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Description

Technical Field

[0001] The present invention is in the field of fluidized
bed apparatus for treating powder particles by mixing,
granulating, coating, surface treatment, drying, reaction
etc., and particularly relates to a fluidized bed apparatus
suitable for treating fine powder particles.

Background Art

[0002] Generally, a fluidized-bed apparatus, as shown
in Fig. 20, is known as a device for allowing mixing, gran-
ulation, coating, drying or reaction of powder particles by
causing a gaseous body such as various gases or air to
flow in to the inside of a treatment chamber.
[0003] This fluidized-bed apparatus is formed of a trun-
cated cone-shaped container 2A having a dispersion
plate 3A (for example, a punched porous plate) for ven-
tilation arranged at the bottom. When this apparatus is
used to dry powder particles, heated air is made to flow
in to the container 2A from below the dispersion plate
3A, and powder particles 1A put inside the container 2A
are dried while being subjected to suspension fluidiza-
tion.
[0004] On the other hand, when using this apparatus
for granulation processing, a specified binder fluid (liquid)
for granulation (for example, a solution such as car-
boxymethylcellulose, polyvinyl alcohol, or hydroxypropyl
cellulose) is sprayed from a nozzle 4A to powder particles
being fluidized to granulate by forming solid bridges be-
tween particles by allowing drying of the powder particles
at the same time as wet curing.
[0005] US 5,374,405 A describes a rotating fluidized
bed reactor with a rotating porous bed vessel drum. Gas
is introduced trough the walls of the drum and can be
drawn off at the top. An electromagnetic radiation source
can be included within the drum for promoting photo-
chemical reactions to provide electromagnetic radiation
wave lengths appropriate to the absorption characteris-
tics and energy requirements of the reactants within the
fluidized bed reactor.
[0006] Recently, in fields such as medical supplies, ag-
ricultural chemicals, fertilizers, foodstuff, ceramics etc.,
there has been a demand to increase the functionality
possessed by particles, and to endow particles with new
functions in order to manufacture high quality products.
There has therefore also been a demand, in the granu-
lation process, for processing of fine powder particles of
raw material in the micron and sub-micron order. Specif-
ically, if granulated products of about 50 mm are to be
produced, it is necessary to handle fine powder particles
of 10 - 30 mm and also single order micron fine particles
as the raw material.
[0007] However, since cohesiveness and adhesive-
ness increase rapidly as particle diameter of the process-
ing material becomes smaller, it is not possible to uni-

formly fluidize and disperse the powder particles with the
previously described existing fluidized bed apparatus.
On the other hand, there is a problem that if the amount
of heated air supplied is increased in order to achieve
uniform fluidization and dispersion, the body of fine pow-
der particles will fly out as it is, handling is extremely
difficult, and it is not possible to carry out control to form
a satisfactory fluidized bed. Therefore, with the fluidized
bed apparatus of the related art, there is a limit to effective
fluidized bed control due to the structure of the apparatus
itself.
[0008] The object of the present invention is to com-
pletely solve the above described problems, and to form
a fluidized bed controlling behavior of powder particles
by introducing gas from outside the treatment chamber
via a circumferential faceplate to provide centripetal force
to powder particles inside the treatment chamber, and
providing centrifugal force on the powder particles in ac-
cordance with rotation of the circumferential faceplate.
By doing this, it is possible to provide a fluidized bed
apparatus for a body of powder particles that can perform
various types of processing such as mixing, granulation,
coating, drying and reaction even for fine powder parti-
cles in the micron or sub-micron range.
[0009] In actually realizing such a fluidized bed appa-
ratus, there are various problems to be solved in imple-
mentation of the overall structure of the apparatus with
taking manufacturability and maneuverability into con-
sideration, such as the specific arrangement and inter-
relation of various equipment, such as a gas supply de-
vice, operation control device, motor, granulation nozzle,
operating panel, gas supply piping, wiring etc. as well as
maintaining optimization of influx and discharge of gas
attributable to size of the treatment chamber and block-
age of a bag filter etc.
[0010] Another object of the present invention is to
solve the problems facing actual making of products de-
scribed above, and to cause slowing of discharge velocity
of gas that has been introduced inside the treatment
chamber at an axial region inside the treatment chamber
where discharge velocity is high with weak centrifugal
force. By doing this, it is possible to efficiently discharge
gas that has been introduced into the treatment chamber
while balancing centripetal force and centrifugal force on
the powder particles regardless of the particle size, and
it is possible to carry out optimal operation control of in-
troduction and discharge of gas for fluidized bed behav-
ior. It is also possible to anticipate improved product col-
lection rate by reducing the amount of powder particles
sticking to a bag filter accompanying gas flow, and re-
ducing the amount of discharge through the bag filter.
[0011] A further object of the present invention to cause
gas to flow in to the inside of the treatment chamber in a
uniform manner from the entire surface region of gas
ventilation means and not excessively circulating gas
supplied to gas introduction means, as well as reducing
the diameter of a gas supply port, and to enable manu-
facture of a supply structure without causing a gas supply
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path to project to the outer surface of a casing. As a result
of doing this, arrangement of gas introduction means and
a casing and arrangement of the gas introduction means
and a treatment chamber, and interrelation between gas
introduction means and a gas supply device is optimized,
a supply structure for gas in the apparatus overall is sim-
plified, and manufacture of the apparatus becomes sim-
ple.

Disclosure of the Invention

[0012] Technical means adopted by the present inven-
tion in order to solve the above described problems is a
rotating fluidized bed apparatus for powder particle for
causing gas to flow in to a cylindrical treatment chamber
in which powder particles are placed, via a circumferen-
tial faceplate having permeability, and discharging gas
that has flowed into the treatment chamber from the treat-
ment chamber via a bag filter, wherein a gas circulation
path is formed at the periphery of the treatment chamber
via the circumferential faceplate, and the circumferential
faceplate is adapted to rotate around an axis.
[0013] Another technical means adopted by the
present invention is a rotating fluidized bed apparatus for
powder particle comprising, inside a casing, a rotatable
treatment chamber having an axis and being provided
with cylindrical gas ventilation means having permeabil-
ity at its circumference about the axis, gas introduction
means provided at the periphery of the treatment cham-
ber for causing gas to flow into the treatment chamber
via the gas ventilation means, and a bag filter, provided
inside the treatment chamber, for discharging gas that
has been introduced into the treatment chamber to the
outside, wherein an arrangement proportion of the bag
filter inside the treatment chamber is wider than a surface
width of the gas ventilation means, or larger than the
surface area of the gas ventilation means.
[0014] A still further technical means adopted by the
present invention is a rotating fluidized bed apparatus for
powder particle comprising, inside a casing, a rotatable
treatment chamber having an axis and being provided
with cylindrical gas ventilation means having permeabil-
ity at its circumference about the axis, gas introduction
means provided at the periphery of the treatment cham-
ber for causing gas to flow into the treatment chamber
via the gas ventilation means, and a bag filter, provided
inside the treatment chamber, for discharging gas that
has been introduced into the treatment chamber to the
outside, wherein the gas introduction means is com-
prised of a gas introduction passage formed between the
casing and the ventilation means, and a plurality of supply
ports provided at specified intervals on an inner wall form-
ing the gas introduction passage.

Brief Description of the Drawings

[0015]

Fig. 1 is an overall structural diagram of a vertical
fluidized bed apparatus usable for a first embodi-
ment;
Fig. 2 is an overall front view of a horizontal fluidized
bed apparatus of a second embodiment;
Fig. 3 is an overall side view of a horizontal fluidized
bed apparatus;
Fig. 4 is a side view showing a rotational operation
mechanism of a casing body;
Fig. 5 is a drawing showing the essential details of
the rotation operation mechanism;
Fig. 6 is a front view showing a casing;
Fig. 7 is a rear view showing a casing body;
Fig. 8 is a side cross-sectional view showing a casing
body;
Fig. 9 is an essential cross sectional view of a treat-
ment chamber,
Fig. 10 is a schematic cross sectional view showing
another example of a bag filter;
Fig. 11 is an essential cross-sectional view of a flow
apparatus;
Fig. 12 is drawing for describing the behavior of pow-
der particles;
Fig. 13 is an explanatory drawing showing behavioral
states of a granulation layer;
Fig. 14 is an explanatory drawing showing a usage
example of a rotation operation lever;
Fig. 15 is an overall perspective view of a fluidized
bed apparatus of a third embodiment;
Fig. 16 is an explanatory drawing for the operation
of a casing body;
Fig. 17 is a front view showing a casing body section
of a fluidized bed apparatus;
Fig. 18 is a front view showing a state where an outer
cover of the casing body is open;
Fig. 19 is a side cross-sectional view showing a cas-
ing body section; and
Fig. 20 is an essential cross-sectional drawing of a
drying and granulation apparatus of the related art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] The present invention will now be described in
detail based on a rotating fluidized bed apparatus for
powder particle as a preferred embodiment.
[0017] A rotating fluidized bed apparatus usable for a
first embodiment of this apparatus having a vertical struc-
ture will be described based on Fig. 1 and Fig. 11 that is
also used with the second embodiment. Reference nu-
meral 1 is a cylindrical casing, and inside this casing 1 a
cylindrical treatment chamber 2 for treating a powder par-
ticle material is arranged with a specified space from an
inner wall surface of the casing 1.
[0018] In the treatment chamber 2, a lower fixed plate
201 is rotatably linked via a rotation shaft 301 to a drive
unit 3. A circumferential faceplate 202 provided on an
outer peripheral surface region of the cylindrical treat-
ment chamber 2 is comprised of specified ventilation
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means for causing specified gas such as various gases
or air to be introduced into the treatment chamber 2 in a
manner enabling ventilation from a dispersion plate. The
circumferential faceplate 202 is attached between the
lower fixed plate 201 and an upper fixed plate 203 in a
state of being sandwiched by these two plates, using
bolts 204, and can be attached and detached by tighten-
ing or loosening the bolts 204. The dispersion plate can
be suitably exchanged for a porous plate, slit, metal
mesh, multilayer mesh, or metal fiber etc. having different
diameter holes depending on physical properties, such
as the particle diameter of the processed powder mate-
rial.
[0019] A granulation nozzle 4 for spraying a supplied
binder fluid for granulation is provided inside the treat-
ment chamber 2. Respective piping for supplying gran-
ulation binding fluid and compressed air to the granula-
tion nozzle 4 is provided on the upper fixed plate 203. A
communicating port to a discharge pipe 501 housing a
cylindrical bag filter 5 is also provided on the upper fixed
plate 203 as discharge means for discharging gas that
has been introduced into the treatment chamber 2. Also,
in Fig. 1 the bag filter 5 is provided midway along the
discharge pipe 501, but the bag filter 5 can also be pro-
vided inside the treatment chamber 2 according to the
first embodiment of the invention as shown in Fig. 8 and
Fig. 9.
[0020] In the case of a vertical apparatus, the powder
particles are piled up in a lower portion due to gravity,
and this tends to occur more with small particle diameter,
causing bad fluidity. This means that even if the treatment
chamber 2 is caused to rotate to apply centrifugal force
to the powder particles inside the treatment chamber 2,
there is a tendency for the layer thickness (a distance
from the circumferential plate 202 in an axial direction)
of a powder particle layer to increase towards the lower
side. Reference numeral 202a is a bottom surface plate
for variable adjustment of internal volume of the treat-
ment chamber 2, namely, the height of the treatment
chamber 2, and gas flow supplied from gas inflow means
passes uniformly through the circumferential plate 202
to simply form an appropriate fluidized bed. An arbitrary
plate such as a non-porous plate or porous plate (ena-
bling inflow of specified gas from underneath) is adopted
as the bottom surface plate 202a.
[0021] The casing 1 has a through hole through hole
for a rotating shaft 301 in a bottom part, is formed from
a container 101 having a supply port 103 for supplying a
specified gas (various gases such as heated air, inert
gas etc.) to a side section and a cover body 102 having
a communication port connecting between pipe holes for
various piping for supplying granulation binder fluid and
compressed air to the granulation nozzle 4 and a dis-
charge pipe 501, and the cover body 102 is fastened to
a flange section 104 of the container 101 so as to be
capable of being opened and closed using a bolt 104.
[0022] As the gas, heated air that has been produced
by heating air conveyed from a blower 6 with a heater

601 is used, and this heated air is sent through the supply
pipe 105 to the supply port 103. Also, compressed air
that has been supplied from a compressor 602 and gran-
ulation binder fluid supplied from a binder supply device
604 are respectively fed to the granulation nozzle 4 so
as to be finely sprayed to the inside of the treatment
chamber 2. In order to generate finely granulated mate-
rial, a so-called two-fluid or four-fluid fine spray nozzle is
preferably used as the granulation nozzle 4.
[0023] A specified space formed between an inner wall
surface of the casing 1 and an outer surface region of
the circumferential plate 202 (ventilation means) of the
treatment chamber 2 is formed as a circulation path 205
for heated air that has been supplied from the supply port
103.
[0024] For supplying heated air to the circulation path
205, as shown in Fig. 11, the supply port 103 is arranged
to supply heated air towards the rotation direction of the
treatment chamber 2, while the supply pipe 105 is ar-
ranged at a side surface of the casing 1 from a substan-
tially tangential direction to the same direction of rotation
as the treatment chamber 2, so as to further stabilize the
supply of heated air.
[0025] Gas inflow means for causing heated air to flow
dispersedly into the inside of the treatment chamber 2
via the circumferential plate 202 is formed using the cir-
culation path 205 and the supply port 103.
[0026] Heated air that has flowed into the treatment
chamber 2 passes from a communication port opened in
the cover body 102 though the bag filter 5 and is dis-
charged to the outside via the discharge pipe 501.
[0027] A pulse jet nozzle 603 for spraying the com-
pressed air from the compressor 602 is provided above
the bag filter 5, and by spraying the compressed air in-
termittently in the direction of the bag filter 5, powder
particles collected by the bag filter 5 are returned to the
treatment chamber 2.
[0028] Fig. 2 to Fig. 9 show a second embodiment en-
abling construction of a horizontal apparatus. Fig. 11 is
an explanatory diagram that is also used with the first
embodiment. With this apparatus, the bag filter 5 is ar-
ranged at an axial section of the inside of the treatment
chamber 2, and the bottom surface plate 202a is not pro-
vided inside the treatment chamber 2. The remaining
structure and concept of the fluidized bed are the same
as for the first embodiment.
[0029] Fig. 2 is an overall front view of the fluidized bed
apparatus, and Fig. 3 is an overall side view of the fluid-
ized bed apparatus. As shown in these drawings, the
casing 1 is fixed to a body bracket 116 at a bottom part,
and is attached to a frame 7 via this body bracket 116.
A pair of left and right arm shaped support frames 711
are erected at specified intervals on this frame 7, while
a pair of left and right support shafts 116a projecting out-
wards to the left and right are provided on the body brack-
et 116, and the support shafts 116a are rotatably sup-
ported in the support frames 711. In this way, the casing
1 is constructed capable of changing orientation of the

5 6 



EP 1 440 729 B9

5

5

10

15

20

25

30

35

40

45

50

55

rotating shaft of the treatment chamber 2 by rotating from
horizontal to vertical, and can be used in either of a case
where the treatment chamber 2 shown in Fig. 1 is a ver-
tical type or is a horizontal type. In this apparatus, in the
case of a vertical type apparatus, feeding in and taking
out of the powder particles is carried out with the opening
section 112a of the casing 1 facing upwards (rotation axis
vertical), and granulation processing is carried out with
the opening section 112a facing sideways (rotation axis
horizontal).
[0030] Fig. 4 is a side view showing a rotation operation
mechanism of a treatment apparatus body, and Fig. 5 is
an essential detail drawing of the rotation operation
mechanism. As shown in these drawings, a rotation op-
eration mechanism 8 for rotation operation of the casing
1 is provided on an outer side of the right support frame
711 in Fig. 2. The rotation operation mechanism 8 is com-
prised of a large diameter gear 811 provided integrally
with the right support shaft 116a, a small diameter gear
812 meshing with the large diameter gear 811, a worm
wheel 813 rotating integrally with the small diameter gear
812, a worm 814 meshing with the worm wheel 813, and
a handle shaft 815 for rotatably operating the worm 814.
A handle 816 is provided on a front end of the handle
shaft 815, and by turning the handle 816, that operation
force is transmitted through the worm 814, worm wheel
813, small diameter gear 812 and large diameter gear
811 to the support shaft 116a, and the casing body 1 is
turned. Since the worm 814 is then interposed in this
transmission path, it is possible to reduce the handle op-
erating force by ensuring a large reduction ratio, while at
the same time having a structure enabling the casing
body 1 to be fixed to an arbitrary position by a brake
operation of the worm 814.
[0031] Fig. 6 is a front view showing a casing body 1
of a fluidized bed apparatus, Fig. 7 is a rear view showing
the casing body 1, Fig. 8 is a side cross-sectional view
showing the casing body 1 and Fig. 9 is an essential
cross-sectional view of a treatment chamber. As shown
in these drawings, the casing body 1 of the fluidized bed
apparatus is a cylindrical shape having an opening sec-
tion 112a at a front surface part, and the air circulation
path 215, the treatment chamber 2 having a front section
opened and the bag filter 5 arranged at an axial region
inside the treatment chamber 2 are provided inside the
casing body 1.
[0032] The air circulation path 215 is formed between
an inner wall surface of the casing 1 and an outer surface
region of the circumferential faceplate 212 (dispersion
plate), as ventilation means for the treatment chamber
2. A rear surface part 112b of the casing 1 is integrally
fixed to the body bracket 116, while an opening part 112a
of the front surface part is covered by a disk-shaped cover
body 112 formed from a transparent acrylic resin. The
cover body 112 has an outer edge section fixed to the
casing 1 using a plurality of butterfly bolts 117, and can
be attached and detached by tightening or loosening the
butterfly bolts 117.

[0033] Also, the supply port 113 for introducing a spec-
ified gas (various gasses such as heated air, inert gas
etc.) into the air circulation path 215 is formed in a right
upper part of the casing 1, and is adapted to cause gas
that has been introduced from the supply port 113 to cir-
culate along the inner surface of the casing 1, as shown
in Fig. 11. For example, in the case of introducing heated
air, air generated by a blower 6, as with the gas inflow
means as shown in Fig. 1, is heated by the heater 601
and introduced to the supply port 113.
[0034] The treatment chamber 2 is formed so that a
disk-shaped rear fixed plate 211 and a disk-shaped cover
body 216 formed of transparent acrylic resin are opposite
each other with a specified distance between them, with
a circular dispersion plate 212 fitted between them. The
fixed plate 211 and the cover body 216 are connected
by a plurality of bolts 214, and attachment and detach-
ment of the cover body 216 and the dispersion plate 212
is made possible by tightening or loosening the bolts 214.
The dispersion plate 212 is arranged with a specified
distance with respect to the inner wall of the casing 1,
and has such a structure that gas introduced from the
supply port 113 to the air circulation path 215 flows into
the treatment chamber 2 through the dispersion plate
212. The dispersion plate 212 can be appropriately re-
placed with one having different hole diameters or ma-
terial properties, depending on the particle diameter of
the powder particles being processed, etc., and it is pos-
sible to use a porous plate, slits, metal mesh, multilayer
metal mesh, metal fiber etc. For example, since a multi-
layer metal mesh is formed by superposing a plurality of
metal meshes having different sized openings, and sin-
tering them at a specified pressure and temperature, it
is possible to prevent the mesh becoming clogged with
powder particles by having a structure with metal meshes
of fine openings on the surface contacting the powder
particles.
[0035] A cylindrical rotation support shaft 217 extend-
ing to the rear is integrally connected to a central part of
the rear fixed plate 211, and the rotation support shaft
217 is rotatably supported in an inner periphery portion
of a cylindrical holder 118 provided on the body bracket
116 via a pair of bearings 119. A motor 3 (drive unit) is
arranged beneath the rotation support shaft 217, with a
pulley 312 integrally provided on a motor shaft 311 of the
motor 3 and a pulley 313 integrally provided on the rota-
tion support shaft 217 being connected through a trans-
mission belt 314. In this way it becomes possible to rotate
the treatment chamber 2 in response to drive of the motor
3 and supply centrifugal force to the powder particles
inside.
[0036] The bag filter 5 is formed from cylindrical mesh
plates and is fitted between a disk-shaped rear plate 512
having an opening at the center and a disk-shaped front
plate 513 formed of transparent acrylic resin that are op-
posite each other with a specified distance between
them. The rear plate 512 and the front plate 513 are con-
nected using a plurality of bolts 514, and the front plate
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513 and the bag filter 5 can be attached or removed by
tightening or loosening the bolts 514. The bag filter 5 is
arranged at a specified interval with respect to the dis-
persion plate 212, and is configured so that gas that has
flowed into the treatment chamber 2 via the dispersion
plate 212 is discharged through the bag filter 5. The bag
filter 5 can be appropriately replaced with one having
different hole diameter or material properties depending
on particle diameter of the powder particles being proc-
essed, and as well as materials used for the dispersion
plate 212 it is also possible for the bag filter to have a
cylindrical structure using a retainer and bag shaped bag
cloth (woven or non-woven fabric) made of various ma-
terials for covering the retainer.
[0037] A cylindrical discharge pipe 511 extending to
the rear is integrally connected to a central opening sec-
tion of the rear surface plate 512, configured so that gas
that has been discharged from the treatment chamber 2
via the bag filter 5 is discharged to the outside of the
apparatus (outside the system) via the discharge pipe
511. The discharge pipe 511 is rotatably supported in an
inner part of the rotation support shaft 217, and also a
rotation operation lever 515 is integrally provided on a
rear end of the discharge pipe 511. The rotation operation
lever 515 is for operation when the powder particles have
accumulated on the bag filter 5, and it is permissible to
rotate the bag filter through about 180°.
[0038] The granulation nozzle 4 is provided inside the
bag filter 5, as shown in Fig. 9. The granulation nozzle 4
is connected to a binder supply device and a compressor
(refer to Fig. 1) via piping, and a specified granulation
binder supplied from the supply device is sprayed into
the treatment chamber 2.
[0039] Fig. 10 is a schematic cross sectional drawing
showing another example for driving the bag filter 5 of
the second embodiment. In the processing apparatus
shown in Fig. 10, the rotation operation lever 515 is not
provided on the discharge pipe 511, and the structure is
such that powder particles on the bag filter 5 are made
to fall by causing the bag filter 5 to rotate using drive force
of the motor 3. A pulley 315 is provided on the discharge
pipe 511 of this embodiment instead of the rotation op-
eration lever 515. Pulleys 312 and 316 are provided next
to each other on a motor shaft 311, and a so-called dual
rotation axis mechanism is adopted to convey drive force
of the motor 3 to the discharge pipe 511 via a transmission
belt 317 suspended between the pulleys 315 and 316.
With rotation of the dispersion plate 212 and the bag filter
5 by drive force of the motor 3, a transmission ratio is set
such that angular velocity of the bag filter 5 and angular
velocity of the dispersion plate 212 do not match. Piping
for the granulation nozzle 4 is such that an end of the
granulation nozzle 4 is jointed with the other end in a
rotatable manner so that it is possible to rotate the end
integrally with the bag filter 5. In this way, the granulation
nozzle 4 provided in the bag filter 5 is prevented from
spraying granulation binder fluid to only a specified region
of the dispersion plate 212. For the detailed structure of

a dual rotation axis mechanism it is possible to reference
Japanese patent application No. Hei. 11-43238 (Patent
laid-open No. 2002-143705), and with the structure men-
tioned in this document, the bag filter 5 and the dispersion
plate 212 are caused to rotate in the same direction, but
they can also be caused to rotate in opposite directions.
[0040] Next, a description will be given for the appara-
tus having this type of structure of a method for carrying
out drying treatment while mixing and granulating powder
particles, based on Fig. 12 and Fig. 13. Description will
be given focusing mainly on the second embodiment, but
the first embodiment can also be appropriately referred
to. In introducing a fixed amount of powder particles into
the inside of the treatment chamber 2, first of all the cover
body 112 (102) and cover body 216 are opened with the
opening section 112a of the casing 1 facing upwards (ver-
tical type), a specified amount of powder particles are
introduced into the treatment chamber 2 and the cover
body 112 and cover body 216 are closed. After that, the
orientation of the casing 1 is changed to a lateral manner,
the powder particles are subjected to centrifugal force by
driving the motor 3 to rotate the treatment chamber 2,
and powder particles accumulate in a uniform manner at
the inner wall surface of the circumferential surface plate
212 (202). By causing heated air introduced to the circu-
lation path 205 (215) to flow into the inside of the treat-
ment chamber 2 via the circumferential surface plate 212
(202), the powder particles are subjected to centripetal
force to cause dispersed fluidization, and a fluidized bed
is formed.
[0041] It is possible to carry out continuous operation
by providing the supply discharge pipe for material inside
the discharge pipe 511 (501), and it is also possible to
easily introduce the specified amount of particles in a
short time if powder particles are introduced while rotat-
ing the treatment chamber 2. By causing compressed air
to flow inside the treatment chamber 2 using the granu-
lation nozzle 4, as required, it is possible to form the flu-
idized bed smoothly, and it is possible to form a powder
layer of uniform thickness in an extremely short time.
[0042] At that time, in the first embodiment the height
of the treatment chamber 2 is adjusted as required using
the bottom surface plate 202a and by supplying heated
air from below by employing a porous plate for the bottom
surface plate 202a and supplying compressed air from
the granulation nozzle 4 before carrying out a granulation
operation, it is possible to cause suspended fluidization
of the powder particles. In this way, it is possible to form
a fluidized bed smoothly from initial operating conditions,
and if the adjustment and supply are used together they
can be used to assist in uniform formation of a fluidized
bed even during operation.
[0043] Here, inside the treatment chamber 2 fluidiza-
tion commences from the particle body layer surface be-
cause wind velocity is slightly faster at the inner side of
the particle body layer (axial direction) and centrifugal
force applied to the powder particles is small. According-
ly, by changing the amount of heated air supplied, even
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if rotational speed of the treatment chamber 2 is constant,
it is possible to control the powder particles from a fixed
bed where there is no fluidization to a completed fluidized
bed. In Fig. 13, (A), (B) and (C) respectively represent a
fixed bed, a partial fluidized bed and a completely fluid-
ized bed.
[0044] At a section where the powder particles are be-
ing fluidized, respective particles of the powder particles
exhibit the microscopic fluidizing behavior shown in Fig.
12 due to balance adjustment of the centrifugal force and
the centripetal force. At this time, a pressure difference
arises in front of and behind the powder particle layer
through which heated air passes, and inside the casing
body 1, the inside of the circulation path 215 (205) ex-
hibits high pressure while the inside of the treatment
chamber 2 exhibits low pressure. This pressure differ-
ence become larger with increase in powder particle layer
thickness, rotational speed of the treatment chamber 2
and amount (flow rate) of heated air. If the powder particle
layer thickness and the rotational speed of the treatment
chamber 2 are constant, the pressure difference increas-
es together with flow velocity, but remains constant once
a specified velocity is reached, with this time being a state
where there is complete fluidization. This velocity is taken
to be the velocity when complete fluidization commenc-
es. This minimum fluidization velocity can be calculated
logically from a relationship between pressure difference
and flow rate of the powder particle layer. Therefore, the
behavior of the powder particles inside the treatment
chamber 2 brings about a structure that enables sequen-
tial behavioral control of a balance between rotational
speed of the treatment chamber 2 and air supply amount
from a state where the fixed bed is formed causing cen-
trifugal pressing of the powder particles towards the cir-
cumferential plate 212 (202) to a state where a fluidized
bed is formed causing centripetal dispersion to the axial
region, by adjusting the pressure difference between the
air circulation path 215 (205) and the inside of the treat-
ment chamber 2.
[0045] In the case of the vertical type apparatus of the
first embodiment, the powder particles are susceptible
to the effects of gravity, which means that in order to
cause fluidization of the powder particles a larger flow
velocity than the calculated value is required, and since
effects of gravity become more severe with smaller par-
ticle diameter and bad fluidity, in controlling the apparatus
it is preferable to confirm the powder particles used in
advance through usage measurement.
[0046] According to this type of control means for con-
trolling centrifugal force and centripetal force, it is possi-
ble to control behavior of the powder particles shown in
Fig. 13. However, even with a fine spray of binder fluid
in the fixed bed state (Fig. 13 (A)) where the powder
particles are completely not fluidized so as to give a state
where a layer is only and in a partially fluidized bed where
only the inside of the power particle layer is fluidized (Fig.
13. (B)), it is difficult to carry out uniform granulation treat-
ment on the powder particles that have been introduced

into the treatment chamber 2. Therefore, normally mix-
ing, granulation and drying are carried out using the com-
plete fluidized bed of Fig. 13 (C).
[0047] It is also possible to carry out granulation by
repeatedly carrying out an operation of subjecting the
powder particles to a centrifugal force larger than the
centripetal force and compressing the powder particles
by pressing to the circumferential plate 212 (202) side,
and an operation of exerting centripetal force and cen-
trifugal force in a balanced manner to uniformly fluidize
the powder particles, that is, by repeatedly forming the
fixed bed of Fig. 13 (A) and the complete fluidized bed
of Fig. 13 (C). It is also preferable to finely spray binder
fluid in this case, but since granulation is possible with a
small amount of binder fluid it is possible to significantly
reduce the energy cost required in drying.
[0048] Fig. 14 is an explanatory diagram showing a
usage example of the rotation operation lever 515. As
shown in Fig. 14, in the case of processing the powder
particles, the powder particles are introduced into the
treatment chamber 2 (Fig. 14 (A)) and the treatment
chamber 2 is rotated (Fig. 14 (B)). Initial rotation is at a
slow rotational speed, and since centrifugal force acting
on the powder particles is small, the powder particles
drop freely and accumulate on the bag filter 5 (Fig. 14
(C)). If the rotational speed of the treatment chamber 2
reaches a specified speed, almost all of the powder par-
ticles are formed into a powder particle layer on an inner
surface of the dispersion plate 212 due to centrifugal
force, and since centrifugal force is not exerted on the
powder particles that have accumulated on the bag filter
5 it is maintained in that state (Fig. 14 (D)). If the rotation
operation lever 515 is then operated to rotate the bag
filter 5 by about 90°, the powder particles that have ac-
cumulated on the bag filter 5 fall down (Fig. 14 (E)) and
is assimilated into the powder particles forming the layer
on the inner surface of the dispersion plate 212 due to
gravity and centrifugal force.
[0049] As a method that does not use the rotation op-
eration lever 515, it is possible to utilize a structure where
the above described bag filter 5 is caused to rotate by
the drive force of a motor 3, to cause the powder particles
on the bag filter 5 to drop off. Alternatively, it is possible
to utilize a structure that uses a retainer and bag shaped
bag cloth for covering the retainer, and to intermittently
blow compressed gas from the discharge pipe 511 to
instantaneously inflate the bag cloth and cause the pow-
der particles to fly off.
[0050] In the embodiment of the present invention hav-
ing the above described structure, mixing, granulation
and drying are carried out by forming a fluidized bed of
powder particles inside the treatment chamber 2. With
the apparatus, the treatment chamber 2 is configured to
be capable of causing rotation of a circumferential plate
212 (202) about an axis, as ventilation means constituted
by a dispersion plate, and also, heated air supplied from
the gas inflow means via this rotatable circumferential
plate 212 (202) is introduced to the inside of the treatment
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chamber 2. As a result, in the fluidized bed of the present
apparatus, behavior of the powder particles inside the
treatment chamber 2 is controlled by control means for
controlling centrifugal force due to rotation of the treat-
ment chamber 2 and centripetal force due to the inflow
of heated air. This means that with respect to powder
particles inside the treatment chamber 2 it is possible to
supply the effect of forces from opposing directions,
namely the centrifugal force and centripetal force, in a
balanced manner, and behavior control is possible to
cause dispersive fluidizing while maintaining a state
where the powder particles are allowed to accumulate
uniformly inside a specified region at the circumferential
plate 212 (202) side. Also, even if heated air required to
uniformly disperse the powder particles is supplied, since
centrifugal force acts on the powder particles, a good
fluidized bed is formed where there is no danger of the
powder particles being blown off as with the fluidized bed
apparatus of the related art, and it is possible to treat fine
particle powder in the micron and submicron range.
[0051] It is also possible to easily carry out a balance
adjustment operation for the centrifugal force and the
centripetal force using control means, and for the powder
particles it is possible to carry out behavior control so that
a fixed bed, partially fluidized bed and completely fluid-
ized bed are appropriately formed. As a result, during the
granulation treatment, from a fixed bed to a complete
fluidized bed are repeatedly formed, and it is anticipated
that processing efficiency will be improved by carrying
out compression treatment of the powder particles, in
addition to cohesive force and adhesive force possessed
by the source powder particles itself, to make it possible
to generate a strong granulated material.
[0052] Further, behavior of the powder particles is such
that the powder particles accumulates inside a specified
region at the circumferential plate 212 (202) side to form
a fluidized bed, it is possible to arrange the granulation
nozzle 4 and bag filter 5 in a rotational center region inside
the treatment chamber 2 without there being any nega-
tive influence on the fluidization process, and it is possible
to make practical use of space inside the treatment cham-
ber 2.
[0053] The treatment chamber 2 of this embodiment
is formed in a cylindrical shape, but this is not limiting
and it is also possible to form the chamber in a truncated
cone shape or with a central section expanded as long
as the cross section at an arbitrary position is a concentric
circle, and a completely or partial dual cylinder structure
is also possible. In the case of using a shape other than
a cylinder for the treatment chamber 2, powder particles
that have accumulated at the circumferential plate 212
(202) side form a fluidized bed that is inherent to the
shape of the treatment chamber 2, for example having a
partially different thickness, and it is possible to carry out
mixing, granulation and drying treatment using this type
of treatment chamber 2.
[0054] A circulation path 215 (205) for air is formed
between the inner wall surface of the casing body 1 and

an outer surface region of the circumferential plate 212
(202) maintaining a specified space, and the gas inflow
means is comprised of supply port 113 (103) for intro-
ducing heated air from the supply device (blower 6) and
the circulation path 215 (205). As a result, heated air is
made the same pressure inside this circulation path 215
(205) making it possible to cause uniform dispersive flow
inside the treatment chamber 2. This circulation path 215
(205) has, for example, openings of ventilation holes in
the circumferential plate 212 (202) that are larger than
powder particles, and the powder particles are dis-
charged to the circulation path 215 (205) side during
treatment air flows into the treatment chamber 2 through
the circumferential plate 212 and flow path for discharg-
ing to the bag filter 5 is formed which means that dis-
charged powder particles can be re-introduced into the
treatment chamber 2.
[0055] The gas inflow means is made up of the supply
port 113 (103) and circulation path 215 (205), as de-
scribed previously, but this is not limiting and it is not
essential to provide the circulation path 215 (205) as long
as the structure equally supplies heated air to the circum-
ferential plate 212 (202) from the outer surface region
thereof.
[0056] The supply port 113 (103) is arranged at a side
surface of the casing 1 so as to supply heated air towards
the same rotational direction as the treatment chamber
2. As a result, heated air that has been supplied from the
supply port 113 (103) to the circulation path 215 (205)
flows in a constant direction (rotation direction of the treat-
ment chamber 2) inside the circulation path 215 (205),
and smoothly flows dispersively into the inside of the
treatment chamber 2, uniformly from the ventilation holes
of the circumferential plate 212 (202), which means that
it is possible to exert equal centripetal force on the powder
particles.
[0057] Discharge means including the bag filter 5 for
discharging heated air that has flowed in to the inside of
the treatment chamber links to a central region of the
treatment chamber 2, and heated air inside the treatment
chamber 2 can be efficiently discharged from a rotational
center regions without exerting any detrimental effect on
the behavior of the powder particles. By making it possi-
ble to arrange the bag filter 5 at the central region, the
overall apparatus can be made compact by making ef-
fective use of the rotational central region.
[0058] The control means is configured so that it is pos-
sible to control behavior of the powder particles from a
fixed bed formation state, where the powder particles are
centrifugally pressed to the circumferential plate 212
(202) side to accumulate at a uniform thickness, to a flu-
idized bed formation state, where the powder particles
are centripetally dispersed in the axial direction, by bal-
ance adjustment of the rotational speed of the treatment
chamber 2 and the supplied amount of air. Accordingly,
using the control means, balance adjustment of the cen-
trifugal force and centripetal force can be carried out eas-
ily, and it is possible to carry out processing of the powder
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particles using behavior control to appropriately form a
fixed bed, a partial fluidized bed and a complete fluidized
bed. During granulation processing, granulation be-
comes possible using behavior control to repeat the com-
pression in the fixed bed formation state and the disper-
sion in the fluidized bed formation state, and it is antici-
pated that processing efficiency will be improved by car-
rying out compression treatment of the powder particles,
in addition to cohesive force and adhesive force pos-
sessed by the source powder particles itself, to make it
possible to generate a strong granulated material.
[0059] The granulation nozzle 4 is provided inside the
treatment chamber 2 at a central section, and granulation
binder fluid is finely sprayed from the granulation nozzle
4 towards the circumferential plate 212 (202) direction.
As a result, since the granulation binder fluid itself is also
uniformly sprayed to the circumferential plate 212 (202)
side due to the centrifugal force, it is possible to wet the
powder particles efficiently and to perform granulation
treatment.
[0060] With this apparatus, the structure is such that
together with the inflow of gas through the porous cir-
cumferential plate 212 to the cylindrical treatment cham-
ber 2 holding the powder particles, gas flowing into the
treatment chamber 2 is discharged to the outside of the
treatment chamber 2 through the bag filter, and also, to-
gether with formation of the circulation path 215 for gas
by means of the circumferential plate 212 at an outer side
of the treatment chamber 2, the bag filter 5 is arranged
at an axial inner section of the treatment chamber 2, with
the circumferential plate being capable of rotation in a
direction around the bag filter 5. Accordingly, it is possible
to cause centrifugal force to act on the powder particles
in accordance with rotation of the circumferential plate
212, while gas flows in from the outer side treatment
chamber 2 through the circumferential plate 212, and
even if there are fine particles of powder in the micron or
submicron range it is possible to carry out various treat-
ments such as mixing, granulation, coating, drying and
reaction while controlling the behavior of the powder par-
ticles. Furthermore, in a rotation center region where
there is no detrimental effect on the behavior of the pow-
der particles inside the treatment chamber 2, the entire
filter surface of the bag filter 5 is used uniformly making
it possible to discharge the inflowing gas in an equally
dispersed manner, unevenness of the gas is avoided and
it is expected that behavior control to achieve balance of
the centrifugal force and the centripetal force will be sim-
plified contributing to formation of a uniform and stable
fluidized bed, and it is also anticipated that it will be pos-
sible to improve processing efficiency dramatically.
[0061] Since the granulation nozzle 4 is provided inside
the bag filter 5, not only is it possible to spray granulation
binder fluid from a central part of the treatment chamber
2, it is also possible to simplify the structure by also using
the bag filter 5 as a support member for the granulation
nozzle 4.
[0062] The bag filter 5 is structured to be rotatable

around its circumference, and is rotated using a rotation
operation lever 515 (operation means), which means that
it is possible to easily cause the powder particles that
have accumulated on the bag filter 5 to drop off. Further,
in another embodiment the bag filter 5 is structured to be
rotatable about its circumference and rotated by a motor
3 (drive means), which means that operation of the rota-
tion operation lever 515 is not required and it is also pos-
sible to cause forced separation of the powder particles
on the bag filter 5 using centrifugal force and to prevent
clogging of the bag filter 5.
[0063] Because the angular velocity of the bag filter 5
and the angular velocity of the circumferential plate 212
different, the relative position of the granulation nozzle 4
and the circumferential plate 212 is varied and it is pos-
sible to spray granulation binder fluid to the powder par-
ticles without bias.
[0064] By intermittently blowing compressed air from
a compressor to the bag filter 5, fine powder particles
shaken off the filter surface are mixed in with the powder
particles forming the powder particle layer inside the
treatment chamber 2, which means that there is no prob-
lem of component separation.
[0065] The motor 3 and discharge pipe 511 (gas dis-
charge path) are arranged at an outer rear side of the
treatment chamber 2, and since a cover body 216 and
cover body 112 for opening and closing the treatment
chamber 2 are arranged at the front of the treatment
chamber 2 the structure is such that the treatment cham-
ber 2 is closed inside the casing 1 and construction is
made relatively simple. As a result, it is possible to make
opening and closing and encapsulation of the treatment
chamber 2 simple compared to the first embodiment.
[0066] The cover body 216 and the cover body 112 are
formed from transparent material, which makes it possi-
ble to control the behavior of the powder particles while
confirming the condition of the powder particles through
observation.
[0067] By providing the casing body 1 provided with
the treatment chamber 2 so that the rotational axis of the
circumferential plate 212 faces in the horizontal direction,
and having a structure enabling rotation about a support
shaft 116a that is horizontal and orthogonal to the rota-
tional axis as a fulcrum, at the time of processing the
powder particles it is possible to give the fluidized bed
apparatus a horizontal structure, and compared to a ap-
paratus having that structure vertically it is possible to
form a favorable fluidized bed avoiding unevenness of
the powder particles due to gravity, and since it is easy
for the powder particles to collect uniformly at the inner
wall surface side of the circumferential plate, it is possible
to easily obtain a fluidized bed that has been uniformly
dispersedly fluidized. As a result, volume adjustment of
the inside of the treatment chamber 2 using the bottom
surface plate 202a is no longer necessary, transit disper-
sion of inflowing air by the circumferential plate 212 is
made uniform, and there is the advantage that it is easy
to perform behavioral control of the fluidized bed.
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[0068] When not processing, it is possible to easily car-
ry out introduction and removal of the powder particles
by rotating the casing body 1 so that the opening section
112a of the casing 1 faces upwards. Also, since it is pos-
sible to alter the structure of the casing 1 from a vertical
type to a horizontal type, it is possible to use either a
vertical type or a horizontal type, enabling treatment us-
ing an orientation changing process including a variation
in inclination through a range of 0 - 90°.
[0069] The treatment apparatus body is rotated by
means of a reduction gear mechanism including a worm
814, which means that it is possible to reduce the handle
operation force by ensuring a large reduction ratio, and
it is also possible to fix the casing 1 at an arbitrary position
by a braking action of the worm 814.
[0070] Based on Fig. 15 to Fig. 19, a description will
now be given of a fluidized bed apparatus for powder
particles representing a third embodiment of the present
invention. Fig. 15 is an overall perspective view of the
fluidized bed apparatus, Fig. 16 is an explanatory draw-
ing for operation of a casing body, Fig. 17 is a front view
showing a casing body section of the fluidized bed ap-
paratus, Fig. 18 is a front view showing a state where an
outer cover of the casing body is open, and Fig. 19 is a
side cross-sectional view showing a casing body section.
This third embodiment is an improvement to the second
embodiment, and the same reference numbers are used
to represent members shared with the second embodi-
ment. As shown in these drawings, the casing body 1 of
the fluidized bed apparatus is a cylindrical truncated cone
type having an opening section 112a at a front surface
section, and internally comprises a cylindrical treatment
chamber 2 for treating powder particle material, an air
inflow path (circulation path) 215 formed between the
treatment chamber 2 and an inner wall surface of the
casing, and a bag filter 5 arranged at an axial section of
the inside of the treatment chamber 2.
[0071] The air inflow path 215 is formed between the
inner wall surface of the casing 1 and an outer surface
region of the circumferential plate (dispersion plate) 212
as ventilation means for the treatment chamber 2. The
casing 1 is integrally fixed to a body bracket 116 having
a substantially L-shaped cross section using bolts 125
at a rear surface section of the casing. The opening sec-
tion 112a at the front surface section of the casing 1 is
covered by a substantially rhomboid flat disk-shaped out-
er cover body 12 containing circular transparent acrylic
resin. The outer cover 12 is attached at an upper part to
a hinge section 122 of a slide body 128 tip end so as to
be capable of opening and closing upwards and down-
wards. The outer cover 12 also has a grip handle 123 at
a lower part and left and right slot sections 124, 124. To
open and close the outer cover 12, left and right take-up
handles 126, 126 provided at outer side surfaces of the
casing 1 capable of rotating horizontally are respectively
joined to the slot sections 124, 124 and the outer cover
12 is press-fitted to the casing 1 (opening section 112a)
by tightening to close the door, and the operation is re-

versed to open the door. The outer cover 12 in the open
state can be stowed by sliding the slide body 128 provid-
ed so as to be capable of sliding with respect to guide
bars 127 rearwards along the guide bars 127, and the
guide bars 127 have front ends respectively supported
in a frame 121 bent in a stepped shape viewed from the
side, and rear ends respectively supported on an upper
part of a case cover 11.
[0072] Supply ports 13 for introducing specified gas
(various gas such as heated air, inert gas, etc.) into the
air circulation path 215 are formed in the bracket 116
constituting the rear surface section of the casing 1 form-
ing the inner wall of the air circulation path 215, facing a
surface region of the outer circumferential surface of the
treatment chamber 2. The supply ports 13 are holes of
about 30 mm diameter provided at 12 places in total at
specified intervals. Gas introduced from these supply
ports 13 is caused to circulate along the inner periphery
of the casing 1 accompanying rotation of the treatment
chamber 2 that is, rotation of the dispersion plate 212
about the axis as ventilation means, and gas inflow
means is constituted by the air circulation path 215 and
the plurality of supply ports 13. A gas supply chamber
131 for equally distributing air from the gas supply device
(not shown in the drawings) provided inside a frame 7,
which will be described later, is provided at a rear surface
side of the supply ports 13, and in the case of introducing
heated air, for example, air generated by a blower, as
gas supply means is heated by a heater and guided into
the gas supply chamber 131.
[0073] The supply ports 13 are not limited to being cir-
cular, and it is also possible to form them in an arbitrary
shape, such as elliptical. It is also possible to provide a
plurality of smaller supply ports 13 at an arrangement
region of one supply port 13, or to form the supply ports
so as to impart directivity to an air jet.
[0074] The treatment chamber 2 is formed by making
a substantially truncated cone shaped rear fixed plate
221 and a disc shaped inner cover 216 containing circular
transparent acrylic resin face each other at a specified
distance, and fitting the cylindrical dispersion plate 212
between them as ventilation means. The inner cover 216
can be attached to and removed from the fixed plate 221.
The fixed plate 221 comprises a ring-shaped upright sec-
tion 221a rising up in an axial direction from the dispersion
plate (circumferential plate) 212 and having an arbitrary
width, and an inclined section 221b extending from the
upright section 221a. A plurality of bolt pins 214a are
provided on the upright section 221a, and a plurality of
attachment holes 214b, each of which is formed by inte-
grally connecting large and small holes, are provided in
the inner cover 216. In attaching the inner cover 216 to
the fixed plate 221, large holes of the attachment holes
214b are fitted over bolt heads of the bolt pins 214a, and
abut against the bolt heads by rotating the inner cover
216 to the small hole side and fixing using upper and
lower bolts. When removing the inner cover 216 it is pos-
sible to carry out the reverse operation and it is possible
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to attach and remove the inner cover 216 together with
the dispersion plate 212. The dispersion plate 212 is ar-
ranged a specified distance from the inner wall surface
of the casing 1 and gas that has been introduced to the
air (gas) circulation path 215 flows into the inside of the
treatment chamber 2 through the dispersion plate 212.
[0075] The granulation nozzle 4 for two-fluid fine spray-
ing is provided inside the treatment chamber 2. The gran-
ulation nozzle 4 is connected through piping to a binder
supply device, not shown, and a compressor, not shown,
and a specified granulation binder fluid supplied from the
supply device is sprayed to the inside of the treatment
chamber 2.
[0076] The dispersion plate 212 can be appropriately
replaced by a dispersion plate of differing hole diameter
or material properties depending on the particle size of
the powder particles to be processed, and it is possible
to use a porous plate, slits, metal mesh, multi-layer metal
mesh or metal fiber etc. For example, a multi-layer metal
mesh is formed by overlaying a plurality of meshes having
different mesh sizes, and sintering at a specified pressure
and temperature, and it is possible to prevent clogging
with powder particles by forming a metal mesh of a fine
mesh size.
[0077] A cylindrical rotation support shaft 217 extend-
ing rearwards is integrally connected to a central part of
the rear fixed plate 221, and the rotation support shaft
217 is rotatably supported via a pair of bearings 119 at
an inner periphery of a cylindrical holder 118 integrally
provided on the body bracket 116. A motor 3 (drive unit)
is arranged beneath the rotation support shaft 217. A
pulley 312 integrally provided on the motor shaft 311 and
a pulley 313 integrally provided on the rotation support
shaft 217 are connected together via a transmission belt
314. In this way it is possible to rotate the treatment cham-
ber 2 in response to drive of the motor 3 and to impart
centrifugal force to the powder particles inside.
[0078] The bag filter 5 is formed from a cylindrical mesh
plate, and is fitted between a disk-shaped rear plate 512,
having an opening section at a middle part, and a disc
shaped front plate 513 having a central part formed in a
U-shape, that are caused to face each other with a spec-
ified distance between them. The rear plate 512 and the
front plate 513 are connected using butterfly bolts 514
provided in the middle, and it is possible to attach and
detach the front plate 513 and the bag filter 5 by tightening
or loosening the bolts 514. The configuration of the bag
filter 5 is such that it is arranged a specified distance from
the dispersion plate 212, and an arrangement proportion
inside the treatment chamber 2 is wider than the surface
width of the dispersion plate 212 or larger than the surface
area of the dispersion plate 212, with gas that has flowed
into the treatment chamber 2 through the dispersion plate
212 being discharged through the bag filter 5.
[0079] The bag filter 5 can be appropriately replaced
with one of a different hole diameter or material depend-
ing on the particle diameter of the powder particles to be
processed, and as well as material that is the same as

that used for the dispersion plate 212, it is possible to
form the filter cylindrically using a retainer and
bag-shaped bag cloth (woven or non-woven fabric)
formed from various materials for covering the retainer,
or alternatively to form the bag filter 5 in a bellows shape
in order to ensure surface area.
[0080] A cylindrical discharge pipe 511 extending rear-
wards is integrally connected to a central opening part
of the rear plate 512, and gas discharged from the treat-
ment chamber 2 to the bag filter 5 is discharged outside
of the apparatus (outside the system) via the discharge
pipe 511. The discharge pipe 511 is rotatably supported
at the inner periphery of the rotation support shaft 217.
[0081] A backwash nozzle, not shown, is provided in-
side the bag filter 5, and compressed gas is instantane-
ously or intermittently sprayed to peel away particulate
matter that has become attached to the bag filter 5, and
returned to the dispersion plate 212 side. Utilizing the
structure where the bag filter 5 uses a retainer and
bag-shaped bag cloth for covering the retainer, it is pos-
sible to instantaneously inflate the bag cloth using com-
pressed gas to cause the powder particles to fly off.
[0082] A pair of support shafts 116a, 116b are respec-
tively attached to attachment surfaces formed on left and
right sides of the body bracket 116. The body bracket
116 is fitted by rotatably pivoting to the frame 7 via these
support shafts 116a, 116b. The frame 7 is formed sub-
stantially in a U-shape in front view, so that various equip-
ment (not shown) is housed in the bottom section 721
and left and right upright side sections 722, 723, and the
upright side sections 722 and 723 constitute support sec-
tions (support frames) for pivoting the support shafts
116a and 116b. The casing body 1 is then capable of
rotation upwards and downwards in the U-shaped space.
A gas supply device containing a blower and a heater
etc. is provided inside the bottom section 721. An oper-
ation control device is equipped inside the upright side
section 722, for controlling various drives, such as the
motor for causing upward and downward rotation of the
casing body 1 using the operation panel 722a, and a
control panel for controlling centrifugal and centripetal
force on the powder particles inside the treatment cham-
ber 2. A collection bag filter 62 for collecting powder par-
ticles that have passed through the bag filter 5 and been
discharged outside the system from the discharge pipe
511 via the piping hose 511 a is fitted inside the upright
side section 723.
[0083] The support shaft 116b is tubular, and the inside
of this tube is used for housing a gas supply tube con-
necting the gas supply device and the gas supply cham-
ber 131, to pass wiring to the motor 3, etc. therethrough,
and to connect various devices at the casing 1 and frame
7 side.
[0084] In this manner, the casing 1 is constructed ca-
pable of varying rotation of a rotation shaft of the treat-
ment chamber 2 from above to below, and it can be used
in either case of a vertical type where the rotation shaft
of the treatment chamber 2 is vertical, or a horizontal type
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where the rotation shaft is horizontal. In this apparatus,
powder particles are introduced with the opening section
112a of the casing 1 facing upwards (rotation axis in the
vertical direction), as shown in Fig. 16 (A), the powder
particles are processed with the opening section 112a
facing sideways as shown in Fig. 15 (rotation axis in the
horizontal direction), and powder particles are removed
with the opening section 112a facing downwards (rota-
tion axis in the vertical direction), as shown in Fig. 16 (B).
[0085] Next, a description will be given of a method of
carrying out drying treatment while mixing and granulat-
ing powder particles, for the apparatus having this type
of structure. In introducing a constant amount of powder
particles into the treatment chamber 2, first of all the outer
cover 12 and the inner cover 216 are opened with the
opening section of the casing 1 sloping upwards, a con-
stant amount of powder particles is introduced into the
treatment chamber 2 and the outer cover 12 and the inner
cover 216 are closed. After that, the orientation of the
casing 1 is changed to a lateral manner, centrifugal force
is applied to the powder particles by causing rotation of
the treatment chamber 2 by driving the motor 3, and the
powder particles accumulate uniformly on the inner wall
surface of the circumferential plate 212. On the other
hand, heated air that has been guided to the inflow 215
is made to flow to the inside of the treatment chamber 2
through the circumferential plate 212 to cause dispersive
fluidization of the powder particles by subjecting them to
centripetal force, and forming a fluidized bed.
[0086] By providing a material supply discharge pipe
inside the discharge pipe 511, it is possible to operate
continuously, and if powder particles are introduced via
the supply discharge pipe while rotating the treatment
chamber 2 it is possible to simply introduce a specified
amount of powder particles in a short time. By causing
compressed air to flow inside the treatment chamber 2
using the granulation nozzle 4, as required, it is possible
to smoothly form a fluidized bed and it is also possible
to form a powder layer of uniform thickness in an ex-
tremely short time.
[0087] Here, inside the treatment chamber 2, although
only slight, the wind velocity is faster at the inner side of
the powder particle layer (axial direction), while centrifu-
gal force acting on the powder particles is smaller, which
means that fluidization commences from the powder lay-
er surface. As a result, even if the speed of rotation of
the treatment chamber 2 is constant, by varying an
amount of heated air supplied it is possible to form a fixed
bed where the powder particles are not fluidized, a par-
tially fluidized bed and a completely fluidized bed, as de-
scribed in Japanese Patent Laid-open No, 2002-119843.
[0088] In a third embodiment of the present invention
having this type of structure, a fluidized bed of powder
particles is formed by gas flowing into a cylindrical treat-
ment chamber 2 from a circumferential surface region,
and mixing, granulation and drying treatment is carried
out. At this time, at a dispersion plate (circumferential
plate) 212 side, as ventilation means, being the outer-

most section of the treatment chamber 2, and at a bag
filter 5 side at a central section, the flow rate is faster at
the central side, as result of which it becomes easier for
finer particles accompanying the gas flow to move to the
central section and a phenomenon arises where it is dif-
ficult for the moved particles to return to the circumfer-
ential surface region. Also, when blockage of the bag
filter 5 occurs discharge efficiency becomes bad and
there is a danger of pressure drop and the balance be-
tween centrifugal force and centripetal force collapsing.
[0089] However, the bag filter 5 provided in the treat-
ment chamber 2 of this apparatus has an arrangement
proportion inside the treatment chamber 2 that is wider
than the surface region width of the dispersion plate 212
forming the outer surface region, or larger than the sur-
face area of the dispersion plate 212.
[0090] In this way, gas that has flowed into the treat-
ment chamber 2 can cause discharge rate to be slowed
at an axial region inside the treatment chamber 2 where
centrifugal force is weak and discharge rate is fast, effi-
cient discharge of airflow is obtained while balancing cen-
tripetal force and centrifugal force on the powder particles
regardless of the particle diameter, uneven gas flow is
avoided and it is possible to carry out drive control for
optimum inflow and discharge of gas for fluidized bed
behavior. Further, it can be planned to improve product
collection rate by reducing the amount of powder parti-
cles attaching to the bag filter 5 accompanying airflow,
and amount of powder particles discharged by passing
through from the bag filter, and it is further possible to
improve control characteristics for powder particles in-
side the treatment chamber 2 such as being able to form
a good fluidized bed by exerting forces in opposing di-
rections, namely centrifugal force and centripetal force,
in a well balanced manner. Also, it is possible to carry
out an adjustment operation for the balance between the
centrifugal force and centripetal force extremely easily
using control means, and it is possible to plan to improves
processing efficiency by reliably processing fine powder
particles in the micron and sub micron range.
[0091] The arrangement proportion of the dispersion
plate 212 and the bag filter 5 inside the treatment cham-
ber 2 is realized by forming the treatment chamber 2 in
a truncated cone shape. That is, a large overall central
region that is set is effectively utilized and makes the
arrangement region for the bag filer 5 by forming an up-
right section 221a that is upright and has an arbitrary
height and width from a dispersion plate 212 side, and
an inclined region 221b extending towards the rear from
the upright section 221a, with respect to an axial direction
of the treatment chamber 2. As a result, with respect to
powder particles at an axial region side inside the treat-
ment chamber 2 where centrifugal force is weak, by slow-
ing down flow rate at the inclined section together with
discharge action to the discharge pipe 511 side to weak-
en centripetal force, even if there is attachment to the
bag filter 5, it is possible to cause powder particles to
move smoothly to the upright section 221a side to form
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a fluidized bed, including powder particles that are made
to fly off by a backwash nozzle.
[0092] The treatment chamber 2 of this embodiment
has the rear fixed plate 221 formed in the shape of a
truncated cone, but the shape of the treatment chamber
2 is not limiting. It is also possible to form the inner cover
body 216 in a truncated cone shape, and also to form
both the rear fixed plate 221 and inner cover body 216
in truncated cone shapes to give an overall diamond
shape when viewed from the side.
[0093] By forming the inclined section 221b facing to
the rear of the casing 1 (bracket 116 side), it is possible
to smoothly move the powder particles to the upright sec-
tion 221a side and also to use a space appearing at the
rear surface side of the inclined section 221b as the air
circulation path 215 to make the air circulation path 215
inside the casing 1 large, which makes it possible to in-
crease the amount of heated air accumulated inside the
air circulation path 215 (casing 1), to make the pressure
either side of the dispersion plate 212 much closer to
equal, and to achieve uniform dispersive inflow inside
the treatment chamber 2.
[0094] By making the gas inflow means using the air
inflow path 215, formed between the casing 1 and the
dispersion plate 212, and the plurality of supply ports 13
being a specified distance from an inner wall forming the
air flow path 215, it is possible to cause air to flow in
uniformly from the entire surface region of the dispersion
plate 212 to the inside of the treatment chamber, without
gas supplied to the air inflow path 215 circulating exces-
sively. Also, because the supply ports 13 can be made
small, it is possible to manufacture a supply structure
without the gas supply path projecting to the exterior sur-
face of the casing 1. As a result, arrangement of the cas-
ing 1 and treatment chamber 2 and connection to the gas
supply device can be optimized, the gas supply structure
for the overall apparatus is simplified and manufacture
is made easy.
[0095] Since the supply ports 13 are provided in the
bracket 116 forming the inner wall of the inflow path 215,
it is possible to have gas supplied from the supply ports
13 flow out in a direction parallel to the dispersion plate
212, direct outflow (blowing) to the dispersion plate 212
is avoided, it is possible to equalize pressure inside the
inflow path 215 in a state where there is no circulation
due to supply of heated air, and it is possible to make a
circulation path due to circulation arising from rotation of
the dispersion plate 212.
[0096] The supply ports 13 can also be provided in the
casing 1 forming the inner wall of the inflow path as well
as in the bracket 116, and naturally the inflow direction
of the air is arbitrary.
[0097] Further, a donut shaped (annular) gas supply
chamber 131 for distributing air from the gas supply de-
vice to each of the supply ports 13, 13... is provided next
to the rear surface side of the supply ports 13 (bracket
116), and the supply ports 13 are linked to this gas supply
chamber 131. Air supplied from the gas supply device is

temporarily built up inside this gas supply chamber 131
and air can be supplied equally to each of the supply
ports 13, 13... and discharged to the inside of the inflow
path 215. The gas supply chamber 131 can be arranged
at a rear surface side of the bracket 116 together with
the motor 3 and the discharge pipe 511 (gas discharge
path) etc., arrangement of the casing 1 and the treatment
chamber 2 and connection to the gas supply device is
optimized, the gas supply structure for the apparatus
overall is simplified and manufacture is easy.
[0098] The casing 1 is formed as a truncated cone
shape with a substantially trapezoidal cross section so
that the external profile facing forwards becomes small,
which means that an inclined side surface section of the
casing 1 forms an inclined inner wall constituting the in-
flow path 215, and air supplied to the inside of the inflow
path 215 from each of the supply ports 13, 13... can be
discharged towards the inclined inner wall, it becomes
possible to direct flow towards a circumferential surface
region direction of the dispersion plate 212, and it is pos-
sible to support uniform dispersive inflow to the inside of
the treatment chamber 2.
[0099] The frame 7 is formed having upright side sec-
tions 722, 723 at the left and right and with a substantially
U-shaped cross section overall in front view, and the
treatment chamber 2 (casing 1) is fitted into a U-shaped
section of a space formed between the upright side sec-
tions 722 and 723 at the left and right, via support shafts
116a, 116b that are orthogonal to a rotational axis. The
upright side sections 722, 723 constitute support sections
(support frames) for axially supporting the support shafts
116a, 116b to secure a structure for supporting the treat-
ment chamber 2 capable of rotating up and down, it is
possible to vary the attitude of the treatment chamber 2
to be facing upwards, facing sideways or facing down-
wards, it becomes possible to carry out treatment utilizing
a process to vary the attitude of the treatment chamber
2, meaning varying inclination in a range of 0 - 90° con-
forming to respective operations such as introduction,
processing and extraction of powder material, and it is
possible to use either a vertical type or a horizontal type
apparatus.
[0100] One of the support shafts 116b is formed in a
cylindrical shape, and the inside of this cylindrical support
shaft 116b constitutes arrangement paths (arrangement
piping) for a gas supply pipe linking the treatment cham-
ber 2 and the frame 7 and wiring etc., which means that
these supply pipes and wiring are not exposed to the
outside, it is possible to completely remove any danger
of damage such as inadvertent attachment of processing
material to induce a reaction, and it is possible to plan to
link to devices mounted inside the bottom section 721 of
the frame 7 and inside the upright side sections 722, 723.
[0101] Inner and outer covers 216 and 12 capable of
being opened and closed are provided at a front surface
side of the treatment chamber 2 and a front surface side
of the casing 1, and because the inner cover 216 is con-
structed so as to be attached or removed by tightening
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or loosening bolts, while the outer cover 12 is hinged at
an upper section (or it can be hinged at a lower section)
and is constructed so as to slide stowed to the rear in an
open state, it is possible to form respectively independent
sections as a structure for closing the treatment chamber
2 inside the casing 1, and as a result opening and closing
and also sealing of the treatment chamber 2 can be made
easy, and the opened outer cover 12 does not obstruct
introduction or removal of powder particles, or varying of
attitude upwards or downwards accompanying the intro-
duction or removal of powder particles.
[0102] The inner cover 216 and the outer cover 12 are
formed from transparent resin, which means that it is pos-
sible to control behavior of the powder particles while
confirming the fluidization and processing states of the
powder particles through observation.

FIELD OF INDUSTRIAL UTILIZATION

[0103] The present invention is a rotating fluidized bed
apparatus for powder particle, the apparatus causing gas
to flow in to a cylindrical treatment chamber 2 in which
powder particles are introduced, via a porous circumfer-
ential faceplate 212, and discharging gas that has flowed
in to the treatment chamber 2 to the outside of the treat-
ment chamber via a bag filter 5, wherein a gas circulation
path 215 is formed at the periphery of the treatment
chamber 2 via the circumferential faceplate 212, and the
circumferential faceplate 212 has a structure enabling
rotation around an axis. With this arrangement, it is pos-
sible to form a fluidized bed for controlling behavior of
powder particles by having gas flow in from the outer side
of the treatment chamber via the circumferential plate
212 to exert centripetal force on the powder particle, while
exerting centrifugal force on the powder particles accom-
panying rotation of the circumferential plate 212. It is
therefore possible to carry out various treatments such
as mixing, granulation, coating, drying or reaction even
with powder particles that are in the micron or submicron
range.
[0104] In the present invention, by making the arrange-
ment proportion of the bag filter 5 inside the treatment
chamber 2 wider than the surface width of the dispersion
plate 212 or larger than the surface area of the dispersion
plate 212, it is possible to cause gas that has flowed into
the treatment chamber 2 to be discharged at a lower rate
at an axial region inside the treatment chamber 2 where
centrifugal force is weak and discharge rate is fast. Ac-
cordingly, it is possible to efficiently discharge gas that
has been introduced into the treatment chamber while
balancing centripetal force and centrifugal force on the
powder particles regardless of the particle size, and it is
possible to carry out optimal operation control of intro-
duction and discharge of gas for fluidized bed behavior.
It is also possible to plan for improved product collection
rate by reducing the amount of powder particles sticking
to a bag filter accompanying gas flow, and reducing the
amount of discharge through the bag filter.

[0105] With the present invention, the gas introduction
means comprises a gas introduction path 215 formed
between a casing 1 and ventilation means 212, and a
plurality of supply ports 13 provided at specified intervals
on an inner wall forming the gas inflow path 215. In this
way, it is possible to cause gas to flow in uniformly from
the entire surface region of the ventilation means 212 to
the inside of the treatment chamber 2, without gas sup-
plied to the gas inflow means being circulated excessive-
ly. Also, because the supply ports 13 can be made small,
it is possible to manufacture a gas supply structure with-
out the gas supply path projecting to the exterior surface
of the casing 1. As a result, arrangement of the gas inflow
means, and casing 1 and treatment chamber 2, and con-
nection of the gas inflow means and the gas supply de-
vice can be optimized, the gas supply structure for the
overall apparatus is simplified and manufacture is made
easy.

Claims

1. A rotating fluidized bed apparatus for powder parti-
cle, said apparatus comprising
a cylindrical treatment chamber (2),
a filter,
a circumferential faceplate (202, 212) having perme-
ability, and
a gas circulation path (205, 215) that is formed at
the periphery of the cylindrical treatment chamber
(2) via the circumferential faceplate (202, 212);
wherein said apparatus causing gas to flow into the
cylindrical treatment chamber (2), in which powder
particles are placed, via the circumferential faceplate
(202, 212) and discharging gas, that has flowed into
the treatment chamber, from the cylindrical treat-
ment chamber (2) via the filter (5),
characterized in that
the filter is a bag filter (5) which is provided at a central
portion inside the cylindrical treatment chamber (2),
and
the circumferential faceplate (202, 212) is adapted
to rotate circumferentially about the bag filter (5).

2. The rotating fluidized bed apparatus of claim 1,
wherein a granulation nozzle (4) is provided inside
the bag filter(5).

3. The rotating fluidized bed apparatus of claim 2,
wherein the bag filter(5) is rotatable about its circum-
ference, and is operably rotated by operation means.

4. The rotating fluidized bed apparatus of claim 2,
wherein the bag filter (5) is rotatable about its cir-
cumference, and is rotated by a drive unit.

5. The rotating fluidized bed apparatus of claim 4,
wherein the rotational speed of the bag filter (5) and
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the rotational speed of the circumferential plate (212)
are different.

6. The rotating fluidized bed apparatus of any one of
claims 1 to 5, wherein a drive unit (3) for rotating the
circumferential plate (202, 212) and a gas discharge
path (511) communicating with the bag filter (5) are
provided on one side of the treatment chamber (2),
and a cover (216) for opening and closing the treat-
ment chamber is provided on the other side of the
treatment chamber.

7. The rotating fluidized bed apparatus of claim 6,
wherein at least part of the cover (216) is made of a
transparent material or semitransparent material.

8. The rotating fluidized bed apparatus of any one of
claims 1 to 7, wherein a casing (1) body having the
treatment chamber (2) is arranged so that a rotation-
al axis of the circumferential plate (212) is horizon-
tally oriented, and the casing (1) is rotatable about
a support shaft (116a) that is horizontally oriented
and orthogonal to the rotational axis as a fulcrum.

9. The rotating fluidized bed apparatus of claim 8,
wherein the casing (1) body is operably rotated via
a reduction gear mechanism comprising a worm
gear (814).

10. The rotating fluidized bed apparatus of any one of
claims 1 to 9, wherein the circumferential plate (202,
212) is made of a porous plate, slits, metal mesh,
multi-layer metal mesh or metal fibers.

11. The rotating fluidized bed apparatus of any one of
claims 1 to 10, wherein the bag filter (5) is formed
cylindrically of a retainer and bag cloth for covering
the retainer.

12. The rotating fluidized bed apparatus of any one of
claims 1 to 11, said apparatus is used in a powder
particle mixing process, a powder particle granula-
tion process, a powder particle coating process, a
powder particle dying process, or a powder particle
reaction process.

13. The rotating fluidized bed apparatus of claim 1,
wherein
said treatment chamber (2) is rotatably provided in-
side a casing and provided with said faceplate as
cylindrical gas ventilation means (212) having per-
meability circumferentially about its axis,
gas introduction means (215, 13) is provided at the
periphery of the treatment chamber (2) for causing
gas to flow into the treatment chamber via the gas
ventilation means (212),
said bag filter (5) provided inside the treatment
chamber (2) is adapted to discharge gas that has

been introduced into the treatment chamber to the
outside, and
the bag filter (5) has an arrangement proportion in-
side the treatment chamber (2) such that said pro-
portion inside the treatment chamber is wider than
a surface width of the gas ventilation means (212),
or larger than the surface area of the gas ventilation
means (212).

14. The rotating fluidized bed apparatus of claim 13,
wherein the treatment chamber (2) comprises an up-
right section (221 a) upstanding in an axial direction
from the gas ventilation means (212) and having an
arbitrary width, and an inclined section (221b) ex-
tending from the upright section (221 a).

15. The rotating fluidized bed apparatus of claim 14,
wherein the inclined section (221 b) is formed facing
to the rear of the casing (1).

16. The rotating fluidized bed apparatus of claim 1,
wherein
said treatment chamber (2) is rotatably provided in-
side a casing and provided with said faceplate as
cylindrical gas ventilation means (212) having per-
meability circumferentially about its axis,
gas introduction means (215, 13) is provided at the
periphery of the treatment chamber (2) for causing
gas to flow into the treatment chamber via the gas
ventilation means (212),
said bag filter (5) provided inside the treatment
chamber (2) is adapted to discharge gas that has
been introduced into the treatment chamber to the
outside, and
the gas introduction means is comprised of a gas
introduction passage (215) formed between the cas-
ing (1) and the ventilation means (212), and a plu-
rality of supply ports (13) provided at intervals on an
inner wall forming the gas introduction passage
(215).

17. The rotating fluidized bed apparatus of claim 16,
wherein a gas supply chamber (131) for distributing
gas from the gas supply device to each of the supply
ports (13) is formed at a rear surface side of the sup-
ply ports (13), and the supply ports (13) communi-
cate with the gas supply chamber (131).

18. The rotating fluidized bed apparatus of claim 17,
wherein the gas supply chamber (131) is provided
adjacent a rear surface side of the gas inflow pas-
sage (215) at the portion of the supply ports (13).

19. The rotating fluidized bed apparatus of any one of
claims 16 to 18, wherein the supply ports (13) are
provided concentrically in one or two circles, or ra-
dially.
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20. The rotating fluidized bed apparatus of any one of
claims 16 to 19, wherein the gas supply chamber
(131) is annular.

21. The rotating fluidized bed apparatus of any one of
claims 13 to 20, wherein the apparatus includes a
frame (7) for mounting a gas supply device, a col-
lection bag filter and an operational control unit etc.,
the frame (7) has an overall U-shape in front view,
and the treatment chamber (2) is mounted inside the
U-shaped section via support shafts (116a).

22. The rotating fluidized bed apparatus of claim 21,
wherein one of the support shafts (116b) is made
cylindrical, and the inside of the cylindrical support
shaft (116b) constitutes a gas supply pipe linking the
treatment chamber and the frame, and an arrange-
ment path for wiring etc.

23. The rotating fluidized bed apparatus of any one of
claims 13 to 22, wherein an inner cover (216) and
an outer cover (12) capable of being opened and
closed are respectively provided at a front surface
side of the treatment chamber (2) and a front surface
side of the casing (1), the inner cover (216) for the
treatment chamber being detachably attached to the
treatment chamber, the outer cover (12) for the cas-
ing being hinged at an upper section or lower section
and constructed so as to be slide-stowed to the rear
in an open state.

24. The rotating fluidized bed apparatus of any one of
claims 13 to 23, wherein the casing (1) is formed in
a truncated cone shape inclined forwardly.

Patentansprüche

1. Eine rotierende Wirbelschichtvorrichtung für Pulver-
teilchen, wobei die Vorrichtung umfasst:

eine zylindrische Behandlungskammer (2),
einen Filter,
eine umlaufende Frontplatte (202, 212), die
durchlässig ist, und
einen Gaszirkulationsweg (205, 215), der am
Umfang der zylindrischen Behandlungskammer
(2) über die umlaufende Frontplatte (202, 2012)
ausgebildet ist;
wobei die Vorrichtung bewirkt, dass Gas über
die umlaufende Frontplatte (202, 212) in die zy-
lindrische Behandlungskammer (2), in der Pul-
verteilchen angeordnet sind, strömt, und dass
Gas, das in die Behandlungskammer geströmt
ist, aus der zylindrischen Behandlungskammer
(2) über den Filter (5) ausgestoßen wird,
dadurch gekennzeichnet, dass
der Filter ein Sackfilter (5) ist, der an einer zen-

tralen Position in der zylindrischen Behand-
lungskammer (2) bereitgestellt wird, und
die umlaufende Frontplatte (202, 212) dazu aus-
gebildet ist, umlaufend um den Sackfilter (5) zu
rotieren.

2. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 1, wobei eine Granulierdüse (4) im Inneren
des Sackfilters (5) angeordnet ist.

3. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 2, wobei der Sackfilter (5) um seinen Umfang
rotierbar ist und auf operative Weise von Betriebs-
mitteln rotiert wird.

4. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 2, wobei der Sackfilter (5) um seinen Umfang
rotierbar ist und von einer Antriebseinheit rotiert wird.

5. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 4, wobei die Rotationsgeschwindigkeit des
Sackfilters (5) und die Rotationsgeschwindigkeit der
umlaufenden Frontplatte (212) unterschiedlich sind.

6. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüch 1 bis 5, wobei eine Antriebseinheit (3)
zum Drehen der umlaufenden Frontplatte (202, 212)
und eine Gasausstoßungsstrecke (511), die mit dem
Sackfilter (5) in Verbindung steht, auf einer Seite der
Behandlungskammer (2) ausgebildet sind und eine
Abdeckung (216) zum Öffnen und Schließen der Be-
handlungskammer auf der anderen Seite der Be-
handlungskammer ausgebildet ist.

7. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 6, wobei zumindest ein Teil der Abdeckung
(216) aus einem transparenten oder semitranspa-
renten Material gefertigt ist.

8. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 1 bis 7, wobei ein Gehäusekörper (1)
mit der Behandlungskammer (2) derart angeordnet
ist, dass die Rotationsachse der umlaufenden Platte
(212) horizontal ausgerichtet ist, und das Gehäuse
(1) um eine Stützachse (116a) rotierbar ist, die ho-
rizontal ausgerichtet und orthogonal zu der Rotati-
onsachse als Drehpunkt ist.

9. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 8, wobei der Gehäusekörper (1) über einen
Getriebereduktionsmechanismus, der ein Schnek-
kengetriebe (814) umfasst, auf operative Weise ro-
tiert wird.

10. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 1 bis 9, wobei die umlaufende Front-
platte (202, 212) aus einer porösen Platte, Schlitzen,
Metallgewebe, mehrschichtigem Metallgewebe

29 30 



EP 1 440 729 B9

17

5

10

15

20

25

30

35

40

45

50

55

oder Metallfasern gefertigt ist.

11. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 1 bis 10, wobei der Sackfilter (5) zy-
lindrisch aus einem Halter und einer Stoffhülle, die
den Halter bedeckt, geformt ist.

12. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 1 bis 11, wobei die Apparatur in einem
Mischverfahren für Pulverteilchen, einem Granulati-
onsverfahren für Pulverteilchen, einem Beschich-
tungsverfahren für Pulverteilchen, einem Färbever-
fahren für Pulverteilchen oder einem Reaktionsver-
fahren für Pulverteilchen verwendet wird.

13. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 1, wobei
die Behandlungskammer (2) in einem Gehäuse ro-
tierbar gelagert ist und mit der Frontplatte als zylin-
drisches Gaslüftungsmittel (212), das um seine Ach-
se umlaufend durchlässig ausgebildet ist, ausgestat-
tet ist,
Gaseinleitmittel (215, 13) am Umfang der Behand-
lungskammer (2) angeordnet sind, um eine Gasein-
leitung in die Behandlungskammer über die Gaslüf-
tungsmittel (212) zu bewirken,
der Sackfilter (5), der im Inneren der Behandlungs-
kammer (2) angeordnet ist, dazu ausgebildet ist, in
die Behandlungskammer eingeleitetes Gas nach au-
ßen abzustoßen, und
der Sackfilter (5) einen Anordnungsanteil in der Be-
handlungskammer (2) aufweist, so dass der Anteil
in der Behandlungskammer breiter als eine Flächen-
breite der Gaslüftungsmittel (212) oder weiter als die
Flächenausdehnung der Gaslüftungsmittel (212) ist.

14. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 13, wobei die Behandlungskammer (2) einen
senkrechten Abschnitt (221 a) umfasst, der in axialer
Richtung von den Gaslüftungsmitteln (212) absteht
und eine beliebige Breite aufweist, und einen ge-
neigten Abschnitt (221 b) umfasst, der sich von dem
senkrechten Abschnitt (221 a) erstreckt.

15. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 14, wobei der geneigte Abschnitt (221 b) der-
art ausgebildet ist, dass er zum hinteren Teil des
Gehäuses (1) zeigt.

16. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 1, wobei
die Behandlungskammer (2) in dem Gehäuse rotier-
bar gelagert ist und mit der Frontplatte als zylindri-
sches Gaslüftungsmittel (212), das um seine Achse
umlaufend durchlässig ausgebildet ist, ausgestattet
ist,
Gaseinleitmittel (215, 13) am Umfang der Behand-
lungskammer (2) angeordnet sind, um eine Gasein-

leitung in die Behandlungskammer über die Gaslüf-
tungsmittel (212) zu bewirken,
der Sackfilter, der im Inneren der Behandlungskam-
mer (2) angeordnet ist, dazu ausgebildet ist, in die
Behandlungskammer eingeleitetes Gas nach außen
abzustoßen, und
das Gaseinleitmittel einen Gaseinleitungsabschnitt
(215), der zwischen dem Gehäuse (1) und dem Lüf-
tungsmittel (212) ausgebildet ist, und eine Vielzahl
von Zufuhröffnungen, die in Abständen an einer in-
neren Wand bereitgestellt werden, die den Gasein-
leitungsabschnitt bildet, umfasst.

17. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 16, wobei ein Gasvorratsbehälter (131) an
der Rückseite der Zufuhröffnungen (13) ausgebildet
ist, um Gas von der Gasvorratseinrichtung an jede
der Zufuhröffnungen zu verteilen, und die Zufuhröff-
nungen in Verbindung mit dem Gasvorratsbehälter
(131) stehen.

18. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 17, wobei der Gasvorratsbehälter angren-
zend an eine Rückseite des Gaseinströmungsab-
schnitts (215) bei dem Abschnitt der Zufuhröffnun-
gen (13) angeordnet ist.

19. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 16 bis 18, wobei die Zufuhröffnungen
(13) konzentrisch mit einem oder zwei Kreisen oder
radial ausgebildet sind.

20. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 16 bis 19, wobei die Gasvorratskam-
mer (131) ringförmig ist.

21. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 13 bis 20, wobei die Vorrichtung ei-
nen Rahmen (7) umfasst, an dem eine Gasvorrats-
einrichtung, eine Sammlung von Sackfiltern und eine
operative Steuereinrichtung etc., befestigt ist, der
Rahmen (7) insgesamt eine U-Form aus der Vorder-
ansicht aufweist und die Behandlungskammer (2) in
dem U-förmigen Abschnitt mittels Stützarmen
(116a) befestigt ist.

22. Die rotierende Wirbelschichtvorrichtung nach An-
spruch 21, wobei einer der Stützarme (116b) zylin-
drisch ausgebildet ist und das Innere des zylindri-
schen Stützarmes (116b) eine Gaszufuhrleitung bil-
det, die die Behandlungskammer und den Rahmen
verbindet, und eine Führung zur Anordnung für Ver-
drahtung etc. bereitstellt.

23. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 13 bis 22, wobei eine innere Abdek-
kung (216) und eine äußere Abdeckung (12), die ge-
öffnet und geschlossen werden können, auf einer
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Vorderseite der Behandlungskammer (2) und einer
Vorderseite
des Gehäuses (1) angeordnet sind, die innere Ab-
dekkung (216) für die Behandlungskammer lösbar
von der Behandlungskammer angebracht ist, die äu-
ßere Abdekkung (12) für das Gehäuse an einem
oberen oder unteren Abschnitt gelenkig gelagert ist
und derart ausgebildet ist, dass es in einem offenen
Zustand nach hinten schiebbar verstaubar ist.

24. Die rotierende Wirbelschichtvorrichtung nach einem
der Ansprüche 13 bis 23, wobei das Gehäuse (1)
kegelstumpfförmig nach vorne geneigt ausgebildet
ist.

Revendications

1. Appareil à lit fluidisé rotatif pour particules de poudre,
ledit appareil comprenant :

une chambre de traitement cylindrique (2),
un filtre,
un plateau circonférentiel (202, 212) présentant
une perméabilité, et
une trajectoire de circulation de gaz (205, 215)
qui est formée à la périphérie de la chambre de
traitement cylindrique (2) via le plateau circon-
férentiel (202, 212) ;
dans lequel ledit appareil amène les gaz à
s’écouler dans la chambre de traitement cylin-
drique (2) dans laquelle les particules de poudre
sont placées, via le plateau circonférentiel (202,
212) et déchargeant le gaz qui s’est écoulé dans
la chambre de traitement à partir de la chambre
de traitement cylindrique (2) via le filtre (5),
caractérisé en ce que :

le filtre est un filtre à sac (5) qui est prévu
au niveau d’une partie centrale à l’intérieur
de la chambre de traitement cylindrique (2),
et
le plateau circonférentiel (202, 212) est
adapté pour tourner de manière circonfé-
rentielle autour du filtre à sac (5).

2. Appareil à lit fluidisé rotatif selon la revendication 1,
dans lequel une buse de granulation (4) est prévue
à l’intérieur du filtre à sac (5).

3. Appareil à lit fluidisé rotatif selon la revendication 2,
dans lequel le filtre à sac (5) peut tourner autour de
sa circonférence, et est entraîné en rotation de ma-
nière opérationnelle par des moyens de fonctionne-
ment.

4. Appareil à lit fluidisé rotatif selon la revendication 2,
dans lequel le filtre à sac (5) peut tourner autour de

sa circonférence, et est entraîné en rotation par une
unité d’entraînement.

5. Appareil à lit fluidisé rotatif selon la revendication 4,
dans lequel la vitesse de rotation du filtre à sac (5)
et la vitesse de rotation du plateau circonférentiel
(212) sont différentes.

6. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 1 à 5, dans lequel une unité d’en-
traînement (3) pour faire tourner le plateau circonfé-
rentiel (202, 212) et une trajectoire de décharge de
gaz (511) communiquant avec le filtre à sac (5) sont
prévues d’un côté de la chambre de traitement (2),
et un couvercle (216) pour ouvrir et fermer la cham-
bre de traitement est prévu de l’autre côté de la
chambre de traitement.

7. Appareil à lit fluidisé rotatif selon la revendication 6,
dans lequel au moins une partie du couvercle (216)
est réalisée avec un matériau transparent ou un ma-
tériau semi-transparent.

8. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 1 à 7, dans lequel un corps de
carter (1) ayant la chambre de traitement (2) est
agencé de sorte qu’un axe de rotation du plateau
circonférentiel (212) est orienté de manière horizon-
tale, et le carter (1) peut tourner autour d’un arbre
de support (116a) qui est orienté de manière hori-
zontale et orthogonale à un axe de rotation comme
un pivot.

9. Appareil à lit fluidisé rotatif selon la revendication 8,
dans lequel le corps de carter (1) est entraîné en
rotation de manière opérationnelle par un mécanis-
me d’engrenage de réduction comprenant un engre-
nage à vis sans fin (814).

10. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 1 à 9, dans lequel le plateau cir-
conférentiel (202, 212) est réalisé avec une plaque
poreuse, des fentes, une maille métallique multicou-
che ou des fibres métalliques.

11. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 1 à 10, dans lequel le filtre à sac
(5) est formé de manière cylindrique avec un dispo-
sitif de retenue et un tissu de sac pour recouvrir le
dispositif de retenue.

12. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 1 à 11, ledit appareil est utilisé
dans un procédé de mélange de particules de pou-
dre, un procédé de granulation de particules de pou-
dre, un procédé de revêtement de particules de pou-
dre, un procédé de séchage de particules de poudre
ou un procédé de réaction de particules de poudre.

33 34 



EP 1 440 729 B9

19

5

10

15

20

25

30

35

40

45

50

55

13. Appareil à lit fluidisé rotatif selon la revendication 1,
dans lequel :

ladite chambre de traitement (2) est prévue en
rotation à l’intérieur d’un carter et prévue avec
ledit plateau en tant que moyens de ventilation
de gaz cylindriques (212) présentant une per-
méabilité, de manière circonférentielle autour de
son axe,
des moyens d’introduction de gaz (215, 13) sont
prévus à la périphérie de la chambre de traite-
ment (2) pour amener le gaz à s’écouler dans
la chambre de traitement via les moyens de ven-
tilation de gaz (212),
ledit filtre à sac (5) prévu à l’intérieur de la cham-
bre de traitement (2) est adapté pour décharger
le gaz qui a été introduit dans la chambre de
traitement depuis l’extérieur, et
le filtre à sac (5) a une proportion d’agencement
à l’intérieur de la chambre de traitement (2) de
sorte que ladite proportion à l’intérieur de la
chambre de traitement est supérieure à une lar-
geur de surface des moyens de ventilation de
gaz (212), ou supérieure à la surface des
moyens de ventilation de gaz (212).

14. Appareil à lit fluidisé rotatif selon la revendication 13,
dans lequel la chambre de traitement (2) comprend
une section droite (221a) se dressant dans une di-
rection axiale à partir des moyens de ventilation de
gaz (212) et ayant une largeur arbitraire, et une sec-
tion inclinée (221b) s’étendant à partir de la section
droite (221a).

15. Appareil à lit fluidisé rotatif selon la revendication 14,
dans lequel la section inclinée (221b) est formée en
face de l’arrière du carter (1).

16. Appareil à lit fluidisé rotatif selon la revendication 1,
dans lequel :

ladite chambre de traitement (2) est prévue en
rotation à l’intérieur d’un carter et prévue avec
ledit plateau en tant que moyens de ventilation
de gaz cylindriques (212) ayant une perméabi-
lité, de manière circonférentielle autour de son
axe,
des moyens d’introduction de gaz (215, 13) sont
prévus à la périphérie de la chambre de traite-
ment (2) pour amener le gaz à s’écouler dans
la chambre de traitement via les moyens de ven-
tilation de gaz (212),
ledit filtre à sac (5) prévu à l’intérieur de la cham-
bre de traitement (2) est adapté pour décharger
le gaz qui a été introduit dans la chambre de
traitement depuis l’extérieur, et
les moyens d’introduction de gaz sont compo-
sés d’un passage d’introduction de gaz (215)

formé entre le carter (1) et les moyens de ven-
tilation (212), et une pluralité d’orifices d’alimen-
tation (13) prévus à intervalles sur la paroi inter-
ne formant le passage d’introduction de gaz
(215).

17. Appareil à lit fluidisé rotatif selon la revendication 16,
dans lequel une chambre d’alimentation en gaz
(131) pour distribuer du gaz à partir du dispositif d’ali-
mentation en gaz à chacun des orifices d’alimenta-
tion (13) est formée au niveau d’un côté de surface
arrière des orifices d’alimentation (13), et les orifices
d’alimentation (13) communiquent avec la chambre
d’alimentation en gaz (131).

18. Appareil à lit fluidisé rotatif selon la revendication 17,
dans lequel la chambre d’alimentation en gaz (131)
est prévue de manière adjacente à un côté de sur-
face arrière du passage d’écoulement entrant de gaz
(215) au niveau de la partie des orifices d’alimenta-
tion (13).

19. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 16 à 18, dans lequel les orifices
d’alimentation (13) sont prévus de manière concen-
trique sur un ou deux cercles, ou de manière radiale.

20. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 16 à 19, dans lequel la chambre
d’alimentation en gaz (131) est annulaire.

21. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 13 à 20, dans lequel l’appareil
comprend un châssis (7) pour monter un dispositif
d’alimentation en gaz, un filtre à sac de collecte et
une unité de commande opérationnelle, etc., le châs-
sis (7) a une forme globale de U sur une vue de face,
et la chambre de traitement (2) est montée à l’inté-
rieur de la section en forme de U via les arbres de
support (116a).

22. Appareil à lit fluidisé rotatif selon la revendication 21,
dans lequel l’un des arbres de support (116b) est
cylindrique, et l’intérieur de l’arbre de support cylin-
drique (116b) constitue un tuyau d’alimentation en
gaz reliant la chambre de traitement et le châssis,
et une trajectoire d’agencement pour le câblage, etc.

23. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 13 à 22, dans lequel un couvercle
interne (216) et un couvercle externe (12) pouvant
être ouverts et fermés, sont respectivement prévus
au niveau d’un côté de surface avant de la chambre
de traitement (2), et un côté de surface avant du
carter (1), le couvercle interne (216) pour la chambre
de traitement étant fixé de manière détachable sur
la chambre de traitement, le couvercle externe (12)
pour le carter étant articulé au niveau d’une section
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supérieure ou d’une section inférieure et construit
afin d’être rangé de manière coulissante à l’arrière,
dans un état ouvert.

24. Appareil à lit fluidisé rotatif selon l’une quelconque
des revendications 13 à 23, dans lequel le carter (1)
est formé selon une forme tronconique inclinée vers
l’avant.

37 38 



EP 1 440 729 B9

21



EP 1 440 729 B9

22



EP 1 440 729 B9

23



EP 1 440 729 B9

24



EP 1 440 729 B9

25



EP 1 440 729 B9

26



EP 1 440 729 B9

27



EP 1 440 729 B9

28



EP 1 440 729 B9

29



EP 1 440 729 B9

30



EP 1 440 729 B9

31



EP 1 440 729 B9

32



EP 1 440 729 B9

33



EP 1 440 729 B9

34



EP 1 440 729 B9

35



EP 1 440 729 B9

36



EP 1 440 729 B9

37



EP 1 440 729 B9

38



EP 1 440 729 B9

39



EP 1 440 729 B9

40

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5374405 A [0005]
• JP HEI1143238 B [0039]

• JP 2002143705 A [0039]
• JP 2002119843 A [0087]


	bibliography
	description
	claims
	drawings

