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(57) To present a method of producing Al alloy with
low Ca content capable of reducing Ca securely at low
cost, and an Al alloy base metal applicable to such pro-
ducingmethod. This is a method of producing Al alloy
with low Ca content containing Ca by 0.002 mass % or
less. The method comprises a base metal melting step
S1 for melting an Al alloy base metal containing Ca by
0.003 mass % or more and containing Mg by 1 mass %
or less, a molten metal holding step S2 for reducing the

Ca content to 0.002 mass % or less by exposing the
surface of molten metal obtained at the base metal melt-
ing step S1 to the atmosphere for 20 minutes or more,
and a casting step S3 for casting the molten metal into
a mold of desired shape. It is preferable that the Al alloy
base metal contains Mg by 0.2 mass % or less. It is pref-
erable that the method further comprises a Mg adding
step for adding a desired amount of Mg to the molten
metal posterior to the molten metal holding step.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method ca-
pable of producing Al alloy with low Ca content at low
cost, and an Al alloy base metal applicable in this pro-
ducing method.

Discussion of the Background

[0002] In an Al alloy, Ca existing as impurities have
various adverse effects on the alloy characteristics, and
unnecessary Ca has been decreased as much as pos-
sible by various techniques. In Al alloy casting manufac-
turers, because an Al alloy base metal with low Ca con-
tent made of expensive metal Si with low Ca content
and the like has been used, it has been difficult to lower
the product cost.
[0003] In a conventional Ca reducing method, for ex-
ample, patent document 1 discloses a "method of re-
moving calcium from aluminum or its alloy." The method
of removing calcium from aluminum or its alloy in patent
document 1 is characterized by adding boron source for
generating free boron inmoltenmetal of aluminum or its
alloy, and removing the calcium contained in the molten
metal of aluminum or its alloy as calcium-boron com-
pound.
[0004] Moreover, patent document 2 discloses a "pro-
ducing method of Al-Cu-Si-Mg system alloy" for making
a ingot of Al-Cu-Si-Mg system alloy containing Cu by
0.5 to 5%, Si by 6 to 20%, Mg by 0.3 to 4% as essential
element and Ni and/or Mn as arbitrary element, in which
the molten metal containing at least one or more ele-
ments above reacts with aluminum potassium fluoride
or aluminum potassium fluoride and aluminum fluoride,
and thereby the Ca content in the molten metal is re-
duced.

[Patent document 1]
JP 1986-28005 (S61-28005) Examined Patent Ap-
plication (Kokoku)
[Patent document 2]
JP 1986-51616 (S61-51616) Examined Patent Ap-
plication (Kokoku)

[0005] However, in the method of the patent docu-
ment 1, the Ca reducing effect is expected, but an ad-
ditional process of "adding boron, letting stand, and re-
moving slag" is needed, and the cost is increased.
Therefore, the application scope of this Ca reducing
method has been limited. Besides, the residual boron
as inclusions may be mixed into the ingot, and its per-
formance or workability may be impaired.
[0006] However, in the method of patent reference 2,
the Ca reducing effect is expected also, but an additional

process is needed, and the cost is increased.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in con-
sideration of such conventional problems, and an object
of the present invention is to provide a method of pro-
ducing Al alloy with low Ca content capable of reducing
Ca securely at low cost, and an Al alloy base metal ap-
plicable to such producing method.
[0008] According to the first aspect of the present in-
vention, a method of producing Al alloy with low Ca con-
tent containing Ca by 0.002 mass % or less, comprises:

a base metal melting step for melting an Al alloy
base metal containing Ca by 0.003 mass % or more
and Mg by 1 mass % or less, a molten metal holding
step for reducing the Ca content to 0.002 mass %
or less by exposing the surface of molten metal ob-
tained at the base metal melting step to the atmos-
phere for 20 minutes or more, and a casting step
for casting the molten metal into a mold of desired
shape.

[0009] What should be noted in the method of produc-
ing Al alloy with low Ca content in the present invention
is as follows: an Al alloy base metal of relatively high
content of Ca by 0.003 mass % or more, and relatively
low content of Mg by 1 mass % or less, are used, and
the molten metal holding step is indispensable. Herein,
the concept of Al alloy base metal includes not only raw
material available as base metal, but also any material
which can be melted, either one type or mixture of plural
materials.
[0010] In the molten metal holding step, as described
above, the surface of the molten metal is exposed to the
atmosphere for 20 minutes or more. As a result, Ca con-
tained in the molten metal is oxidized in preference on
the molten metal surface, and an oxide layer containing
Ca is formed, and by removing this surface layer on the
molten metal after the molten metal holding step, Ca is
removed from the molten metal. Therefore, owing to this
molten metal holding process, the Ca content in the mol-
ten metal can be decreased sufficiently. Meanwhile, by
exposing the molten metal to the atmosphere for more
than 60 minutes, the Ca content can be effectively low-
ered, and further by exposing for more than 120 min-
utes, the effect can be further enhanced.
[0011] Since the Ca content can be lowered in the
molten metal holding step following the base metal melt-
ing step, as the Al alloy base metal, an inexpensive base
metal with a relatively high Ca content of 0.003 mass %
or more can be used actively. As a result, because of
lowing of the material cost, the obtained Al alloy with low
Ca content is also inexpensive. On the other hand, when
the Al alloy base metal with Ca content of less than
0.003 mass %, the cost of the base metal become ex-
pensive.
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[0012] Further, the Mg content in the Al alloy base
metal should be 1 mass % or less. Therefore, in the mol-
ten metal holding step, the Ca reducing effect can be
obtained sufficiently in a practical holding time range. It
is because Mg is oxidized in preference to Ca in the mol-
ten metal containing much Mg, Ca is hardly oxidized.
Hence, if the Mg content in the Al alloy base metal is
over 1 mass %, the Ca reducing effect in the molten met-
al holding step is lowered.
[0013] According to the second aspect of the present
invention, a base metal for the method of producing Al
alloy with low Ca content of the first aspect of the present
invention,

characterized by that the Ca content is 0.003 mass
% or more and the Mg content is 1 mass % or less.
[0014] The base metal for producing Al alloy with low
Ca content of the present invention is an Al alloy base
metal intended to be used in the method of producing
the first aspect of the invention. This Al alloy base metal
contains, as mentioned above, Ca by 0.003 mass % or
more and Mg by 1 mass % or less. Therefore, the Al
alloy base metal is inexpensive, and is high in Ca reduc-
ing effect in the subsequentmoltenmetal holding step.
On the other hand, if the Ca content is less than 0.003
mass %, the price become higher, or if the Mg content
exceeds 1 mass %, the Ca reducing effect in the sub-
sequent molten metal holding step is lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is an explanatory diagram of producing proc-
ess of Al alloy with low Ca content in embodiment 1.
Fig. 2 is an explanatory diagram showing transition
of Ca analytical values in embodiment 1.
Fig. 3 is an explanatory diagram of producing proc-
ess of Al alloy with low Ca content in embodiment 2.
Fig. 4 is an explanatory diagram showing transition
of Ca analytical values in embodiment 2.
Fig. 5 is an explanatory diagram of producing proc-
ess of Al alloy with low Ca content in embodiment 3.
Fig. 6 is an explanatory diagram showing transition
of Ca analytical values in embodiment 3.
Fig. 7 is an explanatory diagram showing transition
of Ca analytical values in embodiment 4.
Fig. 8 is an explanatory diagram showing transition
of Ca analytical values in embodiment 5.
Fig. 9 is an explanatory diagram showing transition
of Ca analytical values in embodiment 6.
Fig. 10 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 7.
Fig. 11 is an explanatory diagram showing transition
of Ca analytical values in embodiment 8.
Fig. 12 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 9.
Fig. 13 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 10.

Fig. 14 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 11.
Fig. 15 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 12.
Fig. 16 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 13.
Fig. 17 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 14.
Fig. 18 is an explanatory diagram of producing proc-
ess of Al alloy with low Ca content in embodiment
15.
Fig. 19 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 15.
Fig. 20 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 16.
Fig. 21 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 17.
Fig. 22 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 18.
Fig. 23 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 19.
Fig. 24 is an explanatory diagram showing transi-
tion of Ca analytical values in embodiment 20.

DESCRIPTION OF REFERENCE NUMERALS

[0016]

S1 Base metal melting step
S15 Deoxidation step
S16 Deoxidation + degassing step
S2 Molten metal holding step
S25 Mg adding step
S3 Casting step

Description of the Preferred Embodiments

[0017] In the first aspect of the invention, it is prefer-
able that the Al alloy base metal contains Mg by 0.2
mass % or less. In this case, the Ca reducing effect is
further enhanced in the molten metal holding step. In
addition, the content of Mg should be as low as possible,
and its lower limit is preferred to be a level of inevitable
impurity.
[0018] Moreover, it is preferable that the method fur-
ther comprises a Mg adding step for adding a desired
amount of Mg to the molten metal posterior to the molten
metal holding step. In this case, the Al alloy of low Ca
content containing Mg can be produced ef f iciently at
low cost. That is, as mentioned above, as the Al alloy
base metal, an inexpensive base metal of relatively high
content of Ca is used, and the Ca content is reduced
efficiently in the molten metal holding step. Subsequent-
ly, a desired amount of Mg is added. As a result, without
lowering the Ca reducing effect in the molten metal hold-
ing step, the Al alloy with low Ca content having a de-
sired'amount of Mg can be produced efficiently at low
cost.
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[0019] Moreover, it is preferable that the method fur-
ther comprises a Ca adding step for adding a desired
trace amount of Ca to the molten metal posterior to the
molten metal holding step. In this case, the Al alloy of
low Ca content containing a trace of Ca can be produced
precisely at low cost. That is, as mentioned above, as
the Al alloy base metal, an inexpensive base metal con-
taining much higher level of Ca than the desired Ca
amount is used, and the Ca content is once decreased
more than the desired Ca amount by conducting the
molten metal holding step. Subsequently, a trace of Ca
is added to reach a desired amount. As a result, even if
an inexpensive base metal is used, the Al alloy with low
Ca content having a desired trace amount of Ca inten-
tionally can be produced precisely at low cost.
[0020] Moreover, it is preferable that the method fur-
ther comprises a deoxidation step for removing nonme-
tallic inclusions such as oxides in the molten metal prior
to the molten metal holding step. In this case, the Ca
content can be also decreased in the deoxidation step,
and an excellent Ca removal effect is obtained by the
synergistic effect with the molten metal holding step.
Moreover, Ca removal effect is higher in the process se-
quence of deoxidation step followed by molten metal
holding step as compared with the reverse sequence.
[0021] Deoxidation process is realized by various
known methods. Usually, flux containing halogen com-
pound is used. Forexample, flux powder is added to mol-
ten metal, stirred, and let stand for about 10 minutes,
and slag is removed. By this deoxidation process, Ca
reacts with flux to produce slag, and it is removed from
the molten metal. As the flux for deoxidation, mainly Na
system compound or K system compound are used, and
both have almost the same Ca removal effects.
[0022] Moreover, it is preferable that the method fur-
ther comprises a degassing step for removing hydrogen
in the molten metal, between the deoxidation step and
the molten metal holding step, or after the molten metal
holding step. In this case, reducing effect of Ca content
can be further improved. At the same time, porosity
hardly occurs, and the alloy of low Ca can be obtained
efficiently and relatively at low cost.
[0023] Practical methods of the degassing step in-
clude, for example, a vacuum degassing method of
holding the molten metal in vacuum, and a gas bubbling
method of blowing Ar or N2 gas into the molten metal.
[0024] Moreover, it is preferable that the Al alloy base
metal contains Si by 4 mass % or more. If the Al alloy
base metal contains Si, Ca is often contained as impu-
rities. In particular, when inexpensive Si raw material of
low purity Si is used, the Ca content is high, and the
method of the present invention is particularly effective,
and practical effects are significant.
[0025] As the inexpensive Si raw material of low purity
Si, metal Si of high Ca content containing Ca by 300
ppm or more is known. Al alloy base metal obtained by
melting this metal Si of high Ca content together with
other components and solidifying could include Ca by

0.003 mass % or more. Therefore, when this Al alloy
base metal is used by melting (remelting), the producing
method of the present invention is particularly effective.
[0026] Moreover, it is preferable that the desired Al
alloy with low Ca content is an alloy containing Mg by 7
mass % or less, Si by 4 to 25 mass %, Cu by 7 mass %
or less, Fe by 1.5 mass % or less, and Ni by 7 mass %
or less. In this case, the obtained Al alloy with low Ca
content is an alloy excellent in strength and heat resist-
ance. In this case, too, a sufficient Ca reducing effect of
the invention is obtained.
[0027] The reasons for setting the limit contents of the
elements are briefly described below.

Mg: 7 mass % or less
[0028] If Mg content exceeds 7 mass %, compounds
containing Mg are much crystallized, and ductility is ex-
tremely lowered.

Cu: 7 mass % or less
[0029] If Cu content exceeds 7 mass %, compounds
containing Cu are much crystallized, and ductility is ex-
tremely lowered. Besides, porosity may increase, and
fatigue characteristic may be lowered.

Si: 4 to 25 mass %
[0030] If Si content is less than 4%, flow of molten
metal become poor and porosity is likely to occur. On
the other hand, if Si content exceeds 25%, coarse pri-
mary crystal Si is much produced, and ductility and
toughness at low temperature may be extremely low-
ered. Besides, machinability may be extremely lowered.
Or melting temperature becomes extremely higher, and
various problems such as oxidation of moltenmetal or
increase of hydrogen content are caused.
[0031] To obtain a hypereutectic structure, Si content
of at least 10 mass % or more is needed. For the ease
of hypereutectic solidifying, and for refinement of prima-
ry crystal Si, it is preferred to add P.

Fe: 1.5 mass % or less
[0032] By containing Fe, Fe compounds are produced
as crystals. By dispersion hardening of this crystals,
high temperature yield stress is enhanced. In the case
Fe exceeds 1.5 mass %, coarse Fe compounds are pro-
duced, and ductility and toughness may be lowered.
Herein, Fe compound is a general name of compounds
containing Fe.

Ni: 7 mass % or less
[0033] By containing Ni, compounds containing Ni are
produced as crystals. By dispersion hardening of this
crystals, high temperature yield stress is enhanced. In
the case Ni exceeds 7 mass %, coarse compounds con-
taining Ni are much produced, and ductility and tough-
ness are lowered.
[0034] It is further preferred to contain Ti, Zr, and V by
0.05 to 0.5 mass % each. By containing these compo-
nents, the heat resistance of the alloy is further en-
hanced. If the contents are less than 0.05 mass%, the
effects are small, or if exceeding 0.5 mass %, coarse
compounds are produced, and ductility and toughness
may be lowered.
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[0035] Moreover, it is preferable that the desired Al
alloy with low Ca content is an alloy containing Si by 10
to 25 mass %, and having a hypereutectic structure in-
cluding primary crystal Si. In this case, in particular, an
alloy excellent in strength and heat resistance is ob-
tained.
[0036] Moreover, if the Si content is less than 10 mass
%, as mentioned above, it is hard to obtain hypereutectic
structure. On the other hand, if exceeding 25 mass %,
as mentioned above, coarse primary crystal Si is much
produced, and various problems are caused, such as
ductility and toughness at low temperature are lowered,
machinability is also lowered, oxidation of molten metal
and hydrogen content are increased.
[0037] In the base metal of the second aspect of the
invention for producing Al alloy with low Ca content of
the first aspect of the invention, it is preferable that the
Mg content is 0.2 mass % or less.
[0038] It is preferable that, Si is further contained in
the base metal by 4 mass % or more. In order to pro-
ducing the base metal containing Si by 4 mass % or
more, an inexpensive raw material of low purity Si, for
example, metal Si with high Ca content containing Ca
by 300 ppm or more can be used.

Embodiments

[0039] The method of producing Al alloy with low Ca
content, and the base metal for the method as the em-
bodiments of the present invention are specifically de-
scribed below while referring to Fig. 1 to Fig. 24.

Embodiment 1

[0040] The embodiment was carried out, as shown in
Fig. 1, by executing a base metal melting step S1 of
melting Al alloy base metal (Mg-free base metal con-
taining Ca) containing Ca by 0.003 mass % or more and
Mg content of 1 mass % or less, and a molten metal
holding step S2 for exposing the surface of the molten
metal obtained in the base metal melting step S1 to the
atmosphere. Moreover, it was followed by a casting step
S3 for casting the molten metal into molds sequentially
by varying the holding time at the molten metal holding
step S2, and the relation of the holding time of the molten
metal holding step and the Ca content was determined.
[0041] More specifically, the Al alloy base metal was
prepared by melting pure Al for industrial use (99.8%)
in a graphite crucible, and adjusting the Ca content to
100 ppm (0.01 mass %) by using Al-0.25 mass % Ca.
In this embodiment, the melting process for this adjust-
ment is evaluated as the base metal melting step S1,
and the holding time immediately after the adjustment
is the holding time of exposure to the atmosphere in the
molten metal holding step S2.
[0042] In the embodiment, the casting step S3 for
casting the molten metal into molds of 40 mm in diam-
eter and 25 mm in height was executed right after ad-

justment, after 20 minutes of holding, and 60 minutes of
holding individually, and the Ca content in the obtained
cast alloy was analyzed. In the base metal melting step
S1 and molten metal holding step S2, the molten metal
temperature was controlled in a range of 750 deg. C +/-
20 deg. C. The Ca content was analyzed by fluorescent
X-ray method using standard sample.
[0043] Analysis result of Ca content is shown in Fig.
2. In the diagram, the axis of abscissas denotes the Ca
analysis timing, and the axis of ordinate represents the
Ca analytical value (ppm) .
[0044] As shown in the diagram, as the holding time
in the molten metal holding step S2 became longer, the
Ca content decreased. That is, in the initial stage, the
Ca content was already reduced from 100 ppm to 34
ppm, but by holding for 60 minutes, it was further re-
duced notably to about half of 18 ppm.

Embodiment 2

[0045] The embodiment was carried out, as shown in
Fig. 3, by increasing the Ca content in the Al alloy base
metal to 180 ppm (0.018 mass %) more than in embod-
iment 1, and executing a Mg adding step S25 of adding
Mg intentionally after holding for 180 minutes, and the
relation of the holding time of the molten metal holding
step S2 and the Ca content was determined same as in
embodiment 1.
[0046] Results are shown in Fig. 4. As shown in the
diagram, the initial Ca content was high at 54 ppm, but
reduceddramatically as the holding time continued, and
dropped to about 24 ppm in 60 minutes, and 14 ppm in
180 minutes. Afterwards, Mg was added by about 1
mass %, and analysis samples were obtained immedi-
ately after and 30 minutes later. By addition of Mg, the
Ca content was not changed, and the nearly same con-
tent was maintained after 30 minutes. The final Mg con-
tent was 0.94 mass %. As known from this result, it is
clear that the Al alloy with low Ca content containing Mg
can be easily obtained by adding Mg after removing Ca
by using an alloy of low content of Mg.

Embodiment 3

[0047] The embodiment was carried out, as shown in
Fig. 5, by executing a deoxidation step S15 before the
molten metal holding step S2 in the producing process
in embodiment 2. The other operation is the same as in
embodiment 2. In deoxidation process of the present
embodiment, a commercial flux for Al deoxidation main-
ly composed of Na system halogen compound was add-
ed in the molten metal, stirred and let stand for 10 min-
utes, and the slag was removed.
[0048] Transition of Ca content in this embodiment is
shown in Fig. 6. As known from the diagram, the Ca con-
tent was 48 ppm before the deoxidation process, and
dropped to 19 ppm by the deoxidation process, and fur-
ther declined to 10 ppm or less in 60 minutes. After 120
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minutes, Mg was added by about 1.5 mass %, and it
was let stand for further 60 minutes. The final Mg
amount was 1.4 mass %. By addition of Mg, the Ca con-
tent was not changed, and kept at low level. It is known
from this result that the deoxidation process further en-
hances the Ca removal effect, and by using a raw ma-
terial of low purity containing Ca by more than 100 ppm,
an alloy with an extremely low Ca content of 10 ppm or
less can be easily obtained.

Embodiment 4

[0049] This embodiment is similar to embodiment 3,
except that a commercial flux for deoxidation mainly
composed of K system halogen compound for hypereu-
tectic Al-Si alloy was used in the deoxidation step S15.
Only the Ca content before Mg adding step in embodi-
ment 3 was analyzed. Results are shown in Fig. 7. In
this case, too, the deoxidation process and holding step
extremely encouraged the Ca removal effect, and it is
known that the Ca removal effect is obtained regardless
of the type of the flux.

Embodiment 5

[0050] The present embodiment is similar to the pro-
ducing method (Fig. 1) of embodiment 1, except that Al-
0.5 mass % Mg alloy was used as Al alloy base metal,
and deoxidation step was not carried out. In this case,
too, as shown in Fig. 8, the initial Ca content was 35
ppm or more, but dropped to 11 ppm after holding for 60
minutes, and a sufficient Ca removal effect was obtained
in spite of slight content of Mg.

Embodiment 6

[0051] In the present embodiment, an alloy containing
Mg was used as Al alloy base metal as well as in em-
bodiment 5, but deoxidation step was carried out. For
the flux of deoxidation process, a commercial product
mainly composed of Na system halogen compound is
used. In this case, too, as shown in Fig. 9, the deoxida-
tion process and holding step extremely encouraged the
Ca removal effect, and instead of the high initial Ca con-
tent of 47 ppm, an alloy of high purity of 8 ppm or less
Ca was obtained after holding for 60 minutes or more.

Embodiment 7

[0052] The present embodiment is similar to the meth-
od (Fig. 1) of embodiment 1, except that Al alloy con-
taining Si was used as Al alloy base metal, and deoxi-
dation step was not carried out.
[0053] More specifically, after melting pure Al for in-
dustrial use (99.8%) in a graphite crucible, low purity
metal Si with high content of Ca was added, and Al-13.8
mass % Si alloy was obtained in the base metal melting
step S1 (Fig. 1). It was followed by the molten metal

holding step S2, and further by the casting step S3, and
changes of Ca content were studied by sampling. The
melting temperature and holding temperature were both
750 deg. C +/- 20 deg. C.
[0054] As shown in Fig. 10, since the Si of extremely
low purity was used, the initial Ca content was very high
levels of 70 ppm, but Ca was removed progressively
along with the holding time, and it extremely dropped to
44 ppm after holding for 210 minutes.

Embodiment 8

[0055] In this embodiment, Al-25 mass % Si alloy
base metal (Ca content of 150 ppm), which was made
by using low purity Si as in the embodiment 7, was used
as the melting material. This Al 25-mass % Si alloy is
added to pure Al for industrial use (99.8%) melted in a
graphite crucible. And the obtained ingot of Al-13.8
mass % Si alloy is used as the Al alloy base metal. In
this embodiment, as shown in Fig. 5, the base metal
melting step S1 was followed by deoxidation step S15
by using flux mainly composed of K system halogen
compound. Further, as shown in Fig. 5, the molten metal
holding step S2 was followed by Mg adding step S25.
[0056] As shown in Fig. 11, by the deoxidation proc-
ess and subsequent holding step, Ca dropped extreme-
ly to quite low level of 10 ppm or less in 60 minutes. After
120 minutes holding, Mg was added, and it was let stand
for further 60 minutes, but by addition of Mg and subse-
quent holding time, the Ca content was not changed
substantially, and kept at low level of 10 ppm or less. It
is known from this result that the deoxidation step S15
and molten metal holding step S2 can lower the Ca con-
tent to 10 ppm or less, and an alloy of extremely high
purity is obtained in spite of using the raw material of
low purity metal Si of extremely high content of Ca. Also
by Mg adding step S25 is conducted at the final process,
an alloy containing Mg with low Ca content can be ob-
tained easily. Since the low purity metal Si is inexpen-
sive, the industrial merit is outstanding because an alloy
of high purity can be obtained in such a simple process.

Embodiment 9

[0057] In embodiment 9, the deoxidation step using a
commercial flux mainly composed of Na system halo-
gen compound is executed up to before the Mg adding
step S25 instead of executing the deoxidation step S15
(Fig. 5) of embodiment 8. As shown in Fig. 12, the same
Ca removal effect as in embodiment 8 was obtained,
and it is known that the Ca removal effect is obtained
regardless of the type of the flux.

Embodiment 10

[0058] Similar to the method of embodiments 8 and
9, molten metal of Al-13.8 mass % Si alloy was pre-
pared, and pure Mg for industrial use was added to, and
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Al-13.8 mass % Si-0.7 mass % Mg alloy was made as
the Al alloy base metal. In the deoxidation step, a com-
mercial flux mainly composed of K system halogen com-
pound was used. In this step, the Mg adding step was
not executed.
[0059] As shown in Fig. 13, the initial Ca content was
45 ppm or more, but it was extremely reduced by deox-
idation process and holding step, and dropped to 15
ppm in 60 minutes and 12 ppm in 120 minutes. However,
as compared with the embodiments 8 and 9 not contain-
ing Mg in the Al alloy base metal, the Ca content after
holding 60 minutes was slightly higher. That is, in order
to achieve an extremely low Ca content of 10'ppm or
less, it is preferred to use an alloy not containing Mg,
and add Mg in the final step after Ca removal.

Embodiment 11

[0060] In this embodiment, alloy with Ca which was
added Al-12. 5 Si-3 Cu-0.8 Mg-2.4 Ni-0.4 Fe-0.4 Mn-0.2
Ti-0.1 Zr-0.1 V (mass %) alloy was used as the Al alloy
base metal, and Al-0.25 mass % Ca was added to add
Ca, and the same method (Fig. 1) as in embodiment 1
was conducted. Deoxidation step and Mg adding step
were not executed.
[0061] As shown in Fig. 14, Ca amount fluctuate up
to 60 minutes of holding, and the Ca removal effect is
not clear, but by holding for 120 minutes or more, the
Ca amount reduce to 5 ppm or less.

Embodiment 12

[0062] In this embodiment, deoxidation step S15 was
added using commercial flux of K system halogen com-
pound before the molten metal holding step S2 in em-
bodiment 11.
[0063] As shown in Fig. 15, by deoxidation process
and subsequent holding step, Ca reduced, and dropped
to 9 ppm or less in 120 minutes or more.
[0064] As known from the results of this embodiment
and embodiment 11, if fortifying elements of practical al-
loy such as Cu, Ni, Fe, Mn, and others is added, similar
Ca removal is realized. However, to remove Ca more
securely, it is effective to execute deoxidation process
in addition to molten metal holding step. In the cast ma-
terial from this alloywas extremelyhigh in strength as
compared with the alloy not containing fortifying ele-
ments such as Cu, Ni, Fe, Mn, and others.

Embodiment 13

[0065] In this embodiment, as the Al alloy base metal,
Al-13 Si-3 Cu-2.3 Ni-0.4 Fe-0.4 Mn-0.2 Ti-0.1 Zr-1.0 V
(mass %) alloy was used, and the same method (Fig. 1)
as in embodiment 1 was conducted. Deoxidation step
and Mg adding step were not executed.
[0066] As shown in Fig. 16, Ca was removed credibly
as the holding time progressed, and dropped to 8 ppm

or less in 210 minutes. As known from the results, in the
alloy system containing fortifying elements of practical
alloy such as Cu, Ni, Fe, Mn, and others, stable Ca re-
moval effect can be obtained more easily in an alloy not
containing Mg.

Embodiment 14

[0067] In this embodiment, deoxidation step S15 was
added using commercial flux of K system halogen com-
pound before the molten metal holding step S2 in em-
bodiment 13.
[0068] As shown in Fig. 17, Ca reduced by deoxida-
tion process, and it dropped to 8 ppm or less after hold-
ing for 60 minutes. As known from this results, in the
alloy system containing fortifying elements of practical
alloy such as Cu, Ni, Fe, Mn, and others, a greater Ca
removal effect is obtained in an alloy not containing Mg,
and by the additional step of deoxidation, a high purity
alloy with Ca content of 10 ppm or less can be obtained
securely in a shorter time of holding.

Embodiment 15

[0069] In this embodiment, as the Al alloy base metal,
Al-13 Si-3 Cu-2.3 Ni-0.4 Fe-0.4 Mn-0.2 Ti-0.1 Zr-0.1 V
(mass %) alloy adjusted the initial Ca content to 20 ppm,
was used. In this embodiment, as shown in Fig. 18, the
base metal melting step S1 was followed by deoxidation
+ degassing step S16, that is, deoxidation process by
using K system halogen compound flux, and degassing
process of holding in a vacuum of 0.2 Torr or less for 40
minutes.
[0070] As shown in Fig. 19, by deoxidation and de-
gassing process, the Ca amount dropped to 8 ppm or
less, and low levels were maintained thereafter.

Embodiment 16

[0071] In this embodiment, Al-13.5 Si-3 Cu-2.3 Ni-0.4
Fe-0.4 Mn-0.2 Ti-0.1 Zr-0.1 V (mass %) alloy produced
by adding molten metal of Al-25 mass % Si alloy (Ca
content 150 ppm) which was made using the same low
purity metal Si as in embodiments 8 and 9 to the Al alloy
molten metal melted in a graphite crucible is used as the
Al alloy base metal. In this embodiment, too, as shown
in Fig. 18, the deoxidation + degassing step S16 was
executed same as in embodiment 15.
[0072] As shown in Fig. 20, the initial Ca content in
the base metal melting step S1 is estimated to be same
as in embodiments 8 and 9, but after deoxidation and
degassing process, it dropped extremely to 12 ppm, and
after holding for 120 minutes, very low levels of 3 ppm
or less were maintained.
[0073] As known from the results of this embodiment
and embodiment 15, if the degassing process is con-
ducted, similar Ca removal effect is obtained too, and
even if metal Si of low purity is used as Si raw material,
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by the execution of remelting, deoxidation, and molten
metal holding steps, a practical alloy of high purity of
extremely low Ca level can be obtained easily.

Embodiment 17

[0074] In this embodiment, Al-14 Si-3.2 Cu-2.6 Ni-0.4
Fe-0.4 Mn (mass %) alloy was used as the Al alloy base
metal, and the base metal melting step S1 was executed
(see Fig. 5) by melting in a graphite crucible. It was fol-
lowed by deoxidation process using commercially avail-
able K system halogen compound flux, and changes of
Ca amount in subsequent molten metal holding step
were studied. In this embodiment, the Mg adding step
S25 was not executed.
[0075] In this embodiment, when making the Al alloy
base metal, the same low purity metal Si as in embodi-
ments 8, 9, and 16 was used, and the Al alloy base metal
was cast after deoxidation process. As the base metal
melting step S1, remelting of the above Al alloy base
metal was executed.
[0076] As shown in Fig. 21, the Ca content in the initial
phase of melting was 21 ppm. By the deoxidation step
S15 after the base metal melting step S1, the Ca amount
extremely dropped to 5 ppm or less, and very low level
was maintained thereafter.
[0077] Thus, even if using metal Si of low purity as Si
rawmaterial, by execution of deoxidation and remelting
(base metal melting step S1) when producing primary
base metal, and the deoxidation step S15 andmolten-
metal holding step S2 at the time of remelting, a practical
alloy of high purity with very low Ca content can be ob-
tained easily and stably.
[0078] In ordinary cast parts manufacture, the Al alloy
base metal produced by the base metal manufacturer
is cast after remelting, as the base metal melting step
S1. So that, by setting the Mg amount low in the base
metal obtained from the base metal manufacturer, add-
ing Mg in the Mg adding step S25 after sufficiently re-
moving Ca in the final process of casting parts, cast
parts with high purity can be easily produced in the or-
dinary producing process.
[0079] In addition, by adding Mg after the final proc-
ess, that is, after the molten metal holding step S2, cast
parts of low Ca level containing Mg can be easily pro-
duced.
[0080] Besides, since it is easy to add Ca to adjust the
Ca amount, if a trace of Ca is desired for improving the
material structure, the Ca amount can be adjusted sim-
ilarly after the final process, that is, after the molten met-
al holding step S2. In the alloy containing Mg, since gas
absorption (to contain hydrogen) is likely to occur in the
base metal melting step S1 and molten metal holding
step S2, by processing up to the final process in the state
of alloy free of Mg, adding Mg before the casting step 3,
so that cast parts of high quality practically free from
casting defects can be easily obtained.

Embodiment 18

[0081] This embodiment is a example of assuming the
Al alloy base metal with Mg content of 0.1 mass % was
used by adding pure Mg in the base metal melting step
S1 of embodiment 17 to adjust the Mg content to 0.1
mass %. The other operation is same as in embodiment
17.
[0082] As shown in Fig. 22, if Mg is contained by 0.1
mass %, a notable Ca removal effect is obtained same
as in the case not containing Mg.

Embodiment 19

[0083] This embodiment is similar to embodiment 18,
except that Mg was contained by 0.2 mass %. As shown
in Fig. 23, a notable Ca removal effect is observed as in
embodiment 18.

Embodiment 20

[0084] This embodiment is similar to embodiment 18,
except that Mg was contained by 5 mass %. As shown
in Fig. 24, a Ca removal effect was observed after the
deoxidation step S15 and subsequent molten metal
holding step S2, but as compared with the results of em-
bodiments 17 to 19 with Mg amount of 0.2 mass % or
less, or embodiment 6 with Mg amount of 0.8 mass %,
the effect was moderate. Therefore, to obtain a favora-
ble Ca removal effect, it is preferred to process an alloy
of which Mg content is 1 mass % or less, and to obtain
an optimum Ca removal effect, it is desired to process
an alloy of which Mg content is 0.2 mass % or less. If
desired to contain Mg, it may be added in the Mg adding
step S25 after the Ca removal process, and hence an
alloy containing Mg with low Ca content can be easily
produced. If it is desired to add a trace of Ca for the
purpose of improvement of the material structure, after
Ca removal process, a necessary amount of Ca can be
added in the Ca adding step after the molten metal hold-
ing step S2, so that an alloy containing a trace of Ca can
be easily produced. It is explicitly stated that all features
disclosed in the description and/or the claims are intend-
ed to be disclosed separately and independently from
each other for the purpose of original disclosure as well
as for the purpose of restricting the claimed invention
independent of the compositions of the features in the
embodiments and/or the claims. It is explicitly stated that
all value ranges or indications of groups of entities dis-
close every possible intermediate value or intermediate
entity for the purpose of original disclosure as well as
for the purpose of restricting the claimed invention.

Claims

1. A method of producing Al alloy with low Ca content
containing Ca by 0.002 mass % or less, comprising:
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a base metal melting step for melting an Al alloy
base metal containing Ca by 0.003 mass % or
more and Mg by 1 mass % or less,
a molten metal holding step for reducing the Ca
content to 0.002 mass % or less by exposing
the surface of molten metal obtained at the
base metal melting step to the atmosphere for
20 minutes or more, and
a casting step for casting the molten metal into
a mold of desired shape.

2. The method of producing Al alloy with low Ca con-
tent as claimed in claim 1, wherein the Al alloy base
metal contains Mg by 0.2 mass % or less.

3. The method of producing Al alloy with low Ca con-
tent as claimed in claim 1 or 2, further comprising a
Mg adding step for adding a desired amount of Mg
to the molten metal posterior to the molten metal
holding step.

4. The method of producing Al alloy with low Ca con-
tent as claimed in any one of claims 1 to 3, further
comprising a Ca adding step for adding a desired
trace amount of Ca to the molten metal posterior to
the molten metal holding step.

5. The method of producing Al alloy with low Ca con-
tent as claimed in any one of claims 1 to 4, further
comprising a deoxidation step for removing nonme-
tallic inclusions such as oxides in the molten metal
prior to the molten metal holding step.

6. The method of producing Al alloy with low Ca con-
tent as claimed in claim 5, further comprising a de-
gassing step for removing hydrogen in the molten
metal, between the deoxidation step and the molten
metal holding step, or after the molten metal holding
step.

7. The method of producing Al alloy with low Ca con-
tent as claimed in any one of claims 1 to 6, wherein
the Al alloy base metal contains Si by 4 mass % or
more.

8. The method of producing Al alloy with low Ca con-
tent as claimed in claim 7, wherein the desired Al
alloy with low Ca content is an alloy containing Mg
by 7 mass % or less, Si by 4 to 25 mass %, Cu by
7 mass % or less, Fe by 1.5 mass % or less, and Ni
by 7 mass % or less.

9. The method of producing Al alloy with low Ca con-
tent as claimed in claim 8, wherein the desired Al
alloy with low Ca content is an alloy containing Si
by 10 to 25 mass %, and having a hypereutectic
structure including primary crystal Si.

10. A base metal for the method of producing Al alloy
with low Ca content of any one of claims 1 to 9,

characterized by that the Ca content is 0.003
mass % or more and the Mg content is 1 mass %
or less.

11. The base metal as claimed in claim 10, wherein the
Mg content is 0.2 mass % or less.

12. The base metal as claimed in claim 11, wherein Si
is further contained by 4 mass % or more.
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