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(57) ABSTRACT

A method for charging raw materials into a blast furnace is
as follows. The blast furnace includes a bell-less charging
device that includes a plurality of main hoppers and an
auxiliary hopper. The auxiliary hopper has a smaller capac-
ity than the main hoppers. The method includes discharging
ore charged in at least one of the plurality of main hoppers,
and then sequentially charging the ore from a furnace wall
side toward a furnace center side by using a rotating chute.
The discharging of low-reactivity ore charged in the auxil-
iary hopper is started simultaneously with a start of charging
of'the ore or at a point in time after the start of the charging;
and then, the low-reactivity ore is charged together with the
ore from the rotating chute. The charging of the low-
reactivity ore is stopped at least before a point in time at
which charging of 56 mass % of the ore is completed.



US 2024/0052439 Al

Feb. 15,2024 Sheet 1 of 9

Patent Application Publication

FIG. 1




Patent Application Publication  Feb. 15,2024 Sheet 2 of 9 US 2024/0052439 A1

FIG. 2




Patent Application Publication  Feb. 15,2024 Sheet 3 of 9 US 2024/0052439 A1

FIG. 3
|
|
{ !
y oW
S /
3 S i .-»’2
RN
, i .
Y ' \Y
] | v
N — .
J ||
2 "'} i ~ o 33
— -3
5ol |
|
4. P
6 |



Patent Application Publication  Feb. 15,2024 Sheet 4 of 9 US 2024/0052439 A1

FIG. 5

—
<

=
o

e
[op]
o

/

/

00 02 04 06 08 190
DIMENSIONLESS RADIUS {+}

=
e

£
PO

ORE LAYER THICKNESS/
TOTAL LAYER THICKNESS (-}

0.

o &



Patent Application Publication  Feb. 15,2024 Sheet 5 of 9 US 2024/0052439 A1

FIG. 6
@ ommws R (b)
10 } )
;;'I 08
2 06
Z 04}
55925
OG - - &y ‘ 5 s o A y o 2 _.- .
00 82 04 0B 058 :) 00 62 04 08 08 10
CHARGE RATIO {-) CHARGE RATIO (-}
FIG. 7
SPECIFIED RANGE
CHARGE | i BA
CENTER | POSITION i SURFACE
POSITION: ar
| A T RAW MATERIAL
N l ; o 4" CHARGE LAYER
:,; § ,i;, “,. l h’
; | DIMENSIONLESS
] | RADIUS
| CHARGED |

RANGE



Patent Application Publication  Feb. 15,2024 Sheet 6 of 9 US 2024/0052439 A1

FIG. 8

CHARG{ED RANGE

ey
]

CHARGED FROM FURNACE
CENTER SIDE TOWARD
FURNACE WALL SiDE

©
00

-
o

CHARGE CENTER
POSITION

=
.

&
P

DIMENSIONLESS RADIUS {-

4

0.4 0.6 0.8 1.0
CHARGE RATIO (=)

O
o [
[

]



Patent Application Publication  Feb. 15,2024 Sheet 7 of 9 US 2024/0052439 A1

MAIN HOPPER MAIN HOPPER

lr"'
\ il
Fi

b

E A AUXILIARY HOPPER

E | COLLECTING HOPPER

_— ROTATING CHUTE

T SALLTeY
CHARGED RAW __  Eizidim, SRR FURNACE BODY
MATERIALS it LN

ey ) ¥
‘g‘,g P el ‘.“?i‘,Fr f{,‘,‘lv.’;g"’ 'y,
)ﬁ:'}m'}.-’ PRI

f



Patent Application Publication

MAIN HOPPER

\

AY

FIG.

Feb. 15,2024 Sheet 8 of 9 US 2024/0052439 Al

10

MAIN HOPFER

/
/

1]

SAMPLE BOX
i

v

7

E
b
E
b
|
3
E
]
t

~—~ AUXILIARY HOPPER

I

: : o COLLECTING HOPPER

CONVEYOR

|
1

SAMPLE BOX
MOVING DIRECTION

b
b
t
E
b
1]
]
t
1
E
L]
b
3
1
3



Patent Application Publication  Feb. 15,2024 Sheet 9 of 9 US 2024/0052439 A1

FIG. 11

0.4 ] 1 1

—— [NVENTION EXAMPLE 1
|-~ INVENTION EXAMPLE 2
0.3 | —— COMPARATIVE EXAMPLE 1 [ 77

I
[
i

[TV

]

;
H
o

4

v

PE

| j

0.1} /
; i
N L

Q\‘ ’?.f‘ ;-

- -
e - o
My - -

v 4 ww——

LOW-REACTIVITY ORE RATIO (-}
<
Mo

0.0
00 02 04 06 08 10

CHARGE RATIO (-}

FIG. 12

—— |NVENTION EXAMPLE 3
—-— COMPARATIVE EXAMPLE 2

0.3

LOW-REACTIVITY ORE RATIO (-}
<2
)

.
*
\‘"""'“m. I

- w— v v ——

0.0
00 02 04 06 08 10

CHARGE RATIO (+)




US 2024/0052439 Al

METHOD FOR CHARGING RAW
MATERIALS INTO BLAST FURNACE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 17/041,538, filed Sep. 25, 2020, which
is a U.S. National Phase application of PCT/JP2019/008262,
filed Mar. 4, 2019, which claims priority to Japanese Patent
Application No. 2018-066476, filed Mar. 30, 2018, the
disclosures of each of these applications being incorporated
herein by reference in their entireties for all purposes.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for
charging raw materials into a blast furnace that includes a
bell-less-type charging device.

BACKGROUND OF THE INVENTION

[0003] In recent years, there has been a demand for
reducing CO, emissions for the prevention of global warm-
ing. In the steel industry, approximately 70% of the amount
of CO, emission is associated with blast furnaces, and,
therefore, there is a demand for reducing the amount of CO,
emission associated with blast furnaces. Reducing CO,
emission associated with blast furnaces can be achieved by
reducing reduction agents used in blast furnaces, such as
coke, pulverized coal, and natural gas.

[0004] However, reducing a reduction agent, particularly
coke, which serves to ensure the gas permeability of the
burden layer in a furnace, results in an increase in the gas
permeation resistance of the burden layer of the furnace. In
a common blast furnace, when the ore charged from the
furnace top reaches a temperature at which the ore begins to
soften, the ore is deformed while filling voids; this occurs
because of the weight of the raw materials existing in an
upper region. As a result, in a lower region of the blast
furnace, a cohesive zone is formed in which the gas perme-
ation resistance of an ore layer is very high, and thus little
gas flows. The gas permeability of the cohesive zone has a
significant influence over the gas permeability of the entire
blast furnace and, therefore, limits the productivity of the
blast furnace.

[0005] It is known that one effective way to improve the
gas permeation resistance of the cohesive zone to increase
the reducibility of ore and thus lower the Reducing agent
rate is to mix coke into an ore layer. Many proposals have
been made regarding methods for mixing coke into an ore
layer. Patent Literature 1 discloses a method in which
high-reactivity coke (coke having a JIS reactivity index of
30% or greater) is mixed with low-reactivity ore (ore having
a low JIS reducibility index) to efficiently react the low-
reactivity ore and thus increase the reducibility of the ore.
[0006] Patent Literature 2 discloses a method for charging
raw materials into a blast furnace. In the method, a plurality
of raw materials are simultaneously charged from a plurality
of main hoppers.

PATENT LITERATURE

[0007] PTL 1: Japanese Examined Patent Application
Publication No. 7-76366

[0008] PTL 2: International Publication No. 2013/172045
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SUMMARY OF THE INVENTION

[0009] Unfortunately, in the method disclosed in Patent
Literature 1, it is necessary to use high-reactivity coke,
which has lower strength than ordinary coke, and, therefore,
the method cannot be applied to a blast furnace operation in
which only ordinary coke is used. Specifically, in an
example disclosed in Patent Literature 1, ore having a JIS
reducibility index of 55% is used exclusively as ore, and
coke partially substituted with high-reactivity coke is mixed
with the low-reactivity ore. In the example, however, if
ordinary coke is exclusively used, it is impossible to suffi-
ciently ensure a reducibility of the low-reactivity ore.
[0010] Patent Literature 2 presents a method for charging
raw materials into a blast furnace in which a plurality of raw
materials are simultaneously charged from a plurality of
main hoppers. However, when the raw materials are to be
charged into the blast furnace, a pressure adjustment time is
necessary for replacing the atmosphere within the main
hoppers with an atmosphere corresponding to the blast
furnace interior atmosphere. From the standpoint of main-
taining a production volume, using a hopper exclusively for
a small amount of raw material is not practical.
[0011] An object according to aspects of the present
invention is to provide methods for charging raw materials
into a blast furnace, the methods being designed to solve
problems associated with the related art technologies,
including the problems described above. Specifically, the
methods make it possible for low-reactivity ore to be
reduced efficiently in a blast furnace including a bell-less-
type charging device, even in a case where ordinary coke is
used.
[0012] A summary of aspects of the present invention,
which solves the problems described above, is as follows.
[0013] [1] A method for charging raw materials into a
blast furnace, the blast furnace including a bell-less
charging device that includes a plurality of main hop-
pers and an auxiliary hopper at a furnace top portion,
the auxiliary hopper having a smaller capacity than the
main hoppers, the method including discharging ore (x)
charged in at least one of the plurality of main hoppers,
the ore (x) having a JIS reducibility index (RI) of
greater than 55%, and then sequentially charging the
ore (x) from a furnace center side toward a furnace wall
side by using a rotating chute, wherein after charging of
the ore (X) is started, only the ore (x) is charged from
the rotating chute at least until charging of 45 mass %
of the ore (x) is completed based on a total amount of
the ore (x) to be charged per batch; then, at a point in
time, discharging of low-reactivity ore (y) charged in
the auxiliary hopper is started, the low-reactivity ore
(v) having a JIS reducibility index (RI) of 55% or less;
and then, the low-reactivity ore (y) is charged together
with the ore (x) from the rotating chute for a time
period.
[0014] [2] The method for charging raw materials into
a blast furnace according to [1], wherein the low-
reactivity ore (y) charged in the auxiliary hopper is an
amount of the low-reactivity ore (y) for a plurality of
charges, and an amount of the low-reactivity ore (y) per
charge is charged in batches from the auxiliary hopper.
[0015] [3] A method for charging raw materials into a
blast furnace, the blast furnace including a bell-less
charging device that includes a plurality of main hop-
pers and an auxiliary hopper at a furnace top portion,
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the auxiliary hopper having a smaller capacity than the
main hoppers, the method including discharging ore (x)
charged in at least one of the plurality of main hoppers,
the ore (x) having a JIS reducibility index (RI) of
greater than 55%, and then sequentially charging the
ore (x) from a furnace wall side toward a furnace center
side by using a rotating chute, wherein discharging of
low-reactivity ore (y) charged in the auxiliary hopper is
started simultaneously with a start of charging of the
ore (x) or at a point in time after the start of the
charging, the low-reactivity ore (y) having a JIS reduc-
ibility index (RI) of 55% or less, and then the low-
reactivity ore (y) is charged together with the ore (x)
from the rotating chute; and charging of the low-
reactivity ore (y) is stopped at least before a point in
time at which charging of 56 mass % of the ore (x) is
completed based on a total amount of the ore (x) to be
charged per batch.
[0016] [4] The method for charging raw materials into
a blast furnace according to [3], wherein the low-
reactivity ore (y) charged in the auxiliary hopper is an
amount of the low-reactivity ore (y) for a plurality of
charges, and an amount of the low-reactivity ore (y) per
charge is charged in batches from the auxiliary hopper.
[0017] [5] The method for charging raw materials into
a blast furnace according to any one of [1] to [4],
wherein the auxiliary hopper has a hopper body and an
outlet, and the auxiliary hopper is provided at a position
such that central axes of the hopper body and the outlet
coincide with a central axis of a furnace body of the
blast furnace.
[0018] In accordance with aspects of the present inven-
tion, low-reactivity ore (low-reducibility ore) can be charged
exclusively to a region having a low reduction load in a blast
furnace radial direction, and thus, even in a case where
ordinary coke is used, low-reactivity ore can be reduced
efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a perspective view of a bell-less charging
device 1a, which is a cutaway view of a portion on top of a
furnace body.

[0020] FIG. 2 is a cross-sectional view taken along line
II-1T of FIG. 1.
[0021] FIG. 3 is a perspective view of a bell-less charging

device 15, which is a cutaway view of a portion on top of a
furnace body.

[0022] FIG. 4 is a cross-sectional view taken along line
IV-IV of FIG. 3.

[0023] FIG. 5is a graph illustrating a radial distribution of
a standard ore layer thickness.

[0024] FIG. 6 is a graph illustrating a raw material charged
range achieved with a rotating chute 4, the charged range
being illustrated in terms of a relationship between a dimen-
sionless radius and a charge ratio.

[0025] FIG. 7 is a vertical cross-sectional view of an
uppermost portion of raw material charge layers in a fur-
nace.

[0026] FIG. 8 is a graph illustrating a raw material charged
range and a charge center position, which are illustrated in
terms of a relationship between the dimensionless radius and
the charge ratio.

[0027] FIG. 9 is a schematic diagram of a model testing
device used in Examples.
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[0028] FIG. 10 is a diagram illustrating how discharged
raw materials, which were discharged from the model test-
ing device, were collected in portions.

[0029] FIG. 11 is a graph illustrating a relationship
between a low-reactivity ore (y) ratio and the charge ratio
associated with a case in which raw materials were sequen-
tially charged from the furnace center side toward the
furnace wall side.

[0030] FIG. 12 is a graph illustrating a relationship
between the low-reactivity ore (y) ratio and the charge ratio
associated with a case in which raw materials were sequen-
tially charged from the furnace wall side toward the furnace
center side.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0031] In accordance with aspects of the present inven-
tion, a bell-less charging device including a plurality of main
hoppers and an auxiliary hopper at a furnace top portion is
used. The auxiliary hopper has a smaller capacity than the
main hoppers. Ordinary ore, that is, ore (x) having a JIS
reducibility index (RI) of greater than 55%, is charged into
at least one of the plurality of main hoppers, and low-
reactivity ore (y) having a JIS reducibility index (RI) of 55%
or less is charged into the auxiliary hopper. The low-
reactivity ore (y) is an amount of the low-reactivity ore (y)
for a plurality of charges. An amount of the ore (X) per
charge is charged in batches into a furnace from at least one
of'the main hoppers, and an amount of the low-reactivity ore
(y) per charge is charged in batches into the furnace from the
auxiliary hopper. In such raw material charging, a ratio of
mixing of the low-reactivity ore (y) can be varied by
adjusting the amounts of raw materials to be discharged
from the main hoppers and the auxiliary hopper, and,
therefore, the low-reactivity ore (y) can be easily controlled
in a manner such that a preferred mixed state is achieved.
[0032] Typically, the JIS reducibility index (RI) of ore
used as a main raw material in a blast furnace is greater than
55% (typically, less than approximately 80%), and, there-
fore, ore having a JIS reducibility index (RI) of 55% or less
can be regarded as having low reactivity. In accordance with
aspects of the present invention, the low-reactivity ore (y) is
ore having a JIS reducibility index (RI) of 55% or less.
Among others, ore having a JIS reducibility index (RI) of
40% or less is particularly hard to reduce, and, therefore,
aspects of the present invention are particularly useful in a
case where such ore is used. Note that the JIS reducibility
index (RI) can be measured by using the reducibility testing
method specified in JIS (Japanese Industrial Standards) M
8713.

[0033] In accordance with aspects of the present inven-
tion, the term “ore” (ore (x) and low-reactivity ore (y)) refers
to one or more of sintered ore, lump ore, pellets, and the like,
which are iron sources. In a case where one or more
auxiliary raw materials (e.g., limestone, silica stone, serpen-
tinite, and the like), which are used mainly for the purpose
of slag component adjustment, are mixed with the ore (x),
the ore includes such auxiliary raw materials.

[0034] Coke used in accordance with aspects of the pres-
ent invention may be so-called ordinary coke, that is, coke
having a JIS reactivity index (JIS reactivity index measured
by using the reactivity testing method specified in JIS
(Japanese Industrial Standards) K 2151:2004) of 30% or
less.
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[0035] In an operation of a blast furnace, raw materials are
charged in a manner such that ore layers and coke layers are
alternately formed within the blast furnace. An amount of
ore to be used to form one ore layer is referred to as an
amount of ore per charge. The amount of ore per charge is
to be charged in batches into the blast furnace. According to
aspects of the present invention, methods for charging raw
materials into a blast furnace are concerned with methods
for charging ore (ore (x) and low-reactivity ore (y)) that is
charged on a per-batch basis.

[0036] If a particle diameter of the raw materials that are
charged on a per-batch basis varies, the gas flow within the
furnace may become unstable. Accordingly, it is preferable
to ensure that the downward flow of the raw materials within
the auxiliary hopper is a mass flow, thereby enabling the raw
materials charged in the auxiliary hopper to be discharged
from the auxiliary hopper in the order in which the raw
materials are charged. It is preferable that a diameter d2 of
ahopper body of the auxiliary hopper satisfy d1<d2<1.5xd1,
where dl is a diameter of an outlet of the auxiliary hopper,
and d2 is the diameter of the hopper body. This configuration
ensures that the downward flow of the raw materials within
the auxiliary hopper is a mass flow.

[0037] FIG. 1 and FIG. 2 are schematic diagrams of an
embodiment of a bell-less charging device for a blast furnace
that is used in accordance with aspects of the present
invention. FIG. 1 is a perspective view of a bell-less charg-
ing device 1a, which is a cutaway view of a portion on top
of a furnace body. FIG. 2 is a cross-sectional view taken
along line II-II of FIG. 1. The bell-less charging device 1a
includes three main hoppers 2 and one auxiliary hopper 3.
Hopper central axes of the main hoppers 2 are positioned on
one imaginary circle that has a center coinciding with a
central axis of the furnace body. The auxiliary hopper 3 is
disposed outside of the plurality of main hoppers 2.

[0038] FIG. 3 and FIG. 4 are schematic diagrams of
another embodiment of a bell-less charging device for a blast
furnace that is used in accordance with aspects of the present
invention. FIG. 3 is a perspective view of a bell-less charg-
ing device 15, which is a cutaway view of a portion on top
of a furnace body. FIG. 4 is a cross-sectional view taken
along line IV-IV of FIG. 3. As with the embodiment of FIG.
1 and FIG. 2, the bell-less charging device 15 also includes
three main hoppers 2 and one auxiliary hopper 3. Hopper
central axes of the main hoppers 2 are positioned on one
imaginary circle that has a center coinciding with a central
axis of the furnace body. In the bell-less charging device 15,
the auxiliary hopper 3 is disposed at a center inside the three
main hoppers 2 in a manner such that central axes of a
hopper body 3a and an outlet 36 of the auxiliary hopper 3
coincide with the central axis of the furnace body of the blast
furnace.

[0039] In the above-described bell-less charging devices
1a and 15 of the embodiments, the ore (x) discharged from
the main hoppers 2 and the low-reactivity ore (y) discharged
from the auxiliary hopper 3 are charged into the furnace
from a rotating chute 4 by way of a collecting hopper 5. In
FIG. 1 and FIG. 3, reference numeral 6 denotes a blast
furnace body, and reference numeral 7 denotes a charging
belt conveyor.

[0040] A flow regulating valve (not illustrated) is provided
at the outlet of the auxiliary hopper 3 to control a rate of
discharge of the low-reactivity ore (y).
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[0041] Details of methods for charging raw materials
according to aspects of the present invention will now be
described with reference to examples, in which the bell-less
charging device 1a or 15 described above is used.

[0042] FIG. 5 is a graph illustrating a radial distribution of
a standard ore layer thickness. In FIG. 5, the vertical axis
represents the “ore layer thickness/total layer thickness (ore
layer thickness+coke layer thickness)” of the uppermost
portion of the charge layers, and the horizontal axis repre-
sents a dimensionless radius. Here, the dimensionless radius
is a dimensionless radius of a blast furnace determined
assuming that a start point is a furnace center and designated
as 0, and an end point is a furnace wall and designated as 1.0.

[0043] As illustrated in FIG. 5, it is seen that the ore layer
thickness is small on the furnace wall side, that is, in a region
defined by a dimensionless radius of 0.6 or greater, and on
the furnace center side, that is, in a region defined by a
dimensionless radius of 0.4 or less. The regions having a
small ore layer thickness are regions in which a large amount
of gas flows, and, a reduction load is low. It is preferable that
the low-reactivity ore (y) be charged into such a region in
which the reduction load is low. However, in a case where
the low-reactivity ore (y) is charged into a region on the
furnace center side defined by a dimensionless radius of 0.4
or less, sagging of the cohesive zone due to a delay in the
reaction of the low-reactivity ore (y) may occur, and the
sagging or the like may inhibit the flow of gas on the blast
furnace center side, which may induce deterioration of gas
permeability and an increase in heat loss. Accordingly, it is
desirable that the low-reactivity ore (y) be charged into a
region defined by a dimensionless radius of 0.6 or greater.

[0044] FIG. 6 is a graph illustrating a raw material charged
range achieved with a rotating chute 4, the charged range
being illustrated in terms of a relationship between the
dimensionless radius and a charge ratio. The charged range
illustrated in FIG. 6 is a range determined using a “2o0-scale
model testing device, which is illustrated in FIG. 9. FIG.
6(a) illustrates a charged range associated with a case in
which raw materials are sequentially charged from the
furnace center side toward the furnace wall side. FIG. 6(4)
illustrates a raw material charged range associated with a
case in which raw materials are sequentially charged from
the furnace wall side toward the furnace center side. Here,
the term “charged range” refers to a charged (deposited)
range defined by a heap of raw materials in a furnace radial
direction, the raw materials being raw materials charged into
the blast furnace from the rotating chute 4 and deposited on
a charge base surface. The raw material deposition surface
in a top of a blast furnace has a mortar-like shape such that
a central portion of the furnace is located at a minimum
height. A charge center position is defined as any of the
positions on which the raw materials from the rotating chute
4 fall, on the sloping surface. A range in which the raw
materials spread from the charge center position toward the
furnace center and the furnace wall and are deposited is
designated as the charged range. In a case where the rotating
chute 4 is moved from the furnace center side toward the
furnace wall side, the charging of raw materials begins from
a lower position of the sloping surface having a mortar-like
shape, and, therefore, spreading of the raw materials toward
the furnace center is inhibited. Accordingly, the charged
range is narrower in a case where raw materials are charged
by moving the rotating chute 4 from the furnace center side
toward the furnace wall side than in a case where raw
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materials are charged by moving the rotating chute 4 from
the furnace wall side toward the furnace center side. In FIG.
6, the “charge ratio” on the horizontal axis is a proportion of
the ore (x) that has been charged associated with the
corresponding charge position in the furnace radial direc-
tion, based on a total amount of the ore (x) to be charged per
batch, in a case where amounts of raw materials per batch
are sequentially charged by using the rotating chute 4 from
the furnace center side toward the furnace wall side or from
the furnace wall side toward the furnace center side. For
example, a “charge ratio of 0.1” indicates that charging of 10
mass % of ore (x), based on the total amount of the ore (x)
to be charged per batch, has been completed in association
with the corresponding charge position.

[0045] FIG. 7 is a vertical cross-sectional view of an
uppermost portion of raw material charge layers in a fur-
nace. The charged range and the charge center position,
which is a center of the range, are schematically illustrated
in FIG. 7.

[0046] As can be seen from FIG. 6(a), in a case where raw
materials are sequentially charged from the furnace center
side toward the furnace wall side, the region defined by a
dimensionless radius of 0.6 or greater corresponds to a
region defined by a charge ratio of 0.45 or greater. As can be
seen from FIG. 6(b), in a case where raw materials are
sequentially charged from the furnace wall side toward the
furnace center side, the region defined by a dimensionless
radius of 0.6 or greater corresponds to a region defined by
a charge ratio of 0.56 or less.

[0047] Accordingly, in accordance with aspects of the
present invention, in a case where the ore (x) charged in a
main hopper 2 is discharged and then sequentially charged
from the furnace center side toward the furnace wall side by
using the rotating chute 4 (a first method for charging raw
materials according to aspects of the present invention), only
the ore (x) is charged from the rotating chute 4 after the
charging of the ore (X) is started, at least until charging of 45
mass % of the ore (x) is completed based on the total amount
of'the ore (x) to be charged per batch; then, at a point in time,
the charging of the low-reactivity ore (y) charged in the
auxiliary hopper 3 is started; and then, the low-reactivity ore
(y) is charged together with the ore (x) from the rotating
chute 4 for a time period. The time at which the charging of
the low-reactivity ore (y) is to be started may be the point in
time at which the charging of 45 mass % of the ore (x) is
completed based on the total amount of the ore (x) to be
charged or may be some point in time after a certain time
period elapses after the charging of 45 mass % of the ore (x)
is completed based on the total amount of the ore (x) to be
charged. The charging of the low-reactivity ore (y) may be
performed until the charging of the total amount of the ore
(x) is completed or may be stopped before the charging of
the total amount of the ore (x) is completed. The time at
which the charging of the low-reactivity ore (y) is to be
started and the time period during which the charging of the
low-reactivity ore (y) is to be performed may be determined
in accordance with the low-reactivity ore (y) mixed state that
is required.

[0048] In a case where the ore (X) charged in a main
hopper 2 is discharged and then sequentially charged from
the furnace wall side toward the furnace center side by using
the rotating chute 4 (a second method for charging raw
materials according to aspects of the present invention), the
charging of the low-reactivity ore (y) charged in the auxil-
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iary hopper 3 is started simultaneously with the start of the
charging of the ore (x) or at a point in time after the start of
the charging, then the low-reactivity ore (y) is charged
together with the ore (x) from the rotating chute 4, and the
charging of the low-reactivity ore (y) is stopped at least
before the point in time at which charging of 56 mass % of
the ore (x) is completed based on the total amount of the ore
(x) to be charged per batch. In this case, too, the time at
which the charging of the low-reactivity ore (y) is to be
started and the time period during which the charging of the
low-reactivity ore (y) is to be performed may be determined
in accordance with the low-reactivity ore (y) mixed state that
is required.

[0049] In the case where raw materials including the
low-reactivity ore (y) are to be charged into a region defined
by specific dimensionless radii (region defined by specific
charge ratios) such as that described above, it is necessary to
ensure that the charge center position is within the specified
range (the region defined by specific dimensionless radii) as
indicated by a heap a, of charged raw materials illustrated in
FIG. 7. It is not preferable that the charge center position be
outside of the specified range (the region defined by the
specific dimensionless radii) as in the case of a heap a, of
charged raw materials illustrated in FIG. 7, for example; in
such a case, a majority of the heap of charged raw materials
may be outside of the specified range although there may be
some overlap between the charged range and the specified
range. FIG. 8 is a graph illustrating a raw material charged
range and a charge center position, which are illustrated in
terms of a relationship between the dimensionless radius and
the charge ratio. As illustrated in FIG. 8, the region defined
by dimensionless radii of 0.4 to 0.6, with respect to the
charge center position, corresponds to a region defined by
charge ratios of 0.27 to 0.46.

[0050] By charging the low-reactivity ore (y) into the
furnace at a target timing as described above, the low-
reactivity ore (y) can be charged into a region having a low
reduction load without being charged into regions on the
furnace center side or regions having a high reduction load.
As a result, the low-reactivity ore (y) can be reduced
efficiently even in a case where ordinary coke is used.
Furthermore, deterioration of gas permeability that may
occur if the low-reactivity ore (y) is charged to a central
portion of the furnace is inhibited, and, therefore, the gas
flow and the reduction state of the ore can be stabilized
effectively. Consequently, the Reducing agent rate in a blast
furnace operation can be lowered.

[0051] In a case where the bell-less charging device 1a of
FIG. 1 and FIG. 2 is compared with the bell-less charging
device 15 of FIG. 3 and FIG. 4, in the bell-less charging
device 1a of FIG. 1 and FIG. 2, in which the auxiliary
hopper 3 is disposed offset from the central axis of the blast
furnace, a difference occurs in the position on which the raw
material flow falls, between a case in which a rotating
position of the rotating chute 4 is on an auxiliary hopper side
and a case in which the rotating position is on a non auxiliary
hopper side, with respect to the central axis of the blast
furnace. In contrast, in the bell-less charging device 15 of
FIG. 3 and FIG. 4, in which the central axes of the body and
the outlet of the auxiliary hopper 3 coincide with the central
axis of the furnace body, the absolute values of the rate
vectors of the raw material discharged from the main hop-
pers 2 and the raw material discharged from the auxiliary
hopper 3 are the same regarding all the main hoppers 2, and,
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therefore, a difference in the position on which the raw
material flow falls such as that described above does not
occur. Accordingly, the position on which the raw materials
fall can be easily controlled with high precision. Since the
auxiliary hopper 3 is disposed directly above the collecting
hopper 5, there is no need to provide a raw material flow
path passing from the auxiliary hopper 3 to the collecting
hopper 5, and, for example, the time at which the discharg-
ing is to be initiated can be easily adjusted.

[0052] In accordance with aspects of the present inven-
tion, an amount of the low-reactivity ore (y) for a plurality
of charges is charged into the auxiliary hopper 3, and, from
the auxiliary hopper 3, an amount of the low-reactivity ore
(y) per charge is charged in batches into a blast furnace.
Accordingly, the pressure adjustment time associated with
the discharging of raw materials can be reduced, and as a
result, the production volume of a blast furnace can be
maintained even in a case where a small amount of raw
material is to be charged into the blast furnace by using a
discrete auxiliary hopper.

EXAMPLES

[0053] A charging test for ore (x) and low-reactivity ore
(y) was conducted by using a Yso-scale model testing device.
FIG. 9 is a schematic diagram of a model testing device used
in Examples. A flow regulating valve (not illustrated) was
disposed at an outlet of an auxiliary hopper of the model
testing device to control the rate of discharge of the low-
reactivity ore (y).

[0054] The ore (x) used was ore (sintered ore) having a JIS
reducibility index (RI) of 65%, and the low-reactivity ore (y)
used was ore (lump ore) having a JIS reducibility index (RI)
of 50%. The coke used was ordinary coke. In Invention
Examples, ore (x) was charged into main hoppers, and
low-reactivity ore (y) was charged into the auxiliary hopper.
The low-reactivity ore (y) was discharged from the auxiliary
hopper during a portion of the time period during which the
ore (x) was discharged from the main hoppers. On the other
hand, in Comparative Examples, only main hoppers were
used, in accordance with a method of the related art, that is,
ore (x) and low-reactivity ore (y) were charged into the main
hoppers such that a predetermined condition was achieved,
and the ore (x) and the low-reactivity ore (y) were dis-
charged from the main hoppers.

[0055] FIG. 10 is a diagram illustrating how discharged
raw materials, which were discharged from the model test-
ing device, were collected in portions. As illustrated in FIG.
10, in this test, the rotating chute was removed from the
model testing device, a plurality of sample boxes were
mounted onto a feed conveyor, and the sample boxes were
moved at a constant speed synchronously with the discharg-
ing of raw materials. Accordingly, the discharged raw mate-
rials were collected in portions. The discharged raw mate-
rials that were collected were subjected to image analysis
based on a hue difference between the ore (x) and the
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low-reactivity ore (y) to determine the ratio of the low-
reactivity ore (y) in the discharged raw materials.

[0056] With the model testing device, a charge test was
conducted in association with a case in which raw materials
are sequentially charged from the furnace center side toward
the furnace wall side by using a rotating chute, and the ratio
of the low-reactivity ore (y) in the discharged raw materials
was measured in the manner described above. FIG. 11 is a
graph illustrating a relationship between the low-reactivity
ore (y) ratio and the charge ratio associated with the case in
which raw materials were sequentially charged from the
furnace center side toward the furnace wall side.

[0057] As shown in FIG. 11, in Invention Example 1, the
low-reactivity ore (y) charged was in a region defined by a
charge ratio of 0.7 or greater, which satisfied the target
charge ratio of 0.45 or greater. In Invention Example 2, the
low-reactivity ore (y) charged was concentrated in a region
defined by a charge ratio of 0.8 or greater. In contrast, in
Comparative Example 1, some of the low-reactivity ore (y)
charged was in a region defined by a charge ratio of less than
0.45, that is, the charging of the low-reactivity ore (y)
exclusively into a region defined by the charge ratio of 0.45
or greater was not achieved.

[0058] Similarly, with the model testing device, a charge
test was conducted in association with a case in which raw
materials are sequentially charged from the furnace wall side
toward the furnace center side by using a rotating chute, and
the ratio of the low-reactivity ore (y) in the discharged raw
materials was measured in the manner described above. FIG.
12 is a graph illustrating a relationship between the low-
reactivity ore (y) ratio and the charge ratio associated with
the case in which raw materials were sequentially charged
from the furnace wall side toward the furnace center side.

[0059] As shown in FIG. 12, in Invention Example 3, the
low-reactivity ore (y) charged was in a region defined by a
charge ratio of 0.2 or less, which satisfied the target charge
ratio of 0.56 or less. In contrast, in Comparative Example 2,
some of the low-reactivity ore (y) charged was in a region
defined by a charge ratio of greater than 0.56, that is, the
charging of the low-reactivity ore (y) exclusively into a
region defined by the charge ratio of 0.56 or less was not
achieved.

[0060] Table 1 summarizes the results of an evaluation of
the operation conditions of Examples and Comparative
Examples, which was conducted by using a blast furnace
operation prediction model. As shown in Table 1, Invention
Examples 1 to 3 had a lower Reducing agent rate and a lower
pressure drop of the filled layer than Comparative Examples
1 and 2. Since the low-reactivity ore (y) was discharged at
a target time as described above, it was possible to charge
the low-reactivity ore (y) into a region having a low reduc-
tion load. It was confirmed that consequently, the reduction
state of the ore was stabilized, and deterioration of gas
permeability and an increase in heat loss that might occur if
the low-reactivity ore (y) had been charged to a region on the
blast furnace center side was inhibited, which resulted in a
lowering of the Reducing agent rate of a blast furnace.

TABLE 1

Invention Invention Invention Comparative Comparative

Example 1 Example 2 Example 3 Example 1  Example 2

Tapping ratio

(t/m3/day)

2.0 2.0 2.0 2.0 2.0
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TABLE 1-continued
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Example 2

507

359

148

48.6

26.2

Invention Invention Invention Comparative Comparative
Example 1 Example 2 Example 3 Example 1
Reducing agent rate 499 498 501 506
(kg/t)
Coke rate 351 350 353 358
(kg/t)
Pulverized coal rate 148 148 148 148
(kg/t)
Gas utilization ratio 49.9 50.0 49.5 48.7
(%)
Pressure drop of 20.8 20.7 21.8 25.0
burden layer
(kPa/(Nm*/min))

REFERENCE SIGNS LIST

[0061] 1a Bell-less charging device
[0062] 15 Bell-less charging device
[0063] 2 Main hopper

[0064] 3 Auxiliary hopper

[0065] 3a Hopper body

[0066] 35 Outlet

[0067] 4 Rotating chute

[0068] 5 Collecting hopper

[0069] 6 Blast furnace body

[0070] 7 Charging belt conveyor

What is claimed:
1. A method for charging raw materials into a blast
furnace, the blast furnace including a bell-less charging
device that includes a plurality of main hoppers and an
auxiliary hopper at a furnace top portion, the auxiliary
hopper having a smaller capacity than the main hoppers,
the method comprising discharging ore (x) charged in at
least one of the plurality of main hoppers, the ore (x)
having a JIS reducibility index (RI) of greater than
55%, and then sequentially charging the ore (x) from a
furnace wall side toward a furnace center side by using
a rotating chute, wherein

discharging of low-reactivity ore (y) charged in the aux-
iliary hopper is started simultaneously with a start of
charging of the ore (x) or at a point in time after the start

of the charging, the low-reactivity ore (y) having a JIS
reducibility index (RI) of 55% or less, and then the
low-reactivity ore (y) is charged together with the ore
(x) from the rotating chute; and charging of the low-
reactivity ore (y) is stopped at least before a point in
time at which charging of 56 mass % of the ore (x) is
completed based on a total amount of the ore (x) to be
charged per batch.

2. The method for charging raw materials into a blast
furnace according to claim 1, wherein the low-reactivity ore
(v) charged in the auxiliary hopper is an amount of the
low-reactivity ore (y) for a plurality of charges, and an
amount of the low-reactivity ore (y) per charge is charged in
batches from the auxiliary hopper.

3. The method for charging raw materials into a blast
furnace according to claim 1, wherein the auxiliary hopper
has a hopper body and an outlet, and the auxiliary hopper is
provided at a position such that central axes of the hopper
body and the outlet coincide with a central axis of a furnace
body of the blast furnace.

4. The method for charging raw materials into a blast
furnace according to claim 2, wherein the auxiliary hopper
has a hopper body and an outlet, and the auxiliary hopper is
provided at a position such that central axes of the hopper
body and the outlet coincide with a central axis of a furnace
body of the blast furnace.
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