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Description
Technical Field

[0001] The presentinvention relates to a method for operating a blast furnace using carbon iron composite produced
by briquetting a mixture of coal and iron ore and carbonizing the briquetted material.

Background Art

[0002] In order to decrease the reducing agent rate of a blast furnace, it is effective to use carbon iron composite as
a blast furnace material and to utilize the effect of lowering the temperature of the thermal reserve zone in the blast
furnace induced by the carbon iron composite (for example, see Patent Literature 1). Carbon iron composite produced
by carbonizing a briquetted material prepared by briquetting a mixture of coal and iron ore has high reactivity, accelerates
reduction of sintered ore, can decrease the thermal reserve zone temperature of the blast furnace since reduced iron
ore is partly contained, and thus can decrease the reducing agent rate.

[0003] An example of a method for operating a blast furnace using carbon iron composite is disclosed in Patent
Literature 1, in which ore and carbon iron composite are mixed and charged into a blast furnace.

[0004] Compared to conventional metallurgical coke produced by carbonizing coal in a coke oven or the like, carbon
iron composite is characterized by its high reactivity with CO, gas shown in formula (a) below. Metallurgical coke is
hereinafter referred to as "conventional coke" to distinguish from the carbon iron composite. The reaction of formula (a)
is a reaction through which CO, generated by reduction of ore shown in formula (b) below is recycled into CO gas having
a reducing ability.

CO, +C — 2CO (@)
FeO + CO — Fe + CO, (b)

Accordingly, when the reaction represented by formula (a) occurs rapidly in a region where the CO, gas concentration
is increased through the reaction represented by formula (b), the CO, gas is recycled into CO gas having a reducing
ability and the reduction of ore is accelerated.

[0005] The region with a high CO, gas concentration in the blast furnace is closely related to the gas distribution in
the radius direction. Control of gas flow in a radius direction of a blast furnace is a critical operational item that affects
permeability and reducing performance. Iron raw materials such as sintered ore, lump ore, and pellets have smaller
grain size than the conventional coke produced in a chamber-type coke oven and become fused at high temperature;
thus, permeation resistance is increased in a region where the amount of ore is large with respect to the amount of the
conventional coke in the radius direction, namely, where the ore/coke amount ratio is high, thereby inhibiting gas flow.
Accordingly, the gas flow in the radius direction is controlled by introducing a deviation in the ore/coke amount ratio in
the radius direction. In the region where the ore/coke amountratio is high, the ore/reducing gas amount ratio is increased.
As a result, the proportion of CO gas in the furnace gas turning into CO, by the reaction represented by formula (b) is
increased and the CO, gas concentration is increased. Iron raw materials such as sintered ore, lump ore, pellets, and
the like are hereinafter referred to as "ore".

[0006] In the layer height direction within the ore layer formed each time the raw materials are charged, part of CO in
the reducing gas ascending from below turns into CO,, as a result of ore reduction; accordingly, the CO, concentration
is higher in the upper layer if the radius position is the same (for example, refer to Non Patent Literature 1).

[0007] Selectively placing the carbon iron composite in the region with a high CO, concentration will accelerate gas-
ification reaction of the carbon iron composite and improvements in reduction degree and a decrease in reducing agent
rate can be expected as a result.

Citation List

Patent Literature

[0008] [PTL 1] Japanese Unexamined Patent Application Publication No. 2006-28594
Non Patent Literature

[0009] [NPL 1] Zairyo to Purosesu [Materials and Processes] 13, 2000, p. 893



10

15

20

25

30

35

40

45

50

55

EP 2 840 152 A1
Summary of Invention
Technical Problem

[0010] In order to yield the high reactivity of the carbon iron composite, that is, in order to rapidly convert CO, gas into
CO gas, during operation of a blast furnace using the carbon iron composite, it is considered preferable to distribute the
carbon iron composite so that the concentration of the carbon iron composite is high in the region with a high CO,
concentration.

[0011] The gas distribution in the radius direction of the blast furnace is generally controlled by adjusting the ore/coke
amount ratio in the radius direction. The region where the ore/coke amount ratio is high corresponds to the region with
a high CO, concentration. In the case where carbon iron composite is used by being mixed into the ore layer and the
carbon iron composite is uniformly mixed in all parts of the ore layer, it is difficult to increase the carbon iron composite
ratio in the region where the ore/coke amount ratio is high.

[0012] In the layer height direction within the ore layer formed each time the raw materials are charged, part of CO in
the reducing gas ascending from below turns into CO, as a result of ore reduction and thus the CO, concentration is
increased in the upper layer. However, in the case where the carbon iron composite is uniformly mixed in the ore layer,
the concentration of the carbon iron composite is not particularly high in the region with a high CO, concentration.
[0013] Accordingly, an object of the present invention is to address such issues of the related art and provide a method
for operating a blast furnace using carbon iron composite, with which, when carbon iron composite is mixed with ore
and used in a blast furnace, the carbon iron composite’s function of recycling CO, generated by ore reduction into CO
gas having a reducing property can be more effectively yielded.

Solution to Problem
[0014] The features of the present invention that address these issues are as follows:

(1) A method for operating a blast furnace using carbon iron composite by forming a coke layer and an ore layer in
the blast furnace, the method including:

dividing ore into a plurarity of batches including two or more batches and charging the ore into a blast furnace
to form an ore layer;

mixing the carbon iron composite into the ore layer of at least one batch in the ore layer formed by the plurality
of batches; and

no carbon iron composite being mixed into the ore layer of at least another batch.

(2) The method for operating a blast furnace using the carbon iron composite according to (1), wherein

the ore is charged so that positions where the plurality of batches are charged vary in a furnace radius direction and
an ore layer thickness ratio defined by ore layer thickness/(ore layer thickness + coke layer thickness) is varied in
the furnace radius direction, and the carbon iron composite is mixed into an ore layer of a batch that has a relatively
large ore layer thickness ratio.

(3) The method for operating a blast furnace using the carbon iron composite according to (1), wherein the ore is
divided into two or more batches in a height direction of the ore layer and charged, and no carbon iron composite
is mixed into at least an ore layer of a batch located at the bottom.

(4) The method for operating a blast furnace using the carbon iron composite according to (1), wherein the ore is
divided into two batches in a height direction of the ore layer and charged so as to form an ore layer positioned in
an upper portion and an ore layer positioned in a lower portion, and no carbon iron composite is mixed into the ore
layer positioned in the lower portion.

(5) The method for operating a blast furnace using the carbon iron composite according to (1), wherein the ore is
divided into three batches in a height direction of the ore layer and charged so as to form an ore layer positioned in
an upper portion, an ore layer positioned in a middle portion, and an ore layer positioned in a lower portion, and no
carbon iron composite is mixed into the ore layer positioned in the lower portion.

(6) The method for operating a blast furnace using the carbon iron composite according to any one of (1) to (3),
wherein the carbon iron composite in the ore layer has a mixing ratio of 1% by mass or more relative to the ore.
(7) The method for operating a blast furnace using the carbon iron composite according to (6), wherein the mixing
ratio is 1% by mass or more and 9% by mass or less.

(8) The method for operating a blast furnace using the carbon iron composite according to any one of (1) to (3),
wherein an iron content of the carbon iron composite is 5% to 40% by mass.

(9) The method for operating a blast furnace using the carbon iron composite according to (8), wherein the iron
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content of the carbon iron composite is 10% to 40% by mass. Advantageous Effects of Invention

[0015] According to the present invention, the concentration of the carbon iron composite can be increased in a blast
furnace in a region where the CO, concentration is high, ore reduction can be accelerated through a gasification reaction
of the carbon iron composite, and thus the reducing agent rate can be decreased.

Brief Description of Drawings
[0016]

[Fig. 1] Fig. 1A is a graph showing an ore layer thickness ratio in a radius direction in the case where the ore batch
is divided into two in the radius direction and Fig. 1B is a schematic vertical sectional view of a blast furnace in which
the ore layer thickness ratio is large in a middle portion.

[Fig. 2] Fig. 2A is a graph showing an ore layer thickness ratio in a radius direction in the case where the ore batch
is divided into two in the radius direction and Fig. 2B is a schematic vertical sectional view of a blast furnace in which
the ore layer thickness ratio is large in a peripheral portion.

[Fig. 3] Fig. 3A is a graph showing an ore layer thickness ratio in a radius direction in the case where the ore batch
is divided into two in a layer height direction and Fig. 3B is a schematic vertical sectional view of a blast furnace.
[Fig. 4] Fig. 4 is a graph showing a relationship between the ratio of carbon iron composite used and the reduction
degree of sintered ore.

[Fig. 5] Fig. 5 is a graph showing a relationship between the iron content in the carbon iron composite and the
reaction start temperature.

[Fig. 6] Fig. 6Ais a plan view and Fig. 6B is a front view schematically showing the shape of the carbon iron composite.

Description of Embodiments

[0017] In a typical blast furnace operation, conventional coke and ore are alternately charged from the furnace top so
that coke layers and ore layers are alternately stacked inside the furnace. One known method for forming an ore layer
by charging ore into the furnace is charging ore in several divided batches. This is necessary in some cases due to the
limited capacity of the furnace top banker and, in other cases, employed as the means for controlling the grain size
distribution in the radius direction achieved by introducing grain radius deviations among batches, for example. In the
present invention, in forming an ore layer, the ore charge is divided into several batches and the amount of the carbon
iron composite mixed is varied among batches so as to control the carbon iron composite mixing ratio in the radius
direction and the layer height direction and increase the carbon iron composite ratio at a particular position. As a result,
it becomes possible to increase the carbon iron composite ratio in the region where the CO, concentration is high. In
other words, a blast furnace operation method that uses carbon iron composite includes forming a coke layer and an
ore layer, in which the ore layer is formed as a plurality of batches ore layer divided into two or batches, carbon iron
composite is mixed into at least one batch of an ore layer in the plurality of batches ore layer but not into at least one
different batch of an ore layer.

[0018] The position where the carbon iron composite ratio is to be increased is preferably a position where the ore
layer thickness ratio (= ore layer thickness/(ore layer thickness + coke layer thickness)) is large. When the carbon iron
composite ratio at the position in the blast furnace radius direction where the ore layer thickness ratio is large is increased,
the carbon iron composite ratio in the region where the CO, concentration is high can be increased and the effect of
mixing the carbon iron composite can be further enhanced. Accordingly, in an operation in which the ore layer thickness
ratio is varied in the furnace radius direction, ore is charged so that the furnace radius direction position varies among
the batches of the ore layers and a carbon composite is mixed into a batch of an ore layer at a furnace radius direction
position where the ore layer thickness ratio is relatively large. When the plurality of batches are two batches, the carbon
iron composite is mixed into the batch having a larger ore layer thickness ratio. When the plurality of batches are three
or more batches, the carbon iron composite is mixed into at least the batch having the highest ore layer thickness ratio
and no carbon iron composite is mixed into the batch having the lowest ore layer thickness ratio.

[0019] The position where the carbon iron composite ratio is to be increased is preferably an upper portion of the ore
layer. Increasing the carbon iron composite ratio in the upper portion of the ore layer can increase the carbon iron
composite ratio in the region having a high CO, concentration and the effect of mixing the carbon iron composite can
be further enhanced. In such a case, operation is conducted so that the ore layer is divided into two or more batches in
the height direction of the ore layer and no carbon iron composite is mixed into at least the ore layer of the batch located
at the bottom. The carbon iron composite is preferably mixed into at least the ore layer of the batch located at the top.
[0020] In the description below, the present invention is described using specific examples with reference to Figs. 1
to 3 each showing the ore layer thickness ratio (= ore layer thickness/(ore layer thickness + coke layer thickness)) and
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layer structure in the radius direction.

[0021] Fig. 1 shows the case in which the ore layer thickness ratio in the middle portion is large. After forming a coke
layer 1 in one batch, an ore layer 2 and an ore layer 3 divided into two batches are charged. Carbon iron composite is
mixed into the batch of the ore layer 2 which is the first batch corresponding to a high-thickness-ratio portion so that the
carbon iron composite can be selectively mixed into a portion in the radius direction where the ore layer thickness ratio
is high.

[0022] Fig. 2 shows the case in which the ore layer thickness ratio in the peripheral portion is large. The carbon iron
composite is mixed into the batch of an ore layer 5 which is the second batch corresponding to a high-thickness-ratio
portion. As a result, the carbon iron composite can be selectively mixed into a portion in the radius direction where the
ore layer thickness ratio is high.

[0023] In Fig. 3, the carbon iron composite is mixed into a batch of an ore layer 7 corresponding to the upper part of
the entire ore layer and thus the carbon iron composite can be selectively mixed into the ore upper layer portion.
[0024] The above-described cases involve two-batch charging of the ore layer. Alternatively, the ore layer may be
divided into three or more batches and the carbon iron composite may be mixed into only a particular batch or batches
(one or more batches but the number of batches is at least 1 smaller than the total batch number) in order to selectively
mix the carbon iron composite in a particular region.

[0025] The amount of the carbon iron composite to be mixed into the ore is discussed here. To 500 g of sintered ore
serving as ore, conventional coke and carbon iron composite were mixed and the mixture was reacted in a CO:N, =
0.3:0.7 (volume ratio) atmosphere at 900°C for 3 hours. The results are shown in Fig. 4. The amount of the conventional
coke mixed was 6% by mass. According to Fig. 4, when the amount of the carbon iron composite mixed with the ore is
1.0% by mass or more, the effect of increasing the sintered ore reduction degree is exhibited but the effect is saturated
at about 9% by mass. Accordingly, the amount of the carbon iron composite mixed into the ore is preferably 1.0% by
mass or more and 9% by mass or less.

[0026] Regarding the properties of the carbon iron composite, the reactivity with CO, gas is not high if the iron content
in the carbon iron composite is small but the strength of the carbon iron composite is degraded if the iron content is
excessively large, making the carbon iron composite unsuitable for the blast furnace charge. Fig. 5 shows the relationship
between the iron content in the carbon iron composite and the start temperature of the reaction of the carbon iron
composite with the CO,-CO mixed gas. According to Fig. 5, along with the increase in the iron content in the carbon
iron composite, the reactivity is improved and the reaction start temperature is decreased. A large effect is exhibited at
the iron content of 5% by mass and onward and the effect is saturated at 40% by mass or higher. Accordingly, it can be
deduced that the preferable iron content is 5% to 40% by mass and more. Thus, the iron content in the carbon iron
composite is preferably 5% to 40% by mass and more preferably 10% to 40% by mass.

[EXAMPLES]

[0027] A blast furnace operation test was conducted by applying the method of the present invention. The carbon iron
composite used was manufactured by briquetting a mixture of coal and iron ore with a briquetting machine, charging
the briquettes into a vertical shaft furnace, and performing carbonizing. The shape of the carbon iron composite is
illustrated in Fig. 6. The upper diagram of Fig. 6 is a plan view and the lower diagram of Fig. 6 is a front view. The
dimensions shown in Fig. 6 are A =30 mm, B =25 mm, C = 18 mm. The iron content in the carbon iron composite was
30% by mass. Sintered ore was used as the ore.

[0028] Charging of raw materials into the blast furnace was conducted as follows: First, a coke layer constituted only
by conventional coke was formed and then the ore was charged in two batches as illustrated in Fig. 1. The average
carbon iron composite amount mixed was 100 kg/t. In conducting operation, the same percentage of the carbon iron
composite was mixed into each of the two ore batches in one case and, in another case, the carbon iron composite was
mixed into one (ore layer 2) of the two ore batches only. For the purposes of comparison, operation was also conducted
without mixing the carbon iron composite.

[0029] The results are shown in Table 1.

[Table 1]
Case a Caseb Casec
Carbon iron composite rate (including Fe) kg/t 0 100 100
Carbon iron composite rate (excluding Fe) kg/t 0 70 70
Conventional coke rate kg/t 352 249 246
Pulverized coal rate kg/t 126 126 126
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(continued)
Case a Caseb Casec
Reducing agent rate kg/t 478 445 442
Gas utilization ratio % 50.3 54.0 54.5
Reference Comparative Example | Comparative Example | Example

[0030] Case ais a comparative example where the carbon iron composite was not mixed into any of the ore layers 2
and 3 in the distribution control shown in Fig. 1. Case b is also a comparative example where the carbon iron composite
was mixed into both the ore layers 2 and 3 in the distribution control shown in Fig. 1. Case c is an example of the present
invention where the carbon iron composite was mixed into the ore layer 2 only in the distribution control shown in Fig.
1. Compared to Case a, the reducing agentrate is low in Case b and Case ¢ where the carbon iron composite was used.
The gas utilization rate was higher and the reducing agent rate was lower in Case ¢ where the carbon iron composite
was mixed into the ore layer 2 only than in Case b. This is presumably because selectively mixing the carbon iron
composite into a portion with a high ore layer thickness ratio promoted gasification of the carbon iron composite and
allowed the reduction of the ore to progress.

[0031] Next, the ore was divided into two batches and charged as illustrated in Fig. 2. As described above, the average
amount of the carbon iron composite mixed was 100 kg/t. In conducting operation, the same percentage of the carbon
iron composite was mixed into each of the two ore batches in one case and, in another case, the carbon iron composite
was mixed into one of the two ore batches only. Operation was also conducted without mixing the carbon iron composite.

[0032] The results are shown in Table 2.
[Table 2]
Cased Casee Casef
Carbon iron composite rate (including Fe) kg/t 0 100 100
Carbon iron composite rate (excluding Fe) kg/t 0 70 70
Conventional coke rate kg/t 354 251 248
Pulverized coal rate kg/t 126 126 126
Reducing agent rate kalt 480 447 444
Gas utilization ratio % 50.0 53.7 54.2
Reference Comparative Example | Comparative Example | Example

[0033] Case dis a comparative example where the carbon iron composite was not mixed into any of the ore layers 4
and 5 in the distribution control shown in Fig. 2. Case e is also a comparative example where the carbon iron composite
was mixed into both the ore layers 4 and 5 in the distribution control shown in Fig. 2. Case fis an example of the present
invention where the carbon iron composite was mixed into the ore layer 5 only in the distribution control shown in Fig.
2. Compared to Case d, the reducing agent rate is low in Case e and Case f where the carbon iron composite was used.
The gas utilization rate was higher and the reducing agent rate was lower in Case f where the carbon iron composite
was mixed into the ore layer 5 only than in Case e. This is presumably because selectively mixing the carbon iron
composite into a portion with a high ore layer thickness ratio promoted gasification of the carbon iron composite and
allowed the reduction of the ore to progress.

[0034] Next, the ore was divided into two batches and charged as illustrated in Fig. 3. As in the case described above,
the average amount of the carbon iron composite mixed was 100 kg/t. In conducting operation, the same percentage
of the carbon iron composite was mixed into each of the two ore batches in one case and, in another case, the carbon
iron composite was mixed into one of the two ore batches only. Operation was also conducted without mixing the carbon
iron composite.

[0035] The results are shown in Table 3.

[Table 3]
Case g

Case h Casei

Carbon iron composite rate (including Fe) kg/t 0 100 100
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(continued)
Case g Case h Casei

Carbon iron composite rate (excluding Fe) kg/t 0 70 70
Conventional coke rate kg/t 351 248 245
Pulverized coal rate kg/t 126 126 126

kglt 477 444 441

Reducing agent rate Gas utilization ratio
% 50.4 541 54.6
Reference Comparative Example | Comparative Example | Example

[0036] Case gis a comparative example where the carbon iron composite was not mixed into any of the ore layers 6
and 7 in the distribution control shown in Fig. 3. Case h is also a comparative example where the carbon iron composite
was mixed into both the ore layers 6 and 7 in the distribution control shown in Fig. 3. Case i is an example of the present
invention where the carbon iron composite is mixed into the ore layer 7 only in the distribution control shown in Fig. 3.
Compared to Case g, the reducing agent rate is low in Case h and Case i where the carbon iron composite was used.
The gas utilization rate was higher and the reducing agent rate was lower in Case i where the carbon iron composite
was mixed into the ore layer 7 only than in Case h. This is presumably because selectively mixing the carbon iron
composite into an upper layer of the ore layer promoted gasification of the carbon iron composite and allowed the
reduction of the ore to progress.

Reference Signs List
[0037]

1 coke layer constituted by conventional coke
2 ore layer (first batch)

3 ore layer (second batch)

4 ore layer (first batch)

5 ore layer (second batch)

6 ore layer (first batch)

7 ore layer (second batch)

Claims

1. A method for operating a blast furnace using carbon iron composite by forming a coke layer and an ore layer in the
blast furnace, the method comprising:

dividing ore into a plurality of batches including two or more batches and charging the ore into a blast furnace
to form an ore layer,

mixing the carbon iron composite into the ore layer of at least one batch in the ore layer formed by the plurality
of batches, and

no carbon iron composite being mixed into the ore layer of at least another batch.

2. The method for operating a blast furnace using the carbon iron composite according to claim 1, wherein
the ore is charged so that positions where the plurality of batches are charged vary in a furnace radius direction and
an ore layer thickness ratio defined by ore layer thickness/(ore layer thickness + coke layer thickness) is varied in
the furnace radius direction, and
the carbon iron composite is mixed into an ore layer of a batch that has a relatively large ore layer thickness ratio.

3. The method for operating a blast furnace using the carbon iron composite according to claim 1, wherein
the ore is divided into two or more batches in a height direction of the ore layer and charged, and

no carbon iron composite is mixed into at least an ore layer of a batch located at the bottom.

4. The method for operating a blast furnace using the carbon iron composite according to claim 1, wherein
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the ore is divided into two batches in a height direction of the ore layer and charged so as to form an ore layer
positioned in an upper portion and an ore layer positioned in a lower portion, and
no carbon iron composite is mixed into the ore layer positioned in the lower portion.

The method for operating a blast furnace usingthe carbon iron composite according to claim 1, wherein

the ore is divided into three batches in a height direction of the ore layer and charged so as to form an ore layer
positioned in an upper portion, an ore layer positioned in a middle portion, and an ore layer positioned in a lower
portion, and

no carbon iron composite is mixed into the ore layer positioned in the lower portion.

The method for operating a blast furnace using the carbon iron composite according to any one of claims 1 to 3,
wherein the carbon iron composite in the ore layer has a mixing ratio of 1% by mass or more relative to the ore.

The method for operating a blast furnace using the carbon iron composite according to claim 6, wherein the mixing
ratio is 1% by mass or more and 9% by mass or less.

The method for operating a blast furnace using the carbon iron composite according to any one of claims 1 to 3,
wherein the iron contents of the carbon iron composite is 5% to 40% by mass.

The method for operating a blast furnace using the carbon iron composite according to claim 8, wherein the iron
contents of the carbon iron composite is 10% to 40% by mass.
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FIG. 4
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