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DESCRIPTION
REFRACTORY FOR STEEL CASTING, PLATE FOR SLIDING NOZZLE DEVICE, AND
METHOD FOR PRODUCING REFRACTORY FOR STEEL CASTING

[Technical Field]

[0001] The present invention relates to a refractory for steel casting, a plate for a sliding
nozzle device using the refractory, and a method for producing the refractory.

[Background Art|

[0002] A plate for a sliding nozzle device (hereinafter, this is referred to as “sliding nozzle
plate”, and a refractory for this plate is referred to as “plate refractory”) is being widely
employed in a steel industry as an essential refractory product for a flow control member of a
melted metal in the present time when the secondary processing and continuous casting in a
ladle have been generalized. This sliding nozzle plate is a component which plays a role to
control a flow of a melted metal including a melted steel, so that the sliding nozzle plate is
required to have a very high performance, and also in a material quality, the sliding nozzle
plate is required to have well-balanced superior properties which can cope with various harsh
conditions. That is, the sliding nozzle plate receives not only physical actions including an
abrasion and a sudden thermal shock due to a flow of a melted metal, but also a chemical
invasion due to a melted metal, a melted slag, and the like (corrosion), an invasion due to a
combined chemical and physical actions (erosion), and the like; and therefore, a product
having excellent properties in the thermal shock resistance, the abrasion resistance, the
corrosion and erosion resistances, the strength, and the like are required as necessary
characteristics to be possessed. In order to furnish the sliding nozzle plate with the
above-mentioned propertics in a weli-balanced fashion, an alumina-carbon based refractory
which has a highest stability in a tolerance is being widely used.

[0003] With regard to the method for improving the thermal shock resistance, a large
amount of raw material having a low thermal expansion coefficient, which includes a
siliceous material, a silicon carbide material, and a carbonaceous material, is generally used;
however, because the raw material including the siliceous material, the silicon carbide
material, and the carbonaceous material readily reacts with a melted steel or forms a
compound having a low melting point, there has been a problem of deterioration of the
corrosion and erosion resistances. Accordingly, many proposals have been made with

regard to the plate refractory.
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[0004] For example, in Patent Document 1, a proposal is made with regard to a baked plate
refractory which is produced by adding to a fire resistant aggregate an expanded graphite and
a metal with the maximum amounts of 10% by mass and 8% by mass, respectively, followed
by molding the resulting mixture and then by a heat treatment at a temperature of not lower
than 1000°C. In the baked plate refractory thus produced, however, the metal added as an
antioxidant does not have an effect to enhance the thermal shock resistance, so that the
thermal shock resistance thereof is improved by adding the expanded graphite, but, the
expanded graphite causes a deterioration of the oxidation resistance and a decrease in the
strength, as well as an increase in roughness of a sliding part, thereby resulting in a decrease
in the tolerance.

{0005}  As the method for enhancing the corrosion and erosion resistances, a plate refractory
called as a non-baked product or a light baked product (hereinatter, “non-baked” and “light
baked™ are collectively referred to as “‘non-baked”) which is added with a mctal having a low
melting point and is produced by a heat treatment at a temperature not higher than 1000°C is
proposed, for example, in Patent Document 2.  Advantage of the non-baked plate refractory
resides in a high hot strength and in the corrosion and erosion resistances to a melted steel
owing to a large amount of an added metal. Contact of a refractory with a melted steel
causes a reaction with the metal to produce a product which densifies the organization thereof
in a neighborhood of an operation surface, so that infiltration of a slag can be suppressed. In
addition, the non-baked plate refractory has an excellent characteristic in the FeO resistance.
On the other hand, the organization is excessively densified by a heat which is received upon
casting, resulting in a very high modulus; and thus there is a drawback of a low thermal shock
resistance. Accordingly, there have been problems including an edge defect and an casy
gencration of a crack by a thermal shock.

[0006] In Patent Document 3, it is shown that the strength, the oxidation resistance, the
corrosion and erosion resistances, and the thermal shock resistance of the refractory can be
enhanced when a mass ratio of a carbon relative to an aluminum-containing metal is made in
the range of 0.2 to 0.45 so as to cause the reaction of the carbon with the metal neither too
much nor too little. However, this does not take into an account a volume increase due to
the reactions that take place upon a heat receiving of a metal aluminum; an excessive
densification causes a large increase in the modulus, and thus, the thermal shock resistance
thereof is insufficient.

[Citation List]
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[Patent Documents]
[0007]
Patent Document 1: Japanese Patent Laid-Open Publication No. 2003-245770
Patent Document 2: Japanese Examined Patent Publication No. S60-29664
Patent Document 3: Japanese Patent Laid-Open Publication No. 2012-200733
[Summary of the Invention]
[Problems to be Solved by the Invention]
[0008] As described above, many attempts have been made to enhance the hot strength and
the oxidation resistance thereby enhancing the corrosion and erosion resistances to a melted
steel by including a metal aluminum into a refractory. However, with the conventional
methods as mentioned above, not only a volume increase takes place by the reactions which
occur when the metal aluminum receives a heat, but also a large increase in the modulus takes
place because these reactions cause an excessive densification of the refractory organization;
and as a result, problems including a decrease in the thermal shock resistance could not have
been solved yet.
[0009] The problem to be solved by the present invention is to suppress destruction of a
refractory which contains a metal aluminum.
[Means for Solving the Problems]
[0010]  The present invention relates to a refractory for steel casting, a plate for a sliding
nozzle device, and a method for producing the refractory for steel casting, as described below.
{0011]  Accordingly, one embodiment is directed to a refractory for steel casting, wherein
the refractory for stecl casting contains a refractory material consisting of a free carbon in the
range of 1 to 10% by mass, both inclusive, when a total amount of said refractory is taken as
100% by mass, a metal aluminum in the range of 6 to 15% by mass, both inclusive, when a
total amount of said refractory is taken as 100% by mass, and a balance of the free carbon and
the metal aluminum comprising at least one mectal oxide. The refractory for steel casting
satisfies Equation 1, provided that a metal aluminum content in the refractory is designated by
Al% by mass, an apparent porosity thereof is designated by P%, and a bulk density thereof is
designated by D.

0.31xAIL(P-4)/D Equation 1
[0011a] In another embodiment, the metal oxide is selected from the group of Al203, Si02,

ZrO2, MgO, TiO2 and a combination thereof; and a total amount of the at least one metal
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oxide is 95% or more by mass when a total amount of the balance of the free carbon and the
metal aluminum is taken as 100% by mass.
[0011b] In another embodiment, the refractory for steel casting further contains a metal
silicon in the range of 0.5 to 4% by mass, both inclusive, when a total amount of said refractory
is taken as 100% by mass.
[0011c] Another embodiment of the disclosure is directed to a plate for a sliding nozzle
device, wherein part or all thereof is composed of the refractory for steel casting according to
the present disclosure.
[0011d] Another embodiment of the disclosure is directed to a method for producing a
refractory for stecl casting, wherein the method is to produce the refractory for steel casting
as described herein, and comprises: making a body for molding by adding to a mixed powder
1 to 7% by mass, both inclusive, when a total amount of the mixed powder is taken as 100%
by mass, of a thermosetting resin. The mixed powder comprises a refractory matcrial
consisting of an aluminum-containing metal and a balance of the aluminum-containing metal
containing at least one metal oxide including one or plurality of components selected from
Al203, Si02, ZrO2, MgO, and TiO2, which is then followed by kneading a resulting mixture;
press-molding the body for molding; and carrying out a heat treatment thereof’ and also,

the metal aluminum content in the refractory after the heat treatment is made in the
range of 6 to 15% by mass, both inclusive, when a total amount of said refractory is taken as
100% by mass, and an apparent porosity is controlled so as to satisfy the Equation 1.
[0011e] In another embodiment, the aluminum-containing metal contained in the mixed
powder is derived from a raw material including a simple metal aluminum with one or plural
forms selected from a flake-like form having a maximum length of not more than 140 um, a
granular-like form having a particle diameter of not more than 140 um, and a fiber-like form
having a maximum diameter of a cross section thereof of not more than 200 um and a
maximum length of not more than 5 mm,
[0011f] In another embodiment, part or all of the aluminum-containing metal contained in
the mixed powder is derived from a raw material including a metal aluminum-containing alloy.
[0011g] In another embodiment, the metal aluminum-containing alloy is an aluminum-
magnesium alloy or an aluminum-silicon alloy.
[0011h] The disclosure further defines a refractory for steel casting containing a refractory

material consisting of a free carbon in the range of 1 to 10% by mass, both inclusive, when a
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total amount of said refractory is taken as 100% by mass, a metal aluminum in the range of 6
to 15% by mass, both inclusive, when a total amount of said refractory is taken as 100% by
mass, and a balance of the free carbon and the metal aluminum comprising at least one metal
oxide; the refractory for steel casting satisfying said Equation 1.

[0011i] The disclosure further defines a refractory for steel casting wherein said at least one
metal oxide is selected from the group consisting of Al203, Si02, ZrO2, MgO, TiO2 and a
combination thereof; and a total amount of said at least one metal oxide is 95% or more by
mass when a total amount of said balance of the free carbon and the metal aluminum is taken
as 100% by mass.

[0011j] Moreover, the disclosure also defines a method for producing a refractory for steel
casting, wherein the method is to produce the refractory for steel casting according to the
present disclosure, and comprises: making a body for molding by adding to a mixed powder
1 to 7% by mass, both inclusive, when a total amount of the mixed powder is taken as 100%
by mass, of a thermosetting resin. The mixed powder comprises a refractory material
consisting of an aluminum-containing metal and a balance of the aluminum-containing metal
containing at least one metal oxide selected from the group consisting of A1203, Si02, ZrO2,
MgO, TiO2 and a combination thereof which is then followed by kneading a resulting mixture;
press-molding the body for molding; and carrying out a heat treatment thereof, and also, the
metal aluminum content in the refractory after the heat treatment is made in the range of 6 to
15% by mass, both inclusive, when a total amount of said refractory is taken as 100% by mass,
and an apparent porosity is controlled so as to satisfy the Equation 1 by any one or more
methods of following (1) to (3):

(1) an applied pressure or a compression allowance is adjusted during the time of molding,
(2) avolatile or a flammable liquid (including a colloid) or a superfine particulate is dispersed
into the body, and

(3) a particle size or a form of a raw material is controlled.

[0012]  According to the present invention, in the refractory which contains 1 to 15% by
mass, both inclusive, of a metal aluminum, destruction of a refractory organization can be
suppressed by relaxing an expansion with a void inside the refractory organization, wherein
the expansion is caused by a volume increase by the reactions which take place upon a heat
receiving of the metal aluminum, and the degree of the expansion is such that the organization

thereof may be destructed.

CA 2939720 2019-04-01
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[0013] The reactions which take place upon a heat receiving of the metal aluminum are
mainly reactions with a carbon monoxide and with a carbon.  The term “upon a heat receiving
of the metal aluminum” means during the time of a heat treatment in the production process
or during the time of the use in the casting operation, that is, during the time of processing a
steel. With these reactions, a carbide or an oxide is formed, so that the volume increases.
Specifically, the metal aluminum reduces a carbon monoxide gas, thereby supplying a carbon
to the refractory organization, and producing an aluminum carbide or an aluminum oxide as
well.  Meanwhile, the aluminum oxide is also produced by a reaction with an oxygen in an
air. With these reactions, the refractory organization is densified thereby enhancing the
strength thereof. As a result, the oxidation resistance as well as the corrosion and erosion
resistances is enhanced, whereas the thermal shock resistance is prone to be deteriorated.
[0014] The reason why the metal aluminum content is made in the range of 1 to 15% by
mass, both inclusive, is to express the effect to enhance the oxidation resistance and the
strength, as well as the effect of densification, wherein these effects are insufficient when the
content thereof is less than 1% by mass, and when the content thereof is more than 15% by
mass, destruction or deterioration of the organization occurs due to excessive formation of the
carbide or the oxide.

[0015] The reactions with a carbon monoxide and with a carbon which take place upon a

heat receiving of the metal aluminum can be expressed by the following Equations.

2A1+3CO — AlLOs3 + 3C Equation 2
4A1 +4CO — AlsO4C +3C Equation 3
4A1+3C - AlCs Equation 4

[0016] The volume increase ratios by these reactions are 135% (2.35 folds in volume), 115%
(2.15 folds in volume), 0% (1.0 fold in volume, namely, the volume does not change),
respectively. Meanwhile, the reason why the Equation 4 is zero is because the carbon is

present in the refractory composition before the reaction of the metal aluminum, the total
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volume of the metal aluminum and the carbon before the reaction is the same as that after the
reaction.

[0017] The incremental volume due to these reactions fills the voids present in the
refractory, so that the refractory organization is densified. In due course, when the
densification progresses to a certain degree at which the voids disappear, namely, when the
volume increase that accompanies the reactions of the metal aluminum becomes more than
the void volume present in the refractory before the reactions, the volume increase due to the
reactions cannot be absorbed inside the refractory, resulting in the expansion or the
destruction of the refractory itself.

[0018] Accordingly, in the present invention, the material is designed such that the
incremental volume of the metal aluminum from before the reactions and after the rcactions
may not exceed the void volume present in the refractory before the reactions. However, if
the void volume is left excessively inside the refractory in advance simply as the allowance to
be absorbed for the incremental volume due to the reactions upon a heat receiving of the
metal aluminum, properties including the oxidation resistance, the infiltration resistance, the
corrosion and erosion resistances, and the abrasion resistance may be enhanced to some extent,
but, the enhancements in these properties are not necessarily sufficient, and also these
properties become unstable.

[0019]  Accordingly, it is preferable to make such that the void volume present in the
refractory before the reactions may be as near as possible to the incremental volume
corresponding to the metal aluminum content before the reactions and yet the void volume
may be approximately in a level not exceeding the incremental volume, because with this, not
only the properties including the oxidation resistance, the inftiltration resistance, the corrosion
and erosion resistances, and the abrasion resistance can be maximized, but also the destruction
or the excessive expansion of the refractory can be avoided, or an excessive increase in the
modulus, eventually, a decrease in the thermal shock resistance can be avoided. 1t should be
noted that the void volume in the refractory before the reactions in this case is sometimes
referred to as simply “optimum volume”.

{0020] The present invention provides the void volume in the refractory which is the
optimum volume corresponding to the metal aluminum content in the refractory before the
reactions, as described above.

[0021] 1In conventional technologies, there is no technological thought as described above;

and therefore, in order to densify the retractory independently of the metal aluminum content,
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mainly impregnation with a liquid material such as a tar, which leaves a carbon afler receiving
a heat, has been carried out.
[0022] In the refractory organization obtained by impregnation with a tar or the like, the
void thercof is filled with the carbon; and thus, this part becomes the void again when the
carbon itself is oxidized. As a result, properties including the infiltration resistance, the
corrosion and erosion resistances, the oxidation resistance, and the abrasion resistance
deteriorate in many instances.
[0023] Also, most of the carbon which is formed by impregnation with a tar or the like as
mentioned above forms a rigid, continuously bonding organization, and moreover, the
bonding organization like this fills many voids, leading to an increase in the modulus of the
refractory, thereby resulting in a decrease in the thermal shock resistance thereof in many
instances.
[0024] The present invention resolves the drawbacks of the conventional technologies as
mentioned above, and thus, provides the aforementioned minimum void volume in the
refractary, the void volume corresponding to the metal aluminum content, without causing an
increase in the void in the refractory that accompanies reoxidation and so forth of the carbon.
[0025] The volume increase due to the reactions of the metal aluminum can be expressed as
following.
[0026] Because the density of the metal aluminum is 2.7 g-em”, the metal aluminum
volume contained per | g of a refractory product can be expressed {1x(Al/100)}/2.7, provided
that the metal aluminum content therein is designated by Al% by mass.
[0027]  According to the empirical information of inventors of the present invention, who
have balanced among experimental results until now, study results of the used articles in
actual operations, and so forth, the volume increase rate due to the reactions of the metal
aluminum shows about as same as the volume increase rate which is calculated on the
assumption that the reactions of the Equation 2, the Equation 3, and the Equation 4 each take
place with the ratio of almost 1:1:1.  Then, because the volume increase rates each are 135%,
115%, and 0%, respectively, on the basis that the volume before the reactions is 100%, the
increasing volume AV (ecm®) can be expressed by the following Equation.
AV={1x(Al/100)}/2.7x{(1.35+1.15+0)/3} Equation 5
When this is put in order, the following Equation can be obtained.

AV=0.31x(Al/100) Equation 6
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[0028] On the other hand, the void volume Vp in the refractory before the reactions of the
metal aluminum in 1 g of the refractory can be expressed by the following Equation, provided
that the bulk density of the refractory is designated by D and the apparent porosity of the
refractory is designated by P%.

Vp=(1/D)x {{P-4)/100} Equation 7
{0029] [f this Vp is equal to or more than AV, the incremental volume due to the reactions
of the metal aluminum does not become more than the void volume of the refractory. This

can be expressed by the following Equation 8 and Equation 9 from the Equation 6 and the

[quation 7.
AV=Vp Equation 8
0.31x(AI/100)<(1/D)x {(P-4)/100} Equation 9

{0030}  When this is put in order, the Equation 1 can be obtained.
0.31xAl<(P-4)/D Equation 1

f0031] If this equation is satisfied, the incremental volume, which corresponds to the metal
aluminum content in the refractory and accompanies the reactions due to the heat receiving,
can be absorbed within the apparent porosity of the refractory.

{0032} In the case that the both sides of the Equation 1 are equal, namely, in the case that
the incremental volume of the metal aluminum is equal 10 the apparent porosity of the
refractory which corresponds to an allowance of the volume to be absorbed, the value of this
apparent porosity is a lower limit value at which the incremental volume of the metal
aluminum does not excessively expand or destruct the refractory. In other words, when the
right side is equal to or more than the lower limit value, the incremental volume due to the
reactions of the metal aluminum neither increases the volumc of the refractory to cause the
excessive expansion nor destructs the refractory organization.

f0033] On the other hand, in order to enhance the thermal shock resistance, it is preferable
that the right side be larger than the left side in the Equation 1. When the apparent porosity
of the refractory, i.e., the void volume, is present more than the incremental volume due to the
reactions of the metal aluminum, the excess voids suppress an increase of the modulus of the
refractory after the rcactions ot the mctal aluminum, or contributes to enhancement of the
toughness thereof. However, if the differcnce between the right side and the left side
becomes larger, therc is a risk that the corrosion and erosion resistances, the strength, and so
forth deteriorate; and thus, it is preferable to optimize in accordance with individual use

conditions, requirements, and so forth.
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[0034]  The thermal shock becomes one factor to cause destruction of the refractory having
experienced the heat receiving by subjecting the refractory to an operation at least once,
namely, the refractory having experienced the volume increase by the reactions of the metal
aluminum.  Accordingly, the thermal shock resistance is effective as a barometer mainly for
suppression of the destruction during the repeated use thereof.

[0035]  Degree of the thermal shock is different depending on a preheating condition and so
forth in an individual operation in which the refractory is used. Namely, the thermal shock
resistance is the property to be optimized in accordance with individual operation conditions.
[0036] Meanwhile, the refractory of the present invention shows the characteristics in the
state of a product, namely, in the state that the refractory is applied to a prescribed use thereof.
In other words. the characteristics of the present invention is not limited to a specific
temperature, but relate to the refractory (porosity, and so forth) in the state near the state in
which the refractory is applied to a prescribed usc, at Icast the expansion due to oxidation and
the like of the metal aluminum can be absorbed.

[0037]  The number “4™ in the Equation | is a limit value of the decrease in the apparent
porosity due to the reactions of the metal aluminum.

[0038]  The limit value of the decrease in the apparent porosity due to the reactions of the
metal aluminum was determined by experiments.  When the alumina-carbon refractory with
the metal aluminum content of 8% by mass and the apparent porosity of 5% was subjected to
the heat treatment at 1500°C in a carbonaceous material, namely, in an atmosphere of a CO
gas or a CO; gas, the apparcnt porosity was decreased to 4%. Also, when the
alumina-carbon refractory with the metal aluminum content of §% by mass and the apparent
porosity of 4% was subjected to the heat treatment at 1500°C in the carbonaceous material,
the apparent porosity stayed at 4%. That is, this shows that the decrcasc in the apparent
porosity due to the reactions of the metal aluminum is limited until 4%. In other words, the
volume increase due to the reactions of the metal aluminum can be absorbed in the refractory
until the apparent porosity thereof reaches 4%.

[0039]  There is a proportional relationship between the apparent porosity and the pore
diameter to some extent; and it may be presumed that the densification due to the reactions of
the metal aluminum does not contribute to the pore whose diameter is smaller than the pore
diameter of the refractory organization whose apparent porosity is less than 4%; however, the

mechanism of and the reason for this are not clear.
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[0040] Meanwhile, the apparent porosity is the value measured by the measurement method
of an apparent porosity described in JIS R 2205, using water or kerosene with a boiling
method or with a vacuum method.

[0041] The aluminum content as a metal can be obtained from an X-ray diffraction. In the
present invention, in order to minimize an outer disturbance thereby increasing an accuracy,
standard specimens for various patterns were prepared, and the calculation curves thereof
were prepared for quantification by an internal standard method.

[0042] In the present invention, within the afore-mentioned metal aluminum content range
(residual amount), a metal aluminum-containing alloy may also be used. That is, the metal
aluminum as a raw material contained in the powder which is mixed in the production of the
refractory for steel casting according to the present invention may be made to a raw material
including a simplc metal aluminum, or part or all of the metal aluminum contained therein
may bc madc to a raw material including a metal aluminum-containing alloy.

[0043] With regard to the metal aluminum-containing alloy, an aluminum-magnesium alloy
or an aluminum-silicon alloy is preferable. Inventors of the present invention found from the
experiments and so forth that when the aluminum-magnesium alloy or the aluminum silicon
alloy as mentioned above is used, 00, the relationship between the metal aluminum content
(residual amount) and the porosity and so forth is effective if it follows the conditions
described before.

[0044] In the refractory using these alloys, supposed that the residual amount of the metal
aluminum is the same as the amount of the case which uses a raw material including a simple
metal aluminum, a total amount of the metals contained in the production process (before the
hcat trcatment) becomes, in a certain instance, substantially more than the amount of the case
which uses the raw material including the simple metal aluminum. This is because in the
case of the aluminum-magnesium alloy, the volume expansion ratio upon oxidation of Mg to
MgO is smaller than Al, say about 20 to 30% relative to 100 as the index for Al, so that Mg
does not exert a decisive effect to destruction of the refractory because of this.  On the other
hand, the volume expansion ratio in the case of using the aluminum-silicon alloy is larger than
Al, say about 200% relative to 100 as the index for Al; however, in a high temperature range,
the range around higher than about 1000°C, part or all of the Si component changes to SiO
which undergocs evaporation thereby enhancing the porosity of the refractory. Therefore, Si

docs not give a decisive effect to destruction of the refractory because of this.
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[0045] Because in these alloys, effccts to enhance the strength and so forth from a low
temperature region can be obtained more readily in the case of lower melting temperature, it
is preferable to choose a composition in the neighborhood of an eutectic point. The melting
temperatures of these alloys are about 430°C for the aluminum-magnesium alloy whose
magnesium content is, for example, about 50% by mass, and about 480°C for the
aluminum-silicon alloy whose silicon content is, for example, about 13% by mass. The
melting points of these alloys are lower than the simple metal aluminum whose melting point
is about 660°C. In these alloys, in the temperature range from above their melting
temperature to the neighborhood of about 1000°C, almost all of the magnesium component
and of the silicon component other than aluminum produce their oxides and so forth.
Therefore, they hardly remain as a form of metal in the tempcrature range above the foregoing
temperature range, or only a few even if they remain.

[0046] Meanwhile, these alloys may be used as a combination of thom, or these alloys may
be used as a combination with a simple metal aluminum.

[Advantageous Effects of Invention]

[0047] In the present invention, by correlating the metal aluminum content with the
apparent porosity, namely, by relaxing the expansion which can almost destruct the
organization with the voids in the refractory organization, destruction of the refractory
organization can be suppressed; the destruction being caused by the volume increase due to
the reactions which take place upon a heat receiving of the metal aluminum.

[0048]  Further, by suppressing the densification and the increase in the modulus by the
voids inside the refractory organization, the thermal shock resistance can be enhanced as well.
[0049]  In order to suppress the destruction of the refractory organization, in conventional
technologies, the methods have been employed which includes: a method in which the metal
aluminum content is suppressed; a method in which a large amount of carbonaceous raw
material including a graphite, which has an excellent thermal shock resistance, is used: and a
method in which a large amount of a fire resistant aggregate is used. However, these
conventional technologies cause dcterioration of the corrosion and erosion resistances, the
oxidation resistance, the abrasion resistance, and the like. Contrary to these conventional
technologies, in the present invention, not only a large amount of the metal aluminum can be
contained therein but also an excellent thermal shock resistance can be obtained, whereas

there is no need to use a large amount of the fire resistant aggregate or of the carbonaceous
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raw material including a graphite; these materials detertorate the corrosion and erosion
resistances, the oxidation resistance, the abrasion resistance, and so forth.

|0050]  As a result, the thermal shock resistance of the refractory can be retained or
enhanced; and on top of it, the corrosion and erosion resistances, the oxidation resistance, the
abrasion resistance, and so forth can be enhanced as well.

[0051] In addition, according to the method of the present invention, corresponding to the
metal aluminum content, even the physical properties including the thermal shock resistance,
the corrosion and erosion resistances, the oxidation resistance, and the abrasion resistance can
be arbitrarily controlled for optimization in accordance with individual operation conditions.
[0052] The refractory of the present invention is suitable for an upper nozzle, a lower
nozzle, a tuyere, a sliding nozzle plate for controlling of a flow rate, and so forth; these
members are used for steel casting.

[Description of the Embodiments]

{00531 Embodiments of the present invention will be explained.

[0054] The foregoing “‘to satisfy the Equation !” means in other words to control the
apparent porosity of the refractory before the reactions of the metal aluminum.

[0055] Specifically, in order to obtain a prescribed (target) porosity,

(1) by increasing or decreasing a molding pressure during the time of a body molding
thereby reducing the contact points among constituent raw materials or changing the contact
distance and so forth, a f{illing rate thereol is controlled, and

2) by displacing, with a prescribed amount, the granule composition of the body from a
theoretical curve of the closest packing, the voids among constituent raw materials is
increased or decreased with maintaining the contact points among constituent raw materials.
[0056] In the refractory of the present invention, there is no need to specify the conditions
of the heat treatment to obtain the refractory so far as the refractory contains the metal
aluminum with the content thereof being in the range of 1 to 15% by mass, both inclusive.
[0057] The particle diameter and the form of the metal aluminum can be selected in
accordance with the characteristics described as follows. Namely, in view of the reactivity,
the metal aluminum in a flake-like form is the best, but the flake-like form deteriorates a
moldability. On the other hand, in view of a moldability, use of the metal aluminum in a
granular-like form (sometimes this is referred to as “atomized™) is preferable. Further, when
the maximum length or the particle diameter of the metal aluminum is more than 140 pm,

dispersion of the metal aluminum into the body is difficult, so that it becomes difficult to
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uniformly obtain an effect of the densification by the reactions of the metal aluminum; and
therefore, the refractory can generate a crack due to an abnormal expansion in part of the
refractory.  Accordingly, the maximum length or particle diameter of the metal aluminum is
preferably not more than 140 um. Alternatively, use of the metal aluminum in the fiber-like
form, which is highly effective for suppressing generation of the crack, is also effective. The
metal aluminum in the fiber-like form is prone to be more difficult in dispersion as compared
with that in a flake-like form or in a ball-like form.  Although different depending on a kind
and a method of a kneading machine and so forth, in order to enhance the dispersibility,
preferably the maximum diameter thereof is not more than 200 um and also the maximum
length thereof is not more than 5 mm. The maximum diameter of more than 200 pm and the
maximum length of more than 5 mm can cause poor flexibility, readily leading to a rough
refractory organization, so that there is a risk of an excessively high porosity. In accordance
with a balance between the moldability and the rcactivity, as well as other needed
characteristics, the metal aluminum in a flake-like form, a ball-like form, and a fiber-like form
may be used as an arbitrary mixture of these forms. Meanwhile, in the case of the flake-like
form, the thinner the thickness is, the higher the reactivity becomes. There is no restriction
in the thickness thereof.

[0058]  Also, the metal aluminum is needed to be present with the amount being in the range
of 1 to 15% by mass, both inclusive, in the refractory after the heat treatment. The metal
aluminum content in the body before molding may be made, for example, in the range of 1 to
20% by mass, both inclusive, in accordance with individual compositions, heat treatment
conditions, and so forth, and then, the control may be madc with the heat treatment conditions
and so forth.

[0059] The metal aluminum is added to express the enhancing effects of the oxidation
resistance and the strength, as well as the densification effect, wherein when the content
thereof is less than 1% by mass, the oxidation resistance property is insufficient, and also the
effect of the densification of an operation surface due to the reactions of the metal aluminum
cannot be obtained clearly. When the content thereof is more than 15% by mass,
deterioration of the organization can occur during the usc thereof.

[0060] The content of the free carbon in the refractory of the present invention is made in
the range of | to 10% by mass, both inclusive. In the present invention, the term “free
carbon” means the carbon which is not in the form of a compound with other elements, and

may be in any of crystalline and amorphous forms. A basic part of the bonding function of
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the refractory organization of the present invention is born by the carbon which is derived from a
resin or the like. In order to form and keep the basic organization of the refractory, 1% or more by
mass of the free carbon is needed. The carbon content of more than 10% by mass is not
recommendable because of deterioration of the oxidation resistance.

[0061] The balance of the free carbon and the metal aluminum in the refractory material of the
refractory, the contents of them being in the range of 1 to 10% by mass, both inclusive, and 1 to 15%
by mass, both inclusive, respectively, comprises a metal oxide. Specifically, an optimum
composition may be chosen in accordance with a kind of a steel and operation conditions including
the use time thereof.

[0062] Meanwhile, the balance of the free carbon and the metal aluminum in the refractory
material of the refractory comprises, besides the metal oxide, a carbide, a nitride, a metal, and the
like, which are used as a raw material of the refractory for steel casing.

[0063] The metal oxide may be one or a plurality of components selected from, for example,
AblOs, SiO, ZrO,, MgO, and TiO2. Because an oxide of an alkaline metal or CaQ forms a low
melting point substance when these are present with Al,O3 or the like, use thereof as a main
component is not recommendable except for the case when these are dispersed with the content of
not more than a few percent by mass.

[0064]  Specific usable example of the raw materials includes: a raw material mainly containing an
AlO3 component such as a corundum material; a refractory raw material containing, in addition to
ALO3, an SiO; component or an MgO component, such as a mullite material, sillimanite group
materials (including andalusite and kyanite materials), a spinel material, and the like; and a raw
material containing ZrO; in various forms. The TiO2 component with the amount of not more than
about 5% by mass may be used as a mineral including TiO2 of a rutile form or the like with an aim
to facilitate sintering and so forth, wherein this embodiment includes the case when the TiO:
component is contained in a natural alumina raw material (bauxite, alum shale, and the like).

[0065] Alternatively, other than those contained in the raw material mainly containing the ALO3
component, a raw material containing as a main component, in the case of the SiOz component, a
single component of a mineral including an amorphous silica, a quarts, and a cristobalite, and in the

case of the MgO component, a periclase or the like may be used as well.
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[0066] With the aim to reinforce the oxidation preventive function at a high temperature, to
control the modulus, or the like, the refractory of the present invention may further contain a
carbide, a nitride, a metal, or the like, including SiC, SiN, B4C, and BN,

[0067] The total amount of the metal oxide components is preferably 95% or more by mass
when the total amount of the balance of the free carbon and the metal aluminum in the
refractory material is taken as 100% by mass. Namely, the total amount of the carbide, the
nitride, and the metal, which are materials of the balance of the free carbon and the metal
aluminum in the refractory material other than the metal oxides contained therein, impurities
contained in the raw material, impurities contaminated in the manufacturing process, and the
like is preferably less than 5% by mass. If the components other than these metal oxides are
more than 5% by mass in the balance of the free carbon and the metal aluminum, deteriorations
in the corrosion and erosion resistances, the thermal shock resistance, and so forth are prone
to readily take place.

[0068] Meanwhile, in the operation in which the refractory of the present invention is used,
there is a case that the refractory is used plural times (repeatedly), other than the case that the
refractory is used only once. In the case of plural uses during which the temperature
decreases, an aluminum carbide formed therein can be slaked (hydrated) to cause deterioration
or destruction of the refractory organization. In order to suppress deterioration or destruction
of the refractory organization due to slaking of the aluminum carbide like this, it is preferable
to concurrently use a metal silicon with the amount thereof being in the range of 0.5 to 4% by
mass, both inclusive, in the refractory. In the case of a carbon-containing refractory which
contains a metal aluminum, the metal aluminum starts to rcact with the carbon to form the
aluminum carbide in the temperature range of 700°C or higher; and because this aluminum
carbide readily reacts with water at a normal temperature and a normal pressure to form
aluminum hydroxide with increasing a volume and a weight, thereby leading to destruction of
the refractory in many instances (slaking phenomenon). The silica formed by an oxidation
rcaction of the mectal silicon forms a solid solution with the aluminum carbide, so that the
slaking phenomenon of the aluminum carbide can be avoided. In addition, upon the heat
receiving, the metal silicon initiates reactions including Si+2CO—»Si0»+2C to reduce a carbon
monoxide gas; and the carbon thereby formed is supplied to the refractory organization,
resulting in enhancement of the oxidation resistance. However, because the silica readily
reacts with a melted steel or forms a low-melting point compound thereby causing a problem
of a decrease in the corrosion and erosion resistances, the metal silicon content is preferably

not more than 4% by mass. Meanwhile, the metal silicon not only contributes to avoiding of

15

CA 2939720 2019-04-01



10

15

20

25

30

the slaking, but also has a preventing effect of oxidation of the refractory organization in a
high temperature region (temperature region above approximately 1200°C).

[0069] The method for producing the refractory of the present invention will be explained.
[0070] In the refractory of the present invention, basically the same method as conventional
production methods of a refractory which contains a metal aluminum or a metal aluminum alloy
can be employed. In the method for producing the refractory of the present invention, the metal
Al content in the refractory under the state in which the refractory is provided as a product is
made basically in the range of 1 to 15% by mass, both inclusive, wherein the control thereof is
made so as to satisfy the requirements of the present invention including the Equation 1. The
body for molding is produced by adding 1 to 7% by mass, both inclusive, of a thermosetting
resin including, for example, a phenol resin to a mixed powder including a refractory material
which consists of an aluminum-containing metal and a balance of the aluminum-containing
metal containing a metal oxide including one or plural components selected from ALO3, SiO,
71Oz, MgO, and TiO», and then, followed by kneading the resulting mixture.

{0071] A raw material of the aluminum-containing metal contained in the mixed powder
may be in one form selected from a flake-like form having a maximum length of not more
than 140 um, a granular-like form having a particle diameter of not more than 140 pm, and a
fiber-like form having a maximum diameter of a cross section thereof of not more than 200
pum and a maximum length of not more than 5 mm, or may be in plural forms selected from
them for a concurrent use.  Alternatively, a raw material including, in part or all thereof, the
metal aluminum-containing alloy may be used as well. The metal aluminum-containing
alloy in this case is preferably an aluminum-magnesium alloy or an aluminum-silicon alloy.
Raw materials of these metals differ in the melting point and the reactivity, and depending on
these properties, changes occur in physical properties of the refractory, including realization
of the strength, the corrosion and erosion resistances, the thermal shock resistance, and the
destruction resistance. Choice and combination of these raw materials of the metals can be
arbitrarily adjusted depending on the individual operation condition as well as on the required
characteristics (for example, the thermal shock resistance, the corrosion and erosion
resistances, and the destruction resistance) corresponding to an individual need thereof.
[0072] In molding of these bodies, the apparent porosity may be controlled by a method
including a method in which, for example, a molding pressure is controlled so as to satisfy
the Equation 1. In order to control the value of the apparent porosity, an arbitrary method

may be employed which includes a method in which an applied pressure or a compression
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allowance is changed during the time of molding, a method in which a volatile or a flammable
liquid (including a colloid) or a superfine particulate is dispersed into the body, and a method
in which a particle size or a form of the raw material is controlled.
[0073] There is no particular condition in the heat treatment so far as the metal Al content
in the refractory after the heat treatment is made in the range of 1 to 15% by mass, both
inclusive, as well as the Equation | is satisfied; and under these conditions, the conditions
including a temperature may be set arbitrarily so as to comfort the conditions including
individual operation and required conditions. For example, in a reducing atmosphere or in
an inert gas atmosphere, the temperature may be optimized arbitrarily in the temperature
rcgion from the hardening temperature of a resin responsible for the carbon linkage to a
temperaturc of about 1100°C.  Even in the heat treatment at a temperature of higher than
about 1200°C, in addition to control the heat treatment conditions including the atmosphere
and the time, by controlling the conditions including a particle sizc of the metal aluminum and
an embodiment of the presence thereof inside the refractory organization, the Equation 1 can
be satisfied.
[Examples]
[0074] Hereunder, the refractory of the present invention will be explained by Examples
and Comparative Examples.
{0075]
[Example Al

Example A shows the study result of the relationship with the Equation 1 in the
amount of the metal aluminum (Al) and thc amount of the free carbon (F. C.) of the present
invention.
[0076] A mixture prepared from a graphite, a metal aluminum, a phenol resin, and a
refractory raw material including an alumina material mainly composed of a corundum was
kneaded by using a mixer, and molded by using a 500-ton vacuum oil press to form a sliding
nozzle plate, which is then followed by a heat treatment thereof at 800°C in a non-oxidative
atmosphere to obtain a sample.
[0077] The aluminum content as a metal was quantified by an internal standard method
using an X-ray diffraction.
[0078] To begin with, with regard to the problem to be solved by the present invention,
namely, whether the destruction takes place or not was evaluated in the way as follows.

Namely, after the sample obtained in the way as described above was subjected to the hcat
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treatment at 1500°C in a carbonaceous material, namely in a reductive atmosphere, it was
cooled; and then, the states of a crack and a defect at room temperature were observed for
cvaluation.  When a crack was formed in part of the sample to a degree not retaining
continuity thereof, it was judged to be unacceptable, and expressed by the symbol of X
(bad) in the column of “Crack by pressing” in the Tablcs. Even though a slight crack or a
crack was formed, when these were formed in the sample to a degree not losing the continuity,
it was judged to be acceptable, and expressed by the symbol of O (good) in the Tables.
[0079] Also, after the sample was subjected to the heat treatment in a carbonaceous
material at 1500°C, the sample was cooled to room temperature, and then, a modulus and an
air permeation rate thereof were measured to study the change rates of these values before and
after the heat treatment.  The air permeation rate was measured by the method according to
JISR2I15.  The modulus was measured by a sonic method.

[0080]  Further, the corrosion and erosion resistances and the thermal shock resistance were
tested; and also, the properties to be possessed by a refractory, especially as the refractory for
steel casting, were studied.

[0081] The corrosion and erosion resistances were measured with regard to the sample
produced in the way as described above by a lining erosion test at 1600°C for 3 hours by
using an ordinary steel or a mill scale as eroding materials, and the corrosion and erosion
resistances were evaluated as a dissolution loss to be classified into four classes. Namely,
Comparative Example | was taken as the standard, which has the corrosion and erosion
resistances that are empirically considered to be a standard or a lower limit under a general
operation condition; and when the corrosion and erosion resistances were about as same as the
standard, this was ¢xpressed by the symbol of O; when the resistances were superior to the
standard, this was expressed by the symbol of @ (cxccllent); when the resistances were
almost within a usable range but were worse than O, this was expressed by the symbol of A
(fairly good); and when the resistances did not meet the standard, this was expressed by the
symbol of X in the Tables.

[0082] The thermal shock resistance was evaluated as following; after the sample which
was produced in the way as described above and had the size of 40x40x160 mm was soaked
in a melted pig iron at 1600°C for 3 minutes, it was cooled by an air; and then, the amounts of
the cracks were evaluated and classified into 4 classes. Namely, Comparative Example 1
was taken as the standard, which has the thermal shock resistance that is empirically

considered to be a standard or a lower limit under a general operation condition; and when the
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thermal shock resistance was in the level just above the standard and was judged to be
acceptable, this was expressed by the symbol of A; when the resistance was better than A,
this was expressed by the symbol of O; when the resistance was further better, this was
expressed by the symbol of @; and when the resistance was about the same as or worse than
Comparative Example 1, this was expressed by the symbol of X in the Tables.

[0083] The same is applied to the conditions and so forth in the following Examples B to F.

[0084] The composition and results of each sample are summarized in Table 1.
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[0086] Meanwhile, the balance in the chemical components of Table 1 (“Others”) is the
inevitable impurities derived mainly from the raw material, wherein the impurities include
Si0s,, Ti0,, and R0 (here, “R” represents an alkaline metal). These are contained with a
very small amount, forming a compound and so forth, so that these hardly have an impact to
the effects of the present invention. The same is applied to the balances in the chemical
components in the following Examples B to F,

[0087] Inany of Examples 1 to 9, in which the amounts of the metal aluminum and the free
carbon each were minimum, medium, and maximum, while satisfying the Equation 1, there
were no cracks by pressing.  On the other hand, in Comparative Examples 1 to 3 which did
not satisfy the Equation 1 in each case, the cracks by pressing were formed.

[0088] Meanwhile, all of Examples show excellent results which are better than the standard
in the corrosion and erosion resistances with almost no problem, similarly to Comparative
Example 1, in terms of the level as the condition to be possessed.

[0089] With regard to the thermal shock resistance, all of Examples show excellent results
which are better than the standard as well as Comparative Examples; however, in Example 3,
Example 6, and Example 9, in which the value of the left side is equal to the value of the right
side in the Equation 1, the results were obtained which were slightly worse than other
Examples in which the value of the right side is larger than the value of the left side in the
Equation 1. From these results, it can be seen that in order to enhance the thermal shock
resistance, it is preferable to make the right side larger relative to the left side in the Equation
1.

[0090] Meanwhile, the change rate of the air permeability is higher in the cases of 6% by
mass and 15% by mass in the metal aluminum content as compared with the case of 1% by
mass, namely, the formers have a denser organization. With regard to the thermal shock
resistance and the corrosion and erosion resistances, too, the cases of 6% by mass and of 15%
by mass in the metal aluminum contents gave better tendency in general as compared with the
case of 1% by mass. From these results, it can be seen that when the metal aluminum content
is higher, at least not less than 6% by mass, the effects of the present invention are expressed
more, and thus it is more prefcrable.

[0091]

[Example B]
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Example B shows the study results of the effects of the metal aluminum content.

In Table 2, compositicns of the samples and the results are summarized.
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[0093] Example B, in which the metal aluminum content was changed from 0.5 to 16% by
mass, shows that all of them satisfied the Equation 1 so that no crack by pressing was
observed: however, in the case of 0.5% by mass in the metal aluminum content (Comparative
Example 4), the corrosion and erosion resistances were X, and in the case of 16% by mass
(Comparative Example 5), both the thermal shock resistance and the corrosion and crosion
resistances were X. From these results, it can be seen that the appropriate content of the
metal aluminum is in the range of 1 to 15% by mass.
[0094] Meanwhile, as is the case with Example A, it can be seen that a higher metal
aluminum content, at least 4% of more by mass, is preferable because further higher
improvement effects can be obtained in the thermal shock resistance and the corrosion and
erosion resistances. It can also be seen that in order to increase the strength, the density, the
corrosion and erosion resistances, and the like, the metal aluminum content as high as
possible is preferable, and thus, the content of 6% or more by mass is more preferable.
[0095]
[Example C]

Example C shows the study results of the effects of the free carbon content. In

Table 3, compositions of the samples and the results are summarized.
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[0097] Example C, in which the free carbon content was changed from 0.5 to 11% by
mass, shows that all of them satisfied the Equation 1 so that no crack by pressing was
observed; however, in the case of 0.5% by mass (Comparative Example 6), both the thermal
resistance and the corrosion and erosion resistances were X, and in the case of 11% by
mass (Comparative Example 7), the corrosion and erosion resistances were X. From
these results, it can be seen that the appropriate content of the free carbon is in the range of
1 to 10% by mass.
[0098]
[Example D]

Example D shows the study results of the effects of the components of the balance
of the metal aluminum and the free carbon in the raw refractory material. In Table 4,

compositions of the samples and the results are summarized.
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[0100]

Example 19 is the example in which a mullite is blended into part of a crude
aggregate; Example 20 is the example in which an alumina zirconia clinker is blended
into part of a crude aggregate; Fxample 24 is the example in which a spinel clinker is
blended into part of a fine powder region; Example 25 is the example in which an
alumina clinker containing a large amount of TiO, is blended into part of a crude
aggregate; Examplc 26 is the example in which B4C is blended into part of a fine
powder region; and Example 27 is the example in which SiC is blended into part of a
finc powder region. Example 17 and Example 18 are the examples in which an
amorphous silica fine powder is blended into part of a crude aggregate; and Example 21,
Example 22, and Example 23 are the examples in which a periclase fine powder is
blended into part of a crude aggregate.

[0101] All of Example 17 to Example 27 satisfied the Equation 1. and did not
generate a crack by pressing.

[0102]  All of the constituent raw materials having these components neither cxert an
eminent effect (o the reactions of the metal aluminum nor causc cminent changes in the
refractory’s physical properties, especially in the apparent porosity; and thus, there were
no cracks by pressing, thereby giving excellent results. Meanwhile, in accordance
with a property and characteristic of each component, it can be seen that there are
differences in the degrees of the thermal shock resistance and the corrosion and erosion
resistances.

[0103]

[Example E}

Example E shows the study results of the effects of a presence or an absence
of the metal aluminum and of the content thercof. The slaking test was carried out in
the way as follows. Namely, a sample was allowed to stand in a
temperature-controlled chamber at 40°C with the humidity of 90°C; and the weight
change rate between the sample’s weight after passage of 30 days and the sample’s
weight before the treatment was measured for evaluation. With this method, the
weight change rate of Example 29 was taken as the standard, which had the slaking

resistance that was empirically considered to be a standard or about a lower limit under
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a general operation condition; and when the weight change rate was approximately the
same or lower than the standard, this was expressed by the symbol of O; and when the
change rate was higher than the standard but was considered to be approximately in a
level at which the sample can be used at least once under a usual operation condition,
this was expressed by the symbol of A.

[0104]) In Table 5, the compositions of the samples and the results are summarized.

29
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[0106] All of Example 28 to Example 32 satisfied the Equation 1, and did not
generate a crack by pressing.
[0107] According to the slaking test results, Example 28 in which the metal silicon
was absent was A on the other hand, all of Example 29 to Example 32 in which the
metal silicon was present were Oj; and thus, the enhancement effect of the metal silicon
to the slaking resistance can be recognized. Meanwhile, with regard to the metal
silicon content, deterioration in the corrosion and erosion resistances was observed in
Example 32 in which the metal silicon content was 5% by mass; and it is expected that
the corrosion and erosion resistances be further deteriorated when the content thereof is
more than this, and thus, the metal silicon content is preferably not more than 4% by
mass.
[0108]
[Example F]

Example F is the example in which the temperature of the hcat treatment is
significantly different. In Table 6, the compositions of the samples and the results are

summarized.
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[0109]
[Table 6]
T Example Fxample
33 34
Temperature of heat treatment (°C) 500 1000
A1203 (% by mass) 87 94
Metal Al (% by mass) B 8 1
FoC (% by mass) 4 4
Others (% by mass) 1 1
Bulk density 3 32
Apparent porosity (%) 13.1 6.4
Flexural modulus (Mpa) 21 45
1 0.31xA] 2.5 03
2 (P-4/D 3.0 08
Satisfaction ot Lquation | (*1) Yes Yes

Change rate of air permeation rate
before and afier the heat treatment -84 -35
in carbonaceous material at | S00°C (%)

Modulus change rate
before and after the heat treatment 23 12
in carbonaccous material at 1500°C (%)

Test of thermal shock resistance O O
Test of corrosion and erosion resistances @ O
Crack by pressing (formed or not formed) | @) O

*1: Yes, when Equation | was satisfied; No, when Equation 1 was not satisfied.

5 [0110] Example 33 is the example in the temperature range lower than a melting
point of the metal aluminum; and Example 34 is the example in the temperature range
higher than a melting point of the metal aluminum but in the temperature range in which
the reactions thereof are suppressed.

[0111] Both of Example 33 and Example 34 satisfied the Equation 1, and did not
10 generate a crack by pressing. In addition, other properties (test results of the thermal
shock resistance and of the corrosion and erosion resistances) were excellent.
[0112]
[Example G]
Example G shows the examples in which part or all of the metal Al contained

15 in the body (this is not the residual Al amount after the heat treatment) was replaced by

32
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the aluminum-magnesium alloy (Example 35 to Example 41), or by the
aluminum-silicon alloy (Example 42 to Example 44).

[0113] Example 38 to Example 41 are the examples in which all of the metal
contained in the body was replaced by the aluminum-magnesium alloy with different
heat treatment conditions, wherein Example 38 and Example 39 were in a non-oxidative
atmosphere at 800°C, and Example 40 and Example 41 were in a non-oxidative
atmosphcre at 500°C.

[0114] In Table 7, the compositions of the samples and the results are summarized.

33
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[0116] All of Example 35 and Example 44 satisfied the Equation 1, and did not
generale a crack by pressing.  In addition, other properties (test results of the thermal
shock resistance and of the corrosion and erosion resistances) were excellent.

[0117] Meanwhile, in these Examples, eminent effects to the thermal shock resistance
and to the corrosion and erosion resistances due to the difference in the replacement rate
to the aluminum-magnesium alloy were not obscrved; and thus, it can be seen that there
is no problem in the practical use thereof. Also, the tendency of a slight decrease in
the thermal shock resistance was observed when the aluminum content was large:
however, it can be seen that there is no problem in the practical use thereof.

[0118] On the other hand, it can be seen that when the replace rate to the
aluminum-silicon alloy becomes larger, the thermal shock resistance tends to increase
but the corrosion and erosion resistances tend to decrease. It is presumed that the Si
component changes to SiO, which is low in the corrosion and erosion resistances, and
moreover, the amount thereof increases, so that the refractory organization loses its
density due to evaporation of the SiO, component.

[0119]

[Example H]

Examplc H shows the results when the refractory of the present invention was
used as the plate for the sliding nozzle device which is used in the continuous casting of
a steel.

[0120] All the refractories used as the sample was made to have the metal aluminum
content of 6% by mass, wherein Example 45 was made to satisfy the Equation 1, while
Comparative Example 8 was made not to satisty the Equation 1, and Comparative
Example 9 was made not to satisfy the Equation 1 by subjecting Example 45 to a
tar-impregnating treatment. These platcs were installed to a 120-ton smelting pot, and
cach of them were used under the condition of repeated use for 6 times (ch).

[0121]  As the barometers of the crack by pressing and the thermal shock resistance,
“center crack™ and “edge defect”™ were evaluated. “Center crack™ is generated in a
sliding direction in the plate’s central part, which is the crack having a highly harmful
effect to the life thereof. “Edge defect” is the destruction form wherein the defect is

generated in the neighborhood of an intersecting portion of a wall surface of an inner
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hole (surface of a perpendicular direction) with a sliding surface (surface of a horizontal
direction). Evaluations of the crack by pressing and the thermal shock resistance cach
were made by a visual observation; and the use result in actual operation in
Comparative Example 8 was taken as the standard, wherein when the result was better
than the level of Comparative Example 8, this was judged to be acceptable and
expressed by the symbol of O; when the result was far better than O, this was
expressed by the symbol of ©; and when the result was about in the same level as or
worse than that of Comparative Example 8, this was expressed by the symbol of X in
the Table.

[0122] Further, a damaged form focusing on disturbance of a sliding surface of the
plate. namely, mainly focusing on the surface roughness due to the oxidation and so
forth, was evaluated as “surface roughness”. With regard to this “'surface roughness”,
all of Example and Comparative Examples were excellent, and there were no problems;
and thus, all of them were expressed by the symbol of @, meaning that all of them
were excellent.

[0123] In Table 8, the compositions of the samplcs and the results are summarized.

36
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[0124]
[Table 8]
Comparative | Comparative
\ Example
Example Example
T T— 45 8 9
Temperature of heat treatment (°C) 800 800 800
A1203 (% by mass) %8 88 87
Metal Al (% by mass) 6 6 6
Metal S (% by mass) ] ‘ 1 1
F. C (% by mass) 4 4 5
Others (% by mass) 1 1 !
Impregnation with tar (*1) No No Yes
Bulk density 31 3.1 32
Apparent porosity (%) 12 9.1 57
Flexural modulus (Mpa) 37 40 51
1 0.31xAl 1.9 1.9 19
2. (P-4)D 26 1.6 05
Satisfaction of Equation 1 (*2) Yes No No
Change rate of air permeation rate
before and afier the heat treatment -86 -55 -50
in carbonaceous material at 1500°C (%0)
Modulus change rate
before and afler the heat treatment 18 73 75
in carbonaceous matcrial at 1500°C (%o)
Center crack @ X X
Surface roughness © © @
Resulis of use in actural furnace
Edge defect O x x
Impregnation
of tar to
Example 45

*1: Yes for with impregnation; No for without impregnation.  *2: Ycs, when Equation

1 was satisfied; No, when Equation | was not satisficd.

[0125] The plate of Example 45 satisfied the Equation 1, so that a large crack of the
center crack (stroke direction) which can exert a significant effect to a life as the plate
was not generated. On the other hand, in the plate of Comparative Example 8 which
did not satisfy the Equation 1, the center crack was generated, and in addition, an
increasing tendency in the crack at the edge part could be observed; and in addition, the
degree of the defect in the edge part of the sliding surface side of the inner hole was

larger than that of the plate in Example 45.
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[0126] Meanwhile, the plate of Comparative Example 9 which was obtained by
subjecting the plate of Example 45 to the tar-impregnating treatment showed the same
state as the plate of the Comparative Example 8.

[0127] With regard to the surface roughness (except for a neighborhood of the center
crack), which is also a barometer of the corrosion and erosion resistances, good state

was sustained in both Example and Comparative Examples.
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CLAIMS

1. A refractory for steel casting, containing
a refractory material consisting of:
- afree carbon in the range of 1 to 10% by mass, both inclusive, when a total
amount of said refractory is taken as 100% by mass,
- ametal aluminum in the range of 6 to 15% by mass, both inclusive, when
the total amount of said refractory is taken as 100% by mass, and
- a balance of the free carbon and the metal aluminum comprising at least
one metal oxide; and
the refractory for steel casting satisfying following Equation 1, provided that a
metal aluminum content in the refractory is designated by Al% by mass, an apparent porosity
thereof is designated by P%, and a bulk density thereof is designated by D.
0.31xAl<(P-4)/D Equation 1

2. The refractory for steel casting according to claim 1, wherein said at least one metal
oxide is selected from the group consisting of AlOs3, SiO2, ZrO,, MgO, TiO; and a
combination thereof; and a total amount of said at least one metal oxide is 95% or more by
mass when a total amount of said balance of the free carbon and the metal aluminum is taken

as 100% by mass.

3. The refractory for steel casting according to claim 1 or 2, wherein the refractory for
steel casting further contains a metal silicon in the range of 0.5 to 4% by mass, both inclusive,

when the total amount of said refractory is taken as 100% by mass.

4. A plate for a sliding nozzle device, wherein part or all thereof is composed of the

refractory for steel casting as defined in any one of claims 1 to 3.

5. A method for producing a refractory for steel casting, wherein the method is to
produce the refractory for steel casting as defined in any one of claims 1 to 3, and comprises:

making a body for molding by adding to a mixed powder 1 to 7% by mass, both inclusive,

39
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when a total amount of the mixed powder is taken as 100% by mass, of a thermosetting resin,
the mixed powder comprising a refractory material consisting of an aluminum-containing
metal and a balance of the aluminum-containing metal comprising at least one metal oxide
selected from the group consisting of ALO3, SiO2, ZrO,, MgO, TiO, and a combination
thereof, which is then followed by kneading a resulting mixture; press-molding the body for
molding; and carrying out a heat treatment thereof; wherein:

the metal aluminum content in the refractory after the heat treatment is in the range
of 6 to 15% by mass, both inclusive, when the total amount of said refractory is taken as
100% by mass, and an apparent porosity is controlled so as to satisfy the Equation 1 by any
one or more methods of following (1) to (3):
(1) an applied pressure or a compression allowance is adjusted during the time of molding,
(2) a volatile or a flammable liquid (including a colloid) or a superfine particulate is
dispersed into the body, and |

(3) a particle size or a form of a raw material is controlled.

6. The method for producing the refractory for steel casting according to claim 3,
wherein the aluminum-containing metal contained in the mixed powder is derived from a
raw material comprising a simple metal aluminum with one or plural forms selected from a
flake-like form having a maximum length of not more than 140 um, a granular-like form
having a particle diameter of not more than 140 um, and a fiber-like form having a maximum
diameter of a cross section thereof of not more than 200 pm and a maximum length of not

more than 5 mm.

7. The method for producing the refractory for steel casting according to claim 5,
wherein part or all of the aluminum-containing metal contained in the mixed powder is
derived from a raw material comprising a metal aluminum-containing alloy.

8. The method for producing the refractory for steel casting according to claim 7,

wherein the metal aluminum-containing alloy is an aluminum-magnesium alloy or an

aluminum-silicon alloy.
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