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Description
Technical Field

[0001] The present disclosure relates to an apparatus
and method for stably recovering an excess gas gener-
ated in an ironmaking process, and more particularly, to
an apparatus and method for recovering excess gas gen-
erated in anironmaking process which can control a pres-
sure of a melter-gasifier to increase a recovery rate of
the excess gas discharged in an ironmaking process us-
ing non-coking coals andfineiron ores, as well as recover
the excess gas at a low pressure to construct a low-pres-
sure small-capacity equipment and simply control an op-
eration of the excess gas recovery apparatus.

Background Art

[0002] A blast-furnace process typically known for an
ironmaking process requires raw material preliminary
treatment equipment such as a coke-making equipment.
Thus, to construct such an auxiliary equipment, a signif-
icant expense is expected.

[0003] Inaddition, to construct environmental pollution
prevention facilities for treating environmental pollution
materials generated during an operation of the coke-
making equipment, the blast-furnace process requires
significant expense.

[0004] Accordingly, theironmaking process using non-
coking coals and fine iron ores is previously known. That
is, the ironmaking process directly uses the non-coking
coals as fuel and reductant, and directly uses the fine
iron ores occupying account for more than about 80% of
the world’s ore production as an iron source material to
manufacture molten irons.

[0005] FIG. 1 aview llustrating a typical process, e.g.,
a FINEX process in which molten irons are manufactured
by directly using non-coking coals and fine iron ores.
[0006] Referringto FIG. 1, principal equipments of the
typical FINEX process include a fluidized-bed reduction
furnace 130 including multi-stage fluidized bed furnaces
110 and a reduction furnace 120, and a melter-gasifier
140 in which a coal packed bed is formed.

[0007] Ores successively charged into a top reactor at
room temperature are in contact with a high temperature
reduction gas supplied from the melter-gasifier 140 while
the ores pass through the fluidized bed furnaces 110 and
the reduction furnace 120 in order. As a result, the ores
are converted into high temperature reduced fine iron
ores having a rising temperature and reduction of 90%
or more, and at the same time, the reduced fine iron ores
are successively charged into the melter-gasifier 140 in
which the coal packed bed is formed to melt in the coal
packed bed, thereby being converted into molten pig
irons. Thereafter, the molten pig irons are discharged
from the melter-gasifier 140.

[0008] That is, lump coals are successively supplied
into the melter-gasifier 140 through an upper portion of
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the melter-gasifier 140 to form the coal packed bed hav-
ing a predetermined height within the melter-gasifier 140.
When oxygen is injected into the coal packed bed through
a tuyere, coals within the coal packed bed are burned to
generate a combustion gas. When the generated com-
bustion gas rises while the gas passes through the coal
packed bed, the combustion gas is converted into reduc-
tion stream having a high temperature. Thereafter, the
combustion gas converted into the reduction stream is
discharged from the melter-gasifier 140 so that the gas
is supplied to the reduction furnace 120 and the melter-
gasifier 140.

[0009] Referringto FIG. 1, a reduction gas discharged
through a gas discharge line 142 connected to the melter-
gasifier 140 pass through a cyclone 150 and is supplied
to the reduction furnace 120 and the fluidized bed fur-
naces 110 through reduction furnace-side and fluidized
bed furnace-side gas circulation lines (or referred to as
"gas conduits") G1 and G2 (hereinafter, referred to as "a
circulation line G1 and a circulation line G2", respective-
ly).

[0010] The high temperature reduction gas supplied
from the melter-gasifier 140 to the fluidized bed furnaces
110 and the reduction furnace 120 is generated by com-
bustion and gasification of the non-coking coals. A pro-
duction amount of the reduction gas is sharply fluctuated
according to ingredient and operation conditions of the
coals.

[0011] For example, the range of fluctuation of the pro-
duction amount of the high temperature reduction gas
reaches from about 20% to about 50% in an extreme
case. Also, the extreme fluctuation occurs in a short pe-
riod of time.

[0012] As illustrated in a simplified graph g of FIG. 1,
a pressure pick value according to fluctuation of a gas
flow amount is not consistently maintained, and an
amount of the high temperature reduction gas supplied
to the gas circulation line G2, the gas circulation line G1,
and a melter-gasifier-side gas circulation line G3 (here-
inafter, referred to as "a gas circulation line G3") sharply
increases in short period of time and sharply decreases
again.

[0013] As aresult, the sharp fluctuation of the pressure
pick value according to the sharp increase or decrease
of the amount of the reduction gas sharply changes a
flow speed of the high temperature reduction gas gener-
ated within the fluidized bed furnaces 110 and the re-
duction furnace 120. As a result, ore fluidized beds tem-
porarily collapses.

[0014] Inorder to stably maintain the ore fluidized beds
in the fluidized bed furnaces 110 and the reduction fur-
nace 120, environments of the reduction gas discharged
from the melter-gasifier 140 need to be stably construct-
ed.

[0015] The sharp fluctuation of the reduction gas caus-
es an unstable pressure in the melter-gasifier 140, re-
sulting in an unstable operation of the melter-gasifier 140.
[0016] That is, the pressure and flow amount of the
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reduction gas have an influence on the stable mainte-
nance of the ore fluidized beds and the stable operation
of the melter-gasifier 140.

[0017] Referring to FIG. 1, a portion of the excess gas
discharged from the melter-gasifier 140 is discharged in-
to amelter-gasifier-side excess gas line Ge1 (hereinafter,
referred to as "an excess gas line Ge1") through a pres-
sure control valve 154 such that the pressure within the
melter-gasifier 140 is regularly maintained even if the
pressure and the flow amount of the reduction gas are
sharply fluctuated.

[0018] In this case, the sharp fluctuation of the reduc-
tion gas circulating in the reduction furnace 120 and the
fluidized bed furnaces 110 is controlled to withdraw a
uniform amount.

[0019] Thatis, an excess amountincreased according
to the fluctuation of the pressure and flow amountis guid-
ed and discharged into the excess gas line Ge1 and the
reduction gas is circulated and supplied into the fluidized
bed furnaces 110 and the reduction furnace 120 at a
uniform pressure and flow amount.

[0020] Since the increased amount according to the
fluctuation of the pressure and flow amount reaches from
about 20% to about 50%, and thus, a large amount of
the reduction gas is discharged through the excess gas
line Ge1, the reduction gas for reducing, the (fine iron)
ores is insufficient during an actual operation.

[0021] Accordingly, as illustrated in FIG. 1, a portion
of the excess gas discharged from the fluidized bed fur-
naces 110 passes through a gas circulation line G4
branched from a fluidized bed furnace-side excess gas
line Ge2 (hereinafter, referred to as "an excess gas line
Ge2") to move into a compressor 160. The portion of the
excess gas moving into the compressor 160 is com-
pressed and moves into a CO, remover 166. A CO, gas
unnecessary for the reduction is removed through the
CO, remover 166, and the remaining gas is supplied to
the gas discharge line 142 of the melter-gasifier 140.
[0022] Therefore, the gasadditionally supplied through
the gas discharge line 142 and the cyclone 150 is sup-
plied to the reduction furnace 120 and the fluidized bed
furnaces 110 through the gas circulation lines G2 and G
1 to compensate the lack of the reduction gas as de-
scribed above.

[0023] However, as illustrated in FIG. 1, in spite of the
additionally compensating the reduction gas into the flu-
idized bed furnaces 110 and the reduction furnace 120,
the reduction gas circulated and supplied into the fluid-
ized bed furnaces 110 and the reduction furnace 120 is
still insufficient.

[0024] In order to increase the amount of the reduction
gas required for the reduction furnace 120 and the fluid-
ized bed furnaces 110, only a pressure setting value of
the pressure control valve 154 increases, or only an inlet
flow amount control valve (not shown) of the reduction
furnace 120 is controlled. In this case, since the flow
amount or the pressure of the reduction gas may be un-
stable, there is a limitation that overall flow amount or
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pressure of the melter-gasifier 140, the reduction furnace
120, and fluidized bed furnaces 110 is maintained up to
a required level.

[0025] Unexplained reference numerals 152 and 162
in FIG 1 (it can be also applied to FIGS. 2 and 3) denote
cooling equipments for reducing a temperature of the ex-
cess gas in the excess gas lines Ge1 and Ge2, respec-
tively, and unexplained reference numeral 164 denotes
a flow amount control valve.

[0026] A technique that can overcome a typical limita-
tion of a reduction gas circulation system in the ironmak-
ing process, i.e., stably maintain the fluidized beds in
each of furnaces to prevent the fluidized beds from being
collapsed is disclosed in Korean Patent Laid-open Pub-
lication No. 2001-0045380, filed and published by the
present applicant.

[0027] FIG. 2 is a view illustrating a conventional dif-
ferent reduction gas circulation system for preventing the
fluidized beds described above from being collapsed.
[0028] Referringto FIG. 2, in the conventional different
reduction gas circulation system, a portion of an excess
gas discharged from a melter-gasifier 140 in an excess
gas line Ge1 is stored in a buffer tank 190. The stored
portion of the excess gas is circulated and supplied into
a gas discharge line 142 when fluidized beds of fluidized
bed furnaces 110 and a reduction furnace 120 are un-
stable or a pressure within the melter-gasifier 140 is un-
stable.

[0029] A compressor 180 and the buffer tank 190 are
sequentially connected to another gas circulation line G5
connected to the excess gas line Ge1 connected to a
stack 170, and a gas circulation line G5 is associated
with a gas circulation line G4 branched from an excess
gasline Ge2 and connected to the gas discharge line 142.
[0030] As illustrated in a simplified graph g of FIG. 2,
a pressure pick value according to fluctuation of a gas
flow amount in the reduction gas of the excess gas line
Ge1 discharged from the melter-gasifier 140 is unstable
accordingto an operation of the melter-gasifier 140. How-
ever, as illustrated in a simplified graph g of FIG. 2, the
reduction gas stored in the buffer tank 190 through the
compressor 180 has a uniform pressure pick value be-
cause the gas is pressured at a predetermined pressure.
[0031] The reduction gas stored in the buffer tank is
supplied to the gas discharge line 142 through the gas
circulation lines G5 and G4.

[0032] The reduction gas circulating at the uniform
pressure is supplied to the reduction furnace 120, the
fluidized bed furnaces 110, and the melter-gasifier 140
through the gas circulation lines G1, G2, and G3, respec-
tively. Thus, the collapse of the fluidized beds as de-
scribed above is prevented, and the pressure within the
melter-gasifier 140 is uniformly maintained.

[0033] However, the conventional reduction gas circu-
lation system has the following limitations. For example,
as illustrated in FIG. 2, since the reduction gas passes
through the excess gas line Ge1 and move into the com-
pressor 180, and then, the reduction gas is compressed
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through the compressor 180, and the compressed reduc-
tion gas is stored in the buffer tank 190, the amount of
the circulation excess gas must be uniformly maintained
for a normal operation of the compressor 180 during ac-
tual operation. However, since an actual discharge
amount of the excess gas is not uniform, and in any case,
the excess gasis not nearly generated, arate of operation
of the compressor 180 is very insufficiency. In addition,
arecovery rate of the excess gas into the buffer tank 190
is only 10% in an actual operation line.

[0034] Since the excess gas (reduction gas) is com-
pressed through the compressor, and the compressed
gas is stored in the buffer tank, the buffer tank becomes
a high-pressure state. As a result, a high-voltage large-
capacity buffer tank is required to sharply increase equip-
ment investment.

[0035] In addition, since the excess gas discharged
from the gas circulation line G5 behind the buffer tank
becomes also the high-pressure state, itis difficult to con-
trol the pressure using a control valve V disposed in the
gas circulation line.

[0036] US 2006/0119022 A1 discloses an apparatus
for manufacturing molten irons comprising a plurality of
fluidized-bed reactors, a melter-gasifier and an exhaust
gas branch line for branching exhaust gas from the flu-
idized-bed reactors to a conveying line for drying and
conveying iron ores and additives. The known apparatus
further includes a storage bin for storing the dried iron
ores and additives.

Disclosure of Invention
Technical Problem

[0037] An aspect of the present invention provides an
apparatus and method for recovering an excess gas gen-
erated in an ironmaking process using non-coking coals
and fine iron ores, in which production costs of the iron-
making process can be reduced, a pressure of a melter-
gasifier can be stably controlled, and fluidized beds of
fluidized bed furnaces and a reduction furnace can be
stably maintained because a recovery rate of the excess
gas discharged in the ironmaking process using the non-
coking coals and fine iron ores can increase to reduce
generation of an unnecessary gas. This is set forth in
claim 1.

Technical Solution

[0038] Accordingtoan aspect of the presentinvention,
there is provided an apparatus for recovering an excess
gas in an ironmaking process which makes a molten iron
with a fluidized bed furnace, a reduction furnace, and a
melter-gasifier, the apparatus including: an excess gas
recovery line associated with at least one of a melter-
gasifier-side excess gas line and a fluidized bed furnace-
side excess gas line, the excess gas recovery line recov-
ering/supplying the excess gas from/to at least one of
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the melter-gasifier, the fluidized bed furnace, and the re-
duction furnace; one or more gas storage unit disposed
in the excess gas recovery line, the gas storage unit re-
ceiving and storing the excess gas; and a compressor
disposedin the excess gasrecovery line of adownstream
side of the gas storage unit, the compressor compressing
the excess gas discharged from the gas storage unit.
[0039] The excessgasrecovery apparatus may further
include at least one of a heater unit and a filter unit for
removing moisture or foreign substances in the excess
gas recovery line of an upstream side of the compressor.
[0040] The excessgasrecovery apparatus may further
include a high-pressure gas reverse supply line disposed
between a downstream side of the compressor of the
excess gas recovery line and the gas storage unit.
[0041] The excess gas recovery line is branched from
the fluidized bed furnce-side excess gas line and con-
nected to a gas circulation line connected to a gas dis-
charge line of the melter-gasifier.

[0042] The gas discharge line of the melter-gasifier as-
sociated with the excess gas recovery line is associated
with each of fluidized bed furnace-side, reduction fur-
nace-side, and melter-gasifier-side gas circulation lines
to supply the recovered excess gas to each of furnaces,
thereby preventing collapse of fluidized beds and pres-
sure irregularity within each of the furnaces.

[0043] The gas storage unit may include a buffer tank,
and a seal pot for treating condensed water contained in
the gas may be connected to a lower portion of the buffer
tank.

[0044] According to another aspect of the present in-
vention, there is provided a method for recovering an
excess gas in anironmaking process which makes a mol-
ten iron with a fluidized bed furnace, a reduction furnace,
and a melter-gasifier, the method including:

storing a recovered excess gas discharged from at
least one of the fluidized bed furnace and the melter-
gasifier in a buffer tank as it is; and converting the
excess gas discharged from the buffer tank into a
high-pressure gas to circulate and supply the high-
pressure gas into at least one of the melter-gasifier,
the fluidized bed furnace, and the reduction furnace.

[0045] The excess gas discharged from the buffer tank
may pass through a compressor to convert the excess
gas into the high-pressure gas.

[0046] The excess gas discharged from the buffer tank
may be supplied to the compressor after removing mois-
ture or foreign substances contained in the excess gas.
[0047] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims.

Advantageous Effects

[0048] An apparatus and method for recovering an ex-
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cess gas generated in an ironmaking process according
to the present invention provides the following various
effects.

[0049] A recovery rate of an excess gas used and dis-
charged for controlling a pressure of a melter-gasifier in
the ironmaking process can increase up to almost 100%,
thereby reducing production costs.

[0050] Sincethe excessgasisrecoveredinalow-pres-
sure state and supplied in a high-pressure state unlike a
conventional method, a buffer tank for storing the gas
can be constructed using a low-pressure small-capacity
equipment, thereby reducing and actual equipment con-
struction and investment.

[0051] Therefore, since an operation of an excess gas
recovery equipment can simply and easily controlled and
driven due to the simple equipment, the ironmaking proc-
ess can easily controlled.

[0052] In addition, a pressure control of a melter-gas-
ifier, which is an important function of the excess gas,
can easily implemented.

Brief Description of Drawings

[0053] FIG. 1is a view illustrating an excess gas sys-
tem of an ironmaking process using non-coking coals
and fine iron ores.

[0054] FIG. 2 is a view illustrating a conventional ex-
cess gas recovery system of an ironmaking process us-
ing non-coking coals and fine iron ores.

[0055] FIG. 3 is a view illustrating an excess gas re-
covery system of an ironmaking process using non-cok-
ing coals and fine iron ores according to the present in-
vention.

Mode for the Invention

[0056] Reference willnow be made in detail to the em-
bodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings.

[0057] FIG. 3is a view of an ironmaking process using
non-coking coals and fine iron ores and including an ex-
cess gas recovery apparatus 1 according to the present
invention. Hereinafter, the same reference numeral will
be used for the same or similar parts or components in
the conventional ironmaking process, and the detailed
description will be omitted.

[0058] For example, reference numerals of compo-
nents with respect to an excess gas recovery apparatus
according to the present invention are illustrated in the
10 series, and reference numerals of components with
respect to an ironmaking process are illustrated in the
100 series. First characters of gas circulation lines and
excess gas lines that are main lines in a gas circulation
system are illustrated with a character "G" and numerals
are used for their distinction.

[0059] Referring to FIG. 3, in an ironmaking process
according to the present invention, an excess gas recov-
ery apparatus 1 of the ironmaking process using non-
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coking coals and fine iron ores includes an excess gas
recovery line 10, a gas storage unit 20, and a compressor
30. The excess gas recovery line 10 is associated with
at least one of an excess gas line Ge1 and an excess
gas line Ge2, and circulates and supplies an excess gas
into a gas discharge line 142 of a melter-gasifier 140. At
least one or more gas storage unit 20 is disposed in the
excess gas recovery line 10 to store the excess gas. The
compressor 30 is disposed in the excess gas recovery
line 10 of a downstream side of the gas storage unit 20
and converts a low-pressure gas of the gas storage unit
20 into a high-pressure gas.

[0060] In the excess gas recovery apparatus 1 of the
ironmaking process, the excess gas recovery line 10 is
connected to at least one of the excess gas line Ge1 and
the excess gas line Ge2, for example, the excess gas
line Ge1.

[0061] In this case, the important thing is that the ex-
cess gas recovered through the excess gas recovery line
10 flows and is stored into the gas storage unit 20 in a
state that the excess gas is not compressed unlike a con-
ventional method as illustrated in FIG. 2. The gas storage
unit may be a buffer tank.

[0062] The excess gas recovered through the conven-
tional excess gas recovery line G5 is compressed while
the excess gas passes through the compressor 180 and
is stored in the buffer tank 190 at a high pressure. How-
ever, in the excess gas recovery apparatus 1 according
to the present invention, the excess gas is stored in the
buffer tank that is the gas storage unit 20 in a state that
the excess gas is discharged from the melter-gasifier as
it is, i.e., in a state of a low pressure gas.

[0063] Since the low-pressure excess gas is stored in
the buffer tank that is the gas storage unit 20 in the excess
gas recovery apparatus 1 according to the present in-
vention, the low-pressure small-capacity buffer tank may
be used unlike a conventional buffer tank.

[0064] Forexample, inthe conventional method, since
the high pressure excess gas passing through the com-
pressor 180 is stored in the buffer tank 190 as described
in FIG. 2, the large capacity buffer tank 190 having 5 bars
or more and 8,000 Nm3/h was used.

[0065] However, although the low-pressure small-ca-
pacity gas storage unit 20 (e.g., buffer tank) having about
2 bars or less and about 2,000 Nm3/h according to the
present invention is used, there shouldn’t be any prob-
lem.

[0066] The excess gas recovery apparatus 1 of the
ironmaking process according to the present invention
is very simplified in volume of facility construction, and
thus, it is possible to sharply reduce investment costs.
[0067] Since the excess gas flows and is stored as it
is in the buffer tank that is the gas storage unit 20 without
being compressed, the excess gas is easily recovered
even if an amount of a gas flow in which the compressor
must be driven in case of conventional method is not
generated, and an actual recovery rate of the excess gas
increases up to almost 100%.
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[0068] The more the recovery rate of the excess gas
increases in the ironmaking process, the more a dis-
charge amount of the excess gas decreases. As a result,
usage of recycled excess gas increases to improve pro-
ductivity of the ironmaking process.

[0069] In the conventional method, it is difficult to con-
trol the circulation of the high-pressure excess gas cir-
culating in the melter-gasifier, the fluidized bed furnaces,
and the reduction furnace because the high-pressure ex-
cess gas is stored in the buffer tank (See reference nu-
meral 190 of FIG. 2). In the present invention, since the
low-pressure excess gas is first stored in the buffer tank
that is the gas storage unit, the equipment is simplified
and control operation is easy.

[0070] Although only schematically shown in FIG. 3, a
seal pot 70 for removing moisture (condensed water)
contained in the excess gas is connected to a lower por-
tion of the excess gas recovery line 20, i.e., the buffer
tank, included in the excess gas recovery line 10 of the
excess gas recovery apparatus 1 according to the
present invention.

[0071] For example, the seal pot 70 is previously
known and used for removing the condensed water
(moisture) condensed in a typical gas line. The seal pot
70 is connected to a main gas line, the condensed water
is collected in a body of the seal pot 70, and a gas is
circulated. The seal pot 70 includes a drain line to dis-
charge the collected condensed water. Thus, the con-
densed water contained in the excess gas stored in the
gas storage unit is treated in the seal pot 70.

[0072] Although only schematically shown in FIG. 3, a
filter unit 50 (e.g., a screen mesh) and heater unit 40
(e.g., a steam heater) are further provided between the
compressor 30 disposed in a downstream side of the gas
storage unit 20 and the gas storage unit 20 in the excess
gas recovery line 10.

[0073] The heaterunit of the steam heater and the filter
unit are previously known, and for example, the heater
unit further removes a remaining moisture contained in
the excess gas in which the condensed water is treated
in the seal pot 70 disposed on a portion of the gas storage
unit. The filter unit filters impurities or foreign substances
such as tars included in the excess gas.

[0074] Thus, the excess gas passes through the seal
pot 70, the heater unit 40, and the filter unit 50 to remove
the moisture and filter the foreign substances such as
the tars. As a result, clean excess gas is supplied to the
compressor 30 to prevent equipment damage or an op-
eration failure due to adhesion of the foreign substances
such as the tars included in the excess gas to the com-
pressor 30.

[0075] Referring to FIG. 3, in the excess gas recovery
line 10 of the excess gas recovery apparatus 1 according
to the present invention, a high-pressure gas reverse
supply line 60 is disposed between a downstream side
of the compressor 30 and the buffer tank that is the gas
storage unit 20. The high-pressure gas reverse supply
line 60 reversely supplies a high-pressure gas to the buff-
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er tank such that the gas is smoothly discharged from
the gas storage unit.

[0076] The high-pressure gas reverse supply line 60
minutely controls a flow amount of the high-pressure gas
passing through the compressor 30. Since the compres-
sor 30 disposed in the excess gas recovery line 10 of the
present invention has a large capacity of 20,000 Nm3/h
or more, the compressor 30 does not control a small ca-
pacity of 500 Nm3/h or less.

[0077] Thus, the excess gas having a normal flow
amount flows into the excess gas recovery line 10, and
the high-pressure gas reverse supply line 60 uses a con-
trol valve 62 therein in order to minutely control the gas
flow amount to be recovered.

[0078] Referring to FIG. 3, in the excess gas recovery
line 10 according to the present invention, an excess gas
inflow side is associated with at least one of the excess
gas line Ge1 and the excess gas line Ge2, and excess
gas outflow side is branched from the excess gas line
Ge2 and connected to agas circulation line G4 connected
to a gas discharge line 142.

[0079] The high-pressure gas stored in the buffer tank
that is the gas storage unit and compressed in the com-
pressor is circulated and supplied into a reduction fur-
nace 120, fluidized bed furnaces 110, and a melter-gas-
ifier 140 through the gas circulation lines G1, G2, and
G3, respectively, which are associated with the gas dis-
charge line 142.

[0080] Therefore, the collapse of the fluidized beds
within the fluidized bed furnaces 110 and the reduction
furnace 120 can be prevented, and the pressure within
the melter-gasifier 140 can be uniformly maintained (con-
trolled).

[0081] Referring to FIG. 3, at least one control valve
14 for controlling the circulation of the high-pressure gas
is disposed in a downstream side of the excess gas re-
covery line 10.

[0082] Control valves 12 for controlling a gas flow of
each of excess gas lines may disposed in an upstream
side of the excess gas recovery line 10 connected to the
excess gas line Ge1 and the excess gas line Ge2.
[0083] The excess gas recovery method using the ex-
cess gas recovery apparatus 1 of the prevent invention
may be summarized as follows. In the ironmaking proc-
ess for making the molten iron using the non-coking coals
and the fine iron ores in the fluidized bed furnaces, the
reduction furnace, and the melter-gasifier, the low-pres-
sure excess gas discharged from the fluidized bed fur-
naces and/or the melter-gasifier is stored as it is in the
buffer tank that is the gas storage unit 20.

[0084] The low-pressure excess gas stored in the buff-
er tank is converted into the high-pressure excess gas
by passing through the compressor 30. The high-pres-
sure excess is circulated and supplied into the gas dis-
charge line 142 through the gas circulation line G4.
[0085] As illustrated in simplified graphs g and g’ of
FIG. 2, hunting phenomenon in which the pressure pick
value of the excess gas according to the operation con-
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dition of the melter-gasifier is irregular may occur in the
excess gas of the initial gas line Ge1. However, the pres-
sure pick value ofthe excess gas according to the present
invention is flat because the excess gas passes through
the buffer tank that is the gas storage unit 20 of the excess
recovery line 10 and the compressor 30. Therefore, the
excess gas having a uniform pressure is circulated and
supplied.

[0086] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims.

Industrial Applicability

[0087] Accordingtothe presentinvention, the collapse
of the fluidized beds within the fluidized bed furnaces and
the reductionfurnace canbe prevented, and the pressure
within the melter-gasifier can be uniformly maintained to
improve the operation of the ironmaking process.

Claims

1. An apparatus for recovering an excess gas in an
ironmaking process which makes a molten iron with
a fluidized bed furnace (110), a reduction furnace
(120), and a melter-gasifier (140), the apparatus
comprising:

an excess gas recovery line associated with a
melter-gasifier-side excess gas line (Ge1) and
a fluidized bed furnace-side excess gas line
(Ge2), the excess gas recovery line (10) recov-
ering the excess gas from at at least one of the
melter-gasifier (140) and the fluidized bed fur-
nace (110);

one or more gas storage units (20) disposed in
the excess gas recovery line (10), each of the
gas storage units receiving and storing the ex-
cess gas; and

a compressor (30) disposed in the excess gas
recovery line of a downstream side of the gas
storage unit (20), the compressor (30) com-
pressing the excess gas discharged from the
gas storage unit (20),

wherein the excess gas recovery line (10) is
branched from the fluidized bed furnace-side ex-
cess gas line (Ge2) and connected to a gas cir-
culation line (G4) connected to a gas discharge
line (142) of the melter-gasifier (140),

wherein the excess gas recovery line (10) circu-
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lates and supplies an excess gas into a gas dis-
charge line (142) of the melter-gasifier (140) and
is associated with each of fluidized bed furnace-
side, reduction furnace-side, and melter-gasifi-
er-side gas circulation lines (G1, G2, G3) to sup-
ply the recovered excess gas to each of furnac-
es, thereby preventing collapse of fluidized beds
and pressure irregularity within each of the fur-
naces.

The apparatus of claim 1, further comprising at least
one of a heater unit (40) and a filter unit (50) for re-
moving moisture or foreign substances in the excess
gas recovery line (10) of an upstream side of the
compressor (30).

The apparatus of claim 1, further comprising a high-
pressure gas reverse supply line (60) disposed be-
tween a downstream side of the compressor (30) of
the excess gasrecovery line (10) and the gas storage
unit (20).

The apparatus of claim 1, wherein the gas storage
unit (20) comprising a buffer tank, and a seal pot (70)
for treating condensed water contained in the gas is
connected to a lower portion of the buffer tank.

A method for recovering an excess gas in an iron-
making process which makes a molten iron with a
fluidized bed furnace (110), a reduction furnace
(120), and a melter-gasifier (140), the method com-
prising:

storing arecovered excess gas discharged from
the fluidized bed furnace (110) and the melter-
gasifier (140) in a storage unit (20), specifically
in a buffer tank as it is; and

converting the excess gas discharged from the
storage unit (20), specifically the buffer tank into
a high-pressure gas to circulate and supply the
high-pressure gas into at least one of the melter-
gasifier (140), the fluidized bed furnace (110),
and the reduction furnace (120);

wherein the excess gas recovery line (10) is
branched from the fluidized bed furnace-side ex-
cess gas line (Ge2) and connected to a gas cir-
culation line (G4) connected to a gas discharge
line (142) of the melter-gasifier (140); and
wherein the excess gas recovery line (10) circu-
lates and supplies the excess gas into the gas
discharge line (142) of the melter-gasifier (140)
and is associated with each of fluidized bed fur-
nace-side, reduction furnace-side, and melter-
gasifier-side gas circulates lines (G1, G2, G3)
to supply the recovered excess gas to each of
furnaces, thereby preventing collapse of fluid-
ized beds and pressure irregularity within each
of the furnaces.
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The method of claim 5, wherein the excess gas dis-
charged from the storage unit (20), specifically the
buffertank passes through a compressor (30) to con-
vert the excess gas into the high-pressure gas.

The method of claim 6, wherein the excess gas dis-
charged from the storage unit (20), specifically the
buffer tank is supplied to the compressor (30) after
removing moisture or foreign substances contained
in the excess gas.

Patentanspriiche

1.

Vorrichtung zum Riickgewinnen eines lberschussi-
gen Gases in einem Eisenherstellungsprozess, bei
dem ein Schmelzeisen mit einem Wirbelschichtofen
(110), einem Reduktionsofen (120) und einem Ein-
schmelzvergaser (140) hergestellt wird, wobei die
Vorrichtung umfasst:

eine  Uberschussgasriickgewinnungsleitung,
die mit einer einschmelzvergaserseitigen Uber-
schussgasleitung (Ge1) und einer wirbel-
schichtofenseitigen Uberschussgasleitung
(Ge2) verbunden ist, wobei die Uberschussgas-
rickgewinnungsleitung (10) das Uberschissige
Gas aus dem Einschmelzvergaser (140) und/
oder dem Wirbelschichtofen (110) riickgewinnt;
eine oder mehrere Gasspeichereinheit/en (20),
die in der Uberschussgasriickgewinnungslei-
tung (10) angeordnet sind, wobei jede der Gas-
speichereinheiten das Uberschiissige Gas auf-
nimmt und speichert; und

einen Kompressor (30), der in der Uberschuss-
gasrickgewinnungsleitung auf einer Abstrom-
seite der Gasspeichereinheit (20) angeordnet
ist, wobei der Kompressor (30) das aus der Gas-
speichereinheit (20) ausgeleitete Uberschissi-
ge Gas komprimiert,

wobei die Uberschussgasriickgewinnungslei-
tung (10) von der wirbelschichtofenseitigen
Uberschussgasleitung (Ge2) abgezweigt und
an eine Gaszirkulationsleitung (G4) ange-
schlossen ist, die an eine Gasaustragsleitung
(142) des Einschmelzvergasers (140) ange-
schlossen list,

wobei die Uberschussgasriickgewinnungslei-
tung (10) ein Uberschissiges Gas umwalzt und
in die Gasaustragsleitung (142) des Ein-
schmelzvergasers (140) zufiihrt und mit jeweils
einer wirbelschichtofenseitigen, reduktions-
ofenseitigen und einschmelzvergaserseitigen
Gaszirkulationsleitung (G1, G2, G3) verbunden
ist, um jedem der Ofen das riickgewonnene
Uberschiissige Gas zuzufiihren,

wodurch ein Zusammenbruch der Wirbelschich-
ten und DruckunregelmaRigkeiten in jedem der
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Ofen verhindert werden.

Vorrichtung nach Anspruch 1, dariiber hinaus eine
Heizvorrichtungseinheit (40) und/oder eine Filterein-
heit (50) umfassend, um in der Uberschussgasriick-
gewinnungsleitung (10) vorhandene Feuchtigkeit
oder Fremdstoffe auf einer Zustromseite des Kom-
pressors (30) zu entfernen.

Vorrichtung nach Anspruch 1, dariiber hinaus eine
Hochdruckgasriickzufuhrleitung (60) umfassend,
die zwischen einer Abstromseite des Kompressors
(30) der Uberschussgasriickgewinnungsleitung (10)
und der Gasspeichereinheit (20) angeordnet ist.

Vorrichtung nach Anspruch 1, wobei die Gasspei-
chereinheit (20) einen Puffertank umfasst, und ein
Abdichttopf (70) zur Behandlung von im Gas enthal-
tenem Kondenswasser an einen unteren Abschnitt
des Puffertanks angeschlossen ist.

Verfahren zum Rickgewinnen eines Uberschissi-
gen Gases in einem Eisenherstellungsprozess, bei
dem ein Schmelzeisen mit einem Wirbelschichtofen
(110), einem Reduktionsofen (120) und einem Ein-
schmelzvergaser (140) hergestellt wird, wobei das
Verfahren umfasst:

Speichern eines riickgewonnenen Gberschussi-
gen Gases, das aus dem Wirbelschichtofen
(110) und dem Einschmelzvergaser (140) aus-
geleitet wurde, in unveranderter Form in einer
Speichereinheit (20), insbesondere in einem
Puffertank; und

Umwandeln des uUberschissigen Gases, das
ausder Speichereinheit (20), insbesondere dem
Puffertank ausgeleitet wurde, in ein Hochdruck-
gas, um das Hochdruckgas umzuwalzen und
dem Einschmelzvergaser (140) und/oder Wir-
belschichtofen (110) und/oder Reduktionsofen
(120) zuzufihren;

wobei die Uberschussgasriickgewinnungslei-
tung (10) von der wirbelschichtofenseitigen
Uberschussgasleitung (Ge2) abgezweigt und
an eine Gaszirkulationsleitung (G4) ange-
schlossen ist, die an eine Gasaustragsleitung
(142) des Einschmelzvergasers (140) ange-
schlossen ist; und

wobei die Uberschussgasriickgewinnungslei-
tung (10) das Uberschiissige Gas umwalzt und
in die Gasaustragsleitung (142) des Ein-
schmelzvergasers (140) zufiihrt und mit jeweils
einer wirbelschichtofenseitigen, reduktions-
ofenseitigen und einschmelzvergaserseitigen
Gaszirkulationsleitung (G1, G2, G3) verbunden
ist, um jedem der Ofen das riickgewonnene
Uberschissige Gas zuzufiihren, wodurch ein
Zusammenbruch der Wirbelschichten und
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DruckunregelmaBigkeiten in jedem der Ofen
verhindert werden.

Verfahren nach Anspruch 5, wobei das Uberschis-
sige Gas, das aus der Speichereinheit (20), insbe-
sondere dem Puffertank ausgeleitet wurde, durch ei-
nen Kompressor (30) stréomt, um das Uberschissige
Gas in das Hochdruckgas umzuwandeln.

Verfahren nach Anspruch 6, wobei das Uberschis-
sige Gas, das aus der Speichereinheit (20), insbe-
sondere dem Puffertank ausgeleitet wurde, dem
Kompressor (30) zugeflhrt wird, nachdem im tber-
schissigen Gas enthaltene Feuchtigkeit oder
Fremdstoffe entfernt wurden.

Revendications

Appareil de récupération d’'un gaz excédentaire
dans un processus de fabrication de fonte qui fabri-
que une fonte liquide avec un four a lit fluidisé (110),
un four de réduction (120), et un fondeur-gazéifieur
(140), 'appareil comprenant :

une conduite de récupération de gaz excéden-
taire associée a une conduite de gaz excéden-
taire c6té fondeur-gazéifieur (Ge1) et une con-
duite de gaz excédentaire coté four a lit fluidisé
(Ge2), la conduite de récupération de gaz excé-
dentaire (10) récupérantle gaz excédentaire de-
puis au moins I'un du fondeur-gazéifieur (140)
et du four a lit fluidisé (110) ;

une ou plusieurs unités de stockage de gaz (20)
disposée dans la conduite de récupération de
gaz excédentaire (10), chacune des unités de
stockage de gaz recevant et stockant le gaz
excédentaire ; et

un compresseur (30) disposé dans la conduite
de récupération de gaz excédentaire d’'un cété
aval de I'unité de stockage de gaz (20), le com-
presseur (30) comprimant le gaz excédentaire
évacué depuis 'unité de stockage de gaz (20),
ou la conduite de récupération de gaz excéden-
taire (10) est dérivée de la conduite de gaz ex-
cédentaire cbté four a lit fluidisé (Ge2) et con-
nectée a une conduite de circulation de gaz (G4)
connectée a une conduite d’évacuation de gaz
(142) du fondeur-gazéifieur (140),

ou la conduite de récupération de gaz excéden-
taire (10) fait circuler et fournit un gaz excéden-
taire dans la conduite d’évacuation de gaz (142)
du fondeur-gazéifieur (140) et est associée a
chacune des conduites de circulation de gaz c6-
té four a lit fluidisé, coté four de réduction, et
coté fondeur-gazéifieur (G1, G2, G3) pour four-
nir le gaz excédentaire récupéré a chacun des
fours, empéchant ainsi un effondrement de lits
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fluidisés et une irrégularité de pression dans
chacun des fours.

L’appareil de la revendication 1, comprenant en
outre au moins I'une d’une unité de chauffage (40)
et d’'une unité de filtre (50) pour enlever de 'humidité
ou des substances étrangéres dans la conduite de
récupération de gaz excédentaire (10) d'un cété
amont du compresseur (30).

L’appareil de la revendication 1, comprenant en
outre une conduite de fourniture inverse de gaz hau-
te pression (60) disposée entre un cbété aval du com-
presseur (30) de la conduite de récupération de gaz
excédentaire (10) et I'unité de stockage de gaz (20).

L’'appareil de la revendication 1, ou l'unité de stoc-
kage de gaz (20) comprend un réservoir tampon, et
un pot tampon (70) pour traiter de 'eau condensée
contenue dans le gaz est connecté a une partie in-
férieure du réservoir tampon.

Procédé de récupération d’'un gaz excédentaire
dans un processus de fabrication de fonte qui fabri-
que une fonte liquide avec un four a lit fluidisé (110),
un four de réduction (120), et un fondeur-gazéifieur
(140), le procédé comprenant :

le stockage d'un gaz excédentaire récupéré
évacué depuis le four a lit fluidisé (110) et le
fondeur-gazéifieur (140) dans une unité de stoc-
kage (20), spécifiquement dans un réservoir
tampon en I'état ; et

la conversion du gaz excédentaire évacué de-
puis l'unité de stockage (20), spécifiquement le
réservoirtampon, en un gaz haute pression pour
faire circuler et fournir le gaz haute pression
dans au moins 'un du fondeur-gazéifieur (140),
du four a litfluidisé (110), et du four de réduction
(120) ;

ou la conduite de récupération de gaz excéden-
taire (10) est dérivée de la conduite de gaz ex-
cédentaire cbté four a lit fluidisé (Ge2) et con-
nectée a une conduite de circulation de gaz (G4)
connectée a une conduite d’évacuation de gaz
(142) du fondeur-gazéifieur (140) ; et

ou la conduite de récupération de gaz excéden-
taire (10) fait circuler et fournit le gaz excéden-
taire dans la conduite d’évacuation de gaz (142)
du fondeur-gazéifieur (140) et est associée a
chacune des conduites de circulation de gaz c6-
té four a lit fluidisé, coté four de réduction, et
c6té fondeur-gazéifieur (G1, G2, G3) pour four-
nir le gaz excédentaire récupéré a chacun des
fours, empéchant ainsi un effondrement de lits
fluidisés et une irrégularité de pression dans
chacun des fours.
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Le procédé de la revendication 5, ou le gaz excé-
dentaire évacué depuis I'unité de stockage (20), spé-
cifiquement le réservoir tampon, traverse un com-
presseur (30) pour convertir le gaz excédentaire en
le gaz haute pression.

Le procédé de la revendication 6, ou le gaz excé-
dentaire évacué depuis I'unité de stockage (20), spé-
cifiquement le réservoir tampon, est fourni au com-
presseur (30) aprés enlevement d’humidité ou de
substances étrangéres contenues dans le gaz ex-
cédentaire.
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[Fig. 3]

o ATATAY

JOYYHOSIA

h s
our

z1—6

0t~

13



EP 2 231 882 B9
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

KR 20010045380 [0026]  US 20060119022 A1 [0036]

14



	bibliography
	description
	claims
	drawings

