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Description
[Technical Field]

[0001] The present invention relates to briquette coal, a method of manufacturing briquette coal, an apparatus for
manufacturing briquette coal, a method of manufacturing molten iron, and an apparatus for manufacturing molten iron.
More particularly, the present invention relates to briquette coal, a method of manufacturing briquette coal, an apparatus
for manufacturing briquette coal, a method of manufacturing molten iron, and an apparatus for manufacturing molten
iron, which use a powdered cellulose ether compound as a binder.

[Background Art]

[0002] In a smelting reduction process, a reducing furnace for reducing iron ore and a melting and gasifying furnace
for melting the reduced iron ore are used. When the melting and gasifying furnace melts the iron ore, briquette coal, as
a heat source for melting the iron ore, is inputted into the melting and gasifying furnace. Here, the reduced iron is melted
in the melting and gasifying furnace, converted into molten iron and slag, and then discharged to the outside. The
briquette coal inputted into the melting and gasifying furnace forms a coal-packed bed. Oxygen is injected through a
tuyere installed in the melting and gasifying furnace, and then combusts the coal-packed bed to generate combustion
gas. The combustion gas is converted into high-temperature reducing gas while moving upward through the coal-packed
bed. The high-temperature reducing gas is discharged to the outside of the melting and gasifying furnace and supplied
as reducing gas to a reducing furnace.

[0003] The briquette coalis manufactured by mixing and then compressing powdered coal and a binder. Itis necessary
to manufacture the briquette coal with excellent cold strength and excellent hot strength so that the briquette coal is
used to manufacture molten iron. Therefore, the briquette coal is manufactured by using a binder, such as molasses,
having excellent viscosity.

[DISCLOSURE]
[Technical Problem]

[0004] The present invention has been made in an effort to provide briquette coal which has excellent hot strength
and excellent cold strength by using a cellulose ether compound as a binder. The present invention has also been made
in an effort to provide a method of manufacturing the briquette coal. The present invention has also been made in an
effort to provide a method of manufacturing molten iron including the method of manufacturing briquette coal.

[Technical Solution]

[0005] Briquette coal according to an exemplary embodiment of the present invention is inputted into and quickly
heated in a dome portion of a melting and gasifying furnace in an apparatus for manufacturing molten iron that includes
i) a melting and gasifying furnace into which reduced iron is inputted, and ii) a reducing furnace connected to the melting
and gasifying furnace to provide the reduced iron. The method of manufacturing briquette coal may include i) providing
powdered coal; ii) mixing a powdered cellulose ether compound with the powdered coal and providing a mixture; iii)
adding water to the mixture and mixing the mixture with the water; and iv) molding the mixture and providing briquette
coal. In the providing of the briquette coal, the amount of cellulose ether compound contained in the briquette coal may
be 0.7 wt% to 2.0 wt%.

[0006] More particularly, the amount of cellulose ether compound may be 0.8 wt% to 1.5 wt%. In the providing of the
briquette coal, the amount of moisture contained in the briquette coal may be 5 wt% to 15 wt%. More particularly, the
amount of moisture contained in the briquette coal may be 7 wt% to 12 wt%.

[0007] A ratio of the amount of moisture contained in the briquette coal to the amount of cellulose ether compound
contained in the briquette coal may be 5 to 40. A ratio of the amount of moisture contained in the briquette coal to the
amount of cellulose ether compound contained in the briquette coal may be 7 to 20.

[0008] In the providing of the mixture, an average grain size of the cellulose ether compound may be 50 pum to 100
wm. More particularly, in the providing of the mixture, a ratio of an average grain size of the powdered coal to an average
grain size of the cellulose ether compound may be 7 to 30. A ratio of the average grain size of the powdered coal to the
average grain size of the cellulose ether compound may be 10 to 20.

[0009] A mixing time in the providing of the mixture may be smaller than a mixing time in the adding of the water to
the mixture and the mixing of the mixture with the water, and a ratio of the mixing time in the providing of the mixture to
the mixing time in the adding of the water to the mixture and the mixing of the mixture with the water may be 2to 5. The
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cellulose ether compound may include at least one compound selected from a group consisting of methyl cellulose (MC),
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), hydroxypropylmethyl cellulose (HPMC), and hydroxyethyl-
methyl cellulose (HEMC).

[0010] The cellulose ether compound may include no carboxymethyl cellulose (CMC). The viscosity of the cellulose
ether compound may be 4,000 cps to 80,000 cps. The method of manufacturing briquette coal according to the exemplary
embodiment of the present invention may further include drying the mixture after the adding of the water to the mixture
and the mixing of the mixture with the water.

[0011] Inthe providing of the mixture, the powdered coal may be further mixed with one or more binders selected from
a group consisting of polyvinyl alcohol (PVA), lignin, and starch. In the providing of the briquette coal, the amount of
moisture contained in the briquette coal may be 5 wt% to 15 wt%.

[0012] The method of manufacturing briquette coal according to the exemplary embodiment of the present invention
may further include adjusting the amount of moisture contained in the briquette coal to 5 wt% or less by heating the
briquette coal at 80°C to 150°C for one to twenty-four hours, and adjusting a compressive load of the briquette coal to
100 kgf or more. The briquette coal may be heated by one or more heat sources selected from a group consisting of
hot blast, steam, near infrared rays, microwaves, liquefied natural gas (LNG), liquefied propane gas (LPG), exhaust gas
(finex off gas (FOG)) for manufacturing molten iron, cokes oven gas (COG), and blast furnace gas (BFG).

[0013] A method of manufacturing molten iron according to another exemplary embodiment of the present invention
may include i) providing briquette coal manufactured according to the aforementioned method; ii) providing reduced iron
made by reducing iron ore in a reducing furnace; and iii) providing molten iron by inputting the briquette coal and the
reduced iron into the melting and gasifying furnace. In the providing of the reduced iron, the reducing furnace may be
a fluidized-bed reducing furnace or a packed-bed reducing furnace.

[0014] Briquette coal according to yet another exemplary embodiment of the present invention may be inputted into
and quickly heated in a dome portion of a melting and gasifying furnace in an apparatus for manufacturing molten iron
that includes i) a melting and gasifying furnace into which reduced iron is inputted, and ii) a reducing furnace connected
to the melting and gasifying furnace to provide the reduced iron. The briquette coal may include: a cellulose ether
compound of 0.7 wt% to 2.0 wt%, moisture of 5 wt% to 15 wt%, and the remaining powdered coal. More particularly,
the amount of cellulose ether compound may be 0.8 wt% to 1.5 wt%.

[0015] Still another exemplary embodiment of the present invention provides an apparatus for manufacturing briquette
coal, the apparatus including: i) a powdered coal hopper which stores powdered coal; ii) a binder hopper which stores
a water-soluble binders; iii) a mixer which is supplied with the powdered coal from the powdered coal hopper, is supplied
with the water-soluble binder from the binder hopper, and mixes the powdered coal and the water-soluble binder to
manufacture a mixture; iv) a water supply unit which supplies water to the mixer; v) a molding device which manufactures
briquette coal by being supplied with the mixture from the mixer; vi) a storage bin which is supplied with the briquette
coal from the molding device, heats and dries the briquette coal, and has a diameter that is gradually decreased from
a lower side to an upper side; and vii) a heat source which supplies a hot blast for drying the briquette coal at the lower
side of the storage bin.

[0016] Still yet another exemplary embodiment of the present invention provides an apparatus for manufacturing
molten iron, the apparatus including: i) the apparatus for manufacturing briquette coal; ii) a reducing furnace which
provides reduced iron; and iii) a melting and gasifying furnace which is connected to the reducing furnace so as to be
supplied with the reduced iron, and connected to the apparatus for manufacturing briquette coal so as to be supplied
with the briquette coal to manufacture molten iron. The reducing furnace may be a fluidized-bed reducing furnace or a
packed-bed reducing furnace.

[0017] According to the exemplary embodiment of the present invention, the cellulose ether compound is used as a
binder, and as a result, it is possible to greatly improve hot strength and cold strength of the briquette coal. In addition,
since the cellulose ether compound is used, it is possible to prevent alkalis from being deposited in the fluidized-bed
reducing furnace. The briquette coal is subjected to the heat treatment such that a compressive load of the briquette
coal is increased, thereby greatly improving hot strength and cold strength of the briquette coal manufactured by using
a water-soluble binder or water. Further, it is possible to increase the compressive load of the briquette coal within a
short period of time through the quick and efficient heat treatment. In addition, it is possible to efficiently perform the
heat treatment on the briquette coal while minimizing costs by using the existing storage bin and the heat source in a
steel mill.

[Description of the Drawings]
[0018]

FIG. 1 is a schematic flowchart of a method of manufacturing briquette coal according to an exemplary embodiment
of the present invention.
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FIG. 2 is a schematic view of an apparatus for manufacturing briquette coal using the method of manufacturing
briquette coal of FIG. 1.

FIG. 3 is a schematic view of an apparatus for manufacturing molten iron including the apparatus for manufacturing
briquette coal of FIG. 2.

FIG. 4 is a schematic view of another apparatus for manufacturing molten iron including the apparatus for manu-
facturing briquette coal of FIG. 2.

FIGS. 5to 8 are graphs eachiillustrating experimental results according to Experimental Examples 10 to 13 according
to the present invention.

[Mode for Invention]

[0019] The terms first, second, third, and the like are used to describe various portions, components, regions, layers,
and/or sections, but the present invention is not limited thereto. These terms are used only to distinguish any portion,
component, region, layer, or section from other portions, components, regions, layers, or sections. Therefore, a first
portion, component, region, layer, or section to be described below may be referred to as a second portion, component,
region, layer, or section without departing from the scope of the present invention.

[0020] The technical terms used herein are merely for the purpose of describing a specific exemplary embodiment,
and not intended to limit the present invention. Singular expressions used herein include plural expressions unless they
have definitely opposite meanings. The terms "comprises" and/or "comprising" used in the specification specify particular
features, regions, integers, steps, operations, elements, components, but do not preclude the presence or addition of
other features, regions integers, steps, operations, elements, and/or components thereof.

[0021] Unless otherwise defined, all terms used herein including technical or scientific terms have the same meanings
as meanings which are generally understood by those skilled in the art. Terms, which are usually used and defined in
dictionaries, shall be construed that they have meanings matching those in the context of a related art, and shall not be
construed in ideal or excessively formal meanings unless they are clearly defined in the present application.

[0022] The present invention will be described more fully hereinafter with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown. As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all without departing from the spirit or scope of the present
invention.

[0023] FIG. 1schematicallyillustrates a flowchart of a method of manufacturing briquette coal according to an exemplary
embodiment of the present invention. The flowchart of the method of manufacturing briquette coal as illustrated in FIG.
1 is merely for exemplifying the present invention, and the present invention is not limited thereto. Therefore, the method
of manufacturing briquette coal may be variously changed. Meanwhile, because a structure of an apparatus for manu-
facturing briquette coal for implementing the method of manufacturing briquette coal of FIG. 1 can be easily understood
by those skilled in the art to which the present invention pertains, a detailed description thereof will be omitted.

[0024] As illustrated in FIG. 1, the method of manufacturing briquette coal includes providing powdered coal (S10),
mixing the powdered coal with a powdered cellulose ether compound and providing a mixture thereof (S20), adding
water to the mixture and mixing the water and the mixture (S30), and molding the mixture and providing briquette coal
(S40). In addition, the method of manufacturing briquette coal may further include other steps, as necessary.

[0025] First, in step S10, the powdered coal is provided. Raw materials containing carbon, such as bituminous coal,
subbituminous coal, anthracite, or cokes, may be used as the powdered coal. A grain size of the powdered coal may
be adjusted to 4 mm or less.

[0026] Next, in step S20, the powdered coal is mixed with a cellulose ether compound, such that a mixture thereof is
provided. That is, the cellulose ether compound is added to the powdered coal, and then the cellulose ether compound
and the powdered coal are appropriately stirred to be uniformly mixed.

[0027] Here, the powdered cellulose ether compound is used instead of a liquid-phase cellulose ether compound. In
a case in which a binder solution is used, a carboxymethyl cellulose (CMC) solution having a binder with low viscosity
may be used to improve fluidity. However, since the binder with low viscosity is used, there is a problem in that strength
of the briquette coal deteriorates. In addition, in the case of the binder in the form of a solution, there are problems in
that it is difficult to uniformly maintain a component of the binder due to layer separation, a special transporting vehicle
such as tank lorry is required to transport the binder solution, and transportation costs are increased. In addition, it is
not easy to store the binder solution because the binder solution is frozen in the winter season.

[0028] In contrast, in the case in which the powdered cellulose ether compound is used as the binder, it is possible to
manufacture the briquette coal with excellent strength because viscosity of the cellulose ether compound itself is high.
In addition, since the powdered cellulose ether compound is used, the volume of the cellulose ether compound is
minimized, such that the cellulose ether compound is easily stored and also conveniently transported. Further, there is
no need to worry about freezing in the winter season. Therefore, the powdered cellulose ether compound is suitable to
be used.
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[0029] The viscosity of the cellulose ether compound may be 4,000 cps to 80,000 cps. The viscosity of the cellulose
ether compound means a value made by measuring viscosity of an aqueous solution of the cellulose ether compound
having concentration of 2% by weight at 20 = 0.1°C by using DV-II+Pro spindle HA from Brookfield. If the viscosity of
the cellulose ether compound is too low, viscosity of a solution containing the cellulose ether compound, for example,
viscosity of the aqueous solution is too low, such that coupling force with respect to the powdered coal deteriorates. As
a result, strength of the briquette coal may deteriorate. Meanwhile, if the viscosity of the cellulose ether compound is
too high, a molecular weight of the cellulose ether compound is too large, such that water solubility deteriorates, and as
a result, coupling force with respect to the powdered coal is not sufficient. Therefore, it is necessary to adjust the viscosity
of the cellulose ether compound to the aforementioned range.

[0030] The cellulose ether compound may include methyl cellulose (MC), hydroxyethyl cellulose (HEC), hydroxypropyl
cellulose (HPC), hydroxypropylmethyl cellulose (HPMC), hydroxyethylmethyl cellulose (HEMC), or the like. The methyl
cellulose (MC) has a degree of substitution of a methyl group of 18 to 32 wt%, and the hydroxyethyl cellulose (HEC)
has a degree of substitution of a hydroxyethyl group of 20 to 80 wt%. Further, the hydroxypropyl cellulose (HPC) has a
degree of substitution of a hydroxypropyl group of 20 to 80 wt%, and the hydroxypropylmethyl cellulose (HPMC) has a
degree of substitution of a methyl group of 18 to 32 wt% and a degree of substitution of a hydroxypropyl group of 2 to
14 wt%. In addition, the hydroxyethylmethyl cellulose (HEMC) may have a degree of substitution of a methyl group of
18 to 32 wt% and a degree of substitution of a hydroxyethyl group of 2 to 14 wt%.

[0031] Meanwhile, an average grain size of the powdered cellulose ether compound may be 50 pum to 100 pum. If the
grain size of the powdered cellulose ether compound is too small, manufacturing process costs are increased. In addition,
if the grain size of the cellulose ether compound is too large, a specific surface area of the cellulose ether compound is
decreased, and water solubility deteriorates, such that strength of the briquette coal manufactured by using the cellulose
ether compound may deteriorate. Therefore, it is necessary to adjust the grain size of the powdered cellulose ether
compound to the aforementioned range. Meanwhile, more specifically, the average grain size of the powdered cellulose
ether compound may be 78 wm. In this case, the grain size of 97% or more of the powdered cellulose ether compounds
may be 0.18 mm or less.

[0032] Aratio of the average grain size of the powdered coal to the average grain size of the cellulose ether compound
may be 7 to 30. More specifically, a ratio of the average grain size of the powdered coal to the average grain size of the
cellulose ether compound may be 10 to 20. If the ratio between the average grain sizes is too large or small, a coupling
ability of the cellulose ether compound as the binder in the powdered coal cannot be sufficiently exhibited. Therefore, it
is necessary to maintain the ratio between the average grain sizes in the aforementioned range.

[0033] Next, in step S30, water is added to the mixture and the water and the mixture are mixed. In a case in which
water is added to the mixture in which the powdered cellulose ether compounds are uniformly distributed, the cellulose
ether compounds dispersed in the powdered coal are dissolved in the water. As a result, the dissolved cellulose ether
compound exhibits coupling force with the powdered coal, such that it is possible to greatly improve strength of the
briquette coal manufactured by subsequent processes. As described above, the processes are divided by mixing the
powdered coal with the powdered cellulose ether compound first and then mixing the mixture with water instead of
directly mixing the powdered coal with a liquid-phase binder, and as a result, it is possible to manufacture the briquette
coal having excellent strength and minimized process costs.

[0034] Meanwhile, a mixing time in step S30 is longer than a mixing time in step S20. That is, since the powdered
coal and the powdered cellulose ether compound are used in step S20, a uniform mix is enabled even for a short period
of time because of the mix of solids. In contrast, the mixing may be performed for a longer period of time in step S30
than in step S20 in consideration of process efficiency because in step S30, the liquid-phase water needs to be inputted
to come into contact with the powdered cellulose ether compound mixed with the powdered coal and the powdered coal
needs to be uniformly and appropriately dissolved in the water. More particularly, a ratio of the mixing time in step S30
to the mixing time in step S20 may be 2 to 5. If the ratio is too low, the powdered cellulose ether compound mixed with
the powdered coal cannot sufficiently be in contact with the water, such that strength of the briquette coal may deteriorate.
On the contrary, the case in which the ratio is too high is not advantageous in terms of process efficiency. Therefore,
the ratio needs to be appropriately adjusted.

[0035] Meanwhile, although not illustrated in FIG. 1, drying the mixture may be added after step S30. That is, if it is
necessary to adjust formability of the mixture of the powdered coal, the powdered cellulose ether compound, and the
added water, the mixture may be dried to partially remove moisture. As aresult, strength of the briquette coal manufactured
during the subsequent processes may be greatly improved.

[0036] Finally, in step S40, the mixture is molded to provide the briquette coal. For example, the briquette coal in the
form of a pocket or a strip may be manufactured by inserting the mixture between a pair of rollers and compressing the
mixture. As a result, it is possible to manufacture the briquette coal having excellent hot strength and excellent cold
strength. Here, the amount of cellulose ether compound contained in the briquette coal may be 0.7 wt% to 2.0 wt%.
More particularly, the amount of cellulose ether compound may be 0.8 wt% to 1.5 wt%. If the amount of cellulose ether
compound is too large, manufacturing costs of the briquette coal are increased. In addition, if the amount of cellulose
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ether compound is too small, strength of the briquette coal deteriorates because sufficient coupling force cannot be
exhibited. Therefore, it is necessary to adjust the amount of cellulose ether compound to the aforementioned range.
[0037] Meanwhile, the amount of moisture contained in the briquette coal may be 5wt % to 15 wt%. More particularly,
the amount of moisture may be 7 wt% to 12 wt%. If the amount of moisture is too large, there is a problem in that it is
difficult to mold the mixture. In addition, if the amount of moisture is too small, cold strength of the briquette coal may
deteriorate. Therefore, the amount of moisture is adjusted to the aforementioned range.

[0038] The briquette coal manufactured by the aforementioned method includes the cellulose ether compound of 0.7
wt% to 2.0 wt%, the moisture of 5 wt% to 15 wt%, and the remaining powdered coal. More specifically, the amount of
cellulose ether compound may be 0.8 wt% to 1.5 wt%. Here, if the amount of cellulose ether compound is too large,
manufacturing costs of the briquette coal are greatly increased. In addition, if the amount of cellulose ether compound
is too small, strength of the briquette coal deteriorates. Therefore, it is necessary to adjust the amount of the cellulose
ether compound to the aforementioned range. In addition, if the amount of moisture is too large, formability of the briquette
coal deteriorates. In addition, if the amount of moisture is too small, cold strength of the briquette coal may deteriorate.
Therefore, the amount of moisture of the briquette coal is adjusted to the aforementioned range.

[0039] Meanwhile, although not illustrated in FIG. 1, in step S20, a binder such as polyvinyl alcohol (PVA), lignin, or
starch may further be mixed in addition to the cellulose ether compound. The binders have water solubility like the
cellulose ether compound. The amount of moisture contained in the briquette coal manufactured by using the binder
may be 5 wt% to 15 wt%. Since the water soluble binder is used or water is added in step S30, the briquette coal is
heated after the briquette coal is manufactured, such that the amount of moisture contained in the briquette coal may
be decreased. That is, the briquette coal is heated at 80°C to 150°C for one to twenty-four hours, thereby adjusting the
amount of moisture contained in the briquette coal to 5 wt% or less.

[0040] A heattreatment condition may be enhanced or mitigated in accordance with a moisture content of the briquette
coal. If a temperature for heating the briquette coal is too low, a heat treatment effect deteriorates because the moisture
contained in the briquette coal is not appropriately evaporated, and productivity deteriorates because the time required
for the heat treatment is increased. In addition, if the temperature for heating the briquette coal is too high, a loss of
volatile components contained in the briquette coal may occur as a crack occurs in the briquette coal, and a compressive
load is rather decreased because the briquette coal is exposed to a high temperature and only the moisture content is
decreased. Therefore, the temperature for heating the briquette coal is adjusted to the aforementioned range. Meanwhile,
the heat treatment time may be decreased as the temperature for heating the briquette coal is increased, but a high-
temperature hot blast needs to be applied to decrease the time for heating the briquette coal to less than one hour,
which emits or loses even the volatile component contained in the briquette coal. In addition, if the heat treatment time
is too long, productivity deteriorates. Therefore, the time for heating the briquette coal is adjusted to the aforementioned
range. Meanwhile, a compressive load of the briquette coal may be adjusted to 100 kgf or more. Hereinafter, a heating
unit for the briquette coal will be described in more detail with reference to FIG. 2.

[0041] FIG. 2 schematically illustrates an apparatus 60 for manufacturing briquette coal using the method of manu-
facturing briquette coal of FIG. 1. A structure of the apparatus 60 for manufacturing briquette coal in FIG. 2 is merely for
exemplifying the present invention, and the present invention is not limited thereto. Therefore, the apparatus for manu-
facturing briquette coal may be modified in other forms.

[0042] As illustrated in FIG. 2, the apparatus 60 for manufacturing briquette coal includes a powdered coal hopper 61,
a binder hopper 62, a water supply unit 63, a mixer 64, a molding device 65, and a heat treatment unit 66. In addition,
the apparatus 60 for manufacturing briquette coal may further include other devices, as necessary. The powdered coal
hopper 61 stores the powdered coal, and the binder hopper 62 stores the binder. Examples of the binder may include
the cellulose ether compound, polyvinyl alcohol (PVA), lignin, or starch. The mixer 64 mixes the powdered coal and the
binder which are supplied from the powdered coal hopper 61 and the binder hopper 62, respectively, and manufactures
the mixture. The water supply unit 63 is connected to the mixer 64 and supplies water to the mixer 64. The molding
device 65 is supplied with the mixture from the mixer 64 and molds the mixture to manufacture the briquette coal. The
molding device 65 uses the pair of rolls rotating in opposite directions to insert the mixture between the pair of rolls to
compress the mixture, and discharge the mixture to a lower side. The heat treatment unit 66 dries the briquette coal to
improve the compressive load of the briquette coal.

[0043] More specifically, the heat treatment unit 66 includes a storage bin 661, a blower 663, a heat source 665, and
a dust collector 667. In addition, the heat treatment unit 66 may further include other devices. The storage bin 661 stores
the briquette coal discharged to the lower side from the molding device 65, and discharges the dried briquette coal to
the lower side. A level of the briquette coal stored in the storage bin 661 is maintained at an appropriate level so as to
prevent the briquette coal from being destroyed by the heat treatment time or the compressive load. The storage bin
661 has a funnel shape to increase a contact area between the hot blast and the briquette coal.

[0044] As illustrated in FIG. 2, the blower 663 is supplied with heat from the heat source 667 for generating thermal
energy and forcibly transfers the heat to the storage bin 661. It is possible to produce the hot blast by using steam, near
infrared rays, microwaves, or the like as a heat source.



10

15

20

25

30

35

40

45

50

55

EP 3 266 855 A1

[0045] The hot blast may be produced by using commercially available fuel such as liquefied natural gas (LNG) or
liquefied propane gas (LPG). Exhaust gas (finex off gas (FOG)) for manufacturing molten iron, cokes oven gas (COG)
or blast furnace gas (BFG) in a steel mill may be used. Meanwhile, the heat source 67 may directly heat the briquette
coal like an electric heater, or may recover and use waste heat generated in the steel mill, such as slag sensible heat,
or waste heat generated when powdered reduced iron is oxidized.

[0046] The storage bin 661 has a structure in which a cross-sectional area of the storage bin 661 is gradually increased
from the lower side to the upper side. Therefore, the hot blast is moved upward from the lower side to the upper side of
the storage bin 661, and as a result, it is possible to efficiently dry the briquette coal while removing moisture contained
in the briquette coal. The dried briquette coal is discharged to the lower side of the storage bin 661.

[0047] Although notillustrated in FIG. 2, a discharge device may be installed at the lower side of the storage bin 661.
The discharge device constantly discharges the briquette coal at a rate of less than 50t/h. Meanwhile, a vapor of the
briquette coal discharged from the storage bin 661 passes through the dust collector 667 so that dust is removed, and
then the vapor of the briquette coal is discharged to the outside. In a case in which a temperature of the vapor is lowed
at a saturated vapor pressure or higher, condensate water may be produced. Therefore, although not illustrated in FIG.
2, athermalinsulating device may be installed to prevent the condensate water from flowing back into the storage bin 661.
[0048] As described above, the briquette coal is subjected to the heat treatment by using the storage bin 661 that
functions as an intermediate buffer during the process of conveying the briquette coal, and as a result, it is possible to
efficiently manufacture the briquette coal having sufficient strength within a short period of time without installing separate
facilities. Therefore, it is possible to ensure cold strength of the briquette coal within a short period of time by heating
the briquette coal even in the case of the briquette coal of which the strength is not sufficiently ensured at the initial time
because the binder and the water are used together or the binder itself is water soluble and thus has a high moisture
content.

[0049] FIG. 3 schematically illustrates an apparatus 200 for manufacturing molten iron including the apparatus for
manufacturing briquette coal of FIG. 2. A structure of the apparatus 200 for manufacturing molten iron in FIG. 3 is merely
for exemplifying the present invention, and the present invention is not limited thereto. Therefore, the apparatus 200 for
manufacturing molten iron in FIG. 3 may be modified to various forms.

[0050] Asillustratedin FIG. 3, the apparatus 200 for manufacturing molten iron includes a melting and gasifying furnace
60 and a packed-bed reducing furnace 20. Other devices may be included in addition to the furnaces, as necessary.
Iron ore is inputted into and reduced in the packed-bed reducing furnace 20. The iron ore inputted into the packed-bed
reducing furnace 20 is dried in advance, and then used to manufacture reduced iron while passing through the packed-
bed reducing furnace 20. The packed-bed reducing furnace 20 forms a packed bed therein by being supplied with
reducing gas from the melting and gasifying furnace 60.

[0051] Since the briquette coal manufactured by the manufacturing method of FIG. 1 is inputted into the melting and
gasifying furnace 60, a coal-packed bed is formed in the melting and gasifying furnace 60. A dome portion 601 is formed
at an upper side of the melting and gasifying furnace 60. That is, the melting and gasifying furnace 60 has a space wider
than the remaining portion of the melting and gasifying furnace 60, and high-temperature reducing gas is present in this
space. Therefore, the briquette coal inputted into the dome portion 601 is converted into char by the high-temperature
reducing gas by a thermal decomposition reaction. The char generated by the thermal decomposition reaction of the
briquette coal is moved to the lower side of the melting and gasifying furnace 60 and exothermically reacts with oxygen
supplied through the tuyere 30. As a result, the briquette coal may be used as a heat source for maintaining the melting
and gasifying furnace 60 at a high temperature. Meanwhile, the char provides breathability, and as a result, a large
amount of gas generated at the lower side of the melting and gasifying furnace 60 and the reduced iron supplied from
the packed-bed reducing furnace 20 may more easily and uniformly pass through the entire coal-packed bed in the
melting and gasifying furnace 60.

[0052] In addition to the briquette coal, a lump carbon material or cokes may be inputted into the melting and gasifying
furnace 60, as necessary. The tuyere 30 is installed in an outer wall of the melting and gasifying furnace 60, and oxygen
is injected through the tuyere 30. The oxygen is injected to the coal-packed bed, and a combustion zone is formed. The
briquette coal may be combusted in the combustion zone to generate reducing gas.

[0053] FIG. 4 schematically illustrates another apparatus 300 for manufacturing molten iron including the apparatus
for manufacturing briquette coal of FIG. 2. A structure of the apparatus 300 for manufacturing molten iron in FIG. 4 is
merely for exemplifying the present invention, and the present invention is not limited thereto. Therefore, the apparatus
300 for manufacturing molten iron in FIG. 4 may be modified to various forms. Because the structure of the apparatus
300 for manufacturing molten iron of FIG. 4 is similar to the structure of the apparatus 200 for manufacturing molten iron
of FIG. 3, the same constituent elements are designated by the same reference numerals, and a detailed description
thereof will be omitted.

[0054] Asillustratedin FIG. 4, the apparatus 300 for manufacturing molten iron includes a melting and gasifying furnace
60, a fluidized-bed reducing furnace 22, a reduced iron compression device 40, and a compressed and reduced iron
storage tank 50. Here, the compressed and reduced iron storage tank 50 may be omitted.
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[0055] The manufactured briquette coal is inputted into the melting and gasifying furnace 60. Here, the briquette coal
generates reducing gas in the melting and gasifying furnace 60, and the generated reducing gas is supplied to the
fluidized-bed reducing furnace 22. Fine iron ore is supplied to a plurality of reducing furnaces 22 having fluidized beds,
and flows by reducing gas supplied to the fluidized-bed reducing furnace 22 from the melting and gasifying furnace 60,
such that the reduced iron is manufactured. The reduced iron is compressed by the reduced iron compression device
40, and then stored in the compressed and reduced iron storage tank 50. The compressed reduced iron, together with
the briquette coal, is inputted into the melting and gasifying furnace 60 from the compressed and reduced iron storage
tank 50 and melted in the melting and gasifying furnace 60. The briquette coal is supplied to the melting and gasifying
furnace 60 and converted into char having breathability, and as a result, a large amount of gas generated at a lower
side of the melting and gasifying furnace 60 and the compressed reduced iron more easily and uniformly pass through
a coal-packed bed in the melting and gasifying furnace 60, such that molten iron with high quality may be provided.
[0056] Meanwhile, since the cellulose ether compound is used as a binder in the briquette coal instead of molasses,
it is possible to innovatively reduce an alkali component. Therefore, it is possible to prevent a dispersing plate (not
illustrated) or a cyclone (notillustrated) in the fluidized-bed reducing furnace 22 from being clogged due to the deposition
of alkali substances such as potassium by the molasses containing a large amount of alkali components.

[0057] Hereinafter, the present invention will be described in more detail through Experimental Examples. These
Experimental Examples are merely for exemplifying the present invention, and the present invention is not limited thereto.

Experiment to Measure Hot Strength and Cold Strength of Briquette Coal
Experimental Example

[0058] A mixture was manufactured by uniformly mixing powdered coal of 3.4 mm or less and a powdered cellulose
ether compound of 0.2 mm or less for one minute, and mixing the powdered coal and the powdered cellulose ether
compound again for three minutes after adding water. A mixture of heavy coking coal, soft coking coal, and powdered
cokes was used as the powdered coal, and a hydroxypropylmethyl cellulose (HPMC, MECELLOSE) product from Sam-
sung Fine Chemical was used as the cellulose ether compound. Further, the mixture was inputted between the pair of
rolls, such that the briquette coal was manufactured. In this case, the briquette coal having a pillow shape with a size of
64.5 mm X 25.4 mm X 19.1 mm was manufactured by compressing the mixture with pressure of 20 kN/cm by using
the pair of rolls. Because the detailed remaining manufacturing process of the briquette coal can be easily understood
by those skilled in the art to which the present invention pertains, a detailed description thereof will be omitted.

Experimental Example 1

[0059] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 7.6% and an average
grain size of 1.1 mm and HPMC powder of 1 g with an average grain size of 78 um and viscosity of 28,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of the Experimental Example.

Experimental Example 2

[0060] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 7.7% and an average
grain size of 1.1 mm and HPMC powder of 0.8 g with an average grain size of 78 um and viscosity of 28,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Experimental Example 3

[0061] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 1.4% and an average
grain size of 1.1 mm and HPMC powder of 1 g with an average grain size of 78 um and viscosity of 28,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.
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Experimental Example 4

[0062] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 0.1% and an average
grain size of 0.9 mm and HPMC powder of 1 g with an average grain size of 78 um and viscosity of 28,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Experimental Example 5

[0063] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 5.7% and an average
grain size of 1.0 mm and HPMC powder of 1 g with an average grain size of 82 um and viscosity of 60,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Experimental Example 6

[0064] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 6.0% and an average
grain size of 1.0 mm and HPMC powder of 1 g with an average grain size of 75 um and viscosity of 12,200 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Experimental Example 7

[0065] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 6.1% and an average
grain size of 1.0 mm and HPMC powder of 1 g with an average grain size of 77 um and viscosity of 49,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Comparative Example 1

[0066] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 7.6% and an average
grain size of 1.1 mm and HPMC powder of 0.6 g with an average grain size of 78 um and viscosity of 28,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Comparative Example 2

[0067] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 5.7% and an average
grain size of 1.0 mm and HPMC powder of 0.2 g with an average grain size of 82 um and viscosity of 60,000 cps, and
then mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.

Comparative Example 3

[0068] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 1.4% and an average
grain size of 1.1 mm and HPMC powder of 1 g with an average grain size of 75 pwm and viscosity of 2,080 cps, and then
mixing again the powdered coal and the HPMC powder after adding water of 10 g. Further, the mixture was inputted
between the pair of rolls, such that the briquette coal was manufactured. The remaining experimental processes were
identical to those of Experimental Example 1.
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Comparative Example 4

[0069] A mixture was manufactured by mixing powdered coal of 100 g with a moisture content of 0.1% and an average
grain size of 1.0 mm and powdered carboxymethyl cellulose (CMC) (AQUALONTM from ASHILAND) of 1 g with an
average grain size of 70 wm and viscosity of 6,000 cps, and then mixing again the powdered coal and the powdered
carboxymethyl cellulose after adding water of 12 g. Further, the mixture was inputted between the pair of rolls, such that
the briquette coal was manufactured. The remaining experimental processes were identical to those of Experimental
Example 1.

Experimental Results

[0070] Shatter strength and compressive loads of the briquette coal manufactured according to Experimental Examples
1 to 6 were measured. The shatter strength of the briquette coal was obtained from a proportion of the briquette coal
having a grain size of +20 mm or more after the briquette coal weighing 2kg freely fell four times from a height of 5 m.
In addition, the compressive load of the briquette coal was measured from a maximum load until the briquette coal was
destroyed after the pressure is applied to the briquette coal at a constant rate, and was measured from an average value
of twenty samples of the briquette coal, and the results are shown in the following Table 1.

10
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[0071] As shown in Table 1, the excellent shatter strength and the excellent compressive load of the briquette coal
were obtained in the case in which 0.8 part by weight to 1.0 part by weight of the HPMC with viscosity 12,200 cps to
60,000 cps was used in Experimental Examples 1 to 7. Therefore, it could be seen that it is advantageous to adjust the
viscosity of the HPMC to the aforementioned range. In contrast, it could be seen that the shatter strength and the
compressive load of the briquette coal manufactured according to Comparative Examples 1 to 4 are much smaller than
the shatter strength and the compressive load of the briquette coal manufactured according to Experimental Examples
1 to 7. Therefore, it could be seen that the briquette coal manufactured by using the HPMC is much more excellent in
terms of the shatter strength and the compressive load than the briquette coal manufactured by using the CMC.

Experiments on Operation of Manufacturing Ash of Briquette Coal
Experimental Example 8

[0072] Powder was manufactured by crushing the briquette coal manufactured by Experimental Example 1, and the
powdered briquette coal of about 7 g was inserted into a magnetic crucible of 30 ml, and then heated and combusted
for ten hours in a box furnace at 850°C. Because the remaining experimental processes can be easily understood by
those skilled in the art to which the present invention pertains, a detailed description thereof will be omitted.

Experimental Example 9

[0073] A mixture was manufactured by uniformly mixing the powdered coal with the HPMC and the CMC solution.
Powdered coal of 100 g with a moisture content of 0.1% and an average grain size of 1.0 mm, a 4% aqueous solution
of hydroxypropylmethyl cellulose (HPMC, MECELLOSE from Samsung Fine Chemical, with viscosity of 28, 000 cps) of
7.5 g, and a 6% aqueous solution of carboxymethyl cellulose (CMC, AQUALONTM from ASHILAND, with viscosity of
6,000 cps) of 7.5 g were used. Further, the mixture was inputted between the pair of rolls, such that the briquette coal
was manufactured. In this case, the briquette coal having a pillow shape with a size of 64.5 mm X 25.4 mm X 19.1 mm
was manufactured by compressing the mixture with pressure of 20 kN/cm by using the pair of rolls. Powder was man-
ufactured by crushing the briquette coal manufactured as described above, and the powdered briquette coal of about 7
g was inserted into a magnetic crucible of 30 ml, and then heated and combusted for ten hours in a box furnace at 850°C.
The remaining experimental processes were identical to those of Experimental Example 8.

Comparative Example 5

[0074] Powder was manufactured by crushing the briquette coal manufactured by Comparative Example 4, and the
powdered briquette coal of about 7 g was inserted into a magnetic crucible of 30 ml, and then heated and combusted
for ten hours in a box furnace at 850°C. The remaining experimental processes were identical to those of Experimental
Example 8.

Experimental Results

[0075] Ash components remaining after operations according to Experimental Examples 8 and 9 and Comparative
Example 5 were analyzed. The experimental results of Experimental Examples 8 and 9 and Comparative Example 5
are shown in the following Table 2. Table 2 shows the ash components contained in the briquette coal manufactured
according to Experimental Examples 8 and 9 and Comparative Example 5.
(Table 2)

Classification Ash Component of Briquette Coal (wt%)

Sio, CaO | AlLO; | MgO | TiO, | Fe,O5 | K,O | Nay,O
Experimental Example 8 | 49.29 | 6.44 | 26.91 1.26 1.39 7.05 2.91 0.39
Experimental Example 9 | 48.80 | 6.64 | 26.89 1.24 1.39 7.30 2.87 1.59

Comparative Example 5 | 48.09 6.51 26.05 1.20 1.35 713 2.85 2.64

[0076] Asshownin Table 2, a Na,O content of alkalis contained in the ash was as low as 0.39 in Experimental Example
8, but the Na,O content was as very high as 2.64 in Comparative Example 5. In addition, in Experimental Example 9,
the Na,O contentis 1.59, that is, somewhat high. It could be seen that the operation of the fluidized-bed reducing furnace
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may be adversely affected because Na ions are bonded to a functional group of the CMC and alkalis are contained in
the reducing gas when the briquette coal is manufactured by using the CMC solution.

Experiment on Measurement of Compressive Load of Briquette Coal

[0077] A binder and powdered coal for briquette coal having average properties used for molten reduced iron were
prepared and mixed. The powdered coal had a grain size of 3.4 mm or less. The powdered coal is additionally mixed
with a carbon source additive. As the cellulose ether compound binder, a Ferrobine™ binder provided from Samsung
Fine Chemical was used. The binder of 1 part by weight and the water of 7 part by weight are added to and uniformly
mixed with respect to the powdered coal of 100 part by weight. Further, the mixture was inputted between the pair of
rolls, such that the briquette coal was manufactured. In this case, the briquette coal having a pillow shape with a size of
64.5 mm X 25.4 mm X 19.1 mm was manufactured by compressing the mixture with pressure of 20 kN/cm by using
the pair of rolls. The manufactured briquette coal was subjected to the heat treatment in a well ventilated heat treatment
oven, thereby evaporating moisture. Further, the moisture and the compressive load were measured by using the twenty
manufactured briquette coals. The compressive load of the briquette coal was measured from a maximum load until the
briquette coal is destroyed by applying pressure at a constant rate, and the compressive load of the briquette coal was
obtained from an average value of the twenty samples of the briquette coal. Because the remaining experimental
processes can be easily understood by those skilled in the art to which the presentinvention pertains, a detailed description
thereof will be omitted.

Experimental Example 10

[0078] Briquette coal with an initial moisture content of 8.8 wt% and a compressive load of 40 kgf was subjected to
the heat treatment in a heat treatment oven at a temperature of 80°C for twenty-four hours, such that the briquette coal
was dried.

Experimental Example 11

[0079] Briquette coal with an initial moisture content of 10.1 wt% and a compressive load of 51 kgf was subjected to
the heattreatmentin a heat treatment oven at a temperature of 100°C for five hours, such that the briquette coal was dried.

Experimental Example 12

[0080] Briquette coal with an initial moisture content of 9.7 wt% and a compressive load of 52 kgf was subjected to
the heattreatmentin a heat treatment oven at a temperature of 120°C for five hours, such that the briquette coal was dried.

Experimental Example 13

[0081] Briquette coal with an initial moisture content of 9.2 wt% and a compressive load of 51 kgf was subjected to
the heattreatmentin a heat treatment oven at a temperature of 150°C for five hours, such that the briquette coal was dried.

Comparative Example 6

[0082] Briquette coal manufactured by a method identical to the method of Experimental Example 10 was stored at
room temperature for twenty-four hours.

Comparative Example 7

[0083] Briquette coal manufactured by a method identical to the method of Comparative Example 6 was subjected to
the heat treatment at 60°C.

Comparative Example 8

[0084] Briquette coal manufactured by a method identical to the method of Comparative Example 6 was subjected to
the heat treatment at 200°C.
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Experimental Results

[0085] According to the experimental results,DeletedTextsin the case of Comparative Example 6 in which no heat
treatment is performed, a compressive load of the briquette coal was 40 kgf at the initial time, and the compressive load
was about 70 kgf after the twenty-four hours had passed at room temperature, and as a result, there is no effect of
sufficiently improving strength. A sufficient compressive load could not be obtained even in the case in which the briquette
coal was subjected to the heat treatment at 60°C like in Comparative Example 7. Even in the case of Comparative
Example 8 in which the heat treatment was performed at a high temperature of 200°C, a crack occurred and an external
shape of the briquette coal could not be maintained.

[0086] FIGS. 5 to 8 illustrate experimental results of measuring compressive loads of the briquette coals according to
Experimental Examples 10 to 13.

[0087] As illustrated in FIGS. 5 to 8, the compressive load of the briquette coal was 294 kgf in Experimental Example
10, 217 kdf in Experimental Example 11, 3491 kgf in Experimental Example 12, and 307 kgf in Experimental Example
13, and as a result, the properties regarding the compressive loads of the briquette coal were excellent. It could be seen
that the compressive loads of the briquette coal were somewhat decreased over time in Experimental Examples 11 to
13, but it is necessary to adjust the heat treatment condition of the briquette coal to the aforementioned range.

[0088] In contrast, it could be seen that the compressive load of the briquette coal manufactured according to Com-
parative Examples 6 to 8 is much smaller than the compressive load of the briquette coal manufactured according to
Experimental Examples 10 to 13. Therefore, it could be seen that the compressive load of the briquette coal varies in
accordance with whether to perform the heat treatment.

[0089] Whilethisinvention hasbeendescribed in connection with whatis presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent arrangements included within the spirit and scope of the
appended claims.

Claims
1. A method of manufacturing briquette coal which is inputted into and quickly heated in a dome portion of a melting
and gasifying furnace in an apparatus for manufacturing molten iron that includes a melting and gasifying furnace
into which reduced iron is inputted, and a reducing furnace connected to the melting and gasifying furnace to provide
the reduced iron, the method comprising:
providing powdered coal;
mixing a powdered cellulose ether compound with the powdered coal and providing a mixture;
adding water to the mixture and mixing the mixture with the water; and
molding the mixture and providing briquette coal,
wherein in the providing of the briquette coal, the amount of cellulose ether compound contained in the briquette
coal is 0.7 wt% to 2.0 wt%.
2. The method of claim 1, wherein:
the amount of cellulose ether compound is 0.8 wt% to 1.5 wt%.
3. The method of claim 1, wherein:
in the providing of the briquette coal, the amount of moisture contained in the briquette coal is 5 wt% to 15 wt%.
4. The method of claim 3, wherein:
the amount of moisture contained in the briquette coal is 7 wt% to 12 wt%.

5. The method of claim 1, wherein:

a ratio of the amount of moisture contained in the briquette coal to the amount of cellulose ether compound
contained in the briquette coal is 5 to 40.

6. The method of claim 1, wherein:
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a ratio of the amount of moisture contained in the briquette coal to the amount of cellulose ether compound
contained in the briquette coal is 7 to 20.

7. The method of claim 1, wherein:
in the providing of the mixture, an average grain size of the cellulose ether compound is 50 pum to 100 pm.
8. The method of claim 1, wherein:

in the providing of the mixture, a ratio of an average grain size of the powdered coal to an average grain size
of the cellulose ether compound is 7 to 30.

9. The method of claim 1, wherein:

aratio of an average grain size of the powdered coal to an average grain size of the cellulose ether compound
is 10 to 20.

10. The method of claim 1, wherein:
a mixing time in the providing of the mixture is smaller than a mixing time in the adding of the water to the mixture
and the mixing of the mixture with the water, and a ratio of the mixing time in the providing of the mixture to the
mixing time in the adding of the water to the mixture and the mixing of the mixture with the water is 2 to 5.

11. The method of claim 1, wherein:
the cellulose ether compound includes at least one compound selected from a group consisting of methyl
cellulose (MC), hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), hydroxypropylmethyl cellulose
(HPMC), and hydroxyethylmethyl cellulose (HEMC).

12. The method of claim 1, wherein:
the cellulose ether compound includes no carboxymethyl cellulose (CMC).

13. The method of claim 1, wherein:
viscosity of the cellulose ether compound is 4,000 cps to 80,000 cps.

14. The method of claim 1, further comprising:
drying the mixture after the adding of the water to the mixture and the mixing of the mixture with the water.

15. The method of claim 1, wherein:

in the providing of the mixture, the powdered coal is further mixed with one or more binders selected from a
group consisting of polyvinyl alcohol (PVA), lignin, and starch.

16. The method of claim 15, wherein:
in the providing of the briquette coal, the amount of moisture contained in the briquette coal is 5 wt% to 15 wt%.
17. The method of claim 1, further comprising:
adjusting the amount of moisture contained in the briquette coal to 5 wt% or less by heating the briquette coal
at 80°C to 150°C for one to twenty-four hours, and adjusting a compressive load of the briquette coal to 100

kgf or more.

18. The method of claim 17, wherein:
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the briquette coal is heated by one or more heat sources selected from a group consisting of steam, near infrared
rays, microwaves, liquefied natural gas (LNG), liquefied propane gas (LPG), exhaust gas (Finex off gas (FOG))
for manufacturing molten iron, cokes oven gas (COG), and blast furnace gas (BFG).

A method of manufacturing molten iron, the method comprising:

providing briquette coal manufactured according to claim 1;
providing reduced iron made by reducing iron ore in a reducing furnace; and
providing molten iron by inputting the briquette coal and the reduced iron into the melting and gasifying furnace.

The method of claim 19, wherein:

in the providing of the reduced iron, the reducing furnace is a fluidized-bed reducing furnace or a packed-bed
reducing furnace.

A briquette coal which is inputted into and quickly heated in a dome portion of a melting and gasifying furnace in an
apparatus for manufacturing molten iron that includes a melting and gasifying furnace into which reduced iron is
inputted, and a reducing furnace connected to the melting and gasifying furnace to provide the reduced iron,

the briquette coal comprising: a cellulose ether compound of 0.7 wt% to 2.0 wt%, moisture of 5 wt% to 15 wt%, and
the remaining powdered coal.

The briquette coal of claim 21, wherein:
the amount of cellulose ether compound is 0.8 wt% to 1.5 wt%.
An apparatus for manufacturing briquette coal, the apparatus comprising:

a powdered coal hopper which stores powdered coal;

a binder hopper which stores a water-soluble binder;

a mixer which is supplied with the powdered coal from the powdered coal hopper, is supplied with the water-
soluble binder from the binder hopper, and mixes the powdered coal and the water-soluble binder to manufacture
a mixture;

a water supply unit which supplies water to the mixer;

a molding device which manufactures briquette coal by being supplied with the mixture from the mixer;

a storage bin which is supplied with the briquette coal from the molding device, heats and dries the briquette
coal, and has a diameter that is gradually decreased from a lower side to an upper side; and

a heat source which supplies a hot blast for drying the briquette coal at the lower side of the storage bin.

An apparatus for manufacturing molten iron, the apparatus comprising:

the apparatus for manufacturing briquette coal according to claim 23;

a reducing furnace which provides reduced iron; and

a melting and gasifying furnace which is connected to the reducing furnace so as to be supplied with the reduced
iron, and connected to the apparatus for manufacturing briquette coal so as to be supplied with the briquette
coal to manufacture molten iron,

wherein the reducing furnace is a fluidized-bed reducing furnace or a packed-bed reducing furnace.
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FIG. 1
Provide powdered coal ~S10
Mix powdered coal with powdered cellulose ether L _S20
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Mold the mixture and provide briquette coal ~ 5S40
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FIG. 4

100

Exhaust gas 22

Reduced

Briquette
coal

L Fine iron ore

Reducing gas

Oxygen

60

20



EP 3 266 855 A1

FIG. 5
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FIG. 6
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FIG. 7
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FIG. 8
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