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Description
[Technical Field]

[0001] The presentinvention relates to an ironmaking method. Priority is claimed on Japanese Patent Application No.
2021-159551, filed September 29, 2021, the content of which is incorporated herein by reference.

[Background Art]

[0002] A direct reduction ironmaking method is known as one of ironmaking methods for obtaining iron from raw
materials containing iron oxide (reducing iron oxide). The direct reduction ironmaking method has continued to develop
based on the background such as low construction cost of plants for performing this method, ease of operation, and
operability in small-scale plants. Particularly, in the shaft furnace type direct reduction ironmaking method, various
improvements have been made to effectively utilize the reducing gas in the furnace.

[0003] Furthermore, recently, in order to reduce the carbon dioxide emission amount from the steel industry, the
development of direct reduction ironmaking methods in which hydrogen is used as a reducing gas has progressed. As
typical examples, HYBRIT and MIDREX+H, in which hydrogen obtained by water electrolysis is used in a shaft furnace
type direct reduction ironmaking method are known.

[0004] Reduced iron (hereinafter referred to as direct reduction iron (DRI)) produced by the direct reduction ironmaking
method is used as a raw material for blast furnaces or electric furnaces. When DRI is used as a replacement for scrap
in an electric furnace, if the metallization degree of DRI is low or the amount of gangue such as SiO, or Al,O5 is large,
the energy consumption rate during electric furnace operation increases and the production cost increases (for example,
Non-Patent Document 1). On the other hand, in the blast furnace, since unreduced iron ore, sintered ore, and pellets
with large gangue contents are used, even if DRI with a low metallization degree or a high gangue content is used, the
energy consumption rate of the blast furnace does not increase. On the other hand, if iron ore, sintered ore, and pellets
are replaced with DRI, the energy consumption rate decreases (for example, Non-Patent Document 2).

[Citation List]
[Non-Patent Document]
[0005]

[Non-Patent Document 1]

Joseph J Poveromo, 2013 World DRI & Pellet Congress, Abu Dhabi, DR Pellet Quality & MENA Applications
[Non-Patent Document 2]

Kunitomo et al., Nippon Steel Technical Report No. 384, P. 121-P. 126

[Summary of the Invention]
[Problems to be Solved by the Invention]

[0006] As described above, if the gangue content in DRI is high, the energy consumption rate increases when used
in an electric furnace. Therefore, in the direct reduction ironmaking method, DR pellets with a low gangue content are
used. DR pellets are produced using iron ore (concentrate) enriched by magnetic separation or gravity separation as
raw materials, but DR pellet concentrates can only be produced from raw ore that has favorable gangue separation
properties and is produced in specific regions.

[0007] Iron ore produced in Australia is not beneficiated because it is difficult to separate gangues, and as a result,
the gangue content is high. In addition, in recent years, the quality of iron ore raw materials, not just those produced in
Australia, has deteriorated. Accordingly, the gangue content of iron ore has increased, and it is estimated that it will
become increasingly difficult to produce DR pellets in the future. Here, poor-quality iron ore, including iron ore produced
in Australia, contains large amounts of combined water.

[0008] The presentinvention has been made in view of the above circumstances and an object of the present invention
is to provide a novel and improved ironmaking method in which it is possible to efficiently agglomerate and reduce poor-
quality iron ore raw materials.
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[Means for Solving the Problem]
[0009] In order to achieve the above object, the gist of the present invention is as follows.

(1) An ironmaking method according to Aspect 1 of the present invention includes an ore beneficiation step in which
a high combined water content iron ore having a loss of ignition of 3 to 12 mass% is beneficiated into a goethite-
rich part having at least a loss of ignition of 4 mass% or more and an iron content of 55 mass% or more; a first
agglomeration processing step in which the goethite-rich part is agglomerated into first fired pellets in a pellet
induration furnace; and a first reduction step in which the first fired pellets are charged into a shaft furnace while the
firstfired pellets have a surface temperature of 600°C or higher, and directly reduced using a reducing gas containing
60 volume% or more of hydrogen.

In Aspect 2 of the present invention, in the ironmaking method according to Aspect 1, the first fired pellets may be
directly reduced to a metallization degree of 60% to 95%.

(3) Aspect 3 of the presentinvention may furtherinclude a second agglomeration processing step in which a hematite-
rich part is agglomerated into second fired pellets in a pellet induration furnace in the ironmaking method according
to Aspect 1 or 2, wherein, in the ore beneficiation step, the hematite-rich part having a loss of ignition of less than
4 mass% and an iron content of 55 mass% or more is additionally beneficiated.

(4) Aspect 4 of the present invention may further include a second reduction step in which the second fired pellets
are directly reduced in a shaft furnace using a reducing gas containing 60 volume% or more of hydrogen to produce
direct reduction iron having a metallization degree of 90% or more in the ironmaking method according to Aspect 3.
(5) Aspect 5 of the present invention may further include a water washing step in which tailings are removed from
the high combined water content iron ore before the ore beneficiation step in the ironmaking method according to
any one of Aspects 1 to 4.

[Effects of the Invention]

[0010] According to the above aspects of the present invention, it is possible to efficiently agglomerate and reduce
poor-quality iron ore raw materials.

[Brief Description of Drawings]
[0011]

FIG. 1 is a flowchart showing a procedure of an ironmaking method according to the present embodiment.
FIG. 2 is a flowchart showing another procedure of the ironmaking method according to the present embodiment.

[Embodiment(s) for implementing the Invention]

[0012] Hereinafter, the present embodiment will be described in detail with reference to the drawings. Here, when a
numerical value range is expressed using "to," the range includes both stated numerical values.

[0013] The percentage (%) of each component of iron ore and the like in the text and tables is mass% with respect to
a total mass of iron ore and the like. Here, the iron content is measured according to JIS M 8212: 2005 iron ore total
iron determination method. In addition, the loss of ignition (LOI) is regarded as the combined water content. The loss of
ignition (LOI) is the mass reduction rate when iron ore is left at 1,000°C for 60 minutes.

<1. Overview of present embodiment>

[0014] An agglomeration method and a reduction method according to the present embodiment are ironmaking meth-
ods using iron ore containing a large amount of combined water, for example, goethite-containing iron ore produced in
Australia, of which reserves are abundant. In the ironmaking method according to the present embodiment, first, according
to ore beneficiation, iron ore raw materials are separated into a goethite-rich part mainly composed of goethite. In the
ore beneficiation, iron ore raw materials may be separated into a hematite-rich part mainly composed of hematite, a
goethite-rich part mainly composed of goethite, and a gangue-rich part mainly composed of gangue. Here, the hematite-
rich part is a part having an LOI of less than 4 mass% and an iron content of 55 mass% or more, the goethite-rich part
is a part having an LOI of 4 mass% or more and an iron content of 55 mass% or more, and the gangue-rich part is a
part having an iron content of less than 55 mass%. The hematite-rich part is a part mainly composed of hematite within
the high combined water content iron ore and is a part of the high combined water content iron ore in which the LOl is
less than 4 mass% and the iron content is 55 mass% or more. Here, the part mainly composed of hematite is a part in
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which the amount of hematite is 50 mass% or more based on the total mass of the part. In addition, the goethite-rich
part is a part mainly composed of goethite within the high combined water content iron ore and is a part of the high
combined water content iron ore in which the LOI is 4 mass% or more and the iron content is 55 mass% or more. The
part mainly composed of goethite is a part in which the amount of goethite is 50 mass% or more based on a total mass
of the part. The gangue-rich part is a part mainly composed of gangue within the high combined water content iron ore
and is a part of the high combined water content iron ore in which the iron content is less than 55 mass%. The part
mainly composed of gangue is a part in which the amount of gangue is 50 mass% or more based on a total mass of the
part. Subsequently, the hematite-rich part and the goethite-rich part are separately agglomerated and reduced, and thus
the hematite-rich part is processed into a raw material for electric furnaces and the goethite-rich part is processed into
a raw material for blast furnaces.

[0015] The inventors analyzed an iron ore containing a large amount of combined water (here, the LOl is regarded as
the content thereof) (hereinafter also referred to as "high combined water content iron ore") by an EDS (energy dispersive
X-ray analysis method), identified the mineral phase, and analyzed the composition of each phase. Here, the high
combined water content iron ore is an iron ore containing 3 to 12 mass% of combined water. That s, in this specification,
the loss of ignition of the high combined water content iron ore is 3 to 12 mass%. As a result, it became clear that the
high combined water content iron ore contains a hematite-rich part mainly composed of hematite, a goethite-rich part
mainly composed of goethite, and a gangue-rich part mainly composed of gangue, and most of gangue components
such as Si, Al, and P are present in the goethite-rich part and the gangue-rich part.

[0016] Therefore, the inventors came up with the following idea. That is, the high combined water content iron ore is
subjected to ore-beneficiation based on specific gravity, and it is determined whether separated parts are a hematite-
rich part, the goethite-rich part, or the gangue-rich part, and the hematite-rich part and the goethite-rich part are agglom-
erated and reduced by a method suitable for each part. Here, since the hematite-rich part contains a large iron content,
it can be agglomerated into fired pellets and directly reduced in the shaft furnace to produce reduction iron, which can
be effectively used as a raw material for electric furnaces, with the same quality as conventional DR pellets, but the
goethite-rich part has a relatively low iron content, and thus it is treated as semi-reduction iron and used as a raw material
for blast furnaces. As described above, when the high combined water content iron ore is separated into the hematite-
rich part and the goethite-rich part, and agglomerated and reduced, Steelmaking can be efficiently made with the high
combined water content iron ore.

[0017] Here, fired pellets derived from the goethite-rich part are inferior to conventional fired pellets derived from
hematite or magnetite in terms of strength and reduction disintegration due to the effect of release of combined water,
and are easily pulverized in the shaft furnace. When pellets are pulverized in the shaft furnace, permeability increases,
which not only reduces the productivity of the shaft furnace, but also causes failure of descending of iron oxide raw
material, and leads to production failure. Therefore, in the present embodiment, furthermore, after fired pellets derived
from the goethite-rich part are preheated (or while maintaining the temperature of the produced high-temperature pellets),
they are charged into the shaft furnace. Thereby, itis possible to improve the thermal history received during the reduction
process in the shaft furnace and avoid the above problem.

[0018] In addition, the goethite-rich part may be used as a sintered ore raw material. Accordingly, it is possible to avoid
the above problems resulting from use of the shaft furnace for pellets produced from the goethite-rich part.

<2. Details of present embodiment>
(2-1. Iron ore to be processed)

[0019] Next, anironmaking method according to the present embodiment will be described in detail. The iron ore (iron
ore raw material) to be processed in the present embodiment is the above high combined water content iron ore. The
high combined water content iron ore contains 3 to 12 mass% of combined water. Here, the mass% of combined water
is measured as the loss of ignition (LOI). The high combined water content iron ore contains 55 to 67 mass% of the iron
content in many cases. Examples of high combined water content iron ore include Brockman iron ore produced in
Australia, which has components shown in Table 1.

[0020] The particle size of the high combined water content iron ore is not particularly limited. Raw high combined
water content iron ore mined from deposits is first coarsely crushed. When lump ore for blast furnaces is collected, it is
crushed to particles having a particle size of 50 mm or less, that having a particle size of 50 mm to 10 mm is recovered
as lump ore, and that having a particle size of less than 10 mm is recovered as powder ore. The high combined water
content iron ore used as a starting raw material in the embodiment of the present invention may be either a coarsely
crushed ore from which lump ore is not collected or a powder ore.
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[Table 1]

Iron ore sample produced in Australia

Component P Fe SiOy | AlO3 | LOlygggoec

Proportion (%) | 0.12 | 61.0 | 3.99 | 2.89 3.73

(2-2. Processes of agglomeration methods S10 and S10A)

[0021] FIG. 1 shows an overall flow of an agglomeration method S10 and a reduction method S20 in the ironmaking
method according to the present embodiment. FIG. 2 shows an overall flow of another agglomeration method S10A and
reduction method S20A in the ironmaking method according to the present embodiment. The agglomeration method
S10 includes a water washing step S1, an ore beneficiation step S2, and a first agglomeration processing step S3B.
The agglomeration method S10 may further include a sintered ore producing step S4. The agglomeration method S10A
in which the hematite-rich part is also subjected to ore-beneficiation and agglomerated includes the water washing step
S1, the ore beneficiation step S2, the first agglomeration processing step S3B and a second agglomeration processing
step S3A.

[0022] The high combined water content iron ore, which is an iron ore raw material, is separated into a plurality of
parts using a specific gravity separation method. Then, in the separated parts, the goethite-rich part is determined based
on the iron content and LOI. It may be determined whether the separated part is the hematite-rich part, the goethite-rich
part or the gangue-rich part based on the iron content and LOI. Here, the hematite-rich part is a part having an LOI of
less than 4 mass% and an iron content of 55 mass% or more, the goethite-rich part is a part having an LOI of 4 mass%
or more and the iron content of 55 mass% or more, and the gangue-rich part is a part having an iron content of less than
55 mass%.

[0023] The separated goethite-rich part is agglomerated according to the flow shown in FIG. 1. Each of the separated
parts may be separately agglomerated according to the flow shown in FIG. 2. In the second agglomeration processing
step S3A, the hematite-rich part is agglomerated into second fired pellets in a pellet induration furnace. In the first
agglomeration processing step S3B, the goethite-rich part is agglomerated into first fired pellets in the pellet induration
furnace. Here, the goethite-rich part may be converted into a sintered ore in a sintering machine. The gangue-rich part
is preferably discarded or used as a sintered ore raw material depending on the iron content thereof.

(2-2-1. Water washing step)

[0024] Inthe waterwashing step S 1, itis preferable to wash the iron ore raw material with water before ore beneficiation.
Clay minerals (tailings) can be removed from the high combined water content iron ore by washing with water. Specifically,
for example, the iron ore raw material is washed with water using a drum type scrubber, a washing sieve or the like.
Thereby, clay minerals (so-called tailings) having a particle size of 20 to 45 um or less which are adhered to the surface
of the iron ore raw material can be washed away. Tailings are preferably discarded because they have a low iron content.

[Table 2]
(Effect of washing raw ore with water)
Component P (%) |Fe (%) |SiO5 (%) | Al,03 (%) | CaO (%) | MgO (%) | LOI (%) | Proportion (%)
Before washing with 0.129 | 58.79 4.91 3.69 0.14 0.016 4.71 100
water
After washing with water | 0.123 | 61.01 3.99 2.89 0.11 0.013 4.58 90.5
Tailings 0.186 | 37.74 13.67 11.31 0.43 0.04 5.95 9.5

[0025] Table 2 shows an example of the results of washing with water. As can be clearly understood from Table 2,
when clay minerals are removed in advance, it is possible to increase the iron content in the iron ore raw material and
reduce the amount of gangue components.

(2-2-2. Ore beneficiation step)

[0026] Next, in the ore beneficiation step S2, the washed iron ore raw material is subjected to ore-beneficiation and
separated into a plurality of parts. In the ore beneficiation step S2, the high combined water contentiron ore is beneficiated
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into a goethite-rich part having an iron content of at least 55 mass% or more. In the ore beneficiation step S2, the high
combined water content iron ore may be ore-beneficiated into a hematite-rich part having a loss of ignition LOI of less
than 4 mass% and an iron content of 55 mass% or more and a goethite-rich part having a loss of ignition LOI of 4 mass%
or more and an iron content of 55 mass% or more. In the ore beneficiation step S2, the high combined water content
iron ore may be additionally ore-beneficiated into a gangue-rich part having an iron content of less than 55 mass%.
Then, the LOI and iron content of the separated parts are analyzed and it is determined whether the separated part
belongs to the hematite-rich part, the goethite-rich part or the gangue-rich part. Here, since the specific gravity of each
mineral phase is 5.3 g/cm3 for hematite, 3.8 g/cm3 for goethite, and 2.7 g/cm3 for gangue, the iron ore raw material can
be separated into the hematite-rich part, the goethite-rich part, and the gangue-rich part by so-called gravity separation
(specific gravity separation processing). Magnetic separation may be performed together with gravity separation.
[0027] First, the iron ore raw materials are classified according to a particle size of about 3 mm. Classification may be
performed using a sieve. The iron ore raw materials plus mesh and minus mesh are preferably subjected to gravity
separation by the following methods.

plus mesh: JIG or heavy liquid separation
minus mesh: spiral, Up-current classifiers (UCC), Wet High Intensity Magnetic Separation (WHIMS) or heavy liquid
separation

[0028] The reason why the classification particle size is set to 3 mm is that the particle size range in which ore
beneficiation can be efficiently performed by JIG is 3.0 mm or more, and the particle size range in which classification
can be efficiently performed by spiral is 3.0 mm or less. Hereinafter, an overview of each ore beneficiation method will
be described.

JIG)

[0029] JIGis a type of gravity separation, and is a method for separating mineral particles using a difference in specific
gravity. Mineral particles are supplied into a particle bed with a net at the bottom. Next, water flows intermittently from
the bottom to the top to raise the water level. This causes the mineral particles to be swept up into water and to float
temporarily. Subsequently, the water flow is stopped. Thereby, the mineral particles precipitate again on the net as the
water level falls and returns to its original level. When mineral particles float in water and precipitate on the net again,
since the mineral particles fall faster as the specific gravity of the mineral particles is higher, mineral particles with a
higher specific gravity gather at the bottom of the particle bed after precipitation. Accordingly, the mineral particles can
be concentrated by the specific gravity. That is, when desired mineral particles are extracted from each formed particle
bed, the mineral particles can be separated by the specific gravity.

(Spiral)

[0030] Spiralis atype of gravity separation, and is an ore beneficiation method using a centrifugal force thatis generated
in a slurry (mixture of water and mineral particles) that flows through a spiral (helical) gutter. When a slurry is poured
from the top of the tower, mineral particles with a low specific gravity gather on the outside due to a centrifugal force as
the slurry descends in a spiral, and can be separated from other mineral particles. Mineral particles with a high specific
gravity, which are hardly affected by the centrifugal force, gather on the inner periphery of the gutter and are extracted.
The ore beneficiation efficiency is controlled by adjusting the ore supply size and the amount of water in the gutter.

(Ucc)

[0031] UCC s also a type of gravity separation. In the UCC, a slurry (mixture of water and mineral particles) is supplied
from the upper part of the device, and a rising water flow is supplied from the lower part. Then, these components interact
and come into contact with each other in the device, and mineral particles with a low specific gravity ride the rising water
flow and thus can be separated from other mineral particles. Mineral particles with a high specific gravity are hardly
affected by the rising water flow and discharged from the lower part of the device. The ore beneficiation efficiency is
controlled by adjusting the ore supply size and the amount of water in the rising water flow.

(WHIMS)
[0032] WHIMS is an ore beneficiation method using a magnetic force of 8,000 to 12,000 Gauss or more. A rotating

rotor and a magnet disposed in the rotor are disposed in the device. When a slurry (mixture of water and mineral particles)
is supplied into the device, since non-magnetic particles do not stick to a magnet, they fall directly and are collected in
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a fixed tray of the rotating lower part. Paramagnetic particles are captured according to a high magnetic force/high
gradient magnetic field, and are discharged at a part in which the magnetism weakens as the rotor rotates. Ferromagnetic
particles move as the rotor rotates and are discharged at a part without the magnetic field.

(Heavy liquid separation)

[0033] Heavy liquid separation is a type of gravity separation. Heavy liquid separation is also called heavy liquid ore
beneficiation, heavy liquid coal dressing, or floatation separation. Heavy liquid separation is a method for separating
beneficial minerals and waste stones using a liquid (heavy liquid) with a high specific gravity as a medium. A heavy
liquid can be obtained by finely crushing a heavy liquid material (magnetite, slag, barite, etc.) that has a specific gravity
2 to 3 times that of a heavy liquid to be produced, is hard and difficult to refine, has favorable chemical stability, and is
easy to purify and recover and suspending it water. Mineral particles with a higher specific gravity than the heavy liquid
sink into the heavy liquid, and mineral particles with a lower specific gravity float on the upper surface of the heavy liquid,
and thus mineral particles with a desired specific gravity are separated.

[0034] When control conditions for the above gravity separation (and magnetic separation) are appropriately adjusted,
the iron ore raw material (high combined water content iron ore) can be beneficiated into a hematite-rich part having at
least a loss of ignition LOI of less than 4 mass% and an iron content of 55 mass% or more and a goethite-rich part having
a loss of ignition LOI of 4 mass% or more and an iron content of 55 mass% or more. The iron ore raw material can be
separated into the hematite-rich part, the goethite-rich part, and the gangue-rich part.

[0035] The following Table 3 shows examples of the results obtained by specific gravity separation of the iron ore raw
material (high combined water content iron ore) by UCC. As can be clearly understood from Table 3, the iron ore raw
material can be separated into the hematite-rich part, the goethite-rich part, and the gangue-rich part by

UcCcC.
[0036]
[Table 3]

(Test results)
Component Fe (%) | SiO, | AlLO; | CaO | MgO P (%) | LOI Specific Proportion

(%) | (%) (%) | (%) (%) gravity (-) (%)
After washing 61.01 3.99 | 2.89 0.11 0.013 0.123 | 4.58 4.41 100
with water
Goethite-rich 58.35 513 | 4.11 0.18 | 0.014 0.195 | 7.89 3.91 47
part
Hematite-rich 66.5 2.31 1.15 0.05 | 0.011 0.053 | 1.2 5.03 46
part
Gangue-rich part | 42.79 7.38 | 6.13 0.03 | 0.019 0.100 | 4.57 3.73 7

(2-2-3. Pellet producing step)

[0037] Next, in the pellet producing step, the goethite-rich part and the hematite-rich part are separately agglomerated
using a pellet induration furnace and used as raw materials for direct reduction. In the second agglomeration processing
step S3A, the hematite-rich part is agglomerated using the pellet induration furnace. In the first agglomeration processing
step S3B, the goethite-rich part is agglomerated using the pellet induration furnace. A specific method for the pellet
producing step is not particularly limited, and the step may be performed according to a general pellet production method.
An example of the pellet producing step is described in Non-Patent Document 3 (KOBE STEEL ENGINEERING RE-
PORTS/Vol. 60 No. 1 (Apr. 2010). In the present embodiment, the pellet producing step is performed according to the
method described in the above document, but the production method is not limited to the method described in this non-
patent document.

[0038] Table 4 shows an example of compositions of pellets. Since fired pellets derived from the hematite-rich part
(second fired pellets) have a low gangue content, they can be directly reduced and used as raw materials for electric
furnaces. Since fired pellets derived from the goethite-rich part (first fired pellets) have a relatively high gangue content
and are not suitable as raw materials for electric furnaces, they can be used as raw materials for blast furnaces. In Table



10

15

20

25

30

35

40

45

50

55

EP 4 411 007 A1
4, goethite-rich pellets are first fired pellets and hematite-rich pellets are second fired pellets.
(2-2-4. Sintered ore producing step)

[0039] In the sintered ore producing step S4, in place of the above pellet producing step, the goethite-rich part may
be agglomerated using a sintering machine and used as a raw material for blast furnaces. Here, conditions for producing
sintered ore are not particularly limited. The fired pellets derived from the goethite-rich part may have problems in strength
and reduction disintegration during reduction. This problem can be avoided by agglomerating them as a sintered ore.
[0040] The gangue-rich part is preferably discarded or agglomerated as a sintered ore using a sintering machine
depending on the iron content thereof.

[Table 4]
Component Fe (%) | SiOy (%) | Al,O3(%) | CaO (%) | MgO (%) | P (%)
Goethite-rich pellet | 63.35 5.57 4.46 0.20 0.02 0.21
Hematite-rich pellet | 67.31 2.34 1.16 0.05 0.01 0.05

(2-3. Reduction step)

[0041] A flowchart of a reduction step is shown on the right side of FIG. 1. The reduction method S20 includes a first
reduction step S5B. The reduction method S20 may include a blast furnace step S6. The reduction method S20A for
further reducing the fired pellets derived from the hematite-rich part includes a first reduction step S5B and a second
reduction step S5A.

[0042] In the second reduction step S5A, the fired pellets derived from the hematite-rich part (second fired pellets)
are directly reduced using a shaft furnace to produce direct reduction iron having a metallization degree of 90% or more.
The obtained direct reduction iron can be used as a reduction iron raw material for electric furnaces. As the reducing
gas, a natural gas, a synthetic gas (Syn-gas), H, gas or the like can be used. The reducing gas preferably contains 60
volume% or more of hydrogen gas. Operation conditions for the shaft furnace, for example, as follows. In an electric
furnace step S7, molten steel is obtained using reduction iron for electric furnaces obtained in the second reduction step
S5A.

-a reducing gas temperature of 700 to 1,000°C
-a reducing gas flow rate of 1,000 to 2,200 Nm?3/t-DRI (flow rate per ton of reduction iron)
-a metallization degree of 90% or more

[0043] Here, the metallization degree is defined as the metallic iron concentration/total iron concentrationx100. The
method for measuring the metallic iron concentration is specified in ISO 5416 in the bromine methanol titration method
for measuring metallic iron in reduction iron. The total iron concentration is determined according to JIS M 8212: 2005
iron ore total iron determination method.

[0044] In the first reduction step S5B, the fired pellets derived from the goethite-rich part (first fired pellet) are charged
into a shaft furnace while the first fired pellets have a surface temperature of 600°C or higher, and directly reduced using
a reducing gas containing 60 volume% or more of hydrogen. The upper limit of the surface temperature of the first fired
pellets is not particularly limited, and is, for example, 800°C. In the first reduction step S5B, the first fired pellets may be
directly reduced to a semi-reduced state with a metallization degree of 60 to 95% to obtain semi-reduced fired pellets.
The metallization degree after direct reduction is more preferably 60 to 90%. The semi-reduced state is a state with a
metallization degree of 60 to 95%. The obtained semi-reduced fired pellets can be used as raw materials for blast
furnaces if the metallization degree is high. The semi-reduced fired pellets are fired pellets having a metallization degree
of 60% to 95%. As the reducing gas, a natural gas, a synthetic gas (Syn-gas), H, gas or the like can be used. The
reducing gas preferably contains 60 volume% or more of hydrogen gas. Operation conditions for the shaft furnace are,
for example, as follows. The upper limit of hydrogen gas is not particularly limited, and is, for example, 100 volume%.

-a reducing gas temperature of 700 to 1,000°C
-a reducing gas flow rate of 1,000 to 2,200 Nm3/t-DRI (flow rate per ton of reduction iron)
‘metallization degree 60% to 95%

[0045] Here, if the temperature of the fired pellets derived from the goethite-rich part (first fired pellet) when charged
into a shaft furnace is lower than 600°C, the first fired pellets are pulverized in the shaft furnace, and the raw materials
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clog the shaft furnace, which results in in poor discharge. Therefore, the temperature of the first fired pellets when
charged into the shaft furnace is 600°C or higher. The temperature of the first fired pellets when charged into the shaft
furnace is preferably 650°C or higher.

[0046] Since the gangue-rich part is agglomerated as a sintered ore as described above, it is preferable to use it as
a raw material for blast furnaces.

[0047] As described above, according to the present embodiment, the high combined water content iron ore is ben-
eficiated into the hematite-rich part, the goethite-rich part, and the gangue-rich part, and reduced by a method suitable
for each part. Therefore, it is possible to efficiently reduce the poor-quality iron ore raw material.

(2-4. Recycling of dust)

[0048] Dustand DRI powder generated according to a direct reduction ironmaking method are preferably treated using
the same route in accordance with the goethite-rich part. Dust and DRI powder have an effect of improving the strength
of pellets, and can improve the strength when used with goethite-rich pellets having low strength.

(2-5. Other)

[0049] In the blast furnace step S6, of the hematite-rich part or goethite-rich part beneficiated in the ore beneficiation
step, a part having a particle size that can be used as a lump ore in the blast furnace may be directly used in the blast
furnace, or the fired pellets derived from the goethite-rich part may be directly charged into the blast furnace. In the blast
furnace step S6, pig iron can be obtained. In a converter step S8, steel can be obtained from the pig iron obtained in
the blast furnace step S6.

[Examples]

[0050] Next, examples of the present embodiment will be described. Here, examples to be described below are
examples of the present invention, and the present invention is not limited to the following examples.

(Example 1)

[0051] InExample 1, fired pellets derived from a goethite-rich part having a composition shown in Table 4 were charged
into a shaft furnace to produce semi-reduction iron. A natural gas or a synthetic gas was used as a reducing gas.
Production conditions are as follows. The temperature of the raw material was a temperature of the fired pellets when
charged into the shaft furnace.

. raw materials used: fired pellets derived from the goethite-rich part shown in the above Table 4

-a raw material temperature of 650°C

-a reducing gas temperature of 950°C

-a reducing gas flow rate of 1,200 Nm3/t-DRI

-a metallization degree of 82%

-product applications semi-reduction iron for blast furnaces

-composition of reducing gas, as shown in Table 5 (showing a composition in which Inlet indicates an input gas,
Outlet indicates an output gas (exhaust gas), the numerical value of each component indicates volume%, and the
column Temp shown in Table 5 indicates the temperature of the input gas (Inlet) or the temperature (°C) of the
output gas (Outlet))

[Table 5]
H, H,O CcO CO, N, Temp.

vol% vol% vol% vol% vol% °C
Outlet | 40 33 14 13 0 680
Inlet 70 0 25 5 0 950

[0052] According to Example 1, it was possible to produce semi-reduction iron having a metallization degree of 82%.
As described above, since semi-reduction iron derived from the goethite-rich part contained a large amount of gangue
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components, it was suitable as a raw material for blast furnaces.
(Example 2)

[0053] In Example 2, fired pellets derived from the hematite-rich part having a composition shown in Table 4 were
charged into a shaft furnace to produce reduction iron. Hydrogen gas was used as the reducing gas. Production conditions
are as follows.

‘raw materials used hematite-rich pellets shown in Table 4

-a raw material temperature of 650°C

-a reducing gas temperature of 1,020°C

-a reducing gas flow rate of 1,400 Nm3/t-DRI

-a metallization degree of 94%

-product applications reduction iron for electric furnaces

- composition of reducing gas, as shown in Table 6 (showing a composition in which Inlet indicates an input gas,
Outlet indicates an output gas (exhaust gas), the numerical value of each component indicates volume%, and the
column Temp shown in Table 6 indicates the temperature of the input gas (Inlet) or the temperature (°C) of the
output gas (Outlet))

[Table 6]
H, H,O | CcO CO, | N, Temp.

vol% vol% vol% vol% vol% °C
Outlet | 40 33 14 13 0 630
Inlet 70 0 25 5 0 1020

[0054] According to Example 2, it was possible to produce reduction iron having a metallization degree of 94%. As
described above, since the reduction iron derived from the hematite-rich part contained a small amount of gangue
components, it was suitably used as a raw material for electric furnaces.

(Example 3)

[0055] In Example 3, fired pellets derived from the goethite-rich part having a composition shown in Table 4 were
charged into a shaft furnace to produce semi-reduction iron. Hydrogen was used as the reducing gas. Production
conditions are as follows.

- raw materials used: fired pellets derived from the goethite-rich part shown in the above Table 4

-a raw material temperature of 600°C

-a reducing gas temperature of 1,050°C

-a reducing gas flow rate of 1,250 Nm3/t-DRI

-a metallization degree of 85%

-product applications semi-reduction iron for blast furnaces

. composition of reducing gas, as shown in Table 7 (showing a composition in which Inlet indicates an input gas,
Outlet indicates an output gas (exhaust gas), the numerical value of each component indicates volume%, and the
column Temp shown in Table 7 indicates the temperature of the input gas (Inlet) or the temperature (°C) of the
output gas (Outlet))

[Table 7]
H, H,O CcO CO, N, Temp.

vol% vol% vol% vol% vol% °C
Outlet | 55 40 0 0 5 625
Inlet 95 0 0 0 5 1050
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[0056] According to Example 3, it was possible to produce semi-reduction iron having a metallization degree of 84%.
As described above, since semi-reduction iron derived from the goethite-rich part contained a large amount of gangue
components, it was suitable as a raw material for blast furnaces.

(Example 4)

[0057] In Example 4, fired pellets derived from the goethite-rich part having a composition shown in Table 4 were
charged into a shaft furnace to produce semi-reduction iron. Hydrogen was used as the reducing gas. Production
conditions are as follows.

. raw materials used: fired pellets derived from the goethite-rich part shown in the above Table 4

-a raw material temperature of 650°C

-a reducing gas temperature of 1,020°C

-a reducing gas flow rate of 1,580 Nm3/t-DRI

-a metallization degree of 92%

-product applications semi-reduction iron for blast furnaces or reduction iron for electric furnaces

- composition of reducing gas, as shown in Table 8 (showing a composition in which Inlet indicates an input gas,
Outlet indicates an output gas (exhaust gas), the numerical value of each component indicates volume%, and the
column Temp shown in Table 8 indicates the temperature of the input gas (Inlet) or the temperature (°C) of the
output gas (Outlet))

[Table 8]
H, H,O | CO CO, | N, Temp.

vol% vol% vol% vol% vol% °C
Outlet | 59 33 0 0 8 600
Inlet 192 0 0 0 8 1020

[0058] According to Example 4, it was possible to produce semi-reduction iron having a metallization degree of 92%.
As described above, since semi-reduction iron derived from the goethite-rich part contained a large amount of gangue
components, it was suitable as a raw material for blast furnaces. On the other hand, it could be used as reduction iron
for electric furnaces due to its high metallization degree.

(Example 5)

[0059] In Example 5, fired pellets derived from the goethite-rich part having a composition shown in Table 4 were
charged into a shaft furnace to produce semi-reduction iron. Hydrogen was used as the reducing gas. Production
conditions are as follows.

- raw materials used: fired pellets derived from the goethite-rich part shown in the above Table 4

-a raw material temperature of 620°C

-a reducing gas temperature of 980°C

-a reducing gas flow rate of 1,700 Nm3/t-DRI

-a metallization degree of 95%

-product applications semi-reduction iron for blast furnaces or reduction iron for electric furnaces

- composition of reducing gas, as shown in Table 9 (showing a composition in which Inlet indicates an input gas,
Outlet indicates an output gas (exhaust gas), the numerical value of each component indicates volume%, and the
column Temp shown in Table 9 indicates the temperature of the input gas (Inlet) or the temperature (°C) of the
output gas

(Outlet))

[0060]

1"
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[Table 9]
H, H,O | CcO CO, | N, Temp.

vol% vol% vol% vol% vol% °C
Outlet | 58 32 0 0 10 600
Inlet 90 0 0 0 10 1020

[0061] According to Example 5, it was possible to produce semi-reduction iron having a metallization degree of 95%.
As described above, since semi-reduction iron derived from the goethite-rich part contained a large amount of gangue
components, it was suitable as a raw material for blast furnaces. On the other hand, it could be used as reduction iron
for electric furnaces due to its high metallization degree.

[0062] An attempt was made to produce reduction iron by charging fired pellets derived from the goethite-rich part
into a shaft furnace at a raw material temperature of 550°C. However, the fired pellets derived from goethite were
pulverized in the shaft furnace, and the raw materials clog the shaft furnace, which results in poor discharge. Accordingly,
it was found that the temperature of the raw material when charged into the shaft furnace needs to be 600°C or higher.
[0063] While preferable embodiments of the present invention have been described above in detail with reference to
the appended drawings, the present invention is not limited to these examples. It can be clearly understood that those
skilled in the art can implement various alternations or modifications within the scope of technical ideas of the present
disclosure, and of course these also belong to the technical scope of the present invention.

Claims
1. Anironmaking method, comprising:

an ore beneficiation step in which a high combined water content iron ore having a loss of ignition of 3 to 12
mass% is beneficiated into a goethite-rich part having at least a loss of ignition of 4 mass% or more and an iron
content of 55 mass% or more;

a first agglomeration processing step in which the goethite-rich part is agglomerated into first fired pellets in a
pellet induration furnace; and

a first reduction step in which the first fired pellets are charged into a shaft furnace while the first fired pellets
have a surface temperature of 600°C or higher, and directly reduced using a reducing gas containing 60 volume%
or more of hydrogen.

2. The ironmaking method according to claim 1,
wherein, in the first reduction step, the first fired pellets are directly reduced to a metallization degree of 60% to 95%.

3. The ironmaking method according to claim 1, further comprising

a second agglomeration processing step in which a hematite-rich part is agglomerated into second fired pellets
in a pellet induration furnace,

wherein, in the ore beneficiation step, the hematite-rich part having a loss of ignition of less than 4 mass% and
an iron content of 55 mass% or more is additionally beneficiated.

4. The ironmaking method according to claim 3, further comprising
a second reduction step in which the second fired pellets are directly reduced in a shaft furnace using a reducing
gas containing 60 volume% or more of hydrogen to produce direct reduction iron having a metallization degree of
90% or more.

5. The ironmaking method according to any one of claims 1 to 4, further comprising

a water washing step in which tailings are removed from the high combined water content iron ore before the ore
beneficiation step.

12
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