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DESCRIPTION 

WASTE GASIFICATION AND MELTING FURNACE 

 

Field 

[0001] 

 The present invention relates to a waste gasification melting 

furnace that dries and pyrolyzes wastes charged through an upper 

portion of the furnace, further melts pyrolysis residues, and 

collects melting residues from a furnace bottom portion. 

 

Background 

[0002] 

 Examples of a method for treating a waste such as a general 

waste or an industrial waste may include a method with which a waste 

is melted in an industrial furnace by using a carbon-based solid 

fuel such as cokes as a melting heat source.  The waste treatment 

by means of melting is advantageous not only in that the volume 

of wastes can be reduced but also in that incinerated ashes or 

non-combustible wastes, which previously would have been finally 

disposed by landfill, can be transformed to slags and metals for 

recycling. 

[0003] 

 A known facility for melting wastes is a shaft type gasification 

melting furnace (see Patent Literature 1 and Patent Literature 2, 

for example).  The waste gasification melting furnaces disclosed 
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in Patent Literatures 1 and 2 each include a furnace main body 

including a cylindrical shaft portion (an upright barrel portion), 

an inverted truncated cone portion (a pavillon portion), and a furnace 

bottom portion.  The waste gasification melting furnaces each have 

an upper-stage tuyere and a lower-stage tuyere for blowing a 

combustion supporting gas such as air or oxygen-enriched air into 

the furnace. 

[0004] 

 According to the waste gasification melting furnaces disclosed 

in Patent Literatures 1 and 2, wastes and cokes are charged from 

an upper portion of the furnace and the wastes descending through 

the shaft portion are heat-exchanged with air blown from the 

upper-stage tuyere so as to dry and pyrolyze the wastes.  The 

pyrolysis residues of the dried and pyrolyzed wastes descend to 

the furnace bottom portion to be melted with the combustion heat 

of the cokes being used as a heat source.  Thereafter, the melting 

residues are drawn from the furnace bottom portion and slags and 

metals are collected. 

[0005] 

 According to the waste gasification melting furnaces disclosed 

in Patent Literatures 1 and 2, wastes are dried and pyrolyzed by 

air blown through the upper-stage tuyere.  Therefore, in order to 

facilitate the drying and pyrolysis of the wastes, it is preferred 

to increase a percentage of oxygen to be supplied from the upper-stage 

tuyere by increasing a blast amount from the upper-stage tuyere, 
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for example.  By increasing the percentage of oxygen to be supplied 

from the upper-stage tuyere, the drying and pyrolysis by means of 

the combustion heat from the wastes themselves can be facilitated 

in the shaft portion. 

[0006] 

 According to the waste gasification melting furnaces disclosed 

in Patent Literatures 1 and 2, however, a blow-by phenomenon or 

the like is generated especially if the oxygen percentage from the 

upper-stage tuyere exceeds the majority, thereby resulting in an 

unstable operation of the furnace, for example, fluctuations in 

a pressure in the furnace as described also in the literatures.  

Thus, when actually operating the furnace, the oxygen percentage 

from the lower-stage tuyere is set at 70 to 80% and the oxygen 

percentage from the upper-stage tuyere is kept at 20 to 30%.  In 

addition, the shaft-type gasification melting furnace has a 

configuration according to which air blown through the upper-stage 

tuyere is hard to reach a central region of the shaft portion.  

Therefore, wastes descending through the central region of the shaft 

portion are insufficiently dried and pyrolyzed, thereby increasing 

an amount of moisture content or volatile content to be carried 

over into the furnace bottom portion.  As a result, some of the 

combustion heat from the cokes, serving as a melting heat source, 

is consumed for evaporating such moisture or volatile.  An extra 

amount of cokes used for that purpose is therefore necessary to 

be provided.  Such excess consumption of cokes leads to not only 
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a problem of driving up the running cost thereof but also a problem 

of increasing CO2 emissions generated from a fossil fuel. 

 

Citation List 

Patent Literature 

[0007] 

 Patent Literature 1: Japanese Examined Patent Application 

Publication No. Sho. 53-16633 

 Patent Literature 2: Japanese Examined Patent Application 

Publication No. Sho. 60-11766 

 

Summary 

Technical Problem 

[0008] 

 The present invention has been made in order to solve the 

above-described problems.  It is an object of the present invention 

to provide a waste gasification melting furnace capable of: 

facilitating the drying and pyrolysis of wastes in a shaft portion; 

preventing moisture or volatile from being carried over into the 

bottom of the furnace; and reducing excess consumption of cokes. 

[0009] 

 It is another object of the present invention to prevent 

insufficiently-pyrolyzed wastes from being carried over into the 

furnace bottom by improving the pyrolysis efficiency of wastes and 

to thereby reduce the combustion load at the furnace bottom. 
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Solution to Problem 

[0010] 

 More specifically, the gist of the present invention is as 

follows. 

(1) A waste gasification melting furnace comprising: a shaft portion 

configured to dry and pyrolyze wastes charged into the shaft portion, 

the shaft portion having a waste charging port and a furnace gas 

exhaust port provided on an upper side of the shaft portion and 

an opening on a bottom side of the shaft portion for discharging 

wastes; a melting furnace portion arranged in such a manner that 

a core of the melting furnace is shifted from a core of the shaft 

portion, the melting furnace portion having, on an upper side of 

the melting furnace, an opening through which pyrolyzed wastes and 

a carbon-based solid fuel are supplied, and having, on a furnace 

bottom side of the melting furnace, a tuyere through which 

oxygen-enriched air for combustion is blown into the melting furnace 

portion; and a communicated portion configured to connect between 

the bottom-side opening of the shaft portion and the upper-side 

opening of the melting furnace portion, wherein the communicated 

portion includes: a carbonizing grate portion disposed at a position 

where a load of the wastes charged in the shaft portion is received; 

a blower configured to blow air used for drying and pyrolysis into 

the shaft portion from the carbonizing grate portion; and a supply 

device configured to supply  pyrolyzed wastes being on the 
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carbonizing grate portion to the upper-side opening of the melting 

furnace portion, the carbonizing grate portion includes: a supply 

carbonizing grate disposed on an upper-stage side of the carbonizing 

grate portion; and a dry distillation carbonizing grate disposed 

on a lower-stage side of the carbonizing grate portion, the supply 

device includes: a first supply device for supplying wastes on the 

supply carbonizing grate toward the dry distillation carbonizing 

grate; and a second supply device for supplying carbonized wastes 

on the dry distillation carbonizing grate toward the melting furnace 

portion, and in order to facilitate drying and pyrolysis utilizing 

combustion heat from wastes themselves in the carbonizing grate 

portion, the air for drying and pyrolysis is blown into the shaft 

portion from the carbonizing grate portion in such a manner that 

the air contains 60% or more of a total amount of oxygen to be blown 

into the furnace; oxygen delivery to be supplied from the tuyere 

in the melting furnace portion is set to be less than 40% of the 

total amount of oxygen to be blown into the furnace; and a supply 

rate (V2) of the second supply device is set to be greater than 

a supply rate (V1) of the first supply device (V2 > V1). 

(2) The waste gasification melting furnace according to (1) described 

above, wherein the blower adjusts an amount of air to be blown into 

the furnace from the carbonizing grate portion in such a manner 

that a moisture content in wastes supplied from the carbonizing 

grate portion to the melting furnace portion is equal to or smaller 

than 10% and a remained amount of fixed carbons is equal to or greater 
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than 3%. 

(3) The waste gasification melting furnace according to (1) or (2) 

described above, wherein the supply rate of the supply device is 

controlled in such a manner that a waste charged height in the melting 

furnace portion is kept within a range between +0.5 m from the tuyere 

in an upward direction and a lowermost end of the carbonizing grate 

portion. 

(4) The waste gasification melting furnace according to any one 

of (1) to (3) described above, wherein the supply rate of the supply 

device is controlled in such a manner that a differential pressure 

between a pressure (P1) in the melting furnace portion and a pressure 

(P2) in a space above the carbonizing grate portion is kept within 

a range between 0.4 kPa and 2 kPa. 

(5) The waste gasification melting furnace according to any one 

of (1) to (4) described above, wherein the supply rate of the supply 

device is controlled in such a manner that a temperature in the 

carbonizing grate portion is kept within a range between 650C and 

800C. 

(6) The waste gasification melting furnace according to any one 

of (1) to (5) described above, wherein with a value obtained by 

dividing a theoretical combustion oxygen amount (M1) of fixed carbons 

contained in the carbon-based solid fuel by a total oxygen amount 

(M2) of the oxygen-enriched air to be blown into the melting furnace 

from the tuyere being defined as a melting furnace fuel ratio (M1/M2), 

the melting furnace fuel ratio (M1/M2) is set within a range between 
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0.8 and 1.2. 

(7) The waste gasification melting furnace according to any one 

of (1) to (6) described above, wherein one or more waste charging 

ports, used for changing a position at which charging wastes into 

the furnace is performed depending on a kind or property of wastes, 

are provided at a position different from the waste charging port 

disposed on the upper portion of the shaft portion. 

(8) The waste gasification melting furnace according to any one 

of (1) to (7) described above, wherein a carbonizing grate combustion 

rate in the carbonizing grate portion falls within a range between 

300 kg/(m
2
∙h) and 500 kg/(m

2
∙h). 

(9) The waste gasification melting furnace according to any one 

of (1) to (8) described above, wherein the melting furnace portion 

has a cylindrical shape; an inverted truncated cone portion forming 

a narrowed portion is formed between the opening through which wastes 

from the carbonizing grate portion are supplied and the tuyere; 

and an inclination angle of the inverted truncated cone portion 

is greater than 75 degrees. 

 

Advantageous Effects of Invention 

[0011] 

 According to the present invention, the carbonizing grate 

portion is disposed at the position where the load of wastes charged 

in the shaft portion is received; air used for drying and pyrolysis, 

which contains 60% or more of the total amount of oxygen to be blown 
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into the furnace, is blown into the shaft portion through the 

carbonizing grate portion; oxygen delivery to be supplied from the 

tuyere in the melting furnace portion is set to be less than 40% 

of the total amount of oxygen to be blown into the furnace; and 

the rate (V2) at which the dry distillation carbonizing grates supply 

wastes to the melting furnace portion is set to be greater than 

the rate (V1) at which the supply carbonizing grates supply wastes 

to the dry distillation carbonizing grates (V2 > V1).  As a result, 

it becomes possible to facilitate the drying and pyrolysis of wastes 

in the shaft portion and the carbonizing grate portion while 

preventing a phenomenon such as the blow-by phenomenon, causing 

an unstable operation of the furnace, from occurring.  Consequently, 

it becomes possible to prevent moisture or volatile from being carried 

over into the furnace bottom of the melting furnace portion, thereby 

reducing excess consumption of the carbon-based solid fuel. 

[0012] 

 Furthermore, according to the present invention, the amount 

of air to be blown into the furnace from the carbonizing grate portion 

is adjusted in such a manner that the moisture content in wastes 

supplied from the carbonizing grate portion to the melting furnace 

portion is equal to or smaller than 10% and the remained amount 

of fixed carbons is equal to or greater than 3%.  Also, the amount 

of oxygen, corresponding to the adjusted amount of air, is set to 

be 60% or more of the total amount of oxygen for the entire furnace.  

As a result, without increasing the oxygen amount for the entire 
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furnace even in comparison with the conventional technique, wastes 

can be supplied to the melting furnace portion after being made 

to have a property suitable for melting with a well-considered balance 

between the moisture and the residual fixed carbons.  Consequently, 

an unnecessary combustion load other than melting can be reduced 

in the melting furnace portion more reliably, thereby suppressing 

excess consumption of the carbon-based solid fuel.  Moreover, one 

of major advantageous effects of the present invention is that an 

oxygen generator can be downsized due to a significant reduction 

in the oxygen amount for the entire furnace and power consumption 

in the oxygen generator can be thereby significantly reduced. 

[0013] 

 Furthermore, according to the present invention, the 

carbonizing grate portion has a two-stage structure consisting of 

the supply carbonizing grates and the dry distillation carbonizing 

grates; and the rate (V2) of supplying wastes from the dry distillation 

carbonizing grates to the melting furnace portion is set to be greater 

than the rate (V1) of supplying wastes from the supply carbonizing 

grates to the dry distillation carbonizing grates.  As a result, 

the thickness of a layer of wastes on the dry distillation carbonizing 

grates can be made thin, thereby improving the pyrolysis efficiency 

thereof. 

[0014] 

 Furthermore, according to the present invention, the supply 

rate from the carbonizing grate portion is controlled in such a 
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manner that the waste charged height in the melting furnace is kept 

within a range between +0.5 m from the tuyere in the upward direction 

and the lowermost end of the carbonizing grate portion.  Thus, the 

minimal charged height, capable of suppressing oxygen leakage from 

the melting furnace portion to the communicated portion, can be 

maintained.  As a result, it becomes possible to prevent the 

occurrence of a reaction between the leaked oxygen and carbon monoxide 

existing in the communicated portion.  It is further possible to 

prevent oxidation melt clinker from being formed on an inner wall 

of the furnace.  In a reverse way, by setting the charged height 

at a position equal to or lower than the lowermost end of the 

carbonizing grate portion, it is possible to prevent a decrease 

in the pyrolysis efficiency in a space above the carbonizing grate 

portion and a bridging phenomenon resulting from being packed.  In 

a case where the melting furnace portion has a cylindrical shape, 

the inverted truncated cone portion forming the narrowed portion 

is formed between the upper-side opening through which wastes are 

supplied and the tuyere.  Also by setting the inclination angle of 

the inverted truncated cone portion to be greater than 75 degrees, 

the bridging can be prevented from occurring. 

[0015] 

 Furthermore, according to the present invention, with the value 

obtained by dividing the theoretical combustion oxygen amount (M1) 

of fixed carbons contained in a carbon-based solid fuel by the total 

oxygen amount (M2) of oxygen-enriched air to be blown into the melting 
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furnace portion from the tuyere being defined as the melting furnace 

fuel ratio (M1/M2), the melting furnace fuel ratio (M1/M2) is set 

within a range between 0.8 and 1.2.  As a result, it becomes possible 

to prevent excess air (or oxygen) from being supplied to the melting 

furnace portion while allowing the carbon-based solid fuel to be 

reached reliably up to the furnace bottom. 

[0016] 

 Furthermore, according to the present invention, it is 

configured to change the position at which charging into the furnace 

is performed depending on a kind or property of wastes.  As a result, 

wastes having a low moisture content, wastes having a high ash content, 

or the like, for example, can be directly charged into the melting 

furnace portion, thereby preventing them from passing through the 

shaft portion.  Consequently, it becomes possible to improve the 

efficiency of drying and pyrolysis in the shaft portion and the 

carbonizing grate portion.  Moreover, an effect of reducing the 

amount of ashes fallen through gaps between the grates of the 

carbonizing grate portion can be expected. 

[0017] 

 Furthermore, according to the present invention, the 

carbonizing grate portion is configured in such a manner that the 

carbonizing grate combustion rate falls within the range between 

300 kg/(m
2
∙h) and 500 kg/(m

2
∙h).  As a result, wastes with a moisture 

content at 10% or smaller and a preferable remained amount of fixed 

carbons can be generated and then supplied to the melting furnace 
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portion.  The preferable remained amount of fixed carbons is equal 

to or greater than 3%. 

 

Brief Description of Drawings 

[0018] 

 FIG. 1 is a longitudinal cross-sectional view illustrating 

a waste gasification melting furnace according to a preferred 

embodiment of the present invention. 

 FIG. 2 is a diagram for explaining a shape of the waste 

gasification melting furnace. 

 FIG. 3 is a graph showing test results about coke ratios of 

the waste gasification melting furnace and oxygen percentages in 

a carbonizing grate portion. 

 FIG. 4(a) is a graph showing test results about moisture 

contents and amounts of residual fixed carbons in wastes having 

been carbonized in the carbonizing grate portion, and FIG. 4(b) 

is a graph showing results about slag temperatures when wastes are 

melted. 

 FIG. 5 is a diagram schematically illustrating conditions of 

wastes being carbonized in the carbonizing grate portion. 

 FIG. 6(a) is a graph showing test results about combustion 

rates of the carbonizing grate portion and moisture contents of 

wastes, and FIG. 6(b) is a graph showing results about slag 

temperatures when wastes are melted. 

 FIG. 7 is a graph showing test results about melting furnace 
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fuel ratios in the waste gasification melting furnace and slag 

temperatures. 

 FIG. 8 is a graph showing test results about furnace bottom 

levels in the waste gasification melting furnace and slag 

temperatures. 

 FIG. 9 is a diagram for explaining positions at which a 

thermometer and pressure gauges of the waste gasification melting 

furnace are provided. 

 FIG. 10 is a graph showing test results about furnace bottom 

differential pressures in the waste gasification melting furnace 

and slag temperatures. 

 FIG. 11 is a graph showing test results about carbonizing grate 

portion temperatures in the waste gasification melting furnace and 

slag temperatures. 

 

Description of Embodiments 

[0019] 

 A waste gasification melting furnace according to a preferred 

embodiment of the present invention will now be described below 

in detail with reference to the accompanying drawings.  Note however 

that the technical scope of the present invention is not limited 

in any way by the embodiment to be described below. 

[0020] 

 FIG. 1 is a longitudinal cross-sectional view illustrating 

a waste gasification melting furnace according to the present 
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embodiment.  A waste gasification melting furnace 1 for example 

includes: a shaft portion 2 for drying and pyrolyzing wastes under 

a reducing atmosphere; a carbonizing grate portion 3 for producing 

carbonized wastes by means of further pyrolysis of the dried and 

pyrolyzed wastes; and a melting furnace portion 4 for further 

combusting and melting the carbonized wastes.  The shaft portion 

2 and the melting furnace portion 4 are arranged in such a manner 

that cores thereof are laterally shifted from each other.  A 

bottom-side opening of the shaft portion 2 is connected to an 

upper-side opening of the melting furnace portion 4 via a communicated 

portion 5.  The carbonizing grate portion 3 is arranged in a 

stair-like shape on a bottom surface side of the communicated portion 

5. 

[0021] 

 The shaft portion 2 is formed in a cylindrical shape, for example.  

A waste charging port 21 for charging wastes, i.e., an object to 

be treated, into a furnace is formed on an upper portion of the 

shaft portion 2.  Also, a furnace gas exhaust port 22 for discharging 

a gas generated by the pyrolysis of wastes or a gas blown into the 

furnace is formed on an upper portion of the shaft portion.  The 

bottom surface of the cylindrical shaft portion 2 defines an opening 

23 for discharging wastes descending through the shaft under their 

own weights.  An inner diameter and a height of the shaft portion 

2 can be appropriately determined depending on the treatment capacity 

of the furnace and the like.  However, the height thereof is 
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preferably set to a height allowing a waste charged height in the 

shaft to be controlled at least at 1 m or greater from the lower 

end surface thereof.  By keeping the charged height at 1 m or greater, 

the blow-by phenomenon of the furnace gas can be prevented from 

occurring in the shaft. 

[0022] 

 The melting furnace portion 4 is formed in a cylindrical shape, 

for example.  A secondary material charging port 41 for charging 

a carbon-based solid fuel into the furnace is formed on an upper 

portion of the melting furnace portion 4.  Also, a plurality of 

tuyeres 42 for allowing oxygen-enriched air to be blown into the 

furnace are arranged in a circumferential direction thereof in the 

furnace bottom of the melting furnace portion 4 in order to combust 

the charged carbon-based solid fuel and combustible pyrolysis 

residues (fixed carbons) of the carbonized wastes supplied from 

the carbonizing grate portion 3.  The oxygen-enriched air blown into 

the furnace from the tuyeres 42 refers to air whose oxygen 

concentration is increased by mixing with oxygen from an oxygen 

generator 43, for example.  Note that the carbon-based solid fuel 

may be charged from the waste charging port 21 together with wastes.  

The carbon-based solid fuels refer to cokes or carbides of biomasses.  

However, other carbon-based combustible material can be used instead.  

Besides the carbon-based solid fuel, limestone serving as a basicity 

modifier, or the like, can also be charged through the secondary 

material charging port 41. 
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[0023] 

 A tapping port 44 is provided in the furnace bottom of the 

melting furnace portion 4 so as to discharge melting residues (i.e., 

slags and metals).  The tapping port 44 is provided with an opening 

and closing mechanism (not shown) and intermittently discharges 

the melting residues.  The melting residues discharged out from the 

furnace are cooled and solidified and then separated into slags 

and metals.  In a case where the melting residues are intermittently 

discharged under a reducing atmosphere as described above, the slag 

temperature at the furnace bottom (what is actually measured is 

the temperature of the melting residue) is preferably at 1450C or 

greater.  If the slag temperature is at 1450C or greater, a 

high-quality slag with a low content of lead (Pb) can be obtained.  

Moreover, the slag can be discharged out from the furnace in a stable 

manner since the fluidity thereof is excellent.  Thus, in the melting 

furnace of the present embodiment, the slag temperature at the furnace 

bottom is preferably at 1450C or greater in order to achieve a stable 

operation of the furnace. 

[0024] 

 The melting furnace portion 4 preferably includes an inverted 

truncated cone portion (what is called a pavillon portion) 45 forming 

a narrowed portion between a connected position with the communicated 

portion 5 (i.e., the lowermost end of the carbonizing grate portion 

3) and the tuyeres 42.  It is also preferred to set an inclination 

angle  of the inverted truncated cone portion 45 to be greater than 
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75 degrees.  When the inclination angle  of the inverted truncated 

cone portion 45 is equal to or smaller than 75 degrees, especially 

when it is equal to or smaller than 70 degree, the burden descent 

may be interrupted particularly due to a friction with a wall surface 

of the inverted truncated cone portion 45, resulting in the occurrence 

of the waste bridging phenomenon inside thereof.  The inclination 

angle  of the inverted truncated cone portion 45 is therefore set 

to be greater than 75 degrees so as to facilitate the burden descent 

of the charged material in the melting furnace portion 4 and thereby 

prevent the occurrence of the bridging phenomenon.  If the melting 

furnace portion 4 is formed in a rectangular shape instead of the 

cylindrical shape, both of lateral faces of the furnace in a width 

direction thereof are made to have an inclination angle () greater 

than 75 degrees as illustrated in FIG. 2. 

[0025] 

 The communicated portion 5 is formed in such a manner that 

the longitudinal cross-section thereof forms a rectangular shape.  

The communicated portion 5 includes the carbonizing grate portion 

3 disposed along the bottom surface thereof.  The carbonizing grate 

portion 3 further pyrolyzes the wastes having been dried and pyrolyzed 

in the shaft portion 2.  According to the present embodiment, an 

amount of air is adjusted so that the inside of the furnace becomes 

a reducing atmosphere.  While preventing the combustion thereof from 

proceeding and thereby producing ashes, the wastes are pyrolyzed 

(dry distillation) and carbonized.  Furthermore, the carbonizing 
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grate portion 3 functions as a device for performing the pyrolysis 

(dry distillation) of wastes and also functions as a supply device 

for supplying the carbonized wastes to the melting furnace portion 

4.  More specifically, the carbonizing grate portion 3 is formed 

by alternately combining a movable grate and a fixed grate in a 

stair-like shape or in a sloped manner.  The carbonizing grate portion 

3 is configured to reciprocate the respective movable grates back 

and forth with a constant pitch by means of drive units 31 (31a 

and 31b), such as fluid pressure cylinders, so as to stir the wastes 

positioned on the carbonizing grate portion 3 and push them out 

from the upstream side toward the downstream side.  Note however 

that the carbonizing grate portion 3 may be configured only by the 

fixed grates and a supply device may be provided separately.  An 

example of such a supply device is a pusher. 

[0026] 

 The carbonizing grate portion 3 has a two-stage structure 

consisting of supply carbonizing grates 3A positioned on an 

upper-stage side and dry distillation carbonizing grates 3B 

positioned on a lower-stage side.  The supply carbonizing grates 

3A are disposed at positions directly above which the shaft portion 

2 is placed so as to directly receive the load of wastes charged 

into the shaft portion 2.  The supply carbonizing grates 3A further 

pyrolyze and carbonize the wastes having been dried and pyrolyzed 

in the shaft portion 2 and push them out and supply them to the 

dry distillation carbonizing grates 3B.  A width of the carbonizing 
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grate portion 3, particularly a width of the supply carbonizing 

grates 3A, is preferably identical to the inner diameter of the 

shaft portion 2.  It is possible to stabilize the burden descent 

of wastes by setting the width of the carbonizing grate portion 

3 and the inner diameter of the shaft portion 2 to be identical 

to each other at a portion where the shaft portion 2 is changed 

into the carbonizing grate portion 3.  Consequently, wastes can be 

prevented from being in a bridging state at the portion where the 

shaft portion 2 is changed into the carbonizing grate portion 3 

or in the shaft portion 2. 

[0027] 

 Moreover, in order to prevent wastes around the lower end of 

the shaft portion 2 from being packed by the supplying operation 

of the supply carbonizing grates 3A in a downstream direction, the 

grate at the top stair of the supply carbonizing grates 3A is 

preferably disposed at a position lower than the lower end of the 

shaft portion 2 (i.e., a height h1 > 0) as illustrated in FIG. 2.  

Moreover, when the width of the supply carbonizing grates 3A is 

set to be identical to the inner diameter of the shaft portion 2, 

it is further preferable that a width (h2) between the lowermost 

end of the supply carbonizing grates 3A and the lower end of the 

shaft portion 2 be smaller than the inner diameter of the shaft 

portion 2 as illustrated in FIG. 2.  With such a configuration, a 

flow velocity of a gas flowed into the shaft portion 2 from the 

communicated portion 5 is increased, thereby allowing the gas to 
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be uniformly spread over in the shaft portion 2.  When the width 

of the supply carbonizing grates 3A is set to be different from 

the inner diameter of the shaft portion 2, the cross-sectional area 

of the rectangle at the corresponding portion is set to be smaller 

than the cross-sectional area of the shaft instead of the height 

h2. 

[0028] 

 The dry distillation carbonizing grates 3B, on the other hand, 

further pyrolyze the wastes sent from the supply carbonizing grates 

3A and generate carbides.  The carbonized wastes are pushed out and 

supplied to the melting furnace portion 4.  The dry distillation 

carbonizing grate 3B may have a width identical to or relatively 

different from that of the supply carbonizing grate 3A.  Since a 

volume of wastes is reduced along with the development of the drying 

and pyrolysis thereof, the inner diameter of the furnace bottom 

of the melting furnace portion 4 is generally designed to be smaller 

than the inner diameter of the shaft portion 2 or the width of the 

communicated portion 5.  In view of this, the dry distillation 

carbonizing grates 3B may be configured in such a manner that widths 

thereof are gradually decreased toward the downstream side starting 

from the upstream side so that the width on the downstream side 

becomes closer to the inner diameter of an upper-side opening 46 

of the melting furnace portion 4 as much as possible.  By setting 

the width of the dry distillation carbonizing grate 3B on the 

downstream side to be closer to the inner diameter of the melting 
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furnace portion 4 as described above, the narrowing rate of the 

inverted truncated cone portion 45 can be decreased, thereby 

preventing the inclination angle  of the inverted truncated cone 

portion 45 from being smaller than 75 degrees. 

[0029] 

 Although both of the supply carbonizing grates 3A and the dry 

distillation carbonizing grates 3B are illustrated in FIG. 1 as 

horizontal grates (those obtained by horizontally extending grates), 

the present invention is not limited thereto.  One or both of the 

supply carbonizing grate 3A and the dry distillation carbonizing 

grate 3B may be configured as a sloped grate whose front edge side 

is sloped upwardly.  When a furnace with a high waste treatment 

capacity is designed, it is preferable that both of the supply 

carbonizing grate 3A and the dry distillation carbonizing grate 

3B be horizontal grates whose supplying capacity is greater than 

that of the sloped grates. 

[0030] 

 The movable grates of the supply carbonizing grates 3A are 

configured to be moved by the first drive unit 31a, and the movable 

grates of the dry distillation carbonizing grates 3B are configured 

to be moved by the second drive unit 31b.  The first and second drive 

units 31a and 31b are thus arranged so that they can control the 

driving, stopping, and driving speeds (i.e., supply rates) thereof 

independent of each other.  In this case, a supply rate (V1) of the 

supply carbonizing grates 3A and a supply rate (V2) of the dry 
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distillation carbonizing grates 3B may be set to be relatively 

different from or identical to each other.  If the supply rates are 

set to be relatively different from each other, it is preferable 

that the supply rate (V2) of the dry distillation carbonizing grates 

3B be greater than the supply rate (V1) of the supply carbonizing 

grates 3A.  Moreover, it is more preferable that the supply rate 

(V1) of the supply carbonizing grates 3A be variably controlled 

with the supply rate (V2) of the dry distillation carbonizing grates 

3B being constant. 

[0031] 

 Although not shown in the figure, the carbonizing grate portion 

3 is further configured in such a manner that air can be blown into 

the furnace from the entire surface thereof through gaps between 

the grates and/or blowing holes formed in the grates.  In other words, 

the carbonizing grate portion 3 also serves as a blower for blowing 

air used for drying and pyrolysis into the furnace.  A first 

collecting chamber 32a and a second collecting chamber 32b are 

respectively disposed on the rear surface side of the supply 

carbonizing grates 3A and the dry distillation carbonizing grates 

3B in order to collect fine carbonized wastes when they are dropped 

through the gaps between the grates.  Blower tubes 33a and 33b are 

connected to the first collecting chamber 32a and the second 

collecting chamber 32b, respectively.  If air from a blower (not 

shown) is supplied to the first collecting chamber 32a and the second 

collecting chamber 32b through the blower tubes 33a and 33b, 
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respectively, air is blown into the furnace through the gaps between 

the grates and/or the blowing holes formed in the grates.  The gaps 

between the grates and/or the blowing holes formed in the grates 

are preferably formed with a pitch of 400 mm or smaller, for example.  

The air supplied from the supply carbonizing grates 3A and the dry 

distillation carbonizing grates 3B may be at a room temperature 

or may be preheated to a temperature of 200C, for example.  The 

preheating of the air may be performed by means of a heat exchange 

with a high-temperature gas discharged from the furnace gas exhaust 

port 22, for example. 

[0032] 

 In the above-described configuration, wastes charged from the 

waste charging port 21 form a waste-charged layer 100 in the shaft 

portion 2.  The drying and pyrolysis of the wastes proceed by a heat 

exchange occurred when the air blown into the carbonizing grate 

portion 3 and the melting furnace portion 4 or the gas generated 

in the furnace passes through the waste-charged layer 100.  Heat 

generation by the wastes themselves is also utilized for the drying 

and pyrolysis.  The wastes descending through the shaft portion 2 

are supplied on the supply carbonizing grates 3A at which the load 

of the waste-charged layer 100 in the shaft portion 2 is received.  

The wastes are supplied to the dry distillation carbonizing grates 

3B while being further pyrolyzed by the supply carbonizing grates 

3A.  The wastes, having been further pyrolyzed and carbonized by 

the dry distillation carbonizing grates 3B, are supplied by being 
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dropped through the upper-side opening 46 of the melting furnace 

portion 4, thereby forming a charged layer 101 of the carbonized 

wastes.  Cokes as a carbon-based solid fuel are charged into the 

melting furnace portion 4 through the secondary material charging 

port 41.  The oxygen-enriched air blown through the tuyeres 42 

combusts the cokes and the fixed carbons of the wastes at the furnace 

bottom.  Consequently, a high-temperature coke bed 102 is formed 

at the furnace bottom.  The heat of the coke bed 102 melts ashes 

or non-combustible components contained in the wastes.  The 

high-temperature gas discharged out from the furnace gas exhaust 

port 22, on the other hand, is emitted after being subjected to 

waste heat recovery by means of a device such as a boiler and then 

to a detoxifying treatment. 

[0033] 

 A blast amount of air to be blown into the furnace from the 

carbonizing grate portion 3 is adjusted so as to have an oxygen 

percentage corresponding to 60% or greater of the total amount of 

oxygen to be blown into the furnace during the operation thereof.  

More specifically, since it is configured in such a manner that 

air is blown from the carbonizing grate portion 3 positioned on 

the upper-stage side in the height direction of the furnace and 

from the tuyeres 42 positioned on the lower-stage side thereof, 

the sum of oxygen amounts supplied into the furnace by the respective 

airs is equal to the total amount of oxygen.  The blast amount from 

the carbonizing grate portion 3 is adjusted in such a manner that 
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the percentage of oxygen from the carbonizing grate portion 3 

positioned on the upper-stage side corresponds to 60% or greater 

of the total supplied amount of oxygen.  On the other hand, the blast 

amount from the tuyeres 42 and/or the oxygen concentration of the 

oxygen-enriched air are/is adjusted in such a manner that the 

percentage of oxygen to be supplied to the melting furnace portion 

4 is smaller than 40% of the total amount of oxygen. 

[0034] 

 The blast amount of air to be blown into the furnace from the 

carbonizing grate portion 3 is as described above.  However, flow 

control valves 34a and 34b may be provided respectively in the blower 

tubes 33a and 33b respectively connected to the first and second 

collecting chambers 32a and 32b, for example, and the blast amounts 

from the supply carbonizing grates 3A and the dry distillation 

carbonizing grates 3B may be thereby adjusted relatively different 

from each other depending on a state in the furnace.  Alternatively, 

a common flow control valve may be provided so as to manage the 

blast amount from the supply carbonizing grates 3A and the dry 

distillation carbonizing grates 3B in a unified manner. 

[0035] 

 According to the present embodiment, by virtue of the 

realization of the waste gasification melting furnace 1 capable 

of setting the percentage of oxygen to be supplied into the furnace 

from the carbonizing grate portion 3 to be 60% or greater of the 

total amount of oxygen to be supplied into the furnace, drying and 



 

 

27 

 

pyrolysis utilizing the combustion heat from the wastes themselves 

can be facilitated in the shaft portion 2 and the carbonizing grate 

portion 3.  FIG. 3 shows results of an actually-conducted test.  A 

plot ● represents an oxygen percentage (an oxygen percentage in 

the upper part (%)) to be supplied from the carbonizing grate portion 

3 in the present embodiment.  A plot ▲ represents, as a comparison, 

an oxygen percentage (an oxygen percentage in the upper part (%)) 

to be supplied from an upper-stage tuyere in a conventional shaft 

type gasification melting furnace.  As is apparent from the results 

of the actually-conducted test shown in FIG. 3, the coke ratio (kg/t 

- the total amount of wastes) (an amount of cokes used per an amount 

of wastes treated) can be suppressed to be 20 or smaller according 

to the present embodiment.  In order to more reliably suppress the 

coke ratio (kg/t - the total amount of wastes) to be 20 or smaller, 

the oxygen percentage can be set to 70% or greater of the total 

amount of oxygen.  In other words, the consumed amount of cokes for 

the entire furnace can be significantly reduced as compared to the 

conventional shaft type melting furnace. 

[0036] 

 The percentage of the amount of oxygen to be blown into the 

furnace is as described above.  As a further preferable example, 

an amount of air to be blown into the furnace from the carbonizing 

grate portion 3 is adjusted in such a manner that a moisture content 

in the wastes having been dried and pyrolyzed in the shaft portion 

2 and further carbonized in the carbonizing grate portion 3 is equal 
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to or smaller than 10% and a remained amount of fixed carbons is 

equal to or greater than 3%.  A moisture content and an amount of 

fixed carbons contained in wastes before the treatment are not limited 

to certain values.  However, a preferable amount of air suitable 

for drying, pyrolyzing, and carbonizing a general waste having a 

moisture content of 45% or greater and an amount of fixed carbons 

of 10% or greater in order to obtain a moisture content of 10% or 

smaller and a remained amount of fixed carbons of 3% or greater 

has an air ratio of 0.2 to 0.3 with respect to a theoretical amount 

of air as shown by actual test results in FIG. 4(a).  Since moisture 

and ash contents may be varied depending on types of wastes, the 

air ratio is adjusted within a range between 0.1 and 0.4. 

[0037] 

 In other words, the amount of air is set so as to achieve a 

moisture content of the carbonized wastes of 10% or smaller and 

a remained amount of fixed carbons thereof of 3% or greater and 

the blast amount and/or the enriched oxygen concentration from the 

tuyeres 42 are/is controlled to be low in such a manner that the 

supplied amount of oxygen corresponding to the set amount of air 

becomes equal to or greater than 60% of the total supplied amount 

of oxygen for the entire furnace.  Whereas it is desirable that the 

wastes to be supplied to the melting furnace portion 4 be sufficiently 

dried, the fixed carbons are gasified if the drying and pyrolysis 

thereof proceed too much, thereby reducing the combustion heat from 

the wastes themselves to be utilized for melting.  In view of this, 
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by focusing on a suitable balance between the moisture and the residual 

fixed carbons, a state of wastes suitable for melting has been found 

out by actually conducting a test.  The combustion load at the furnace 

bottom is thereby reduced and an excessive usage of cokes is therefore 

reduced.  Moreover, it has been confirmed that the slag temperature 

at the furnace bottom can be kept at a temperature achieving a stable 

operation (i.e., at 1450C or greater) as shown by actual test results 

in FIG. 4(b). 

[0038] 

 Furthermore, if the supply rate (V2) of the dry distillation 

carbonizing grates 3B is set to be greater than the supply rate 

(V1) of the supply carbonizing grates 3A, wastes can be dried by 

distillation at a high dry distillation efficiency.  If one seeks 

to increase the dry distillation efficiency of the carbonizing grate 

portion 3, the one would typically think that it is preferred to 

make the wastes retained longer on the dry distillation carbonizing 

grates 3B, thus setting the supply rate (V2) to be lower than the 

supply rate (V1).  However, with the configuration such that the 

shaft portion 2 is disposed above the supply carbonizing grates 

3A and wastes are supplied by the burden descent, a layer of wastes 

on the dry distillation carbonizing grates 3B becomes thicker and 

the wastes around the surface layer thereof, having been 

insufficiently dried by distillation, are therefore supplied to 

the melting furnace portion 4 as shown in FIG. 5.  In contrast, if 

the supply rate (V2) of the dry distillation carbonizing grates 
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3B is set to be greater than the supply rate (V1) of the supply 

carbonizing grates 3A, the layer of wastes on the dry distillation 

carbonizing grates 3B can be made thinner, and it is therefore possible 

to sufficiently perform dry distillation on the carbonizing grates.  

By giving more weight to the layer thickness than to the retention 

time as described above, the dry distillation efficiency of the 

carbonizing grate portion 3 can be improved and the combustion load 

at the furnace bottom can be thereby reduced more reliably.  It is 

further preferable that an angle () formed by a horizontal line 

and a line connecting between the lower end of the shaft portion 

2 in the vicinity of the communicated portion 5 and the front edge 

of the upper surface of the dry distillation carbonizing grate 

directly above the upper-side opening 46 be set to 50 degrees or 

smaller as illustrated in FIG. 2.  With such a configuration, wastes 

can be prevented from rushing into the carbonizing grate portion 

3 from the shaft portion 2 by virtue of such a repose angle, thereby 

making it possible to more reliably prevent the layer of wastes 

on the carbonizing grate portion 3 from being thick. 

[0039] 

 As mentioned above, the carbonized wastes to be supplied to 

the melting furnace portion 4 preferably have a moisture content 

of 10% or smaller and an amount of fixed carbons of 3% or greater 

in view of the balance between the moisture and the fixed carbons 

thereof.  In order to achieve such a carbonized state, a carbonizing 

grate combustion rate of the supply carbonizing grates 3A and the 
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dry distillation carbonizing grates 3B preferably falls within a 

range between 300 kg/(m
2
∙h) and 500 kg/(m

2
∙h).  The carbonizing grate 

combustion rate refers to an amount of wastes treated per unit of 

time and unit of area.  An area of the supply carbonizing grates 

3A and that of the dry distillation carbonizing grates 3B are set 

in such a manner that the carbonizing grate combustion rate falls 

within a range between 300 kg/(m
2
∙h) and 500 kg/(m

2
∙h).  The 

carbonizing grate combustion rate during the operation of the furnace 

can be adjusted also by controlling the driving speed of the movable 

grates, the respective blast amounts and blast temperatures from 

the carbonizing grates 3A and 3B, and the like in accordance with 

the drying and pyrolysis state of the wastes. 

[0040] 

 If the carbonizing grate combustion rate exceeds 500 kg/(m
2
∙h), 

the moisture content of the carbonized wastes exceeds 10% as shown 

by actual test results in FIG. 6(a).  Consequently, an excessive 

combustion load for evaporating the moisture is generated in the 

melting furnace portion 4.  If the carbonizing grate combustion rate 

is smaller than 300 kg/(m
2
∙h), on the other hand, the fixed carbons 

of the wastes are gasified along with the proceeding of the combustion 

thereof whereas the moisture can be evaporated mostly.  Thus, the 

combustion heat cannot be utilized at the furnace bottom of the 

melting furnace portion 4.  It has been also confirmed that the 

combustion load of the melting furnace portion 4 can be reduced 

and the slag temperature at the furnace bottom can be kept at a 
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temperature achieving a stable operation (i.e., at 1450C or greater) 

as shown by actual test results in FIG. 6(b) if the carbonizing 

grate combustion rate is set so as to fall within a range between 

300 kg/(m
2
∙h) and 500 kg/(m

2
∙h). 

[0041] 

 The percentage of oxygen to be supplied into the furnace from 

the tuyeres 42 is as described above.  However, with a value obtained 

by dividing a theoretical combustion oxygen amount (M1) of fixed 

carbons contained in the carbon-based solid fuel by a total oxygen 

amount (M2) of the oxygen-enriched air to be blown into the melting 

furnace portion 4 from the tuyeres 42 being defined as a melting 

furnace fuel ratio (M1/M2), it is more preferable that the melting 

furnace fuel ratio (M1/M2) be kept within a range between 0.8 and 

1.2.  The melting furnace fuel ratio (M1/M2) is preferably kept within 

a range between 0.8 and 1.2.  The melting furnace fuel ratio (M1/M2) 

can be adjusted by changing at least one or more of the carbon-based 

solid fuel to be charged, the blast amount from the tuyeres 42, 

and the oxygen concentration of the oxygen-enriched air, for example.  

If the melting furnace fuel ratio (M1/M2) is lower than 0.8, oxygen 

may be leaked to the communicated portion 5 from the melting furnace 

portion 4 and the leaked oxygen may react with carbon monoxide existing 

in the communicated portion 5, resulting in the occurrence of abnormal 

combustion.  Furthermore, oxidation melt clinker may be formed on 

an inner wall of the furnace.  In contrast, if the melting furnace 

fuel ratio (M1/M2) is greater than 1.2, the carbon-based solid fuel 
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may not be combusted sufficiently at the furnace bottom.  If the 

melting furnace fuel ratio (M1/M2) is kept within a range between 

0.8 and 1.2, on the other hand, an amount of the carbon-based solid 

fuel to be charged and an amount of oxygen to be supplied by the 

tuyeres 42 can be kept to the minimum necessary.  Furthermore, the 

slag temperature at the furnace bottom can be kept at 1450C or greater, 

at which a stable operation can be achieved, as shown by actual 

test results in FIG. 7. 

[0042] 

 Furthermore, a charged height of wastes in the melting furnace 

portion 4 during the operation thereof is preferably kept within 

a range between +0.5 m from the tuyeres 42 in the upward direction 

and the lowermost end of the carbonizing grate portion 3.  By keeping 

the charged height within such a range, it is possible to suppress 

oxygen leakage from the furnace bottom due to a reduced thickness 

of the charged layer 101.  It is further possible to prevent a decrease 

in the pyrolysis efficiency of the carbonizing grate portion 3 

resulting from excessive charging or the bridging phenomenon of 

the charged material in the melting furnace portion 4.  Furthermore, 

as shown by actual test results in FIG. 8, the slag temperature 

at the furnace bottom can be kept at 1450C or greater, at which 

a stable operation can be achieved (note that furnace bottom levels 

in FIG. 8 are indicated with the position at the lowermost end of 

the carbonizing grate portion 3 being defined as the furnace bottom 

level 0 as shown in FIG. 1). 
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[0043] 

 The control of the waste charged height in the melting furnace 

portion 4 is performed by adjusting a rate at which the wastes are 

supplied to the melting furnace portion 4 by the carbonizing grate 

portion 3, for example.  A sensor (not shown) for detecting the height 

of the charged layer 101 can be disposed in the melting furnace 

portion 4, for example, and the supply rate of the carbonizing grate 

portion 3 can be controlled based on the height of the charged layer 

101 detected by the sensor.  Alternatively, an operator may monitor 

the charged height, for example, and the supply rate may be controlled 

based on the monitored result. 

[0044] 

 Instead of directly detecting the height of the charged layer 

101 as described above, a pressure loss of the charged layer 101 

may be detected by means of a pressure gauge and the supply rate 

of the carbonizing grate portion 3 may be controlled depending on 

the degree of the pressure loss as means for appropriately controlling 

the charged height in the melting furnace portion 4 in order to 

suppress the occurrence of oxygen leakage from the furnace bottom 

or that of the bridging phenomenon in the charged layer 101.  As 

shown in FIG. 9 by way of an example, a pressure sensor (P1) for 

detecting a pressure in the melting furnace portion 4 is disposed 

in the inverted truncated cone portion 45 and a pressure sensor 

(P2) for detecting a pressure in a space above the carbonizing grate 

portion 3 is disposed in the communicated portion 5, for example.  
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With a difference between the pressure detected by the pressure 

sensor (P1) and the pressure detected by the pressure sensor (P2) 

being defined as a furnace bottom differential pressure, the supply 

rate of the carbonizing grate portion 3 is controlled in such a 

manner that the furnace bottom differential pressure is kept within 

a range between 0.4 and 2 kPa, for example.  It is preferred to 

determine the set value of the furnace bottom differential pressure 

after verifying in advance a range of a furnace bottom differential 

pressure corresponding to the preferable charged height by actually 

operating the furnace.  By keeping the furnace bottom differential 

pressure within such a range, it is possible to suppress the oxygen 

leakage or the bridging phenomenon.  Furthermore, the slag 

temperature at the furnace bottom can be kept at 1450C or greater, 

at which a stable operation can be achieved, as shown by actual 

test results in FIG. 10. 

[0045] 

 Instead of the above-described differential pressure control 

or together with the differential pressure control, a temperature 

of the carbonizing grate portion 3 may be detected by means of a 

thermometer and the supply rate of the carbonizing grate portion 

3 may be controlled depending on the temperature of the carbonizing 

grate portion 3.  As shown in FIG. 9 by way of an example, a temperature 

sensor (T1) for detecting a temperature in an upper space in the 

vicinity of the boundary between the supply carbonizing grates 3A 

and the dry distillation carbonizing grates 3B is disposed in the 
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communicated portion 5.  The supply rate of the carbonizing grate 

portion 3 is controlled in such a manner that the temperature detected 

by the temperature sensor (T1) is kept within a predetermined 

temperature range, for example, within a range between 650 and 800C.  

If the temperature detected by the temperature sensor (T1) exceeds 

the set range, it is concluded that the amount of heat coming from 

the melting furnace portion 4 has been increased due to a decrease 

in the charged level, thus increasing the supply rate.  In contrast, 

if the temperature detected by the temperature sensor (T1) is lower 

than the set range, it is concluded as excessive charging, thus 

decreasing the supply rate.  It is preferred to determine the set 

value of the temperature after verifying in advance a temperature 

range corresponding to the preferable charged height by actually 

operating the furnace.  By keeping the temperature within such a 

range, it is possible to suppress the oxygen leakage or the bridging 

phenomenon.  Furthermore, the slag temperature at the furnace bottom 

can be kept at 1450C or greater, at which a stable operation can 

be achieved, as shown by actual test results in FIG. 11.  The control 

by means of the furnace bottom differential pressure can be used 

in conjunction with the control by means of the temperature of the 

carbonizing grate portion 3. 

[0046] 

 Furthermore, the supply rate of the carbonizing grate portion 

3 may be controlled also by disposing an ITV camera, capable of 

monitoring a condition in the vicinity of the front edge of the 
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dry distillation carbonizing grates 3B, in such a manner that a 

flame in the furnace can be checked as illustrated in FIG. 9, for 

example.  In other words, an appropriate flame condition capable 

of achieving the slag temperature of 1450C or greater at the furnace 

bottom, for example, is verified in advance.  If a flame captured 

by the ITV camera is smaller than the appropriate flame, it is 

concluded as excessive charging, thus decreasing the supply rate.  

In contrast, if the flame is more intense than the appropriate flame, 

it is concluded that the charged level has been reduced, thus 

increasing the supply rate. 

[0047] 

 Furthermore, as illustrated in FIG. 9 for example, a sampling 

hole for a furnace gas may be provided in the communicated portion 

5.  A carbon monoxide concentration and an oxygen concentration in 

the sampled gas may be measured, and the supply rate of the carbonizing 

grate portion 3 may be controlled in such a manner that the carbon 

monoxide concentration is kept to be 3% or greater and the oxygen 

concentration is kept to be 1% or smaller.  In other words, if the 

oxygen concentration is greater than 1%, it is concluded as oxygen 

leakage resulting from a decrease in the charged level, thus 

increasing the supply rate.  Also, if the carbon monoxide 

concentration is lower than 3%, it is concluded as a decrease in 

the dry distillation efficiency resulting from excessive charging, 

thus decreasing the supply rate. 

[0048] 
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 The description will now be returned to FIG. 1.  It is not 

limited to the configuration in which wastes are charged only from 

the waste charging port 21 in the upper portion of the shaft.  For 

example, wastes may be charged from the secondary material charging 

port 41.  For example, wastes having a high moisture content may 

be charged from the waste charging port 21 and may be supplied to 

the melting furnace portion 4 after being subjected to drying and 

pyrolysis in the shaft portion 2 and the carbonizing grate portion 

3.  Wastes having a high ash content and a low moisture content may 

be charged from the secondary material charging port 41, thereby 

reducing the load of the drying and pyrolysis in the shaft portion 

2 and the carbonizing grate portion 3.  An example of the wastes 

having a high moisture content may be sludge or the like, and an 

example of the wastes having a high ash content may be incinerated 

ashes or the like.  A waste charging port can be provided also at 

a position different from the waste charging port 21 and the secondary 

material charging port 41.  By appropriately changing the position 

at which charging wastes into the furnace is performed depending 

on the property of wastes as described above, the load for the entire 

furnace can be reduced. 

[0049] 

 Kinds of wastes to be treated are not particularly limited, 

and both of general wastes and industrial wastes can be treated.  

It is also possible to treat one of shredder residues (ASR), dug 

wastes, incinerated ashes, and the like, or a mixture thereof, or 
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a mixture of these and a combustible waste.  Also, wastes dried by 

distillation or chars may be charged. 

[0050] 

 The present invention has been described above in detail in 

accordance with the specific embodiment thereof.  However, it is 

apparent for a person having ordinal skill in the art that various 

substitutions, modifications, alternations, and the like regarding 

its form or details are permissible without departing from the spirit 

and scope of the present invention as defined by the description 

of claims.  Therefore, the scope of the present invention should 

not be limited by the above-described embodiment and the accompanying 

drawings but should be defined based on the description of claims 

and equivalents thereof. 

 

Reference Signs List 

[0051] 

 1 Waste gasification melting furnace 

 2 Shaft portion 

 3 Carbonizing grate portion 

 3A Supply carbonizing grate 

 3B Dry distillation carbonizing grate 

 4 Melting furnace portion 

 42 Tuyere 

 5 Communicated portion 
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CLAIMS 

 

 1. A waste gasification melting furnace comprising: 

 a shaft portion configured to dry and pyrolyze wastes charged 

into the shaft portion, the shaft portion having a waste charging 

port and a furnace gas exhaust port provided on an upper side of 

the shaft portion and an opening on a bottom side of the shaft portion 

for discharging wastes; 

 a melting furnace portion arranged in such a manner that a 

core of the melting furnace is shifted from a core of the shaft 

portion, the melting furnace portion having, on an upper side of 

the melting furnace, an opening through which pyrolyzed wastes and 

a carbon-based solid fuel are supplied, and having, on a furnace 

bottom side of the melting furnace, a tuyere through which 

oxygen-enriched air for combustion is blown into the melting furnace 

portion; and 

 a communicated portion configured to connect between the 

bottom-side opening of the shaft portion and the upper-side opening 

of the melting furnace portion, wherein 

 the communicated portion includes: a carbonizing grate portion 

disposed at a position where a load of the wastes charged in the 

shaft portion is received; a blower configured to blow air used 

for drying and pyrolysis into the shaft portion from the carbonizing 

grate portion; and a supply device configured to supply pyrolyzed 

wastes being on the carbonizing grate portion to the upper-side 
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opening of the melting furnace portion, 

 the carbonizing grate portion includes: a supply carbonizing 

grate disposed on an upper-stage side of the carbonizing grate 

portion; and a dry distillation carbonizing grate disposed on a 

lower-stage side of the carbonizing grate portion, 

 the supply device includes: a first supply device for supplying 

wastes on the supply carbonizing grate toward the dry distillation 

carbonizing grate; and a second supply device for supplying 

carbonized wastes on the dry distillation carbonizing grate toward 

the melting furnace portion, and 

 in order to facilitate drying and pyrolysis utilizing 

combustion heat from wastes themselves in the carbonizing grate 

portion, the air for drying and pyrolysis is blown into the shaft 

portion from the carbonizing grate portion in such a manner that 

the air contains 60% or more of a total amount of oxygen to be blown 

into the furnace; oxygen delivery to be supplied from the tuyere 

in the melting furnace portion is set to be less than 40% of the 

total amount of oxygen to be blown into the furnace; and a supply 

rate (V2) of the second supply device is set to be greater than 

a supply rate (V1) of the first supply device (V2 > V1). 

 

 2. The waste gasification melting furnace according to claim 

1, wherein the blower adjusts an amount of air to be blown into 

the furnace from the carbonizing grate portion in such a manner 

that a moisture content in wastes supplied from the carbonizing 
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grate portion to the melting furnace portion is equal to or smaller 

than 10% and a remained amount of fixed carbons is equal to or greater 

than 3%. 

 

 3. The waste gasification melting furnace according to claim 

1 or 2, wherein the supply rate of the supply device is controlled 

in such a manner that a waste charged height in the melting furnace 

portion is kept within a range between +0.5 m from the tuyere in 

an upward direction and a lowermost end of the carbonizing grate 

portion. 

 

 4. The waste gasification melting furnace according to any 

one of claims 1 to 3, wherein the supply rate of the supply device 

is controlled in such a manner that a differential pressure between 

a pressure (P1) in the melting furnace portion and a pressure (P2) 

in a space above the carbonizing grate portion is kept within a 

range between 0.4 kPa and 2 kPa. 

 

 5. The waste gasification melting furnace according to any 

one of claims 1 to 4, wherein the supply rate of the supply device 

is controlled in such a manner that a temperature in the carbonizing 

grate portion is kept within a range between 650C and 800C. 
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 6. The waste gasification melting furnace according to any 

one of claims 1 to 5, wherein with a value obtained by dividing 

a theoretical combustion oxygen amount (M1) of fixed carbons 

contained in the carbon-based solid fuel by a total oxygen amount 

(M2) of the oxygen-enriched air to be blown into the melting furnace 

from the tuyere being defined as a melting furnace fuel ratio (M1/M2), 

 the melting furnace fuel ratio (M1/M2) is set within a range 

between 0.8 and 1.2. 

 

 7. The waste gasification melting furnace according to any 

one of claims 1 to 6, wherein one or more waste charging ports, 

used for changing a position at which charging wastes into the furnace 

is performed depending on a kind or property of wastes, are provided 

at a position different from the waste charging port disposed on 

the upper portion of the shaft portion. 

 

 8. The waste gasification melting furnace according to any 

one of claims 1 to 7, wherein a carbonizing grate combustion rate 

in the carbonizing grate portion falls within a range between 300 

kg/(m
2
∙h) and 500 kg/(m

2
∙h). 

 

 9. The waste gasification melting furnace according to any 

one of claims 1 to 8, wherein the melting furnace portion has a 

cylindrical shape; an inverted truncated cone portion forming a 

narrowed portion is formed between the opening through which wastes 
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from the carbonizing grate portion are supplied and the tuyere; 

and an inclination angle of the inverted truncated cone portion 

is greater than 75 degrees. 

 


