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(54) OPERATION METHOD FOR BLAST FURNACE

(57) In a blast furnace operation that generates a
high-concentration reducing gas in a raceway in the
furnace, a blast furnace operation method is provided
that improves properties of slag formed in a lower part of
the furnace to ensure gas permeability through the co-
hesive zone and the dripping zone in the furnace even
after FeO components in the slag have decreased.

A blast furnace operation method according to the
present invention is a method of operating a blast furnace
while charging a ferrous raw material, an auxiliary raw
material, and coke from a blast furnace top, and injecting
from a blast furnace tuyere a gas that generates a high-
concentration reducing gas in a raceway in the blast
furnace, and the method includes controlling the gross
basicity of the ferrous raw material and the auxiliary raw
material to a predetermined range. In this case, the gross
basicity is preferably controlled to 1.0 or more and 1.7 or
less.
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Description

Technical Field

[0001] The present invention relates to a method of operating a blast furnace while generating a high-concentration
reducing gas in a raceway in the blast furnace, and more particularly to a blast furnace operation method that improves slag
properties in a cohesive zone and a dripping zone in a blast furnace and thereby enhances the gas permeability in the blast
furnace.

Background Art

[0002] In recent years, there have been growing efforts to reduce the emissions of CO2 gas (carbon dioxide gas) that is
one of the greenhouse gases. Blast furnace iron manufacturing involves carbon materials as reducing agents and thus
generates large amounts of CO2 gas. Thus, the steel industry is one of the major CO2 emitting industries and must respond
to the social demands for cutting the CO2 gas emissions. Specifically, it is urgent to further decrease the ratio of coal-
derived reducing agents in the blast furnace operation. The ratio of coal-derived reducing agents is the total mass of coal-
derived coke and coal-derived reducing gas required to produce 1 ton of molten pig iron.
[0003] Reducing agents have a role to generate heat in the furnace and thereby raise the temperature of the burden, and
a role to reduce the ferrous raw material in the furnace, namely, iron ore, sintered iron ore, and iron ore pellets. In order to
lower the reducing agent ratio and thereby to cut the CO2 emissions, it is necessary to increase the reduction efficiency of
the reducing agent while maintaining the amount of heat in the furnace.
[0004] Hydrogen has attracted attention as a reducing agent for the purpose of cutting CO2 emissions. The reduction of
iron ore with hydrogen is an endothermic reaction, but the endothermic amount is smaller than that in the direct reduction
reaction (reaction formula: FeO + C → Fe + CO). Furthermore, hydrogen outperforms CO gas in reduction rate. Therefore,
the CO2 emissions can be reduced and the reduction efficiency can be enhanced at the same time by the blowing of
hydrogen-based gas into the blast furnace.
[0005] Stable operation of a blast furnace critically relies on the gas permeability through the blast furnace cohesive
zone in which the ferrous raw material is fused. However, the gas permeability in a blast furnace is not clearly understood in
blast furnace operations where a high-concentration reducing gas is generated in a raceway in the blast furnace, and in
blast furnace operations in which the reducing gas concentration in the furnace is higher than in the conventional operation
and the reduction reaction rate is high.
[0006] Manufacturing of pig iron in the blast furnace also yields a large amount of blast furnace slag (an oxide mixture
composed of, for example, FeO, CaO, Al2O3, MgO, and SiO2) as a byproduct. In order to maintain good gas permeability
inside the furnace, raw materials should be designed so that the viscosity of the blast furnace slag that is produced will be
kept low to ensure liquid permeability.
[0007] Conventional techniques for solving problems similar to those described above are disclosed in Patent
Literatures 1 to 3.
[0008] Patent Literature 1 discloses a blast furnace operation in which coke is charged from the top of a furnace and an
auxiliary fuel is injected from a tuyere. According to Patent Literature 1, blast furnace slag properties are improved, and the
gas permeability and the liquid permeability can be enhanced by controlling the Al2O3 to SiO2 ratio (Al2O3/SiO2) in the coke
and the auxiliary fuel to 0.6 or more, and the basicity ((CaO + Al2O3 + MgO)/SiO2) of blast furnace slag to 1.8 or more.
[0009] Patent Literature 2 discloses a blast furnace operation method in which 150 kg or more of pulverized coal per ton
of tapped iron is injected together with hot blast into a blast furnace through a tuyere. According to Patent Literature 2, 80%
or more of the burden excluding coke is represented by sintered ore containing 4.0 to 4.8 mass% SiO2 components, 1.2 to
2.4 mass% MgO components, 6.0 to 9.0 mass% CaO components, and 1.9 to 2.5 mass% Al2O3 components. In this
manner, the viscosity of dripping slag can be kept low even after FeO components in the slag composition have decreased.
[0010] Patent Literature 3 discloses a blast furnace operation method in which an auxiliary raw material is added in a
ratio controlled in accordance with the amount of Al2O3 in usual sintered ore and thereby sintered ore is produced that is
enhanced in strength (SI > 92%) and reducibility (RI > 70%). According to Patent Literature 3, an auxiliary raw material is
injected from a blast furnace tuyere in an amount corresponding to the difference in the blend ratio of the auxiliary raw
material between the sintered ore enhanced in strength and reducibility and the usual sintered ore. This control enables
long-term stable operation with a high ore-to-coke ratio.
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PTL 1: Japanese Unexamined Patent Application Publication No. 2004‑10948
PTL 2: Japanese Unexamined Patent Application Publication No. 9‑13107
PTL 3: Japanese Unexamined Patent Application Publication No. 2005‑298923

Summary of Invention

Technical Problem

[0012] However, these conventional techniques are directed to blast furnace operation that injects an auxiliary raw
material, such as SiO2 powder, an auxiliary fuel containing, for example, CaO and SiO2, or pulverized coal through a
tuyere. The techniques are silent with respect to raw material components that are charged or slag components in blast
furnace operation that generates a high-concentration reducing gas in a raceway in the furnace.
[0013] In blast furnace operation in the present invention, a reducing gas generated in a raceway in the furnace has a
very high concentration. Thus, the ferrous raw material in the furnace is reduced with an increased reduction ratio and the
FeO concentration in the slag decreases to a level below the operation ranges described in the above conventional
techniques. The conventional techniques described above do not consider a case where the FeO components in the slag
further decrease.
[0014] Specifically, the ferrous raw material is reduced in a promoted manner from a low temperature compared to the
conventional operation and reaches an increased reduction ratio at a lower part of the furnace when a high-concentration
reducing gas is generated in a raceway in the furnace within the range of region A in Fig. 1 (Fig. 1 will be described later) (the
range including H2 gas = 0 to 100 vol%, N2 gas = 0 to 71 vol%, and CO gas = 0 to 100 vol%). If the above range is applied to
the conventional operation, the slag permeability is lowered by the decrease in FeO components in the slag and
consequently the slag is accumulated in voids in the coke layers to raise the gas permeability resistance in the furnace,
thus giving rise to a risk of gas channeling.
[0015] The present invention has been made in view of the circumstances discussed above. In a blast furnace operation
that generates a high-concentration reducing gas in a raceway in the furnace, an object of the present invention is to
provide a blast furnace operation method that improves slag properties to ensure gas permeability through the cohesive
zone and the dripping zone in the blast furnace even after FeO components in slag have decreased.

Solution to Problem

[0016] A gist of the present invention that solves the problems described above is as follows.

[1] A blast furnace operation method of operating a blast furnace while charging a ferrous raw material, an auxiliary raw
material, and coke from a blast furnace top, and injecting from a blast furnace tuyere a gas that generates a high-
concentration reducing gas in a raceway in the blast furnace, the method including controlling the gross basicity of the
ferrous raw material and the auxiliary raw material to a predetermined range.
[2] The blast furnace operation method according to [1], wherein the gross basicity is controlled to 1.0 or more and 1.7
or less.
[3] The blast furnace operation method according to [1], wherein the high-concentration reducing gas, when
expressed by bosh gas composition, is composed of H2 gas, N2 gas, and CO gas; has a composition of H2 gas,
N2 gas, and CO gas within a region enclosed by four points in a H2 gas-N2 gas-CO gas ternary diagram wherein the
four points are a point at H2 gas: 0 vol%, N2 gas: 0 vol%, and CO gas: 100 vol%, a point at H2 gas: 100 vol%, N2 gas: 0
vol%, and CO gas: 0 vol%, a point at H2 gas: 29 vol%, N2 gas: 71 vol%, and CO gas: 0 vol%, and a point at H2 gas: 0
vol%, N2 gas: 37 vol%, and CO gas: 63 vol%; and includes H2 gas in the range of 0 to 100 vol%, N2 gas in the range of 0
to 71 vol%, and CO gas in the range of 0 to 100 vol%.
[4] The blast furnace operation method according to [2], wherein the high-concentration reducing gas, when
expressed by bosh gas composition, is composed of H2 gas, N2 gas, and CO gas; has a composition of H2 gas,
N2 gas, and CO gas within a region enclosed by four points in a H2 gas-N2 gas-CO gas ternary diagram wherein the
four points are a point at H2 gas: 0 vol%, N2 gas: 0 vol%, and CO gas: 100 vol%, a point at H2 gas: 100 vol%, N2 gas: 0
vol%, and CO gas: 0 vol%, a point at H2 gas: 29 vol%, N2 gas: 71 vol%, and CO gas: 0 vol%, and a point at H2 gas: 0
vol%, N2 gas: 37 vol%, and CO gas: 63 vol%; and includes H2 gas in the range of 0 to 100 vol%, N2 gas in the range of 0
to 71 vol%, and CO gas in the range of 0 to 100 vol%.
[5] The blast furnace operation method according to any one of [1] to [4], wherein the volume of H2 gas in the high-
concentration reducing gas is in the range of 0 to 500 Nm3/ton of molten pig iron.
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Advantageous Effects of Invention

[0017] In a blast furnace operation that generates a high-concentration reducing gas in a raceway in the furnace, the
present invention controls the gross basicity (mass% CaO/mass% SiO2) of a ferrous raw material and an auxiliary raw
material to a predetermined range. This control optimizes the viscosity of slag formed in the cohesive zone and the dripping
zone in the blast furnace and the slag permeability in the blast furnace is controlled to an operable range. As a result, the
gas permeability in the blast furnace can be maintained in good state, and the blast furnace can be operated stably.

Brief Description of Drawings

[0018]

[Fig. 1] Fig. 1 is a H2 gas-N2 gas-CO gas ternary diagram that illustrates the range of the bosh gas composition of a
high-concentration reducing gas generated in a raceway in the furnace in a blast furnace operation method according
to an embodiment.
[Fig. 2] Fig. 2 is a graph illustrating the influence of the gross basicity on the amount of melt drops in a test in which a
high-concentration reducing gas was generated in a raceway in a furnace.
[Fig. 3] Fig. 3 is a graph illustrating the influence of the gross basicity on the gas permeability resistance index KS in a
test in which a high-concentration reducing gas was generated in a raceway in a furnace.

Description of Embodiments

[0019] Hereinafter, an embodiment of the present invention will be described. A blast furnace operation method
according to the present embodiment is a method of operating a blast furnace in such a manner that a ferrous raw
material, an auxiliary raw material, and coke are alternately charged from a blast furnace top into the blast furnace to form
alternate layers, and a gas is injected from a tuyere disposed at a lower position of the blast furnace and the gas that has
been injected from the tuyere into the blast furnace generates a high-concentration reducing gas in the raceway in the blast
furnace. For example, the ferrous raw material includes iron ore, sintered iron ore, iron ore pellets, reduced iron, and iron
scraps. The auxiliary raw material includes SiO2 and/or CaO. The types of the ferrous raw material, the auxiliary raw
material, and the coke that are used are not particularly limited, and any ferrous raw materials, auxiliary raw materials, and
cokes used in the conventional blast furnace operations may be suitably used in the present invention.
[0020] The gas for generating a high-concentration reducing gas contains a reductive component that reduces the
ferrous raw material in the blast furnace. Here, the reductive component that reduces the ferrous raw material in the blast
furnace may be CO gas, H2 gas, or a hydrocarbon gas capable of reducing the ferrous raw material, or may be CO2 gas,
H2O gas, or the like that generates a reducing gas through, for example, the reaction with the coke or the decomposition
reaction.
[0021] Fig. 1 is a H2 gas-N2 gas-CO gas ternary diagram that illustrates the range of the bosh gas composition of a high-
concentration reducing gas generated in a raceway in the furnace in the blast furnace operation method according to the
present embodiment. The high-concentration reducing gas in the present embodiment is a reducing gas that reduces the
ferrous raw material with an average reduction ratio of 80% or more when the high-concentration reducing gas is allowed to
act on the material at 900°C for 180 minutes. This reducing gas, when expressed by bosh gas composition, is composed of
H2 gas, N2 gas, and CO gas; has a composition of H2 gas, N2 gas, and CO gas (with the proviso that H2 gas + N2 gas + CO
gas = 100 vol%) within the shaded region A in Fig. 1 (the range of the operation according to the present invention); and
includes H2 gas in the range of 0 to 100 vol%, N2 gas in the range of 0 to 71 vol%, and CO gas in the range of 0 to 100 vol%.
[0022] In the H2 gas-N2 gas-CO gas ternary diagram, the region A is enclosed by four points including point O (H2 gas: 0
vol%, N2 gas: 0 vol%, CO gas: 100 vol%), point P (H2 gas: 100 vol%, N2 gas: 0 vol%, CO gas: 0 vol%), point Q (H2 gas: 29
vol%, N2 gas: 71 vol%, CO gas: 0 vol%), and point R (H2 gas: 0 vol%, N2 gas: 37 vol%, CO gas: 63 vol%). As a comparison,
Fig. 1 also illustrates the range of the gas composition in conventional general blast furnace operations. In this region A, the
average reduction ratio is 90% or more when the ferrous raw material is reduced at 900°C for 180 minutes in the region
enclosed by four points including point O (H2 gas: 0 vol%, N2 gas: 0 vol%, CO gas: 100 vol%), point P (H2 gas: 100 vol%, N2
gas: 0 vol%, CO gas: 0 vol%), point Q’ (H2 gas: 43 vol%, N2 gas: 57 vol%, CO gas: 0 vol%), and point R’ (H2 gas: 0 vol%, N2
gas: 14 vol%, CO gas: 86 vol%). Thus, the FeO content in the slag components in the cohesive zone in the furnace is
significantly low. When a high-concentration reducing gas falling in this composition range is generated in a raceway in the
furnace, the control of the gross basicity (mass% CaO/mass% SiO2) produces greater effects by restoring the dripping of
melts including slag.
[0023] The present inventorsconducted a test in which a high-concentration reducing gas wasgenerated ina raceway in
a 1/4 scale small test furnace simulating a blast furnace and slag components in the cohesive zone and the dripping zone in
the furnace were studied. Table 1 describes some examples of the chemical compositions of ferrous raw materials used in
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the small test furnace.

[Table 1]

Chemical compositions of ferrous raw materials (mass%)

T-Fe M-Fe FeO Fe2O3 SiO2 Al2O3 CaO MgO

Sintered ore 1 57.30 0.03 9.04 71.77 5.36 1.83 9.05 1.25

Sintered ore 2 54.14 0.10 8.04 68.32 5.72 2.08 12.76 1.19

Iron ore 1 62.93 0.10 0.29 89.65 1.75 2.24 0.04 0.02

Iron ore 2 57.81 0.10 0.29 82.34 7.15 4.35 0.01 0.03

[0024] In the small test furnace, a ferrous raw material, an auxiliary raw material, and coke were charged in accordance
with the operation method described in Patent Literature 2 while generating a high-concentration reducing gas in a
raceway in the furnace. In the test, the gross basicity of the ferrous raw material and the auxiliary raw material was
controlled to 2.0. Under these test conditions, the slag components in the cohesive zone in the furnace were calculated to
include less than 3.5 mass% FeO components, 25.4 to 28.3 mass% SiO2 components, 8.6 to 9.2 mass% Al2O3
components, 52.5 to 56.7 mass% CaO components, and 5.3 to 7.3 mass% MgO components. The basicity of the slag
was as high as about 2.0, and the amount of slag drops decreased to about one-tenth of that in the conventional tests. As a
result, the gas permeability was deteriorated to a level where stable test was no longer feasible.
[0025] The present inventors considered that the basicity of the slag produced should be lowered in order to increase the
amount of slag drops. The present inventors then carried out a test in which a high-concentration reducing gas was
generated in a raceway in the furnace while changing the gross basicity of the ferrous raw material and the auxiliary raw
material within the range of 0.95 to 2.23. The influence of the gross basicity on the amount of melt drops and the gas
permeability resistance index KS was thus studied.
[0026] The amount of melt drops was determined by recovering the melt that had dropped during the test after the
experiment, and measuring the total weight of the melt with a weighing machine. The gas permeability resistance index KS
was determined as an integral value of gas permeability resistance K (1/m) calculated based on the pressure loss
measured in a region inside the furnace where the temperature was 1000°C or above, and properties estimated from the
operation conditions.

<Method of Calculating the Gas Permeability Resistance Index KS>

[0027] The gas permeability resistance K (1/m) is calculated from the equation (1) below.

[0028] Here, ΔP is the pressure loss (Pa), H is the thickness (m) of the packed bed in the furnace, ρgas is the gas density
(kg/m3), µgas is the gas viscosity (Pa·s), and vgas is the gas flow velocity (m/s). ΔP is obtained by calculating the difference
between the pressures measured with pressure gauges installed at the tuyere and on a furnace wall of an upper part of the
test furnace (in the space above the packed bed). For example, H is determined by measuring the position of the surface of
the packed bed with a measuring jig having been inserted through a hole perforated in an upper portion of the test furnace,
and calculating the distance in the height direction between the position of the surface of the packed bed and the position
where the tuyere is located. The position of the surface of the packed bed may be measured with a laser rangefinder. ρgas
can be calculated from the type of the gas component introduced from the tuyere, the temperature inside the furnace, and
the pressure inside the furnace.µgas can be calculated from the type of the gas component introduced from the tuyere, and
the temperature inside the furnace. vgas can be calculated from the flow rate of the gas introduced from the tuyere, the
temperature inside the furnace, and the pressure inside the furnace. Here, the temperature inside the furnace is the
average of temperatures measured with a plurality of thermometers installed at positions on the furnace wall correspond-
ing to the packed bed. Similarly, the pressure inside the furnace is the average of pressures measured with a plurality of
pressure gauges installed at positions on the furnace wall corresponding to the packed bed. The pressure inside the
furnace may be the average of the pressure at the tuyere used to calculate ΔP and the pressure at the upper portion of the
packed bed.
[0029] The gas permeability resistance index KS is calculated using the equation (2) below.
[Math. 1]
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[0030] In the equation (2),Tmax is the maximum temperature in the measurement of the pressure loss in the furnace and
is approximately 1500 to 1650°C, although variable every time the measurement is performed.
[0031] Fig. 2 is a graph illustrating the influence of the gross basicity on the amount of melt drops in the test in which a
high-concentration reducing gas was generated in a raceway in the furnace. The abscissa in Fig. 2 is the gross basicity
(mass% CaO/mass% SiO2) and the ordinate is the amount (g) of melt drops.
[0032] Fig. 3 is a graph illustrating the influence of the gross basicity on the gas permeability resistance index KS in the
test in which a high-concentration reducing gas was generated in a raceway in the furnace. The abscissa in Fig. 3 is the
gross basicity (mass% CaO/mass% SiO2) and the ordinate is the gas permeability resistance index KS (105°C/m).
[0033] As illustrated in Fig. 2, the amount of melt drops increased when the gross basicity of the ferrous raw material and
the auxiliary raw material was in the range of 1.0 to 1.7. Furthermore, as illustrated in Fig. 3, it was shown that the gas
permeability resistance index KS fell to or below the target 2000 when the gross basicity of the ferrous raw material and the
auxiliary raw material was in the range of 1.0 to 1.7. The target value of the gas permeability resistance index KS, namely,
2000, is a threshold for the feasibility of continuous stable testing. The term stable testing means that the surface height of
the packed bed descends uniformly over time and the test is free from troubles, such as gas channeling.
[0034] These results have shown that a test in which a high-concentration reducing gas is generated in a raceway in the
furnace can be performed stably by controlling the gross basicity of the ferrous raw material and the auxiliary raw material
to the range of 1.0 to 1.7.
[0035] The blast furnace operation method according to the present embodiment has been developed based on the
above test results. The blast furnace operation method is a method of operating a blast furnace while charging a ferrous
raw material, an auxiliary raw material, and coke from a blast furnace top, and injecting from a blast furnace tuyere a gas
that generates a high-concentration reducing gas in the raceway in the blast furnace; and includes controlling the gross
basicity of the ferrous raw material and the auxiliary raw material that are charged, to a predetermined range.
[0036] Here, it is preferable that the gross basicity of the ferrous raw material and the auxiliary raw material that are
charged be controlled to 1.0 ormore and 1.7 or less. In thismanner, melt drip characteristics and gas permeability at a lower
part of the blast furnace can be enhanced. If the gross basicity of the ferrous raw material and the auxiliary raw material is
less than 1.0, or if the gross basicity of the ferrous raw material and the auxiliary raw material is more than 1.7, the slag
viscosity is disadvantageously increased beyond a stable operation range in both cases.
[0037] The gross basicity of the ferrous raw material and the auxiliary raw material that are charged is more preferably
controlled to 1.1 or more and 1.7 or less, and still more preferably controlled to 1.4 or more and 1.5 or less. This control
further reduces the slag viscosity, and melt drip characteristics and gas permeability can be further enhanced. The raw
materials are preferably adjusted so that the amount of slag will be 400 kg or less per ton of molten pig iron. Controlling the
amount of slag to 400 kg or less per ton of molten pig iron can eliminate or reduce the lowering in gas permeability due to the
increase in the amount of melts occurring from a low temperature range.
[0038] The high-concentration reducing gas is preferably such that the volume of H2 gas (including hydrogen in
hydrocarbons) in the high-concentration reducing gas is in the range of 0 to 500 Nm3/ton of molten pig iron. In this case, it is
possible to eliminate or reduce the decrease in in-furnace temperature and the decrease in reduction reaction rate. If, on
the other hand, the volume of H2 gas in the high-concentration reducing gas is more than 500 Nm3/ton of molten pig iron,
the in-furnace temperature is disadvantageously lowered to give rise to a decrease in reduction reaction rate. When H2 gas
alone is injected, it is preferable that the H2 gas be heated before blowing in order to maintain the raceway temperature
within an operable range.
[0039] In a blast furnace operation that generates a high-concentration reducing gas in a raceway in the furnace, as
described hereinabove, the blast furnace operation method according to the present embodiment charges a ferrous raw
material and an auxiliary raw material while controlling the gross basicity of the ferrous raw material and the auxiliary raw
material to a predetermined range. This control optimizes the viscosity of slag formed in the cohesive zone and the dripping
zone in the blast furnace and the slag permeability in the blast furnace is controlled to an operable range. As a result, the
gas permeability in the blast furnace can be maintained in good state, and the blast furnace can be operated stably.

EXAMPLES

[0040] A blast furnace operation test was performed in which a ferrous raw material, an auxiliary raw material, and coke
were alternately charged from the top of a large blast furnace and a high-concentration reducing gas was generated in a
raceway in the furnace. The gross basicity of the ferrous raw material and the auxiliary raw material charged from the
furnace top was changed. Some illustrative test results are described in Table 2.
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[Table 2]

Items Units INV.
EX. 1

INV.
EX. 2

INV.
EX. 3

INV.
EX. 4

COMP.
EX. 1

COMP.
EX. 2

COMP.
EX. 3

Raw ma-
terials

charged

Fe2O3 mass% 73.26 72.43 82.23 75.82 70.09 74.08 74.08

FeO mass% 6.61 6.53 4.25 5.85 6.32 6.68 6.68

SiO2 mass% 6.68 7.73 4.19 5.89 10.72 5.63 5.63

Al2O3 mass% 1.70 1.68 1.97 2.10 1.63 1.72 1.72

CaO mass% 10.33 10.21 6.47 9.09 9.88 10.44 10.44

MgO mass% 1.43 1.41 0.90 1.26 1.37 1.45 1.45

Gross basicity
(CaO/SiO2) - 1.55 1.32 1.54 1.54 0.92 1.85 1.85

Bosh gas

TFT*1 °C 2050 2050 2050 2100 2050 2050 2100

Gas volume Nm3/t 1140 1140 1140 930 1140 1140 930

CO vol% 62 62 62 84 62 62 84

H2 vol% 38 38 38 15 38 38 15

N2 vol% 0 0 0 1 0 0 1

H2 volume Nm3/t 433 433 433 140 433 433 140

Operation
data

Coke ratio kg/t 390 390 390 290 390 390 290

PCR*2 kg/t 0 0 0 250 0 0 250

Methane ratio*3 kg/t 155 155 155 0 155 155 0

Unit consump-
tion of blast vo-

lume
Nm3/t 350 350 350 300 350 350 300

Oxygen enrich-
ment %(dry) 100 100 100 100 100 100 100

Blast tempera-
ture °C 25 25 25 25 25 25 25

Blast moisture g/Nm3 0 0 0 0 0 0 0

Operation
results

Drip character-
istics - Good Good Good Good Poor Poor Poor

Gas permeabil-
ity - Good Good Good Good Poor Poor Poor

*1;; TFT (theoretical flame temperature) is the temperature reached by complete combustion under adiabatic con-
ditions.
*2; PCR (pulverized coal ratio) is the amount of pulverized coal injected per ton of molten pig iron.
*3; The methane ratio is the amount of methane injected per ton of molten pig iron.

[0041] In INVENTIVE EXAMPLES 1 to 4, the ferrous raw material and the auxiliary raw material were charged from the
furnace top with control of the gross basicity to the range of the present invention. As described in Table 2, it was confirmed
that these examples achieved good drip characteristics and good gas permeability and made stable operation possible. In
COMPARATIVE EXAMPLES 1 to 3, the gross basicity of the ferrous raw material and the auxiliary raw material charged
from the furnace top was outside the range of the present invention. As a result, the dripping was insufficient and the gas
permeability was also poor.
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Claims

1. A blast furnace operation method of operating a blast furnace while charging a ferrous raw material, an auxiliary raw
material, and coke from a blast furnace top, and injecting from a blast furnace tuyere a gas that generates a high-
concentration reducing gas in a raceway in the blast furnace, the method comprising controlling the gross basicity of
the ferrous raw material and the auxiliary raw material to a predetermined range.

2. The blast furnace operation method according to claim 1, wherein the gross basicity is controlled to 1.0 or more and 1.7
or less.

3. The blast furnace operation method according to claim 1, wherein the high-concentration reducing gas, when
expressed by bosh gas composition, is composed of H2 gas, N2 gas, and CO gas; has a composition of H2 gas, N2 gas,
and CO gas within a region enclosed by four points in a H2 gas-N2 gas-CO gas ternary diagram wherein the four points
are a point at H2 gas: 0 vol%, N2 gas: 0 vol%, and CO gas: 100 vol%, a point at H2 gas: 100 vol%, N2 gas: 0 vol%, and
CO gas: 0 vol%, a point at H2 gas: 29 vol%, N2 gas: 71 vol%, and CO gas: 0 vol%, and a point at H2 gas: 0 vol%, N2 gas:
37 vol%, and CO gas: 63 vol%; and includes H2 gas in the range of 0 to 100 vol%, N2 gas in the range of 0 to 71 vol%,
and CO gas in the range of 0 to 100 vol%.

4. The blast furnace operation method according to claim 2, wherein the high-concentration reducing gas, when
expressed by bosh gas composition, is composed of H2 gas, N2 gas, and CO gas; has a composition of H2 gas, N2 gas,
and CO gas within a region enclosed by four points in a H2 gas-N2 gas-CO gas ternary diagram wherein the four points
are a point at H2 gas: 0 vol%, N2 gas: 0 vol%, and CO gas: 100 vol%, a point at H2 gas: 100 vol%, N2 gas: 0 vol%, and
CO gas: 0 vol%, a point at H2 gas: 29 vol%, N2 gas: 71 vol%, and CO gas: 0 vol%, and a point at H2 gas: 0 vol%, N2 gas:
37 vol%, and CO gas: 63 vol%; and includes H2 gas in the range of 0 to 100 vol%, N2 gas in the range of 0 to 71 vol%,
and CO gas in the range of 0 to 100 vol%.

5. The blast furnace operation method according to any one of claims 1 to 4, wherein the volume of H2 gas in the high-
concentration reducing gas is in the range of 0 to 500 Nm3/ton of molten pig iron.
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