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(54) OPERATING METHOD FOR REDUCING FURNACE

(57) Provided is an operating method for a reducing
furnace with which iron oxide contained in a raw material
can be reduced more efficiently than conventional meth-
ods. The operating method for a reducing furnace in-
cludes charging a raw material containing iron oxide into
a reducing furnace while introducing a reducing gas that
accompanies an endothermic reaction during reduction
into the reducing furnace, and reducing the iron oxide to
obtain reduced iron, where the raw material contains a
first agglomerate with a particle size in a first particle size
range and a second agglomerate with a particle size in
a second particle size range whose lower limit is equal
to or more than an upper limit of the first particle size
range, and the raw material is preheated before being
charged into the reducing furnace or heated inside the
reducing furnace, and the reduced iron discharged from
the reducing furnace is sieved and classified into reduced
iron having a particle size range of fine particle and re-
duced iron having a particle size in a particle size range
of coarse particle, and the reduced iron having a particle
size range of fine particle is recovered.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to an operating method for a reducing furnace.

BACKGROUND

[0002] Known methods of producing iron by reducing a raw material containing iron oxide include a blast furnace
method where coke is used as a reducing agent to produce hot metal, a method where a reducing gas is used as a
reducing agent and is blown into a vertical furnace (hereinafter referred to as "shaft furnace"), a method that also uses
a reducing gas where the reducing gas reduces fine ore in a fluidized bed, a method where agglomeration and reduction
of a raw material are integrated (rotary kiln method), and other methods.
[0003] These reduced iron production methods, except for the blast furnace method, use a reducing gas mainly
composed of carbon monoxide (CO) or hydrogen (H2) produced by reforming natural gas or coal as a reducing agent.
Raw materials charged into a furnace are heated by convective heat transfer with the reducing gas, reduced, and then
discharged out of the furnace. Oxidized gases such as water (H2O) and carbon dioxide (CO2), as well as H2 gas and
CO gas that do not contribute to the reduction reaction, are discharged out of the furnace.
[0004] The raw materials (mainly Fe2O3) charged into the furnace undergo reduction reactions represented by the
following equations (1) and (2) with CO gas and H2 gas, which are reducing gases.

Fe2O3 + 3CO → 2Fe + 3CO2 (1)

Fe2O3 + 3H2 → 2Fe + 3H2O (2)

[0005] That is, in the reduction by CO gas represented by the equation (1), CO2 gas is discharged as emission gas
after the reduction. On the other hand, in the reduction by H2 gas represented by the equation (2), H2O gas is discharged
as emission gas after the reduction.
[0006] FIG. 1 illustrates the relationship between the volume fraction x of H2 in a reducing gas and the reaction heat
ΔrH in a reduction reaction of iron oxide by a reducing gas containing CO gas and H2 gas. In FIG. 1, a negative reaction
heat ΔrH indicates an exothermic reaction, and a positive value indicates an endothermic reaction. As is clear from FIG.
1, when the volume fraction x of H2 is 0.4 or more, the reduction reaction is an endothermic reaction.
[0007] In recent years, because of the problem of global warming, it is necessary to decrease the amount of the
reduction reaction by CO gas represented by the equation (1) and increase the amount of the reduction reaction by H2
gas represented by the equation (2) to control emissions of CO2, which is one of the greenhouse gases that cause global
warming. To increase the amount of the reduction reaction by H2 gas, the concentration of H2 in the reducing gas used
should be increased.
[0008] However, the reduction reactions by CO gas and H2 gas differ in the amount of heat associated with each
reaction. That is, the amount of heat of the reduction reaction by CO gas is +6710 kcal/kmol (Fe2O3), whereas the
amount of the heat of the reduction reaction by H2 gas is -22800 kcal/kmol (Fe2O3). In other words, the former is an
exothermic reaction, whereas the latter is an endothermic reaction. Therefore, when the H2 concentration in the reducing
gas is increased to increase the amount of the reaction of the equation (2), a notable endothermic reaction occurs to
lower the temperature inside the furnace, and the reduction reaction is stagnated. Therefore, it is necessary to compensate
for the lack of heat by some means.
[0009] A possible way to compensate for the lack of heat is to supply heat by raising the temperature of the reducing
gas to a high temperature and increasing the amount of the gas. However, compared to the conventional case of
reforming natural gas into CO and H2, for example, the case of using only H2 at the same temperature requires about
1.5 times the amount of gas because of the heat balance. An increase in the amount of gas used requires gas heating
and reforming devices to form hot gas and increases the treatment in gas treating devices to remove CO2 gas and H2O
after the reaction, which significantly increases device costs.
[0010] Therefore, JP 2012-102371 A (PTL1) proposes a technique of preheating a raw material and then charging
the raw material into a shaft furnace that uses a large amount of H2 as a reducing gas.

CITATION LIST

Patent Literature

[0011] PTL 1: JP 2012-102371 A
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SUMMARY

(Technical Problem)

[0012] The method of preheating a raw material described in PTL 1 is an excellent method in that heat is supplied not
only from a hot reducing gas but also from an agglomerate as a raw material, which can reduce the amount of reducing
gas used. However, the amount of heat absorbed by the reduction reaction between iron oxide contained in the raw
material and H2 is more than the sensible heat possessed by the hot raw material that has been preheated. Therefore,
the effect of simply preheating a raw material is limited, and it is desired to develop a method with which iron oxide
contained in a raw material can be reduced more efficiently.
[0013] It could thus be helpful to provide an operating method for a reducing furnace with which iron oxide contained
in a raw material can be reduced more efficiently than conventional methods.

(Solution to Problem)

[0014] We thus provide the following.

[1] An operating method for a reducing furnace, comprising charging a raw material containing iron oxide into a
reducing furnace while introducing a reducing gas that accompanies an endothermic reaction during reduction into
the reducing furnace, and reducing the iron oxide to obtain reduced iron, wherein

the raw material contains a first agglomerate with a particle size in a first particle size range and a second
agglomerate with a particle size in a second particle size range whose lower limit is equal to or more than an
upper limit of the first particle size range, and the raw material is preheated before being charged into the
reducing furnace or heated inside the reducing furnace, and
the reduced iron discharged from the reducing furnace is sieved and classified into reduced iron having a particle
size range of fine particle and reduced iron having a particle size in a particle size range of coarse particle, and
the reduced iron having a particle size range of fine particle is recovered.

[2] The operating method for a reducing furnace according to aspect [1], wherein after grinding the reduced iron
having a particle size of coarse particle, the ground reduced iron is preheated and then charged into the reducing
furnace, or the ground reduced iron is charged into the reducing furnace and heated.
[3] The operating method for a reducing furnace according to aspect [1] or [2], wherein the first agglomerate has a
particle size in the first particle size range selected from a range of 0.1 mm or more and 20 mm or less, the second
agglomerate has a particle size in the second particle size range selected from a range of 1 mm or more and 100
mm or less, and a sieve with a mesh size of 1 mm or more and 20 mm or less is used to sieve the reduced iron
discharged from the reducing furnace.
[4] The operating method for a reducing furnace according to any one of aspects [1] to [3], wherein the particle size
range of fine particle is 20 mm or less.
[5] The operating method for a reducing furnace according to any one of aspects [1] to [4], wherein the raw material
is preheated to 500 °C or higher and 1200 °C or lower before being charged into the reducing furnace, or the raw
material is heated to 500 °C or higher and 1200 °C or lower inside the reducing furnace.

(Advantageous Effect)

[0015] According to the present disclosure, it is possible to provide an operating method for a reducing furnace with
which iron oxide contained in a raw material can be reduced more efficiently than conventional methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the accompanying drawings:

FIG. 1 illustrates the relationship between the volume fraction of H2 in a reducing gas and the reaction heat in a
reduction reaction of iron oxide by a reducing gas containing CO gas and H2 gas;
FIG. 2 illustrates the temperature distribution of agglomerates inside a shaft furnace when the reduction rate of a
product (reduced iron) discharged from the bottom of the shaft furnace is 60 % and when the reduction rate is 20 %;
FIG. 3 illustrates a suitable example of the operating method for a reducing furnace of the present disclosure;
FIG. 4 illustrates a key part of another suitable example of the operating method for a reducing furnace of the present
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disclosure; and
FIG. 5 illustrates an experimental device used in Examples.

DETAILED DESCRIPTION

[0017] The following describes embodiments of the present disclosure with reference to the drawings. The operating
method for a reducing furnace of the present disclosure includes charging a raw material containing iron oxide into a
reducing furnace while introducing a reducing gas that accompanies an endothermic reaction during reduction into the
reducing furnace, and reducing the iron oxide to obtain reduced iron, where the raw material contains a first agglomerate
with a particle size in a first particle size range and a second agglomerate with a particle size in a second particle size
range whose lower limit is equal to or more than an upper limit of the first particle size range, the raw material is preheated
before being charged into the reducing furnace or heated inside the reducing furnace, the reduced iron discharged from
the reducing furnace is sieved and classified into reduced iron having a particle size range of fine particle and reduced
iron having a particle size in a particle size range of coarse particle, and the reduced iron having a particle size range
of fine particle is recovered.
[0018] We have extensively studied ways to reduce iron oxide contained in a raw material more efficiently than con-
ventional methods. As a result, we discovered that it is extremely effective to use a raw material containing a first
agglomerate where a particle is relatively fine and the particle size is within a first particle size range, and a second
agglomerate where a particle is relatively coarse and the particle size is within a second particle size range whose lower
limit is equal to or more than the upper limit of the first particle size range. The following describes experiments that led
to this discovery.
[0019] We performed a one-dimensional heat transfer calculation in the height direction to simulate the reduction
reaction of an agglomerate in a shaft furnace. The calculation was performed on the assumption that an 8-meter-high
shaft furnace was used, and agglomerates that had been preheated to 1000 °C were charged as raw materials from the
top of the furnace at a rate of 1.6 tonnes per hour while supplying 800 Nm3/h of H2 gas from the bottom of the furnace
at 25 °C to reduced iron oxide contained in the agglomerates. Further, it was assumed that the reduction reaction
occurred at temperatures of 500 °C or higher and proceeded at a constant rate.
[0020] FIG. 2 illustrates the temperature distribution of the agglomerates inside the furnace when the reduction rate
of a product (reduced iron) discharged from the bottom of the shaft furnace is 60 % and when the reduction rate is 20
%. As is clear from FIG. 2, when the reduction rate of a final product is as low as 20 %, the amount of heat absorbed
as the reduction reaction proceeds is relatively small. Therefore, reduced iron of 500 °C or higher is distributed in a
region of 1 m to 8 mm from the bottom of the shaft furnace, which indicates that the agglomerates charged into the
furnace are kept at 500 °C or higher for a long time.
[0021] On the other hand, when the reduction rate of a product is 60 %, the amount of heat absorbed as the reduction
reaction proceeds is relatively large. Therefore, reduced iron of 500 °C or higher is distributed in a region of 4 m to 8
mm from the bottom of the shaft furnace, which indicates that the agglomerates charged into the furnace are kept at
500 °C or higher for a short time.
[0022] Based on the above results, we thought that an agglomerate for which a reduction reaction proceeds slowly,
such as an agglomerate with a relatively coarse particle size, could be utilized as a heat supply source to keep a high
temperature inside the furnace. Further, we discovered that when a raw material containing an agglomerate with a
relatively large particle size that is utilized as a heat supply source and an agglomerate with a high reduction rate and
a relatively small particle size for which a reduction reaction proceeds quickly is used, reduced iron discharged from a
reducing furnace is sieved and classified into reduced iron having a particle size range of fine particle and reduced iron
having a particle size in a particle size range of coarse particle, and the reduced iron having a particle size range of fine
particle is recovered, it is possible to recover reduced iron with a high reduction rate and to reduce the iron oxide contained
in a raw material efficiently, thereby completing the present disclosure. The following describes each part of the operating
method for a reducing furnace of the present disclosure.
[0023] First, the reducing furnace of the operating method for a reducing furnace of the present disclosure is not
particularly limited, and a method of using a reducing gas as a reducing agent and blowing the reducing gas into a shaft
furnace, a method of using a reducing gas to reduce fine ore in a fluidized bed, a method where agglomeration and
reduction of a raw material are integrated (rotary kiln method), and other methods may be used. Among these methods,
it is preferable to use a shaft furnace as the reducing furnace. A shaft furnace is a type of vertical furnace, where an
agglomerate containing iron oxide, which is a raw material of reduced iron, is charged from the top of the shaft furnace
while introducing a reducing gas from the lower part of the furnace, the iron oxide contained in the agglomerate is reduced
by the reducing gas to obtain reduced iron, and the reduced iron is discharged from the lower part of the furnace.
[0024] In the present specification, "agglomerate" is a general term for massive substances containing iron oxide,
such as sintered ore, lump ore (massive iron ore), baked pellets, hot briquettes, cold briquettes, and cold bond pellets.
The present disclosure uses a raw material containing a first agglomerate where a particle is relatively fine and the
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particle size is within a first particle size range, and a second agglomerate where a particle is relatively coarse and the
particle size is within a second particle size range whose lower limit is equal to or more than the upper limit of the first
particle size range as a raw material of reduced iron. The raw material may contain agglomerates having a particle size
outside of the first particle size range and the second particle size range. The particle size of the agglomerate is measured
according to JIS Z 8815.
[0025] The raw material may contain at least one of the above-mentioned pellet, sintered ore, and lump ore. Specifically,
the raw material may contain pellets with a relatively narrow particle size distribution (for example, the width of the particle
size distribution is 7 mm), or a combination of multiple pellets with different particle size distributions whose width is
relatively narrow. For example, when the raw material contains a first agglomerate having a particle size in a first particle
size range of 5 mm or more and 7 mm or less and a second agglomerate having a particle size in a second particle size
range of 10 mm or more and 12 mm or less, pellets having a particle size distribution of 5 mm or more and 12 mm or
less can be used as the raw material. Further, when the raw material contains a first agglomerate having a particle size
in a first particle size range of 5 mm or more and 12 mm or less and a second agglomerate having a particle size in a
second particle size range of 17 mm or more and 23 mm or less, a combination of pellets having a particle size distribution
of 5 mm or more and 12 mm or less and pellets having a particle size distribution of 17 mm or more and 23 mm or less
can be used as the raw material.
[0026] The raw material may contain sintered ore with a relatively wide particle size distribution (for example, the width
of the particle size distribution is 100 mm) or lump ore with a relatively wide particle size distribution (for example, the
width of the particle size distribution is 20 mm). For example, when the raw material contains a first agglomerate having
a particle size in a first particle size range of 1 mm or more and 10 mm or less and a second agglomerate having a
particle size in a second particle size range of 10 mm or more and 100 mm or less, sintered ore having a particle size
distribution of 1 mm or more and 100 mm or less can be used as the raw material.
[0027] Further, when the raw material contains a first agglomerate having a particle size in a first particle size range
of 0.1 mm or more and 10 mm or less and a second agglomerate having a particle size in a second particle size range
of 10 mm or more and 100 mm or less, it may, for example, contain a combination of lump ore having a particle size
distribution of 0.1 mm or more and 20 mm or less and sintered ore having a particle size distribution of 1 mm or more
and 100 mm or less, where the first agglomerate contains first lump ore and sintered ore having a particle size in the
first particle size range, and the second agglomerate contains lump ore and sintered ore having a particle size in the
second particle size range.
[0028] The first agglomerate preferably has a particle size in a first particle size range selected from a range of 0.1
mm or more and 20 mm or less, and the second agglomerate preferably has a particle size in a second particle size
range selected from a range of 1 mm or more and 100 mm or less. When the first agglomerate has a particle size in a
first particle size range of 0.1 mm or more and 20 mm or less, it is possible to obtain reduced iron with a higher reduction
rate than otherwise. Further, when the second agglomerate has a particle size in a second particle size range of 1 mm
or more and 100 mm or less, the second agglomerate can be used more preferably as a heat supply source in the
furnace than otherwise.
[0029] It is preferable to use a sieve with a mesh size of 1 mm or more and 20 mm or less for sieving the reduced iron
discharged from the reducing furnace. By using a sieve with a mesh size of 1 mm or more and 20 mm or less for sieving
the reduced iron, reduced iron with different reduction can be easily separated.
[0030] In the present disclosure, among the plurality of particle size ranges described above, the second agglomerate
with a relatively large particle size is used as a heat supply source for keeping a high temperature inside the furnace,
and the iron oxide contained in the first agglomerate with a relatively small particle size is efficiently reduced.
[0031] The raw material is either preheated before being charged into the reducing furnace or heated inside the
reducing furnace. This can compensate for the heat absorbed by the reduction reaction of the iron oxide contained in
the agglomerate as a raw material.
[0032] When the raw material is preheated before being charged into the reducing furnace, the raw material can be
preheated by, for example, charging the raw material into a heating furnace maintained at a high temperature, or by
keeping the raw material at a high temperature. When the raw material is preheated, the raw material is preferably
preheated to 500 °C or higher. The raw material is preferably preheated to 1200 °C or lower. Preheating the raw material
to 500 °C or higher can accelerate the reduction reaction. When the raw material is preheated to 1200 °C or lower, it is
possible to prevent the raw material particles from sticking together and from coarsening. The raw material is more
preferably preheated to 800 °C or higher. The raw material is more preferably preheated to 1100 °C or lower.
[0033] When the raw material is heated inside the reducing furnace, it can be heated with, for example, a method of
introducing a hot gas from the top the shaft furnace and exchanging heat with the hot gas, a method of performing
heating from the outside of the furnace by electromagnetic waves, or a method of keeping the furnace wall at a high
temperature. When the raw material is heated inside the reducing furnace, the raw material is preferably heated to 500
°C or higher. The raw material is preferably heated to 1200 °C or lower. Heating the raw material to 500 °C or higher
can accelerate the reduction reaction. When the raw material is heated to 1200 °C or lower, it is possible to prevent the
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raw material particles from sticking together and from coarsening. The raw material is more preferably heated to 800
°C or higher. The raw material is more preferably heated to 1100 °C or lower.
[0034] On the other hand, a reducing gas that accompanies an endothermic reaction during reduction can be used
as the reducing gas. For example, in a case of using a mixed gas of CO gas and H2 gas as the reducing gas and setting
the reduction reaction temperature inside the reducing furnace to 1200 °C or lower, the effect of the present disclosure
is remarkable if the volume ratio of H2 gas in the mixed gas is 0.4 or more, as illustrated in FIG. 1. Further, when the
volume ratio of H2 gas is 0.8 or more, the effect of the present disclosure is more remarkable because it is difficult to
compensate for the heat absorbed by the reaction only by the sensible heat of the gas, that is, only by increasing the
amount of the gas.
[0035] The temperature of the reducing gas is preferably 1200 °C or lower. When the temperature of the reducing gas
is 1200 °C or lower, the raw material can be heated while preventing the particles from sticking together. When the raw
material is preheated or when a method of performing heating from the outside of the furnace by electromagnetic waves,
a method of keeping the furnace wall at a high temperature, or the like is used, the lower limit of the temperature of the
reducing gas is not specified, and it may even be room temperature. However, when the reducing gas is used to heat
the raw material, the temperature of the reducing gas is preferably 500 °C or higher. The temperature of the reducing
gas is more preferably 800 °C or higher. The temperature of the reducing gas is more preferably 1100 °C or lower.
[0036] The reduced iron discharged from the reducing furnace is sieved and classified into reduced iron having a
particle size range of fine particle and reduced iron having a particle size in a particle size range of coarse particle. This
is because the progress of reduction differs depending on the particle size. As used herein, it is preferable to use a sieve
with a mesh size of 1 mm or more and 20 mm or less for sieving the reduced iron. The reduced iron having a particle
size range of fine particle is recovered. This allows only reduced iron with a relatively high reduction rate to be recovered.
[0037] The particle size range of fine particle is preferably 20 mm or less. This allows only reduced iron with a higher
reduction rate to be recovered.
[0038] On the other hand, there is a high possibility that many unreduced parts remain inside the sieved reduced iron
having a particle size in a particle size range of coarse particle. Therefore, it can be used as a raw material in a device
different from a reducing furnace in a steelworks, or it can be ground and then reduced again as an agglomerate of raw
material, for example. In this case, the agglomerate as a raw material can be reduced more efficiently. The ground
reduced iron can be used in the same way as an agglomerate of new raw material. To reduce the amount of the gas in
the reducing furnace, the weight ratio of the used ground reduced iron to reduced iron as a product is preferably 0.2 or
more. The weight ratio is preferably 0.5 or less.
[0039] FIG. 3 illustrates a suitable example of the operating method for a reducing furnace of the present disclosure.
First, a preheated agglomerate, which is a new raw material, is introduced from the top of a shaft furnace (first shaft
furnace) while introducing H2 gas as a reducing gas from the lower part of the side of the shaft furnace, and the iron
oxide contained in the agglomerate is reduced by the H2 gas.
[0040] The resulting reduced iron is discharged from the lower part of the first shaft furnace, and it is sieved and
classified into reduced iron having a particle size range of fine particle and reduced iron having a particle size in a particle
size range of coarse particle. The reduced iron having a particle size range of fine particle is recovered. On the other
hand, the reduced iron having a particle size range of coarse particle is ground and then charged into a shaft furnace
(second shaft furnace) different from the first shaft furnace, and the H2 gas not used in the reduction reaction and the
formed H2O gas discharged from the first shaft furnace are introduced as a reducing gas to reduce the iron oxide
contained in the ground reduced iron having a particle size range of coarse particle.
[0041] The H2 gas not used in the reduction reaction and the formed H2O gas discharged from the first shaft furnace
are hot, so that the ground reduced iron having a particle size range of coarse particle can be heated through heat
exchange. The reduced iron having a particle size range of coarse particle discharged from the lower part of the second
shaft furnace is ground, heated, and then charged into the first shaft furnace together with a new raw material. On the
other hand, the H2 not used in the reduction reaction and the formed H2O gas discharged from the second shaft furnace
are dehumidified and then introduced into the first shaft furnace as a reducing gas together with fresh H2 gas.
[0042] In the example illustrated in FIG. 3, the ground reduced iron having a particle size range of coarse particle is
reduced in the second shaft furnace. It is also acceptable to heat the ground reduced iron having a particle size range
of coarse particle and charge it into the first shaft furnace. In this case, the H2 gas not used in the reduction reaction
and the formed H2O gas discharged from the first shaft furnace may be used to heat the ground reduced iron having a
particle size range of coarse particle.
[0043] In the example illustrated in FIG. 3, the preheated raw material is charged into the first shaft furnace, and the
reduced iron having a particle size in a particle size range of coarse particle that is discharged from the first shaft furnace
and obtained by sieving is ground, heated, and then charged into the first shaft furnace. However, the present disclosure
is not limited to this example. For example, it is also acceptable that, as illustrated in FIG. 4, a gas inlet for introducing
hot gases such as H2, H2O, and oxygen (O2) and a gas outlet for exhausting the introduced hot gases are provided at
the upper part of the side of the first shaft furnace, and a raw material that has not been preheated and the ground



EP 4 317 465 A1

7

5

10

15

20

25

30

35

40

45

50

55

reduced iron having a particle size in a particle size range of coarse particle are charged into the first shaft furnace and
then heated. The hot gas may be obtained by partial combustion outside the furnace, or by introducing H2O and/or O2
into the furnace and partially burning the reducing gas rising from below. By adjusting the amount of O2 in the gas
composition inside the furnace so that H2O/(H2O+H2) is 0.5 or more, the reduction from FeO to Fe can be suppressed.
As a result, it is possible to suppress the endothermic reaction and preheat the raw material with a small amount of gas,
which is preferable.

EXAMPLES

[0044] The following describes examples of the present disclosure, but the present disclosure is not limited to the
following examples.

<Preparation of agglomerate>

[0045] To confirm the effect of the particle size of an agglomerate, an agglomerate A (coarse particle) and an agglom-
erate B (fine particle) were prepared by adjusting the particle size of the agglomerates, and a reduction experiment was
conducted. The "agglomerate" is a massive substance containing iron oxide, and sintered ore, lump ore (massive iron
ore), baked pellets, hot briquettes, cold briquettes, and cold bond pellets may be suitably used, for example. In this case,
sintered ore was used as a raw material for a blast furnace, the sintered ore was sieved using a 30-mm sieve, the
undersize sintered ore was sieved again using a 20-mm sieve, and the oversize sintered ore was used as the agglomerate
A (coarse particle). Further, the sintered ore undersize of 20 mm was sieved using a 10-mm sieve, the sintered ore
undersize of 10 mm was sieved again using a 5-mm sieve, and the oversize sintered ore was used as the agglomerate
B (fine particle).

(Comparative Example)

[0046] A reduction experiment was conducted using only the agglomerate B (fine particle) prepared as described
above. The agglomerates were filled into a container having a predetermined volume to previously measure the so-
called bulk density. Next, using the experimental device illustrated in FIG. 5, the agglomerates were filled in small
quantities so that particle size segregation would not occur, and the agglomerates were heated by an electric furnace
to 1000 °C in a nitrogen atmosphere and held for a certain period of time. It was confirmed that the temperature of the
agglomerates charged into the furnace was raised to approximately 1000 °C.
[0047] After that, heating by the electric furnace was stopped, and H2 gas was supplied as a reducing gas from the
lower part of the furnace to start the reduction of the iron oxide contained in the agglomerates. A lifting device was
lowered to lower the surface of the agglomerate at a (constant) descent speed at which the agglomerate is discharged
1.6 kg per hour in a pre-reduction state by a level sensor at the top. The supplied H2 gas was 1200 NL per hour (volume
under standard conditions (temperature 0 °C, atmospheric pressure 1013 hPa, relative humidity 0 %) at room temperature
(25 °C).
[0048] When the top of the agglomerate reached the bottom of the electric furnace, the gas introduced into the device
was switched from a reducing gas to nitrogen gas, the agglomerate was cooled, and then the lifting device was lowered
to remove a sample of the agglomerate from the lower part of the furnace. The average reduction rate of a product from
the sample of the agglomerate was determined, and the result was 36 %. The reduction conditions, the reduction rate
of the product, and the mass ratio of undersize are listed in Table 1.

[Table 1]
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(Example 1)

[0050] The iron oxide contained in an agglomerate was reduced in the same manner as in Comparative Example.
However, an agglomerate obtained by mixing the agglomerate A (coarse particle) and the agglomerate B (fine particle)
at a mass ratio of 1:1 was used as a raw material. All other conditions were the same as in Comparative Example. As
a result, the average reduction rate of the product was 35 %. When the particles were sieved using a 10-mm sieve, the
reduction rate of the fine particles, which were below the sieve, was as high as 46 %, whereas the reduction rate of the
coarse particles, which were above the sieve, was as low as 24 %. The reduction conditions, the reduction rate of the
product, and the mass ratio of undersize are listed in Table 1.
[0051] The reducing gas was H2 gas, which tended to cause the reduction reaction to proceed relatively uniformly to
the interior of the particles of the agglomerate. However, since the reaction time was limited, there was a difference in
the reduction rate between the particle surface and the center. In other words, it was found that the reduction was more
likely to proceed on the surface of the particles, and the reduction was less likely to proceed in the center of the particles.
[0052] The temperature distribution of the agglomerate layer was measured from the top of the furnace in the furnace
height direction during the reduction experiment. When the temperature in the furnace was measured under the conditions
of Comparative Example, that is, in the case of the agglomerate B (fine particle), the temperature dropped sharply at a
certain height. On the other hand, when the temperature in the furnace was measured under the conditions of Example
1, that is, in the case of using a mixture of the agglomerate A (coarse particle) and the agglomerate B (fine particle), the
temperature gradually decreased at approximately the same height as above, and the range in which the temperature
was kept high was expanded as with the calculation results illustrated in FIG. 2.
[0053] Base on this, it was estimated that the position at which the reduction reaction proceeded was different between
the agglomerate A (coarse particle) and the agglomerate B (fine particle) in the height direction. Thus, in the case of
using a reducing gas that accompanies an endothermic reaction during the reduction, by using a raw material having
an agglomerate with a relatively small particle size and an agglomerate with a relatively large particle size, it is possible
to cause the reduction reaction at different positions in the shaft furnace and to moderate the temperature drop accom-
panying the reduction reaction. As a result, the temperature at which the reduction reaction occurs is kept for a longer
period of time inside the shaft furnace, which facilitates the proceeding of the reduction. It was found that the reduction
proceeds slowly for the agglomerate A (coarse particle), which can suppress the heat absorption associated with the
reaction, and the agglomerate A (coarse particle) can play a role as a heat supply medium.

(Example 2)

[0054] The reduced iron obtained in Example 1 was sieved to recover coarse particles (20 mm to 30 mm). The coarse
particles after reduction were ground to a particle size of less than 10 mm to obtain an agglomerate C (fine particle).
The agglomerate A (coarse particle), the agglomerate B (fine particle), and the agglomerate C (fine particle) were mixed
at a ratio of 1:1:1. The mixed agglomerates were used as a raw material to reduce the iron oxide contained in the
agglomerates in the same manner as in Example 1. All the conditions were the same as in Example 1. The results were
that the average reduction rate of the product was 45 %, the reduction rate of the coarse particle (+10 mm) was 27 %,
and the reduction rate of the fine particle (-10 mm) was 54 %. When the obtained reduced iron was sieved using a 10-
mm sieve, 64 % of the undersize product could be recovered. The reduction conditions, the reduction rate of the product,
and the mass ratio of undersize are listed in Table 1.
[0055] Thus, by sieving the obtained reduced iron, it is possible to easily separate the portions with a high reduction
rate and to increase the reduction rate of the undersize product that can be used as reduced iron.

INDUSTRIAL APPLICABILITY

[0056] According to the present disclosure, it is possible to provide an operating method for a reducing furnace with
which iron oxide contained in a raw material can be reduced more efficiently than conventional methods, which is useful
in the steel industry.

Claims

1. An operating method for a reducing furnace, comprising charging a raw material containing iron oxide into a reducing
furnace while introducing a reducing gas that accompanies an endothermic reaction during reduction into the reducing
furnace, and reducing the iron oxide to obtain reduced iron, wherein

the raw material contains a first agglomerate with a particle size in a first particle size range and a second
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agglomerate with a particle size in a second particle size range whose lower limit is equal to or more than an
upper limit of the first particle size range, and the raw material is preheated before being charged into the
reducing furnace or heated inside the reducing furnace, and
the reduced iron discharged from the reducing furnace is sieved and classified into reduced iron having a particle
size range of fine particle and reduced iron having a particle size in a particle size range of coarse particle, and
the reduced iron having a particle size range of fine particle is recovered.

2. The operating method for a reducing furnace according to claim 1, wherein after grinding the reduced iron having
a particle size of coarse particle, the ground reduced iron is preheated and then charged into the reducing furnace,
or the ground reduced iron is charged into the reducing furnace and heated.

3. The operating method for a reducing furnace according to claim 1 or 2, wherein the first agglomerate has a particle
size in the first particle size range selected from a range of 0.1 mm or more and 20 mm or less, the second agglomerate
has a particle size in the second particle size range selected from a range of 1 mm or more and 100 mm or less,
and a sieve with a mesh size of 1 mm or more and 20 mm or less is used to sieve the reduced iron discharged from
the reducing furnace.

4. The operating method for a reducing furnace according to any one of claims 1 to 3, wherein the particle size range
of fine particle is 0.1 mm or more and 20 mm or less.

5. The operating method for a reducing furnace according to any one of claims 1 to 4, wherein the raw material is
preheated to 500 °C or higher and 1200 °C or lower before being charged into the reducing furnace, or the raw
material is heated to 500 °C or higher and 1200 °C or lower inside the reducing furnace.
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