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(57) Claim

1. An ash classifier for a fluidized bed
reactor comprising a first downwardly inclined conduit
for receiving a stream of bed material from said reactor
under gravity flow conditions, a second substantially
vertical classifier conduit connected to said first
conduit to receive the bed material, an ash vessel
having a top wall and a bottom wall, said second conduit
extending through the said top wall and into said ash
vessel, said second conduit terminating below said top
wall and well above said bottom wall of said ash vessel,
a perforated substantially horizontal air distributor
plate located between said top wall of said vessel and
the end of said second conduit within said ash vessel,
the distributor plate being in surrounding relation to
said vertical conduit and extending into contact with
said side wall, the region between said top wall and
said air distributor plate constituting a windbox

providing a downward discharge of air which reverses in
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direction to enter said second conduit, said second

- conduit extending vertically upward of the connection

with said first conduit to a point above the level of
bed material in said fluidized bed reactor, said second
conduit having a bend at its highest point whereby said
second conduit inclines downwardly from said highest
point to connect with a port in the fluidized bed
reactor for admitting a return flow of fines and air to

the combustion compartment of the fluidized bed reactor.
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Complete Specification for the invention entitled:
ASH CLASSIFIER

The following statement is a full description of this invention
including the best method of performing it known to me:-
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ASH CLASSIFIER

Background of the Invention

1. Field of the Invention: This invention is directed

to an ash classifier for use in combination with a fluidized
bed reactor.

2. Description: Fluidized bed reactors are well known

means for generating heat and, in various forms, can carry
out the processes of drying, roasting, calcining, incinera-
tion and heat treatment of solids with gases in the chemical,
metallurgical and other material processing fields. They are
also used for the generation of hot gases, including steam,
for use in driving electric power generation equipment, for
process heat, for space heating, or for other purposes.

Fluidized bed reactors typically comprise a vessel having
a substantially horizontal air distributor or constriction
plate, which supports a bed of particulate solids in the
reaction chambzir and separates the reaction chamber from a
windbox below the air distributor. Combustion air is intro-
duced into the windbox and passes through the air distributor
in sufficient volume to achieve a gas velocity that expands
or fluidizes the solids bed, suspending the particulate
solids of the bed in the flowing air stream and imparting to
the individual particles a continuous random motion. A
fluidized bed in appearance and properties resembles a
boiling liquid. Conducting a combustion reaction in a
fluidized bed has important advantages which include attain-
ment of a substantially uniform bed temperature, combustion
at relatively low temperatures and a high heat transfer rate.

Combustion of solid fuels such as coal involves the
gasification of the organic component of the fuel leaving a
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residue of solid ash particles. The very finest ash
particles will be elutriated by the gases flowing in the
reactor and will exit through the stack with the exhaust
gases. A large portion of the ash particles of a larger
particle size will become part of the fluidized bed where
they improve the operation of the fluidized bed by retaining
heat and contacting and igniting fresh fuel particles. The
elevated temperature of the fluidized bed and the continuous
motion of the ash particles in that fluidized bed brings
about numerous collisions between ash particles in a softened
condition due to the elevated temperature. Under these
conditions, ash agglomerates readily form and these
agglomerates grow to a size such that they are no longer
fluidizable and they descend to the bottom of the fluidized
bed coming to rest upon the air distribution plate. An
accumulation of large ash particles and large ash agglomer-
ates on the air distribution plate will ultimately cause
defluidization of the fluidized bed and subsequent shut-down
to remove the unfluidized ash accumulation.

This problem has been recognized for some time and
various schemes and devices have been put forth to remedy
this condition. It is the purpose of the present invention
to provide a simple but effective means for removing excess
coarse ash particles and oversized ash agglomerates from the
fluidized bed while returning the fines removed to the bed to
maintain the fluidized condition of the bed.

Summary of the Invention

The ash classifier system of this invention comprises a
vessel external to the fluidized bed reactor which is
arranged to separate the coarse particles including ash
agglomerate and fine ash particles in an air stream,
accumulating and disposing of the coarse particles and
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agglomerates and returning fine ash particles and combustion
air to the fluidized bed.

The ash classifier system includes an ash vessel which is
connected to the fluidized bed reactor by a system of c¢on-
duits. An inclined conduit is arranged to remove bed
material from the bottom portion of the fluidized bed by
gravity feed. The inclined conduit joins a vertical
classifier conduit and the feed enters the vertical conduit.
The vertical conduit extends downwardly through the top of
the ash vessel, terminating below the top wall and above the
bottom wall of the ash vessel. The vertical conduit also
extends upwardly above the juncture with the inclined conduit
to a height above the level of the fluidized bed within the
fluidized bed reactor. At its top most point, the vertical
conduit terminates in an elbow or bend and a downwardly
inclined conduit which penetrates the fluidized bed reactor
wall is connected to the elbow. The downwardly inclined
conduit is connected to a return port in the fluidized bed
reactor wall at a point just abowve the level of the expanded
fluidized bed within the reactor.

The ash vessel is provided with a windbox surrounding the
vertical conduit within the vessel. An air distribution
plate is spaced from the top of the ash vessel to form a
windbox. The windbox is thus defined by the top of the ash
vessel, the air distribution plate and the side wall of the
ash vessel. An air conduit has access to the windbox through
the wall of the ash vessel. The volume of the ash vessel
below the air distribution plate constitutes an ash collec-
tion chamber. The bottom portion of the ash vessel is an
inverted frustoconical configuration and the lowest point
thereof is connected to a vertical descending conduit which
has valve means therein.
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The position of the air distribution plate and the direc-
tion of the flow of air therethrough and within the ash
collection chamber minimizes the possibility that the air
passages in the air distribution plate will become blocked by
solids accumulation.

Description of the Drawings

The drawing is a schematic view, partially in section, of
a fluidized bed reactor connected to the ash classifier of
the present invention.

Detailed Description of the Invention

In the drawing, there is shown a fluidized bed reactor 10
connected to the ash classifier system 40 of the present
invention. The fluidized bed 10 comprises a top wall 12,
side wall 14 and bottom wall 16. The bottom wall 16 is
connected to the side wall 14 by the windbox wall 1l4a.
Within the fluidized bed reactor 10 in the lower portion
thereof, there is positioned an air distribution plate 18
which separates a combustion chamber 28 apove the air
distribution plate from the windbox 22 below the air
distribution plate. Fluidized bed material 26 rests on top
of the air distribution plate 18 within the combustion
chamber 28. A blower 34 is connected to the windbox 22 by
the conduit 32. An exhaust conduit 36 is connected to the
combustion chamber 28 at the top thereof and is further
connected to an external stack (not shown).

The ash classifier system comprises an ash vessel 50
located at a lower level than the fluidized bed reactor 10
and an arrangement of conduits connecting the fluidized bed
reactor to the ash vessel. The ash vessel has a top wall 56,
a side wall 58 and the bottom wall 62. A downwardly inclined
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conduit 42 connects the lower portion of the fluidized bed
reactor 10 just above the air distribution plate 18 with a
vertically oriented classifier column 46. A valve 44 is
located in conduit 42 to control the flow of material through
the conduit. The vertical classifier column 46 extends down-
wardly through the top wall 56 of the ash vessel 50 and
terminates within the ash vessel 50 at a point between the
top wall 56 and the bottom wall 62. The bottom wall 62 may
be of an inverted conical configuration open at its lowest
point to disposal conduit 64 which extends vertically
downward therefrom. Flow through conduit 64 is controlled by
valve 68 located therein. Within ash vessel 50 there is
located a perforated air distribution plate 72 which is
located between the top 56 of the ash vessel and the end 48
of the vertical classifier column 46. The air distribution
plate 72 contacts the wall 58 of the ash vessel and so
divides the interior of the vessel into two compartments; a
windbox 74 surrounding the conduit 46 above plate 72 and a
collection chamber 57 below plate 72. The windbox is
connected to a blower 78 by a conduit 76.

The vertical classifier conduit 46 extends upwardly past
the juncture 46a with conduit 42 to a point well above the
level of the fluidized bed material in the fluidized bed
reactor 10. At the upper extremity of the classifier conduit
46 there is a bend 52 in the conduit, amounting to perhaps
1359, whereby the return conduit 54, which joins the bend 52
with return port 54a in the side wall 14 of the fluidized bed
reactor 10, is inclined downwardly.

In operation, the fluidized bed reactor 10 has within the
combustion chamber 28 therein a body of particulate material
26 which is supported on the air distribution plate 18. air
is supplied to the windbox 22 below the air distribution
plate 18 by the blower 34 through conduit 32, The air from
the windbox 22 moves through the perforations of the air
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distribution plate 18 into the bed material 26 and expands
that bed to a substantial height within the combustion
chamber 28. The expanded bed material 26 may not have a
distinct upper surface and there may be a dilute concentra-
tion of very fine particles throughout the combustion chamber
28 with some portion of these finest particles leaving the
combustion chamber 28 through the exhaust conduit 36. With
the bed material 26 at elevated temperature, the air
introduced through the air distribution plate 18 serves as
combustion air in the combustion chamber 28 and combustion of
the fuel in the bed occurs with the production of additional
combustion gases. The incombustible ash constituent of the
fuel generally remains as discrete ash particles in the
fluidized bed, thereby serving a useful function as hot
particles contacting incoming fuel particles and igniting
them, and further, aiding in maintaining the fluidized condi-
tion of the fluidized bed. However, the fine ash particles
will contact each other due to their continuous motion in the
fluidized bed and, because they are incandescently hot,
agglomeration of the fine softened particles will occur to
some extent. As these particles grow, they are less
susceptible to fluidization and they tend to descend to lower
levels in the fluidized bed coming to rest upon the air
distribution plate 18. With these coarse ash particles
accumulating on or near to the ash distribution plate 18,
defluidization of the fluidized bed can occur with costly
shutdown for maintenance procedures.

The ash classifier system 40 is capable of removing a
portion of the ash of mixed sizes from the fluidized bed 26,
separating the fines removed from the coarse fraction and
removing and disposing of the coarse fraction while returning
the fine fraction to the fluidized bed to maintain fluidiza-
tion. A portion of the fluidized bed material is therefore
removed either continuously or intermittently from the bed
through the downwardly inclined conduit 42. The bed
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material, both coarse and fine, moves down the inclined
conduit 42 with the quantity thereof controlled by the valve
44. At the juncture 46a of conduits 42 and 46 the bed
material moves into the vertical classifier conduit 46 and

tends to drop vertically down toward the ash vessel 50.

Air is introduced into the ash
blower 78 through conduit 76. The
74 and passes the air distribution

vessel windbox 74 by the

air moves through windbox
plate 72 through the per-
the ash collection chamber

forations therein. The air enters

57 moving in a vertically downward direction. The only exit
from chamber 57 for this airflow is the vertical classifier
conduit 46. Accordingly, the air swings into the conduit 46
around the end 48 thereof, making a 180° turn in direction to
a vertically upward flow. The airflow in the vertical
classifier conduit 46 is thus countercurrent to the flow of

agglomerates and fines from the fluidized bed reactor.

The airflow in vertical conduit 46 is of a velocity such
that the downward travel of coarse ash particles and ash
agglomerates in vertical classifier conduit 46 is not inter-
rupted, though it may be slowed. The coarse ash particles
and agglomerates pass downward through the countercurrent of
up-flowing air and reach collection chamber 57. The velocity

of the air within conduit 46 is, however, sufficient to
elutriate the fines portion of the ash so that the fines move
upwardly entrained in the airflow. At the juncture of
conduit 46 with conduit 44 the air and the entrained fines
take the course of least resistance and continue vertically
upwardly. The flow of air and fines reaches the bend 52 at
the top portion of the vertical conduit 46 and turns down-
wardly into return conduit 54. Conduit 54 discharges through
:eturn port 54a into the combustion compartment 28 of the
fluidized bed reactor 10. The fines are thus reintroduced
into the fluidized bed 26 while the entraining air serves as

additional combustion air in ccmbustion compartment 28.
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The coarse ash agglomerate falls downward in the collec-
tion chamber 57 and comes to rest in the bottom portion 62 of
the ash vessel 58 and in disposal conduit 64. From time to
time, valve 68 is opened to permit removal of a portion of
the coarse agglomerate for disposal.

In a typical operation, coal particles up to 3/4-inch
average diameter are introduced into the fluidized bed
reactor for combustion. The ash particles and agglomerates
which are formed in the reactor and withdrawn from the bed
range in size from extremely fine particles to particles and
agglomerates l-inch or more in diameter. Generally, it is
desired to return ash particles of a size less than about
l/4-inch average diameter to the fluidized bed reactor. The
flow of air into the ash vessel windbox is adjusted to
achieve the velocity of air in the vertical classifier
conduit necessary to accomplish the desired classification.

It should be noted at this point that the position of the
air distribution plate 72 near the top of the ash vessel 50
provides the very significant advantage that the plate
perforations are practically immune from blockage by bed
material. First of all, ordinarily no solids contact this
plate, and secondly, the downward airflow through the plate
perforations shields the plate from approaching particles and
quickly removes any stray particles which may have approached
or come to rest on the air distribution plate 72.

Although the present invention has been described in
conjunction with preferred embodiments, it is to be under-
stood that modifications and variations wmay be resorted to
without departing from the spirit and scope of the invention,
as those skilled in the art will readily understand. Such
modifications and variations are considered to be within the
purview and the scope of the invention and appended claims.

PR
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An ash classifier for a fluidized bed
reactor comprising a first downwardly inclined conduit
for receiving a stream of bed material from said reactor
under gravity flow conditions, a second substantially
vertical classifier conduit connected to said first
conduit to receive the bed material, an ash vessel
having a top wall and a bottom wall, said second conduit
extending through the said top wall and into said ash
vessel, said second conduit terminating below said top
wall and well above said bottom wall of said ash vessel,
a perforated substantially horizontal air distributor
plate located between said top wall of said vessel and
the end of said second conduit within said ash vessel,
the distributor plate being in surrounding relation to
said vertical conduit and extending into contact with
said side wall, the region between said top wall and
said air distributor plate constituting a windbox
providing a downward discharge of air which reverses in
direction to enter said second conduit, said second
conduit extending vertically upward of the connection
with said first conduit to a point above the level of
bed material in said fluidized bed reactor, said second
conduit having a bend at its highest point whereby said
second conduit inclines downwardly from said highest
point to connect with a port in the fluidized bed
reactor for admitting a return flow of fines and air to
the combustion compartment of the fluidized bed reactor.

2. The ash classifier of claim 1 wherein means
is provided in said first conduit for controlling the
stream of bed material from said reactor.
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3. The ash classifier of claim 2 wherein said
means is a slide valve.

4. The ash classifier of claim 3 wherein the
region between said windbox and said bottom wall
constitutes an ash collection chamber and conduit means
is provided for withdrawal of ash accumulation from
said chamber.

5. The ash classifier of claim 4 wherein a
valve is provided in said conduit means to control the
flow of ash from said chamber.

Dated this 24th day of October, 1989

DORR-OLIVER INCORPORATED
By Its Patent Attorneys

GRIFFITH HACK & CO.
Fellows Institute of Patent
Attorneys of Australia.
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