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(54) PRODUCTION METHOD FOR REDUCED IRON

(57) Provided is a production method for direct re-
duced iron capable of preventing the occurrence of clus-
tering when producing direct reduced iron by reducing a
raw material for reduction with a reducing gas, using a
shaft furnace or a kiln furnace. The production method for
direct reduced iron includes producing direct reduced
iron by reducing the raw material for reduction with the
reducing gas, using the shaft furnace or kiln furnace. The
raw material for reduction contains a sintered ore, and is
preferably composed of 80% by mass or less of the
sintered ore; and a remainder made up of at least one
of lump ore and pellets.
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Description

Technical field

[0001] The present invention relates to a direct reduced iron production method for producing direct reduced iron by
reducing a raw material for reduction with a reducing gas, using a shaft furnace or a kiln furnace.

Background Art

[0002] Conventionally, there are known various direct reduced iron production methods for producing direct reduced
iron by reducing a raw material for reduction with a reducing gas, using a shaft furnace or a kiln furnace. Further, in an
operation involving a shaft furnace or a kiln furnace, as a raw material(s) for reduction, there have been mainly used, for
example, lump ore and pellets prepared by granulating and sintering a powder ore (e.g., see Patent Literature 1).

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent No.4427295

Summary of Invention

Technical Problem

[0004] However, in the case of the reduction method of Patent Literature 1 for producing direct reduced iron, no mention
is made on clustering in which the raw material(s) for reduction bind together in a reduction furnace, which leaves a
possibility that direct reduced iron may not be able to be discharged from inside the furnace.
[0005] Further, in a conventional direct reduced iron production (e.g., MIDREX: registered trademark) using a shaft
furnace or a kiln furnace, a hydrogen gas and carbon monoxide are used as a reducing gas. There, while the hydrogen gas
in the reducing gas is usually of an amount of about 60 vol.%, a method of increasing such amount to 67 to 100 vol.% (called
hydrogen-direct reduced iron making) has gained attention as it is capable of reducing CO2 discharge amount. If
increasing the amount of the hydrogen gas in the reducing gas to 67 to 100 vol.%, there may be employed a higher
temperature inside the shaft furnace or kiln furnace for the purpose of ensuring a reaction speed therein, which requires
clustering to be prevented in a more reliable manner.
[0006] The present invention was made in view of these circumstances. It is an object of the present invention to provide
a production method for direct reduced iron capable of preventing the occurrence of clustering when producing direct
reduced iron by reducing a raw material for reduction with a reducing gas, using a shaft furnace or a kiln furnace.

Solution to Problem

[0007] The present invention is a production method for direct reduced iron that includes: producing direct reduced iron
by reducing a raw material for reduction with a reducing gas, using a shaft furnace or a kiln furnace, wherein the raw
material for reduction contains a sintered ore.
[0008] Here, as for the production method for direct reduced iron of the present invention that is configured in the above
manner, it is considered that more preferable resolutions can be brought when:

(1) the raw material for reduction is composed of 80% by mass or less of the sintered ore; and a remainder made up of
at least one of lump ore and pellets;
(2) the raw material for reduction is composed of 5 to 70% by mass of the sintered ore; and a remainder made up of at
least one of lump ore and pellets;
(3) the raw material for reduction is composed of 15 to 50% by mass of the sintered ore; and a remainder made up of at
least one of lump ore and pellets;
(4) the RDI of the sintered ore is 54% by mass or less;
(5) a total iron content of the sintered ore is smaller than 65% by mass;
(6) the reducing gas contains 60 vol.% or more of a hydrogen gas; and
(7) the reducing gas contains 67 vol.% or more of a hydrogen gas.
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Advantageous Effects of Invention

[0009] According to the present invention configured in the above manner, when producing direct reduced iron with a
shaft furnace or a kiln furnace, the occurrence of clustering in the direct reduced iron produced can be prevented by using,
as a raw material for reduction, a sintered ore, preferably a sintered ore satisfying given conditions.

Brief Description of Drawings

[0010]

[Fig.1] is a graph explaining a correlation between a sintered ore compounding ratio; and contact ratios between
sintered ores themselves and between pellets themselves.
[Fig.2] is a graph showing a correlation between the sintered ore compounding amount and a clustering index.
[Fig.3] is a graph showing a correlation between a sintered ore RDI and the clustering index.
[Fig.4] is a graph showing a correlation between a total iron content (T.Fe) of the sintered ore and the clustering index.

Description of Embodiments

[0011] An embodiment of the present invention is described in detail hereunder. Here, the following embodiment is a set
of examples of a device and/or method embodying the technical concept of the present invention and is not to limit the
configuration of the present invention to those shown below. That is, various modifications can be made to the technical
concept of the present invention within the technical scope described in the claims.

<Idea of the present invention; and configuration of the present invention with which the idea is realized>

[0012] Conventionally, it is known that the higher the iron content in a raw material for reduction is, the more likely
clustering will occur. Thus, the present invention was made based on an idea that it may be possible to suppress clustering
by reducing the iron content in a raw material for reduction as a result of adding a low-iron-content sintered ore to the raw
material for reduction.
[0013] That is, since a sintered ore uses a coagulating material and a lime-based auxiliary raw material, it has a higher
slag component content and a lower iron content as compared to pellets. While a low iron content is advantageous in terms
of suppressing clustering, a sintered ore alone resulted in an increased clustering index. It was considered that this was
because while the iron content was low, fusion was incurred as a melt was generated by the slag component.
[0014] In this way, as for the causes that trigger clustering, it was made clear that the mechanism by which clustering
occurs in the case of pellets and the mechanism by which clustering occurs in the case of sintered ores differ from each
other in that while clustering is attributed to iron fusion between pellets themselves in the case of pellets, it is attributed to
slag fusion between sintered ores themselves in the case of sintered ores. This indicates that while clustering is easy to
occur with pellets themselves coming into contact with one another and with sintered ores themselves coming into contact
with one another, clustering is not easy to occur with pellets and sintered ores coming into contact with each other.
[0015] The inventors concluded that a frequency at which a particle comes into contact with the same kind of particle is
the product of an existence ratio of such kind of particles and an existence ratio of the particles coming into contact
therewith, and this is the square of a compounding ratio of such kind of particles. Thus, the inventors arrived at an idea that
the clustering index as a whole could be reduced by moderately adding a sintered ore (see Fig.1).
[0016] The production method for direct reduced iron of the present invention that was made based on the above idea is
a production method for producing direct reduced iron by reducing a raw material for reduction with a reducing gas, using a
shaft furnace or a kiln furnace, and this production method is characterized in that the raw material for reduction contains a
sintered ore. Preferably, the raw material for reduction is characterized by being composed of 80% by mass or less of the
sintered ore; and a remainder made up of at least one of lump ore and pellets. More preferably, the raw material for
reduction is characterized by being composed of 5 to 70% by mass of the sintered ore; and a remainder made up of at least
one of lump ore and pellets. Even more preferably, the raw material for reduction is characterized by being composed of 15
to 50% by mass of the sintered ore; and a remainder made up of at least one of lump ore and pellets. Further, the production
method for direct reduced iron of the present invention is characterized in that the RDI of the sintered ore is 54% by mass or
less, the total iron content of the sintered ore is smaller than 65% by mass, and the reducing gas contains 60 vol.% or more,
more preferably 67 vol.% or more of a hydrogen gas.
[0017] Here, the expression that "the reducing gas contains 60 vol.% or more of a hydrogen gas" is defined as follows.
That is, it means that of the gases supplied into the shaft furnace or kiln furnace, when a proportion excluding gases having
no reduction action such as a nitrogen gas and a CO2 gas is regarded as 100%, a volume ratio of the hydrogen gas is 60
vol.% or more. For example, there is a hypothetical case where the composition of the gases supplied into the shaft furnace
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or kiln furnace is: hydrogen gas 50 vol.%; carbon monoxide gas 30 vol.%; carbon dioxide gas 10 vol.%; and nitrogen gas 10
vol.%. In such case, the reducing gas contains the hydrogen gas at a ratio of 62.5 vol.% which is calculated by: hydrogen
gas volume concentration ÷ (hydrogen gas volume concentration + carbon monoxide gas volume concentration) = 50 ÷
(50+30) = 62.5 vol.%.

Examples

[0018] Examples of the present invention are described in detail hereunder. At first, a sintered ore having given
properties was produced in a manner described below. The sintered ore produced and pellets were combined together by
changing the additive amount of the sintered ore, thereby obtaining raw materials for reduction of Examples 1 to 9 and
Comparative Examples 1 to 4 as shown in the following Table 1.
[0019] Next, with regard to the obtained raw materials for reduction of Examples 1 to 9and Comparative Examples 1 to 4,
according to a cluster strength measurement described below, direct reduced iron production was simulated from the raw
materials for reduction, and the condition of clustering was evaluated via clustering indexes. The results are shown in the
following Table 1 and Figs.2 to 4.

<Production of sintered ore>

[0020] The sintered ore was prepared in such a manner that after mixing iron ore and an auxiliary raw material(s) so that
given properties are satisfied, a drum mixer was then used to perform granulation together with water, followed by
producing the sintered ore with a cylindrical sintering test pot simulating a sintering machine. Of the sintered ore(s)
obtained, those with a size of 5 mm or larger were collected via sieving and were treated as a raw material subjected to the
cluster strength measurement. Further, in the present invention, a sintered ore with a given RDI was able to be produced by
adjusting a suction negative pressure at the time of sintering and a coagulating material ratio. Moreover, in the present
invention, a sintered ore with a given iron content was able to be produced by adjusting the type of the iron ore added and
the amount of the auxiliary raw material. Here, RDI refers to reduction disintegration index as provided by JIS M 8720.
However, if subjected to hydrogen-direct reduced iron making where a hydrogen gas is contained at 67 vol.% or more in the
reducing gas, measurement may be performed by substituting part of or all the CO gas of the reducing gas as set forth in
JIS M 8720 with a hydrogen gas.

<Cluster strength measurement>

[0021] Here, 500 g of a sample were loaded into a vertical cylindrical furnace having a diameter of 100 mm. The
temperature of the sample was raised to 1,000°C in a N2 atmosphere by the vertical cylindrical furnace; once the
temperature of the sample had reached 1,000°C, the sample was then held for 3 hours under conditions of: reducing gas
24 L/min, H2:N2=20:80 (vol%), and load 1 kg/cm2. Later, the sample was cooled in a N2 atmosphere. Next, sieving was
performed using a sieve with an opening of 16 mm which is the largest size of a single pellet, after which the weight was
measured (Wa (g)). Later, the sample on the sieve was put into a type I testing machine (cylindrical container (diameter 132
mm; capacity 700 mL)), and was rotated at a rotation speed of 30 rpm for 5 min, followed by evaluating an amount Wb (g)
sieved by the sieve with the opening of 16 mm. From this test, the result of a calculation of uncrushed clustering ratio
(Wb/Wa)×100 was used as a clustering index for evaluation.
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[0022] Here, based on the results shown in Table 1, Fig.2 is a graph showing a correlation between a sintered ore
compounding amount and the clustering index; Fig.3 is a graph showing a correlation between the sintered ore RDI and the
clustering index; and Fig.4 is a graph showing a correlation between the total iron content (T.Fe) of the sintered ore and the
clustering index.
[0023] Based on the correlation between the sintered ore compounding amount and the clustering index, as shown in
Fig.2 (data of Examples 1 to 6 and Comparative Examples 1 and 2 were used), the following facts were made clear about
adding the sintered ore into the raw material for reduction. First of all, by adding the sintered ore in an amount of not more
than 80% by mass into the raw material for reduction, the clustering index decreased (improved) to less than 35. Further, by
adding the sintered ore in an amount of 5 to 70% by mass into the raw material for reduction, the clustering index further
decreased to 20 or lower. Moreover, by adding the sintered ore in an amount of 15 to 50% by mass into the raw material for
reduction, the clustering index further decreased to 10 or lower. From the above facts, it was made clear that in order to
prevent clustering from occurring, it is effective to add a sintered ore into a raw material for removal and reduction, and it is
particularly effective to add a sintered ore in an amount of 80% by mass or less into a raw material for reduction. Further, as
for the additive amount of the sintered ore, it was made clear that it is preferable to add the sintered ore in an amount of 5 to
70% by mass into the raw material for reduction, and it is more preferable to add the sintered ore in an amount of 15 to 50%
by mass into the raw material for reduction.
[0024] From the correlation between the sintered ore RDI and the clustering index as shown in Fig.3 (there were used
data of Examples 5, 7 and 8; and data of Comparative Example 3), there was assumed a case where the sintered ore was
added in an amount of 70% by mass into the raw material for reduction. In such case, it was made clear that the clustering
index further decreased by lowering the RDI of the sintered ore to 54% by mass or less. This indicates that in order to
prevent clustering from occurring, it is preferable to lower the RDI of the sintered ore to 54% by mass or less.
[0025] From the correlation between the total iron content (T.Fe) of the sintered ore and the clustering index as shown in
Fig.4 (there were used data of Examples 5 and 9; and data of Comparative Example 4), there was assumed a case where a
sintered ore with a RDI of 50% by mass was added in an amount of 70% by mass into the raw material for reduction. In such
case, it was made clear that the clustering index further decreased by lowering the total iron content (T.Fe) of the sintered
ore to smaller than 65% by mass. This indicates that in order to prevent clustering from occurring, it is preferable to lower
the total iron content (T.Fe) of the sintered ore to smaller than 65% by mass.

Industrial Applicability

[0026] The production method for direct reduced iron of the present invention is such that the occurrence of clustering
can be reduced when producing direct reduced iron by reducing the raw material for reduction with the reducing gas, using
a shaft furnace or a kiln furnace. Thus, the present invention is industrially useful as it contributes to CO2 reduction, is also
useful in a method using a hydrogen gas and carbon monoxide as a reducing gas, and is particularly useful when applied to
a method using 67 vol.% or more of a hydrogen gas as a reducing gas (the method is called hydrogen-direct reduced iron
making).

Claims

1. A production method for direct reduced iron comprising:
producing direct reduced iron by reducing a raw material for reduction with a reducing gas, using a shaft furnace or a
kiln furnace,
wherein the raw material for reduction contains a sintered ore.

2. The production method for direct reduced iron according to claim 1, wherein the raw material for reduction is
composed of 80% by mass or less of the sintered ore; and a remainder made up of at least one of lump ore and pellets.

3. The production method for direct reduced iron according to claim 1, wherein the raw material for reduction is
composed of 5 to 70% by mass of the sintered ore; and a remainder made up of at least one of lump ore and pellets.

4. The production method for direct reduced iron according to claim 1, wherein the raw material for reduction is
composed of 15 to 50% by mass of the sintered ore; and a remainder made up of at least one of lump ore and pellets.

5. The production method for direct reduced iron according to any one of claims 1 to 4, wherein the RDI of the sintered ore
is 54% by mass or less.

6. The production method for direct reduced iron according to any one of claims 1 to 5, wherein a total iron content of the
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sintered ore is smaller than 65% by mass.

7. The production method for direct reduced iron according to any one of claims 1 to 6, wherein the reducing gas contains
60 vol.% or more of a hydrogen gas.

8. The production method for direct reduced iron according to any one of claims 1 to 6, wherein the reducing gas contains
67 vol.% or more of a hydrogen gas.
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