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{57) Abstract

A fluid bed processing system (10) in accordance with one embodiment of the present invention includes a product chamber (14),
a fluid supply system {16), and a discharge gate {12). The product chamber {14} has an open top (20) and an open bottom (22) and the
fluid supply system (16) has an outlet {50) positioned to direct a first fluid into the product chamber. The outlet (32) of the fluid supply
system (16} is spaced from the open bottom (22) of the product chamber to define a discharge opening which extends substantially around
the open bottom of the product chamber and the outlet of the fluid supply system. The discharge gate (12) is movable to a first position
coverimg the discharge opening and to a second position exposing the discharge opening.
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A SIDE DISCHARGE ASSEMBLY FOR A FLUID BED PROCESSING SYSTEM
* AND METHOD THEREOF

FIELD OF THE INVENTION

This invention relates generally to a fluid bed processing system and, more

particularly, to a side discharge assembly for a fluid bed processing system.

BACKGROUND OF THE INVENTION

Fluid bed processing systems and methods can be used in a variety of different
applications. For example, fluid bed processing systems and methods can be used to dry
wet particles for further processing or discharge. Fluid bed processing systems and
methods can also be used to coat particles by building identifiable layers evenly over an
identified core. Further, fluid bed processing systems and methods can be used to

granulate particles into larger aggregates in which the original particles can still be

identified in the aggregates.

In fluid bed processing systems and methods, particles to be processed are loaded
into a product chamber and are then fluidized into an expansion chamber. If the particles
are going to be coated or granulated, a solution is sprayed onto the particles. With the
solution, either layers are coated on the particles or the particles begin to aggregate
together to form larger particles. The particles dry as they descend down in the expansion
chamber and then are blown back up. This up and down process continues until the
processing is completed and then the particles are discharged from the product chamber.

Different systems and methods have been developed to discharge particles, but each has

its own limitations.

For example, some systems, such as the one disclosed in U.S. Patent
No. 4,354,450 10 Nagahama et al., which is herein incorporated by reference, use a
discharge tube adjacent a lower end of the fluid bed processing system. Although these
discharge tubes work, the outlet passages they provide are too small to quickly remove

particles from the container of the fluid bed processing system. As a result, the increased
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time required for discharging the particles decreases the overall production throughput of
the fluid bed processing system. The small size for these discharge tubes also makes

them morc prone to clogging and thus leads to even more down time.

Other systems. such as the one disclosed in U.S. Patent No. 5,115, 578 1o Basten
which is herein incorporated by reference, have a blower system with a bottom fluidizing
screen which is seated against a bottom opening of a container. The bottom screen
supports product in the container and can be lowered away from the bottom to permit
discharge of the product. Although this system works, 1t has a number of drawbacks. For
example, the weight of the product resting on the bottom screen can be quite large. As a
result, these systems need large and expensive lift assemblies to be able to raise and lower
the bottom screen and blower away from the container. These weight concerns limit the
amount of product which can be loaded into the container for fluid bed processing and
thus limit overall production throughput. Another problem is that due to the large weight
on the bottom screen over time it may become misaligned with the opening in the bottom

of the container resulting in unwanted seepage and jamming.

SUMMARY OF THE INVENTION

A fluid bed processing system in accordance with one embodiment of the present
invention includes a product chamber, a fluid supply system, and a discharge gate. The
product chamber has an open top and an open bottom and the fluid supply system has an
outlet positioned to direct a first fluid into the product chamber. The outlet of the fluid
supply system is spaced from the open bottom of the product chamber to define a
discharge opening which extends substantially around the open bottom of the prroduct
chamber and the outlet of the fluid supply system. The discharge gate is movable to a

first position covering the discharge opening and to a second position exposing the

discharge opening.

A fluid bed processing system in accordance with another embodiment of the
present invention includes a product chamber and a discharge gate. The product chamber
has an epen top, an open bottom, and at least one discharge opening adjacent the open

bottom which extends substantially around the product chamber. The discharge gate is
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movable 10 a first position covering the discharge opening and to a second position

towards the open top of the product chamber which exposes the discharge opening.

A method for tluid bed processing of particles in a product chamber with an open
top and an open bottom and a fluid supply system with an outlet positioned to direct a
fluid into the product chamber in accordance with another emibodument of the present
invention includes several steps. First, a discharge gate is moved to a first position to
cover a discharge opening which extends substantially around and between the open
bottom of the product chamber and the outlet of the fluid supply system. Next, the
particles are processed and then the discharge gate is moved to a sccond position to

expose the discharge opening and to permit discharee of the particles from the product

chamber.

A method for fluid bed processing of particles in a product chamber with an open
top and an open bottom and a fluid supply system with an outlet positioned to direct a
fluid into the product chamber in accordance with another embodiment of the present
mvention also includes several steps. First, a discharge gate is moved to a first position to
cover a discharge opening which is located in and which extends substantially around the
product chamber. Next. the particles are processed and then the discharge gate ts moved

to a second position to expose the discharge opening and to permit discharge of the

particles from the product chamber.

The present invention provides a number of advantages including providing a
quick and easy way to discharge particles from the product chamber. The discharge
opening is sufficiently large so that it rarely if ever gets clogged. Additionally, with the
larger discharge opening the overall production throughput of the fluid bed processing
system is improved because the product chamber can quickly and easily discharge the
particles and be refilled to process more particles. Further, the discharge gate is simple

and inexpensive to install and with less weight pressing on the discharge gate, it is less

likely to jam.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional. side view of a fluid bed processing system in
accordance with one embodument of the present invention;

FIG. 2A is a cross-sectional, side view of the product chamber with the discharge
gate in a closed position;

FIG. 2B is a cross-sectional, side view of the product chamber with the discharge
gate In an open position;

FIG. 3 is a cross-sectional, top view of the product chamber;

FIG. 4A 1s a cross-sectional view of the product chamber with a side discharge
assembly inchuading the discharge gate in a closed position;

FIG. 4B is a cross-sectional view of a portion of the product chamber with a

portion of the side discharge assembly including the discharge gate in an open position.

DETAILED DESCRIPTION

A fluid bed processing system 10, such as a coater, granulator, or dryer, with a
side discharge assembiy 11 in accordance with ane embadiment of the present invention
is illustrated in FIG. 1. The ﬂﬁid bed processing system 10 includes a product chamber
14, a fluid supply system 16, a discharge opening 18, and the discharge gate 12. The
present invention provides a number of advantages including providing a guick and easy
way to dischargé particles from the product chamber 14, increasing the overall production
throughput of the fluid bed processing system 10, and providing a side discharge

assembly 11 which is simple and inexpensive to install and is unlikely to get misaligned
during use.

Referring to FIGS. 1, 2A, 2B, 3, and 4A, the product chamber 14 has an open top
20 and an open bottom 22 and is used to retain the particles P which have been processed
in the fluid bed processing system 10. Processing of the particles can include coating,
granulation, or drying. In this particular embodiment the product chamber 14 has a
funnel shape which slopes down and inward from the open top 20, although the product
chamber 14 could have other shapes, such as a partial pyramid shape, and could be

straight or sloped in other directions from the open top 20 to open bottom 22 as needed or
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desired. A flange 24 extends out from the product chiamber 14 adjacent the open top 20
and 1s used to secure the product chamber 14 1o the expansion chamber, although other

1ypes of conmectors can be used.

Referring to F1G. 1, the tfluid suppty svstem 16 includes a blower 28 and a duct 30
with an outlet 32 which is positioned to direct fiuid into the product chamber 14 through
the open bottom 22 in the direction shown by the arrows in FIG. 1. In this particular
embodiment, a screen 34 is connected to the duct 30 across the outlet 32, although the
screen 34 could be connected elsewhere, such as to the product chamber 14 across the
open bottom opening 22. The screen 34 has a sujtable mesh size to support the particles
P. The fluid supply system 16 may zalso include a heater 36 which is used to heat the fluid
10 a suitable temperature for processing the particles P. In this particular embodiment, the

fluid being supplied by the fluid supply system is air, although other types of fluid can be

used as needed or desired.

Referring 10 FIGS. 1, 2A, and 2B, a discharge opening 18 is defined between and
extending substantially around the outlet 32 of the duct 30 for the fluid supply system 16

and the open bottom 22 of the product chamber 14. The discharge opening 18 provides a

passage for particles P to be rapidly discharged from substantially all sides of the product

chamber 14. Although in this pariicular embodiment, the discharge opening 18 is located
between the outlet 32 of the duct 30 and the open bottom 22 of product chamber 14, the
discharge opening 18 could be located elsewhere, such as in the product chamber 14
adjacent the open bottom 22. If the discharge opening 18 is in the product chamber 14,
then the product chamber 14, adjacent the open bottom 22, may be connected to the outlet
32 from the duct 30 for the fluid supply system 16 and the screen 34 may be connected to
the product chamber 14 over the open bottom 22 rather than over the outlet 32 from the
duct 30. Additionally, although in this particular embodiment one discharge opening 138
is shown, the fluid bed processing system 10 could have multiple discharge openings 18,

as long as the multiple discharge openings 18 extend substantially around the product
chamber 14.

One of the advantages of the present invention is that with the discharge opening

18 extending around the product chamber 14, particles P in the product chamber 14 can



10

30

WO 0035572 PCTAIS99/29928

casthy and quickly be dischurged. As a result. the productuon throughput of the fluid bed
processing system 14 can be increased because the product chamber 14 can be releoaded to

start the next fluid bed processing again more quickly than with prior systems.

Reterring to FIG. 1. a collection chamber 38 is connected to the product chamber
14 and 1s located about the discharge opening 18. The collection chamber 38 receives the

particles P from the product chamber 14 when the discharge opening 18 1s opened.

Referring to FIG. 1, 2A, 2B, 4A, and 4B, the side discharge assembly 11 includes
a discharge gate 12 which is mounted to the interior of the product chamber 14 and a
lifting assembly 40 which can move the discharge gate 12 to a first position covering the
discharge opening 18, to a second position exposing the discharge opening 18§, and to
intermediate positions which partially expose the discharge opening 18 and permit the
rate of discharge of particles P to be controlled. Although in this particuiar embodiment
the discharge gate 12 1s Jocated on the inside of the product chamber 14, the discharge
gate 12 can be mounted at other locations, such as to the outside of the product chamber
14, as long as the discharge gate 12 can be moved to the first, second and intermediate
positions. The discharge gate 12 in this particular embodiment has a funnel or ring shape
which is slightly smaller than, but is the same shape as the product chamber 14, although
the discharge gate 12 could have other shapes as long as it can be moved to cover and

expose the discharge opening 18. Additionally, the discharge gate 12 can comprise more

than one section. /

Referring to FIGS. 4A and 4B, in this particular embodiment the lifting assembly
40 includes a bracket 41 and a lift cylinder 43 with a piston 45. The bracket 41 is
connected to the discharge gate 12 and to one end of the piston 45, The piston 45 is
mounted for movement into and out of the lift cylinder 43. The lift cylinder 43 is secured
to the outside of product chamber 14. In this particular embodiment, when the piston 45
is extended out from the lift cylinder 43, the bracket 41 moves down lowering the
discharge gate 12 over the discharge opening 18. When the piston 45 is retracted back
into the hift cylinder 43, the bracket moves up raising the discharge gate 12 1o expose the
discharge opening 18. The amount the discharge gate 12 is raised or lowered can be used

to control the rate of discharge of particles P. The parts and operation of lift cylinders and
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iheir contrels are well known 1o those of ordinary skill m the art and thus will not be
described here. Althoueh oply ene lifting assembly 40 is shown, the discharpe gate 12 can
have us many lifting assemblies 40 as necded to uniformly raise and lower the discharge
gate 12, Additonally, although one particular example of a Bfung assembly 40 is
illustrated, any type of lifting assembly 40 which can raise and lower the discharge gate

12 can be used.

One of the advantages of the present invention is that the entire weight of the
particles P does not rest upon the discharge gate 12. 1nstead, the discharge gate 12 stmply
“knifes” through a portion of the particles P along the side of the product chamber 14 .

As aresult, a much smaller and less expensive lifting assembly 40 can be used.
Additionally, with the present invention more particles P can be loaded in to the product
chamber 14 for processing which increases the overali production throughput of system
10 because again the full weight of the particles P 1s not resting on the discharge gate 12.
Small and inexpensive lift assemblies 40 can be used to move the discharge gate 12 even

at the maximum capacity for particle P in the product chamber 14.

Referring to FIGS. 3 and 4A, in this particular embodiment the system 10 also
includes a plurality of optional side jets 47. The side jets 47 are positioned around the
outside of the product chamber 14 and adjacent to the discharge opening to direct a fluid,
such air, towards the discharge opening 18. The components of side jets along with their
supply components, such as a fiuid supply system which has a reservoir of fluid
connected to each of the side jets 47, and controls for the fluid supply system and side
jets 47 are well known 1o those of ordinary skill in the art and thus will not be described
in detail here. In this particular embodiment, the system 10 has twelve side jets 47 which
extend partially around the product chamber 14, although the number of side jets 47 and
their location can vary as needed or desired. When the discharge gate 12 is raised, an
opening 49 in the bracket 41 is aligned with the outlet of the side jet 47 to permit fluid
from the side jet to blow down towards the discharge opening 18 and to help guide the _
discharge of particles P down to the collection chamber 38. /

/

Referring back to FIG. 1, the expansion chamber 26 has an open bott“)m 44 which

i1s connected to the product chamber 14 about the open top 20. In this particular
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embodunent, the expansion chamber 26 has a flange 46 which extends around the
expansion chamber 26 and is secured to the flange 24 of the product chamber 14 with
bolts 48 or other securing devices. The expansion chamber 26 also inciudes an optional
spray gun 50 with a spray nozzle 32 which is connected by a pipe 54 to a reservoir 36 of
fluid or solution, such as a binder solution like water or an organic solvent or a coating
solution. The spray nozzle 52 is positioned to spray fluid back down towards the product
chamber 14 and on to the particles P which have been fluidized into the expansion
chamber 26 from the product chamber 14 by the fluid supply system 16. Although only
one spray gun 50 with one spray nozzle 52 is shown, the fluid bed processing system 10

may have multiple spray guns with multiple nozzles or no spray guns, as needed or

desired.

A filter 58 may be connected to across the open top 60 of the expansion chamber
26. The filter 58 is used to filter out fluidized particles P in the air before the air is
discharged from an open top 60 of the expansion chamber 26. An agitating mechanism
(not shown) may be connected to the filter 58 o periodically shake the filter 58 to

discharge captured particles P back down towards the expansion chamber 26 and product
chamber 14.

Referring to FIGS. 1, 2A, 2B, 3, 4A, and 4B, one method for fluid bed processing
of particles P will be discussed. First, the discharge gate 12 is moved to the first position
to cover the discharge opening 18 using lift assembly 40. In this particular example,
piston 45 is extended out of lift cylinder 43 to lower bracket 41 which lowers discharge
gate 12. Once discharge gate 12 blocks off the discharge opening 18, particles P or other
material to be processed, e.g. coated, agglomerated, or dried, are loaded into the product
chamber 14. The particles P rest on the screen 34, along the inner surface of the
discharge gate 12 and may rest against the inner surface of the product chamber 14
depending upon the amount of particles P loaded into the product chamber 14. Again,
one of the advantages of the present invention is the use of discharge gate 12 which can
knife through the particles P when moved rather than a bottom screen which must be
lowered to discharge particles P and must be able to support the full weight of the

particles P. As aresult, since the weight of the particles P is not a concern with the
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present invention, more particles P can be loaded into the product chamber 14 for

processmg than before. - .

Once the particles P are loaded into the product chamber 14, the fluid supply
system 16 is engaged 1o suppty a fluid, such as air in this particular example, via the duet
30 to the pérticles P resting on the screen and inner surface of the discharge gate 12. The
air being blown in helps 1o mix the particles P and enzbles some of the particies P to
fluidize up into the expansion chamber 26. Meanwhile, the heater 36 heats the fluid

being blown in to a temperature suitable for processing of particles P.

Next, if for example the particles P are to be coated or granulated, the spray
cun 50 in the expansion chamber 26 is engaged to spray a solution which is stored in the
reservoir 56 out of the spray nozzle 52 on 1o the particles P which have been fluldized.
The particles P are carried up to a point in the expansion chamber 26 where they contact
the fine mist of the binder solution. As the fluidized particles P are wetted, the particles P
begin to descend back down. The particles P move to the lower part of the expansion
chamber 26 due to increased weight. The particles P continue to go through this up and
down process as they are dried and made lighter and then rewet. During this process, the
filter 58 is periodically shaken to release any particles P captured by the filter 58 back

down towards the expansion chamber 26 and the product chamber 14.

The spray gun 50 continues to spray solution until the particles P have been
enlarged to the desired size from coatings or agglomeration. At that point, the spray
gun 50 is turned off. The fluid supply system 16 continues to supply fluid up into the
product chamber 14 to dry the particles P. When the desired amount of moisture or
dryness for the particles P is achieved, then the fluid supply system 16 is turned off. If
the particles P are merely being dried, the particles P simply descend up and down in the

expansion chamber 26 as explained above unti} dried without any of the above-described

steps relating to the spray gun 50.

The particles P accumulate in the product chamber 14 adjacent the discharge gate
12 and discharge opening 18. The lift assembly 40 is used to move the discharge gate 12

trom the first position to the second or an intermediate position to at least partially expose
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or epen the discharge opening 18, More specifically in this particular exarnple, the
prston 43 is drawn back into the lift eylinder 43 to raise bracket 41 which raises discharge
cate 120 The rate of Liisclmréc: can be controlled by controlling the size the discharge
apening 1835 opened with the discharge gate 12, Fluid, such as air, 1s blown up from
duct 30 and also in from side jets 47 to direct the particles out through the discharge
opening 18 and down into the collection chamber 38, Since the discharge opening 18
extends substantially around the product chamber 14, the particles P can be quickly and
easily removed from the product chamber 14. Once all of the particles P have been
discharged from the product chamber 14, the lift assembly 40 1s used to move the
discharge gate 12 from the second or intermediate position to the first position to cover
the discharge opening 18 by again extending piston 45 out from lift cylinder 43 which
towers bracket 41 and discharge gate 12. The product chamber 14 i1s now ready to

receive more particles P to start the next process.

As this example illustrates, the side discharge assembly 11 is a simple and
mnexpensive apparatus to install and use in the fluid bed processing system 10. With the
side discharge assembly 11 and the discharge opening 18 extending around the product
chamber 14 to provide a large exit passage for particles P, the product chamber 14 can be

rapidly emptied and refilled to begin the next production cycle which helps to increase the

overall throughput of the fluid bed processing system 10.

Having thus described the basic concept of the invention, it wﬂ] be rather apparent
to those skilled in the art that the foregoing detailed disclosure is intended to be presented
by way of example only, and 1s not limiting. Various alternations, improvements, and
modifications will occur and are intended to those skilled in the art, though not expressly
stated herein. These alterations, improvements, and modifications are intended to be
suggested hereby, and are within the spirit and scope of the invention. Accordingly, the

invention is limited only by the following claims and equivalents thereto.



10

15

30

WO 00/35572 PCT[US99.’2992£_

CLAIMS

What 1s claimed 1s;

1. A fluid bed processing system comprising:

a product chamber with an open top and an open bottom;

a fluid supply system with an outlet positioned to direct a first fluid into
the product chamber, the outlet of the fluid supply system is spaced from the open bottom
of the product chamber 1o define a discharge opening which extends substantially around
the open bottom of the product chamber and the outlet of the fluid supply system; and

a discharge gate movable to a first position covering the discharge opening

and a second position exposing the discharge opening.

2. The fluid bed processing system as set forth in claim 1 wherein the

discharge gate in the second position is located closer to the open top of the product

chamber than in the first position.

3. The fluid bed processing system as set forth in claim 2 wherein the

discharge gate in the second position is Jocated at least partially in the product chamber.

4. The fluid bed processing system as set forth in claim 3 wherein the product

chamber and the discharge gate cach have a funnel shape.

5. The fluid bed processing system as set forth in claim 1 further comprising

a lift assembly connected to the discharge gate which can move the discharge gate to the

first and second positions.

6. The fivid bed processing system as set forth in claim 5 further comprising:

a screen connected to the outlet of the fluid supply system;
a collection chamber connected to the product chamber and about the

discharge opening; and

at least one side jet positioned to direct fluid towards the discharge

opening and the collection chamber.
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B The fluid bad processing system as set forth in claim 6 further comprising:
an expansion c'hamber with an open top and an open bottom, the open
bottom of the expansion chamber connected to the open 1op of the product chamber:
at least one spray gun with at least one spray nozzle connected to a
reservoir and extending into the expansion chamber, the spray nozzie spraying a second
fluid inte the expansion chamber; and

a hilter connected to the open top of the expansion chamber.

8. A fluid bed processing system comprising:

a product chamber with an open top and an open bottom, the product
chamber having at least one discharge opening adjacent the open bottom which extends
substantially around the product chamber; and

a discharge gate connected to the product chamber, the discharge gate
movable to a first position covering the discharge opening and to a second position

towards the open top of the product chamber which exposes the discharge opening.

9. The fluid bed processing system as set forth in claim 8 wherein the product

chamber has a plurality of discharge openings which extend substantially around the
product chamber.

10. The fluid bed processing system as set forth in claim 8 wherein the

discharge gate in the second position is located at least partially in the product chamber.

11.  The fluid bed processing system as set forth in claim 10 wherein the
product chamber and the discharge gate each have a funnel-like shape.
12. The fluid bed processing system as set forth in claim 8 further comprising

a lift assembly connected to the discharge gate, the lift assembly moves the discharge gate

to the first and second positions.
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13. The fluid bed processing syvstem as set forih in claim § further comprising:
a flmd supply system connected w the product chamber about the open

bottom. the fluid supply system blowing a first fluid inte the product chamber;

a screen located between the fluid supply system and the open bottom of

the product chamber;
a collection chamber connected 1o the product chamber and about the
discharge opening; and

at least one side jet posttioned to direct {luid towards the discharge

opening and the collection chamber.

14. The fluid bed processing system as set forth in clatm 13 further
comprising:
an expansion chamber with an open top and an open bottom. the open
bottom of the expansion chamber connected to the open top of the product chamber;,
at least one spray gun with at least one spray nozzle connected to a
reservolr and extending into the expansion chamber, the spray nozzle spraying a second

fluid into the expansion chamber; and

a {ilter connected to the open top of the expansion chamber.

15. A method for fluid bed processing of particles in a fluid bed processing
system with a product chamber with an open top and an open bottom and a fluid supply
system with an outlet positioned to direct a fluid into the product chamber, the method

comprising:

moving a discharge gate to a first position covering a discharge opening
which extends substantially around and between the open bottom of the product chamber
and the outlet of the fluid supply system;

processing the particles; and

moving the discharge gate to a second position to expose the discharge

opening and to permit discharge of the particles from the product chamber.
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lo. The method as set forth in claim 15 wherein the step of processing the
particles comprises:
fluidizing the particles in the product chamber with the fluid from the fluid
supply svstem: and

spraying a solution on the fluidized particles.

17. The method as set forth in claim 15 wherein the discharge gate is located

closer to the open top of the product chamber in the second position than in the first

position.

18. The method as set forth in claim 15 wherein the discharge gate in the

second position is located at lcast partially in the product chamber.

19, A method for fluid bed processing of particies in a fluid bed processing
system with a product chamber with an open top and an open bottom and a fluid supply

system with an outlet positioned to direct a fluid into the product chamber, the method

o AN
comprising:

moving a discharge gate to a first position covering a discharge opening
which 1s located in and which extends substantially around the product chamber;

processing the particles; and

moving the discharge gate to a second position to expose the discharge

opening and to permit discharge of the enlarged particles from the product

chamber.

20.  The method as set forth in claim 19 wherein the step of processing the

particles comprises:
fluidizing the powder in the product chamber with the fluid from the fluid
supply system; and .

spraying a solution on the fluidized particles.

21. The method as set forth in claim 19 wherein the discharge gate is located

closer 10 the open top of the product chamber in the second position than in the first
position.
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oo, The method as set forth in claim 19 wherein the discharge gate in the

second position is focated at least partially in the product chamber.
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