duration of 

time for the homogenizing treatment is, the more solid-solutionizing 

of the Mg2Si particles can be facilitated. However, if the duration 

of time for the homogenizing treatment exceeds 20 hours, the effect 

of the homogenizing treatment is saturated.  

[0077] After the homogenizing treatment, the ingot is subjected to the 

hot rolling. The hot rolling process includes a rough rolling process 

and a finish rolling process. In the rough rolling process, the ingot 

is processed into a plate material having a thickness of about tens of 

millimeters by reverse rolling. In the finish rolling process, the 

thickness of the plate material is reduced to about a few millimeters 

by, for example, tandem rolling, and a hot-rolled coil is formed by 

winding the plate material in the form of a coil.  

[0078] If the total reduction rate in the finish rolling is high, 

recrystallized structures are formed after winding, which can increase 

the degree of integration of the isotropic cube orientation. If the 

temperature is high during the winding in the finish rolling, the 

recrystallized structures are formed after the winding, which can 

increase the degree of integration of the cube orientation.  

[0079] Furthermore, by subjecting the hot-rolled coil to intermediate 

annealing (that is, a solution heat treatment) so as to solid-solutionize 

Mg and the like again, the alloy sheet with high tensile strength can 

be obtained. For example, a heat treatment (that is, annealing) is
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performed by utilizing a continuous annealing line (CAL) at a target 

actual temperature of 440°C or higher for 30 seconds or longer, and 

thereafter the hot rolled coil is subjected to forced cooling by air 

cooling, for example. Consequently, the tensile strength of the alloy 

sheet can be effectively increased.  

[0080] Subsequent to the hot rolling, the plate material is subjected to 

the 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 rolling or tandem rolling. In the cold rolling where the single 

rolling is employed, the rolling is preferably carried out in two or 

more divided passes.  

[0081] Furthermore, by subjecting the coil in the midst of the cold 

rolling to the intermediate annealing so as to solid-solutionize Mg and 

the like again, it is possible to obtain an alloy sheet whose final cold 

rolling ratio is lowered and whose material anisotropy is suppressed, 

while increasing the tensile strength of the materials. For example, 

the tensile strength of the alloy sheet can be effectively increased by 

utilizing the continuous annealing line to perform the heat treatment 

(that is, annealing) at a target actual temperature of 440°C or higher, 

and thereafter performing the forced cooling by the air cooling, for 

example. It should be noted that the intermediate annealing 

performed on the hot rolled coil and the coil in the midst of the cold 

rolling is optional.  

[0082] Still further, by setting the finish temperature in an intermediate 

pass, excluding the final pass, at 120°C or higher in the cold rolling, 

Si, Cu, and Mg are finely precipitated and undergo age hardening.  

Consequently, the tensile strength of the alloy sheet can be increased.  

Moreover, by setting the finish temperature at 130°C or higher, the 

tensile strength of the alloy sheet can be further increased.
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[0083] If the solution heat treatment is not performed in the midst of the 

cold rolling, the cold rolling ratio (that is, a target total reduction 

rate) is preferably 75% or more. If the cold rolling ratio is 75% or 

more, the tensile strength of the alloy sheet can be increased.  

Furthermore, the lower the cold rolling ratio is, the more the cube 

orientation remains. Therefore, the cold rolling ratio is preferably 

92% or less.  

[0084] If the solution heat treatment is performed in the midst of the cold 

rolling, the cold rolling ratio (that is, a target total reduction rate 

after the solution heat treatment) is preferably 45% or more. If the 

cold rolling ratio is 45% or more, the tensile strength of the alloy 

sheet can be increased by performing the solution heat treatment to 

solid-solutionize Mg and the like again, to thereby decrease the cold 

rolling ratio. Furthermore, the lower the cold rolling ratio is, the 

more the cube orientation remains. Therefore, the cold rolling ratio 

is preferably 80% or less.  

[0085] The cold rolling ratio R (%) can be obtained by the following 

formula (6) by using a sheet thickness to (mm) after the hot rolling or 

the solution heat treatment and a product sheet thickness ti (mm) after 

the cold rolling.  

[0086] R=(to-ti)/tox1O0 --- (6) 

The product sheet thickness can be appropriately selected so that 

a desired tab-bending strength can be obtained. The product sheet 

thickness is selected so that the formula (1) is satisfied. As 

described above, the aluminum alloy sheet of the present disclosure 

can inhibit an increase in sheet thickness required for keeping the tab

bending strength high.  

[0087] Pre-coating may be or may not be performed in a coating line or 

the like on the coil that has undergone the cold rolling until the
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product sheet thickness is achieved. In the case of performing the 

pre-coating, the coil that has undergone the cold rolling is subjected 

to degreasing, cleaning, and a chemical treatment on a surface, and a 

coating baking treatment after being coated with a coating material.  

[0088] In the chemical treatment, chemicals such as a chromate-based 

chemical and a zirconium-based chemical are used. As the coating 

material, materials such as an epoxy-based material and a polyester

based material are used. These can be selected in accordance with 

applications. In the coating baking treatment, the coil is heated 

within about 30 seconds at 220°C or higher and 270°C or lower in the 

actual temperature of the coil (PMT: Peak Metal Temperature). At 

this time, the lower the PMT is, the more the recovery of the materials 

is inhibited, which makes it possible to keep the tensile strength of 

the alloy sheet high.  

[0089] [1-2. Effects] 

The embodiment detailed above can bring effects described below.  

[0090] (la) The aluminum alloy sheet can achieve both high tab-bending 

strength and high toughness while blended with scrap materials 

derived from can stock. That is, it is possible to blend scraps of the 

3104 aluminum alloy for a can body at a certain amount, and to reduce 

a usage rate of the primary metal, whereby the C02 emissions can be 

reduced.  

[0091] [2. Other Embodiments] 

Although the embodiment of the present disclosure has been 

described hereinabove, the present disclosure is not limited to the 

above-described embodiment and may take various forms.  

[0092] (2a) In addition to the aluminum alloy sheet of the above

described embodiment, the present disclosure includes various forms, 

such as a member including this aluminum alloy sheet and a method
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of producing this aluminum alloy sheet.  

[0093] (2b) Functions of one element in the aforementioned embodiments 

may be distributed to two or more elements, and functions of two or 

more elements may be integrated into one element. A part of the 

configuration of the aforementioned embodiments may be omitted.  

In addition, at least a part of the configuration of the aforementioned 

embodiments may be added to or replaced with another configuration 

of the aforementioned embodiments. Any and all modes included in 

the technical idea specified by the languages used in the claims are 

embodiments of the present disclosure.  

[0094] [3. Examples] 

Hereinafter, details of tests conducted to confirm the effects of 

the present disclosure and evaluation results of the tests will be 

explained.  

[0095] <Production of Aluminum Alloy Sheet> 

As examples and comparative examples, aluminum alloy sheets 

Sl to S17 shown in Tables 1 and 2 were produced. Hereinafter, 

specific production procedures will be explained.  

[0096] Firstly, by performing a semi-continuous casting method, an ingot 

was produced so as to include 0.32 mass% of Si, 0.43 mass% of Fe, 

0.22 mass% of Cu, 0.80 mass% of Mn, 2.6 mass% of Mg, and a balance 

consisting of aluminum and inevitable impurities. The ingot 

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 the inevitable 

impurities.  

[0097] Subsequently, four surfaces of the ingot, excluding a front end 

surface and a rear end surface, were ground. After the grinding, the 

ingot was placed in a furnace to be subjected to the homogenizing 

treatment. The temperature in the homogenizing treatment is as
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shown in Table 1. After the homogenizing treatment, the ingot was 

taken out of the furnace, and the hot rolling was immediately started 

to thereby obtain a rolled sheet.  

[0098] As regards Si to S8, the rolled sheet that had undergone the hot 

rolling was subjected to the cold rolling until the sheet thickness 

shown in Table 1 was achieved. After the cold rolling, the rolled 

sheet was subjected to the intermediate annealing. The temperature 

during the intermediate annealing is as shown in Table 1. The 

duration of time was 30 seconds. After the intermediate annealing, 

the rolled sheet was cooled to the room temperature by air cooling.  

After the cooling, the rolled sheet was subjected again to the cold 

rolling. The target cold rolling ratio in the cold rolling after the 

intermediate annealing is as shown in Table 1.  

[0099] As regards S9 to S14, the rolled sheet that had undergone the hot 

rolling was subjected to the intermediate annealing. The sheet 

thickness and the temperature during the intermediate annealing were 

as shown in Table 1. The duration of time was 30 seconds. After 

the intermediate annealing, the rolled sheet was cooled to the room 

temperature by air cooling. After the cooling, the rolled sheet was 

subjected to the cold rolling. The target cold rolling ratio in the cold 

rolling is as shown in Table 1.  

[0100] As regards S15 to S17, the rolled sheet that had undergone the 

hot rolling was subjected to the cold rolling without performing 

annealing. The target cold rolling ratio in the cold rolling is as 

shown in Table 1.  

[0101] The product sheet thickness (that is, ti in the formula (6)) after 

the cold rolling in S Ito S17 was set within a range of 0.330±0.05 mm.  

[0102] In S Ito S14, S16 and S17, after the cold rolling, the sheet surface 

was coated with a coating material, and the coating baking treatment
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was performed for about 30 seconds. The actual temperature (PMT) 

during the baking of the coating is as shown in Table 1. In S15, 

coating and baking were not performed. Thus, the aluminum alloy 

sheets Si to S17 were obtained. Furthermore, Table 1 shows the 

sheet thicknesses (that is, product sheet thicknesses) of the aluminum 

alloy sheets SI to S17 measured with a micro gauge.  

[0103] [Table 1] 

Sheet 
Thickness Homogenizing Intermediate Annealing Cold Rolling Coating 

Examples Treatment Ratio 
t SheetThickness Temperature PMT 

mm 0C mm 0C % °C 

S1 0.332 580 1.10 550 70.0 230 

S2 0.333 580 1.10 550 70.0 270 

S3 0.331 580 0.66 550 50.0 230 

S4 0.331 580 0.66 550 50.0 270 

S5 0.335 580 1.10 520 70.0 230 

S6 0.331 580 1.10 520 70.0 270 

S7 0.329 580 0.66 520 50.0 230 

S8 0.329 580 0.66 520 50.0 270 

S9 0.331 550 2.00 520 83.5 230 

S10 0.335 550 2.00 520 83.5 250 

S1l 0.336 550 2.00 520 83.5 270 

S12 0.333 520 2.00 520 83.5 230 

S13 0.335 520 2.00 520 83.5 250 

S14 0.334 520 2.00 520 83.5 270 

S15 0.328 580 - - 83.5 

S16 0.326 580 - - 83.5 220 

S17 0.327 580 - - 83.5 230
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[0104] [Table 2] 

Tensile Property Standardized Anisotropyin Possible 

0-degree Direction 90-degree Direction (2 .7xt-0.
45)xuB_0° Area Ratio of Number of Times Strength Blending Ratio 

Examples to Roling to Rolling Mg2Si of 0.2_0- of 

(B_0° U0.2_0° 90.2_90° Cyclic Bending 9029-3104 

Mpa Mpa Mpa - % NumberofTimes Mpa wt% 

Si 376 338 331 168 0.1 16.4 7 50 

S2 368 328 323 165 0.1 16.8 5 50 

S3 353 310 298 156 0.0 19.5 12 50 

S4 354 307 301 157 0.0 20.4 6 50 

S5 367 330 328 167 0.1 16.7 2 50 

S6 354 315 316 157 0.1 16.8 -1 50 

S7 347 303 293 152 0.1 19.3 11 50 

S8 334 289 285 146 0.1 19.8 4 50 

S9 373 341 351 165 0.0 12.6 -10 50 

S10 368 332 337 167 0.0 14.0 -5 50 

S11 360 321 326 165 0.0 14.3 -5 50 

S12 356 325 336 160 0.8 11.1 -11 50 

S13 348 314 327 158 0.8 11.4 -13 50 

S14 346 310 320 156 0.8 11.5 -10 50 

S15 353 323 330 154 0.0 14.1 -7 50 

S16 341 311 323 147 0.0 14.8 -12 50 

S17 341 310 317 147 0.0 14.7 -7 50 

<Evaluation of Aluminum Alloy Sheets> 

(Tensile Property) 

Milling was employed to prepare two of No. 5 test pieces, 

specified in JIS-Z-2241:2011, from each of the aluminum alloy sheets 

SI to S17. Longitudinal axes of the two test pieces extend in the 0

degree direction and the 90-degree direction with respect to the 

rolling direction, respectively.  

[0105] Those test pieces were subjected to a tensile test in accordance 

with JIS-Z-2241:2011, and the 0.2% proof stress and the tensile 

strength were measured. Table 2 shows measurement results of the 

tensile strength GB o in the 0-degree direction with respect to the 

rolling direction, measurement results of the 0.2% proof stress aO.2 0
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in the 0-degree direction with respect to the rolling direction, and 

measurement results of the 0.2% proof stress o.2 go in the 90-degree 

direction with respect to the rolling direction.  

[0106] Furthermore, the value V (=( 2 . 7 xt-0. 4 5 )xGBo) of the formula (1) 

was calculated based on the measurement results of the sheet 

thickness and the tensile strength. Calculation results are shown in 

Table 2.  

[0107] (Toughness) 

In each of the aluminum alloy sheets Sl to S17, in accordance 

with the measurement method described in the embodiments, the 

percentage (area ratio) of the total area of the Mg2Si particles having 

an area of 0.3 m 2 or more in the L-ST cross-section was calculated.  

The measurement results are shown in Table 2.  

[0108] The standardized number of times of cyclic bending of each of 

the aluminum alloy sheets Sl to S 17 was calculated in accordance 

with the measurement method and the formulas (2) and (3) described 

in the embodiments. The results are shown in Table 2.  

[0109] (Anisotropy in Strength) 

The anisotropy in strength (that is, the value D) of each of the 

aluminum alloy sheets of Sl to S17 was calculated based on the 

formula (4) described in the embodiments. The results are shown in 

Table 2.  

[0110] (Scrap Blending Ratio) 

With respect to the compositions of the aluminum alloy sheets Sl 

to S17, it was determined whether the possible blending ratio of the 

scraps of the 3104 aluminum alloy is 50 mass% or more. The results 

are shown in Table 2.
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[0111] In Table 2, the aluminum alloy sheets given with " 50" mean that 

50 mass% or more of the 3104 aluminum alloy can be blended. It 

should be noted that the possible blending ratio of the scraps of the 

3104 aluminum alloy is determined based on Table 3.  

[0112] Table 3 shows a correspondence between the blending ratio of the 

3104 aluminum alloy and the 5182 aluminum alloy, and the average 

values of the compositional standards. The first line of Table 3 

shows the average values of the compositional standard of the 3104 

aluminum alloy, and the second line of Table 3 shows the average 

values of the compositional standard of the 5182 aluminum alloy.  

[0113] For example, when the blending ratio of the 3104 aluminum alloy 

is 50 mass%, the average value of Si is 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%.  

[0114] Accordingly, when the ratios of the respective components Si, Fe, 

Cu, Mn, and Mg of the aluminum alloy sheet are equal to or more than 

the aforementioned values respectively, the possible blending ratio of 

the 3104 aluminum alloy sheet is 50 mass% or more. As the blending 

ratio of the 3104 aluminum alloy increases, the contents of Si, Fe, Cu, 

and Mn increase, but the content of Mg decreases. The aluminum 

alloy sheets SI to S17 can be blended with 50 mass% or more of the 

scraps of the 3104 aluminum alloy.
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[0115] [Table 3] 

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 

Blending Ratio Si Fe CU Mn Mg 
of3104 

5% 0.11 0.19 0.08 0.4 4.3 

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 2.9 

50% 0.20 0.29 0.11 0.7 2.8 

55% 0.21 0.30 0.12 0.8 2.6 

60% 0.22 0.31 0.12 0.8 2.4 

65% 0.23 0.32 0.12 0.8 2.3 

70% 0.24 0.33 0.13 0.9 2.1 

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 

(Tab-bending Strength) 

Aside from the aluminum alloy sheets SI to S17, two or more 

aluminum alloy sheets with different sheet thicknesses and tensile 

strengths were prepared, and their tab-bending strengths were 

measured in accordance with the measurement method described in 

the embodiments.
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[0116] Table 4 and FIG. 3 show the results of the measurement in relation 

to the sheet thickness t of the aluminum alloy sheet, the tensile 

strength GB_0° in the 0-degree direction with respect to the rolling 

direction, and the value V (=( 2 .7xt-0. 4 5)xGB_00) of the formula (1).  

Additionally, Table 5 shows components of the aluminum alloy sheets 

that have undergone measurement of the tab-bending strength.  

[0117] It was found out from FIG. 3 that the value V and the tab-bending 

strength have a high correlation. It should be noted that FIG. 3 

shows results of utilizing the tab in the form of the stay-on tab of the 

standard DRT Holdings-type; however, a tab in the different form 

shows a similar tendency.
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[0118] [Table 4] 

Sheet Tensile Property Tab Property 

Level AiloyNo. Thickness 0-degree to Rolling (2.7 xt-0.45)xUBo° Tab-bending 
t UB_0 0 Strength 

mm MPa N 

1 1 0.370 299 164 35.9 
2 1 0.370 299 164 33.2 
3 1 0.370 299 164 33.6 
4 1 0.370 299 164 35.1 
5 2 0.345 298 143 31.5 
6 2 0.345 298 143 33.3 
7 2 0.345 298 143 31.0 
8 2 0.345 298 143 32.2 
9 2 0.345 298 143 31.0 
10 3 0.320 393 163 34.1 
11 3 0.320 393 163 34.0 
12 3 0.320 393 163 34.9 
13 3 0.320 393 163 32.8 
14 4 0.300 389 140 31.8 
15 4 0.300 389 140 30.8 
16 4 0.300 389 140 30.8 
17 4 0.300 389 140 30.8 
18 4 0.300 389 140 31.0 
19 5 0.285 383 122 29.7 
20 5 0.285 383 122 29.7 
21 5 0.285 383 122 30.3 
22 5 0.285 383 122 28.2 
23 6 0.267 391 106 26.4 
24 6 0.267 391 106 27.5 
25 6 0.267 391 106 25.4 
26 6 0.267 391 106 25.0 
27 7 0.235 373 69 18.1 
28 7 0.235 373 69 16.4 
29 7 0.235 373 69 14.9 
30 7 0.235 373 69 15.9 
31 7 0.235 373 69 16.5 
32 8 0.220 398 57 14.4 
33 8 0.220 398 57 19.2 
34 8 0.220 398 57 17.6 
35 8 0.220 398 57 16.6 
36 8 0.220 398 57 13.5
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[0119] [Table 5] 

Si Fe Cu Mn Mg 
Aiioy No.  

mass% 

1 0.33 0.43 0.21 1.0 1.3 

2 0.30 0.43 0.21 1.0 1.2 

3 0.10 0.19 0.05 0.3 4.6 

4 0.11 0.29 0.13 0.4 4.6 

5 0.10 0.29 0.12 0.5 4.5 

6 0.11 0.22 0.14 0.4 4.8 

7 0.10 0.23 0.09 0.3 4.5 

8 0.12 0.28 0.13 0.5 4.6 

As shown in Table 2, in all of the aluminum alloy sheets Si to 

S17, the value V having a high correlation with the tab-bending 

strength is 67 or higher. It was confirmed that the aluminum alloy 

sheet having a value of 67 or higher has the sheet thickness and the 

tensile strength that lead to obtainment of high tab-bending strength.  

[0120] Furthermore, all of the aluminum alloy sheets SI to S17 have a 

tensile strength GB oO of 330 MPa or more in the 0-degree direction 

with respect to the rolling direction, and can ensure high tab-bending 

strength while inhibiting an excessive increase in the sheet thickness.  

[0121] The aluminum alloy sheets SI to Sli and S15 to S17 whose 

temperature in the homogenizing treatment had been set high 

exhibited the high tensile strength and the high standardized number 

of times of cyclic bending. For example, the temperature in the 

homogenizing treatment is higher in the case of the aluminum alloy 

sheets S9 to Sl than in the case of the aluminum alloy sheets S12 to 

S14. Thus, under the same processes and the same coating baking 

temperature, the aluminum alloy sheets S9 to Sll exhibit higher 

tensile strength and the higher number of times of cyclic bending.  

[0122] Furthermore, the lower the coating baking temperature (PMT) was, 

the higher the tensile strength of the alloy sheet was. For example,
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comparisons between/among: Si and S2, S5 and S6, S7 and S8, S9 to 

Sll, S12 to S14, and S16 and S17 showed that an example set with 

lower coating baking temperature exhibited higher values of the 0.2% 

proof stress (.2 o_ in the 0-degree direction with respect to the rolling 

direction, the 0.2% proof stress a0.2 go- in the 90-degree direction with 

respect to the rolling direction, and the tensile strength GB_9o in the 

0-degree direction with respect to the rolling direction.  

[0123] In the aluminum alloy sheets S Ito S11 and S15 to S17 set with 

temperatures in the homogenizing treatment at 550°C or higher, the 

area ratios of the Mg2Si particles were smaller than in other examples, 

and were 0.2% or less. A comparison between the aluminum alloy 

sheets S9 to S11 and the aluminum alloy sheets S12 to S14 showed 

that the standardized numbers of times of cyclic bending of the 

aluminum alloy sheets S9 to Sll were greater than those of the 

aluminum alloy sheets S12 to S14 although the tensile strengths of 

the aluminum alloy sheets S9 to S11 in the 0-degree direction with 

respect to the rolling direction were higher than those of the aluminum 

alloy sheets S12 to S14.  

[0124] The number of times of cyclic bending varies also depending on 

the tensile strength. A comparison between the aluminum alloy 

sheets S9 and S11 having relatively small area ratios of the Mg2Si 

particles and the same cold rolling ratio shows that the aluminum 

alloy sheet S11 having a relatively smaller tensile strength has the 

standardized number of times of cyclic bending greater than that of 

the aluminum alloy sheet S9.  

[0125] The standardized number of times of cyclic bending varies also 

depending on the anisotropy in the material structure. For example, 

a comparison between the aluminum alloy sheets S1, S2, and S5 whose 

anisotropy in strength is -4 MPa or more and the aluminum alloy
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sheets S9 to Sll whose anisotropy in strength is less than -4 MPa 

shows that the numbers of times of cyclic bending in Si, S2, and S5 

are higher than those in S9 to S11 although their tensile strengths are 

relatively close to each other.  

[0126] Furthermore, a comparison between the aluminum alloy sheets S3, 

S4, and S6 to S8 whose anisotropy in strength is -4MPa or more and 

the aluminum alloy sheets S15 to S17 whose anisotropy in strength is 

less than -4 MPa shows that the numbers of times of cyclic bending 

in S3, S4, and S6 to S8 are considerably higher than those in S15 to 

S17 although their tensile strengths are relatively close to each other.
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CLAIMS 

1. An aluminum alloy sheet for a tab, the aluminum alloy sheet 

including: 

a silicon (Si) content of 0.20 mass% or more and 0.60 mass% or less; 

an iron (Fe) content of 0.30 mass% or more and 0.70 mass% or less; 

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

a manganese (Mn) content of 0.7 mass% or more and 1.2 mass% or 

less; 

a magnesium (Mg) content of 1.1 mass% or more and 3.0 mass% or 

less; and 

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

impurities, 

wherein a sheet thickness t (mm) and a tensile strength GB_Oc (MPa) in 

a 0-degree direction with respect to a rolling direction satisfy the following 

formula (1): 

( 2 .7 xt-0. 4 5 )XaB_o°>67 ... (1), and 

wherein, in an L-ST cross section, a percentage of a total area of Mg2Si 

particles having an area of 0.3 m 2 or more is 0.2% or less.  

2. The aluminum alloy sheet for a tab according to claim 1, 

wherein, when a bending operation including bending at 90 degrees 

and restoring to a position of 0 degree is repeated for a test piece, which is 

cut out into a strip shape of 12.5 mm in width and 200 mm or longer and 300 

mm or shorter in length, in such an orientation that a bending ridge line is 

parallel to the rolling direction, a standardized number of times of cyclic 

bending Ns is 11.7 or more, 

wherein the standardized number of times of cyclic bending Ns is 

obtained by standardizing the number of times of cyclic bending N, which is
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the number of times of the bending operation until the test piece is broken, in 

accordance with a sheet thickness tt (mm) of the test piece and the following 

formula (2): 

Ns=Nxtt/0.245 ... (2), and 

wherein the tensile strength GB o is 330 MPa or more.  

3. The aluminum alloy sheet for a tab according to claim 2, 

wherein the standardized number of times of cyclic bending Ns is 15.0 

or more.  

4. The aluminum alloy sheet for a tab according to any one of claims 

I to 3, 

wherein a value obtained by subtracting a 0.2% proof stress o.2 go in 

a 90-degree direction with respect to the rolling direction from a 0.2% proof 

stress (.2 o0 in the 0-degree direction with respect to the rolling direction is 

4 MPa or more.  

5. The aluminum alloy sheet for a tab according to any one of claims 

I to 3, 

wherein the aluminum alloy sheet includes: 

the silicon (Si) content of 0.27 mass% or more and 0.39 mass% or less; 

the iron (Fe) content of 0.35 mass% or more and 0.55 mass% or less; 

the copper (Cu) content of 0.17 mass% or more and 0.25 mass% or less; 

the manganese (Mn) content of 0.75 mass% or more and 0.95 mass% 

or less; and 

the magnesium (Mg) content of 2.2 mass% or more and 2.8 mass% or 

less.



-36

6. The aluminum alloy sheet for a tab according to claim 4, 

wherein the aluminum alloy sheet includes: 

the silicon (Si) content of 0.27 mass% or more and 0.39 mass% or less; 

the iron (Fe) content of 0.35 mass% or more and 0.55 mass% or less; 

the copper (Cu) content of 0.17 mass% or more and 0.25 mass% or less; 

the manganese (Mn) content of 0.75 mass% or more and 0.95 mass% 

or less; and 

the magnesium (Mg) content of 2.2 mass% or more and 2.8 mass% or 

less.
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