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(54) Magnesium alloy for precipitation strengthening extrusion and method of manufacturing the 
same

(57) A tin-containing magnesium alloy having supe-
rior tensile strength and superior elongation. A method
of manufacturing a magnesium alloy includes melting
and casting raw materials including an element selected
from the group consisting of more than 0 weight% and
14 weight% or less of Sn, more than 0 weight% and 5
weight% or less of Li, more than 0 weight% and 40
weight% or less of Pb, more than 0 weight% and 17
weight% or less of Al, and more than 0 weight% and 5

weight% or less of Zn and a remainder of Mg, subjecting
the cast magnesium alloy to solution treatment, subject-
ing the solution-treated magnesium alloy to aging, and
plastically deforming the aged magnesium alloy. The
magnesium alloy has second phases uniformly distribut-
ed in crystal grains, has a crystal grain size of 10 mm or
less, and exhibits both superior elongation and superior
tensile strength.
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to a magnesium
alloy for precipitation strengthening extrusion, and more
particularly to a tin-containing magnesium alloy having
superior mechanical properties, such as tensile strength,
yield strength, and elongation.

Description of the Prior Art

[0002] For the sake of performance improvement and
weight reduction of various mechanical devices, there
have been ongoing studies to make mechanical devices,
more particularly, various components thereof light-
weight. As a metallic material for such weight reduction
of components, magnesium (Mg) alloys have the lowest
density among currently developed structural alloys, and
exhibit superior properties regarding electromagnetic
shielding and vibration absorption. Demand for Mg alloys
is on the rise in various fields, such as transportation
machines, industries related to portable components,
etc.
[0003] According to a Mg extrusion process of the re-
lated art, a cast product manufactured through melting
and casting is subjected to homogenization heat treat-
ment before being extruded. In some cases, a precipita-
tion strengthening Mg alloy is subjected to aging after
the extrusion in order to improve mechanical properties
to some extent.
[0004] In the related art, plastic deformation materials
produced through the extrusion have typically been al-
loys containing solute contents within the solubilities of
Mg, such as AZ31. In contrast, recent Mg extrusion ma-
terial alloys having high strength and high tenacity con-
tain a large amount of alloying elements added thereto.
In the Mg extrusion material alloys, some crystallized
phases that have been created after casting during ho-
mogenization heat treatment subsequent to melting and
casting remain intact inside grains or at the grain bound-
ary, causing irregular distributions of second phases after
plastic deformation. This consequently brings adverse
effects on the mechanical properties.
[0005] In order to overcome the above problem, solu-
tion treatment and aging are carried out before the ex-
trusion to control the distribution and size of the second
phases that can improve the strength of materials even
after extrusion. The solution treatment is designed with
an optimized temperature range in which the crystallized
phases created after the melting and casting can be re-
dissolved into the matrix. With the aging, the distribution
of the second phases mentioned as a problem of the
related-art process can be made uniform.
[0006] For reference, FIG. 2 schematically illustrates
respective steps of a related-art method of manufacturing

a Mg alloy including tin (Sn), and FIG. 3A schematically
illustrates the state of the structure of a Mg alloy including
Sn manufactured by the method illustrated in FIG. 2.
[0007] As illustrated in FIG. 2, according to the related-
art method of manufacturing a Mg-Sn-based alloy, raw
materials, i.e. Mg, Sn, and other alloying elements, are
melted to form molten metal and are subjected to casting,
homogenization, plastic deformation, and annealing.
[0008] In order to obtain a Mg alloy having high
strength, however, alloying elements have recently been
added above the solubility in order to add high strength
and high tenacity. That is, after casting, the crystallized
phases of elements added above the solubility exist in
the form of second phases, which are stable at room
temperature. Therefore, crystallized phases that have
been created in the α-Mg matrix remain intact at the ho-
mogenization temperature, and in particular, in the case
of a precipitation strengthening-type alloying element,
parts of supersaturated elements precipitate in the form
of precipitates in the homogenization temperature range.
That is, as illustrated in FIG. 3A, the second phases re-
maining after homogenization or newly created precipi-
tation phases mainly remain inside grains, at grain
boundaries, or in regions near the grain boundaries and,
when subjected to plastic deformation such as extrusion,
have an irregular distribution in a specific direction (ex-
trusion direction) of the second phases. In addition, when
dynamic/static recrystallization occurs after plastic defor-
mation, the rate of recrystallization increases near the
second phase. As a result, a Mg-Sn-based alloy manu-
factured by the related-art method has irregular distribu-
tions of second phases, as illustrated in FIG. 3A. In a
region having a large distribution of second phases, the
size of grains is as small as several micrometers due to
the recrystallization and the pinning effect at the crystal
grain boundaries. However, in a region having a small
distribution of second phases, coarse crystal grains of
10 mm or larger are distributed. This results in a problem
in that the average size of crystal grains increases, which
makes the distribution of crystal grain size irregular,
thereby worsening mechanical properties.
[0009] The information disclosed in the Background of
the Invention section is provided only for better under-
standing of the background of the invention and should
not be taken as an acknowledgment or any form of sug-
gestion that this information forms a prior art that would
already be known to a person skilled in the art.

SUMMARY OF THE INVENTION

[0010] Various aspects of the present invention pro-
vide a magnesium (Mg) alloy able to overcome the
above-mentioned problems of the related-art Mg alloy
and have a uniform size of second phases, and a method
of manufacturing the same.
[0011] Also provided is a Mg alloy having a reduced
size of second phases and having both superior elonga-
tion and superior tensile strength and a method of man-
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ufacturing the same.
[0012] According to an aspect of the present invention,
there is provided a Mg alloy including: an element select-
ed from the group consisting of more than 0 weight% and
14 weight% or less of Sn, more than 0 weight% and 5
weight% or less of Li, more than 0 weight% and 40
weight% or less of Pb, more than 0 weight% and 17
weight% or less of Al, and more than 0 weight% and 5
weight% or less of Zn; and a remainder of Mg, wherein
a second phase including at least one selected from the
group consisting of Mg2Sn, Mg2Zn3, Mg47.2Zn36.9Al16.9,
Mg17Al12, α-Mg/β-Li phase, and Mg2Pb is formed in the
alloy, the second phase includes precipitation phases,
and, among the precipitation phases constituting the sec-
ond phase, precipitation phases having a size exceeding
10 mm are less than 0.1% of the entire precipitation phas-
es.
[0013] The second phase of the Mg alloy is uniformly
distributed in entire crystal grains.
[0014] The size of crystal grains of the Mg alloy is pref-
erably substantially evenly distributed.
[0015] The Mg alloy may be a plastically deformed
plate member.
[0016] In this case, the plastically deformed plate mem-
ber may be an extruded plate member.
[0017] According to another aspect of the present in-
vention, there is provided a method of manufacturing a
Mg alloy, the method including the following steps of:
dissolving and casting raw materials including an ele-
ment selected from the group consisting of more than 0
weight% and 14 weight% or less of Sn, more than 0
weight% and 5 weight% or less of Li, more than 0 weight%
and 40 weight% or less of Pb, more than 0 weight% and
17 weight% or less of Al, and more than 0 weight% and
5 weight% or less of Zn and a remainder of Mg; subjecting
the cast Mg alloy to solution treatment; subjecting the Mg
alloy, which has undergone solution treatment, to aging;
and plastically deforming the aged Mg alloy, wherein a
second phase comprising at least one selected from the
group consisting of Mg2Sn, Mg2Zn3, Mg47.2Zn36.9Al16.9,
Mg17Al12, α-Mg/β-Li phase, and Mg2Pb is formed in the
alloy, the second phase comprises precipitation phases,
and, among the precipitation phases constituting the sec-
ond phase, precipitation phases having a size exceeding
10 mm are less than 0.1% of the entire precipitation phas-
es.
[0018] In this case, the plastic deformation is preferably
extrusion.
[0019] The second phase is uniformly distributed in en-
tire crystal grains.
[0020] The size of crystal grains of the Mg alloy is pref-
erably substantially evenly distributed.
[0021] Meanwhile, the description that the second
phase is uniformly distributed in the entire crystal grains
according to the present invention should be interpreted
relatively. That is, the description that the second phase
is uniformly distributed in the entire crystal grains does
not mean that second phases or precipitation phases are

concentrated at grain boundaries of crystal grains or at
specific portions inside the grains, or are concentrated
at some crystal grains and scarcely exist in some crystal
grains as illustrated in FIG. 3A, but means that second
phases or precipitate phases are distributed in almost all
crystal grains in the substantially same amount and, even
in each crystal grain, are not distributed at the grain
boundary of the crystal grain but are evenly distributed
inside the entire crystal grain as illustrated in FIG. 3B.
[0022] Furthermore, the description that the size of
crystal grains of the Mg alloy is substantially evenly dis-
tributed is also relative: not all crystal grains have the
same physical size, but small crystal grains have a size
of a number of mm, and large crystal grains have a size
exceeding 10 mm, as long as all crystal grains have sub-
stantially the same size in terms of metallography, within
a range of a number of mm.
[0023] The Mg alloy according to the present invention
or the Mg alloy manufactured by the method according
to the present invention is advantageous in that second
phases are uniformly distributed inside crystal grains, the
size of which is 10 mm or less. Therefore, the Mg alloy
according to the present invention has both superior elon-
gation and tensile strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 schematically illustrates respective steps of
a method of manufacturing a Mg alloy according to
an exemplary embodiment of the present invention;
FIG. 2 schematically illustrates respective steps of
a related-art method of manufacturing a Mg alloy;
FIG. 3A and FIG. 3B schematically illustrate the state
of the structure of Mg alloys, manufactured by the
methods illustrated in FIG. 1 and FIG. 2, respectively;
FIG. 4 illustrates engineering stress and engineering
strain curves of Mg alloys according to an exemplary
embodiment of the present invention and related-art
Mg alloys;
FIG. 5 illustrates a relationship between the UTS and
elongation of Mg alloys according to an exemplary
embodiment of the present invention and related-art
Mg alloys;
FIG. 6A to FIG. 6C are SEM pictures of Mg alloys at
a step after solution treatment and aging and before
plastic deformation in connection with manufacturing
of Mg alloys of various compositions according to an
exemplary embodiment of the present invention;
FIG. 7A and FIG. 7B are SEM pictures of a Mg alloy
manufactured by a related-art method (FIG. 7A) and
of a Mg alloy manufactured according to an exem-
plary embodiment of the present invention (FIG. 7B);
FIG. 8A is a picture taken after the extrusion of a Mg
alloy according to a related-art method;
FIG. 8B is a picture taken after the extrusion of a Mg
alloy that has been formed by an exemplary embod-
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iment according to the present invention; and
FIG. 9A and FIG. 9B are TEM pictures of Mg alloys
formed by a related-art method (FIG. 9A) and ac-
cording to an exemplary embodiment of the present
invention (FIG. 9B).

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0025] Hereinafter, an exemplary embodiment of a
magnesium (Mg) alloy according to the present invention
and a method of manufacturing the same will be de-
scribed in detail with reference to the accompanying
drawings.
[0026] FIG. 1 schematically illustrates respective steps
of a method of manufacturing a Mg alloy according to an
exemplary embodiment of the present invention, and
FIG. 3B schematically illustrates the state of the structure
of a Mg alloy including Sn manufactured by the method
illustrated in FIG. 1.
[0027] As illustrated in FIG. 1, a Mg alloy including Sn
according to an exemplary embodiment of the present
invention is subjected to solution treatment, instead of
related-art homogenization, and is subjected aging, plas-
tic deformation, and annealing.
[0028] That is, as illustrated in FIG. 3B, according to
an exemplary embodiment of the present invention, a Mg
alloy including Sn obtained by melting and casting raw
materials is subjected to solution treatment to form a su-
persaturated solid solution. According to the present em-
bodiment, the Mg ally creates crystallized phases after
casting, and the crystallized phases can be re-dissolved
into the matrix through the solution treatment. Thereafter,
aging is performed at suitable heat treatment time and
temperature so that the precipitation phase (Mg2Sn
phase) can have even distribution inside grains and at
grain boundaries.
[0029] That is, when homogenization is performed af-
ter casting according to the prior art, the second phase,
i.e. precipitate phase, exhibits uneven distribution, and
the size of recrystallization crystal grains also exhibits
uneven distribution. When solution treatment and aging
are performed according to the present embodiment, in
contrast, the second phase, i.e. precipitation phase, has
even distribution, and the size of recrystallization crystal
grains can also have even distribution.
[0030] In addition, when homogenization is performed
according to the prior art, fine precipitates may occur
even at homogenization and plastic deformation temper-
atures, but coarse crystallized phases formed after cast-
ing are largely distributed unevenly. According to the
present embodiment, in contrast, a precipitation process
occurs by means of aging before plastic deformation, so
that large second phases that have a size of 2 mm or
larger trigger undergo nucleation during recrystallization
throughout the entire alloy, due to the PSN (particle stim-
ulated nucleation) effect. Precipitate phases generated
during aging, second phases that grow slowly. Small pre-

cipitates that have been generated during plastic defor-
mation and since grown with a size of about 2 mm or less
are distributed at grain boundaries after creation of re-
crystallization grains and disturb the growth of grains
(pinning effect). Therefore, the alloy according to the
present embodiment subjected to solution treatment and
aging has a big difference regarding the microstructure,
compared with an alloy subjected to related-art homog-
enization, and exhibits substantially improved mechani-
cal properties.
[0031] Results of comparisons between a Mg alloy
formed according to an exemplary embodiment of the
present invention and a Mg alloy formed using related-
art homogenization using various methods will now be
described with reference to FIG. 4 to FIG. 9. Hereinafter,
for reference, Mg-5Sn refers to an alloy including 5
weight% of Sn and a remainder of Mg. Mg-5Sn-5Zn refers
to an alloy including 5 weight% of Sn, 5 weight% of Zn,
and the remainder of Mg. Mg-5Sn-5Zn-2Al refers to an
alloy including 5 weight% of Sn, 5 weight% of Zn, 2
weight% of Al, and a remainder of Mg. In addition, Case
1 refers to a Mg alloy manufactured by the related-art
method, and Case 2 refers to a Mg alloy manufactured
by an exemplary embodiment of the present invention.
For example, Case1_Mg-5Sn-5Zn refers to a Mg alloy
manufactured by the related-art method. Case1_Mg-
5Sn-5Zn includes 5 weight% of Sn, 5 weight% of Zn, and
a remainder of Mg.
[0032] Furthermore, Mg alloys described with refer-
ence to FIG. 4 to FIG. 9 are, particularly, Mg alloys man-
ufactured under the following conditions:

1. Melting and casting step (common step)

[0033] Component elements of each alloy described
above are measured in terms of weight%, are melted in
an electric resistance furnace that is maintained at 750°C
in SF6+CO2 mixed gas atmosphere, and are cast in a
mold having a diameter of 52mm and a length of 100mm.

2. Case 1

2-1. Homogenization step

[0034] After casting, the test piece is loaded into an
electric resistance furnace maintained at 330°C, is main-
tained for 24 hours, and is water-cooled.

2-2. Extrusion step

[0035] After the test piece is loaded into an electric
resistance furnace (inside an extruder) maintained at
300°C, a thermometer is attached to the test piece, and,
when the temperature reaches 270°C, the test piece is
instantly extruded at an extrusion ratio of 19:1.
[0036] The above method gives a rod-shaped test
piece having an initial diameter of 49.5 mm and, after
extrusion, a plate-shaped test piece with cross section
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of 2534 mm2.

3. Case 2

3-1. Solution treatment step

[0037] Mg-Sn binary alloy is maintained at 450°C for
24 hours and is water-cooled. Mg-Sn-Zn(-Al) alloy is
maintained at 330°C for 18 hours, is temperature-raised
to 450°C for two hours, maintained for 12 hours, and is
water-cooled.

3-2. Aging step

[0038] Test pieces are loaded into an electric resist-
ance furnace maintained at 200°C. Mg-Sn binary alloy
is maintained for 500 hours, and Mg-Sn-Zn(-Al) ternary
(quaternary) alloy is maintained for 24 hours. Subse-
quently, both of the alloys are air-cooled.

3-3. Extrusion step

[0039] In the same manner as the process of Case 1,
after the test piece is loaded into an electric resistance
furnace (inside an extruder) maintained at 300°C, a ther-
mometer is attached to the test piece. When the temper-
ature reaches 270°C, the test piece is instantly extruded
at an extrusion ratio of 19:1.
[0040] The above method gives a rod-shaped test
piece having an initial diameter of 49.5 mm and, after
extrusion, a plate-shaped test piece with cross section
of 2534 mm2.

4. Tensile test

[0041] A test piece having ASTM specification gauge
length of 25mm (KSB0801 proportional test piece no.
13B) is machined and subjected to a tensile test under
a condition of initial strain rate: 1310-3.
[0042] FIG. 4 illustrates engineering stress and engi-
neering strain curves of Mg alloys according to an exem-
plary embodiment of the present invention and related-
art Mg alloys. It is clear from FIG. 4 that, given the same
composition, the alloys according to the present embod-
iment have stresses about 20% better than those of the
related-art alloys.
[0043] In addition, FIG. 5 illustrates a relationship be-
tween the UTS and elongation of Mg alloys according to
an exemplary embodiment of the present invention and
related-art Mg alloys. It is clear from FIG. 5, with regard
to alloys of all compositions, both UTS and elongation of
alloys according to the present embodiment are superior
to those of the related-art alloys.
[0044] FIG. 6A to FIG. 6C are SEM pictures of Mg al-
loys at a step after solution treatment and aging and be-
fore plastic deformation in connection with manufacturing
of Mg alloys of various compositions according to an ex-
emplary embodiment of the present invention. When ho-

mogenization is solely performed before plastic deforma-
tion according to the related-art method, coarse crystal-
lized phases created after casting are distributed at grain
boundaries. It is clear from FIG. 6A to FIG. 6C that, as a
result of aging after solution treatment, small second
phases are uniformly distributed inside/outside grains.
That is, white portions appearing at grain boundaries in
the low-magnification pictures in FIG. 6A to FIG. 6C are
pre-precipitated second phases, and the formation of uni-
form second phases inside grains is also appreciated.
[0045] FIG. 7A and FIG. 7B are scanning electron mi-
croscopy (SEM) pictures of a Mg alloy manufactured by
a related-art method (FIG. 7A) and a SEM picture of a
Mg alloy manufactured according to an exemplary em-
bodiment of the present invention (FIG. 7B). It is appre-
ciated from the picture in the middle of FIG. 7A, a low-
magnification picture, that second phases are concen-
trated at the right-hand side and are scarcely distributed
on the left-hand side. That is, the size of grains in the
region of a small distribution of second phases is larger
than that of the region of a large distribution, meaning
that the structure has different grain sizes depending on
the amount of distribution of second phases. In contrast,
it is appreciated from FIG. 7B that, compared with FIG.
7A, the second phases are distributed evenly, and the
grain size is uniform and small.
[0046] FIG. 8A is a picture taken after the extrusion of
a Mg alloy according to the related-art method, second
phases appear as white portions, and it is clear that the
distribution is not even because a test piece that had
irregular distribution of second phases before plastic de-
formation has been extruded with no modification. In con-
trast, FIG. 8B is a picture taken after the extrusion of a
Mg alloy that has been formed by an exemplary embod-
iment according to the present invention, and it is clear
that, compared with the case of FIG. 8A, small second
phases are distributed evenly.
[0047] FIG. 9A and FIG. 9B are TEM pictures of Mg
alloys formed by a related-art method (FIG. 9A) and ac-
cording to an exemplary embodiment of the present in-
vention (FIG. 9B). Similar to the results of SEM pictures
described above, it is clear that the Mg alloy according
to an exemplary embodiment of the present invention,
compared with the Mg alloy formed by the related-art
method, has smaller second phases distributed evenly.
[0048] Although a method of manufacturing a Mg alloy,
which includes Sn, and advantageous effects thereof
have been described above, those skilled in the art, to
which the present invention pertains, could understand
that the Mg alloy according to the present invention can
be applied similarly when Zn, Al, Li, and Pb are included,
besides Sn. It is apparent to a person skilled in the art to
which the present invention pertains that various chang-
es and modifications can be made to the above config-
uration. Therefore, the scope of the present invention is
solely limited by the accompanying claims.
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Claims

1. A magnesium alloy comprising:

an element selected from the group consisting
of more than 0 weight% and 14 weight% or less
of Sn, more than 0 weight% and 5 weight% or
less of Li, more than 0 weight% and 40 weight%
or less of Pb, more than 0 weight% and 17
weight% or less of Al, and more than 0 weight%
and 5 weight% or less of Zn; and
a remainder of Mg, wherein
a second phase comprising at least one selected
from the group consisting of Mg2Sn, Mg2Zn3,
Mg47.2Zn36.9Al16.9, Mg17Al12, α-Mg/β-Li phase
and Mg2Pb is formed in the alloy, the second
phase comprises precipitation phases, and,
among the precipitation phases constituting the
second phase, precipitation phases having a
size exceeding 10 mm are less than 0.1% of the
entire precipitation phases.

2. The magnesium alloy of claim 1, wherein the second
phase of the magnesium alloy is uniformly distributed
in entire crystal grains.

3. The magnesium alloy of claim 1, wherein the size of
crystal grains of the magnesium alloy is substantially
evenly distributed.

4. The magnesium alloy of claim 3, wherein the second
phase is Mg2Sn phase.

5. The magnesium alloy of claim 3, wherein the mag-
nesium alloy is a plastically deformed plate member.

6. The magnesium alloy of claim 3, wherein the plasti-
cally deformed plate member is an extruded plate
member.

7. A method of manufacturing a magnesium alloy, the
method comprising:

melting and casting raw materials comprising an
element selected from the group consisting of
more than 0 weight% and 14 weight% or less of
Sn, more than 0 weight% and 5 weight% or less
of Li, more than 0 weight% and 40 weight% or
less of Pb, more than 0 weight% and 17 weight%
or less of Al, and more than 0 weight% and 5
weight% or less of Zn and a remainder of Mg;
subjecting the cast magnesium alloy to solution
treatment;
subjecting the magnesium alloy that has under-
gone solution treatment to aging; and
plastically deforming the aged magnesium alloy,
wherein
a second phase comprising at least one selected

from the group consisting of Mg2Sn, Mg2Zn3,
Mg47.2Zn36.9Al16.9, Mg17Al12, α-Mg/β-Li phase,
and Mg2Pb is formed in the alloy, the second
phase comprises precipitation phases, and,
among the precipitation phases constituting the
second phase, precipitation phases having a
size exceeding 10 mm are less than 0.1% of the
entire precipitation phases.

8. The method of claim 7, wherein the size of crystal
grains of the magnesium alloy is substantially evenly
distributed.

9. The method of claim 7, wherein the second phase
is uniformly distributed in entire crystal grains.

10. The method of one of claims 7 to 9, further compris-
ing: after the plastically deforming the aged magne-
sium alloy, annealing the plastically deformed alloy.

11. The method of claim 10, wherein the plastic defor-
mation is extrusion.
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