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Description
Technical Field

[0001] The presentinvention relates generally to duc-
tile castiron production, and more particularly to a control
material that is filled, with a magnesium alloy, in a wire
used with a wire injection process for graphite spheroidi-
zation and a method for producing that control material.

Background Art of the Invention

[0002] For conventional ductile cast iron production, a
wire injection process is used as one of processes for
carrying out graphite spheroidization.

[0003] In the wire injection process, a wire having a
magnesium alloy filled as a graphite spheroidizing agent
in it is cast in a molten metal with the aid of an exclusive
feeder. With the wire injection process, the wire having
the magnesium alloy filled in it may be cast deep into the
molten metal.

[0004] Further, even when the surface of a molten met-
al is covered with slag, the wire injection process may be
used to inject the wire filled up with the magnesium alloy
into the molten metal through such slag.

[0005] The wire injection process makes sure of an
improvement in the production yield of ductile cast iron
because the magnesium component required for graph-
ite spheroidization is added to the molten metal in a sta-
bilized manner.

[0006] In addition, the wire injection process is well
compatible with ductile cast iron’s quality control and
quantitative fluctuations of molten metal, and lends itself
to automated addition of magnesium or the like because
the wire’s addition rate can freely be adjusted with the
aid of the dedicated feeder.

[0007] PatentPublication 1 discloses an apparatus ca-
pable of injecting a wire into a molten metal by such a
wire injection process. Upon contact with a high-temper-
ature molten metal, magnesium contained in the wire re-
acts to it explosively because of its low boiling point. For
the purpose of controlling such an explosive reaction of
magnesium, a reaction control material is filled up in the
wire together with the magnesium alloy.

[Prior Art]
[Patent Publication(s)]

[0008] [PatentPublication 1] Patent Publication 1: Jap-
anese Patent Application Publication No. 2016-16415

Summary of the Invention
[Problems to be solved by the invention]

[0009] As the control material is filled up in the wire
together with the magnesium alloy, however, it gives rise
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to a problem that the wire gets heavy, which in turn leads
to an increased load on wire delivery work and an in-
creased load on the injection of the wire using the dedi-
cated feeder.

[0010] The situations being like this, an object of the
present invention is to provide a wire capable of control-
ling the reaction of magnesium and achieving weight re-
ductions in the wire injection process for graphite sphe-
roidization upon ductile cast iron production.

[Means for solving the problems]

[0011] According to claim 1, the abovementioned ob-
jectis achieved by the provision of a control material used
in a wire injection process for graphite spheroidization
and filled together with a magnesium alloy within a wire,
characterized by being a porous, volcanic silicate mineral
containing 70 to 75% by weight of SiO,.

[0012] The control material of claim 1 is so filled in the
wire together with the magnesium alloy that the concen-
tration of magnesium in the wire can be kept low, enabling
to control the reaction of magnesium upon injection in a
molten metal in the wire injection process for graphite
spheroidization.

[0013] Further, the control material of claim 1, because
of being a porous, volcanic silicate mineral containing 70
to 75% by weight of SiO,, is lighter than a conventional
control material that is filled together a magnesium alloy
in a wire; it works in favor of wire weight reductions.
[0014] According to the control material of claim 2, the
control material of claim 1 has a porosity of 60 to 80%.
[0015] In ductile cast iron, there is dross occurring in
a molten metal. As casting takes place while dross re-
mains in the molten metal, it causes casting defects in
the ductile cast iron. This dross floats on the surface of
the molten metal in the form of slag that may then be
removed.

[0016] However, an increased amount of slag leads to
an increased load on slag removal work. Removal of slag
from the surface of the high-temperature molten metal is
very dangerous; so the load on slag removal work is pref-
erably reduced as much as possible.

[0017] The control material comprising the porous, vol-
canic silicate mineral containing much SiO, is foamed in
the molten metal, turning to dross. The dross produced
out of the porous, volcanic silicate mineral containing
SiO, floats on the surface of the molten metal, turning to
slag.

[0018] Working in much the same manner as the con-
trol material of claim 1, the control material of claim 2 has
a porosity of as high as 60 to 80% or its density gets low
forthatportion. Thus, even as the control material of claim
2 is foamed, the resulting dross decreases in volume; so
the slag resulting from the floating of dross decreases in
amount too. With the control material of claim 2, itis there-
fore possible to ease off loads on slag removal work.
[0019] According to the control material of claim 3, the
control material of claim 1 or 2 has an Ig. loss of 0.5% or
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less.

[0020] The smaller the Ig. loss is, the more the control
material comprising the porous, volcanic silicate mineral
containing SiO, remains stabilized in terms of the amount
of foaming in the molten metal.

[0021] Working in much the same manner as the con-
trol material of claim 1 or 2, the control material claim 3
has an Ig. loss of as small as 0.5% or less; so it is stabi-
lized in terms of the volume of foaming. With the control
material of claim 3, it is therefore possible to gain fine
control of the amounts of dross and slag formed.
[0022] The control material of claim 3 is so stabilized
in terms of the amount of foaming that the amount of the
control material foamed in the molten metal can finely be
controlled. As the amount of the control material foamed
in the molten metal is adjusted within a proper range, it
permits for adjustment of buoyant force generated in the
foamed control material. It is thus possible to adjust the
time of the control material remaining in the molten metal
and, hence, to gain efficient control of the reaction of
magnesium.

[0023] On the other hand, the component(s) added by
way of the magnesium-containing wire also turns into
drossin the molten metal. When a molten metal-receiving
ladle of large size is used, there is some time taken for
such dross to float on the surface of the molten metal,
during which some problems arise such as a lowering of
the molten metal temperature and disappearance of the
graphite spheroidization effect.

[0024] Forinstance by adjusting the amount of the con-
trol material foamed in the molten metal in such a way
as to come within a proper range, it is possible to adjust
buoyant force occurring in the foamed control material.
The control material of claim 3 is thus foamed in the mol-
ten metal and floats on the molten metal together with
dross ofthe component(s) added by the magnesium-con-
taining wire; so the time during which the dross floats on
the surface of the molten metal can be adjusted.

[0025] As the amount of the control material foamed
becomes excessive, it may cause the control material to
come in contact with and be deposited onto the inner
surface of the ladle. Such deposition of the foamed con-
trol material may possibly have an adverse influence on
the quality of ductile castiron, doing damage to the ladle.
[0026] Forinstance, if the control material of claim 3 is
adjusted such that the amount of the control material
foamed in the molten metal comes within a proper range,
it is then possible to easily eliminate the foamed control
material before coming in contact with and being depos-
ited onto the inner surface of the ladle.

[0027] According to the control material of claim 4, the
control material of any one of claims 1 to 3 has a specific
gravity of 0.5 to 1.0 g/cm3.

[0028] The control material of claim 4 does just only
work in much the same manner as that of any one of
claims 1 to 3 but also has a specific gravity of 0.5 to 1.0
g/cm3 that is much lower than that of a conventional con-
trol material. For this reason, the control material of claim
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4 helps reduce the weight of the wire in which it is filled
together with the magnesium alloy.

[0029] According to the control material of claim 5, the
control material of any one of claims 1 to 4 comprises a
fired spherical member having a diameter of less than 5
mm or a fired rod member having a length of less than 5
mm.

[0030] If the control material comprising a porous, vol-
canic silicate mineral containing SiO, is fired, it is then
more stabilized in terms of the amount of foaming.
[0031] Working in much the same way as is the case
with the control material of any one of claims 1 to 4, the
control material of claim 5 remains more stabilized in
terms of the amount of foaming because of taking the
form of a fired spherical member having a diameter of
less than 5 mm or a fired rod member having a length of
less than 5 mm. It is thus possible to finely control the
amount of foaming of the control material of claim 5 in
the molten metal because of the stabilized amount of
foaming. In other words, this control material works like
that of claim 3.

[0032] Recited in claim 6 is a method for producing a
control material used with a wire injection process for
graphite spheroidization wherein the control material
comprises a porous, volcanic silicate mineral containing
70 to 75% by weight of SiO,.

[0033] The control material produced by the production
method of claim 6 works in much the same way as is the
case with that of claim 1.

[0034] In the control material production method of
claim 7, while a powdery volcanic silicate mineral having
a particle diameter of 0.1 mm or less and a water content
of 15 to 35% by weight is used as a binder, a porous,
volcanic silicate mineral having an average particle di-
ameter of 3 mm or less is processed into a spherical
member having a diameter of less than 5 mm or a rod
member having a length of less than 5 mm.

[0035] The control material produced by the production
method of claim 7 ensures that depending on the amount
of a molten metal and conditions such as temperature,
the control material is properly molten and the proper
reaction time for graphite spheroidization by magnesium
is achieved as well.

[0036] According to the control material production
method of claim 8, the control material is fired at 900 to
1000°C.

[0037] With the control material produced by the con-
trol material production method of claim 8, the proper
reaction time for graphite spheroidization by magnesium
is achievable depending on the amount of a molten metal
and conditions such as temperature. Therefore, the con-
trol material produced by the control material production
method of claim 8 works in much the same way as is the
case with that of claim 3.

[Advantages of the Invention]

[0038] With the control material of any one of claims 1
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to 5 as well as the control material produced by the control
material production method of any one of claims 6 to 8,
it is possible to control the reaction of magnesium and
achieve weight reductions of the wire in the wire injection
process for graphite spheroidization by magnesium on
ductile cast iron production.

Modes for Carrying out the Invention

[0039] A wire used with the wire injection process has
a diameter of 6 to 16 mm, and is obtained by covering a
magnesium alloy, a control material and additives with a
metallic thin sheet.

[0040] The control material production method that is
one embodiment of the invention is now explained.
[0041] In the first step, a porous, volcanic silicate min-
eral containing SiO, is sieved into a powdery, volcanic
silicate mineral having a particle diameter of 0.1 mm or
less and a water content of 15 to 35% weight and a po-
rous, volcanic silicate mineral having a particle diameter
of 3 mm or less.

[0042] The process then goes to the second step in
which the powdery, volcanic silicate mineral having a par-
ticle diameter of 0.1 mm or less is used as a binder and
mixed with the porous, volcanic silicate mineral having a
particle diameter of 3 mm or less, and the mixture is gran-
ulated with a diameter of less than 5 mm.

[0043] The process then goes to the third step in which
the granulated spheres having a diameter of less than 5
mm are dried.

[0044] The process then goes to the fourth step in
which the granulated spheres having a diameter of less
than 5 mm are fired at 900 to 1000°C.

[0045] Through the steps as mentioned above, the
control material that is one embodiment of the invention
is produced.

[0046] By analysis, the thus produced control material
is found to have the following features.

[0047] The control material is a porous, volcanic sili-
cate mineral containing 73.0% by weight of SiO,, and
has a porosity of 60 to 80%, an Ig. loss of 0.33% and a
specific gravity of 0.5 to 1.0 g/lcm3. The spherical control
material has a diameter of less than 5 mm.

[0048] To ascertain the water absorption of the control
material according to the embodiment here, the following
experimentation is done. Fifty (50) grams of the control
material were placed in an aluminum dish having a di-
ameter of 120 mm and a depth of 30 mm, and dried in a
drying furnace having a temperature of 105°C for a time
period of 24 hours. The mass (mass upon drying) of the
dried control material was measured.

[0049] The dried control material was then placed in
an environmental tank having a temperature of 20°C and
a humidity of 90% RH in which the mass of the control
material (mass upon water feeding) was measured while
water was periodically absorbed in the control material
for 120 hours.

[0050] As calculated in accordance with water absorp-
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tion (%) = (mass upon water feeding - mass upon dry-
ing/mass upondrying X 100, the control material accord-
ing to this embodiment was found to have a water ab-
sorption of less than 1% from the start of water feeding
up to the lapse of 120 hours.

[0051] In other words, the control material according
tothe embodiment here is less likely to absorb water from
the atmosphere over time so much so that its storage
over an extended period is facilitated. In addition, the
control material after storage over an extended period
remains stabilized in terms of the amount of foaming in
a molten metal as is the case with a control material not
subject to storage over an extended period.

[0052] In the aforesaid embodiment of the control ma-
terial production method, a mixture of the binder pow-
dery, volcanic silicate mineral having a particle diameter
of 0.1 mm orless with the porous, volcanic silicate mineral
having a particle diameter of 3 mm or less is spherically
granulated with a diameter of less than 5 mm; however,
the present invention is in no sense limited to it. For in-
stance, a mixture of the binder powdery, volcanic silicate
mineral having a particle diameter of 0.1 mm or less with
the porous, volcanic silicate mineral having a particle di-
ameter of 3 mm or less may be formed into a rod member
having a length of less than 5 mm.

[0053] In the aforesaid control material embodiment,
the control material is a porous, volcanic silicate mineral
containing 73.0% by weight of SiO,; however, the
present invention is by no means limited to it. For in-
stance, depending on the casting conditions used, the
control material may comprise a porous, volcanic silicate
mineral containing 70 to 75% by weight of SiO,.

[0054] In the aforesaid control material embodiment,
the control material has an Ig. loss of 0.33%; however,
the present invention is not limited to it whatsoever. For
instance, depending on the casting conditions used, the
control material may have an Ig. loss of 0.5% or less.

Claims

1. A control material that is filled together with a mag-
nesium alloy in a wire in a wire injection process for
graphite spheroidization, characterized by being a
porous, volcanic silicate mineral containing 70 to
75% by weight of SiO,.

2. The control material according to claim 1, charac-
terized by having a porosity of 60 to 80%.

3. The control material according to claim 1 or 2, char-
acterized by having an Ig. loss of 0.5% or less.

4. The control material according to any one of claims
1 to 3, characterized by having a specific gravity of

0.5to 1.0 g/cm3.

5. The control material according to any one of claims
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1 to 4, characterized by being a fired spherical
member having a diameter of less than 5 mm or a
fired rod member having a length of less than 5 mm.

Amethod for producing a control material thatisused 5
with a wire injection process for graphite spheroidi-
zation, characterized in that said control material
comprises a porous, volcanic silicate mineral con-
taining 70 to 75% by weight of SiO,.

10
The method for producing a control material accord-
ing to claim 6, characterized in that the control ma-
terial is produced by processing a porous, volcanic
silicate mineral having a particle diameter of 3 mm
or less into a spherical member having a diameter 15
of less than 5 mm or a rod member having a length
of less than 5 mm while using a powdery, volcanic
silicate mineral having a particle diameter of 0.1 mm
or less and a water content of 15 to 35% by weight.

20
The method for producing a control material accord-
ing to claim 6 or 7, characterized in that the control
material is fired at 900 to 1000°C.
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