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(57) ABSTRACT 

The present invention provides a system for converting the 
residue of a carbonaceous feedstock gasi?cation or incinera 
tion process into an inert slag and a gas having a heating value. 
The residue is converted by plasma heating in a refractory 
lined residue conditioning chamber. The gas produced is 
optionally passed through a gas conditioning system for cool 
ing and cleaning to provide a product gas that is suitable for 
use in downstream applications. The system also comprises a 
control subsystem for optimizing the conversion reaction 
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RESIDUE CONDITIONING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of priority under 35 
U.S.C. §119(e) from US. Provisional Application Ser. No. 
60/864,116, ?led Nov. 2, 2006. This application also claims 
bene?t of priority under 35 U.S.C. §119(e) from US. 
Provisional Application Ser. No. 60/911,179, ?led Apr. 11, 
2007. This application also claims bene?t of priority from 
International Application Serial No. PCT/ CA07/ 00792, ?led 
May 8, 2007. The contents of all of the aforementioned 
applications are hereby expressly incorporated by reference 
in their entirety and for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to systems for con 
verting Waste residue materials to an inert slag, and in 
particular to systems for the plasma assisted conversion of 
residual materials to an inert slag and a gas having a heating 
value. 

BACKGROUND OF THE INVENTION 

[0003] Gasi?cation is a process that enables the conver 
sion of carbonaceous feedstock, such as municipal solid 
Waste (MSW) or coal, into a combustible gas. The gas can 
be used to generate electricity, steam or as a basic raW 
material to produce chemicals and liquid fuels. 
[0004] Possible uses for the gas include: the combustion in 
a boiler for the production of steam for internal processing 
and/or other external purposes, or for the generation of 
electricity through a steam turbine; the combustion directly 
in a gas turbine or a gas engine for the production of 
electricity; fuel cells; the production of methanol and other 
liquid fuels; as a further feedstock for the production of 
chemicals such as plastics and fertilizers; the extraction of 
both hydrogen and carbon monoxide as discrete industrial 
fuel gases; and other industrial applications. 
[0005] Generally, the gasi?cation process consists of feed 
ing carbonaceous feedstock into a heated chamber (the 
gasi?er) along With a controlled and/or limited amount of 
oxygen and optionally steam. In contrast to incineration or 
combustion, Which operate With excess oxygen to produce 
CO2, H2O, SOX, and NOx, gasi?cation processes produce a 
raW gas composition comprising CO, H2, H28, and NH3. 
After clean-up, the primary gasi?cation products of interest 
are H2 and CO. 
[0006] Useful feedstock can include any municipal Waste, 
Waste produced by industrial activity and biomedical Waste, 
seWage, sludge, coal, heavy oils, petroleum coke, heavy 
re?nery residuals, re?nery Wastes, hydrocarbon contami 
nated soils, biomass, and agricultural Wastes, tires, and other 
haZardous Waste. Depending on the origin of the feedstock, 
the volatiles may include H2O, H2, N2, O2, CO2, CO, CH4, 
H2S, NH3, C2H6, unsaturated hydrocarbons such as acety 
lenes, ole?ns, aromatics, tars, hydrocarbon liquids (oils) and 
char (carbon black and ash). 
[0007] As the feedstock is heated, Water is the ?rst con 
stituent to evolve. As the temperature of the dry feedstock 
increases, pyrolysis takes place. During pyrolysis the feed 
stock is thermally decomposed to release tars, phenols, and 
light volatile hydrocarbon gases While the feedstock is 
converted to char. 
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[0008] Char comprises the residual solids consisting of 
organic and inorganic materials. After pyrolysis, the char has 
a higher concentration of carbon than the dry feedstock and 
may serve as a source of activated carbon. In gasi?ers 

operating at a high temperature (>1,200o C.) or in systems 
With a high temperature Zone, inorganic mineral matter is 
fused or vitri?ed to form a molten glass-like substance 
called slag. 
[0009] Since the slag is in a fused, vitri?ed state, it is 
usually found to be non-hazardous and may be disposed of 
in a land?ll as a non-hazardous material, or sold as an ore, 

road-bed, or other construction material. It is becoming less 
desirable to dispose of Waste material by incineration 
because of the extreme Waste of fuel in the heating process 
and the further Waste of disposing, as a residual Waste, 
material that can be converted into a useful syngas and solid 
material. 
[0010] The means of accomplishing a gasi?cation process 
vary in many Ways, but rely on four key engineering factors: 
the atmosphere (level of oxygen or air or steam content) in 
the gasi?er; the design of the gasi?er; the internal and 
external heating means; and the operating temperature for 
the process. Factors that affect the quality of the product gas 
include: feedstock composition, preparation and particle 
siZe; gasi?er heating rate; residence time; the plant con?gu 
ration including Whether it employs a dry or slurry feed 
system, the feedstock-reactant ?oW geometry, the design of 
the dry ash or slag mineral removal system; Whether it uses 
a direct or indirect heat generation and transfer method; and 
the syngas cleanup system. Gasi?cation is usually carried 
out at a temperature in the range of about 6500 C. to 12000 
C., either under vacuum, at atmospheric pressure or at 
pressures up to about 100 atmospheres. 
[0011] There are a number of systems that have been 
proposed for capturing heat produced by the gasi?cation 
process and utiliZing such heat to generate electricity, gen 
erally knoWn as combined cycle systems. 
[0012] The energy in the product gas coupled With sub 
stantial amounts of recoverable sensible heat produced by 
the process and throughout the gasi?cation system can 
generally produce su?icient electricity to drive the process, 
thereby alleviating the expense of local electricity consump 
tion. The amount of electrical poWer that is required to 
gasify a ton of a carbonaceous feedstock depends directly 
upon the chemical composition of the feedstock. 
[0013] If the gas generated in the gasi?cation process 
comprises a Wide variety of volatiles, such as the kind of gas 
that tends to be generated in a loW temperature gasi?er With 
a “loW quality” carbonaceous feedstock, it is generally 
referred to as off-gas. If the characteristics of the feedstock 
and the conditions in the gasi?er generate a gas in Which CO 
and H2 are the predominant chemical species, the gas is 
referred to as syngas. Some gasi?cation facilities employ 
technologies to convert the raW off-gas or the raW syngas to 
a more re?ned gas composition prior to cooling and cleaning 
through a gas quality conditioning system. 
[0014] Utilizing plasma heating technology to gasify a 
material is a technology that has been used commercially for 
many years. Plasma is a high temperature luminous gas that 
is at least partially ioniZed, and is made up of gas atoms, gas 
ions, and electrons. Plasma can be produced With any gas in 
this manner. This gives excellent control over chemical 
reactions in the plasma as the gas might be neutral (for 
example, argon, helium, neon), reductive (for example, 
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hydrogen, methane, ammonia, carbon monoxide), or oxida 
tive (for example, oxygen, carbon dioxide). In the bulk 
phase, a plasma is electrically neutral. 
[0015] Some gasi?cation systems employ plasma heat to 
drive the gasi?cation process at a high temperature and/or to 
re?ne the offgas/syngas by converting, reconstituting, or 
reforming longer chain volatiles and tars into smaller mol 
ecules With or Without the addition of other inputs or 
reactants When gaseous molecules come into contact With 
the plasma heat, they Will disassociate into their constituent 
atoms. Many of these atoms Will react With other input 
molecules to form neW molecules, While others may recom 
bine With themselves. As the temperature of the molecules 
in contact With the plasma heat decreases all atoms fully 
recombine. As input gases can be controlled stoichiometri 
cally, output gases can be controlled to, for example, pro 
duce substantial levels of carbon monoxide and insubstantial 
levels of carbon dioxide. 
[0016] The very high temperatures (3000 to 70000 C.) 
achievable With plasma heating enable a high temperature 
gasi?cation process Where virtually any input feedstock 
including Waste in as-received condition, including liquids, 
gases, and solids in any form or combination can be accom 
modated. The plasma technology can be positioned Within a 
primary gasi?cation chamber to make all the reactions 
happen simultaneously (high temperature gasi?cation), can 
be positioned Within the system to make them happen 
sequentially (loW temperature gasi?cation With high tem 
perature re?nement), or some combination thereof. 
[0017] The gas produced during the gasi?cation of car 
bonaceous feedstock is usually very hot but may contain 
small amounts of unWanted compounds and requires further 
treatment to convert it into a useable product. Once a 
carbonaceous material is converted to a gaseous state, unde 
sirable substances such as metals, sulfur compounds and ash 
may be removed from the gas. For example, dry ?ltration 
systems and Wet scrubbers are often used to remove par 
ticulate matter and acid gases from the gas produced during 
gasi?cation. A number of gasi?cation systems have been 
developed Which include systems to treat the gas produced 
during the gasi?cation process. 
[0018] These factors have been taken into account in the 
design of various different systems Which are described, for 
example, in US. Pat. Nos. 6,686,556, 6,630,113, 6,380,507; 
6,215,678, 5,666,891, 5,798,497, 5,756,957, and US. Patent 
Application Nos. 2004/0251241, 2002/0144981. There are 
also a number of patents relating to different technologies for 
the gasi?cation of coal for the production of synthesis gases 
for use in various applications, including US. Pat. Nos. 
4,141,694; 4,181,504; 4,208,191; 4,410,336; 4,472,172; 
4,606,799; 5,331,906; 5,486,269, and 6,200,430. 
[0019] Prior systems and processes have not adequately 
addressed the problems that must be dealt With on a con 
tinuously changing basis. Some of these types of gasi?cation 
systems describe means for adjusting the process of gener 
ating a useful gas from the gasi?cation reaction. Accord 
ingly, it Would be a signi?cant advancement in the art to 
provide a system that can e?iciently gasify carbonaceous 
feedstock in a manner that maximiZes the overall e?iciency 
of the process, and/or the steps comprising the overall 
process. 
[0020] The disposal of solid Waste has become a major 
issue due to space limitations for land?lls and the environ 
mental issues that arise. Attempts have been made to reduce 
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the volume and recover the energy content of municipal 
solid Waste (MSW) and other Waste through various meth 
ods. These methods include incineration in Which excess O2 
is added to the input Waste so that at loW temperature it 
burns. The result is heat and an exhaust of CO2, H20 and 
other products of combustion or partial combustion. In 
incineration, as much as 30% of the processed solid Waste 
remains as a solid hazardous Waste, ash. 
[0021] Waste materials such as ash and slag are typically 
discarded in land?lls, hoWever, there is increasing public 
concern about gaseous emissions from land?lls and the 
possibility of contamination of groundWater. Alternatively, 
these Waste by-products may be processed into cost effective 
commercial materials and used in many doWnstream appli 
cations, such as sandpaper, glass Wool, asphalt, cinder or 
building blocks, and glass tiles. 
[0022] US. Pat. No. 5,280,757 describes the use of a 
plasma arc torch in a reactor vessel to gasify municipal solid 
Waste. A product having a medium quality gas and a slag 
With a loWer toxic element leachability is thereby produced. 
[0023] US. Pat. No. 5,666,891 describes an arc plasma 
melter electro conversion system for Waste treatment and 
resource recovery. The gas may be utiliZed in a combustion 
process to generate electricity and the solid product can be 
suitable for various commercial applications. The apparatus 
may additionally be employed Without further use of the 
gases generated by the conversion process. 
[0024] Accordingly, there remains a need in the art for a 
system for converting the by-products of carbonaceous 
feedstock gasi?cation or incineration processes, into a safe, 
stable form for commercial use or Which does not require 
special hazardous Waste considerations for disposal, While 
also maximiZing the recovery of gases having heating value. 

SUMMARY OF THE INVENTION 

[0025] This invention provides a system for the conver 
sion of residual matter of a carbonaceous feedstock gasi? 
cation or incineration process into an inert slag product and 
a gas having a heating value. In particular, the system 
comprises a refractory-lined residue conditioning chamber 
comprising a residue inlet, a gas outlet, a slag outlet, a 
plasma heat source port, and a control system for monitoring 
operating parameters and adjusting operating conditions 
Within the conversion system to optimiZe the conversion 
reaction. The plasma heat causes the residue to melt, and 
converts carbon present in the residue to a residue gas, 
Which exits the chamber through the gas outlet, and option 
ally into a gas conditioning subsystem for cooling and 
conditioning as required for doWnstream considerations. 
[0026] The chamber may also optionally comprise one or 
more inlets for introducing air (or other oxygen containing 
additives) into the residue conditioning chamber to control 
the conditioning process. The chamber may also optionally 
comprise one or more additive inlets for introducing addi 
tives to control the composition of the resulting slag product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Embodiments of the present invention Will noW be 
described, by Way of example only, by reference to the 
attached Figures, Wherein: 
[0028] FIG. 1 is a block ?oW diagram shoWing the inputs 
and outputs of a residue conditioning system of the present 
invention; 
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[0029] FIG. 2 is a block ?oW diagram showing the inputs, 
optional inputs and outputs of a residue conditioning system 
of the present invention; 
[0030] FIG. 3 is a schematic representation of a typical 
residue conditioning chamber in accordance With the present 
invention; 
[0031] FIG. 4A illustrates a perspective vieW of one 
embodiment of a residue conditioning chamber; 
[0032] FIG. 4B is a cross-sectional vieW of the embodi 
ment of FIG. 4A; 
[0033] FIG. 5A is a schematic depiction of a residue 
conditioning chamber in indirect communication With tWo 
residue sources, in accordance With one embodiment of the 
present invention; 
[0034] FIG. 5B is a schematic depiction of a residue 
conditioning chamber in indirect communication With one 
residue source, in accordance With one embodiment of the 
present invention; 
[0035] FIG. 6 illustrates a cross-sectional vieW of one 
embodiment of a residue conditioning chamber integrated 
With a residue conditioning chamber; 
[0036] FIG. 7 is a partial cross-sectional vieW of an 
S-spout type slag outlet, in accordance With one embodi 
ment of the present invention; 
[0037] FIG. 8 is a partial cross-sectional vieW of a tiltable 
slag crucible in a residue conditioning chamber in accor 
dance With one embodiment of the present invention; 
[0038] FIG. 9 is a partial cross-sectional vieW of one 
embodiment of a slag outlet, in accordance With the present 
invention; 
[0039] FIG. 10 is a partial cross-sectional vieW of one 
embodiment of a slag outlet, in accordance With the present 
invention; 
[0040] FIG. 11 is a partial cross-sectional vieW of one 
embodiment of a slag outlet, in accordance With the present 
invention; 
[0041] FIG. 12 is a partial cross-sectional vieW of one 
embodiment of a slag outlet, in accordance With the present 
invention; 
[0042] FIG. 13 illustrates one embodiment of a residue 
conditioning chamber in relation to a gasi?er and baghouse, 
in accordance With one embodiment of the present inven 
tion; 
[0043] FIG. 14 is a cross-sectional vieW of one embodi 
ment of a residue conditioning chamber, in accordance With 
one embodiment of the present invention; 
[0044] FIG. 15 is a perspective vieW of one embodiment 
of a residue conditioning chamber, in accordance With one 
embodiment of the present invention; 
[0045] FIG. 16 is a cross-sectional vieW of one embodi 
ment of a residue conditioning chamber in relation to a slag 
cooling subsystem, in accordance With one embodiment of 
the present invention; 
[0046] FIG. 17 is a perspective vieW of one embodiment 
of a residue conditioning chamber in relation to a residue gas 
conditioning subsystem, in accordance With one embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0047] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. 
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[0048] The term “residue” generally refers to the residual 
material produced during processes for the gasi?cation or 
incineration of carbonaceous feedstocks. These include the 
solid and semi-solid by-products of the process. Such a 
residue generally consists of the inorganic, incombustible 
materials present in carbonaceous materials, such as silicon, 
aluminum, iron and calcium oxides, as Well as a proportion 
of unreacted or incompletely converted carbon. As such, the 
residue may include char, ash, and/or any incompletely 
converted feedstock passed from the gasi?cation chamber. 
The residue may also include materials recovered from 
doWnstream gas quality conditioning processes, for 
example, solids collected in a gas ?ltering step, such as that 
collected in a baghouse ?lter. The residue may also include 
solid products of carbonaceous feedstock incineration pro 
cesses, Which may come in the form of incinerator bottom 
ash and ?yash collected in an incinerator’s pollution abate 
ment suite. 

[0049] As used herein, the term (carbonaceous) feedstock 
can be any carbonaceous material appropriate for gasifying 
in the present gasi?cation process, and can include, but is not 
limited to, any Waste materials, coal (including loW grade, 
high sulfur coal not suitable for use in coal-?red poWer 
generators), petroleum coke, heavy oils, biomass, seWage 
sludge, sludge from pulp and paper mills and agricultural 
Wastes. Waste materials suitable for gasi?cation include both 
haZardous and non-hazardous Wastes, such as municipal 
Waste, Wastes produced by industrial activity (paint sludges, 
off-spec paint products, spent sorbents), automobile ?uff, 
used tires and biomedical Wastes, any carbonaceous material 
inappropriate for recycling, including non-recyclable plas 
tics, seWage sludge, coal, heavy oils, petroleum coke, heavy 
re?nery residuals, re?nery Wastes, hydrocarbon contami 
nated solid Waste and biomass, agricultural Wastes, tires, 
haZardous Waste, industrial Waste and biomass. Examples of 
biomass useful for gasi?cation include, but are not limited 
to, Waste or fresh Wood, remains from fruit, vegetable and 
grain processing, paper mill residues, straW, grass, and 
manure 

[0050] “Residue conditioning” means the conversion of a 
residue to a vitri?ed, homogenous slag exhibiting loW leach 
ability and a gas having a heating value, Wherein the residue 
is a residual material produced during processes related to 
the gasi?cation or incineration of carbonaceous feedstocks, 
as de?ned above. 

[0051] “Residue gas” refers to the gases produced during 
the residue conditioning process. As used herein, the term 
“sensing element” is de?ned to describe any element of the 
system con?gured to sense a characteristic of a process, a 
process device, a process input or process output, Wherein 
such characteristic may be represented by a characteristic 
value useable in monitoring, regulating and/or controlling 
one or more local, regional and/or global processes of the 
system. Sensing elements considered Within the context of a 
gasi?cation system may include, but are not limited to, 
sensors, detectors, monitors, analyZers or any combination 
thereof for the sensing of process, ?uid and/or material 
temperature, pressure, How, composition and/or other such 
characteristics, as Well as material position and/or disposi 
tion at any given point Within the system and any operating 
characteristic of any process device used Within the system. 
It Will be appreciated by the person of ordinary skill in the 
art that the above examples of sensing elements, though each 
relevant Within the context of a gasi?cation system, may not 
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be speci?cally relevant Within the context of the present 
disclosure, and as such, elements identi?ed herein as sensing 
elements should not be limited and/or inappropriately con 
strued in light of these examples. 
[0052] As used herein, the term “response element” is 
de?ned to describe any element of the system con?gured to 
respond to a sensed characteristic in order to operate a 
process device operatively associated thereWith in accor 
dance With one or more predetermined, computed, ?xed 
and/or adjustable control parameters, Wherein the one or 
more control parameters are de?ned to provide a desired 
process result. Response elements considered Within the 
context of a gasi?cation system may include, but are not 
limited to static, pre-set and/or dynamically variable drivers, 
poWer sources, and any other element con?gurable to impart 
an action, Which may be mechanical, electrical, magnetic, 
pneumatic, hydraulic or a combination thereof, to a device 
based on one or more control parameters. Process devices 
considered Within the context of a gasi?cation system, and 
to Which one or more response elements may be operatively 
coupled, may include, but are not limited to, material and/or 
feedstrock input means, heat sources such as plasma heat 
sources, additive input means, various gas bloWers and/or 
other such gas circulation devices, various gas ?oW and/or 
pressure regulators, and other process devices operable to 
affect any local, regional and/or global process Within a 
gasi?cation system. It Will be appreciated by the person of 
ordinary skill in the art that the above examples of response 
elements, though each relevant Within the context of a 
gasi?cation system, may not be speci?cally relevant Within 
the context of the present disclosure, and as such, elements 
identi?ed herein as response elements should not be limited 
and/or inappropriately construed in light of these examples. 

OvervieW of the Residue Conditioning System 

[0053] This invention provides a system for the conver 
sion of a residue into a vitri?ed substance and a residue gas 
having a heating value, Wherein the residue is obtained from 
one or more sources generated from a gasi?cation system or 
an incineration system. The system comprises a refractory 
lined residue conditioning chamber comprising: a residue 
inlet, a residue gas outlet, a slag outlet, and one or more ports 
for heating devices such as a plasma torch; and a control 
subsystem for monitoring operating parameters and adjust 
ing operating conditions Within the system to optimiZe the 
conversion reaction. Sensing elements and response ele 
ments are integrated Within the system, and the response 
elements adjust the operating conditions Within the system 
according to the data obtained from the sensing elements. 
[0054] FIG. 1 is a schematic depiction of the representa 
tive residue conditioning system, in accordance With one 
embodiment of the present invention. The residue condi 
tioning system 4000 comprises residue inputs 4010 into a 
residue conditioning chamber 4020, Where plasma heat 
inputs 4030 convert the residue into a molten slag material 
4041 and a residue gas product 4051. The molten slag 
material 4041 is output from the residue conditioning cham 
ber 4020 and passed into an optional slag cooling subsystem 
4040 for cooling. The residue gas 4051 is output from the 
chamber 4020 and is optionally passed into a gas condition 
ing subsystem 4050 for cooling and cleaning. 
[0055] FIG. 2 is a schematic depiction of the representa 
tive inputs and outputs of a typical residue conditioning 
system, including optional inputs, in accordance With one 
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embodiment of the present invention. The residue condi 
tioning system comprises residue inputs that include a 
residue product 4013 of a carbonaceous feedstock gasi?er 
2000 or a residue product 4913 of a carbonaceous feedstock 
incinerator 4900 and an optional secondary residue product 
4019 obtained from a particulate matter separation apparatus 
(e.g., a baghouse ?lter or cyclone) of a gas conditioning 
subsystem. These tWo residues are passed, along With an 
optional solid process additive 4035 into a residue condi 
tioning chamber 4020, Where plasma heat inputs 4030 With 
optional air additives 4031 and/or steam additives 4033 
convert the residue into a molten slag material 4041 and a 
residue gas 4051. The molten slag material 4051 is output 
from the residue conditioning chamber 4020 and passed into 
a slag cooling subsystem 4040 for cooling. The residue gas 
4051 is output from the chamber 4020 and passed through 
residue gas conditioning subsystem 4050. 
[0056] The present system is suitable for conditioning 
residue that is, for example, the residual by-products of a 
carbonaceous feedstock gasi?cation process, or the solids 
collected in gas conditioning and/or cleanup systems. The 
residue may also come in the form of incinerator bottom ash 
and ?y ash collected in an incinerator’s pollution abatement 
suite. 
[0057] The residue conditioning process is accomplished 
by raising the temperature of the residue to the level required 
to melt the residue to form a vitreous material that cools to 
a dense solid. The high temperature also converts carbon in 
the residue to a residue gas having a heating value. The 
residue gas produced in the conditioning process exits the 
chamber via a gas outlet. The gaseous product at this stage 
typically comprises heavy metal and particulate contami 
nants. Accordingly, the system optionally comprises a gas 
conditioning subsystem for cooling and conditioning the 
residue gas as required for doWnstream applications. 
[0058] According to the present invention, the heat 
required to condition the residue is provided by one or more 
plasma heat sources. Additional or supplemental heating as 
may be required can be provided by one or more heating 
means knoWn in the art including induction heating, joule 
heating, or a gas burner. Additional heat may also be 
provided by injecting oxygen or air into the conditioning 
chamber Where the oxygen Will react exothermically With 
carbon and volatiles present in the residue. 
[0059] The present invention also provides for the addition 
of air and/or steam as optional gaseous process additives to 
facilitate the conversion of the carbon to residue gas having 
a heating value. 
[0060] The source of the residue may be, but is not limited 
to, a loW temperature or high temperature gasi?er, an 
incinerator, a hopper in Which the residue is stored, or 
particulate matter separators Within a gas conditioning sys 
tem, for example, a baghouse ?lter or cyclone. The residue 
conditioning chamber may be directly or indirectly con 
nected to the source of the residue to be conditioned. The 
residue is conveyed, continuously or intermittently, from the 
source of the residue through appropriately adapted outlets 
and/or conveyance means to the residue inlet of the chamber, 
as Would be knoWn to the skilled Worker, according to the 
requirements of the system and the type of by-product to be 
removed. 
[0061] The molten slag, at a temperature of, for example, 
about 12000 C. to about 18000 C., may periodically or 
continuously be output from the residue chamber and there 
























