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[57] ABSTRACT 
In a ?uidized bed incinerator suitable for burning 
combustible refuse the refuse is deposited on the sur 
face of one region of a bed of hot particulate refracto 
ry material contained in a vessel, the bed is ?uidized 
in such a manner to cause the bed material to circu 
late so that the refuse deposited on the surface of the 
?rst region is drawn into the bed where the combusti 
ble content of the refuse is burnt and the non-com 
bustible content of the refuse is displaced while sub 
merged in the bed to a second region spaced horizon 
tally from the ?rst region and from which region the 
non-combustible content is removable from the bed. 

9 Claims, 5 Drawing Figures 
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FLUIDISED BED INCINERATO'RS 

This invention relates to a method of disposing of 
combustible refuse in a ?uidized bed incinerator and to 
such incinerators. 

Fluidized bed incinerators for disposing of combusti 
ble refuse are known, for example from US. Pat. No. 
3,397,657. This speci?cation discloses a ?uidized bed 
incinerator which comprises a vessel containing a 
?uidized bed of refractory particulate material, and a 
gas space above the ?uidized bed and a smoke stack 
leading from the gas space in the vessel. In use the 
refuse is deposited onto the surface of the bed and the 
non-combustible content of the refuse is removed from 
an outlet positioned at the base of the bed. With such 
an incinerator the refuse is passed through part of the 
gas space onto the surface of the bed and there is a real 
danger that light material present in the refuse such as 
paper and dust is blown up into the smoke stack 
without being consumed in the bed. To prevent this 
from occurring it is necessary for the refuse to be sur 
rounded by the bed material as soon as possible to 
prevent the lightweight material from being blown 
away from the bed. 
According to a ?rst aspect of the present invention in 

a method of disposing of combustible refuse, the refuse 
is deposited on the surface of one region of the bed of 
hot ?uidized particulate refractory material and the 
material constituting the bed is circulated to cause the 
refuse to be drawn into the bed where the combustible 
content of the refuse is burnt and the non-combustible 
content of the refuse to be displaced to a second region 
of the bed displaced horizontally from the ?rst region 
and from which second region the non-combustible 
content of the refuse is removeable from the bed. 

Preferably the circulation of the material constitut 
ing the bed is brought about by ?uidizing the bed at the 
second region to a greater degree of agitation than that 
at the ?rst region and by blowing further air into the 
bed near the surface thereof at the second region with 
the ?ow of further air directed towards the ?rst region. 
The bed material is in a state of circulation such that 

refuse deposited on the surface of the bed is im 
mediately drawn into the bed and covered by the bed 
material so that the lightweight material in the refuse 
cannot be blown through the gas space which is above 
the surface of the bed. 
According to a second aspect of the present inven 

tion a ?uidized bed incinerator suitable for burning 
combustible refuse comprises a vessel containing a bed 
of hot particulate refractory material, an opening in the 
vessel through which refuse is deposited onto the sur 
face of one region of the bed, an opening in the vessel 
at a second region of the bed spaced horizontally from 
the ?rst region through which opening the non-com 
bustible content of the refuse is removeable from the 
bed, means for ?uidizing the bed and for causing the 
bed material to circulate in such a manner that refuse 
deposited on the surface of the ?rst region is drawn into 
the bed where the combustible content of the refuse is 
burnt and the non-combustible content of the refuse is 
displaced while submerged in the bed to the second re 
10“. 

g Preferably the means for ?uidizing the bed are ar 
ranged such that the bed material at the second region 
is ?uidizable to a greater degree of agitation than at the 
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2 
?rst region and means are provided for blowing further 
air into the bed near the surface thereof at the second 
region with the ?ow of further air directed towards the 
?rst region. 
To bring about differential ?uidization of the bed 

between the ?rst and second regions thereof the bed 
may be supported on a perforated plate structure with 
at least two separate air boxes positioned beneath the 
plate structure with one of the boxes beneath the ?rst 
region of the bed and another of the boxes beneath the 
second region of the bed. Alternatively the bed may be 
supported on a perforated plate structure with a single 
air box positioned beneath the plate structure but the 
size of the apertures in the plate or the number of aper 
tures per unit area of the plate is arranged so that a 
greater degree of ?uidization is brought about at the 
second region than at the ?rst region. 
A ?uidized bed incinerator in accordance with this 

invention ensures that combustible refuse deposited on 
the surface of the ?uidized bed is drawn rapidly into the 
bed and that there is an adequate air supply to support 
complete combustion of the combustible content of the 
waste material. 

In order that the invention may be more readily un 
derstood it will now be described, by way of example 
only, with reference to the accompanying drawings in 
which: 

FIG. 1 is a sectional side elevation of a ?uidized bed 
incinerator, 

FIG. 2 is a section on the line II-—II of FIG. 1, 
FIG. 3 is a section through a ?uidized bed incinerator 

having a particular type of gas distributor, 
FIG. 4 shows to an enlarged scale part of the gas dis 

tributor shown in FIG. 3 and 
FIG. 5 is a side elevation of part of a gas distributor 

of alternative form. 
Referring to FIGS. 1 and 2, a ?uidized bed incinera 

tor comprises a vessel 10 having a metal wall with an 
inner lining of refractory material 11. An air distributor 
12 is provided at the base of the vessel and a bed 13 of 
particulate refractory material such as sand is sup 
ported on the air distributor. The air distributor com 
prises a perforated metal plate 14 spaced above a 
second perforated plate 15 with separate air boxes 16 
positioned beneath the plate 15. Each air box has a 
pipe 17 leading to it through which air under pressure is 
introduced into the air box and through the plates 14 
and 15 into the bed material. In the upper part of the 
vessel and at one end thereof there is an opening 18 
through which combustible refuse such as town refuse 
is introduced into the incinerator. A shredder, not 
shown, may be provided at the entrance to the opening 
18 if desired to reduce the size of the combustible 
material entering the incinerator. A downwardly ex 
tending plate 19 forms a passage 20 below the opening 
18 and material entering the bed passes through this 
passage. The plate 19 separates this passage from a gas 
space 21 in the vessel above the surface of the bed. 
The plate 14 is inclined slightly to the base of the ves 

sel, although this is not essential, and at the lower end 
of the plate in a side wall of the vessel there are a plu 
rality of openings 22 each of which has a removeable 
cover 23. Above the openings 22, there are a plurality 
of pipes 24 extending through the side wall at an angle 
to the horizontal and each directed towards the lower 
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end of the passage 20. Further air or secondary air, is 
introduced into the incinerator through the pipes. A 
shaped baffle plate 25 projects into the incinerator ves 
sel from the side wall at a position above the pipes 24. 
The plate 25 extends upwardly and then horizontally 
towards the lower end of the plate 19 leaving a space 
26 between the plates 19 and 25. A further opening 27 
in the upper wall of the vessel is provided above the 
space 26 and a chute connects with the opening 27. 
Below the openings 23 there is a screen 29 and material 
passing through the screen falls onto a conveyor 30 
which transports the material upwardly to the chute 28. 
A smoke stack 31 extends from the gas space 21 and is 
positioned above the plate 25 . 

In use the ?uidized bed material is initially heated to 
a temperature at which combustion of the combustible 
content of the refuse introduced into the incinerator is 
self~sustaining. To raise the temperature of the 
?uidized bed material, fuel is injected into the bed and 
burnt by means of electrically ignited burners. The bed 
is ?uidized by injecting air under pressure through the 
pipes 17 into the base of the bed. The air passes 
through the distributor 12 and into the bed material. 
The pressure of the air supply to the pipes 17 across the 
base of the bed is not the same in each case and if P1 P2 
or P3 indicate the air pressures supplied to the pipes 17 
shown in FIG. 1 then P1 is less than P2 which in turn is 
less than P3. Pressure P3 is arranged to be such that the 
bed material in the vicinity of the openings 22 is in a 
violently agitated state while the bed material below 
the opening 18 is in a much quieter condition i.e., in a 
state of teeter. This differential air pressure and varia 
tion in agitation of the bed causes a flow of bed materi 
al around the incinerator in the direction indicated by 
the arrow 32. This ?ow of bed material is increased by 
injecting further air into the bed through the pipes 24. 
It will be seen that the air introduced through the pipes 
24 imparts a horizontal component of force to the bed 
material which assists the circulation of the bed materi 
al. The quantity of bed material in the vessel is such 
that the surface of the bed is at a level with the bottom 
of the plate 19 so that the plate 25 de?nes the surface 
of the bed. 
Once the bed has been brought to the required tem 

perature and state of circulation the waste material is 
introduced in a continuous manner into the incinerator 
through the opening 18. The ?ow pattern of the bed 
material is such that the waste material introduced into 
the bed at the region below the passage 20 is rapidly 
drawn into the bed itself in order to ensure the most 
rapid heat transfer between the bed material and the 
refuse and an accelerating rate of combustion. The 
constant agitation of the bed material and the burning 
waste material ensures that boundary conditions are 
extremely short lived and that the extremely high 
degree of aeration obtained under the ?uidized bed 
condition is fully effective. Light debris in the waste 
material, such as paper etc., does not float into the gas 
space 21. Combustion is complete within the bed and 
the need for a large gas or burner chamber above the 
bed does not arise. Smoke and gaseous material 
produced by the combustion passes through the open 
ing 26 into the gas space 21 and out of the smoke stack 
31. The sterile ashes resulting from incineration sink to 
the bottom of the ?uidized bed and migrate towards the 
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4 
openings 22 in the side wall through which they can 
easily be removed. The non-combustible content of the 
refuse such as metal cans, glass and the like also 
migrate towards the openings 22. This migration is 
brought about essentially by the circulation of the bed 
material. If the base of the bed is inclined as shown in 
FIG. 1 this also assists in the migration but it is primari 
ly the bed circulation which brings this about. 

Ashes, non-combustible material and bed material 
are continuously withdrawn through the opening 22 
and the ?uidizing air cools the material. The bed 
material is separated from the ashes and non-combusti 
ble content by the screen 29 and the bed material is 
returned by the conveying means 30 to the chute 28 
and back into the incinerator. In this way heat is 
recovered and returned by the re-cycled bed material 
and the net effect is equivalent to that of air pre-heat 
ing. The ?uidizing air which is pre-heated by the ashes 
and bed material being withdrawn from the bed serves 
to classify the material being withdrawn. Light dust is 
blown back into the bed by the ?uidizing air and is 
prevented from leaving the incinerator. 
A gas distributor suitable for the base of the ?uidized 

bed vessel is described in connection with FIGS. 3 to 5. 
A ?uidized bed vessel comprises a container 33 hav 

ing a pair of side walls 34 and 35 and a base 36. A duct 
37 extends through the base into the vessel and ?uidiz 
ing gas, which may be air, enters the vessel through the 
duct. The particulate material 38 constituting the bed is 
contained in the vessel but has to be separated from the 
duct by a gas distributor 39. The reason for this is that 
the particulate material must not be allowed to fall into 
the duct and also the gas entering the vessel has to be 
distributed as evenly as possible over the full cross-sec 
tional area of the base of the bed material. 
The gas distributor 39 consists of a perforated plate 

40 extending across the vessel and supporting the par 
ticulate material on its upper surface. The openings 41 
in the plate may be of the order of ‘A; to 1%; inch diame~ 
ter. The plate is supported from the walls of the vessel 
on brackets 42 and the edges of the plate are sealed to 
the walls of the vessel. A second plate 43 which is also 
perforated is carried by the walls of the vessel and is 
positioned below the plate 40. In the arrangement 
shown in FIGS. 3 and 4 the plates 40 and 43 are parallel 
to one another. A plurality of spacer bars 44 are posi 
tioned between the plates 40 and 43 and serve to both 
separate the plates and also divide the space between 
them into sections. The spacer bars may be in the form 
of a grid. A fine mesh 44, conveniently of stainless 
steel, is attached as by spot welding to the underside of 
the plate 43. The openings of the mesh are of small 
cross-sectional area compared with the openings in 
plates 40 and 43 and the mesh together with the plate 
43 constitute a high impedance to the gas ?owing into 
the vessel through the duct(s) 37. The pressure drop 
across the lower plate and the mesh is high and the gas 
entering the vessel is distributed by the lower plate and 
the mesh substantially uniformly over the entire upper 
surface of the lower plate. The gas then passes through 
the openings in the plate 40 into the particulate materi 
al to ?uidize it. 
As the ?uidized bed vessel is arranged with its lon 

gitudinal axis horizontal it may be desirable for the sur 
face supporting the particulate material to be inclined 
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to the horizontal and such an arrangement is shown in 
FIG. 5. The plate 43 and the mesh 44 are arranged sub 
stantially horizontal whilst the upper plate 40 is 
inclined to the horizontal. The spacer bars 45 are not of 
uniform depth as in the case with the arrangement 
shown in FIGS. 3 and 4. 

Although the temperature of the bed material may 
be high the ?ne mesh is protected from the heat by the 
plates 40 and 43. Apart from providing a uniform dis 
tributor of ?uidizing gas in the particulate material, the 
distributor has the further advantages that it is simple 
and relatively cheap to construct, and that the surface 
of the plate 40 is clear of obstructions and the particu 
late material can easily be removed from the vessel. 

What we claim is: - 

1. A ?uidized bed incinerator suitable for burning 
combustible refuse comprising a vessel containing a 
bed of particulate refractory material, said vessel de?n 
ing a ?rst opening above the surface of one region of 
the bed through which opening a mixture of combusti 
ble and non-combustible refuse is introduceable onto 
the surface of said first region and de?ning a second 
opening adjacent the base of the bed at a second region 
spaced horizontally from the ?rst region and through 
which opening the non-combustible content of the 
refuse is'removable, means for ?uidizing the bed in a 
non-uniform manner to cause a greater degree of agita 
tion of the bed at the second region than at the ?rst re 
gion thereby promoting circulation of the bed material 
in the vessel in the direction downwardly from the ?rst 
region and towards the second region whereby the non 
combustible content of the refuse is displaced while 
submerged in the bed from the ?rst region to the 
second region. 

2. A ?uidized bed incinerator as claimed in claim 1 in 
which means are provided for blowing further air into 
the bed at the second region with the ?ow of the further 
air directed towards the surface of the ?rst region. 

3. A ?uidized bed incinerator as claimed in claim 1 in 
which the bed is supported on a perforated plate struc 
ture with at least two separate air boxes positioned 
beneath the plate structure with one of the boxes 
beneath the ?rst region of the bed and another of the 
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6 
boxes beneath the second region of the bed. 

4. A ?uidized bed incinerator as claimed in claim 3 in 
which the perforated plate is inclined downwardly from 
beneath the ?rst region to beneath the second region. 

5. A ?uidized bed incinerator as claimed in claim 3 in 
which the perforated plate structure comprises a ?rst 

I perforated plate for supporting the bed material, a 
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second perforated plate spaced below the first plate, 
and a ?nely apertured mesh attached to the underside 
of the second perforated plate. 

6. A ?uidized bed incinerator as claimed in claim 1 in 
which a baffle plate in the vessel limits the depth 'of the 
bed at the second region thereof and the baffle plate 
projects towards the ?rst region of the bed. 

7. A ?uidized bed as claimed in claim 1 in which the 
vessel de?nes a gas space above the surface of the bed 
and a further opening de?ned by the vessel leads into 
the gas space with means for introducing particulate 
refractory material into the vessel through the opening 
leading into the gas space. 

8. A ?uidized bed as claimed in claim 7 in which said 
means include a screen for separating bed material 
from the non-combustible content of the refuse 
removed from the vessel and conveyor means for 
delivering said bed material to the opening. 

9. A method of disposing of refuse which comprises 
the steps of providing a bed of hot particulate refracto 
ry material in an incinerator vessel de?ning a ?rst 
opening above the surface of one region of the bed and 
a second opening adjacent the base of the bed at a 
second region spaced horizontally from the ?rst region, 
?uidizing the bed in a non-uniform manner to cause a 
greater degree of agitation of the bed at the second re 
gion than at the ?rst region thereby promoting circula 
tion of the bed material in the vessel in the direction 
downwardly from the ?rst region and towards the 
second region, introducing a mixture of combustible 
and non-combustible refuse through the ?rst opening 
onto the surface of the bed, burning the combustible 
content of the refuse in the bed and withdrawing the 
non-combustible content of the refuse through said 
second opening. 

* * * * * 
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