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[57] ABSTRACT 
Provided is a process to continuously dry remove ash 
from the bottom of steam boilers by discharging the ash 
on a high temperature resistant conveyer which is en 
closed in a tight sealed envelope. Also is provided an 
apparatus for accomplishing this which has a steel con 
veyer belt constructed to withstand high temperatures 
and enclosed in a sealed steel box connected to the 
bottom of the boiler so that the conveyer continuously 
receives and discharges ash from the boiler. 

9 Claims, 5 Drawing Sheets 
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PROCESS AND APPARATUS FOR CONTINUOUS 
DRY REMOVAL OF BOTTOM ASH 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present invention relates to a process for continu 
ous dry removal of bottom ash as well as to the relevant 
apparatus for carrying out said process. 
Coal used in steam production [contain] contains 

inert matter in a percentage varying from 8 to 20% by 
weight. 

In the steam producing boilers of thermoelectric 
power plants, fed with solid fuels, the combustion pro 
duces an ash residue of two fractions, namely ?y ash 
carried by smoke and mainly picked up by the electro 
static ?lters provided for protecting the environment 
and bottom ash gathering on the boiler bottom, which 
must be removed. 
Bottom ash contents [is oi] are about 20% [on] of 

the total ash amount and they have a granule size from 
0.03 to 300 mm while in the biggest pieces they may 
have a temperature up to l200° C. 
A percentage of unburnt coal in the ashes, varying 

from 4 to 16% according to the design and age of the 
boiler, must be removed with the ash. 
The presently used boilers at their bottom have a 

water tank adapted to cool ash so as to allow the re 
quired removal with mechanical or hydraulic systems 
and also to give tightness so as to prevent false air [to 
enter] from entering the boiler. 
The mixture consisting of water, ash and unburnt coal 

is sent to a plant for separating and recovering water, 
while the dry residue, not having an economical indus 
trial use, is sent to a dump and creates considerable 
environmental problems. 
The present invention removes these drawbacks and 

provides for a dry removal of bottom ash, being based 
on the novel principle of using a conveyor belt to re 
move said ash. In order to carry out this system it was 
therefore necessary to study a particular conveyor belt, 
adapted to withstand high temperature and provided 
with means adapted to confer tightness around the 
boiler bottom. 

These problems are perfectly solved by the continu 
ous dry removal apparatus of the present invention, 
consisting of a [steal] steel belt conveyor made so as to 
withstand high temperatures, inserted in a tight steel 
box, which is applied to the boiler bottom so that the 
conveyor belt contained in the box, receives and re 
moves continuously said ash. 
The steel belt conveyor is made so as to withstand 

mechanical stress due to ash impact and thermal stress 
due to burner radiation and high temperature of the 
removed ash. 

In said belt the load bearing function and the driving 
function are assigned to two different but joined ele 
ments; the load bearing function to a set of steel plates 
suitably shaped and partially overlapped so as to form a 
continuous trough; and the driving function to a net-like 
wired belt made of high tensile steel. Each plate is indi 
vidually ?xed to the belt by a set of rivets or bolts which 
are connected with crosspieces inserted in the links of 
said belt. 
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2 
This system allows free expansion of the plates in 

every direction according to temperature variations in 
order to avoid permanent set. 
The steel wired belt is friction actuated by a cylindri 

cal driving drum and it is stretched by a jockey drum on 
which a tensioning system is acting. 
The driving system. based on friction and tension, 

allows [that also] the wired belt [may] to have free 
expansion in any direction avoiding permanent set. 

Therefore the values of resistances to high tempera 
ture of this system are equal to the values of heat resis 
tance of the type of alloy steel used. Refractory steel 
with high chrome and nickel contents are normally 
used, but other alloys may be used as well. 
Tension induced in the belt by the tensioning system 

acting on the jockey drum[,] causes a pressure be 
tween plates in their overlapping areas, such a pressure 
between plates for the whole belt length prevents pas 
sage [even] of even the smallest particles. 
The load bearing run of the belt is supported by 

smooth rollers while the return run is supported by cast 
iron or steel wheels. 

Roller shafts protrude outside the container box, so 
that they can be supported by bearings arranged in a 
cool area. Between the shafts and the corresponding 
holes made in the box there are heat resistant seals pre 
venting air entrance and gas passage, but allowing a 
sliding movement of the shafts due to expansion. 
A cyclically operated valve limiting or preventing 

entrance of cool air, may be applied downstream the 
area of ash discharge from the apparatus. 

In vacuum operated boilers a quantity of air con 
trolled by the above system may be delivered counter 
currently to the direction of ash discharge. In this way 
the heat yielded to air by ash and by the combustion of 
the unburnt matter on the belt, is brought again into the 
boiler so as to increase its efficiency. 
The above indicated system has a number of advan 

tages which are hereinafter brie?y enumerated: 
(a) Removal and conveyance of ash even of big size 

without requiring prior crushing. 
(b) Energy recovery from the unburnt coal portion. 
(c) Industrial employ of dry ash not degraded by 

water and free from unburnt matter. 
(d) Simplicity and reliability of the system built so as 

to avoid sudden halts. 
(e) Energy saving in view of the low installed power 

in comparison with other systems. 
(f) Reduction of areas required for the plant. 
(g) Elimination of water transport and treatment 

systems. 
(h) Reduction of installation and maintenance costs. 
The process and apparatus being the subject matter of 

the present invention will be better understood from the 
following detailed description of a preferred embodi 
ment, given only as a non limiting example of its scope, 
reference being had to the accompanying illustrative 
drawings, in which: 
FIG. 1 is a lateral general view of an embodiment of 

the apparatus according to the present invention; 
FIG. 2 is a vertical sectional view of the apparatus, 

taken in the left-hand portion along line X—X and in 
the right-hand portion along line Y-Y of FIG. 1; 
FIG. 3 is a detailed view of the passage of the con 

veyor belt on the driving drum; 
FIG. 4 is a detailed bottom view of a portion of the 

conveyor belt; 
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FIG. 5 is a sectional view taken along line 2-2 of 
FIG. 4, showing the structure of the conveyor belt; and 
FIG. 6 is a partially sectioned elevational view, 

showing the detail of the support particularly designed 
for the rollers beating the conveyor belt. 
With reference now to the various ?gures of the 

accompanying drawings, as already stated the appara 
tus substantially comprises a steel conveyor belt consist 
ing of a plurality of steel plates 1 suitably shaped and 
partially overlapping so as to form a continuous trough. 
Each plate 1 is provided with lateral boards 11 and 
some plates have also transverse dams 12 for dividing 
the trough into sections, so as to avoid [that] a condi 
tion in which the material slides back in the inclined 
stretches. Thus these plates 1 have the load bearing 
function, while the driving function is effected by a high 
strength steel wired belt 2. Each plate 1 is individually 
fated to belt 2 by bolts 8 with relevant nut 10, which 
however may be replaced by rivets or other equivalent 
fastners, which are connected to crosspieces 9 suitably 
inserted in the links of said wired belt 2. This open 
system allows free expansion of plates 1 in any direction 
when temperature changes, so as to avoid permanent 
set. 
The steel wired belt 2 is friction actuated by a cylin 

drical driving drum 7 and it is tensioned by a jockey 
drum 13 on which a tensioning device is acting, said 
device being not illustrated in greater detail as it is well 
known in the conveyor technique. This driving system, 
based on friction and tension, also allows [that also] 
the wired belt 2 [way] to undergo free expansion in 
any direction, so as to avoid permanent set. 
The load bearing run of the belt is supported by 

smooth rollers 3, while the lower return run is sup 
ported by cast iron or steel wheels 4. Shafts 14 of 
smooth rollers 3 protrude outside a steel containing box 
15, which is applied at the boiler bottom, so that ash is 
falling on the conveyor belt enclosed therein and said 
shafts 14 may be supported outside the hot environment 
by bearings 16, thus arranged in a cool area and sup 
ported by specially designed supports 5. Between shafts 
14 and the corresponding holes 17 made in the box 15, 
there are heat resistant seals 6, preventing air entrance 
and gas passage, but allowing shafts 14 to slide because 
of expansion. A guide and adjustment pin 18 protrudes 
from a hole made in support 5 and provided with a 
sealing gasket 19. 
As illustrated in FIGS. 1 and 2, a cyclically operated 

valve 60 is located downstream of (that is, below) the area 
of ash discharge from the boiler, between the load bearing 
run and the return run of belt 2. Valve 60 may be operated 
to deliver air to the boiler countercurrently to the direction 
of ash discharge from the boiler. 

It is of course to be understood that the foregoing 
detailed description was merely given as a non limiting 
example and therefore many modi?cations, additions, 
substitutions and/or variations may be resorted to the 
apparatus and process of the present invention, which 
was described in its particular embodiment for steam 
producing boilers in thermoelectric power plants, but 
obviously having a much broader range of application, 
which may be of interest in all those plants where there 
is the problem of discharging heavy and hot ash, with 
out departing however from spirit and scope of the 
invention, as it is better de?ned in the appended claims. 

I claim: 
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1. A system for continuously removing bottom ash 

from a [tire bed] ?red boiler, said system comprising a 
[?rst and] ?exible conveyor belt made of high temper 
ature resistant material trained over a drive drum with 
a friction ?t therebetween, a plurality of overlapping 
load bearing plates loosely joined to said conveyor belt 
for bearing the weight of a load deposited on said belt, 
whereby temperature caused expansion and contraction 
of said conveyor belt is absorbed by said plates sliding 
relative to each other in said overlap area, and a tightly 
sealed envelope means surrounding said conveyor belt 
in order to retain heat of said [?re bed] ?red boiler 
while enabling said ash to be conveyed out of a [fur 
nace in which said ?re bed is located] combustion 
chamber of said ?red boiler. 

2. The system of claim 1 wherein said conveyor belt 
is a woven wire belt. 

[3. The system of claim 2 and means down stream of 
said conveyor for cyclically discharging ash from said 
conveyor belt while precluding an mcape of a signi? 
cant amount of heat from said envelope means] 

4. The system of claim [3 and means wherein said 
downstream means returns] 2 including valve means, 
located in said envelope means, for returning air to said 
[?re bed] ?red boiler, the returned air passing over 
said conveyor belt in order to recapture heat from said 
hot ash, said heat being returned to said [?re bed] ?red 
boiler when said returning air reaches said [furnace in 
which said ?re bed is located] combustion chamber. 

[5. The system of claim 1 and means at ?re bed for 
continuously depositing hot ash on said conveyor belt] 

6. The system of claim 1 wherein said overlapping 
plates form a trough [under said ?exible] over a load 
bearing run of said conveyor belt. 

7. The system of claim 1 wherein said conveyor belt 
is a woven wire belt and said loosely joined plates are 
connected to said woven wire belt by bolts or rivets 
which are free to slide and move within the weave of 
said woven wire. 

8. The system of claim 7 wherein said woven wire 
belt includes a plurality of cross pieces slipped into the 
weave of said woven wire, said bolts or rivets being 
joined to said crosspieces. 

9. The system of claim 1 [and a second] including a 
guide drum, said conveyor belt being trained over said 
[second] guide drum, and means for adjusting [the] 
a position of said [second] guide drum to tension said 
conveyor belt. 

10. The system of claim 1 [and] including a plurality 
of rollers for supporting said conveyor belt and said 
plates, said rollers having ends extending outwardly 
from said conveyor belt to an area which is much cooler 
than said ash, and bearing means for supporting the ends 
of said rollers. 

11. The system of claim 1, wherein the conveyor belt 
receives the ash discharged from the boiler in a ?rst direc 
tion; 
and wherein the system further comprises 
a cyclically activated valve, located in the envelope 
means downstream from an area where the ash is 
received onto the conveyor belt, for controlling en 
trance of cool air and for delivering the cool air con 
trolled by the valve in a second direction countercur 
rent with respect to the ?rst direction of ash discharge 
so that heat yielded to the air by the ash and by com 
bustion of unburnt matter on the conveyor belt is 
returned into the boiler so as to increase its e?iciency. 
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