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Description

[0001] The invention relates to a process for the gasification of carbonaceous fuel in a fluidized bed gasifier, in which
process fuel and a primary gasification gas are fed into the gasifier, and there is removed from the gasifier a product
gas, which is purified by separating therefrom a carbonaceous solids fraction, which is further fed, together with an
oxygen-containing gas, to a second fluidized bed reactor, the gas produced by this second reactor being directed to the
fluidized bed gasifier as a secondary gasification gas.
[0002] Fuels which contain large amounts of volatile components can be gasified in a fluidized bed with a high carbon
conversion when the gasification temperature is sufficient, typically above 900 °C, and the solids, removed from the
product gas stream by a cyclone, are recycled to the fluidized bed. On the other hand, with fuels which contain smaller
amounts of volatile components and are less reactive, such as coal and peat, the carbon conversion in a corresponding
simple fluidization process tends to remain below 90 %. Owing to problems of the melting and sintering of the ashes,
and in air gasification also owing to the lowering of the quality of the product gas, it is in practice not possible to increase
the conversion of carbon by raising the gasification temperature.
[0003] In the known U-GAS (cf. Mason, D.M., Patel, J.G., Fuel Processing Technology, 3 (1980), pp. 181-206) and
KRW processes, attempts have been made to solve the problem by creating at the bottom of the gasification reactor a
high-temperature zone which is more oxidative than the rest of the fluidized bed and in which the ashes partly melt,
while the surrounding bed operates at a lower temperature. Thus, a so-called agglomerating gasifier (cf. US patent
publication 3,982,690) was provided, in which it is possible to withdraw selectively, from the bottom of the reactor, heavy
agglomerates which contain more ashes than the rest of the bed. This process is, however, best suited for oxygen/steam
gasification in which it is possible to create the required zones by the selection of the feed rates and feeding points of
oxygen and steam. In air gasification, the use of water vapor is limited by the lowering of the thermal value of the gas
and, furthermore, it is more difficult to create the required high-temperature zone by means of air. Also, the use of this
process is limited to only fuels the ashes of which agglomerate. On the other hand, in the course of the developing of
the HTW process according to FI patent publication 86075 and of the Winkler gasifier preceding it (Hebden, D., Stroud,
H.J.F., Chemistry of Coal Utilization, M.A. Elliott, ed., 2. Suppl. Vol., J. Wiley & Sons, pp. 1694-1696) it was found difficult
to attain a sufficient conversion of over 95 % in the gasifier in spite of the recycling of the dusts and the high-temperature
oxygen/steam gasification. Thus, it was considered better to burn in an entirely separate combustion device the dust
separated by the cyclone and the filter. Many different attempts at attaining better conversion in the gasifier itself ended
without results.
[0004] From US patent publication 4,828,581 there is further known the so-called Battelle Columbus process, in which
two parallel fluidized bed reactors are used by circulating a hot bed material from an oxidation reactor to a gasification
reactor and by keeping the product gases of the two apart. The objective is to produce without a need for oxygen a
product gas with an average thermal value. This process involves the problem of the implementation of the transfer of
the hot bed materials, which is difficult in particular in pressurized applications.
[0005] Another problem common in fluidized bed gasifiers, especially with sulfur-containing fuels, is that, owing to the
reducing gas atmosphere, the fly ash contains compounds unstable in the environment, such as calcium sulfide, which
should be oxidized before being placed in the environment.
[0006] From US patent publication 4,347,064 there is known a gasification process which uses two fluidized bed
reactors, both of them serving as gasifiers. Fuel is fed into the first fluidized bed reactor, the carbon residue left ungasified
therein being directed to a second fluidized bed reactor, wherein it is gasified at a higher temperature with a mixture of
oxygen and water vapor. According to the publication, the proportion of oxygen in the mixture is at minimum 30 and
preferably 40-70 % by volume. In addition, the publication recommends the feeding in of fresh fuel also into the said
second fluidized bed reactor. The forming gasification gas is directed to the first fluidized bed reactor as fluidization gas.
[0007] The object of the invention is to provide an improved fluidized bed gasification process by which the above-
mentioned carbonaceous fuels which contain smaller amounts of volatiles can be gasified with a high, above 90 %, and
in preferred applications even above 95 %, carbon conversion, while the environmental problems due to the solid residue
of the gasification process are decreased. It is characteristic of the process according to the invention that the said
second fluidized bed reactor is used as an oxidizer by feeding into it a stoichiometric excess of air so that there occurs
a complete conversion of the carbon present in the solids fraction fed in and that a gas containing surplus oxygen is
obtained, the gas being directed to the fluidized bed gasifier as gasification gas. The subject-matter of the invention is
disclosed in the wording of independent claim 1. Optional features thereof are further disclosed in the wordings of
dependent claims 2 to 7. In the process according to the invention, the carbon left ungasified in the fluidized bed gasifier
can be oxidized to carbon monoxide and/or carbon dioxide, which are returned to the gasification, whereby the carbon
conversion of the process is substantially increased. Alongside carbon, also other solid components which are separated
from the product gas and are hazardous to the environment can be oxidized before they end up in the ash fraction to
be removed from the process. The carbon content in the obtained ashes is thus low, and significant quantities of envi-
ronmentally toxic components are not left in the ashes.
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[0008] In the fluidized bed oxidation of solids according to the invention, there may additionally occur partial agglom-
eration of the ashes; this facilitates the separation of ashes from the gas stream to be returned to the gasifier.
[0009] The combustion heat released in the fluidized bed oxidation according to the invention can be exploited by
recovering it, the oxidizer temperature control permitting, by means of a heat exchanger in a recovery of heat taking
place directly from the oxidizer or from the gasifier product gas. On the other hand, the carbon dioxide and water vapor
present in the secondary gasification gas produced by the oxidizer may in part be reduced in the gasifier to carbon
monoxide and hydrogen, in which case these for their part increase the combustion value of the product gas obtained.
[0010] According to the invention, the oxidative gas fed into the fluidized bed oxidizer is air, possibly mixed with water
vapor to control the temperature in the oxidizer. The temperature prevailing in the oxidizer may be approximately 750-950
°C, preferably 800-850 °C, which suffices for rapid oxidation of the carbon present in the solids and at which also the
reduced compounds, such as CaS, present in the solids, are largely oxidized. From the oxidizer it is possible advanta-
geously to recover excess heat by heat exchange in order to maintain the temperature within the said optimum range.
[0011] When necessary, a sorbent can be fed into the fluidized bed oxidizer to enhance the retaining of sulfur, and
also other additives, for example, to prevent the melting of the ashes. A portion of the ashes remaining after the oxidation
can be withdrawn from the bottom of the fluidized bed oxidizer, and a portion can be separated by means of a separate
separator, such as a cyclone, from the gas stream directed from the oxidizer to the gasifier. Owing to their higher specific
weight and possibly partial agglomeration, the ashes are now more easily separable than are the light ash particles,
containing large amounts of porous carbon, in the product gas stream obtained from the gasifier.
[0012] Fuels suitable for gasification in the process according to the invention include coal, peat and solid biofuels
such as wood. Air can be used as the primary gasification gas in the fluidized bed gasifier. The fluidized bed in the
gasifier is preferably made up of a substantially stationary ebullating bed, but it is also possible to use a circulating bed
reactor as the gasifier. The fluidized particles of the bed consist of a fine-grained solid material, such as sand or lime.
According to the invention, the secondary gasification gas which is introduced from the fluidized bed oxidizer and which,
in addition to carbon oxides and water vapor, contains oxygen left over from the oxidizing air used in excess, is most
preferably fed above the ebullating bed in the gasifier. The product gas obtained from the gasifier may be directed first
to a cyclone, the coarser solids fraction separated from the gas stream by the cyclone being returned to the fluidized
bed of the gasifier, and thereafter, via a heat-recovering heat exchanger, to a filter for the separation of a finer carbon-
aceous solids fraction to be oxidized in accordance with the invention in a fluidized bed oxidizer.
[0013] The invention is described below in greater detail, first with reference to the accompanying drawing, which is
an example of the apparatus applying the gasification process according to the invention.
[0014] The apparatus according to the drawing comprises a vertical, cylindrical reaction vessel 1 which serves as the
fluidized bed gasifier and is equipped with a grate 2 in its lower section. Above the grate 2 there is a substantially
stationary ebullating bed 3, which consists of fine-grained inert particles, such as sand. In the figure, the introduction of
the bed material into the reaction vessel 1 is indicated by arrow 4, the feeding in of the fuel to be gasified by arrow 5,
the feeding in of the gasification gas by arrows 6 and 7, for example, so that arrow 6 indicates gasification air and arrow
7 water vapor, and the withdrawal of ashes from the reaction vessel by arrow 8.
[0015] A duct 10 starting in the chamber 9 above the fluidized bed 3, at a point close to the upper end of the reaction
vessel, directs the product gas formed in the gasification to a cyclone 11, which separates from the gas stream the
coarser solid particles, which are returned via duct 12 to the fluidized bed 3 of the gasifier. From the cyclone 11 I the
product gas travels through duct 13 via a heat exchanger 14 to a particle separator 15, which is, for example, a ceramic
filter. The more finely divided solids fraction separated by the filter 15 exits to duct 16, and the purified product gas
continues via duct 17 to the desired use as fuel.
[0016] Duct 16 directs the fine-grained solids separated by the separator 15 and containing a large amount of unreacted
carbon first to a container 18, from which the solids are directed either via duct 19 directly to a fluidized bed reactor 20
serving as an oxidizer, or via duct 21 first to an intermediate container 22 and from there further to the fluidized bed
reactor 20, in which case it is possible to remove a portion of the solids from the intermediate container (arrow 23). The
fluidized bed oxidizer 20 consists of a vertical, cylindrical vessel the lower section of which is equipped with a grate 24.
Above the grate 24 there is an ebullating bed 25 made up of large-sized particles of, for example, sand or lime, and a
chamber 26 above the bed. The purpose of the fluidized bed oxidizer 20 is to oxidize the carbon present in the fine-
grained solid material separated by the filter 15 from the product gas stream, as well as the other oxidizable components
present. The feeding in of air used as the oxidative gas is indicated in the figure by arrow 27, the feeding in of optional
water vapor by arrow 28, the introduction of bed material by arrow 29, possible small injection of vapor or water for the
cooling of the forming combustion gas by arrow 30, and the withdrawal of ashes by arrow 31. The oxidizer 20 is also
equipped with heat exchangers 32 and 33 for adjusting the oxidizing temperature to the optimal level, in which case any
excess heat can be transferred for exploitation in, for example, the steam cycle of a power plant.
[0017] The gas obtained from the fluidized bed oxidizer 20, which gas, in addition to carbon oxides and water vapor,
contains oxygen because of the excess of air used in the oxidation, is directed via duct 34 to a cyclone 35, which removes
the ash particles (arrow 36) from the gas stream, which is directed via duct 37 to the fluidized bed gasifier 1 as a secondary
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gasification gas, according to the figure into the chamber 9 above the fluidized bed 3 in the reaction vessel.
[0018] In the process depicted in the drawing, a solid, particulate fuel, for example, carbon, peat, waste wood, or a
mixture thereof, is pyrolyzed in the gasifier 1, forming a product gas which contains as combustible components, among
other things, carbon monoxide, hydrogen and hydrocarbons. At the same time there forms residual carbon, the gasification
of which is slower, and thus the particles elutriated from the gasifier along with the product gas still contain a large
amount of unreacted carbonaceous material. Owing to the high carbon content, the particles are rather light in weight,
and therefore only the largest particles, typically over 10-20 Pm, separate from the product gas in the cyclone 11. The
particles separated by the cyclone 11 and returned to the fluidized bed 3 of the gasifier react further and are finally
ground to so small a size that they pass through the cyclone. In the process according to the invention, the primary cycle
step made up of the cyclone 11 and duct 12 is not necessarily required at all, but the implementation of the primary cycle
results in a high, approximately 80-95 %, conversion of carbon in the gasifier and thus a smaller fluidized bed oxidizer
20, which is often optimal for reasons of cost. Furthermore, it is useful in terms of the quality of the forming product gas
that the upper section of the gasifier contains a large amount of carbon- and ash-containing particles, which promote
the decomposition of tar compounds and the formation of the desired product gas components, carbon monoxide and
hydrogen.
[0019] After the cyclone 11, the product gas travels through the heat exchanger 14, wherein the gas temperature is
lowered from the typical gasification temperature (800-1000 °C) to the range of 300-550 °C. At the same time the metal
vapors (e.g. alkali metals) present in the product gas condense and can be removed in connection with the removal of
particles. The particles are removed, for example, with chemical filters 15, in which case the product gas 17 exiting from
the process is pure and suitable, for example, for use as fuel in a gas turbine. The separated dust, which contains a
large amount of carbonaceous material, can be fed directly into the fluidized bed oxidizer or, alternatively, in some run
situation, all or a portion of the dust separated by the filter can be collected into an intermediate container 22 and be fed
into the oxidizer later. Via the dust removal line 23 it is also possible to remove dust from the system, for example, in
situations of disturbance or shutdown.
[0020] The conditions in the oxidizer 20 are adjusted, by control of the feeds of air, water vapor and dust, to be such
that the carbonaceous material present in the dust oxidizes to carbon oxides. Since the oxidation reactions of a fine-
grained carbonaceous material are considerably more rapid than the gasification reactions prevailing in the gasifier, a
complete conversion of carbon will occur in the oxidizer already within the available retention time of a few seconds.
Owing to the fluidized bed, the oxidizer temperature remains stable and the transfers of heat and materials are effective.
The gasification process dust separated by the filter 15 contains, in addition to carbonaceous material, also other sub-
stances, such as calcium sulfide and other compounds unstable or toxic in the environment, problematic in terms of the
further use or final disposal of the dust. During the oxidation, also these compounds are oxidized, and the dust to be
removed by means of the cyclone 35 resembles the fly ash of a conventional combustion plant. The oxidizer temperature
is adjusted to the desired level (preferably approximately 800-900 °C), either by using a large excess of air and/or water
vapor feed, or by removing by means of an optional bed heat exchanger 32 a portion of the heat generated in the
combustion, for example, for use in the steam cycle of a power plant. In the last-mentioned case, the oxidizer can be
operated at a point closer to the air coefficient of stoichiometric combustion, in which case the oxygen content in the
combustion gas directed to the gasifier is typically 1-5 %. The operating capacity of the cyclone 35 is based on the fact
that the ash particles leaving the oxidizer 20 are clearly heavier than the porous carbonaceous particles elutriated from
the gasifier 1. In addition, partial agglomeration of the ashes may occur in the oxidizer.
[0021] The hot combustion gas directed from the oxidizer 20 into the chamber 9 above the bed 3 in the gasifier serves
as a secondary gasification gas; the oxygen present in it reacts rapidly with combustible compounds in the gasifier. At
a high temperature, carbon dioxide and water vapor also participate in the gasification reactions occurring in the gasifier
and are in part converted to carbon monoxide and hydrogen. When the oxidizer is operated at a temperature below
850-880 °C, also alkali metals react, forming in the main condensed products (primarily alkali sulfides), which can be
removed by means of the cyclone in connection with the removal of particles. When necessary, the combustion gas
leaving the oxidizer can be cooled with an optional heat exchanger 33 or by slight spraying 30 of steam or water.
[0022] The fluidized beds 3, 25 of the fluidized bed reactors 1, 20 are maintained at the desired size by removing,
according to need, coarse ashes 8, 31 from the bottom of the reactors and by adding, when necessary, sand, lime or
some other selected bed material into the bed. By a small change of bed material, the accumulation of adhering ash
agglomerates in the fluidized beds of the reactors is also avoided.
[0023] The functioning of the process according to the invention has been observed in experiments according to the
following examples, in which a bituminous coal and a mixture of coal and wood were gasified in an apparatus operating
under a pressure of 0.34 MPa. When corresponding fuel mixtures were gasified without an oxidation reactor according
to the invention, the conversion of the elemental carbon present in the fuel to gaseous products remained at a level of
75-90 % even though very high gasification temperatures, problematic in terms of the sintering of the ashes, were used
in the experiments.
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Example 1

[0024] The fuel used in the gasifier was bituminous coal alone. Approximately 55 % by weight of the carbonaceous
dust separated from the hot filter was fed into the oxidizer. The bed temperature of the oxidizer was adjusted to approx-
imately 940 °C. The bed material in the oxidation reactor was a mixture of limestone and sand at a ratio of 1:1. The
carbon content of the cyclone dust separated in the cyclone after the oxidizer was 0.55 % when the ashes separated
by a filter and fed into the oxidizer contained carbon 65.1 %. The conversion of the filter dust fed into the oxidizer was
thus almost complete. Since all of the dust was not recycled, the total conversion of the coal fed in remained at 92.4 %.
Even this, however, was over 10 percentage points higher than the conversion attained in conventional gasification with
the same coal. During the sequence, the concentrations of vaporous alkali metals (Na, K), as well as the sulfur compounds
(H2S, COS), present in the product gas after the gasifier were measured. The total amount of vaporous alkali metals
was less than 0.05 ppm (wt.) and H2S 220 ppm (vol.), and COS approximately 20 ppm (vol.). In practice this indicated
that the recycling of the dust containing sulfur and alkali metals did not raise the level of impurities present in the filtered
product gas as regards alkali metals or sulfur; they had been bound in the cyclone dust and been removed from the
process.

Example 2.

[0025] The fuel used in the gasifier consisted of sawdust 58 % by weight and bituminous coal 42 %. All of the carbon-
aceous dust separated by the hot filter of the gasifier was cycled to the oxidizer (100 % recycling). The bed material in
the oxidizer was the same as in Example 1, and the bed temperature was maintained at 895 °C. The carbon content in
the dust separated by the oxidizer cyclone was 0.25 % by weight, while the carbon content in the dust separated by the
hot filter and fed into the oxidizer was 57.4 % by weight. Calculated on the basis of a gas analysis, the conversion of
carbon to gases was 96 %, and on the basis of the carbon contents in the solids streams removed from the system it
was over 99 %. In a corresponding conventional mixed gasification of wood and coal, a level of 82-87 % has been
attained. During the trial run sequence, measurements corresponding to those made during the previous experiment
were made: vaporous alkali metals (Na and K in total) less than 0.05 ppm (wt.), H2O 210 ppm (vol.), and COS 20 ppm (vol.).

Example 3

[0026] In this experiment, the amount of hot filter dust fed into the oxidizer was more than was formed in the process
during the trial sequence. Thereby a case was simulated in which dust had previously been collected in storage for later
recycling. The fuel used in the gasifier consisted of sawdust 86 % by weight and bituminous coal 14 % by weight. The
recycling of filter dust was 112 % by weight. The oxidizer bed material used was the same mixture of sand and limestone
as in the previous examples, and the temperature of the oxidizer bed was adjusted to 850 °C. The carbon content in the
dust separated by the oxidizer cyclone was 0.3 % by weight when the carbon content in the filter dust fed into the oxidizer
was 34.0 % by weight. The conversion of carbon to gases, calculated on the basis of the solids streams, was over 99
%. The vaporous alkali metal contents in the gasifier product gas, measured at a point after the filter, were below 0.05
ppm (wt.), H2S 180 ppm (vol.) and COS 20 ppm (vol.).
[0027] No agglomeration was observed in the bottom ashes of the oxidizer during the trial runs. After the trial runs the
reactor was opened and was examined to observe any sedimentation. No sedimentation was observed. The high carbon
dioxide content in the gas produced was a natural consequence of the great heat losses typical of the small-scale test
apparatus. In order to maintain the internal temperature balances in the reactors, a larger than conventional proportion
of the fuel had to be burned. The key process variables and measured gas properties in the example experiments are
shown in following Table 1.

Table 1.

Example 1 2 3

Pressure, Mpa (abs.) 0.34 0.34 0.34

Gasifier air coefficient 0.35 0.40 0.36
Total air coefficient 0.60 0.67 0.52

Carbon mass flow, g/s 4.7 2.3 1.1
Sawdust mass flow, g/s - 2.9 6.2
Carbon/Wood ratio, % by weight 100/0 42/58 14/86
Gasifier bed material feed, g/s 0.36 0.20 0.24
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Claims

1. A process for the gasification of a carbonaceous fuel in a fluidized bed gasifier (1), in which process fuel (5) and a
primary gasification gas (6, 7) are fed into the gasifier, and a product gas (10) is removed from the gasifier, the
product gas being purified by separating therefrom a carbon-containing solids fraction (16), which is further fed,
together with an oxygen-containing gas, into a second fluidized bed reactor (20), the gas produced therein being
directed to the fluidized bed gasifier (1) as a secondary gasification gas, characterized in a coarser solids fraction
(12) is separated from the product gas by a cyclone (11) and returned to the fluidized bed gasifier (1), that a finer
carbonaceous solids fraction (16) is separated from the product gas by filtration (15), the carbonaceous solids fed
to the second fluidized bed reactor (20) consisting of said finer carbonaceous solids fraction, that in said second
fluidized bed reactor (20) there is maintained a bubbling bed of fluidized particles of a bed material (25), the reactor
being used as an oxidizer operated at a temperature of at most 950°C by feeding into it a stoichiometric excess of
air so that there occurs a complete conversion of the carbon present in the solids fraction fed in, and by removing
ashes (31) from the bottom of the reactor, and that a gas containing the converted carbon as carbon oxides, and
surplus oxygen in a content of 1-5 % is obtained, the gas being directed to the fluidized bed gasifier (1) as a
gasification gas.

2. A process according to Claim 1, characterized in that the temperature in the fluidized bed oxidizer (20) is approx-
imately 800-900 °C.

3. A process according to any of the above claims, characterized in that a sulfur-removing sorbent is fed into the
fluidized bed oxidizer (20).

4. A process according to any of the above claims, characterized in that a fine-grained solid material (36) is separated
from the exit gas (34) of the oxidizer (20) before the gas is directed to the fluidized bed gasifier (1).

5. A process according to any of the above claims, characterized in that the fuel (5) is coal, peat or a solid biomass.

6. A process according to any of the above claims, characterized in that the primary gasification gas (6) contains air.

7. A process according to any of the above claims, characterized in that the fluidized bed gasifier (1) has a bubbling
bed (3) made up of solid particles.

(continued)

Example 1 2 3

Oxidizer bed material feed, g/s 0 0 0
Gasification air feed, g/s 15.3 15.2 16.1
Steam feed to gasifier, g/s 2.8 2.4 -
Air feed to oxidizer, g/s 10.7 10.5 7.6
Oxidizer fluidization velocity, m/s 0.33 0.33 0.22

Composition of dry product gas, % by vol.
CO 8.8 6.5 8.7
CO2 13.3 15.4 13.9
H2 6.5 5.0 5.6
N2(+Ar) 70.7 71.9 69.6
CH4 0.62 1.2 2.0
C2Hy <0.01 0.08 0.32
H2S. 0.02 0.02 0.02

H2O in humid gas, % by vol. 13.9 15.6 9.8

Lower thermal value of dry product gas, MJ/m3n 2.2 2.0 3.1

Carbon content in cyclone dust, % by weight 0.55 0.25 0.30
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Patentansprüche

1. Verfahren zum Vergasen eines kohlenstoffhaltigen Kraftstoffes in einem Wirbelschichtvergaser (1), wobei Prozess-
Kraftstoff (5) und ein Primär-Vergasungsgas (6, 7) in den Vergaser eingeführt werden und ein Erzeugnis-Gas (10)
aus dem Vergaser entfernt wird, wobei das Erzeugnis-Gas gereinigt wird, indem davon ein Anteil (16) kohlenstoff-
haltiger Festkörper getrennt wird, welcher ferner, zusammen mit einem sauerstoffhaltigen Gas, in einen zweiten
Wirbelschichtreaktor (20) eingeführt wird, wobei das darin erzeugte Gas zu dem Wirbelschichtvergaser (1) als ein
zweites Vergasungsgas geleitet wird,
dadurch gekennzeichnet,

- dass ein Anteil (12) gröberer Festkörper von dem Erzeugnis-Gas durch einen Fliehkraftabscheider (11) ge-
trennt und zu dem Wirbelschichtvergaser (1) zurückgeführt wird,
- dass ein Anteil (16) feinerer kohlenstoffhaltiger Festkörper von dem Erzeugnis-Gas durch Filtrierung (15)
getrennt wird, wobei die dem zweiten Wirbelschichtreaktor (20) zugeführten kohlenstoffhaltigen Festkörper aus
dem Anteil feinerer kohlenstoffhaltiger Festkörper bestehen,
- dass in dem zweiten Wirbelschichtreaktor (20) ein Blasenbett von fluidisierten Teilchen eines Bettmaterials
(25) erhalten wird, wobei der Reaktor als ein Oxidator verwendet wird, welcher bei einer Temperatur von höch-
stens 950°C betrieben wird, indem ein stöchiometrischer Überschuss an Luft derart in ihn eingeführt wird, dass
eine vollständige Umwandlung des in dem eingeführten Anteil an Festkörpern vorhandenen Kohlenstoffs statt-
findet, und indem Verbrennungsrückstände (31) von dem Boden des Reaktors entfernt werden, und
- dass ein Gas, welches den umgewandelten Kohlenstoff als Kohlenstoffoxide und überschüssigen Sauerstoff
mit einem Gehalt von 1-5% enthält, erhalten wird, wobei das Gas zu dem Wirbelschichtvergaser (1) als ein
Vergasungsgas geleitet wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Temperatur in dem Wirbelschicht-Oxidator (20)
ungefähr 800-900°C beträgt:

3. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass ein Schwefel-entfernen-
des Sorptionsmittel in den Wirbelschicht-Oxidator (20) eingeführt wird.

4. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass ein feinkörniges Festkör-
permaterial (36) von dem Ausgangsgas (34) des Oxidators (20) getrennt wird, bevor das Gas zu dem Wirbelschicht-
vergaser (1) geleitet wird.

5. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass der Kraftstoff (5) Kohle,
Torf oder eine feste Biomasse ist.

6. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass das Primär-Vergasungs-
gas (6) Luft enthält.

7. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass der Wirbelschichtvergaser
(1) ein Blasenbett (3) aufweist, welches aus Festkörperpartikeln gebildet ist.

Revendications

1. Procédé pour la gazéification d’un combustible carboné dans un gazéificateur à lit fluidisé (1), où un combustible
de procédé (5) et un gaz de gazéification primaire (6, 7) sont introduits dans le gazéificateur, et un gaz de produit
(10) est retiré du gazéificateur, le gaz de produit étant purifié par séparation de celui-ci d’une fraction de solides
contenant du carbone (16), qui est introduite encore, en même temps qu’un gaz contenant de l’oxygène, dans un
second réacteur à lit fluidisé (20), le gaz produit dans celui-ci étant dirigé vers le gazéificateur à lit fluidisé (1) comme
gaz de gazéification secondaire, caractérisé en ce qu’une fraction de solides plus grossière (12) est séparée du
gaz de produit par un cyclone (11) et renvoyée dans le gazéificateur à lit fluidisé (1), en ce qu’une fraction de solides
carbonés plus fine (16) est séparée du gaz de produit par filtration (15), les solides carbonés introduits dans le
second réacteur à lit fluidisé (20) consistant en ladite fraction de solides carbonés plus fine, en ce que, dans ledit
second réacteur à lit fluidisé (20) il est maintenu un lit fluidisé bouillonnant de particules fluidisées d’un matériau de
lit (25), le réacteur étant utilisé comme oxydeur fonctionnant à une température d’au plus 950°C par introduction
dans celui-ci d’un excès stoechiométrique d’air de sorte qu’il se produit une conversion complète du carbone présent
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dans la fraction de solides introduite, et par retrait de cendres (31) du fond du réacteur, et en ce qu’un gaz contenant
le carbone converti sous forme d’oxydes de carbone, et de l’oxygène en surplus en une teneur de 1 - 5 % est obtenu,
le gaz étant dirigé vers le gazéificateur à lit fluidisé (1) comme gaz de gazéification.

2. Procédé selon la revendication 1 caractérisé en ce que la température dans l’oxydeur à lit fluidisé (20) est d’
approximativement 800 - 900°C.

3. Procédé selon l’une quelconque des revendications précédentes caractérisé en ce qu’un sorbant retirant le soufre
est introduit dans l’oxydeur à lit fluidisé (20).

4. Procédé selon l’une quelconque des revendications précédentes caractérisé en ce qu’un matériau solide à grains
fms (36) est séparé du gaz sortant (34) de l’oxydeur (20) avant que le gaz soit dirigé vers le gazéificateur à lit fluidisé
(1).

5. Procédé selon l’une quelconque des revendications précédentes caractérisé en ce que le combustible (5) est du
charbon, de la tourbe ou une biomasse solide.

6. Procédé selon l’une quelconque des revendications précédentes caractérisé en ce que le gaz de gazéification
primaire (6) contient de l’air.

7. Procédé selon l’une quelconque des revendications précédentes caractérisé en ce que le gazéificateur à lit fluidisé
(1) a un lit fluidisé bouillonnant (3) constitué par des particules solides.
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