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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an aluminum
alloy material, a method for producing the same, a basket
for a cask, and a cask.

BACKGROUND ART

[0002] An aluminum alloy containing manganese,
which is excellent in thermal stability, is often used as
the material of a member used in a high-temperature
environment for a long period of time.
[0003] For instance, a metal cask for transporting or
storing a used fuel stores a spent nuclear fuel for a long
period (e.g., 60 years) therein and then transports it to a
nuclear reprocessing facility or the like. That is, the metal
cask and a structural member thereof are exposed to
heat by decay heat of the spent nuclear fuel (heating
element) over a long period of storing the used fuel. Non-
Patent Document 1 discloses using an aluminum alloy
containing manganese as the material of a structural
member (e.g., basket) of the metal cask.
[0004] Patent Document 1 discloses producing a ma-
terial characteristic evaluation sample simulating a heat
degradation phenomenon such as coarse precipitation
which can occur in an actual product depending on ther-
mal history, in order to evaluate strength characteristics
of an aluminum alloy material including an aluminum al-
loy containing manganese.

Citation List

Patent Literature

[0005] Patent Document 1: JP5960335B

Non-Patent Literature

[0006] Non-Patent Document 1: Japan Society of Me-
chanical Engineers, "Codes for construction of spent nu-
clear fuel storage facilities --Rules on transport/storage
packagings for spent nuclear fuel-- (2007)", published on
February, 2008

SUMMARY

Problems to be Solved

[0007] An aluminum alloy containing manganese (e.g.,
3000 series aluminum alloys) is excellent in thermal sta-
bility but is inferior in strength characteristics, compared
to other aluminum alloys (e.g., 2000 series aluminum al-
loys containing duralumin). For this reason, the aluminum
alloy containing manganese has been hardly used as a
strength member, and there has been little need for im-
provement in strength characteristics of the aluminum

alloy containing manganese.
[0008] However, it is desired to improve strength char-
acteristics such as high-temperature strength of the alu-
minum alloy material containing manganese excellent in
thermal stability to improve storage density of the above-
described metal cask or to deal with higher burnup fuels.
[0009] In view of the above, an object of at least one
embodiment of the present invention is to provide an alu-
minum alloy material with improved strength character-
istics.

Solution to the Problems

[0010]

(1) An aluminum alloy material according to at least
one embodiment of the present invention is based
on aluminum (Al) and comprises: 0.1 wt% or more
and 0.3 wt% or less of silicon (Si); 0.1 wt% or more
and 0.7 wt% or less of iron (Fe); 1.8 wt% or more
and 3.0 wt% or less of manganese (Mn); and 0.8
wt% or more and 1.3 wt% or less of magnesium (Mg).

[0011] In the aluminum alloy, manganese is a metallic
element which contributes to precipitation strengthening.
That is, manganese is precipitated as an Al-Mn com-
pound and forms precipitates, thereby improving
strength characteristics of the aluminum alloy material.
Although the maximum solubility limit of manganese in
aluminum is 1.82 wt% at 658.5°C (eutectic temperature),
manganese usually does not enter into solid solution in
the aluminum alloy containing 1.82 wt% or more of man-
ganese at the eutectic temperature or lower. Thus, such
an aluminum alloy does not form a precipitate which con-
tribute to improvement in strength characteristics but
forms a eutectic structure of aluminum (Al) and Al6Mn
which does not substantially contribute to improvement
in strength characteristics. Accordingly, it is considered
that it is difficult to achieve the strength characteristic
improvement effect from the aluminum alloy containing
more than 1.82% of manganese.
[0012] In this regard, a producing method according to
an embodiment described below allows micro particles
of Al6Mn to be precipitated in solid Al using Si and Fe as
precipitate nuclei at the eutectic temperature or lower in
the aluminum alloy containing more than the maximum
solubility limit of manganese as in the above (1). Conse-
quently, more manganese than usual can be precipitated
in the aluminum as micro particles of Al6Mn. Thus, it is
possible to obtain the aluminum alloy material with im-
proved strength characteristics.

(2) In some embodiments, in the aluminum alloy ma-
terial described in the above (1), at least a part of
the manganese is contained as a non-equilibrium
precipitate of Al6Mn.

[0013] When the melt of the aluminum alloy with the

1 2 



EP 3 444 367 A1

3

5

10

15

20

25

30

35

40

45

50

55

composition described in the above (1), (i.e., the alumi-
num alloy containing more than the maximum solubility
limit of manganese) is relatively slowly cooled so that the
equilibrium state is maintained, a eutectic structure of
aluminum (Al) and Al6Mn is formed. If such a eutectic
structure is formed, it is difficult to achieve the strength
characteristic improvement effect in the aluminum alloy
material.
[0014] In this regard, in the above configuration (2),
the aluminum alloy material contains at least a part of
the manganese as a non-equilibrium precipitate of
Al6Mn, which contribute to improvement in strength char-
acteristics. Thus, the aluminum alloy material described
in the above (2) has improved strength characteristics,
compared with an aluminum alloy material in which the
eutectic structure is formed.

(3) In some embodiments, in the above configuration
(2), the non-equilibrium precipitate of Al6Mn is a
granular precipitate.

[0015] In the above configuration (3), since the non-
equilibrium precipitate of Al6Mn contained in the alumi-
num alloy material is a granular precipitate, strength char-
acteristics of the aluminum alloy material are improved
compared with a case where a laminated eutectic struc-
ture is formed.

(4) A basket for a cask according to at least one
embodiment of the present invention is formed of the
aluminum alloy material described in any one of the
above (1) to (3).

[0016] In the above configuration (4), the basket for a
cask is formed of the above aluminum alloy material (1),
which has improved strength characteristics since more
manganese than usual is precipitated in the aluminum
as micro particles of Al6Mn. Thus, it is possible to obtain
the basket for a cask with improved strength character-
istics.

(5) A cask according at least one embodiment of the
present invention comprises: the basket described
in the above (4); a main body accommodating the
basket; and a lid portion for closing an end opening
of the main body.

[0017] In the above configuration (5), the basket for a
cask is formed of the above aluminum alloy material (1),
which has improved strength characteristics since more
manganese than usual is precipitated in the aluminum
as micro particles of Al6Mn. Thus, it is possible to obtain
the basket for a cask with improved strength character-
istics.

(6) A method for producing an aluminum alloy ma-
terial according to at least one embodiment of the
present invention comprises: a cooling step of cool-

ing a melt of an aluminum alloy based on aluminum
(Al) and containing 1.8 wt% or more and 3.0 wt% or
less of manganese (Mn) so that the manganese en-
ters into solid solution in an aluminum parent phase
in a supersaturated manner to obtain a supersatu-
rated solid solution; and a heat treatment step of sub-
jecting the supersaturated solid solution to a heat
treatment to precipitate at least a part of the manga-
nese as Al6Mn, whereby an aluminum alloy material
is obtained.

[0018] In the above producing method (6), the melt of
the aluminum alloy containing more than the maximum
solubility limit (1.82 wt%) of manganese is appropriately
cooled so that the manganese enters into solid solution
in the aluminum in a supersaturated manner without
forming a eutectic structure of aluminum (Al) and Al6Mn.
Then, the supersaturated solid solution thus obtained is
subjected to a heat treatment to precipitate at least a part
of the manganese dissolved in the aluminum in the su-
persaturated solid solution as Al6Mn.
[0019] Accordingly, the above producing method (6)
allows micro particles of Al6Mn to be precipitated in solid
Al in the aluminum alloy containing more than the max-
imum solubility limit of manganese. Consequently, more
manganese than usual can be precipitated as micro par-
ticles in the aluminum. Thus, it is possible to obtain the
aluminum alloy material with improved strength charac-
teristics.

(7) In some embodiments, in the above producing
method (6), the cooling step includes jetting a gas
to the melt to atomize the melt.

[0020] In the above producing method (7), since the
melt of the aluminum alloy containing manganese is at-
omized and rapidly cooled by jetting a gas to the melt, it
is possible to form the supersaturated solid solution in
which the manganese enters into solid solution in the
aluminum in a supersaturated manner. Then, the super-
saturated solid solution thus obtained is subjected to a
heat treatment to precipitate at least a part of the man-
ganese dissolved in the aluminum in the supersaturated
solid solution as Al6Mn. Thereby, it is possible to obtain
the aluminum alloy material with improved strength char-
acteristics.

(8) In some embodiments, in the above producing
method (7), powder of the supersaturated solid so-
lution obtained by the cooling step has an average
particle size of 5 mm or more and 80 mm or less.

[0021] When the powder obtained by jetting a gas to
the melt of the aluminum alloy has an average particle
size of 5 mm or more as in the above producing method
(8), the powder can be easily formed by jetting the gas
to the melt. When the powder has an average particle
size of 80 mm or less as in the above producing method
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(8), the specific surface area is relatively large, and the
melt can be easily rapidly cooled when atomized. Thus,
the supersaturated solid solution can be easily formed.

(9) In some embodiments, the above producing
method (7) or (8) further comprises a step of sub-
jecting the supersaturated solid solution in a powder
state to an oxidation treatment, before the heat treat-
ment step.

[0022] In the above producing method (9), the pow-
dered supersaturated solid solution obtained by atomiz-
ing the melt is subjected to the oxidation treatment, so
that an aluminum oxide layer is formed on the surface of
the powder. If aluminum oxide thus formed is incorporat-
ed in an aluminum parent phase for instance in a down-
stream process such as molding, strength characteristics
of the aluminum alloy are improved through dispersed-
particle strengthening. Thus, with the above producing
method (9), it is possible to improve strength character-
istics of the aluminum alloy material even more.

(10) In some embodiments, in the above producing
method (6), the cooling step includes forming a mold-
ing of the supersaturated solid solution by a DC cast-
ing method (Direct Chill Casting).

[0023] In the above producing method (10), since the
molding is obtained while the melt of the aluminum alloy
is directly cooled with a coolant through the DC casting
method, the melt can be rapidly cooled. Thus, it is pos-
sible to obtain the molding of the supersaturated solid
solution in which the manganese enters into solid solution
in the aluminum in a supersaturated manner.

(11) In some embodiments, in any of the above pro-
ducing methods (6) to (10), the heat treatment step
includes heating and keeping the supersaturated
solid solution within a temperature range of 400°C
or higher and 620°C or lower.

[0024] As in the above producing method (11), when
the supersaturated solid solution is heated and kept at
400°C or higher, fine Al6Mn particles are easily precipi-
tated. Further, as in the above producing method (11),
when the supersaturated solid solution is heated and kept
at 620°C or lower, homogeneous Al6Mn particles are
easily precipitated.
[0025] Thus, the above producing method (11) makes
it possible to effectively precipitate Al6Mn particles, which
contribute to improvement in strength characteristics of
the aluminum alloy.

Advantageous Effects

[0026] According to at least one embodiment of the
present invention, there is provided an aluminum alloy
material with improved strength characteristics.

BRIEF DESCRIPTION OF DRAWINGS

[0027]

FIG. 1 is a diagram showing a part of the aluminum
side of an Al-Mn binary phase diagram.
FIG. 2 is a flowchart of a method for producing an
aluminum alloy material according to an embodi-
ment.
FIG. 3 is a diagram showing an example of temper-
ature change of an aluminum alloy when heat treat-
ment step is performed.
FIG. 4 is a configuration diagram of a cask according
to an embodiment.

DETAILED DESCRIPTION

[0028] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings. It is intended, however, that unless particularly
identified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
intended to limit the scope of the present invention.
[0029] First, a configuration of an aluminum alloy ma-
terial according to some embodiments will be described.
[0030] The aluminum alloy material according to some
embodiments is mainly composed of aluminum (Al) and
further contains 0.1 wt% or more and 0.3 wt% or less of
silicon (Si), 0.1 wt% or more and 0.7 wt% or less of iron
(Fe), 1.8 wt% or more and 3.0 wt% or less of manganese
(Mn), and 0.8 wt% or more and 1.3 wt% or less of mag-
nesium (Mg).
[0031] In the aluminum alloy, manganese is a metallic
element which contributes to precipitation strengthening.
That is, manganese is precipitated as an Al-Mn com-
pound and forms precipitates, thereby improving
strength characteristics of the aluminum alloy material.
[0032] The aluminum alloy with the above configura-
tion contains 1.8 wt% or more and 3.0 wt% or less of
manganese (Mn). That is, the aluminum alloy contains
the maximum solubility limit (1.82 wt% at 658.5°C (eu-
tectic temperature)) or more of manganese.
[0033] The aluminum alloy containing manganese in
an amount of more than 1.82 wt%, the maximum solubility
limit, forms a eutectic structure of aluminum (Al) and
Al6Mn at the eutectic temperature or lower. This eutectic
structure has a laminated structure and does not sub-
stantially contribute to improvement in strength charac-
teristics. Accordingly, it is generally considered that it is
difficult to achieve the strength characteristic improve-
ment effect from the aluminum alloy containing more than
the maximum solubility limit of manganese.
[0034] In this regard, a producing method according to
an embodiment described below allows micro particles
of Al6Mn to be precipitated in solid Al using Si and Fe as
precipitate nuclei at the eutectic temperature or lower in
the aluminum alloy containing more than the maximum
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solubility limit of manganese. Consequently, more man-
ganese than usual can be precipitated as micro particles
of Al6Mn in the aluminum. Thus, it is possible to obtain
the aluminum alloy material containing the maximum sol-
ubility limit or more of manganese with improved strength
characteristics.
[0035] As described above, when the content of Si is
0.1 wt% or more, it is possible to sufficiently precipitate
the manganese as an Al-Mn compound using Si as pre-
cipitate nuclei in the aluminum alloy. Further, when the
content of Si is 0.3 wt% or less, it is possible to suppress
embrittlement of the aluminum alloy material.
[0036] Additionally, as described above, when the con-
tent of Fe is 0.1 wt% or more, it is possible to sufficiently
precipitate the manganese as an Al-Mn compound using
Fe as precipitate nuclei in the aluminum alloy. Further,
when the content of Fe is 0.7 wt% or less, it is possible
to suppress embrittlement of the aluminum alloy material.
[0037] In some embodiments, in the aluminum alloy
material, at least a part of Mn is contained as a non-
equilibrium precipitate of Al6Mn.
[0038] The non-equilibrium precipitate of Al6Mn con-
tributes to improvement in strength characteristics in the
aluminum alloy material. Thus, strength characteristics
of the aluminum alloy material are improved by contain-
ing at least a part of Mn as the non-equilibrium precipitate
of Al6Mn.
[0039] In some embodiments, the non-equilibrium pre-
cipitate of Al6Mn is granular precipitates.
[0040] When the non-equilibrium precipitate of Al6Mn
contained in the aluminum alloy material is granular pre-
cipitates, strength characteristics of the aluminum alloy
material are improved compared with a case where a
laminated eutectic structure is formed.
[0041] Next, a method for producing the aluminum al-
loy material according to some embodiments will be de-
scribed.
[0042] The method for producing the aluminum alloy
material according to some embodiments starts with
melting an aluminum alloy based on aluminum (Al) and
containing 1.8 wt% or more and 3.0 wt% or less of man-
ganese (Mn) to obtain a melt of the aluminum alloy. The
melt is then cooled so that the manganese enters into
solid solution in an aluminum parent phase in a super-
saturated manner to obtain a supersaturated solid solu-
tion. The resulting supersaturated solid solution is sub-
jected to a heat treatment to precipitate at least a part of
the manganese as Al6Mn. Consequently, the aluminum
alloy material is obtained.

(Melting step)

[0043] In the step of obtaining the melt of the aluminum
alloy, the aluminum alloy based on aluminum (Al) and
containing 1.8 wt% or more and 3.0 wt% or less of man-
ganese (Mn) is melted. In this step, various additives may
be added to the melt of the aluminum alloy so that a final
aluminum alloy material has a desired composition.

[0044] For instance, the melt of the aluminum alloy may
contain 0.1 wt% or more and 0.3 wt% or less of silicon
(Si) and 0.1 wt% or more and 0.7 wt% or less of iron (Fe).
When the content of Si or Fe is the above-described lower
limit or more, it is possible to sufficiently precipitate the
manganese as an Al-Mn compound using Si or Fe as
precipitate nuclei in the aluminum alloy. When the con-
tent of Si or Fe is the above-described upper limit or less,
it is possible to suppress embrittlement of the aluminum
alloy material.

(Cooling step)

[0045] In the step of cooling the melt of the aluminum
alloy, the melt of the aluminum alloy is appropriately
cooled so that the manganese enters into solid solution
in the aluminum in a supersaturated manner to obtain a
supersaturated solid solution without forming a eutectic
structure of aluminum (Al) and Al6Mn.
[0046] For instance, the melt of the aluminum alloy is
relatively rapidly cooled to obtain a supersaturated solid
solution in which the manganese enters into solid solution
in the aluminum in a supersaturated manner.
[0047] FIG. 1 is a diagram showing a part of the alu-
minum side of an Al-Mn binary phase diagram.
[0048] When the melt of the aluminum alloy containing
more than the maximum solubility limit of manganese is
relatively slowly cooled so that the equilibrium state is
maintained, a eutectic structure of aluminum (Al) and
Al6Mn is formed, as described below.
[0049] That is, as shown in FIG. 1, in a region where
the Mn content is more than the maximum solubility limit,
i.e., 1.82 wt%, the aluminum alloy at a temperature higher
than the eutectic temperature, i.e., 658.5°C, is in a state
where liquid and an Al-Mn compound coexist (region in-
dicated by "L+MnAl6" in FIG. 1). Accordingly, when the
molten aluminum alloy containing more than 1.82 wt%
(the maximum solubility limit) of manganese is relatively
slowly cooled, in the course of cooling, a eutectic struc-
ture of Al and Al6Mn is formed rather than Al6Mn is pre-
cipitated as small precipitates, through the region where
liquid and an Al-Mn compound coexist (region indicated
by "L+MnAl6") on the phase diagram because the diffu-
sion rate of manganese is relatively high in a liquid phase.
[0050] If the eutectic structure is formed in the alumi-
num alloy, it is difficult to achieve the strength character-
istic improvement effect in the aluminum alloy material.
[0051] By contrast, in the cooling step according to the
above embodiment, for instance, the melt of the alumi-
num alloy is relatively rapidly cooled. This enables for-
mation of a supersaturated solid solution in which the
maximum solubility limit or more of manganese enters
into solid solution in an aluminum parent phase. Thus, in
a subsequent heat treatment step, the manganese in the
supersaturated solid solution can be precipitated as mi-
cro particles of MnAl6 in solid Al. Consequently, more
manganese than usual can be precipitated as micro par-
ticles in the aluminum. Thus, it is possible to obtain the
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aluminum alloy material with improved strength charac-
teristics.
[0052] In an embodiment, the cooling step includes jet-
ting a gas to the melt of the aluminum alloy containing
manganese to atomize the melt. That is, in an embodi-
ment, the melt of the aluminum alloy containing manga-
nese is made into powder by an atomization method.
[0053] In this case, since the melt of the aluminum alloy
containing manganese is atomized and rapidly cooled
by jetting a gas to the melt, it is possible to form the su-
persaturated solid solution in which the manganese en-
ters into solid solution in the aluminum in a supersaturat-
ed manner.
[0054] In an embodiment, the cooling step includes
forming a molding of the supersaturated solid solution by
a DC casting method (Direct Chill Casting).
[0055] In the DC casting method, a molding is obtained
while a molten metal is directly cooled with a coolant.
That is, when the DC casting method is adopted in the
cooling step, since the molding is obtained while the melt
of the aluminum alloy is directly cooled with a coolant
(e.g., water), the melt can be rapidly cooled. Thus, it is
possible to obtain the molding of the supersaturated solid
solution in which the manganese enters into solid solution
in the aluminum in a supersaturated manner.

(Heat treatment step)

[0056] In the heat treatment step, the supersaturated
solid solution obtained in the cooling step is subjected to
a heat treatment to precipitate at least a part of the man-
ganese dissolved in the aluminum in the supersaturated
solid solution as Al6Mn. In some embodiments, the heat
treatment step includes heating and keeping the super-
saturated solid solution within a temperature range of
400°C or higher and 620°C or lower.
[0057] As described above, when the supersaturated
solid solution is heated and kept at 400°C or higher, fine
Al6Mn particles are easily precipitated. Further, as de-
scribed above, when the supersaturated solid solution is
heated and kept at 620°C or lower, homogeneous Al6Mn
particles are easily precipitated.
[0058] Thus, when supersaturated solid solution is
heated and kept within the above temperature range, it
is possible to effectively precipitate Al6Mn particles,
which contribute to improvement in strength character-
istics of the aluminum alloy.
[0059] In a case of manufacturing a metallic material
for use in a basket for a cask described later, before the
heat treatment step, powder of a neutron absorbing ma-
terial (e.g., B4C) may be mixed to the powdered super-
saturated solid solution, for instance. In this case, it is
possible to impart the neutron absorbing function to the
resulting metallic material.
[0060] The entire method for producing the aluminum
alloy material in a case where the atomization method is
adopted in the cooling step will now be described with a
flowchart.

[0061] FIG. 2 is a flowchart of the method for producing
the aluminum alloy material according to an embodiment.
[0062] Each step described below can also be applied
in a case where a method other than the atomization
method is adopted in the cooling step. For instance, the
heat treatment step described below can be applied in a
case where the cooling step is performed with the DC
casting method.
[0063] As shown in FIG. 2, the method for producing
the aluminum alloy material according to an embodiment
starts with melting an aluminum alloy containing 1.8 wt%
or more and 3.0 wt% or less of manganese (Mn) to obtain
a melt of the aluminum alloy (S2; the above-described
"melting step").
[0064] Then, in an embodiment, in the cooling step, a
gas is jetted to the melt of the aluminum alloy containing
manganese to atomize the melt (S4; the above-described
"cooling step"). In this way, the melt of the aluminum alloy
is atomized and relatively rapidly cooled by the atomiza-
tion method to obtain a supersaturated solid solution in
which the manganese enters into solid solution in the
aluminum in a supersaturated manner.
[0065] The powder of the supersaturated solid solution
obtained by atomizing the melt of the aluminum alloy by
the atomization method may have an average particle
size of 5 mm or more and 80 mm or less.
[0066] When the powder obtained by jetting a gas to
the melt of the aluminum alloy has an average particle
size of 5 mm or more, the powder can be easily formed
by jetting the gas to the melt. When the powder has an
average particle size of 80 mm or less, the specific surface
area is relatively large, and the melt can be easily rapidly
cooled when atomized. Thus, the supersaturated solid
solution can be easily formed.
[0067] Then, the powdered supersaturated solid solu-
tion obtained by the atomizing treatment in step S4 is
subjected to a homogenizing heat treatment (S6). The
homogenizing heat treatment is performed to obtain ho-
mogeneous fine precipitates by subjecting the manga-
nese dissolved in the supersaturated solid solution in the
aluminum alloy to a heat treatment.
[0068] The homogenizing heat treatment may be per-
formed by keeping the supersaturated solid solution with-
in a temperature range of 400°C or higher and 620°C or
lower, for 0.5 hour or more.
[0069] Further, the powdered supersaturated solid so-
lution obtained by the atomizing treatment in step S4 is
subjected to an oxidation treatment (S8).
[0070] When the powdered supersaturated solid solu-
tion obtained by atomizing the melt is subjected to the
oxidation treatment, an aluminum oxide layer is formed
on the surface of the powder. If aluminum oxide thus
formed is incorporated in an aluminum parent phase for
instance in a downstream process such as molding,
strength characteristics of the aluminum alloy are im-
proved through dispersed-particle strengthening. Thus,
it is possible to improve strength characteristics of the
aluminum alloy material even more.
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[0071] Then, the powdered supersaturated solid solu-
tion is molded by, for instance, pressure molding under
a hydrostatic pressure (S10), and the molded sample is
sintered under vacuum to precipitate a least a part of the
manganese dissolved in the aluminum in the supersat-
urated solid solution as Al6Mn (S12; the above-described
"heat treatment step").
[0072] Step S12 may be performed by keeping the su-
persaturated solid solution within a temperature range of
400°C or higher and 620°C or lower, for 0.5 hour or more.
[0073] FIG. 3 is a diagram showing an example of tem-
perature change of the aluminum alloy when the vacuum
sintering (heat treatment step S12) is performed.
[0074] In an embodiment, as shown in FIG. 3, before
the vacuum sintering (S126), moisture contained in the
supersaturated solid solution of the aluminum alloy is re-
moved (S122 and S124). Steps S122 to S126 are per-
formed under a reduced pressure (e.g., 20 Pa or less).
[0075] First, the supersaturated solid solution of the
aluminum alloy is heated to T1 and kept for 0.5 hour or
more in a vacuum sintering furnace to remove adsorbed
water contained in the supersaturated solid solution
(S122). The temperature T1 may be within a range of
100°C or higher and 180°C or lower.
[0076] Once the moisture is sufficiently removed in
step S122, the temperature is further raised to T2 and
kept for 0.5 hour or more to remove adsorbed water, such
as hydrated water, chemically or physically adsorbed to
the supersaturated solid solution (S124). The tempera-
ture T2 may be within a range of 350°C or higher and
480°C or lower.
[0077] Once the moisture is sufficiently removed in
step S124, the temperature is further raised to T3 and
kept for 0.5 hour or more to sinter the supersaturated
solid solution under vacuum (S126). The temperature T3
may be within a range of 400°C or higher and 620°C or
lower.
[0078] In S122 and S124, whether the moisture is suf-
ficiently removed or not may be judged by the pressure
in the vacuum sintering furnace. During removal of mois-
ture, although the pressure increases with evaporation
of moisture, the pressure decreases back with a de-
crease in moisture contained in the supersaturated solid
solution by the evaporation. Accordingly, after starting to
keep the temperature at T1 or T2, when the pressure
increases and then decreases back (for instance, to 20
Pa or less), it may be judged that the moisture is suffi-
ciently removed.
[0079] In each step of S122 to S126, for increasing the
temperature, the temperature may be raised at a tem-
perature increase rate of 100°C/hour or less.
[0080] Steps S2 to S8 described above allow micro
particles of Al6Mn to be precipitated in solid Al in the alu-
minum alloy containing more than the maximum solubility
limit of manganese. Consequently, more manganese
than usual can be precipitated in the aluminum as micro
particles. Thus, it is possible to obtain the aluminum alloy
material with improved strength characteristics.

[0081] The homogenizing heat treatment step S6 may
be performed simultaneously with the vacuum sintering
step (heat treatment step) S12. The homogenizing heat
treatment step S6 and the oxidation treatment S8 are
optional steps which are not necessarily performed and
may be performed as needed.
[0082] Next, a cask and a basket for a cask according
to an embodiment will be described.
[0083] FIG. 4 is a configuration diagram of a cask ac-
cording to an embodiment. The cask shown in FIG. 4 is
a metal cask for transporting or storing a used fuel.
[0084] As shown in FIG. 4, the cask 1 according to an
embodiment includes a basket 16, a main body 2 accom-
modating the basket 16, and a lid portion 10 for closing
an end opening of the main body 2. The basket 16 is
formed of the aluminum alloy material according to the
above-described embodiments.
[0085] The cask 1 includes a resin 4, for shielding neu-
trons, disposed around an outer periphery of the main
body 2, an external cylinder 6 therearound, and a bottom
portion 8. The main body 2 and the bottom portion 8 may
be forging products made of carbon steel, which shields
γ rays. The lid portion 10 may include a primary lid 11
and a secondary lid 12. The primary lid 11 and the sec-
ondary lid 12 may be made of stainless steel. The main
body 2 and the bottom portion 8 may be joined by butt
welding. Although not illustrated, the structure may in-
clude a tertiary lid.
[0086] Trunnions 24 for suspending the cask 1 may be
disposed on both sides of a cask body 22. In FIG. 4, one
of the trunnions 24 is not shown for clarity.
[0087] Further, shock absorbers 26, 28 in which a
shock-absorbing member such as wood is encapsulated
are attached on both ends of the cask body 22.
[0088] A plurality of internal fins 14 for thermal conduc-
tion is disposed between the main body 2 and the external
cylinder 6. The resin 4 is injected in a fluid state into a
space formed by the internal fins 14 and then solidified
by thermal curing or the like.
[0089] The basket 16 includes an assembly of rectan-
gular pipes 18 which are bundled and is inserted into a
cavity 20 of the main body 2. The rectangular pipes 18
may be formed of the aluminum alloy material according
to the above-described embodiments. The aluminum al-
loy constituting the rectangular pipes 18 may contain a
neutron absorbing member (boron: B) for absorbing neu-
trons from the spent nuclear fuel. An individual storage
space (cell) formed by each of the rectangular pipes 18
may store a single used fuel assembly.
[0090] The basket 16 or the rectangular pipes 18 may
be formed in the shape of a product by extrusion or other
processing on the aluminum alloy material according to
the above-described embodiments. The rectangular
pipes 18 may be formed in a grid structure like box of
cakes.
[0091] In the cask described above, the basket for the
cask is formed by the aluminum alloy material according
to the above-described embodiments; this aluminum al-
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loy material has improved strength characteristics since
more manganese than usual is precipitated in the alumi-
num as micro particles of Al6Mn. Thus, it is possible to
form the basket with improved strength characteristics.
[0092] Embodiments of the present invention were de-
scribed in detail above, but the present invention is not
limited thereto, and various amendments and modifica-
tions may be implemented.
[0093] Further, in the present specification, an expres-
sion of relative or absolute arrangement such as "in a
direction", "along a direction", "parallel", "orthogonal",
"centered", "concentric" and "coaxial" shall not be con-
strued as indicating only the arrangement in a strict literal
sense, but also includes a state where the arrangement
is relatively displaced by a tolerance, or by an angle or
a distance whereby it is possible to achieve the same
function.
[0094] For instance, an expression of an equal state
such as "same" "equal" and "uniform" shall not be con-
strued as indicating only the state in which the feature is
strictly equal, but also includes a state in which there is
a tolerance or a difference that can still achieve the same
function.
[0095] Further, for instance, an expression of a shape
such as a rectangular shape or a cylindrical shape shall
not be construed as only the geometrically strict shape,
but also includes a shape with unevenness or chamfered
corners within the range in which the same effect can be
achieved.
[0096] On the other hand, an expression such as "com-
prise", "include", "have", "contain" and "constitute" are
not intended to be exclusive of other components.

Reference Signs List

[0097]

1 Cask
2 Main body
4 Resin
6 External cylinder
8 Bottom portion
10 Lid portion
11 Primary lid
12 Secondary lid
14 Internal fin
16 Basket
18 Rectangular pipe
20 Cavity
22 Cask body
24 Trunnion
26 Shock absorber
28 Shock absorber

Claims

1. An aluminum alloy material based on aluminum (Al),

comprising:

0.1 wt% or more and 0.3 wt% or less of silicon
(Si);
0.1 wt% or more and 0.7 wt% or less of iron (Fe);
1.8 wt% or more and 3.0 wt% or less of manga-
nese (Mn); and
0.8 wt% or more and 1.3 wt% or less of magne-
sium (Mg).

2. The aluminum alloy material according to claim 1,
wherein at least a part of the manganese is contained
as a non-equilibrium precipitate of Al6Mn.

3. The aluminum alloy material according to claim 2,
wherein the non-equilibrium precipitate of Al6Mn is
a granular precipitate.

4. A basket for a cask, formed of the aluminum alloy
material according to any one of claims 1 to 3.

5. A cask comprising:

the basket according to claim 4;
a main body accommodating the basket; and
a lid portion for closing an end opening of the
main body.

6. A method for producing an aluminum alloy material,
comprising:

a cooling step of cooling a melt of an aluminum
alloy based on aluminum (Al) and containing 1.8
wt% or more and 3.0 wt% or less of manganese
(Mn) so that the manganese enters into solid
solution in an aluminum parent phase in a su-
persaturated manner to obtain a supersaturated
solid solution; and
a heat treatment step of subjecting the super-
saturated solid solution to a heat treatment to
precipitate at least a part of the manganese as
Al6Mn, whereby an aluminum alloy material is
obtained.

7. The method for producing an aluminum alloy mate-
rial according to claim 6,
wherein the cooling step includes jetting a gas to the
melt to atomize the melt.

8. The method for producing an aluminum alloy mate-
rial according to claim 7,
wherein powder of the supersaturated solid solution
obtained by the cooling step has an average particle
size of 5 mm or more and 80 mm or less.

9. The method for producing an aluminum alloy mate-
rial according to claim 7 or 8, further comprising a
step of subjecting the supersaturated solid solution
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in a powder state to an oxidation treatment, before
the heat treatment step.

10. The method for producing an aluminum alloy mate-
rial according to claim 6,
wherein the cooling step includes forming a molding
of the supersaturated solid solution by a DC casting
method.

11. The method for producing an aluminum alloy mate-
rial according to any one of claims 6 to 10,
wherein the heat treatment step includes heating and
keeping the supersaturated solid solution within a
temperature range of 400°C or higher and 620°C or
lower.
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