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(57) Abstract: This invention aims to provide a recycled magnesium alloy having a good corrosion resistance and a process for
producing the same. The process of the present invention comprises an adjusting step of adjusting composition of molten metal of
a magnesium alloy so as to comprise, by mass: Al: 5 to 10 %, Zn: not less than 1 % and not less than three times of Cu content
(%), Mn: 0.1 to 1.5 % and the remainder: Mg and impurities with or without one or more reforming elements. While the upper
limit of the Al content is restricted to a low level, the Zn content is increased in accordance with the Cu content. Therefore, the re-
cycled magnesium alloy produced by this process can effectively suppress corrosion caused by Cu, which is one of corrosion-
causing elements.
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Description

Title of Invention: RECYCLED MAGNESIUM ALLOY, PROCESS
FOR PRODUCING THE SAME, AND MAGNESIUM ALLOY

[0001]

[0002]

[0003]

[0004]

[0005]

Technical Field

The present invention relates to a recycled magnesium alloy and a process for
producing the same, and a magnesium alloy.
Background Art

Magnesium (Mg) is the lightest of the practical metals and has a good specific
strength, and its resources are abundant. Now that weight saving and reduction of envi-
ronmental burdens are strongly demanded, magnesium is a promising metal material
and magnesium alloys are becoming to be used in various products in various fields.

Magnesium, however, is a very active metal and has the lowest potential (i.e., the
highest ionization tendency) among the practical metals. Since magnesium does not
form a corrosion resistant film on itself, magnesium-based members are susceptible to
corrosion. Therefore, acquisition of corrosion resistance is essential to widespread uti-
lization of the magnesium-based members. One possible means for the acquisition is to
provide a corrosion resistant film on a surface of the magnesium-based members.
However, formation of a corrosion resistant film incurs high costs. Moreover, even if a
corrosion resistant film is formed, corrosion may proceed from defect portions or
damaged portions of the film.

Therefore, there is a need for magnesium alloys having good corrosion resistance in
themselves. The root cause of corrosion of magnesium alloys is the presence of
impurity elements (corrosion-causing elements) such as copper (Cu), iron (Fe) and
nickel (Ni). Accordingly, conventional magnesium alloys ensure corrosion resistance
by strictly limiting the amount of these corrosion-causing elements mixed in the alloys.
For example, a known alloy AZ91D according to ASTM standards ensures good
corrosion resistance by strictly limiting the content of corrosion-causing impurities to
less than 0.03 mass % (300 ppm) of Cu, less than 0.0015 mass % (15 ppm) of Ni, and
less than 0.005 mass % (50 ppm) of Fe. Such a magnesium alloy needs to be produced
under strictly controlled conditions and production of brand-new products is taken for
granted. This not only incurs an increase in production costs but also inhibits recy-
clability of magnesium-based members, and does not meet current demand for

effective utilization of resources and reduction of environmental burdens.
Citation List
Patent Literature

PTL 1: Japanese translation of PCT international application publication No.
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2009-501,845 T (PCT International Publication No. W0O2007/009,435) (US Patent Ap-
plication Publication No. 2009/104,070 A1)

PTL 2: Japanese Unexamined Patent Publication No.H03-97,824 (USP 5,073,207)
Summary of Invention

Technical Problem

(1) Under these circumstances, Patent Document 1 proposed a magnesium alloy, es-
pecially a magnesium alloy recycled from scraps (a secondary alloy), having a good
corrosion resistance in spite of relatively large content of corrosion-causing elements
such as Cu. Specifically, this document proposed a magnesium alloy comprising, by
mass (hereinafter % by mass will be sometimes simply referred to as %), aluminum
(Al): 10 to 20 %, zinc (Zn): 2.5 to 10 % and manganese (Mn): 0.1 to 2 % and
permitting Cu: 0.3 to 2 % or Ni: 0.001 to 2 %. Therefore, why this magnesium alloy
has a good corrosion resistance is not fully clarified, but according to the description of
Patent Document 1, it seems that local corrosive action caused by corrosion-causing
elements such as Cu is suppressed by making the magnesium alloy contain a relatively
large amount of Al and stably forming a beta phase having a network structure.

(2) Also there is a magnesium alloy AZ92 according to ASTM standards which is
defined to comprise Al: 8.3 t0 9.7 %, Zn: 1.6 to 2.4 %, Mn: 0.1 to 0.35 %, Cu: less
than 0.35 %, Ni: less than 0.01 %, and Fe: less than 0.02 %. This magnesium alloy is
not practically used at present and little is known about its corrosion resistance. The
standard specification of this AZ92 alloy takes production of brand-new products (a
primary alloy) for granted and does not intend recycling of magnesium alloys. Besides,
as long as the present inventors know, no reports on recycling of this alloy have been
made.

Patent Document 2 describes a magnesium alloy having a similar composition in
terms of Al, Zn and Mn, but does not have any reference to recycling of magnesium
alloys. Besides, as is apparent from the description that this alloy contains Ca, which
causes corrosion, in an amount of 0.5 to 5 mass %, Patent Document 2 has no de-
scription of corrosion resistance or the like of this magnesium alloy. Moreover, this
magnesium alloy is not a cast material but a plastically worked material comprising
atomized powder.

(3) The present invention has been made in view of these circumstances. It is an
object of the present invention to provide a process for producing a recycled
magnesium alloy which enables recycling of magnesium alloys and obtaining a
magnesium alloy having a good corrosion resistance, and to provide such a recycled
magnesium alloy having a good corrosion resistance. It is another object of the present

invention to provide a magnesium alloy which exhibits a good corrosion resistance in
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[0010]

[0011]

[0012]

[0013]

itself without any special anti-corrosion treatment and is suitable for future recycling.
Solution to Problem

The present inventors have earnestly studied to solve these problems and, as a result
of trial and error, succeeded in obtaining a recycled magnesium alloy which can re-
markably increase the permissible amount of Cu, which is a corrosion-causing
element, in comparison with those of the conventional alloys and at the same time
assure practical level of corrosion resistance, by increasing Zn content of the
magnesium alloy while suppressing Al content. Then the present inventors have further
extended this finding and completed the following aspects of the present invention.

<<Process for Producing a Recycled Magnesium Alloy>>

(1) A process for producing a recycled magnesium alloy of the present invention
comprises: a melting step of heating and melting a collected raw material comprising a
collected magnesium alloy member, thereby obtaining raw material molten metal; an
adjusting step of adjusting composition of the raw material molten metal in accordance
with Cu content of the raw material molten metal, thereby obtaining adjusted molten
metal comprising, by mass:

Al: 5 to0 10 %,

Zn: not less than 1 % and not less than three times of the Cu content (%),

Mn: 0.1 to 1.5 %, and

the remainder: Mg and impurities with or without one or more reforming elements;
and

a solidifying step of cooling and solidifying the adjusted molten metal, thereby
obtaining a recycled magnesium alloy.

<<Recycled Magnesium Alloy>>

(1) The present invention can be grasped not only as the abovementioned process for
producing a recycled magnesium alloy but also as a recycled magnesium alloy
obtained by the process. That is to say, the present invention can be a recycled
magnesium alloy obtained by melting and solidifying a collected raw material
comprising a collected magnesium alloy member, and produced by the above-
mentioned production process.

(2) Furthermore, the present invention can also be grasped as the following recycled
magnesium alloy regardless of its production process. That is to say, the present
invention can be a recycled magnesium alloy obtained by melting and solidifying a
collected raw material comprising a collected magnesium alloy member and
comprising, by mass:

Al: 5 to0 10 %,

Zn: 2.4 106 %,
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Mn: 0.1 to 1.5 %,
Cu: not more than one third of the Zn content (%), and
the remainder: Mg and impurities with or without one or more reforming elements.
[0014]  (3) The abovementioned recycled magnesium alloy may comprise, by mass:
Al: 5 to0 10 %,
Zn: 110 2.4 %,
Mn: 0.1 to 1.5 %,
R.E. (rare earth element(s)): 0.1 to 1.5 %,
Cu: not more than one third of the Zn content (%), and
the remainder: Mg and impurities with or without one or more reforming elements.
[0015]  (4) Moreover, the abovementioned recycled magnesium alloy may comprise, by
mass:
Al: 5 to0 10 %,
Zn: 1to 6 %,
Mn: 0.1 to 1.5 %,
R.E.:0.1to 1.5 %,
Cu: not more than one third of the Zn content (%), and
the remainder: Mg and impurities with or without one or more reforming elements.
[0016] <<Magnesium Alloy>>
By the way, the present invention can be grasped not only as a recycled magnesium
alloy or a process for producing the same but also a brand-new magnesium alloy (a
primary alloy) which can be easily recycled in future.
[0017] (1) That is to say, the present invention can be a magnesium alloy comprising, by
mass:
Al: 5 to0 10 %,
Zn: 1to 6 %,
Mn: 0.1 to 1.5 %, and
the remainder: Mg and impurities with or without one or more reforming elements.
[0018]  (2) The abovementioned magnesium alloy of the present invention may further
contain 0.1 to 1.5 % of R.E.
[0019]  (3) Moreover, the Zn content of the magnesium alloy of the present invention
containing 0.1 to 1.5 % of R.E. may be 1 to 2.4 %.
[0020] <<How This Invention Has Been Made and Mechanism of This Invention>>
(1) The present invention pays special attention to Cu among corrosion-causing
elements of magnesium alloys. This is because, when recycling of magnesium alloys is
considered, Cu is an element which is very easily mixed in the alloys but no effective
method for removing Cu is available at present. One of the reasons why Cu is easily

mixed in recycling magnesium alloys is that Cu is heavily used in members of
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[0021]

[0022]

[0023]

[0024]

[0025]

aluminum alloys, iron-based sintered bodies and so on and electrically conductive
materials.

Fe, which is one of the main corrosion-causing elements other than Cu, can be
removed by sedimentation from molten metal of magnesium alloys by using Mn.
Therefore, reduction of Fe content is relatively easy. On the other hand, Ni, which is
also a corrosion-causing element, is hardly solid soluble in magnesium alloys, so it is
unlikely that Ni content of magnesium alloys will rapidly increase.

These circumstances are true not only with a recycled magnesium alloy or a process
for producing the same but also with a magnesium alloy. Therefore, for the purpose of
convenience, "a magnesium alloy" will be discussed below, but the following
discussion also applies to a recycled magnesium alloy and a process for producing the
same.

(2) The mechanism how the magnesium alloy of the present invention exhibits a
good corrosion resistance is not fully clarified but at present it is believed as follows:
Conventionally it has been believed that corrosion of Al-containing magnesium alloys
(Mg-Al based alloys) proceeds because an Mg-Al-Cu compound (precisely speaking,
an "MgeAl,Cus" compound) and alpha-Mg phase form local cells (precisely speaking,
the MgsAl-Cus compound serves as a cathode). The present inventors have earnestly
studied about the Mg-Al-Cu compound on the basis of the AZ91 alloy, which contains
about 0.7 % of Zn, and as a result, have newly found that the Mg-Al-Cu compound is
an MgsAl;,Cu; compound containing a slight amount of Zn.

The present inventors have conducted more research on the basis of this finding and
reached the idea that corrosion caused by this compound may be suppressed by
changing the MgsAl,Cu; compound, which is a cause of corrosion. Then, when the
present inventors have actually increased Zn content of magnesium alloys, it has been
found that corrosion resistance of the magnesium alloys improves. Specifically
speaking, it has become apparent that by increasing Zn content, corrosion resistance of
magnesium alloys can be maintained regardless of variation in Cu content. That is to
say, even if Cu is mixed in magnesium alloys, owing to the presence of Zn, the MgcAl,
Cu,; compound, which becomes starting points of corrosion, is not formed and instead
an "Mgs (Al Zn, Cu)y" compound is formed. It is believed that this change from the
Mg¢Al,Cu;compound to the "Mgs»(Al, Zn, Cu)," compound appears as an im-
provement in corrosion resistance and corrosion resistance deterioration caused by Cu
is suppressed.

It has also been found out that as Zn content increases, the change in corrosion rate
relative to an increase in Cu content becomes smaller. That is to say, it has been found
out that corrosion rate susceptibility, which indicates the ratio of the amount of change

in corrosion rate relative to the amount of change in Cu content, decreases together



WO 2010/146804 PCT/JP2010/003838

[0026]

[0027]

[0028]
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with an increase in Zn content. This means that owing to an increase in Zn content of
the magnesium alloys, corrosion rate does not change much even if Cu content changes
to some extent, and stable corrosion resistance is obtained.

However, if the overall Cu content is excessively large, Cu content of the above-
mentioned Mg-Al-Cu-Zn compound also increases. In this case, even in the presence
of a sufficient amount of Zn, the Mg-Al-Cu-Zn compound may become new starting
points of corrosion, and corrosion resistance of the magnesium alloys may be
degraded. The present inventors have earnestly studied about this and found that when
Cu content is not more than 0.5 %, not more than 0.4 %, or not more than 0.3 %, a
(recycled) magnesium alloy exhibits stable corrosion resistance.

Therefore, the present invention can assure corrosion resistance of even a recycled
magnesium alloy whose Cu content easily changes, not to mention that of a brand-new
magnesium alloy, and thus recyclability of magnesium alloys can be improved.

(3) Further earnest research of the present inventors has clarified that the above-
mentioned excellent effect of Zn decreases when Al is contained in an excessive
amount. This is believed to be because Zn is absorbed, in the form of solid solution or
the like, by the beta phase of the magnesium alloy (an Mg;;Al;» compound), which
increases together with Al, and the composition of the Mg-Al-Cu-Zn compound, which
is a cause of corrosion, becomes difficult to be changed into a corrosion resistant com-
position.

<<Remarks>>

(1) When the term "recycling” is used in this specification, how many times it is
recycled is not considered. In addition, "a recycled magnesium alloy" or "a magnesium
alloy" mentioned in this specification can be not only a bulk material such as an ingot
but also a raw material having the shape of a rod, a tube, a plate or the like, a cast
material such as a die cast material, a forged material, a cut material or the like. In
these cases, "a magnesium alloy" can be restated as "a magnesium alloy member".

"Corrosion resistance" mentioned in this specification uses corrosion rate, corrosion
rate susceptibility and the like as indices. "Corrosion rate" is corrosion weight loss per
unit time (day). "Corrosion rate susceptibility” mentioned in this specification is the
ratio of the amount of change in corrosion rate relative to the amount of change in Cu
content (the rate of change of corrosion rate relative to Cu content). Although specific
ranges of these indices are different in accordance with desired characteristics,
preferred corrosion rate (MCD) is not more than 1, not more than 0.8, not more than
0.7, not more than 0.6, not more than 0.5, not more than 0.4, not more than 0.3, or not
more than 0.2. Preferred corrosion rate susceptibility (CS) is not more than 400, not
more than 350, not more than 300, not more than 200, not more than 100, not more

than 80, not more than 50, or not more than 40. It should be noted that the unit of each
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[0031]

[0032]

[0033]

[0034]

[0035]

value of corrosion rate shown here is mg/cm?/day-'. In addition, because in calculating
corrosion rate susceptibility, Cu content is regarded as dimensionless number (for
example, Cu content of 1 mass % is regarded as 0.01), the unit of each value of

corrosion rate susceptibility is also mg/cm?/day-'.

Since corrosion rate susceptibility (CS) is the rate of change of corrosion rate (MCD)
relative to Cu content, corrosion rate susceptibility of an Mg alloy having a certain
composition is obtained from the slope of a dispersion diagram made by plotting
corrosion rate on the axis of ordinates relative to Cu content on the axis of abscissas.
Generally speaking, when the Cu content exceeds 0.5 %, corrosion is severer and the
change in corrosion rate tends to be excessively great. On the other hand, when the Cu
content is less than 0.1 %, corrosion is mild and the change in corrosion rate tends to
be excessively small. States of such local areas vary widely and this is not preferable in
view of appropriately evaluating corrosion rate susceptibility. Therefore, in this speci-
fication, practical corrosion rate susceptibility (CS) was calculated from the slope of
the abovementioned dispersion diagram within the Cu content range of 0.1 to 0.5 %.

(2) A range "x to y" mentioned in this specification includes both the lower limit
value "x" and the upper limit value "y", unless otherwise specified. Moreover, the
lower limit values and the upper limit values mentioned in this specification can be ar-
bitrarily combined to form a new range "a to b".

Chemical composition of molten metals and alloys can be identified by analyzing
samples by the Quantolet spectrometric method, XRF, ICP or the like. Chemical com-
position of various molten metals and alloys in this specification should be regarded as
identified by the Quantolet method unless otherwise specified.

Advantageous Effects of Invention

The collected raw material includes not only at least one pure magnesium alloy
member but also a wide variety of members and impurities attached to the alloy
member. Recycled magnesium alloys obtained by using this kind of collected raw
material generally contain a large amount of Cu, which is difficult to be removed and
is a main cause of corrosion. Therefore, recycled magnesium alloys are generally poor
in corrosion resistance.

The present invention, however, makes it possible to effectively suppress corrosion
caused by Cu by making a recycled magnesium alloy contain a relatively large amount
of Zn as mentioned above. Namely, the production process of the present invention
enables to obtain a recycled magnesium alloy having a good corrosion resistance re-
gardless of relatively large content of Cu. In other words, the production process of the
present invention makes it possible to greatly increase the permissible amount of Cu,

which is difficult to be removed and is a corrosion-causing element, and ensure
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practical level of corrosion resistance of a recycled magnesium alloy.
This increase in the permissible amount of Cu enables not only an improvement in

corrosion resistance but also drastic reduction of production costs of a (recycled)
magnesium alloy such as raw material costs and management costs.
Brief Description of Drawings
[fig.1]Fig. 1 is a correlation diagram of chemical composition (Cu and Zn) and
corrosion rate of magnesium alloys.
[fig.2]Fig. 2 is a dispersion diagram showing the relation between Cu content and
minimum corrosion rate of magnesium alloys.
Description of Embodiments

The present invention will be described in more detail by way of embodiments of the
invention. Description in this specification including that of the following em-
bodiments can be appropriately applied not only to magnesium alloys but also recycled
magnesium alloys and their production processes of the present invention. The present
invention can be formed by adding one or more selected arbitrarily from the con-
stituent features described below to the aforementioned constitution of the present
invention. Any of the following constitutional features can be selected in a multiple
form beyond categories. For example, a constituent feature about one compositional
range is relevant not only to a product but also to a production process. A consti-
tutional feature about a production process can be regarded as that of a (recycled)
magnesium alloy when it is understood as a product by process. It should be noted that
which embodiment is best varies with target application, required characteristics or the
like.

<<Recycled Magnesium Alloy/Magnesium Alloys>>

<Composition>

A recycled magnesium alloy or a magnesium alloy of the present invention
(hereinafter, simply referred to as a "magnesium alloy") basically comprises Zn, Al,
Mn, with Mg being the remainder, and it is more preferable that the magnesium alloy
further contains R.E. Hereinafter, these main constituent elements will be discussed.

(1) Zn

As mentioned above, Zn is an element improving corrosion resistance of the
magnesium alloy of the present invention. Especially, Zn suppresses corrosion caused
by Cu, which is a corrosion-causing element, and increases the permissible amount of
Cu.

By the way, in a case of conventional magnesium alloys, it has been said that Zn
content effective to improve corrosion resistance is 1 % at most. In contrast, in the

magnesium alloy of the present invention, the lower limit of Zn content is defined as 1
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%. On the other hand, in the magnesium alloy of the present invention, there is no
upper limit of Zn content from the viewpoint of corrosion resistance. However, it is
preferable to define the upper limit of Zn content as 6 % in order to ensure mechanical
characteristics such as elongation of the magnesium alloy. Namely, it is preferable that
the magnesium alloy of the present invention contains 1 to 6 % of Zn.

An upper limit value or a lower limit value of Zn can be arbitrarily determined within
this range. It is particularly preferable that the lower limit value is any of 1.5 %, 2 %,
2.4 %, 2.5 % and 3 %. It is particularly preferable that the upper limit value is any of
5.5%,5 %, 4.5 % and 4 %. When the magnesium alloy of the present invention
contains R.E., corrosion resistance of the magnesium alloy improves further as
mentioned below. The reason or mechanism is not fully clarified, but it is believed that
R.E. not only suppresses corrosion caused by Ni, which is a corrosion-causing element,
but also can further improve corrosion resistance of the magnesium alloy in co-
operation with Zn. Therefore, it is preferable to make the lower limit of Zn content
relatively low when the magnesium alloy of the present invention contains R.E., and
make the lower limit of Zn content relatively high when the magnesium alloy does not
contain R.E. Specifically speaking, when the magnesium alloy does not contain R.E., it
is preferable to make the lower limit of Zn content not less than 2.4 %. On the other
hand, when the magnesium alloy contains R.E., making the lower limit of Zn content
not less than 1 % allows the magnesium alloy of the present invention to exhibit a
sufficient corrosion resistance. In this case, if Zn is contained in a range of 1 to 2.4 %,
the magnesium alloy can efficiently obtain corrosion resistance.

(2) Al

Al is an element improving mechanical characteristics such as strength of magnesium
alloys and also an element effective in improving corrosion resistance of the
magnesium alloys. An excessively small Al content is not preferable because these
effects cannot be obtained. On the other hand, an excessively large Al content is not
preferable, either, because elongation of the magnesium alloys decreases. In addition,
the excessively large Al content may inhibit the abovementioned effect of Zn to
improve corrosion resistance. Therefore, in the present invention, it is preferable to
contain Al in a range of 5 to 10 %. An upper limit value or a lower limit value of Al
can be arbitrarily determined within this range. Preferably the lower limit value is any
of 6 %, 7 %, 8 %, and 8.5 %. On the other hand, preferably the upper limit value is 9.5
%.

(3) R.E.

R.E. (rare earth element(s)) is one or more elements which can improve corrosion re-
sistance of magnesium alloys in cooperation with the abovementioned Zn. R.E. is also

one or more elements effective in suppressing corrosion caused by Ni. It is not
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preferable to contain R.E. in an excessively small amount, because these effects are not
exhibited much. On the other hand, it is not preferable to contain expensive R.E. in an
excessively large amount, because raw material costs of magnesium alloys increase.
Therefore, in the present invention, it is preferable to contain R.E. in a range of 0.1 to
1.5 %. An upper limit value or a lower limit value of R.E. can be determined arbitrarily
within this range. It is particularly preferable that the lower limit value is any of 0.2 %,
0.3 %, 0.4 %, and 0.5 %. On the other hand, it is particularly preferable that the upper
limit value is any of 1.3 %, 1 % and 0.8 %.

By the way, R.E. includes a number of elements. R.E. mentioned in the present
invention is not limited to one or more particular elements, but especially cerium (Ce),
lanthanum (La) and so on are effective in improving corrosion resistance of
magnesium alloys. However, generally R.E. is supplied as mischmetal (Mm), which is
an alloy of a plurality of rare earth elements, in consideration of raw material costs and
availability. Therefore it is reasonable to consider Mm content as R.E. content. One
exemplary composition of Mm comprises, by mass, Ce: 52 %, La: 25 %, Nd: 16 %,
and Pr: 5 %.

(4) Mn

Mn is an element effective in removing Fe, which is a corrosion-causing element,
from molten metal of magnesium alloys and suppressing corrosion caused by Fe.
When the content of Mn remaining in magnesium alloys is excessively small, these
effects cannot be obtained. On the other hand, when the Mn content is excessively
large, costs of magnesium alloys increase and it is uneconomical. Therefore, Mn
content of the magnesium alloy of the present invention is defined as 0.1 to 1.5 %. An
upper limit value or a lower limit value of the Mn content can be arbitrarily determined
within this range. It is especially preferable that the lower limit value is either 0.2 % or
0.3 %. It is especially preferable that the upper limit value is any of 1.2 %, 1 %, 0.8 %,
and 0.6 %.

It should be noted that when the magnesium alloy of the present invention contains
R.E., Mn can remove Fe or suppress corrosion caused by Fe in cooperation with R.E.

(5) Reforming Element

A "reforming element" mentioned in this specification is an element effective in
improving characteristics of magnesium alloys, other than Mg, Al, Mn, Zn, R.E and
corrosion-causing elements such as Cu, Ni and Fe. Characteristics to be improved are
not limited in kind and are, for example, corrosion resistance, strength, elongation,
toughness and flame retardancy. Examples of the reforming element include silicon
(Si): 0.2 to 2 %, calcium (Ca): 0.2 to 1.5 %, and beryllium (Be): 0.0001 to 0.005 %.
Furthermore, the reforming element can be one or more of tin (Sn), yttrium (Y),

strontium (St), bismuth (Bi) and zirconium (Zr). These reforming elements can be
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contained singly or in any combination. The content of these reforming elements is not
limited to the exemplary ranges, and generally the content is very small.

(6) Impurities

Impurities mentioned in this specification are elements which are not necessary to
improve characteristics of magnesium alloys, and include not only elements which
degrade the characteristics but also elements which do not degrade the characteristics.
Typical examples of impurities are Cu, Ni and Fe, which are corrosion-causing
elements. In addition to these, there are impurities contained in raw material powder
and those mixed in respective steps of production processes. Elements which cannot be
removed for costs or technical reasons are especially called "inevitable impurities".

By the way, as Cu, which is a corrosion-causing element, is mixed in magnesium
alloys in a smaller amount, it is more preferable. However, in the magnesium alloy of
the present invention, the upper limit value of the permissible Cu content can be
increased to about 0.1 %, 0.3 %, 0.4 % or 0.5 %. These values are remarkably high
when compared to Cu content of less than 0.03 % of the conventional AZ91D alloy.

As Ni, which is also a corrosion-causing element, is mixed in magnesium alloys in a
smaller amount, it is more preferable. However, in the magnesium alloy of the present
invention, the permissible Ni content is greatly increased when compared to Ni content
of less than 0.0015 % of the conventional AZ91D alloy. For example, in the present
invention, the upper limit value of Ni content can be increased to about 0.002 %, 0.005
%, 0.01 %, or 0.05 %. Accordingly, since in the present invention, the permissible Cu
content and the permissible Ni content can be increased to not more than 0.5 % and not
more than 0.05 %, respectively, recycling of magnesium alloys becomes easy and
corrosion resistance of recycled magnesium alloys can be ensured.

<<Process for Producing a Recycled Magnesium Alloy>>

A process for producing a recycled magnesium alloy of the present invention
basically comprises a melting step, an adjusting step and a solidifying step.

(1) Melting Step

The melting step is a step of heating and melting a collected raw material comprising
a collected magnesium alloy member, thereby obtaining a raw material molten metal.

The "magnesium alloy member" mentioned here means at least one member
comprising magnesium or a magnesium alloy. This member can have any shape, form
or history. For example, the magnesium alloy member can be a product, an ingot, or a
scrape. Besides, the magnesium alloy member can be a used item or an unused item.
The "collected raw material” can comprise not only a magnesium alloy member alone
but also a magnesium alloy member mixed with other metal members. Needless to say,
it is more preferable that the collected raw material comprises only a magnesium alloy

member of a composition similar to a desired composition of a recycled magnesium
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alloy to be obtained.

(2) Adjusting Step

The adjusting step is a step of obtaining adjusted molten metal by adjusting com-
position of the raw material molten metal in a certain compositional range in ac-
cordance with Cu content of the raw material molten metal. The compositional range
to be obtained has been already discussed but additional discussion will be made here
about Zn and R.E.

In the production process of the present invention, Zn content of the adjusted molten
metal is defined not only as not less than 1 % but also as not less than three times of Cu
content in accordance with the Cu content of the raw material molten metal. This can
ensure corrosion resistance of a recycled magnesium alloy obtained by the production
process of the present invention. Preferably the Zn content is not less than 3.5 times,
not less than 4 times, not less than 4.5 times, not less than 5 times, not less than 7
times, or not less than 10 times of the Cu content. As mentioned before, it is efficient
to make Zn content of the adjusted molten metal not more than 6 %.

When the adjusted molten metal contains substantially no R.E., it is efficient to make
Zn content of the adjusted molten metal not less than 2.4 %. On the other hand, when
the adjusted molten metal contains 0.1 to 1.5 % of R.E., it is efficient to make Zn
content of the adjusted molten metal not more than 2.4 %. Of course, when the
adjusted molten metal contains R.E., making Zn content not less than 2.4 % can further
improve corrosion resistance.

Moreover, when Ni, which is a corrosion-causing element, is mixed in the raw
material molten metal (for example, when Ni content is not less than 0.001 %), making
the adjusted molten metal contain R.E. enables to obtain a recycled magnesium alloy
having a good corrosion resistance.

In order to obtain a recycled magnesium alloy having a stable corrosion resistance, it
is preferable to make Cu content and Ni content of the adjusted molten metal not more
than 0.5 % and not more than 0.005 %, respectively.

(3) Soliditying Step

The solidifying step is a step of cooling and solidifying the adjusted molten metal,
thereby obtaining a recycled magnesium alloy. This step is a step of solidifying, by
natural or forcible cooling, molten metal which has been introduced into a mold (e.g., a
metal mold and a sand mold) for gravity casting, metal mold casting, die casting and so
on.

If there are a lot of compositionally segregated portions or portions having coarse
crystal grain, corrosion may proceed from starting points of these portions and
corrosion resistance of magnesium alloys may be degraded. It is preferable to employ a

die casting step as the solidifying step, because such segregation in the metal structure
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is small. It is also possible to equalize the metal structure or composition by applying
appropriate thermal treatment to a magnesium alloy member obtained after the so-
lidifying step.

<<Applications of Magnesium Alloy>>

Because of its good corrosion resistance, the magnesium alloy of the present
invention can be used in a variety of products, such as structural members, casing
members, wheels, and other automotive components. Since the magnesium alloy of the
present invention has a good corrosion resistance in itself, anti-corrosion treatment can
be omitted depending on portions to be used, and costs of the magnesium alloy
member can be reduced.

Examples

The present invention will be described more concretely by way of examples.

<Production of Specimens>

Specimens having chemical composition shown in Tables 1 to 7 were prepared by
using various commercially available raw materials. R.E. used was commercially
available Mm (Ce: 52 %, La: 25 %, Nd: 16 %, and Pr: 5 %).

Specifically, first, a commercially available raw material comprising pure metal was
introduced into a crucible formed of a high-Cr alloy steel (JIS SUS430) and having an
inner diameter of 80 mm and a height of 230 mm, and melted by an electric furnace,
thereby obtaining molten metal (raw material molten metal) (melting step). Chemical
composition of this molten metal was adjusted to respective compositions shown in
Tables 1 to 7, and held at 750 deg. C (adjusting step). The thus obtained molten metal
(the adjusted molten metal) was filled in a cavity of a metal mold and rapidly cooled
and solidified, thereby obtaining specimens comprising die castings having various
chemical compositions shown in Tables 1 to 7 (solidifying step). These die cast
specimens had a plate shape of 40 x 150 x 3 mm. This die casting was conducted by
using a 50-tonn die cast machine under casting conditions of injection speed: 0.4 m/s,
injection pressure: 64 MPa and molten metal temperature: 650 deg. C.

<Corrosion Test>

(1) Corrosion test according to JIS H 0541 was carried out by using plate-shaped test
pieces (25 x 25 x 2 mm) cut out from the abovementioned specimens. Specifically, the
respective test pieces were immersed in an aqueous 5 % NaCl solution for 100 hours
and bubbles (hydrogen gas) generated there were collected and corrosion weight loss
of the respective test pieces was calculated from the amount of the generated bubbles.
Corrosion rate was obtained from the thus calculated corrosion weight loss of the re-
spective test pieces. In this specification, corrosion rate (MCD) is expressed as

corrosion weight loss per day (mg/cm-?/day-!).
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Furthermore, from a correlation diagram (a dispersion diagram) constructed by
plotting corrosion rate against Cu content (Cu concentration: mass %) of the specimens
which were different from each other only in Cu content, the rate of change of
corrosion rate relative to Cu content (the slope of the correlation diagram) was
obtained.

Since this rate of change indicates susceptibility of corrosion rate to Cu content, this
rate of change is called corrosion rate susceptibility (CS: mg/cm?/day') in this speci-
fication and calculated by the abovementioned method. It should be noted that,
although arbitrarily omitted in this specification, the unit of corrosion rate or corrosion
rate susceptibility is mg/cm?/day-! unless otherwise specified.

(2) The thus obtained measurement or calculation results of the various specimens
are shown together in Tables 1 to 5. It should be noted that the following marks in-
dicating evaluation results based on corrosion rate (MCD) and corrosion rate suscep-

tibility (CS) are shown in the columns of corrosion resistance.

MCD < 0.4 and CS < 400 = ©
04<MCD<1and(CS<400 = 0O
1<MCD or 400 < CS = X

The reason why corrosion rate (MCD) and corrosion rate susceptibility (CS) are
employed here as evaluation criteria is as follows. First, under environment where a
product is practically used, corrosion resistance of the product is evaluated by
corrosion weight loss in a certain period. Therefore, corrosion rate is employed as an
evaluation criterion for corrosion resistance. Next, when Cu content changes in
recycling magnesium alloys, corrosion resistance of a recycled magnesium alloy also
changes, which results in variation in quality. Therefore, corrosion rate susceptibility is
employed as an evaluation criterion as an index of the ratio of the amount of change in
corrosion resistance relative to the amount of change in Cu content.

<Evaluation>

(1) Effect of Zn

Corrosion resistance of the respective specimens in which Zn content and Cu content
were variously changed is shown in Tables 1 to 3. A diagram obtained by plotting Zn
content of these specimens on the axis of ordinates against Cu content of these
specimens on the axis of abscissas is shown in Fig. 1. It should be noted that the shape
of the plot marks was changed by values of corrosion rate (MCD).

It is apparent from Tables 1 to 3 and Fig. 1 that when the content of Cu, which is a
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corrosion-causing element, is the same, as Zn content is larger, corrosion rate generally
decreases and corrosion resistance improves. Moreover, as the Zn content is larger,
contour interval of corrosion rate tends to be wider and improvement in corrosion re-
sistance of magnesium alloys relative to an increase in Cu content tends to be greater.
That is to say, corrosion rate susceptibility, which is the ratio of the amount of change
in corrosion rate relative to the amount of change in Cu content, is rapidly reduced
with an increase in Zn content and corrosion progress relative to an increase in Cu
content becomes slower.

This tendency is remarkable in a region where Zn content is not less than 1 %, not
less than 2 % or not less than 2.4 %. However, when the Zn content is not less than 5
%, corrosion rate does not decrease much regardless of an increase in Zn content.
Therefore, it can be said that a preferred upper limit of Zn content in efficiently
improving corrosion resistance of magnesium alloys is 5 % or 4.5 %. It is also apparent
from Fig. 1 that in a region where a ratio K of Zn content to Cu content is not less than
3, corrosion rate is generally small.

If the Zn content is the same, as the content of Cu, which is a corrosion-causing
element, is smaller, corrosion resistance of magnesium alloys is higher. Therefore it is
also apparent that a preferred upper limit of Cu contentis 1.2 %, 1 %, 0.8 %, 0.6 %,
0.5 %, or 0.4 %.

(2) Effect of R.E.

The specimens in which Zn content and Cu content were variously changed were
examined about effect of R.E. content on corrosion resistance and the results are
shown in Tables 4 to 6. It is apparent from the results shown in Tables 4 to 6 that, if
chemical composition other than R.E. is the same, as magnesium alloys contain a
larger amount of R.E., corrosion rate decreases and corrosion resistance of the
magnesium alloys improves.

When the magnesium alloys having the same chemical composition except R.E. are
compared with each other among the specimens shown in Tables 1 to 3 and Tables 4 to
6, it is understood that the magnesium alloys containing R.E. have lower corrosion
rates than those containing no R.E. and are improved in corrosion resistance. This
means that R.E. does not inhibit the abovementioned corrosion suppression effect of
Zn and rather improves corrosion resistance of magnesium alloys. It is believed that,
especially when magnesium alloys contain Ni, R.E. is effective in improving their
corrosion resistance. This tendency is remarkable when R.E. content is in a range of
0.1t0 1.5 % or 0.2 to 1.0 %.

(3) Effect of Al

The respective specimens shown in Table 7 were examined about effect of Al content

on corrosion rate. The results shown in Table 7 indicate that in both cases when Al
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content is excessively small and excessively large, corrosion rate increases and
corrosion resistance of magnesium alloys is degraded. Especially as the Al content
increases, corrosion rate tends to increase and corrosion resistance of magnesium
alloys tends to be degraded. This is believed to be because, owing to an increase in Al
content, beta phase, which forms a solid solution with Zn, increases in magnesium
alloys, and as a result formation of the corrosion resistant relatively stable Mg-
Al-Cu-Zn compound is inhibited. Therefore, in order to suppress corrosion caused by
Cu reliably by Zn, it is preferable to make Al content not more than 10.5 % or not
more than 10 %.

(4) Relation between Cu Content and Minimum Corrosion Rate

The relation between Cu content and corrosion rate of magnesium alloys having a
certain composition (Mg-9 % Al-0.3 % Mn-x % Cu-y % Zn) is shown in Fig. 2, based
on the results shown in Tables 1 to 3. As apparent also from Fig. 1, corrosion rate of
magnesium alloys are affected by Cu content and Zn content. Therefore, in Fig. 2, the
minimum of the corrosion rates obtained by variously changing the Zn content (the
minimum corrosion rate obtained by optimizing the Zn content) under a certain Cu
content is shown on the axis of ordinates.

It is understood from Fig. 2 that when Cu content exceeds 0.5 %, the minimum
corrosion rate tends to increase with an increase in Cu content regardless of opti-
mization of Zn content. On the other hand, when Cu content is not more than 0.5 % or
not more than 0.4 %, the minimum corrosion rate no longer makes much change and
gets close to the corrosion rate (about 0.2 mg/cm?/day') obtained when Cu content is
almost zero. It is understood that even if Cu content changes within a range of not
more than 0.5 % or not more than 0.4 %, magnesium alloys exhibit stable corrosion re-
sistance.

Although the present invention has been described with reference to preferred em-
bodiments, those skilled in the art will recognize that changes may be made in form

and detail without departing from the spirit and scope of the invention.
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Industrial Applicability
[0087]  As discussed before, owing to good corrosion resistance in addition to light weight
and good specific strength, the recycled magnesium alloy and the magnesium alloy of

the present invention can be used in a variety of products, including structural
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members, casing members, wheels, and other automotive components. The process of

the present invention can be used for producing such a useful magnesium alloy.
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Claims

A process for producing a recycled magnesium alloy, comprising:

a melting step of heating and melting a collected raw material
comprising a collected magnesium alloy member, thereby obtaining
raw material molten metal;

an adjusting step of adjusting composition of the raw material molten
metal in accordance with copper (Cu) content of the raw material
molten metal, thereby obtaining adjusted molten metal comprising, by
mass:

aluminum (Al): 5 to 10 %,

zinc (Zn): not less than 1 % and not less than three times of

the Cu content (%),

manganese (Mn): 0.1 to 1.5 %, and

the remainder: magnesium (Mg) and impurities with or without one
or more reforming elements; and

a solidifying step of cooling and solidifying the adjusted molten metal,
thereby obtaining a recycled magnesium alloy.

The process for producing a recycled magnesium alloy according to
claim 1, wherein the adjusting step is a step of making the Zn content
of the adjusted molten metal not less than 2.4 %.

The process for producing a recycled magnesium alloy according to
claim 1, wherein the adjusting step is a step of making the adjusted
molten metal further contain 0.1 to 1.5 % of one or more rare earth
elements (R.E.).

The process for producing a recycled magnesium alloy according to
claim 3, wherein the adjusting step is a step of making the Zn content
of the adjusted molten metal 1 to 2.4 %.

The process for producing a recycled magnesium alloy according to
claim 3, wherein the raw material molten metal contains not less than
0.001 % of nickel (N1).

The process for producing a recycled magnesium alloy according to
claim 1, wherein the adjusting step is a step of making the Zn content
of the adjusted molten metal not more than 6 %.

The process for producing a recycled magnesium alloy according to
claim 1, wherein the adjusting step is a step of making the Cu content
of the adjusted molten metal not more than 0.5 %.

The process for producing a recycled magnesium alloy according to
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claim 1, wherein the adjusting step is a step of making the content of
Ni, which is one of the impurities, of the adjusted molten metal not
more than 0.05 %.

A recycled magnesium alloy obtained by melting and solidifying a
collected raw material comprising a collected magnesium alloy
member, and produced by the process of claim 1.

The recycled magnesium alloy according to claim 9, comprising, by
mass:

Al: 5 to 10 %,

Zn:2.4t0 6 %,

Mn: 0.1 to 1.5 %,

Cu: not more than one third of the Zn content (%), and

the remainder: Mg and impurities with or without one or more
reforming elements.

The recycled magnesium alloy according to claim 9, comprising, by
mass:

Al: 5 to 10 %,

Zn: 11t02.4 %,

Mn: 0.1 to 1.5 %,

R.E.: 0.1 to 1.5 %,

Cu: not more than one third of the Zn content (%), and

the remainder: Mg and impurities with or without one or more
reforming elements.

The recycled magnesium alloy according to claim 9, comprising, by
mass:

Al: 5 to 10 %,

Zn:1to 6 %,

Mn: 0.1 to 1.5 %,

R.E.: 0.1 to 1.5 %,

Cu: not more than one third of the Zn content (%), and

the remainder: Mg and impurities with or without one or more
reforming elements.

The recycled magnesium alloy according to claim 9, wherein the
content of Cu, which is one of the impurities, is not more than 0.5 %.
The recycled magnesium alloy according to claim 9, wherein the
content of Ni, which is one of the impurities, is not more than 0.05 %.
A magnesium alloy, comprising, by mass:

Al: 5 to 10 %,
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Zn:1to 6 %,

Mn: 0.1 to 1.5 %, and

the remainder: Mg and impurities with or without one or more
reforming elements.

The magnesium alloy according to claim 15, further containing 0.1 to
1.5 % of R.E.

The magnesium alloy according to claim 16, wherein the Zn content is
1to2.4 %.

The magnesium alloy according to claim 15, wherein the content of Cu,
which is one of the impurities, is not more than 0.5 %.

The magnesium alloy according to claim 15, wherein the content of Ni,
which is one of the impurities, is not more than 0.05 %.

The magnesium alloy according to claim 15, further containing a
reforming element comprising at least one selected from the group
consisting of not more than 2 % of silicon (Si), not more than 1.5 % of
calcium (Ca) and not more than 0.005 % of beryllium (Be) or at least
one selected from the group consisting of tin (Sn), yttrium (Y),

strontium (Sr), bismuth (Bi) and zirconium (Zr).
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[Fig. 2]
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