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(54) METHOD FOR OPERATING BLAST FURNACE

(57) Provided is a blast furnace operation method
that makes it possible to control the component concen-
trations of a blast furnace feed material to target compo-
nent concentrations even if there is a change in the com-
ponent concentrations of a sintering raw material.

A blast furnace operation method includes charging
blast furnace feed materials into a blast furnace, the blast
furnace feed materials including product sintered ore,
lump iron ore, and an auxiliary material. The blast furnace
operation method includes: a sintering step for sintering
a sintering raw material to form a sintered cake; a crush-
ing step for crushing the sintered cake to form sintered
ore; a cooling step for cooling the sintered ore; a sieving
step for sieving the cooled sintered ore to separate into
product sintered ore and return ore; a measuring step for
measuring a component concentration of at least one of
the cooled sintered ore, the product sintered ore, and the
return ore; and an adjusting step for adjusting consump-
tions of the product sintered ore, the lump iron ore, and
the auxiliary material, which are to be included in the blast
furnace feed materials, wherein, in the adjusting step,
the consumptions of the blast furnace feed materials are
adjusted by using the component concentration meas-
ured in the measuring step.
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Description

Technical Field

[0001] The present invention relates to a blast furnace
operation method involving adjusting consumptions of
blast furnace feed materials, and in particular, to a blast
furnace operation method involving measuring compo-
nent concentrations of sintered ore, which is a blast fur-
nace feed material, and using the component concentra-
tions to adjust consumptions of blast furnace feed mate-
rials.

Background Art

[0002] Currently, in blast furnace ironmaking methods,
iron-bearing materials such as sintered ore, lump iron
ore and pellets are mainly used as iron sources for blast
furnace feed materials. Sintered ore is a type of agglom-
erated ore and is obtained as follows. Iron ore having
particle sizes less than or equal to 10 mm, miscellaneous
iron sources, such as various types of dust generated in
ironworks, CaO- bearing materials, such as limestone,
quick lime, and slags, auxiliary materials serving as a
SiO2 source or a MgO source, such as silica stone, ser-
pentinite, dolomite, and nickel refining slags, and a solid
fuel (carbonaceous material) serving as a binding mate-
rial, such as coke breeze and anthracite, are mixed to-
gether with the addition of water in a drum mixer to be
granulated and then burned.
[0003] In recent years, the concentration of iron
present in a sintering raw material, which is a raw material
for sintered ore, has been decreasing, and instead, the
component concentration of gangue, such as SiO2 and
Al2O3, has been increasing. The component concentra-
tions of ores produced have become inconsistent to such
an extent that, even in ores of the same type, the com-
ponent concentrations may vary for each imported ship-
ment.
[0004] Variations in the component concentrations of
a sintering raw material lead to variations in the compo-
nent concentrations of sintered ore, which is a product.
In general, the component concentrations of a material
that is charged into a blast furnace are consistently man-
aged for the purpose of controlling the quality of slags,
for example. If a component concentration increases, an-
other component needs to be added as an auxiliary ma-
terial to dilute the component concentration. It is, there-
fore, necessary to quickly detect a change in component
concentrations of sintered ore, lump iron ore, and pellets.
Lump iron ore and pellets are products themselves, and,
therefore, analysis of component concentrations is per-
formed when, for example, products are unloaded. With
regard to sintered ore, however, no online analysis of
component concentrations is currently performed, and
the current situation is that analysis of component con-
centrations is very seldom performed.
[0005] If, as a result of a change in the component con-

centrations of sintered ore, the component concentra-
tions of a blast furnace feed material change and signif-
icantly deviate from target component concentrations,
and, consequently, the appropriate viscosity of slags de-
teriorates, it is necessary to increase the temperature of
the molten iron to maintain the viscosity of slags. Dete-
rioration in the viscosity of slags leads to deterioration in
discharging of slags in a lower portion of a blast furnace,
which interferes with the flow of gases and degrades gas
permeability. As a result, for example, a need for increas-
ing a consumption of coke to supplement the molten iron
temperature and gas permeability may arise. Thus, when
the component concentrations of a blast furnace feed
material significantly deviate from target component con-
centrations, the operation of the blast furnace becomes
unstable, and various countermeasures need to be tak-
en.
[0006] Technologies for ascertaining the quality of sin-
tered ore include the following, for example. Patent Lit-
erature 1 discloses a technology in which the reducibility
and the reduction degradation property of product sin-
tered ore are predicted from the sintering raw material
filling status, and, a consumption of a sintering raw ma-
terial, rather than a consumption ratio for blast furnace
feed materials, is adjusted to adjust the blast furnace
feed materials.
[0007] Patent Literature 2 discloses a technology in
which FeO in product sintered ore is measured, and, on
the basis of the difference from an aimed target value,
the binding material for the sintering raw material, the
water content for granulation, and the amount of exhaust
air are adjusted. Furthermore, Patent Literature 3 dis-
closes a technology in which, similarly, FeO in product
sintered ore is measured, and, on the basis of the differ-
ence from an aimed target value, the amount of city gas
to be injected into a sintering machine is adjusted.
[0008] Patent Literature 4 discloses a technology in
which the components of product sintered ore are esti-
mated on the basis of the components in a surface layer
of a sintering raw material, which are determined by a
laser-type component analyzer provided on a sintering
machine, and, a sintering raw material is formulated in a
manner that reflects the estimate.

Citation List

Patent Literature

[0009]

PTL 1: Japanese Unexamined Patent Application
Publication No. 10-324929
PTL 2: Japanese Unexamined Patent Application
Publication No. 57-149433
PTL 3: Japanese Unexamined Patent Application
Publication No. 2011-038735
PTL 4: Japanese Unexamined Patent Application
Publication No. 60-262926
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Summary of Invention

Technical Problem

[0010] The technologies disclosed in Patent Literature
1 to Patent Literature 4, however, are technologies in
which a particular component concentration of sintered
ore is measured and, by using the measured component
concentration, the sintering raw material is adjusted or
the conditions for producing sintered ore are adjusted.
None of Patent Literature 1 to Patent Literature 4 disclos-
es adjusting, by using a measured component concen-
tration of sintered ore, the consumptions of blast furnace
feed materials to be charged into a blast furnace. Since
the component concentrations of sintered ore can also
change with the heat level during the sintering reaction,
inhibiting changes in the component concentrations of a
sintering raw material does not necessarily inhibit chang-
es in the component concentrations of sintered ore. Thus,
there has been a problem in that the component concen-
trations of blast furnace feed materials to be charged into
a blast furnace cannot be controlled to target component
concentrations. The present invention was made in view
of such problems of the related art, and an object of the
present invention is to provide a blast furnace operation
method that makes it possible to control the component
concentrations of blast furnace feed materials to target
component concentrations even if there is a change in
the component concentrations of a sintering raw material.

Solution to Problem

[0011] Features of the present invention that solve
such problems include the following.

(1) A blast furnace operation method including
charging blast furnace feed materials into a blast fur-
nace, the blast furnace feed materials including prod-
uct sintered ore, lump iron ore, and an auxiliary ma-
terial, the blast furnace operation method including:
a sintering step for sintering a sintering raw material
to form a sintered cake; a crushing step for crushing
the sintered cake to form sintered ore; a cooling step
for cooling the sintered ore; a sieving step for sieving
the cooled sintered ore to separate into product sin-
tered ore and return ore; a measuring step for meas-
uring a component concentration of at least one of
the cooled sintered ore, the product sintered ore, and
the return ore; and an adjusting step for adjusting
consumptions of the product sintered ore, the lump
iron ore, and the auxiliary material, which are to be
included in the blast furnace feed materials, wherein,
in the adjusting step, the consumptions of the blast
furnace feed materials are adjusted by using the
component concentration measured in the measur-
ing step.
(2) The blast furnace operation method according to
(1), wherein the blast furnace feed materials further

include pellets, and, in the adjusting step, consump-
tions of the product sintered ore, the pellets, the lump
iron ore, and the auxiliary material, which are to be
included in the blast furnace feed materials, are ad-
justed.
(3) The blast furnace operation method according to
(1) or (2), wherein in the measuring step, the com-
ponent concentration of at least one of the cooled
sintered ore, the product sintered ore, and the return
ore is sequentially measured, the cooled sintered
ore, the product sintered ore, and the return ore each
being transferred on a conveyor.
(4) The blast furnace operation method according to
any one of (1) to (3), wherein, in the measuring step,
the component concentration of at least one of the
product sintered ore and the return ore is measured.
(5) The blast furnace operation method according to
any one of (1) to (3), wherein, in the measuring step,
the component concentration of the product sintered
ore is measured.
(6) The blast furnace operation method according to
any one of (1) to (5), wherein, in the measuring step,
a component concentration of at least one of total
CaO, SiO2, MgO, Al2O3, and FeO is measured.

Advantageous Effects of Invention

[0012] By implementing the blast furnace operation
method of the present invention, the component concen-
trations of blast furnace feed materials can be controlled
to target component concentrations. Consequently,
changes in the viscosity of blast furnace slags, for exam-
ple, are inhibited, which contributes to stable operation
of a blast furnace.

Brief Description of Drawings

[0013]

Fig. 1 is a schematic diagram illustrating an example
of a sintered ore production apparatus 10, which can
implement a blast furnace operation method accord-
ing to the present embodiment.
Fig. 2 is a graph illustrating changes in the basicity
of blast furnace slags.
Fig. 3 is a graph illustrating changes in the coke ratio.
Fig. 4 is a graph illustrating changes in the basicity
of blast furnace feed materials and changes in the
coke ratio.
Fig. 5 is a graph illustrating measured values of FeO
concentrations of Invention Example 3, Invention Ex-
ample 4, and Comparative Example 3.
Fig. 6 is a graph illustrating amounts of reduction in
the coke ratio of Invention Example 3, Invention Ex-
ample 4, and Comparative Example 3.
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Description of Embodiments

[0014] In the present invention, a measuring step for
measuring component concentrations of sintered ore is
provided, and component concentrations of sintered ore
are measured in the measuring step. By using the com-
ponent concentrations measured, the consumptions of
product sintered ore, pellets, lump iron ore, and an aux-
iliary material, which are blast furnace feed materials, are
adjusted. Consequently, the component concentrations
of blast furnace feed materials can be controlled to reach
target component concentrations, and as a result, stable
blast furnace operation is made possible. With this find-
ing, the present invention was made. The present inven-
tion will now be described with reference to an embodi-
ment of the present invention.
[0015] Fig. 1 is a schematic diagram illustrating an ex-
ample of a sintered ore production apparatus 10, which
can implement a blast furnace operation method accord-
ing to the present embodiment. A sintered ore production
apparatus 10 includes a sintering machine 12, a primary
crusher 14, a cooler 16, a secondary crusher 18, a plu-
rality of sieving devices 20, 22, 24, 26, an infrared ana-
lyzer 28, a product line 30, and a return ore line 32.
[0016] The sintering machine 12 performs a sintering
step. The sintering machine 12 is, for example, a down-
ward-suction-type Dwight-Lloyd sintering machine. The
sintering machine 12 includes a sintering raw material
feeding device, an endless-moving-type pallet, an igni-
tion furnace, and wind boxes. A sintering raw material is
charged into the pallet through the sintering raw material
feeding device, thereby forming a burden layer of the
sintering raw material. The ignition furnace ignites the
burden layer. Air within the burden layer is sucked down-
wardly through the wind boxes, thereby moving the com-
bustion and melting zone within the burden layer toward
a lower portion in the burden layer. In this manner, the
burden layer is sintered to form a sintered cake. When
air within the burden layer is sucked downwardly through
the wind boxes, a gas fuel and/or oxygen-gas-enriched
air may be supplied from above the burden layer. The
gas fuel is a combustible gas selected from the following:
blast furnace gas, coke oven gas, a mixed gas of a blast
furnace gas and coke oven gas, converter gas, city gas,
natural gas, methane gas, ethane gas, propane gas, and
a mixed gas thereof.
[0017] The primary crusher 14 performs a crushing
step. A sintered cake is crushed by the primary crusher
14 to form sintered ore. The cooler 16 performs a cooling
step. Sintered ore is cooled by the cooler 16 to form
cooled sintered ore.
[0018] The sieving devices 20, 22, 24, 26 perform a
sieving step. By using the sieving device 20, cooled sin-
tered ore is sieved and separated into sintered ore having
particle sizes greater than 75 mm and sintered ore having
particle sizes less than or equal to 75 mm. In the present
embodiment, "particle sizes" refers to particle sizes de-
termined by performing sieving with a sieve: for example,

"sintered ore having particle sizes greater than 75 mm"
refers to particle sizes such that sintered ore, when
sieved with a sieve having an opening size of 75 mm, is
retained on the sieve, and "sintered ore having particle
sizes less than or equal to 75 mm" refers to particle sizes
such that sintered ore, when sieved with a sieve having
an opening size of 75 mm, is not retained on the sieve.
[0019] Sintered ore having particle sizes greater than
75 mm, which is retained on the sieve when sieved with
the sieving device 20, is crushed with the secondary
crusher 18 to reduce the particle sizes to less than or
equal to 50 mm. The crushed sintered ore is mixed with
non-retained sintered ore, and the mixture is sieved with
the sieving device 22. This ensures that the upper limit
of the particle sizes of product sintered ore is not greater
than 75 mm.
[0020] Sintered ore having particle sizes less than or
equal to 75 mm, which is not retained on the sieve when
sieved with the sieving device 20, is subsequently sieved
and separated, by using the sieving devices 22, 24, 26,
into product sintered ore having particle sizes greater
than 5 mm and return ore having particle sizes less than
or equal to 5 mm. Product sintered ore, which is sieved
and separated with the sieving devices 22, 24 and 26, is
transferred to a blast furnace 34 by a conveyor belt that
forms the product line 30. On the other hand, return ore,
which is sieved and separated with the sieving devices
22, 24 and 26, is transferred to the sintering raw material
feeding device of the sintering machine 12 again by a
conveyor belt that forms the return ore line 32. The value
of the particle sizes of sintered ore that is sieved and
separated using the sieving devices 20, 22, 24, 26, the
value of the particle sizes of product sintered ore, and
the value of the particle sizes of return ore are merely
examples, and therefore the values are non-limiting.
[0021] The conveyor belt that forms the product line
30 is provided with the infrared analyzer 28. The infrared
analyzer 28 performs the measuring step. In the meas-
uring step, the component concentration of at least one
of total CaO, SiO2, MgO, Al2O3, and FeO that are present
in product sintered ore are measured. The infrared ana-
lyzer 28 radiates infrared light having wavelengths rang-
ing from 0.5 mm to 50.0 mm onto sintered ore and receives
reflected light from the sintered ore. Total CaO, SiO2,
MgO, Al2O3, and FeO that are present in sintered ore
each have molecular vibrations and each absorb a spe-
cific-wavelength component of the radiated infrared light,
and therefore each of the components imparts a specific-
wavelength component to reflected infrared light. Ac-
cordingly, the component concentrations of total CaO,
SiO2, MgO, Al2O3, and FeO in product sintered ore can
be measured by analyzing the radiated light and the re-
flected light. Total CaO is determined by calculating Ca
in all compounds including Ca and O, such as CaO,
CaCO3, Ca(OH)2, and Fe2CaO4, as CaO.
[0022] For example, the infrared analyzer 28 radiates
infrared light having 20 or more wavelengths and re-
ceives reflected light reflected from sintered ore, at a fre-
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quency of 128 times per minute. By radiating infrared
light in a short time as described above, the infrared an-
alyzer 28 can measure, on-line and sequentially, the
component concentrations of sintered ore, which is trans-
ferred on the conveyor belt that forms the product line
30. The infrared analyzer 28 is an example of a compo-
nent analysis instrument. The component analysis instru-
ment is not limited to an instrument of the type that spec-
trally analyzes reflected light and may be an instrument
of the type that spectrally analyzes transmitted light. In
place of the infrared analyzer 28, it is possible to use a
laser analyzer that radiates laser beams onto an object
to be measured, a neutron analyzer that radiates neu-
trons onto an object to be measured, or a microwave
analyzer that radiates microwaves onto an object to be
measured.
[0023] After the component concentrations of product
sintered ore is measured, the product sintered ore is
transferred to the blast furnace 34, and is subjected to
an adjusting step in which the consumptions of blast fur-
nace feed materials including product sintered ore, pel-
lets, lump iron ore, and an auxiliary material are adjusted.
The blast furnace feed materials may include one or more
other materials in addition to the materials mentioned
above or may not include pellets. In the adjusting step,
the total component amounts of the blast furnace feed
materials are calculated by using the component con-
centrations of the product sintered ore measured using
the infrared analyzer 28 and premeasured component
concentrations of pellets, lump iron ore, and an auxiliary
material, and, by using the calculated value, feed-forward
control is performed on the consumptions of the blast
furnace feed materials to obtain target component con-
centrations. For example, the basicity (CaO/SiO2) of the
blast furnace feed materials can be controlled to target
component concentrations by adjusting the consumption
of an auxiliary material to be included in the blast furnace
feed materials.
[0024] If the FeO concentration of product sintered ore
is high, and, consequently, the FeO concentration of blast
furnace feed materials is high, the reducibility of the blast
furnace feed materials deteriorates. When the reducibil-
ity of blast furnace feed materials deteriorates, indirect
reduction, which is an exothermic reaction, decreases,
and direct reduction, which is an endothermic reaction,
increases, and as a result, the heat within the blast fur-
nace becomes insufficient. To resolve the heat insuffi-
ciency, an additional amount of reducing agent has to be
charged into the blast furnace, which results in an in-
crease in the coke ratio for blast furnace operation. Ac-
cordingly, by controlling the FeO concentration of blast
furnace feed materials to a target component concentra-
tion, an increase in the coke ratio for blast furnace oper-
ation can be inhibited, which contributes to stable blast
furnace operation. For example, FeO in blast furnace
feed materials can be controlled to a target component
concentration by adjusting the consumption of lump ore
to be included in the blast furnace feed materials.

[0025] As described above, the consumptions of blast
furnace feed materials are adjusted to ensure that the
component concentrations of the blast furnace feed ma-
terials correspond to target component concentrations.
In the present embodiment, the frequency at which com-
ponent concentrations are measured using the infrared
analyzer 28 is 128 times per minute, and the average of
the 128 component concentrations was calculated once
per minute, and, by using the calculated average of the
component concentrations, the consumptions of the
blast furnace feed materials were adjusted every minute.
[0026] As described above, in the blast furnace oper-
ation method according to the present embodiment, com-
ponent concentrations of product sintered ore, which is
transferred on the product line 30, are measured using
the infrared analyzer 28, and, by using the measured
component concentrations, the consumptions of the
blast furnace feed materials are adjusted to ensure that
target component concentrations are obtained. As a re-
sult, even if the component concentrations of a sintering
raw material change and consequently the component
concentrations of product sintered ore change, the com-
ponent concentrations of blast furnace feed materials can
be controlled to target component concentrations.
Charging such blast furnace feed materials into a blast
furnace results in stable blast furnace operation and in-
hibits an increase in the coke ratio for blast furnace op-
eration.
[0027] In the example described in the present embod-
iment, the infrared analyzer 28 is provided at the convey-
or belt that forms the product line 30, and, component
concentrations of product sintered ore are measured.
However, this example is non-limiting. The infrared an-
alyzer 28 may be provided at any of one or more locations
of the sintered ore production apparatus 10, and compo-
nent concentrations of at least one or more of cooled
sintered ore, product sintered ore, and return ore may be
measured.
[0028] In a burden layer, which is formed of a sintering
raw material charged into a pallet, the component con-
centrations significantly differ between a surface layer
and a lower layer, and, the component concentrations
change with the water content of a sintering raw material
and/or the condition of a sintering raw material feeding
device. Because of its nature, analysis using infrared light
is only capable of analyzing a surface layer of an object
to be analyzed. Thus, even when the burden layer, in
which the component concentrations differ between a
surface layer and a lower layer and so the component
concentrations change, is measured with the infrared an-
alyzer 28, the component concentrations of the entire
burden layer cannot be measured with high precision. In
contrast, after the cooling step, with the sintering raw
material having been sintered, crushed, cooled, and ho-
mogenized to some extent, the component concentra-
tions of a surface layer and the component concentra-
tions of a lower layer are not significantly different from
each other. For this reason, in the measuring step of the
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present embodiment, component concentrations of at
least one of post-cooling-step sintered ore, product sin-
tered ore, and return ore are measured. As a result, even
with an infrared analyzer 28 that is only capable of ana-
lyzing a surface layer of an object to be analyzed, com-
ponent concentrations can be measured with high pre-
cision.
[0029] When the particle size distribution of sintered
ore is broad, infrared light can be radiated only onto a
portion of the sintered ore because, for example, infrared
light cannot be radiated onto sintered ore having small
particle sizes that is hidden behind sintered ore having
large particle sizes, and furthermore, reflected light from
sintered ore is unstable. In contrast, after the sieving step,
with the sintered ore having been sieved and separated
into product sintered ore having particle sizes greater
than 5 mm and return ore having particle sizes less than
or equal to 5 mm, the particle size distribution of sintered
ore is narrow. For this reason, it is preferable that com-
ponent concentrations of at least one of product sintered
ore and return ore, which are post-sieving-step ores, be
measured in the measuring step. Accordingly, the infra-
red analyzer 28 can radiate infrared light onto sintered
ore uniformly, and reflected light from sintered ore is sta-
ble. As a result, component concentrations can be meas-
ured with higher precision.
[0030] Thus, after the sieving step, component con-
centrations of product sintered ore or return ore may be
measured in the measuring step, but it is more preferable
to measure product sintered ore rather than return ore
because component concentrations of product sintered
ore, which is used as one of the blast furnace feed ma-
terials, can be directly measured.

EXAMPLE 1

[0031] The component concentrations of total CaO,
SiO2, MgO, Al2O3, and FeO that are present in product
sintered ore were measured at a frequency of once per
minute by using a sintered ore production apparatus 10,
in which an infrared analyzer 28 was provided at a prod-
uct line 30. Invention Example 1 is an operation example
in which the consumption of an auxiliary material of blast
furnace feed materials was adjusted at a frequency of
once per minute by using the measurement results. Com-
parative Example 1 is an operation example in which the
consumption of an auxiliary material of blast furnace feed
materials was not adjusted. The blast furnace coke ratio
and changes in the basicity of blast furnace slags in Com-
parative Example 1 and Invention Example 1 were meas-
ured.
[0032] Fig. 2 is a graph illustrating changes in the ba-
sicity of blast furnace slags. Fig. 2(a) illustrates changes
in the basicity of Comparative Example 1, and Fig. 2(b)
illustrates changes in the basicity of Invention Example
1. In Fig. 2, the horizontal axis represents time (day), and
the vertical axis represents total CaO/SiO2 (-). The values
of the basicity shown in Fig. 2 are values determined by

performing chemical analysis off-line on the components
of molten iron and blast furnace slags tapped from the
blast furnace.
[0033] In Comparative Example 1, the basicity signifi-
cantly varied around the target value, as illustrated in Fig.
2. In contrast, in Invention Example 1, deviations of the
basicity from the target value were small because com-
ponent concentrations of product sintered ore were
measured at a frequency of once per minute, and, by
using the component concentrations, the consumption
of blast furnace feed materials was adjusted to ensure
that the component concentrations of the blast furnace
feed materials would correspond to target component
concentrations. Thus, it was verified that, by implement-
ing the blast furnace operation method according to the
present embodiment, deviations of the basicity of blast
furnace slags from a target value can be reduced.
[0034] Fig. 3 is a graph illustrating changes in the coke
ratio. In Fig. 3, the horizontal axis represents time (day),
and the vertical axis represents coke ratios (kg/t-pig). The
coke ratios of 0th day to 19th day are coke ratios of Com-
parative Example 1, in which blast furnace operation was
performed by charging blast furnace feed materials for
which no adjustment of the consumptions was made. The
coke ratios of 20th day to 39th day are coke ratios of
Invention Example 1, in which blast furnace operation
was performed by charging blast furnace feed materials
for which adjustment of a consumption was made at a
frequency of once per minute.
[0035] As illustrated in Fig. 3, the coke ratio in blast
furnace operation was lower in Invention Example 1 than
in Comparative Example 1. Thus, it was verified that, by
implementing the blast furnace operation method ac-
cording to the present embodiment, blast furnace oper-
ation can be stabilized, and as a result, the coke ratio for
blast furnace operation can be inhibited from increasing.

EXAMPLE 2

[0036] Fig. 4 is a graph illustrating changes in the ba-
sicity of blast furnace feed materials and changes in the
coke ratio. Fig. 4(a) illustrates changes in the basicities
of blast furnace feed materials of Comparative Example
2 and Invention Example 2. In Fig. 4(a), the horizontal
axis represents time (hour), and the vertical axis repre-
sents total CaO/SiO2 (-) of blast furnace feed materials.
Fig. 4(b) illustrates changes in the coke ratios for blast
furnace operation of Comparative Example 2 and Inven-
tion Example 2. In Fig. 4(b), the horizontal axis represents
time (hour), and the vertical axis represents coke ratios
(kg/t-pig).
[0037] In Fig. 4, Comparative Example 2 is an opera-
tion example in which total CaO and SiO2 in product sin-
tered ore were measured at a frequency of once every
two hours by using X-ray fluorescence, and, by using the
measurement results, the consumption of an auxiliary
material of blast furnace feed materials was adjusted at
the same frequency. Invention Example 2 is an operation
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example in which, similarly to Invention Example 1, the
component concentrations of total CaO and SiO2 in prod-
uct sintered ore were determined at a frequency of once
per minute by using the infrared analyzer 28 provided at
the production line 30, and, by using the measurement
results, the consumption of an auxiliary material of blast
furnace feed materials was adjusted at the same frequen-
cy.
[0038] In the examples illustrated in Fig. 4, blast fur-
nace operation was performed under the conditions of
Comparative Example 2 from 0th hour to 6th hour, and
blast furnace operation was performed under the condi-
tions of Invention Example 2 from 6th hour to 19th hour.
As illustrated in Fig. 4(a), in Comparative Example 2, too,
the consumption of an auxiliary material was adjusted at
a frequency of once every two hours, and therefore,
changes in the basicity of the blast furnace feed materials
appeared to be inhibited in a measurement performed
once every two hours. However, when Comparative Ex-
ample 2 was replaced with Invention Example 2 and the
consumption of an auxiliary material of blast furnace feed
materials was adjusted at a frequency of once per minute,
the coke ratio for blast furnace operation, as illustrated
in Fig. 4(b), began to decrease at or around the time at
which, presumably, blast furnace feed materials in which
the consumption was adjusted was charged into the blast
furnace. In general, sintered ore discharged from a sin-
tering machine is cooled with a cooler and subjected to
sizing and is thereafter charged, by way of an ore bin of
a blast furnace, into the blast furnace. Although depend-
ing on the size of an ore bin, the residence time for ma-
terials in the ore bin used in this example was approxi-
mately eight hours, and therefore it can be considered
that the effect began to gradually show in the blast fur-
nace after eight hours.
[0039] Thus, in the measurement performed once eve-
ry two hours, changes in the basicity appeared to be in-
hibited, but presumably, the basicity of the blast furnace
feed materials changed in the intermediate periods, and
under this influence, the coke ratio of Comparative Ex-
ample 2 increased. In contrast, in Invention Example 2,
the infrared analyzer 28 was provided at the product line
30, the measurement of total CaO and SiO2 in product
sintered ore was performed at a frequency of once per
minute, and, by using the measurement results, the con-
sumption of an auxiliary material was adjusted to ensure
that the basicity of the blast furnace feed materials would
correspond to a target value, and therefore, presumably,
changes in the basicity of the blast furnace feed materials
were inhibited even in the intermediate period within two
hours, and as a result, the coke ratio for blast furnace
operation was inhibited from increasing.

EXAMPLE 3

[0040] Fig. 5 is a graph illustrating measured values of
FeO concentrations of Invention Example 3, Invention
Example 4, and Comparative Example 3. In Fig. 5, the

vertical axis represents measured values (mass%) of the
FeO concentration at a specific time.
[0041] Invention Example 3 is an operation example
in which the infrared analyzer 28 was provided at the
production line 30, the component concentrations of total
CaO, SiO2, MgO, Al2O3, and FeO in product sintered ore
were measured at a frequency of once per minute, and,
by using the measurement results, the consumption of
an auxiliary material of blast furnace feed materials was
adjusted at a frequency of once per minute. Invention
Example 4 is an operation example in which the infrared
analyzer 28 was provided at a return ore line 32, the
component concentrations of total CaO, SiO2, MgO,
Al2O3, and FeO in product sintered ore were measured
at a frequency of once per minute, and, by using the
measurement results, the consumption of an auxiliary
material of blast furnace feed materials was adjusted at
a frequency of once per minute. Comparative Example
3 is an operation example in which the infrared analyzer
28 was provided at a location of a sintering machine 12
where measurement of the surface of a sintered cake
was able to be performed, the component concentrations
of total CaO, SiO2, MgO, Al2O3, and FeO in the surface
of the sintered cake were measured at a frequency of
once per minute, and, by using the measurement results,
the consumption of an auxiliary material of blast furnace
feed materials was adjusted at a frequency of once per
minute.
[0042] As illustrated in Fig. 5, a FeO concentration de-
termined by measuring product sintered ore was 7.1
mass%, whereas a FeO concentration determined by
measuring return ore produced from the same sintering
raw material was 6.9 mass%. This result indicates that
the result of measurement of the FeO concentration of
return ore and the result of measurement of the FeO con-
centration of product sintered ore, which were performed
by using the infrared analyzer, were not significantly dif-
ferent from each other. In contrast, a FeO concentration
determined by measuring, by using the infrared analyzer
28, the surface of a sintered cake obtained by sintering
the same sintering raw material was 5.6 mass%, which
was significantly different from the FeO concentration de-
termined by measuring product sintered ore.
[0043] Because of its nature, an infrared analyzer is
only capable of measuring component concentrations in
the surface irradiated with infrared light. By radiating in-
frared light onto the surface of product sintered ore or
return ore, average components of the entirety can be
determined. This is because product sintered ore or re-
turn ore either is homogenized to some extent in the proc-
ess of crushing. On the other hand, in a sintered cake, a
significant difference is generated between the compo-
nent concentrations of an upper layer and those of a lower
layer. This is because the component concentrations of
a sintering raw material charged into the pallet differ be-
tween an upper layer and a lower layer, and, the heat
level during sintering differs between an upper layer and
a lower layer. It is presumed that, for the above reasons,
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the component concentrations of Comparative Example
3, in which the surface of a sintered cake was measured
with the infrared analyzer, were significantly different
from the component concentrations of Invention Exam-
ple 3, in which the surface of product sintered ore was
measured, as illustrated in Fig. 5.
[0044] Fig. 6 is a graph illustrating amounts of reduc-
tion in the coke ratio of Invention Example 3, Invention
Example 4, and Comparative Example 3. In Fig. 6, the
vertical axis represents amounts of reduction in the coke
ratio (kg/t-pig). The amount of reduction in the coke ratio
illustrated in Fig. 6 is an amount of reduction determined
using a coke ratio obtained before adjusting the con-
sumptions of the blast furnace feed materials and a coke
ratio obtained when, supposedly, the influence of oper-
ation variations had diminished and the operation had
entered a steady state, after 120 hours elapsed from the
time at which the consumptions of the blast furnace feed
materials were adjusted in accordance with Invention Ex-
ample 3, Invention Example 4, or Comparative Example
3.
[0045] In Invention Example 3, in which the consump-
tion of an auxiliary material of the blast furnace feed ma-
terials was adjusted by using component concentrations
of product sintered ore to be charged into the blast fur-
nace as a blast furnace feed material, and in Invention
Example 4, in which the consumption of an auxiliary ma-
terial of the blast furnace feed materials was adjusted by
using component concentrations of return ore having
component concentrations similar to the component con-
centrations of product sintered ore, the coke ratio at a
point in time after 120 hours elapsed was reduced. On
the other hand, in Comparative Example 3, in which the
consumption of an auxiliary material of the blast furnace
feed materials was adjusted by using a measured value
of a sintered cake, which had component concentrations
significantly different from those of product sintered ore
to be charged into the blast furnace, the coke ratio at a
point in time after 120 hours elapsed, on the contrary,
was increased. It is presumed that this was a result at-
tributable to the fact that, in Comparative Example 3, the
component concentrations of the blast furnace feed ma-
terials to be charged into the blast furnace were not ad-
justed to target component concentrations.

Reference Signs List

[0046]

10 Sintered ore production apparatus
12 Sintering machine
14 Primary crusher
16 Cooler
18 Secondary crusher
20 Sieving device
22 Sieving device
24 Sieving device
26 Sieving device

28 Infrared analyzer
30 Product line
32 Return ore line
34 Blast furnace

Claims

1. A blast furnace operation method including charging
blast furnace feed materials into a blast furnace, the
blast furnace feed materials including product sin-
tered ore, lump iron ore, and an auxiliary material,
the blast furnace operation method comprising:

a sintering step for sintering a sintering raw ma-
terial to form a sintered cake;
a crushing step for crushing the sintered cake
to form sintered ore;
a cooling step for cooling the sintered ore;
a sieving step for sieving the cooled sintered ore
to separate into product sintered ore and return
ore;
a measuring step for measuring a component
concentration of at least one of the cooled sin-
tered ore, the product sintered ore, and the re-
turn ore; and
an adjusting step for adjusting consumptions of
the product sintered ore, the lump iron ore, and
the auxiliary material, which are to be included
in the blast furnace feed materials,
wherein, in the adjusting step, the consumptions
of the blast furnace feed materials are adjusted
by using the component concentration meas-
ured in the measuring step.

2.  The blast furnace operation method according to
Claim 1, wherein,
the blast furnace feed materials further include pel-
lets, and
in the adjusting step, consumptions of the product
sintered ore, the pellets, the lump iron ore, and the
auxiliary material, which are to be included in the
blast furnace feed materials, are adjusted.

3. The blast furnace operation method according to
Claim 1 or 2, wherein, in the measuring step, the
component concentration of at least one of the
cooled sintered ore, the product sintered ore, and
the return ore is sequentially measured, the cooled
sintered ore, the product sintered ore, and the return
ore each being transferred on a conveyor.

4. The blast furnace operation method according to any
one of Claims 1 to 3, wherein, in the measuring step,
the component concentration of at least one of the
product sintered ore and the return ore is measured.

5. The blast furnace operation method according to any
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one of Claims 1 to 3, wherein, in the measuring step,
the component concentration of the product sintered
ore is measured.

6. The blast furnace operation method according to any
one of Claims 1 to 5, wherein, in the measuring step,
a component concentration of at least one of total
CaO, SiO2, MgO, Al2O3, and FeO is measured.
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