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(57) Abréegée/Abstract:
The invention relates to a device for the gasification of carbonaceous and especially biogenic feedstock that allows a simple design
and safe functioning. The Invention also provides a fluidized reactor to be used together with said device. According to the
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(57) Abrege(suite)/Abstract(continued):
iInvention, the pressurized fluid bed gasification chamber comprises a pressure-resistant lock-chamber for charging the feedstock

to be gasified. The fluid bed gasification chamber Is linked with a filter chamber via a connection channel so that the gas issued
from the fluid bed gasification chamber can flow into the filter chamber where It is passed through the filter layer. An external heat
source provides the heat required for the allothermic gasification. The heat Is guided from the external heat source to the
gasification bed of the fluid bed gasification chamber by means of a thermoconductive tube system and provides the temperature

required for the gasification process.



CA 02376483 2001-12-07

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

A T 00 0

(43) Internationales Verdffentlichungsdatum (10) Internationale Veréffentlichungsnummer
21. Dezember 2000 (21.12.2000) PCT WO 00/77128 A1l
(51) Internationale Patentklassifikation’: C10J 3/56, (74) Anwalt: WINTER, BRANDL, FURNISS, HUBNER,
BO1J 8726, F28D 15/02 ROSS, KAISER, POLTE PARTNERSCHAFT; Alois-

Steinecker-Str. 22, D-85354 Freising (DE).

(21) Internationales Aktenzeichen: PCT/EP0OO/05364 (81) Bestimmungsstaaten (national): AE, AG, AL, AM, AT,
AU, AZ,BA, BB,BG, BR,BY, CA, CH, CN, CR, CU, CZ,
(22) Internationales Anmeldedatum: DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU,
9. Juni 2000 (09.06.2000) ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO,
(25) Einreichungssprache: Deutsch NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR,
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.
(26) Veroffentlichungssprache: Deutsch (g4) Bestimmungsstaaten (regional): ARIPO-Patent (G,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), eura-
(30) Angaben zur Prioritit: sisches Patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
199 26 202.0 9. Juni 1999 (09.06.1999) DE europdisches Patent (AT, BE, CH, CY, DE, DK, ES, FI,
199 26 201.2 9. Juni 1999 (09.06.1999) DE FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI-Patent
199 26 203.9 9. Juni 1999 (09.06.1999) DE (BE, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE,
SN, TD, TG).
(71) Anmelder (fir alle Bestimmungsstaaten mit Ausnahme Veriffentlicht:

von US): TECHNISCHE UNIVERSITAT MUNCHEN
LEHRSTUHL FUR THERMISCHE KRAFTANLA-
GEN [DE/DE]; Boltzmannstr. 15, D-85748 Miinchen

(DE).

—  Mit internationalem Recherchenbericht.

~—  Vor Ablauf der fiir Anderungen der Anspriiche geltenden
Frist; Veroffentlichung wird wiederholt, falls Anderungen
eintreffen.

(72) Erfinder; und Zur Erkldrung der Zweibuchstaben-Codes, und der anderen

(75) Erfinder/Anmelder (nur fiir US): KARL, Jiirgen Abkiirzungen wird auf die Erkldrungen ("Guidance Notes on
[DE/DE]; Am Fischweiher 21, D-85229 Markt Indersdorf ~ Codes and Abbreviations") am Anfang jeder reguldren Ausgabe
(DE). der PCT-Gazette verwiesen.

(54) Title: DEVICE FOR THE GASIFICATION OF CARBONACEOUS FEEDSTOCK
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(37) Abstract: The invention relates to a device for the gasification of carbonaceous and especially biogenic feedstock that allows a
simple design and safe functioning. The invention also provides a fluidized reactor to be used together with said device. According to
the invention, the pressurized fluid bed gasification chamber comprises a pressure-resistant lock-chamber for charging the feedstock
to be gasified. The fluid bed gasification chamber is linked with a filter chamber via a connection channel so that the gas issued
from the fluid bed gasification chamber can flow into the filter chamber where it is passed through the filter layer. An external heat
source provides the heat required for the allothermic gasification. The heat is guided from the external heat source to the gasification
bed of the fluid bed gasification chamber by means of a thermoconductive tube system and provides the temperature required for the
o gasification process.

Al

12

~ (37) Zusammenfassung: Es wird eine Vorrichtung zur Vergasung von kohlenstoffhaltigen und insbesondere biogenen Einsatz-
~ stoffen bereitgestellt, die eine einfache Konstruktion und sichere Arbeitsweise gewihrleistet. AuBerdem wird ein hierfiir geeigneter
~— Wirbelschichtreaktor angegeben. Geméal der Erfindung umfaBt eine druckaufgeladene Wirbelschichtvergasungskammer eine druck-
teste Schleuse zur Aufgabe der zu vergasenden Einsatzstoffe. Die Wirbelschichtvergasungskammer ist mit einer Filterkammer iiber
einen Verbindungskanal verbunden, so daB das entstehende Gas von der Wirbelschichtvergasungskammer in die Filterkammer iiber-
O stromen kann, wo es durch die Filterschicht geleitet wird. Durch eine externe Wiarmequelle wird die fiir die allotherme Vergasung
notwendige Wirme bereitgestellt. Mittels einer Wirmeleitrohranordnung wird die Wirme aus der externen Wirmequelle in das
Vergasungsbett der Wirbelschichtvergasungskammer geleitet, um die fiir die Vergasung erforderliche Temperatur bereitzustellen.
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Description

Facility for the gasification of carbon-containing feed materials

The invention relates to a facility for the gasification of carbon-
containing feed materials, e.g. tar, tar sand, plastics waste, residues from
paper and pulp production, residues from the pétrochemical iIndustry,
electronics scrap and light shredded fractions, and in particular of biogenic
feed materials, e.g. harvest waste, energy plants (Mishanthus) or wood chips.
The facility serves, in particular, for producing combustible gases with a
calorific value of at least 8 000 to 10 000 kJ/m°.

The energy-related utilization of the abovementioned feed materials, at
present, is largely limited to combustion. The gasification technologies are set
up predominantly for producing weak gases with a calorific value of below
6 000 kJ/kg. These gases, however, are not suitable for utilization, for

example, in gas turbines or fuel cells.

In order to produce gases with a calorific value of 8000 to
10 000 kJ/m°, so-called allothermic gasification has to be carried out. For this
purpose, it is necessary for the fuel which is to be gasified to be fed sufficient
external heat at a high temperature level of 500 to 900 degrees Celsius,

which up until now has involved high technical outlay.

A significant widely used gasification process is the fluidized-bed
process. This process may also be used to operate relatively small
installations cost-effectively, but does not produce any high-calorie gases.

For allothermic gasification in fluidized beds, essentially the following

processes and facilities are currently undergoing testing.

TU2706A1, 16.11.2007
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Batelle gasifier

In the case of the Batelle gasifier (two-stage fluidized-bed gasification),
the reaction heat for the fluidized bed is produced in an external fluidized-bed
combustion operation. The heat is transmitted by exchange of the hot sand

bed and thus involves high technical outlay, see Peter Jansen, Thermische

Vergasung von nachwachsenden Roh- und organischen Reststoffen

[Thermal gasification of renewable raw materials and organic residuesj;

Institutsberichte der Bundesanstalt fur Landwirtschaft [Reports of the federal

institute for agriculture], Brunswick, 1997.
DMT gasifier

In the DMT gasifier, a considerable amount of the heat which Is
necessary for the gasification is to be introduced in that use is made of
steam, at a temperature of 750°C, which is superheated for the fluidizing
operation. In addition, for the gasification of biomass, the intention Is for heat-
exchanger pipes to be directed through the fluidized bed, the flue gas with a
temperature of 1 150°C flowing through said pipes. It is barely possible, with
the current state of knowledge, to verify that this facility can achieve calorific
values of approximately 10 000 kJ/kg. Facilities which operate by this
principle are disclosed in US 5,064,444 and US 5,439,491.

In order to increase the chemical conversion, attempts have thus been
made to increase the introduction of heat into the fluidized bed by the use of
pulse combustors, as is disclosed in US 5,306,481. This method basically

allows a relatively high level of heat introduction and thus a chemical
conversion which is necessary for allothermic gasification. The use of pulse

combustors, however, involves relatively high outlay.

TU2706A1, 16.11.2007
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GB-A-1599398 proposes, for the gasification of coal or coke, to
introduce heat into the fluidized beds by means of heat pipes. The suitability

of such an installation for biomasses is not apparent.

Furthermore, US 4,160,720 discloses a facility which is intended for the
gasification of tar sand and in the case of which heat Is transmitted into the
reaction chamber by means of heat pipes. In the case of this facility, the tar
sand runs through the reaction bed and the combustion zone. Since the
pyrolysis gas mixes with the flue gas, there is a reduction in the calorific value

of this gas, which is not suitable for direct use for gas turbines or for fuel cells.

It is thus an object of the invention to provide a facility for the gasification
of carbon-containing and, in particular, biogenic feed materials which ensures
a straightforward design and reliable operation and by means of which it is
possible to produce combustible gases with a calorific value of at least 8 000
to 10 000 kJ/m°. It is also an object of the invention to specify a fluidized-bed

reactor which is particularly suitable for such a facility.

The object is achieved by a facility as described herein.

A pressure-supercharged fluidized-bed gasification chamber has a
pressure-tight lock for supplying the feed materials which are to be gasified.
The fluidized-bed gasification chamber is connected to a filter chamber via a
connecting channel, with the result that the gas produced can flow over from
the fluidized-bed gasification chamber into the filter chamber, where it is
directed through the filter layer. An external heat source provides the
necessary heat for the allothermic gasification. A heat-pipe arrangement
directs the heat from the external heat source into the gasification bed of the
fluidized-bed gasification chamber, in order to provide the temperature which
IS necessary for the gasification.

TU2706A1, 16.11.2007
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According to a preferred embodiment of the invention, the external heat
Is provided by means of combustion, in particular in a fluidized-bed

combustion chamber.

In order that the fiiter layer does not grow as a result of the substances
filtered out of the combustible gas, some of the growing filter layer is
constantly drawn off into the combustion chamber through the solids flow
channel. Since the filtered-out substances (ash and residual coke particles)
are still combustible in part, they are burned in the combustion chamber. For
this purpose, the combustion chamber is preferably connected to the filter
chamber via a solids flow channel which is directed upward to the filter
chamber. The bottom end section of the solids flow channel has a siphon
arrangement in order to deliver material into the combustion chamber from

the filter chamber.

The filter layer is drawn off, according to a further preferred
configuration, via a first blowing-out arrangement at the bottom end section of
the solids flow channel. In this case, the solids flow channel is preferably
vertical, but always inclined and dimensioned such that, when the bottom
blowing-out section of the solids flow channel is blown free, the solid material

slides downward of its own accord under the action of gravitational force.

A second blowing-out arrangement is preferably provided at the top end
section of the solids flow channel. This serves for rearranging and/or

loosening the filter layer.

Controlling and regulating measures which are known to the person
skilled in the art, and specifically the measurement of the gas pressures,
determine when and how often the blowing-out arrangement has to be

actuated in order to achieve optimum efficiency.

TU2706A1, 16.11.2007
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The particular advantage of the invention consists in that, depending on
the adjustment of the pressure conditions, either more gas or more flue gas
(heat) can be produced. The desired gas/flue gas ratio is preferably adjusted
by means of a flue-gas-regulating arrangement, e.g. by the cross section of
the flue-gas-outlet channel being changed, it being possible for this to be

achieved by a flue-gas damper.

The fluidized-bed gasification chamber may be arranged, in spatial
terms, above the filter chamber and the filter chamber Is arranged above the
combustion chamber. This arrangement results in a very compact

construction with a good energy balance.

There may be provided an additional heat exchanger, which takes up
the waste heat of the drawing-off flue gas and gives it off to the product gas,

this likewise improving the energy balance.

Heat-exchanger ribs may be arranged on the heat-exchanger sections
of the heat pipes. These ribs are formed so as to assume an operative
relationship with the streams and vortices of fluid produced by the fluidizing
arrangements, such that the fluidized particles are accelerated transversely to
their original flow direction. It is thus the case that good transverse mixing of

the fluidized bed is achieved, the residence time of the particles in the
fluidized bed is increased, gas bubbles are well dispersed, and the heat
transfer from the heat-exchanger ribs to the fluidized bed is improved to a
considerable extent. This also makes it possible to achieve a compact

construction.

A facility for producing combustible gas from carbon-containing feed
materials according to the present invention may use a fluidized-bed reactor.
A reactor vessel which accommodates the fluidized bed is provided in the
fluidized-bed reactor. Fluidizing arrangements for fluidizing a predetermined

region of the fluidized bed are provided. In order for additional heat to be

TU2706A1, 16.11.2007
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introduced or drawn off In this region, use is made of heat exchangers. The
better the heat transfer between the heat exchangers and the fluidized bed,
the higher is the efficiency of the installation. in order to improve this heat
transfer, the heat-exchanger sections of the heat exchanger are designed as
special heat-exchanger ribs which are formed and arranged so as to assume
an operative relationship with the streams and vortices of fluid produced by
the fluidizing arrangements, such that the fluidized particles are accelerated
transversely to their original flow direction, as a result of which the transverse
mixing of the fluidized bed is improved, the residence time of the particles in
the fluidized bed is increased, and the heat transfer from the heat-exchanger

ribs to the fluidized bed is improved to a considerable extent.

By using such a fluidized-bed reactor, smaller and more cost-effective
overall sizes are possible, while maintaining the same output, as a result of
the improved heat transfer. Such a fluidized-bed reactor may be used both in
the combustion chamber and in the combustible-gas reactor of the facility for

producing combustible gas from carbon-containing feed materials.

It should be emphasized that it is not possible or expedient to specify
specific dimensioning for the special heat-exchanger ribs since the person
skilled in the art can only implement such optimization in conjunction with a
specific fluidized-bed reactor. It iIs thus possible, in individual cases, to use
very specially designed heat-exchanger ribs which, in certain circumstances,
may even be designed to be different, asymmetrical, etc. if this results in the
abovedescribed deflection of the particles with the associated positive

effects.

The heat-exchanger ribs may be of helical or blade-like design. These

forms can be produced to good effect.

The heat-exchanger ribs may be connected releaseably to the

heat-exchanger sections. This embodiment has a series of advantages:

TU2706A1, 16.11.2007
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since, for example, fluidized beds in which combustion processes take place,
on account of the relatively high temperature in conjunction with the sand of
the fluidized bed, have a highly abrasive effect on internals, the
heat-exchanger ribs are particularly effected thereby, i.e. they are subject to a
high level of wear. The exchangeability of these parts which are subject to

wear Is thus particularly cost-effective.

Preferably, heat pipes are used for heat exchange. It is clear to the
person skilled in the art that the positive effect provided by the invention is
merely achieved by the particular configuration of the heat-exchanger ribs in
conjunction with the fluidized bed. The combination of the special
heat-exchanger ribs with heat pipes again allows a reduced overall size for

maintaining the same output.

The invention is explained hereinbelow with reference to two exemplary

embodiments in conjunction with attached drawings, in which:

Figure 1 shows a sectional illustration of a first embodiment of the
iInvention, |

Figure 2 shows a sectional illustration of a second embodiment of the
iInvention,

Figure 3 shows the effect of the top blowing-out nozzle,

Figure 4 shows the effect of the bottom blowing-out nozzle,

Figure 5 shows a perspective illustration of a blade-design
heat-exchanger rib on the heat-exchanger section of a heat exchanger,

Figure 6 shows a perspective illustration of a helical heat-exchanger
rb,

Figure 7 shows a perspective functional illustration of the
heat-exchanger rib according to figure 6, and

Figure 8 shows heat-exchanger ribs which are arranged on horizontally

located heat-exchanger sections.

TU2706A1, 16.11.2007
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Figure 1 shows a first embodiment of the invention. A first tubular vessel
1 has, at its top end section 1a, a pressure-tight lock 2 for introducing the
feed materials 3 which are to be gasified, and are illustrated symbolically by
means of the arrow. Provided in the bottom end section 1b of the vessel 1 is
a fluidized-bed combustion chamber 4, into which steam- and/or air-mixture
feed nozzles 5 project. For starting up, i.e. for heating up, a fuel feed nozzle 6
IS arranged within the fluidized-bed combustion chamber 4 in order to blow in
combustible gas by means of which the ﬂuidized-bed' combustion chamber 4

IS heated up.

A second tubular vessel 7 is arranged concentrically in the vessel 1 and
extends from the top end section 1a to the fluidized-bed combustion chamber
4. At its top end section 73, this vessel 7 is connected in a sealed manner to
the outlet of the lock 2. Arranged at the bottom end section 7b of the vessel 7
IS a combustible-gas outlet 8 for discharging the combustible gas 9 obtained,
said outlet not being connected to the interior of the vessel 1.

Arranged in the top section of the vessel 7 is a fluidized-bed gasification

chamber 10, which is described hereinbelow.

The fluidized-bed gasification chamber 10 is a tubular vessel 11 which is
open at the top. The vessel 11 is arranged such that the feed materials 3
iIntroduced via the lock 2 drop into the vessel 11. A perforated base 12 is
arranged at the bottom end section 11a of the vessel 11, and provided
therebeneath is a steam inlet nozzle 13 for the introduction of superheated
steam 14. Arranged above the perforated base 12 is a fuel feed nozzle 15,
which serves for the introduction of fuel which is required for starting up and,

if appropriate, for controlling the gasification.

The fluidized-bed gasification chamber 10 is arranged concentrically in
the vessel 7 such that the remaining annular gap 16 has a predetermined

cross section.

TU2706A1, 16.11.2007



10

15

20

25

30

CA 02376483 2008-03-07

CA 2376483

Arranged in the bottom section of the vessel 7 is a filter chamber 17,
which is described hereinbelow.

The filter chamber 17 comprises a wall section 7c of the second tubular
vessel 7 and a filter-chamber perforated base 18, which is arranged above
the combustible-gas outlet 8. A solids flow channel 19 is of tubular design
and extends from the filter chamber 17, through the filter-chamber perforated
base 18, into the fluidized-bed combustion chamber 4, the bottom section
19a of the solids flow channel 19 being curved upward. An upwardly directed
bottom blowing-out nozzle 20 projects Iinto said section 19a and the
functioning of said nozzle will be explained at a later stage In the text. A
further, upwardly directed top blowing-out nozzle 21 is arranged in the top

section 19b of the solids flow channel 19.

Heat pipes 22 extend from the fluidized-bed combustion chamber 4, via
the filter chamber 17, to the fluidized-bed gasification chamber 10, those end
sections of the heat pipes 22 which project into the fluidized-bed combustion
chamber 4 taking in heat and the end sections 22a which project into the
fluidized-bed gasification chamber 10 giving it off again there, in order to

produce the necessary gasification temperature.

In the present example, helical heat-exchanger ribs 23 are arranged at
those end sections 22a of the heat pipes 22 which project into the
fluidized-bed gasification chamber 10, with the result that transverse
acceleration is produced by the upwardly directed steam and bed-material
flow, this resulting not just in dispersion of resulting bubbles, but also in
transverse mixing in the gasifier bed, by means of which there is an increase
In the residence time of the fuel particles in the gasifier bed and thus in the
conversion during the gasification. Furthermore, the heat transfer between
the heat-exchanger ribs 23 and the gasifier bed is improved to a considerable

extent.

TU2706A1, 16.11.2007
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The gasification process is described hereinbelow:

The gasification fluidized bed with the feed materials 3 is fluidized by
superheated steam which is introduced via the perforated base 12, with the
result that thorough mixing of the fluidized bed and of the solid fuels
introduced via the lock arrangement is ensured. The basic functioning of
fluidized-bed gasification is known to the person skilled in the art and will thus

not be explained in detail.

The high level of heat transfer from the heat-introduction sections of the
heat pipes 22 to the fluidized bed guarantees a high level of heat introduction
into the fluidized-bed gasification chamber. A high level of superheating of
the steam introduced additionally ensures that it is possible to maintain
temperatures between 500°C and 700°C for the pyrolysis and temperatures
up to 800°C for the gasification in the gasification bed. These high
temperatures result, first of all, in the release of volatile constituents of the
fuels and, finally, in the conversion of the released hydrocarbons
(homogenous steam gasification) and of the residual coke (heterogeneous
steam gasification). An excess of steam aids the conversion of the previously
formed carbon monoxide with steam into carbon dioxide and hydrogen, as a
result of which there is an additional increase in the fraction of hydrogen
which is important for utilization in fuel cells.

The combustible gases 9 formed in the fluidized-bed gasification
chamber 10 are directed, in the directions of the combustible-gas arrows 9,
through the annular gap 16 into the filter chamber 17, in which first of all

particles of coke and ash are separated off. As the combustible gas 9 flows
through the filter bed, the combustible gas reacts with not yet converted
steam, as a result of which the conversion, assisted by the catalytic action of
the residual coke, is further increased.

TU2706A1, 16.11.2007
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Some of the combustible gas 9 flows into the fluidized-bed combustion
chamber 4 via the solids flow channel 19 and some flows directly into the
combustible-gas outlet 8 via the filter-chamber perforated base 18 in order to
be supplied for external utilization. The division of the two streams of
combustible-gas quantities is determined by the pressure loss Iin the
combustible gas in the solids flow channel 19 and also by the pressure levels
which prevail in the filter chamber 17, the line of the combustible-gas outlet 8

and in the fluidized-bed combustion chamber 4.

Particles of ash and of residual coke are transferred from the fiiter layer
of the filter chamber 17 into the fluidized-bed combustion chamber 4 in that
filter-bed material 1s discharged intermittently from the section 19a of the

solids flow channel 19. The blowing-out nozzle is activated for this purpose.

In order for bed material to be discharged from the solids flow channel
19 Into the filter layer of the filter chamber 17, steam is blown in via the
blowing-out nozzie 21, see figure 3. This achieves the situation where the
bed material covers the deposited ash and the residual coke particles in

layers.

The combustible gas 9 introduced into the fluidized-bed combustion
chamber 4 is burned together with the residual coke fractions and tars
separated off in the filter bed. Some of the heat released here is given off to
the heat-accommodating sections of the heat pipes 22, which direct the heat
to the fluidized-bed gasification chamber 10.

The rest of the heat is discharged from the fluidized-bed combustion
chamber 4 with the flue gas 24 as perceived heat and is used outside the
facility for producing superheated steam. This superheated steam is guided
back wholly or partially into the facility as a gasification and fluidizing means.

TU2706A1, 16.11.2007
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In the present embodiment, nozzles 6 and 15 for introducing liquid or
gaseous fuels are provided, In addition, in the fluidized-bed combustion
chamber 4 and in the fluidized-bed gasification chamber 10. These nozzles
serve, in particular, for heating up the facility during the starting-up process in
order for it to be possible to use, for example, liquid biogenic fuels or in order
for it to be possible to utilize liquid fuels or combustible gases which occur in
external processes. This is expedient, in particular, when, for example during
the operation of fuel cells in conjunction with the gasification facility, hydrogen
Is separated off In intermediate separating processes and the other
constituents contained in the combustible gas (carbon monoxide, methane

and higher hydrocarbons) are to be guided back for heat production.

In order to produce hot water, saturated steam or superheated steam, it
IS also possible for steam-generator pipes to be integrated, e.g. as ribbed
pipes or immersion heating surfaces, wholly or partially in a fluidized-bed

combustion chamber.

it should also be mentioned that the fluidized-bed combustion chamber

has a conventional ash-discharge arrangement.

Figure 2 shows a further embodiment of the invention. In this
embodiment, the fluidized-bed gasification chamber 10, the filter chamber 17
and the fluidized-bed combustion chamber 4 are arranged one beside the
other and are likewise coupled thermally via the heat pipes 22. The same
functional elements are provided with the same designations. in the case of
functioning which corresponds to the first embodiment, the explanation is not
repeated and you are thus referred to the explanation relating to figure 1.

The feed materials 3 which are to be gasified are introduced through the
pressure-tight lock 2 and gasified as in the first embodiment. The combustible
gas 9 passes, via the channel 16, into the filter chamber 17, flows through
the latter and passes out of the combustible-gas outlet 8 in the filtered state.
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Some of the combustible gas is directed through the solids flow channel 19
and burned in the fluidized-bed combustion chamber 4.

As Iin the first embodiment, blowing-out nozzles 20 and 21 are arranged

In the end sections 19a of the solids flow channel 19.

Figure 3 shows the functioning of the top blowing-out nozzle 21. The

arrows show how the material is fluidized and rearranged.

Figure 4 shows the functioning of the bottom blowing-out nozzle 20. The
arrows show how filter material is drawn off from the filter chamber and is fed

to the combustion chamber for combustion purposes.

Finally, it should also be mentioned that it would be possible for the
specific way of discharging material by means of the blowing-out nozzles 20
and 21 to be replaced by a mechanical discharge arrangement. Such a
discharge arrangement, e.g. conveying screws, however, is/are more
expensive than blowing nozzles and is/are susceptible to malfunctioning
under the prevailing operating conditions, with the result the solution with the

blowing nozzles is preferred.

Different embodiments of heating or cooling ribs on the heat-exchanger
sections of the heat pipes are described hereinbelow with reference to figures
5 to 8. These heating and cooling ribs are particularly suitable for the
fluidizing-bed reactor according to the present invention and thus also for the
fluidized-bed gasification chamber 10 and the fluidized-bed combustion

chamber 4.

Figure 5 shows an end section 22a of a heat exchanger, in particular in
the form of a heat pipe 22, on which blade-design heat-exchanger ribs 25 are

arranged.
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Figure 6 shows an end section 22a of a tubular heat exchanger or of a
heat pipe 22 on which helical heat-exchanger ribs 23 are arranged.

Figure 7 shows the tubular end section 22a of a heat exchanger 22 with
helical heat-exchanger ribs 23 (such as in figure 6) in a fluidized bed 26
which consists, for example, of fuel particles 28 and in which gas bubbles 30
are rising. The arrows 32 show the direction in which the fuel particles 28 and
the gas bubbles 30 are deflected. The fluidized bed 26 is assigned to a
reactor vessel which corresponds to the tubular vessel 7 in figure 1. The
outer vessel 1 from figure 1 is also illustrated laterally. Figure 7 thus

constitutes a detail of figure 1.

The fluidized bed is homogenized by said lateral deflection. At the same
time, the fuel particles 28 remain in the fluidized bed longer, with the result
that they are burned in their entirety. A longer residence time of the feed
materials is also desirable in other reactions, e.g. gasification. The lateral
deflection gives the particles very good heat contact with the heat-exchanger
ribs 23, as a result of which the heat transfer is improved to a considerable

extent and the efficiency is thus increased.

Figure 8 shows part of a fluidized-bed reactor with horizontally located
heat-exchanger pipes 22 with heat-exchanger sections 22b, on which
heat-exchanger ribs 34 are arranged. The heat-exchanger sections 22b
project horizontally into the fluidized bed 26, which is arranged in a reactor
vessel 36. The reactor vessel 36 comprises a base plate which is designed
as a perforated base 38 with holes 40. A fluidizing arrangement is illustrated
by way of the holes 40 together with arrows 42.

In this embodiment, the heat-exchanger ribs 34 are inclined, the
direction of inclination of the heat-exchanger ribs 34 having been changed in
the heat-exchanger section 22b located above. The particles 28 and the

- steam bubbles 30 are thus deflected alternatively to the left or right, which
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results in good transverse mixing. It is thus clear to the person skilled in the
art that the heat-exchanger ribs 34 according to the teaching of the invention
are to be provided in the case of heat-exchanger sections 22b which are

located obliquely.
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Claims

1. A facility for producing combustible gas from carbon-containing feed
materials by allothermic steam gasification, the facility comprising:

- a pressure-supercharged fluidized-bed gasification chamber
with a pressure-tight lock for supplying the feed materials which
are to be gasified,

- a filter chamber which is connected to the fluidized-bed
gasification chamber via a connecting channel,

- an external heat source, and
- a heat-pipe arrangement which takes up heat from the external

heat source and gives it off to the gasification bed in the
fluidized-bed gasification chamber.

2. The facility as claimed in claim 1, wherein the external heat source is a
combustion chamber and has a flue-gas discharge line.

3. The facility as claimed in claim 2, wherein the combustion chamber is a
fluidized-bed combustion chamber.

4. The facility as claimed in claim 2 or 3, wherein the combustion
chamber Is connected to the filter chamber via a solids flow channel
which is directed upward to the filter chamber,

wherein the solids flow channel has a bottom end section which is
connected to the combustion chamber,

wherein the solids flow channel has a top end section which is
connected to the filter chamber, and
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wherein a siphon arrangement is arranged at the bottom end section.

The facility as claimed In claim 4, wherein a first blowing arrangement
IS arranged In the bottom end section in order by means of suction
action, in a controlled manner, for solids to be drawn off into the fuel
bed of the combustion chamber from the filter bed of the filter chamber.

The facility as claimed in claim 5, wherein said suction action is
controlled to be a pulsating action.

The facility as claimed in any one of claims 4 to 6, wherein a second
blowing arrangement is arranged in the top end section of the solids
flow channel or in the filter chamber in order to rearrange or loosen the
filter bed of the filter chamber in a controlled manner.

The facility as claimed in any one of claims 2 to 7, wherein a
flue-gas-regulating arrangement is provided in the flue-gas discharge
line in order to adjust the ratio of flue gas to product gas.

The facility as claimed in any one of claims 2 to 8, wherein the

fluidized-bed gasification chamber is arranged above the filter chamber
and the filter chamber is arranged above the combustion chamber.

The facility as claimed in any one of claims 1 to 9, wherein there is
provided an additional heat exchanger, which takes up the waste heat
of a drawing-off flue gas and gives it off to a product gas.

The facility as claimed in any one of claims 1 to 10, wherein the
heat-exchanger sections of the heat pipes have heat-exchanger ribs

which are formed and arranged so as to assume an operative
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relationship with the streams and vortices of fluid which are produced
by fluidizing arrangements, such that the fluidized particles are
accelerated transversely to their original flow direction, as a result of
which the transverse mixing of the fluidized bed is improved, the
residence time of the particles in the fluidized bed is increased, gas
bubbles are well dispersed, and the heat transfer from the
heat-exchanger ribs to the fluidized bed is improved.

The facility as claimed in claim 11, wherein the heat-exchanger ribs are
of helical or blade-like design.

The facility as claimed in claim 11 or 12, wherein the heat-exchanger
ribs are connected releasably to the heat-exchanger sections, the
connection providing good heat transfer.

The facility as claimed in claim 1, wherein the feed materials are
biogenic.
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