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FURNACE

(57) A surface melting furnace includes a furnace
chamber 4, a treatment-target supply mechanism 8, and
a plurality of sensors Hs and Ts. The furnace chamber
4 has a slag port 3a on its furnace bottom 3. The treat-
ment-target supply mechanism 8 is configured to supply
a treatment target to the furnace chamber 4. The sensors
Hs and Ts are configured to perform measurement at
different measurement locations for estimation of a pro-
file of the molten surface of the treatment target, whereby
the surface melting furnace enables the profile of the mol-
ten surface to be estimated over a large area. The treat-
ment target supplied to the furnace chamber 4 by the
treatment-target supply mechanism 8 is configured to
melt from the surface and flow down to the slag port 3 a.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a surface melt-
ing furnace and a method for operating the surface melt-
ing furnace.

[BACKGROUND ART]

[0002] Surface melting furnaces include furnace
chambers having slag ports and treatment-target supply
mechanisms that supply treatment targets to the furnace
chambers. The surface melting furnaces are configured
such that the treatment targets, which are supplied to the
furnace chambers by the treatment-target supply mech-
anisms, melt from the surface and flow down to the slag
ports.
[0003] There is a need for adjusting supply quantities
of the treatment targets by the treatment-target supply
mechanisms so that target throughput of the treatment
targets subjected to melt treatment by the surface melting
furnaces will be achieved. To meet this need, the supply
quantities of the treatment targets and melting conditions
have been adjusted so that the supply quantities will
agree with the target throughput by measuring in ad-
vance the supply quantities of the treatment targets,
measuring quantities of molten slag after the treatment,
and determining whether the treatment targets are in
short supply or in oversupply on the basis of the ratios
of the quantities of the slag to the supply quantities of the
treatment targets for a certain time period of several
hours to about half a day.
[0004] However, the determination described above
takes some time because delays of several hours exist
between the supply quantities of the treatment targets
measured before melting and the quantities of the slag
measured after melting. Thus, there have chronically
been situations in which appropriate profiles of the molten
surfaces cannot be maintained. The situations are
caused by delays of determinations of both short-supply
states, in which the profiles of the molten surfaces of the
treatment targets retreat from the slag ports to the treat-
ment-target-supply-mechanism side, and oversupply
states, in which the profiles of the molten surfaces of the
treatment targets move on toward the slag ports to cause
the treatment targets to be thickly accumulated.
[0005] The retreat of the profiles of the molten surfaces
from the slag ports accelerates consumption of refractory
materials on furnace bottoms and the like and causes a
problem in that the lives of the refractory materials in the
furnaces are shortened. The moving on of the profiles of
the molten surfaces toward the slag ports causes a dis-
advantageous situation in which unmolten treatment tar-
gets roll down steep slopes formed by thick accumulation
toward the slag ports, and are discharged through the
slag ports.
[0006] For this reason, melting furnaces having suffi-

cient extra capacities have been currently designed and
operated so that the treatment targets can be molten with
the target throughput in the short-supply states rather
than in the oversupply states in order to prevent the un-
molten treatment targets from being discharged through
the slag ports.
[0007] Patent document 1 discloses methods for con-
trolling molten surfaces. In order to enable stable melt
treatment by maintaining the molten surfaces of treat-
ment targets in appropriate positions, the methods in-
clude irradiating the molten surfaces of treatment targets
with optical beams having emission wavelengths shorter
than the short-wavelength ends of emission spectra in
intensities equal to or higher than predetermined inten-
sities in melting furnaces, detecting the positions with
photodetectors capable of detecting beam spot positions
of the optical beams on the molten surfaces, and deter-
mining whether the positions of the molten surfaces are
appropriate on the basis of the detection results of the
positions.
[0008] These methods for controlling molten surfaces
are configured to reduce supply quantities per unit hour
of the treatment targets to areas for melt treatment when
the positions of the molten surfaces are determined to
be ahead of the appropriate positions. In contrast, the
methods are configured to increase the supply quantities
per unit hour of the treatment targets to the areas for melt
treatment when the positions are determined to have re-
treated.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0009] [Patent document 1] Japanese Unexamined
Patent Application Publication No. H11-325434

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] However, the surface melting furnaces dis-
closed in Patent document 1 have used highly expensive
lasers having emission wavelengths in the ultraviolet
range as light sources. For this reason, the light sources
cannot be disposed in large numbers, and it has been
difficult to estimate the profiles of the molten surfaces
over large areas.
[0011] In view of the problems described above, the
present invention has an object to provide a surface melt-
ing furnace in which a profile of a molten surface can be
estimated over a large area, and a method for operating
the surface melting furnace.

MEANS FOR SOLVING THE PROBLEMS

[0012] To achieve the object above, a first character-
istic configuration of a surface melting furnace according
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to the present invention is, as set forth in claim 1 in the
document of claims, that a surface melting furnace in-
cludes a furnace chamber, a treatment-target supply
mechanism, and a plurality of sensors. The furnace
chamber has a slag port. The treatment-target supply
mechanism is configured to supply a treatment target to
the furnace chamber. The sensors are configured to per-
form measurement at different measurement locations
for estimation of a profile of the molten surface of the
treatment target. The treatment target supplied to the fur-
nace chamber by the treatment-target supply mecha-
nism is configured to melt from the surface and flow down
to the slag port.
[0013] The configuration above enables the profile of
the molten surface to be appropriately estimated on the
basis of information obtained by performing measure-
ment at the different measurement locations with the sen-
sors. Thus, whether the molten surface is in an appro-
priate state can be determined appropriately.
[0014] A second characteristic configuration of the
same is, as set forth in claim 2 in the same document,
that one of the sensors may include a temperature sensor
configured to detect a temperature of a supplied portion
of the treatment target, the supplied portion just having
been supplied to the furnace chamber by the treatment-
target supply mechanism, in addition to the first charac-
teristic configuration described above.
[0015] Retreat of the molten surface of the treatment
target causes the supplied portion to be easily affected
by the furnace-chamber temperature, and the tempera-
ture of the supplied portion increases. Moving on of the
molten surface of the treatment target causes the sup-
plied portion to be less likely to be affected by the furnace-
chamber temperature, and the temperature of the sup-
plied portion decreases. Thus, whether the molten sur-
face is in a retreat phase or in a moving-on phase can
be determined on the basis of temperature information
of the supplied portion measured by the temperature sen-
sor. This information is therefore valuable measurement
information for estimation of the profile of the molten sur-
face.
[0016] A third characteristic configuration of the same
is, as set forth in claim 3 in the same document, that the
sensors may be disposed in different positions along a
path from a supplied portion of the treatment target, the
supplied portion just having been supplied to the furnace
chamber by the treatment-target supply mechanism, to
the slag port, in addition to the first or the second char-
acteristic configuration described above.
[0017] With the configuration above, measurement is
performed on a plurality of positions on the molten sur-
face measured along the path from the supplied portion
to the slag port. The profile of the molten surface from
the supplied portion to the slag port can be estimated on
the basis of this measurement information, and whether
the molten surface is moving on or retreating can be ap-
propriately recognized.
[0018] A fourth characteristic configuration of the same

is, as set forth in claim 4 in the same document, that one
of the sensors may include a non-contact sensor config-
ured to detect a surface height of the treatment target, in
addition to any one of the first to the third characteristic
configurations described above.
[0019] The non-contact sensor detects the surface
height of the treatment target from above the treatment
target, and thus at least one point on the molten surface
can be directly measured.
[0020] A fifth characteristic configuration of the same
is, as set forth in claim 5 in the same document, that the
surface melting furnace may further include a treatment-
target supply controller, in addition to any one of the first
to the fourth characteristic configurations described
above. The treatment-target supply controller may be
configured to estimate the profile of the molten surface
of the treatment target on the basis of output of the sen-
sors. The treatment-target supply controller may also be
configured to control at least a supply quantity of the treat-
ment target to be supplied to the furnace chamber by the
treatment-target supply mechanism on the basis of the
profile estimated.
[0021] The treatment-target supply controller esti-
mates the profile of the molten surface of the treatment
target and determines whether the molten surface is in
the retreat phase or in the moving-on phase. If the molten
surface is determined to be in the retreat phase, the sup-
ply quantity of the treatment target is adjusted to increase
toward a target supply quantity that has been determined
so that an appropriate profile of the molten surface will
be achieved. If the molten surface is determined to be in
the moving-on phase, the supply quantity of the treatment
target is adjusted to decrease toward a target supply
quantity that has been determined so that an appropriate
profile of the molten surface will be achieved.
[0022] A sixth characteristic configuration of the same
is, as set forth in claim 6 in the same document, that the
surface melting furnace may further include a treatment-
target supply controller, in addition to any one of the first
to the fourth characteristic configurations described
above. The treatment-target supply controller may be
configured to estimate the profile of the molten surface
of the treatment target on the basis of output of the sen-
sors. The treatment-target supply controller may also be
configured to control at least a supply quantity of the treat-
ment target to be supplied to the furnace chamber by the
treatment-target supply mechanism to adjust the supply
quantity to a target supply quantity on the basis of a result
of the estimating. The treatment-target supply controller
may also be configured to correct the target supply quan-
tity to adjust a cumulative supply quantity of the treatment
target in a predetermined time period to a target cumu-
lative supply quantity.
[0023] The fifth characteristic configuration described
above adjusts the supply quantity of the treatment target
so that an appropriate profile of the molten surface will
be achieved, but cannot guarantee that the result of the
adjustment achieves the target throughput of the surface
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melting furnace. However, since the treatment-target
supply controller of the sixth characteristic configuration
corrects the target supply quantity to adjust the cumula-
tive supply quantity of the treatment target in a predeter-
mined time period to the target cumulative supply quan-
tity, the target throughput of the surface melting furnace
can be achieved.
[0024] A seventh characteristic configuration of the
same is, as set forth in claim 7 in the same document,
that an inner cylinder and an outer cylinder may be dis-
posed concentrically, in addition to any one of the first to
the sixth characteristic configurations described above.
The inner cylinder may be integrally formed around a
furnace ceiling. The outer cylinder may be integrally
formed around a furnace bottom of the furnace chamber.
The gap between the inner cylinder and the outer cylinder
may constitute a treatment-target container. The treat-
ment-target supply mechanism may be configured to
supply the treatment target to the furnace chamber by
relative rotation of the inner cylinder and the outer cylin-
der.
[0025] In a rotary surface melting furnace, the treat-
ment target is annularly supplied to the furnace chamber
by relative rotation of the inner cylinder and the outer
cylinder. If a plurality of sensors that perform measure-
ment at different measurement locations for estimation
of the profile of the molten surface of the treatment target
are disposed on this surface melting furnace, at least one
sensor can give a plurality of pieces of measurement
data along the circumferential direction while the melting
furnace makes one revolution. The three-dimensional
profile of the molten surface can be estimated from the
pieces of measurement data, and the profile of the molten
surface can be estimated more accurately.
[0026] A characteristic configuration of a method for
operating a surface melting furnace is, as set forth in
claim 8 in the same document, that a method for operat-
ing a surface melting furnace includes estimating a profile
of a molten surface of a treatment target on the basis of
output of a plurality of sensors on the surface melting
furnace. The surface melting furnace includes a furnace
chamber and a treatment-target supply mechanism. The
furnace chamber has a slag port. The treatment-target
supply mechanism is configured to supply the treatment
target to the furnace chamber. The treatment target sup-
plied to the furnace chamber by the treatment-target sup-
ply mechanism is configured to melt from the surface and
flow down to the slag port. At least a supply quantity of
the treatment target to be supplied to the furnace cham-
ber by the treatment-target supply mechanism is control-
led to adjust the supply quantity to a target supply quantity
on the basis of a result of the estimating. The target supply
quantity is corrected to adjust a cumulative supply quan-
tity of the treatment target in a predetermined time period
to a target cumulative supply quantity.
[0027] Since the target supply quantity is corrected to
adjust the cumulative supply quantity of the treatment
target in a predetermined time period to the target cumu-

lative supply quantity, the profile of the molten surface is
adjusted appropriately, and the target throughput of the
surface melting furnace can be achieved.

EFFECTS OF INVENTION

[0028] As described above, the present invention has
enabled provision of a surface melting furnace in which
a profile of a molten surface can be estimated over a
large area, and provision of a method for operating the
surface melting furnace.

BRIEF DESCRIPTION OF DRAWINGS

[0029]

[Fig. 1] Fig. 1 is an illustrative diagram of a rotary
surface melting furnace according to the present in-
vention.
[Fig. 2] Fig. 2 is an illustrative diagram of the rotary
surface melting furnace in which a molten surface
has retreated.
[Fig. 3] Fig. 3 is an illustrative diagram of the rotary
surface melting furnace in which the molten surface
has moved on.
[Fig. 4] Fig. 4 is an illustrative diagram illustrating a
layout of sensors.
[Fig. 5] Fig. 5 is an illustrative diagram of a plurality
of sensors that measure heights of the molten sur-
face.
[Fig. 6] Fig. 6 is an illustrative diagram of a control
table based on the sensors.
[Fig. 7] Fig. 7 shows another embodiment and is an
illustrative diagram of a plurality of sensors that
measure heights of the molten surface.
[Fig. 8] Fig. 8 shows still another embodiment and
is an illustrative diagram of a plurality of sensors that
measure heights of the molten surface.
[Fig. 9] Fig. 9 shows still another embodiment and
is an illustrative diagram of a plurality of sensors that
measure heights of the molten surface.
[Fig. 10] Fig. 10 shows still another embodiment and
is an illustrative diagram of a plurality of sensors that
measure heights of the molten surface.
[Fig. 11] Fig. 11A and Fig. 11B are illustrative dia-
grams of main part of a surface melting furnace ac-
cording to still another embodiment.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0030] The following describes embodiments of a sur-
face melting furnace and a method for operating the sur-
face melting furnace according to the present invention.
Fig. 1 shows a rotary surface melting furnace 1 that is an
embodiment of the surface melting furnace. The surface
melting furnace 1 is a furnace for melt-treating waste such
as incineration ash and sewage sludge. The surface
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melting furnace 1 includes a furnace chamber 4, a treat-
ment-target container 7 around the furnace chamber 4,
a treatment-target supply mechanism 8 that supplies the
treatment target from the treatment-target container 7 to
the furnace chamber 4, and other components. On the
approximately center of a furnace ceiling 2 of the furnace
chamber 4, two combustion burners 10 provided with air
supply mechanisms 11 are disposed. The furnace cham-
ber 4 has a slag port 3a on its furnace bottom 3.
[0031] An inner cylinder 5 integrally formed with the
furnace ceiling 2 around the furnace ceiling 2 and an
outer cylinder 6 integrally formed with the furnace bottom
3 around the furnace bottom 3 are disposed concentri-
cally. The gap between the inner cylinder 5 and the outer
cylinder 6 is configured to constitute the treatment-target
container 7.
[0032] The lower part of the outer cylinder 6 has a por-
tion for coupling a drive mechanism 13. The inner cylinder
5 and the outer cylinder 6 are configured to rotate relative
to each other due to rotation of the outer cylinder 6 caused
by the drive mechanism 13. A plurality of cutout blades
8, which are components of the treatment-target supply
mechanism, are disposed on the lower part of the inner
cylinder 5 along the circumferential direction.
[0033] The cutout blades 8 are constituted of plate-like
sloping blades that guide the treatment target, which is
moving in the tangential direction on the lower part of the
inner cylinder 5 due to the rotation of the outer cylinder
6, to the furnace chamber 4. The cutout blades 8 due to
the relative rotation of the inner cylinder 5 and the outer
cylinder 6 annularly supplies the treatment target con-
tained in the treatment-target container 7 to the furnace
chamber 4, and the treatment target forms a bowl shape
in the furnace chamber.
[0034] A water-sealing mechanism 14 water-seals a
boundary between the outer cylinder 6 and an edge of a
cover 5a extending from the upper part of the inner cyl-
inder 5 toward the outer cylinder 6. A hopper 15 provided
with a double damper mechanism 15a is disposed above
the cover 5a. A screw conveyor mechanism 16 puts the
treatment target into the treatment-target container 7.
The furnace ceiling 2, the furnace bottom 3, the inner
cylinder 5, and the outer cylinder 6 are constituted of
refractory walls in which refractory bricks or other mate-
rials are stacked. A water-cooling jacket is disposed to
cover the refractory walls of the furnace ceiling 2 and a
portion adjacent to the slag port of the furnace bottom 3.
[0035] A water tank that catches molten slag produced
by melting the treatment target is disposed below the
slag port 3a. A flue is formed to laterally extend immedi-
ately below the slag port 3a. Exhaust-gas treatment
equipment such as a secondary combustion device, a
waste-heat boiler, an air preheater, a cooling tower, a
bag filter, a scrubber, and a white-smoke preventing de-
vice are disposed along the flue. Purified exhaust gas is
emitted from a chimney.
[0036] The treatment targets to be melt-treated include
incineration residues and incineration fly ash from waste

incinerators as well as animal and plant residues such
as sewage sludge, livestock excreta, and food waste and
combustible waste such as pulverized municipal solid
waste.
[0037] When starting up the rotary surface melting fur-
nace 1, the combustion burners 10 are ignited to preheat
the furnace chamber 4 to a temperature equal to or higher
than 1,000°C. After that, the outer cylinder 6 is rotated
via the drive mechanism 13, and melting of the treatment
target is started. The combustion burners 10 are then
allowed to continue to combust, and the temperatures of
the furnace chamber and the molten surface reach about
1,300°C. When the treatment target is combustible
waste, the combustion burners 10 are stopped. The treat-
ment target is then allowed to spontaneously combust,
and the melting is continued with the temperature of the
furnace chamber being 1,300°C.
[0038] The treatment target put into the furnace cham-
ber 4 by the cutout blades 8 melts at about 1,300°C and
flows to the slag port 3a. Combustion gas is induced to-
ward the chimney by an induced draft fan on the down-
stream side of the flue, cooled and purified in the exhaust-
gas treatment equipment described above, and emitted
from the chimney. Combustion air to be supplied from
the air supply mechanisms 11 into the furnace is preheat-
ed to about 200°C by warm water of the boiler and the
air preheater using the exhaust gas.
[0039] Fig. 1 shows a state in which the profile of the
molten surface is being appropriately melt-treated. Fig.
2 shows a state in which the profile of the molten surface
has retreated. Fig. 3 shows a state in which the profile
of the molten surface has moved on. In the drawings, the
hatched areas represent the molten surface.
[0040] The retreat of the profile of the molten surface
from the slag port 3a accelerates consumption of the re-
fractory material on the furnace bottom 3 and the like,
and the life of the refractory material in the furnace is
shortened. The moving on of the profile of the molten
surface toward the slag port 3a causes a disadvanta-
geous situation in which an unmolten treatment target
rolls down a steep slope formed by thick accumulation
toward the slag port 3a, and is discharged through the
slag port.
[0041] Thus, the rotary surface melting furnace 1 in-
cludes a plurality of sensors Ts and Hs that perform
measurement at different measurement locations for es-
timation of the profile of the molten surface of the treat-
ment target. The profile of the molten surface is estimated
on the basis of information obtained by performing meas-
urement at the different measurement locations with the
sensors Ts and Hs. A treatment-target supply controller
40 is included that determines appropriately whether the
molten surface is in an appropriate state on the basis of
this profile and adjusts the input of the treatment target
into the furnace. The sensors may be the same kind of
sensors but are preferably a combination of different
kinds of sensors. The "same kind of sensors" means sen-
sors based on the same detection principle.
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[0042] One of the sensors is constituted of a non-con-
tact sensor Hs configured to detect a surface height of
the treatment target through the furnace ceiling 2 cover-
ing the furnace chamber 4. The non-contact sensor Hs
faces the treatment target through the furnace ceiling 2
and detects the height h of the molten surface, and thus
at least one point on the molten surface can be directly
measured. The "height h of the molten surface" means
the height from the furnace bottom 3 to the surface of the
treatment target.
[0043] A sensor preferably used as the non-contact
sensor Hs is an electromagnetic-wave sensor that emits
microwaves from a trumpet-shaped antenna toward the
treatment target and measures the height h of the molten
surface on the basis of the reflection time. In addition, a
photodetector that emits laser light toward the treatment
target and measures the height h of the molten surface
on the basis of the reflection time can be used as the
non-contact sensor Hs. The measurement can be per-
formed also with wavelengths in the infrared range be-
cause infrared light from the treatment target can be re-
moved with a filter if at least light for measurement has
been modulated.
[0044] If the treatment target is combustible waste, it
is preferable to irradiate the surface of the molten object
having just been cut and put into the furnace by the cutout
blades 8 with the wave for measurement. The tempera-
ture in the furnace facilitates thermal decomposition of
the treatment target, and changes in the volume of the
treatment target become remarkable. Changing states
of the treatment target are thus monitored easily.
[0045] As shown in Fig. 5, a profile with an angle θ of
elevation connecting the edge of the slag port 3 a with
the lower end of the inner cylinder 5 is preliminarily as-
sumed to be a standard molten-surface profile, for ex-
ample. The profile is determined to be appropriate if the
height h of the molten surface is a height h2 of the molten
surface corresponding to the standard molten-surface
profile, determined to be in the retreat phase if the height
is h1 lower than the height h2, and determined to be in
the moving-on phase if the height is h3 higher than the
height h2. In addition, the degree of the moving-on or the
retreat phase is recognized on the basis of the magnitude
of the difference value between the height h of the molten
surface at that time and the height h2 of the molten sur-
face corresponding to the standard molten-surface pro-
file.
[0046] One of the sensors is constituted of a temper-
ature sensor Ts configured to detect the temperature of
a supplied portion of the treatment target, the supplied
portion just having been supplied to the furnace chamber
4 by the cutout blades 8. As shown in Fig. 2, retreat of
the molten surface of the treatment target causes the
supplied portion to be easily affected by the furnace-
chamber temperature, and the temperature of the sup-
plied portion increases. As shown in Fig. 3, moving on
of the molten surface of the treatment target causes the
supplied portion to be less likely to be affected by the

furnace-chamber temperature, and the temperature of
the supplied portion decreases. Accordingly, although it
is difficult to detect the moving-on phase of the molten
surface of the treatment target, the retreat phase can be
accurately detected on the basis of increase in temper-
ature detected by the temperature sensor Ts. As the tem-
perature sensor, a sheathed thermocouple is disposed
on the treatment-target container 7 side of the lower edge
of the inner cylinder 5.
[0047] In other words, whether the molten surface has
transitioned to the retreat phase or is in the moving-on
phase can be determined on the basis of temperature
information of the supplied portion measured by the tem-
perature sensor Ts. This information is therefore valuable
measurement information for estimation of the profile of
the molten surface. Particularly in the retreat phase, the
information also serves as an indicator related to damage
of the refractory material in a portion adjacent to the sup-
plied portion and is valuable measurement information.
[0048] As shown in Fig. 4, the non-contact sensor Hs
is disposed on one location on the peripheral edge of the
furnace ceiling 2 that has a circular shape in the plan
view, and the temperature sensors Ts are disposed on
eight locations regularly in the circumferential direction.
The non-contact sensor Hs measures the height h of the
molten surface at the same location each time the outer
cylinder 6 makes one revolution. For example, if the outer
cylinder 6 and the furnace bottom 3 make one revolution
per one hour, each height h of the molten surface can be
recognized on a one-hour cycle. The profile of the molten
surface can be estimated on the basis of the height h of
the molten surface and the temperature detected by the
temperature sensors Ts.
[0049] The temperature sensors Ts are disposed on
eight locations in Fig. 4, but at least one temperature
sensor Ts disposed on one location enables the profile
to be estimated. In other words, the profile can be esti-
mated even if any of the temperature sensors Ts on eight
locations break down, although the accuracy decreases.
It is most preferable for estimation of the profile that the
non-contact sensor Hs and one of the temperature sen-
sors Ts be aligned in the radial direction from the supplied
portion to the slag port.
[0050] The treatment-target supply controller 40 esti-
mates the profile of the molten surface of the treatment
target on the basis of output of the sensors Hs and Ts.
At least a supply quantity of the treatment target to be
supplied to the furnace chamber by the cutout blades 8
is controlled to adjust the supply quantity to a target sup-
ply quantity on the basis of a result of the estimating.
[0051] For example, if the molten surface is determined
to be in the retreat phase, the supply quantity of the treat-
ment target is adjusted to increase toward the target sup-
ply quantity that has been determined so that an appro-
priate profile of the molten surface will be achieved. If the
molten surface is determined to be in the moving-on
phase, the supply quantity of the treatment target is ad-
justed to decrease toward a target supply quantity that
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has been determined so that an appropriate profile of the
molten surface will be achieved.
[0052] Fig. 6 shows table information used for control-
ling the rotational speed of the outer cylinder 6 on the
basis of the output of the sensors Hs and Ts to adjust
the supply quantity of the treatment target into the fur-
nace. The treatment-target supply controller 40 controls
the drive mechanism 13 on the basis of the table data
and the output of the sensors Hs and Ts.
[0053] For example, if the molten surface level rises
and the temperature of the lower part of the inner cylinder
5 decreases, the profile of the molten surface is deter-
mined to be in the moving-on phase, and the supply quan-
tity of the treatment target is reduced. If the molten sur-
face level is lowered and the temperature of the lower
part of the inner cylinder 5 increases, the profile of the
molten surface is determined to be in the retreat phase,
and the supply quantity of the treatment target is in-
creased. The target supply quantity at this time is prelim-
inarily set as a standard supply quantity for each area of
the table data. The standard supply quantity set for the
table data is preferably configured to be consecutively
modified on the basis of data obtained in the moving-on
or the retreat phase of the molten surface during opera-
tion.
[0054] In addition, the treatment-target supply control-
ler 40 is configured to correct the target supply quantity
to adjust the cumulative supply quantity of the treatment
target in a predetermined time period to the target cumu-
lative supply quantity. For example, the target supply
quantity is corrected to increase if the actual throughput
is lower than the target throughput of the treatment target,
and the target supply quantity is corrected to decrease
if the actual throughput is higher than the target through-
put of the treatment target, on the basis of measurement
information of the supply quantity of the treatment target
obtained while the profile of the molten surface is main-
tained in an appropriate state by the control described
above.
[0055] If the actual throughput is lower than the target
throughput of the treatment target, the throughput can
be increased by increasing the thermal dose from the
combustion burners 10 or by increasing the combustion
air. If the actual throughput is higher than the target
throughput of the treatment target, the throughput can
be decreased by decreasing the thermal dose from the
combustion burners 10 or by decreasing the combustion
air.
[0056] Since such control corrects the target supply
quantity to adjust the cumulative supply quantity of the
treatment target in a predetermined time period to the
target cumulative supply quantity, the target throughput
of the surface melting furnace in the predetermined time
period can be achieved.
[0057] In other words, the profile of the molten surface
can be estimated on the basis of information obtained by
performing measurement at the different measurement
locations with the sensors Hs and Ts. With this profile of

the molten surface, whether the molten surface is in an
appropriate state can be determined appropriately.
[0058] In other words, the method for operating the sur-
face melting furnace according to the present invention
estimates the profile of the molten surface of the treat-
ment target on the basis of the output of the sensors Hs
and Ts disposed on the surface melting furnace 1. At
least the supply quantity of the treatment target to be
supplied to the furnace chamber 4 by the treatment-target
supply mechanism 8 is controlled to modify the profile
and adjust the supply quantity to the target supply quan-
tity on the basis of the profile estimated. In addition, the
target supply quantity is configured to be corrected so
that the cumulative supply quantity of the treatment target
in a predetermined time period will achieve the target
cumulative supply quantity, in other words, the through-
put in the predetermined time period will achieve the tar-
get.
[0059] As shown in Fig. 7, the non-contact sensor Hs
is preferably constituted of a plurality of sensors and dis-
posed in different positions along a path from the supplied
portion of the treatment target, the supplied portion just
having been supplied to the furnace chamber 4 by the
treatment-target supply mechanism 8, to the slag port
3a. Direct measurement is performed on a plurality of
positions on the molten surface along the path from the
supplied portion to the slag port 3a. The profile of the
molten surface from the supplied portion to the slag port
can be thus accurately estimated, and whether the mol-
ten surface is moving on or retreating can be appropri-
ately recognized.
[0060] Fig. 8 shows another embodiment in which the
non-contact sensors Hs are disposed in different posi-
tions along the circumferential direction of the furnace
ceiling 2 so that the positions of the non-contact sensors
Hs will be different from each other in the radial direction.
Such a configuration enables how largely the height of
the molten surface measured on the outer side in the
radial direction at a point in time changes toward the slag
port 3a afterward to be recognized during one revolution
of the molten surface.
[0061] Fig. 9 shows an embodiment in which a plurality
of temperature sensors Ts are disposed. A first temper-
ature sensor Tsa is disposed on the treatment-target con-
tainer 7 side of the lower part of the inner cylinder 5, and
a second temperature sensor Tsb is disposed on the fur-
nace chamber 4 side. By including the second tempera-
ture sensor Tsb, a dead zone of the first temperature
sensor Tsa when the profile of the molten surface has
transitioned to the moving-on side can be compensated.
Also in this case, a plurality of pairs are disposed at pre-
determined intervals in the circumferential direction as in
Fig. 4.
[0062] In addition, the state of the molten surface may
be configured to be recognized by measuring the tem-
perature distribution in an area from the slag port 3 a
along the radial direction with a third temperature sensor
Tsc and a fourth temperature sensor Tsd disposed in the
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refractory material constituting the furnace bottom 3. Also
in this case, a plurality of temperature sensors may be
disposed in the radial direction, and a plurality of pairs
may be disposed at predetermined intervals in the cir-
cumferential direction.
[0063] Disposing the temperature sensors in the radial
direction enables the profile of the molten surface to be
determined even when the non-contact sensor is broken
or not disposed, although the accuracy decreases. The
combination of the temperature sensors and the non-
contact sensor is a combination of different kinds of sen-
sors. Thus, the sensors are less likely to break down at
the same time even under the same conditions. The com-
bination is better in that a minimal profile can be estimated
because at least one kind of the sensors functions ap-
propriately.
[0064] Fig. 10 shows still another aspect of the non-
contact sensor Hs. Light for measurement emitted from
a light source L is used for rotational scanning by a first
mirror M1 and is configured to be reflected toward the
molten surface by a plurality of second reflecting mirrors
M2 disposed on the peripheral edge of the furnace ceil-
ing. Disposing a light receiving element that detects re-
flected light in the light source L enables the distance
between the light source and the molten surface to be
measured. The distance to the furnace bottom 3 has been
preliminarily measured, and the height of the molten sur-
face can be calculated from the difference between the
distances.
[0065] The configuration described above enables the
heights of the molten surface in a plurality of positions to
be measured with the single light source L and the light
receiving element. In addition, configuring a third reflect-
ing mirror M3 on a different distance in the radial direction
to be removable from the optical path enables the heights
of the molten surface on a plurality of points in different
areas along the radial direction to be measured.
[0066] Fig. 10 shows the configuration applied to a
photodetector, but such a configuration can be applied
to a distance sensor using microwaves. A configuration
may be made such that a plurality of waveguides that
transmit the electromagnetic waves are radially disposed
from around a center point, a metal reflector correspond-
ing to the first mirror is rotated at the center point to trans-
mit the electromagnetic waves within each of the
waveguides, and the molten surface is irradiated with
electromagnetic waves by metal reflectors correspond-
ing to the second mirrors. The configuration may be made
such that coaxial cables are coupled to a plurality of trum-
pet-shaped antennas instead of the waveguides, and a
path made by each of the coaxial cables is selected by
a switch.
[0067] In the embodiments described above, the con-
figuration in which the treatment-target supply mecha-
nism includes the cutout blades 8 has been described.
When the treatment target is fluid, however, the treatment
target can be supplied by rotation of the outer cylinder 6
without the cutout blades 8. The treatment-target supply

mechanism can be constituted of the outer cylinder 6,
the drive mechanism 13 that rotates the outer cylinder 6,
and other components.
[0068] In the embodiments described above, the case
in which the surface melting furnace is the rotary surface
melting furnace 1 has been described as an example.
The surface melting furnace according to the present in-
vention is, however, not limited to the rotary surface melt-
ing furnace 1 and can be applied to other types of surface
melting furnaces, needless to say.
[0069] For example, the present invention can be ap-
plied to a surface melting furnace 1 having the slag port
3a at the center of the furnace bottom 3 and including a
plurality of push-in mechanisms 30 for inputting the treat-
ment target disposed around the furnace bottom 3, as
shown in Fig. 11A. This surface melting furnace is a type
of surface melting furnace in which both the outer cylinder
6 constituted integrally with the furnace bottom 3 and the
inner cylinder 5 constituted integrally with the furnace
ceiling 2 are secured, and the push-in mechanisms 30
supply the treatment target into the furnace.
[0070] As shown in Fig. 11B, the present invention can
be applied to a surface melting furnace 1 having the slag
port 3a at the edge of the furnace bottom 3 and including
a plurality of push-in mechanisms 30 for inputting the
treatment target disposed on the opposite side. In any of
these embodiments, the treatment-target supply mech-
anism is the push-in mechanisms 30.
[0071] In other words, the present invention is only re-
quired to be a surface melting furnace including a plurality
of sensors that perform measurement at different meas-
urement locations for estimation of the profile of the mol-
ten surface of a treatment target.
[0072] The embodiments described above are only ex-
amples of the present invention. A specific configuration
of each component can be modified and designed as
appropriate as long as the operations and effects of the
present invention can be obtained.

DESCRIPTION OF SYMBOLS

[0073]

1: Surface melting furnace
2: Furnace ceiling
3: Furnace bottom
3a: Slag port
4: Furnace chamber
5: Inner cylinder
6: Outer cylinder
8: Treatment-target supply mechanism
40: Treatment-target supply controller
Hs: Non-contact sensor
Ts: Temperature sensor
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Claims

1. A surface melting furnace comprising:

a furnace chamber having a slag port;
a treatment-target supply mechanism config-
ured to supply a treatment target to the furnace
chamber; and
a plurality of sensors configured to perform
measurement at different measurement loca-
tions for estimation of a profile of a molten sur-
face of the treatment target,
wherein the treatment target supplied to the fur-
nace chamber by the treatment-target supply
mechanism is configured to melt from a surface
and flow down to the slag port.

2. The surface melting furnace according to claim 1,
wherein one of the sensors comprises a temperature
sensor configured to detect a temperature of a sup-
plied portion of the treatment target, the supplied por-
tion just having been supplied to the furnace cham-
ber by the treatment-target supply mechanism.

3. The surface melting furnace according to claim 1 or
2,
wherein the plurality of sensors are disposed in dif-
ferent positions along a path from a supplied portion
of the treatment target, the supplied portion just hav-
ing been supplied to the furnace chamber by the
treatment-target supply mechanism, to the slag port.

4. The surface melting furnace according to any one of
claims 1 to 3,
wherein one of the sensors comprises a non-contact
sensor configured to detect a surface height of the
treatment target.

5. The surface melting furnace according to any one of
claims 1 to 4, the surface melting furnace further
comprises a treatment-target supply controller con-
figured to:

estimate the profile of the molten surface of the
treatment target based on output of the plurality
of sensors; and
control at least a supply quantity of the treatment
target to be supplied to the furnace chamber by
the treatment-target supply mechanism based
on the profile estimated.

6. The surface melting furnace according to any one of
claims 1 to 4, the surface melting furnace further
comprises a treatment-target supply controller con-
figured to:

estimate the profile of the molten surface of the
treatment target based on output of the plurality

of sensors;
control at least a supply quantity of the treatment
target to be supplied to the furnace chamber by
the treatment-target supply mechanism to ad-
just the supply quantity to a target supply quan-
tity based on a result of the estimating; and
correct the target supply quantity to adjust a cu-
mulative supply quantity of the treatment target
in a predetermined time period to a target cu-
mulative supply quantity.

7. The surface melting furnace according to any one of
claims 1 to 6,
wherein an inner cylinder integrally formed around
a furnace ceiling and an outer cylinder integrally
formed around a furnace bottom of the furnace
chamber are disposed concentrically,
wherein a gap between the inner cylinder and the
outer cylinder constitutes a treatment-target contain-
er, and
wherein the treatment-target supply mechanism is
configured to supply the treatment target to the fur-
nace chamber by relative rotation of the inner cylin-
der and the outer cylinder.

8. A method for operating a surface melting furnace,
the surface melting furnace comprising:

a furnace chamber having a slag port; and
a treatment-target supply mechanism config-
ured to supply a treatment target to the furnace
chamber,
wherein the treatment target supplied to the fur-
nace chamber by the treatment-target supply
mechanism is configured to melt from a surface
and flow down to the slag port,
the method comprising:

estimating a profile of a molten surface of
the treatment target based on output of a
plurality of sensors on the surface melting
furnace;
controlling at least a supply quantity of the
treatment target to be supplied to the fur-
nace chamber by the treatment-target sup-
ply mechanism to adjust the supply quantity
to a target supply quantity based on an re-
sult of the estimating; and
correcting the target supply quantity to ad-
just a cumulative supply quantity of the
treatment target in a predetermined time pe-
riod to a target cumulative supply quantity.
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