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(67)  The present invention relates to a method of
manufacturing coal briquettes which are inputted into and
quickly heated in a dome portion of a melting and gasi-
fying furnace in an apparatus for manufacturing molten
iron that comprises the melting and gasifying furnace into
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providing powdered coal; preparing a coal blend by mix-
ing powdered coal and acid-treated starch powder; heat
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quettes by molding the heat-treated coal blend.
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Description
[FIELD OF THE INVENTION]

[0001] The present invention relates to a coal briquette and a method for manufacturing thereof.
[0002] More particularly, the present invention relates to a briquette to which bio-plastics are applied to and a method
of manufacturing the same.

[DESCRIPTION OF THE RELATED ART]

[0003] In a direct iron ore smelting reduction process, a reducing furnace for reducing iron ore and a melting and
gasifying furnace for melting the reduced iron ore are used.

[0004] When the iron ore is melted in the melting and gasifying furnace, coal briquettes, as a heat source for melting
the iron ore, are inputted into the melting and gasifying furnace.

[0005] Herein, the reduced iron is melted in the melting and gasifying furnace, converted into molten iron and slag,
and then discharged to the outside.

[0006] The coal briquettes inputted into the melting and gasifying furnace form a coal-packed bed.

[0007] Oxygen is injected through a tuyere installed in the melting and gasifying furnace, and then combusts the coal-
packed bed to generate combustion gas.

[0008] The combustion gas is converted into high-temperature reducing gas while moving upward through the coal-
packed bed.

[0009] The high-temperature reducing gas is discharged to the outside from the melting and gasifying furnace and
supplied, as reducing gas, to a reducing furnace.

[0010] Coal briquettes are manufactured by mixing coal and a binder.

[0011] In this case, molasses is used as a binder

[0012] The components of the molasses vary depending on where it is sourced, and it is difficult to consistently control
the ingredients according to a sugar manufacturing process.

[0013] Therefore, in the case where a coal briquette is prepared by using molasses as a binder, it is difficult to control
the quality of the coal briquette.

[0014] Particularly, in the case of using high moisture molasses, there are problems in that the quality of the coal
briquette is reduced.

[0015] Coal briquettes using bio-plastics and a manufacturing method thereof are provided.

[SUMMARY OF THE INVENTION]

[0016] The present invention relates to a method of manufacturing coal briquettes which are inputted into and quickly
heated in a dome portion of a melting and gasifying furnace in an apparatus for manufacturing molten iron that comprises
the melting and gasifying furnace into which reduced iron is inputted, and a reducing furnace which is connected to the
melting and gasifying furnace and provides the reduced iron, the method comprises: providing powdered coal; preparing
a coal blend by mixing powdered coal and acid-treated starch powder; heat treating the coal blend; and manufacturing
coal briquettes by molding the heat-treated coal blend.

[0017] Inthe step of preparing the coal blend, the acid-treated starch powder may be prepared by the steps comprising:
pulverizing biomass; separating the remaining liquid comprising starch by immersing the pulverized biomass in an acid
aqueous solution; washing the separated remaining liquid with a pH of 3 to 5.5; and drying the washed remaining liquid.
[0018] In the step of preparing the coal blend, the pH of the acid-treated starch powder may be 3 to 5.5 when dissolved
in water at a concentration of 30 % by volume.

[0019] In the step of preparing the coal blend, an average particle size of the acid-treated starch powder may be 0.01
to 1 mm.

[0020] In the step of preparing the coal blend, the acid-treated starch powder of 1 to 10 parts by weight may be added
to the powdered coal of 100 parts by weight.

[0021] The step of preparing the coal blend may be performed at a temperature of 50 to 65 °C.

[0022] In the step of heat treating, the acid-treated starch powder in the coal blend may be transformed into a bio-
plastic by the heat treatment.

[0023] The step of heat treating may comprise supplying steam to the coal blend.

[0024] The moisture in the steam may be supplied such that becomes 1 to 5 parts by weight to the powdered coal of
100 parts by weight.

[0025] A temperature of the steam may be 120 to 300 °C.

[0026] In the step of heat treating, a temperature of the coal blend may be 60 to 200 °C.
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[0027] Drying the heat-treated coal blend may be further comprised after the step of heat treating.

[0028] The manufactured coal briquette may comprise 1 to 10 wt% of a bio-plastic, 3 to 15 wt% of moisture, and a
balance of coal, and the bio-plastic may consist of 25 to 70 wt% of amylopectin and 30 to 75 wt% of amylose.

[0029] An apparatus for manufacturing coal briquettes according to an example embodiment of the present invention
which are inputted into and quickly heated in a dome portion of a melting and gasifying furnace in an apparatus for
manufacturing molten iron that comprises the melting and gasifying furnace into which reduced iron is inputted, and a
reducing furnace which is connected to the melting and gasifying furnace and provides the reduced iron,

the apparatus comprises: a powdered coal supply bin; an acid-treated starch powder supply bin; a mixer supplied with
powdered coal and acid-treated starch powder from the powdered coal supply bin and the acid-treated starch powder
supply bin and mixing to prepare a coal blend; a kneader provided with the coal blend from the mixer and heat treating
it; and a molder provided with the heat-treated coal blend from the kneader and molding it.

[0030] A preheating mixer preheating the coal blend at a temperature of 50 to 65 °C and mixing between the mixer
and the kneader may be further comprised.

[0031] The kneader may be connected with a steam supply pipe and be provided with steam from the steam supply
pipe to heat treat the coal blend.

[0032] A dryer drying the heat-treated coal blend between the kneader and the molder may be further comprised.

[EFFECT]

[0033] Coal briquettes having excellent strength may be manufactured.

[0034] Since there is no K component in the binder, a pipeline clogging does not occur.

[0035] Since quicklime or slaked lime is not used, CO, reactivity is deteriorated, and thus fuel efficiency of coal is
improved.

[0036] Since a bending ratio of the binder is minimized, economic feasibility of the binder is improved compared with
a conventional binder.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0037]

FIG. 1 is a schematic flowchart showing a method for manufacturing coal briquettes according to an example
embodiment of the present invention.

FIG. 2 is a schemaitic view of a coal briquette manufacturing apparatus according to an example embodiment of the
present invention.

FIG. 3 is a schematic view of an apparatus for manufacturing molten iron using the coal briquettes of FIG. 1.

FIG. 4 is a schematic view of another apparatus for manufacturing molten iron using the coal briquettes of FIG. 1.
FIG. 5 is a result of UV spectrometer of the binder material remaining after separating coal from coal briquettes
manufactured in examples and comparative examples.

[DETAILED DESCRIPTION OF THE EMBODIMENTS]

[0038] 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.

[0039] These terms are used only to distinguish any portion, component, region, layer, or section from other portions,
components, regions, layers, or sections.

[0040] 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.

[0041] Thetechnicaltermsusedherein are used merely for the purpose of describing a specific exemplary embodiment,
and not intended to limit the present invention.

[0042] Singular expressions used herein comprise plural expressions unless they have definitely opposite meanings.
[0043] Theterms"comprises"and/or"comprising" used inthe 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.

[0044] Unlessotherwise defined, allterms used herein comprising technical or scientific terms have the same meanings
as meanings which are generally understood by those skilled in the art.

[0045] 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.
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[0046] The present invention will be described more fully hereinafter with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown.

[0047] 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.

[0048] FIG. 1 schematically illustrates a flowchart of a method for manufacturing coal briquettes according to an
example embodiment of the present invention.

[0049] The flowchart of the method for manufacturing coal briquettes of FIG. 1 is an exemplary flowchart, and the
present invention is not limited thereto.

[0050] Thus, the manufacturing method of coal briquettes may be variously modified.

[0051] As shown in FIG. 1, a method of manufacturing coal briquettes comprises: providing powdered coal (S10);
preparing a coal blend by mixing powdered coal and acid-treated starch powder (S20); heat treating the coal blend
(S30); and manufacturing coal briquettes by molding the heat-treated coal blend (S40).

[0052] In addition, the method of manufacturing the coal briquette may further comprise other steps as needed.
[0053] First, in step (S10), powdered coal is provided.

[0054] Herein, the powdered coal is prepared by pulverizing coal, and the coal is in general classified into peat com-
prising about 60 % of carbon powder, ignite and brown coal comprising about 70 % of carbon powder, pitch coal
comprising about 70 % to 80 % of carbon powder, bituminous coal comprising about 80 % to 90 % of carbon powder,
and hard coal comprising 90 % or more of carbon powder depending on a carbonization degree.

[0055] Herein, akind of coal is not particularly limited, but a single kind of coal or a mixture of various coals may be used.
[0056] Itis preferable to use powdered coal having a uniform particle diameter in order to reduce a deviation of quality
and specifically, powdered coal having a particle diameter distribution of 80 wt% or more of a particle having a diameter
of 3 mm or less, and 90 wt% or more of a particle having a diameter of 5 mm or less may be used.

[0057] Next, in step (S20), a coal blend is prepared by mixing powdered coal and acid-treated starch powder;
[0058] Accordingto an example embodiment of the present invention, a mixture obtained by directly mixing an already
manufactured bio-plastic with powdered coal is not applied as a binder of a coal briquette, but acid-treated starch powder,
as a raw material for a bio-plastic is blended, and then, it is synthesized into a bio-plastic in a subsequent step (S30)
and the like and accordingly, plays role of a coal briquette binder.

[0059] When the already manufactured bio-plastic is directly mixed with the powdered coal, the bio-plastic may not
be smoothly coated on the surface of the powdered coal and thus needs to be remelt at a high temperature.

[0060] Herein, the remelt bio-plastic has low elastic recovery and thus deteriorates an immediate strength of a coal
briquette.

[0061] On the contrary, an example embodiment of the present invention, since the coal blend comprising the acid-
treated starch as a raw material is prepared and then, used to synthesize a bio-plastic in a subsequent step (S30) and
the like, the bio-plastic is smoothly coated on the surface of powdered coal, and in addition, an immediate strength of a
coal briquette may be improved.

[0062] The starch consists of 20 to 30 wt% of amylose and 70 to 80 wt% of amylopectin.

[0063] The amylose has a linear helix structure and thus is elastic and accordingly, may be effectively coated on a
medium.

[0064] In addition, it is coated with high density and thus every efficient as a binder.

[0065] However, the amylopectin has a branch structure and thus is hard and accordingly, may not be effectively
coated on a material for binding.

[0066] In addition, since the branch structure has low density compared with the linear structure, a coal briquette has
a weak binding strength at a binder part after binding and thus is vulnerable to deformation due to an external pressure
and lacks of viscoelasticity

[0067] In an example embodiment of the present invention, when the starch is synthesized into a bio-plastic in step
(S30) and the like, the amylose structure, which is advantageous as a binder, is increased, but the amylopectin structure
is decreased, and thus hot strength and cold strengths of a coal briquette is improved.

[0068] In an example embodiment of the present invention, the acid-treated starch powder comprises: pulverizing
biomass; separating the remaining liquid comprising starch by immersing the pulverized biomass in an acid aqueous
solution; washing the separated remaining liquid with a pH of 3 to 5.5; and drying the washed remaining liquid.

[0069] Atthistime, the biomass may comprise at least one selected from the group consisting of cassava, corn, wheat,
rice, barley, and potato. Specifically, corn may be used.

[0070] When corn is used, it is immersed using a sulfurous acid solution of 0.2 to 0.5 % by volume.

[0071] Whenthe cornisimmersed, it slowly swells as itis absorbed, and when the moisture is about 40 wt%, it becomes
saturated.

[0072] As it becomes saturated, the soluble substance in the raw material starts to elute into the immersion solution,
and the lactic acid bacteria develop and the sugar eluted is fermented with lactic acid.

[0073] Fermented lactic acid and sulfurous acid disintegrate the protein and soften the bonding between starch and
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protein to induce separation of starch easily.

[0074] The corn immersed in the sulfurous acid solution is pulverized using a pulverizing machine.

[0075] The pulverized is sent to an embryo separation tank to separate the starch.

[0076] At this time, a rotary filter using a centrifuge may be used, and the separated starch remaining liquid is sent to
the next process.

[0077] At this time, the remaining liquid is washed to pH 3 to 5.5.

[0078] And drying is carried out so that the moisture of 15 wt% or less is comprised.

[0079] In this case, sulfuric acid and lactic acid will be present in some corn starch powders. The sulfuric acid may be
contained 0.01 wt% or more, and the lactic acid may be contained 0.1 wt% or more.

[0080] Thatis, the acid-treated starch powder may comprise 0.01 to 1 wt% of sulfuric acid and 0.1 to 1 wt% of lactic acid.
[0081] Generally, when preparing starch, the extractant is used 100 wt% or more of the acid component in the acid
aqueous solution in the step of extracting the acid from the starch.

[0082] In an example embodiment of the present invention, since the acid-treated starch is used instead of starch, it
is sufficient to use the extractant of 40 to 60 wt% of the acid component in the acid aqueous solution.

[0083] The process of preparing the acid-treated starch in an example embodiment of the present invention is rather
simple compared with the process of preparing general starch, and there is an advantage in preparing process.
[0084] The pH of the acid-treated starch powder has to be 3 to 5.5 when dissolved in water at a concentration of 30
% by volume.

[0085] WhenthepHistoo high,a problemwhichis difficult to obtain viscoelasticity of bio-plastic appropriately may occur.
[0086] When pH ofthe binder mixture is too low, viscoelasticity of a bio-plastic becomes lower, and in addition, corrosion
of equipment may occur.

[0087] Accordingly, pH may be adjusted within the above range.

[0088] More specifically, the pH of the acid-treated starch powder may be 4 to 5 when dissolved in water at a concen-
tration of 30 % by volume.

[0089] An average particle size of the acid-treated starch powder may be 0.01 to 1 mm.

[0090] When the average particle size of the acid-treated starch powder is too small, the acid-treated starch powder
is aggregated each other and may not be smoothly mixed with the powdered coal.

[0091] When the average particle size of the acid-treated starch powder is too big, it may not be smoothly mixed with
the powdered coal.

[0092] Accordingly, the average particle size of the acid-treated starch powder may be adjusted within the above range.
[0093] For the amount of the acid-treated starch powder added, the acid-treated starch powder of 1 to 10 parts by
weight may be added to the powdered coal of 100 parts by weight.

[0094] When the amount of the acid-treated starch powder added is too large, uniformly mixing of the acid-treated
starch powder and the powdered coal may become difficult.

[0095] When the amount of the acid-treated starch powder added is too small, the binding effect may be negligible.
[0096] Accordingly, the amount of the acid-treated starch powder added may be adjusted within the above range.
[0097] More specifically, the acid-treated starch powder of 2 to 8 parts by weight may be added to the powdered coal
of 100 parts by weight.

[0098] The step (S20) may be performed at a temperature of 50 to 65 °C.

[0099] When the temperature is too low, it may take a long time to increase the temperature to an appropriate heat
treatment temperature in step S30 to be described later.

[0100] When the temperature is too high, the acid-treated starch powder which is not sufficiently mixed with powdered
coal may be transformed into a bio-plastic in a subsequent step (S30).

[0101] Referring to FIG. 1 again, the coal blend is heat treated in step (S30).

[0102] In step (S30), the acid-treated starch powder in the coal blend may be transformed into a bio-plastic by the
heat treatment.

[0103] The transformation mechanism of the acid-treated starch powder into the bio-plastic is specifically illustrated.
[0104] Amylose and amylopectin in the starch have a crystal structure.

[0105] Theamylosehasalinear structure, and the amylopectin has a structure having a branch atthe amylose structure.
[0106] When heat is applied to the amylose and amylopectin, and water is added thereto, the water is permeated into
the crystal structure.

[0107] The water may rarely be permeated among crystals at a room temperature.

[0108] The water permeated among the crystals binds the amylose and the amylopectin through a hydrogen bonding.
[0109] The amylopectin is cut by acid and formed into amylose.

[0110] When the water is permeated into an amylose crystalline gap, the hydrogen bonding occurs, an OH group, a
hydrophilic group, becomes outward but a C-C bonding, a hydrophobic group, becomes inward due to an interaction of
the hydrophilic group and the hydrophobic group, and thus the amylose and the amylopectin are transformed into a helix
structure.
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[0111] In addition, a double helix structure based on polar lipid in the starch is formed through a bonding with the polar
lipid in the starch.

[0112] The other helixes not bonded with the polar lipid are bonded themselves and also form a double helix structure.
[0113] The amylose is shared in the double helix and forms a crystal structure when water is discharged.

[0114] A conversion mechanism of amylopectin into amylose is as follows.

[0115] The amylose consists of glucose through alpha 1,4-bonding.

[0116] The amylopectin has a back-bone structure of having a main back-bone of 1,4-bonding and a branch connected
to the main back-bone through alpha 1,6-bonding.

[0117] Alpha 1,4-bonding is not cut, but a- 1,6-bonding is cut between pH 3 to 5.5 and at temperature of 60 °C or more.
[0118] Accordingly, the a-1,6-bonding may be selectively possible under presence of acid.

[0119] Accordingly, the branch of the amylopectin may be cut into a linear, which is similar to the amylose.

[0120] Through such a process, a bio-plastic consisting 25 to 70 wt% of amylopectin and 30 to 75 wt% of amylose
may be synthesized.

[0121] More specifically, the bio-plastic may consist of 25 to 35 wt% of the amylopectin and 65 to 75 wt% of the amylose.
[0122] The bio-plastic has relatively high density and thus increases a strength of a coal briquette, and in addition,
since linear molecules form a helix structure, the bio-plastic may be effectively adhered on the surface of powdered coal.
[0123] In step (S30), the step of heat treating may comprise supplying steam to the coal blend.

[0124] By supplying steam, it is possible to supply the moisture and heat necessary for bio-plastic synthesis.

[0125] In an example embodiment of the present invention, the acid necessary for bio-plastics synthesis is supplied
in the form of an acid-treated powder rather than in the form of an aqueous solution, so that a large amount of moisture
is not unnecessarily supplied.

[0126] As aresult, the moisture content in the briquettes is reduced, so that the cold strength of the briquette may be
improved and unnecessary drying step may be reduced.

[0127] Specifically, the moisture in the steam may be supplied such that becomes 1 to 5 parts by weight to the powdered
coal of 100 parts by weight.

[0128] When the moisture is supplied too small, bio-plastic synthesis may not be smoothly carried out.

[0129] When the moisture is supplied too large, it may adversely affect the cold strength of the final manufactured
coal briquette.

[0130] Accordingly, the amount of steam may be adjusted so as to supply moisture within the above range.

[0131] At this time, a temperature of the steam may be 120 to 300 °C.

[0132] In step (S30), the temperature of the coal blend is increased to 60 to 200 °C due to the heat treatment.
[0133] When the temperature of the coal blend is not increased properly, bio-plastic synthesis may not be smoothly
carried out.

[0134] Atfter the step (S30), a step of drying the heat-treated coal blend may be further comprised.

[0135] Specifically, the coal blend may be dried at a temperature of 50 to 200 °C for 3 to 10 minutes.

[0136] When the drying step is further comprised, an amount of moisture may be adjusted to be comprised in a range
of 3 to 15 wt% based on 100 wt% of the coal briquette.

[0137] More specifically, it may be adjusted to be comprised in a range of 5 to 9 wt%

[0138] Within the above range, a strength of the coal briquette may be improved.

[0139] This moisture may be derived from the moisture present in the powdered coal in step (S10), the moisture
present in the acid-treated starch powder in step (S20), and the moisture present in the steam in step (S30).

[0140] Referringto FIG. 1 again, coal briquettes are manufactured by molding the heat-treated coal blend in step (S40).
[0141] As notshown in FIG. 1, the coal blend is inputted between a pair of rolls spinning in an opposite direction each
other to prepare a coal briquette having a pocket or strip shape.

[0142] As aresult, a coal briquette having excellent hot and cold strengths may be prepared.

[0143] The coal briquette manufactured by the above-described manufacturing method may comprise 1 to 10 wt% of
a bio-plastic, 3 to 15 wt% of moisture, and coal in a balance amount, and the bio-plastic may comprise 25 to 70 wt% of
amylopectin and 30 to 75 wt% of amylose.

[0144] More specifically, coal briquettes may comprise 3 to 7 wt% of the bio-plastic, 5 to 9 wt% of the moisture, and
a balance of coal.

[0145] The coal briquette according to an example embodiment of the present invention has an excellent strength due
to viscoelasticity of the bio-plastic.

[0146] FIG. 2 schematically illustrates a coal briquette manufacturing apparatus to which the method of manufacturing
the coal briquette method illustrated in FIG. 1.

[0147] A structure of the coal briquette manufacturing apparatus of FIG. 2 is exemplary, and the present invention is
not limited thereto.

[0148] Therefore, the structure of the coal briquette manufacturing apparatus of FIG. 2 may be variously modified.
[0149] An apparatus for manufacturing coal briquettes 100 according to an example embodiment of the present in-



10

15

20

25

30

35

40

45

50

55

EP 3 527 646 A1

vention comprises: a powdered coal supply bin 10; an acid-treated starch powder supply bin 20; a mixer 30 supplied
with powdered coal and acid-treated starch powder from the powdered coal supply bin 10 and the acid-treated starch
powder supply bin 20 and mixing to prepare a coal blend; a kneader 50 provided with the coal blend from the mixer and
heat treating it; and a molder 70 provided with the heat-treated coal blend from the kneader 50 and molding.

[0150] An apparatus for manufacturing coal briquettes 100 according to an example embodiment of the present in-
vention comprises a powdered coal supply bin 10 and an acid-treated starch powder supply bin 20, the bins 10, 20
supply the powdered coal and the acid-treated starch powder.

[0151] The powdered coal and the acid-treated starch powder were described above, and a duplicate description will
be omitted.

[0152] The powdered coal and the acid-treated starch powder are supplied to the mixer 30.

[0153] The mixer 30 is supplied with powdered coal and acid-treated starch powder from the powdered coal supply
bin and the acid-treated starch powder supply bin and mixing to prepare a coal blend.

[0154] A preheating mixer 40 is connected to the mixer 30, so that it may preheat the coal blend at a temperature of
50 to 65 °C and mix.

[0155] By the presence of the preheating mixer 40, the heat treatment of the coal blend may be performed rapidly in
the kneader 50 to be described later.

[0156] The preheating mixer 40 may supply steam for heat treatment.

[0157] The kneader 50 is provided with the coal blend from the mixer 30 or the preheating mixer 40 to carry out the
heat-treatment.

[0158] Due to the heat treatment in the kneader 50, the acid-treated starch powder is transformed into bio-plastic.
[0159] The bio-plastic was described above, and a duplicate description will be omitted.

[0160] The kneader 50 may be connected with a steam supply pipe 51 and be provided with steam from the steam
supply pipe 51 to heat treat the coal blend.

[0161] A plurality of steam supply pipes 51 may be installed along the vertical direction of the kneader 50.

[0162] The plurality of steam supply pipes 51 may supply each steam of different temperatures or supply different
amounts of steam according to installation positions.

[0163] For example, it may be configured to supply steam at a higher temperature as it goes down along the vertical
direction, or to supply a large amount of steam as it goes down.

[0164] In an example embodiment of the present invention, since the acid is supplied in the form of an acid-treated
powder rather than in the form of an aqueous solution, unnecessary moisture in the coal blend is reduced, so that the
energy for the heat treatment is reduced.

[0165] For example, when the acid is supplied in the form of an acid aqueous solution, the moisture content in the
acid aqueous solution is increased, so that additional energy supply is required to convert moisture in the acid aqueous
solution into water vapor in the kneader.

[0166] Also, the temperature for the heat treatment in the kneader 50 is not rapidly increased.

[0167] As a result, the cut reaction for bio-plastic deformation does not occur effectively.

[0168] On the other hand, in an example embodiment of the present invention, since the moisture content in the coal
blend is minimized, the energy for heat treatment in the kneader 50 is reduced and the temperature for the heat treatment
is also rapidly increased, so that the cut reaction for bio-plastic deformation may occur effectively and the compressive
strength and the drop strength of the coal briquette may be improved as a result.

[0169] A dryer 60 drying the heat-treated coal blend may be connected with downstream of the kneader 50.

[0170] The dryer 60 may dry the heat-treated coal blend at a temperature of 50 to 200 °C for 3 to 10 minutes.
[0171] The dryer 60 may spray hot blast at 70 °C or higher and a Vent is installed therein, so that all the moisture may
be evaporated immediately.

[0172] A molder 70 is provided with the heat-treated coal blend from the kneader 50 to mold it.

[0173] The molder 70 may input the coal blend between a pair of rolls spinning in an opposite direction each other to
mold to a coal briquette having a pocket or strip shape.

[0174] The molder 70 may be operated at -5 °C or higher.

[0175] More specifically, it may be operated at room temperature.

[0176] FIG. 3 schematically illustrates an apparatus 200 for manufacturing molten iron using the coal briquettes man-
ufactured in FIG. 1.

[0177] A structure of the apparatus 200 for manufacturing molten iron of FIG. 3 is exemplary, and the present invention
is not limited thereto.

[0178] Therefore, the structure of the apparatus 200 for manufacturing molten iron of FIG. 3 may be variously modified.
[0179] The apparatus 200 for manufacturing molten iron of FIG. 3 comprises a melting and gasifying furnace 110 and
a reducing furnace 120.

[0180] Other devices may be comprised in addition to the furnaces, as necessary.

[0181] Iron ore is inputted into and reduced in the reducing furnace 20.
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[0182] The iron ore inputted into the reducing furnace 120 is dried in advance, and then manufactured as reduced
iron while passing through the reducing furnace 120.

[0183] The reducing furnace 120 is a packed-bed reducing furnace that forms a packed bed therein by being supplied
with reducing gas from the melting and gasifying furnace 110.

[0184] The coal briquette manufactured by the method of FIG. 1 is inputted into the melting and gasifying furnace 110
and thus a coal-packed bed is formed in the melting and gasifying furnace 110.

[0185] A dome portion 101 is formed at an upper side of the melting and gasifying furnace 110.

[0186] Thatis, a space that is wider than other portions of the melting and gasifying furnace 110 is formed, and high-
temperature reducing gas exists in the space.

[0187] Thus, the coal briquettes inputted into the dome portion 101 may be easily differentiated by the high-temperature
reducing gas.

[0188] However, coal briquettes manufactured by the method of FIG. 1 have high hot strength, and thus the coal
briquettes are not differentiated at the dome portion of the melting and gasifying furnace 110 and fall to the lower side
of the melting and gasifying furnace 110

[0189] The char generated from thermal decomposition of coal briquette moves to the lower side of the melting and
gasifying furnace 110 and then exothermically reacts with oxygen supplied through a tuyere 130.

[0190] As a result, the coal briquette may be used as a heat source that maintains the melting and gasifying furnace
110 at a high temperature.

[0191] Meanwhile, since char provides ventilation, a large amount of gas generated at the lower side of the melting
and gasifying furnace 110 and reduced iron supplied from the reducing furnace 120 may more easily and uniformly pass
through the coal-packed bed the melting and gasifying furnace 110

[0192] In addition to the coal briquette, lump carbon ash or coke may be inputted into the melting and gasifying furnace
110 as needed.

[0193] The tuyere 130 is provided in an exterior wall of the melting and gasifying furnace 110 for injection of oxygen.
[0194] Oxygen is injected into the coal-packed bed such that a combustion zone is formed.

[0195] The coal briquette is combusted in the combustion zone to generate the reducing gas.

[0196] FIG. 4 schematically illustrates another apparatus 300 for manufacturing molten iron using the coal briquette
manufactured in FIG. 1.

[0197] A structure of the apparatus 300 for manufacturing molten iron of FIG. 4 is an exemplarily structure, and the
present invention is not limited thereto.

[0198] Therefore, the structure of the apparatus 300 for manufacturing molten iron of FIG. 4 may be variously modified.
[0199] Because the structure of the apparatus 300 for manufacturing molten iron, which is illustrated in FIG. 4, is
similar to the structure of the apparatus 200 for manufacturing molten iron, which is illustrated in FIG. 3, the same
constituent elements are designated by the same reference numerals, and a detailed description thereof will be omitted.
[0200] Asshownin FIG. 4, the apparatus 300 for manufacturing molten iron comprises a melting and gasifying furnace
110, a reducing furnace 122, a reduced iron compression device 140, and compressed reduced iron storage tank 150.
[0201] Herein, the compressed reduced iron storage tank 150 may be omitted.

[0202] The manufactured coal briquette is inputted into the melting and gasifying furnace 110

[0203] Herein, the coal briquette generates a reducing gas in the melting and gasifying furnace 110 and the generated
reducing gas is supplied to the fluidized-bed reducing furnace.

[0204] Fine iron ores are supplied to a plurality of reducing furnaces 122 having fluidized beds and fluidized by a
reducing gas supplied to the reducing furnaces 122 from the melting and gasifying furnace 110 such that reduced iron
is manufactured.

[0205] The reduced iron is compressed by the reduced iron compression device 140 and stored in the compressed
reduced iron storage tank 150.

[0206] The compressed reduced iron is inputted into the melting and gasifying furnace 110 from the compressed
reduced iron storage tank 150 and then molten in the melting and gasifying furnace 110.

[0207] The coalbriquette is supplied to the melting and gasifying furnace 110 and converted into char having ventilation,
and as a result, a large amount of gas generated at the lower side of the melting and gasifying furnace 110 and the
compressed reduced iron more easily and uniformly pass through a coal-packed bed in the melting and gasifying furnace
110, such that molten iron with high quality may be provided.

[0208] Hereinafter, the present invention will be described in further detail with reference to experimental examples.
[0209] These experimental examples are merely for exemplifying the present invention, and the present invention is
not limited thereto.
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EXAMPLES

Experimental Example 1

[0210] 100 parts by weight of coal having average properties and 90 % or more of particles having a particle diameter
of 3 mm or less was prepared as powdered coal (a moisture content of 10 wt% or less).

[0211] Starch was prepared from corn flour, and 4 parts by weight of acid-treated starch powder in the manufacturing
process (pH of 4 when dissolved in 30% by volume of water) was mixed to prepare a coal blend.

[0212] The coal blend was transferred to a preheating mixer, steam was injected into the preheating mixer, it was
preheated to 50 °C or higher and mixed.

[0213] The temperature in the kneader was adjusted to 90 °C or higher by feeding it into the kneader again.

[0214] At this time, the amount of moisture supply in the steam was 2 parts by weight, and the kneader retention time
was 15 minutes.

[0215] The coal blend discharged from the kneader was retained for 3 to 5 minutes in a Gravity Feeder, which was a
dryer, hot air at 120 °C was blown in, and then Suction was proceeded.

[0216] The coal blend is compressed with a roll press to manufacture a coal briquette having a briquette shape and
a size of 64.5 mm X 25.4 mm X 19.1 mm.

[0217] A compressive strength and a drop strength of the coal briquette were measured according to the following
evaluation method and summarized in the Table 1 below.

Experimental Example 2

[0218] It was manufactured same as in Experimental Example 1 except that the amount of moisture supply in the
steam was adjusted to 3 parts by weight.

Experimental Example 3

[0219] It was manufactured same as in Experimental Example 1 except that the amount of moisture supply in the
steam was adjusted to 3.5 parts by weight.

Experimental Example 4

[0220] It was manufactured same as in Experimental Example 1 except that the amount of moisture supply in the
steam was adjusted to 4 parts by weight.

Experimental Example 5

[0221] It was manufactured same as in Experimental Example 1 except that the kneader retention time was adjusted
to 5 minutes, and the amount of moisture supply in the steam was adjusted to 3 parts by weight.

Experimental Example 6

[0222] It was manufactured same as in Experimental Example 1 except that the kneader retention time was adjusted
to 10 minutes, and the amount of moisture supply in the steam was adjusted to 3 parts by weight.

Experimental Example 7

[0223] It was manufactured same as in Experimental Example 1 except that the kneader retention time was adjusted
to 20 minutes, and the amount of moisture supply in the steam was adjusted to 3 parts by weight.

Comparative Example

[0224] 100 parts by weight of coal having average properties and a diameter of 3 mm or less was prepared as powdered
coal.

[0225] A coal blend was prepared by adding an aqueous starch prepared by mixing powdered coal and 5 parts by
weight of 5 wt% acetic acid solution and 4 parts by weight of starch.

[0226] The prepared coal blend was inputted into the kneader and heat treated, and then compressed with a roll press
to manufacture a coal briquette having a briquette shape and a size of 64.5 mm X 25.4 mm X 19.1 mm.
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[0227] A compressive strength and a drop strength of the coal briquette were measured according to the following
evaluation method and summarized in the Table 1 below.

Experiment to identify binder components

[0228] The part of coal briquette of 10 g is separated and pulverized.

[0229] Next, itis precipitated in ethanol for more than one day and then filtered. The obtained solution is concentrated
using a rotary evaporator. Then it is diluted with 10 mL of water. And then 1 to 2 drops of iodine solution is dropped.
[0230] Therate of change ofthe absorption intensity of amylose and amylopectin is measured using a UV spectrometer.
[0231] Amylose is measured at 620 nm, and amylopectin at 540 nm.

[0232] Incase of Experimental Example 1 (X marked), Experimental Example 2 (O marked) and Experimental Example
3 (O marked) in FIG. 5, when amylose / amylopectin is mixed to be used, it may be confirmed that the higher the amylose
level, the closer to the amylose absorption curve, and the bioplastic was formed in coal briquette.

[0233] On the other hand, in the case of the Comparative Example (A marked), it may be confirmed that it present to
be close to the absorption curve of amylopectin so that bio-plastics are not formed, and it remained in the form of starch.

Compressive Strength Evaluation Experiment

[0234] 30 coal briquettes manufactured according to Experimental Examples 1 to 7 and Comparative Example were
respectively fixed at the lower side, and a maximum load was measured by compressing from top at a constant speed
until broken and then, the average value was represented.

Drop Strength Evaluation Experiment

[0235] The coal briquettes according to Experimental Examples 1 to 7 and Comparative Example were respectively
4 times dropped from 5 m high to the ground and then, a ratio of a weight of the coal briquette maintaining the shape
which has a particle diameter of 10 mm or more was represented as a percentage with respect to an entire weight of
the coal briquette.

Experiment Result

[0236] The experiment results of the coal briquettes manufactured in Experimental Examples 1 to 7 and Comparative
Example are summarized and shown in Table 1.

[Table 1]
Kneader retention time (min) 15 15 15 15 5 10 20 15
Acid aqueous solution (parts by weight) | - - - - - - - 5
Aqueous starch

Starch (parts by weight) - - - - - - - 4

Acid-treated starch (parts by weight) 4 4 4 4 4 4 4 -

Moisture supply by steam (parts by weight) 2 3 3.5 4 3 3 3 -
Compressive strength (kgf) 58.7 | 62.0 | 58.1 | 56.4 | 56.3 | 58.5 | 65.3 | 52.1
Drop strength (%) 95.4 | 96.6 | 96.1 | 97.4 | 96.4 | 90.8 | 96.3 | 90.1

[0237] As shown in Table 1, it was confirmed that the strengths of the briquettes manufactured in Experimental Ex-
amples 1 to 7 were excellent compared with those of Comparative Example using Aqueous starch.

[0238] The presentinvention is notlimited to the example embodiments and may be embodied in various modifications,
and it will be understood by a person of ordinary skill in the art to which the present invention pertains that the present
invention may be carried out through other specific embodiments without modifying the technical idea or essential
characteristics thereof.

[0239] Therefore, the aforementioned embodiments should be understood to be exemplary but not limiting the present
invention in any way.

10
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Description of Symbols

[0240]

10: Powdered coal supply bin

20: Acid-treated starch powder supply bin

30: Mixer

40: Preheating mixer

50: Kneader

60: Dryer

70: Molder

100: Apparatus for manufacturing coal briquettes
110: Melting and gasifying furnace

120, 122: Reducing furnace

130: Tuyere

140: Reduced iron compression device

150: Compressed reduced iron storage tank
200, 300:  Apparatus for manufacturing molten iron
101: Dome portion

Claims

1. A method of manufacturing coal briquettes which are inputted into and quickly heated in a dome portion of a melting

and gasifying furnace in an apparatus for manufacturing molten iron that comprises the melting and gasifying furnace
into which reduced iron is inputted, and a reducing furnace which is connected to the melting and gasifying furnace
and provides the reduced iron, the method comprising:

providing powdered coal;

preparing a coal blend by mixing powdered coal and acid-treated starch powder;
heat treating the coal blend; and

manufacturing coal briquettes by molding the heat-treated coal blend.

The method of claim 1, wherein

in the step of preparing the coal blend, the acid-treated starch powder is prepared by the steps comprising: pulverizing
biomass; separating the remaining liquid comprising starch by immersing the pulverized biomass in an acid aqueous
solution; washing the separated remaining liquid with a pH of 3 to 5.5; and drying the washed remaining liquid.

The method of claim 1, wherein
in the step of preparing the coal blend, the pH of the acid-treated starch powder is 3 to 5.5 when dissolved in water
at a concentration of 30 % by volume.

The method of claim 1, wherein
in the step of preparing the coal blend, an average particle size of the acid-treated starch powder is 0.01 to 1 mm.

The method of claim 1, wherein
in the step of preparing the coal blend, the acid-treated starch powder of 1 to 10 parts by weight are added to the
powdered coal of 100 parts by weight.

The method of claim 1, wherein
the step of preparing the coal blend is performed at a temperature of 50 to 65 °C.

The method of claim 1, wherein
in the step of heat treating, the acid-treated starch powder in the coal blend is transformed into a bio-plastic by the

heat treatment.

The method of claim 1, wherein
the step of heat treating comprises supplying steam to the coal blend.

1"
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The method of claim 8, wherein
the moisture in the steam is supplied such that becomes 1 to 5 parts by weight to the powdered coal of 100 parts
by weight.

The method of claim 8, wherein
a temperature of the steam is 120 to 300 °C.

The method of claim 1, wherein
in the step of heat treating, a temperature of the coal blend is 60 to 200 °C.

The method of claim 1, further comprising
drying the heat-treated coal blend after the step of heat treating.

The method of claim 1, wherein
the manufactured coal briquette comprises 1 to 10 wt% of a bio-plastic, 3 to 15 wt% of moisture, and a balance of
coal, and the bio-plastic consists of 25 to 70 wt% of amylopectin and 30 to 75 wt% of amylose.

An apparatus for manufacturing coal briquettes which are inputted into and quickly heated in a dome portion of a
melting and gasifying furnace in an apparatus for manufacturing molten iron that comprises the melting and gasifying
furnace into which reduced iron is inputted, and a reducing furnace which is connected to the melting and gasifying
furnace and provides the reduced iron, the apparatus comprising:

a powdered coal supply bin;

an acid-treated starch powder supply bin;

a mixer supplied with powdered coal and acid-treated starch powder from the powdered coal supply bin and
the acid-treated starch powder supply bin and mixing to prepare a coal blend;

a kneader provided with the coal blend from the mixer and heat treating it; and

a molder provided with the heat-treated coal blend from the kneader and molding it.

The apparatus of claim 14, further comprising
a preheating mixer preheating the coal blend at a temperature of 50 to 65 °C and mixing between the mixer and the
kneader.

The apparatus of claim 14, wherein
the kneader is connected with a steam supply pipe and is provided with steam from the steam supply pipe to heat

treat the coal blend.

The apparatus of claim 14, wherein
a dryer drying the heat-treated coal blend between the kneader and the molder.

12
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 4
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