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(57) Abstract

A method and apparatus for treating
wastes by two-stage gasification recovers
metals or ash content in the wastes in such
a state that they can be recycled, and gases
containing carbon monoxide (CO) and hy-
drogen gas (H) for use as synthesis gas
of ammonia (NH3) or production of hydro-
gen gas. The wastes are gasified in a flu-
idized—bed reactor (3) at a low temperature.
Then, gaseous material and char produced
in the fluidized—bed reactor (3) are intro-
duced into the high—temperature combustor
(17), and gasified at a high temperature and
ash content is converted into molten slag.
After water scrubbing and CO conversion
reaction, the gas is separated into Hz and
residual gas. The residual gas is then sup-
plied to the fluidized-bed reactor (3) as a
fluidizing gas.
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DESCRIPTION
METHOD AND APPARATUS FOR TREATING WASTES BY GASIFICATION

Technical Field
The present invention relates to a method and apparatus
for treating wastes by gasification, and more particularly to
a method and apparatus for treating wastes by two-stage
gasification to recover metals or ash content in the wastes in
such a state that they can be recycled and gases mainly composed
of carbon monoxide (CO) and hydrogen gas (H,) for use as synthesis

gas of hydrogen gas or ammonia (NH,).

Background Art

Ammonia is a mass-produced basic material for producing
nitric acid, fertilizers including ammonium nitrate, ammonium
sulfate and urea, acrylonitrile, caprolactam or the 1like.
Ammonia is catalytic synthesized from nitrogen gas (N,) and
hydrogen gas (H,) under a high pressure. Hydrogen gas has been
produced by either steam reforming of natural gas or naphtha,
or partial combustion, i.e., gasification of hydrocarbon such
as crude oil, heavy oil, bottom oil, coal, pitch or petroleum
coke.

Since most of materials for producing hydrogen gas are
dependent on importation from abroad, ammonia-derived chemical
products have lost their competitiveness on the world market
after oil crises. Therefore, there has been a strong desire for
obtaining materials which are inexpensive and available
domestically.

It has heretofore been customary to treat organic wastes
such as municipal wastes, plastic wastes including
fiber-reinforced plastics (FRP), biomass wastes, and automobile
wastes by incineration to reduce their volume for reclaiming,

or to discard them in an untreated state to landfill sites.
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Therefore, only a small quantity of resources has been
recovered from the organic wastes for the purpose of recycling,
irrespective of direct or indirect utilization.

On the other hand, the incineration of organic wastes has
been disadvantageous for the following reasons:

A stoker furnace or a fluidized-bed furnace has heretofore
been used for the incineration of the organic wastes. However,
this incineration has been problematic in respect to
environmentalconservation,orrecyclingofresourcesorenergy.
To be more specific, large quantities of exhaust gas are
discharged because of high air ratio, and toxic dioxins are
contained in the exhaust gas. Further, metals which are
discharged from the furnace are not good for recycling because
they are severely oxidized, and landfill sites become scarce
year by year. Recently, the number of waste treatment facilities
whichincorporateash—meltingequipmentsisincreasing,however,
a problem is encountered in the increase of construction cost
and/or operating cost of the waste treatment facilities.
Further, recently, there has been developing a tendency to
utilize energy of the wastes more efficiently.

Dumping the wastes in an untreated state on the reclaimed
land has become more difficult because of scarcity of landfill
sites, and has not been allowable from the viewpoint of
environmental conservation. Therefore, landfilling problem of
harmful wastes such as shredder dust from scrapped cars is
getting worse and worse.

Further, in the case where a large quantity of steam is
used with oxygen gas (0,) as a gasifying agent in the
fluidized-bed reactor, running cost increases. Even if air
which is easily available is used as gasifying agent, there is
a limit to the amount of air because of limitation on the amount

of nitrogen for synthesis of ammonia.
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Disclosure of Invention

It is therefore an object of the present invention to
provide a method and apparatus for treating wastes by two-stage
gasification which can recover resources in wastes for the
purpose of recycling, produce synthesis gas having components
for use as synthesis gas of ammonia by partial combustion, solve
various problems caused by incineration or landfilling of
organic wastes, and obtain a low cost synthesis gas for hydrogen
gas or ammonia.

In order to achieve the above object, according to one
aspect of the present invention, there is provided a method for
treating wastes by gasification, comprising: gasifying wastes
in a fluidized-bed reactor at a relatively low temperature;
introducing gaseous material and char produced in the
fluidized-bed reactor into a high-temperature combustor;
producing synthesis gas in the high-temperature combustor at
a relatively high temperature; converting the synthesis gas by
CO-shift reaction after scrubbing for removal of acid
components; producing hydrogen gas by gas separation process;
and supplying residual gas to the fluidized-bed in the
fluidized-bed reactor.

The gas separation process may be carried out by one of
pressure swing adsorption or hydrogen gas separation membrane.

According to another aspect of the present invention,
there is provided a method for treating wastes by gasification,
comprising: gasifying wastes in a fluidized-bed reactor at a
relatively low temperature; introducing gaseous material and
char produced in the fluidized-bed reactor into a high-
temperature combustor; producing synthesis gas in the high-
temperature combustor at a relatively high temperature;
converting the synthesis gas by CO-shift reaction; removing acid
components in the gas from the CO-shift reaction to obtain

hydrogen gas; supplying a part of the removed acid components



10

15

20

25

30

WO 98/47985 PCT/JP97/03814

4

to the fluidized-bed reactor. Above-mentioned CO-shift
reaction can be carried out after removal of the acid components
in the synthesis gas.

According to still another aspect of the present invention,
there is provided an apparatus for treating wastes by
gasification, comprising: a fluidized-bed reactor for gasifying
wastes at a relatively low temperature to produce gaseous
material and char; a high-temperature combustor for producing
synthesis gas at arelatively high temperature: a cooling chamber
containing water for cooling the synthesis gas; a water scrubber
for removing acid components from gas supplied from the cooling
chamber; a CO-shift converter for carrying out CO-shift reaction
to convert CO, H,0 in the gas from the water scrubber into co,,
H,; a gas separator for separating gas into hydrogen gas and
residual gas; and a pipeline for supplying the residual gas to
the fluidized-bed reactor.

According to still another aspect of the present invention,
there 1is provided an apparatus for treating wastes by
gasification, comprising: a fluidized-bed reactor for gasifying
wastes at a relatively low temperature to produce gaseous
material and char; a high-temperature combustor for introducing
synthesis gas at a relatively high temperature: a cooling chamber
containing water for cooling said synthesis gas; a CO-shift
converter for carrying out CO-shift reaction to convert CO and
H,0 in the gas from said cooling chamber into CO, and H,; an acid
gas remover for removing acid components in the gas after
CO-shift reaction; and a pipeline for supplying a part of said
acid components to the fluidized-bed reactor.

The acid gas remover may be provided between the cooling
chamber and the CO-shift converter.

The two-stage gasification in the present invention may
be carried out under atmospheric pressure, but economically may

be carried out under a pressure ranging 5 to 90 atm, preferably
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10 to 40 atm. As a gasifying agent, air and/or oxygen gas
obtained by air separation may be used. Alternatively, steam
or carbon dioxide (CO,) may be added to them.

The fluidized-bed temperature of the fluidized-bed
reactor is preferably in the range of 450 to 950°C. The wastes
preferably has an average lower calorific value of 3500 kcal/kg
or more. If the average lower calorific value of the wastes is
3500Kcal/kg or less, a supplementary fuel may be added to the
wastes to allow the average lower calorific value to be
3500kcal/kg or more. As a supplementary fuel, fossil fuel, which
is generally used, such as coal or petroleum coke, may be used.

As a fluidized-bed reactor used in the present invention,
a revolving flow-type fluidized-bed reactor is preferably used.
In the revolving flow-type fluidized-bed reactor, a revolving
flow of the fluidized medium is formed in the fluidized-bed by
controlling linear velocity of fluidizing gas. The revolving
flow-type fluidized-bed is superior in dispersion and crushing
functions of char to a bubbling-type fluidized-bed in which
linear velocity of fluidizing gas is uniform. Further, the
revolving flow-type fluidized-bed reactor is structurally
simpler and smaller-sized, comparing to an externally
circulating fluidized-bed reactor. The revolving flow-type
fluidized-bed reactor preferably has a vertically cylindrical
shape because it is operated under pressurized condition.

In the high-temperature combustor, gaseous material
containing ash and char produced in the fluidized-bed reactor
are gasified at a temperature higher than an ash melting point.
The temperature in the high-temperature combustor is 1200°C or
higher.

In the present invention, the total amount of oxygen gas
supplied to the fluidized-bed reactor and the high-temperature
combustor may be in the range of 0.1 to 0.6 of the theoretical

oxygen for combustion. The amount of oxygen supplied to the
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fluidized-bed reactor may be in the range of 0.1 to 0.3 of the
theoretical oxygen for combustion.

The fluidized-bed reactor has a reducing atmosphere, and
thus metals in the wastes can be recovered in a non-corroded
condition fromthe bottomof the fluidized-bed reactor. Further,
the temperature in the high-temperature combustor is set at
1200°C or higher so that the temperature in the high-temperature
combustor is 50 to 100°C higher than ash melting point, thus
ash content is discharged as molten slag from the bottom of the
combustor.

In the present invention, a gas separation unit for
separating air into nitrogen gas and oxygen gas is provided.
In case of producing ammonia, means for supplying the separated
nitrogen gas to an ammonia synthesis reactor, and means for
supplying the separated oxygen gas to the fluidized-bed reactor
and/or the high-temperature combustor may be provided.

Wastes which are used in the present invention may be
municipal wastes, plastic wastes including fiber-reinforced
plastics (FRP), biomass wastes, automobile wastes, low-grade
coal, waste oil, and alternative fuels such as RDF (refuse-
derived fuel) and SWM (solid-water mixture) made from the above
wastes.

The alternative fuels include refuse-derived fuel which
is produced by pulverizing and classifying municipal wastes,
adding quicklime, and compacting for pelletization, and
solid-water mixture which is produced by crushing municipal
wastes, adding water and mixing, and converting to an oily fuel
by hydrothermal reaction. The biomass wastes include wastes
from waterworks or sewage plants (misplaced materials, screen
residues, sewage sludges, or the like), agricultural wastes
(rice husk, rice straw, surplus products, or the like), forestry
wastes (sawdust, bark, lumber from thinning, or the like),

industrial wastes (pulp-chip dust, or the like), and
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constructionwastes. The low-grade coal includes peat which has
low degrees of coalification, or refuse from coal dressing.

The present invention is also applicable to organic
materials including oil shale, garbage, carcasses of beasts,
waste clothing, waste paper, and any other material.

The above and other objects, features and advantages of
the present invention will become apparent from the following
description taken in conjunction with the accompanying drawings
which illustrate preferred embodiments of the present invention

by way of example.

Brief Description of Drawings

FIG. 1 is a schematic diagram of an apparatus for carrying
out the treating method according to a first embodiment of the
present invention;

FIG. 2 is a schematic diagram of an apparatus for carrying
out the treating method according to a second embodiment of the
present invention;

FIG. 3 is a schematic diagram of an apparatus for carrying
out the treating method according to a third embodiment of the
present invention;

FIG. 4 is a flow diagram showing a process for synthesizing
ammonia (NH,) from the wastes according to an embodiment of the
present invention;

FIG. 5 is a block diagram showing a process for producing
ammonia (NH,) from the wastes according to another embodiment
of the present invention;

FIG. 6 is a block diagram showing another process for
producing hydrogen gas (H,) from the wastes according to an
embodiment of the present invention;

FIG. 7 is a schematic diagram of a known apparatus for
gasifying and combusting the wastes; and

FIG. 8 is a graph showing pyrolysis characteristics of
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RDF in a nitrogen atmosphere.

Best Mode for Carrying Out the Invention

Amethod and apparatus for treating wastes by gasification
according to the present invention will be described below with
reference to drawings.

In the present invention, among organic wastes, one or
more of the municipal wastes, the refuse-derived fuel, the
solid-water mixture, the plastic wastes, the fiber-reinforced
plastic wastes, the biomass wastes, the automobile wastes, the
low-grade coal, and the waste oil can be used. Depending on
property of the organic wastes, fossil fuels such as coal or
petroleum coke can be added to the organic wastes as a
supplementary fuel.

The two-stage gasification in the present invention is
a combination of gasification at a relatively low temperature
and gasification at a relatively high temperature, and a
fluidized-bed reactor is used for the gasification at the
relatively low temperature and a high-temperature combustor is
used for the gasification at the relative high temperature. In
the fluidized-bed reactor used for the low-temperature
gasification, the fluidized-bed is maintained at a temperature
ranging from 450 to 950°C to partially combust, i.e., gasify
the supplied wastes. Metals such as iron or copper in the wastes
can be recovered in a non-corroded condition from the
fluidized-bed reactor. The reason why metals are not oxidized
is that a reducing atmosphere is formed in the fluidized-bed
reactor. Typical compound material of metal and plastics is a
cable, and plastics which covers the copper wire is pyrolyzed
and completely deleted in the fluidized-bed reactor and only
the copper wire is recovered in a non-corroded condition suitable
for recycling. In the high-temperature combustor used for the

high-temperature gasification, gas containing char and tar
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supplied from the fluidized-bed reactor is partially combusted,
i.e., gasified instantaneously at a temperature of 1200°C or
higher, and ash content is discharged as molten slag from the
bottom of the high-temperature combustor.

In the case where a swirling-type combustor is used as
the high-temperature combustor, high load combustion can be
performed to allow the combustor to be small-sized. Owing to
a centrifugal force by a swirling flow, slag mist generated by
combustion of char is attached to the inner wall of the combustor
to form molten slag phase, thus achieving high slag recovery
ranging from 80 to 90 $. This reduces the load of a heat recovery
device and a dust collector provided downstream of the combustor.
It is therefore preferable to use the swirling-type combustor.

In case of synthesis of ammonia, as a gasifying agent used
in the fluidized-bed reactor, a mixture of steam and oxygen gas
obtained by air separation is used, while nitrogen gas obtained
by air separation can be used for synthesis of ammonia. A
low-temperature separation, an adsorption process such as PSA
or TSA, and a method using a separating membrane are applicable
to the air separation.

Further, by using air as a part of gasifying agent, gas
whose mole ratio of H, to N, is 3:1 is produced, and the produced
gas is used for synthesis of ammonia. That is, as a gasifying
agent supplied to the fluidized-bed reactor, in order to avoid
agglomeration or clinker, it is necessary to reduce oxygen gas
content to the range of 20 to 30 %. If a mixture of oxygen gas
and steam is used as a gasifying agent, a large amount of steam
is required. However, in case of producing ammonia as a final
product, it is possible to use air. This is because if nitrogen
gas remains in the produced gas and the mole ratio of H, to N,
is 3:1, the produced gas can be used for synthesis of ammonia
as it is.

In the present invention, the apparatus comprises a
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fluidized-bed reactor for partially combusting the organic
wastes, agasification chamber in the high-temperature combustor
for partially combusting gaseous material and char from the
fluidized-bed reactor at a high temperature, and a cooling
chamber for cooling gas from the gasification chamber. For
cooling gas, it is preferable to quench the gas by direct contact
with water. By direct quenching, high temperature gas of 1300°C
or higher is instantaneously cooled to around 200°C, and thus
resynthesis of dioxins at downstream is prevented because
high-temperature gas passes quickly through the temperature
range between 300°C and 500°C suited for resynthesis of dioxins
and catalysts for dioxins resynthesis such as CuCl, are
completely revolved from the gas by direct quenching. The
apparatus further comprises a scrubber provided downstream of
the cooling chamber for removing HCl and dust in the gas, a CO
converter for converting CO and H,0 in the gas into CO, and H,,
an acid gas remover for absorbing acid gas such as CO,, H,S and
COS, a gas refiner for removing CO and CO,which are harmful to
ammonia synthesis catalyst or making CO and CO, to be harmless,
and a reactor for synthesizing NH, by reacting the refined H,
with N,.

Furthermore, the apparatus preferably comprises an air
separator, and means for introducing the separated oxygen gas
into the fluidized-bed reactor and/or the high-temperature
combustor.

As a new wastes treatment technology suitable for
environmental conservation in place of the incineration, a
gasification and high-temperature combustion system has been
developed, and the apparatus in the present invention utilizes
this system basically. This system, if it is used for treating
the wastes, has the following advantages:

1. Because of gas combustion in place of conventional

solid combustion, combustion by low air ratio of about 1.3 is
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achieved, and the amount of exhaust gas is greatly reduced.

2. Because of high-temperature combustion, dioxins and
precursor thereof in the exhaust gas can be practically
decomposed.

3. Ash content in the wastes can be recovered as
harmless slag from which harmful materials are not eluted out.
Therefore, a life of reclaimed land can be prolonged, and the
recovered slag can be utilized as pavement materials.

4. Since functions of dioxin decomposition and ash
melting are incorporated in the system, the facility becomes
to be small-sized as a whole, and the construction cost thereof
is lower than that of the conventional incineration facility
to which the above two functions are added. The reduction of
the amount of exhaust gas leads to a reduction in cost of the
exhaust gas treatment equipments.

5. Since energy of gas, char and tar produced in the
fluidized-bed reactor canbe effectively utilized for generating
molten slag, electric power necessary for an ash-melting
equipment can be save, thus remarkably reducing operating cost.

6. It is possible to be used in a high-efficiency power
generation system.

7. Metals such as iron or copper can be recovered in
a non-corroded condition suitable for recycling.

8. Since the generated gas from high-temperature
gasification is cooled by direct quenching, dioxins are not
contained in the refined synthesis gas.

Although air is used as a source of oxygen gas in the
incineration process, pure oxygen gas or oxygen enriched air
is used to partially-combust the wastes in the present invention,
thus recovering combustible gas mainly composed of CO and H,.
According to the present invention, the gasification and
high-temperature combustion system can be combined with a

hydrogen gas production facility and an ammonia production
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facility, whereby organic wastes including municipal wastes,
plasticwastes,fiber-reinforcedplasticwastes,low—gradecoal,
and waste oil are gasified in a lump to thus solve problems caused
by incineration or dumping of the organic wastes and to
effectively utilize the organic wastes.

It 1is preferable to use a gasification and high-
temperature combustion system which combines a fluidized-bed
reactor and a high-temperature combustor. In the fluidized-
bed reactor, as a fluidized medium, sand such as silica or Olivine
sand, alumina, iron granule, limestone, dolomite, or the like
may be used.

Among these wastes, the municipal wastes, the biomass
wastes, theplasticwastes, and the automobile wastes are roughly
crushed to a size of about 30 cm. The refuse-derived fuel and
the solid water mixture are used as they are. The low-grade coal
is crushed to a size of 40 mm or less.

The above wastes are separated and charged into a several
pits, and well stirred and mixed in each of the pits, and then
supplied to the fluidized-bed reactor. The wastes in the pit
may be supplied to the fluidized-bed reactor separately, or may
be supplied to the fluidized-bed reactor after being mixed.

It is possible to suppress the fluctuation of calorific
value of the wastes by adding coal or petroleum coke as a
supplementary fuel to the wastes in accordance with quality
(calorific value and moisture) of the organic wastes to be
gasified. The amount of supplementary fuel to be added is
determined in accordance with quality of the wastes. According
to a trial calculation, it is desirable from economical point
of view that the average of lower calorific value of the organic
wastes as raw materials is 3500 kcal/kg or higher.

The organic wastes are supplied to the fluidized-bed
reactor and gasified in the fluidized-bed at a temperature

ranging from 450 to 950°C, and further gasified in the
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high-temperature combustor at a temperature of 1200°C or higher.
As a gasifying agent, oxygen gas, air and steam are mixed, and,
if necessary, are preheated. Further, carbondioxide may be used
in place of steam. The quantity of heat necessary for
gasification at respective stages can be obtained by partial
combustion of thewastes. This iscalled “internal heating type”.
Gas, tar and char are generated by gasification in the
fluidized-bed. 1In case that the fluidized-bed temperature is
low, the generating ratio of tar and char increases and the
generating ratio of gas decreases. The metals whose melting
point is higher than the temperature of the fluidized-bed are
discharged together with the fluidized medium and rubble from
the bottom of the fluidized-bed reactor without being vaporized.
The discharged substances are supplied to a classifier, and
classified into large size incombustibles containing metals on
the screen and the small-size fluidized medium under the screen.
Valuables such as metals are sorted out from the incombustibles '
and the fluidized medium is returned to the fluidized-bed reactor.
The fluidized-bed reactor has a larger diameter portion above
the fluidized-bed which is called “freeboard”. The freeboard
serves to prevent carrying-out of the fluidized medium and char
and to suppress pressure fluctuations. Inthepresent invention,
it is possible that a part of the gasifying agent is supplied
into the freeboard to gasify gas and char in the freeboard at
a temperature ranging from 600 to 950°C, and the fluidized bed
is kept at a temperature ranging 450 to 650°C to recover metals,
having a relatively low melting point, such as aluminum. The
gasification of the substances is carried out at a temperature
0of 1200°C or higher in the subsequent high-temperature combustor,
thus producing gas mainly composed of H,, CO, CO,, N, and H,O.
If air is not used as a gasifying agent, N, is not contained in
the produced gas. Ash content is converted into molten slag

which is in turn discharged from the bottom of the gasification
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chamber and quenched by contacting with water in the cooling
chamber, and the granulated slag is utilized as aggregate or
other construction materials.

Next, +the reason why the fluidized-bed in the
fluidized-bed reactor is kept at a temperature ranging from 450
to 950°C will be described below.

FIG. 8 shows the pyrolysis characteristics of RDF in a
nitrogen gas atmosphere. 1In a primary gasification process
carried out in the fluidized-bed reactor, it is desirable to
generate gaseous components including gas and tar as much as
possible and solid components including combustible materials
and ash content as little as possible. Solid components, namely
char, have small diameter, are conveyed to the high-temperature
combustor with the upward flow of the generated gas in the
fluidized-bed reactor, but solid components having a large
diameter is discharged together with incombustibles from the
bottom of the reactor.

As the pyrolysis temperature is lowered, the generating
ratio of solid components increases. If the generating ratio
of solid components is high, the amount of the solid components
discharged from the bottom of the reactor must be increased to
prevent the solid components from being accumulated in the
fluidized-bed. Solid components discharged from the reactor is
reused after removing sand and incombustibles therefrom, but
it is desirable to reduce the amount of solid components
discharged from the reactor. Further, the reaction rate of
pyrolysis becomes extremely slow at a temperature of 450°C or
less, and undecomposed materials tend to be accumulated on the
fluidized-bed, and hence operation of the fluidized-bed reactor
becomes difficult. Conversely, as the fluidized-bed
temperature increases, the generating ratio of solid components
decreases to be favorable for gasification of the wastes.

However, increasing the pyrolysis temperature leads the
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fluidized-bed to specific troubles such as agglomeration or
clinker. Thus, the critical temperature which does not cause
the above phenomena depends on the wastes and kind of the
fluidized medium, and is around 950°C. Consequently, the
maximum fluidized-bed temperature is set to 950°C.

Most of the wastes .contain metals, and it is important
to recover metals in a non-corroded condition suitable for
recycling. Among metals, in order to recover aluminum having
a melting point of 660°C, the fluidized-bed temperature is
required to be lower than the melting point of aluminum.

However, in case of gasification under pressurized
condition, there are some cases in which the gasification
temperature in the fluidized-bed reactor is raised to ensure
a certain reaction rate even at the expense of recovery of
aluminum.

Generally, in case of producing synthesis gas for use as
materials for chemical industry, gasification is carried out
under a pressure ranging from 5 to 90 atm. However, it can be
considered that gasification is carried out under atmospheric
pressure and generated gas refining after a CO conversion is
carried out under a pressure ranging from 30 to 40 atm. As a
gasifying agent used in the fluidized-bed reactor, a mixture
of pure oxygen gas (0,), obtained by low-temperature separation
of air, and steam is generally used, but CO, recovered by an acid
gas removal may be added to oxygen gas. Nitrogen gas obtained
by low-temperature separation of air may be used in synthesis
of ammonia (NH;). Alternatively, air may be used as a part of
gasifying agent. By controlling compounding ratio of the
gasifying agent so that the ratio of H, to N, in the produced
gas is 3 : 1 after the CO conversion, it is possible to use the
produced gas for synthesis of ammonia directly. However, this
method has disadvantages that flowrate of produced gas increases,

resulting in enlarging a size of gas refining equipments.
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In case of using organic wastes as materials for H, or
synthesis gas of ammonia, it is necessary to ensure the amount
of wastes and to make the quality of the wastes stable. Further,
it is necessary to deal with change in the quality of the wastes
during operation of the system.

In order to solve the above problems, according to the
present invention, when the system cannot be operated stably
only by using the wastes or the system is in start-up, solid
fuel such as coal or petroleum coke having a high calorie and
a stable property which is actually used for producing H, may
be added to the wastes. That is, by adding coal, petroleum coke
or heavy oil to the wastes so that it is contained at 20 to 40%
of the whole, materials for gasification can be made stable both
in quality and in quantity. When the quality of the wastes is
lowered due to some cause during operation, and the concentration
of H, or CO in the produced gas is lowered, the property of gas
can be stable by increasing a mixing ratio of the solid fuel.
Coal used in the system is not low-grade coal which belongs to
the wastes but a sub-bituminous coal or bituminous coal having
high degrees of coalification.

FIG. 7 shows a reference example of a gasification and
high-temperature combustion system used for incinerating, i.e.
completely combusting, the wastes.

The apparatus shown in FIG. 7 includes a hopper 1, a
constant feeder 2 for feedingwastes, and a fluidized-bed reactor
3 having a fluidized-bed 4 therein. The fluidized-bed reactor
3 has a freeboard 5 and a burner 6, and is connected to a trommel
7 which is connected to a bucket conveyor 8. The apparatus
further includes a swirling-type high-temperature combustor 9
having a primary combustion chamber 10, a secondary combustion
chamber 11 and a slag separation chamber 12. The swirling-type
high-temperature combustor 9 has burners 13. 1In FIG. 7, “a”

represents organic wastes, “b” represents air for the fluidizing,
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“b’" represents air for freeboard supplying, “b"~ represents
air for the high-temperature combustor 9, “c” represents large
size incombustibles, “d” represents silica sand, “e” represents
generated gas, “e,”, represents exhaust gas, and “f” represents
slaqg.

The organic wastes “a” which, if necessary, have been
crushed are supplied to the hopper 1, and then supplied by a
constant feeder 2 to the fluidized-bed reactor 3. Air “b” as
a gasifying agent is introduced into the fluidized-bed reactor
3 from a bottom thereof, forming a fluidized-bed 4 of silica
sand, over a distributor in the fluidized-bed reactor 3.

The organic wastes “a” are charged into the fluidized-bed
4, contacted with oxygen gas in the air within the fluidized-bed
4 which is kept at a temperature ranging from 450 to 650°C, and
quickly pyrolized and gasified. The fluidized medium and
incombustibles are discharged from the bottom of the
fluidized-bed reactor 3 and fed to the trommel 7 by which the
incombustibles “c” are removed. The separated silica sand “d”
is returned to the fluidized-bed reactor 3 through the bucket
conveyor 8 from an upper end thereof. The discharged
incombustibles “c” contain metals. The fluidized-bed 4 is kept
at a temperature ranging from 500 to 600°C so that iron, copper
and aluminum can be recovered in a non-corroded condition.

When the wastes “a” are gasified in the fluidized-bed 4,
gas, tar and char are generated. The gas and tar ascend in the
fluidized-bed reactor 3. The char is pulverized by a stirring
actionof the fluidized-bed 4. Since the char is porous and light,
it is carried with the upward flow of the gas. Since the
fluidized medium of the fluidized-bed 3 is hard silica sand,
the pulverization of the char is promoted. Air “b'” is blown
into the freeboard 5 to gasify the gas, tar and char at a
temperature ranging from 600 to 950°C for thereby converting

gas, tar and char into low molecular components.



10

15

20

25

30

WO 98/47985 PCT/JP97/03814

18

The produced gas “e” discharged from the fluidized-bed
reactor 3 is supplied into the primary combustion chamber 10
of the swirling-type high-temperature combustor 9, and combusted
at a high temperature of 1200°C or higher while being mixed with
preheated air “b”” in a swirling flow thereof. The combustion
is completed in the secondary combustion chamber 11, and the
generated exhaust gas “e,” is discharged from the slag separation
chamber 12. Becauseofthehightemperatureintheswirling—type
high-temperature combustor 9, ash content in the char is
converted into slag mist and trapped by molten slag phase on
an inner wall of the primary combustion chamber 10 by the
centrifugal forces of the swirling flow. The molten slag flows
down on the inner wall and enters the secondary combustion
chamber 11, from which slag “f” is discharged through a bottom
of the slag separation chamber 12. The primary and secondary
combustion chambers 10 and 11 are provided with the respective
burners 13 for start-up. 1In this manner, combustion is carried
out at an air ratio of about 1.3, and conversion of ash content
into molten slag are carried out.

Next, the present invention will be described below in
detail with reference to the drawings.

FIG. 1 shows a two-stage gasification system of the present
invention. The system shown in FIG. 1 serves to produce
synthesis gas for ammonia, having a pressure ranging from 5 to
90 atm.

In the following description, the same or similar elements
or parts as those in FIG. 7 will be denoted by the same reference
numerals. The system comprises a fluidized-bed reactor 3 and
a swirling-type high-temperature combustor 17. The
fluidized-bed reactor 3 is connected to a rock hopper 14 which
is connected to a screen 15. The swirling-type high-temperature
combustor 17 is also connected to a rock hopper 14'. The screen

15 is connected to the fluidized-bed reactor 3 through a
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fluidized medium circulating line 16. The swirling-type
high-temperature combustor 17 has a high-temperature
gasification chamber 18 and a cooling chamber 19 therein. 1In
FIG. 1, *"a'" represents coal or petroleum coke for a
supplementary fuel, “g” represents a mixture of oxygen gas and
air as a gasifying agent, and “g’” represents oxygen gas.

The wastes “a” which have been crushed are supplied to
the fluidized-bed reactor 3 at a constant rate through a rock
hopper (not shown). Amixture of oxygengas and air is introduced
as a gasifying agent “g” into the fluidized-bed reactor 3 from
a bottom thereof, forming a fluidized-bed 4 of silica sand over
a distributor in the fluidized-bed reactor 3. The wastes “a”
are charged into the fluidized-bed 4 and contacted with the
gasifying agent “g” within the fluidized-bed 4 which is kept
at a temperature ranging from 750 to 850°C and under a pressure
of 40 atm, and are rapidly pyrolized and gasified.

The fluidized medium and incombustibles are discharged
from the bottom of the fluidized-bed reactor 3, pass through
the rock hopper 14, and then are supplied to the screen 15 by
which the incombustibles “c” are separated. The silica sand “d”
under the screen 15 is conveyed through the fluidized medium
circulating line 16 comprising a bucket conveyor, and returned
to the fluidized-bed reactor 3 through a rock hopper (not shown).
The discharged incombustibles “c” contain metals, and iron,
copper and the like can be recovered in a non-corroded condition.

When the wastes “a” are gasified in the fluidized-bed 4,
gas, tar and char are generated. The gas and tar are vaporized
and ascend in the fluidized-bed reactor 3. The char is
pulverized by a vigorous revolving action of the fluidized-
bed 4, and then carried with the upward flow of the generated
gas. By using hard silica sand as a fluidized medium, the
pulverization of the char is promoted.

The generated gas “e,” discharged from the fluidized-bed
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reactor 3 is supplied into the high-temperature gasification
chamber 18 of the swirling-type high-temperature combustor 17,
and gasified at a high temperature of 1300°C or higher while
being contacted with the gasifying agent “g’” in a swirling flow
thereof. Because of the high temperature in the swirling-type
high-temperature combustor 17, ash content in the generated gas
isconvertedintoslagmistwhichentersintothecoolingchamber
19 together with the gas. In the cooling chamber 19, the slag
“f" is quenched into granulated slag, and the granulated slag
is discharged to the outside of the high-temperature combustor
17 through the rock hopper 14°'.

FIG. 2 is a schematic view showing an embodiment of the
present invention, which includes a fluidized-bed reactor, a
swirling-type high-temperature combustor, and peripheral
equipments thereof. The apparatus shown in FIG. 2 serves to
produce synthesis gas having a pressure of approximately 40 atm.

The apparatus includes a revolving flow-type
fluidized-bed reactor 3 and a swirling-type high-temperature
combustor 17. The apparatus shown in FIG. 2 is different from
that shown in FIG. 1 in that the fluidized-bed reactor 3 is an
internallycirculatingtype,andthatsubstancesdischargedfrom
a bottom of the fluidized-bed reactor 3 are separated by a screen
15 and large size incombustibles “c” on the screen and the
fluidized medium d wunder the screen are independently
depressurized by rock hoppers 14, respectively. This
embodiment offers the following advantages: Even when the
roughly crushed wastes are supplied to the fluidized bed, the
wastes are swallowed in the bed without being accumulated on
the bed. Since the char is uniformly dispersed in the
fluidized-bed, the gasification of the char is promoted. The
pulverization of the char is carried out by the revolving flow
of the fluidized medium. The large size incombustibles “c” are

smoothly discharged from the fluidized bed. Since hot spots are
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not generated in the fluidized bed, the troubles such as
agglomerationor clinker are prevented. Theremight be a problem
in discharging the large size incombustibles, however, by
separating the incombustibles from the fluidized medium first,
the large size incombustibles are discharged via a special rock
hopper which prevents the incombustibles from bridging, and the
fine fluidized medium is discharged via a rock hopper which is
normally used for high-temperature fine particles, thus
improving the reliability of the system.

FIG. 3 is a schematic view showing a two-stage gasification
system, according to another embodiment of the present invention,
which includes a fluidized-bed reactor, a swirling-type
high-temperature combustor, and peripheral equipment thereof.
The apparatus shown in FIG. 3 serves to produce synthesis gas
having a pressure of approximately 40 atm.

The apparatus shown in FIG. 3 includes a revolving
flow-type fluidized-bed reactor 3 and a swirling-type high-
temperature combustor 9. The apparatus shown in FIG. 3 is
different from that shown in FIG. 2 in that the substances
discharged from the fluidized-bed reactor 3 are separated by
the screen 15 after being depressurized by a rock hopper 14,
and the swirling-type high-temperature combustor has two
high-temperature gasification chambers 10 and 11. 1In this
embodiment, since the large-size incombustibles “c” is estimated
not to be contained in the wastes, the substances discharged
from the bottom of fluidized-bed reactor, after being
depressurized by a rock hopper 14 which is normally used for
high-temperature fine particles, are separated into the
incombustibles “c” and the fluidized medium “d” by the screen
15. The high-temperature combustor is not composed of a single
vertically cylindrical chamber, but is composed of a combination
of a vertical chamber 10 and a lateral chamber 11. Thus, molten

slag can stay in the combustor for a longer time, which makes
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it possible to reduce unburned carbon and to accelerate
evaporation of metals having a low-melting point such as zinc
and lead.

FIG. 4 is a flow diagram showing a process for producing
ammonia (NH,;) from organic wastes according to an embodiment of
the present invention.

As shown in FIG. 4, the process comprises a step 100 of
gasification, a step 200 of CO conversion, a step 300 of acid
gas removing, a step 400 of gas refining with liquid nitrogen,
a step 500 of ammonia synthesizing, and a step 600 of sulfur
recovering. In FIG. 4, as a gasifying agent supplied to the
fluidized-bed reactor, amixture of oxygen gas and steam is used.
An apparatus for carrying out the above process includes a gas
scrubber 21, a low-temperature air separator 23, a fluidized-bed
reactor 24 for carryingout a first-stage gasification of organic
wastes, a high-temperature combustor 25 for carrying out a
second-stage gasification at a high temperature, a CO converter
36, an absorption tower 40, a condensate tank 41, a CO, stripping
tower 44, a H,S stripping tower 50, an adsorption tower 53, a
liquid nitrogen scrubber 56, and a cooler 57. The apparatus
further includes a compressor 58 for nitrogen gas, a compressor
59 for oxygen gas, a compressor 60 for synthesis gas, an ammonia
synthesis tower 62, an ammonia refrigerator 68, an ammonia
separator 70, and an ammonia storage tank 72. The apparatus
further includes heat exchangers 38, 39, 48, 52, 64 and 66, and
pumps 30, 46 and 54. In FIG. 4, the symbols i, j and q represent
air, oxygen gas (0O,) and sulfur (S), respectively.

Air “i” is separated into oxygen gas “j” and nitrogen gas
“k” by the air separator 23. The separated oxygen gas is
compressed by the compressor 59, and supplied to the
fluidized-bed reactor 24 and the high-temperature combustor 25
as a gasifying agent. The nitrogen gas “k” is compressed by the

compressor 58, and used for synthesis of ammonia. A low-
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temperature separation method is generally used for separating
air.

In the gasification step 100, organic wastes “a” and
supplementary fuel “a'” are gasified at a temperature ranging
from 750 to 850°C and under a pressure of about 40 atm in the
fluidized-bed reactor 24, and then gasified in the high-
temperature combustor 25 at a temperature of 1200°C or higher
to generate gas containing CO, H,, H,0 and CO, as main components
by being reacted with oxygen gas “j” and steam “m”. The
temperature in the high-temperature combustor 25 is mainly
adjusted by controlling the feed rate of oxygen gas. The
high-temperature combustor 25 is of a direct-quench type, and
has a high-temperature gasification chamber 18 at an upper part
thereof and a cooling chamber 19 at a lower part thereof. The
generated gas is quenched in direct contact with water in the
cooling chamber 19, and then discharged from the high-
temperature combustor 25. By this quenching, a large amount of
steam is generated and mixed with the generated gas. Most of
the slag generated in the high-temperature gasification chamber
18 is removed. The slurry of the slag and water is supplied to
a slag treatment pfocess (not shown). The generated gas, which
is accompanied by the large amount of steam, is discharged from
the cooling chamber 19, and cleaned in a venturi scrubber (not
shown) and then the gas scrubber 21 to remove the dust therefrom.
Thereafter, the gas is supplied to the step 200 of CO conversion.
The scrubbing water in the bottom of the water scrubber 21 is
supplied to the cooling chamber 19 by the circulating pump 30,
and the part of the scrubbing water is supplied to the slag
treatment process (not shown).

The gas containing steam from the step 100 of gasification
is supplied to the step 200 of CO conversion. The gas from the
water scrubber 21 is preheated by the heat exchange with a gas

from a first-stage catalyst bed to a temperature suitable for
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the CO conversion by the heat exchanger 38, and then supplied
to the CO converter 36. 1In the CO converter 36, carbon monoxide
(CO) in the gas reacts with the accompanied steam (H,0) in the
presence of catalyst to produce hydrogen gas (H,) and carbon
dioxide (CO,). The CO converter 36 comprises two-stage catalyst
beds. The inlet gas temperature of the first-stage catalyst bed
is 300°C as an example and the exit gas temperature of the
first-stage catalyst bed is 480°C as an example.

The inlet gas temperature of the second-stage catalyst
bed is 300°C as an example. The total conversion ratio in the
first- and second- stage catalyst beds is 90% or more, and the
concentration of CO in the dry gas from the CO converter 36 is
1to2%. TheCOconversionreaction is expressedby the following
formula:

CO + H,0 = CO, + H,

This is exothermic reaction, and the high-temperature gas
from the first-stage catalyst bed is cooled by the heat exchange
with a gas to the CO converter 36, and then enters the second-stage
catalyst bed. In the second-stage catalyst bed, CO conversion
reaction proceeds furthermore.

The gas passing through the CO converter 36 is cooled by
the heat exchanger 39 to approximately 40°C, and separated in
the condensate tank 41 into condensed water and gas, and then
cooled to -17°C by the heat exchange with a part of purified
gas from the top of the 1iquid nitrogen scrubber 56. Thereafter,
the cooled gas is supplied to the step 300 of acid gas removing
in which a physical absorption process, i.e. Rectisol process,
is carried out to remove impurities including hydrogen sulfide
(H,S), carbonyl sulfide (COS) and carbon dioxide (CO,), from the
gas supplied from the step 200 of CO conversion.

The gas cooled to -17°C is introduced into the absorption
tower 40 in which acid gas is absorbed by being contacted with

liquid methanol of approximately -60°C countercurrently. As a
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result, the gas discharged from the absorption tower 40 contains
carbon dioxide (CO,) ranging from 10 to 20 ppm and hydrogen
sulfide (H,S) of approximately 0.1 ppm. While methanol used as
an absorbent removes acid gas, the temperature of the methanol
increases, and the absorption ability thereof is lowered.
Therefore, the methanol is drawn from the absorption tower 40,
cooled by ammonia coolant and cooled methanol, and then returned
to the absorption tower 40.

Hydrogen (H,) and carbon monoxide (CO) in addition to
carbon dioxide (CO,) and hydrogen sulfide (H,S) are dissolved
in the methanol drawn from the absorption tower 40. In order
to recover hydrogen (H,) and carbon monoxide (CO) from the
methanol, the methanol is released its pressure to vaporize
hydrogen (H,) and carbon monoxide (CO) therefrom. The vaporized
hydrogen and carbon monoxide are compressed by a compressor for
recirculation. On the other hand, in order to recover high
purity carbon dioxide (CO,) which is absorbed by the methanol,
the methanol is supplied to the CO, stripping tower 44, and
depressurized therein and stripped by nitrogen gas, whereby
carbon dioxide (CO,) in the methanol is mostly vaporized, and
recovered, if necessary. The recovered carbon dioxide may be
used for synthesis of urea or production of liquid carbon
dioxide.

The methanol containing condensed hydrogen sulfide (H,S)
is taken out from the bottom of the CO, stripping tower 44 and
supplied to the heat exchanger 48 by the pump 46. After
preheating by the heat exchanger 48, the methanol is supplied
to the H,S stripping tower 50 in which it is indirectly
regenerated by steam. Hydrogen sulfide enriched gas discharged
from the top of the H,S stripping tower 50 is cooled by the heat
exchanger 52, and then supplied to the step 600 of sulfur
recovering in which sulfur “q” is recovered. The methanol drawn

from the bottom of the H,S stripping tower 50 is cooled and is
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supplied to the top of the absorption tower 40 by the circulating
pump 54.

Hydrogen enriched gas containing a small amount of carbon
monoxide (CO) and a trace amount of carbon dioxide (CO,) from
the absorption tower 40 and passes through the adsorption tower
53 to remove methanol and carbon dioxide therefrom, and is cooled
to approximately -190°C by the cooler 57, and then supplied to
the liquid nitrogen scrubber 56. 1Inthe step 400 of gas refining
with liquid nitrogen, the supplied gas containing a trace amount
of carbon monoxide (CO), carbon dioxide (CO,), argon (Ar) and
methane (CH,) is cleaned with supercooled liquid nitrogen to
thereby remove such gases. Hydrogen gas is not absorbed by the
liquid nitrogen, because hydrogen gas has a lower boiling point
than nitrogen gas. Therefore, purified hydrogen enriched gas
containing nitrogen gas is obtained from the top of the liquid
nitrogen scrubber 56.

The purified gas from the top of the liquid nitrogen
scrubber 56 is mixed with nitrogen gas having high pressure which
is compressed by the compressor 58 after passing through the
cooler 57 so that the molar ratio of hydrogen gas to nitrogen
gas is adjusted to approximately 3 suitable for ammonia synthesis,
and the mixed gas is supplied to the step 500 of ammonia
synthesizing. A part of nitrogen gas compressed by the
compressor 58 is cooled and liquefied by the cooler 57, and
supplied to the liquid nitrogen scrubber 56, in which the
supplied nitrogen gas contacts with the gas supplied from the
bottom of the liquid nitrogen scrubber 56 countercurrently, and
impuritiesincludingcarbonnwnoxide(CO),carbondioxide(cog,
argon (Ar) and methane (CH4) in the gas are absorbed by liquid
nitrogen, and removed. The liquid nitrogen which has absorbed
the impurities such as carbonmonoxide (C0), carbon dioxide (C0,),
argon (Ar) and methane (CH4) is drawn from the bottom of the

liquid nitrogen scrubber 56, and depressurized and used as a
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fuel for a boiler. The gas supplied from the gas refining step
400 is compressed to a pressure of 150 atm as an example in the
first-stage of the compressor 60, and then the compressed gas
is mixed with the recirculating gas from the ammonia separator
70. Thereafter, the mixed gas is compressed to a pressure of
165 atm in the second-stage of the compressor 60, and then
supplied to the ammonia synthesis tower 62. The ammonia
synthesis tower has two-stage catalyst beds composed of Fe-
base catalyst. The inlet gas of the ammonia synthesis tower 62
has a pressure of 164 atm and a temperature of 250°C. The ammonia
synthesis reaction is carried out while the synthesis gas passes
through the catalyst beds. The reaction is expressed by the
following formula:
N, + 3H, = 2NH,

While the gas passes through the catalyst beds, its
temperature exceeds 500°C once, however, it is cooled by the
cooled recirculating gas introduced into the ammonia synthesis
tower 62.

The ammonia from the ammonia synthesis tower 62 has a
pressure of 160 atm and a temperature of 450°C. The ammonia is
cooled to around room temperature by the heat exchangers 64 and
66, and further cooled by the ammonia refrigerator 68, and hence
most of ammonia is condensed. The condensed ammonia is separated
into liquid ammonia and gas in the ammonia separator 70, and
the liquid ammonia is fed to the ammonia storage tank 72. The
separated gas is supplied to the second-stage of the compressor
60 by which it is compressed to a pressure of 165 atm, and then
supplied to the ammonia synthesis tower 62 for recirculation.

In the above process, the mixture of oxygen gas and steam
is used as the gasifying agent. However, the gasifying agent
is not limited to the above, and a mixture of air and oxygen
gas can also be used. In this case, the amount of air depends

on the amount of nitrogen gas required for synthesis of ammonia.
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Since the produced gas includes nitrogen gas required for the
ammonia synthesis, a methanation process is preferred to the
gas refining process with liquid nitrogen.

FIG. 5 is a block diagram showing a process in which the
produced gas obtained by two-stage gasification of the wastes
is separated into hydrogen gas and residual gas and the thus
obtained residual gas is reused in a fluidized-bed reactor 110
as a fluidizing gas. As shown in FIG. 5, the process comprises
a primary gasification in a fluidized-bed reactor 110, a
secondary gasification in a swirling-type high-temperature
combustor 112, a water scrubber 114, an acid gas removing step
116, a CO conversion step 118, a hydrogen gas separation step
120, and a circulating gas compressor 122. In FIG. 5, “a”
represents wastes, and “g'” represents oxygen gas.

The wastes crushed to a desired size is supplied above
the fluidized-bed of hard silica sand in the low-temperature
fluidized-bed reactor 110. As agasifyingagent, oxygengas “g"'”
and a fluidizing gas (described later) are supplied to the lower
part of the fluidized-bed reactor 110. The fluidized-bed
temperature is maintained at a temperature ranging from 450 to
950°C. Under such condition, the wastes are quickly pyrolyzed
and gasified by a partial oxidation.

By the gasification of the wastes “a” in the fluidized-bed
reactor 110, gas, tar and char are produced. Most of tar and
char is carried with the upward flow of the generated gas and
introduced into the swirling-type high-temperature combustor
112, and is decomposed into unrefined gas mainly composed of
carbon monoxide(CO), carbon dioxide(C0,), hydrogen gas(H,), and
water (H,0) by a partial oxidation therein at a temperature of
1350°C and under a pressure of 40 atm. The high temperature
unrefined gas is quenched in the cooling chamber at the lower
part of the swirling-type high-temperature combustor 112, and

then scrubbed to remove impurities such as hydrogen chloride



10

15

20

25

30

WO 98/47985 PCT/JP97/03814

29

(HCl)and dust in the water scrubber 114.

In the acid gas removing step 116, acid gas such as carbon
dioxide(CO,), hydrogen sulfide(H,S) and carbonyl sulfide (COS)
is removed from the gas. In the subsequent CO conversion step
118, CO and H,0 are converted in the presence of catalyst into
H, and CO, by CO conversion reaction. If necessary, the steam
used for the CO conversion is added to the gas at a saturator
(not shown) in the carbon monoxide conversion step 118.

Since the desulfurized gas is supplied to the CO conversion
step, either high-temperature conversion catalyst (Fe~-base) or
low-temperature catalyst (Cu-base) may be used as CO conversion
catalyst, thus improving the CO conversion rate. The refined
gas from the CO conversion step 118, which is composed of H,,
CO;, H,0 and a small amount of CO, is separated into high purity
of H, and residual gas mainly composed of CO, and CO by either
a pressure swing adsorption method or a hydrogen gas separation
membrane method. The residual gas is compressed by the
circulating gas compressor 122, and then supplied to the
fluidized-bed reactor 110 together with oxygen gas g' from the
bottom thereof as a part of fluidizing gas.

If a large amount of steam is used as a gasifying agent,
the running cost of the plant increases. Instead, if air is used
as the gasifying agent, the produced gas contains a large amount
of nitrogen gas. 1In order to avoid the above drawbacks, the
residual gas is preferably reused as a part of gasifying agent.
The N, from an air separation apparatus (not shown) is added to
the H, gas separated in the hydrogen separation step 120, and
sent to the ammonia synthesis step. Alternatively, the H, can
be taken out from the hydrogen separation step 120 without N,
being added.

In either embodiment described above, it is desirable that
the amount of inert gas other than N, and H, is as small as possible

to reduce the amount of purge gas. 1Inthe two-stage gasification
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of the present invention, when the wastes “a” are pyrolized and
gasified in the low-temperature fluidized-bed reactor 110, the
produced gas contains a large amount of hydrocarbon. The
produced gas is partially-combusted and reacts with steam in
the swirling-type high-temperature combustor 112 to be converted
into CO, CO,, H, and H,0. When the gasification temperature in
the swirling-type high-temperature combustor 112 is not high
enough, the produced gas discharged from the swirling-type
high-temperature combustor 112 contains unreacted hydrocarbon
such as CH, or C,H,. When the methanation process is carried out
in the subsequent step, the unreacted hydrocarbon serves as the
inert gas in the ammonia synthesis step. Therefore, in order
to reduce the amount of the unreacted hydrocarbon, the
gasification temperature in the swirling-type high-temperature
combustor 112 is preferably 1300°C or higher.

FIG. 6 is a block diagram showing another embodiment of
FIG. 5 in the present invention. After hydrogen gas is separated
from the produced gas from the gas purification step, the
residual acid gas mainly composed of CO, is reused in the
fluidized-bed reactor as a fluidizing gas. As shown in FIG.
6, the process comprises a lst-stage gasification in a
fluidized-bed reactor 110, a 2nd-stage gasification in a
swirling-type high-temperature combustor 112, a water scrubber
114, an acid gas removing step (lst) 116, a CO conversion step
118, an acid gas removing step (2nd) 121, and a circulating gas
compressor 122. In FIG. 6, “a" represents wastes, and
"g'” represents oxygen gas.

The wastes “a” crushed to a desired size is supplied above
the fluidized-bed of hard silica sand in the fluidized-bed
reactor 110. The internal pressure of the fluidized-bed reactor
110 is about 40 atm.

As a gasifying agent, oxygen gas “g'“ and a fluidizing

gas (described later) supplied from the circulating gas
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compressor 122, are supplied to the lower part of the
fluidized-bed reactor 110. The fluidized-bed temperature is
maintained at a temperature ranging from 450 to 950°C. Under
such condition, the wastes are quickly pyrolyzed and gasified
by a partial oxidation.

By gasification of the wastes “a” in the fluidized-bed
reactor 110, gas, tar and char are produced. Most of the char
is pulverized and carried with the upward flow of the gas, and
introduced into the high-temperature combustor 112, and is
decomposed into unrefined gas mainly composed of CO, CO,, H, and
H,0 by a partial oxidation therein at a temperature of 1350°C
and under a pressure of 40 atm. The high temperature unrefined
gas is quenched in the cooling chamber at the lower part of the
swirling-type combustor 112, and then scrubbed to remove
impurities such as hydrogen chloride(HCl) and dust in the water
scrubber.

In the acid gas removing step (1lst) 116, acid gas such
as CO,, H,S and COS is removed from the gas. In the subsequent
CO conversion step 118, CO, and H,0 are converted in the presence
of catalyst to H, and CO, by CO conversion reaction. The steam
used for the CO conversion is added to the gas at a saturator
(not shown) in the CO conversion step 118.

From the refined gas produced in the CO conversion step
118 and containing H,, CO,, H,0 and a small amount of CO, Co, is
removed in the acid gas removing step (2nd) 121 to obtain gas
mainly composed of H,. CO, removed in the acid gas removing step
121 is compressed by the circulating gas compressor 122, and
then supplied to the bottom of the fluidized-bed reactor 110
together with oxygen “g'” as a part of fluidizing gas. The
obtained gas mainly composed of H, may be taken out without N,
being added. Alternatively, H,, after N, is added, is sent to
the ammonia synthesis step to produce ammonia. The usage and

application of the obtained H, gas is not limited.
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As described above, the method and apparatus for treating
wastes by two-stage gasification according to the present
invention offers the following advantages:

1. Hydrogen gas which is a material for ammonia (NH,) can
be produced from organic wastes which are inexpensive and
available in our own country. Thus, production cost of hydrogen
gas is remarkably reduced.

2. By gasifying the organic wastes to produce hydrogen
gas, various problems caused by conventional incineration
treatment can be solved. That is, the amount of exhaust gas is
greatly reduced, and dioxins and precursor thereof are not
generated. Further, since ashcontent inthe wastes is converted
into harmless molten slag, a life of reclaimed land can be
prolonged, and the recovered slag can be utilized as pavement
materials.

3. Metals such as iron or copper can be recovered in a
non-corroded condition suitable for recycling.

From the viewpoint of effective utilization of the wastes
and environmental conservation, gasification facilities,
hydrogen gas producing facilities and ammonia synthesis
facilities are constructed adjacently to one another, and thus
combined organically in respect to utilization of materials to
enhance functions of all the facilities as a total system.

4. By using a supplementary fuel such as coal or petroleum
coke to the wastes, it is possible to deal with fluctuations
of the wastes both in quality and in quantity. Particularly,
the gasification facilities can be operated stably against
deterioration in property of produced gas by increasing mixing
ratio of the supplementary fuel.

5. The gas produced in the two-stage gasification is
refined and separated into hydrogen gas and the residual gas
including carbon monoxide and carbon dioxide, and the thus

obtained residual gas can be utilized as a fluidizing gas in



10

15

WO 98/47985 PCT/JP97/03814

33

the fluidized-bed reactor. Therefore, shortage of fluidizing
gas caused by plant scaleup can be solved.

Although certain preferred embodiments of the present
invention have been shown and described in detail, it should
be understood that various changes and modifications may be made

therein without departing from the scope of the appended claims.

Industrial Applicability

The present invention is suitable for a waste treatment
system in which wastes such as municipal wastes, plastic wastes,
or biomass wastes are treated by two-stage gasification to recover
metals or ash content in the wastes in such a state that they can
be recycled and gases mainly composed of carbon monoxide (CO) and
hydrogen gas (H,) for use as synthesis gas of hydrogen gas or ammonia
(NH,) .
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CLAIMS

1. A method for treating wastes by gasification,
comprising:
gasifyingwastes in a fluidized-bed reactor at a low temperature;
introducing gaseous material and char produced in said
fluidized-bed reactor into a high-temperature combustor;
producing gas in said high-temperature combustor at a high
temperature;

carrying out CO conversion reaction of said gas after
removal of acid components;

separating gas obtained by said CO conversion reaction
into H, and residual gas; and

supplying said residual gas to said fluidized-bed reactor

as a fluidizing gas.

2. A method according to claim 1, wherein said
separating is carried out by one of pressure swing adsorption

or hydrogen gas separating membrane.

3. A method according to claim 1, wherein said
high-temperature combustor comprises a swirling-type high-

temperature combustor.

4. A method according to claim 1, wherein said
fluidized-bed reactor comprises a revolving flow-type

fluidized-bed reactor.

5. A method according to claim 1, wherein said
gasification stage in said fluidized-bed reactor and said
gasification stage in said high-temperature combustor are

carried out under a pressure ranging from 5 to 90 atm.
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6. A method according to claim 1, wherein said low
temperature in said fluidized-bed reactor is in the range of
450 to 950°cC.

7. A method according to claim 1, wherein said high
temperature in said high-temperature combustor is 1200°C or

higher.

8. A method according to claim 1, wherein said wastes

has an average lower calorific value of 3500 kcal/kg or more.

9. A method according to claim 1, wherein when said
average lower calorific value of said wastes is 3500Kcal/kg or
less, a supplementary fuel is added to said wastes to allow said

average lower calorific value to be 3500kcal/kg or more.

10. A method according to claim 1, wherein oxygen gas
or a mixture of oxygen gas and steam is supplied to said
fluidized-bed reactor as a gasifying agent, oxygen gas or a
mixture of oxygen gas and steam is supplied to said high-

temperature combustor as a gasifying agent.

11. A method for treating wastes by gasification,
comprising:

gasifying wastes in a fluidized-bed reactor at a low
temperature;

introducing gaseous material and char produced in said
fluidized-bed reactor into a high-temperature combustor;

producing gas in said high-temperature combustor at a high
temperature;

carrying out CO conversion reaction of said gas;

removing acid components in the gas from CO conversion
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reaction to obtain H,;
supplying a part of said removed acid components to said

fluidized-bed reactor as a fluidizing gas.

12. A method according to claim 11, wherein said
high-temperature combustor comprises a swirling-type high-

temperature combustor.

13. A method according to claim 11, wherein said
fluidized-bed reactor comprises a revolving flow-type

fluidized-bed reactor.

14. A method according to claim 11, wherein said
gasification stage in said fluidized-bed reactor and said
gasification stage in said high-temperature combustor are

carried out under a pressure ranging from 5 to 90 atm.

15. A method according to claim 11, wherein said low
temperature in said fluidized-bed reactor is in the range of
450 to 950°C.

16. A method according to claim 11, wherein said high
temperature in said high-temperature combustor is 1200°C or

higher.

17. A method according to claim 11, wherein said wastes

has an average lower calorific value of 3500 kcal/kg or more.

18. A method according to claim 11, wherein when said
average lower calorific value of said wastes is 3500Kcal/kg or
less, a supplementary fuel is added to said wastes to allow said

average lower calorific value to be 3500kcal/kg or more.
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19. A method according to claim 11, wherein oxygen gas
or a mixture of oxygen gas and steam is supplied to said
fluidized-bed reactor as a gasifying agent, oxygen gas or a
mixture of oxygen gas and steam is supplied to said high-

temperature combustor as a gasifying agent.

20. A method according to claim 11, wherein a mixture
of oxygen gas and air or a mixture of oxygen gas, air and steam
is supplied to said fluidized-bed reactor as a gasifying agent
and oxygen gas or a mixture of oxygen gas and steam is supplied
to said high-temperature combustor as a gasifying agent so that
said gas produced in said high-temperature combustor contains
CO, H, and N,, and molar ratio of the sum of CO and H, to N, is

approximately 3.

21. A method for treating wastes by gasification,
comprising:

gasifying wastes which has been crushed to a required range
of size by two-stage gasification to generate gas; and

converting the generated gas into hydrogen by CO

conversion reaction.

22. A method according to claim 21, wherein said wastes
comprises one or more of municipal wastes, refuse-derived fuel,
solid-water mixture, plastic wastes, biomass wastes, automobile

wastes and low-grade coal.

23. A method according to claim 21, wherein said
two-stage gasification is a combination of low-temperature
gasification and high-temperature gasification, and said
low-temperature gasification is carried out by using a revolving

flow-type fluidized bed and said high-temperature gasification
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is carried out by using a swirling-type high-temperature

combustor.

24. An apparatus for treating wastes by gasification,
comprising:

a fluidized-bed reactor for gasifying wastes at a low
temperature to produce gaseous material and char;

a high-temperature gasification chamber in a high-
temperature combustor for gasifying said gaseous material and
char at a high temperature:

a cooling chamber in a high-temperature combustor
containing water for quenching said gas;

a removing equipment for acid components in said gas from
said cooling chamber;

a CO-conversion reactor for carrying out CO conversion
reaction to convert gas from said removing equipment;

a separating equipment for separating gas from said CO
conversion reaction into H, and residual gas; and

a supplying line for supplying said residual gas to said

fluidized-bed reactor as a fluidizing gas.

25. An apparatus according to claim 24, wherein said
high-temperature combustor comprises a swirling-type high-

temperature combustor.

26. An apparatus according to claim 24, wherein said
fluidized-bed reactor comprises a revolving flow-type

fluidized-bed reactor.

27. An apparatus according to claim 24, wherein said low
temperature in said fluidized-bed reactor is in the range of

450 to 950°C.
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28. An apparatus according to claim 24, wherein said
high temperature in said high-temperature combustor is 1200°C

or higher.

29. An apparatus for treating wastes by gasification,
comprising:

a fluidized-bed reactor for gasifying wastes at a low
temperature to produce gaseous material and char;

a high-temperature gasification chamber in a high-
temperature combustor for producing gas at a high temperature:

a cooling chamber in a high-temperature combustor
containing water for quenching said gas;

a CO conversion reactor for carrying out CO conversion
reaction to convert gas from said cooling chamber;

a removing equipment for acid components in said gas from
said CO conversion reaction; and

a supplying line for supplying a part of said acid

components to said fluidized-bed reactor as a fluidizing gas.

30. An apparatus according to claim 29, said removing
equipment is provided between said cooling chamber and said CO

conversion reactor.

31. An apparatus according to claim 29, wherein said
high-temperature combustor comprises a swirling-type high-

temperature combustor.

32. An apparatus according to claim 29, wherein said
fluidized-bed reactor comprises a revolving flow-type

fluidized-bed reactor.

33. An apparatus according to claim 29, wherein said low

temperature in said fluidized-bed reactor is in the range of
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450 to 950°C.

34. An apparatus according to claim 29, wherein said
high temperature in said high-temperature combustor is 1200°C

or higher.
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