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Description
Technical field

[0001] The present invention relates to a magnesium
alloy and a manufacturing method of the same.

Background art

[0002] As more transportation equipment becomes
electrified, there is a demand for the development of
magnesium alloys that is lightweight and that has high
heat dissipation, high strength, and high thermal con-
ductivity.

[0003] However, since the thermal conductivity of
AZ91D (ASTM designation) that is a typical magnesium
alloy is approximately 60 W/m K, whenthe AZ91D is used
in components that are exposed to a high-temperature
usage environment or that generate heat during use,
heat dissipation may not be performed well, and thermal
deformation may occur in the components (refer to, for
example, paragraph [0003] of Patent Document 1). In
addition, the strength of the components may be insuffi-
cient.

CITATION LIST
PATENT DOCUMENT

[0004] Patent Document 1: JP 2012-197490 A

Disclosure of the invention
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] An object of one aspect of the invention is to
provide a magnesium alloy having high thermal conduc-
tivity or a manufacturing method of the same.

[0006] In addition, an object of one aspect of the in-
vention is to provide a magnesium alloy having high
strength and high thermal conductivity or a manufactur-
ing method of the same.

[0007] In addition, an object of one aspect of the in-
vention is to provide a magnesium alloy having high
strength, high thermal conductivity, and non-flammability
or a manufacturing method of the same.

Means for solving problem

[0008] Hereinafter, various aspects of the invention will
be described.

[1] A magnesium alloy contains a atom% of Zn; b
atom% of Y; and a remainder consisting of Mg and
unavoidable impurities. A Zn content of a atom% and
aY contentofb atom% are setin arange enclosed by
straight lines represented by the following (1) to (8)
according to coordinates (b, a) where a is takenon a
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vertical axis and b is taken on a horizontal axis. The
magnesium alloy contains a MgzZn3Y, phase or
both a MgsZn;Y, phase and a MgsZngY-phase.
The magnesium alloy does not contain a long period
stacking ordered structure phase.

(1) When b is in a range defined by the following

Formula 1a, a straight line represented by the
following Formula 1b is obtained.

(Formula 1a) 0.25<b <1.09

(Formula 1b) a=0.5
(2) When b is in a range defined by the following

Formula 2a, a straight line represented by the
following Formula 2b is obtained.

(Formula2a) 1.09<b<1.2

(Formula 2b) a =2.91b - 2.67

(3) When a is in a range defined by the following
Formula 3a, a straight line represented by the
following Formula 3b is obtained.

(Formula 3a) 0.82<a<1.62

(Formula 3b) b =1.2
(4) When b is in a range defined by the following

Formula 4a, a straight line represented by the
following Formula 4b is obtained.

(Formula4a) 1.2<b <3

(Formula 4b) a = 1.35b
(5) When a is in a range defined by the following

Formula 5a, a straight line represented by the
following Formula 5b is obtained.

(Formula 5a) 4.05<a<7

(Formula 5b) b =3
(6) When b is in a range defined by the following

Formula 6a, a straight line represented by the
following Formula 6b is obtained.

(Formula6a) 1.5<b <3
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(Formula 6b)a =7

(7) When b is in a range defined by the following
Formula 7a, a straight line represented by the
following Formula 7b is obtained.

(Formula 7a) 0.25<b<1.5

(Formula 7b) a=4.2b + 0.7

(8) When a is in a range defined by the following
Formula 8a, a straight line represented by the
following Formula 8b is obtained.

(Formula 8a) 0.5<a<1.75

(Formula 8b) b = 0.25

[2] Inthe magnesium alloy according to the above [1],
the magnesium alloy has a thermal conductivity of 90
W/m-K or more (preferably 100 W/m-K or more,
more preferably 110 W/m-K or more, and still more
preferably 130 W/m-K or more).

[3] In the magnesium alloy according to the above [1]
or [2], the magnesium alloy contains any one ele-
ment selected from the group consisting of Yb in an
amount of 0.05 atom% or more and 0.6 atom% or
less, Be inan amount of 0.03 atom% or more and 0.3
atom% or less, Ca in an amount of 1.0 atom% or
more and 2.0 atom% or less, and Srin an amount of
0.1 atom% or more and 2.0 atom% or less.

[4]In the magnesium alloy according to the above [1]
or [2], Zn/Y, which is a composition ratio of Znto Y'in
the magnesium alloy, is in a range of 2 or more and 5
or less.

[5] In the magnesium alloy according to the above [1]
or [2], the magnesium alloy has a structure in which
the MgsZn3Y, phase is not formed in a network
shape at grain boundaries (a structure in which a
network is formed in a collapsed state) or a structure
in which both the Mg;Zn;Y, phase and the Mg;ZngY
phase are not formed in a network shape at grain
boundaries (a structure in which a network is formed
in a collapsed state).

[6] In the magnesium alloy according to the above [1]
or [2], the magnesium alloy has a yield strength of
300 MPa or more and an elongation of 5% or more.
[7] A method for manufacturing a magnesium alloy
containing a atom% of Zn, b atom% of Y, and a
remainder consisting of Mg and unavoidable impu-
rities, the method including a step (a) of forming a
cast material by casting the magnesium alloy at a
solidification rate of less than 1000 K/sec. A Zn
content of a atom% and a Y content of b atom%
are set in a range enclosed by straight lines repre-
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sented by the following (1) to (8) according to co-
ordinates (b, a) where ais taken on a vertical axis and
b is taken on a horizontal axis. The cast material
contains a Mg;Zn;Y, phase or both a Mg;Zn;Y,
phase and aMg3;ZngY phase. The cast material does
not contain a long period stacking ordered structure
phase.

(1) When b is in a range defined by the following

Formula 1a, a straight line represented by the
following Formula 1b is obtained.

(Formula 1a) 0.25<b <1.09

(Formula 1b) a=0.5
(2) When b is in a range defined by the following

Formula 2a, a straight line represented by the
following Formula 2b is obtained.

(Formula2a) 1.09<b<1.2

(Formula 2b) a =2.91b - 2.67
(3) When a is in a range defined by the following

Formula 3a, a straight line represented by the
following Formula 3b is obtained.

(Formula 3a) 0.82<a<1.62

(Formula3b)b=1.2
(4) When b is in a range defined by the following

Formula 4a, a straight line represented by the
following Formula 4b is obtained.

(Formula4a) 1.2<b <3

(Formula 4b) a = 1.35b
(5) When a is in a range defined by the following

Formula 5a, a straight line represented by the
following Formula 5b is obtained.

(Formula ba) 4.05<a<7

(Formula 5b) b =3

(6) When b is in a range defined by the following
Formula 6a, a straight line represented by the
following Formula 6b is obtained.
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(Formula6a) 1.5<b <3

(Formula 6b)a =7

(7) When b is in a range defined by the following
Formula 7a, a straight line represented by the
following Formula 7b is obtained.

(Formula 7a) 0.25<b<1.5

(Formula 7b) a=4.2b + 0.7

(8) When ais in a range defined by the following
Formula 8a, a straight line represented by the
following Formula 8b is obtained.

(Formula 8a) 0.5<a<1.75

(Formula 8b) b = 0.25

[8] The method for manufacturing a magnesium alloy
according to the above [7] further includes a step (b)
of forming a heat-treated material by performing heat
treatment on the cast material after the step (a). The
heat-treated material has a thermal conductivity of
90 W/m-K or more (preferably 100 W/m-K or more,
more preferably 110 W/m-K or more, and still more
preferably 130 W/m-K or more). The heat-treated
material contains the Mg;Zn3Y, phase or both the
MgsZn,Y, phase and the Mg;ZngY phase. The heat-
treated material does not contain the long period
stacking ordered structure phase.

[9] In the method for manufacturing a magnesium
alloy according to the above [8], conditions for per-
forming the heat treatment are set to at a tempera-
ture of 200°C or more and 500°C or less (preferably
300°C or more and 450°C or less) and a heat treat-
ment time of 48 hours or less.

[10] In the method for manufacturing a magnesium
alloy according to any one of the above [7] to [9], the
magnesium alloy contains any one element selected
from the group consisting of Yb in an amount of 0.05
atom% or more and 0.6 atom% or less, Be in an
amount of 0.03 atom% or more and 0.3 atom% or
less, Ca in an amount of 1.0 atom% or more and 2.0
atom% or less, and Srin an amount of 0.1 atom% or
more and 2.0 atom% or less.

[11] In the method for manufacturing a magnesium
alloy according to any one of the above [7] to [9],
Zn/Y, which is a composition ratio of Zn to Y in the
cast material, is in a range of 2 or more and 5 or less.
[12] The method for manufacturing a magnesium
alloy according to any one of the above [7] to [9]
further includes a step (c) of forming a plastically
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processed material by performing plastic processing
on the heat-treated material after the step (a) or the
step (b). The plastically processed material has a
structure in which the Mg;Zn;Y, phase is not formed
in a network shape at grain boundaries (a structure in
which a network is formed in a collapsed state) or a
structure in which both the Mg3Zn3Y, phase and the
MgsZngY phase are not formed in a network shape at
grain boundaries (a structure in which a network is
formed in a collapsed state).

[13] In the method for manufacturing a magnesium
alloy according to the above [12], the plastically
processed material has a yield strength of 300
MPa or more and an elongation of 5% or more.

[0009] According to one aspect of the invention, it is
possible to provide the magnesium alloy having high
thermal conductivity or the manufacturing method of
the same.

[0010] In addition, according to one aspect of the in-
vention, it is possible to provide the magnesium alloy
having high strength and high thermal conductivity or the
manufacturing method of the same.

[0011] In addition, according to one aspect of the in-
vention, it is possible to provide the magnesium alloy
having high strength, high thermal conductivity, and non-
flammability or the manufacturing method of the same.

Brief description of drawings
[0012]

Fig. 1A is a diagram showing the compositions of a
plurality of samples according to an example of the
invention, the thermal conductivity of cast materials
of magnesium alloys having the compositions, and
the constituent phases of these cast materials, and
Fig. 1B isadiagram showing the thermal conductivity
of heat-treated materials obtained by performing
heat treatment on the cast materials of the plurality
of samples shown in Fig. 1A, and the constituent
phases of these heat-treated materials;

Fig. 2 is a diagram showing stress-strain curves of a
heat-treated cast material;

Fig. 3is adiagram showing stress-strain curves ofan
extrusion material;

Fig. 4 is a diagram showing that
Mg-1.88Zn-0.75Y-xYb alloy and
Mg-1.88Zn-0.75Y-xCa alloy are non-flammable;
Fig. 5 is a diagram showing the XRD (X-ray diffrac-
tion method) measurement results of the
Mg-1.88Zn-0.75Y alloy; and

Fig. 6 is a diagram showing the properties of an
Mg-1.88Zn-0.75Y-0.1Yb alloy extrusion material of
an example.

the
the
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Best modes for carrying out the invention

[0013] Hereinafter, embodiments of the invention will
be described in detail with reference to the drawings.
However, the invention is not limited to the following
description, and it will be easily understood by those
skilled in the art that the modes and details of the inven-
tion can be modified in various forms without departing
from the concept and scope of the invention. Therefore,
the invention should not be interpreted as being limited to
the contents of the embodiments shown below.

(First embodiment)
<Composition of magnesium alloy>

[0014] Fig. 1A is a diagram showing the thermal con-
ductivity of cast materials of magnesium alloys according
to one aspect of the invention and the constituent phases
of these cast materials, and the composition range en-
closed by straightlinesin Fig. 1A is the composition range
of Znand Y contents in which the as-cast materials of the
magnesium alloys according to one aspect of the inven-
tion has a thermal conductivity of 90 W/m K or more. Fig.
1B is a diagram showing the thermal conductivity of heat-
treated materials after casting of the magnesium alloys
according to one aspect of the invention and the consti-
tuent phases of these heat-treated materials, and the
composition range enclosed by straight lines in Fig. 1B is
the composition range of the Zn and Y contents in which
the heat-treated cast materials of the magnesium alloys
according to one aspect of the invention has a thermal
conductivity of 90 W/m K or more. Incidentally, the com-
position range shown in Fig. 1A and Fig. 1B can also be
used as the composition range of plastically processed
cast materials (for example, extrusion materials and ex-
trusion materials after heat treatment) of the magnesium
alloys according to one aspect of the invention. In addi-
tion, the details of each of the thermal conductivity of the
as-cast materials shown in Fig. 1A and the thermal con-
ductivity of the heat-treated materials shown in Fig. 1B
will be described in examples to be described later. In
addition, the details of each of the cast materials, the
heat-treated cast materials, and the plastically processed
cast materials will be described in a second embodiment.
[0015] In addition, it is preferable that the magnesium
alloys according to one aspect of the invention have a
thermal conductivity of 90 W/m-K or more (preferably 100
W/m-K or more, more preferably 110 W/m-K or more, and
still more preferably 130 W/m-K or more).

[0016] In addition, in this specification, the "cast ma-
terials" refer to cast materials that are cast at a solidifica-
tion rate of less than 1000 K/s, and includes cast materi-
als produced by casting methods such as metal mold
casting, sand casting, and semi-continuous casting, as
well as die casting, injection molding, and twin-roll cast-
ing.

[0017] In addition, in this specification, the "heat-trea-
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ted cast materials" refer to heat-treated materials ob-
tained by heat-treating the above-described cast materi-
als.

[0018] In addition, in this specification, the "plastically
processed cast materials" include both plastically pro-
cessed materials produced by subjecting the above-de-
scribed heat-treated materials to plastic processing such
as extrusion, rolling, forging, wire drawing, and the soli-
dification and molding of chipping material, and plasti-
cally processed materials produced by subjecting the
above-described cast materials to plastic processing
such as extrusion, rolling, forging, wire drawing, and
the solidification and molding of chipping material without
performing heat treatment on the above-described cast
materials.

[0019] The magnesium alloys according to the present
embodiment have the following composition range. The
magnesium alloys contain a atom% of Zn, b atom% of Y,
and a remainder consisting of Mg and unavoidable im-
purities.

[0020] As shown in Fig. 1, it is preferable that the Zn
content of a atom% and the Y content of b atom% are set
in a range enclosed by straight lines represented by the
following (1) to (8), according to coordinates (b, a) where
a representing the Zn content (atom%) is taken on the
vertical axis and b representing the Y content (atom%) is
taken on the horizontal axis.

(1) When b is in a range defined by the following

Formula 1a, a straight line represented by the follow-
ing Formula 1b is obtained.

(Formula 1a) 0.25<b <1.09

(Formula 1b) a=0.5
(2) When b is in a range defined by the following

Formula 2a, a straight line represented by the follow-
ing Formula 2b is obtained.

(Formula2a) 1.09<b<1.2

(Formula 2b) a = 2.91b - 2.67
(3) When a is in a range defined by the following

Formula 3a, a straight line represented by the follow-
ing Formula 3b is obtained.

(Formula 3a) 0.82<a<1.62

(Formula3b)b=1.2

(4) When b is in a range defined by the following
Formula 4a, a straight line represented by the follow-
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ing Formula 4b is obtained.

(Formula4a) 1.2<b <3

(Formula 4b) a = 1.35b

(5) When a is in a range defined by the following
Formula 5a, a straight line represented by the follow-
ing Formula 5b is obtained.

(Formula 5a) 4.05<a<7

(Formula 5b) b =3

(6) When b is in a range defined by the following
Formula 6a, a straight line represented by the follow-
ing Formula 6b is obtained.

(Formula6a) 1.5<b <3

(Formula 6b) a =7

(7) When b is in a range defined by the following
Formula 7a, a straight line represented by the follow-
ing Formula 7b is obtained.

(Formula 7a) 0.25<b<1.5

(Formula 7b) a=4.2b + 0.7

(8) When a is in a range defined by the following
Formula 8a, a straight line represented by the follow-
ing Formula 8b is obtained.

(Formula 8a)0.5<a<1.75

(Formula 8b) b = 0.25

<Constituent phases of magnesium alloy>

[0021] Asshownin Fig. 1A and Fig. 1B, it can be seen
that magnesium alloys exhibiting high thermal conduc-
tivity necessarily containa W phase (Mg;Zn3Y, phase) or
both a W phase (Mg3Zn;Y, phase) and an | phase
(Mg3ZngY phase), and do not contain an X phase (long
period stacking order (LPSO) phase: Mg,,ZnY). From
these findings, it can be seen that the solute element
concentration of Mg can be reduced by forming the W
phase or the W phase and the | phase instead of the
LPSO phase, thereby realizing high thermal conductivity
properties.

[0022] As shown in Fig. 1A and Fig. 1B, in order to
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obtain magnesium alloys having high thermal conductiv-
ity, itis preferable that Zn/Y, which is the composition ratio
of Zn to Y in the magnesium alloys, is in a range of 2 or
more and 5 or less.

[0023] By subjecting each of the cast materials and the
heat-treated cast materials of the magnesium alloys
shown in Fig. 1A and Fig. 1B to plastic processing such
as extrusion, it is possible to obtain magnesium alloys
having a structure in which the W phase (Mg;ZnsY,
phase) is not formed in a network shape at grain bound-
aries (namely, a structure in which a network is formed in
a collapsed state) or a structure in which both the W
phase (Mgs;Zn;Y, phase) and the | phase (MgsZngY
phase) are not formed in a network shape at grain
boundaries (namely, a structure in which a network is
formed in a collapsed state). Accordingly, it is considered
that the thermal conductivity can be increased.

[0024] By performing plastic processing such as ex-
trusion on the Mg-Zn-Y alloy having high thermal con-
ductivity shown in Fig. 1A and Fig. 1B, excellent yield
stress and ductility can be realized in a state where high
thermal conductivity properties are maintained. For ex-
ample, a yield strength of 300 MPa or more and an
elongation of 5% or more can be realized.

[0025] According to the present embodiment, by set-
ting the composition range of Zn and Y, which have a
large negative mixing enthalpy, to the range shownin Fig.
1A and Fig. 1B, the MgsZn3Y, phase or both the
MgsZn3Y, phase and the Mg;ZngY phase can precipitate
in the a-Mg matrix of the magnesium alloys, thereby
highly purifying the a-Mg matrix. Accordingly, the thermal
conductivity of the magnesium alloys can be improved.
[0026] Fig. 4 is a diagram showing that the the
Mg-1.88Zn-0.75Y-xYb alloy and the Mg-1.88Zn-0.75Y-
xCa alloy are non-flammable. In Fig. 4, the vertical axis
represents the ignition temperature (T/K), and the hor-
izontal axis represents the Yb or Ca content denoted by x
(atom%).

[0027] According to Fig. 4, it was confirmed that the
Mg-1.88Zn-0.75Y alloy could be made non-flammable by
adding Ybin an amount of 0.1 atom% or more or Cainan
amount of 1.0 atom% or more to the alloy. Therefore, it
can be expected that the magnesium alloys having the
composition range enclosed by the lines shownin Fig. 1A
and Fig. 1B can be made non-flammable by adding Yb in
an amount of 0.05 atom% or more and 0.6 atom% or less
or Cain an amount of 1.0 atom% or more and 2.0 atom%
orless. The reason thatthe lower limit of Yb to be added is
set to 0.05 atom% is that a Yb20O3 film is formed on an
outermost layer when the amount of Yb added is equal to
or greater than this amount, and the reason that the upper
limit of Yb is set to 0.6 atom% is to suppress adverse
effects on mechanical properties.

[0028] In addition, the reason that the lower limit of Ca
tobe added is setto 1.0 atom% is that a CaO film starts to
form on the outermost layer when the amount of Ca
added is equal to or greater than this amount, and the
reason that the upper limit of Ca is set to 2.0 atom% is to
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suppress adverse effects on mechanical properties.
[0029] In addition, in addition to Yb and Ca, it can be
expected that the above-described magnesium alloys
can also be made non-flammable by adding Be in an
amount of 0.03 atom% or more and 0.3 atom% or less or
Srin an amount of 0.1 atom% or more and 2.0 atom% or
less to the magnesium alloys.

[0030] The reason that non-flammability can also be
achieved by adding Be is thatit has been reported that the
ignition temperature of an alloy containing Y is improved.
The reason that the lower limit of Be is set to 0.03 atom%
is that this concentration improves the oxygen barrier
performance of the Y203 film, and the reason that the
upper limit of Be is set to 0.3 atom% is that the ignition
temperature is not improved at this concentration or
higher.

[0031] The reason that non-flammability can also be
achieved by adding Sris that it has been reported that the
ignition temperature of an alloy containing Y is improved.
The reason that the lower limit of Sris setto 0.1 atom% is
that this concentration improves the oxygen barrier per-
formance of the Y203 film, and the reason that the upper
limit of Sris set to 2.0 atom% is to prevent an increase in
the volume fraction of intermetallic compounds.

[0032] Fig. 5 is a diagram showing the XRD (X-ray
diffraction method) measurement results of the
Mg-1.88Zn-0.75Y alloy.

[0033] AsshowninFig.5,itwas confirmed thatboththe
as-cast material and the heat-treated material had the W
phase (MgsZnsY, phase) and the | phase (Mgs;ZngY
phase).

(Second embodiment)
<Method for manufacturing magnesium alloy>

[0034] A magnesium alloy having the composition
range according to the first embodiment is melted at a
predetermined temperature in a non-flammable gas at-
mosphere (forexample, inan Aratmosphere), and thenis
cast at a solidification rate of less than 1000 K/s.
[0035] The magnesium alloy ingot after casting is cut
into a predetermined shape. Accordingly, a cast material
is produced. The cast material contains the Mg;Zn;Y,
phase or both the Mg;Zn;Y, phase and the Mg;ZngY
phase, and does not contain the long period stacking
ordered structure phase.

[0036] Next, a heat-treated cast material is formed by
performing heat treatment on the cast material at a
temperature of 200°C or more and 450°C or less (pre-
ferably 300°C or more and 450°C or less) for O hour or
more and 48 hours or less. The heat-treated cast material
has a thermal conductivity of 90 W/m-K or more (pre-
ferably 100 W/m-K or more, more preferably 110 W/m-K
or more, and still more preferably 130 W/m-K or more). In
addition, the heat-treated cast material contains the
MgsZnsY, phase or both the Mg;Zn,Y, phase and the
MgsZngY phase, and does not contain the long period

10

15

20

25

30

35

40

45

50

55

stacking ordered structure phase. Incidentally, the
above-described heat treatment may be performed in
an air atmosphere.

[0037] Next, plastic processing is performed on the
heat-treated cast material. The plastic processing in-
cludes extrusion, rolling, forging, wire drawing, severe
plastic deformation, and the like. The severe plastic
deformation includes equal-channel-angular-extrusion
(ECAE) processing.

[0038] The plastically processed material on which the
above-described plastic processing has been performed
has a structure in which the Mg;Zn;Y, phase is not
formed in a network shape at grain boundaries (a struc-
ture in which a network is formed in a collapsed state) or a
structure in which both the MgsZn;Y, phase and the
MgsZngY phase are not formed in a network shape at
grain boundaries (a structure in which a network is
formed in a collapsed state). In addition, the plastically
processed material has a yield strength of 300 MPa or
more and an elongation of 5% or more.

[0039] Incidentally, in the present embodiment, plastic
processing is performed on the heat-treated cast materi-
al; however, plastic processing may be performed on the
above-described cast material.

[0040] In addition, it is preferable that the plastically
processed materials obtained by performing plastic pro-
cessing on each of the cast material and the heat-treated
cast material described above contain the Mg;Zn;Y,
phase or both the Mg;Zn;Y, phase and the Mg;ZngY
phase, and do not contain the long period stacking or-
dered structure phase.

[0041] In addition, each of the cast material and the
plastically processed materials described above also has
high thermal conductivity.

<Casting chip solidification>

[0042] A cast material is produced using the same
method as the above-described casting method. Next,
for example, a chip material chipped into a size of 1 to 2
mm is formed by cutting the cast material using a ma-
chine. Next, a solidified molded material is formed by
solidifying and molding the chip material at room tem-
perature through pressure molding.

[0043] In addition, before the chip material is formed,
the same heat treatment as that of the above-described
casting method may be performed on the cast material. In
addition, before the solidified molded material is formed,
the same heat treatment as that of the above-described
casting method may be performed on the chip material. In
addition, the same heat treatment as that of the above-
described casting method may be formed on the solidi-
fied molded material. The solidified molded material after
the heat treatments has a thermal conductivity of 90
W/K-m or more (preferably 100 W/m-K or more, more
preferably 110 W/m-K or more, and still more preferably
130 W/m-K or more).

[0044] In addition, each of the chip material, the heat-
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treated chip material on which heat treatment has been
performed, the heat-treated material obtained by per-
forming heat treatment on the chip material, and the
solidified molded material described above contains
the Mg;Zn;Y, phase or both the Mg;Zn;Y, phase and
the MgsZngY phase, and does not contain the long period
stacking ordered structure phase.

[0045] Incidentally, plastic processing may be per-
formed on the solidified molded material. Accordingly,
a plastically processed material having a yield strength of
300 MPa or more and an elongation of 5% or more.

<Injection molding method>

[0046] An injection-molded material is produced by
heating and melting a magnesium alloy having the com-
position range according to the first embodiment at a
predetermined temperature in a non-flammable gas at-
mosphere (for example, in an Ar atmosphere), and in-
jecting the molten magnesium alloy melt into a mold and
cooling and solidifying the molten magnesium alloy melt.
Itis preferable that the cooling rate is 1000 K/sec or less.
[0047] Next, a heat-treated injection-molded material
is formed by performing the same heat treatment as that
of the above-described casting method on the above-
described injection-molded material. It is preferable that
the heat-treated injection-molded material has a thermal
conductivity of 90 W/m-K or more (preferably 100 W/m-K
or more, more preferably 110 W/m-K or more, and still
more preferably 130 W/m-K or more).

[0048] In addition, each of the injection-molded mate-
rial and the heat-treated injection-molded material de-
scribed above contains the Mg;Zn3Y, phase or both the
MgsZn3Y, phase and the Mg;ZngY phase, and does not
contain the long period stacking ordered structure phase.

<Die casting method>

[0049] A die-cast material is produced by heating and
melting a magnesium alloy having the composition range
according to the first embodiment at a predetermined
temperature in a non-flammable gas atmosphere (for
example, in an Ar atmosphere), and pressure-feeding
the molten magnesium alloy melt into a mold. It is pre-
ferable that the cooling rate at this time is less than 1000
K/sec. Incidentally, the die casting method is a casting
method for mass-producing castings with high dimen-
sional accuracy in a short period of time.

[0050] Next, a heat-treated die-cast material is formed
by performing the same heat treatment as that of the
above-described casting method on the above-de-
scribed die-cast material. It is preferable that the heat-
treated die-cast material has a thermal conductivity of 90
W/m-K or more (preferably 100 W/m-K or more, more
preferably 110 W/m-K or more, and still more preferably
130 W/m-K or more).

[0051] Inaddition, each of the die-cast material and the
heat-treated die-cast material described above contains
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the Mgs;Zn3Y, phase or both the MgsZnsY, phase and
the Mg;ZngY phase, and does not contain the long period
stacking ordered structure phase.

Example

[0052] Fig. 1A is a diagram showing the compositions
of a plurality of samples according to an example of the
invention, the thermal conductivity of cast materials of
magnesium alloys having the compositions, and the
constituent phases of these cast materials. Fig. 1B is a
diagram showing the thermal conductivity of heat-treated
materials obtained by performing heat treatment on the
castmaterials of the plurality of samples shownin Fig. 1A,
and the constituent phases of these heat-treated materi-
als.

[0053] The W phase shown in Fig. 1A and Fig. 1B
indicates the Mg;Zn;Y, phase, the | phase indicates
the Mgs;ZngY phase, and the X phase indicates the long
period stacking ordered structure phase (LPSO phase).
[0054] According to Fig. 1A and Fig. 1B, the solute
element concentration of the Mg phase can be reduced
by forming the W phase or both the W phase and the |
phase instead of the LPSO phase, thereby realizing high
thermal conductivity properties.

[0055] Cast ingots were produced by weighing raw
materials for the samples having the compositions shown
in Fig. 1A, melting the weighed raw materials in an Ar
atmosphere using a high-frequency melting furnace, and
pouring the molten metals into a mold. The cast ingots
were cut into $32 X 70 mm pieces to produce cast
materials. The results of measuring the thermal conduc-
tivity of these cast materials are shown in Fig. 1A. In-
cidentally, the method for measuring the thermal con-
ductivity is as follows.

[0056] The samples are processed into $5 mm X 1-3
mm or 5 X 5 X 1-3 mm3. After the dimensions and
weights of the samples are measured, blackening treat-
ment is performed on the surfaces of the samples using a
dry carbon spray. After the blackening treatment, weight
measurement is performed again, and then the thermal
diffusivity of the samples is measured using the laser
flash method. The product of the obtained thermal diffu-
sivity, the specific gravity, and the specific heat capacity of
the samples is the thermal conductivity.

[0057] Next, heat-treated cast materials were formed
by performing heat treatment on the above-described
cast materials of the samples at a temperature of 360°C
for 15 hours. The results of measuring the thermal con-
ductivity of these heat-treated cast materials are shown
in Fig. 1B. The method for measuring the thermal con-
ductivity of the heat-treated cast materials is the same as
the above-described method.

[0058] Next, extrusion materials were formed by per-
forming extrusion on the heat-treated cast materials. The
extrusion conditions at this time were set to an extrusion
ratio of 15, an extrusion temperature of 250°C, and an
extrusion rate of 1.0 mm/s.
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[0059] The extrusion materials can realize excellent
yield stress and ductility while maintaining high thermal
conductivity.

[0060] Fig.2isadiagram showing stress-strain curves
of a heat-treated cast material. The composition of the
heat-treated cast material was Mg-1.88Zn-0.75Y, and the
heat treatment conditions were set to a temperature of
360°C and a heat treatment time of 15 hours. The thermal
conductivity of the heat-treated cast material was 141
W/m-K. The results of performing a tensile test on the
heat-treated cast material twice were that the 0.2% yield
strength oy, was 119 MPa and the elongation & was
4.4%, and the 0.2% vyield strength ¢, was 121 MPa
and the elongation £ was 3.9%. The average value of the
0.2% yield strength o, , was 120 MPa and the average
value of the elongation ¢ was 4.2%.

[0061] Fig. 3is adiagram showing stress-strain curves
of an extrusion material. The composition of the extrusion
material is Mg-1.88Zn-0.75Y. The extrusion material was
obtained by extruding the heat-treated cast material un-
der the above-described extrusion conditions, and the
heat treatment conditions for the heat-treated cast ma-
terial were set to a temperature of 360°C and a heat
treatment time of 15 hours. The thermal conductivity of
the extrusion material was 131 W/m-K. The results of
performing a tensile test on the extrusion material three
times were that the 0.2% yield strength 5 , was 361 MPa
and the elongation ¢ was 10.7%, the 0.2% yield strength
6.0 Was 365 MPa and the elongation e was 9.6%, and the
0.2% yield strength 5 , was 358 MPa and the elongation
ewas 8.8%. The average value of the 0.2% yield strength
o o Was 361 MPa and the average value of the elonga-
tion € was 9.7%.

[0062] Fig. 4 is a diagram showing that the
Mg-1.88Zn-0.75Y-xYb alloy and the Mg-1.88Zn-0.75Y-
xCa alloy are non-flammable. By adding Yb in an amount
of 0.1 atom% or more or Ca in an amount of 1 atom% or
more to the Mg-1.88Zn-0.75Y alloys, these alloys could
be made non-flammable.

[0063] Fig. 6 is adiagram showing the properties of an
Mg-1.88Zn-0.75Y-0.1Yb alloy extrusion material of an
example.

[0064] According to Fig. 6, the
Mg-1.88Zn-0.75Y-0.1Yb alloy extrusion material could
achieve a high yield strength o, of 383 MPa, a high
thermal conductivity properties X of 137 Wm-1K-1, and a
non-flammability Ty of 1324 K. Therefore, it could be
confirmed that even when Yb was added, the thermal
conductivity properties did not decrease.

Claims
1. A magnesium alloy comprising:
a atom% of Zn;

b atom% of Y; and
a remainder consisting of Mg and unavoidable
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impurities,

whereinaZn contentof aatom% and a Y content
of b atom% are set in a range enclosed by
straight lines represented by the following (1)
to (8) according to coordinates (b, a) where a is
taken on a vertical axis and b is taken on a
horizontal axis,

the magnesium alloy contains a MgsZnsY,
phase or both a MgsZn;Y, phase and a
MgsZngY phase, and

the magnesium alloy does not contain a long
period stacking ordered structure phase.

(1) When b is in a range defined by the following
Formula 1a, a straight line represented by the
following Formula 1b is obtained.

(Formula 1a) 0.25<b <1.09

(Formula 1b) a=0.5
(2) When b is in a range defined by the following

Formula 2a, a straight line represented by the
following Formula 2b is obtained.

(Formula 2a) 1.09<b<1.2

(Formula 2b) a =2.91b - 2.67
(3) When ais in a range defined by the following

Formula 3a, a straight line represented by the
following Formula 3b is obtained.

(Formula 3a) 0.82<a<1.62

(Formula 3b) b =1.2
(4) When b is in a range defined by the following

Formula 4a, a straight line represented by the
following Formula 4b is obtained.

(Formula4a) 1.2<b <3

(Formula 4b) a = 1.35b

(5) When a is in a range defined by the following
Formula 5a, a straight line represented by the
following Formula 5b is obtained.

(Formula 5a) 4.05<a<7

(Formula 5b) b =3
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(6) When b is in a range defined by the following
Formula 6a, a straight line represented by the
following Formula 6b is obtained.

(Formula6a) 1.5<b <3

(Formula 6b)a =7

(7) When b is in a range defined by the following
Formula 7a, a straight line represented by the
following Formula 7b is obtained.

(Formula 7a) 0.25<b<1.5

(Formula 7b) a=4.2b + 0.7

(8) When a is in a range defined by the following
Formula 8a, a straight line represented by the
following Formula 8b is obtained.

(Formula 8a)0.5<a<1.75

(Formula 8b) b =0.25

The magnesium alloy according to claim 1,
wherein the magnesium alloy has a thermal conduc-
tivity of 90 W/m-K or more.

The magnesium alloy according to claim 1 or 2,
wherein the magnesium alloy contains any one ele-
ment selected from the group consisting of Yb in an
amount of 0.05 atom% or more and 0.6 atom% or
less, Be in an amount of 0.03 atom% or more and 0.3
atom% or less, Ca in an amount of 1.0 atom% or
more and 2.0 atom% or less, and Sr in an amount of
0.1 atom% or more and 2.0 atom% or less.

The magnesium alloy according to claim 1 or 2,
wherein Zn/Y, which is a composition ratio of Znto Y
in the magnesium alloy, is in a range of 2 or more and
5 or less.

The magnesium alloy according to claim 1 or 2,
wherein the magnesium alloy has a structure in
whichthe Mgs;Zn3Y, phaseis notformedin a network
shape at grain boundaries or a structure in which
both the Mg;Zn;Y, phase and the MgsZngY phase
are not formed in a network shape at grain bound-
aries.

The magnesium alloy according to claim 1 or 2,
wherein the magnesium alloy has a yield strength of
300 MPa or more and an elongation of 5% or more.
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7.

A method for manufacturing a magnesium alloy con-
taining aatom% of Zn, b atom% of Y, and aremainder
consisting of Mg and unavoidable impurities, the
method comprising:

a step (a) of forming a cast material by casting
the magnesium alloy at a solidification rate of
less than 1000 K/sec,

whereinaZn contentofaatom% and a Y content
of b atom% are set in a range enclosed by
straight lines represented by the following (1)
to (8) according to coordinates (b, a) where a is
taken on a vertical axis and b is taken on a
horizontal axis,

the cast material contains a Mg;Zn;Y, phase or
both a Mg;Zn,;Y, phase and a Mg;ZngY phase,
and

the cast material does not contain a long period
stacking ordered structure phase.

(1) When b is in a range defined by the following
Formula 1a, a straight line represented by the
following Formula 1b is obtained.

(Formula 1a) 0.25<b <1.09

(Formula 1b) a= 0.5
(2) When b is in a range defined by the following

Formula 2a, a straight line represented by the
following Formula 2b is obtained.

(Formula 2a) 1.09<b<1.2

(Formula 2b) a =2.91b - 2.67
(3) When a is in a range defined by the following

Formula 3a, a straight line represented by the
following Formula 3b is obtained.

(Formula 3a) 0.82<a<1.62

(Formula3b) b =1.2
(4) When b is in a range defined by the following

Formula 4a, a straight line represented by the
following Formula 4b is obtained.

(Formula4a) 1.2<b <3

(Formula 4b) a = 1.35b

(5) When a is in a range defined by the following
Formula 5a, a straight line represented by the
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following Formula 5b is obtained.

(Formula 5a) 4.05<a<7

(Formula 5b) b = 3

(6) When b is in a range defined by the following
Formula 6a, a straight line represented by the
following Formula 6b is obtained.

(Formula6a) 1.5<b <3

(Formula 6b)a =7

(7) When b is in a range defined by the following
Formula 7a, a straight line represented by the
following Formula 7b is obtained.

(Formula 7a) 0.25<b<1.5

(Formula 7b) a=4.2b + 0.7

(8) When a is in a range defined by the following
Formula 8a, a straight line represented by the
following Formula 8b is obtained.

(Formula 8a) 0.5<a<1.75

(Formula 8b) b = 0.25

The method for manufacturing a magnesium alloy
according to claim 7, further comprising:

a step (b) of forming a heat-treated material by
performing heat treatment on the cast material
after the step (a),

wherein the heat-treated material has a thermal
conductivity of 90 W/m K or more,

the heat-treated material contains the
MgsZn3Y, phase or both the Mg;Zn;Y, phase
and the Mgs;ZngY phase, and

the heat-treated material does not contain the
long period stacking ordered structure phase.

The method for manufacturing a magnesium alloy
according to claim 8,

wherein conditions for performing the heat treatment
are set to at a temperature of 200°C or more and
500°C or less and a heat treatment time of 48 hours
orless.

The magnesium alloy according to any one of claims
7t009,
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wherein the magnesium alloy contains any one ele-
ment selected from the group consisting of Yb in an
amount of 0.05 atom% or more and 0.6 atom% or
less, Be in an amount of 0.03 atom% or more and 0.3
atom% or less, Ca in an amount of 1.0 atom% or
more and 2.0 atom% or less, and Sr in an amount of
0.1 atom% or more and 2.0 atom% or less.

The method for manufacturing a magnesium alloy
according to any one of claims 7 to 9,

wherein Zn/Y, which is a composition ratio of Znto Y
in the cast material, isin a range of 2 ormore and 5 or
less.

The method for manufacturing a magnesium alloy
according to any one of claims 7 to 9, further com-
prising:

a step (c) of forming a plastically processed
material by performing plastic processing on
the heat-treated material after the step (a) or
the step (b),

wherein the plastically processed material has a
structure in which the Mg;Zn;Y, phase is not
formed in a network shape at grain boundaries
or a structure in which both the Mg;Zn3Y, phase
and the Mgs;ZngY phase are not formed in a
network shape at grain boundaries.

The method for manufacturing a magnesium alloy
according to claim 12,

wherein the plastically processed material has a
yield strength of 300 MPa or more and an elongation
of 5% or more.



EP 4 585 710 A1

FIG.1A
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FIG.2
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