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(54) Slagging combustion furnace

(57) The present invention relates to a slagging
combustion furnace in a gasification and slagging com-
bustion system in which wastes are gasified to produce
combustible gas in a gasification furnace, and the pro-
duced combustible gas is combusted together with un-
burned carbon to generate molten slag in a slagging
combustion furnace. The slagging combustion furnace
(3) comprises a gas inlet port (20) formed in an upper
portion of the side wall for introducing combustible gas

(b) to produce a swirling flow of the combustible gas (b),
and a plurality of gas supply nozzles (24, 25), which are
open at an inner surface of the side wall and an inner
surface of the top wall, for supplying gas (f) for combus-
tion. The gas (f) for combustion is blown from the gas
supply nozzles (24, 25) into the swirling flow of the com-
bustible gas (b).
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Description

Technical Field

[0001] The present invention relates to a waste treat-
ment system for treating wastes including municipal
wastes, industrial wastes, biomass wastes, medical
wastes, automobile wastes such as waste tires or shred-
der dust, and the like, and more particularly to a slagging
combustion furnace and a method of supplying gas for
combustion in the slagging combustion furnace in a gas-
ification and slagging combustion system in which the
above wastes are gasified to produce combustible gas
in a gasification furnace, and the produced combustible
gas is combusted or gasified together with unburned
carbon accompanied by the produced combustible gas
to generate ash or molten slag in a swirling-type slag-
ging combustion furnace.

Background Art

[0002] FIG. 1 of the accompanying drawings sche-
matically shows essential elements of a conventional
gasification and slagging combustion system having a
waste heat boiler. As shown in FIG. 1, the conventional
gasification and slagging combustion system comprises
a waste supply device 1, a fluidized-bed gasification fur-
nace 2, and a swirling-type slagging combustion furnace
3 having a primary combustion chamber 4, a secondary
combustion chamber 5, and a tertiary combustion
chamber 6. The gasification and slagging combustion
system further comprises a waste heat boiler 7, an econ-
omizer 8, a bag filter 9, an exhaust gas reheater 10, a
catalytic reaction tower 11, and a stack 12.
[0003] The conventional gasification and slagging
combustion system shown in FIG. 1 operates as follows:
Wastes a supplied from the waste supply device 1 into
the fluidized-bed gasification furnace 2 are pyrolyzed
and gasified to produce combustible gas b in a fluidized
bed where a fluidized medium c (such as sand) is fluid-
ized by fluidizing air g introduced from a bottom of the
fluidized-bed gasification furnace 2. The gas b produced
in the fluidized-bed gasification furnace 2 is introduced
into the swirling-type slagging combustion furnace 3. In
the swirling-type slagging combustion furnace 3, the
produced gas b is mixed with gas f for combustion in the
primary combustion chamber 4 and combusted at a high
temperature of about 1350°C in the secondary combus-
tion chamber 5 to combust char contained in the pro-
duced gas b, thus melting ash contained in the char. The
produced gas b is further mixed with gas f for combus-
tion in the tertiary combustion chamber 6 and combust-
ed therein to generate exhaust gas e. The exhaust gas
e having a high temperature of about 1350°C is then
introduced into the waste heat boiler 7. Incombustibles
d which are contained in the wastes a and are not gas-
ified are discharged from the lower part of the fluidized
bed in the fluidized-bed gasification furnace 2 to the out-

side. The ash melted in the swirling-type slagging com-
bustion furnace 3 is discharged as molten slag h from
the swirling-type slagging combustion furnace 3 to the
outside.
[0004] The high-temperature exhaust gas e passes
successively through the waste heat boiler 7 and the
economizer 8, and thus is cooled to a temperature of
about 160°C. The cooled exhaust gas e is introduced
into the bag filter 9 where dust such as fly ash contained
in the exhaust gas e is removed. Then, the exhaust gas
e is preheated to a temperature (200°C to 210°C)
enough to cause a catalytic reaction. NOx and SOx con-
tained in the exhaust gas e are removed through a re-
action with ammonia in the catalytic reaction tower 11,
and then the exhaust gas e is discharged from the stack
12 into the atmosphere. On the other hand, steam pro-
duced in the waste heat boiler 7 is supplied to a steam
turbine (not shown) coupled to a generator to generate
electric power. The generated electric power is used for
operating various equipment in the gasification and
slagging combustion system to save energy and also to
reduce the running cost.
[0005] As shown in FIGS. 2A and 2B of the accompa-
nying drawings, the produced gas b from the fluidized-
bed gasification furnace 2 is introduced into the primary
combustion chamber 4 of the swirling-type slagging
combustion furnace 3 in a direction tangential to an inner
wall surface thereof from a high-temperature duct 21
connected to a gas inlet port 20 defined in an upper por-
tion of the inner wall surface of the primary combustion
chamber 4, thus generating a swirling flow of the gas in
the primary combustion chamber 4. The gas f for com-
bustion is supplied to the produced gas b in the primary
combustion chamber 4 at a certain angle to the swirling
flow of the produced gas b from a plurality of (eight in
FIGS. 2A and 2B) gas supply nozzles 22 which are
mounted on the side wall of the primary combustion
chamber 4 and are open at the inner wall surface of the
primary combustion chamber 4 downstream of the gas
inlet port 20. Thus, the produced gas b is mixed with the
gas f for combustion, and combusted at a high temper-
ature in the secondary combustion chamber 5 and the
tertiary combustion chamber 6. The primary combustion
chamber 4 has a burner 23 mounted on its top wall for
assisting the combustion of the produced gas b in the
primary combustion chamber 4.
[0006] The structure shown in FIGS. 2A and 2B is dis-
advantageous in that, as shown in FIGS. 3A and 3B, a
clinker K, which is made from the melted ash, is adhered
(or attached) to and deposited on the inner wall surface
of the primary combustion chamber 4 in the vicinity of
the gas supply nozzles 22, where the gas is in the state
within a transitional temperature range, which is uncer-
tain range, between melting and solidifying of solid ma-
terial constituting the ash in the gas.
[0007] More specifically, molten slag is produced at a
temperature of 1300°C, preferably around 1350°C for
the quality of slag.
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[0008] If the combustible gas containing lots of solid
material exists around this nozzle 22 in the space which
is within the transitional temperature between melting
and solidifying of solid material constituting the ash in
the gas. In the transitional temperature, a part of the ash
in the gas is in a melting state, and a part of the ash
remains in a solid state. Because the ambient temper-
ature of the solid material is lower than the start temper-
ature of slag formation, for example, 1300°C and higher
than the start temperature of slag fusion, for example,
1000°C, the melting state and the solid state of the ma-
terial occur, and the material becomes highly viscous.
Therefore, such material is liable to be adhered or at-
tached to the inner wall surface. That is a reason of the
making formation of the clinker-like material around the
nozzle.
[0009] In order to prevent the clinker-like material
from being formed, it is ideal that there is no gas at the
transition temperature range. However, actually, the gas
introduced from the gasification furnace and having a
temperature of around 650°C up to 800°C should inev-
itably pass through the transitional temperature range
because the gas reaches an available melting temper-
ature of slag over 1300°C. Thus, the existence of the
transitional temperature range has a great effect on
clogging of the gas supply nozzles 22 or the primary
combustion chamber 4. When the gas supply nozzles
22 or the primary combustion chamber 4 is clogged, the
gasification and slagging combustion system fails to op-
erate normally.

Disclosure of Invention

[0010] The present invention has been made in view
of the above drawbacks. It is therefore an object of the
present invention to provide a slagging combustion fur-
nace for use in a gasification and slagging combustion
system which can prevent a clinker from being adhered
to an inner wall surface of the slagging combustion fur-
nace for thereby preventing supply nozzles for supply-
ing gas for combustion such as combustion air and a
primary combustion chamber from being clogged, and
allows the gasification and slagging combustion system
to operate continuously stably.
[0011] Another object of the present invention is to
provide a method of supplying gas for combustion into
such slagging combustion furnace.
[0012] In order to achieve the above object of the
present invention, according to an aspect of the present
invention, there is provided a slagging combustion fur-
nace comprising: a side wall and a top wall; a gas inlet
port formed in an upper portion of the side wall for intro-
ducing combustible gas to produce a swirling flow of the
combustible gas; and a plurality of gas supply nozzles,
which are open at an inner surface of the side wall and
an inner surface of the top wall, for supplying gas for
combustion; wherein the gas for combustion is blown
from the gas supply nozzles into the swirling flow of the

combustible gas.
[0013] According to the present invention, the gas for
combustion is blown from the gas supply nozzles which
are open at the inner surface of the side wall and the
inner surface of the top wall, into the produced combus-
tible gas to mix the gas for combustion well with the pro-
duced gas for thereby increasing the temperature of the
gas quickly and minimizing the time of the gas which
passes through the transitional temperature range, i.e.,
allowing the gas to pass through such transitional tem-
perature range as quickly as possible, and minimizing
the space, in the slagging combustion furnace, where
the atmosphere is within the transitional temperature
range, i.e., making such space as small as possible.
With this specific arrangement of the present invention,
the surface area of adhesion or attachment of clinker to
the inner wall of the slagging combustion furnace is min-
imized, resulting in the prevention of adhesion or attach-
ment to the inner wall surface of the slagging combus-
tion furnace. As a result, a clinker is prevented from be-
ing adhered (or attached) to the inner wall surface of the
slagging combustion furnace.
[0014] According to another aspect of the present in-
vention, there is provided a slagging combustion fur-
nace comprising: a side wall and a top wall; a gas inlet
port formed in an upper portion of the side wall for intro-
ducing combustible gas to produce a swirling flow of the
combustible gas; and a gas supply nozzle, which is open
at an inner surface of the side wall near the gas inlet
port, for supplying the combustible gas; wherein the gas
for combustion is blown from the gas supply nozzle into
the combustible gas introduced from the gas inlet port.
[0015] According to the present invention, the gas for
combustion is blown from the gas supply nozzle which
is open at the inner surface of the side wall near the gas
inlet port for supplying the produced gas to mix the gas
for combustion well with the produced gas for thereby
increasing the temperature of the gas quickly and min-
imizing the time of the gas which passes through the
transitional temperature range, i.e., allowing the gas to
pass through such transitional temperature range as
quickly as possible, and minimizing the space, in the
slagging combustion furnace, where the atmosphere is
within the transitional temperature range, i.e., making
such space as small as possible. With this specific ar-
rangement of the present invention, the surface area of
adhesion or attachment of clinker to the inner wall of the
slagging combustion furnace is minimized, resulting in
the prevention of adhesion or attachment to the inner
wall surface of the slagging combustion furnace. As a
result, a clinker is prevented from being adhered or at-
tached to the inner wall surface of the slagging combus-
tion furnace.
[0016] According to a preferred aspect of the present
invention, the gas supply nozzle forms a swirling flow of
the gas for combustion.
[0017] Because the gas for combustion is introduced
from the gas supply nozzle as a swirling flow into the
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produced gas, the gas for combustion is mixed well with
the produced gas for thereby increasing the tempera-
ture of the gas quickly and minimizing the time of the
gas which passes through the transitional temperature
range, i.e., allowing the gas to pass through such tran-
sitional temperature range as quickly as possible, and
minimizing the space, in the slagging combustion fur-
nace, where the atmosphere is within the transitional
temperature range, i.e., making such space as small as
possible. With this specific arrangement of the present
invention, the surface area of adhesion or attachment
of clinker to the inner wall of the slagging combustion
furnace is minimized, resulting in the prevention of ad-
hesion or attachment to the inner wall surface of the
slagging combustion furnace. As a result, a clinker is
further prevented from being adhered to the inner wall
surface of the slagging combustion furnace.
[0018] According to another aspect of the present in-
vention, there is provided a slagging combustion fur-
nace comprising: a side wall and a top wall; a gas inlet
port formed in the side wall for introducing combustible
gas; and a gas supply nozzle, which is open at an inner
surface of the side wall near the gas inlet, for supplying
the combustible gas; wherein the gas for combustion is
blown from the gas supply nozzle into the combustible
gas introduced from the gas inlet port.
[0019] According to another aspect of the present in-
vention, there is provided a method of supplying gas for
combustion into a slagging combustion furnace, the
method comprising: introducing combustible gas from a
gas inlet port formed in an upper portion of a side wall
of the slagging combustion furnace to produce a swirling
flow of the combustible gas; and introducing gas for
combustion from a plurality of gas supply nozzles which
are open at an inner surface of the side wall and an inner
surface of a top wall, into the swirling flow of the com-
bustible gas.
[0020] According to the present invention, because
the gas for combustion is introduced from the gas supply
nozzles which are open at the inner surface of the side
wall and the inner surface of the top wall of the slagging
combustion furnace, into the swirling flow of the pro-
duced gas, a clinker is prevented from being adhered to
the side and top walls of the slagging combustion fur-
nace.
[0021] According to a preferred aspect of the present
invention, a method of supplying gas for combustion into
a slagging combustion furnace further comprises intro-
ducing gas for combustion from a gas supply nozzle
which is open at an inner surface of the side wall near
the gas inlet port, into the combustible gas.
[0022] According to the present invention, because
the gas for combustion is introduced from the gas supply
nozzle which is open at the inner surface of the side wall
near the gas inlet port, into the produced gas, a clinker
is further prevented from being adhered to the side and
top walls of the primary combustion chamber of the slag-
ging combustion furnace.

[0023] According to another aspect of the present in-
vention, there is provided a method of supplying gas into
a slagging combustion furnace comprising a primary
combustion chamber, a secondary combustion cham-
ber coupled to the primary combustion chamber, and a
tertiary combustion chamber coupled to the secondary
combustion chamber, the method comprising: introduc-
ing combustible gas produced at an air ratio ranging
from 0.2 to 0.3 from a gas inlet port formed in an upper
portion of a side wall of the primary combustion cham-
ber; and adjusting the amount of gas for combustion in-
troduced respectively into the primary combustion
chamber, the secondary combustion chamber, and the
tertiary combustion chamber such that the air ratio in an
upper portion of the primary combustion chamber is ap-
proximately 1.0.
[0024] According to a preferred aspect of the present
invention, the tertiary combustion chamber is adjusted
such that the air ratios in the secondary and tertiary com-
bustion chambers increase from 1.0 to 1.5.
[0025] According to the present invention, the air ratio
in the upper portion of the primary combustion chamber
is approximately 1.0, and hence the temperature in the
primary combustion chamber near the gas inlet port for
introducing the produced gas is maintained at a high val-
ue of about 1300°C, thus minimizing the time of the gas
which passes through the transitional temperature
range, i.e., allowing the gas to pass through such tran-
sitional temperature range as quickly as possible, and
minimizing the space, in the slagging combustion fur-
nace, where the atmosphere is within the transitional
temperature range, i.e., making such space as small as
possible. With this specific arrangement of the present
invention, the surface area of adhesion or attachment
of clinker to the inner wall of the slagging combustion
furnace is minimized, resulting in the prevention of ad-
hesion or attachment to the inner wall surface of the
slagging combustion furnace. If the air ratio were greater
than 1.0, the temperature in the primary combustion
chamber is lowered, thus tending to approach to the
temperature range in which a clinker is adhered to the
inner wall surface of the primary combustion chamber.
Further, the amount of gas for combustion is adjusted
such that the air ratios in the secondary and tertiary com-
bustion chambers increase progressively from 1.0 to
1.5, and hence the produced gas and unburned mate-
rials such as char contained therein are completely com-
busted, and the temperature in the slagging combustion
furnace is kept at a high value for thereby increasing the
percentage of slagging.
[0026] According to still another aspect of the present
invention, there is provided a gasification and slagging
combustion system comprising: a fluidized-bed gasifi-
cation furnace for gasifying wastes to produce combus-
tible gas; and a slagging combustion furnace for com-
busting the combustible gas and melting ash contained
in the combustible gas to generate molten slag; the slag-
ging combustion furnace comprising: a side wall and a
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top wall; a gas inlet port formed in an upper portion of
the side wall for introducing combustible gas to produce
a swirling flow of the combustible gas; and a plurality of
gas supply nozzles, which are open at an inner surface
of the side wall and an inner surface of the top wall, for
supplying gas for combustion; wherein the gas for com-
bustion is blown from the gas supply nozzles into the
swirling flow of the combustible gas.
[0027] According to still another aspect of the present
invention, there is provided a gasification and slagging
combustion system comprising: a fluidized-bed gasifi-
cation furnace for gasifying wastes to produce combus-
tible gas; and a slagging combustion furnace for com-
busting the combustible gas and melting ash contained
in the combustible gas to generate molten slag; the slag-
ging combustion furnace comprising: a side wall and a
top wall; a gas inlet port formed in an upper portion of
the side wall for introducing combustible gas to produce
a swirling flow of the combustible gas; and a gas supply
nozzle, which is open at an inner surface of the side wall
near the gas inlet port, for supplying gas for combustion;
wherein the gas for combustion is blown from the gas
supply nozzle into the combustible gas introduced from
the gas inlet port.
[0028] The above and other objects, features, and ad-
vantages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate pre-
ferred embodiments of the present invention by way of
example.

Brief Description of Drawings

[0029]

FIG. 1 is a schematic diagram of essential elements
of a conventional gasification and slagging combus-
tion system having a waste heat boiler;
FIG. 2A is a side elevational view of a slagging com-
bustion furnace in the conventional gasification and
slagging combustion system;
FIG. 2B is a plan view of a primary combustion
chamber of the slagging combustion furnace shown
in FIG. 2A;
FIG. 3A is a cross-sectional view taken along line
A-A of FIG. 3B;
FIG. 3B is a plan view showing how a clinker is ad-
hered to and deposited on an inner wall surface of
the primary combustion chamber of the slagging
combustion furnace shown in FIG. 2A;
FIG. 4A is a side elevational view of a slagging com-
bustion furnace in a gasification and slagging com-
bustion system according to an embodiment of the
present invention;
FIG. 4B is a plan view of a primary combustion
chamber of the slagging combustion furnace shown
in FIG. 4A;
FIG. 5A is a side elevational view of a slagging com-

bustion furnace in a gasification and slagging com-
bustion system according to another embodiment
of the present invention;
FIG. 5B is a plan view of a primary combustion
chamber of the slagging combustion furnace shown
in FIG. 5A;
FIG. 6A is a side elevational view of a slagging com-
bustion furnace in a gasification and slagging com-
bustion system according to still another embodi-
ment of the present invention;
FIG. 6B is a plan view of a primary combustion
chamber of the slagging combustion furnace shown
in FIG. 6A;
FIG. 7A is a side elevational view of a slagging com-
bustion furnace in a gasification and slagging com-
bustion system according to still another embodi-
ment of the present invention;
FIG. 7B is a plan view of a primary combustion
chamber of the slagging combustion furnace shown
in FIG. 7A;
FIG. 8 is a view showing a gas supply nozzle for
supplying gas for combustion used in the slagging
combustion furnace according to the present inven-
tion;
FIG. 9A is a side elevational view, partly in cross
section, of a swirler of the gas supply nozzle shown
in FIG. 8;
FIG. 9B is a front elevational view of the swirler
shown in FIG. 9A;
FIG. 10A is a side elevational view of a system for
introducing gas for combustion into combustion
chambers of the slagging combustion furnace ac-
cording to the present invention; and
FIG. 10B is a cross-sectional view taken along line
A-A of FIG. 10A.

Best Mode for Carrying Out the Invention

[0030] A slagging combustion furnace according to
embodiments of the present invention will be described
below with reference to the drawings. FIGS. 4A and 4B
through 10A and 10B show slagging combustion furnac-
es in a gasification and slagging combustion system ac-
cording to various embodiments of the present inven-
tion. Those parts of the slagging combustion furnaces
shown in FIGS. 4A and 4B through 10A and 10B which
are identical to those of the conventional slagging com-
bustion furnace shown in FIGS. 2A and 2B are denoted
by identical reference numerals, and will not be de-
scribed in detail below.
[0031] FIGS. 4A and 4B show a slagging combustion
furnace in a gasification and slagging combustion sys-
tem according to an embodiment of the present inven-
tion. As shown in FIGS. 4A and 4B, the slagging com-
bustion furnace comprises a swirling-type slagging
combustion furnace 3 having a primary combustion
chamber 4, a secondary combustion chamber 5, and a
tertiary combustion chamber 6.
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[0032] The swirling-type slagging combustion furnace
3 has a high-temperature duct 21 connected to a gas
inlet port 20 defined in an upper portion of the inner wall
surface of the primary combustion chamber 4. The high-
temperature duct 21 serves to introduce the produced
gas b supplied from the fluidized-bed gasification fur-
nace 2 (see FIG. 1). Simultaneously, supplying a gas for
combustion into the flow of the produced gas b is per-
formed in a direction so as to be substantially along the
flow of the produced gas b at the introductory part of the
produced gas b in the slagging combustion furnace 3.
That is, the gas for combustion is introduced into the
flow of the produced gas b so as to flow in the identical
direction or in substantially the same direction as the
produced gas b. The swirling-type slagging combustion
furnace 3 also has a plurality of (six in FIGS. 4A and 4B)
gas supply nozzles 24 which are mounted on the top
wall of the primary combustion chamber 4 and are open
at the inner wall surface of the primary combustion
chamber 4, and a plurality of (four in FIGS. 4A and 4B)
gas supply nozzles 25 which are mounted on the side
wall of the primary combustion chamber 4 and are open
at the inner wall surface of the primary combustion
chamber 4 near the gas inlet port 20.
[0033] The gas supply nozzles for supplying gas for
combustion are disposed at the introduction part of the
produced gas b supplied from the gasification furnace
in the slagging combustion furnace. The amount of the
gas for combustion supplied from the gas supply noz-
zles is such an amount that the supplied produced gas
is substantially completely combusted (in case of air, the
air ratio is 1.0), and hence combustion of the produced
gas caused by supply of the gas for combustion raises
rapidly the ambient temperature of the introduction part
in the slagging combustion furnace to 1350°C. There-
fore, the number of the gas supply nozzles is different
depending on the size of the system and is not so im-
portant, and may be one or two or more.
[0034] In the swirling-type slagging combustion fur-
nace 3 having the above structure, the produced gas b
is introduced from the high-temperature duct 21 through
the gas inlet port 20 into the primary combustion cham-
ber 4 to generate a swirling flow of the produced gas b
therein. At the same time, gas f for combustion compris-
ing air, oxygen-enriched air, or oxygen is introduced
from the gas supply nozzles 24 whose tip ends are open
at the inner wall surface of the top wall, into the swirling
flow in a direction perpendicular to the swirling flow of
the produced gas b. Further, gas f for combustion is in-
troduced from the gas supply nozzles 25 whose tip ends
are open at the inner wall surface of the side wall, into
the swirling flow of the produced gas b at a certain angle
to the swirling flow. Since the gas f for combustion is
introduced from the gas supply nozzles 24 and 25 on
the top and side walls of the primary combustion cham-
ber 4, it is well mixed with the produced gas b, thus al-
lowing the produced gas b to be combusted quickly and
achieving temperature rise quickly, and minimizing the

time of the gas which passes through the transitional
temperature range, i.e., allowing the gas to pass through
such transitional temperature range as quickly as pos-
sible, and minimizing the space, in the slagging com-
bustion furnace, where the atmosphere is within the
transitional temperature range, i.e., making such space
as small as possible. With this specific arrangement of
the present invention, the surface area of adhesion or
attachment of clinker to the inner wall of the slagging
combustion furnace is minimized, resulting in the pre-
vention of adhesion or attachment to the inner wall sur-
face of the primary combustion chamber 4 and further-
more the inner wall surface toward the outlet where the
melted ash (i.e. slag) is discharged.
[0035] FIGS. 5A and 5B show a slagging combustion
furnace in a gasification and slagging combustion sys-
tem according to another embodiment of the present in-
vention. The slagging combustion furnace shown in
FIGS. 5A and 5B differs from the slagging combustion
furnace shown in FIGS. 4A and 4B in that it additionally
has a vertical array of (three in FIGS. 5A and 5B) gas
supply nozzles 26 which are mounted on the side wall
of the primary combustion chamber 4 and are open at
the inner wall surface of the primary combustion cham-
ber 4 on one side of the gas inlet port 20 in the vicinity
of the gas inlet port 20. The gas supply nozzles 26 serve
to introduce gas f for combustion comprising air, oxy-
gen-enriched air, or oxygen so as to be across the gas
inlet port 20. In the case where the produced gas b has
a low calorific value, as the content of N2 which is not
related to the combustion is low, the gas f for combustion
supplied from the gas supply nozzles 26 allows the pro-
duced gas b to be combusted efficiently for thereby
achieving high temperature quickly. In addition to the ad-
vantages offered by the slagging combustion furnace
shown in FIGS. 4A and 4B, the slagging combustion fur-
nace shown in FIGS. 5A and 5B also offers the advan-
tage that it is capable of preventing a clinker from being
adhered to the vicinity of the gas inlet port 20.
[0036] FIGS. 6A and 6B show a slagging combustion
furnace in a gasification and slagging combustion sys-
tem according to still another embodiment of the present
invention. The slagging combustion furnace shown in
FIGS. 6A and 6B differs from the slagging combustion
furnace shown in FIGS. 5A and 5B in that it additionally
has two vertical arrays of (six in FIGS. 6A and 6B) gas
supply nozzles 26 and 27 which are mounted on the side
wall of the primary combustion chamber 4 and are open
at the inner wall surface of the primary combustion
chamber 4 on both sides of the gas inlet port 20 in the
vicinity of the gas inlet port 20. The gas supply nozzles
26 serve to introduce the gas f for combustion compris-
ing air, oxygen-enriched air, or oxygen so as to be
across the gas inlet port 20, and the gas supply nozzles
27 serve to introduce the gas f for combustion at a cer-
tain angle to the swirling flow of the produced gas b. In
addition to the advantages offered by the slagging com-
bustion furnace shown in FIGS. 5A and 5B, the slagging
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combustion furnace shown in FIGS. 6A and 6B also of-
fers the advantage that it is capable of effectively pre-
venting a clinker from being attached to the inner wall
surface of the primary combustion chamber 4 in the vi-
cinity of the gas inlet port 20.
[0037] FIGS. 7A and 7B show a slagging combustion
furnace in a gasification and slagging combustion sys-
tem according to still another embodiment of the present
invention. The slagging combustion furnace shown in
FIGS. 7A and 7B differs from the slagging combustion
furnace shown in FIGS. 6A and 6B in that the gas supply
nozzles 27 have tip ends 27a bent so as to cause the
gas f for combustion introduced therefrom to flow in sub-
stantially the same direction as the produced gas b in-
troduced from the gas inlet port 20. In addition to the
advantages offered by the slagging combustion furnace
shown in FIGS. 6A and 6B, the slagging combustion fur-
nace shown in FIGS. 7A and 7B also offers the advan-
tage that it is capable of more effectively preventing a
clinker from being adhered to the inner wall surface of
the primary combustion chamber 4 in the vicinity of the
gas inlet port 20.
[0038] FIGS. 8, 9A and 9B show one of the gas supply
nozzles 25 which supply gas for combustion and are
identical to each other. As shown in FIG. 8, the gas sup-
ply nozzle 25 has an outer tube 25a, an inner tube 25c
disposed in the outer tube 25a, and a swirler 25b at-
tached to a distal end of the inner tube 25c. An outlet
tube 25e is connected to the swirler 25d and disposed
in the outer tube 25a which is open at the inner wall sur-
face of the primary combustion chamber 4. A gas inlet
tube 25g for introducing the gas f for combustion is con-
nected to the outer tube 25a, and the outer tube 25a has
a rear end closed by a lid 25b remotely from the primary
combustion chamber 4.
[0039] As shown in FIGS. 9A and 9B, the swirler 25d
comprises a boss 25d-3 fixed to the tip end of the inner
tube 25c, a ring plate 25d-1 disposed around the boss
25d-3, and a plurality of swirling vanes 25d-2 disposed
between and joined to the boss 25d-3 and the ring plate
25d-1 for producing a swirling flow of the gas for com-
bustion.
[0040] The gas supply nozzle 25 operates as follows:
The gas f for combustion introduced from the gas inlet
tube 25g passes through the gap between the outer tube
25a and the inner tube 25c to the swirler 25d, and is
turned by the swirling vanes 25d-2 into a helical swirling
flow. Then, the gas f for combustion is introduced in the
swirling flow through the outlet tube 25e into the primary
combustion chamber 4.
[0041] Since the gas f for combustion is introduced as
a swirling flow from the gas supply nozzle 25 into the
primary combustion chamber 4, the gas f for combustion
is well mixed with the produced gas b, thus allowing the
produced gas b to be combusted quickly and achieving
temperature rise quickly. Consequently, the tempera-
ture range in which a clinker is adhered to the inner wall
surface of the primary combustion chamber 4 is mini-

mized. Each of the gas supply nozzles 24, 26 and 27
described above should preferably be of a structure
identical or similar to the gas supply nozzle 25 shown in
FIGS. 8, 9A and 9B.
[0042] In each of the above embodiments, the swirl-
ing-type slagging combustion furnace 3 is of a substan-
tially U-shaped configuration in which the primary com-
bustion chamber 4, the secondary combustion chamber
5, and the tertiary combustion chamber 6 are succes-
sively arranged. However, the swirling-type slagging
combustion furnace according to the present invention
is not limited to the illustrated structure, but may be of
any structure capable of introducing produced combus-
tible gas from a gas inlet port in a side wall thereof and
generating a swirling flow of the produced combustible
gas.
[0043] FIGS. 10A and 10B show a system for intro-
ducing gas for combustion into the combustion chamber
of the slagging combustion furnace according to the
present invention. FIG. 10A is a side cross-sectional
view of the slagging combustion furnace, and FIG. 10B
is a cross-sectional view taken along line A-A. As shown
in FIG. 10A, the system includes a blower 30 for sup-
plying gas f (mainly air) for combustion, a damper 31
connected to the blower 30, and flow control valves 32,
33, 34 and 35 connected to the damper 31 for supplying
the gas f for combustion to the gas inlet port 20, the pri-
mary combustion chamber 4 coupled to the gas inlet
port 20, the secondary combustion chamber 5 coupled
to the primary combustion chamber 4, and the tertiary
combustion chamber 6 coupled to the secondary com-
bustion chamber 5.
[0044] As shown in FIG. 10B, the produced gas b
flows through the high-temperature duct 21 and is intro-
duced from the gas inlet port 20 at a speed of 15 m/s to
25 m/s, preferably 18 m/s to 20 m/s into the primary com-
bustion chamber 4, and the gas f for combustion is in-
troduced from the gas supply nozzles 26 and 27 into the
gas inlet port 20, thereby forming flames 39 in the pri-
mary combustion chamber 4 of the swirling-type slag-
ging combustion furnace 3. The gas f for combustion is
blown such that the air ratio A·R in the upper portion of
the primary combustion chamber 4 is in the range of 0.8
to 1.1, preferably 0.9 to 1.0. The air ratio is defined as
the ratio of the amount of supplied air to the amount of
air, which is set to 1.0, required to completely convert
combustibles in the wastes into H2O and CO2 by way of
combustion.
[0045] With the gas f for combustion thus introduced,
the temperature in the primary combustion chamber 4
including the area near the gas inlet port 20 can be main-
tained at a high value of about 1300°C or higher, thus
minimizing the time of the gas which passes through the
transitional temperature range, i.e., allowing the gas to
pass through such transitional temperature range as
quickly as possible, and minimizing the space, in the
slagging combustion furnace, where the atmosphere is
within the transitional temperature range, i.e., making
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such space as small as possible. With this specific ar-
rangement of the present invention, the surface area of
adhesion or attachment of clinker to the inner wall of the
slagging combustion furnace is minimized, resulting in
the prevention of adhesion or attachment to the inner
wall surface of the slagging combustion furnace. If the
air ratio were greater than 1.0, the amount of air which
does not contribute to combustion would increase, and
the cooling effect caused by air would also increase,
thus lowering the temperature in the primary combus-
tion chamber 4 and tending to expand the temperature
range in which a clinker is adhered to the inner wall sur-
face of the primary combustion chamber 4.
[0046] The air ratio A·R is increased successively in
the secondary combustion chamber 5 and the tertiary
combustion chamber 6. Specifically, the air ratio A·R in
the secondary combustion chamber 5 is set to a value
ranging from 0.9 to 1.3, preferably from 1.0 to 1.2, and
the air ratio A·R in the tertiary combustion chamber 6 is
set to a value ranging from 1.2 to 1.7, preferably from
1.3 to 1.5. When the air ratio A·R is set to a value ranging
from 0.9 to 1.3, preferably from 1.0 to 1.2 until the molten
slag h is discharged from a slag outlet port 40, the tem-
perature in the secondary combustion chamber 5 up to
the slag outlet port 40 is maintained at a maximum level,
thus allowing the molten slag h to be discharged down-
wardly stably. In consideration of discharge of the ex-
haust gas to the outside of the stack, adding the gas for
combustion in the high temperature is effective to com-
bust a small amount of unburned CO (carbon monoxide)
in almost all combusted gas in the slagging combustion
furnace. Thus, the air ratio is set to a value ranging from
1.2 to 1.7, preferably from 1.3 to 1.5, while keeping the
slagging combustion furnace at a high temperature.
That is, the air ratio A·R in the tertiary combustion cham-
ber 6 is set to a large value ranging from 1.3 to 1.5,
whereby unburned CO is effectively combusted, and py-
rolyzed gas and char are completely combusted without
lack of air for combustion, even if the wastes are fluctu-
ated in the supplied amount or quality.
[0047] By progressively increasing the air ratio A·R in
the slagging combustion furnace 3 successively through
the primary combustion chamber 4, the secondary com-
bustion chamber 5, and the tertiary combustion cham-
ber 6 from A·R=1.3 to A·R=1.5, the gas f for combustion
is supplied in an excessive amount to absorb variations
in the supplied amount of wastes and minimize any re-
duction in the temperature in the slagging combustion
furnace 3. Therefore, the produced gas b and unburned
materials such as char contained therein can be com-
pletely combusted, and the temperature in the slagging
combustion furnace 3 can be kept at a high level for
thereby increasing the percentage of slagging.
[0048] As shown in FIG. 10A, thermometers 36, 37
and 38 are mounted on the top wall of the primary com-
bustion chamber 4, the wall of the secondary combus-
tion chamber 5, and the wall of the tertiary combustion
chamber 6, respectively, for measuring the tempera-

tures in these combustion chambers. Each of the ther-
mometers 36, 37 and 38 may comprise a thermocouple
or a radiation thermometer. The temperatures in the
combustion chambers may alternatively be calculated
from the temperature of the exhaust gas discharged
from the slagging combustion furnace 3 using the
amount of recovered heat and the amount of cooling air
that is used. The above ranges of the air ratio can be
controlled using the temperatures thus measured or cal-
culated.
[0049] According to the present invention, the follow-
ing excellent effects can be obtained.

1) The gas for combustion is blown from the gas
supply nozzles which are open at the inner surface
of the side wall and the inner surface of the top wall,
into the produced combustible gas to mix the gas
for combustion well with the produced gas for there-
by increasing the temperature of the gas quickly
and minimizing the temperature range in which a
clinker is adhered (or attached) to the inner wall sur-
face of primary combustion chamber of the slagging
combustion furnace. As a result, a clinker is pre-
vented from being adhered or attached to the inner
wall surface of the slagging combustion furnace.
Consequently, the gasification and slagging com-
bustion system can be stably operated continuous-
ly.
2) The gas for combustion is blown from the gas
supply nozzle which is open at the inner surface of
the side wall near the gas inlet port for supplying the
produced gas to mix the gas for combustion well
with the produced gas for thereby increasing the
temperature of the gas quickly and minimizing the
temperature range in which a clinker is adhered or
attached to the inner wall surface of the slagging
combustion furnace. As a result, a clinker is pre-
vented from being adhered or attached to the inner
wall surface of the slagging combustion furnace.
Consequently, the gasification and slagging com-
bustion system can be stably operated continuous-
ly.
3) Because the gas for combustion is introduced
from the gas supply nozzle as a swirling flow into
the produced gas, the gas for combustion is mixed
well with the produced gas for thereby increasing
the temperature of the gas quickly and minimizing
the temperature range in which a clinker is adhered
to the inner wall surface of the slagging combustion
furnace. As a result, a clinker is further prevented
from being adhered to the inner wall surface of the
slagging combustion furnace.
4) Because the gas for combustion is introduced
from the gas supply nozzles which are open at the
inner surface of the side wall and the inner surface
of the top wall of the slagging combustion furnace,
into the swirling flow of the produced gas, a clinker
is prevented from being adhered to the side and top
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walls of the slagging combustion furnace.
5) Because the gas for combustion is introduced
from the gas supply nozzle which is open at the in-
ner surface of the side wall near the gas inlet port,
into the produced gas, a clinker is further prevented
from being adhered to the side and top walls of the
slagging combustion furnace.
6) The air ratio in the upper portion of the primary
combustion chamber is approximately 1.0, and
hence the temperature in the primary combustion
chamber near the gas inlet port for introducing the
produced gas is maintained at a high value of about
1300°C, thus minimizing the temperature range in
which a clinker is adhered or attached to the inner
wall surface of the primary combustion chamber.
Further, the amount of gas for combustion is adjust-
ed such that the air ratios in the secondary and ter-
tiary combustion chambers increase progressively
from 1.0 to 1.5, and hence the produced gas and
unburned materials such as char contained therein
are completely combusted, and the temperature in
the slagging combustion furnace is kept at a high
value for thereby increasing the percentage of slag-
ging.

[0050] Although certain preferred embodiments of the
present invention have been shown and described in
detail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.

Industrial Applicability

[0051] The present invention is applicable to a slag-
ging combustion furnace in a gasification and slagging
combustion system in which wastes including municipal
wastes, industrial wastes, biomass wastes, medical
wastes, automobile wastes such as waste tires or shred-
der dust, and the like are gasified to produce combusti-
ble gas in a gasification furnace, and the produced com-
bustible gas is combusted or gasified together with un-
burned carbon accompanied by the combustible gas to
generate ash or molten slag in a swirling-type slagging
combustion furnace.

Claims

1. A slagging combustion furnace comprising:

a side wall and a top wall;
a gas inlet port formed in an upper portion of
said side wall for introducing combustible gas
to produce a swirling flow of said combustible
gas; and
a plurality of gas supply nozzles, which are
open at an inner surface of said side wall and
an inner surface of said top wall, for supplying

gas for combustion;

wherein said gas for combustion is blown from
said gas supply nozzles into said swirling flow of
said combustible gas.

2. A slagging combustion furnace according to claim
1, wherein said combustible gas is produced by
gasifying wastes in a gasification furnace, and then
supplied to said gas inlet port.

3. A slagging combustion furnace according to claim
1, wherein said combustible gas is combusted by
said gas for combustion and ash in said combusti-
ble gas is melted to produce molten slag.

4. A slagging combustion furnace according to claim
1, wherein said gas supply nozzle forms a swirling
flow of said gas for combustion.

5. A slagging combustion furnace according to claim
4, wherein said gas supply nozzle comprises a
swirler having vanes for producing said swirling flow
of said gas for combustion.

6. A slagging combustion furnace according to claim
1, wherein said slagging combustion furnace com-
prises a primary combustion chamber, a secondary
combustion chamber coupled to the primary com-
bustion chamber, and a tertiary combustion cham-
ber coupled to the secondary combustion chamber;
and the amount of said gas for combustion intro-
duced respectively into said primary combustion
chamber, said secondary combustion chamber, and
said tertiary combustion chamber is adjusted such
that the air ratio in an upper portion of said primary
combustion chamber is approximately 1.0 and the
air ratios in the secondary and tertiary combustion
chambers increase progressively from 1.0 to 1.5.

7. A slagging combustion furnace comprising:

a side wall and a top wall;
a gas inlet port formed in an upper portion of
said side wall for introducing combustible gas
to produce a swirling flow of said combustible
gas; and
a gas supply nozzle, which is open at an inner
surface of said side wall near said gas inlet port,
for supplying said combustible gas;

wherein said gas for combustion is blown from
said gas supply nozzle into said combustible gas
introduced from said gas inlet port.

8. A slagging combustion furnace according to claim
7, wherein said combustible gas is produced by
gasifying wastes in a gasification furnace, and then
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supplied to said gas inlet port.

9. A slagging combustion furnace according to claim
7, wherein said combustible gas is combusted by
said gas for combustion and ash in said 'combusti-
ble gas is melted to produce molten slag.

10. A slagging combustion furnace according to claim
7, wherein said gas supply nozzle forms a swirling
flow of said gas for combustion.

11. A slagging combustion furnace according to claim
10, wherein said gas supply nozzle comprises a
swirler having vanes for producing said swirling flow
of said gas for combustion.

12. A slagging combustion furnace according to claim
7, wherein said slagging combustion furnace com-
prises a primary combustion chamber, a secondary
combustion chamber coupled to the primary com-
bustion chamber, and a tertiary combustion cham-
ber coupled to the secondary combustion chamber;
and the amount of said gas for combustion intro-
duced respectively into said primary combustion
chamber, said secondary combustion chamber, and
said tertiary combustion chamber is adjusted such
that the air ratio in an upper portion of said primary
combustion chamber is approximately 1.0.

13. A slagging combustion furnace according to claim
12, wherein said tertiary combustion chamber is ad-
justed such that the air ratios in the secondary and
tertiary combustion chambers increase from 1.0 to
1.5.

14. A slagging combustion furnace comprising:

a side wall and a top wall;
a gas inlet port formed in said side wall for in-
troducing combustible gas; and
a gas supply nozzle, which is open at an inner
surface of said side wall near said gas inlet, for
supplying said combustible gas;

wherein said gas for combustion is blown from
said gas supply nozzle into said combustible gas
introduced from said gas inlet port.

15. A method of supplying gas for combustion into a
slagging combustion furnace, the method compris-
ing:

introducing combustible gas from a gas inlet
port formed in an upper portion of a side wall of
said slagging combustion furnace to produce a
swirling flow of said combustible gas; and
introducing gas for combustion from a plurality
of gas supply nozzles which are open at an in-

ner surface of said side wall and an inner sur-
face of a top wall, into said swirling flow of said
combustible gas.

16. A method according to claim 15, further comprising:
introducing gas for combustion from a gas supply
nozzle which is open at an inner surface of said side
wall near said gas inlet port, into said combustible
gas.

17. A method of supplying gas into a slagging combus-
tion furnace comprising a primary combustion
chamber, a secondary combustion chamber cou-
pled to the primary combustion chamber, and a ter-
tiary combustion chamber coupled to the secondary
combustion chamber, the method comprising:

introducing combustible gas produced at an air
ratio ranging from 0.2 to 0.3 from a gas inlet
port formed in an upper portion of a side wall of
said primary combustion chamber; and
adjusting the amount of gas for combustion in-
troduced respectively into said primary com-
bustion chamber, said secondary combustion
chamber, and said tertiary combustion cham-
ber such that the air ratio in an upper portion of
said primary combustion chamber is approxi-
mately 1.0.

18. A method according to claim 17, wherein said terti-
ary combustion chamber is adjusted such that the
air ratios in the secondary and tertiary combustion
chambers increase from 1.0 to 1.5.

19. A gasification and slagging combustion system
comprising:

a fluidized-bed gasification furnace for gasify-
ing wastes to produce combustible gas; and
a slagging combustion furnace for combusting
said combustible gas and melting ash con-
tained in said combustible gas to generate mol-
ten slag;
said slagging combustion furnace comprising:

a side wall and a top wall;
a gas inlet port formed in an upper portion
of said side wall for introducing combusti-
ble gas to produce a swirling flow of said
combustible gas; and
a plurality of gas supply nozzles, which are
open at an inner surface of said side wall
and an inner surface of said top wall, for
supplying gas for combustion;

wherein said gas for combustion is blown from
said gas supply nozzles into said swirling flow of
said combustible gas.
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20. A gasification and slagging combustion system
comprising:

a fluidized-bed gasification furnace for gasify-
ing wastes to produce combustible gas; and
a slagging combustion furnace for combusting
said combustible gas and melting ash con-
tained in said combustible gas to generate mol-
ten slag;
said slagging combustion furnace comprising:

a side wall and a top wall;
a gas inlet port formed in an upper portion
of said side wall for introducing combusti-
ble gas to produce a swirling flow of said
combustible gas; and
a gas supply nozzle, which is open at an
inner surface of said side wall near said gas
inlet port, for supplying gas for combustion;

wherein said gas for combustion is blown from
said gas supply nozzle into said combustible gas
introduced from said gas inlet port.
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