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ABSTRACT

A 3000 series aluminum alloy sheet which has a heat

dissipation characteristic which can be applied to a

large-size lithium ion battery container and further

which is excellent in formability and shape freezability

and furthermore is also excellent in laser weldabllity 1s

provided. An aluminum alloy sheet which comprises a cold

rolled, annealed material which contains Fe: 0.05 to less

than 0.3 mass%, Mn: 0.6 to 1.5 mass$%, and Si: 0.05 to 0.6

ﬂ—-

mass$%, has a balance of Al and impurities, and has, as

impurities, Cu: less than 0.35 mass% and Mg: less than

0.05 mass$%, has a conductivity which exceeds 45% IACS,

has a 0.2% proof strength of 40 to less than 60 MPa, and
displays a 20% or more value of elongation. Further, an

aluminum alloy sheet which comprises an as-cold-rolled

material which has a conductivity exceeding 45% IACS, a

0.2% proof strength of 60 to less than 150 MPa, and

displays 3% or more value of elongation. Still further,

—

to raise the conductivity, one or more of Co: 0.001 to

0.5 mass%, Nb: 0.005 to 0.05 mass%, and V: 0.005 to 0.05

mass%$ may be included.
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DESCRIPTION

Title of Invention: Aluminum Alloy Sheet for Battery Case

Use Excellent In Formability, Heat Dissipation, and

Weldability

Technical Field
[0001]

The present 1nvention relates to aluminum alloy

sheet which 1s excellent in formability, heat

dissipation, and weldability for use for a container for
a lithium 1on battery or other secondary battery.
Background Art
[0002]

Al-Mn-based 3000 series alloys are relatively

excellent 1n strength, formability, and laser

weldability, so are used as materials when producing

containers for lithium i1on batteries and other secondary

batteries. They are formed into the desired shapes, then

are laser welded to seal them tight for use as containers

for secondary batteries. Along with the 3000 series

alloys, aluminum alloy sheets for secondary battery

contalner use which are based on existing 3000 series

alloys but are further increased 1n strength and

formability have been developed.
[0003]

For example, PLT 1 describes aluminum alloy sheet

for a box shaped battery case characterized by having as

the composition of the aluminum alloy sheet the

composition which 1s prescribed in JIS A3003, having an

p—

carring ratio of 8% or less, having an average particle

ﬁ

size of recrystallized crystal grains of 50 um or less,

and having an electrical conductivity of 45 IACSS or

less.
1[0004]

On the other hand, as a battery case, an aluminum

alloy sheet for a battery case which 1s excellent 1n
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—

swelling resistance at the time of a high temperature,

internal pressure load has been developed. PLT 2

describes an aluminum alloy sheet for a battery case

Iy

which 1s excellent in swelling resistance at the time of

a high temperature, internal pressure load characterized

by containing Mn: 0.8 to 2.0% (wt%, same below), being
restricted i1n 1mpurity elements to Si: 0.04 to 0.2% and

Fe: 0.04 to 0.6%, having a balance of Al and unavoidable

impurities, having an amount of Mn in solid solution of

-

0.25% or more, having a proof strength value of 150 to

-

220N/mm° in range, and having an average area of crystal

particle size at a cross-section parallel to the rolling

P

direction of 500 to 8000 um® in range.
[0005]

However, 1n an aluminum alloy sheet based on a 3000

serles alloy which has been improved in composition,

sometimes an abnormal bead 1s formed. It is known that

there 1s a problem in laser weldability. Therefore, an
aluminum alloy sheet improved in laser weldability for
secondary battery container use which i1s based on the
1000 series 1s also being developed. PLT 3 describes an
aluminum alloy sheet which is excellent in laser

ﬁ

weldability which 1s free of uneven bead when laser

welding an Al000~-based aluminum material. According to

this, 1n the aluminum alloy sheet, it 1is sufficient to

include Si: 0.02 to 0.10 mass%, restrict the Fe content

to 0.30 mass3 or less, 1nclude a balance of Al and

r—
—

unavoldable i1mpurities, and restrict the number of

intermetallic compound particles with a circle equivalent

diameter of 1.5 to 6.5 um to 1000 to 2400/mm”.
Citations List
Patent Literature
[0006]
PLT 1: Japanese Patent No. 3620955
PLT 2: Japanese Patent No. 3763088
PLT 3: Japanese Patent Publication No. 2009-256754A

Summary of Invention
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Technical Problem

[0007]

Indeed, 1n the 1000 series, there is the problem
that while the weldability is stable and the formability

1s excellent, the strength 1s low. Therefore, with
lithium 1on batteries becoming increasingly larger in
size, 1t 1s expected that high strength characteristics

will also become demanded and there will be a problem

with application of 1000 series aluminum materials as
they are.
As explained above, in 3000-series alloy sheets,

ﬁ

strength and swelling resistance at the time of a high

temperature, internal pressure load are obtained, the

formability 1s inferior compared with 1000 series alloy

o

sheets, and the number of abnormal beads tends to become

greater. Further, with lithium ion batteries becoming

increasingly larger in size, 1t is anticipated that the

ﬁ

amount of heat which 1s generated from lithium ion

#

patteries at the time of charging and discharging will

increase and excellent heat dissipation characteristics

will also be demanded. Further, 3000 series aluminum

Jr—

alloy sheets are generally high in amount of Mn in solid

solution. Sometimes, while depending on the chemical

composition, the proof strength becomes too high for a

large-size lithium ion battery container. There is also a

—

problem with the ease of occurrence of springback after

press forming and the 1nabillity to realize a

predetermined design shape, that 1is, the so-called shape

freezability.

The present i1nvention was created to solve such a

ﬁ

problem and has as 1ts object the provision of 3000

series aluminum alloy sheet which has a heat dissipation

characteristic which enables application to a large-size

lithium 1on battery container and further is excellent i1n

formability and shape freezability and excellent 1n laser

weldability.

Solution to Problem
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[0008]

The aluminum alloy sheet for battery container use
which is excellent in formability and weldability of the
present invention achieves this objective by contalning
Fe: 0.05 to less than 0.3 mass%, Mn: 0.6 to 1.5 mass$%,
and Si: 0.05 to 0.6 mass%, having a balance of Al and
impurities, having, as impurities, Cu: less than 0.35

mass% and Mg: less than 0.05 mass% i1n chemical

1)

composition and having an electrical conductivity of over
45% IACS.

When made into a cold rolled, annealed material, the
0.2% proof strength 1s 40 to less than 60 MPa and a 20%
or more elongation value 1s displayed. Further, when an
as—cold-rolled material, the 0.2% proof strength is 60 to

less than 150 MPa and a 3% or more of elongation value is
exhlbited.

Furthermore, to raise the electrical conductivity,
one or more of Co: 0.001 to 0.5 mass%, Nb: 0.005 to 0.05
mass3%, and V: 0.005 to 0.05 mass% may be further
contalined.

According to an aspect, the invention relates to an
aluminum alloy sheet for battery container use
characterized by comprising a cold rolled, annealed
material which contains Fe: 0.05 to less than 0.3 mass$,
Mn: 0.6 to 1.5 mass%, Si: 0.05 to 0.6 mass%, and one or

more of Co: 0.001 to 0.5 mass%, Nb: 0.005 to 0.05 masss%,
and V: 0.005 to 0.05 mass%, has a balance of Al and
impurities, has, as impurities, Cu: less than 0.35 mass%
and Mg: less than 0.05 mass% in chemical composition, has
an electrical conductivity of over 45% IACS, has a 0.2%
proof strength of 40 to less than 60 MPa, and has a 20%

or more value of elongation.

According to another aspect, the invention relates
to an aluminum alloy sheet for battery contalner use
characterized by comprising an as-cold-rolled material
which contains Fe: 0.05 to less than (0.3 mass%, Mn: 0.6
to 1.5 mass%, Si: 0.05 to 0.6 mass%, and one or more of
Co: 0.001 to 0.5 mass%, Nb: 0.005 to 0.05 mass%, and V:
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0.005 to 0.05 mass%, has a balance of Al and impurities,
has, as impurities, Cu: less than 0.35 mass% and Mg: less
than 0.05 mass$% in chemical composition, has an
electrical conductivity of over 45% IACS, has a 0.2%
proof strength of 60 to less than 150 MPa, and has a 3%

or more of elongation.

Acdvantageous Effects of Invention
[0009]

The aluminum alloy sheet of the present invention
has a high heat conductivity and is excellent in
formability as well and further is provided with
excellent laser weldability, so it is possible to produce
at a low cost a container for secondary battery use which
1s excellent in sealing performance and improved in heat
dissipation characteristic.

In particular, a cold rolled, annealed material

displays a 20% or more elongation value and exhibits

excellent formability and also has a proof strength of a
low 40 to less than 60 MPa, so the springback at the time

of press forming 1s suppressed and as a result the shape

freezability is also excellent.

Further, an as-cold-rolled material displays a 3% or

more elongation value and exhibits excellent formability
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r—

and also has a proof strength of a low 60 to less than

100 MPa, so springback at the time of press formation is

suppressed and as a result the shape freezability is also

excellent.

-

[0010]
FIG.

r—

method of

defects.

Brief Description of Drawings

1 1s a conceptual view which explains the

P

measurement/evaluation of the number of weld

)

Description of Embodiments

[0011]

A secondary battery is produced by placing electrode

members 1n a contailner, then attaching a 1lid by welding

F

etc. to seal 1t. If using such a secondary battery for a

gri-

moblle phone etc., at the time of charging, the

temperature at the i1inside of the container sometimes

rises. For this reason, there is the problem that if the

—

material which the contailner 1s made of is low 1in heat

conductivity, the heat dissipation characteristic will

become 1nferior which, in turn, will lead to a shorter

pr—

lifetime of the lithium ion battery. Therefore, as the

material which i1s used, one which has a high heat

conductivity 1s sought.

Further, use of pressing as the method for forming

the contailner 1s the general practice, so the material

used 1tself 1s required to have excellent press

formability. Furthermore, in a large-size lithium ion

battery container as well, it is expected that in the

future, reduction 1n thickness of the material will be

——

spurred on. Of course, 1f the material becomes thinner,

there 1s the possibility of the problem surfacing of

springback easily occurring after press forming and a

predetermined design shape not being realized. Therefore,

g

the material used 1tself i1s required to have excellent

shape freezability.

[0012]

Further, since the welding method i1s used as the
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—

method of attaching and sealing the 1lid, excellent

weldability 1s also demanded. Further, as the welding

method when producing a contailner for secondary battery
use etc., the laser welding method i1s usually used.

As explained above, in a 3000 series sheet material,

gr—s
P

1n general, to 1mpart swelling resistance, the amount o:

—

Mn in solid solution is increased to raise the proof

strength. While the swelling resistance at the time of a

high temperature, internal pressure load can be

.

sufficiently secured, there is the problem that the

material 1s inferior in heat conductivity and inferior in

heat dissipation characteristic of the container.

Therefore, 1n the present invention, by setting the

starting temperature for hot rolling the slab lower than

the homogenilization treatment temperature to intentionally

make the Mn and Si1 which form solid solutions 1in the

gt

matrix be diffused and absorbed in the intermetallic

ﬁ

compounds and reduce the amount of Mn 1n solid solution

g

and the amount of Si in solid solution, the heat

conductivity of the final sheet is raised and

simultaneously the elongation value 1s raised and the

ﬁ

proof strength 1s kept low. As a result, it is possible

to obtaln an aluminum alloy sheet which has a high heat

dissipation characteristic and which is excellent in

formability and shape freezability as well.
[0013]

Therefore, the 3000 series aluminum alloy sheet

according to the present invention has a high heat

conductivity, so when bonding the container which is

obtained by press forming and the lid by a pulse laser,

1t 1s necessary to raise the energy per pulse etc. to

perform bonding under more severe conditions. However, 1if

performing laser welding under relatively severe
conditions 1n this way, there 1s the problem that the

weld bead wilill be undercut and weld defects called "blow

holes" will occur.
[0014]
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By firing such a pulse laser, it is guessed that the

surface temperature of the weld bead being joined will

locally reach a 2000°C or more high temperature. Aluminum

1s considered a high reflectance material and 1is

considered to reflect about 70% of a laser beam. On the

other hand, the second phase particles which are present

near the surface of the aluminum alloy sheet, for

example, the a-Al-(Fe - Mn)-Si1 or other intermetallic

compounds, have a smaller specific heat and heat

’-h

conductivity compared with the aluminum of the matrix

even at room temperature and rise 1n temperature in

advance. The heat conductivities of these intermetallic
compounds become further lower along with a rise in
temperature. The light absorption rate rises in an
accelerated manner whereby only the intermetallic
compounds are rapidly heated and melted. The firing time

— e

of one pulse of the pulse laser 1s nanoseconds or

femtoseconds or another extremely short time. Therefore,
around the time that the matrix a-Al melts and

transitions to a liquid phase, the a-Al-(Fe -Mn)-Si or

other intermetallic compounds first reach the boiling

polnt and evaporate, whereby the volume i1s made to
rapidly expand.
[0015]

Therefore, 1n the present invention, the contents of

Fe, Mn, and Si1 are prescribed, the contents of the

P-

impurities of Cu and Mg are kept low, and the

homogenization treatment temperature of the slab is set

to a relatively high temperature so as to promote the

gr—

formation of solid solutions of the transition elements

to a certain extent and reduce the number of weld defects
which occur at the laser weld zone. The i1inventors engaged

1n 1lnvestigations of the characteristics relating to heat

conductivity (electrical conductivity) and press

formability and i1nvestigations of the number of weld

defects which occur at the weld zone so as to study 1n
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depth how to obtain an aluminum alloy sheet which is

excellent 1n laser weldability and thereby reached the

present i1nvention.

Below, the contents will be explained.

[0016]

First, the actions, suitable contents, etc. of the

elements which are contained in the aluminum alloy sheet

g

for secondary battery contalner use of the present

invention will be explained.

Fe: 0.05 to less than 0.3 mass$

Fe 1s an essential element for increasing the

strength of the aluminum alloy sheet. If the Fe content

1s less than 0.05 mass$%, the aluminum alloy sheet falls

1in strength, so this 1is not preferable. If the Fe content

F

1s over 0.3 mass3%, at the time of casting a cast ingot,

a-Al-(Fe -Mn)-Si-based, Alg(Fe-Mn)-based, or other rough

lntermetallic compounds precipitate. These intermetallic

compounds vaporize more easlily at the time of laser

-

welding compared with the Al matrix. The number of weld

defects 1ncreases and the weldability falls, so this is

not preferable.
Therefore, the Fe content is 0.05 to less than 0.3

masss 1n range. The more preferable Fe content is 0.07 to

less than 0.3 mass% 1n range. The still more preferable

Fe content 1s 0.1 to less than 0.3 mass% in range.

[0017]
Mn: 0.0 to 1.5 mass%s

Mn 1s an essential element for increasing the

F F

strength of aluminum alloy sheet. If the Mn content is

less than 0.6 mass%, the aluminum alloy sheet falls in

strength, so this 1s not preferable. If the content of Mn

exceeds 1.5 mass%, the amount of Mn forming a solid
solution in the matrix becomes too high so not only does

the final sheet fall 1n heat conductivity, but also the

proof strength becomes too high and the shape

gr—
=]

freezability also falls. Furthermore, at the time of

casting a cast 1ngot, a-Al-(Fe -Mn)-Si-based, Alg(Fe -Mn) -
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pased, or other rough intermetallic compounds

preclpltate. These intermetallic compounds vaporize more

—

easlly at the time of laser welding compared with Al

gre—

matrix, so the number of weld defects increases and the

weldability falls, so this i1s not preferable.

Therefore, the Mn content i1is 0.6 to 1.5 mass$% in

range. The more preferable Mn content is 0.6 to 1.4 mass$%

1n range. The still more preferable Mn content is 0.6 to

1.3 mass% 1n range.
[0018]

Si: 0.05 to 0.6 mass%

S1 1S an essential element for increasing the

M

strength of aluminum alloy sheet and improving the melt

ﬁ

flow at the time of casting. If the Si content is less

than 0.05 mass?, the aluminum alloy sheet falls in

strength and the melt flow falls, so this is not

preferable. If the content of Si exceeds 0.6 mass%, at

the time of casting a cast ingot, relatively rough a-Al-

(Fe ‘-Mn) -Si-based or other intermetallic compounds

precipitate. These intermetallic compounds vaporize more

easlly at the time of laser welding compared with the Al

matrix, so the number of weld defects increases and the

weldability falls, so this 1s not preferable.

Therefore, the preferable Si1 content is 0.05 mass%

to 0.6 mass%s 1n range. The more preferable Si content 1is

0.07 masss to 0.6 masss in range. The still more

L

preferable Si1 content 1s 0.07 mass% to 0.55 mass% 1n
range.
[0019]

Co: 0.001 to 0.5 mass$%

P

Co has the effect of raising the electrical

F

conductivity of the final sheet and further of also

P

raising the elongation value 1n the range of alloy

P

composition of the present 1nvention. Regarding the

advantageous etffect when 1ncluding Co: 0.001 to 0.5

ﬁ

masss, 1t 1s unclear at the present by what kind of

mechanism this 1s manifested. The 1nventors guess that,
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_10_

1n the range of alloy composition of the present

ﬁ

invention, 1f including Co: 0.001 to 0.5 mass%, in the

homogenization treatment or in the furnace cooling

process after the homogenization treatment, Al¢(Fe -Mn)

preclpltates more uniformly in the matrix.

It the Co content 1s less than 0.001 mass$%, the

apove-mentioned such advantageous effects are not

expressed. If the Co content is over 0.5 mass$%, the

manufacturing cost just increases, so this 1s not

preferable. Therefore, the preferable Co content is 0.001

to 0.5 mass% 1in range. The more preferable Co content is

0.001 to 0.3 mass% in range. The still more preferable Co
content 1s 0.001 to 0.1 mass% in range.
[0020]

Nb: 0.005 to 0.05 mass$%

Nb has the effect of raising the electrical

r—

conductivity of the final sheet and further also raising

P

the elongation value in the range of alloy composition of

the present 1nvention. Regarding the advantageous effect

when i1ncluding Nb: 0.005 to 0.05 mass% as well, it is

unclear at the present by what kind of mechanism this is

manifested. The 1nventors guess that, in the range of

alloy composition of the present invention, if including

D

Nb: 0.005 to 0.05 mass%, 1n the homogenization treatment

or 1n the furnace cooling process after the

homogenization treatment, Alg¢(Fe -Mn) precipitates more

uniformly in the matrix.

"

If the Nb content 1s less than 0.005 mass$%, the

above-mentioned such advantageous effects are not

ﬁ

expressed while 1f the Nb content 1s over 0.05 mass$%, the

manufacturing cost just 1ncreases, so this is not

preferable. Therefore, the preferable Nb content is 0.005

to 0.05 mass% 1n range. The more preferable Nb content is

0.007 to 0.05 mass% 1n range. The still more preferable

Nb content 1s 0.01 to 0.05 mass?% 1n range.

10021]
V: 0.005 to 0.05 mass3
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_11__

pr—

fect of raising the electrical

i)

V has the e:

'

#—

conductivity of the final sheet 1n the range of alloy

fr—

composition of the present invention. Regardlng the

advantageous effect when 1including V: 0.005 to 0.05 mass$%

as well, 1t 1s unclear at the present by what kind of

mechanlsm this 1s manifested. The 1nventors guess that,

r— F-

in the range of alloy composition of the present

—

invention, 1f 1ncluding V: 0.005 to 0.05 mass%, 1n the

_4

homogenization treatment or 1n the furnace cooling

process after the homogenization treatment, Alg(Fe -Mn)

precipltates more uniformly 1in the matrix.

If the V content 1s less than 0.005 mass%, the

y—
P

fects are not

above-mentioned such advantageous e:

expressed. If the V content 1s over 0.05 mass$3,

conversely the conductivity falls, so this 1s not

preferable. Therefore, the preferable V content 1s 0.005

to 0.05 mass% 1n range. The more preferable V content 1s

0.005 to 0.03 mass3% 1n range. The still more preferable V

content 1s 0.01 to 0.03 mass% 1n range.
[0022]

Cu as unavoldable 1mpurity: less than 0.35 mass%

Cu may be contalned as an unavoldable i1mpurity 1n

less than 0.35 mass%. In the present invention, 1f the Cu

content 1s less than 0.35 mass%, the heat conductivity,

formability, weldability, and other characteristics will

not fall. If the Cu content 1s 0.35 mass% or more, the
heat conductivity will fall, so this 1s not preferable.

Mg as unavoldable impurities: less than 0.05 mass%

Mg may be contained as an unavoidable impurity 1n

less than 0.05 mass%. In the present invention, 1f the Mg

content is less than 0.05 mass%, the heat conductivity,

formability, weldability, and other characteristics will
not tall.
[0023]

Other Unavoidable Impuritiles

Unavoidable impurities unavoildably enter from the

starting material metals, recycled materials, etc. Their
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allowable contents are, for example, Zn: less than 0.05
masss, Ni: less than 0.10 mass%, Pb, Bi, Sn, Na, Ca, and
Sr: respectively less than 0.02 mass%, Ga and Ti: less

than 0.01 mass%, Nb and V: less than 0.005 mass$%, Co:

less than 0.001 mass%, others: less than 0.05 mass$%. Even

F

1f unmanaged elements are contained in this range, the

- —
_—_—

effects of the present invention are not impaired.
[0024]

Flongation Value and 0.2% Proof Strength

F

Cold rolled, annealed material: value of elongation

F‘

20% or more and 0.2% proof strength of 40 to less than

o0 MPa

As-cold-rolled material: value of elongation of 3%

N

O

F' F

or more and 0.2% proof strength of 60 to less than 150

MPa

In this regard, 1in applying 3000 series aluminum
alloy sheet to a large-size lithium ion battery container
etc., 1t 1s necessary to not only have a high heat
dissipation characteristic and excellent laser

weldability, but also maintain suitable strength while

being excellent 1n formability and shape freezability as

well. The shape freezability and strength of a material

ﬁ

can pbe learned by the 0.2% proof strength at the time of

1)

performing a tensile test, while the formability can be

— —
p——

learned by the value of elongation at the time of a

tensile test.

Detalls wilill be left to the later description of the

)

examples, but as the 3000 series aluminum alloy sheet of
the present 1nvention which is applied to a large-size
lithium 1on battery container etc., a cold rolled,

ﬁ
—

annealed material which has the characteristics of a

value of elongation of 20% or more and a 0.2% proof

strength of 40 to less than 60 MPa and an as-cold-rolled

— —
—

material which has the characteristics of a value of

ﬁ

elongation of 3% or more and a 0.2% proof strength of 60

to less than 150 MPa are preferable.
[0025]
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Electrical Conductivity Over 45% IACS

The above-stated characteristics are realized when

producing the 3000 series aluminum alloy sheet which has

a specilific chemical composition by settling the rolling

start temperature lower than the homogenization treatment

temperature and thereby reduce the amount of Mn in solid

—

solution and the amount of Si1 in solid solution 1n the

matrix.

Specifically, for example, 1t 1s possible to insert

the slab 1n a soaking furnace, heat 1t and hold i1t at

600°Cx1 hour or more as homogenization treatment, then

furnace cool 1t until a predetermined temperature, for

example, 500°C, then take out the slab from the soaking

furnace at that temperature and start hot rolling.

Further, 1t 1s possible to insert the slab in a soaking

furnace, heat it and hold it at 600°Cx1l hour or more as

homogenlization treatment, then coocl 1t 1n the soaking

furnace until a predetermined temperature, for example,

500°C, and after that hold it 500°Cx1 hour or more for a

second stage homogenization treatment, then take out the

slab from the soaking furnace and start hot rolling.
[0026]

By performing the slab homogenization treatment at a

520 to 620°C holding temperature for 1 hour or more 1n

holding time and setting the starting temperature of the

hot rolling to less than 520°C in this way, 1t becomes

—

possible to reduce the amount of Mn in solid solution and

pr—

the amount of S1 in solid solution 1n the matrix.

If the starting temperature for the hot rolling 1s

less than 420°C, the roll pressure which 1s required for

plastic deformation at the time of hot rolling becomes

high and the rolling reduction per pass becomes too low,

so the productivity falls, so this 1is not preferable.

Therefore, the preferable starting temperature for the

hot rolling is 420 to less than 520°C 1n range.
[0027]
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In the furnace cooling process after the
homogenization treatment (including second stage
homogenization treatment), at the high temperature side,
the Alg(Fe -Mn) precipitates absorb the Mn in solid
solution in the matrix increasing 1n size, while at the
low temperature side, the Alg(Fe -Mn) precipiltates absorb

the Mn and Si in solid solution 1n the matrix

transforming to the a-Al-(Fe -Mn)-Si by diffusion.

The present inventors surmised that in the range of

alloy composition of the present invention, 1if including

Co, Nb, or V in predetermined amounts, 1n the

—

homogenization treatment or the furnace cooling process

after the homogenization treatment, Alg¢(Fe - -Mn) would

P

preciplitate more finely. In such a case, the number of

sites where the Mn and Si1 which formed solid solutions 1n

the matrix would be diffused and absorbed would 1ncrease,

-

so it would become possible to more efficiently lower the

amounts of solid solution of the Mn and Si i1n the matrix
and raise the electrical conductivity.
[0028]

On the other hand, at the time of casting the 3000

series alloy, in particular at locations like the filnal

solidified parts, while also depending on the chemical

composition, relatively rough Alg(Fe-Mn), a-Al-(Fe-Mn)-S1i,

and other intermetallic compounds precipltate. These

relatively rough intermetallic compounds vaporlze more

F

easily than the Al matrix at the time of laser welding of

pl—
.

the final sheet and are believed to become a cause ot

increase in the number of weld defects. However, even 1f

p

making the melt of the range of composition of the

present invention contain Co, Nb, or V in predetermined

amounts, no effect of remarkably reducing the number of

weld defects at the laser welding zone could be

confirmed. Therefore, even if making the melt of the

ﬁ-

range of composition of the present invention contain Co,

Nb, or V in predetermined amounts, it 1s guessed that

r—

fect on the form of precipitation of the

e
e

there 1s no e:
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relatively rough Alg(Fe ‘Mn), a-Al-(Fe -Mn)-Si, or other

intermetallic compounds.
[0029]

Next, the method of producing the above-mentioned

aluminum alloy sheet for secondary battery container use

will be simply introduced.

Melting and Refining

The starting materials are charged into the melting

furnace. After reaching a predetermined melting

temperature, flux 1s suitably charged and stirred in and

further, 1n accordance with need, a lance etc. is used to

perform in-furnace degassing, then the melt is held to

allow 1t to settle and slag i1s separated from the melt

surface.

In this melting and refining, to obtain

predetermined alloy ingredients, it is important to again

charge the master alloy and other starting materials, but

1t 1s extremely important to secure a sufficient settling

time until the flux and slag floats up from the aluminum

alloy melt to the melt surface for separation. The

settling time 1is preferably usually 30 minutes or more.
[0030]

The aluminum alloy melt which i1s melted in the

melting furnace sometimes 1s cast after once being

transferred to a holding furnace, but sometimes is also

directly tapped from the melting furnace and cast. The
more pretferable settling time 1s 45 minutes or more.

In accordance with need, 1t 1s also possible to run

the melt through an inline degassing and filter process.

The 1nline degassing 1s mainly of a type which blows

an 1nert gas etc. from a rotary rotor into the aluminum

p—h

melt to cause the hydrogen gas in the melt to diffuse 1n

ﬁ

the bubbles of the inert gas for removal. When using

inert gas constituted by nitrogen gas, 1t 1s important to

manage the dew point to, for example, -60°C or less. The

ﬁ

amount of hydrogen gas of the cast 1ngot 1s preferably

reduced to 0.20 c¢cc/100 g or less.
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[0031]

If the amount of hydrogen gas of the cast ingot 1s

F

large, porosity occurs in the final solidified parts of

the cast ingot, so the rolling reduction per pass at the

- |

hot rolling step has to be restricted to,

for example, 7%

or more to crush the pores.

Further, the hydrogen gas which forms a solid

solution in the cast ingot in a supersaturated state;

—

while depending on the conditions of the homogenization

treatment before the hot rolling step, sometimes

pr—

precipitates at the time of laser welding after shaping

Lhe

p

"inal sheet and causes the formation of a large

| - |

number of blow holes at the bead. For this reason, the

F-

more preferable amount of hydrogen gas of the cast 1ingot

is 0.15 cc/100 g or less.
[0032]

Casting

The cast ingot is produced by semicontinuous casting

(DC casting). In the case of normal semicontinuous

o~

casting, the thickness of the cast ingot 1is generally 400

to 600 mm or so, so the solidification cooling rate at

the center part of the cast ingot is about 1°C/sec. For

this reason, in particular, when casting an aluminum

P-

alloy melt with high contents of Fe, Mn, and Si Dby

semicontinuous casting, Alg(Fe-Mn), o-Al-(Fe-Mn)-Si, and

other relatively rough intermetallic compounds tend to

precipitate from the aluminum alloy melt at the center

part of the cast 1ingot.
[0033]

The casting speed at the time of semicontinuous

-

casting depends on the width and thickness of the cast

ingot, but usually, considering also the productivity, 1s

50 to 70 mm/min. However, when performing inline

—
—

degassing, if considering the actual melt residence time

in the degassing treatment tank, while depending also on

P

the flow rate of the inert gas and other degassing

pr—

conditions, the smaller the flow rate of the aluminum
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melt (feed rate of melt per unit time), the better the

degassing efficiency in the tank and the more the amount

of hydrogen gas in the cast ingot can be reduced. While

depending also on the number of pouring operations during

ﬁ

casting, to reduce the amount of hydrogen gas 1n the cast

ingot, 1t is desirable to restrict the casting speed to

30 to 50 mm/min. The more desirable casting speed 1is 30

to 40 mm/min. Of course, 1f the casting rate 1s less than

30 mm/min, the productivity falls, so this is not

desirable. Note that, the slower the casting speed, the

F-

gentler the slant of the sump (interface of solid

phase/liquid phase) at the cast ingot and the more
possible 1t 1s to prevent casting cracks needless to say.
[0034)])

Homogenization Treatment: 520 to 620°Cx1l hour or more

The cast ingot which 1s obtalned by casting by the

semicontinuous casting method 1s treated for
homogenization.
The homogenization treatment 1s treatment which

facilitates rolling by holding the cast ingot at a high

temperature and eliminating casting segregation and

residual stress inside the cast i1ngot. In the present

invention, it 1s necessary to hold the i1ngot at the

1]

holding temperature of 520 to 620°C for 1 hour or more. In

this case, this is also treatment for making the

transition elements etc. which form the 1ntermetallic

ﬁ

compounds which are precipitated at the time of casting

form solid solutions 1in the matrix to a certaln extent.

If this holding temperature i1s too low or the holding

ﬁ

temperature is short, the above formation of a solid

solution will not proceed and the outer skin atfter

drawing and ironing is liable not to be beautifully

finished. Further, if the holding temperature 1s too

high, the final solidified parts, that 1s, eutectic

F

parts, of the cast ingot are liable to melt, that 1is,

burning is liable to occur. The more preferable
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homogenization treatment temperature is 520 to 610°C.
[0035]
Starting Temperature of Hot Rolling: 420 to less

than 520°C

By performing the slab homogenization treatment at a

520 to 620°C holding temperature for a 1 hour or more

holding time and setting the starting temperature of the

hot rolling to less than 520°C 1n thilis way, 1t becomes

—

possible to reduce the amounts of Mn and S1 which form

solid solutions in the matrix. If the starting

temperature for the hot rolling exceeds 520°C, 1t becomes

difficult to reduce the amounts of Mn and Si1 which form

—

solid solutions in the matrix. If the starting

temperature for the hot rolling is less than 420°C, the

roll pressure which is necessary for the plastic

F

deformation at the time of hot rolling becomes high and

the rolling reduction per pass becomes too low and the

productivity falls, so this 1s not preferable. Therefore,

the preferable starting temperature for the hot rolling

is 420 to less to 520°C in range. The slab which 1s taken

out from the soaking furnace 1s suspended as 1s by a

crane and carried over to a hot rolling mill. While

—

depending on the type of the hot rolling mill, usually

several rolling passes are used for hot rolling to obtain

a predetermined thickness, for example, 4 to 8 mm or soO

of a hot rolled sheet which is then wound up into a coil.

[0036]
Cold Rolling Step

r—

The coil of the hot rolled sheet which was wound up

is passed through a cold rolling mill and usually cold

rolled by several passes. At this time, the plastic
strain which is introduced by the cold rolling causes

work hardening to occur, so 1f necessary, process

annealing treatment is performed. Normal process

annealing is also softening treatment, so while depending

on the material, it is also possible to insert the cold



10

1o

20

20

30

35

CA 02871843 2014-10-28

_19_

rolled coil into a batch furnace and hold it at 300 to

450°C in temperature for 1 hour or more. If the holding

temperature is lower than 300°C, the softening 1s not

b

promoted. If the holding temperature exceeds 450°C, an

increase in the treatment costs i1is induced. Further, the

process annealing can also serve as solution treatment ]

using a continuous annealing furnace to hold the sheet

at, for example, 450°C to 550°C i1in temperature for 15

seconds or less and then rapidly cooling. If the holding

temperature is lower than 450°C, softening 1is not

promoted, while if the holding temperature exceeds 550°C,
burning 1s liable to occur.

[0037]

FFinal Annealing

In the present invention, the final annealling which

is performed after the final cold rolling may, for

example, be batch processing which uses an annealing

furnace to hold the material at a temperature of 350 to

P

500°C for 1 hour, but if using a continuous annealing

furnace to hold the material at, for example, 400°C to

550°C in temperature for within 15 seconds, then rapidly
cool it, it is also possible have this serve

simultaneously as the solution treatment.

Whatever the case, in the present invention, final

annealing is not necessarily essential, but 1f

considering the formability at the usual drawing and

ironing, it is preferable to soften the final sheet as

pr—

much as possible. If considering the formability at the

die-forming step, it is desirable to make the sheet an
annealed material or a solution treated material.
When giving priority to mechanical strength over

formability, the sheet is provided as an as-cold-rolled

material.
[0038]

Final Cold Rolling Reduction

The final cold rolling reduction when performing the
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ed

final annealing is preferably 50 to 90% 1in range. If the

final cold rolling reduction 1s 1n thils range, the

b

average particle size of the recrystallized crystal

grains at the final sheet after annealing can be made 20

to 100 um to make the value of elongation 20% or more and

the outer skin after shaping can be finished beautifully.

The still more preferable final cold rolling reduction 1s

o0 to 90% 1n range.
On the other hand, the final cold rolling reduction

when not performing the final annealing and leaving the

material as an as-cold-rolled material 1s preferably 5 to

g
ek

20% in range. When ironing becomes greater at the time of

drawing and ironing, 1t 1s necessary to provide a final
sheet which 1s somewhat harder than the annealed

material. If the final cold rolling reduction 1s less

i

than 5%, while depending on the composition, 1t becomes

ﬁ

difficult to make the proof strength at the final sheet

b o

60 MPa or more. If the final cold rolling reduction

exceeds 20%, while depending on the composition, 1t

becomes difficult to make the value of elongation at the

final sheet 3% or more.

If the final cold rolling reduction 1s 1in this

e

g

range, 1t 1s possible to make the value of elongation at

the final sheet as cold rolled 3% or more and making the

proof strength 60 to less than 150 MPa. The more

preferable final cold rolling reduction 1s 5 to 15% in

range.
By going through the above such ordinary steps, it

is possible to obtain aluminum alloy sheet for secondary

battery container use.

Examples
[0039]

Preparation of Final Sheet

Predetermined ingots of each type were weighed and

mixed so that 6 kg each (total eight test materials) of

ingots were inserted into #20 crucibles coated with mold

release materials. These crucibles were inserted 1nto an
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electrical furnace where the contents were melted at

780°C, the slag was removed, the melt was held at a

o

temperature of 760°C, then 6 g each of deslagging flux was

wrapped in aluminum foil and added by pushing it 1in by a

phosphorizer.

Next, a lance was inserted into each melt and N; gas

was blown in by a flow rate of 1.0 liter/min for 10

minutes for degassing treatment. After that, the melt was

allowed to stand for 30 minutes and the slag which

floated to the melt surface was removed by a stirring rod

and, furthermore, a spoon was used to obtain a disk

sample in a casting mold for chemical analysis.

Next, a fixture was used to successively take out the

crucibles from the electric furnace and the aluminum

melts were poured into preheated molds (250 mmx200 mmx 30
mm). Disk samples of the test materials were analyzed for
composition by optical emission spectrometry. The results

are shown in Tables 1 and Z.
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[0042]

FEach cast ingot was cut to remove the risers, then

was shaved 2 mm each at i1ts two surfaces to obtain a

thickness of 26 mm.

The cast ingot was inserted 1nto an electrical

heating furnace and heated by a 100°C/hr temperature

elevation rate until 600°C, was held at 600°Cx1l hour for

homogenization treatment, then was taken out from the

heating furnace and hot rolled by a hot rolling mill

until a 6 mm thickness or was held at 600°Cx1 hour for

homogenization treatment, then was cooled in-furnace as

is after turning off the output of the electrical heating

furnace and, when reaching a predetermined temperature

(550°C, 500°C, 450°C), was taken out from the heating

furnace and hot rolled by a hot rolling mill to © mm

thickness.
The hot rolled sheet was cold rolled to obtain a
thickness 1.25 mm or 1.11 mm cold rolled sheet. The cold

rolled sheet was inserted 1nto an annealer and held at

400°Cx1 hour for process annealing, then the annealed

sheet was taken out from the annealer and air cooled.
Next, the annealed sheet was cold rolled to obtain a

thickness 1.0 mm cold rolled sheet. This was designated

as the "as-cold-rolled material" (temper code: Hiy). In

this case, the final cold rolling reduction was 20%

(Example 16) or 10% (Examples 17 to 21 and Comparative

Examples 9 to 12).

For the cold rolled, annealed material, filrst the
hot rolled sheet was cold rolled without process

annealing so as to obtain a 1 mm cold rolled sheet. In

this case, the final cold rolling reduction was 83.3%.

The final annealing was performed by inserting the cold

rolled sheet into an annealer for annealing at 400°Cx1

hour, then the cold rolled sheet was taken out from the
annealer and ailr cooled. Thilis was designated as the "cold

rolled, annealed material" (temper code: O).
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[0043]

Next, the thus obtained final sheet (test material)

was evaluated for formability, shape freezability and

strength, laser weldability, and heat conductivity.

Evaluation of Shapeability

The obtained final sheet was evaluated for

P-

formability by the elongation (%) of a tensile test.

Specifically, a JIS No. 5 test piece was taken so

that the tensile direction became parallel with the

rolling direction and a tensile test was run based on JIS

722241 so as to find the 0.2% proof strength and

elongation (elongation at break).

In the cold rolled, then annealed final sheet, a

. —

test material with a value of elongation of 20% or more

was evaluated as having a good formability ("Good"™) and a

test material with a value of less than 20% was evaluated

-

as having a poor formability ("Poor"™). The results of

evaluation are shown 1n Tables 3 and 4.

In the as-cold-rolled final sheet, a test material

—

with a value of elongation of 3% or more was evaluated as

having a good formability ("Good"), and a test material

pr——

with a value of less than 3% was evaluated as having a

poor formability ("Poor"). The results of evaluation are

shown in Tables 3 and 4.
[0044]

Evaluation of Shape Freezability and Strength

The obtained final sheet was evaluated for shape

freezability and strength by the 0.2% proof strength
(MPa) of a tensile test.

In the cold rolled, then annealed final sheet (cold

rolled, annealed material), a test material with a 0.2%

H

proof strength of 40 to less than 60 MPa was evaluated as

having a good shape freezability and strength ("Good"),

pr—

and a test material with a value of 60 MPa or more was

evaluated as having a poor shape freezability ("Poor").

F

Further, a test material with a 0.2% proof strength of

less than 40 MPa was evaluated as having poor strength
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("Poor").

In the as-cold-rolled final sheet (as-cold-rolled

*

material), a test material with a 0.2% proof strength of

I

60 to less than 150 MPa was evaluated as having a good

shape freezability and strength ("Good") and a test

P

material with a value of 150 MPa or more was evaluated as

having a poor shape freezability ("Poor"). Further, a

ﬁ

test material with a 0.2% proof strength of less than 60

ﬁ
—

MPa was evaluated as having i1nsufficient strength

P

("Poor"). The results of evaluation are shown 1n Tables 3
and 4.
[0045]

Laser Welding Conditions

The obtained final sheet was 1rradiated by a pulse
laser to evaluate the laser weldability. A LUMONICS YAG

laser welding machine JK701 was used under conditions of

#

a frequency of 33.0Hz, a welding rate of 400 mm/min, and

ﬁ

energy per pulse of 6.5J, a pulse width of 1.5 msec, and

a shield gas (nitrogen) flow rate of 15 (liter/min) to

weld a total 100 mm length by a pulse laser along

—

abutting parts of two sheets of the same test material

made to abut without any gap between the end parts.
[0046]

FEvaluation of Laser Weldability

—
e

Measurement/Evaluation of Black spots

Next, as evaluation of laser weldability, the number
of weld defects which occurred at the weld zone was

measured. First, in the above 100 mm length weld line,

F

the region of 80 mm length remaining after subtracting

the 20 mm length weld line at the weld start part was set
as the measurement region. The part near the weld start

was excluded because 1t was unstable.

R

Further, as shown in FIG. 1, the cross-section of
the weld bead which was formed along the 80 mm length

weld line was scanned by X-ray CT to obtain an X-ray CI

image at the cross-section of sheet thickness parallel to

the weld line. Furthermore, based on this X-ray CT 1image,
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image editing software was used to detect the black spots

and image analysis software was used to calculate the

- p—

area of the black spots. The number of particles which

correspond to each circle equivalent diameter was

calculated from the area of the black spots.

In the Description, a test material with a number of

black spots with a circle equivalent diameter of 0.1 mm

or more of less than 5 was evaluated as having a good

F

evaluation of number of weld defects ("Good"), while a

ﬁ

test material with a number of black spots with a circle

’v-

equivalent diameter of 0.1 mm or more of 5 Or more was

evaluated as having a poor evaluation of number of weld

defects ("Poor"). The results of evaluation are shown
together in Tables 3 and 4.
[0047]

Evaluation of Heat Conductivity

F

Measurement/Evaluation of Electrical Conductivity

The electrical conductivity (IACS%) was measured by
a conductivity meter (AUTOSIGMA 2000, made by Japan
Hocking). A test material with an electrical conductivity

over 45 (IACS%) was evaluated as having good heat

conductivity ("Good"), while a test material with an
electrical conductivity of 45 (IACS3) or less was
evaluated as having a poor heat conductivity ("Poor").

The results of evaluation are shown together 1n Tables 3

and 4.
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[0050]
Fvaluation of Test Materlials

In Tables 3 and 4 which show the results of

grrre

evaluation of the final sheets, Examples 1 to 21 are

final sheets in the range of composition of the present

invention (cold rolled, annealed materilals and as-cold-

rolled materials). The starting temperature for the hot

-

rolling was 500°C or 450°C, and the evaluation of laser

weldability (black spots), evaluation of shape

freezability and strength (0.2% proof strength),

"

evaluation of formability (elongation), and evaluation of
heat conductivity (electrical conductivity) were all good
("Good") .

Further, Examples 9 to 14, compared with Example 3,

contain almost the same contents of Si, Fe, Cu, Mn, etc.,

vet despite that contain predetermined amounts of Co, NDb,

or V, so the electrical conductivity rose to 0.5 to 1.3%

IACS in range. In particular, Examples 9 to 13, compared

ﬁ

with Example 3, contain predetermined amounts of Co, Nb,

and V, so become higher in value of elongation.
[0051]

Comparative Example 1 is a cold rolled, annealed

material where the Fe content is a high 0.31 mass% and,

further, the V content is a too high 0.42, so the

weldability was evaluated as poor ("Poor") and the heat

conductivity was evaluated as poor ("Poor").

Comparative Example 2 1s a cold rolled, annealed

material where the Si content is a high 0.72 mass%, SO

the weldability was evaluated as poor ("Poor").

Comparative Example 3 is a cold rolled, annealed
material where the Fe content is a too high 0.51 masss,

so the weldability was evaluated as poor ("Poor").

Comparative Example 4 is a cold rolled, annealed

material where the Mn content is a too high 1.6 mass%, SO

the weldability was evaluated as poor ("Poor"), the shape

freezability was evaluated as poor ("Poor"), and the heat

conductivity was evaluated as poor ("Poor").
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Comparative Example 5 is a cold rolled, annealed
material where the Mn content 1s a too low 0.5 masss, SO
the strength was evaluated as poor ("Poor").

Comparative Example 6 1is a cold rolled, annealed

material where the Cu content is a too high 0.5 masss, SO

the shape freezability was evaluated as poor ("Poor"),

the formability was evaluated as poor ("Poor"), and the

heat conductivity was evaluated as poor ("Poor").
[0052]

Comparative Example 7 1is a cold rolled, annealed

material in the range of composition of the present

invention but the starting temperature for the hot

rolling is a too high 600°C, so the heat conductivity was

evaluated as poor ("Poor").

Comparative Example 8 is a cold rolled, annealed

r—

material in the range of composition of the present

invention but the starting temperature for the hot

rolling is a too high 550°C, so the heat conductivity was

evaluated as poor ("Poor").
Comparative Example 9 is an as-cold-rolled material

where the Si content is a high 0.72 mass3, so the

weldability was evaluated as poor ("Poor"™).

Comparative Example 10 is a as-cold-rolled material

where the Fe content is a too high 0.51 mass3, so the

weldability was evaluated as poor ("Poor").

Comparative Example 11 is an as-cold-rolled material

where the Mn content is a too high 1.6 mass%s, so the

weldability was evaluated as poor ("Poor"), the
formability was evaluated as poor ("Poor"), and the heat
conductivity was evaluated as poor ("Poor").

Comparative Example 12 is an as-cold-rolled material
where the Cu content is a too high 0.5 mass%, so the heat

conductivity was evaluated as poor ("Poor").
[0053]

In this way, according to the present invention,

there is provided 3000 series aluminum alloy sheet which

has a heat dissipation characteristic which enables
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application to a large-size lithium ion battery contalner

and which further is excellent in both formability and

shape freezability and also excellent 1n laser

weldability.
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CLAIMS

Claim 1.

An aluminum alloy sheet for battery contailner use
characterized by comprising a cold rolled, annealed
material which contains Fe: 0.05 to less than 0.3 mass3,
Mn: 0.6 to 1.5 mass%, Si: 0.05 to 0.6 mass%, and one or
more of Co: 0.001 to 0.5 mass%, Nb: 0.005 to 0.05 mass3,
and V: 0.005 to 0.05 mass%, has a balance of Al and
impurities, has, as impurities, Cu: less than 0.35 masss

and Mg: less than 0.05 mass% 1n chemical composition, has

an electrical conductivity of over 45% IACS, has a 0.2%
proof strength of 40 to less than 60 MPa, and has a 20%

or more value of elongation.

Claim 2.
An aluminum alloy sheet for battery container use

characterized by comprising an as-cold-rolled material
which contains Fe: 0.05 to less than 0.3 mass%, Mn: 0.0
to 1.5 mass%, Si: 0.05 to 0.6 mass%, and one or more of
Co: 0.001 to 0.5 mass%, Nb: 0.005 to 0.05 mass%, and V:
0.005 to 0.05 mass%, has a balance of Al and impurities,
has, as 1lmpurities, Cu: less than 0.35 mass% and Mg: less
than 0.05 mass% 1n chemical composition, has an
electrical conductivity of over 45% IACS, has a 0.2%
proof strength of 60 to less than 150 MPa, and has a 3%

or more of elongation.
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CC Test piece (sheet thickness

DD Weld start point
Defect surface area

JJ Equivalent circle diameter
KK Equivalent circle diameter calculated from black area defect surface area

HH Black area defect surface area calculated by image ana

FF Black area defects detected by image ed

AA 80 mm (Image ana
EE X-ray CT image
GG Edited image

BB Weld end po
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