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such that it has various regions which are separated
from one another, from which the solid can be with-
drawn in a manner such that it is provided with a
variety of residence times in the residence time re-
actor.
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METHOD AND DEVICE FOR THE HEAT TREATMENT OF
GRANULAR SOLIDS

The invention relates to a method for the heat treatment of granular solids,
wherein the solids are initially introduced into a first reactor configured as a flash
reactor or fluidized bed reactor where they are brought into contact with hot
gases at temperatures in the range 500°C to 1500°C, wherein the solids are then
guided through a residence time reactor in which they are fluidized. The inven-
tion also relates to a device for carrying out the method.

In the usual methods for the treatment of finely granulated solids, for example a
circulating fluidized bed, residence times are defined by a series of boundary
conditions. In the example of the circulating fluidized bed, the residence time is
determined by the quantity of the solid contained in the fluidized bed, the pres-
sure drop between the reactor bottom and the upper region, as well as by the
feed rate of the solid. In summary, then, the residence time in the circulating
fluidized bed is defined as the relationship between the total mass of the moving
bed and the mass throughput of the unit.

In the circulating fluidized bed, the residence time for the solid in the fluidized
bed can be determined by adjusting the pressure drop, but the window for such
an adjustment is limited, because on the one hand the pressure drop in the
system could become too high when the charge is correspondingly high, or on
the other hand when the drop is too low, a homogeneous bed is no longer
formed.

This is also the case for other systems with a defined geometry and a fixed vol-
ume in which, in general, the residence time for the solid in the respective reac-
tor system is inversely proportional to the throughput of the unit, which is why
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large variations in the solid residence time can result in different reaction conditions

and thus in substantial fluctuations in the quality of the product.

There is also a problem with the interaction between the capacity of the unit and the
residence time, and so, in order to be able to produce consistent residence times,
even the mass throughputs can only be operated with slight variations, or the solid
residence time has to be capable of being kept substantially constant irrespective of
the charge status of the unit.

Thus, the object of the invention is to provide a system with is able to set various
residence times, and in particular a variety of relatively long residence times.

This object is achieved by means of the method with the features of claim 1.

A method of this type contains, in a first step, a flash reactor or a fluidized bed reac-
tor, where granular solids are introduced and which are brought into contact with hot
gases at a temperature in the range 500°C to 1500°C. Next, the solids are passed
through a residence time reactor, where they are fluidized. The residence time in this
residence time reactor ranges between 10 to 600 min.

The invention provides that the residence time reactor is configured in a manner
such that it is provided with various mutually separated regions from which the solid
can be separately removed in a manner such that it has a residence time in the
residence time reactor which is of a variable duration. The volume of the residence
time reactor itself is thereby configured in a flexible manner so that either the resi-
dence time can be varied, or indeed the effective utilized volume of the residence
time reactor can be incrementally adjusted to the respective unit charge and there-
fore, even with throughputs that vary widely, a substantially constant residence time

and thus a consistent product quality can be ensured.
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Preferably, a first reactor is connected upstream of the residence time reactor, par-
ticularly preferably a flash reactor or a fluidized bed reactor, more particularly prefer-
ably a circulating fluidized bed reactor (also known as a CFB reactor). Preferably, the
CFB is used as the first reactor because it enables a very homogeneous temperature
distribution to be obtained. However, a flash reactor in particular, but also to a lesser
extent a circulating fluidized bed reactor, suffer from a disadvantage as regards to
their ability to provide residence times that are only at values of a few seconds (flash
reactor) typically to up to low double digit of minutes for commercial applications in
the CFB. In the method, it is possible to provide the solid with a very homogeneous
heat treatment and then, in particular when a fluidized bed reactor is used, to feed it
into the residence time reactor which can be operated in a flexible manner as a
function of the capacity of the unit or the residence time.

In one embodiment of the invention, withdrawal from the various regions of the resi-
dence time reactor is carried out in a manner such that not all of the regions are
fluidized, wherein the fluidized regions are connected in succession in the direction of
flow. This means that the residence time reactor has 1 to n regions and only the
regions 1 to n-m through which the solid passes in succession are fluidized. Thus,
only the front region but not, however, the rear region of the residence time reactor,
which is variable in volume, is fed. Because of the lack of fluidizing gas, its contents
fall to the bottom and remain there until the fluidization is switched back on again.
The fluidized material in the front regions is discharged from these regions by over-
flow. This is a very simple variation which can be obtained with an existing system by
separately controlling the nozzles in the individual regions.

In another variation of the invention which may also be carried out at the same time,
active removal is possible in any one of the n regions. In this regard, depending on
the capacity of the unit or the required residence time, it can be decided as to which
region shall be used from which to remove the solid. As an example, when five
chambers are provided, removal may be carried out from the third chamber so that
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then the last two chambers are no longer available for further heat treatment of the
granular solid. Removal in this manner has the advantage that in the downstream
regions, only small quantities of solid fall onto the bottom and are removed when

these regions re-start, being mixed up and leading to inconsistent product qualities.

It is also possible to combine these two variations together, so that solid is removed
from one region and regions which are fluidically behind this region are also no
longer fluidized. In this manner, the advantages of both removal possibilities are

combined with each other.

Furthermore, in a preferred variation of the invention, the fluidized bed reactor acting
as the first reactor is a circulating fluidized bed. The advantage of a circulating fluid-
ized bed is that here, the temperature prevailing in the reactor is particularly homo-
geneous and can be adjusted precisely. At the same time, however, it has the dis-
tinct disadvantage in that it provides residence times in the low double digit of
minutes region in commercial applications. However, this disadvantage can be com-

pensated for by the downstream residence time reactor.

Preferably, air is used as the fluidizing gas, because in this case a source of oxygen
is simultaneously available and, moreover, air is ubiquitously and freely available in

any quantities.

Typically, the residence time in the first reactor is in the range 0.1 sec to 15 min
preferably in the range 0.1 to 10 sec when using a flash reactor, , and in the range 1

to 15 min when using a circulating fluidized bed.

Furthermore, a residence time in what is known as the residence time reactor in the
range 10 to 600 min, preferably in the range 15 to 40 min has been shown to be
advantageous because these are typical values which cannot be obtained in an

upstream reactor.
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More preferably, the temperature in both reactors is in the range 750°C to 1500°C,
advantageously in the range 1050°C to 1100°C, particularly preferably in the range
1060°C to 1090°C which, for example, includes the range of temperatures for the
production of lithium carbonate from lithium-containing ores. The production of lithi-
um is highly sensitive to the residence time reactor temperature so that here, the
flexibility of the residence time reactor in accordance with the invention is of particular
importance in order to obtain a consistent product quality.

Furthermore, the invention also pertains to a device having the features of claim 10,
which preferably is suitable for carrying out the method as claimed in claims 1 to 9.

A device of this type comprises a residence time reactor which is configured in a
manner such that the granular solid therein is fluidized. The invention provides that at
least a portion of the residence time reactor is divided by partitions into a plurality of
regions which can be separately fluidized and/or which have separate outlets. This
means that solid can be removed from various positions in the residence time reac-
tor, and thus either the residence time can be varied, or the same residence time can

be constantly ensured with different charge amounts.

Particularly preferably, the individual regions are graduated with respect to each
other, wherein the last region to be passed through is preferably at the lowest point
and the first region is at the highest point with respect to the bottom and the other
intermediate regions run stepwise from the topmost to the bottommost region. This
has the advantage that in this manner, the solid can flow particularly easily from one

region to the others and no accumulations of solid occur in the individual zones.

More preferably, a conveyor is provided after the extraction point of the residence
time reactor. A common conveyor may be accessed by all of the extraction points.
An example for a conveyor of this type is what is known as an air slide.
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Further aims, features, advantages and applications of the invention will become
apparent from the following description of the accompanying drawings. All of the
described and/or depicted features, by themselves or in any combinations, form the
subject matter of the invention, independently of whether they are defined in the
individual claims or their dependencies.

In the drawings:

Fig. 1 shows a process flow diagram of the method in accordance with the
invention, and

Fig. 2 shows a diagrammatic representation of the reactor in accordance
with the invention.

The solid is supplied to a storage container 11 via line 10, from which it is mixed

via line 12 into line 13 and then is fed into an electrostatic precipitator 14 via the

line 13°. The granular solid is transported from the electrostatic precipitator 14

into the first preheating stage 20 via line 15.

Hot gas is withdrawn from the first preheating stage 20 via the line 13 and sup-
plied together, as is known, with the solid via the line 13’ to the electrostatic
precipitator 14, in which a first preheat and a separation of the solid from the
gas are carried out. Next, the gas is sent to a compressor 17 via line 16 and
from there for waste gas purification, not shown, via line 18.

The solid is transported from the first preheating stage 20 into the second pre-
heating stage 22 via line 21. The hot gas from the preheating stage 22 is
recycled to the first preheating stage 20 via line 23 as a counter-current in order
to optimize the energy efficiency of the method.
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The solid is supplied via line 24 to a seal pot 30 with a discharge device, from
which it is passed via line 31 to the first reactor 40 configured as a circulating
fluidized bed; in addition, the material is discharged via line 53 to the downstream

second reactor 50.

This first reactor 40 is supplied with fuel via line 41. Furthermore, for fluidization, what
is known as primary air is introduced via line 42 into the bottom of the reactor 40. In
order to form a circulating fluidized bed, secondary air is also required, which is

introduced via line 43.

Hot waste gas is withdrawn from the first reactor via line 44 and introduced into the
second preheater 22 in order to use the energy contained therein for preheating. The
solid is supplied to the metering device 30 via line 45, from which it enters the resi-
dence time reactor 50. Furthermore, a line 51, which transports fluidization air to the
residence time reactor 50 in order to fluidize the solid, branches off from the primary
air supply line 42. Line 52 constitutes the first possibility for introducing the additional
fuel, which then is already mixed with the fluidization air in the line 51. In addition or
alternatively, the fuel may also be introduced via a separate system, as indicated by
line 56, directly into the residence time reactor 50. Because of the partitions 50a and
50b, the residence time reactor is divided into three chambers from which the solid

can be separately withdrawn via the lines 54a, 54b and 54c.

The solid is finally withdrawn via line 54. In this regard, a sealpot as described in
DE 10 2007 009 758 may be envisaged. The hot air from the residence time
reactor 50 is mixed with line 44 via line 55 and from here it is returned to the
second preheating stage 22.

Fig. 2 shows the residence time reactor 50 in accordance with the invention.
Because of partitions 501a, 501b, 501c and 501d, the individual regions 500a,
500b, 500c, 500d and 500e of the residence time reactor 50 are separated from
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each other in a manner such that they are now only partially fluidically linked
together. In this regard, the walls 501a and 501c are configured in a manner
such that a fluidic connection exists in the lower region of the reactor, whereas
the walls 500b and 500d allow a fluidic connection exclusively in the upper re-
gion, wherein the overall arrangement of the walls must be such that in opera-
tion, the fluidized beds in the individual regions 500a, 500b, 500c, 500d and
500e are fluidically connected together, i.e. solid can move from one region to the

next.

The individual regions 500a, 500b, 500c, 500d and 500e are thus designed in a
manner such that region 500a, regions 500b and 500c and regions 500d and
500e form steps; a different type of step arrangement is also possible. It only needs
to be ensured that directly connected regions are always at the same or a lower level
than the previously traversed regions, so that the solid and blockages can pass
through the individual regions in succession.

The individual regions 500a, 500b, 500c, 500d and 500e may be fluidized sepa-
rately via individual lines 510a, 510b, 510c, 510d and 510e. Preferably, these
lines contain individual regulating or control devices to supply the fluidization air.

Furthermore, each region 500a, 500b, 500c, 500d and 500e has its own removal
device 540a, 540b, 540c, 540d and 540e, via which solid can be separately
removed from each of the regions 500a, 500b, 500c, 500d and 500e. The solid
removed actively by means of the removal devices 540a, 540b, 540c, 540d and
540e and/or passively by means of lack of fluidization is then removed via a line
540. In this regard, the dotted lines represent what is known as an air slide.
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Example

An example of an application is calcining of spodumene ores in order to convert
a-spodumene into B-spodumene. The process requires a high temperature of
more than 1050°C and a sufficient residence time of more than 30 minutes in
order to convert sufficient of a-phase into p-phase. The use of the fluidized bed
is advantageous compared with the rotary kiln which is otherwise employed,
because precise temperature control is required in order to avoid overheating the
minerals and thus to prevent dead burning. The residence time reactor is thus
connected downstream of the fluidized bed reactor and in this manner enables
the limited residence time in the reactor to be extended to the desired residence
time of 40 minutes, for example.
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PATENT CLAIMS

1. A method for the heat treatment of granular solids, wherein the solids are
initially introduced into a first reactor configured as a flash reactor or fluidized bed
reactor where they are brought into contact with hot gases at temperatures in the
range 500°C to 1500°C, and wherein the solids are then guided through a resi-
dence time reactor in which they are fluidized, characterized in that the resi-
dence time reactor is configured in a manner such that it is provided with various
mutually separated regions from which the solid can be separately removed in a
manner such that it has a residence time in the residence time reactor which is of a

variable duration.

2. The method as claimed in claim 1, characterized in that removal from the
various regions of the residence time reactor is carried out in a manner such that not
all of the regions are fluidized, wherein the fluidized regions are fluidically connected

in succession.

3. The method as claimed in claim 1 or 2, characterized in that solid is

actively removed from at least one region.

4. The method as claimed in claim 2 or 3, characterized in that specific

downstream regions are no longer fluidized and therefore actively removed.

5. The method as claimed in one of the preceding claims, characterized in

that the fluidized bed reactor is provided with a circulating fluidized bed.

6. The method as claimed in one of the preceding claims, characterized in
that air is used as the fluidizing gas in the residence time reactor.
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7. The method as claimed in one of the preceding claims, characterized in
that the residence time in the first reactor is in the range 0.1 sec to 15 min.

8. The method as claimed in one of the preceding claims, characterized in
that the residence time in the residence time reactor is in the range 10 to 600

min.

9. The method as claimed in one of the preceding claims, characterized in
that lithium carbonate is produced and/or the temperature in both reactors is in
the range 750°C to 1500°C.

10. A device for the heat treatment of finely granulated solids, comprising a
first reactor (40), which is configured as a flash reactor or as a fluidized bed
reactor, and a second reactor (50), which is configured as a residence time reac-
tor, characterized in that at least a portion of the residence time reactor (50) is
divided into a plurality of regions (500a-500¢e) by means of partitions (50a, 50b,
501a-501d) which can be separately fluidized and/or which have separate out-
lets (54a, 54b, 54c¢, 540a-540e).

11. The device as claimed in claim 10, characterized in that the individual
regions (500a-500e) are disposed with respect to each other in the manner of

steps.
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