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EP 3 216 880 A1
Description
[Technical Field]

[0001] The present invention relates to a combined molten iron manufacturing apparatus, and more particularly, to a
combined molten iron manufacturing apparatus configured by combining reactors that perform reduction, dissolution,
and the like of a plurality of iron-containing materials having various forms and functions so as to directly use fuel and
raw materials with various ranks and particle sizes when manufacturing molten iron by directly using fine or compacted
general coals or fine iron-containing ores.

[Background Art]

[0002] Currently, about 60% of the worldwide production of iron has been produced by a blast furnace method, which
has been developed from the 14th century. The blast furnace method is a method for manufacturing molten iron in which
coke and the like manufactured by using iron ores and bituminous coal as raw materials which are subject to a sintering
process are added in a blast furnace, and oxygen is supplied to the furnace to reduce the iron ore to iron.

[0003] As such, since the blast furnace method, which forms its majority of a molten iron producing apparatus requires
a raw materials that has a strength of a predetermined level or more due to the reaction characteristic and has a particle
diameter capable of ensuring ventilation in the furnace, as described above, a carbon source used as fuel and a reductant
depends on the coke processed by specific coking coal and an iron source depends on sintered ore that is subjected
to a series of compacting processes.

[0004] Accordingly, in the current blast furnace method, since raw material pretreatment facilities such as coke pro-
duction facilities and sintering facilities are necessarily accompanied, it is necessary not only to construct additional
facilities other than the blast furnace but also to install environmental pollution prevention facilities for various environ-
mental pollutants generated in the additional facilities, and as a result, the investment cost is consumed in a large amount
and the manufacturing cost is rapidly increased.

[0005] In order to solve the problem of the blast furnace method, steel mills all over the world make a lot of efforts to
develop a melting reduction steelmaking method for manufacturing molten iron by directly using general coals as a fuel
and a reductant and as an iron source, fine ores that occupy more than 80% of the worldwide production of ores.
[0006] As an example of the melting reduction steelmaking method, in European Patent Publication No. 1,689,892,
there is disclosed an apparatus fro manufacturing molten iron directly using fine or lump coals and fine iron-containing
ores and the method thereof.

[0007] In European Patent Publication No. 1,689,892, an apparatus fro manufacturing molten iron directly using fine
or lump coals and fine iron-containing ores is configured by a multi-stage fluidized reduction furnace that reduces and
fires fine iron-containing ores and supplementary raw materials by contacting hot reducing gas; a hot compacting device
that compacts the fine reduced iron discharged from the fluidized reduction furnace to manufacture hot reduced com-
pacted iron; and a melter-gasifier in which briquette coals compacted and manufactured from fine general coals and
compacted general coals are continuously supplied to form a coal filling layer with a predetermined height therein, oxygen
and a pulverized coal material are injected through a plurality of fans formed at the lower end of the outer wall of the
coal filling layer, the pulverized coal material and the compacted coals in the coal filling layer are combusted by the
oxygen, hot reduced compacted iron which is manufactured in the hot compacting device by sensible heat generated
while hot gas formed by the combustion lifts the filling layer, charged to the upper portion of the coal filling layer, and
then descends in the coal filling layer and supplementary raw materials injected to the top of the coal filling layer with
the hot reduced compacted iron are heated, melted, and slagged to manufacture molten iron and slag and integrate the
manufactured molteniron and slag below the coalfilling layer, and then the molten iron and slag are periodically discharged
to the outside, the hot gas passing through the melted coal filling layer is discharged, and the hot gas is supplied to the
multi-stage fluidized reduction furnace as reducing gas required for reduction of the fine iron-containing ores.

[0008] Further, there is provided an exhaust gas reformation circulation device in which the gas discharged to the
multi-stage fluidized reduction furnace is cooled through a dust collecting device, and then some of the gas is branched
and compressed and mixed with the hot reducing gas discharged from the melter-gasifier after removing CO, to addi-
tionally supply the reducing gas to the multi-stage fluidized reduction furnace. In the exhaust gas reformation circulation
device, the CO,-removed gas is supplied to a final front end of the fluidized reduction furnace which corresponds to the
lowermost portion in the multi-stage fluidized reduction furnace and to which the reducing gas is directly supplied.
[0009] In the molten iron manufacturing process, the reduction of 60 to 70% of the iron ores is performed by indirect
reduction by the reducing gas supplied from the melter-gasifier in the multi-stage fluidized reduction furnace, the reduction
of the rest 30 to 40% of the iron ores is performed by indirect reduction by coal combustion gas which lifts the coal filling
layer in the coal filling layer in the melter-gasifier after manufacturing the iron ores to the hot reduced compacted iron
and then injecting the hot reduced compacted iron to the melter-gasifier and direct reduction by a carbon component of
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the coal in the coal filling layer and the coal combustion gas. ,

[0010] Accordingly, in order to smoothly perform the reduction of the iron ores, it is important to smoothly contact the
reducing gas/fine iron ores in the fluidized reduction furnace, the hot coal combustion gas in the melter-gasifier, and the
hot reduced compacted iron.

[0011] Itis determined that the gas/fine ore contact in the fluidized reduction furnace has no matter when considering
high mixing efficiency of the fluidized reduction furnace, but the contact of the gas/hot reduced compacted iron in the
coal filling layer of the melter-gasifier is influenced by the gas flow distribution in the coal filling layer, and a factor
determining the gas flow distribution is a pore distribution in the coal filling layer.

[0012] Further, the pore distribution in the coal filling layer acts as a crucial factor even when molten iron and slag
generated by heating, melting, and slagging the hot reduced compacted iron and the supplementary raw materials in
the coal filling layer pass through the coal filling layer and are discharged to the lower portion of the coal filling layer,
thereby smoothly maintaining the flow of the molten iron/slag.

[0013] The pore distribution in the coal filling layer is largely influenced by a high-temperature property of the coals
forming the coal filling layer to limit a rank of the coal which is usable in the molten iron manufacturing apparatus.
[0014] Further, as described above, the molten iron and slag need to pass through the coal filling layer to be discharged
to the outside of the melter-gasifier, and in the molten iron and the slag, particularly, an amount and flowability of the
slag is important. The shape of the slag is determined according to an amount, a composition, and the like of the gangue
in the ores used as the raw material to limit a rank of the coal which is usable in the molten iron manufacturing apparatus.
[0015] In addition, in the case of using ores containing a large amount of phosphorous component depending on a
high-reducing atmosphere in the coal filling layer, there is a problem in that a large amount of phosphorous component
which is difficult to refine in the produced molten iron, and thus even in order to maintain the quality of the produced
molten iron, there are restrictions on the used raw ores.

[0016] When showing the published data on an actual operation result of the molten iron manufacturing apparatus
disclosed in European Patent Publication No. 1,689,892, the molten iron manufacturing apparatus is very stably operated
and a rank of usable ores and a rank range of coals are gradually expanded compared with an existing blast furnace
method, but it is reported that the rank of ores and the rank of coals usable in the molten iron manufacturing apparatus
are significantly limited.

[0017] Meanwhile, another example of the melting reduction steelmaking method is disclosed in US Patent Registration
Nos. 6332745B1, US 6379422B1 and US 6602321B1.

[0018] In US Patent Registration Nos. 6332745B1, US 6379422B1 and US 6602321B1, the molten iron manufacturing
apparatus is configured by a molten-bath type reactor constituted by a molten iron layer, a slag layer formed on the
molten iron layer, and a gas layer formed on the slag layer; a secondary combustion lance configured to inject hot blast
which is formed from the upper portion of the molten-bath type reactor to the upper portion of the slag layer and in which
oxygen is enriched to the upper portion of the slag layer; a fine coal injection lance and a fine ore injection lance configured
to inject fine coals and fine ores from the outside at a boundary point, which is formed up to the upper portion of the
molten iron layer of the lower portion of the slag layer, that is, the boundary point of the slag layer/molten iron layer by
passing through the side of the molten-bath type reactor and passing through the slag layer in the molten-bath type
reactor; a preliminary reduction furnace formed to preheat/preliminarily reduce the fine ores injected to the molten-bath
type reactor by using some of the hot gas discharged from the molten-bath type reactor; a scrubber for cooling/cleaning
the exhaust gas to the molten-bath type reactor other than the gas supplied to the preliminary reducing furnace; a
scrubber for cooling/cleaning the exhaust gas to the molten-bath type reactor other than the gas supplied to the preheating
furnace; and a hot blast furnace provided for forming hot blast supplied through the secondary combustion lance.
[0019] In the molten iron manufacturing apparatus, the reduction of iron ores is performed in a molten state in the
molten bath formed in the molten-bath type reactor. To this end, coal as a reductant required for the reduction is supplied
into the molten bath, heat required for the reduction is supplied as heat generated in combustion, that is, secondary
combustion generated by combusting gas generated by a reduction of the iron ore and the coal in the molten bath with
an oxygen-enriched hot blast supplied from the secondary combustion lance.

[0020] The reducibility of the hot gas which is discharged from the molten-bath type reactor and supplied to the
preliminary reducing furnace by using the hot blast as the combustion and oxidizing gas is very low, and the reduction
of the ores that proceeds in the preliminary reducing furnace is limited to 20% or less. The ores and the coals are
pulverized with 1 mm or less and injected so that rapid melting and reaction in the molten bath are performed. The
molten iron and the slag generated by the reaction are continuously or periodically discharged through respective outlets.
[0021] In the molten iron manufacturing apparatus, all reactions and molten iron/slag discharge are performed in a
molten state, and compared with the molten iron manufacturing apparatus disclosed in European Patent Publication
No. 1,689,892, limitation on the ranks of usable coals and ores is very low, and as described above, it is determined
that heat efficiency is very high by simultaneously performing melting and reduction and actively using the secondary
combustion.

[0022] However, when showing the published data on an actual operation result of the molten iron manufacturing
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apparatus disclosed in US Patent Registration No. US 6332745B1 and the like, various equipment problems and oper-
ational problems are reported.

[0023] In the problems, a problem that has the greatest effect on utilization and productivity is that the operation of
connecting the molten-bath type reactor with the preliminary reducing furnace connected thereto is not smoothly per-
formed. It is reported that in the molten-bath type reactor, the temperature and the shape of the gas generated after
secondary combustion are instable, and thus, the fluctuation of the heating and reduction reaction of the ores in the
preliminary reduction furnace using the gas becomes severe, the shape of the preliminary reducing ore supplied to the
molten-bath type reactor from the preliminary reducing furnace is changed, and as a result, a vicious cycle in which the
melting reduction reaction and the secondary combustion reaction of the ores in the molten-bath type reactor become
unstable occurs.

[0024] Further, it is reported that there are problems in that even when the linked operation is temporarily smooth, the
reduction rate of the preliminary reducing ore supplied to the molten-bath type reactor from the preliminary reducing
furnace is too low and thus the consumption of the coal required for the melting reduction of the preliminary reducing
ore is too high compared with a target, and further, the concentration of slag oxidized iron in the molten-bath type reactor
is too high and thus, the refractory material in the molten-bath type reactor is excessively eroded.

[0025] Various methods for solving the problems are applied, but it is reported that an improvement effect is slight
and further, the thermal efficiency and the reaction efficiency are gradually decreased due to the above methods and
the economical efficiency is lowered.

[0026] As described above, development of various melting reduction steelmaking methods for replacing the blast
furnace is independently performed and operation results of the molten iron manufacturing apparatuses according to
the respective melting reduction steelmaking methods have been reported and have reached the level capable of grasping
the merits, drawbacks, and technical performance of each of the respective melting reduction steelmaking methods.
[0027] Accordingly, at present, in order to maximize merits of the molten iron manufacturing apparatuses, a combined
molten iron manufacturing process (apparatus) configured by combining a plurality of molten iron manufacturing proc-
esses (apparatuses) by applying a new mediation process (apparatus).

[DISCLOSURE]
[Technical Problem]

[0028] The present invention has been made in an effort to provide a new molten iron manufacturing apparatus
configured by combining two molten iron manufacturing apparatuses through a fluidized reduction furnace which is
additionally configured in a molten iron manufacturing apparatus based on the fluidized reduction furnace and a coal
filing-type melter-gasifier and a molten iron manufacturing apparatus based on a molten-bath type melting reduction
furnace, and more particularly, to provide a combined molten iron manufacturing apparatus configured by combining
two molten iron manufacturing apparatuses through a separate fluidized reduction furnace which is additionally configured
in a molten iron manufacturing apparatus based on the fluidized reduction furnace and a coal filling-type melter-gasifier
and a molten iron manufacturing apparatus based on a molten-bath type melting reduction furnace, thereby stably
producing molten iron by using conventional metallurgical fuel and raw materials in the molten iron manufacturing
apparatus based on the fluidized reduction furnace and the coal filling-type melter-gasifier and stably producing molten
iron by using conventional metallurgical unsuitable low-grade fuel and raw materials in the molten iron manufacturing
apparatus based on the molten-bath type melting reduction furnace connected thereto.

[Technical Solution]

[0029] Further, the presentinvention has been made in an effort to provide a new molten iron manufacturing apparatus
configured by combining two molten iron manufacturing apparatuses through a fluidized reduction furnace which is
additionally configured in a molten iron manufacturing apparatus based on the fluidized reduction furnace and a coal
filing-type melter-gasifier and a molten iron manufacturing apparatus based on a molten-bath type melting reduction
furnace, and more particularly, to a combined molten iron manufacturing apparatus configured to stably operate the
molten-bath type melting reduction furnace by partially extracting and removing a CO, component included in final by-
product gas of the molten iron manufacturing apparatus in the molten iron manufacturing apparatus based on the fluidized
reduction furnace and the coal filling-type melter-gasifier, heating the CO, component, manufacture hot reducing gas,
and then supplying the hot reducing gas to a separate multi-stage type fluidized reduction furnace, reducing and firing
fine ores and supplementary raw materials in the multi-stage type fluidized reduction furnace at a predetermined to
manufacture a fine reductant, and supplying the fine reductant to the molten iron manufacturing apparatus based on the
molten-bath type melting reduction furnace, thereby stably producing molten iron by using high-grade fuel and raw
materials in the molten iron manufacturing apparatus based on the fluidized reduction furnace and the coal filling-type
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melter-gasifier and stably producing molteniron by using low-grade fuel and raw materials in the molten iron manufacturing
apparatus based on the molten-bath type melting reduction furnace connected thereto.

[0030] Anexemplary embodiment of the present invention provides a combined molten iron manufacturing apparatus
including: a first molten iron manufacturing apparatus including a first fluidized reduction furnace constituted in multiple
stages that reduces fine ore to convert the reduced fine ore to fine reduced iron, a plurality of hot compacting devices
that manufactures the fine reduced iron emitted from the first fluidized reduction furnace to hot reduced compacted iron,
a conveying device that conveys the hot reduced compacted iron crushed with a predetermined size, a compacted iron
charging device for continuously supplying the hot reduced compacted iron conveyed by the conveying device to a
melter-gasifier and a compacted general coal charging device for continuously supplying compacted general coal to the
melter-gasifier, a melter-gasifier that melts the hot reduced compacted iron supplied from the compacted iron charging
device by using hot combust gas generated by combusting the compacted general coal supplied from the compacted
general coal charging device and a pulverized coal material injected from the lower portion with oxygen and supplies
reducing gas required in fine ore reduction in the first fluidized reduction furnace, a CO, removing device that removes
CO, by branching some of exhaust gas of the first fluidized reduction furnace and then supplies the reducing gas to the
first fluidized reduction furnace by adding the removed CO, to the reducing gas supplied from the melter-gasifier, a dust
circulation device that separates dust included in the reducing gas generated from the melter-gasifier to re-inject the
dust to the melter-gasifier, a pressure control device that uniformly maintains pressure in the melter-gasifier by branching
and cooling some of gases generated from the melter-gasifier according to a pressure change of the melter-gasifier and
then discharging some of gases to a by-product gas line, a first sensible heat recovery device that recovers sensible
heat of the exhaust gas discharged from the first fluidized reduction furnace, a first dry dust collecting device that
separates scattering dust included in the exhaust gas discharged from the first fluidized reduction furnace, and a first
gas cooling device that cools the exhaust gas discharged from the first fluidized reduction furnace;

a second molten iron manufacturing apparatus including an iron-bath type melting reduction furnace that manufactures
a fine iron-containing material and pulverized coal which are injected to the inner portion as molten iron and slag through
reactions such as dissolution, combustion, and melting reduction therein to discharge the manufactured molten iron and
slag to the outside, a hot blast furnace that manufactures hot blast which is injected to the melting reduction furnace a
as a secondary combustion oxidant, and a cleaning device that cools and cleans the gas discharged from the melting
reduction furnace; and

a third molten iron manufacturing apparatus that is provided between the first molten iron manufacturing apparatus and
the second molten iron manufacturing apparatus to connect the first molten iron manufacturing apparatus and the second
molten iron manufacturing apparatus, branch some of the reducing gas generated from the melter-gasifier of the first
molten iron manufacturing apparatus and supplied to the first fluidized reduction furnace, and reduces a fine ore at a
predetermined level by using the branched reducing gas to supply the reduced fine ore as an iron source of the second
molten iron manufacturing apparatus.

[0031] The third molten iron manufacturing apparatus may include an oxygen mixing furnace that is provided on a
pipe supplying hot reducing gas to the first fluidized reduction furnace of the first molten iron manufacturing apparatus
through the dust circulation device of the first molten iron manufacturing apparatus to inject oxygen into the hot reducing
gas,

a pipe that is provided at the rear end of the oxygen mixing furnace to branch some of the reducing gas, and

a second fluidized reduction furnace that is connected to the pipe, receives some the branched reducing gas from the
pipe to reduce a fine ore, and converts the reduced fine ore to a fine reductant.

[0032] The second fluidized reduction furnace may be configured in multiple stages of two stages or three stages or
more.

[0033] The combined molteniron manufacturing apparatus may further include a second sensible heatrecovery device
that is connected to the rear end of the second fluidized reduction furnace to recover sensible heat of the exhaust gas
discharged from the second fluidized reduction furnace.

[0034] The combined molten iron manufacturing apparatus may further include a second dry dust collecting device
thatis connected to the rear end of the second sensible heat recovery device to separate scattering dustin the exhaust gas.
[0035] The combined molten iron manufacturing apparatus may further include a second gas cooling device that is
connected to the rear end of the second dry dust collecting device to cool the exhaust gas.

[0036] The second fluidized reduction furnace may include a fine reductant storage tank that is connected to the
lowermost second fluidized reduction furnace to store the fine reductant discharged from the second fluidized reduction
furnace through a pipe.

[0037] The second fluidized reduction furnace may include a fine reductant transporting device that is connected to
the lower end of the fine reductant storage tank to inject the fine reductant into the iron-bath type melting reduction
furnace of the second molten iron manufacturing apparatus through a fine reductant transporting pipe connecting the
fine reductant storage tank and the iron-bath type melting reduction furnace of the second molten iron manufacturing
apparatus from the fine reductant storage tank.
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[0038] At the lower end of the first dry dust collecting device, a first transporting device and a first transporting pipe
connecting the first transporting device and the fine reductant transporting pipe may be provided to inject dusts separated
from the first dry dust collecting device into the iron-bath type melting reduction furnace of the second molten iron
manufacturing apparatus together with the fine reductant discharged from the second fluidized reduction furnace.
[0039] Atthelowerendofthe second dry dust collecting device, a second transporting device and a second transporting
pipe connecting the second transporting device and the fine reductant transporting pipe may be provided to inject dusts
separated from the second dry dust collecting device into the iron-bath type melting reduction furnace of the second
molten iron manufacturing apparatus together with the fine reductant discharged from the second fluidized reduction
furnace.

[0040] The combined molten iron manufacturing apparatus may further include a hot blast furnace fuel gas supply
pipe which is connected to the hot blast furnace by combining the exhaust gases of the first fluidized reduction furnace
and the second fluidized reduction furnace of the first molten iron manufacturing apparatus and then branching the
exhaust gases at the line rear end branched to the by-product gas line in order to supply required fuel to the hot blast
furnace.

[0041] Another exemplary embodiment of the present invention provides a combined molten iron manufacturing ap-
paratus including: a first molten iron manufacturing apparatus including a first fluidized reduction furnace constituted in
multiple stages that reduces fine ore to convert the reduced fine ore to fine reduced iron, a plurality of hot compacting
devices that manufactures the fine reduced iron emitted from the first fluidized reduction furnace to hot reduced compacted
iron, a conveying device that conveys the hot reduced compacted iron crushed with a predetermined size, a compacted
iron charging device for continuously supplying the hot reduced compacted iron conveyed by the conveying device to
a melter-gasifier and a compacted general coal charging device for continuously supplying compacted general coal to
the melter-gasifier, a melter-gasifier that melts the hot reduced compacted iron supplied from the compacted iron charging
device by using hot combust gas generated by combusting the compacted general coal supplied from the compacted
general coal charging device and a pulverized coal material injected from the lower portion with oxygen and supplies
reducing gas required in fine ore reduction in the first fluidized reduction furnace, a CO, removing device that removes
CO, by branching some of exhaust gas of the first fluidized reduction furnace and then supplies the reducing gas to the
first fluidized reduction furnace by adding the removed CO, to the reducing gas supplied from the melter-gasifier, a dust
circulation device that separates dust included in the reducing gas generated from the melter-gasifier to re-inject the
dust to the melter-gasifier, a pressure control device that uniformly maintains pressure in the melter-gasifier by branching
and cooling some of gases generated from the melter-gasifier according to a pressure change of the melter-gasifier and
then discharging some of gases to a by-product gas line, a first sensible heat recovery device that recovers sensible
heat of the exhaust gas discharged from the first fluidized reduction furnace, a first dry dust collecting device that
separates scattering dust included in the exhaust gas discharged from the first fluidized reduction furnace, and a first
gas cooling device that cools the exhaust gas discharged from the first fluidized reduction furnace;

a second molten iron manufacturing apparatus including a iron-bath type melting reduction furnace that manufactures
a fine iron-containing material and pulverized coal which are injected to the inner portion as molten iron and slag through
reactions such as dissolution, combustion, and melting reduction therein to discharge the manufactured molten iron and
slag to the outside; a hot blast furnace b that manufactures hot blast which is injected to the melting reduction furnace
a as a secondary combustion oxidant, a second sensible heat recovery device c for recovering sensible heat of the
exhaust gas discharged from the melting reduction furnace a, and a cleaning device d that cools and cleans the gas
discharged from the melting reduction furnace, and

a fourth molten iron manufacturing apparatus that is provided between the first molten iron manufacturing apparatus
and the second molten iron manufacturing apparatus to connect the first molten iron manufacturing apparatus and the
second molten iron manufacturing apparatus, partially extracts and removes a CO, component included in the final by-
product gas of the first molten iron manufacturing apparatus, manufactures hot reducing gas by heating the CO, com-
ponent, and then reduces and sinters the fine ore, the supplementary raw materials, and the like at a predetermined
level by using the reducing gas to manufacture a fine reductant and supply the fine reductant as an iron source of the
second molten iron manufacturing apparatus.

[0042] The fourth molten iron manufacturing apparatus may include a compressor that is connected with a by-product
gas pipe in which by-product gas generated from the first molten iron manufacturing apparatus flows to compress the
by-product gas,

a second CO, removing device that is connected with the compressor to remove the CO, component in the compressed
gas from the compressor,

a heat exchanger and a gas heater which are connected with the second CO, removing device and provided for heating
CO, removing gas discharged from the second CO, removing device and manufacturing hot reducing gas,

an oxygen mixing furnace that is connected with the gas heater to inject oxygen into the hot reducing gas, and

a second fluidized reduction furnace that is connected with the oxygen mixing furnace and reduces and fires the fine
ore and the supplementary raw materials by supplying the hot reducing gas.
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[0043] The second fluidized reduction furnace may be configured in multiple stages of two stages or three stages or
more.

[0044] The combined molten iron manufacturing apparatus may further include a second dry dust collecting device
that is connected to the rear end of the heat exchanger and discharged from the second fluidized reduction furnace to
separate scattering dust in the exhaust gas after passing through the heat exchanger.

[0045] The combined molten iron manufacturing apparatus may further include a second gas cooling device that is
connected to the rear end of the second dry dust collecting device to cool the exhaust gas.

[0046] The combined molten iron manufacturing apparatus may further include a gas pipe that is connected to the
rear end of the second gas cooling device to circulate some of the exhaust gas to the second CO, removing device.
[0047] The combined molten iron manufacturing apparatus may further include a final exhaust gas pipe that is con-
nected to the rear end of the second gas cooling device to discharge the rest of the exhaust gas to the outside.

[0048] The combined molten iron manufacturing apparatus may further include a gas pipe that connects the second
CO, removing device and the final exhaust gas pipe to discharge the CO, separated from the second CO, removing
device to the outside.

[0049] The second fluidized reduction furnace may include a fine reductant storage tank for storing the fine reductant
discharged from the lowermost fluidized reduction furnace through the pipe.

[0050] The second fluidized reduction furnace may include a fine reductant transporting device that injects the fine
reductant into the iron-bath type melting reduction furnace of the second molten iron manufacturing apparatus through
a fine reductant transporting pipe connecting the fine reductant storage tank and the iron-bath type melting reduction
furnace from the fine reductant storage tank.

[0051] At the lower end of the first dry dust collecting device, a first transporting device and a first transporting pipe
connecting the first transporting device and the fine reductant transporting pipe may be provided to inject dusts separated
from the first dry dust collecting device into the iron-bath type melting reduction furnace of the second molten iron
manufacturing apparatus together with the fine reductant discharged from the second fluidized reduction furnace.
[0052] Atthelowerend ofthe second dry dust collecting device, a second transporting device and a second transporting
pipe connecting the second transporting device and the fine reductant transporting pipe may be provided to inject dusts
separated from the second dry dust collecting device into the iron-bath type melting reduction furnace of the second
molten iron manufacturing apparatus together with the fine reductant discharged from the second fluidized reduction
furnace.

[0053] In order to supply required fuel to the gas heating furnace and the hot blast furnace of the second molten iron
manufacturing apparatus, the pipe may include a fuel gas supply pipe which is branched at a front end of a point where
gas containing CO, removed from the second CO, removing device and gas discharged from the second molten iron
manufacturing apparatus are combined and connected to the hot blast furnace b, the gas heating furnace.

[Advantageous Effects]

[0054] According to an embodiment of the present invention, in the combined molten iron manufacturing apparatus
configured by the plurality of reaction furnaces directly using fine or compacted general coals and fine iron-containing
ores, it is possible to manufacture molten iron stably and at high efficiency even using low-grade coals in the molten
iron manufacturing apparatus based on the molten-bath type melting reduction furnace by manufacturing molten iron in
the molten iron manufacturing apparatus based on the fluidized reduction furnace and the coal filling-type melter-gasifier
by using conventional metallurgical ores and coals, stably reducing low-rank ores by using some of reducing gas gen-
erated stably, and using the reduced low-rank ores as an iron source.

[0055] Accordingtoanotherembodimentofthe presentinvention,inthe combined molten iron manufacturing apparatus
configured by the plurality of reaction furnaces directly using fine or compacted general coals and fine iron-containing
ores, it is possible to manufacture molten iron stably and at high efficiency even using low-grade coals in the molten
iron manufacturing apparatus based on the molten-bath type melting reduction furnace by manufacturing molten iron in
the molten iron manufacturing apparatus based on the fluidized reduction furnace and the coal filling-type melter-gasifier
by using conventional metallurgical ores and coals, partially extracting and removing a CO, component included in final
by-product gas, heating the CO, component to manufacture hot reducing gas, and then stably reducing low-rank ores
by using the reducing gas, and using the reduced low-rank ores as an iron source.

[0056] Therefore, according to the combined molten iron manufacturing apparatus according to the exemplary em-
bodiment and/or another exemplary embodiment of the present invention, it is possible to manufacture molten iron by
simultaneously using conventional metallurgical ores and coals and ores and coals known to be unsuitable for metallurgy
in the past.
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[Description of the Drawings]
[0057]

FIG. 1 is a schematic diagram of a combined molten iron manufacturing apparatus according to an exemplary
embodiment of the present invention.

FIG. 2 is a schematic process flowchart illustrating a flow of materials in the combined molten iron manufacturing
apparatus as an example of the combined molten iron manufacturing apparatus according to the exemplary em-
bodiment of the present invention.

FIG. 3 is a table illustrating property ratios of gases according to the flow of materials in the combined molten iron
manufacturing apparatus as an example of the combined molten iron manufacturing apparatus according to the
exemplary embodiment of the present invention.

FIG. 4 is a schematic diagram of a combined molten iron manufacturing apparatus according to another exemplary
embodiment of the present invention.

FIG. 5 is a schematic process flowchart illustrating a flow of materials in the combined molten iron manufacturing
apparatus as an example of the combined molten iron manufacturing apparatus according to another exemplary
embodiment of the present invention.

FIG. 6 is a table illustrating property ratios of gases according to the flow of materials in the combined molten iron
manufacturing apparatus as an example of the combined molten iron manufacturing apparatus according to another
exemplary embodiment of the present invention.

[Mode for Invention]

[0058] Hereinafter, exemplary embodiments of the present invention will be described so as to be easily implemented
by those skilled in the art, with reference to the accompanying drawings. The present invention has been described in
an illustrative manner, and it is to be understood that the terminology used is intended to be in the nature of description
rather than of limitation. Many modifications and variations of the present invention are possible in light of the above
teachings. Therefore, it is to be understood that within the scope of the appended claims, the invention may be practiced
otherwise than as specifically described. Like reference numerals refer to like elements throughout the specification.
[0059] Itis to be understood that the terminology used therein is for the purpose of describing particular embodiments
only and is not intended to be limiting. It must be noted that, as used in the specification and the appended claims, the
singular forms include plural references unless the context clearly dictates otherwise. It will be further understood that
the terms "comprises" and/or "comprising," when used in this specification, specify the presence of stated properties,
regions, integers, steps, operations, elements, and/or components, but do not preclude the presence or addition of one
or more other properties, regions, integers, steps, operations, elements, and/or components thereof.

[0060] All terminologies that include technical terminologies and scientific terminologies used herein have the same
meaning as that understood by those who are skilled in the art to which the present invention belongs. The terminologies
that are defined previously are further understood to have the meaning that coincides with relating technical documents
and the contents that are disclosed currently, but not interpreted as the ideal or very official meaning unless it is defined.
[0061] FIG. 1 is a schematic diagram of a combined molten iron manufacturing apparatus according to an exemplary
embodiment of the present invention.

[0062] Referring to FIG. 1, a first molten iron manufacturing apparatus in a combined molten iron manufacturing
apparatus configured by a plurality of reaction furnaces that directly uses fine or compacted general coals or fine iron-
containing ores according to an exemplary embodiment of the present invention may include

a first fluidized reduction furnace constituted in multiple stages that reduces fine ore to convert the reduced fine ore to
fine reduced iron, a plurality of hot compacting devices B that manufactures the fine reduced iron emitted from the first
fluidized reduction furnace A to hot reduced compacted iron, a conveying device D that conveys the hot reduced com-
pacted iron crushed with a predetermined size, a compacted iron charging device E for continuously supplying the hot
reduced compacted iron conveyed by the conveying device D to a melter-gasifier G and a compacted general coal
charging device F for continuously supplying compacted general coal to the melter-gasifier G, a melter-gasifier G that
melts the hot reduced compacted iron supplied from the compacted iron charging device E by using hot combust gas
generated by combusting the compacted general coal supplied from the compacted general coal charging device F and
a pulverized coal material injected from the lower portion with oxygen and supplies reducing gas required in fine ore
reduction in the first fluidized reduction furnace A, a CO, removing device M that removes CO, by branching some of
exhaust gas of the first fluidized reduction furnace A and then supplies the reducing gas to the first fluidized reduction
furnace A by adding the removed CO, to the reducing gas supplied from the melter-gasifier G, a dust circulation device
H that separates dust included in the reducing gas generated from the melter-gasifier G to re-inject the dust to the melter-
gasifier G, a pressure control device | that uniformly maintains pressure in the melter-gasifier G by branching and cooling
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some of gases generated from the melter-gasifier G according to a pressure change of the melter-gasifier G and then
discharging some of gases to a by-product gas line, a first sensible heat recovery device J that recovers sensible heat
of the exhaust gas discharged from the first fluidized reduction furnace A, a first dry dust collecting device K that separates
scattering dust included in the exhaust gas discharged from the first fluidized reduction furnace A, and a first gas cooling
device L that cools the exhaust gas discharged from the first fluidized reduction furnace A.

[0063] Further, a second molten iron manufacturing apparatus of the combined molten iron manufacturing apparatus
may include

a iron-bath type melting reduction furnace a that manufactures a fine iron-containing material and pulverized coal which
are injected to the inner portion as molten iron and slag through reactions such as dissolution, combustion, and melting
reduction therein to discharge the manufactured molten iron and slag to the outside,

a hot blast furnace b that manufactures hot blast which is injected to the melting reduction furnace a as a secondary
combustion oxidant, and

a cleaning device d that cools and cleans the gas discharged from the melting reduction furnace a.

[0064] The combined molten iron manufacturing apparatus may include a third molten iron manufacturing apparatus
that is provided between the first molten iron manufacturing apparatus and the second molten iron manufacturing ap-
paratus to connect the first molten iron manufacturing apparatus and the second molten iron manufacturing apparatus,
branch some of the reducing gas generated from the melter-gasifier G of the first molten iron manufacturing apparatus
and supplied to the first fluidized reduction furnace A, and reduce fine ore at a predetermined level by using the branched
reducing gas to supply the reduced fine ore as an iron source of the second molten iron manufacturing apparatus.
[0065] The third molten iron manufacturing apparatus may include an oxygen mixing furnace 2 that is provided on a
pipe 30 supplying hot reducing gas to the first fluidized reduction furnace A of the first molten iron manufacturing apparatus
through the dust circulation device H of the first molten iron manufacturing apparatus to inject oxygen into the hot reducing
gas,

a pipe 31 that is provided at the rear end of the oxygen mixing furnace 2 to branch some of the reducing gas, and

a second fluidized reduction furnace 1 that is connected to the pipe 31, receives some the branched reducing gas from
the pipe to reduce a fine ore, and converts the reduced fine ore to a fine reductant.

[0066] The second fluidized reduction furnace 1 may be configured in multiple stages of two stages or three stages
or more.

[0067] Further, the combined molten iron manufacturing apparatus may sequentially provide a second sensible heat
recovery device 3 that is connected to the rear end of the second fluidized reduction furnace 1 to recover sensible heat
of the exhaust gas discharged from the second fluidized reduction furnace 1,

a second dry dust collecting device 4 that is connected to the rear end of the second sensible heat recovery device 3
to separate scattering dust in the exhaust gas, and

a second gas cooling device 5 that is connected to the rear end of the second dry dust collecting device 4 to cool the
exhaust gas.

[0068] Further, the second fluidized reduction furnace 1 constituted in the multiple stages may include a fine reductant
storage tank 20 that is connected to the lowermost second fluidized reduction furnace to store the fine reductant dis-
charged from the second fluidized reduction furnace 1 through a pipe 19, and

a fine reductant transporting device 21 that is connected to the lower end of the fine reductant storage tank 20 to inject
the fine reductant into the iron-bath type melting reduction furnace a of the second molten iron manufacturing apparatus
through a fine reductant transporting pipe 10 connecting the fine reductant storage tank 20 and the iron-bath type melting
reduction furnace a of the second molten iron manufacturing apparatus from the fine reductant storage tank 20.
[0069] Further, atthe lower end of the first dry dust collecting device K, afirst transporting device 6 and afirst transporting
pipe 7 connecting the first transporting device 6 and the fine reductant transporting pipe 10 may be provided to inject
dusts separated from the first dry dust collecting device K into the iron-bath type melting reduction furnace a of the
second molten iron manufacturing apparatus together with the fine reductant discharged from the second fluidized
reduction furnace 1.

[0070] At the lower end of the second dry dust collecting device 4, a second transporting device 8 and a second
transporting pipe 9 connecting the second transporting device 8 and the fine reductant transporting pipe 10 may be
provided to inject dusts separated from the second dry dust collecting device 4 into the iron-bath type melting reduction
furnace a of the second molten iron manufacturing apparatus together with the fine reductant discharged from the second
fluidized reduction furnace 1.

[0071] Further, the second molten iron manufacturing apparatus may include a hot blast furnace fuel gas supply pipe
18 which is connected to the hot blast furnace b by combining the exhaust gases of the first fluidized reduction furnace
A and the second fluidized reduction furnace 1 of the first molten iron manufacturing apparatus and then branching the
exhaust gases at the line rear end branched to the by-product gas line in order to supply required fuel to the hot blast
furnace b.

[0072] Hereinafter, effects of the combined molten iron manufacturing apparatus according to the exemplary of the
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present invention will be described with reference to FIG. 1.

[0073] The reducing gas generated from the melter-gasifier G of the first molten iron manufacturing apparatus is
combined with the CO, removing gas supplied from the CO, removing device M and then passes through the dust
circulation device H, and in this process, the dust in the reducing gas is removed. Some of the reducing gas from which
the dust is removed is branched to the pressure control device | and the rest of the reducing gas is supplied to the first
fluidized reduction furnace A of the first molten iron manufacturing apparatus through the pipe 30 as hot reducing gas.
[0074] On the pipe 30, the oxygen mixing furnace 2 is provided, and the oxygen is injected into the oxygen mixing
furnace 2 to combust some of the hot reducing gas flowing into the oxygen mixing furnace 2 and increase the temperature
of the hot reducing gas by the combustion heat.

[0075] In this case, the temperature of the hot reducing gas at the rear end of the oxygen mixing furnace 2 may be
approximately 700 to 780°C in order to prevent adhesion of the fine ores in the first fluidized reduction furnace A and
the second fluidized reduction furnace 1 of the third molten iron manufacturing apparatus to which the hot reducing gas
is supplied.

[0076] At the rear end of the oxygen mixing furnace 2, the hot reducing gas heated to the temperature is branched to
the pipe 31 from the pipe 30 and then supplied to the second fluidized reduction furnace 1.

[0077] The second fluidized reduction furnace 1 is constituted in the multiple stages (in FIG. 1, for example, constituted
in three stages), and the fine ore and supplementary raw materials are supplied to the uppermost second fluidized
reduction furnace of the multi-stage second fluidized reduction furnace 1, hot gas supplied to the lowermost second
fluidized reduction furnace of the multi-stage second fluidized reduction furnace 1 and a counter flow type, that is, the
fine ore and supplementary raw materials are supplied from the uppermost end to the lowermost end and the hot gas
is supplied from the lowermost end to the uppermost end to cross each other and contact each other. In this process,
the fine ore and supplementary raw materials are reduced and fired to be converted to the fine reductant.

[0078] The fine reductant is discharged from the lowermost second fluidized reduction furnace of the second fluidized
reduction furnace 1 and stored in the fine reductant storage tank 20, injected into the iron-bath type melting reduction
furnace a of the second molten iron manufacturing apparatus through the fine reductant transporting pipe 10 by the
transporting device 21 provided at the lower end of the fine reductant storage tank 20, dissolved in the iron-bath type
melting reduction furnace a, and then converted to molten iron and slag by melting reduction, slagging reaction, and the
like.

[0079] Further, a reduction rate of the fine reduced ore included in the fine reductant discharged from the lowermost
end of the second fluidized reduction furnace 1 is preferably about 60 to 70%. The reason is that at the reduction rate
of 60 to 70% or more, adhesion of ores occurs, and at the reduction rate of 60 to 70% or less, energy required for the
melting reduction and slagging of the fine reductant in the iron-bath type melting reduction furnace a of the second
molten iron manufacturing apparatus is increased. In order to maintain the reduction rate, the second fluidized reduction
furnace 1 may be constituted in multiple stages, for example, two to three stages.

[0080] Further, the exhaust gas discharged from the second fluidized reduction furnace 1 is cooled through the second
sensible heat recovery device 3, and then the dust included in the exhaust gas is separated through the second dry dust
collecting device 4, cooled up to room temperature in the second gas cooling device 5, and discharged from the first
fluidized reduction furnace A of the first molten iron manufacturing apparatus. The dust is removed through the first
sensible heat recovery device J, the first dry dust collecting device K and the first gas cooling device L and combined
with the cooled gas. Some of the combined gas is supplied to the CO, removing device M and the rest of the combined
gasis combined with the gas discharged through the pressure control device | to be discharged to the by-product gas line.
[0081] Further, at the lower ends of the first dry dust collecting device K and the second dry dust collecting device 4,
the first transporting device 6 and the second transporting device 7 are provided, respectively. The first transporting
device 6 and the second transporting device 7 are connected with the fine reductant transporting pipe 10 through the
first and second transporting pipes 7 and 9 by receiving the dust separated from the exhaust gas of the first fluidized
reduction furnace A and the second fluidized reduction furnace 1 from the first dry dust collecting device K and the
second dry dust collecting device 4 to be mixed with the fine reductant in the fine reductant transporting pipe 10 and
then injected into the iron-bath type melting reduction furnace a.

[0082] An example of manufacturing molten iron by using the combined molten iron manufacturing apparatus consti-
tuted by the plurality of reaction furnaces directly using the fine or compacted general coals and the fine iron-containing
ores according to the exemplary embodiment of the present invention will be described. For purposes of the present
invention, the first molten iron manufacturing apparatus is stable, and in order to produce the molten iron at high efficiency,
as the used fine ores and coals, generally, high-rank ores having a relatively large iron content and metallurgy coals
having a high coking property were used as illustrated in Tables 1 to 3 below.
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[Table 2] Composition of used coals of first molten iron manufacturing apparatus

Moisture

VM

Ash

FC

5.00

23.66

12.12

59.20

[Table 3] Composition of used supplementary raw materials of first molten iron manufacturing apparatus

Moisture

T.Fe

Fe

FeO Fe203

Sio2

Al203

CaO

MgO

MnO

0.20

0.00

0.00

0.00 0.29

1.56

0.45

40.18

11.87

0.01

[0083] Further, unlike the first molten iron manufacturing apparatus, in the second molten iron manufacturing apparatus,
low-rank ores having high gangue content and low-cost anthracites without a coking property were used as illustrated

in Tables 4 to 5 below.
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[Table 5] Composition of used coals of second molten iron manufacturing apparatus
Moisture VM Ash FC
3.39 532 16.34 74.95

[0084] Further, the third molten iron manufacturing apparatus used supplementary raw materials having the same
composition as the first molten iron manufacturing apparatus.

[0085] FIGS. 2 and 3 are a process flowchart and a table illustrating property ratios of gases as an example of a
process of manufacturing molten iron of 180 ton per hour in the first molten iron manufacturing apparatus and manu-
facturing molten iron of 100 ton per hour in the second molten iron manufacturing apparatus by using the third molten
iron manufacturing apparatus of the combined molten iron manufacturing apparatus.

[0086] Further, Tables 6 to 9 below are composition tables illustrating contents of main components of molten iron
and slag produced in the first molten iron manufacturing apparatus and the second molten iron manufacturing apparatus
according to the exemplary embodiment of the present invention, respectively.

[Table 6] Composition of produced molten iron of first molten iron manufacturing apparatus

Cc

Si

p

Mn

S

4.500

0.500

0.059

0.150

0.047

[Table 7] Composition of produced slag of first molten iron manufacturing apparatus

Sio2

AI203

CaO

MgO

FeO

S

30.731

17.695

36.893

10.516

0.488

1.226

[Table 8] Composition of produced molten iron of second molten iron manufacturing apparatus

Cc

Si

P

Mn

S

4.000

0.100

0.090

0.000

0.076

[Table 9] Composition of produced slag of second molten iron manufacturing apparatus
Sio2 Al203 CaO MgO FeO S
32.807 18.359 42.649 2.450 2.988 0.303

[0087] In the case of the second molten iron manufacturing apparatus, as compared with the first molten iron manu-
facturing apparatus, low-cost fuel and raw materials were used and the impurity contents such as S and P in the molten
iron are increased, but may be generally removed in a refining process.

[0088] As described above, in the first molten iron manufacturing apparatus, the molten iron is stably produced at high
efficiency by using the relatively high-cost fuel and raw materials. As a result, it is shown that the hot reducing gas
generated stably in the first molten iron manufacturing apparatus is used and thus, the stable fine reductant of approx-
imately 60 to 70% is manufactured by using the low-rank fine ores and supplementary raw materials from the second
fluidized reduction furnace 1.

[0089] Further, it is shown that the fine reductant is supplied as an iron source of the iron-bath type melting reduction
furnace a of the second molten iron manufacturing apparatus to stably produce molten iron even by using low-cost
anthracite as described above in the second molten iron manufacturing apparatus.

[0090] In addition, FIG. 4 is a schematic diagram of a combined molten iron manufacturing apparatus according to
another exemplary embodiment of the present invention.

[0091] Since the combined molten iron manufacturing apparatus according to another exemplary embodiment of the
present invention is the same as details described in the combined molten iron manufacturing apparatus according to
the exemplary embodiment of the present invention rather than specifically described details below, the detailed de-
scription thereof will be omitted.

14
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[0092] Referring to FIG. 4, a first molten iron manufacturing apparatus in a combined molten iron manufacturing
apparatus configured by a plurality of reaction furnaces that directly uses fine or compacted general coals or fine iron-
containing ores according to another exemplary embodiment of the present invention may include

a first fluidized reduction furnace A constituted in multiple stages that reduces fine ore to convert the reduced fine ore
to fine reduced iron, a plurality of hot compacting devices B that manufactures the fine reduced iron emitted from the
first fluidized reduction furnace A to hot reduced compacted iron, a conveying device D that conveys the hot reduced
compacted iron crushed with a predetermined size, a compacted iron charging device E for continuously supplying the
hot reduced compacted iron conveyed by the conveying device D to a melter-gasifier G and a compacted general coal
charging device F for continuously supplying compacted general coal to the melter-gasifier G, a melter-gasifier G that
melts the hot reduced compacted iron supplied from the compacted iron charging device E by using hot combust gas
generated by combusting the compacted general coal supplied from the compacted general coal charging device F and
a pulverized coal material injected from the lower portion with oxygen and supplies reducing gas required in fine ore
reduction in the first fluidized reduction furnace A, a CO, removing device M that removes CO, by branching some of
exhaust gas of the first fluidized reduction furnace A and then supplies the reducing gas to the first fluidized reduction
furnace A by adding the removed CO, to the reducing gas supplied from the melter-gasifier G, a dust circulation device
that separates dust included in the reducing gas generated from the melter-gasifier G to re-inject the dust to the melter-
gasifier G, a pressure control device | that uniformly maintains pressure in the melter-gasifier G by branching and cooling
some of gases generated from the melter-gasifier G according to a pressure change of the melter-gasifier G and then
discharging some of gases to a by-product gas line, a first sensible heat recovery device J that recovers sensible heat
of the exhaust gas discharged from the first fluidized reduction furnace A, a first dry dust collecting device K that separates
scattering dust included in the exhaust gas discharged from the first fluidized reduction furnace A, and a first gas cooling
device L that cools the exhaust gas discharged from the first fluidized reduction furnace A.

[0093] Further, a second molten iron manufacturing apparatus of the combined molten iron manufacturing apparatus
may include

a iron-bath type melting reduction furnace a that manufactures a fine iron-containing material and pulverized coal which
are injected to the inner portion as molten iron and slag through reactions such as dissolution, combustion, and melting
reduction therein to discharge the manufactured molten iron and slag to the outside,

a hot blast furnace b that manufactures hot blast which is injected to the melting reduction furnace a as a secondary
combustion oxidant,

a second sensible heat recovery device c for recovering sensible heat of the exhaust gas discharged from the melting
reduction furnace a, and

a cleaning device d that cools and cleans the gas discharged from the melting reduction furnace a.

[0094] The combined molten iron manufacturing apparatus may include a fourth molten iron manufacturing apparatus
that is provided between the first molten iron manufacturing apparatus and the second molten iron manufacturing ap-
paratus to connect the first molten iron manufacturing apparatus and the second molten iron manufacturing apparatus,
partially extracts and removes a CO, componentincluded in the final by-product gas of the first molten iron manufacturing
apparatus, manufactures hot reducing gas by heating the CO, component, and then reduces and sinters the fine ore,
the supplementary raw materials, and the like at a predetermined level by using the reducing gas to manufacture a fine
reductant and supply the fine reductant as an iron source of the second molten iron manufacturing apparatus.

[0095] The fourth molten iron manufacturing apparatus may include a compressor 101 that is connected with a by-
product gas pipe 120 in which by-product gas generated from the first molten iron manufacturing apparatus flows to
compress the by-product gas,

a second CO, removing device 102 that is connected with the compressor 101 to remove the CO, component in the
compressed gas from the compressor 101,

a heat exchanger 104 and a gas heater 105 which are connected with the second CO, removing device 102 and provided
for heating CO, removing gas discharged from the second CO, removing device 102 and manufacturing hot reducing gas,
an oxygen mixing furnace 106 that is connected with the gas heater 105 to inject oxygen into the hot reducing gas, and
a second fluidized reduction furnace 107 that is connected with the oxygen mixing furnace 106 and reduces and fires
the fine ore and the supplementary raw materials by supplying the hot reducing gas.

[0096] The second fluidized reduction furnace 107 may be configured in multiple stages of two stages or three stages
or more.

[0097] The combined molten iron manufacturing apparatus may sequentially provide a second dry dust collecting
device 115 that is connected to the rear end of the heat exchanger 104 and discharged from the second fluidized
reduction furnace 107 to separate scattering dust in the exhaust gas after passing through the heat exchanger 104, and
a second gas cooling device 116 that is connected to the rear end of the second dry dust collecting device 115 to cool
the exhaust gas.

[0098] Further, the combined molten iron manufacturing apparatus may provides a gas pipe 121 that is connected to
the rear end of the second gas cooling device 116 to circulate some of the exhaust gas to the second CO, removing
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device 102,

a final exhaust gas pipe 124 that is connected to the rear end of the second gas cooling device 116 to discharge the
rest of the exhaust gas to the outside, and

a gas pipe 126 that connects the second CO, removing device 102 and the final exhaust gas pipe 124 to discharge the
CO, separated from the second CO, removing device 102 to the outside.

[0099] Further, the second fluidized reduction furnace 107 may include a fine reductant storage tank 109 for storing
the fine reductant discharged from the lowermost fluidized reduction furnace through the pipe 108, and

a fine reductant transporting device 110 that injects the fine reductant into the iron-bath type melting reduction furnace
a of the second molten iron manufacturing apparatus through a fine reductant transporting pipe 111 connecting the fine
reductant storage tank 109 and the iron-bath type melting reduction furnace a from the fine reductant storage tank 109.
[0100] Further, at the lower end of the first dry dust collecting device K, a first transporting device 113 and a first
transporting pipe 114 connecting the first transporting device 113 and the fine reductant transporting pipe 111 may be
provided to inject dusts separated from the first dry dust collecting device K into the iron-bath type melting reduction
furnace a of the second molten iron manufacturing apparatus together with the fine reductant discharged from the second
fluidized reduction furnace 7.

[0101] At the lower end of the second dry dust collecting device 115, a second transporting device 117 and a second
transporting pipe 118 connecting the second transporting device 117 and the fine reductant transporting pipe 111 may
be provided to inject dusts separated from the second dry dust collecting device 115 into the iron-bath type melting
reduction furnace a of the second molten iron manufacturing apparatus together with the fine reductant discharged from
the second fluidized reduction furnace 107.

[0102] Further, in order to supply required fuel to the gas heating furnace 105 and the hot blast furnace b of the second
molten iron manufacturing apparatus, the pipe 120 may include a fuel gas supply pipe 119 which is branched at a front
end of a point where gas containing CO, removed from the second CO, removing device 102 and gas discharged from
the second molten iron manufacturing apparatus are combined and connected to the hot blast furnace b, the gas heating
furnace 105, and the like.

[0103] Hereinafter, effects of the combined molten iron manufacturing apparatus according to another exemplary of
the present invention will be described with reference to FIG. 4.

[0104] The by-product gas generated from the first molten iron manufacturing apparatus flows through the pipe 20,
and is combined with some of the exhaust gas of the second fluidized reduction furnace 107 flowing through the pipe
121, supplied tothe compressor 101, and supplied to the second CO, removing device 102 connected with the compressor
101 after boosting to remove CO, in the gas.

[0105] The CO, concentration in the CO, removing gas discharged from the second CO, removing device 102 may
be approximately 3 to 15%. The reason is that in order to make the CO, concentration to be 3% or less, costs required
for installation and operation of the second CO, removing device 102 is too high, and further, when the CO, concentration
is 15% or more, reducibility of the CO, removing gas is excessively deteriorated and thus, reduction of the ores in the
second fluidized reduction furnace 107 is not smoothly performed.

[0106] Further, the CO, removed from the by-product gas of the first molten iron manufacturing apparatus and the
exhaust gas of the second fluidized reduction furnace 107 in the CO, removing device 102 is discharged to the outside
through a separate gas pipe 126.

[0107] The CO, removing gas discharged from the second CO, removing device 102 is heated by contacting the hot
gas discharged from the second fluidized reduction furnace 107 through a heat exchange tube provided in the heat
exchanger 104 while passing through the heat exchanger 104, and then heated by contacting hot combustion gas
generated by combusting the exhaust gas supplied through the gas pipe 119 in the gas heater 105 through a heat
exchange tube provided in the gas heater 105.

[0108] The gas heating temperature in the gas heater 105 may be approximately 400 to 450°C. The reason is that
since a large amount of CO gas is included in the CO, removing gas, at the temperature or more, metal dusting occurs
by the CO gas and thus, damage to the heat exchange tube provided in the gas heater 105 is caused.

[0109] The gas heated to approximately 400 to 450°C in the gas heater 105 is partially combusted in the oxygen
mixing furnace 106 by oxygen injected from the outside of the oxygen mixing furnace 106 and heated as the combustion
heat. In this case, the temperature of the gas discharged from the oxygen mixing furnace 106 may be approximately
700 to 780°C in order to prevent coherence of the fine ores in the second fluidized reduction furnace 107 from which
the gas is supplied. The hot gas heated at the temperature is supplied to the second fluidized reduction furnace 107 at
the rear end of the oxygen mixing furnace 106.

[0110] The second fluidized reduction furnace 107 is constituted in the multiple stages (in FIG. 1, for example, con-
stituted in three stages), and the fine ore and the supplementary raw materials are supplied to the uppermost second
fluidized reduction furnace of the multi-stage second fluidized reduction furnace 107, hot gas supplied to the lowermost
second fluidized reduction furnace of the multi-stage second fluidized reduction furnace 107 and a counter flow type,
that is, the fine ore and supplementary raw materials are supplied from the uppermost end to the lowermost end and
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the hot gas is supplied from the lowermost end to the uppermost end to cross each other and contact each other. In this
process, the fine ore and supplementary raw materials are reduced and fired to be converted to the fine reductant.
[0111] The fine reductant is discharged from the lowermost second fluidized reduction furnace of the second fluidized
reduction furnace 107 and conveyed and stored to the fine reductant storage tank 109, injected into the iron-bath type
melting reduction furnace a of the second molten iron manufacturing apparatus through the fine reductant transporting
pipe 111 by the transporting device 110 provided at the lower end of the fine reductant storage tank 108, dissolved in
the iron-bath type melting reduction furnace a, and then converted to molten iron and slag by melting reduction, slagging
reaction, and the like.

[0112] Further, a reduction rate of the fine reduced ore included in the fine reductant discharged from the lowermost
end of the second fluidized reduction furnace 107 is preferably about 60 to 70%. The reason is that at the reduction rate
of 60 to 70% or more, adhesion of ores occurs, and at the reduction rate of 60 to 70% or less, energy required for the
melting reduction and slagging of the fine reductant in the iron-bath type melting reduction furnace a in the second molten
iron manufacturing apparatus is excessively increased. In order to maintain the reduction rate, the second fluidized
reduction furnace 107 may be constituted in multiple stages, for example, two to three stages.

[0113] Meanwhile, the exhaust gas discharged from the second fluidized reduction furnace 107 is cooled by heat
exchange with the CO, removing gas while passing through the heat exchanger 104 as described above, the dust
included in the exhaust gas is separated through the second dry dust collecting device 115, some of the exhaust gas
after cooling to room temperature in the second gas cooling device 116 is branched, combined with the by-product gas
of the first molten iron manufacturing apparatus through the pipe 121 as described above to be re-supplied to the second
CO, removing device 102, the rest of the exhaust gas is discharged to the outside through the pipe 124, and then some
of the gas flowing in the pipe 124 is supplied as the fuel of the gas heater 105 and the hot blast furnace b of the second
molten iron manufacturing apparatus through the pipe 119.

[0114] Further, at the lower ends of the first dry dust collecting device K and the second dry dust collecting device
115, the first transporting device 113 and the second transporting device 117 are provided, respectively. The first trans-
porting device 113 and the second transporting device 117 are connected with the fine reductant transporting pipe 111
through the first and second transporting pipes 114 and 118 by receiving the dust separated from the exhaust gas of
the first fluidized reduction furnace A and the second fluidized reduction furnace 7 from the first dry dust collecting device
K and the second dry dust collecting device 115 to be mixed with the fine reductant in the fine reductant transporting
pipe 11 and then injected into the iron-bath type melting reduction furnace a.

[0115] An example of manufacturing molten iron by using the combined molten iron manufacturing apparatus consti-
tuted by the plurality of reaction furnaces directly using the fine or compacted general coals and the fine iron-containing
ores according to another exemplary embodiment of the present invention will be described. For purposes of the present
invention, the first molten iron manufacturing apparatus is stable, and in order to produce the molten iron at high efficiency,
as the used fine ores and coals, generally, high-rank ores having a relatively large iron content and metallurgy coals
having a high coking property were used as illustrated in Tables 11 to 13 below.
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[Table 12] Composition of used coals of first molten iron manufacturing apparatus

Moisture

VM

Ash

FC

5.00

23.66

12.12

59.20

[Table 13] Composition of used supplementary raw materials of first molten iron manufacturing apparatus

Moisture

T.Fe Fe

FeO

Fe203

Sio2

Al203

CaO

MgO

MnO

0.20

0.00 | 0.00

0.00

0.29

1.55

0.45

40.18

11.87

0.01

[0116] Further, unlike the first molten iron manufacturing apparatus, in the second molten iron manufacturing apparatus,
low-rank ores having high gangue contents and low-cost anthracites without a coking property were used as illustrated

in Tables 14 to 15 below.
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[Table 15] Composition of used coals of second molten iron manufacturing apparatus
Moisture VM Ash FC
3.39 5.32 16.34 74.95

[0117] Further, the fourth molten iron manufacturing apparatus used supplementary raw materials having the same
composition as the first molten iron manufacturing apparatus.

[0118] FIG. 5is a process flowchart according to a material flow and a table illustrating property ratios of gases as an
example of a process of manufacturing molten iron of 100 ton per hour in the second molten iron manufacturing apparatus
by using the fourth molten iron manufacturing apparatus according to another exemplary embodiment of the present
invention using the exhaust gas of the first molten iron manufacturing apparatus that manufactures molten iron of 180
ton per hour.

[0119] Further, Tables 16 to 19 below are composition tables illustrating contents of main components of molten iron
and slag produced in the first molten iron manufacturing apparatus and the second molten iron manufacturing apparatus
according to another exemplary embodiment of the present invention, respectively.

[Table 16] Composition of produced molten iron of first molten iron manufacturing apparatus

Cc

Si

=]

Mn

S

4.500

0.500

0.059

0.150

0.047

[Table 17] Composition of produced slag of first molten iron manufacturing apparatus

Sio2

AI203

CaO

MgO

FeO

S

30.731

17.695

36.893

10.516

0.488

1.226

[Table 18] Composition of produced molten iron of second molten iron manufacturing apparatus

Cc

Si

=]

Mn

S

4.000

0.100

0.090

0.000

0.076

[Table 19] Composition of produced slag of second molteniron manufacturing apparatus

Si02

AI203

CaO

MgO

FeO

S

32.807

18.359

42.649

2.450

2.988

0.303

In the case of the second molten iron manufacturing apparatus, as compared with the first molten iron manu-

facturing apparatus, low-cost fuel and raw materials were used and the impurity contents such as S and P in the molten
iron are increased, but may be generally removed in a refining process.

[0121] As described above, in the first molten iron manufacturing apparatus, the molten iron is stably produced at high
efficiency by using the relatively high-cost fuel and raw materials. As a result, it is shown that the hot reducing gas
generated stably in the first molten iron manufacturing apparatus is used and thus, the stable fine reductant of approx-
imately 60 to 70% is manufactured by using the low-rank fine ores and supplementary raw materials from the second
fluidized reduction furnace 1.

[0122] Further, it is shown that the fine reductant is supplied as an iron source of the iron-bath type melting reduction
furnace a of the second molten iron manufacturing apparatus to stably produce molten iron even by using low-cost
anthracite as described above in the second molten iron manufacturing apparatus.

<Description of symbols>
A: First fluidized reduction furnace B:
D: Conveying device E:

Hot compacting apparatus
Compacted iron charging device
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(continued)
F: Compacted general coal chargingdevice  G: Melter-gasifier
H: Dust circulation device I: Pressure control device
J: First sensible heat recovery device K: First dry dust collecting device
L: First gas cooling device
a: Iron-bath type melting reduction furnace
b: Hot blast furnace c: Second sensible heat recovery device
d: Cleaning device
1: Second fluidized reduction furnace 2: Oxygen mixing furnace
3: Second sensible heat recovery device
4: Second dry dust collecting device
5: Second gas cooling device
6, 8: First, second transporting device
7,9: First, second transporting pipes
10: Fine reductant transporting pipe
19, 30, 31:  Pipe 20: Fine reductant storage tank
21: Fine reductant transporting pipe
101: Compressor 102: Second CO, removing device
104: Heat exchanger 105: Gas heater
106: Oxygen mixing furnace
107: Second fluidized reduction furnace
108: Pipe 109: Fine reductant storage tank
110: Fine reductant transporting device
111: Fine reductant transporting pipe

113, 117: First, second transporting devices
114, 118: First, second transporting pipes

115, 116: First, second cooling devices 119: Fuel gas supply pipe
120: By-product gas pipe 121, 126: Gas pipe
124: Final exhaust gas pipe

Claims

1.

A combined molten iron manufacturing apparatus comprising:

a first molten iron manufacturing apparatus including a first fluidized reduction furnace constituted in multiple
stages that reduces fine ore to convert the reduced fine ore to fine reduced iron, a plurality of hot compacting
devices that manufactures the fine reduced iron emitted from the first fluidized reduction furnace to hot reduced
compacted iron, a conveying device that conveys the hot reduced compacted iron crushed with a predetermined
size, a compacted iron charging device for continuously supplying the hot reduced compacted iron conveyed
by the conveying device to a melter-gasifier and a compacted general coal charging device for continuously
supplying compacted general coal to the melter-gasifier, a melter-gasifier that melts the hot reduced compacted
iron supplied from the compacted iron charging device by using hot combust gas generated by combusting the
compacted general coal supplied from the compacted general coal charging device and a pulverized coal
material injected from the lower portion with oxygen and supplies reducing gas required in fine ore reduction in
the first fluidized reduction furnace, a CO, removing device that removes CO, by branching some of exhaust
gas of the first fluidized reduction furnace and then supplies the reducing gas to the first fluidized reduction
furnace by adding the removed CO, to the reducing gas supplied from the melter-gasifier, a dust circulation
device that separates dust included in the reducing gas generated from the melter-gasifier to re-inject the dust
to the melter-gasifier, a pressure control device that uniformly maintains pressure in the melter-gasifier by
branching and cooling some of gases generated from the melter-gasifier according to a pressure change of the
melter-gasifier and then discharging some of gases to a by-product gas line, a first sensible heat recovery device
that recovers sensible heat of the exhaust gas discharged from the first fluidized reduction furnace, a first dry
dust collecting device that separates scattering dust included in the exhaust gas discharged from the first
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fluidized reduction furnace, and a first gas cooling device that cools the exhaust gas discharged from the first
fluidized reduction furnace;

a second molten iron manufacturing apparatus including an iron-bath type melting reduction furnace that man-
ufactures a fine iron-containing material and pulverized coal which are injected to the inner portion as molten
iron and slag through reactions such as dissolution, combustion, and melting reduction therein to discharge the
manufactured molten iron and slag to the outside, a hot blast furnace that manufactures hot blast which is
injected to the melting reduction furnace a as a secondary combustion oxidant, and a cleaning device that cools
and cleans the gas discharged from the melting reduction furnace; and

a third molten iron manufacturing apparatus that is provided between the first molten iron manufacturing appa-
ratus and the second molten iron manufacturing apparatus to connect the first molten iron manufacturing ap-
paratus and the second molten iron manufacturing apparatus, branch some of the reducing gas generated from
the melter-gasifier of the first molten iron manufacturing apparatus and supplied to the first fluidized reduction
furnace, and reduces a fine ore at a predetermined level by using the branched reducing gas to supply the
reduced fine ore as an iron source of the second molten iron manufacturing apparatus.

2. The combined molten iron manufacturing apparatus of claim 1, wherein:

the third molten iron manufacturing apparatus includes an oxygen mixing furnace that is provided on a pipe
supplying hot reducing gas to the first fluidized reduction furnace of the first molten iron manufacturing apparatus
through the dust circulation device of the first molten iron manufacturing apparatus to inject oxygen into the hot
reducing gas,
a pipe that is provided at the rear end of the oxygen mixing furnace to branch some of the reducing gas, and
a second fluidized reduction furnace that is connected to the pipe, receives some of the branched reducing gas
from the pipe to reduce a fine ore, and converts the reduced fine ore to a fine reductant.

The combined molten iron manufacturing apparatus of claim 2, wherein:
the second fluidized reduction furnace is configured in multiple stages of two stages or three stages or more.

The combined molten iron manufacturing apparatus of claim 3, comprising:

a second sensible heat recovery device that is connected to the rear end of the second fluidized reduction
furnace to recover sensible heat of the exhaust gas discharged from the second fluidized reduction furnace.

The combined molten iron manufacturing apparatus of claim 4, comprising:

a second dry dust collecting device that is connected to the rear end of the second sensible heat recovery
device to separate scattering dust in the exhaust gas.

The combined molten iron manufacturing apparatus of claim 5, comprising:

a second gas cooling device that is connected to the rear end of the second dry dust collecting device to cool
the exhaust gas.

The combined molten iron manufacturing apparatus of claim 6, wherein:
the second fluidized reduction furnace includes a fine reductant storage tank that is connected to the lowermost
second fluidized reduction furnace to store the fine reductant discharged from the second fluidized reduction
furnace through a pipe.

The combined molten iron manufacturing apparatus of claim 7, wherein:
the second fluidized reduction furnace includes a fine reductant transporting device that is connected to the
lower end of the fine reductant storage tank to inject the fine reductant into the iron-bath type melting reduction
furnace through a fine reductant transporting pipe connecting the fine reductant storage tank and the iron-bath

type melting reduction furnace from the fine reductant storage tank.

The combined molten iron manufacturing apparatus of claim 8, wherein:
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EP 3 216 880 A1

at the lower end of the first dry dust collecting device, a first transporting device and a first transporting pipe
connecting the first transporting device and the fine reductant transporting pipe are provided to inject dusts
separated from the first dry dust collecting device into the iron-bath type melting reduction furnace together with
the fine reductant discharged from the second fluidized reduction furnace.

10. The combined molten iron manufacturing apparatus of claim 9, wherein:

atthe lower end of the second dry dust collecting device, a second transporting device and a second transporting
pipe connecting the second transporting device and the fine reductant transporting pipe are provided to inject
dusts separated from the second dry dust collecting device into the iron-bath type melting reduction furnace of
the second molten iron manufacturing apparatus together with the fine reductant discharged from the second
fluidized reduction furnace.

11. The combined molten iron manufacturing apparatus of claim 10, comprising:

a hot blast furnace fuel gas supply pipe which is connected to the hot blast furnace by combining the exhaust
gases of the first fluidized reduction furnace and the second fluidized reduction furnace of the first molten iron
manufacturing apparatus and then branching the exhaust gases at the line rear end branched to the by-product
gas line in order to supply required fuel to the hot blast furnace.

12. A combined molten iron manufacturing apparatus comprising:

a first molten iron manufacturing apparatus including a first fluidized reduction furnace constituted in multiple
stages that reduces fine ore to convert the reduced fine ore to fine reduced iron, a plurality of hot compacting
devices that manufactures the fine reduced iron emitted from the first fluidized reduction furnace to hot reduced
compacted iron, a conveying device that conveys the hot reduced compacted, a compacted iron charging device
for continuously supplying the hot reduced compacted iron conveyed by the conveying device to a melter-
gasifier and a compacted general coal charging device for continuously supplying compacted general coal to
the melter-gasifier, a melter-gasifier that melts the hot reduced compacted iron supplied from the compacted
iron charging device by using hot combust gas generated by combusting the compacted general coal supplied
from the compacted general coal charging device and a pulverized coal material injected from the lower portion
with oxygen and supplies reducing gas required in fine ore reduction in the first fluidized reduction furnace, a
CO, removing device that removes CO, by branching some of exhaust gas of the first fluidized reduction furnace
and then supplies the reducing gas to the first fluidized reduction furnace by adding the removed CO, to the
reducing gas supplied from the melter-gasifier, a dust circulation device that separates dust included in the
reducing gas generated from the melter-gasifier to re-inject the dust to the melter-gasifier, a pressure control
device that uniformly maintains pressure in the melter-gasifier by branching and cooling some of gases generated
from the melter-gasifier according to a pressure change of the melter-gasifier and then discharging the gases
to a by-product gas line, a first sensible heat recovery device that recovers sensible heat of the exhaust gas
discharged from the first fluidized reduction furnace, a first dry dust collecting device that separates scattering
dust included in the exhaust gas discharged from the first fluidized reduction furnace, and a first gas cooling
device that cools the exhaust gas discharged from the first fluidized reduction furnace;

a second molten iron manufacturing apparatus including a iron-bath type melting reduction furnace that man-
ufactures a fine iron-containing material and pulverized coal which are injected to the inner portion as molten
iron and slag through reactions such as dissolution, combustion, and melting reduction therein to discharge the
manufactured molten iron and slag to the outside; a hot blast furnace that manufactures hot blast which is
injected to the melting reduction furnace a as a secondary combustion oxidant, a second sensible heat recovery
device for recovering sensible heat of the exhaust gas discharged from the melting reduction furnace a, and a
cleaning device that cools and cleans the gas discharged from the melting reduction furnace, and

a fourth molten iron manufacturing apparatus that is provided between the first molten iron manufacturing
apparatus and the second molten iron manufacturing apparatus to connect the first molten iron manufacturing
apparatus and the second molten iron manufacturing apparatus, partially extracts and removes a CO, compo-
nent included in the final by-product gas of the first molten iron manufacturing apparatus, manufactures hot
reducing gas by heating the CO, component, and then reduces and sinters the fine ore, the supplementary raw
materials, and the like at a predetermined level by using the reducing gas to manufacture a fine reductant and
supply the fine reductant as an iron source of the second molten iron manufacturing apparatus.

13. The combined molten iron manufacturing apparatus of claim 12, wherein:
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the fourth molten iron manufacturing apparatus includes a compressor that is connected with a by-product gas
pipe in which by-product gas generated from the first molten iron manufacturing apparatus flows to compress
the by-product gas,

a second CO, removing device that is connected with the compressor to remove the CO, component in the
compressed gas from the compressor,

a heat exchanger and a gas heater which are connected with the second CO, removing device and provided
for heating CO, removing gas discharged from the second CO, removing device and manufacturing hot reducing
gas,

an oxygen mixing furnace that is connected with the gas heater to inject oxygen into the hot reducing gas, and
a second fluidized reduction furnace that is connected with the oxygen mixing furnace and reduces and fires
the fine ore and the supplementary raw materials by supplying the hot reducing gas.

The combined molten iron manufacturing apparatus of claim 13, wherein:
the second fluidized reduction furnace is configured in multiple stages of two stages or three stages or more.
The combined molten iron manufacturing apparatus of claim 14, comprising:
a second dry dust collecting device that is connected to the rear end of the heat exchanger and discharged
from the second fluidized reduction furnace to separate scattering dust in the exhaust gas after passing through
the heat exchanger.

The combined molten iron manufacturing apparatus of claim 15, comprising:

a second gas cooling device that is connected to the rear end of the second dry dust collecting device to cool
the exhaust gas.

The combined molten iron manufacturing apparatus of claim 16, comprising:

a gas pipe that is connected to the rear end of the second gas cooling device to circulate some of the exhaust
gas to the second CO, removing device.

The combined molten iron manufacturing apparatus of claim 17, comprising:

a final exhaust gas pipe that is connected to the rear end of the second gas cooling device to discharge the
rest of the exhaust gas to the outside.

The combined molten iron manufacturing apparatus of claim 18, comprising:

a gas pipe that connects the second CO, removing device and the final exhaust gas pipe to discharge CO,
separated from the second CO, removing device to the outside.

The combined molten iron manufacturing apparatus of claim 19, wherein:

the second fluidized reduction furnace includes a fine reductant storage tank for storing the fine reductant
discharged from the lowermost fluidized reduction furnace through the pipe.

The combined molten iron manufacturing apparatus of claim 20, wherein:
the second fluidized reduction furnace includes a fine reductant transporting device that injects the fine reductant
into the iron-bath type melting reduction furnace through a fine reductant transporting pipe connecting the fine
reductant storage tank and the iron-bath type melting reduction furnace from the fine reductant storage tank.
The combined molten iron manufacturing apparatus of claim 21, wherein:
at the lower end of the first dry dust collecting device, a first transporting device and a first transporting pipe

connecting the first transporting device and the fine reductant transporting pipe are provided to inject dusts
separated from the first dry dust collecting device into the iron-bath type melting reduction furnace together with
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EP 3 216 880 A1
the fine reductant discharged from the second fluidized reduction furnace.
23. The combined molten iron manufacturing apparatus of claim 22, wherein:

atthe lower end of the second dry dust collecting device, a second transporting device and a second transporting
pipe connecting the second transporting device and the fine reductant transporting pipe are provided to inject
dusts separated from the second dry dust collecting device into the iron-bath type melting reduction furnace
together with the fine reductant discharged from the second fluidized reduction furnace.

24. The combined molten iron manufacturing apparatus of claim 23, wherein:

in order to supply required fuel to the gas heating furnace and the hot blast furnace of the second molten iron
manufacturing apparatus, the pipe includes a fuel gas supply pipe which is branched at a front end of a point
where gas containing CO, removed from the second CO, removing device and gas discharged from the second
molten iron manufacturing apparatus are combined and connected to the hot blast furnace and the gas heating
furnace.

26



EP 3 216 880 A1

smjeedde SULINORNUBL UOJ] USJOUI PUOJSS

UOJT USYO

smeedde SuLmormuew
UOJI USjjou Py,

snjeedde BULINJOBUBL UOJ USY[OW ST

U0 USY[O

aur] sed jonpoid-Ag

1 DId

27



EP 3 216 880 A1

T/u0}0QT U USHO}

T/ UNFETT
15810 101

Jy/uoy) Te Xnjq
J/UOT Y
[R0O POZLIBAN ]

H=t

/U008 UOK USHON

uozeT

guoi6.1
910 SULY

g1

¢l

T/WNOOS 88
Ua3AX()

b
mper

J4/uolze T 1200 pajoeduwio))

-
‘E\ES A —
[e00 PazLBAN

JY/uo¥yg

[eLietew mel Aejuowsiddng

e
U011 pajoeduiod paonpal 10

10/ug1987 810 S

¢ D4

28



EP 3 216 880 A1

89'1¢E sTz9 S0'6 506 1258 4 60°91 &Y
9870 00°0 6v'1 6t'T 902 SL1 O m
£€°L s€'9 508 508 000 ey O S
ZEN
ve's 90°0 188 188 9602 yO'vT 24 mr.s
7SIE 8TPT 3-8 4 TEYY o0g or9z 00 )
sz'ez svot 82'82 82'8Z 8008 0LLE oo
ST sT°0 ST°0 ST 009 0L0 (8"Teq)omssal
oy ov ov ov oy oy (D,)emieodwa ],
85 PVOY SLOZTLT LYEES 0£L58Z 62Z6ET 69€L0Y (/s WN)oTRE MOTY
m@ﬁwﬂw L @o%%wmlﬂwﬁw o@mmcmwwmw% wm u,%mnm%mw 8 m%o%ww Woo (8-T)se8 Ayddns “0)
9T'LT 5651 80°€T SLET sLeT 8y N
vLT L't L91 sLT SLT 05t O 8
ey ey L9 €6°1 £6'T 99'¢ OFH .m o
€1 LTV $1'81 LT6T LT61 06°LT oy mr.,ww
LE°92 96°52 65's z9L 2oL 62’8 00 M/W.
vo'os yZ'8t ZLvs 8L8¢ 8468 8L°€9 00 =
0L70 0L70 ST oty oty o'y (8" Teq)omssal]
or or oy ogL ogs 0001 (0,)emieledwa],
098TLT zs9Les LYLST £250L1 16€8€€ $89Y8Z (Hg/uN)eTRE MOTY
(Q-T)5e3 JSNEXd 80BULMJ | (G-1)503 JSMEYXa Q0BUIY | (~T)SBS [0.UOD | (§-T)SeB Buonpai 30BNy |(7-7)seB Buonpal 8oRwy | (T—T)SeS UOKRISUST
UOTOND3 PRZIPM[ PU0JSS | LORINDaL PIZIPME] 18I 2M8sa1] UONNpaJ POZPI] PU003S|  UONONpaI Pz A | JONISes-Joyey

¢ DI

29



EP 3 216 880 A1

smjeJedde SuLnjoRMUB UC USJOW PU0ISS

UOI USJO

snjeJedde SuLmioeuew
UOJI USJ|OUW YLINOY

oI USJO

15e1q J0H

.

1

14

[B0J pazLIBAI]
USBAX()

(3

a seisele e

PSR

4

3

[e0D pajoRdwon)

Y

210
Ul

aur] seg jonpoud-Ag

el

- E>

A

snjeedde SULINORMUBL U0 USJJOUI IS,

30



EP 3 216 880 A1

4710} 00T

oI USJJO

T/N 976921
0,021 15814 10H

AN

(9569 9781 UOTONpa)

A TET
T oy 091Uy

N LY

justdmbs
ey SuLmeMUeL
W-e2—e12
_*M,.a M& Usijou 1841
.z O

i
o
|
S——

L

T
o

JA QT Xniq
JA LE SpoeIpuy
w

T4/ 08T 80 Suy

¢ D4

31



EP 3 216 880 A1

£v'6z 819 66'62 6662 g€ 6662 N
180 000 9eT 9E7 v60 9eT YHO m
08’ 6 96T 96T L6y 96T OH m o
e 690 sE0T SE0T €7 SE0T M| 57
os'sy vovT 6661 66'61 ov'sL 6661 200 | R
A 06'9T ve'se vE'se 9921 ve'se 00
o 0 o 0 o 0 (8-Teq)onssal]
or oy oy or ov oy (0, )omgeaeduia ],
szeezy ETLYST 0005¢ 8reST £8601Z zL6eTT (U UIN)aTRI O]
€1-gpe8  |(1-gseisen | (gl | (O[-g)sedory  |(8-g)sed Sumeredds] (LOIEE BVIES
JSMBUXS [B10], | JOIiSeS-Joyely | 9dewmjiseq 104 Jojeay sey) 1onowa1 500 5 ﬁmwmm DHO0DG
66'6Z 8TVZ €66z SyyT 66'62 otot N
9€T 161 2z 191 96T vt HO m
96T £9°0Z 8s'T oz 961 097 O%H m @
SE01 86’8 L9°LT 60°TT SE0T 0TI W |29
6661 8191 ve's £€8'8€ 6661 orvy 209 w/w
vE'se 19'8Z 9w v9TE vE'Se 09°0¢ 09
€ v 9 9 9 ST0 (31eq)omssal]
o v6€ 08L or ov oy (0, )pameIedwo
£22L0T 196552 ¥SLS1Z 80V92Y 052£6 26TEEE Y/ WN)RTR] O]}
0-7)5%8 G-7)Se3 ISneuxa | (-7)Ses suonpal _7\ses Arddns _ ~
“%mﬁ%méws_o Q0B momcwa uononpel Amoﬂwé uorjonpal Am(%oaew %msm%%m . (T hwwmmm %M%Wmmw
UoonpaI pZpm]j puodsq  PSZIPIM[J PU0JSS | PAZIpM] pUodag 00 : . >

9 DId

32



10

15

20

25

30

35

40

45

50

55

EP 3 216

INTERNATIONAL SEARCHREPORY

880 A1

Taternational application No.

PCT/KR2015/009828

A, CLASSIFICATION OF SUBJECT MATTER
C2iEB 13/00¢2606.01}, C2I8 15/06(2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimurm documentation searched {classificat]

ion system followed by classification symbols)
C21B 13/00; C21B 13/02; C21B 13/14; C22B 1/16;, C21B 13/06; C21B 5/66; C21B 15/00

Korean Utility models and applications for Utility IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Bocumentation scarched other than minimum documeniation to the extent that such documents are included in the fields searched

reducing furnace, agglomeration

Electronic data base consulted during the international scarch (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywoxds: ingot 1ron, powdered, massive, coal for general nse, spectruny, meiting, reduction, steel,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

“ategory™® Citation of document, with indxcation, where appropriate, of the relevant passages

Relevant to claim No.

A KR 10-2014-0070178 A (POSCO) 16 June 2014
See abstract; paragraphs [003 1-{0044]; and Hgure

A KR 10-2012-0054262 A (FOSCO) 30 May 2012

See abstract; paragraphs [0036}-[0060]; and figure 1.
See abstract; claim 1; and figure 2.

20 April 2012

See abstract, paragraphs [0039]-{0048]; and figure 1.

A KR 10-2010-0§32005 A
16 Decewmber 2010

(SIEMENS VAIMETALS ¥

See abstract; paragraphs [0012}-[0040}; and figures i,

1-24

1-24

A KR 10-2600-0032104 A (POHANG IRON & STEEL CO., LTD. et al.) 05 june 2000 1-24

A KR 10-2012-0038017 A (SIEMENS VAIMETALS TECHENOLOGIES GMBH.) i-24

CHNOLOGHES GMBH) 1-24

2.

[} Further documents are listed in the continuation of Box C.

See patent family annex.

*

Special categories of cited docurnents:

“A”  document d is not constdered

to be of particular relevance

“B” tion or patent but published on or after the international
L ubls on pricrity claim(s) or which is

on date of another citation or other
“Or to an oral disclosure, use, exhibitton or other
“P” document published mmr to the international filing date but later than

the priority date clain

“T7 fater document published atter the infernatior
date and not in conflict with the 2
the principle or theory ux 'mg “the inventio

ling date or priority

wion cannot be
olve an jnventive

ce; the claimed §
e considered to
taken alone

“X”  decument of particular
considered novel or car
step when the document

c; the claimed nvention csnnot be
considered to mvolve an ir ve step when the document is
combined with one or more other such documents, such combination
being obvious 1o a person skilled in the art

“Y”  document of

& documsnt member of the same patent family

Date of the actual complmmn of the international search

26 NOVEMBER 2015 (26.11.2015)

Date of mailing of the international search report

26 NOVEMBER 20185 (26.11.2015)

we and malling address of the ISA/KR
% Kotean Intellectual Property Office
Govermnent Complex-Dagjeon, 189 Seonsa-1o, Dagjeon 302-701,
Republic of Korea

acsimile No. 82-42-472-7140

Authorized of

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

33




10

15

20

25

30

35

40

45

50

55

EP 3 216 880 A1

INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

WO 2008-100819 A1

PCT/KR2815/009828
Patent document Publication Patent family Publication
cited in search report date member date
KR 10-2014-0070178 A 10/06/2014 KR 10-1451405 B 15/10/2014
KR 10-2012-0054262 A 30/05/2012 CN 103221555 A 24/07/2013
CN 103221555 B 15/07/2015
CN 104694687 A 10/06/2015
EP 2641981 A2 25/09/2013
KR 10-1187851 Bt 04/10/2012
WO 2012-067462 A2 24/05/2012
WO 2012-067462 A3 23/08/2012
KR 10-2000-0032104 A 05/06/2000 KR 10-0321072 B1 17/04/2002
KR 10-2012-0038017 A 20/04/2012 AT 508523 Al 15/02/2011
AT 508523 B 15/04/2011
AU 2010-278183 Al 16/02/2012
AU 2010-278183 B2 28/11/2013
CA 2769388 A1l (3/02/2011
CN 102471810 A 237/05/2012
EP 2450754 A 06/06/2012
EP 2459754 B1 31/12/2014
JP 2013-501137 A 10/01/2013
MX 2011013415 A 21/02/2012
RU 2012107472 A 10/09/2013
AU 2532202 G2 27/10/2014
5 2012-0174710 A1 12/07/2012
B2 27710/2015
03/02/2011
KR 10-2010-0132005 A 16/12/2010 AR 073380 Al 31/03/2010
AT 505401 B1 15/01/2009
AU 2008214417 Al 20/08/2002
AU 2009-214417 B2 28/03/2013
BR PICO07889 AZ 21/07/2015
CA 2715525 A 20/08/2009
N 102037145 A 27/04/2011
ON 102037145 B 20/11/2013
EP 2242861 A1 27/10/2010
EP 2242861 BY 12/08/2015
JP 2011514443 A 06/05/2011
RU 2010-138112 A 20/03/2012
AU 2496884 G2 27/10/2013
TW 200651229 A 16/12/2009
UA 99045 C2 25/10/2012
US 2010-0313711 A1 16/12/2010
US 8287620 B2 16/10/2012

20/08/2009

Form PCT/ISA/216 (patent family annex) (January 2015)

34




EP 3 216 880 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. EP 1689892 A [0006] [0007] [0016] [0021] «  US 6379422 B1[0017] [0018]
. US 6332745 B1 [0017] [0018] [0022] .« US 6602321 B1[0017] [0018]

35



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

