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(54) METHOD FOR GASIFYING CARBONACEOUS FUEL, METHOD FOR OPERATING IRON MILL, 
AND METHOD FOR PRODUCING GASIFIED GAS

(57) The present invention addresses the problem of providing: a method for gasifying a carbonaceous fuel, the
method allowing the carbonaceous fuel to be gasified in high yield; a method for operating an iron mill that uses the
carbonaceous fuel by gasifying the same in high yield; and a method for producing gasified gas, the method allowing
the gasified gas to be produced from the carbonaceous fuel in high yield. This problem is solved by supplying the
carbonaceous fuel and a gasifying agent that includes H2, CO2, and H2O into a fluidized bed gasifier that uses quicklime
as a fluidizing medium.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for gasifying a carbonaceous fuel, a method for operating an iron
mill and a method for manufacturing a gasification gas, each of which uses a fluidized bed gasification furnace.

BACKGROUND ART

[0002] Many techniques have been disclosed in the past with respect to a method for gasifying a carbonaceous fuel
such as coal to convert it into a product gas having a relatively high calorific value.
[0003] For example, Patent Literature 1 discloses facilities for gasifying coal, in which a part of the product gas produced
in a coal gasification furnace is extracted and burnt with oxygen to be converted into CO2 and H2O and the mixed gas
of CO2 and H2O is used as a carrier gas for supplying coal to the coal gasification furnace.
[0004] In the facilities for gasifying coal of Patent Literature 1, such constitution increases the combustion heat of the
product gas compared to the constitution where N2 is used for carrying coal.
[0005] Patent Literature 2 discloses a method of reforming a product gas in a gasification furnace supplied with pure
oxygen, so as to increase the calorific value thereof, the method comprising: supplying the gasification furnace with an
ironmaking by-product gas containing CO2 that is generated in a steelmaking furnace; and reacting the CO2 in the
ironmaking by-product gas with char resulting from the gasification of coal to thereby produce CO for use in the reforming.
[0006] Patent Literature 3 discloses, as a gasifier for coal coke, a gasifier comprising: a fluidized bed gasification
furnace (reactor) containing a fluidized bed consisting of a mixture of coal coke particles and a fluidized medium; and a
means for collecting sunlight on the upper surface of the fluidized bed, wherein the gasification furnace has a draft tube
that is embedded in the fluidized bed and a means for introducing water vapor into the gasification furnace from below,
and wherein the fluidized bed is configured to be circulated and fluidized inside and outside the draft tube by the introduced
water vapor. In Patent Literature 3, quartzose sand (SiO2) is mainly used as a fluidized medium.
[0007] The device described in Patent Literature 3 prevents the reaction rate of fluidized particles from decreasing by
using the fluidized bed consisting of the mixture of coal coke particles and a fluidized medium so as to allow a gasification
reaction to progress smoothly.
[0008] Patent Literature 4 discloses a gasification method using water vapor as a gasifying agent and CaO as a fluid
catalyst in the co-gasification of biomass and coal.
[0009] More specifically, Patent Literature 4 discloses a method for co-gasifying biomass and coal using a three-
column type circulating fluidized bed having a fluidized bed combustion column, a fluidized bed tar reforming column
and a fluidized bed gasification column, wherein: CaO is used as a heating medium, a tar reforming catalyst and a CO2
and H2S absorbent and made to circulate in an apparatus having the three columns which are coupled together; and
biomass, coal, and high temperature steam are fed to the gasification column and brought into contact with the heating
medium so as to carry out pyrolysis and thereby generate volatile matter gas and char (fixed carbon), with part of the
char being gasified with the steam to produce a gasification gas. Patent Literature 4 also discloses a technique involving
introducing the volatile gas and the gasification gas as generated in the gasification column as well as water vapor into
the tar reforming column to make them come into contact with the heating medium so as to subject tar to catalytic
reforming, and introducing char, together with the heating medium, into the combustion column to burn the char with air
so as to heat the heating medium, whereafter the heated heating medium is returned to the tar reforming column and
the gasification column through a cyclone so as to maintain the temperatures in the tar reforming column and the
gasification column.
[0010] This method is a water vapor gasification, and accordingly, the main reaction of the gasification reaction should
be a water vapor reforming reaction of methane represented by the formula (1).

CH4 + H2O -> CO + 3H2 ... (1)

CITATION LIST

PATENT LITERATURE

[0011]

Patent Literature 1: JP 2000-355693 A
Patent Literature 2: JP 2007-9069 A
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Patent Literature 3: JP 2015-86232 A
Patent Literature 4: JP 2014-74144 A

SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0012] However, the above conventional techniques have problems as below.
[0013] In the facilities described in Patent Literature 1, a part of the product gas produced in the gasification furnace
is extracted and burnt with oxygen to be converted into CO2 and H2O, and the mixed gas of CO2 and H2O is used as a
carrier gas for coal.
[0014] Therefore, the ratio of CO2 to H2O supplied to the gasification furnace as a carrier gas cannot be controlled as
desired. As a result, each of the reactions represented by the formulas (2) and (3) below cannot be controlled to man-
ufacture a product gas at a high yield.

C + CO2 -> 2CO ... (2)

C + H2O -> CO + H2 ... (3)

[0015] The method described in Patent Literature 2 is to reform a product gas by the reaction, which is represented
by the formula (2) above, of CO2 in the ironmaking by-product gas and char obtained in the gasification furnace, and
the reforming efficiency depends on the concentration of CO2 in the ironmaking by-product gas.
[0016] Therefore, there is the same problem of not being able to manufacture a product gas at a high yield as in the
facilities of Patent Literature 1.
[0017] While the device described in Patent Literature 3 can carry out the gasification reaction using solar energy and
smoothly progress the gasification reaction, the yield of the product gas is not sufficient.
[0018] In addition, in the case where silicon dioxide is used as a fluidized medium, when a carbonaceous fuel containing
sodium in a high amount such as subbituminous coal is used as a gasification raw material, sodium and silicon dioxide
react to produce soda glass, and the soda glass melts in the gasification furnace, causing a problem of inhibiting the
smooth gasification.
[0019] In the method described in Patent Literature 4, the proportion of coal in the raw material is only 10% at maximum,
so that a carbonaceous fuel cannot be gasified at a high yield. In addition, since CaO acts as a catalyst in the water
vapor reforming reaction of methane which is represented by the formula (1) above and which produces a high amount
of H2, CO that is a high combustion heat component of a product gas cannot be produced at a high yield, disadvanta-
geously.
[0020] Therefore, an object of the present invention is to provide a method for gasifying a carbonaceous fuel which
can gasify a carbonaceous fuel at a high yield, a method for operating an iron mill in which a carbonaceous fuel is gasified
at a high yield for use, and a method for manufacturing a gasification gas which can manufacture a gasification gas from
a carbonaceous fuel at a high yield.

SOLUTION TO PROBLEMS

[0021] The present inventors have made studies to solve the above problems and as a result found that when a
carbonaceous fuel is gasified in a fluidized bed gasification furnace, it is effective to supply a gasifying agent containing
H2, CO2 and H2O to the fluidized bed gasification furnace as well as to use quicklime (CaO) as a fluidized medium. The
present inventors have also found, for instance, a favorable method for manufacturing a gasifying agent for use. The
present invention has been thus completed.
[0022] The present invention has been made based on such findings and is summarized as follows.
[0023] Specifically, the present invention provides a method for gasifying a carbonaceous fuel, comprising: using
quicklime as a fluidized medium and supplying a gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification
furnace during gasification of a carbonaceous fuel in the fluidized bed gasification furnace.
[0024] It is preferred that in the method for gasifying a carbonaceous fuel of the present invention, wherein the gasifying
agent is obtained by shift conversion of an ironmaking by-product gas by adding thereto excess water vapor.
[0025] It is also preferred that the ironmaking by-product gas has a CO concentration of 5 vol% or more and a N2
concentration of 60 vol% or less.
[0026] It is also preferred that the carbonaceous fuel is at least one selected from peat, lignite and subbituminous coal.
[0027] In the first embodiment of the method for operating an iron mill of the present invention, a method for operating
an iron mill, comprising: supplying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to a fluidized
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bed gasification furnace which uses quicklime as a fluidized medium, thereby gasifying the carbonaceous fuel; and using
a resultant gas as at least part of an energy source for an iron mill.
[0028] In the second embodiment of the method for operating an iron mill of the present invention, a method for
operating an iron mill, comprising: supplying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to
a fluidized bed gasification furnace which uses quicklime as a fluidized medium, thereby gasifying the carbonaceous
fuel; and using a resultant gas as at least part of a deoxidizing material for iron oxide.
[0029] It is preferred that in the method for operating an iron mill of the present invention, the gasifying agent is obtained
by shift conversion of an ironmaking by-product gas by adding thereto excess water vapor.
[0030] It is also preferred that the resultant gas is a mixed gas containing CO, H2 and a hydrocarbon having 1 to 4
carbon atoms.
[0031] Furthermore, the present invention provides a method for manufacturing a gasification gas, comprising: sup-
plying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification furnace
which uses quicklime as a fluidized medium, thereby gasifying the carbonaceous fuel.
[0032] It is preferred that in the method for manufacturing a gasification gas of the present invention, the gasifying
agent is obtained by shift conversion of an ironmaking by-product gas by adding thereto excess water vapor.

ADVANTAGEOUS EFFECTS OF INVENTION

[0033] According to the method for gasifying a carbonaceous fuel of the present invention, a carbonaceous fuel can
be gasified at a high yield and at a low cost. Also, according to the method for operating an iron mill of the present
invention, the operating cost at an iron mill can be reduced by gasifying a carbonaceous fuel at a high yield and using
the produced gas as an energy source for the iron mill and for deoxidizing iron oxide. Further, according to the method
for manufacturing a gasification gas of the present invention, a gasification gas can be manufactured at a high yield by
gasifying a carbonaceous fuel.

BRIEF DESCRIPTION OF DRAWINGS

[0034] [FIG. 1] FIG. 1 is a schematic diagram for describing an example of the method for gasifying a carbonaceous
fuel, the method for operating an iron mill, and the method for manufacturing a gasification gas according to the present
invention.

DESCRIPTION OF EMBODIMENTS

[0035] The method for gasifying a carbonaceous fuel, the method for operating an iron mill, and the method for
manufacturing a gasification gas according to the present invention are described below in detail based on a preferred
embodiment shown in the attached drawing.
[0036] FIG. 1 shows a schematic diagram for describing an example of the method for gasifying a carbonaceous fuel,
the method for operating an iron mill, and the method for manufacturing a gasification gas according to the present
invention. It is noted that the method for operating an iron mill of the present invention uses a product gas produced by
the method shown in FIG. 1 as at least part of energy in an iron mill or as at least part of a deoxidizing material for
deoxidizing iron oxide in an iron mill.
[0037] The present invention relates to the gasification of a carbonaceous fuel such as coal.
[0038] In the example shown in FIG. 1, a gas distribution plate 12 is provided in a fluidized bed gasification furnace
10, and a fluidized bed 16 is formed by filling a space above the gas distribution plate 12 in the fluidized bed gasification
furnace 10 with quicklime (in a powder form) as a fluidized medium. Note that the "fluidized bed gasification furnace 10"
is also referred to as a "gasification furnace 10" in the following description.
[0039] A shift converter 14 is provided below the gasification furnace 10. In FIG. 1, an ironmaking by-product gas and
water vapor are supplied to the shift converter 14, and the ironmaking by-product gas converted by the shift converter
14 (shift-converted ironmaking by-product gas) is used as a gasifying agent. The gasifying agent is blown into the fluidized
bed 16 through the gas distribution plate 12, so that the gasifying agent is supplied to the gasification furnace 10 while
fluidizing the fluidized bed 16, that is, quicklime that is a fluidized medium.
[0040] A carbonaceous fuel such as lignite which is to be a gasification raw material is fed by a supplier (not shown)
in a predetermined amount and is continuously or intermittently supplied into the gasification furnace 10 from the upper
part thereof in a certain amount. The carbonaceous fuel supplied into the gasification furnace 10 is gasified by the effect
of the gasifying agent and the quicklime as a fluidized medium. The product gas produced by the gasification of the
carbonaceous fuel is discharged (collected) from the upper part of the gasification furnace 10.
[0041] In the present invention, the gasification furnace 10 is not particularly limited. Hence, in addition to a general
gasification furnace using a bubbling fluidized bed, various known types of fluidized bed gasification furnaces such as
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those using a high-velocity fluidized bed, externally circulating fluidized bed, or internally circulating fluidized bed may
be used.
[0042] The present invention uses a fluidized bed gasification furnace in which heat transfer is fast and also uses
quicklime as a fluidized medium so as to make the temperature uniform in the gasification furnace for the equalization
of reaction progress and the product gas, and in addition, causes quicklime to sufficiently exert the catalysis to be
described later, making it possible to gasify a carbonaceous fuel at a high yield.
[0043] The shift converter 14 is not particularly limited, either, and known reactors which can perform a shift conversion
reaction, such as a fixed bed reactor and a fluidized bed reactor, may be used.
[0044] The shift converter 14 is typically filled with a commercially available shift catalyst. Shift catalysts include a low
temperature shift catalyst and a high temperature shift catalyst, either of which may be used in the present invention.
[0045] In the illustrated example, the ironmaking by-product gas and water vapor are both supplied to the shift converter
14 at the flow rates controlled by means of known methods. The ironmaking by-product gas, water vapor, or a mixed
gas of the ironmaking by-product gas and water vapor may be preheated, as necessary.
[0046] A mixed gas of the ironmaking by-product gas and excess water vapor is supplied to the shift converter 14. It
should be noted that the term "excess water vapor" means that the amount of water vapor is excessive with respect to
CO contained in the ironmaking by-product gas in the formula (4) to be described later.
[0047] The ironmaking by-product gas contains CO and H2O. When the ironmaking by-product gas and excess water
vapor are supplied to the shift converter 14, the ironmaking by-product gas is shift-converted into a gasifying agent
containing CO2, H2 and H2O (shift-converted ironmaking by-product gas) as represented by the formula (4) below.

CO + H2O -> CO2 + H2 ... (4)

[0048] In other words, the gasifying agent, which is obtained by shift conversion of the ironmaking by-product gas by
adding thereto excess water vapor, contains CO2 and H2 derived from the shift conversion and the remaining H2O of
the excessively added water vapor.
[0049] As described above, the carbonaceous fuel which is a gasification raw material is continuously or intermittently
supplied from the upper part of the gasification furnace 10 in a certain amount.
[0050] The carbonaceous fuel supplied into the gasification furnace 10 is gasified by the effect of the gasifying agent
and the fluidized medium. As will also be described in Examples later, the present invention uses quicklime as a fluidized
medium (fluidized bed 16) in the gasification of a carbonaceous fuel using a fluidized bed gasification furnace, and
thereby can gasify the carbonaceous fuel to manufacture a product gas (a gasification gas) at a high yield. Therefore,
it is assumed that quicklime has a catalytic function with respect to the gasification reaction of a carbonaceous fuel, but
the details are unknown.
[0051] It is noted that the exemplary reactions in each of which quicklime serves the catalytic function include various
reforming reactions such as those represented by the formulas (5) to (8) and the hydrocracking reaction as represented
by the formula (9). In the present invention, CO2 in the gasifying agent reacts at a high conversion ratio, and accordingly,
it is assumed that, among those, the reactions represented by the formulas (5) and (7) should greatly contribute.

C + CO2 -> 2CO ... (5)

C + H2O -> CO + H2 ... (6)

CH4 + CO2 -> 2CO + 2H2 ... (7)

CH4 + H2O -> CO + 3H2 ... (8)

C2H6 + H2 -> 2CH4 ... (9)

[0052] It is noted that while the carbonaceous fuel is supplied from the upper part of the gasification furnace 10 in the
example shown in FIG. 1, the carbonaceous fuel may be supplied to the middle part of the gasification furnace 10 or
directly be supplied to the region of the fluidized bed 16 at the lower part of the gasification furnace 10.
[0053] Furthermore, a carrier gas such as N2 may be supplied to a pipe for supplying the carbonaceous fuel to the
gasification furnace 10 so that the carbonaceous fuel is supplied to the gasification furnace 10 along with the carrier gas.
[0054] The product gas produced by the gasification of the carbonaceous fuel is extracted from the upper part of the
gasification furnace 10, refined through, for example, a cyclone, a gas scrubber, or an oil water separator (not shown),
and then taken out from the system as the product gas.
[0055] The taken-out product gas is widely applicable as a fuel. In the method for operating an iron mill of the present
invention, the product gas produced in such a way is used as an energy source and a deoxidizing material for iron oxide
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in an iron mill.
[0056] In the following, preferred conditions for the method for gasifying a carbonaceous fuel, the method for operating
an iron mill, and the method for manufacturing a gasification gas according to the present invention are described in detail.
[0057] In the present invention, a carbonaceous fuel is gasified using a fluidized bed gasification furnace. Quicklime
is used as a fluidized medium.
[0058] Various known types of quicklime (CaO) are usable. Examples thereof include quicklime produced by calcining
calcium carbonate (CaCO3) and quicklime produced by burning slaked lime (Ca(OH)2). Quicklime may absorb CO2 in
the air to thereby return to CaCO3 or may react with water vapor in the air to thereby change to Ca(OH)2, and thus
should be stored in dry air or inert gas such as N2.
[0059] Quicklime exhibits not only sufficient heat resistance during the gasification of a carbonaceous fuel but also a
catalytic function for the gasification of a carbonaceous fuel as described above. Hence, the present invention can gasify
a carbonaceous fuel to manufacture a product gas (a gasification gas) at a high yield, and the product gas manufactured
at a high yield can be used as energy for an iron mill and a deoxidizing material for iron oxide.
[0060] The mean particle diameter of quicklime is not particularly limited and is set as appropriate according to, for
example, the size of the gasification furnace 10, the expected filling amount or the feed rate of a gasifying agent.
[0061] In the present invention, quicklime is used as the fluidized medium of the (fluidized bed) gasification furnace
10. In this regard, the mean particle diameter of quicklime is preferably about 30 to about 300 mm and more preferably
about 50 to about 200 mm. By setting the mean particle diameter of quicklime to 30 to 300 mm, good fluidity can be
ensured and the gasification furnace 10 can be stably operated.
[0062] The filling amount of quicklime is not particularly limited and is set as appropriate according to, for example,
the size of the gasification furnace 10, the amount of the carbonaceous fuel to be supplied to the gasification furnace
10 or the amount of the gasifying agent to be supplied to the gasification furnace 10 so as to properly gasify the
carbonaceous fuel.
[0063] The gasifying agent used for the gasification of a carbonaceous fuel contains H2, CO2 and H2O.
[0064] In the present invention, quicklime is used as a fluidized medium of a fluidized bed gasification furnace while
a gasifying agent containing, in addition to H2O, H2 and CO2 is used, thus making it possible to gasify a carbonaceous
fuel at a high yield.
[0065] As described above, Patent Literature 4 describes using quicklime (CaO) as a fluidized medium (a heating
medium, a tar reforming catalyst and a CO2 and H2S absorbent) and using high temperature steam (H2O) as a gasifying
agent in the co-gasification of biomass and coal by means of the three-column type circulating fluidized bed.
[0066] When, however, a gasifying agent is free of H2 and CO2 and only contains H2O in the gasification of a carbon-
aceous fuel using quicklime as a fluidized medium, the gasification of the carbonaceous fuel through the reactions
represented by the formulas (5) and (7) above does not occur, so that the carbonaceous fuel cannot be gasified at a
high yield.
[0067] In contrast, the present invention uses quicklime as a fluidized medium for a fluidized bed gasification furnace
in the gasification of a carbonaceous fuel and uses a gasifying agent containing, in addition to H2O, H2 and CO2. As
described also in Examples later, with the above configuration, the present invention can utilize the reactions represented
by the formulas (5) and (7) so that they greatly contribute to the reaction of CO2 at a high conversion rate, and as a
result, the carbonaceous fuel can be gasified at a high yield.
[0068] As described above, in the present invention, a gasifying agent used for the gasification of a carbonaceous
fuel contains H2, CO2 and H2O.
[0069] In the illustrated example, as a preferred embodiment, the shift-converted ironmaking by-product gas obtained
by shift conversion of the ironmaking by-product gas by adding thereto excess water vapor, is used as the gasifying
agent containing H2, CO2 and H2O.
[0070] The gasifying agent obtained by shift conversion of the ironmaking by-product gas is less expensive than the
gasifying agent obtained by mixing a pure H2 gas and a pure CO2 gas with water vapor, and thus is preferred.
[0071] The ironmaking by-product gas which is to be a gasifying agent by shift conversion preferably has a CO
concentration of 5 vol% or more and a N2 concentration of 60 vol% or less.
[0072] When the CO concentration of the ironmaking by-product gas is 5 vol% or more, the concentrations of H2 and
CO2 in the gasifying agent obtained by shift conversion become sufficiently high, so that the yield of the product gas
can be improved. When the N2 concentration of the ironmaking by-product gas is 60 vol% or less, sufficient combustion
heat of a gaseous fuel can be obtained, and also the shift reaction rate can be improved.
[0073] Preferred specific examples of the ironmaking by product gas include, in terms of the preferred gas composition
described above, a blast furnace gas and a shaft furnace gas (of such a general composition as: 10 to 30 vol% CO; 10
to 30 vol% CO2; 30 to 55 vol% N2; 0 to 10 vol% H2) .
[0074] While, for the ironmaking by-product gas, ironmaking by-product gases containing CO other than a blast furnace
gas and a shaft furnace gas may also be used, preferred is an ironmaking by-product gas having a gas composition
within the above preferred ranges. Examples of such ironmaking by-product gases include exhaust gases discharged
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from a metallurgical furnace, such as an exhaust gas discharged from a combustion furnace and a converter gas in an
iron mill. Any one of those ironmaking by-product gases may be solely used, or two or more thereof may be used by
mixing them.
[0075] In the present invention, the concentrations of H2, CO2 and H2O in the gasifying agent are not particularly limited.
[0076] The concentration of H2O is preferably about 5 to about 70 vol% from the viewpoint of preventing CO2 from
remaining in a product gas while ensuring the yield of the product gas. Moreover, the concentrations of H2 and CO2 in
the gasifying agent are both preferably 3 vol% or more from the viewpoint of ensuring the yield of a product gas. For the
same reason, the gasifying agent preferably has such a composition that the H2O concentration is 20 to 70 vol%, the
H2 concentration is 5 to 40 vol%, and the CO2 concentration is 5 to 40 vol%. It should be noted that components (for
example, N2) other than those components described above may also be contained.
[0077] It is noted that the gasifying agent used in the present invention is not limited to the shift-converted ironmaking
by-product gas obtained by shift conversion of an ironmaking by-product gas by adding thereto excess water vapor as
described above.
[0078] Specifically, a gasifying agent prepared by, for example, mixing water vapor produced in, for example, a boiler
with a H2 gas and CO2 obtained by vaporization of liquefied gas may be used in the present invention. Alternatively, a
gasifying agent containing H2, CO2 and H2O which is prepared by refining and mixing by-product gases generated in,
for example, an ironmaking process may be used.
[0079] The supplying amount of the gasifying agent is not particularly limited and is set as appropriate according to,
for example, the size of the gasification furnace 10, the amount of quicklime with which the gasification furnace 10 is
filled, or the supplying amount of a carbonaceous fuel so as to properly gasify the carbonaceous fuel.
[0080] Various known types of carbonaceous fuels such as coal, biomass, and wastes such as waste tires and waste
plastics may be used as a carbonaceous fuel which is to be a gasification raw material.
[0081] Among others, the carbonaceous fuel is preferably at least one selected from peat, lignite and subbituminous
coal. Peat, lignite and subbituminous coal are carbonaceous fuels which are relatively easy to gasify, as well as are
relatively inexpensive and massively present resources, and thus are preferably used.
[0082] In the present invention, any method for supplying a carbonaceous fuel may be used, and a dry supplying
method or a wet supplying method using, for example, water slurry may be used.
[0083] The size of the carbonaceous fuel is not particularly limited, and is set to a standard size of a solid raw material
to be supplied to a fluidized bed. Specifically, the size of the carbonaceous fuel is preferably 1 to 50 mm and more
preferably 3 to 30 mm. The carbonaceous fuel may also be granulated by any known method.
[0084] The supplying amount of the carbonaceous fuel is not limited, either, and is set as appropriate according to,
for example, the size of the gasification furnace 10, the amount of quicklime with which the gasification furnace 10 is
filled, and the suppliable amount of a gasifying agent so as to properly gasify the carbonaceous fuel.
[0085] The gasification reaction temperature of the carbonaceous fuel is not limited, either, and is preferably 600 to
1500°C and more preferably 800 to 1200°C.
[0086] By setting the gasification reaction temperature to 600°C or higher, the yield of a product gas can be improved,
and a high viscous tar-like substance is prevented from being collaterally produced, so that troubles such as the blocking
of piping can be avoided. Moreover, by setting the gasification reaction temperature to 1500°C or lower, a product gas
having high combustion heat can be obtained. Furthermore, it is preferable to set the gasification reaction temperature
to 1500°C or lower in that the amount of the heat source charged into the gasification furnace 10 can be decreased to
reduce the cost.
[0087] The method for heating the gasification furnace 10 is not particularly limited, either, and well-known methods
used for heating a gasification furnace in the gasification of a carbonaceous fuel such as a method using an external
heater and a method supplying a heating medium to a jacket covering a gasification furnace may be used.
[0088] The method for operating an iron mill of the present invention uses the gas produced by the same processing
as in the method for gasifying a carbonaceous fuel of the present invention for the operation of an iron mill, and includes
supplying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification furnace
which uses quicklime as a fluidized medium so as to gasify the carbonaceous fuel, and using a product gas as at least
part of an energy source for an iron mill in a first embodiment and as at least part of a deoxidizing material for deoxidizing
iron oxide in ironmaking in a second embodiment.
[0089] The product gas of the present invention has a wide range of applications as a fuel gas and is reasonably used
as an energy source in an iron mill because a shift-converted ironmaking by-product gas is preferably used as a gasifying
agent as described above. The product gas of the present invention may specifically be used as a fuel for a nonutility
generator, a fuel gas for sintering iron ores, a fuel gas for a hot-blast stove of a blast furnace, or a raw material gas for
a mixed gas prepared by mixing various by-product gases.
[0090] Furthermore, the product gas of the present invention is a gas containing CO, H2, and hydrocarbons having 1
to 4 carbon atoms. Therefore, the product gas can also be used as a deoxidizing material for iron oxide to be put in a
blast furnace, a shaft furnace or the like. The iron oxide includes, other than iron ore, dust and sludge containing iron
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oxide generated in a blast furnace, a converter or the like.
[0091] As will also be described below in Examples, the present invention makes it possible to obtain a product gas
from a carbonaceous fuel at a high yield. Therefore, the method for operating an iron mill of the present invention can
reduce the cost for energy used in an iron mill and the cost for deoxidizing an oxidation gas.
[0092] Furthermore, the method for manufacturing a gasification gas of the present invention manufactures a gasifi-
cation gas by the same processing as in the method for gasifying a carbonaceous fuel of the present invention, and
includes supplying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification
furnace which uses quicklime as a fluidized medium so as to gasify the carbonaceous fuel.
[0093] As described above, the present invention makes it possible to obtain a product gas from a carbonaceous fuel
at a high yield. Therefore, the method for manufacturing a gasification gas of the present invention can manufacture a
gasification gas at a high yield and reduce the cost for manufacturing a gasification gas.
[0094] Although the method for gasifying a carbonaceous fuel, the method for operating an iron mill, and the method
for manufacturing a gasification gas according to the present invention are specifically described above, it should not
be understood that the present invention is limited to the embodiments described above, and various improvements and
modifications may be made without departing from the scope of the present invention.

EXAMPLES

[0095] The method for gasifying a carbonaceous fuel, the method for operating an iron mill, and the method for
manufacturing a gasification gas according to the present invention are described below in further detail by way of
specific examples of the present invention.
[0096] It should be noted that the present invention is not limited to the following examples.

[Example 1]

[0097] A micro fluidized bed gasification testing apparatus (inner diameter, 22 mm) which can supply coal through dry
supply at a rate of 10 to 30 g/h (hour) was prepared.
[0098] The inside of the gasification testing apparatus was filled with CaO, a reagent manufactured by Kojundo Chem-
ical Laboratory Co., Ltd., as a fluidized medium to a bed height of 75 mm in a still state. Furthermore, the mixed gas
containing: 14 vol% H2; 35 vol% H2O; 24 vol% CO2; and 27 vol% N2 was prepared as a simulated, shift-converted
ironmaking by-product gas to be a gasifying agent.
[0099] The gasifying agent was supplied from the lower part of the fluidized bed at a rate of 400 mL (milliliters) / min
to fluidize CaO.
[0100] Lignite (volatile content, 55 wt%; fixed carbon content, 36 wt%; ash content, 8 wt%) was granulated with water
as a binder to obtain lignite granules with a diameter Φ of 1 to 3 mm, and the granules thus obtained were used as a
carbonaceous fuel (water content after granulation, 14 wt%).
[0101] After increasing the inside temperature of the fluidized bed to 1000°C by an external heater, the granulated
lignite was supplied at a rate of 20 g/h to start a gasification reaction. The reaction time was one hour and gas sampling
was carried out every 20 minutes, that is to say, three times altogether, to analyze the product gas.
[0102] It was found by averaging the results of three gas analyses that the carbon-based yield of the product gas was
61% and the combustion heat of the product gas was 2.6 Mcal/Nm3, proving that a gas with relatively high combustion
heat was obtained at a high yield. From the above result and the result of Comparative Example 1 to be described later,
it is presumed that quicklime serves as a good catalyst for a gasification reaction of a carbonaceous fuel. In the above,
of CO2 supplied as the gasifying agent, 67 vol% was consumed in the reaction represented by the formula (5) or the like.
[0103] As gas components in the product gas, CO, H2 and hydrocarbons having 1 to 4 carbon atoms (mixture of
paraffin and olefin) were contained in a total amount of 80 vol%. Other than those components, N2 and CO2 were
contained as incombustible components. Since the total concentration of CO, H2 and hydrocarbons having 1 to 4 carbon
atoms in the product gas was 80 vol%, there are evidently no problems with the use of the product gas as an energy
source for an iron mill, and as a deoxidizing material for iron oxide as well.
[0104] The carbon-based yield of the product gas was determined as described below.
[0105] In the present invention, the carbon source supplied to the gasification furnace (gasification testing apparatus)
is the carbonaceous fuel (lignite) and the gasifying agent (simulated shift-converted ironmaking by-product gas) .
[0106] When the amount of the carbonaceous fuel supplied to the gasification furnace is A kg/h and the carbon
concentration of the carbonaceous fuel is x wt%, the amount β [kmol/h] of the carbonaceous fuel-derived carbon which
is supplied to the gasification furnace can be calculated by the following equation. Note that the value "12" in the following
equation is the atomic weight of carbon. 
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[0107] Moreover, when the amount of the gasifying agent supplied to the gasification furnace is B Nm3/h and the CO2
concentration of the gasifying agent is y vol%, the amount γ [kmol/h] of the gasifying agent-derived carbon which is
supplied to the gasification furnace can be calculated by the following equation. Note that the value "22.4" in the following
equation is the volume (L) of one mole of gas. 

[0108] Specifically, β + γ [kmol/h] is the amount of carbon supplied to the gasification furnace.
[0109] Meanwhile, the amount of the product gas produced in the gasification furnace is to be C Nm3/h.
[0110] As described above, the product gas contains CO, CO2, a hydrocarbon having 1 carbon atom (C1), a hydrocarbon
having 2 carbon atoms (C2), a hydrocarbon having 3 carbon atoms (C3), and a hydrocarbon having 4 carbon atoms (C4)
as carbon compounds. When the CO content of the product gas is Z1 vol%, the CO2 content of the same is Z2 vol%,
the C1 content of the same is Z3 vol%, the C2 content of the same is Z4 vol%, the C3 content of the same is Z5 vol%,
and the C4 content of the same is Z6 vol%, the amount α [kmol/h] of carbon in the product gas is calculated by the
following equation. Note that the value "22.4" in the following equation is the volume (L) of one mole of gas. 

[0111] In the present invention, the product gas produced in the gasification furnace also contains carbon derived
from the gasifying agent. Accordingly, the carbon-based yield of the product gas [%] is calculated by the following
equation using the subtraction of the amount γ of the gasifying agent-derived carbon supplied to the gasification furnace
from the carbon amount α in the product gas. 

[Example 2]

[0112] The gasification testing was performed in the same manner as that in Example 1, except that subbituminous
coal which had the volatile content of 40 wt%, the fixed carbon content of 52 wt%, the ash content of 9 wt%, and the
moisture content after the granulation of 3 wt% was used as the carbonaceous fuel.
[0113] As a result, the carbon-based yield of the product gas was 32% and the combustion heat of the product gas
was 2.5 Mcal/Nm3. Although the yield of the gas was decreased compared to that in the case where lignite was used,
the gas having high combustion heat was obtained in a relatively high yield, considering the fixed carbon content of 52
wt%. From the above result and the result of Comparative Example 2 to be described later, it is presumed that quicklime
serves as a good catalyst for a gasification reaction of a carbonaceous fuel, as with Example 1. In the above, of CO2
supplied as the gasifying agent, 49 vol% was consumed in the reaction represented by the formula (5) or the like.
[0114] As gas components in the product gas, CO, H2 and hydrocarbons having 1 to 4 carbon atoms (mixture of
paraffin and olefin) were contained in a total amount of 73 vol%. Other than those components, N2 and CO2 were
contained as incombustible components. Since the total concentration of CO, H2 and hydrocarbons having 1 to 4 carbon
atoms in the product gas was 73 vol%, there are evidently no problems with the use of the product gas as an energy
source for an iron mill, and as a deoxidizing material for iron oxide as well.

[Comparative Example 1]

[0115] The gasification testing was performed in the same manner as that in Example 1, except that industrial silica
sand (SiO2) was used as the fluidized medium.
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[0116] As a result, the carbon-based yield of the product gas was 36% and the combustion heat of the product gas
was 2.7 Mcal/Nm3. It is presumed that SiO2 is completely inert as a catalyst for a gasification reaction, and thus the yield
of the gas extremely decreased compared to that in Example 1 in which quicklime was used as the fluidized medium.
Meanwhile, the combustion heat of the product gas was similar to that in Example 1.

[Comparative Example 2]

[0117] The gasification testing was performed in the same manner as that in Example 2, except that industrial silica
sand (SiO2) was used as the fluidized medium.
[0118] As a result, the carbon-based yield of the product gas was 10% and the combustion heat of the product gas
was 2.4 Mcal/Nm3. Similarly to Comparative Example 1, in this Example in which SiO2 having no catalytic activity was
used as the fluidized medium, the yield of the gas extremely decreased compared to that in Example 2. Meanwhile, the
combustion heat of the product gas was similar to that in Example 2.

INDUSTRIAL APPLICABILITY

[0119] The methods of the invention are suitably applicable for producing a fuel gas used for, for example, iron and
steel industries and power generating industries as well as for deoxidizing iron oxide in an iron mill.

REFERENCE SIGNS LIST

[0120]

10 gasification furnace

12 gas distribution plate

14 shift converter

16 fluidized bed

Claims

1. A method for gasifying a carbonaceous fuel, comprising: using quicklime as a fluidized medium and supplying a
gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification furnace during gasification of a carbon-
aceous fuel in the fluidized bed gasification furnace.

2. The method for gasifying a carbonaceous fuel according to claim 1, wherein the gasifying agent is obtained by shift
conversion of an ironmaking by-product gas by adding thereto excess water vapor.

3. The method for gasifying a carbonaceous fuel according to claim 2, wherein the ironmaking by-product gas has a
CO concentration of 5 vol% or more and a N2 concentration of 60 vol% or less.

4. The method for gasifying a carbonaceous fuel according to any one of claims 1 to 3, wherein the carbonaceous fuel
is at least one selected from peat, lignite and subbituminous coal.

5. A method for operating an iron mill, comprising:
supplying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification
furnace which uses quicklime as a fluidized medium, thereby gasifying the carbonaceous fuel; and using a resultant
gas as at least part of an energy source for an iron mill.

6. A method for operating an iron mill, comprising:
supplying a carbonaceous fuel and a gasifying agent containing H2, CO2 and H2O to a fluidized bed gasification
furnace which uses quicklime as a fluidized medium, thereby gasifying the carbonaceous fuel; and using a resultant
gas as at least part of a deoxidizing material for iron oxide.

7. The method for operating an iron mill according to claim 5 or 6, wherein the gasifying agent is obtained by shift
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conversion of an ironmaking by-product gas by adding thereto excess water vapor.

8. The method for operating an iron mill according to any one of claims 5 to 7, wherein the resultant gas is a mixed
gas containing CO, H2 and a hydrocarbon having 1 to 4 carbon atoms.

9. A method for manufacturing a gasification gas, comprising: supplying a carbonaceous fuel and a gasifying agent
containing H2, CO2 and H2O to a fluidized bed gasification furnace which uses quicklime as a fluidized medium,
thereby gasifying the carbonaceous fuel.

10. The method for manufacturing a gasification gas according to claim 9, wherein the gasifying agent is obtained by
shift conversion of an ironmaking by-product gas by adding thereto excess water vapor.
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