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SELF AGGLOMERATING FLUIDIZED BED
REACTING APPARATUS

This invention relates to a process and apparatus of
reacting finely divided material in a fluidized bed at a
temperature evolving self-agglomerating conditions.

It is known that, under such conditions, when prod-
ucts resulting from the reaction become fusible, they
agglomerate selectively among themeselves and cluster
but do not agglomerate with the solid granulated raw
material. Due to this fact, as soon as the resulting clus-
ters have reached a certain size, they decant in form of
slag down to the bottom of the fluidized bed. Thus it is
necessary, to avoid the blocking of fluidization by clus-
tering, to eliminate this slag as soon as it is formed.

An object of the present invention is to provide a pro-
cess which will permit this separation, in a state of a
quasipurity, of slag formed by reaction in the self-
agglomerating fluidized bed.

A further object and advantage of the invention re-
sides in the fact that the flue dust elutriated from the
reactor can be totally reinjected in the fluidized bed as
it is practically free from slag.

Other objects of the present invention will become
apparent in the course of the following specification.

According to the present invention, the solid granu-
lated raw material treated in a self-agglomerating fluid-
ized bed is contained in a reactor the cylindrical base
of which includes a circular fluidization grate blown by
reacting fluidizing gas, which grate constitutes a sup-
port for said solid granulated raw material. Above this
grate is located a so-called “fluidization sorting cell”
which is set for separation and extraction of the slag (in
state of quasi-purity). Actually, this extraction takes
place at the shallow end of an auxiliary fluidized bed of
small depth, contained in the cell, which auxiliary fluid-
ized bed is in communicaton and in hydrostatic equilib-
rium with the main fluidized bed.

In accomplishment of the objectives of the present
invention, the cell is in relative circular motion with re-
gard to the grate. The cell has a bottom lateral opening
for the aforementioned communication causing an hy-
drostatic equilibrium between the two fluidized beds,
and allowing the penetration of the slag into the cell.

Additional gas is blow into the fluidization sorting
cell over the auxiliary fluidized bed, by which slag set-
tled at the shallow end of said auxiliary fluidized bed is
uncovered, sorted and extracted in quasi pure state.

The invention will appear more clearly from the fol-
lowing detailed description when taken in connection
with the accompanying drawings showing, by way of
example only, several constructions of a reactor ac-
cording to the invention as well as the fluidization cell
constituting its essential part.

In the drawings:

FIGS. 1 to 4 are side views, partly broken off, of dif-
ferent fluidization reactors.

FIG. 5 is a perspective view on a larger scale of a flu-
idization sorting cell designed in view of an outward ex-
traction of the slag.

FIG. 6 is a similar perspective view of a fluidization
sorting cell designed in view of an inward extraction of
the slag. ,

FIG. 1 shows a cylindrical reactor 1 of the present in-
vention containing a circular horizontal grate 2. Above
the grate is a fluidization sorting cell 3 having a lateral
bottom opening O and a front opening 4 for the extrac-
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2
tion of slag toward an ash pit (not shown) located out-
side of the reactor. The. reaction gas is introduced

through the pipe 5 while gas emergiﬂg from the reac-

tion is evacuated through the pipe 6 after having eéven-
tually passed through a cyclone 7 used to assure the
collection and reinjection of flue dust ifito the fluidized

bed. Solid granulated raw material is stipplied to the re-’

actor through the pipe 8. ‘

In the above-mentioned representation of the inven-
tion, the relative motion betweer grate and cell results
from the motion of the grate which rotates round its
axis x-y, the cell being fixed.

FIG. 2 shows a partly conical and partly cylindrical
reactor 1’ of the present invention which has a circular
inclined grate 2'. Above the grate is a fluidiZation sort-
ing cell 3’ having a lateral bottom opefiing O' and a
front opening 4’ for the extraction of slag towards an
ash pit (not shown), located outside of the reactor. Ad-
ditional reaction gases at a high temperature are intro-
duced by several lateral nozzles one of which is shown
at 10’. The reaction gas is ifitroduced through the pipe
5' while gas emerging from the reaction is eévacuated
through the pipe 6' after having eventually passed
through a cyclone 7' used to assure the coilection and
relnjectnon of flue dust into the fluidized bed. The reac-
tor is supplied with solid granulated raw material
through a pipe 8’ located at the level of the ¢yclone so
as to assure the reinjection into the reactor of a mixture
with the flue dust.

In the above-meéntionied represetitation of the inven-
tion, the relative motion between grate and cell results
from the motxon of the grate which rotates round its
axis x’ — y', the cell being fixed and located at the high-
est level above the grate.

FIG. 3 shows a cylmdrlcal fluidization reactor 1" of
the present invention containirig a Hotizontal cireuilar
annular grate 2''. Above it is d fluidizatioti Sorting cell
3'" having a lateral bottom opening O' afid a rear opern-
ing 4'' for the extraction of the slag toward the intetior
of the reactor. This horizontal aiinular gfate is located
between the outer cylindrical wall of the reactor 1’
and an interior cylinder 9'' coristituting an ash pit
which is intended to receive siag discarded at 4''. The
reaction gas is introduced through the pipe 5'* and the
gas emerging from the reaction is evacuated through
the pipe 6’ after having ‘eventually passed through a
cyclone 7'’ used to assute the collection and reinjec-
tion of flue dust into the fluidized bed: The supply of
solid granulated raw material takes place through the
pipe 8'". ,

In the afore-mentioned representation of the inven-
tion, two alternatives are possiblé to obtdin the relative
motion between grate. and cell: the grate may rotate
round its vertical axis x'' —y'’, the cell being fixed, or
reversely, the grate may be ﬁxed and thé cell may ro-
tate round the axis x"''= y"’

FIG. 4 shows a cylindrico4c0'nic'al reactor 1" of the
present invention cofitaining-a cifculdr, annular in-
clined grate 2'"’. Above it is a fluidization sorting cell
3’ having a lateral bottom opening O’ aiid a rear
opening 4" for the extractiofi of slag toward an ash pit
9"’ located within the reactor. Additional reaction
gases at high tempetature are introduced through sev-
eral nozzles one of which is shiowr at 10'". The in-
clined annular grate 2’’’ is located betweéh tlie outer
cylindrical wall of the reactof 1’’’ and an iriner cylinder
9" intended to receive slag dlscarded out at 4'"'. The
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reaction gas is introduced through the pipe 5''' and the
gas emerging from the reaction is evacuated through

the pipe 8’’’ after having eventually passed through the -

cyclone 7''' used to assure the collection and reinjec-
tion of flue dust into the fluidized bed mixed with solid
granulated raw material subjected to reaction which
has been introduced through the pipe 8’’’ at the level
of the cyclone.

In the afore-mentioned representation of the inven-
tion, two alternatives are also possible to obtain the rel-
ative motion between grate and cell, that is to say the
grate may rotate round its inclined axis x'*' — y''’, the
cell being fixed and located at the highest level above
the grate, or reversely the grate may be fixed and the
cell may rotate round the inclined axis x''' - y''’.

FIG. § shows on an enlarged scale a fluidizing sorting
cell made to divert the slag toward an ash pit situated
outside of the reactor, as shown in FIGS. 1 and 2. This

cell is placed directly above the grate 2 which is in the -

illustrated embodiment supposed to rotate in the direc-
tion of the arrow, namely, counterclockwise. The cell
includes lateral vertical walls a, b, ¢ and 4 upon which
is mounted a top wall constituting a top of a box-like
structure which is tight. -

Within the cell, the grate supports a ﬂUIdlZed bed, de-
scribed as an “auxiliary fluidized bed,” which commu-
nicates by opening O, at the base of the wall a (the wall
a does not extend down to the grate) with the main flu-
idized bed located in the cylindrical reactor and ex-
tending above the cell.

The wall a is arranged to provide free mtroductlon of
slag entrained by the rotary movement of the grate. For
that purpose, it is open at its base to a height which will
avoid any danger of blocking by the slag. This might re-
quire an opening having a height of 1 foot or more.

The vertical lateral walls are shaped to adapt them to
their particular functions.

Thus the function of the wall a is to provide by its
opening O a communication:between the auxiliary flu-
idized bed and the main fluidized bed. For that pur-
pose, the wall a is largely open at its base:

As far as the wall b is concerned (which coincides
with the cylindrical wall of the reactor), its function is
to assure the discharge of the slag through the opening
4 and provide access to the ash pit located outside of
the reactor. .

The function of the wall ¢ is to guide the slag moved
by the rotation of the grate toward the opening 4.

Actually the wall ¢ can be rectilinear and oblique rel-
atively to the arrival of the slag but the best result for
their sweeping and rejection is produced by curving the
vertical wall ¢ following the trace of a logarithmical
spiral the convex side of which is directed toward the

interior of the cell; this curve is particularly advanta-

geous since it has at all points-an angle which. is con-
stant relatively to the direction of incidence of slag
moved by the grate. '

Another function of the wall ¢ is to avoid that the
main fluidized bed enters into the.cell by this side.

FIG. 6 shows on an enlarged scale a cell made to di-
vert the slag toward an ash pit situated at the center of
the reactor, the circular grate being in this case of an
annular shape, as shown in FIGS. 3 and 4. This cell is
placed directly above the grate 2'.

For this representation, two alternatives may be used
the grate may rotate in the direction of the arrow,
namely counterclockwise; the cell being fixed, or the

4 .
grate may be fixed and the cell will rotate in the direc-
tion opposite to that:shown of the arrow, that is to say
clockwise, so that the slag decanted over the grate is
forced into the cell.

The cell includes lateral vertlca] walls a'b'¢’ and d',

_ upon which is mounted a top wall constituting a top of
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a box-like structure which is tight. Within the cell, the
grate supports a fluidized bed described as an auxiliary
fluidized bed which communicates by opening O’ at the
base of wall a’ (the wall a’ does not extend down to the
grate) with the main fluidized bed located in the cylin-
drical reactor and extending above the cell. The wall a’
is arranged to provide free introduction of slag en-
trained by the relative rotary movement existing be-
tween grate and cell. For that purpose, it is opened at
its base to a- height which will  avoid any danger of
blocking by the slag. This might require an opening
having a height of 1 foot or more. . -

The vertical lateral walls are shaped to adapt them to
their particular function.

Thus the function of the wall a’ is to provide by its
opening O’ a communication between the auxiliary flu-

idized bed and the main fluidized bed. For ‘that pur-

pose, the wall @' is largely opened at its base.
The function of walls " and ¢’ is to avoid that the

‘main fluidized bed enters the cell on their respective

sides, but the major function of wall ¢’ is to guide the
slag toward the central opening 4'. Actually the wall ¢’

can be rectilinear and oblique relatively to the direc-
tion of the arrival of the slag but the best result for their
sweeping and rejection is obtained by curving the verti-
cal wall ¢’ following the trace of a logarithmic spiral the
concave side of which is directed toward the interior of
the cell; as mentioned above, this curve is particularly
advantageous since it has at all points a constant angle
relatively to the direction of incidence of slag.

The operation of ‘the two above-described types of
fluidization sorting cells is as follows: -

Fluidization gases which emerge from the auxiliary
fluidization bed located within the cell, cannot find any
other exit except the open space O at the bottom of the
wall a. They create in the cell a counter pressure which
balances hydrostatically the auxiliary fluidized bed with
the main fluidized bed. y N

The result is that the surface of the" auxiliary. bed is
automatically limited to the height of the base of the
wall a. Actually this is precisely the case in the vicinity
of this wall, but since a large quantity of particles of the
auxiliary fluidized bed is entrained by the gasestoward
the opening and then toward the main fluidized bed,
the result is that the depth of the auxiliary fluidized bed
will diminish fairly rapidly at a short distance from the
wall g, so that the slag settled upon the grate becomes
uncovered. Actually this slag can then be evacuated to-
ward the ash pit.in a quasi-pure condition. -

For all the examples above represented, further gas
can be blown into the fluidization sorting cell over the
auxiliary fluidized bed. Such gas may not be only reac-
tion gases but eventually can be other gases and/or
steam.

Due to the fact that the main ﬂuldlzed bed and-the

- auxiliary fluidized bed operate both parallely, and fur-

65

ther that the surface of the grate covered by the cell is
only approximately 15 percent of the total surface of
the circular grate, the. coefficient of utilization of the
surface of the grate for fluidization is maximum and so
is the efficiency. For example, if, according to the in-
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vention, the reactor is used for gasification of coal, the
treating power obtained will correspond to 2,000 Kg
per square meter of -circular grate, expressed in coal
treated at atmospheric pressure, the treating power be-

ing, of course, considerably increased if gasification

takes place under pressure.

From the point of view of construction, the described
cell must maintain without being damaged a contact
with solid granulated raw material and slag which may
be at high temperatures, thus making it necessary to
use walls cooled by the circulation of water; they can
be protected by a refractory conducting coating, such
as the one known under the trademark “Chromore.”

The circular or annular grate can preferably be
formed by links which are carried by an appropriated
armature which is not shown since it is of known type.

As far as the operation of the reactor constituting the
subject of the present invention is concerned, it de-
pends to a great extent on the use for which it is in-
tended, such as the uses described hereinafter.

In any event, a light-up fuel oil burner or gas burner
is used to provide the necessary temperature to the
solid granulated material lying in static manner upon
the grate. It is only after heating and ignition of the
static layer that it should be blown to fluidize it, then
continuous feed of the solid granulated raw material
takes place usually by injections into the fluidized bed
at a point represented in the drawings by the numerals
8,8, 8", 8", depending on the construction.

When using the described reactors-for carrying out
certain highly endothermic reactions (such as gasifica-
tion by steam), or reactions requiring a very high tem-
perature, such as the making of cement, it is advanta-
geous to use one or the other of the following improve-
ments which can be used singly or in combination:

a. Additional reaction gases may be injected at a very
high temperature (which may reach 1,000°C) by
known means through one or several nozzles 10’ or
10" placed above the fluidizing grate of FIGS. 2 or 4,
into the fluidized bed. Then the fluidized bed becomes
a so-called expanded fluidized bed which obviously will
require an increased separation capacity of the cyclone
above the reactor.

b. The initial solid granulated raw material is not in-
jected any more into the base of the reactor but into the

cyclone located above it, as represented FIGS. 2 and

4, which makes it possible to reheat it starting with cal-
ories contained in the gases emerging from the reactor
and thus to introduce the raw material at a high tem-
perature in a mixture with the flue dust into the reactor.
It is also possible to provide an operation which is even
more methodical and which permits to recover practi-
cally in totality the calories entrained by the gases
emerging from the reactor. To achieve this it is suffi-
cient to provide above the reactor a group of several
cyclones (not represented) through which flue gases
pass in series and to move in counter current in oppo-
site direction the solid granulated raw material which
is introduced into the reactor, as well as the flue dust
picked by the cyclones.

c. One or a plurality of conventional fluidizing grates
are added in superposition above the surface of the
afore-mentioned gasifying fluidized bed, in view of sub-
mitting the effluent producer gas:

either to a counter-current flow of gas with the afore-
mentioned solid granulated raw material,

20

25

30

35

40

45

50

60

65

6

or to successive ‘treatments in fluidized conditions
with various products adapted to carry out useful
chemical reactions such as desulphurization, methani-
sation, etc.

Among the uses and the advantages of the process of
the present invention, the following can be enumer-
ated; :

The process of the present invention makes it possi-
ble to carry out diverse reactions in a self-
agglomerating fluidized bed under normal or pressur-
ized conditions. These reactions include namely: pellet-
izing carbonization of bituminous coal, gasification of
combustibles under normal or pressurized conditions,
such gas to be burned either directly under power plant
boilers or desulphurized prior to its use for high effi-
ciency power production in combined cycle or for pro-
cessing in various manner.

Other possible applications concern the production
of cement, the reduction of ore, etc.

What is claimed is:

1. An apparatus for reacting finely divided materials
in a fluidized bed at a temperature involving self-
agglomerating conditions under which slag sinks gradu-
ally through said fluidized bed, comprising an at least
partly cylindrical reactor; a circular grate element lo-
cated within said reactor and adapted to carry a main
fluidized bed and slag which settles through the same
onto said grate member; a cell element overlying a por-
tion of said grate element and defining with the same
an enclosed space which is open at the bottom to said
grate element and adapted to accommodate an auxili-
ary shallow fluidized bed, said cell element. having a
side wall oriented substantially radially and formed
with an inlet opening communicating said fluidized
beds with one another and through which slag enters
said space, and a substantially circumferential end wall
formed with an outlet opening for the slag; means for
imparting to one of said elements a circular motion rél-
ative to the other of said elements, so that fluidized-bed-
material and slag settled on said grate’ element enter
said space through said inlet opening; and means for
blowing a reacting fluidizing gas through said grate ele-
ment into said fluidized beds for maintaining thém in
hydrostatic equilibrium with one another and for sort-
ing and extracting slag in said cell element from said
auxiliary shallow fluidized bed through said outlet
opening.

2. An apparatus as defined in claim 1, wherein said
grate element rotates in a horizontal plane; and
wherein said cell element is stationary and said end. wall
formed with said outlet opening faces radially out-
wardly of said reactor:

3. An apparatus as defined in claim 1, wherein said
grate element rotates in an inclined plane; and wherein
said cell element is stationary and said outlet opening
is located at the highest level of said grate element and
faces outwardly of said reactor. -

4. An apparatus as defined in claim I; further com-
prising means defining a discharge passage at the cen-
ter of said reactor; said grate element being annular,
surrounding said discharge passage and rotating in a
horizontal plane; and wherein said cell element is sta-
tionary and said outlet opening faces inwardly of said
reactor and communicates with said discharge passage
for discharging slag into the same. )

5. An apparatus as defined in claim 1; further com-
prising means defining a discharge passage at the cen-
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ter of said reactor; said grate element being annular,
surrounding said discharge passage and rotating in an
inclined plane; and wherein said cell element is station-
ary and said outlet opening faces inwardly of said reac-
tor and communicates with said discharge passage for
discharging slag into the same.

6. An apparatus as defined in claim 1; further com-
prising means defining a discharge passage at the cen-
ter of said reactor; said grate element being annular,
surrounding said discharge passage and being stationar-
ily located in a horizontal plane; and wherein said cell
element rotates with reference to said grate element
and said outlet opening faces inwardly of said reactor
and communicates with said discharge passage for dis-
charging slag into the same.

7. An apparatus as defined in claim 1, wherein said
cell element has another side wall spaced from and op-
posite the first-mentioned side wall, said other side wall

8

. being contoured to the shape of a logarithmic sprial.
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8. An apparatus as defined in claim 1; further com-
prising a plurality of nozzles communicating with the
interior of said reactor upwardly of said grate element:
and means for introducing through said nozzles and
into said main fluidizéd bed reaction gases having a
higher temperature than said reacting fluidizing gas
which is blown through said grate element.

9. An apparatus as defined in claim 1; and further
comprising at least one cyclone located above said re-
actor and communicating therewith for receiving pre-
heated solid granulated primary material through calo-
rific exchange in countercurrent with gases in said cy-
clone.

10. An apparatus as defined in claim 1; and compris-
ing means for blowing further gas into said cell ele-

ment.
. Xk ok k%



