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(54) PROCESS FOR PRODUCING MAGNESIUM ALLOY

(57)  Anobjectof the present invention is to obtain an
ingot containing homogeneous ingredients with sup-
pressing ingredient segregation of Y in the melt-produc-
tion of an Mg alloy containing Y.

An ingot is formed in a solidification time of not more
than 200 seconds after an Mg alloy containing Y is melt-
ed. The above solidification is desirably performed after
the melt liquid of the Mg alloy is stirred and left standing.
The above Mg alloy, for example, contains Y inan amount
of 0.5 to 20% by weight. There is an advantage that an
Mg alloy having low ingredient segregation and contain-

ing homogeneous ingredients is obtained. Therefore, in
the production of alloys whose performance considerably
varies depending on the ingredient concentration, such
as functional materials, high-quality products can be pro-
duced in good yield rates. In order to achieve the above
object, specifically, the raw material is melted in a melting
furnace and, after melt drop, the melt liquid is sufficiently
stirred and left standing. Thereafter, it is cast into a mold
designed so that solidification is completed within the
above-defined solidification time. Moreover, itis also pos-
sible to shorten the solidification time by casting the melt
liquid into a sufficiently water-cooled mold.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a process for producing an Mg alloy wherein the Mg alloy containing Y in an
amount of 0.5 to 20% by weight is produced with suppressing ingredient segregation.

BACKGROUND ART

[0002] Since Mg alloys are lightweight and have appropriate strength, they have been increasingly widely used in
applications such as automobile parts. The Mg alloys have been produced by batch methods or continuous casting
methods wherein melting raw materials are melted in crucibles for melting and cast into molds. For example, Patent
Document 1 discloses a method of casting into a sand mold, and Patent Document 2 discloses a casting method using
die-casting.

Moreover, with regard to the Mg alloys, it is proposed to add various elements in order to improve properties as alloys.
For example, Patent Documents 3 and 4 disclose Mg alloys to which rare earth metals such as Y are added.

Patent Document 1: JP-A-H06-279890
Patent Document 2;: JP-A-2003-305554
Patent Document 3: JP-A-H05-070880
Patent Document 4: JP-A-2004-099941

DISCLOSURE OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0003] However, when an Mg alloy containing an element having a large atomic weight, such as Y, is cast in a mold,
the Y ingredient precipitates toward a lower part of the mold. Accordingly, there occurs a phenomenon that a difference
in concentration of Y between an upper part and a lower part of the resulting ingot becomes large. Recently, in applications
using Mg alloys, the requirements in quality are increasingly high, so that an Mg alloy having a deteriorated quality owing
to the ingredient segregation of Y cannot satisfy the high requirements in product quality.

[0004] The presentinvention was developed in consideration of the aforementioned circumferences. An object of the
present invention is to provide a process for producing an Mg alloy containing Y, which is capable of obtaining a high-
quality Mg product by producing an ingot wherein the ingredients are as homogeneous as possible with suppressing
ingredient segregation.

MEANS FOR SOLVING THE PROBLEMS

[0005] That is, the process for producing an Mg alloy according to the invention comprises melting an Mg alloy
containing Y and solidifying the molten Mg alloy in a solidification time of not more than 200 seconds so as to obtain an
ingot.

[0006] Further, the process for producing an Mg alloy according to the invention comprises stirring an Mg alloy melt
liquid containing Y, leaving the Mg alloy melt liquid standing, and subsequently solidifying the Mg alloy melt liquid in a
solidification time of not more than 200 seconds so as to obtain the ingot.

[0007] Still further, the process for producing an Mg alloy according to the invention is the process wherein the Mg
alloy contains Y in an amount of 0.5 to 20% by weight.

[0008] Still further, the process for producing an Mg alloy according to the invention is the process wherein the
solidification time is 10 seconds or more.

[0009] That is, according to the invention, in the Mg alloy containing Y, solidification is effected before remarkable
precipitation of Y to suppress the sedimentation of Y in the ingot production. Thereby, ingredient segregation of Y is
prevented to obtain an ingot containing homogeneous ingredient. When the solidification time exceeds 200 seconds on
this occasion, a sufficient effect for suppressing the ingredient segregation of Y is not attained and hence quality dete-
rioration owing to the segregation becomes remarkable. When the solidification time is not more than 200 seconds,
solidification can be achieved depending on an allowable segregation degree and a segregation ratio can be controlled
to 10% or less by adopting a solidification time of not more than 200 seconds. The segregation ratio is represented by
the following equation. Incidentally, when comparing the segregation ratios, absolute values thereof are compared.
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Segregation ratio (%) = ((Produced amount) -

(Target content))/ (Target content)*100 --- (equation)

Moreover, when a segregation ratio of 5% or less is intended to obtain, the solidification time is desirably not more than
100 seconds. The solidification time means a period of time from the start of the solidification in a mold until the completion
of the solidification. Moreover, before the start of cooling, it is desirable to homogenize the ingredients by stirring a molten
Mg alloy melt liquid. The method of stirring the melt liquid is not particularly limited, and a known method such as blade
stirring or electromagnetic stirring can be adopted. After stirring of the melt liquid, it is left standing to start the above
solidification. In this connection, the completion of the solidification means a time point when a ratio of solid phases
reaches 0.67.

[0010] As a means for achieving the above object, for example, a raw material is melted in a melting furnace and the
melt liquid is sufficiently stirred after melt drop and left standing, and subsequently is cast into a mold designed so that
solidification is completed within the above-defined solidification time. Moreover, it is also possible to shorten the solid-
ification time by casting the liquid into a sufficiently water-cooled mold.

[0011] The content of Y in the above Mg alloy is not limited to a particular amount, but it is desirable that a lower limit
of Y is 0.5% by weight and an upper limit is 20% by weight. The incorporation of Y in that range affords improvement in
mechanical strength. In contrast, when the content is less than 0.5%, the mechanical strength is not improved. When
the content exceeds 20% by weight, embrittlement of the material occurs and also the segregation at casting becomes
remarkable. For the same reasons, it is more desirable to control the lower limit to 1% and the upper limit to 15%.
[0012] Moreover, with regard to the above solidification time, the upper limit is defined as above but the lower limit is
not restricted to a particular value in the invention. However, for the reason of suppressing production costs when
producing large ingots, the solidification time of 10 seconds is desirably defined as the lower limited. When the solidification
time is lower than the above lower limit, there occurs a problem of rising production costs.

ADVANTAGE OF THE INVENTION

[0013] As mentioned above, according to the present invention, since an ingot is formed in a solidification time of not
more than 200 seconds after an Mg alloy containing Y is melted, there is an advantage that an Mg alloy having low Y
segregation and containing homogeneous ingredients is obtained. Therefore, in the production of alloys wherein per-
formance considerably varies depending on ingredient concentration, such as functional materials, high-quality products
can be produced in good yield rates.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

[FIG. 1] A flow sheet in an embodiment of the invention.

[FIG. 2] A drawing illustrating a melting test apparatus used in Example.

[FIG. 3] A photograph in substitution for drawing of a test material obtained in the solidification test in Example.
[FIG. 4] A graph illustrating a relationship between a solidification rate and deviation of Y content of a test material
obtained in the solidification test in Example.

[FIG. 5] A photograph in substitution for drawing of a test material obtained in the solidification test in Example.
[FIG. 6] A graph illustrating a relationship between a solidification rate and deviation of Y content of a test material
obtained in the solidification testin Example. [FIG. 7] A drawingillustrating a relationship between mold inner diameter
and solidification time in a mold obtained by solidification calculation.

[FIG. 8] A drawing illustrating a relationship between a Y segregation and solidification time in Example of the
invention.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0015]
1 melting furnace

2 Mg alloy melt liquid
3  stirring apparatus
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4 mold
5 ingot

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] The following will explain an embodiment of the present invention.

The Mg alloy for use in the invention contains at least Y. The suitable content of Y can be represented as 0.5 to 20%
by weight. When no other additional element is incorporated, the remainder is Mg and unavoidable impurities. Moreover,
the presentinvention may be one containing the other additional element(s). Examples of the additional elements include,
as % by weight, Zn: 0.1 to 10%, Zr: 0.1 to 2%, Al: 0.1 to 10%, Ca: 0.1 to 10%, Mn: 0.1 to 2%, Mm (misch metal): 0.1 to
10%, Sr: 0.001 to 0.1%, Si: 0.1 to 2%, Sn: 0.1 to 10%, Ge: 0.1 to 10%, Ce: 0.1 to 10%, La: 0.1 to 10%, Nd: 0.1 to 10%,
Gd: 0.1 to 10%, and the like. The invention is particularly suitable for suppressing ingredient segregation in Mg alloys
containing Zn, rare-earth elements, and the like as ingredients.

[0017] An Mg metal whose ingredient is regulated is heated and melted in, for example, a melting furnace 1 as shown
in FIG. 1(a) to form an Mg alloy melt liquid 2. The method for melting the Mg alloy is not particularly limited in the invention.
For example, it can be performed by a usual method using a known melting furnace. The Mg alloy melt liquid is suitably
stirred and mixed. The method and means for stirring and mixing are not particularly limited and suitable ones can be
adopted. For example, as shown in FIG. 1(b), stirring of the Mg alloy melt liquid 2 is performed with a stirring blade 3.
[0018] The Mg alloy melt liquid 2 is poured into a mold 4 as shown in FIG. 1(c) and then is usually solidified in the
mold 4 in a standing state. On this occasion, depending on the ingredients of the Mg alloy (solidifying point and the like
vary depending on the ingredients), temperature of the Mg alloy melt liquid, cooling ability of the mold, a mass effect of
the Mg alloy, and the like, the solidification rate of the melt liquid and the time until solidification, i.e., the solidification
time are determined. Since the ingredient segregation ratio of Y depends on the solidification time to a large extent, the
longest solidification time may be determined according to the desired ingredient segregation ratio. When the segregation
ratio is controlled to not more than 10%, the solidification time is determined to be not more than 200 seconds. Moreover,
when the segregation ratio is controlled to not more than 5%, the solidification time is determined to be not more than
100 seconds. It is necessary to determine the material and size of the mold, temperature of the melt liquid, presence or
absence of forced cooling, method, and the like so that the solidification time falls within such a period of time.

[0019] After these conditions are determined, the Mg alloy melt liquid 2 is solidified within the determined solidification
time to obtain an ingot 5. In the ingot, the segregation ratio of Y is not more than the predetermined desired segregation
ratio and thus an ingot wherein ingredients are to be homogenized can be obtained. By producing an Mg product using
the ingot as a starting material, a product low in ingredient segregation and excellent in quality is obtained. In this
connection, the process for obtaining the Mg product using the ingot as a starting material is not particularly limited, and
known processing methods and the like can be adopted.

EXAMPLE 1

[0020] The following will describe Examples of the invention.

In order to reproduce the segregation of Y ingredient, a small melting test apparatus 10 as shown in FIG. 2 was provided.
In the melting test apparatus 10, a furnace casing 11 being composed of a heat-resistant material and having a cylindrical
inner space inside thereof is arranged vertically with the axial center being perpendicular, a tubular heating element 12
is arranged in the furnace casing, and a furnace central tube 13 was concentrically arranged inside the heating element
12. A crucible 14 is arranged as a melting furnace in the furnace central tube 13, and the crucible 14 is placed on a
supporting table 13a provided in the furnace tube 13. The temperature of the crucible 14 is elevated by operating the
heating element 12 to heat the furnace central tube 13.

[0021] Moreover, upper and lower ends of the furnace central tube 13 are protruded out of the furnace casing 11 and
are closed with water-cooled caps 15 and 16. Cooling water-inlet tube 15a and cooling water-outlet tube 15b, and cooling
water-inlet tube 16a and cooling water-outlet tube 16b, are provided to the water-cooled caps 15 and 16, respectively.
The cooling water introduced from the cooling water-inlet tubes 15a and 16a is passed through the water-cooled caps
15 and 16 and is discharged from the cooling water-outlet tubes 15b and 16b. The cooling water is passed through
during heating in order to prevent damage of members in the above water-cooled caps 15 and 16.

[0022] Moreover, an Ar gas-inlet tube 17a is provided on the water-cooled cap 16. The Ar gas-inlet tube 17a commu-
nicates with the inside of the furnace central tube 13. Furthermore, an Ar gas-outlet tube 17b is provided on the water-
cooled cap 15. The Ar gas-outlet tube 17b also communicates with the inside of the furnace central tube 13.

By introducing Ar gas from the above Ar gas-inlet tube 17a to the inside of the furnace central tube 13, the inside of the
furnace central tube 13 can be made an Ar gas atmosphere. Accordingly, oxidation of the Mg alloy in the melting of the
alloy in the crucible 14 can be prevented.

Incidentally, the furnace casing 11 includes a furnace-controlling temperature 18 which measures temperature of the
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space in the furnace casing, and the water-cooled cap 15 includes a thermocouple 19 which measures temperature of
the melt liquid in the crucible 14.

[0023] In the above small melting test apparatus 10, 90 g of an Mg alloy containing Y in an amount of 6.7% was
inserted as a host metal into the crucible 14, heated to 750°C to melt, and solidified in the solidification time of 1000
seconds. Then, when the sample was cut in a vertical direction and structural observation (EPMA method) of the cross-
sectional surface was performed, a phenomenon that the Y ingredient was thickened at the lower part of the ingot was
observed as shown in FIG. 3.

[0024] Further, using the above small melting test apparatus 10, the Y ingredient of ingots of samples solidified in
various solidification times was analyzed to investigate correlation between the solidification time and Y segregation.
The results are shown in FIG. 4. As shown in FIG. 4, when the solidification time was long, the Y ingredient precipitated
toward the lower part by just that much. It had been apparent that the Y ingredient value at the central part of the ingot
became lower than the ladle value (melt liquid ingredient value) and the degree of Y segregation tended to be increased.
In contrast, when the solidification time was shortened to 10 seconds, it was found that segregation of the Y ingredient
was suppressed as shown in FIG. 5.

[0025] Then, using a large melting furnace, a raw material of 167 kg of Mg containing 6.7% of Y (Y: 6.7 wt%, Zr: 4.9
wt%, La: 1.0 wt%, the remainder: Mg) was inserted into a crucible and the melt liquid was cast into a square mold
(320x490x440 mm) after melt drop, whereby the relationship between the ingredient segregation of Y in the mold-cast
material and the solidification time. FIG. 6 shows the relationship between the ingredient segregation of Y in each part
of the inside of the ingot and the solidification time. The solidification time is calculated based on the distance from the
bottom of the ingot. Therefore, the solidification time and the distance from the bottom of the ingot correspond to each
other one-to-one. Also in the mold-cast material, since the Y ingredient precipitated toward the lower part of the ingot
as the solidification time increases, there was a tendency that the Y concentration increased in the position of 20 mm
from the bottom of the ingot, whereas the Y ingredient value in the sampling position of the upper part of the ingot
decreased. The decreasing ratio was found to be 5% at 100 seconds, 10% at 200 seconds, and 15% at 400 seconds.
[0026] Then, in order to produce an ingot wherein the ingredient segregation of Y was suppressed to not more than
10%, the solidification time was assessed and a mold was designed so that the solidification time fell within 200 seconds.
The solidification time of a cylindrical mold of a plate having a thickness of 20 mm correlated to the inner diameter based
on the solidification calculation. From FIG. 7, it was needed that the diameter should be 230 mm or less as an air-cooled
mold. Based on the result, a mold having a diameter of 200 mm was prepared.

Using the large melting furnace, a raw material of the Mg alloy containing 6.7% of Y was inserted into the crucible and
about 60 kg of the melt liquid was cast into the cylindrical mold (¢ 200 mmXxH 650 mm) after melt drop. FIG. 8 shows
the relationship between the ingredient segregation of Y in each part of the inside of the ingot and the solidification time.
The ingredient segregation of Y was suppressed to not more than 10% and a homogeneous ingot could be produced.
[0027] In the production of an ingot wherein the ingredient segregation of Y is suppressed to not more than 10%, in
order to use a mold having a larger inner diameter than in the case of the above Example, there is provided a water-
cooled mold wherein a water-cooling pipe is welded to the side wall of the mold and water is passed therethrough to
achieve sufficient cooling of the mold. From the calculation result shown in FIG. 7, it was found that the inner diameter
of the cylindrical mold capable of realizing the solidification time of 200 seconds was extended to 350 mm or less. Using
the large melting furnace, a raw material of the Mg alloy containing 6.7% of Y was inserted into the crucible and about
180 kg of the melt liquid was cast into the cylindrical mold having a size of ¢ 350 mmxH 650 mm after melt drop. The
ingredient segregation of Y was suppressed to not more than 10% and a homogeneous ingot could be produced.
While the invention has been described in detail and with reference to specific embodiments thereof, it will be apparent
to one skilled in the art that various changes and modifications can be made therein without departing from the spirit
and scope thereof.

The present application is based on Japanese Patent Application No. 2005-072308 filed on March 15, 2005, and the
contents are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0028] In the present invention, since an ingot is formed in a solidification time of not more than 200 seconds after an
Mg alloy containing Y is melted, an Mg alloy having low Y segregation and containing homogeneous ingredients is
obtained. Thereby, in the production of alloys whose performance considerably varies depending on the ingredient
concentration, such as functional materials, high-quality products can be produced in good yield rates.

Claims

1. A process for producing an Mg alloy comprising:
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melting an Mg alloy containing Y; and
solidifying the molten Mg alloy in a solidification time of not more than 200 seconds so as to obtain an ingot.

The process for producing an Mg alloy according to claim 1, further comprising:

stirring an Mg alloy melt liquid containing Y; leaving the Mg alloy melt liquid standing; and
solidifying the Mg alloy melt liquid in a solidification time of not more than 200 seconds so as to obtain the ingot.

The process for producing an Mg alloy according to claim 1 or 2,
wherein the Mg alloy contains Y in an amount of 0.5 to 20% by weight.

The process for producing an Mg alloy according to any one of claims 1 to 3,
wherein the solidification time is 10 seconds or more.
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