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(54) PROCESS FOR PRODUCING SINTERED ORE

(57) Proposed is a method for producing sintered ore
by feeding a gaseous fuel on the downstream side of an
ignition furnace of a sintering machine, in which the
amount of carbonaceous material contained in the sin-
tering raw material is optimized in relation to the gaseous
fuel, whereby high-strength, high-quality sintered ore can
be stably produced, and the CO,generation amount can
be reduced. The method for producing sintered ore in-
cludes a charging step of charging a sintering raw ma-
terialincluding fine ore and a carbonaceous material onto
a pallet; an ignition step of igniting the carbonaceous ma-
terial in the surface of the sintering bed; a gaseous fuel
feeding step of feeding a gaseous fuel above the sintering
bed; and a sintering step of sucking the diluted gaseous
fuel and air with a wind box disposed under the pallet
into the sintering bed, combusting the carbonaceous ma-
terial in the sintering bed and combusting the diluted gas-
eous fuel in the sintering bed in which the carbonaceous
material has been combusted, to thereby perform sinter-
ing. The amount of carbonaceous material in the sintering
raw material is reduced compared with the case where
the gaseous fuel is not fed, and preferably, reduced in
the amount equivalent to or more than the combustion
heat of the gaseous fuel to be fed in the gaseous fuel
feeding step.
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Description
Field of the Invention

[0001] The present invention relates to a method for producing sintered ore using a downward-suction-type sintering
machine, in which high-strength, high-quality sintered ore can be produced at high yield and low cost, and moreover,
carbon dioxide (CO,) emission can be reduced, thus being environmentally friendly.

Description of Related Arts

[0002] Sintered ore, which is a main raw material in the blast furnace iron making process, is generally produced by
the process shown in Fig. 1. Examples of raw materials for sintered ore include fine iron ore; under-sieve fine of sintered
ore; recovered fine in iron works; CaO-containing auxiliary raw materials, such as limestone and dolomite; a pelletizing
aid, such as burnt lime; coke breeze; and anthracite. These raw materials are fed from respective hoppers 1 at prede-
termined rates onto a conveyor. An adequate amount of water is added to the fed raw materials by drum mixers 2 and
3, and the like, and mixing and pelletizing are performed to thereby obtain a sintering raw material composed of quasi-
particles having a average particle size of 3 to 6 mm. The sintering raw material is then charged from surge hopper 5,
which are provided on a sintering machine, through a drum feeder 6 and a charge chute 7 onto a sintering machine
pallet 8 of an endless moving type to form a charged bed 9 which is also referred to as a sintering bed. The thickness
(height) of the sintering bed is usually about 400 to 800 mm. Then, the carbonaceous material in the surface layer of
the sintering bed is ignited by an ignition furnace 10 disposed above the sintering bed 9, and air is sucked downward
with a wind box 11 disposed beneath the pallet 8 so that the carbonaceous material in the sintering bed is gradually
burned. The sintering raw material is melted by the combustion heat generated in this step, and thereby a sintered cake
is obtained. The sintered cake thus obtained is crushed and subjected to particle size regulation, and agglomerates with
a size of about 5 mm or more are collected as product sintered ore.

[0003] Inthe production process described above, the carbonaceous material in the sintering bed ignited by the ignition
furnace 10 continues to burn in the presence of air sucked from the upper portion toward the lower portion of the sintering
bed by the wind box to thereby form a combustion/melting zone (hereinafter, may be simply referred to as a "combustion
zone"). The combustion zone moves from the upper portion to the lower portion of the sintering bed as the pallet 8
moves toward the downstream side. A sintered cake layer (hereinafter, may be simply referred to as a "sinter layer") is
formed after the combustion zone has passed. Furthermore, as the combustion zone moves from the upper layer to the
lower layer, the moisture contained in the sintering raw material is evaporated by means of the combustion heat of the
carbonaceous material and concentrated in the sintering raw material located in the lower layer, the temperature of
which has not yet been increased, to form a wet zone. When the moisture concentration increases to a certain extent
or higher, the space between particles of the sintering raw material, which serves as the flow path for suction gas, is
filled with moisture, resulting in an increase in airflow resistance. Furthermore, the melted portion occurring in the
combustion zone required for the sintering reaction also becomes a factor for increasing airflow resistance.

[0004] Fig. 2 shows the distribution of pressure loss and temperature in the sintering bed when the combustion zone
moving in the sintering bed with a thickness of 600 mm is located at the position about 400 mm above the pallet in the
sintering bed (200 mm down from the surface of the sintering bed). In the pressure loss distribution at this stage, about
60% is in the wet zone, and about 40% is in the combustion zone.

[0005] In the meantime, the production amount (t/hr) of a sintering machine is generally determined by productivity
of sinter (t/hr-m2) X area of sintering machine (m2). Thatis, the production amount of a sintering machine varies depending
on the machine width and machine length of the sintering machine, the thickness of the layer of raw material deposited
(thickness of the sintering bed), the bulk density of the sintering raw material, sintering (combustion) time, yield, and the
like. Consequently, in order to increase the production amount of sintered ore, it is considered to be effective to shorten
the sintering time by improving the air permeability (pressure loss) of the sintering bed or to improve the yield by enhancing
the cold strength of the sintered cake before being crushed.

[0006] Fig. 3 shows the change in temperature with time at a certain point in the sintering bed when sintered ore
productivity is high and low, i.e., when the moving speed of the pallet of the sintering machine is high and low. The time
in which the temperature is retained at 1,200°C, at which particles of sintering raw material start to melt, or higher
(hereinafter, referred to as the "high-temperature holding time") is denoted by t, in the case of low productivity and
denoted by t, in the case of high productivity. When the productivity is high, since the moving speed of the pallet is high,
the high-temperature holding time t, is shorter than t, in the case of low productivity. When the high-temperature holding
time decreases, insufficient sintering easily occurs, resulting in a decrease in the cold strength of sintered ore and a
decrease in the yield. Consequently, in order to produce high-strength sintered ore in a short period of time, at high
yield, and with high productivity, it is necessary to extend the "high-temperature holding time" by taking any measures
so as to enhance the strength of the sintered cake, i.e., the cold strength of sintered ore. In addition, as indices showing
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the cold strength of sintered ore, generally, Sl (shatter index) and Tl (tumbler index) are used.

[0007] Fig. 4 is a diagram schematically showing a process in which a carbonaceous material in the surface layer of
the sintering bed ignited with an ignition furnace continues to burn by means of air being sucked to thereby form a
combustion zone, and the combustion zone gradually moves from the upper portion to the lower portion of the sintering
bed, resulting in formation of a sintered cake. Fig. 5(a) schematically shows the temperature distribution when the
combustion zone is present in each of the upper portion, the middle portion, and the lower portion of the sintering bed
in the section within the thick frame shown in Fig. 4. The strength of sintered ore is influenced by the time in which the
temperature is retained at 1,200°C or higher, more accurately, by the product of temperature and time in which the
temperature is retained at 1,200°C or higher. As this value increases, the strength of sintered ore increases. The middle
portion and the lower portion of the sintering bed are preheated because the combustion heat generated by combustion
of the carbonaceous material in the upper portion of the sintering bed is transmitted thereto together with air being
sucked. Therefore, the middle portion and the lower portion of the sintering bed are maintained at high temperatures
for a long period of time. In contrast, in the upper portion of the sintering bed, because of shortage of combustion heat,
the combustionmelting reaction required for sintering (sintering reaction) tends to be insufficient. As a result, in the
sintered ore yield distribution in the cross-section of the sintering bed in the width direction of the sintering machine, as
shown in Fig. 5(b), the yield decreases towards the upper portion of the sintering bed. However, it should be noted that
when the temperature in the sintering bed exceeds 1,380°C, the structure of sintered ore is vitrified, and the strength
conversely decreases. Consequently, the highest achieving temperature is desirably set so as not to exceed 1,380°C.
[0008] Regarding this problem, several techniques have been proposed for the purpose of maintaining the upper
portion of the sintering bed at high temperatures over a long period of time. For example, Japanese Unexamined Patent
Application Publication No. 48-18102 proposes a technique in which, after a sintering bed is ignited, a gaseous fuel is
injected over the sintering bed. Japanese Examined Patent Application Publication No. 46-27126 proposes a technique
in which, after a sintering bed is ignited, a combustible gas is added to air to be sucked into the sintering bed. Japanese
Unexamined Patent Application Publication No. 55-18585 proposes a technique in which, in order to increase the
temperature of a sintering bed of a sintering raw material to high temperatures, a hood is provided on the sintering bed,
and air or a mixed gas including coke-oven gas is blown from the hood at the position just behind an ignition furnace.
Furthermore, Japanese Unexamined Patent Application Publication No. 5-311257 proposes a technique in which a low
melting flux, a carbonaceous material, and a combustible gas are blown in at the same time at the position just behind
an ignition furnace.

[0009] However, in these techniques, a high-concentration gaseous fuel is used, and moreover, the amount of car-
bonaceous material is not reduced when the fuel gas is blown in. As a result, the highest achieving temperature in the
sintering bed during sintering is high, exceeding 1,380°C, and because of formation of sintered ore having low cold
strength, it is not possible to obtain the yield improvement effect. Furthermore, because of an increase in temperature
and thermal expansion due to the combustion of the gaseous fuel, air permeability is degraded and productivity is
decreased. Moreover, because of use of the gaseous fuel, there is a possibility that a fire may start in the space above
the sinter bed. Therefore, any of these techniques has not been put to practical use.

[0010] Under these circumstances, as a technique for solving the problems described above, the applicant of the
present invention has proposed, in International Publication No. WO2007-052776, a method in which, by feeding any
of various gaseous fuels diluted to a lower flammable limit concentration or less from above a layer of sintering raw
material (sintering bed) on a pallet, on the downstream side of an ignition furnace of a sintering machine, so as to be
introduced into the sintering bed to cause combustion, one or both of the highest achieving temperature in the sintering
bed and the high-temperature holding time are adjusted.

Disclosure of Invention
Problems to be Solved by the Invention

[0011] According to the technique of International Publication No. WO2007-052776 described above, a gaseous fuel
diluted to a predetermined concentration is introduced into the sintering bed in a downward-suction-type sintering ma-
chine, and combustion can be caused in a targeted position in the sintering bed. Therefore, by appropriately controlling
the highest achieving temperature and the high-temperature holding time during combustion of the sintering raw material,
it is possible to increase the strength of sintered ore in the upper portion of the sintering bed in which the cold strength
of sintered ore tends to be decreased because of the shortage of the amount of heat, or it is possible to further increase
the strength of sintered ore in the middle and lower portions of the sintering bed.

[0012] However, in the conventional techniques including International Publication No. WO2007-052776 described
above, it has not been thoroughly examined what amount of carbonaceous material which is contained in the sintering
raw material should be blended relative to the gaseous fuel which is diluted to a predetermined concentration and fed.
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Problems to be Solved by the Invention

[0013] It is an object of the present invention to provide a method for producing sintered ore by feeding a gaseous
fuel on the downstream side of an ignition furnace of a downward-suction-type sintering machine, in which the amount
of carbonaceous material contained in the sintering raw material is optimized in relation to the gaseous fuel so that the
effect of feeding gaseous fuel is exhibited to a maximum extent, whereby high-strength, high-quality sintered ore can
be produced at high yield and low cost, and moreover, emission of carbon dioxide generated in the sintering step can
be reduced.

Means for Solving the Problems

[0014] In a method for producing sintered ore by feeding a diluted gaseous fuel on the downstream side of an ignition
furnace of a downward-suction-type sintering machine, the present inventors have diligently conducted research in order
to produce high-strength, high-quality sintered ore at high yield and low cost and to optimize the relationship between
the feed amount of the diluted gaseous fuel and the amount of carbonaceous material contained in the sintering raw
material, aiming at reduction of carbon dioxide emission, which has been recently demanded, in particular, in the steel
industry. As a result, it has been found that it is preferable to reduce the amount of carbonaceous material contained in
the sintering raw material in accordance with the feed amount of the diluted gaseous fuel, and that even if the carbon-
aceous material is reduced in the amount equivalent to or more than the combustion heat of the gaseous fuel to be fed,
it is fully possible to improve the quality characteristics of sintered ore and improve productivity, and in addition, carbon
dioxide emission can be greatly reduced. Thus, the present invention has been completed.

[0015] That is, according to the present invention, a method for producing sintered ore includes a charging step of
charging a sintering raw material including fine ore and a carbonaceous material onto a cyclically moving pallet to form
a sintering bed; an ignition step of igniting the carbonaceous material in the surface of the sintering bed with an ignition
furnace; a gaseous fuel feeding step of feeding a gaseous fuel into the air above the sintering bed so that the gaseous
fuel is fed as a diluted gaseous fuel, the concentration of which is a lower flammable limit concentration or less; and a
sintering step of sucking the diluted gaseous fuel and air with a wind box disposed under the pallet, into the sintering
bed, combusting the carbonaceous material in the sintering bed and combusting the diluted gaseous fuel in the sintering
bed in which the carbonaceous material has been combusted, to thereby perform sintering, the method being charac-
terized in that the amount of carbonaceous material in the sintering raw material is reduced compared with the case
where the gaseous fuel is not fed.

[0016] The method for producing sintered ore according to the present invention is characterized in that the amount
of carbonaceous material is reduced at a replacement ratio in a range of 1 to 15, the replacement ratio being defined
by the following expression:

Replacement ratic = B/A,

where A is the combustion heat of the gaseous fuel fed, and B is the combustion heat equivalent to the amount of
carbonaceous material reduced.

[0017] Furthermore, the method for producing sintered ore according to the present invention is characterized in that
the replacement ratio is in a range of 1.5 to 10, or in a range of 2 to 6.

Advantages

[0018] According to the presentinvention, by reducing the amount of carbonaceous material contained in the sintering
raw material in accordance with the amount of a diluted gaseous fuel fed on the downstream side of the ignition furnace
of the sintering machine, the temperature of the combustion/melting zone in the sintering step can be set such that the
highest achieving temperature does not exceed 1,380°C and can be retained in the range of 1,200°C to 1,380°C for a
long period of time. Therefore, high-strength sintered ore can be produced at high yield stably while ensuring high
productivity. Furthermore, according to the present invention, since the carbonaceous material can be reduced in an
amount equivalent to or more than the combustion heat of the gaseous fuel fed, the carbonaceous material cost can be
reduced, and emission of carbon dioxide generated in the sintering step can be greatly reduced.

Brief Description of Drawings

[0019]
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Fig. 1 is a diagram illustrating the production process of sintered ore.

Fig. 2is a graph illustrating the distribution of pressure loss and temperature in a sintering bed at the time of sintering.
Fig. 3 is a diagram showing the change in temperature in the sintering bed with time when the case where sintered
ore productivity is high and the case where sintered ore productivity is low are compared.

Fig. 4 is a schematic diagram illustrating a sintering process of a sintering bed.

Fig. 5 is a diagram illustrating the temperature distribution in the upper portion, the middle portion, and the lower
portion of a sintering bed at the time of sintering and the yield distribution of sintered ore in the cross-section in the
width direction of the sintering bed.

Fig. 6 is a view illustrating a testing device used for comparing methods of feeding a diluted gaseous fuel.

Fig. 7 is a view illustrating an example of a gaseous fuel feed device in the present invention.

Fig. 8 is a view illustrating another example of a gaseous fuel feed device in the present invention.

Fig. 9 is a diagram illustrating a sintering reaction.

Fig. 10 is a phase diagram illustrating the formation process of skeletal secondary hematite.

Fig. 11 is a diagram illustrating the effect of feeding a gaseous fuel on the temperature distribution in a sintering bed.
Fig. 12 is a diagram illustrating the influence of the diluted gaseous fuel concentration under feed conditions and
the feed position on the temperature distribution in a sintering bed.

Fig. 13 is a graph showing the relationship between the replacement ratio B/A, which is a ratio of combustion heat
B equivalent to the amount of carbonaceous material reduced to the combustion heat A of the gaseous fuel, and
the quality of sintered ore in a pot test.

Fig. 14 is a view illustrating the structure of a sintering machine used in a sintering experiment in Examples.

Fig. 15 is a graph showing the relationship between the replacement ratio B/A, which is a ratio of combustion heat
B equivalent to the amount of carbonaceous material reduced to the combustion heat A of the gaseous fuel, and
the quality of sintered ore in an actual sintering machine.

Reference Numerals
[0020]

raw material hopper
drum mixer

hearth layer hopper
surge hopper

drum feeder

feed chute

pallet

sintering bed
ignition furnace
wind box

S~ O0oNO O RN
w

- O

Embodiments for Carrying Out the Invention

[0021] Asdescribed above, a method for producing sintered ore according to the present invention includes a charging
step, an ignition step, a gaseous fuel feeding step, and a sintering step. In the charging step, a sintering raw material
including fine ore and a carbonaceous material is charged onto a cyclically moving pallet to form a sintering bed. In the
ignition step, the carbonaceous material in the surface layer of the sintering bed is ignited with an ignition furnace. In
the gaseous fuel feeding step, on the downstream side in the pallet travel direction of the ignition furnace, by discharging
a high-concentration gaseous fuel at high speed from a gaseous fuel feed device into the air above the sintering bed,
the gaseous fuel is instantaneously mixed with air to produce a diluted gaseous fuel having a predetermined concentration
equal to or less than the lower flammable limit concentration, and the diluted gaseous fuel together with air is sucked,
with a wind box disposed under the pallet, into the sintering bed. In the sintering step, the carbonaceous material in the
sintering bed is burned by means of the air sucked into the sintering bed to melt and sinter the sintering raw material by
the resulting combustion heat, and by burning the diluted gaseous fuel at a predetermined position in the sintering bed
through which the combustion zone has passed to further promote melting and sintering to form a sintered cake.
[0022] Inthe method for producing sintered ore according to the present invention, by discharging a high-concentration
gaseous fuel to be introduced into the sintering bed at high speed into the air above the sintering bed, the gaseous fuel
is instantaneously mixed with the surrounding air to dilute the gaseous fuel to a concentration equal to or less than the
lower flammable limit concentration of the gaseous fuel, and then the diluted gaseous fuel is introduced into the sintering
bed. The reason for dilution before introduction into the sintering bed is described below.
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[0023] An experiment device was fabricated by filling a sintering pot of 300 mm¢ in inner diameter x 400 mm in height
with a sintered cake, in which it was possible to suck air through the sintered cake from below the sintered cake. Next,
as shown in Fig. 6(a), a nozzle was embedded at the position 90 mm deep from the surface in the center of the sintered
cake, and a 100%-concentration methane gas was injected into the sintered cake in an amount of 1% by volume relative
to air being sucked. The methane gas concentration distribution was measured in the circumferential direction and the
depth direction in the sintered cake, and the results thereof are shown in Table 1. Furthermore, as shown in Fig. 6(b),
using the same nozzle, methane gas in the same amount as above was fed into the air at the position 350 mm above
the sintered cake and diluted. In the same manner as above, the methane gas concentration distribution was measured,
and the results thereof are shown in Table 2. The results show that in the case where methane gas was directly introduced
into the sintered cake, diffusion of methane gas in the lateral direction is insufficient, while in the case where methane
gas was fed above the sintered cake, the methane gas concentration in the sintered cake is substantially uniform. As
is evident from the results, preferably, the gaseous fuel is fed into the air above the sintered cake and uniformly diluted
before being introduced into the sintering bed.

Table 1
(Dnifr:]a)nce from center 0 40 80 1225
Injection nozzle Straight tube Straight tube Straight tube Straight tube
injection method Embedded in cake | Embedded in cake | Embedded in cake | Embedded | in cake
Volume (m3/min) 1.5 2.0 15 2.0 1.5 2.0 1.5 2.0
Velocity (m/s) 0.35 0.47 0.35 0.47 0.35 0.47 0.35 0.47
Injection height (mm) -90 -90 -90 -90 -90 -90 -90 -90
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(continued)

Distance from center

(mm)

40

80

122.5

Methane gas
concentratio
n (%)

At 100
mm
from
surfac
e

measurement
probe blew out

0.05 0.05

0.00 0.00

0.00 0.00

At 150
mm
from
surfac
e

>10.23 | >10.23

1.12 1.24

0.00 0.00

0.00 0.00

At 200
mm
from
surfac
e

6.83 7.15

0.01 0.01

0.00 0.00

At 250
mm
from
surfac
e

3.24 3.28

0.83 0.88

0.13 0.13

0.04 0.02

At 300
mm
from
surfac
e

3.09 3.21

2.69 2.81

0.94 0.91

0.08 0.07

At 350
mm
from
surfac
e

2.93 3.02

1.68 1.74

1.31 1.31

0.23 0.25

Inside
wind
box

0.85 0.83

0.88 0.85

0.86 0.84

0.82 0.83

Methane gas concentration: 10.23% or more unmeasurable

Table 2

Distance from center

(mm)

0

40

80

122.5

Injection nozzle

Straight tube

Straight tube

Straight tube

Straight tube

injection method

Injection from
above cake

Injection from
above cake

Injection from above
cake

Injection from above
cake

Volume (m3/min)

1.5 2.0

1.5 2.0

1.5 2.0

1.5 2.0

Velocity (m/s)

0.35 0.47

0.35 0.47

0.35 0.47

0.35 0.47

Injection height (mm)

350 350

350 350

350 350

350 350
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(continued)

Distance from center

0 40 80 122.5
(mm)

At 100

mm Measurement
from 1.73 1.76 1.66 1.66 1.50 1.67

probe blew out
surfac

e

150
mm
from 1.66 1.83 1.90 1.96 1.49 1.42 1.38 1.31
surfac
e

At 200
mm
from 1.63 1.66 1.55 1.54 1.40 1.29 1.36 1.20
surfac
e

At 250
mm
from 1.57 1.58 1.28 1.29 1.45 1.41 1.26 1.34
surfac
e

At 300
mm
from 1.32 1.33 1.31 1.37 1.45 1.41 1.39 1.43
surfac
e

At 350
mm
from 1.20 1.23 1.21 1.27 1.33 1.29 1.48 1.39
surfac
e

Methane gas
At
concentratio
n (%)

Inside
wind 0.84 0.85 0.86 0.85 0.83 0.82 0.83 0.84
box

Methane gas concentration: 10.23% or more unmeasurable

[0024] Furthermore, examples of the method of feeding a diluted gaseous fuel with the concentration described above
into the sintering bed include a method of injecting from directly above in which a gaseous fuel, such as city gas, LNG,
or C gas, with a high concentration is discharged into the air and diluted with the surrounding air to a predetermined
concentration, and then the diluted gaseous fuel is introduced into the sintering bed; and a premix injection method (so-
called premix type) in which a gaseous fuel is mixed with the air and diluted to a predetermined concentration in advance,
and the premix is fed from above the sintering bed. Table 3 evaluates the advantages and disadvantages of each
method. In the method of injecting from directly above, if the gaseous fuel is discharged at a speed equal to or higher
than the turbulent flow combustion speed, backfire prevention is easy. However, when the gaseous fuel is diluted by
mixing with the surrounding air, unevenness in concentration easily occurs, and there is a higher possibility of abnormal
combustion than the premix injection method. Nevertheless, when comprehensively evaluated including equipment cost,
the method of injecting from directly above using city gas (LNG) is the best.
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[0025] As the gaseous fuel feed device, for example, a device having a gaseous fuel feed means in which a plurality
of gaseous fuel feed pipes are arranged along the pallet width direction, and slits or openings for discharging the gaseous
fuel are provided on the pipes or nozzles are fixed to the pipes as shown in Fig. 7, or a device having a gaseous fuel
feed means in which a plurality of gaseous fuel feed pipes are arranged along the direction of pallet travel, and slits or
openings for discharging the gaseous fuel are provided on the pipes or nozzles are fixed to the pipes as shown in Fig.
8 may be preferably used.

[0026] Next, description will be made on the type of diluted gaseous fuel to be fed into the sintering bed in the method
for producing sintered ore according to the present invention.

[0027] Table 4 shows the lower flammable limit concentration, the feed concentration, and the like of gaseous fuels
(city gas, coke-oven gas (C gas), and blast furnace gas (B gas)) used in the steel industry. Regarding the concentration
of the gaseous fuel when fed into the sintering raw material, from the standpoint of preventing explosion and a fire
(ignition), safety increases as the lower flammable limit concentration decreases. From this aspect, city gas uses natural
gas (LNG) containing methane as a main component, and although city gas has a lower flammable limit concentration
close to that of C gas, city gas has a higher calorific value than C gas. Therefore, the feed concentration of C gas can
be decreased. Consequently, in order to ensure safety, city gas, the feed concentration of which can be decreased, is
advantageous over C gas.

Table 4
Lower
Calorific flammable
Typ:s"f CO (vol%) | Hy(vol%) '\’éigl‘;';e '(E\Egﬁ;“; P(:l‘:fo e value limit
9 ° ° %) (Mcal/Nm3) | concentration
(vol%)
City gas 0 0 89 5 6 9.5 4.8
Cgas 7 59 34 - - 4.8 5.0
B gas 24 4 - - - 0.8 40.0

[0028] Table 5 shows the burning components (hydrogen, CO, and methane) contained in the gaseous fuel, and the
lower and upper flammable limit concentrations, combustion speed at laminar flow and at turbulent flow, and the like of
the burning components. In order to prevent ignition of the gaseous fuel fed from the gaseous fuel feed device during
sintering, backfire prevention is necessary. This is considered to be achieved by discharging the gaseous fuel at a speed
at least equal to or higher than the laminar flow combustion speed, preferably, at a high speed equal to or higher than
the turbulent flow combustion speed. For example, in the case of city gas containing methane as a main component, if
discharge is performed at a speed exceeding 3.7 m/s, there is no possibility of backfiring. On the other hand, in the case
of hydrogen gas, since the turbulent flow combustion speed is higher than that of CO or methane, in order to prevent a
backfire, it is necessary to discharge hydrogen gas at a higher speed, correspondingly. From this aspect, in city gas
(LNG) which does not contain hydrogen, the discharge rate can be decreased compared with C gas containing 59% by
volume of hydrogen. Moreover, since city gas does not contain CO, there is no possibility of occurrence of gas poisoning.
Consequently, city gas (LNG) is considered to have suitable characteristics as a gaseous fuel used in the present
invention.
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[0029] In the present invention, as the gaseous fuel that can be fed into the sintering bed, in addition to the city gas
(LNG) described above, any of B gas, C gas, CO gas, ethane gas, propane gas, butane gas, and a mixed gas of these
can be used. Note that, in the case where B gas or C gas is used, it is necessary to increase the gas discharge rate
and to separately take measures against CO.

[0030] Next, description will be made on the concentration of the diluted gaseous fuel fed in the method for producing
sintered ore according to the present invention.

[0031] In the diluted gaseous fuel to be introduced into the sintering bed in the production method according to the
present invention, the concentration of the combustible gas (burning component) contained therein is preferably diluted
to 3/4 (75%) or less of the lower flammable limit concentration in the air at normal temperature. The reason for this is
that feeding of the high-concentration combustible gas into the upper portion of the sintering bed may cause explosive
burning in some cases, and it is necessary to keep the state in which no burning occurs, at least at normal temperature,
even in the presence of something that may cause a fire; that even if the combustible gas is not completely burned in
the sintering bed and unburned gas reaches an electric dust collector or the like located on the downstream of the wind
box, it is necessary to eliminate the possibility that burning is caused by electric discharge of the electric dust collector;
and that it is necessary to dilute the gaseous fuel to such an extent that the consumption of oxygen by burning the diluted
gaseous fuel does not cause lack of oxygen necessary for the combustion of the entire fuel (carbonaceous material +
gaseous fuel) contained in the sintering raw material, thus avoiding insufficient combustion.

[0032] Meanwhile, the lower limit concentration of the diluted gaseous fuel is preferably 1% or more of the lower
flammable limit concentration. The reason for this is that at less than 1% of the lower flammable limit concentration, the
amount of heat generated by combustion is insufficient, and it is not possible to enhance the strength of sintered ore
and to obtain the effect of improving the yield.

[0033] Forthe reasons described above, the concentration of the diluted gaseous fuel to be fed into the sintering bed
in the present invention is preferably in the range of 1% to 75% of the lower flammable limit concentration. Regarding
natural gas (LNG), since the lower flammable limit concentration of LNG is 4.8% by volume (refer to Table 4), the suitable
concentration of the diluted gaseous fuel is in the range of 0.05% to 3.6% by volume.

[0034] Next, description will be made on the need to control the highest achieving temperature in the sintering bed
not to exceed 1,380°C, but to the temperature range of 1,200°C to 1,380°C.

[0035] According to "Mineral Engineering (KOBUTSU KOGAKU)", edited by Hideki Imai, Sukune Takenouchi, and
Yoshinori Fujiki, p. 175 (1976), Asakura Publishing Co., Ltd., the sintering reaction can be summarized in a schematic
diagram of Fig. 9. Table 6 shows the tensile strength (cold strength) and the reducibility for individual minerals formed
in the sintering process. As seen in Fig. 9, in the sintering process, a melt starts to be formed at 1,200°C, and calcium
ferrite having the highest strength among the ores constituting sintered ore and having relatively high reducibility is
formed. When the temperature increases and exceeds about 1,380°C, the calcium ferrite is decomposed into an amor-
phous silicate (calcium silicate) having the lowest cold strength and reducibility and a secondary hematite which is easily
degraded during reduction. Consequently, in order to stably obtain sintered ore excellent in cold strength and reducibility
(RI), it is an important point that the calcium ferrite obtained at a temperature of 1,200°C or higher should not be
decomposed into calcium silicate and secondary hematite.

Table 6
Type of mineral Tensi(ll\t-,;I Fs);r)ength Redzjc;i)bility
Hematite 49 50
Magnetite 58 22
Calcium ferrite 102 35
Calciumssilicate 19 3

[0036] According to the above-mentioned publication, "Mineral Engineering", the behavior of precipitation of secondary
hematite which acts as the origin of reduction degradation of the sintered ore is described on the basis of the results of
mineral synthesis tests, using the phase diagram shown in Fig. 10. According to the description, the skeletal secondary
hematite which acts as the origin of reduction degradation precipitates after being heated to the Mag.ss+Lig. zone and
cooled, and therefore, the reduction degradation can be suppressed by producing sintered ore through the route (2),
not through the route (1), on the phase diagram.

[0037] Consequently, in order to obtain sintered ore having an excellent reduction degradation property (RDI), high
strength, and excellent reducibility, it is necessary to control the highest achieving temperature in the sintering bed during
sintering not to exceed 1,380°C, and to control the temperature in the sintering bed to the temperature range of 1,200°C
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(solidus temperature of calcium ferrite) to 1,380°C (transition temperature).

[0038] Furthermore, as described above, the formation of calcium ferrite depends on the time in which the temperature
is retained at 1,200°C or higher, more accurately, by the product of temperature and time in which the temperature is
retained in the range of 1,200°C to 1,380°C. Consequently, in order to obtain sintered ore having high strength, good
reducibility, and a low RDI, it is a problem to achieve a heat pattern in which the temperature in the sintering bed during
sintering is retained in the range of 1,200°C to 1,380°C for a long period of time. Accordingly, in the present invention,
in order to secure the heat source required for sintering and to extend the time in which the temperature in the sintering
bed during sintering is retained in the range of 1,200°C to 1,380°C, a sintering method is employed in which, in addition
to the carbonaceous material, a diluted gaseous fuel is further fed into the sintering bed.

[0039] Fig. 11(b) shows the relationship between temperature and time at the position denoted by @ in Fig. 11(a) in
the sintering bed and compares the case where a diluted gaseous fuel is fed with the case where a diluted gaseous fuel
is not fed in a sintering test using a test pot made of transparent quartz. The broken line in the graph indicates the
example in which 5% by mass of coke is blended as a carbonaceous material into a sintering raw material, and a gaseous
fuel is not fed. As seen in the graph, the temperature in the sintering bed at the time in which the combustion/melting
zone is passing the point is retained at a temperature of 1,200°C or higher, which is effective for sintering, for about two
minutes. Meanwhile, the solid line in the graph indicates the example in which LNG in an amount equivalent to 0.4% by
mass of coke in terms of calorific value is fed into the sintering bed, and the amount of carbonaceous material (coke)
in the sintering raw material is reduced by that amount to 4.6% by mass, the total calorific value being fixed. In this case,
the diluted gaseous fuel fed into the sintering bed is burned at the upper side of the combustion position (combustion
zone) of coke, i.e., in the region through which the combustion zone has already passed and in which the temperature
has started to decrease, and since the region is reheated, the time in which the temperature is retained at 1,200°C or
higher, which is effective for sintering, is greatly extended. Moreover, in spite of the fact that the amount of coke is
reduced with the feeding of the gaseous fuel, the extension is achieved without increasing the highest achieving tem-
perature in the sintering bed to a temperature exceeding 1,380°C, which decreases the strength of coke, when the gas
combustion/melting zone passes.

[0040] Fig. 12 shows the results of a sintering experiment conducted in which the amount of coke in the sintering bed,
the concentration of a gaseous fuel (LNG) fed, and the feeding position are changed to four levels in the sintering
experiment shown in Fig. 11. Fig. 12(a) shows the time-positions at which coke in the sintering bed and gaseous fuels
are burned. Fig. 12(b) shows the change of temperature with time at the position denoted by @ in Fig. 12(a). Furthermore,
the curve (thin solid line) of level A shown in Fig. 12(b) indicates the change in temperature in the example in which 5%
by mass of coke is contained as a carbonaceous material in a sintering raw material and no gaseous fuel is fed.
Furthermore, the curve (thin dotted line) of level B indicates the example in which LNG diluted to 0.1% by volume is fed
and the amount of coke is reduced to 4.6% by mass. In this example, the dilute concentration of LNG is low at 0.1% by
volume, and the calorific value is low. As a result, it is not possible to fully cover the shortage in the amount of heat due
to the reduction in the amount of coke, and the effect of feeding the gaseous fuel is insufficient. Furthermore, the curve
(thick broken line) of level D indicates the example in which LNG diluted to 4.0% by volume is fed and coke is reduced
to 4.6% by mass. The combustion temperature of the diluted gaseous fuel depends on the temperature, and as the
concentration increases, the combustion temperature decreases. Consequently, 4.0% by volume LNG is burned in the
upper portion of the sintering bed which is largely deviated from the combustion position of coke and in which sintering
has been completed and the temperature has decreased. Therefore, although the temperature in the sintering bed has
two peaks, the extension of the temperature of 1,200°C or higher, which is effective for sintering, is not achieved. In
contrast, the curve (thick solid line) of level C indicates the case where LNG diluted to 0.4% by volume is fed and coke
is reduced to 4.6% by mass. In this case, since the combustion temperature of the diluted gaseous fuel shifts to the high
temperature side, both effects of coke burning and LNG burning are overlapped, and the holding time at a temperature
of 1,200°C or higher is largely extended compared with the cases of levels A, B, and C.

[0041] From the results described above, it is expected that by feeding the diluted gaseous fuel, sintering is further
promoted to increase the strength of sintered ore and to improve the yield and productivity, and reducibility of sintered
ore can be enhanced. However, for that purpose, it is necessary to reduce the amount of carbonaceous material to be
added in accordance with the feed amount of the gaseous fuel so that the highest achieving temperature in the sintering
bed can be controlled to the range of 1,200°C to 1,380°C. Incidentally, according to the investigation by the present
inventors, in order to obtain sintered ore having sufficient sinter strength, reducibility, and a low reduction degradation
property, it is necessary to retain the temperature in the range of 1,200°C to 1,380°C for at least 2 minutes, preferably
3 minutes or more, more preferably 5 minutes or more.

[0042] However, in feeding the gaseous fuel, it should be noted that, although the sintering temperature is secured
by the combustion heat of coke in the conventional case where coke only is used as a carbonaceous material, if the
diluted gaseous fuel is fed into the sintering bed with the carbonaceous material being contained in the same amount
as in the conventional case, the highest achieving temperature during sintering is increased by the combustion heat of
the gaseous fuel, and it becomes not possible to maintain the temperature in the sintering bed in the appropriate
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temperature range (1,200°C to 1,380°C) described above, resulting in formation of calcium ferrite having low sinter
strength, which may decrease the yield and reducibility. Consequently, it is considered to be preferable to reduce the
amount of carbonaceous material to be blended into the sintering raw material in accordance with the amount of gaseous
fuel to be fed. Furthermore, reduction in the amount of carbonaceous material makes it possible not only to reduce the
carbonaceous material cost, but also to reduce the amount of carbon dioxide generated in the sintering step.

[0043] Accordingly, in order to confirm the appropriate range of the amount of carbonaceous material to be blended
into the sintering raw material in relation to the diluted gaseous fuel fed into the sintering bed, a sintering experiment
was conducted in which, using a test pot made of transparent quarts of 300 ¢ X 400 mmH, a diluted gaseous fuel
obtained by diluting LNG to 0.6% by volume was fed, as a gaseous fuel, for 4 minutes into a sintering raw material
containing coke breeze as a carbonaceous material. As shownin Table 7, the amount of carbonaceous material contained
in the sintering raw material was set at 5.0% by mass when the gaseous fuel was not blown into the raw material, and
varied in the range of 4.8% to 4.0% by mass when the gaseous fuel was blown into the raw material. The relationships
between the combustion heat of the gaseous fuel fed, the combustion heat equivalent to the amount of carbonaceous
material reduced, and quality of sintered ore and productivity were investigated.
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[0044] The results of the pot test are shown in Table 7. Furthermore, the relationship between a replacement ratio
B/A and each of quality (shatter strength and reducibility) of sintered ore, product yield, and production rate is shown in
Fig. 13, the replacement ratio being defined as a ratio of B to A (B/A), where A is the combustion heat of the gaseous
fuel fed, and B is the combustion heat equivalent to the amount of carbonaceous material reduced. The shatter strength
was measured in accordance with JIS M8711, and the reducibility was measured in accordance with JIS M8713.
[0045] As is evident from Fig. 13, in the case where sintered ore is produced at least by feeding the gaseous fuel,
even if the amount of carbonaceous material in the sintering raw material is reduced compared with the case where the
gaseous fuel is not fed, the quality characteristics (strength and reducibility) of sintered ore and productivity are not
adversely affected, and the quality characteristics of sintered ore and productivity are actually improved; and even if the
carbonaceous material is reduced at a replacement ratio B/A of 1 or more, i.e., in the amount equivalent to or more than
the combustion heat of the diluted gaseous fuel fed in the gaseous fuel feeding step, the quality characteristics (strength
and reducibility) of sintered ore and productivity are rather improved. Furthermore, as is evident from Fig. 13, regarding
the amount of carbonaceous material reduced, even if the replacement ratio B/A is set at about 5 and the amount of
carbonaceous material is greatly reduced, the effect of feeding the gaseous fuel can be fully enjoyed. That is, it has
been confirmed that in order to maintain the temperature in the sintering bed in the range of 1,200°C to 1,380°C so as
to prevent amorphous calcium silicate from being formed, it is required to reduce the carbonaceous material in the
amount equivalent to or more than the combustion heat of the gaseous fuel fed in the gaseous fuel feeding step.
[0046] As described above, the reason for the improvement of quality characteristics of sintered ore and productivity
even if the carbonaceous material is reduced in the amount equivalent to or more than the combustion heat of the diluted
gaseous fuel fed, consequently, even if the total combustion heat of the gaseous fuel and the carbonaceous material
is reduced, is considered to be as follows. As is evident from Figs. 11 and 12 described above, the diluted gaseous fuel
fed into the sintering bed is burned at the upper side of the combustion position (combustion zone) of coke, i.e., in the
region through which the combustion zone has already passed and in which the temperature has started to decrease,
and the region is reheated. As a result, the temperature in the sintering bed at the time when the gas combustion/melting
zone passes does not increase to a temperature exceeding 1,380°C, which decreases the strength of coke, and the
time in which the temperature is retained at 1,200°C or higher, which is effective for sintering, is greatly extended.
[0047] However, if the amount of carbonaceous material is excessively reduced, i.e., if the replacement ratio B/A is
excessively increased, the total combustion heat of the gaseous fuel and the carbonaceous material excessively de-
creases, resulting in degradation of quality characteristics of sintered ore and productivity. Furthermore, the effect of
feeding the gaseous fuel is recognized even at a replacement ratio B/A of 10 or more, and the upper limit thereof is
about 15, as described later in Examples. Consequently, the amount of carbonaceous material in the sintering raw
material is reduced in accordance with the gaseous fuel to be fed such that the replacement ratio B/A is preferably in
the range of 1 to 15, more preferably in the range of 1.5 to 10, and still more preferably in the range of 2 to 6.

[0048] As described above, according to the present invention, since the carbonaceous material can be reduced in
an amount equivalent to or more than the combustion heat of the gaseous fuel fed, quality improvement of sintered ore
and productivity improvement can be achieved at low cost, and in addition, the amount of carbon dioxide generated by
combustion of the carbonaceous material can be greatly reduced. Consequently, the present invention is considered
to be an earth-conscious, environmentally friendly technique.

EXAMPLES

[0049] A sintering experiment was carried out, in which, using an actual sintering machine provided with gaseous fuel
feed equipment as shown in Fig. 14, under the conditions shown in Table 8, the gaseous fuel was blown in and at the
same time, the amount of carbonaceous material in the sintering raw material was reduced, and the influence on the
quality (tumbler strength and reducibility) of sintered ore was confirmed.

[0050] Note that the tumbler strength is most widely used as an index of strength of sintered ore obtained by an actual
sintering machine, and is strongly correlated to shatter strength. The tumbler strength Tl was determined, in accordance
with JIS M8712, by a method in which the sample was tumbled in a rotary drum and screened with a 6.3-mm sieve, and
the ratio between the mass of the sample tested to the mass of +6.3 mm sample after testing was calculated. Furthermore,
reducibility was determined, in accordance with JIS M8713, by a method in which 500 g of sintered ore sample screened
to 19.0 to 22.4 mm was reduced, at 900°C, using a reducing gas containing 30% by volume of CO and 70% by volume
of N, for 180 minutes, and the percentage of the amount of reduced oxygen relative to the amount of reducible oxygen
before reduction was calculated.

[0051] Theresults of the actual machine testare shownin Table 8. Furthermore, the relationship between a replacement
ratio B/A and quality (tumbler strength Tl and reducibility RI) of sintered ore is shown in Fig. 15, the replacement ratio
being defined as a ratio of B to A, where A is the combustion heat of the gaseous fuel fed, and B is the combustion heat
equivalent to the amount of carbonaceous material reduced. The results show that it is possible to obtain sintered ore
having enhanced strength and reducibility at a replacement ratio B/A in the range of 1 to 15, the replacement ratio being

16



10

15

20

25

30

35

40

45

50

55

the ratio of combustion heat B equivalent to the amount of carbonaceous material reduced to the combustion heat A of

the gaseous fuel in the pot test.

EP 2 365 101 A1

17



EP 2 365 101 A1

|dwex3 . : : . €l . 0 )
UONUBALI 6.1 19 8'.. 8'/9 108 0¢ el Y0 oL 143 (0140 6.9¢- 618601 Ly | 0
9|dwex3 . : : . €6 . 0 €
UonuBAU| 08’L 799 0'8. 6',9 Zl8 0¢ ‘oL )74 oL 051 8¥'0 6.9¢- 618601 I @
a|dwex3 ] ) . . Z : 0 €
UonUBAU| 1871 0'99 ¥'8. 0'89 918 0¢ z'g 9ce oL 00c 790 6.9¢- 618601 Ly | 50 ]
|dwex3 . : : . 0 : 0 L
UonUBAU| A" 029 6'8. G'89 (4] 0¢ z'g 086 oL 009 (0140 9€08- corvolL 6c | 0s0t
9|dwex3 . : : . 9 : 0 14
UonUBAU| A" €69 1’81 2’89 (4] 0¢ c'9 €e9l oL 000} 090 1201~ 784101 g¢ | 670 9
s|dwex3 . : : . L . S 0
LONUBALI 1871 0'v9 ¥'8. 8'/9 918 0¢ G )74 oL 051 8¥'0 6€€L- 6SLLLL vy | vso ]
a|dwex3 ) . . . 0 ) 0 L
LONUBALI 1871 S'v9 ¥'8. 0'89 918 (01 Ly 0961 oL 00clt 080 9€08- 2ol 6¢ | 050 ¥
s|dwex3 . : : . 8 : 0 0
LONUBALI 611 S'v9 S LL Gg'/9 108 (01 ze €e9l oL 000} 090 1G€G- L1201 ov | zs0 g
9|dwex3 . : : . € . 0 € |
UonUBAU| 6.1 0'v9 0'8. €19 108 0¢ Iz 086 oL 009 (0140 6.9¢- 618601 Ly | 50 f
ajdwex3g 0 9
oA €l 709 0's. 679 084 0¢ 0 0 0 0 0 0 86¥¢ClL1L =4 | vs0
netedwo)
o o | "
0, (]
o | o ) | RN g (leon) o |n
(%) Aw [JEI W awn u (%) uo (leo/n) 8z8
(A1) o) 7% . uals (4up) (uw) v (1ean) 6y | mowe | nenusouoo 928814 | gseeiq | ™| ag
. llqrnpay | 3on 5o | nowe | ewn | v ON1 u 6u ON %02 J0 °
yeway Al 9)09 Jo 9
poid uo Bu /a | jo1esyuo | !MOIg junowe z8
AoNPo.d auint 1oNpo. 18Ul snNquo ol Ui uo eay ol - M09 N
onpoid | usuIS SN0 ON1 o | tsnauoo o“_u 10
210 palajllis suonpuod Buimo . 00 Hne
10 sonsueloeIRYD AIlEnD P IMOIq ONT wy

10

15

20

25

8 9|qeL

30

35

40

45

50

55

18



EP 2 365 101 A1

a|dwex3] oL G J
A Sl 0'€9 092 0'99 682 0¢ 61 ¥0¢ oL 143 (0140 81L0%- 081801 ov | 250
nesedwo)
(y (u
(%)
o0 | % () | e4N) A eom) 2| )
(%) Au ok | WO ol W (%) uo (1ea/) ozo
%) M PIe! uals (4un) (un) v (1eon) " | nowe | nenusouoo | 97994 ned
(zW-1up) | jiqonpe on 6 . 8zo8.q 8.q
SR Py [lqrnpay | 1 19 unowe awn v ON1 u 6u ONT aoojo | o ) R
A d 4§ poid wn uo Bu /g | jojesyuo | MOIg | o junowe 093 z8
AIIONPOId quiny : imo|gd 18y uol 300 N
nonpoid | uaig nsnquion ONT U uo JSnqUIos alq 10
onpay oY
810 paJsluIs suonIpuoo BuIMo 00 e
1O sonsus)oeIRyd ANlEnd P IMOIq ON wy
(panunuod)
(=) w j=} Fe) j=) v (=) o) j=) [Te)
hel - ~ N N (3] 3] < ~ 0 0

19



10

15

20

25

30

35

40

45

50

55

Claims

EP 2 365 101 A1

1. A method for producing sintered ore comprising:

a charging step of charging a sintering raw material including fine ore and a carbonaceous material onto a
moving pallet to form a sintering bed;

an ignition step of igniting the carbonaceous material in the surface of the sintering bed with an ignition furnace;
a gaseous fuel feeding step of feeding a gaseous fuel into the air above the sintering bed so that the gaseous
fuel is fed as a diluted gaseous fuel having a concentration of a lower flammable limit concentration or less; and
a sintering step of sucking the diluted gaseous fuel and air with a wind box disposed under the pallet into the
sintering bed, combusting the carbonaceous material in the sintering bed and combusting the diluted gaseous
fuel in the sintering bed in which the carbonaceous material has been combusted, to thereby perform sintering,
characterized in that the amount of carbonaceous material in the sintering raw material is reduced in com-
parison with the case where the gaseous fuel is not fed.

2. The method for producing sintered ore according to claim 1, characterized in that the amount of carbonaceous
material is reduced at a replacement ratio in a range of 1 to 15, the replacement ratio being defined by the following
expression:

Replacement ratio = B/A,
where A is the combustion heat of the gaseous fuel fed, and B is the combustion heat equivalent to the amount
of carbonaceous material reduced.

3. The method for producing sintered ore according to claim 2, characterized in that the replacement ratio is in a
range of 1.5 to 10.

4. The method for producing sintered ore according to claim 2, characterized in that the replacement ratio is in a
range of 2 to 6.
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