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(57) Cette mvention se rapporte a un procede et a un
dispositif de commande d’un four de fusion (1) pourvu
d’une entree (2) pour la cendre (6), d’un trou a laitier (3)
pour la scorie en fusion (7), et d’'une source de chaleur
(9) permettant de chauffer la cendre d’alimentation.
Ledit procede consiste a enregistrer avec une camera de
television (5) le voisinage de la surface de la scorie en
fusion (7) chauffée par la chaleur provenant d une source
de chaleur, de maniere a obtenir une 1mage ¢lectronique
de ce voisinage; a distinguer sur I'image ¢€lectronique
une zone a temperature €levee, superieure ou €gale a une
temperature prescrite (1300 °C), d’une zone a
temperature peu €levee, inferieure a ladite temperature
prescrite; et a reguler la quantité de chaleur fournie par la
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(57) A method and apparatus for operation control of a
melting furnace (1) provided with an inlet (2) for burned
ash (6), a cinder notch (3) for molten slag (7), and a heat
source (9) for heating the supplied burned ash. The
method comprises the step of shooting with a television
camera (5) the viciity of the surface of the molten slag
(7) heated by the heat transterred from the heat source to
obtain an electronic 1mage thereof; the step of
differentiating a high temperature area 1n the electronic
image having a temperature of not lower than a
prescribed temperature (1300 °C) from a low
temperature area having a temperature below the
prescribed temperature; and the step of controlling the
heat quantity given by the heat source to the burned ash
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source de chaleur a la cendre de maniere a fixer a la
temperature prescrite la tempéerature de la zone
distinguee a temperature €levee. La cameéra de telévision
(5) est pourvue d’une lentille relais (4) et est congue de
sorte que la partie de surface de la scorie en fusion (7), a
laquelle la source (9) de chaleur fournit de la chaleur, est
sensiblement alignee avec le centre de I'1mage.
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so as to set the area of the differentiated high temperature
arca to a prescribed value. The television camera (5) 1s
provided with a relay lens (4) and arranged so as to
substantially align the surface part of the molten slag (7),
to which heat 1s transferred from the heat source (9), with
the center of the 1mage.
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ABSTRACT

An operation control method and apparatus for a
melting furnace 1 having a supply opening 2 for incineration
ash 6, a discharge opening 3 for molten slag 7, and a heat

5 source 9 for applying an amount of heat to the supplied
incineration ash. The method includes the steps of imaging
the vicinity of the surface of molten slag 7 heated by an
amount of heat transferred from the heat source with a
television camera 5 to obtain an electronic 1mage,

10 differentiating a high-temperature region in the electronic
image that is not lower than a predetermined temperature
(1,300°C) from a low-temperature region in the electronic
image that is lower than the predetermined temperature, and
controlling the amount of heat applied to the incineration

15 ash from the heat source so that the size of the
differentiated high-temperature region reaches a
predetermined value. The television camera 5 has a relay
lens 4 and is placed so that the surface portion of the
molten slag 7, to which an amount of heat is transferred

20 from the heat source 9, lies approximately in the center of

the i1mage.
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SPECIFICATION

OPERATION CONTROL METHOD AND
APPARATUS FOR MELTING FURNACE

TECHNICAL FIELD

The present invention relates to an operation control
method and apparatus for a melting furnace having a supply
opening for incineration ash, a discharge opening for molten
slag, and a heat source for applying an amount of heat to
the supplied incineration ash.

BACKGROUND ART

To reducé the volume of incinefation ash resulting
from incineration of municipal refuse or the like and to
make heavy metals contained in the ash insoluble or harmless,
melt treatment of incineration ash, that is, a treatment 1in
which incineration ash is melted at high temperature in a

melting furnace and discharged from the melting furnace as

molten slag, is carried out. In such a melting furnace, it
is necessary, on the one hand, to raise the temperature in
the melting furnace to a relatively high temperature, e.g.
in the vicinity of 1,300°C, in order to melt incineration
ash, and on the other, it is important to control the
temperature so as not to exceed 1,300°C with a view to
minimizing damage to the furnace wall. Therefore, it 1is
necessary to detect the temperature in the furnace
continuously.

To measure the temperature in the melting furnace, a
thermocouple has heretofore been used. However, the

thermocouple detects the temperature of the gas 1in the

-1 -
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furnace because it cannot directly measure the temperature

of molten slag, which is at high temperature. The melt

condition of molten slag in the furnace has heretofore been
estimated from the temperature of the thermocouple and the

condition of the molten slag, which is wvisually observed

through a peep hole provided in the wall of the melting
furnace. However, visual observation made from the access

hole of the melting furnace through quartz glass involves

problems. For example, because the size and shape of the
access hole are limited, the visual field is narrow, and
smoke in the furnace can adhere to the quartz glass.
Therefore, the visual observation cannot accurately be
performed.
DISCLOSURE OF INVENTION

An object of the present invention is to solve the
above-described problems associated with melting furnaces

and to detect the melt condition of molten slag in a melting

furnace and control the amount of heat supplied to the
melting furnace so that the temperature of the molten slag

is within a predetermined range, thereby reducing the amount

of heat consumed, obtaining favorable molten slag and
minimizing damage to the melting furnace. Another object of
the present invention is to automatically process an image
of the inside of a melting furnace, thereby eliminating

variations in the operation control of the melting furnace

due to individual differences among operators. Still

another object of the present invention is to enable the

melt condition of molten slag in a melting furnace to be

- 2 -
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remotely monitored through a television camera at a position
remote from the melting furnace, thereby improving the

working environment of the furnace running operation.

The present invention provides an operation control
method for a melting furnace having a supply opening for
incineration ash, a discharge opening for molten slag, and a
heat source for applying an amount of heat to the supplied
incineration ash. ‘Thé operation control method includes the
steps of imaging the vicinity of the surface of molten slag
heated by an amount of heat transferred from the heat source
with a television camera to obtain an electronic image,

differentiating a high-temperature region in the electronic

image that is not lower than a predetermined temperature
from a low-temperature region in the electronic image that
is lower than the predetermined temperature, and controlling
the amount of heat applied to the incineration ash from the
heat source so that the size of the differentiated high-
temperature region reaches a predetermined value. The step
of controlling the amount of heat applied to the incinera-
tion ash from the heat source includes the step of supplying
a reduced amount of heat to the incineration ash from the
heat source when the size of the high-temperature region 1s
not smaller than a predetermined size, and supplying an
increased amount of heat to the incineration ash from the
heat source when the size of the high-temperature region 1is

smaller than the predetermined size.

The operation control method according to the present

invention may preferably include the following features: (a)

- 3 -
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The predetermined temperature is about 1,300°C. (b) The step
of differentiating a high-temperature region from a low-

temperature region is carried out on the basis of a partial
brightness of the electronic image. (c) The high-temperature

region is an image portion having a brightness not less than
a predetermined value, and the low-temperature region is an
image portion having a brightness less than the
predetermined value. (d) The step of differentiating a
high-temperature region from a low-temperature region 1is
determined by the chromaticity of the electronic 1image. (e)
The high-temperature region is an image portion having a
predetermined chromaticity, and the low-temperature region
is an image portion not having the predetermined
chromaticity. (f) The step of controlling the amount of
heat applied to the incineration ash from the heat source 1is
carried out such that either one of the amount of
incineration ash supplied into the melting furnace and the
total amount of heat applied to the incineration ash from
the heat source is kept approximately constant per unit time,
and the other is changed so that the size of the high-
temperature region reaches the predetermined value. (g) The
step of controlling the amount of heat applied to the
incineration ash from the heat source includes the steps of
generating a signal indicating an area ratio of the area of
the high-temperature region to the area of the low-
temperature region, and controlling the amount of heat
applied to the incineration ash from the heat source on the

basis of the signal indicating the area ratio.

- 4 -
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The present invention provides an operation control
apparatus for a melting furnace having a supply opening for
incineration ash, a discharge opening for molten slag, and a
heat source for applying an amount of heat to the supplied
incineration ash. The operation control apparatus has a
television camera placed to be able to image the vicinity of
the surface of the molten slag, which is heated by the heat
source, through an opening extending through a furnace wall
near the ceiling of the melting furnace; a camera controller
connected to the television camera to control the television
camera so that a predetermined image signal is obtained with
the television camera; a signal generator-indicator that
processes the obtained image signal to differentiate a high-
temperature region of the image that has a temperature not
lower than a predetermined temperature from a low-
temperature region of the image that has a temperature lower
than the predetermined temperature, and generates a high-
temperature region signal corresponding to the size of the
high-temperature region; and a heat quantity controller that
varies the amount of heat applied to the incineration ash
from the heat source. The heat quantity controller varies
the amount of heat applied to the incineration ash from the
heat source so that the high-temperature region signal
reaches a predetermined value.

The operation control apparatus according to the
present invention may have the following structures: (h)
The television camera has a relay lens. (i) The television

camera is placed so that the surface portion of the molten
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slag, to which an amount of heat is transferred from the
heat source, lies approximately in the center of the image.
(j) The signal generator-indicator determines the high-
temperature region and the low-temperature region by a
partial brightness of the image or the chromaticity of the
image. (k) The operation control apparatus further has an
ash gquantity measuring device that measures the amount of
incineration ash supplied into the melting furnace per unit
time and generates a incineration ash quantity signal. (1)
The heat guantity controller varies the amount of heat
applied per unit quantity of incineration ash on the basis
of a high-temperature region ratio signal. (m) The heat
source, which applies an amount of heat to the incineration
ash, is a transfer type plasma torch having a cylindrical
cavity electrode and a graphite electrode in the bottom wall
of the melting furnace. (n) The plasma torch is arranged
such that air is supplied into the cavity of the cylindrical
cavity electrode, and a voltage is applied between the
cylindrical cavity electrode and the graphite electrode,
whereby a plasma arc jet is emitted toward the top surface
of molten ash from an opening below the cylindrical cavity
electrode.
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a diagram schematically showing the

arrangement of the operation control apparatus according to

the present invention.

Fig. 2 is a sectional view schematically showling a

melting furnace used in the present invention.

- 6 -
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Fig. 3 is a sectional view schematically showing a
transfer type plasma torch used in the present invention.

EMBODIMENTS OF THE INVENTION

An embodiment of the present invention will be
described with reference to the drawings. The arrangement
of the operation control apparatus according to the present
invention is schematically shown in Fig. 1. Fig. 2 1s an
enlarged sectional view of a melting furnace in Fig. 1. In
Figs. 1 and 2, the melting furnace 1 has a supply opening 2
for incineration ash, a discharge opening 3 for molten slag,
an access hole 21, torches 9, and so forth. Incineration
ash 6 containing incineration fly ash, which is supplied
from the supply opening 2, floats over molten slag 7 in the
melting furnace. While being caused to flow toward the
discharge opening 3, the incineration ash 6 is heated with
the torches 9 and thus successively melted into molten slag

7. As the amount thereof increases, the molten slag flows

out and drops through the discharge opening 3 and is then

sent to a slag-cooling device (not shown). Gas 8 generated
in the melting furnace is discharged from the neighborhood
of the discharge opening 3.

A relay lens 4 connected to a television camera 5 1s
placed iﬁ the access hole 21 of the melting furnace 1. As
shown in Fig. 2, cooling water is allowed to flow from a
cooling water inlet 10 into a cooling water jacket around
the relay lens 4 and to flow out from a cooling water outlet
11. In addition, cooling air is supplied to the periphery

of the relay lens 4 from a cooling air inlet 12. The

- 7 -
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cooling air cools the lens distal end to prevent the lens

distal end from being raised in temperature by radiation
heat from the inside of the furnace. The relay lens 4 can

transmit an optical image of a relatively wide area in the

5 furnace to the television camera 5 through the access hole
21, which has a small diameter and is long in the axial
direction.

As shown in Fig. 1, the television camera 5 1s
connected to a camera controller 13, a computer 14 and a
10 monitor 16. The computer 14 is connected to the camera
controller and the monitor 16 and also connected to a heat
quantity controller 15. The heat quantity controller 15 1is
connected to electric power supply devices 17 to control
electric power supplied to the torches 9 from an electric
15 power source 18 through the electric power supply devices 17.
Fig. 3 is a sectional view schematically showing a
transfer type plasma torch 9 used in the present invention.

The transfer type plasma torch 9 has a cylindrical cavity

electrode 31 and a graphite electrode 23 in the bottom wall
20 of the melting furnace. An appropriate voltage 1s applied
between the cavity electrode 31 and the graphite electrode
23, whereby a plasma arc jet 34 1s emitted from an opening
32 below the cavity electrode 31 toward the top surface of

the molten ash 7.

25 The television camera 5 1s, as shown in Fig. 2, placed
sOo as to be capable of imaging the vicinity of the liquid
surface of the molten slag 7 through the opening 21

extending through a furnace wall near the ceiling of the

- 8 -
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melting furnace. The camera controller 13 is connected to

the television camera 5 to control the television camera so
that a predetermined image signal 1s obtained with the
television camera. The television camera 5 converts an
optical image obtained through the relay lens into an
electronic image signal. The television camera 5 also
generates an electronic image signal that differentiates a
high-temperature region of the optical image that has a

temperature not lower than a predetermined temperature, e.g.

10

15

20

25

1,300°C, from—a low-temperature region-having a-temperature
lower than the predetermined temperature. The electronic
image signal from the television camera 5 1is supplied to the
monitor 16 through the computer 14 to display an electronic
image on the monitor 16. On the monitor 16, the high-
temperature region is displayed in the form of a relatively
bright portion or a portion having a specific color.

The computer processes the electronic image signal to
generate a high-temperature region signal corresponding to
the size of the high-temperature region. In this embodiment,
when the high-temperature region, which 1s not lower than a
predetermined temperature, e.g. 1,300°C, is judged to be not
smaller than a predetermined area from the brightness of the
electronic image, the computer supplies a high-temperature
region signal to the heat quantity controller 15 so that a

reduced amount of heat is applied to the incineration ash

from the heat source. When the high-temperature region,
which is not lower than the predetermined temperature, is

smaller than the predetermined area, the computer supplies a

- g -
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high-temperature region signal to the heat quantity
controller 15 so that an increased amount of heat is applied

to the 1ncineration ash from the heat source.

According to the present invention, the surface of
molten slag in a melting furnace, which melts incineration
ash, is imaged with a television camera, and the image is
processed to obtain the temperature of the molten slag.
Then, the output of the heat source is controlled so that
the temperature of the molten slag is within a temperature
range. Therefore, it is possible according to the present
invention to maintain the molten slag in an optimal
temperature range and to obtain molten slag of good quality.
In addition, the energy consumption can be minimized.
According to the operation control apparatus of the present
invention, a relay lens is used to enable the lens distal
end to be inserted as far as a position near the inner wall
of the melting furnace through an elongate access hole,
thereby providing a widened visual field and thus allowing

the condition of the molten slag to be accurately grasped.
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CLAIMS

1. An operation control method for a melting furnace
having a supply opening for incineration ash, a discharge
opening for molten slag, and a heat source for applying an
amount of heat to supplied incineration ash, said operation
control method comprising the steps of:

imaging a vicinity of a surface of molten slag heated
by an amount of heat transferred from the heat source with a
television camera to obtain an electronic image;
differentiating a high-temperature region in said electronic
image that is not lower than a predetermined temperature
from a low-temperature region in said electronic image that
is lower than the predetermined temperature; and controlling
the amount of heat applied to the incineration ash from the
heat source so that a size of said differentiated high-
temperature region reaches a predetermined value;

wherein said step of controlling the amount of heat
applied to the incineration ash from the heat source
includes the step of supplying a reduced amount of heat to
the incineration ash from the heat source when the size of
said high-temperature region is not smaller than a
predetermined size, and supplying an increased amount of
heat to the incineration ash from the heat source when the
size of said high-temperature region is smaller than the
predetermined size.
2. An operation control method according to claim 1,
wherein said predetermined temperature is about 1,300°C.

3. An operation control method according to claim 1 or 2,

- 11 -
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wherein said step of differentiating a high-temperature
region from a low-temperature region is carried out on a
basis of a partial brightness of the electronic image, the
high-temperature region is an image portion having a
brightness not less than a predetermined value, and the low-
temperature region is an image portion having a brightness
less than the predetermined value.

4 . An operation control method according to claim 1 or 2,
wherein said step of differentiating a high-temperature
region from a low-temperature region is determined by a
chromaticity of the electronic image, the high-temperature
region is an image portion having a predetermined
chromaticity, and the low-temperature region is an image
portion not having the predetermined chromaticity.

5. An operation control method according to any one of
claims 1 to 4, wherein said step of controlling the amount
of heat applied to the incineration ash from the heat source
so that a size of the differentiated high-temperature region
reaches a predetermined value is carried out such that
either one of an amount of incineration ash supplied 1into
the melting furnace and a total amount of heat applied to
the incineration ash from said heat source is kept
approximately constant per unit time, and the other 1is
changed so that the size of said high-temperature region
reaches the predetermined value.

6. An operation control method according to any one of
claims 1 to 4, wherein said step of controlling the amount

of heat applied to the incineration ash from the heat source
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includes the steps of generating a signal indicating an area
ratio of an area of said high-temperature region to an area
of the low-temperature region, and controlling the amount of
heat applied to the incineration ash from the heat source on
a basis of the signal indicating the area ratio.

7. An operation control apparatus for a melting furnace
having a supply opening for incineration ash, a discharge
opening for molten slag, and a heat source for applying an
amount of heat to supplied incineration ash, said operation
control apparatus comprising:

a television camera placed to be able to image a
vicinity of a surface of the molten slag, which is heated by
the heat source, through an opening extending through a
furnace wall near a ceiling of the melting furnace; a camera
controller connected to the television camera to control the
television camera so that a predetermined image signal 1s
obtained with the television camera; a signal generator-
indicétor that processes the obtained image signal to
differentiate a high-temperature region of the i1mage that
has a temperature not lower than a predetermined temperature
from a low-temperature region of the image that has a
temperature lower than the predetermined temperature, and
generates a high-temperature region signal corresponding to
a size of the high-temperature region; and a heat quantity
controller that varies the amount of heat applied to the
incineration ash from the heat source;

wherein the heat quantity controller varies the amount

of heat applied to the incineration ash from said heat
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source so that the high-temperature region signal reaches a
predetermined value.

8. An operation control apparatus according to claim 7,
wherein said television camera has a relay lens and is
placed so that a surface portion of the molten slag, to
which an amount of heat is transferred from said heat source,
lies approximately in a center of the image.

9. An operation control apparatus according to claim 7 or
8, wherein said signal generator-indicator determines the
high-temperature region and the low-temperature region by a
partial brightness of the image or a chromaticity of the
image.

10. An operation control apparatus according to any one of
claims 7 to 9, further comprising an ash gquantity measuring
device that measures an amount of incineration ash supplied
into said melting furnace per unit time and generates a
incineration ash quantity signal, wherein said heat quantity
controller varies the amount of heat applied per unit
quantity of incineration ash on a basis of a high-
temperature region ratio signal.

11. An operation control apparatus according to any one of
claims 7 to 10, wherein said heat source, which applies an
amount of heat to the incineration ash, is a transfer type
plasma torch having a cylindrical cavity electrode and a
graphite electrode in a bottom wall of the melting furnace,
air is supplied into a cavity of the cylindrical cavity
electrode, and a voltage is applied between the cylindrical

cavity electrode and the graphite electrode, whereby a
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plasma arc jet is emitted toward a top surface of molten ash

from an opening below the cylindrical cavity electrode.
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