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(57)  Upper and lower dampers (11, 12) are provided
in a vertical chute (6) of a waste-feeding apparatus (1).
The upper and lower dampers (11, 12) have a sealing

function that inhibits external air from entering a gasifier

(20) and configured to be alternately opened and closed.
The lower damper (12) includes a lower left damper (12, )
and a lower right damper (12g) configured to be opened
and closed through lower supporting shafts (12p), pro-
vided on opposite portions of an inner wall of the vertical
chute (6) and parallel to a center line (Lc), the center line
(Lc) extending in a longitudinal direction and passing
through the center in a width direction of the waste-con-
veying device (7). A merged line (12m) defined by distal
portions of the lower left damper (12, ) and the lower right
damper (12g) ina closed state is located above the center
line (Lc) .
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a waste-feed-
ing apparatus, a sealing method thereof, and a waste-
feeding method for continuously feeding waste, such as
sludge and municipal waste, to a gasifier. In particular,
the present invention relates to a waste-feeding appara-
tus and a waste-feeding method for a gasifier, the appa-
ratus and method having good volumetric feeding per-
formance of waste. Also, the present invention relates to
a waste-feeding apparatus and a sealing method thereof
for preventing a spark from occurring when double damp-
ers having a sealing function that inhibits external air from
entering a gasifier are closed and for preventing magnet-
ized waste or fine waste from adhering to the dampers.
Further, the present invention relates to a waste-feeding
method for allowing waste to be easily removed, the
waste which has been caught by an upper damper and
a lower damper having a sealing function that prevents
external air from entering a gasifier.

2. Description of the Related Art

[0002] Recently, a gasification and melting furnace
has been popular, which can reduce the volume of waste,
such as sludge and municipal waste, and render the ash
of the waste harmless. The gasification and melting fur-
nace gasifies the waste, such as sludge and municipal
waste, in a gasifier (at temperatures from 500°C to
600°C), and decomposes the waste into combustible
gas, fixed carbon, and ash. The decomposed combusti-
ble gas and fixed carbon are burned in a melting furnace.
The temperature in the melting furnace is increased to
1300°C or higher to melt the ash. In addition, molten slag
is cooled, for example, with water to produce water-
cooled slag.

[0003] A waste-feeding apparatus that feeds waste to
a gasifier requires volumetric feeding performance of the
waste, and sealing performance.

(1) Volumetric feeding performance of waste

[0004] By reducing the variation in feeding amount of
waste as much as possible, combustion is stabilized. Ac-
cordingly, the temperature in the melting furnace be-
comes stable, and the fusibility of ash becomes stable.

(2) Sealing performance

[0005] External air is inhibited from entering the gasi-
fier and combustible gas (CO, H, CHy,, etc.) is inhibited
from leaking out the gasifier.

[0006] For example, a waste-feeding apparatus for a
gasifier having double dampers in a chute has been
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known.

[0007] A waste-feeding apparatus (a combustible-
substance-feeding apparatus) for a gasifier according to
related art will be described below with reference to the
attached drawing. Fig. 7 illustrates the general configu-
rations of a fluidized-bed gasifier and a combustible-sub-
stance-feeding apparatus (hereinafter, referred to as a
waste-feeding apparatus) that feeds a combustible sub-
stance (hereinafter, referred to as waste) to the fluidized-
bed gasifier, according to related art. Referring to Fig. 7,
a fluidized-bed gasifier (hereinafter, referred to as gasi-
fier) 50 includes a waste-feeding mechanism 62 at a
waste inlet 53 in the gasifier 50, a chute 63 connected
with the waste-feeding mechanism 62, and a conveyor
65 connected with the chute 63. The waste-feeding
mechanism 62 includes a screw conveyor 64 that is driv-
en by a motor 68. The chute 63 includes double dampers
59.

[0008] Waste 54 fed into a hopper 66 by a crane 61 or
the like is lifted through the conveyor 65, and fed into an
upper opening of the chute 63 from the distal end of the
conveyor 65. The waste 54 fed into the chute 63 is inter-
mittently fed into the waste-feeding mechanism 62 by the
operation of the double dampers 59 having a sealing
function. The screw conveyor 64 in the waste-feeding
mechanism 62 reduces the intermittency of the intermit-
tently fed waste 54 and allows the waste 54 to be fed into
the gasifier 50 continuously by a predetermined constant
amount (in a volumetric manner).

[0009] The waste 54 fed into the gasifier 50 is gasified
in a reducing atmosphere in a fluidized bed 51 being flu-
idized with fluidizing gas 52 blown from a wind box at the
bottom. Produced gas 57 produced through the gasifica-
tion exits from the fluidized bed 51, passes through a
freeboard 55, and is guided to a melting furnace (not
shown) through a produced-gas outlet 56. In this case,
the waste 54, which has been intermittently fed from the
chute 63, is continuously fed by a substantially constant
amount (in a volumetric manner) by the effect of the screw
conveyor 64 in the waste-feeding mechanism 62. Thus,
control for stable gasification operation of the gasifier 50,
such as control for feeding the fluidizing gas 52 and con-
trol for the temperature in the furnace, is easily carried
out. In addition, the sealing function of the double damp-
ers 59 can inhibit external air from leaking into the gasifier
50 through the waste inlet 5 (for example, see Japanese
Unexamined Patent Application Publication No.
2003-56822).

[0010] Since the waste-feeding mechanism 62 for the
gasifier 50 according to the related artincludes the double
dampers having an upper damper and a lower damper,
which are alternately opened and closed, in the chute
63, the waste-feeding mechanism 62 has good sealing
performance. Also, since the waste-feeding mechanism
62 includes the screw conveyor 64, the waste-feeding
mechanism 62 has good volumetric feeding performance
for the waste 54 to the gasifier 50. However, the waste-
feeding mechanism 62 for the gasifier 50 according to
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the related art does not have sufficient volumetric feeding
performance for the waste 54.

(1) Asupporting shaft that supports the lower damper
in an openable and closable manner is provided on
the inner wall of the chute at a position close to the
gasifier 50. Owing to this, the waste 54 is fed to a
position on the screw conveyor 64 in the waste-feed-
ing mechanism 62 farthest from the gasifier 50. The
waste takes a time to reach the waste inlet 53 of the
gasifier 50. There may be the period during which a
small amount of the waste 54 is provided on the
screw conveyor 64. Consequently, the feeding
amount of the waste 54 to the gasifier 50 may vary.
(2) When the screw conveyor 64 in the waste-feeding
mechanism 62 includes a pair of conveyance screws
having rotation centers parallel to one another in a
horizontal plane, the waste 54 may be unevenly dis-
tributed in the width direction and the longitudinal
direction of the screw conveyor 64. In particular, the
volume of the waste 54 may be increased at the left
side or the right side in a range in the longitudinal
direction of the screw conveyor 64. The feeding
amount of the waste 54 to the gasifier 50 may vary.

[0011] As described above, the waste-feeding appa-
ratus for the gasifier according to the related art has the
good sealing performance and good volumetric feeding
performance for the waste to the gasifier. Meanwhile, a
damper is typically made of a SS member ora SUS mem-
ber having good resistance to corrosion. When the chute
is made of metal, a spark may occur due to an impact
exerted when the damper is closed. For example, oil con-
tained in the waste may be ignited with the spark.
[0012] Also, whenthe damperis made of the SS mem-
ber, magnetized waste may adhere to the damper, and
another magnetized waste may be hooked to the adher-
ing magnetized waste, resulting in the waste being ac-
cumulated. Itis difficult to smoothly feed the waste to the
gasifier. Further, when the damper is made of metal, the
metal damper has a high friction coefficient. Hence, wet
fine waste may adhere to the damper. The sealing per-
formance may be deteriorated.

[0013] As described above, the waste-feeding appa-
ratus for the gasifier according to the related art has the
good sealing performance and good volumetric feeding
performance for the waste to the gasifier. However, when
the waste is caught by the damper, the sealing perform-
ance cannot be maintained. Thus, it is difficult to inhibit
external air from entering the gasifier. When the waste
is caught by the damper, the operation of the waste-feed-
ing apparatus has to be stopped, and the waste caught
by the damper has to be removed through, for example,
an access hole provided in the chute. This may decrease
the operating ratio of the waste-feeding apparatus, and
a troublesome work is needed for removing the waste.
Thus, in the case of the waste-feeding apparatus for the
gasifier according to the related art, the following opera-
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tion is carried out to prevent the waste from being caught
by the damper.

[0014] When the open damperis closed, the operation
of upstream equipment for feeding the waste to the chute
provided with the damper is temporarily stopped. After it
is checked that the damper has been completely closed,
the upstream equipment is operated. When the waste-
feeding apparatus is operated in this manner, the follow-
ing problems may occur.

(1) Since the operation of the upstream equipment,
that is, waste primary feeding means is more fre-
quently started and stopped, the life of the waste
primary feeding means may be decreased, and
hence the operating cost may be increased.

(2) The volumetric feeding performance of the waste
is deteriorated, the processing efficiency of the waste
is decreased, and the variation in the amount of pro-
duced gas, which is gasified in the gasifier, is in-
creased. Thus, it is difficult to carry out the control
for stable gasification operation of the gasifier and
the control for stable operation of the melting furnace
located downstream of the gasifier.

SUMMARY OF THE INVENTION

[0015] A first object of the present invention is to pro-
vide a waste-feeding apparatus of a gasifier and a waste-
feeding method to the gasifier, the apparatus and method
having good volumetric feeding performance of waste.
A second object of the present invention is to provide a
waste-feeding apparatus and a sealing method thereof
for preventing a spark from occurring when double damp-
ers having a sealing function that inhibits external air from
entering a gasifier are closed and for preventing magnet-
ized waste or fine waste from adhering to the dampers.
A third object of the present invention is to provide a
waste-feeding method for allowing waste to be easily re-
moved, the waste which has been caught by an upper
damper and a lower damper having a sealing function
that prevents external air from entering a gasifier.

[0016] The present invention is made in light of the
above situations. To attain the first object, a waste-feed-
ing apparatus according to a first aspect of the present
invention is provided. The waste-feeding apparatus in-
cludes a vertical chute and a waste-conveying device.
The vertical chute includes upper and lower dampers
separated from one another by a predetermined distance
in an up-down direction. The upper and lower dampers
have a sealing function that inhibits external air from en-
tering a gasifier and configured to be alternately opened
and closed. The waste-conveying device is connected
with a lower end of the vertical chute and configured to
convey waste, which is fed through the lower damper,
toward the gasifier. The lower damper includes a lower
left damper and a lower right damper configured to be
opened and closed through supporting shafts. The sup-
porting shafts are provided on opposite portions of an
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inner wall of the vertical chute and parallel to a center
line. The center line extends in a longitudinal direction
and passing through the center in a width direction of the
waste-conveying device. A merged line defined by distal
portions of the lower left damper and the lower right
damper in a closed state is located above the center line.
[0017] Preferably, in a waste-feeding apparatus ac-
cording to a second aspect of the present invention, on
the basis of the waste-feeding apparatus according to
the first aspect, the lower left damper and the lower right
damper of the lower damper may be lowered toward the
distal portions from the supporting shafts in the closed
state.

[0018] Preferably, in a waste-feeding apparatus to a
gasifier according to a third aspect of the present inven-
tion, on the basis of the waste-feeding apparatus accord-
ing to the first or second aspect, the waste-conveying
device may be a screw conveyor including a pair of con-
veyance screws having rotation centers parallel to one
another in a horizontal plane.

[0019] Preferably, in a waste-feeding apparatus ac-
cording to a fourth aspect of the present invention, on
the basis of the waste-feeding apparatus according to
the third aspect, a waste disintegrator may be provided
ataforward position of a distal end of the screw conveyor,
the waste disintegrator configured to disintegrate the
waste conveyed by the screw conveyor.

[0020] A waste-feeding method to a gasifier by a
waste-feeding apparatus according to a fifth aspect of
the present invention is provided. The waste-feeding ap-
paratus includes a vertical chute and a waste-conveying
device. The vertical chute includes upper and lower
dampers separated from one another by a predetermined
distance in an up-down direction. The upper and lower
dampers have a sealing function that inhibits external air
from entering the gasifier and configured to be alternately
opened and closed. The waste-conveying device is con-
nected with a lower end of the vertical chute and config-
ured to convey waste, which is fed through the lower
damper, toward the gasifier. The waste-feeding method
includes the steps of, after the upper damper is closed,
opening the lower damper around supporting shafts as
pivots, the supporting shafts being provided on opposite
portions of an inner wall of the vertical chute and parallel
to a center line, the center line extending in a longitudinal
direction and passing through the center in a width direc-
tion of the waste-conveying device; and dropping the
waste, which has been received while the upper damper
is opened, toward the center line to convey the waste by
the waste-conveying device.

[0021] Preferably, a waste-feeding method according
to a sixth aspect of the present invention, on the basis of
the waste-feeding method according to the fifth aspect,
may further include the step of feeding the waste, which
has been conveyed by the waste-conveying device, into
the gasifier while disintegrating the waste by a waste dis-
integrator.

[0022] To attain the second object, a waste-feeding
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apparatus according to a seventh aspect of the present
invention is provided. The waste-feeding apparatus in-
cludes a vertical chute and a waste-conveying device.
The vertical chute includes upper and lower dampers
separated from one another by a predetermined distance
in an up-down direction, the upper and lower dampers
having a sealing function that inhibits external air from
entering a gasifier and configured to be alternately
opened and closed. The waste-conveying device is con-
figured to convey waste, which has been fed through the
vertical chute, toward the gasifier. The upper and lower
dampers have damper bodies, each of the damper bod-
ies having a damper substrate and a hard low-friction
resin plate fixed to an upper surface of the damper sub-
strate by mechanical fastening means. When the upper
or lower damper is closed, an upper surface of an outer
edge portion of the hard low-friction resin plate contacts
a sealing surface formed on an inner side of the vertical
chute.

[0023] Preferably, in a waste-feeding apparatus ac-
cording to an eighth aspect of the present invention, on
the basis of the waste-feeding apparatus according to
the seventh aspect, the mechanical fastening means
may be a small flat-head screw that is screwed into an
internal thread formed in the damper substrate such that
an upper surface of a screw head is lower than an upper
surface of the hard low-friction resin plate. Aresin coating
layer may be formed on the upper surface of the screw
head.

[0024] A sealing method of a waste-feeding apparatus
for inhibiting external air from entering a gasifier accord-
ing to a ninth aspect of the present invention is provided.
The waste-feeding apparatus includes a vertical chute
and a waste-conveying device. The vertical chute in-
cludes upper and lower dampers separated from one an-
other by a predetermined distance in an up-down direc-
tion. The waste-conveying device configured to convey
waste, which has been fed through the vertical chute,
toward the gasifier. The sealing method includes the step
of, when the upper and lower dampers are alternately
closed for sealing, bringing an upper surface of an outer
edge portion of a hard low-friction resin plate on a damper
body in each of the upper and lower dampers into contact
with a sealing surface formed on an inner side of the
vertical chute.

[0025] The inventors have learned that, if the upper
and lower dampers are opened and closed at an interval
of, for example, 15 seconds, each damper is opened and
closed 240 times per hour, however, the number of times
the waste is caught by the upper damper per hour is no
more than two (1/120). The inventors have assumed that
the aforementioned problems (1) and (2), described in
Description of the Related Art, can be markedly improved
and the third object can be attained if the unnecessary
starting and stopping of the upstream devices by 238
times are omitted. Thus, the inventors have implemented
the waste-feeding method according to an aspect of the
present invention. The phenomenon that the number of
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times the waste is caught by the upper damper per hour
is not more than two can be attained by the following
reasons. A block of waste roughly crushed by a crusher
is dropped and fed onto the upper damper at a certain
individual interval, and hence the block of waste is less
frequently dropped at a predetermined position simulta-
neously when the upper damper is closed. Also, as the
apparatus is operated foralong term, amuddy substance
may adhere onto the lower damper.

[0026] Accordingly, to attain the third object, a waste-
feeding method by a waste-feeding apparatus according
to a tenth aspect of the present invention is provided.
The waste-feeding apparatus includes a vertical chute
and a waste-conveying device. The vertical chute in-
cludes upper and lower dampers separated from one an-
other by a predetermined distance in an up-down direc-
tion, the upper and lower dampers having a sealing func-
tion that inhibits external air from entering a gasifier and
configured to be alternately opened and closed. The
waste-conveying device is configured to convey waste,
which has been fed through the vertical chute, toward
the gasifier. The waste-feeding method comprising the
steps of, if a damper-closed signal is not received al-
though an upper cylinder, which opens and closes the
upper damper, has been operated to close the upper
damper, determining that the waste is caught by the up-
per damper, and temporarily stopping feeding of the
waste to the vertical chute; during the stop of the feeding
of the waste, opening the upper damper to remove the
caught waste, and closing the open upper damper; and
if the damper-closed signal is received, determining that
the waste caught by the upper damper has been re-
moved, and starting the feeding of the waste to the ver-
tical chute.

[0027] Preferably, a waste-feeding method according
to an eleventh aspect of the present invention, on the
basis of the waste-feeding method according to the tenth
aspect, may further include the steps of starting counting
an elapsed time by a timer since the operation of the
upper cylinder to close the upper damper has started;
and if the damper-closed signal is not output although a
predetermined period has elapsed, stopping the count-
ing, and determining that the waste is being caught by
the upper damper.

[0028] Preferably, in a waste-feeding method accord-
ing to a twelfth aspect of the present invention, on the
basis of the waste-feeding method according to the tenth
or eleventh aspect, the damper-closed signal of the upper
damper may be output from a limit switch that detects a
stroke of the upper cylinder.

[0029] Preferably, a waste-feeding method according
to a thirteenth aspect of the present invention, on the
basis of the waste-feeding method according to the tenth
aspect, may further include the steps of, if the damper-
closed signal is not received although a lower cylinder,
which opens and closes the lower damper, has been op-
erated to close the lower damper, determining that the
waste is caught by the lower damper, opening the lower
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damper to remove the caught waste, and closing the low-
er damper; and if the damper-closed signal is received,
determining that the waste, which has been caught by
the lower damper, is removed, and opening the upper
damper.

[0030] Preferably, a waste-feeding method according
to a fourteenth aspect of the present invention, on the
basis of the waste-feeding method according to the thir-
teenth aspect, may further include the steps of starting
counting an elapsed time by a timer since the operation
of the lower cylinder to close the lower damper has start-
ed; and if the damper-closed signal is not output although
a predetermined period has elapsed, stopping the count-
ing, and determining that the waste is being caught by
the lower damper.

[0031] Preferably, in a waste-feeding method accord-
ing to a fifteenth aspect of the present invention, on the
basis of the waste-feeding method according to the thir-
teenth or fourteenth aspect, the damper-closed signal of
the lower damper may be output from a limit switch that
detects a stroke of the lower cylinder.

[0032] Inthe waste-feeding apparatus according to the
first aspect of the present invention, the lower damper
includes the lower left damper and the lower right damper
configured to be opened and closed through the support-
ing shafts. The supporting shafts are provided on the
opposite portions of the inner wall of the vertical chute
and parallel to the center line. The center line extends in
the longitudinal direction and passing through the center
in the width direction of the waste-conveying device. The
merged line defined by the distal portions of the lower
leftdamper and the lower right damper in the closed state
is located above the center line. Also, the waste-feeding
method according to the fifth aspect of the present inven-
tion includes the steps of, after the upper damper is
closed, opening the lower damper around the supporting
shafts as the pivots, the supporting shafts being provided
on the opposite portions of the inner wall of the vertical
chute and parallel to the center line, the center line ex-
tending in the longitudinal direction and passing through
the center in the width direction of the waste-conveying
device; and dropping the waste, which has been received
while the upper damper is opened, toward the center line
to convey the waste by the waste-conveying device.
[0033] With the waste-feeding apparatus according to
the first aspect of the present invention and with the
waste-feeding method according to the fifth aspect of the
present invention, the waste having the length corre-
sponding to the length of the lower damper in a direction
toward the gasifier is fed to the waste-conveying device.
Also, the waste is dropped at the center in the width di-
rection of the waste-conveying device immediately after
the lower left damper and the lower right damper start to
be opened. Then, as the opening becomes larger, the
area in which the waste is dropped becomes larger in a
direction away from the center in the width direction.
Thus, the waste on the waste-conveying device has a
cross section in a mound-like shape at any position in
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the longitudinal direction toward the gasifier. The varia-
tion in volume of the waste in the left-right direction can
be reduced. The volumetric feeding performance of the
waste to the gasifier is improved.

[0034] Inthe waste-feeding apparatus according to the
second aspect of the present invention, the lower left
damper and the lower right damper of the lower damper
may be lowered toward the distal portions from the sup-
porting shafts in the closed state. With the waste-feeding
apparatus according to the second aspect of the present
invention, the upper surfaces of the lower left damper
and the lower right damper are inclined in the closed
state, and hence have a hopper-like shape. The waste
can be efficiently fed onto the waste-conveying device
when the lower left damper and the lower right damper
start to be opened.

[0035] Inthewaste-feeding apparatus accordingtothe
third aspect of the present invention, the waste-convey-
ing device may be the screw conveyor including the pair
of conveyance screws having the rotation centers parallel
to one another in the horizontal plane. With the waste-
feeding apparatus according to the third aspect of the
present invention, the waste having the length corre-
sponding to the length of the lower damper in a direction
toward the gasifier is fed from the lower damper to an
area between the pair of conveyance screws of the screw
conveyor.

[0036] Inthewaste-feeding apparatus accordingtothe
fourth aspect of the present invention, the waste disinte-
grator may be provided atthe forward position of the distal
end of the screw conveyor, the waste disintegrator con-
figured to disintegrate the waste conveyed by the screw
conveyor.

[0037] Also, the waste-feeding method according to
the sixth aspect of the present invention may further in-
clude the step of feeding the waste, which has been con-
veyed by the waste-conveying device, into the gasifier
while disintegrating the waste by the waste disintegrator.
[0038] With the waste-feeding apparatus according to
the fourth aspect of the present invention and with the
waste-feeding method according to the sixth aspect of
the present invention, since the waste disintegrator dis-
integrates the waste, which has been conveyed by the
screw conveyor or the waste-conveying device, the vol-
umetric feeding performance of the waste can be further
improved.

[0039] Inthewaste-feeding apparatus according tothe
seventh aspect of the presentinvention and in the sealing
method according to the ninth aspect of the present in-
vention, the upper surface of the outer edge portion of
the hard low-friction resin plate on the damper body in
each of the upper and lower dampers provided in the
vertical chute of the waste-feeding apparatus contacts
the sealing surface formed on the inner side of the vertical
chute.

[0040] With the waste-feeding apparatus according to
the seventh aspect of the present invention and with the
sealing method according to the ninth aspect of the
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present invention, when the upper or lower damper is
closed, the upper surface of the outer edge portion of the
hard low-friction resin plate contacts the sealing surface
formed on the inner side of the vertical chute. According-
ly, even when the sealing surface formed on the vertical
chute is made of metal, a spark does not occur. Further,
magnetized waste does not adhere to the hard low-fric-
tion resin plate. Also, since the hard low-friction resin
plate has a low friction coefficient, wet fine waste does
not adhere to the hard low-friction resin plate. Hence, the
sealing performance is not deteriorated.

[0041] Inthe waste-feeding apparatus according to the
eighth aspect of the present invention, the hard low-fric-
tion resin plate is may be attached to the damper sub-
strate by the small flat-head screw (the mechanical fas-
tening means). Accordingly, the hard low-friction resin
plate can be easily attached to and detached from (re-
placed in) the damper substrate. Also, the resin coating
layer may be formed on the upper surface of the screw
head of the small flat-head screw. Accordingly, magnetic
substances can be prevented from adhering to the screw
head of the small flat-head screw, and corrosive sub-
stances can be prevented from contacting the screw
head.

[0042] In the waste-feeding method according to the
tenth aspect of the present invention includes the steps
of, if the damper-closed signal is not received although
the upper cylinder, which opens and closes the upper
damper, has been operated to close the upper damper,
determining that the waste is caught by the upper damp-
er, and temporarily stopping feeding of the waste to the
vertical chute; during the stop of the feeding of the waste,
opening the upper damper to remove the caught waste,
and closing the open upper damper; and if the damper-
closed signal is received, determining that the waste
caught by the upper damper has been removed, and
starting the feeding of the waste to the vertical chute.
[0043] Withthe waste-feeding method accordingtothe
tenth aspect of the present invention, if the waste is not
caught by the upper damper, the feeding of the waste to
the vertical chute is continued, and the operation of waste
primary feeding means located upstream of the vertical
chute is not stopped. The following advantages can be
attained.

(1) Since the operation of the waste primary feeding
means at the upstream side is less frequently started
and stopped, the life of the waste primary feeding
means is not decreased, and hence, the operating
cost can be decreased.

(2) The volumetric feeding performance of the waste
is hardly deteriorated, the processing efficiency of
the waste is increased, and the variation in the
amount of produced gas, which is gasified in the gas-
ifier, can be decreased. Thus, it is easy to carry out
the control for stable gasification operation of the
gasifier and the control for stable operation of the
melting furnace located downstream of the gasifier.
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[0044] The waste-feeding method according to the
eleventh aspect of the present invention may further in-
clude the steps of starting counting an elapsed time by
a timer since the operation of the upper cylinder to close
the upper damper has started; and if the damper-closed
signal is not output although a predetermined period has
elapsed, stopping the counting, and determining that the
waste is being caught by the upper damper. Thus, with
the waste-feeding method according to the eleventh as-
pect of the present invention, the unused stop period of
the waste-feeding apparatus can be decreased. Thus,
the time required for removing the waste caught by the
upper damper can be decreased.

[0045] In the waste-feeding method according to the
twelfth aspect of the present invention, the damper-
closed signal of the upper damper may be output from
the limit switch that detects the stroke of the upper cyl-
inder. With the waste-feeding method according to the
twelfth aspect of the present invention, at least one limit
switchis required. The configuration of the control system
for controlling damper operating means does notbecome
complicated or expensive.

[0046] The waste-feeding method according to the
thirteenth aspect of the present invention, may further
include the steps of, if the damper-closed signal is not
received although a lower cylinder, which opens and
closes the lower damper, has been operated to close the
lower damper, determining that the waste is caught by
the lower damper, opening the lower damper to remove
the caught waste, and closing the lower damper; and if
the damper-closed signal is received, determining that
the waste, which has been caught by the lower damper,
is removed, and opening the upper damper.

[0047] Withthe waste-feeding method according to the
thirteenth aspect of the present invention, in addition to
the advantages of the waste-feeding method according
to the tenth aspect, it can be recognized that the waste
is caught by the lower damper. Also, the waste caught
by the lower damper can be reliably removed. The waste
is not accumulated and stayed on the lower damper as
a result of the waste being caught by the lower damper,
and the waste can be reliably conveyed by the waste-
conveying device and fed into the waste inlet. Accord-
ingly, the volumetric feeding performance for the waste
is hardly deteriorated, and the processing efficiency for
the waste can be increased.

[0048] The waste-feeding method according to the
fourteenth aspect of the present invention may further
include the steps of starting counting an elapsed time by
a timer since the operation of the lower cylinder to close
the lower damper has started; and if the damper-closed
signal is not output although a predetermined period has
elapsed, stopping the counting, and determining that the
waste is being caught by the lower damper. Thus, with
the waste-feeding method according to the fourteenth
aspect of the present invention, the unused stop period
of the waste-feeding apparatus can be decreased. Thus,
the time required for removing the waste caught by the

15

20

25

30

35

40

45

50

55

lower damper can be decreased.

[0049] In the waste-feeding method according to the
fifteenth aspect of the present invention, the damper-
closed signal of the lower damper may be output from
the limit switch that detects the stroke of the lower cylin-
der. With the waste-feeding method according to the fif-
teenth aspect of the present invention, at least two limit
switches are required. The configuration of the control
system for controlling damper operating means does not
become complicated or expensive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0050]

Fig. 1 is an explanatory view schematically showing
the configuration of a waste-feeding apparatus for a
gasifier according to Embodiment 1 of the present
invention;

Fig. 2A is a cross-sectional view taken along line A-
Ain Fig. 1, Fig. 2A being an explanatory view show-
ing the open and closed states of upper and lower
dampers and showing the shape of waste fed by a
pair of conveyance screws of a screw conveyor (a
waste-conveying device);

Fig. 2B is a cross-sectional view taken along line B-
B in Fig. 1, Fig. 2B being an explanatory view show-
ing the plan state of the waste conveyed by the pair
of conveyance screws of the screw conveyor;

Fig. 3 is an explanatory view schematically showing
the configuration of a waste-feeding apparatus ac-
cording to Embodiment 2 of the present invention,
Fig. 3 also showing a gasifier for gasification of the
waste;

Fig. 4Ais an explanatory view schematically showing
the configurations of upper and lower dampers ac-
cording to Embodiment 2 of the present invention;
Fig. 4B is an enlarged cross-sectional view showing
part C in Fig. 4A;

Fig. 5 is an explanatory view schematically showing
the configuration of a pressure generator and a con-
trol device that controls the pressure generator, the
pressure generator operating upper and lower cyl-
inders of upper and lower dampers in a waste-feed-
ing apparatus according to Embodiment 3 of the
present invention;

Fig. 6 is an explanatory view schematically showing
the configuration of a pressure generator and a con-
trol device that controls the pressure generator, the
pressure generator operating upper and lower cyl-
inders of upper and lower dampers in a waste-feed-
ing apparatus according to Embodiment 3a of the
present invention; and

Fig. 7 illustrates the general configurations of a flu-
idized-bed gasifier and a waste-feeding apparatus
that feeds waste to the fluidized-bed gasifier, accord-
ing to related art.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0051] A waste-feeding apparatus according to Em-
bodiment 1 of the present invention will be described be-
low with reference to the attached drawings. Fig. 1 is an
explanatory view schematically showing the configura-
tion of a waste-feeding apparatus according to Embodi-
ment 1 of the present invention. Fig. 2A is a cross-sec-
tional view taken along line A-A in Fig. 1, Fig. 2 being an
explanatory view showing the open and closed condi-
tions of upper and lower dampers and showing the shape
of waste fed by a pair of conveyance screws of a screw
conveyor (a waste-conveying device). Fig. 2B is a cross-
sectional view taken along line B-B in Fig. 1, Fig. 2B being
an explanatory view showing the plan state of the waste
conveyed by the pair of conveyance screws of the screw
conveyor.

[0052] Reference numeral 1 shown in Fig. 1 denotes
the waste-feeding apparatus according to Embodiment
1. The waste-feeding apparatus 1 includes a vertical
chute 6 (described below), a waste-conveying device 7
to which waste 9 is fed from the vertical chute 6, and a
waste-feeding chute 8 connected with the waste-convey-
ing device 7. The waste-feeding chute 8 obliquely ex-
tends and communicates with a waste inlet 21 in a gasifier
20, to feed the waste 9. To be more specific, a waste-
dumping device (not shown) such as a crane feeds the
waste 9 into a waste hopper 2. A pusher 3 pushes the
waste 9. A crusher 4 roughly crushes the pushed waste
9. Then, a conveyor 5 provided in an air-tight conveyor
housing lifts the waste 9, which has been roughly crushed
by the crusher 4, obliquely upward. The waste 9 is
dropped and fed into the vertical chute 6.

[0053] The vertical chute 6 includes double dampers
having a sealing function, which will be described later.
The double dampers each have a rectangular cross sec-
tion. The waste-conveying device 7 is connected with the
lower end of the vertical chute 6. The waste-conveying
device 7 includes a screw conveyor and a waste disin-
tegrator, which will be described later. The screw con-
veyor conveys the waste 9 toward the gasifier 20. The
upper end of the waste-feeding chute 8 is connected with
the lower distal end of the waste-conveying device 7. The
waste-feeding chute 8 extends obliquely downward and
communicates with the waste inlet 21 of the gasifier 20.
[0054] The double dampers provided in the vertical
chute 6 include an upper damper 11 and a lower damper
12. The lower damper 12 is provided below the upper
damper 11 and separated from the upper damper 11 by
a predetermined distance. The upper and lower dampers
11 and 12 are configured as shown in Fig. 2. The con-
figuration of the upper damper 11 will be described first.
The upper damper 11 includes an upper left damper 11
and an upper right damper 11g. The upper left damper
11, is opened and closed through an upper supporting
shaft 11p. The upper supporting shaft 11p is parallel to
a center line Lc extending in the longitudinal direction
and passing through the center in the width direction of
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the waste-conveying device 7. The upper supporting
shaft 11p is provided on a left portion of the inner wall of
the vertical chute 6 in a view facing the gasifier 20. The
upper right damper 115 is opened and closed through
an upper supporting shaft 11p. The upper supporting
shaft 11p is parallel to the center line Lc extending in the
longitudinal direction and passing through the center in
the width direction of the waste-conveying device 7. The
upper supporting shaft 11p is provided on a right portion
of the inner wall of the vertical chute 6 in a view facing
the gasifier 20.

[0055] A merged line 11m is defined when the upper
left damper 11 and the upper right damper 115 are
closed and distal portions of the upper left damper 11
and the upper right damper 11 contact one another, the
distal portions being straight and facing one another. The
merged line 11m is located at the center in the left-right
direction of the vertical chute 6, that s, at a position above
the center line Lc extending in the longitudinal direction
and passing through the center in the width direction of
the waste-conveying device 7. In a state in which the
upper left damper 11 and the upper right damper 115
are closed, the upper left damper 11, and the upper right
damper 11y are lowered toward the distal portions from
the upper supporting shafts 11p. In particular, in that
state, the upper left damper 11 and the upper right
damper 11 define an angle 6 of, for example, 150°.
[0056] In Embodiment 1, the upper damper 11 has the
two dampers including the upper left damper 11, and the
upper right damper 11g. However, similar to the damper
in the related art, the upper damper 11 may have a single
damper and may be opened and closed through an upper
supporting shaft provided on the inner wall of the vertical
chute 6 at a position close to the gasifier 20.

[0057] The configuration of the lower damper 12 will
be described next. The lower damper 12 includes a lower
left damper 12| and a lower right damper 12g. The lower
left damper 12 is opened and closed through a lower
supporting shaft 12p. The lower supporting shaft 12p is
parallel to the center line Lc extending in the longitudinal
direction and passing through the center in the width di-
rection of the waste-conveying device 7. The lower sup-
porting shaft 12p is provided on a left portion of the inner
wall of the vertical chute 6 in a view facing the gasifier
20. The lower right damper 12y is opened and closed
through a lower supporting shaft 12p. The lower support-
ing shaft 12p is parallel to the center line Lc extending in
the longitudinal direction and passing through the center
in the width direction of the waste-conveying device 7.
The lower supporting shaft 12p is provided on a right
portion of the inner wall of the vertical chute 6 in a view
facing the gasifier 20.

[0058] A merged line 12m is defined when the lower
left damper 12, and the lower right damper 12; are
closed and distal portions of the lower left damper 12
and the lower right damper 12y contact one another, the
distal portions being straight and facing one another. The
merged line 12m is located at the center in the left-right
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direction of the vertical chute 6, namely, at a position
above the center line Lc extending in the longitudinal di-
rection and passing through the center in the width di-
rection of the waste-conveying device 7. In a state in
which the lower left damper 12, and the lower right damp-
er 12 are closed, the lower left damper 12 and the lower
right damper 12 are lowered toward the distal portions
from the lower supporting shafts 12p. In particular, in that
state, the lower left damper 12| and the lower right damp-
er 12y define an angle 6 of, for example, 150°.

[0059] With the lower damper 12, the upper surfaces
of the lower left damper 12 and the lower right damper
12g are inclined in the closed state, and hence have a
hopper-like shape. The waste 9 can be efficiently fed
onto the screw conveyor (described below) when the low-
er left damper 12, and the lower right damper 12y start
to be opened.

[0060] The upper damper 11 and the lower damper 12
are alternately opened and closed such that at least one
of the upper damper 11 and the lower damper 12 is
closed, in order to inhibit external air from entering the
gasifier 20.

[0061] The waste-conveying device 7 houses a screw
conveyor 13 that conveys the waste 9 fed through the
lower damper 12 toward the gasifier 20. The screw con-
veyor 13 includes a pair of conveyance screws 13a hav-
ing rotation centers parallel to one another in a horizontal
plane. In addition, a waste disintegrator 14 is provided
at the distal side of the screw conveyor 13 at a position
not occupied by the screw conveyor 13. The waste dis-
integrator 14 disintegrates the waste 9 pushed by the
screw conveyor 13.

[0062] The waste disintegrator 14 in Embodiment 1 is
rotary type; however, a configuration of rocking type may
be used.

[0063] The operation mode of the waste-feeding ap-
paratus 1 having the above-described configuration will
be described below. The pusher 3 pushes the waste 9
fed into the waste hopper 2. The crusher 4 roughly crush-
es the pushed waste 9. The conveyor 5 lifts the waste 9,
which has been roughly crushed by the crusher 4, ob-
liquely upward. The waste 9 is dropped and fed onto the
upper damper 11 of the vertical chute 6.

[0064] When the waste 9 is stacked on the upper
damper 11 by a predetermined amount, the upper damp-
er 11 is opened, and then closed after several seconds
has elapsed. During this period, the waste 9 stacked on
the upper damper 11 by the predetermined amount and
the waste 9 lifted obliquely upward by the conveyor 5 are
fed onto the upper surface of the lower damper 12. When
several seconds has elapsed after the upper damper 11
is closed, the lower damper 12 is opened and the open
state is maintained for several seconds. When the waste
9 fed onto the lower damper 12 is fed to the screw con-
veyor 13, the distal portions of the lower left damper 12
and the lower right damper 125 are opened, the distal
portions being straight and facing one another. Thus, the
waste 9 is dropped on the center line Lc extending in the
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longitudinal direction and passing through the center in
the width direction of the waste-conveying device 7. In
particular, the waste 9 is dropped in an area between the
pair of conveyance screws 13a of the screw conveyor 13.
[0065] Accordingly, the waste 9 having the length cor-
responding to the length of the lower damper 12 in a
direction toward the gasifier 20 is fed to the pair of con-
veyance screws 13a of the screw conveyor 13. Also, the
waste 9 is stacked in a mound-like shape in the width
direction of the pair of conveyance screws 13a of the
screw conveyor 13. The variation in volume of the waste
9 in the left-right direction can be reduced. The waste 9
fed to the screw conveyor 13 is conveyed by rotation of
the pair of conveyance screws 13a. The waste disinte-
grator 14 disintegrates the waste 9 into smaller pieces.
The waste 9 is fed into the gasifier 20 through the waste-
feeding chute 8 and then through the waste inlet 21. The
waste 9 fed into the gasifier 20 is gasified attemperatures
from 500°C to 600°C, and decomposed into combustible
gas, fixed carbon, and ash. Then, the decomposed com-
bustible gas and fixed carbon are burned in a melting
furnace (not shown). The ash is molten at temperatures
of 1300°C or higher, and becomes molten slag. The lower
damper 12 is closed when several seconds has elapsed
after the waste 9 is fed to the screw conveyor 13. Then,
the upper damper 11, which has been previously closed,
is opened. In this way, the upper damper 11 and the lower
damper 12 are alternately opened and closed at an in-
terval of predetermined seconds.

[0066] In the waste-feeding apparatus 1 according to
Embodiment 1 of the present invention, as described
above, the lower damper 12 includes the lower left damp-
er 12, and the lower right damper 12g. The lower left
damper 12, and the lower right damper 12 are provided
on the opposite portions of the inner wall of the vertical
chute 6 and opened and closed through the lower sup-
porting shafts 12p. The lower supporting shafts 12p are
parallel to the center line Lc. The center line Lc extends
in the longitudinal direction and passes through the cent-
er in the width direction of the waste-conveying device
7. The merged line 12m defined by the distal portions of
the lower left damper 12, and the lower right damper 125
in the closed state is located above the center line Lc.
[0067] Accordingly, with the waste-feeding apparatus
1 according to Embodiment 1 of the present invention,
the waste 9 having the length corresponding to the length
of the lower damper 12 in the direction toward the gasifier
20 can be fed to the screw conveyor 13. Also, the waste
9 is dropped at the center in the width direction of the
screw conveyor 13 immediately after the lower left damp-
er 12| and the lower right damper 12, start to be opened
(or the waste 9 is dropped at the position of the center
line Lc extending in the longitudinal direction and passing
through the center in the width direction of the waste-
conveying device 7). That is, the waste 9 is dropped in
the area between the pair of conveyance screws 13a.
Then, as the opening becomes larger, the area in which
the waste Qis dropped becomes larger in a direction away



17 EP 2 180 255 A1 18

from the center in the width direction. Thus, the waste 9
has a cross section in a mound-like shape at any position
in the direction toward the gasifier 20 along the pair of
conveyance screws 13a of the screw conveyor 13. The
variation in volume of the waste 9 in the left-right direction
can be reduced. The volumetric feeding performance of
the waste 9 to the gasifier is improved.

[0068] Also, in the waste-feeding apparatus 1 accord-
ing to Embodiment 1 of the present invention, the lower
left damper 12| and the lower right damper 12 are low-
ered toward the distal portions from the lower supporting
shafts 12p in the closed state. The upper surfaces of the
lower left damper 12, and the lower right damper 125
areinclined in the closed state, and hence have a hopper-
like shape. The waste 9 can be efficiently fed onto the
screw conveyor 13 when the lower left damper 12, and
the lower right damper 12y, start to be opened.

[0069] Also, the waste disintegrator 14, which disinte-
grates the waste 9 pushed by the screw conveyor 13, is
provided at a forward position of the distal end of the
screw conveyor 13. The waste disintegrator 14 disinte-
grates the waste 9 conveyed by the rotation of the pair
of conveyance screws 13ainto smaller pieces. The waste
9 is fed into the gasifier 20 through the waste-feeding
chute 8 and then through the waste inlet 21. Thus, alarge
block of waste 9 will not be fed, contributing to improve-
ment in volumetric feeding. In addition, toxic substances
can be prevented from being produced in exhaust gas,
and variation in the amount of produced gas can be re-
duced. The performance of a gasification and melting
plant can be improved, and the allowance ratios for re-
spective devices can be decreased. Consequently, the
cost of the gasification and melting plant can be de-
creased.

[0070] The waste-feeding apparatus for the gasifier
according to Embodiment 1 is merely a specific example
of the present invention, and the design thereof can be
freely changed within the technical scope of the present
invention. The configuration of the waste-feeding appa-
ratus for the gasifier is not limited to the above-described
embodiment.

[0071] For example, in the above-described embodi-
ment, the waste-feeding apparatus 1 includes the con-
veyor 5. However, the conveyor may be omitted, and the
waste 9 crushed by the crusher 4 may be directly dropped
and fed into the vertical chute 6. With this configuration,
the installation space can be small, and the building for
housing the equipment can be small. Thisis economically
advantageous to decrease the equipment cost for the
waste-feeding apparatus.

[0072] Also, the crusher 4 may be provided separately
from the waste-feeding apparatus 1. With this configura-
tion, even when the crusher 4 is stopped during operation
because of a trouble, the waste-feeding apparatus 1 can
continuously feed the waste 9 to the gasifier 20. Accord-
ingly, continuous operating performance can be in-
creased.

[0073] A waste-feeding apparatus according to Em-
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bodiment 2 of the present invention will be described be-
low with reference to the attached drawings. Embodiment
2 implements a waste-feeding method of the present in-
vention. The same reference numerals refer components
equivalent to those in Embodiment 1, and the same
names are applied thereto throughout the description.
Fig. 3 is an explanatory view schematically showing the
configuration of a waste-feeding apparatus according to
Embodiment 2 of the present invention, Fig. 3 also show-
ing a gasifier for gasification of the waste. Fig. 4A is an
explanatory view schematically showing the configura-
tions of upper and lower dampers. Fig. 4B is an enlarged
cross-sectional view showing part C in Fig. 4A.

[0074] Reference numeral 1 shown in Fig. 3 denotes
the waste-feeding apparatus according to Embodiment
2. Embodiment 2 implements the waste-feeding method
of the present invention. The waste-feeding apparatus 1
includes a vertical chute 6 (described below), a waste-
conveying device 7 to which waste 9 is fed from the ver-
tical chute 6, and a waste-feeding chute 8 connected with
the waste-conveying device 7. The waste-feeding chute
8 obliquely extends and communicates with a waste inlet
21 in a gasifier 20, to feed the waste 9. To be more spe-
cific, a waste-dumping device (not shown) such as a
crane feeds the waste 9 into a waste hopper 2. A pusher
3 pushes the waste 9. A crusher 4 roughly crushes the
pushed waste 9. Then, a conveyor 5 provided in an air-
tight conveyor housing lifts the waste 9, which has been
roughly crushed by the crusher 4, obliquely upward. The
waste 9 is dropped and fed into the vertical chute 6.
[0075] The vertical chute 6 includes double dampers
having a sealing function, which will be described later.
The double dampers each have a rectangular cross sec-
tion. The waste-conveying device 7 is connected with the
lower end of the vertical chute 6. The waste-conveying
device 7 includes a screw conveyor and a waste disin-
tegrator, which will be described later. The screw con-
veyor conveys the waste 9 toward the gasifier 20. The
upper end of the waste-feeding chute 8 is connected with
the lower distal end of the waste-conveying device 7. The
waste-feeding chute 8 extends obliquely downward and
communicates with the waste inlet 21 of the gasifier 20.
[0076] The double dampers provided in the vertical
chute 6 include an upper damper 11 and a lower damper
12. The lower damper 12 is provided below the upper
damper 11 and separated from the upper damper 11 by
a predetermined distance. An upper supporting shaft 11p
is provided on the inner wall of the vertical chute 6 at a
position close to the gasifier 20. The upper damper 11 is
rotated downward by 75° around the upper supporting
shaft 11p as a pivot from a closed position inclined at 15°
to a horizontal line. The upper damper 11 is opened to a
vertical position at which the upper damper 11 is orthog-
onal to the horizontal line.

[0077] The lower damper 12 is provided in the vertical
chute 6 at the position below the upper damper 11 and
separated from the upper damper 11 by a predetermined
distance. A lower supporting shaft 12p is provided on the
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inner wall of the vertical chute 6 at a position close to the
gasifier 20. The lower damper 12 is rotated downward
by 75° around the lower supporting shaft 12p as a pivot
from a closed position inclined at 15° to a horizontal line.
The lower damper 12 is opened to a vertical position at
which the lower damper 12 is orthogonal to the horizontal
line.

[0078] In Embodiment 2, as described above, the up-
per and lower dampers 11 and 12 each have an inclina-
tion angle of 15° to the horizontal line in the closed state.
However, the inclination angle of the upper and lower
dampers to the horizontal line does not have to be 15°
and may be properly determined.

[0079] Also, in Embodiment 2, the upper and lower
supporting shafts 11p and 12p are provided on the inner
wall of the vertical chute 6 at the positions close to the
gasifier 20. However, it is not limited thereto, and the
following arrangement may be employed.

(1) Both the upper and lower supporting shafts 11p
and 12p may be provided on the inner wall of the
vertical chute 6 at positions far from the gasifier 20.
(2) The lower supporting shaft 12p may remain at
the position of the vertical chute 6 close to the gasifier
20, and the upper supporting shaft 11p may be pro-
vided on the inner wall of the vertical chute 6 at the
position far from the gasifier 20.

(3) The upper supporting shaft 11p may remain at
the position of the vertical chute 6 close to the gasifier
20, and the lower supporting shaft 12p may be pro-
vided on the inner wall of the vertical chute 6 at the
position far from the gasifier 20.

[0080] Asdescribedin (2)and (3), when the upper and
lower supporting shafts 11p and 12p are provided on the
inner wall of the vertical chute 6 at the opposite positions,
the waste 9 can be dropped from the upper damper 11
onto a position close to the lower supporting shaft 12p
of the lower damper 12. Thus, a substance adhering to
the upper surface of the lower damper 12 is continuously
wiped out because the waste 9 dropped from the upper
damper 11 slides on the upper surface of the lower damp-
er 12. The frequency of cleaning for the lower damper
12 can be reduced. The maintenance cost for the waste-
feeding apparatus can be decreased.

[0081] The upper and lower dampers 11 and 12 are
configured as shown in Figs. 4A and 4B. The upper
damper 11 includes an upper damper body 11a and an
upper supporting arm 11h. The upper damper body 11a
includes a damper substrate 11b made of, for example,
a SS member or a SUS member, and a hard low-friction
resin plate 11c fixed to the upper surface of the damper
substrate 11b. The upper supporting arm 11h has one
end that is rotatably supported by the upper supporting
shaft 11p, and the other end that rotatably supports the
upper damper body 11a through a bracket 11e and a
coupling pin 11f.

[0082] The hard low-friction resin plate 11c is fixed to
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the upper surface of the damper substrate 11b by a plu-
rality of small flat-head screws 11d (mechanical fastening
means) that are respectively screwed into a plurality of
internal threads 11s formed in the damper substrate 11b.
[0083] Also, coating layers 11g each having an invert-
ed cone shape are provided tofill spaces above the upper
surfaces of the small flat-head screws 11d housed in in-
verted-cone-shaped screw-head housing holes in the
hard low-friction resin plate 11c, so that the upper sur-
faces of the coating layers 11g are flush with the surface
of the hard low-friction resin plate 11c. The coating layers
11g prevent corrosive substances from contacting the
upper surfaces of the small flat-head screws 11d, and
prevent magnetic substances contained in the waste 9
from adhering thereto.

[0084] An upper arm 11i has one end fixed to a shaft
end of the upper supporting shaft 11p that supports the
upper supporting arm 11h, the shaft end protruding from
the vertical chute 6. An expansion rod of an upper cylinder
11j has a distal end pivotally attached to a distal end of
the upper arm 11i. When the expansion rod of the upper
cylinder 11jis expanded and contracted, the upper damp-
er body 11a is rotated by 75° through the upper arm 11i,
the upper supporting shaft 11p, and the upper supporting
arm 11h.

[0085] The lower damper 12 includes a lower damper
body 12a and a lower supporting arm 12h. The lower
damper body 12aincludes a damper substrate 12b made
of, for example, a SS member or a SUS member, and a
hard low-friction resin plate 12c fixed to the upper surface
of the damper substrate 12b. The lower supporting arm
12h has one end that is rotatably supported by the lower
supporting shaft 12p, and the other end that rotatably
supports the lower damper body 12a through a bracket
12e and a coupling pin 12f.

[0086] The hard low-friction resin plate 12c is fixed to
the upper surface of the damper substrate 12b by a plu-
rality of small flat-head screws 12d (mechanical fastening
means) that are respectively screwed into a plurality of
internal threads 12s formed in the damper substrate 12b.
[0087] Also, coating layers 12g each having an invert-
ed cone shape are provided tofill spaces above the upper
surfaces of the small flat-head screws 12d housed in in-
verted-cone-shaped screw-head housing holes in the
hard low-friction resin plate 12c, so that the upper sur-
faces of the coating layers 12g are flush with the surface
of the hard low-friction resin plate 12c. The coating layers
12g prevent corrosive substances from contacting the
upper surfaces of the small flat-head screws 12d, and
prevent magnetic substances contained in the waste 9
from adhering thereto.

[0088] A lower arm 12i has one end fixed to a shaft
end of the lower supporting shaft 12p that supports the
lower supporting arm 12h, the shaft end protruding from
the vertical chute 6. An expansion rod of a lower cylinder
12j has a distal end pivotally attached to a distal end of
the lower arm 12i. When the expansion rod of the lower
cylinder 12jis expanded and contracted, the lower damp-
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er body 12a is rotated by 75° through the lower arm 12i,
the lower supporting shaft 12p, and the lower supporting
arm 12h. As described above in detail, the upper damper
11 and the lower damper 12 have the same operation
mechanisms.

[0089] The hardlow-frictionresin plate 11cinthe upper
damper body 11a and the hard low-friction resin plate
12cin the lower damper body 12a each are made of ultra
high molecular weight polyethylene resin with an ultra
high molecular weight of three millions to eight millions.
In this embodiment, as described above, the ultra high
molecular weight polyethylene resin has been used.
However, it is not limited thereto. For example, polycar-
bonate (PC) resin or acrylonitrile butadiene styrene
(ABS) resin may be used. That is, the material of the hard
low-friction resin plate is not limited to particular types of
resin as long as the material has good wear resistance,
good shock resistance, and good chemical resistance.
[0090] The upper damper 11 and the lower damper 12
are alternately opened and closed such that at least one
of the upper damper 11 and the lower damper 12 is
closed, in order to inhibit external air from entering the
gasifier 20.

[0091] The waste-conveying device 7 houses a screw
conveyor 13 that conveys the waste 9 fed through the
lower damper 12 toward the gasifier 20. The screw con-
veyor 13 includes a pair of conveyance screws 13a hav-
ing rotation centers parallel to one another in a horizontal
plane. In addition, a waste disintegrator 14 is provided
at the distal side of the screw conveyor 13 at a position
not occupied by the screw conveyor 13. The waste dis-
integrator 14 disintegrates the waste 9 pushed by the
screw conveyor 13. The waste disintegrator 14 in Em-
bodiment 2 is rotary type; however, a configuration of
rocking type may be used.

[0092] The operation mode of the waste-feeding ap-
paratus 1 having the above-described configuration will
be described below. The pusher 3 pushes the waste 9
fed into the waste hopper 2. The crusher 4 roughly crush-
es the pushed waste 9. The conveyor 5 lifts the waste 9,
which has been roughly crushed by the crusher 4, ob-
liquely upward. The waste 9 is dropped and fed onto the
upper damper 11 of the vertical chute 6.

[0093] When the waste 9 is stacked on the upper sur-
face of the upper damper 11 by a predetermined amount,
the upper damper 11 is opened, and then closed after
several seconds has elapsed. During this period, the
waste 9 stacked on the upper damper 11 by the prede-
termined amount and the waste 9 lifted obliquely upward
by the conveyor 5 are fed onto the upper surface of the
lower damper 12. When several seconds has elapsed
after the upper damper 11 is closed, the lower damper
12 is opened and the open state is maintained for several
seconds. Thus, the waste 9 fed onto the lower damper
12 is dropped on the screw conveyor 13, more particu-
larly, on the pair of conveyance screws 13a.

[0094] The waste 9 dropped on the pair of conveyance
screws 13a is conveyed by rotation of the pair of convey-
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ance screws 13a. The waste disintegrator 14 disinte-
grates the waste 9 discharged from the distal end of the
screw conveyor 13 into smaller pieces. The waste 9 is
fed into the gasifier 20 through the waste-feeding chute
8 and then through the waste inlet 21. The waste 9 fed
into the gasifier 20 is gasified at temperatures from 500°C
to 600°C, and decomposed into combustible gas, fixed
carbon, and ash.

[0095] Then, the decomposed combustible gas and
fixed carbon are burned in a melting furnace (not shown).
The ash is molten at temperatures of 1300°C or higher,
and becomes molten slag. The lower damper 12is closed
when several seconds has elapsed after the waste 9 is
fed to the screw conveyor 13. Then, the upper damper
11, which has been previously closed, is opened. In this
way, the upper damper 11 and the lower damper 12 are
alternately opened and closed at an interval of predeter-
mined seconds.

[0096] In the waste-feeding apparatus 1 according to
Embodiment 2 of the present invention, in the above-
described process, the upper surfaces of the upper
damper body 11a and the lower damper body 12a are
formed of the hard low-friction resin plates. Even when
asealing surface (notshown) formed on the vertical chute
6 is made of metal, a spark does not occur due to an
impact exerted when either damper is closed. Thus, oil
contained in the waste 9 is not ignited with the spark.
Also, magnetized waste does not adhere to either damp-
er. This can prevent the phenomenon from occurring, the
phenomenon in which the magnetized waste adheres to
the damper, another magnetized waste is hooked to the
adhering magnetized waste, resulting in the waste being
accumulated, and hence the waste cannot be smoothly
fed into the gasifier. Further, the damper has a low friction
coefficient. Thus, the sealing performance is not deteri-
orated.

[0097] A waste-feeding apparatus according to Em-
bodiment 3 of the present invention will be described be-
low with reference to the attached drawings. Embodiment
3 implements a waste-feeding method of the present in-
vention. The same reference numerals refer components
equivalent to those in the aforementioned embodiment,
and the same names are applied thereto throughout the
description. Fig. 5 is an explanatory view schematically
showing the configuration of a pressure generator and a
control device that controls the pressure generator, the
pressure generator operating upper and lower cylinders
of upper and lower dampers in a waste-feeding appara-
tus according to Embodiment 3 of the present invention.
The waste-feeding apparatus according to Embodiment
3 of the present invention has the same configuration as
Embodiment 2. The configuration of the waste-feeding
apparatus will be described with reference to Fig. 3.
[0098] Reference numeral 1 shown in Fig. 3 denotes
the waste-feeding apparatus according to Embodiment
3 of the present invention. Embodiment 3 implements
the waste-feeding method of the present invention. The
waste-feeding apparatus 1 includes a vertical chute 6
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(described below), a waste-conveying device 7 to which
waste 9 is fed from the vertical chute 6, and a waste-
feeding chute 8 connected with the waste-conveying de-
vice 7. The waste-feeding chute 8 obliquely extends and
communicates with a waste inlet 21 in a gasifier 20, to
feed the waste 9. To be more specific, a waste-dumping
device (not shown) such as a crane feeds the waste 9
into a waste hopper 2. A pusher 3 pushes the waste 9.
A crusher 4 roughly crushes the pushed waste 9. Then,
a conveyor 5 provided in an air-tight conveyor housing
lifts the waste 9, which has been roughly crushed by the
crusher 4, obliquely upward. The waste 9 is dropped and
fed into the vertical chute 6. In Embodiment 3, waste
primary feeding means includes the waste hopper 2, the
pusher 3, the crusher 4, and the conveyor 5.

[0099] The vertical chute 6 includes double dampers
having a sealing function, which will be described later.
The double dampers each have a rectangular cross sec-
tion. The waste-conveying device 7 is connected with the
lower end of the vertical chute 6. The waste-conveying
device 7 includes a screw conveyor and a waste disin-
tegrator, which will be described later. The screw con-
veyor conveys the waste 9 toward the gasifier 20. The
upper end of the waste-feeding chute 8 is connected with
the lower distal end of the waste-conveying device 7. The
waste-feeding chute 8 extends obliquely downward and
communicates with the waste inlet 21 of the gasifier 20.
[0100] The double dampers provided in the vertical
chute 6 include an upper damper 11 and a lower damper
12. The lower damper 12 is provided below the upper
damper 11 and separated from the upper damper 11 by
apredetermined distance. An upper supporting shaft 11p
is provided on the inner wall of the vertical chute 6 at a
position close to the gasifier 20. The upper damper 11 is
rotated downward by 75° around the upper supporting
shaft 11p as a pivot from a closed position inclined at 15°
to a horizontal line. The upper damper 11 is opened to a
vertical position at which the upper damper 11 is orthog-
onal to the horizontal line.

[0101] The lower damper 12 is provided in the vertical
chute 6 at the position below the upper damper 11 and
separated from the upper damper 11 of the vertical chute
6 by a predetermined distance. A lower supporting shaft
12p is provided on the inner wall of the vertical chute 6
at a position close to the gasifier 20. The lower damper
12 is rotated downward by 75° around the lower support-
ing shaft 12p as a pivot from a closed position inclined
at15°to a horizontal line. The lower damper 12 is opened
to a vertical position at which the lower damper 12 is
orthogonal to the horizontal line.

[0102] In Embodiment 3, as described above, the up-
per supporting shaft 11p and the lower supporting shaft
12p are provided on the inner wall of the vertical chute 6
at the positions close to the gasifier 20 (at the right side
in Figs. 3 and 5) .

[0103] However, a similar advantage can be attained
even when the upper supporting shaft 11p and the lower
supporting shaft 12p are provided on the inner wall of the
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vertical chute 6 at positions far from the gasifier 20 (at
the left side in Figs. 3 and 5). In Embodiment 3, the upper
damper 11 and the lower damper 12 are inclined by 15°
to the horizontal line in the closed state. However, the
inclination angle of the upper and lower dampers 11 and
12 to the horizontal line does not have to be 15° and may
be properly determined.

[0104] The upper damper 11 and the lower damper 12
are opened and closed by upper and lower cylinders 11j
and 12j that are operated by a pressure generator Py,.
The pressure generator P, feeds or cuts compressed air
under the control of a control device C| as shown in Fig.
5. In particular, an upper arm 11i has one end fixed to a
shaft end of the upper supporting shaft 11p that rotatably
supports the upper damper 11, the shaft end protruding
from the vertical chute 6. An expansion rod of an upper
cylinder 11j has a distal end pivotally attached to a distal
end of the upper arm 11i. When the expansion rod of the
upper cylinder 11jis expanded and contracted, the upper
damper 11 is rotated by 75° through the upper arm 11i
and the upper supporting shaft 11p to be opened and
closed (the upper damper 11 being closed when the ex-
pansion rod is contracted, and opened when the expan-
sion rod is expanded). Also, a limit switch 11sw is pro-
vided. The limit switch 11sw contacts the upper arm 11i
when the upper arm 11i rotates the upper damper 11 to
the closed position. Then, the limit switch 11sw detects
that the upper damper 11 is at the closed position, and
transmits the detection signal to the control device C|
(described below).

[0105] A lower arm 12i has one end fixed to a shaft
end of the lower supporting shaft 12p that rotatably sup-
ports the lower damper 12, the shaft end protruding from
the vertical chute 6. An expansion rod of a lower cylinder
12j has a distal end pivotally attached to a distal end of
the lower arm 12i. When the expansion rod of the lower
cylinder 12jis expanded and contracted, the lower damp-
er 12 is rotated by 75° through the lower arm 12i and the
lower supporting shaft 12p to be opened and closed (the
lower damper 12 being closed when the expansion rod
is contracted, and opened when the expansion rod is
expanded). As described above in detail, the upper and
lower dampers 11 and 12 have similar damper-operating
mechanisms for opening and closing the upper and lower
dampers 11 and 12, except for the provision of the limit
switch 11sw.

[0106] The expansion rods of the upper and lower cyl-
inders 11j and 12j for opening and closing the upper and
lower dampers 11 and 12 are operated with the com-
pressed air fed or cut by the pressure generator P;. The
pressure generator P is controlled by the control device
C_. The control device C, receives an arm-detection sig-
nal output from the limit switch 11sw and indicating that
the limit switch 11sw has contacted the upper arm 11i.
In other words, the control device C; receives a damper-
closed signal indicating that the upper damper 11 has
been closed. To be more specific, if the control device
C_ receives the damper-closed signal from the limit
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switch 11sw, the control device C; determines that the
waste 9 is not caught by the upper damper 11, and con-
trols the pressure generator P, to alternately operate the
upper and lower cylinders 11j and 12j in accordance with
a normal program.

[0107] In contrast, if the control device C| does not
receive the damper-closed signal from the limit switch
11sw, the control device C; determines that the waste 9
is caught by the upper damper 11, stops the control of
the pressure generator P, that normally operates the up-
per and lower cylinders 11j and 12j in accordance with
the aforementioned program. The control device C; con-
trols the pressure generator P, as described below, and
controls the pusher 3 and the conveyor 5 as described
below.

[0108] In this case, the determination that the waste 9
is caught by the upper damper 11 is made as follows. A
timer (not shown) counts the elapsed time since the op-
eration of the upper cylinder 11j has been started to close
the upper damper 11 (or since the expansion of the ex-
pansion rod has been started). If the damper-closed sig-
nal is not output from the limit switch 11sw although a
predetermined period (for example, 5 to 10 seconds) has
been elapsed, the counting operation is stopped, and it
is determined that the waste 9 is caught by the upper
damper 11. The set period of the timer can be changed
depending on the opening and closing speed of the upper
damper 11. With this configuration, the unused stop pe-
riod of the waste-feeding apparatus 1 can be decreased.
Thus, the time required for removing the waste 9 caught
by the upper damper 11 can be decreased.

[0109] Ifitis determined that the waste 9 is caught by
the upper damper 11, the operation of the pusher 3 and
the conveyor 5 is stopped by the control device C, and
hence feeding of the waste 9 to the vertical chute 6 is
temporality stopped. During the stop of the feeding of the
waste 9, the pressure generator Py is controlled to op-
erate the upper cylinder 11j. Thus, the upper damper 11
is opened so that the waste 9 caught by the upper damper
11 is dropped and removed. After the upper damper 11,
which has been opened for the removal of the caught
waste 9, is closed, the operation of the pusher 3 and the
conveyor 5 is controlled to be started so that feeding of
the waste 9 to the vertical chute 6 is started.

[0110] In this case, the removal of the waste 9 caught
by the upper damper 11 is determined if the damper-
closed signal output from the limit switch 11sw is re-
ceived. The upper damper 11 and the lower damper 12
are alternately opened and closed such that at least one
of the upper damper 11 and the lower damper 12 is
closed, in order to inhibit external air from entering the
gasifier 20.

[0111] The waste-conveying device 7 houses a screw
conveyor 13 that conveys the waste 9 fed through the
lower damper 12 toward the gasifier 20. The screw con-
veyor 13 includes a pair of conveyance screws 13a hav-
ing rotation centers parallel to one another in a horizontal
plane (in Fig. 3, however, only one of the conveyance
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screws 13a is shown). In addition, a waste disintegrator
14 is provided at the distal side of the screw conveyor 13
at a position not occupied by the screw conveyor 13. The
waste disintegrator 14 disintegrates the waste 9 pushed
by the screw conveyor 13. The waste disintegrator 14 in
Embodiment 3 is rotary type; however, a configuration
of rocking type may be used.

[0112] The operation mode of the waste-feeding ap-
paratus 1 having the above-described configuration for
implementing a waste-feeding method will be described
below. The pusher 3 pushes the waste 9 fed into the
waste hopper 2. The crusher 4 roughly crushes the
pushed waste 9. The conveyor 5 lifts the waste 9, which
has been roughly crushed by the crusher 4, obliquely
upward. The waste 9 is dropped and fed onto the upper
damper 11 of the vertical chute 6.

[0113] When the waste 9 is stacked on the upper
damper 11 by a predetermined amount, the upper damp-
er 11 is opened, and then closed after several seconds
has elapsed. During this period, the waste 9 stacked on
the upper damper 11 by the predetermined amount and
the waste 9 lifted obliquely upward by the conveyor 5 are
fed onto the lower damper 12. When several seconds
has elapsed after the upper damper 11 is closed, the
lower damper 12 is opened and the open state is main-
tained for several seconds. Thus, the waste 9 fed onto
the lower damper 12 is dropped on the screw conveyor
13, more particularly, on the pair of conveyance screws
13a.

[0114] The waste 9 dropped on the pair of conveyance
screws 13a is conveyed by rotation of the pair of convey-
ance screws 13a. The waste disintegrator 14 disinte-
grates the waste 9 discharged from the distal end of the
screw conveyor 13 into smaller pieces. The waste 9 is
fed into the gasifier 20 through the waste-feeding chute
8 and then through the waste inlet 21. The waste 9 fed
into the gasifier 20 is gasified at temperatures from 500°C
to 600°C, and decomposed into combustible gas, fixed
carbon, and ash. Then, the decomposed combustible
gas and fixed carbon are burned in a melting furnace (not
shown). The ash is molten at temperatures of 1300°C or
higher, and becomes molten slag.

[0115] Meanwhile,in Embodiment 3, the lower damper
12 is closed when several seconds has elapsed after the
waste 9 is fed to the screw conveyor 13. Then, the upper
damper 11, which has been previously closed, is opened.
In this way, the upper damper 11 and the lower damper
12 are repeatedly alternately opened and closed at an
interval, for example, from 15 seconds to 3 minutes. The
interval of the operation for opening and closing each of
the upper and lower dampers 11 and 12 is not limited to
the above-described interval, and may be properly de-
termined.

[0116] In the above-described process, when the
waste 9 is caught by the upper damper 11, the limit switch
11sw is not operated because the expansion rod does
not achieve the minimum stroke (the most contracted
state) although the closing operation of the upper damper
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11 is selected, in which the expansion rod of the upper
cylinder 11j is contracted. Thus, the damper-closed sig-
nal is not transmitted to the control device C, . Then, the
control device C| outputs an operation stop instruction
signal, and hence the operation of the pusher 3 and the
conveyor 5 is stopped. Accordingly, feeding of the waste
9 to the vertical chute 6 is temporarily stopped.

[0117] During the stop of the feeding of the waste 9,
under the control of the control device C,, the pressure
generator Py, switches the operation to the opening op-
eration of the upper damper 11, in which the expansion
rod of the upper cylinder 11j is expanded, to open the
upper damper 11. Thus, the waste 9 caught by the upper
damper 11 is removed. Then, the expansion rod of the
upper cylinder 11jis contacted to close the upper damper
11, which has been opened for removal of the caught
waste 9. If the control device C, receives the damper-
closed signal, the operation of the pusher 3 and the con-
veyor 5 is started to start the feeding of the waste 9 to
the vertical chute 6. Thereafter, the operation state is
recovered to the normal operation state.

[0118] In the waste-feeding apparatus 1 according to
Embodiment 3 forimplementing the waste-feeding meth-
od of the present invention, in some cases, the waste 9
cannot be removed although the upper damper 11 has
been opened for the removal of the caught waste 9, and
the damper-closed signal cannot be received although
the upper damper 11 has been operated to be closed.
[0119] In such a case, the opening and closing oper-
ation for the upper damper 11 is repeated until the damp-
er-closed signal is received. By repeating the opening
and closing operation for the upper damper 11, external
air can be reliably inhibited from entering the gasifier 20.
Atthe same time, the operating ratio of the waste-feeding
apparatus 1 and the waste-processing amount may be
degraded. However, the time required for repeating the
opening and closing operation is markedly shorter than
the time required for removing the waste 9 by opening
an access hole. Thus, the operating ratio of the waste-
feeding apparatus 1 and the waste-processing amount
can be less degraded.

[0120] With the waste-feeding method by the waste-
feeding apparatus 1 according to Embodiment 3 of the
present invention, the above-described operation is car-
ried out when the waste 9 is caught by the upper damper
11. In contrast, if the control device C, receives the damp-
er-closed signal, and it is determined that the upper
damper 11 is completely closed and the waste 9 is not
caught by the upper damper 11, the feeding of the waste
9 to the vertical chute 6 is continued, and the operation
of the waste primary feeding means located upstream of
the vertical chute 6, that is, the operation of the pusher
3 and the conveyor 5 is not stopped. The following ad-
vantages can be attained.

(1) Since the operation of the waste primary feeding
means located at the upstream side is less frequently
started and stopped, the life of the waste primary
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feeding means is not decreased, and hence, the op-
erating cost can be decreased.

(2) The volumetric feeding performance of the waste
9 is hardly deteriorated, the processing efficiency of
the waste 9 is increased, and the variation in the
amount of produced gas, which is gasified in the gas-
ifier 20, can be decreased. Thus, it is easy to carry
out the control for stable gasification operation of the
gasifier 20 and the control for stable operation of the
melting furnace located downstream of the gasifier
20.

(3) Since at least one limit switch is required, the
configuration of the control system including the
pressure generator and the control device for con-
trolling the operation of the upper cylinder 11j does
not become complicated or expensive.

[0121] A waste-feeding apparatus according to Em-
bodiment 3a for implementing a waste-feeding method
of the present invention will be described below with ref-
erence to Fig. 6, which is an explanatory view schemat-
ically showing the configuration of a pressure generator
and a control device that controls the pressure generator,
the pressure generator operating upper and lower cylin-
ders of upper and lower dampers. Embodiment 3a has
a configuration similar to that of Embodiment 3 except
for the position of a lower supporting shaft that rotatably
supports a lower damper. The same reference numerals
refer components equivalent to those in Embodiment 3
or components having the same functions as those in
Embodiment 3. The point of Embodiment 3a different
from Embodiment 3 will be mainly described.

[0122] Similar to Embodiment 3, an upper supporting
shaft 11pis provided on the inner wall of the vertical chute
6 at a position close to the gasifier 20 (at the right side
in Fig. 6). The upper damper 11 is rotated downward by
75° around the upper supporting shaft 11p as a pivot from
a closed position inclined at 15° to a horizontal line. The
upper damper 11 is opened to a vertical position at which
the upper damper 11 is orthogonal to the horizontal line.
A lower supporting shaft 12p is provided on the inner wall
of the vertical chute 6 at a position far from the gasifier
20 (at the left side in Fig. 6). The lower damper 12 is
rotated downward by 75° around the lower supporting
shaft 12p as a pivot from a closed position inclined at 15°
to a horizontal line. The lower damper 12 is opened to a
vertical position at which the lower damper 12 is orthog-
onal to the horizontal line.

[0123] Thus,inthe waste-feeding apparatus according
to Embodiment 3a for implementing the waste-feeding
method of the present invention, only the position of the
lower supporting shaft 12p that rotatably supports the
lower damper 12 is different. Thus, a similar advantage
to that of the waste-feeding apparatus according to Em-
bodiment 3 can be attained. Also, in the waste-feeding
apparatus according to Embodiment 3a of the present
invention, the waste 9 is dropped from the upper damper
11 toward the lower supporting shaft 12p of the lower
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damper 12, slides on the upper surface of the lower
damper 12, and is dropped onto the position close to the
next process. Thus, the waste 9 can be prevented from
adhering to the upper surface of the lower damper 12,
and the waste 9 on the upper surface of the lower damper
12 can be removed by wiping effect of the waste 9 as a
result of sliding. The interval for cleaning of the lower
damper 12 can be increased, the operating cost of the
waste-feeding apparatus can be decreased, and the op-
erating ratio can be improved.

[0124] In Embodiment 3 and Embodiment 3a, the up-
per damper 11 is opened and closed when the waste 9
is caught by the upper damper 11, and it is determined
that the caught waste 9 has been removed in response
to the damper-closed signal from the limit switch 11sw.
However, it is preferable to add a configuration for re-
moving the waste 9 caught by the lower damper 12, to
the waste-feeding apparatus having the configuration for
removing the waste 9 caught by the upper damper 11.
The waste 9is less frequently caught by the lower damper
12 as compared with the upper damper 11. However, as
the apparatus is operated foralong term, the lower damp-
er 12 may not become completely closed, for example,
due to a muddy substance adhering onto the damper
surface.

[0125] More specifically, in Embodiment 3b of the
present invention, a limit switch (not shown) is provided.
The limit switch contacts a lower arm 12i when a lower
cylinder 12j makes a minimum stroke, detects that the
lower damper 12 is at a closed position, and transmits
the detection signal to the control device C, . If the control
device C_ does not receive the damper-closed signal
from the limit switch although the lower cylinder 12j, which
opens and closes the lower damper 12, has been oper-
ated to close the lower damper 12 and a predetermined
time counted by a timer has been elapsed, it is deter-
mined that the waste 9 is caught by the lower damper
12. The lower damper 12 is opened to remove the caught
waste 9, and then the open lower damper 12 is closed.
After the operation, if the control device C| receives the
damper-closed signal from the limit switch, it is deter-
mined that the waste 9 caught by the lower damper 12
is removed. The upper damper 11 is opened, so that the
waste 9 stacked on the upper damper 11 is dropped and
fed onto the lower damper 12.

[0126] With the waste-feeding method according to
Embodiment 3b of the present invention, in addition to
the advantages of the waste-feeding method according
to Embodiments 3 and 3a, it can be recognized that the
waste 9 is caught by the lower damper 12. Also, the waste
9 caught by the lower damper 12 can be reliably removed.
Thus, the waste 9 is not accumulated or stayed on the
lower damper 12 as a result of the waste 9 being caught
by the lower damper 12. The waste 9 can be reliably
conveyed by the waste-conveying device 7 and fed into
the waste inlet 21, the volumetric feeding performance
for the waste 9 is hardly deteriorated, and the processing
efficiency for the waste 9 can be increased. Also, the
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unused stop period of the waste-feeding apparatus can
be decreased. Thus, the time required for removing the
waste 9 caught by the lower damper 12 can be de-
creased. Since at least two limit switches are required,
the configuration of the control system for controlling
damper operating means does not become complicated
or expensive.

[0127] Meanwhile, in the waste-feeding apparatus 1
according to any of Embodiments 3, 3a, and 3b, the upper
and lower dampers are closed when the upper and lower
cylinders are contracted, and the upper and lower damp-
ers are opened when the upper and lower dampers are
expanded. However, it is not limited thereto. The upper
and lower dampers may be closed when the upper and
lower cylinders are expanded, and the upper and lower
dampers may be opened when the upper and lower cyl-
inders are contacted (for example, the directions of the
arms may be opposite to the directions shown in Figs. 5
and 6, or if the directions of the arms are the same as
the directions shown in Figs. 5 and 6, the upper and lower
cylinders may be configured such thatthe expansion rods
are expanded downward).

[0128] The waste-feeding apparatus according to any
of the above-described embodiments, and the waste-
feeding apparatus according to any of the above-de-
scribed embodiments for implementing the waste-feed-
ing methods of the present invention, are merely exam-
ples of the present invention, and the design thereof can
be feely changed within the technical scope of the present
invention. Therefore, the configuration of the waste-feed-
ing apparatus is not limited to the configuration of the
waste-feeding apparatus 1 according to any of the above-
described embodiments.

Claims
1. A waste-feeding apparatus (1), comprising:

a vertical chute (6) including upper and lower
dampers (11, 12) separated from one another
by a predetermined distance in an up-down di-
rection, the upper and lower dampers (11, 12)
having a sealing function that inhibits external
air from entering a gasifier (20) and configured
to be alternately opened and closed; and

a waste-conveying device (7) connected with a
lower end of the vertical chute (6) and configured
to convey waste (9), which is fed through the
lower damper (12), toward the gasifier (20),

wherein the lower damper (12) includes a lower left
damper (12,) and a lower right damper (12g) con-
figured to be opened and closed through supporting
shafts (12p), the supporting shafts (12p) being pro-
vided on opposite portions of an inner wall of the
vertical chute (6) and parallel to a center line (Lc),
the center line (Lc) extending in a longitudinal direc-



31 EP 2 180 255 A1 32

tion and passing through the center in a width direc-
tion of the waste-conveying device (7), and
wherein a merged line (12m) defined by distal por-
tions of the lower left damper (12 ) and the lower
right damper (12g) in a closed state is located above
the center line (Lc) .

The waste-feeding apparatus (1) according to claim
1, wherein the lower left damper (12 ) and the lower
right damper (12g) of the lower damper (12) are low-
ered toward the distal portions from the supporting
shafts (12p) in the closed state.

The waste-feeding apparatus (1) according to claim
1 or 2, wherein the waste-conveying device (7) is a
screw conveyor (13) including a pair of conveyance
screws (13a) having rotation centers parallel to one
another in a horizontal plane.

The waste-feeding apparatus (1) according to claim
3, wherein a waste disintegrator (14) is provided at
a forward position of a distal end of the screw con-
veyor (13), the waste disintegrator (14) configured
to disintegrate the waste (9) conveyed by the screw
conveyor (13).

Awaste-feeding method to a gasifier (20) by a waste-
feeding apparatus (1),

wherein the waste-feeding apparatus (1) includes
a vertical chute (6) including upper and lower damp-
ers (11, 12) separated from one another by a prede-
termined distance in an up-down direction, the upper
and lower dampers (11, 12) having a sealing function
that inhibits external air from entering the gasifier
(20) and configured to be alternately opened and
closed, and

awaste-conveying device (7) connected with alower
end of the vertical chute (6) and configured to convey
waste (9), which is fed through the lower damper
(12), toward the gasifier (20),

the waste-feeding method comprising the steps of:

after the upper damper (11) is closed, opening
the lower damper (12) around supporting shafts
(12p) as pivots, the supporting shafts (12p) be-
ing provided on opposite portions of an inner
wall of the vertical chute (6) and parallel to a
center line (Lc), the center line (Lc) extending in
a longitudinal direction and passing through the
center in a width direction of the waste-convey-
ing device (7); and

dropping the waste (9), which has beenreceived
while the upper damper (11) is opened, toward
the center line (Lc) to convey the waste (9) by
the waste-conveying device (7).

6. The waste-feeding method according to claim 5, fur-

ther comprising the step of feeding the waste (9),
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which has been conveyed by the waste-conveying
device (7), into the gasifier (20) while disintegrating
the waste (9) by a waste disintegrator (14).

7. A waste-feeding apparatus (1), comprising:

a vertical chute (6) including upper and lower
dampers (11, 12) separated from one another
by a predetermined distance in an up-down di-
rection, the upper and lower dampers (11, 12)
having a sealing function that inhibits external
air from entering a gasifier (20) and configured
to be alternately opened and closed; and

a waste-conveying device (7) configured to con-
vey waste (9), which has been fed through the
vertical chute (6), toward the gasifier (20),

wherein the upper and lower dampers (11, 12) have
damper bodies (11a, 12a), each of the damper bod-
ies (11a, 12a) having a damper substrate (11b, 12b)
and a hard low-friction resin plate (11c, 12c) fixed to
an upper surface of the damper substrate (11b, 12b)
by mechanical fastening means, and

wherein, when the upper or lower damper (11, 12)
is closed, an upper surface of an outer edge portion
of the hard low-friction resin plate (11c, 12c) contacts
a sealing surface formed on an inner side of the ver-
tical chute (6).

The waste-feeding apparatus (1) according to claim
7, wherein the mechanical fastening means is a
small flat-head screw (11d, 12d) that is screwed into
an internal thread (11s, 12s) formed in the damper
substrate (11b, 12b) such that an upper surface of
a screw head is lower than an upper surface of the
hard low-friction resin plate (11c, 12c), and
wherein a resin coating layer is formed on the upper
surface of the screw head.

A sealing method of a waste-feeding apparatus (1)
forinhibiting external air from entering a gasifier (20),
wherein the waste-feeding apparatus (1) includes
a vertical chute (6) including upper and lower damp-
ers (11, 12) separated from one another by a prede-
termined distance in an up-down direction, and

a waste-conveying device (7) configured to convey
waste (9), which has been fed through the vertical
chute (6), toward the gasifier (20),

the sealing method comprising the step of:

when the upper and lower dampers (11, 12) are
alternately closed for sealing, bringing an upper
surface of an outer edge portion of a hard low-
friction resin plate (11c, 12c) on a damper body
(11a, 12a) in each of the upper and lower damp-
ers (11, 12) into contact with a sealing surface
formed on an inner side of the vertical chute (6).
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10. A waste-feeding method by a waste-feeding appa-

ratus (1),

wherein the waste-feeding apparatus (1) includes
a vertical chute (6) including upper and lower damp-
ers (11, 12) separated from one another by a prede-
termined distance in an up-down direction, the upper
and lower dampers (11, 12) having a sealing function
that inhibits external air from entering a gasifier (20)
and configured to be alternately opened and closed,
and

a waste-conveying device (7) configured to convey
waste (9), which has been fed through the vertical
chute (6), toward the gasifier (20),

the waste-feeding method comprising the steps of:

if a damper-closed signal is not received al-
though an upper cylinder (11j), which opens and
closes the upper damper (11), has been oper-
ated to close the upper damper (11), determin-
ing that the waste (9) is caught by the upper
damper (11), and temporarily stopping feeding
of the waste (9) to the vertical chute (6);

during the stop of the feeding of the waste (9),
opening the upper damper (11) to remove the
caught waste (9), and closing the open upper
damper (11); and

if the damper-closed signal is received, deter-
mining that the waste (9) caught by the upper
damper (11) has been removed, and starting the
feeding of the waste (9) to the vertical chute (6).

11. The waste-feeding method according to claim 10,

further comprising the steps of:

starting counting an elapsed time by a timer
since the operation of the upper cylinder (11j) to
close the upper damper (11) has started; and

if the damper-closed signal is not output al-
though a predetermined period has elapsed,
stopping the counting, and determining that the
waste (9) is being caught by the upper damper

(11).

12. The waste-feeding method according to claim 10 or

11, wherein the damper-closed signal of the upper
damper (11) is output from a limit switch (11sw) that
detects a stroke of the upper cylinder (11j).

13. The waste-feeding method according to claim 10,

further comprising the steps of:

if the damper-closed signal is not received al-
though a lower cylinder (12j), which opens and
closes the lower damper (12), has been operat-
ed to close the lower damper (12), determining
that the waste (9) is caught by the lower damper
(12), opening the lower damper (12) to remove
the caught waste (9), and closing the lower
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damper (12); and

if the damper-closed signal is received, deter-
mining that the waste (9), which has been caught
by the lower damper (12), is removed, and open-
ing the upper damper (11).

14. The waste-feeding method according to claim 13,

further comprising the steps of:

starting counting an elapsed time by a timer
since the operation of the lower cylinder (12j) to
close the lower damper (12) has started; and

if the damper-closed signal is not output al-
though a predetermined period has elapsed,
stopping the counting, and determining that the
waste (9) is being caught by the lower damper
(12).

15. The waste-feeding method according to claim 13 or

14, wherein the damper-closed signal of the lower
damper (12) is output from a limit switch that detects
a stroke of the lower cylinder (12j).
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