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(57) Abrege(suite)/Abstract(continued):

circulating fluidised bed and comprising, at the upper end, a fluid outlet (5, 6), a particle separator (3, 4), and a particle line (7, 8)
connected thereto for the purpose of feeding back separated fluidised bed particles into the same or a further reactor. In at least
one rapidly fluidised reactor, one or more flow control devices (18, 21) are provided so as to produce reaction zones (9, 10, 22) that
are separate from one another, said invention being characterised in that in order to control the flow conditions into said reaction
zones (9, 10, 22), one or shore of these flow control devices (18, 21) is/are specifically adjustable from outside of the system.
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(54) Title: FLUIDISED BED REACTOR SYSTEM
(54) Bezeichnung : WIRBELSCHICIITREAKTORSYSTEM

(57) Abstract: The invention relates to a fluidised bed reactor system comprising one or more fluidised
bed reactors (1, 2, 20) for carrying out chemical or physical reactions, at least one reactor thereof being
in the form of a rapidly fluidised reactor to be operated as a circulating fluidised bed and comprising, at
the upper end, a tluid outlet (5, 6), a particle separator (3, 4), and a particle line (7, 8) connected thereto
for the purpose ot teeding back separated tluidised bed particles into the same or a further reactor. In at
least one rapidly tluidised reactor, one or more flow control devices (18, 21) are provided so as to
produce reaction zoncs (9, 10, 22) that are scparate from one another, saird invention being
characterised in that in order to control the flow conditions into said reaction zones (9, 10, 22), one or
more of these tlow control devices (18, 21) is/are specifically adjustable from outside of the system.

(57) Zusammenfassung: Die Erfindung betriftt ein Wirbelschichtreaktorsystem, umfassend einen odet
mehrere Wirbelschichtreaktoren (1, 2, 20) zur Durchfiihrung chemischer oder physikalischer
Reaktionen, wovon zumindest ein Reaktor als schnell fluidisierter Reaktor zum Betrieb als
zitkulierende Wirbelschicht ausgefiihrt ist und am oberen Ende einen Fluidauslass (5, 6), einen
Partikelabscheider (3, 4) und eme damit verbundene Partikelleitung (7, 8) zur Riickfiihrung
abgeschiedener Wirbelschichtpartikel in denselben oder einen weiteren Reaktor umfasst, wobel in
zumindest elnem schnell thuidisierten Reaktor ein oder mehrere Strémungsregler (18, 21) vorgesehen
sind, um darin voneinander getrennte Reaktionszonen (9, 10, 22) zu erzeugen,mit dem Kennzeichen,
dass zur Regehing der Strdmungsverhiltnisse in den Reaktionszonen (9, 10, 22) einer oder mehrere der
Stromungsregler (18, 21) von aullerhalb des Systems gezielt verstellbar 1st/sind.
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Fluidised Bed Reactor System

The invention relates to a fluidized-bed reactor system for carrying out chemical or
physical reactions comprising one or more fast fluidized bed reactors. '

STATE OF THE ART

Both in physical procedures and chemical reactions, involving an exchange of mater-
ial between two phases, large contact surfaces and thorough mixing of the phases
are just as decisive as long residence times in corresponding contact or reaction
zones in order to obtain high turnover and vields. This equally applies to all phase
transfers, regardless whether the material exchange is to take place between solid,

iquid or gaseous phases.

One possibility for extending contact times and increasing contact surfaées or the
number of contacts with discrete particles in the case of solid-liquid and solid-gas
contacts consists in leading the two phases to be contacted in countercurrent flow, as
it is, for example, described for spray columns, (sometimes multi-staged) fluidized-
bed reactors, countercurrent contactors and packed columns by AW.M. Roes and
W.P.M. Van Swaaij, Chem. Eng. J. 17, 81-89 (1979). in DE 10 2007 005 799 Af
(published on 24 April 2008), the countercurrent principle is described as a specific
example of pyrolysis reactions and heat transfer processes. Therein, pyrolysis coke
IS used as a fuel and converted into a product gas which is rich in hydrogen and has
a high calorific value, wherein bulk material serving as heat transter medium is circul-
ated by means of a bulk material ~onveyer and is conducted in countercurrent flow to

- the gas stream containing the product gas.

Another possibility for increasing the surface, which is also suggested by Roes and
Van Swaaij (supra), provides for internals, which are well known in the field of packed

columns or rotating disk columns.

An increase of the residence times in contactors or reactors may, for example, also
be achieved by providing flow controllers or restrictors to create zones of differing
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flow rates of the phases to be contacted with each other. One example of such a
fluidized-bed reactor is described in Kersten et al., Chem. Eng. Sci. 58, 725-731
(2003). Therein, a circulating fluidized-bed reactor for biomass gasification is describ-
ed, which is partitioned into zones of different densities of both the circulating solid
and the carrier and combustion gases by means of a reqular sequence of conical
expansions in the riser, wherein solid particles and gases are conducted in the riser
in cocurrent flow. The high velocities in the comparably very tight risers below each
conical expansion do not allow the particles to move downwards. This ié called
spouted beds connected in series. A similar example for improving the flow profile in
a fluidized-bed reactor is described by J. Bu und J.-X. Zhu, Canadian J. Chem. Eng.
77, 26-34 (February 1999), where annular internais are provided in the riser of a
circulating fluidized-bed reactor, having a similar effect as the conical expansions
according to Kersten et al. (supra).

For fluidized-bed reactor systems in which two or more fluidized reactors communic-
ate with each other, the above measures for improving contact or material exchange
between two phases, specifically between a solid and a liquid or gaseous phase, is
hardly known. For example, Berguerand and Lyngfelt describe in Fuel 87, 2713-2726
(2008) the provision of an aiternating arrangement of overflow and underflow weirs in
a fluidized-bed reactor system with two fluidized-bed reactors. This arrangement
called “particle lock”, however, serves only for separating particles of different dens-

ities and not for increasing contact between the particles and the gas phase.

US 3,353,925 discloses several “nozzle-type” contractions in the cross-section of a
fast-fluidized reactor in a fluidized-bed system, which in addition comprises two

reactors not transporting any particles. These contractions serve to improve contact

between gas and particles, which in this case flow concurrently.

In Ind. Eng. Chem. Res 43(18), 5611-5619 (2004), Bi et al. disclose installations
called “baffles”, which serve for destroying larger rising bubbles and separating them

into smaller ones in a stationary, i.e. bubbling bed, in order to increase homogeneity
of the bed.
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Finally, the inventors of the present subject matter developed a fluidized-bed reactor

system in earlier research work that comprises at least two fast fluidized bed react-
ors, in at least one of which different reaction zones separated by one or more flow
controllers are provided and wherein the particle line for transporting the fluidized-
bed particles from other reactors into this one joins it above at least one flow con-
troller (PCT/AT2011/000254). One example for such a system is shown in Fig. 1
herein and will be described in detail later on. The type of flbw controller is not part-
icularly limited and any constriction or expansion of the reactor cross-section, deflect-
ion of the particle stream or combination thereof can be provided, e.g. a “zigzag”
course of the reactor pipe or the provision of various installations, such as e.g.
central or lateral baffles, annular constrictions etc., which in addition can be at any
angle to the flow direétion. The type of flow controller is mainly determined by the
intended purpose of the fiuidized-bed reactor system and by the respective usable

reactor wall material.

The main disadvantage of all known embodiments of flow controllers in fluidized-bed
reactors is, however, that after their successful installation in the reactor(s), the flow
paths therein are fixed, so that a rearrangement of the reactor system is required for
any change, which of course requires the system to be shut down.

Against this background, it is the object of the invention to develop a more flexible
fluidized-bed reactor system with variable flow paths.

DISCLOSURE OF THE INVENTION .

The present invention achieves this object by providing a fluidized-bed reactor
system comprising one or more fluidized-bed reactors for carrying out chemical or
physical reactions, wherein at least one reactor is implemented as a fast fluidized
reactor to be operated as a circulating fluidized bed and comprises, at the upper end,
a fluid outlet, a particle separator, and a particle line connected therewith to feed
back separated fluidized-bed particles into the same or another reactor, wherein one
or more flow controllers are provided in at least one fast fluidized reactor in order to

create separate reaction zones therein, the inventive system being characterized in
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that one or more of the flow controllers are accurately adjustable from outside of the

system to control the flow conditions in the reaction zones.

By providing accurately adjustable flow controllers, the flow path and/or the flow rate
of the fluidized bed at that location within the respective reactor can be controlled.
For the first time, this allows accurately influencing, i.e. controlling, the flow properties
of the fluidized bed in a fluidized-bed reactor thus equipped, which substantially
increases flexibility. Shutting down the system to provide or exchange respeétive
reactor installations, which is time-consuming and costly, is therefore unnecessary.

In the simplest embodiment of the invention with only one fést fluidized bed reactor,
which may be the only reactor in the system, the fluidized bed can be conducted
preferably into certain regions of the reactor - or specifically into a reaction zone
positioned directly above, through which less fluidized-bed particles flowed with the
original position of the flow controller, by adjusting such a accurately adjustable flow
controller of the invenfion. In preferred embodiments of the invention, adjusting such
an accurately adjustable flow controller allows changing the horizontal cross-section
of the respective reactor at the height of this flow controller, which causes an
increase or decrease of the flow rate at that location, which again results in the pres-
ence of more or less particles in the reaction zone directly above it.

In other preferred embodiments of the invention, the flow controllers are not (or not
only) adjustable horizontally, but (also) vertically, which allows controliing the size of
the reaction zones above or - if several flow controllers are present - in between. In

addition, mixtures of horizontally and vertically adjustable flow controllers in a fluidiz-
ed-bed reactor system, sometimes in one and the same fluidized-bed reactor, are
also possible, and as mentioned above a flow controller can be adjustable horizont-
ally as well as vertically. In any case, the object is to set the fluid-dynamically most
advantageous condition in each reaction zone INn the respective reactor and thus in
the entire fluidized-bed reactor system.
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The way in which the accurately adjustable flow controllers. are changeable in their
position is not specifically limited as long as the position change and the change of
the flow conditions associated therewith can be accurately achieved at that location.
This does not, however, reter to simple tilting or turning due to initial contact with the
fluidized-bed particles when the fluidized-bed reactor is put in operation. In one
embodiment of the invention, however, one or more of the inventive accurately
adjustable flow controllers are provided and mounted in a way to provide an obstacle
for the fluidized-bed flow, as long as a certain measure of fluidization is not reached
and no corresponding pressure acts on the flow controllers. As soon as this pressure
IS reached, the flow controllers can move, i.e. they fold or tilt or turn sideways, so that
the flowing obstacle is removed or at least reduced ant the fluidized bed can take a
different flow path and/or assume a different flow rate than before.

In general, the accurately adjustable flow controllers can be adjusted by hand or
motor-driven, and both variations can appear within one reactor or reactor system.
After such an accurate adjustment, the flow controllers can sometimes also assume a
certain position in order to maintain the desired flow coﬁdition. The above depend-
ence of the flow controllers on the flow strength of the fluidization gas of the fiuidized
bed constitutes a special case of adjustability by hand because the gas flow is usual-
ly accurately controllable from outside. Otherwise any type of lever, turning wheel or
slider or the like can be provided at the flow controllers to allow their adjustment by
hand form outside. Or the flow controllers are drivable by means of a, e.q. electric,
hydraulic or pneumatic, motor, which causes a movement and thus a corresponding
change of position of the flow controlier.

Preferably, the accurately adjustable flow controllers of the invention are supported

rotatably, swivellably and/or slidably on or in the respective reactor wall, as can for
example be seen in the accomp=1ying drawings. The direction of movement is not
~ limited as long as the operation of the fluidized-bed reactor is not impaired. This
means that all adjustable flow controllers are moveable, preferably rotatable, swivei-
lable and/or slidable, in all three directions in space. Their size can also be chosen

freely, as long as the reactor operation can be maintained as desired. In some
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embodiments, the entire reactor cross-section can be closed by a flow controller until
|atter is moved into a different position, such as In the above special case where the
movement of the flow controller is caused by the exertion of a certain pressure of the
fluidized bed on the flow controller, or in case an adjustable flow controller is provid-
ed that consists of an arrangement of overlapping lamellas, which are moved by a
motor (similar to a leaf shutter of a camera). The flow controller moved by means of
the fluidized bed pressure can also comprise lamellas, which open upwards when the
fluidization pressure is high enough and return to completely or partly close the

cross-section when the pressure falls below the threshold.

In general, the type and shape of the accurately adjustable flow controller is not
particularly limited. In addition to the embodiments described above with lamelias,
various types of components, such as sliders, flaps, rolls or the like are possible,
which again can have any shape, as long as they are able to controllably influence
the flow path and/or flow cross-section for the fluidized bed. They can have fluidically
advantageous cross-sections, i.e. shapes with low flow resistance, such as circular,
oval or spherical, or cross-sections with comparably high flow resistance, 5uch as
sharp-edged shapes. In some embodiments the flow controllers can aiso be a
mixture of both variations, for example they can have a fluidicaily favorabie profile in.
the position in which the fluidized bed is to pass them as freely as possible, in the
position in which the fluidized bed is to be partly blocked, on the other hand, a profile
with high flow resistance. In general, of course, high flow resistances are not prefer-

red in fluidized-bed reactors, in order to be able to keep the pressure of the fluidizat-
ion gas low, which is why according to the present invention flow controllers with low

flow resistance are preferred, which unfold their effect mainly be reducing the flow

cross-section. Particularly preferred examples are shown in the accompanying draw-
iIngs, which are explained in detail below.

An inventive fluidized-bed reacter system can comprise one or more accurately
adjustable as well as one or more fixed flow controllers according to the state of the
art as described at the beginning, in separate reactors as well as within the same
reactor.
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The material of both types of flow controllers is not particularly limited. The same
holds for the material of the reactor walls. For example, fOtj CLR, CLC, gasification

and other applications which require high temperatures, mainly refractory and other
temperature-resistant materials, e.g. chamotte bricks, heat-resistant steel, concrete,
ceramics or graphite, are used as the wall materials, and the flow controllers, adjust-
able or not, are preferably also made of such materials in order to guarantee long
durability. This comprises all components of the flow controllers, including various
bearings, hinges, axles and the like.

As mentioned before, a fluidized-bed reactor system of the invention can comprise
only one fluidized-bed reactor or only one fast fluidized bed reactor as well as one or
more other reactors, e.g. stationéw fluidized-bed reactors. Preferably, an inventive
fluidized-bed reactor system comprises two reactors, both of which are implemented
as fast fluidized bed reactors, wherein a particle line connects the particie separator
of the first reactor wifh the second reactor, another particle line leads from the part-
icle separator of the second reactor back into the second reéctor, and a third particle
line leads from the second back into the first reactor (wherein the third particle line
connects the two reactors preferably in their lower halts, more preferably lower thirds
or quarters), wherein one or more accurately adjustable flow controllers are provided
at least in the second reactor. One example of such a system according to the state
of the an, i.e. without.the accurately adjustable flow controllers of the invention, as
mentioned at the beginning, is shown in Fig. 1 and described in detail below.

According to the present invention it is preferred that one or more accurately adjust-
able flow controllers are provided in both reactors of such a fluidized-bed reactor
system in order to allow for controlling the flow conditions in both reactors. In addit-
ion, at least one particle line joins the respective reactor above the at least one flow
controller in order to provide a certain particle concentration in the reaction zone
above the flow controller, without the necessity, at least for a short term, to set an
excessively high mass or volume “ow of the fluidization gas to transport enough part-
icles into this reaction zone.
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Preferably, two of the reactors of the inventive fluidized-bed reactor system are also
connected to each other via a line substantially transporting only gas, as was found
in earlier research on the present subject matter (PCT/AT2011/000311) and as
shown herein in Fig. 3 and explained in detail later on in connection therewith.

Below, the invention will be described in more detail with reference to the accomp-

anying drawings, wherein:

Fig. 1 schematically shows a fluidized-bed reactor system according to the state of
the art with non-adjustable flow controllers,

Fig. 2 schematically shows a simple embodiment of the inventive fluidized-bed react-
or system with only one fluidized-bed reactor containing several accurately adjust-

able flow controllers;

Fig. 3 schematically shows an embodiment of the inventive fluidized-bed reactor syst-

em with three reactors:

Fig. 4 schematically shows a further embodiment of the inventive fluidized-bed

reactor system with three reactors; and

Figs. 5 to 7 schematically show different preferred embodiments of accurately adjust-

able flow controllers.

Definitions

A “fluidized bed” as used herein refers to a charge of solid particles that is put into a
fluidized, i.e. flowable, condition by means of a fluid stream. Such “fluids” are in part-
icular pure gases or gas mixtures, herein in general also mixtures of gases and

liquids and/or solids, wherein usually only comparably low amounts of liquids (e.g. in
the form of droplets) or solids are contained in the fluidization gas.

4
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Fluidized beds can either be “stationary” or “fast fluidized”. in the first case, the
fluidized charge has a clearly recognizable boundary, and only relatively few particles

are discharged together with the gas flow (e.g. bubbling or sluggling fluidized beds).
In the second case, particles are continuously discharged upwards of the fluidized
bed, which are — usually by means of a separator — recycled into the system. Circul-
ating fluidized beds are thus in any case fast fluidized beds, and the two expressions
are used interchangeably herein.

A special case of a stationary fluidized bed is a fluidized charge from which, accord-
ing to the definition, there is no discharge upwards together with the gas flow, but
which is continuously supplied with particles, e.g. from a fast fluidized bed connected
therewith, and from which approximately the same amount of particles is continuous-
ly withdrawn (downwards), in order to keep the extent of the fluidized bed substant-
lally constant. This will be explainéd in more detail with reference to Figs. 3 and 4.

A “fluidized bed reactor” or short “reactor” as used herein refers to a limited area with-
in a fluidized-bed system, in which a defined fluidization state, i.e. stationary or fast
fluidized, prevails and in which chemical and/or physical reactions take place under
contact with the fluidized-bed particles. Due to the defined fluidization state withih a
reactor, the terms “fluidized bed” and “fluidized-bed reactor” are sometimes used syn-
onymously herein.

A “fluidized bed reactor system” is an assembly comprising one or more fluidized-bed
reactors including assaociated particle separators, connecting and supply lines, includ-
ing any valves, flow controllers and other components, for carrying out chemical
and/or physical reactions. If the system comprises more than one fast fluidized bed
reactor, they preferably constitute separate gas chambers. To guarantee separation,
gas barriers, such as siphons, may be provided, which are preferably also fluidized
themselves.
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DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, Fig. 1 is a schematic representation of a fluidized bed reactor
system according to the state of the art comprising conventional, non-adjustable flow
controllers, which is the result of earlier research conducted by the inventors (see
PCT/AT2011/000254). It comprises two reactors 1 and 2, wh“ich are both implement-
ed as fast fluidized beds, the positions of which (i.e. the positions of the fluidized part-
icles) are represented by means of dots or grey shading. A particle line 7 connects
the particle separator 3 of the first reactor with the second reactor, another particle
line 8 leads from particle separator 4 of the second reactor back into this reactor, and
a third particle line 17 leads from the second back to the first reactor. This third
particle line 17 connects the two reactors preferably in their lower halves, more
preferably lower thirds or quarters, as the inventors disclose in their WO 2009/
021258 A1, in order to be able to control the particie distribution within the system
more accurately. In particular, line 17 exits reactor 2 and enters reactor 1 close to the
bottom, as Is also shown in Fig. 1. '

All three particle lines 7, 8 and 17 comprise siphons, which are all fluidized, as is
shown by the arrows, on the one hand to increase the transport of particles, and on
the other hand to guarantee separation of the gas chambers of the two reactors. The
reactors themselves are each fluidized in steps, i.e. fluidization gas is introduced into
reactor 1 at 11 and 13 and into reactor 2 at 12 and 14 and exits the system through

outlet 5 and 6 at the head of the respective separator. Such a stepped fluidization

allows more accurate control of the fluidization state of the reactors.

Reactor 2 is separated into several reaction zones 10 located above each other by
(non-adjustable) flow controllers 18, which are schematically shown as constrictions
of the reactor cross-section, the purpose of which is explainéd below by means of a
specific application example for such a fluidized-bed reactor system, namely chemic-
al looping reforming (CLC).

-10 -
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Supply lines to reactor 2 are shown at 16 and 19, which for the CLC example are fuel
supply lines. For example, a gaseous fuel, such as methane, can be introduced at

16, while a feed, at least partly consisting of solids, such as carbon, can be introduc-
ed at 19. However, it is also possible to simultaneously convert two different solid fuel
fractions that require different dwell times in the reactor 2 to be converted efficiently.
While a fast degassing fuel, e.g. plastic waste, is fed via 16, for example carbon part-
icles can be introduced via 19. The supply line 15 can serve to also introduce a feed,

such as a fuel gas, into reactor 1.

Looking at the fluidized-bed reactor system of Fig. 1 as a whole, a particulate' oxygen
carrier can be (re)oxidized and heated in the air reactor 3 for the CLC example,
followed by supplying it via particle line 7 into a reaction zone 10 of the fuel reactor 2,
where it preferably descends downwards within the fluidized bed of this reactor and
- thus provides for the oxidation, i.e. combustion, of one or more fuels supplied via 16
and/or 19 in the individual reactic~ zones. Then, the oxygen carrier is fed back into
the air reactor 1, where it is regenerated. fFuel reactor 2 can collect solid, but relative-
ly fine, combustion residues, such as flue ash in the case of coal combustion, at part-
icle separator 4 and feed them back into the system via particle line 8, where they
again make contact with the oxygen carrier, which guarantees complete combustion
of the fuel. At the same time another, e.g. gaseous, fuel, such as methane, can be
iIntroduced so that the individual reaction zones 10 contain different amounts of differ-
ent reacticn partners, which also provides for different temperatures and different
sum reactions. For example, they produce varying amounts of heat and varying sizes
of the solid reaction products, depending on the Iocation of the respective reaction

zone. In total, the flow controllers increase the completeness of the combustion

reactions and thus the yields and efficiency of the processes in general.

A disadvantage of this embodiment of a fluidized-bed reactor system is, however,
that control of the particle cycle as a whole and of the amount of particles in the
Individual reaction zones is practically only possibly via the amount of fluidization
gas, which can be fed into the reactors at positions 11 to 14 or develop within the
system. In addition, the total particle cycle and the particle amounts in the individual
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reaction zones cannot be controlled independently of each other. After installation of

the flow controllers in reactor 2, the flow states achievable by variation of fluidization

are fixed.

One example of a solution for this problem according to the present invention is
shown in Fig. 2 in the form of a relatively simple embodiment of the invention. The
fluidized-bed reactor system shown comprises one single reactor, which is designed
and numbered similar to the system of Fig. 1. It comprises a fast fluidized bed, which
is created by supplying fluidization gas via 12 and 14 for é particulate charge. As
before, gas exits at position 6, while particles are recycled via separator 4, which may
for example be a cyclone, and line 8. Again, at position 16 and 19, (equal or different)
feeds of raw material to be treated in the reactor can be introduced, while supply line
28 may serve for e.g. supplementing parts of the particulate bed material lost by
abrasion, and line 28-ﬁway serve for removing coarse particles, e.g. coarse ash devel-

oping during combustion of the feed.

When using such fluidized-bed reactor systems for combustion or gasification applic-
ations, fuels can for example be introduced via supply lines 16 and 19, addition bed
material — in this case e.g. silica sand and any additives', such as dolomite — may be
introduced at position 27, and coarse ashes developed may be removed at 28.

Reference number 18 again refers to flow controllers that reduced the cross-section
of the reactor at predetermined locations and thus divide it into several reaction
zones. The four flow controllers 18 shown thus divide the reactor into five reaction
zones with different sojourn probabilities of the bed material and the fuel particles.
Contrary to the state of the art, however, these flow controllers according to the
iInvention, which are shown as sliders herein, are accurately adjustable as indicated
by the arrows, so that the particle amounts present in the respective reaction zones
above them and in the lowermost reaction zone are controllable — while the fluidizat-

ion of the reactor remains the same.
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Since thermal reactions of solid fuel particles - like gasification — lead to the develop-
ment of gases, the respective overall gas volume flow (as well as the gas rate) in the
fluidized bed is directly related to the gas production within the respective reaction
zone 10. When varying the solid fuel with regard to its lumpiness (particle size), its
water content and heat value, and its volatile potions, the inventive provision of
adjustable flow controllers for the fluidized bed constitutes the key for targeted regul-
ation with the object of maximizing gas-solid contacts and achieving the highest
possible dwelling times. This holds for gaseous phase flows as well as for all move-
ments of solids (bed material, additives, fuel particles). in this way, the inventive fluid-
ized-bed reactor system can be adapted to different circumstances, e.g. also to
varying conditions of the two feeds introduced at 16 and 19, without the necessity to
shut down the syste'm or even changing the fluidization extent. In the application
example for gasification described above, a shift of the féed ratio towards larger
amounts of particulate feed, e.g. coal or woodchips, via line 19 can, for example, be
reacted to by moving the two lowermost of the accurately adjustable flow controllers
18 inwards and the two uppermost flow controllers outwards, which allows an adjust-
ment of the flow rates of the fluidized bed at these locations. The optimal settings can
be determined by simp|e pressure measurements over the entire height of the react-
or 2. As mentioned above, decomposition of the solid fuel (i.e. degasification of the
volatile solid fuel portions) leads to the production of gas in the reaction zone joined
by line 19. Subsequently, the gas rate within the constrictions of the flow controllers
in the upper zones can be accurately adjusted to make sure that there is no undesir-
ably high particle discharge from the reactor 2. At the same time, accurate adjust-
ment of the lower flow controllers guarantees dwelling times that are sufficiently long

for the remaining fuel particles with in the reactor 2 that are harder to gasify. This

results in an intensive contact between this feed and the bed material, which increas-
es completeness of the reaction as a whole and thus the yields.

If with combustion or gasification applications, however, the ratio of the two feed
streams shifts towards the e.g. mainly fast degassing feed (i.e. fuel) introduced via

line 16, the flow controllers may be adjusted so that an optimal mixing of the particles

in the reaction zones above is provided in order to provide for a more intensive
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contact of this feed with the bed material. This increases the efficiency of the gasific-
ation or combustion reactions and reduced tars developing during gasification or

reduces other contaminations through the intensive contact with the bed material ad
additives. The inventive fluidized-bed reactor system with the accurately adjustable
flow controllers is thus much more fiexible than the known systems according to the
state of the art. The core of the invention is the accurate adjustment of the reactor
geometry by means of the flow controllers with regard to different, locally present gas
volume streams over the height of the reactor while the fluidized bed is in operation.
At the same time it allows for a direct and quick reaction to load changes resulting
from inhomogeneous fuels, e.g. waste, which often leads to problems in standard
systems. In addition, it is possible to provide a specifically desired partial load of the
fluidized bed without the necessity to leave an optimal operation point, since the
geometry of the fluidized-bed system can be adapted correspondingly.

Fig. 3 shows another embodiment of the fluidized-bed reactor system of the invent-
ion, which comprises three reactors with the reference num.bers 1, 2 and 20 (same
reference numbers again refer to the same components, i.e. in analogy with the two
drawings described above). The reactors 1 and 2 are fast fluidized beds, while react-
or 20 represents a bubbling, stationary fluidized bed and is positioned in flow direct-
ion between reactor 2 and reactor 1, more precisely reactor 2 passes into reactor 2 at
its lower end. The fluidized bed in reactor 20 is thus supplied with particles from
reactor 2, which again circulate via separate 4 and line 8. Connection lien 17 leads
the particles (back) to reactor 1.

In this case, a gas line 12 mainly serves to fluidize the stationary reactor 20, while
reéctor 2 is mainly fluidized via line 14 and the gases developing in reactor 20. Fuel
particles that have not been completely reacted (such as slowly (de)gasifying fuels),
which fall rom reactor 2 into reactor 20, have another chance to be reacted there,

which means an increase of the dwelling time.

Reference number 29 indicates a connection line substantially transporting only gas
between the reactors 1 and 2, which is also the result of earlier research by the
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inventors (see PCT/AT2011/000311) and serves, on the one hand, to allow syn-
chronization of the pressure conditions of the two reactors. On the other hand, this
line 29 has a great advantage when this fiuidized-bed reactor system is used for
gasification reactions, wherein recently biomass gasification has been gaining import-
ance in addition to the classic coal gasification. For producing heat in a combustion
or air reactor (in this example, reactor 1), it is not only necessary to combust the
product gas, which is to be obtained from the gas production.reactor (also “fuel react-
or’ or “gasification reactor”; here, reactor 2) as purely as possible, but raw product
gas can also be transferred from the gas production reactor via connection line 29 to
the combustion reactor and used for the production of heat. In order to not disturb the
solid cycle of the fluidized-bed reaction system, this line transports substantially only

gas.

For this reason, line 29 joins reactor 2 at the head of a vertical extension thereof:
According to the above definition, a fluidized-bed reactor is characterized by a precis-
ely defined fluidization state. Thus, reactor 20 is limited by the height of the stationary
fluidized bed and does not extend beyond it. Furthermore, the gas space of the fast
fluidized reactor 2 begins directly above it. Consequently, the vertical extension of the
reactor contains an inherently Ionarticle density, which is why line 29 doesl practic-
ally not transport any particles. This can be further supported by components such as
filters, cyclone separators or the like.

Particle line 17 for feeding back the global solid stream into reactor 1 exits sideways
at the bottom of reactor 20 and joins reactor 1 through its bottom, i.e. the particles

transported therein are efficiently transported into reactor 1 by means of the fluidizat-
ion of line 17 and the lower fluidization 11 of the first reactor, and from there puiled
up into the reactor space 9 by means of fluidization 13.

The accurately adjustable flow controllers according to the present invention are
again indicated by reference number 18 and in this case define a zigzag course of
the reactor pipe, i.e. they extend the flow path of the fast fluidized by through reactor

2 and again divide the space within the reactor into reaction zones 10. Reference
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number 22 here indicates the low=st of the reaction zones, from where the fluidized-
bed particles from reactor 2 fall down into the reactor 20 below it.

In this example, the adjustable flow controllers 18 are also shown as sliders, but they
could also be flaps, rolis or the like, which would serve the same purpose. Again, the
flow rate of the fluidized bed at the constriction points and thus the sojourn probability
of particles above and below them are controllable by sliding the individual flow

controtlers inwards or outwards.

Fig. 4 shows an alternative, preferred embodiment of the inventive fluidized-bed
reactor system with three reactors. In this case, the particles discharged from the fast
fluidized beds are separated in two stages: for reactor 1 in separators 3 and 23, and
for reactor 2 in separators 4 and 24. The particles form the two additional separators
23 and 24 are transfetred via the lines 25 or 26 from reactor 1 to another location in
reactor 2, which is lower than the junction point of line 7, or from reactor 2 directly

into reactor 1 surpassing reactor 20.

Here, the adjustable‘ﬂow controllers 18 are schematically shown as rolis rotatable
around a horizontal axis with a vertical cross-section in the fdrm of a circular segment
(with a central angle >180°), which are positioned in pairs at opposite sides of reactor
2. All rolls are accommodated in extensions of the reactor wall having a cross-section
that provides for positioning of the rolls so that their flat external surface is substant-
ially flush with the reactor wall, i.e. aligned in the same plane. However, if they are
rotated, they increasingly narrow the flow cross-section for the fluidized bed and thus
again divide the reactor space into reaction zones 10 or reaction zones 22.

For such flow controllers with flat surfaces “embedded” in extensions of the reactor
wall or in recesses of a sufficiently thick reactor wall without extensions - irrespective
of whether they are rolls, flaps or other components, the flow controllers are prefer-
ably tlush or aligned with the reactor wall when they are in a position not narrowing
the flow cros's-sectio‘n, in order to also allow unhindered, non-redirected gas flow
within the reactor as would be the case in conventional fluidized-bed reactor systems

without accurately adjustable flow controllers.
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In the embodiment shown in Fig. 4, reactor 1 is also provided with accurately adjust-
able flow controllers 21, which are implemented as sliders in this case and divide the

reactor space into several reaction zones 9.

Figs. 5a and 5b show detailed views of reactor walls with extensions accommodating
flow controllers, as they are also contained in the embodiment of Fig. 4, i.e. rolls with
a vertical cross-section in the form of e circular segment with a central angle >180°.
The figures comprise three drawings each, wherein the central ones each show a
vertical cross-sectional view of a portion of the reactor wall comprising pairs of such
flow controllers in different positions. The upper drawings each show a bottom view
of the reactor, and the lower drawings each show a horizontal cross-sectional view

along line A-A or B-B.

Fig. 5a shows a reactor with a square, and Fig. 5b a reactor with a circular cross-
section, both having square extensions for accommodating the flow controllers at
corresponding locations. The flow controllers are, like in Fig. 4, pairs of rolls position-
ed oppaosite of each other, which can be rotated synchronously, e.g. mirror-symmetric
as in Fig. 5a, or independently, as in Fig. 5b., in order to change the flow cross-sect-

ion correspondingly.

It is to be understood that flow controllers according to the present invention do not
necessarily have to be provided in pairs, but can also be used individually. However,
the use of pairs has the advantage that the flow controllers can have smaller dimens-
ions when their position changes are synchronized to provide a desired narrowing of

the flow cross-section.

Fig. 6 shows partial views of three further embodiments of inventive fluidized-bed
reactors with adjustable flow controllers in different positions. Fig. 6a shows pairs of
opposite flaps swivable around a horizontal axis, which are accommodated in corres-

ponding recesses of the reactor wall. Figs. 6b and 6c each show a combination of
known, non-adjustable flow controllers in the form of paired projections in the reactor
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wall and accurately adjustable flow controllers according to the present invention,
which are provided at the respectively same heights. Here, Fig. 6b shows an embod-
iment in which a flap rotatable 3€0° around a horizontal axis is provided between a
pair of projections, while in Fig. 6¢ pairs of those flaps, with smaller dimensions, are
mounted between the paired projections. This representation again shows the above
advantage of providing pairs of synchronously adjustable flow controliers, i.e. the
possibility to reduce their dimensions.

Fig. 7 shows pairs of opposite sliders as accurately adjustable flow controliers in a
reactor wall. Here, the sliders extend through the reactor wall, can, however, prefer-
ably also be accommodated (“embedded”) in a correspondingly thick reactor wall or
in a corresponding extension of the same, in order to avoid complicated sealing of
the reactor wall to the outside. Figs. 7a and 7b each show sliders cooperating with
known, non-adjustable flow controllers in the form of inner projections of the reactor
wall. In Fig. 7a, sliders extend horizontally through respective projections, while in
Fig. 7b the sliders are provided above the respective projections and at an acute
angle with the horizontal line. Fig. 7c shows the same sliders as Fig. 7b, but without
projection on the reactor watl.
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CLAIMS:;

1. A fluidized-bed reactor system comprising one or more fluidized bed reactors
(1, 2, 20) for carrying out chemical or physical reactions, wherein at least one reactor
is iImplemented as a fast fluidized reactor to be operated as a circulating fluidized bed
and comprises, at the upper end, a fluid outlet (5, 6), a particle separator (3, 4), and a
particle line (7, 8) connected therewith to feed back separated fluidized-bed particles
Into the same or another reactor, wherein one or more flow controliers (18, 21) are
provided in at least one fast fluidized reactor in order to create separate reaction
zones (9, 10, 22) therein,

characterized in that one or more of the flow controliers (18, 21} are accurately
adjustable from outside of the system to control the flow conditions in the reaction
zones (9, 10, 22).

2. The fluidized-bed reactor system of claim 1, characte_rized in that the horizon-
tal cross-sectional area of the reactor at the height of an accurately adjustable flow

controller (18, 21) is changeably by adjusting the flow controller.

3. Fluidized-bed reactor system of claim 1 or 2, characterized in that at least one
of the accurately adjustable flow controllers can be adjusted by hand.

4. Fluidized-bed reactor syste:n of claim 1 or 2 or, if more than one accurately
adjustable flow controller is present, claim 3, characterized in that at least one of the

accurately adjustable flow controllers is driven by a motor.

5. Fluidized-bed reactor system of any one of the preceding claims, characteriz-
ed in that the accurately adjustable flow controllers are supported rotatably, swivel-
lably and/or slidably on or in the respective reactor wall.
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6. Fluidized-bed reactor system of any one of the preceding claims, characteriz-
ed in that accurately adjustable as well as locally fixed flow controllers (18, 21) are
provided.

7. Fluidized-bed reactor system of any one of the preceding claims, characteriz-
ed in that it comprises at least twc reactors (1, 2), both implemented as fast fluidized
reactors, wherein a particle line (7) connects the particle separator (3) of the first
reactor (1) with the second reactor (2), a particle line (8) of particle separator (4) of
the second reactor (2) leads back into the second reactor (2) and a particle line (17)
leads back into the first reactor, wherein at least in the second reactor (2) one or

more accurately adjustable flow controllers are provided.

8. Fluidized-bed reactor system of claim 7, characterized in that in in each of the

two reactors (1, 2) one or more accurately adjustable flow controllers are provided.

9. Fluidized-bed reactor system of any of the preceding claims, characterized in
that at least one particle line (7, 8) joins the respective reactor above at least one
flow controller (18, 21).

10. Fluidized-bed réactor system of any of the claims 7 to 9, characterized in that

two of the reactors are additionally connected to each other by a line (29) substantiai-
ly transporting only gas.
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