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APPARATUS FOR INCINERATING WASTE MATERIAL

The present invention relates to an apparatus
for incinerating waste materials such as waste tires, for

example.

One known apparatus for incinerating waste mate-
rials such as waste tires is disclosed in Japanese Laid-
Open Patent Publication No. 2-135280. Specifically, the
disclosed incineratihg apparatus comprises én apparatus

for incinefating a waste material by processing the waste

" material through dry distillation and gasification.

The disclosed incinerating apparatus has a gasi-
fication furnace in which a waste material is placed. In
the gasification furnace, a portion of the waste material
is burhed while the remainder of the waste material is
- subjected to dfy distillation (i.e., thermally decomposed)
with the heat of combustion, until_finally the waste mate-
rial is fully burned and ashed. A combustible gas
pfoduced when the waste material is thermally decomposed
is introduced through a gas passage into a combustion
.furnace. In the cpmbustion furnace, the suppligd
‘combustible gas is mixed with oxygen (air) and_burﬁéd at a
temperature high enough to reduce nitrogen oxides to a

sufficiently small level. In this manner, the_waste
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material is incinerated without causing environmental
pollution problems which would otherwise be posed by the
generation of nitrogen oxides. |

The thermal energy generated when the com—.
bustible gas is bufned is used as a hoat source for a
" boiler or the like. The generated thermal enérgy is
therefore effectively utilized in the process of
incinerating the waste material.

. More specifically, the combustion of_a portion
of the waste material and the dry distillation of the re-
mainder thereof in the gasification furnace, and the com-
bustion of the combustible gas in the combuotion furnace
are carried out as follows:

The combustion of a portion of the_ﬁaste mate-
rial and the dry distillation of the remainder thereof in.
the gasification furnace are started when the portion of
the waste material is ignited after the waste material is
charged into the gasification furnace. When the portion
of the waste material starts being combusted, the
rémaining waste material starts being subjected to dry
distillation by the heat of combustion, and the
combustible gas starts being generated by the dry
distillation. As the dry distillation process progresses,
the combustible gas is generated in a progressively larger
quantity. Oxygen required to ignite the waste material'
and oxygen required to bu:n the portion of the waste

material immediately after it has been ignited are
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supplied from the éir‘in the gasification furnace.

The combustible gas generated in the gasifica-
tion fu;nace is delivered through the gas passage and ad-
mitted into the combustion furnace in which the
combustible gas is mixed with oxygen and ignited by an
igniter mounted in the combustion furnace. At this time,
the temperature of the.combustible gas as it is burned in
the combustion furnace is detected by a temperature sensor
disposed in the combustion furnace. The detected
temperature rises as the-amount of the combustible gas
generated in the gasification furnace becomes larger and
so does the the amount of the combustible gés introduced
into the combustion furnace. When the combustible gas
starts being combusted in thé combustion furnace, an
oxygen supply device connected to the gasification furnabe
-operates to supply the gasification furnace with the:
oxygen that is needed to burn the portion of the waste
material and thermally decompose the remaining waste
material. The o#ygen is supplied to the gasification
furnace at a rate that is regulated to keep the detected
temperature of the combustible gas at a predetermined,
substantially constaht level for reducing any nitrogen
oxides to a sufficiently small amount.

.More SPecifically, when the temperature of the
combustible gas becbmes lower than the predetermined, sub-
stantially constant temperature, the amount of oxygen sup-
plied to the gasification furnace is increased to acceler-
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ate the combustion of the portion of the waste.material
and the dry distillation of the remainder of the waste
material. As a result, the combustible gas is produced in
an increased quantity, thereby increasing the temperature
of thé combuétible gas in the combustion furnacé.
Conversely, when the temperature of the com-

‘bustible gas becomes higher than the predetermined, sub-
stantially constant temperature, the amount of oxygen sup-
plied to the gasification furnace is reduced to suppress
the combustion of the portioﬂ of the waste material and
the dry distillation of the remainder of the waste
material. As a consequence, the combustiblgigas is
pfoduced in a reduced quantity, thereby lowering the
témperature of the combustible gas in the combustion
furnace. |

| In this manner, the temperature of the com-
bustible gas as it is burned in the combustion furnace is
maintained at the substantially constant level for suffi-
ciently reQucing any nitrogen oxides. The combustible gas
is substantially completely burned in the combustion fur-
nace without causing environmental pollution. At.the
same time, the combustion of the portion of-the waste
material and the dry distillation of the remainder of the
waste material are allowed to progress smoothly in the
gasification fhrnace. The thermal energy produced when
the combustible gas is burned can be effecfively utilized

as a heat source for a boiler or the like. The partial
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combustion of the waste material in the gasification
furnace is progressively shifted into a fegion of the
waste material where the combustible gas has beén
generated, i.e., is carried out in a region of the waste
material where it is thermally decompdsed. Accordingly,
the partial combustion takes place while producing almost
no nitrogen oxides.

ﬁpon the dry distillation of the waste material,
the waste material is progressively ashed as the partial
combustion of the waste material progresses. Therefore,
the combusted portion of the waste material is progres-
sively shifted into another region where thé dry distilla-
tion is substantially finished, and the portion of the
waste material which can be thermally decomposed by dry
distillation is progressively reduced.

Eventually, the waste material in the gasifica-
tion furnace becomes unable to produce the amount of com-
bustible gas which is required to keep the temperature of
the combustible gas at the substantially'constant level in
the combustion furnace. Thus, the temperature of the com-
bustible gas as it is burned is lowered. At this stage,
the waéte material in the gasification furnace is burned
iﬁ a substantial portion thereof except the portion that
has already been ashed... Thereafter, the waste niaterial is
finally ashed by the combustion thereof.

I1f the waste material were burned while being

subjected to an insufficient degree of dry distillation,
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then an increased amount of nitrogen oxides would be pro-
duced. Therefore, the waste material should preferably be
burned after if has been subjected to as much dry
distillation as possible. To burn the combustible gas
while minimizing the generation of nitrogen oxides, it is
prefe;able that the combustible gas be produced by dry
distillation in order to keep itself at.a substantially
constant temperature to minimize nitrogen oxides.
Furthermore, from the standpoint of better incineration of
the waste material, the waste material should preferably
be burned and ashed when the dry distillation thereof is
smoothly and reliabiy completed. .

| To meet the above requirements, while the dry
distillation of the waste material is in progress in the
conventional incinerating apparatus, bxygen is supplied
" from the oxygen supply device to the gasification furnace
to keep the temperature of the combustible gas at a sub-
stantially constant level for continuous and.stablé
combustion of a portion of the waste material and also
continuous and stable dry disfillation of the remaining
- waste material, as described above. ‘When the dry
distillation is finished, the oxygen supply device
supplies an increased amount of oxygen to the gasification
furnace according to the temperature in the gasification
furnace as detected by a temperature sensor therein for
promoting final combustion and ashing of the waste

material.
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Specifically, while the dry distillation of the
waste material progresses in a stable state, the
temperature in the gasification furnace progressively goes
up as the combustion of the portion of the waste material
progresses, even though part of the heat of the combusted
portion is absorbed by the thermally decomposed pdrtion of
the waste material. When the dry distillation is in a
final stage, after the temperature sharply risés as
described above, since the thermally decomposed portion of
the waste material is reduced, and so is the heaf of the
combusted portion which is absorbed by the thermally
decomposed portion, the temperature in the éasification
furnace decreases as the combustion and ashing of the
portion of the waste material proéress.

In the convéhtional incinerating abparatus, when
the temperature in the gasification fufnace exceeds a pre-
determined temperature that has been selected experimen-
tally and empirically, any portion of the waste material
that can be thermally decomposed by dry distillation is
regarded as being almost eliminated, and the amount of
okygen supplied to the gasification furnace is increased
to accelerate the final combustion and ashing of the waste
material. |

However, because the amount of oxygen supplie¢
to the gasificatiqn furnace is increased based 6n only the
témperature in_the gasification furnace upon final ashing

-of the waste material, the conventional incinerating appa-
_—

This Sheet Has Been R,

S|



THIS SHEET HAS BEEN
REPLACED.

ratus has suffered from the follbwing drawbacks:

As described above, in general, the temperature
in the gasification furnace sharply rises and then drops
in the final stage of dry distillation of the waste
material. The temperature in the gasification furnace
does not vary uniférmly and smoothly, but is_generally
subjected to temporary fluctuations depending on various
conditions, e.g., the type of the.waste material being
incinerated, the manner in which thé waste material is
placed; etc.

| Even when a substantial portion of the waste ma-
terial remains to be thermally decomposed bf dr& distilla-
tion, there may be temporary situationé when the dry
distillation does not take placé smoothly depending on the
type of waste material being incinerated, the manner in
| which the waste material_is placed in the furnace, or
other conditions. Consequently, the heat of the combusted
portion of the waste material that is absorbed by.the
thermally decomposed portion fhereof is temporafily re~
duced, with the result that the temperature in the gasifi-
cation furnace may rise beyond the predetermined tempera-
ture which is used for determining the timing of final
ashing of the waste material. -

If this happens, regardless of the presence of a
substantial portion of the waste material that can still
be thermally decomposed by dry distillation, the amount of

oxygen supplied to the gasification furnace ié increased :
S
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to accelerate the combustion and ashing of the waste
material. Therefofe, the waste material which has not
been fully thermally decomposed yet is burned, producing
an increased amount.of nitrogen oxides and an unstable
amount of combustible gas, which tends to prodﬁce a larée
amount of nitrogen oxides when burned.

Moreover, wﬁen the oxygen in the gasification
furnace is present in an amount larger than necessary when
the waste material is thermally decomposed by dry
distillation, the combustible gas produced by the dry
distillation of the waste material may be mixed with
sufficient oxygen to burn the combustible gés, and the
mixture may be introduced frdm the gasification furnace
into the combustion furnace. In this case, the flames .
produced when the combustible gas is burned in the
combustion furnace and the flames of the igniter are
liable to be propagated from the combustion furnace
through the gas passage into the gasification furnace,
bﬁrning the combustible gas in the gasification furnace
and the gas passage, a phenomenon known as a backfire.
When such a backfire occurs,_the temperature in the
combustion and gasification fu:naces greatly increases, |
tending to damage the combustion and gasificafion furnaces
and various devices mounted therein.

The amount of oxygen in the gasification furnace
is apt to become more than necessary particularly when the

portion of the waste material is burned unstably, or when
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the combusted portion of the waste material is small, con-
 suming a relatively small amount of oxygen, or when the
combustible gas produced by the thermally decomposed por-
tion of the #aste material is comparatively small, or when
external air flows into the gasification furnace because
of poor insulation between the gasification furnace and
lthe exterior space, during the initial stage 6f combustion
énd dry distillation of the waste material immediately
after it has been ignited.

In the cdnventional incinerating apparatus, oxy-
gen in the gasification furnace is utilized Wheﬁ the waste
material is ignited and the'portion of thé éaste material
is burned right after the'waste material has_been ignited,
and a single region of the waste material is_ignited by a
single igniter. Accordingly, the portion of the waste ma-
terial is likely to be burned unstably in the initial
stage, and the combusted portion of the waste material is
small.

Even under such a condition, once the waste ma-
terial is thermally decomposed by dry distillation and the
produced combusted gas is ignited in the combustion'
furnace, the oxygen supply device supplies the gasifi-
cation furnace with an amount of oxygen for keeping the
temperature of the coﬁbustible gas at a substantially con-
stant level. That is, the gasification furnace may be
supplied with more oxygen than necessary while the

combustion of the portion of the waste material is
\
This Sheet Has Bee

o= Illlll i



THIS SHEET HAS BEEN
REPLACED

unstable and the oxygen combustion is small. For these
reason, backfire is likely to happen in the conventional

incinerating apparatus.

In view of the aforesaid difficulties of the
~ conventional incinerating apparatus, the invention

seeks to provide an apparatus for
incinerating a waste material by processing fhe waste
materia; through dry distillation and gasification, the
apparatus having a gasification furnace for burning a
portion of the wasté material and thermélly decomposihg
the remainder of the waste material by way of dry
distillation to produce a combustible gas, and a
combustion furnace for combusting the combustible gas at a
substantially constant temperature, the apparatus being
capable of thermally decomposing the waste material as
continuously as possible for stably producing the
combustible gas and for smoothly and reliably carrying out
final combustion and ashing of the waste material after it
has been thermally decomposed.by dry distillation.

The bresent invention also seeks
to provide an apparatus for incinerating a waste material
by processing the waste material through dry distillétiOn
and gasifiéation, the apparatus being capable of
preventing backfire from occurting due to the flames of a

combustible gas propagated from a combustion furnace
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through a gas passage into a gasification furnace.

- According to a first aspect of the present invention

there is provided an apparatus for incinerating a waste

material by processing the waste material through dry
distillation and gasification,'comprising a gasification
furnace for storing a waste material theréin and burning a
portion of the waste material'and thermally decomposing
the remainder of thé waste material by way of dry
distillation with the heat of combustion of the portion of
the waste material, thereby producing a combusfible gas, a
combustion furnace for combusting the combustible gas
introduced thgrein from the gasification furnace through a
gas passage, first temperature detecting means for
detecting the temperature in the gasification furnace,
second temperature detecting means.for detecting the
temperature of the combustible gas as it is burned in the
combustion furnace, and oxygén supply means for supplying
the gasification furnace with én amount of oxygen required
to burn the portion of the waste materia; and to thermally
decompose the remainder of.the waste material while
qontrollinghthe amount of oxygen supplied to the
gasification furnace to maintain, at a substantially
constant value, the temperature of the combustible gas as
detected by the second temperature detectiﬁg means during
the dry distillatioﬁ of the waste material, and for

supplying the gasification furnace with an amount of
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oxygen to accelerate the combustion and ashing of the
waste material when the dry distillation of the waste
material is finished, the oxygen supply means comprising
means for incfeasing the amount of oxygen supplied to the
gasification furnace to accelerate the combustion and ash-
ing of the waste material if the temperature in the
gasification furnaee as detected by the first temperature
detecting means increases up to a first predetermined
temperature or higher as the combustion of fhe waste
material progresses and also if the temperature of the
combustible gas as detected by the second temperature
detecting means drops from the substantialli constant
value to a second predetermined temperature or lower, when
the dry distillation of the waste material is finished.
According to a second aspect of the'pfesent in-
vention, the oxygen supply means comprises means for in-
creasing the amount of oxygen supplied to the gasification
furnace to accelerate the-combustion'and ashing of the
waste material if the temperature in the gasification fur-
nace as detected by the first temperature detecting means
increases up to a predetermined temperature or higher as
the combustion of the waste material progresses, and also
if the temperature in the gasification furnace remains af
the predetermined temperature or higher for a
predetermined period of time after the temperature has
increased up to the predetermined temperature or higher,

when the dry distillatien of the waste material is
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finished.

In the above first.and second aspects, the por-
tion of the waste material is burned and the remainder
thereof is thermally decomposed by dry distillation in the
gasification furnace by the oxygen which is supplied from |
the oxygen supply means to the gasification furnace so
that fhe temperature of the combustible gas as it is
burned in the combustion furnace will be suhstantially
constant. As the combustion and dry distillation of the
waste material progresses, the amount of the waste
material which is capable of generating the combustible
gas by way of dry distillation is reduced. 'When the dry
distillation is finished, the combustible gas can no
longer be generated in a quantity large enough to keep fhe
temperature of the combustible gas substantially constant
in the combustion furnace. The amount of the combustible
gas which is generated is therefore reduced, and so is the
temperatufe of the combustible gas in the combustion
furnace. Generally, the temperature in the gasification
furnace progressively increases as the partial combustion
ef the waste material cohtinuously'pregresses while the
dry distillation of the waste material is going on with
the temperature of the combustible gas being substantially
constant.  Then, as the qﬁantity of the waste material
whieh can be thermally decomposed ie reduced when the dry
distillation is finished, the temperature in the

gasification furnace rises sharply and then drops as the
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combustion and ashing of the waste material progresses.

However,_depending-on the manner in which the waste
material is stored or the type of the waste material, the
dry distillation may become unstable, énd the heat of
combustion that is absorbed by the dry distillation may be
feduced, causing a sharp rise in the temperature in the
gasification furnace.

According to the first aspect of the present in-
vention, when the temperature in the'gasificafion furnace
as detected by the first temperature detecting means in-
creases up to the predefermined temperature at which the
drj distillation can be regarded as being finished, and
also when the temperature.of the combustible gas as de-
tected by the second temperature detecting means drops
from the substantially constant value to the predetermined
temperature or lower, the-amount of oxygen supplied from
the oxygen supply means to the gasification furnace is in-
creased to accelerate and smoothly carry oﬁt the
combustion and ashing of the waste material when the dry
distillation is sufficiently effected and the portion of
the waste material that can be thermally decomposed is
greatly reduced.

According to the second aspect of the present
invention, when the tempe:ature-in the gasification
furnace as detected by the first temperature detecting
means increases up to the predetermined temperature at

which the dry distillation can be regarded as being
“*———~——~——-________
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finished, and also when the temperature in the
gasificatibn furnace remains at the predetefmined
temperature or higher upon elapse of the predetermiped
period of time after the temperature in the gasification
furnace reaches the predetermined temperature,'the amount
of oxygen supplied from the oxygen supply means to the
gasification furnéce is increased to accelerate and
smoothly carry out the combustion and ashing of the waste
materiél when the dry distillation is sufficiently
effected and the portion of the waste material that can be
therma11§ decomposed is greatly reduced.

In the first and second'aspects,'the wasfe'mate—
rial in the gasificafion furnace is ignited at a lowér
portion of the gasification furnace. While fhe dry
distillation of the waste material is in progress, the
gasification furnace is supplied with oxygen from the
bottom thereof. When the dry distillation is finished,
the gasification furnace is supplied with oxygen at a
higher portion of the'gasifiéation furnace. Therefore,
the combustion of the portion of the waste material and
the dry Qistillation of the remainder ¢of the waste
material are smoothly carried out in the lower and upper
portions of the gasification furnace. When the waste
material is finally ashed, the gasification furnace is
supplied with oxygen at a position close to the combusted
- portion of the waste material for smoothly ashing the -

waste material.
-
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The first temperature detecting means is dis-

posed in anlupper portion of the gasification furnace so
that it can stably detect the temperature in the gasifica-
“tion furnace without being greatly affected by the com-
busted portion of the waste material.
| In the first and second aspects, the apparatus
further includes second oxygen supply means for supplying |
the combustion furnace with an amount of oxygen required
to completely combust the combustible gas ihtroduced into
the combustion furnace, the second oxygen supply means
comprising means for varying the amount of oxygen supplied
to the combustion furnace depending on a chénge in the
temperature of the combustiﬁle gas as detected by the
second temperature detecting means while the dry
distillation of the waste material progresses.
.Consequently, since the combustible gas is mixed
with an amount of oxygen depending on the amount of the
combustible gas introduced into the combustion furnace,
the combustible gés can reliably be completely combusted.
The combustion furnace comprises a burner nozzle
.for mixing and igniting the combustible gas and the
oxygen, and a combustion chamber for combusting the
combustible gas mixed with the oxygen. At this time, the
temperature of the combustible gas as it is burned in the .
combustion chamber is detected by the second temperature
detecting means. The second temperature detecting means

can therefore stably detect the temperature of the
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combustible gas without being greatly affected by flames
produced whén the combustible gas is ignited by the burner
nozzle.

To échieve the second objéct, there is provided
in accordance with a third aspect of the present invention
an apparatus for incinerating a waste material by process-
ing the waste material through dry distillation and
gasification, comprising a gasification'furnace for
storing a waste materialltherein and burning a portion of
the waste material and thermally decomposing the remainder
of the waste material by way of dry distillation with the
heat of combustion of the portion of the wgste material,
thereby producing a combustible gas, a combustion furnace
for combusting the combustiblé gas introduced therein from
the gasification furnace through a gas passage, igniting
means for igniting the waste material stored in the
gasification furnace, temperature detecting means fdr
detecting the temperature of the combustible gas as it is
burned ip the combustion furnace, oxygen supply means for
supplying the gasification fuinace with an amount of
oxygen required to burn.the portion of the waste material
and to thermally decompose the remainder of the waste.
material, and further to increase the temperature of the
combustible gas as detected by the temperature detecting
means and maintain the increased temperaturé at a
substantially constant value after the portion of the

waste material starts being burned and the remainder of

_—
_—
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the waste material starts being thermally'decomposed, and
oxygen detecting means in the'gas passage for detecting an
amount of oxygen mixed with the combustible gas introduced
from the gasification furnaée into the combustion furnace,
" the oxygen supply means comprising means for stopping the
supély of oxygen to the gasification furnace when the
amount of oxygen as detected by the oxygen detecting means
exceeds a predetermined value.

According to a fourth aspect of the presentlin-
vention invention, the oxygen supply means comprises means
for incréasing stepwise and limiting the amount of oxygen
supplied to the gasification furnace to aﬂ extent which
allows the portion of_the waste material to be
continuously burned when the tempgrature of the
combustible gas as detected by the temperature detecting
means increases after the waste material stored in the
gas;fication furnace is ignited.

According to a fifth aspect of the present in-
vention, the oxygen supply means comprises means for stop-
ping the supply of oxygen to the gasification furnace when
a rate of change per unit time of the temperature of the
combustible gas exceeds a predetermined value and when the
temperature of the combustible gas as detected by the
température detecting means increases after the waste
material stored in the gasification furnace is ignited.

In the third aspect of the present invention,

when the portion of the waste-material stored in the gasi-
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fication furnace is ignited by the igniting means to staft
burning the portion of the waste material and thermally
deqomposing the remainder of the waste material by way of
dry distillation, the combustible gas produced by the dry
distillation is introduced through the gas passage into
the combustion furnace in which the combustible gas is
combusted. At this time, the amount of oxygen required to.
burn the portion of the waste material and to thermally
decompose the remainder of the waste materiai is supplied
from the oxygen supplf means to the gasification furnace
in ofder to increase the temperafure of the combustible
gas as detected by the temperature detedtiﬁg means and
maintain the increased temperature at the substantially
constant value. The amount of oxygen mixed with the
combustible gas introduced from the gasification furnace
to the combustion furnace is detected by the oxygen
detecting means in the gas passage. When the detected
amount of oxygen exceedé the predetermined value, the
supply of oxygen from the oxygen supply means to the:
gasification furnace is stopped. Thus, the gasification
furnace is prevented from being supplied with oxygen in an
amount greater than necessary, and hence the combustible
gas generated in the gasification furnace is prevented
from being mixed with a large amount of oxygen which could
burn the combustible gas before the combustible gas is
introduced into the combustion furnace. Consequently,

flames produced when the combustible gas is burned in the
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combustion furnace are prevented from belng propagated

into the gasification furnace and the gas passage, with
the result that undesirable backfires can be prevented

from occurring.

"In the fourth aspect of the present invention,
the amount of oxygen supplied to the gasification furnace
is increased stepwise and limited to an extent which
allows the portion of the waste material to be
continuously burned when the temperature of the
eombustible gas as detected by the temperature detectiﬁg
means increases after the waste material stored in the
gasification furnace is ignited. 1In an initial stage of
the dry distillation of the waste material,'the
gasification furnace is prevented from being supplied with
more oxygen than.necessary, and the combustion of the’
portion of the waste material and the dry distillation of
the remainder of the waste material are progressively
stabilized. The combustible gas generated in the
gasification furnace.is therefore prevented from being
mixed with a large amount of oxygen which could burn the
combustible gas before the combustible gas is introduced
into the combustion furnace.f

In the fifth aspect of the present invention, if
the amount of oxygen mixed with the combustible gas intro-
duced into the combustion furnace is relativelf large,
then the combustible gas is intensiﬁely burned in the com-

bustion furnace, giving rise to a sharp increase in the
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temperature of the combustible gas'as it is burned in the
combustion furnace. When the rate of change per unit time
of the temperature of the combustible gas exceeds the'pre—
determined value when the temperafure of the combustible
gas increases, the supply of oxygeﬁ to the gasification
furnace is stopped to prevent the combustible gas
generated in the gésification furnace from being mixed
with a large amount of oxygen which could bufn the
combuétible gas before the combustible gas is intfoduced
into the combustion furnace.

With the above aspects combined together, it is
possible to reliably prevent the combustibie gas generated
in the gasification furnace from being mixed with a large
amount of oxygen which could burn the combustible gas
before the combustible gas is introduced into the combus-
tlon furnace.

In the third through fifth aspects, the igniting
means comprises a plurality of igniters disposed on a sur-
rounding wall of the gasification furnace for igniting thg
waste material at a plurality of locations at the |
surrounding wall of the gasification furnace.

Inasmuch as the waste material starts being
burned at the plural locations in the gasificatioﬁ
furnace, the amount of oxygen consumed by the combustion
of the portion of the waste material is relatively large
in the initial stage of the dry distillation. This is

also effective to prevent the combustible gas generated in
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the gasification furnace from being mixed with a large
amount of oxygen which could burn the combustible gas
before the combustible gas is introduced into the
combustion furnace.

Accerding to the third through fifth aspects,
the apparatus also includes extinguishing means for extin-
guishing the combustion of the waste_material when the
amount of oxygen as detected by the oxygen detecting means
exceeds the predetermined value or when the rate of change
per unit time of the temperature of the combustible gas
exceeds a predetermined value when the temperature of the
combustible gas as detected by the temperaéure detecting
means increases after the waste material stored in the
gasification furnace is ignited.

Therefore, when the combustible gas is intro-
duced into the combustion furnace as it is mixed with the
amount of oxygen large enough to burn the combﬁstible gas,
the combustion of the waste material in the gasification
furnace is extinguished by the extinguishing means, thus
stopping the dry distillation of thelwaste material and
also the generation of the combustible gas. Accordingly,
backflres are also prevented from taklng place and going
from the combustion furnace into the gasification furnace
and the gae passage; |

For a better understanding of tHe.present~. o
invention and to show how it mav be carried into effeet

reference will now be made by way of example to the - ™
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accompanying drawings, in which:

FIG. 1 is a schematic diagram of an apparatus
for incinerating a waste material according to tﬁe present
invention;-

FIG. 2 is a graph illustrative of an operation

sequence of the apparatus according to the present inven-

. tion;

FIG. 3 is a graph show1ng the manner in which
the amount of oxygen varies w1th time in the operation se-
quence shown in FIG. 2;

FIG. 4 is a graph showing the manner in which a
flow control valve of the apparatus operates in the opera-
tion sequence shown in FIG. 2;

FIG. 5 is a éraph showing the manner in which
another flow control vaIVe.of the apparatus operates in
the operation sequence shown in FIG.'Z;

FIG. 6 is graph illustrative of another opera-
tion sequence of the épparétus according to the present
invention; and

FIG. 7 is a graph showing the manner in which
the other flow control valve operates in the operation se-

quence shown in FIG. 6.
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An apparatus for incinerating waste materials
such as waste tires according to the present invention
will_bé described with reference to FIGS. 1 through 5.

FIG. 1 schematically shows an arrangemént of the
apparatus, and FIGS. 2 through 5 show an operafion
sequence of the apparatus shown in FIG. 1.'

As shown in FIG. ‘1, the apparatus includes a
gasification_furnace 1l for thermaliy décomposing by way of
dry distillation, gasifying, burning, and ashing'a waste
material A such as waste tires placed in the gasification
furnace 1, a combustion furnace 2 for combusting a com-
bustible gas produced when the waéte'matefial A is ther-
mally decomposed by dry distillation in the gasification
furnace 1, an oxygen supply device 3 for supplying oxygen
(air) to the gasification furnace 1, an oxygen supply de-
vice 4 for supplying oxygen (air)'to the combustion
furnace 2, and an extinguishing device 5 for extinguishing
the combustion of thé waste material A and the combustible
gas in the gasification furnace 1.

The gasification furnace 1 has a charge inlet 7
defined in an upper wall thereof and openable and cloéable
by a hinged ddof 6. The waste material A can be charged
into the gasificétion fdrnace 1 through the charge inlet 7
as it is opened by'the door 6. When the chafge inlet 7 is
closed by thé door 6, the interior SPéce of the gésifica-
tion furnace 1 is virtually isolated from the ambient

space.
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The gasification furnace 1 has a downwardly pro-

jecting frustoconical lower wall composed of a bottom wall-
section 8 and a slanted side wall section 9. The bottom
and side wall sections 8, 9 have respective empty chambers
10, 11 isoléted from the interior space of the
gaéification furnace 1. The empty chamberé 10, 11 are
held in commqnication with the.interior space of the
gasification furnace 1 6nly through air supply nozzles 12
mounted in the bottom and side wall sections 8, 9.

A plurality of igniters 13 are mounted on a
lower surfounding wall section of the gasification furnace
1 for igniting the waste material A placed'in the
gasification chamber 1. Each of the igniters 13 comprises
an ignition burner or the like, and is connected through a
fuel supply pipe 15 to a fuel supply device 14 for
supplying a combustion assistant fuel; the fuel supply
device 14 being disposed outside of the gasification
furnace 1. The igniters 13 burn the combustion assistant
fuel supplied from the fuél supply device.14 through the
fuel supply pipes 15 to producé flames that are directed
intq the gasification furnace 1 to ignite the waste |
material 1 in the gasification furnace 1.

The gasification furnace 1 has a water jacket 16
defined in its surrounding wall for cooling the gasifica-
tion furnace 1 The water jacket 16 is isolated from the
interior space of the gasification furnace l1. A water

level sensor 17 for detecting a water level in the water
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jacket 16 is mounted on the upper wall of the gasification
furhace 1.

The water jacket 16 is supplied with cooling wa-
.ter from a water supély device 18. The water supply
device 18 comprises a water supply 19 disposed outside of
the gasification furnace 1, a water supply pipe 20
interconnecting the water supply 19 and the water jacket
16, a flow control valve 21 disposed in the water supply
pipe 20, and a valve controller 22 for opening and closing
the flow control valve 21. The valve controller 22 is
supplied with a detected water level signal from the water
level sensor 17.

The valve controller 22 comprises an actuator
22a such as a motor for selectively opening and closing
the flow control valve 21, and a control unit 22b
comprising a CPU, etc. for controlling operation of the |
actuator 22a. The control unit 22b monitors the water
‘level in the water jacket 16 as it is detected by the
water level sensor 17, and operates the actuator 22a
depending on the detected water level in the water jacket
16. |

The flow control valve 21 is opened_by the valve
controller 22 to supply cooling water from-the water
supply 19 through the water supply pipe 20 to the water
jacket 16. The valve controller 22 opens and closes the
flow control.valve 21 so that the water level detected by

the water level sensor 18 reaches a predetermined level.
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The cooling water supplied to the water jackét-lﬁ returns
to the water supply 19 through a steam separator (not
shown).

‘A temperature sensor 23 for detecting a tempera-
ture Tl in the gasification furnace 1 is mounted on an up-
per portion of the surrounding wall of the gasification
furnacé 1.

The combustion furnace 2.comprises a burner noz-—~
zle 24 for mixing a combustible gas produced when the
waste material A is thermally decomposed by dry
distillation, with oxygen (air) required for the complete
combustion of the combustible gas, and a éombustion
chamber 25 for burning the combustible gas as mixed with
the oxygen. The combustion chamber 25 is connected to a
front end of the burner nozzle 24 and held in
communication therewith. A temperature sensor 26 for
detecting a temperature T2 of the combustible gas as it is
burned is moﬁnted in the combustion chamber 25.

To the rear end of the burner nozzle 24, theie
is connected a gas pipe 28 extending from a joint fitting
27 mounted on an upper portion of the surrouhding wall of
the gasification furnace 1 and held in communication with
the interior of the{gasification furnace 1.- Therefore,
the combustible qaé produced when the waste material A.is
thermally decomp;sed by dry distillation is iﬁtroduced
through the gas pipe 28 into the burner nozzle 4.

An empty chamber 29 is defined around the burner
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nozzle 24 in isolated relationship to the interior space
‘of the burner nozzle 24. The empty chamber 29
commﬁnicates with the interior space of the burner nozzle
24 through a plurality of nozzle holes 30 defined in the
surrounding wall of the burner nozzlg 42.

An igniter 31 for igniting-the combustible gas
introduced into the 5urner nozzle 24 islmounted on the
rear end of the burner nozzle 24. The igniter 31
comprises an ignition burner or the like as with the
igniters 13 on the gasification furnace 1, and is
connected to the fuel supply device 14 through a fuel
supply pipe 32. When fuel supplied from fhe fuel supply
device 14 thrdugh the fuel supply pipe 32 to the igniter
31 is ignited by the igniter 31, flames are produced and
directed through the burner nozzle 24 into the combustién
chamber 25 to ignite the combustible gas that is |
introduced from thé burner nozzle 24 into the combustion
chamber 24. |

The igniter 31 is associated with an igniter
controller 3la for cohtrolling igniting operation thereof,
the igniter controller 3la being supplied with a detected
. signal from the temperature sensor 26. The igniter con-
troller 3la monitors thé temperature of”the combustible
gas as detected by the temperature sensor 26, and_controls
the igniter 31 to ignite the combustible gas depending on
the detected temperature of the combustible gas.

A boiler 33, for example, is connected to the

'\
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combustion furnace 2. The boiler 33 uses, as a heat
source, the heat of combustion of the combusfible gas in
the combustion chamber 25. |

The gas pipe 28 which interconnects the gasifi-
cation furnace 1 and the combustion furnace 2 is |
associéted with an oxygen sensor 34 for detecting the
amount of oxygen that is mixed with the combustion gas
introduced from the gasification furnace 1 into the
combustion chamber 2.

The oxygen supply device 3 for supplying oxygen
to the gasification furnace 1 comprises an oxygen supply
.35 disposed outside of the gasification fﬁrnace.l, a main
oxygeh supply pipe 36 extending.from the oxygen supply 35,
a pair of auxiliary oxygen supply pipes 37, 38 branched
froﬁ the main oxygen supply pipe 36 and connected
respectively to the empty chambers 10, 11 of the
gasification chamber 1, a pair of flow control valves 39,
40 disposed réspectively in the auxiliary oxygen supply
pipes 37, 38, and a pair of wvalve controllers 41, 42 for
contrdlling the flow control valves 39, 40, respectively.
The valve controller 41 is supplied with the detected
signal from the temperature sensor 26 and the detected
signal from-the oxygen sensor 34. The valve controller 42
is supplied with the deiected signals from the temperature
sensors 26, 23.

The valve controller 41 comprises an actuator

41a such as a motor for opening and closing the flow con-

Sheet Has Been Replaced |

- 20 - llllllllllllllllllIIHIII



trol valve 39, and a control unit 41b_comprising a CPU,la
timer, etc. for controlling operation of the actuator 4la.
The control unit 415 monitors the temperature T2 of the
combustible gas as it is detected by the temperature
sensor 26 and the amount of oxygen in the gas pipe 28 as
it is detected by the oxygen sensor 34, calculates a rate
of change per unit time of the temperature T2 based on the
detected temperature T2 of the combustible gas, and
operates the actuator 4la depending on the detected
temperature T2, the detected amount of oxygen, and the
calculated rate of change per unit time of the temperature
T2. Similarly, the valve controller 42'cohprises an
ectuator 42a such as a motor for opening and closing the
flow control valve 40, and a control unit:42b comprising a
CPU, etc. for controlling operation of the actuator 42a.
The control unit 42b monitors the temperature Tl in the
gasification furnace 1 as it is detected by‘the
temperatﬁre sensor 23 and the temperature T2 of the
combustible ges as it is detected by the temperature
senser 26, and operates the actuator 42a depending on the
detected temperatures T1, T2. |

While the waste material A is being-thermaiiy
decomposed by dry distillation in the gasification furnace
1, the valve controller 41 of the oxygen supply device 3
opens the flow control valve 39 to supply oxygen (air)
from the oxygen supply 35 through the oxygen eupﬁly pipes

36, 37 into the empty chamber 10 of the gasification
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furnace 1. The supplied oxygen is then supplied from the

empty chamber 10 through the air supply nozzles 12 into
the gasification furnace 1. At this time, the valve
coﬁtroller 41 regulates the opening of the flow control
valve 39 depending on the temperature T2 of the
combustiblé gas as detected by the temperature sensor 26.
‘When the caléulated rate of change per unit time of the
temperature T2 exceeds a predetermined value, or when the
amount of oxygen in the gas pipe 28 as detected by the
oxygen sensor 34.exceeds a predetermined value, the valve-
controller 41 closes the flow control valve 39.

At the time the flow. control vafve 39 is opened
by the valve controller 41 when the dry distillation of
the waste material A is finished, the flow control valve
40 is also opened by the valve controller 42. At this
time, therefore, oxygen (air) is supplied from the oxygen
supply 35 through the oxygen supply pipes 36, 38 to the
empty chamber 11 of the gasification furnace 1, from which
-the oxygen is sﬁpplied though the air supply nozzles 12
into the gasification chamber 1. The valve controller 42
opens the flow control valve 40 at a predetermined time
based on the temperature Tl in the gasification furnace 1
as detected by the temperature sensor 23 and the
temperature T2 of the combustible gas as detected by the
temperature sensor'26.

The oxygen supply device 4 for supplying oxygen

to the combustion furnace 2 comprises the oxygen supply
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35, the main oxygen supply pipe 36, a péir of auxiliary
oxygen supply pipes 43, 44 branched from the main oxygen
supply pipe 36 and connected to_the empty chamber 29 éf
the combustion chamber 2, a pair of flow control valves
45, 46 disposed respecfively in the auxiliary Bxygen
supply pipes 43, 44, and a valve controller 47 for
controlling the flow control valve 45. The valve
controller 47 is supplied with the detected signal from
the temperature sensor 26. |

.The valve controller 47 comprises an actuator
47a such as a motor for opening and closing the flow con-
troi valve 45, and a control unit 47b comp}ising a CPU,
etc. for controlling operation of the actuator 47a. The
control unit 47b monitors the temperature T2 of the com-
bustible gas as it is detected by the temperature sensor
26, and operates the actuator 47a depending on the
detected'temperature T2.

The valve controller 47 of the oxygen supply de-
vice 4 opens'thé flow control valve 45 to supply oxygen
(air) from the oxygen supply 35 through the oxygen supply
pipes 36, 43 into the empty chamber 29 of the combustion
furnace 2. The supplied oxygen is then supplied from the
"empty chamber 29 through the nozzle holes 30 into the
burner nozzle 24 of the combustion furnace 2. At this
time, the valve controller 47 opens the flow control valve

45 depending on the temperature T2 of the combustible gas

as detected by the temperature sensor 26.
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The flow control valve 46 is manually openable

and closable by the operator for adjusting the amount of
oxygen supplied from the oxygen supply 35 to thé burner
nozzle 24.

The extinguishing device 5 compriseé a supply 48
'of an incombustible gas such as carbon diokide, disposed
outside of the gasification furnace 1, a gas supply pipe
49 extending from the incombustible gas source 48 and con-
nected to the surrounding wall of the gasification furnace
1 in communication therewith, a flow control valve 50 dis-
posed in the gas supply pipe 49, and a valve controller 51
for opening and closing the flow control vélve 50. The
valve controller 51 is supplied with the detected signals
from the temperature sensor 26 and the oxygen sensor 34.

The valve controller 51 comprisés an actuator
5la such as a motor for opening and closing the flow con-
trol valve 50, and a control unit 51b comprising a CPU, a
timer, etc. for controlling operation of the actuator 51la.
The control unit 51b monitors the amount of oxygen in the
gas pipe 28 as it is detected by the oxygen senség 34 and
the temperature T2 of the combustible gas as it is
detected by the temperature sensor 26, calculates a rate
of change per unit time of the temperature T2 based on the
detected température T2 of the combustible gas, and
operates the éctuatpr 51la depending on the detected amount

of,oxygenzand the calculated rate of change per unit time
___'_’/’—’d
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When the calculated rate of change per unit time
of the temperature T2 exceeds a predetermined value, or
when the amount of oxygen in the gas pipe 28 as detected
by the oxygen sensor 34 exceeds a predetermined value, the
valve controller 51 opens the flow control valve 50 to
supply an incombustible gas'from the incombustible gas
supply 48 through the gas supply pipe 49 into the
gasification fufnace 1.

Operation of the ihcinerating apparatus qf the
aﬁove structure will be described below.

To incinerate a waste material A such as waste
tires, the door 6 is opened, and the waste.material Ais
charged into the gasification furnace 1 through the charge
inlet 7.

After the door 6 is closed, the igniters 13 are
actuated to ignite the waste material A at a plurality of
surrouﬁding locations in its lower portion. The waste ma-
terial A now starts to be burned partially at such plural
locations. When the waste material A starts to be burned
partially, the igniters 13 are inactivated.

Before the waste material A is ignited, the wa-
ter jacket 16 of the gasification furnace 1 has been sup-
plied with cooling water from the water supply 19 through
the water supply pipe 20, and the igniter 31'of the |
combustion furnace 18 has been operated under the control
of the'igniter controller 3la. The interior space of the

gasification furnace 1 is evacuated by a suction fan or
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the like in the boiler 33 through the combustion furnace 2
and the gas pipe 28 in order draw a generated combustible
gas (described later) from the gasification furnace 1 into
the combustion furnace 2.

When the waste material A ;5 ignited, the flow
control valve 39 of the oxygen supply devicé 3 has been
opened to a relativelf small degree, as shown in FIG. 4,
by the valve controller 41. Therefore, a relatively small
amount of oxygen has already been supplied from the oxygen
supply 35 through the oxygen suppiy bipes 36, 37, the .
empty chamber 10, and the air supply nozzles 12 into the
gasification furnace 1. Therefore, the waéte material A
is ignited by the igniters 13 and then starts being partly
burned using any oxygen that has béen present in the
gasification furnace 1 and the relatively small amount of
oxygen that has been supplied'frdm the oxygen supply 35.
The amount of oxygen supplied from the oxygen supply 35 to
the gasification furnace 1 is only sufficient enough to be
able to ignite the waste material A and bartly burn the
waste material A subsequently to the ignition.

At the time the waste.material A is ignited, the
flow control valve 40 of the oxygen supply device 3 and
the flow confrol valves 45, 46 of the oxygen supply device
4 are closed, and the flow control valve 50 of the extin-
guishing device S_is aléo closed.

When the lower portion of fhe waste materiai A

starts being partly burned, the upper pbrtion of the waste
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material A starts to be thermally decompbsed by way of dry
distillation due to the heat of combustion. As the dry
distillation begins, the waste material A starts producing
a combustible gas, which_is introduced from the gasifica-
'tion furnace 1 through the gas pipe 28 into the burner
nozzle 24 of the combustion furnace 2. The combustible
gas supplied to the burner nozzle 24 is mixed with air
(oxygen) present in the combustion furnace 2, and is
ignited by the igniter 31. Now, the combustible gas
starts being combusted in the combustion chamber 25 of the
combustion furnace 2.

The partial combustion of the wéste material A
in the gasification furnace 1 is progressively stabilized
while consuming the small amount of oxygeh supplied from
the oxygeh supply 35. ‘The region where the waste material
A is burned is progressively spread in the lower portion
of the waste material to the extent possible with the
oxygen supplied from the oxygen supply 35. As the
combustion of the lower portion of the waste material A is
progressively stabilized, the dry distillation of the
upper portion of the waste material A with the heat of
combustion is progressiﬁely rendered more active,
producing a progressively larger amount of combustible
gas. Therefore, the amount of combustible gas introduced
into the combustion furnace 2 is increased, and the
temperature T2 of the combustion gas as it is burned in

the combustion furnace 2 rises, as~shown in FIG. 2.

____-—————————_——’___'.
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At this time, the temperature T2 of the combus-
tion gas is detected by the temperature sensor 26. When
the detected temperature T2 of the combustion gas reaches
.a predetermined temperature T2a at a time tl in FIG. 2,
the valve controller 41 of the oxygen supply device 3
increases the opening of the flow_control valve'39 from
the initial opening for a predetermined period of time At,
as shown in FIG. 4. After the period of time At has
elapsed, the valve controller 41 further increases the
opening of the flow control valve 39.

Since the opening of the flow control valve 39
is thus progressively increased stepwise, the amount of
oxygen supplied from the oxygen supply 35 to the gasifica-
tion furnace 1 is also increased stepwise while being lim-
ited to. the extent that is required to continue the
partial combustion of the léwer portion of the waste
material A. The combustion of the lower portion of the
waste material A is therefore progressively stabilized by
consuming almost all of thé oxygen supplied from the
oxygen supply 35. The region where the waste material A
is burned is spread to the extent possible with such
consumption of fhe oxygen supplied from the oxygen supply
35. Consequently, the region where the waste materialiA
is burned is not unduly spread larger than necessary. The
dry distillation of the upper portion of the waste

material A caused by the combustion of the lower portion

thereof also stably progresses.
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The temperature T2 of the combustible ges as it
is detected by the temperature sensor 26 further increases
to a temperature T2c at a time t2 (FIG. 2), which is lower
than a preset temperature T2b at which the combustible gas
starts spontaneous combustion and nitrogen oxides produced
by such combustion are small (T2a < T2c < T2b). When the
temperature T2 reaches the temperature T2c, the valve con-
troller 41 of the oxygen supply device 3 automatically ad-
justs the opening of the flow control valve 39 to keep the
temperature T2 of the combustible gas at the temperature
T2b.

The automatic adjustment of the opening of the
flow control valve 39 is effected.as follows:

When the temperature T2 becomes lower then the
temperature T2b, the opening of the flow control valve 39
is increased to increase the amount of OXygen supplied to
the gasification furnace 1. The combustion of the lower
portion of the waste material A is promoted, accelerating
the dry distillation of the upper portion of the waste ma-
terial A due to the heat of combustion and the generation
of the combustible gae due to the dry distillation.

Conversely, when the temperature T2 becomes
higher than the temperature T2b, the opening of the flow
control valve 39 is reduced to reduce the amount of oxygen
supplied to the gasification furnace 1. The oombustion of
the lower portion of the waste material A is suppressed,

retarding the dry distillation of the upper portion of the
_ -
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waste material A due to the heat of combustion.and the
generation of the combustible gas due to the dry
distillation.

Therefore; as shown in FIG. 2, the temperature
T2 of the combustible gas as it is controlled is
maintained at the temperature T2b, at which the combustion
of the lower portion of the waste material A and the dry
distillation of the upper portion thereof progress stably. .

When:the temperature T2 is maintained at the
temperature T2b for spontaneous combustion, the igniter 31
of the combustion furnace 2 is inactivated by the igniter
controller 31la, and the combustible gas ig continuously
burned by way of spontaneous combustion. The heat of com-
bustion of the combustible gas is utilized as the heat
source of the boiler 33.

While the lower portion of the wasfe material A
is being burned and the upper remaining portion fhereof is
being thermally decomﬁosed by dry distillation, there are
developed, in the interior space of the gasification'fur—
nace 1, an ashing layer a, a red-hot layer b, a fluidized
layer c, a heét transfer layér d, and a gas layer e, ar-
ranged sucéessively from the bottom to the top‘of the
gasification furnace 1. Of these-layers, the ashing layer
a developed upon completion of combustion of the waste
.material A spreads upwardly as the partial combustion of
the waste material. A prdgresses, and the red-hot layer b

where the waste material A is burned is progressively
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shifted upwardly.

During the dry distillatiqn of the waste mate-
rial A in the gasification furnace 1, the temperature Tl
in the gasification furnace 1 is detected by the
temperature sensor 23. The detected temperature Tl varies
as shown in FIG. 2.

Specifically, as shown in FIG. 2, in an initial
stage of the dry distillation of the waste material A, the
temperature Tl rises as the lower portion of the waste ma-
terial A starts being burned. Then, the temperature T1
temporarily drops because the heat'of combustion ié ab~
sorbed by the dry distillation of the waste material A.
When the dry distillation of the waste-material A prd-
gresses stably, the temperature Tl increases again as the
combustion of the lower portion of the waste material A
progresses.

The oxygen which is reqﬁifed by the combustion.
of the combustible gas in the combustion furnace 2 is sup-
plied from the oxygen supply device 4 depending on fhe
temperature T2 of the combustible gas which is detected by
the temperature sensor 26.

More specifically, the wvalve controller 47 of
the oxygen supply device 4 opens the flow control wvalve 45
to a. suitable degree depending on the temperatﬁre T2 as
detected by fhe temperature sensor 26. The oxygen supply
35 now supplies oxygen through the dxygen supply pipes 36,

43, the flow control valve 45, the empty . chamber 29, and
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the nozzlé—holes 30 into the burner nozzle 24 of the
combustion furnace 2. The combustible gas introduced into
the combustion furnace 2 and the oxygen required for |
complete combustion of the combustible gas are mixed -in
the buiner'nozzle 24. |

In the initial stage of the dry distillation of
the waste material A, the amount of combustible gas intro-
duced into the combustion furnace 2 is increased, thus in-
creasing the temperature T2 of the combustible gas as it
is burned. As the temperature T2 is thus increased, the
opening of the flow control valve 45 is increased to
increase the amount of oxygen supplied to ihe combuétion
furnace 2. In the stage in which the dry distillation of
the waste material A progresses'stably, when the
temperature T2 of the combustible gas slightly fluctuates,
i.e., increases and decreases, the flow control valve 45
is controlled to increase and decrease its opening for |
thereby adjusting the amount of oxygen supplied to the
combustion furnace 2. The combustible gas introduced into
the combustion furnace 1 is therefore mixed with the
amount of oxygen'which is necessary to completely combust
the combustible gas in the combustion furnace 2.

When the combustion furnace 2 is supplied with
oxygen, the operator may manually operate on the flow con-
trol valve 46 while confirming the condition in which the .
combustible gas is being burhed in the combustion furnace

2, thereby regulating the amount of oxygen supplied to the
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combustion furnace 1.
Upon the dry distillation of the waste material

A, the amount of oxygen in the gas pipe 28 is detected by

the oxygen sensor 34. The detected amount of oxygen nor- '

m#lly varies along a curve x Or a curve y Or any curve be-
tween these curves x, vy (FIG. 3) as the dry distillation
progresses from the ignition of the ﬁaste material A.
More specifically, the oxygen present in the
gasification furnace 1 and the oxygen supplied from the
oxygen supply 35 are consumed by the igniters 13 when.the
Qaste material A is ignited, and are thereafter progres-
sively coﬁsumed as the waste material starts being partly
burned by the ignition. Therefore, the oxygeﬁ in the gas
pipe 28 is progressively reduced éfter the waste material
A is ignited. Immediately after the waste material A is
ignited, the oxygen is no longer consumed by the igniters
13, and the amount of oxygen consumed by the partial
combustion of fhe waste material A is':elativeiy small
since the partial combusfion is unstable. Therefore,l
immediately after the waste méterial A is ignited, the
amount of oxygen in the gas piée 28 is increased on
account of the supply of oxygen from the.oxygen supply 35.
As the partial combustion of the waste material A is
subsequently stabilized and spread, the amount of oxygen
in the gas pipe 28 is reduced again. -When the waste
material A is stably burned and thermally decomposed by

dry distillation, the amount of oxygen in the gas pipe 28
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is kept at a substantially éonstant level.

Immediately after the ighition when the partial
combustion of the waste material A is unstable, the amount
of oiygen supplied from the oxygen supply 34 to the
gasification furnace 1 is limited to the extent that is
necessary for the partial combustion of the waste material
A, and the Qaste material A starts being partly burned at
the plural locations in the lower portion thereof.
Therefore, the amount of oxygen in the gas pipe 28 does
.not increase to a large extent, and hence the amount of -
oxygen mixed with the combustible gas introduced into the
combustion furnace 2 when the dry distillafion of the
waste material A begins is sufficiently small.

I1f the gasification furnace 1 were not fully
sealed, if ambient air were allowed to flow into the
gasification furnace 1, or if the partial combustion of
the waste mater;al A were extremely unstable, consuming
only a very small amount of oxygen, then the amount of
6xygen detected by the oxygen sensor 34 would greatly be
increased right after the waste material A is ignited, as
indicated by a curve z indicated by the imaginary line in
FI1G. 3. |

In the event.that_the detected amount of oxygen
" greatly increases, it is possible for the combustible gas
produced in the gasification furnace 1 by dry distillation
to become introduced into the combustion furnace 2 while

being mixed with a large amount of oxygen sufficient to
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burn the combustible gas. Therefore, flames produced upon
combustion of the combustible gas in the combustion
furnace 2 and flames produced by the igniter 31 could.
possibly be propagated back into the gas pipe 28 and the
gasification furnace 1, causing a backfire. If such a
backfire were developed, the temperature T2 of the
combustible gas as it is detected by the temperature
sensor 26 would sharply rise according to a curve u
indiceted by the imaginary line in FIG. 2.

In the incinerating apparatus according to the
present invention, however, when the amount of oxygen de-
tected by the oxygen sensor 34 exceeds a'piedetermined
value X (FIG. 3) that has been determined empirically or
experimentally, or when the rate of change of the tempera-
ture T2 which is calculated based on the temperature T2
detected by the temperature sensor 26 exceeds a
predetermined value that has been determined empirically
or experimentally, the valve controller 41 of the oxygen
supply device 3 closes the flow control valve 39, thereby
stopping the supply of oxygen from the oxygen supply 35 to
the gasification furnace 1.

Consequently, the combustible gas produced in
and supplied from the gasification furnace 1 is prevented
from being mixed with enough oxygen to burn the
combustible gas, so that a backfire will not be developed
in the gas pipe 28 and the gasification furnace 1.

At the same time, when the amount of oxygen
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detected by the oxygen sensor 34 exceeds the pfedétermined
value X, or when the calculated rate of change of the temf
perature T2 exceeds a predetermined value, the valve
controller 51 of the extinguishing device 5 opens the flow
control valve 50 to supply the incdmbustible gas from the
incombustible gas supply 48 through the gas supply pipe 49
to the gasification furnace 1. The partial combustion of
the waste material A is thus extinguishe@, and the dry
distillation of the waste material A is stopped.

The geﬁeration of the combustible gas in the
gasification furnace 1 is also stopped, and the
combustible gas is no longer introduced iﬂ the combustion
furnace 2. Accordingly, the backfire is effectively
prevented from taking place.

In the initial.stage of combustion and dry dis-
tillation of the waste material A, the.amount of oxygen
supplied from the oxygen supply 35 to the gasificafion
furnace 1 is increased stepwise while being limited to the
extent that allows the waste material A to be burned.
Consequently, the combustible gas generated by the dry
distillation is prevenfed from being mixed with enough
oxygen to burn the combustibie gas, when it is introduced
into the combustion furnace 2. If there is nevertheless a
dangér such that the combustible gas is going to be mixed
with enough oxygen. to burn the combustible gas when it is
introduced into the combustion furnace 2, then theisupply

of oxygen from the oxygen supply 35 to the gasification
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furnace 1 is stopped, and the cﬁmbustion of the waste
material A is extinguished, thus reliably avoiding the
danger of any backfire.

When the combustion of the waste material A is
extinguished, the incineration qf the waste material A
with the ihbinerating apparatus is also stopped. Since,
however, the combustion of the waste material A is put out
by the incombustible gas, the wéste material A can be
burned again after the incombustible gas in the
gasification furnace 1 is replaced with air.

Ashing of the waste material A in a final stage
of the dry distillation of the waste mater&al A will be
described below.

As described above, during the dry distillation
of the waste material A, the ashing layer a which is ini-
| tially formed in the lower poftion of the gasificatibn
furnace 1 spreads upwardly as the partial combuétion of
the waste material A progresses. At the same time, the
red-hot layer b in which the waste material A is burned is
progressively shifted from the bottom toward the top of
the gasification furnace 1. As the ashing layer a spreads
upwardly and the red-hot layer b is progressively shifted
upwardly, the fluidized layer ¢, the heat transfer layer
d, and the gas layer e in which the dry distillation of
the waste material A progresses are reduced in extent,
i.e., the amount of the waste material A that can be

thermally decomposed by dry distillation is reduced.
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As the amount of the waste material A that can

be thermally decomposed by dry distillation is reduced,
regardless of the supply of oxygen to the gasification
furnace 1 through the flow contfol valve 39, the waste
material A can no longer produce the combustible gés in an
amount large enough to keep the temperature T2 at the sub-
stantially constant level T2b in the"combustion furnace 2.
As a result, the amount of combustible gas introduced into
the combustion furnace 2 is eventually reduced, and éo is.
the temperature T2 of the combustible gas, as shown in
FIG. 2.

When the temperature T2 of the éombustible gas
drops below the temperaturé_TZb, the valve controller 41
opens the flow confrol valve 39 to accelerate the dry dis-
tillation of the waste material A. Therefore, when the
temperature T2 drops below the tempefature T2b, the flow
control valve 49 is fully'opened as shown in FIG. 4.

' As the temperature T2 deceases, the red-hot

"layer b in the portion of the waste material A except the
ashing layer a is increased, and the heat of combustion
that is absorbed by the dry distillation of the waste
material A is reduced. - As shown in FIG. 2, the
temperature Tl in the gasification furnace 1 sharply rises
and then drops as the combustion and ashing of the waste
material A progresées. In the stage in which the waste
material A is finally ashed, it is necessary to completely

combusf and ash the waste material A.
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According to this embodiment, therefore, when
the fempérature Tl in the gasification furnace 1 as de-
tected by the temperature sensor 23 :ises at a time t3
| (FIG. 2) beyond a predetermined temperature Tla that is
pfeset as indicat;ng the final stage of the dry distilla-
tion of the waste material A, and also the temperature T2a
as detected by the temperature sensor 26 drops from the
substantially constant temperature T2b to the temperature
T2a or lower at a time t4, the valve controller 42 opens
the flow control valve 40 as shown in FIG. 5, supplying
oxygen from the oxygen supply 35 throﬁgh the oxygen supply
pipes 36, 38, the empty chamber 11, and thé air supply
nozzles 12 into the gasification furnace 1.

Therefore, the gasification furnace 1 is sup-
plied with an increased amount of oxygen from the oxygen
"supply 35 through both the oxygen supply pipes 37, 38.

The final combustion of the waste material A is thus
accelerated to fully ash the waste material A in its
entirety. | |

The temperature Tl in the gasifiéation furnacé 1
may temporarily rise in excess of the predetermined
temperature Tla because the heat of combustion that is
consumed by the dry distillation is lowered depending on
the type of the waste material A or the manner in which it
. is placed in the gasification furnace 1, although there is
.a substantial portion of the waste material A that can be

thermally decomposed by dry distillation. Hdwever, unless
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the temperature T2 of the combustible gas drops below the
temperature T2a, the valve controller 42 does not open the
flow control valve 40. As a consequence, the oxygen to
accelerate the'EOmbustion and ashing of the waste material
A is supplied to the gasification furnace 1 when the
portion of the waéte material A that can be thermally
decomposed by dry distillation is eliminated almost in its
entirety. | |

Accordingly, the final combustion and aéhing of
the waste material A is carried out after the dry
distillation 6f thelwaste material A is fully effected.

' The oxygen supply pipe 38'with the flow controll
vélve 40 is connected to the gasification furnace 1 at a
position higher than the oxygen supply pipe 37 with the
flow control valve 39. Consequently, oxygen ié supplied
through the oxygen supply pipe 38 into the gasification
furnace 1 at a position closer to the red-hod layer b than
the position at which oxygen is supplied through the
oxygen supplf pipe 37, thué smoothly and reliably allowing
the final combustion and ashing of the waste material A..

The temperature seﬁsors 23, 26 play an important
role for the smooth combuétion and ashing of the waste
material A, and congequently are disposed respectively .in
the'upper portion pf the gasification furnace 1 which is
not directly affeéted'by the combustion of the waste
material A and in the combustion chamber 25 of the

'éombustion furnace 2 which is not directly affected by the
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flames from the igniter 31. These temperature sensors 23?
26 can thus detect highly accurately the temperature Tl in
‘the gasification furnace 1 and the temperature T2 of the
combustible gas as it is burned, for the accuratg'supply
of oxygen to the gasification furnace 1 with the oxygen
~supply device 3.

When the temperature T2 of the combustion gas
drops, the combustible gas becomes incapable of
spontaneoué combustion. Upon a reduction in the

temperature T2, therefore, the igniter 31 is operated by
.the igniter controller 3la td burn the combustible gas.:

In the incinerating apparatus acéordiné to the
above embodiment, the waste material A can be burned,
thermally decomposed by dry distillation, and ashed
smoothly and reliably, and the combustible gas produced by
the dry distillation of the waste ﬁaterial can also_be
burned smoothly and reliably without giving rise to
nitrogen oxides that would cause an environmental
pollution. Accordingly,_the waste material A can bé
incinerated cleanly. Inasmuch as the heat of combustion.
of the combustible gas is used as the heat source for the
boiler'33, fhe thermal enérgy generated when the wasté'

material A is burned is effectively utilized without loss.

The gasification furnace 1 has an ash outlet
{(not shown) in the lower portion thereof for disgharging

the finally produced ash out of the gasification furnace
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‘In the above embodiment, in the final stage.of
the dry distillation of the waste material A, the valve
controller 42 opens the flow control valve 40 to increase
the amount of oxygen supplied to the gasification furnace
1 for the promotion of the combustion and ashing of the -
waste material A depénding on the tempefature T2 of the
combustible gas as detected by the temperature sensor 26
and the temperature Tl in the gasification furnace 1 as
detected by the temperature sensor 23. However, the valvé
controller 42 may open the flow control valve 40 at a
suitable time based on only the temperatufe Tl in the
gasification furnace 1 as detected by the temperature
sensor 23. An operation sequence based on such a
modification will be deséribed below.

The valve controller 42 is supplied with qnly-
the detected signal from the temperature sensor 23. The
other details are'the_same as those of the incinerating
aéparatus described above. When the temperature T1 in the
gasification furnace 1 as detected by the;temperéture sen-
sor 23-;ncreases up to the temperature Tla or higher at a
time t3 (FIG. 6) and when a predetermined period of.time
ts (FIG. 7) from the time t3 has elapsed at a time t5, the
valve controller 42 opens the flow control valve 40
because the dry distillation is finished,_thﬁs increasing
the émount of oxygen supplied to the'gasifiéation furnace
1. -_—
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_ When the temperature Tl in the gasification fur-
nace 1 as detected by the temperature sensor_23
temporarily increases up to the temperafure Tla or higher
regardless of the fact that there is an enough portion of
the waste material A that can be thermally decomposed by
dry distillation, the valve controller 42 does not open
the flow controi valve 40, allowing the dry distillation
of the waste material A to be continued.

Normally, the temperature Tl in the gaéification
furnace A varies as described above. With the predeter-
mined period of time ts being appropriately selected, the
flow control valve 40 is réliably opened when the dry dis-
tillation is finished, thereby increasing fhe amount of
oxygen supplied to the gasification furnace 1. |
Consequently, the final combustion ahd ashing of the waste
material A is smoothly carried out.

Although certain preferred embodimenté of the
pfesent invention have been shown and described in detail,
it should be understood that various changes and modifica-
tions may be made therein without depaiting from the scope

of the appended.claims.
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1. Apparatus for incinerating a waste mate-

CLATMS

rial by processing the waste material through dry
d1st111at10n and ga51ficat10n, comprising:

a ga51f1cat10n furnace for storing a waste mate-
rial therein and burning a portion of the waste material
"and thermally decqmposing a remainder of the waste mate-
rial by way of dry distillation with the heat of
combustion of the portion of the waste material, thereby
producing a combustible gas; |

a combustion furnace for éombusifng the com-
bustible gas introduced therein from said gasification
furnace through a gas passage;

first tempefatﬁfe detecting means for detecting:
the temperature in said gasification furnace;

| second témperature detecting means for detecting

the temperature of-the combustible gas as it is bufned in
said combustion furﬁace;'and

oxygen supply means for supplying said Qasifica~
tion furnace with an amount of oxygen required to burn the
portion of the waste material and to thermaliy decompose
the remainder of the waste material while controlling the
amount of oxygen supplied tb.said gasification furnace to
maintain, at a substantially constant value, the tempefa—
ture of the combustible gas as detectéd by said second

temperature detecting means during the dry distillation of
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the waste material, and for supplying said gasification
furnace with an amount of oxygen to accelerate the
combustion and ashing of the waste material when the'dry
distillation of the waste material is finished}

said oxygen supply means comprising means for
increasing the amount of oxygen supplied to said gasifica-
tion furnace to accelerate the combustion and ashing of
the waste material if the temperature in said gasification
furnace as detected by said first temperature detecting
means increases up to a first predetermined temperature or
higher as the combustion of the waste material progresses
and also if the temperature of the combustible gas as
detected by said second temperature detecting means drops
from said substantially constant value to a second |
'predetermined temperature or lower, when the dry |

distillation of the waste material is finished.

2. Apparatus as claiﬁed in claim 1, wherein i
said oxygen supply means comprises:

an oxygen supply connected to said gasification
furnace through a pair of first and second oxygen supply
pipes extending from the gasificatiou furnace;

a pair of first and second flow control valves
disposed in said first and second oxygen supply pipes, re-
spectively;

first valve control means for opening said first

flow control valve to supply the amount of oxygen required
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to burn the ﬁortion of the waste material and to thermally
decompose the remainder of the waste material, from said
oxygen supply to said gasification furnace and'for
controlling the opening of said first flow control valve
to regulate the amount of oxygen supplied to.said
gasification furnace to maintain, at said substantially
constant value, the temperature ef'the combustible gas as
detected by said second temperature detecting means, while
the dry distillation of the waste material pregresses; and
eecond valve control-meane for opening said eec-
ond flow control wvalve to increase the amount of oxygen
supplied from said oxygen supply to séid gesification fur-
nace if the temperature in said gasification furnace as
. detected by said first temperature detectieg meane
increases up to said first predetermined temperature or
higher and alsb if the temperature of the combustible gas
as detected by said second temperature detecting means
drops to said second predetermined temperature or lower,
when the dry distillation of the waste material is

finished.

3; Bpparatus for incinerating a waste mate-
rial by processing the waste material through dry
distillation and gasification, comprising:

a gasification furnace for stbring_a waste mate-
rial therein and burning a portion of the waste material |
and thermally decomposing a remainder of the waste mate-
rial by way of dry distillation with the heat of

combustion of the portion of the waste material, thereby'
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producing a combustible gas;

a combustion furnace.for combusting the com-
bustible gas introduced therein from said gasification
furnace through a gas passage;

first temperature detecting means for detecting
the temperature in said gasification furnace;

second temperature detecting means for detecting
the temperature of the combustible gas as it is burned in
said combustion furnace; and

oxygen supply means for supplying said gasifica—
tion furnace with an amount of oxygen required to burn the
portion of the waste material and to thermélly decompose
the remainder of the waste material wﬁile controlling the
amount of oxygen supplied to said gasification furnace to
maintain, at a substantially constant value, the tempera-
fure of the cbmbustible gas as detected by said second
temperature detecting means during the dry distillation qf'
' the waste material, and for supplying said gasification
furnace with an amount of oxygen to accelerate the
combustion and ashing of the waste material when the dry
distillation of the waste material is finished;

said oxygen supply means comprising means for
increasing the amount of oxygen supplied to said gasifica-
tion furnace to accelerate the combustion and ashing of
the waste material if the temperature in said gasification
furnace as detected by said first temperature detecting

means increases up. to a predetermined temperature or
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higher as the combustion of the waste material progresses
and also if the temperature in said gasification furnace
remaihs at - said predetermined temperature or'higher a
predetermined period of time after the temperature has
increased up to said predetermined temperature or higher,
when the dry distillation of the wasté material is

finished.

4. Apparatus as claimed in claim 3, wherein’

said oxygen supply means comprises:

‘an oxygen supply connected to said gasification
furnace through a pair of first and seCond oxygen sﬁpply
pipes extending from the gasification furnace;

a pair of firsf and second flow control valves
disposed in said first and second oxygen supply pipes, re-
spectivelf}

first valve control means for opening said first
flow control valve to supply the amount of oxygen required
to burn the portion of the waste material and to thermally
deéompose the remainder of the waste material, from said
- oxygen supply to said gasification furnace and for
controlling the opening of said first flow control valve
to regulate the amount of oxygen supplied to said
gasification furnace to maintain, at said substantially
constant value, the temperature of the comﬁustible gas as
detected by said second temperature detecting means, while |

the dry distillation of the waste material progresses; and
\
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second valve control means for opening said sec-
ond flow control valve to increase the amount of oxygen
supplied from said oxygen supply to séid gasification fur-
nace if the temperature 1ﬁ said gasification furnace as
detected by said first temperatqre deteéting means
increases up to said first predetermined temperature or
higher and also if the témperatﬁfe in said gasification
furnace remains to be said predetermined temperature or -
higher for'said predetermined period of time after the
femperaturé has increased up to said predetermined
temperature or higher, when the dry distillation of the

waste material is finished.

5. Apparatus as claimed in claim 2 or 4, further
including igniting means connected to a lower portion of
said gasification furnace for igniting-thé waste material
stored in said gasification furnace, said first oxygen
.supply pipe with said first flow control valve disposed
therein extending from a bottom of said gasification fur-
nace, and said second oxygen supply pipe with said second
flow control valve disposed therein extehding from said
gasification furnace at a position higher than said first

oxygen supply pipe.

6 . Arerahs as claimd in ay ae of the preoading claims, wersin
said first temperature detecting means is disposed in an

upper portion of said gasification furnace.
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7. A@parafus as claimed in any one of the preceding élaims; further
inciudiné second oxygen supply means for supplying said
combustién furnace with an amount of oxygen required to
completeiy combust the combustible gas introduced into
said combustion furnace, said second oxygen supply means
comprising means for varying the amount of oxygen supplied
to said combustion furnace depending on a change in the
tempefature of the combustible gas as detected by said
second temperature detecting means while the dry

distillation of the waste material progresses.

8. Apparatus as claiméd in claiﬁHV, wherein
said combustion furnace comprises a burner nozzle for mix-
ing said combustible gas and the oxygen supplied from said
second oxygen supply means, and a combustion chamber for
combusting the combustible gas mixed with the oxygen, fur-
ther including igniting means,cbnnected to said combustion
furnace for igniting the combustible gas mixed with the
oxygen, said gas passage.being connected to said
.combustion furnace, said second temperature detecfing

means being disposed in said combustion chamber.

9. Apparatus as claimed in claim 8, wherein

said second oxygen supply means comprises an oxygen supply
connected to said burner nozzle through an oxygen supply
pipe extending from said burner nozzle, a flow control

valve disposed in said oxygen supply pipe, and valve con-
-
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trol means for opening said flow control valve to supply
an amount of oxygen required to completely éombust the
combustible gas from said oxygen supply to said burner
nozzlé and for controlling the opening of said flow
control valve to regulate the amount of oxygen supplied to
said combustion furnace_depending on the change in the
temperature of the combustible gas as detected by said
second temperature detecting means while the dry

distillation of the waste material progresses.

10. . Apparatus for incinerating a waste mate-
rial by processing the waste material throﬁgh ary
distillation and gasification, comprising:

a gasification furnace for storing a waste mate-
rial therein and burning a portion of the waste material
and thermally decomposing a remainder of the waste mate-
rial by way of dry distillation with the heat of
combustion of the portion'of the waste material, thereby
producing a combustiﬁle gas;

" a combustion furnace for combusting the com-
bustible gas introduced therein from said gasification
furnace fhrough a gas passage;

igniting means for igniting the waste material
stored in said gasification furnace;

'témperatﬁre detecting means for detecting the

temperature of the combustible gas as it ‘is burned .in said

combustion furnace; . ,,~’~”””/”’/’/:;
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oxygen supply means for supplying said gasifica-
tion furnace with an amount of oxygen required to burn the
portion'of the waste material.and to thermally decompose
the remainder of the waste material to increase the
temperature of the combustible gas as detected by said
temperature detecting means and maintain the increased
temperature at a substantially constant value after the
poftion of the waste material starts being burned and the
remainder of the waste material starts being thermally
decomposed; and | |

oxygen detecting meéns in_said gas passage for
detecting an amount of oxygen mixed with tﬁe combustible
gas introduced from said gasification furnace into said
combustion furnace;

said oxygen supply ﬁeans comprising means for
étopping supplying oxygen to said gasification furnace
when the amount of oxygen as detected by said oxygen

detecting means exceeds a predetermined value.

11. Apparatus as claimed in claim 10, wheréin:
said oxygen supply means comprlses.

an oxygen supply connected to said gasification
furnace through an oxygen supply pipe extending from the
gasification furnace;

a flow control valve disposed in said oxygen
supply pipe; and

. valve control means for controlling an opening

—_—
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of said flow control valve;

said valve control méans comprising means for
controlling the opening of said flow control valve té
regulate the amount of oxygen supplied from said oxygen
supply to said gasification furnace in order to increase
the temperature of the combustible gas as détected by said
temperature detecting means and maintain the increased
temperature at said substantially constant.value when the
amount of oxygen detected by said oxygen detecting means
is of said predetermined value or lower, and for closiné
said flow control valve when the amount of oxygen detectéd
by said oxygen detecting means exceeds saié predetermined

value.

12. Apparatus as.claimed in claim 10 or 11, wherein
said oxygen supply means comprises means for increasing
étepwise and limiting the amount of oxygen supplied to
said gasification furnace to an extent which aliows the
portion of the waste material to be continuously burned
when the amount of oxygen as detected by said oxygen
detecting means is of said predetermihed value or 1ower
and when the temperature of the combustible gas as |
detected by said temperature detecting means increases
after the waste material stored in said gasification

furnace is ignited.

13. Apparatis ascldimed. in any one of claims 10 to 12, wherein
I
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said oxygen supply means comprises means for stopping the
supply of oxygen to said gaSification furnace if a rate of
change per unit time of the temperature of the combustible
gas exceeds a prédetermined value, when the amount of
oxygen as detected by said oxygen detecting means.is of
said predetermined value or lower and when the temperature
of the comhustihle gas as.detected by said temperature
detecting means increases after the waste material stored

in said gasification furnace is ignited.

14, Apparatus for incineratiné a waste mate-
rial by processing the waste material through dry
distillation and gasification, comprising:

a gasification furnace for storing a waste mate-
rial therein and burnihg a portion of the waste material
and thermally decomposing a remainder of the waste mate-
rial by way of dry distillation with the heat of
combustion of the portion of the waste material, thereby
producing a combustible gas;

a combustion furnace for combusting the com-
bustible gas introduced therein from said gasification
"furnace through a gas passage;'

igniting means for igniting thelwaste material
stored in said gasification furnace;

temperature detecting means fdr detecting the

temperature of the combustible gas as it is burned in said
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combustion furnace; and

| oxygen supply means for supplying said gasifica-
tion furnace with an amount of oxygen required to burn the
portion of the waste material and to thermally decompose
the remainder of the waste material, to increase the
temperature of the combustible gas as detected by said
temperature detecting means and maintain the increased
temperature at a substantially constant value after the
portion of the waste material starts Being burned and the
remainder of the waste material starts being thermally
deéomposed;l

said oxygen supply means comprising meéns for

increasing stepwise and limiting the amount of oxygen sup-
plied to said gasification furnace to an extent whi;ﬁ al-
lows the portion of the waste material to be continuouély
burned when the temperature of the combﬁstible gas as de-
tected by said temperature detéctihg means increases after
the waste material stored in said gasification furnace is

ignited.

15. Apparatus ds claimed in claim 14, wherein °

said oxygen supply means comprises:

.an oxygen supply connected to said gasification
furnace through an oxygen supply pipe extending from the
gasification furnace;

a flow control valve disposed in said oxygen

supply pipe: and
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valve control means for controlling an opening

of said flow control valve;

| said valve control means comprising means for
incfeasing the opening of said flow control valve stepwise
to increase stepwise and limit the amount of oxygen sup-
plied to said gasificatioﬁ furnace to the extent which él—
lows the portion of the waste material to be continuouély
burned when the temperature of the combustible gas as_dé-
tected by said temperature detecting means'increases after
the waste material stored in said gasification furnace is
ignited, and for controliing the opening of said flow con-
trol valve to regulate the amount of'oxygeﬁ-supplied to
said gasification furnace in order to maintain the
temperature of the combustible gas at said substant;ally
constant value after the temperéture of the combustible

gas has increased up to said predetermined value.

16. Apparatus as claimed in claim 14 or 15, wvherein
said oxygen supply means comprises means for stopping the
supply of oxygen to said gasification furnace when a rate
of change per unit time of the temperature of the
‘combustible gas exceeds a predetermined value and when the
temperature of the combustible gas as detected by said
temperature detecting means increases after the waste

material stored in said gasification furnace is ignitéd.
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-17. Apparatus for incinerating a waste mate-
rial by processing the waste material through dry
distillation and gasification, comprising:

a gasification furnace for storing a waste mate-
rial therein and buining a portion of the waste material
and thermally decomposing a remainder of the waste mate-
"rial by way of dry distillation with the heat of
combustion of the portion of the waste material, thereby
producing a combustible gas;

a combustion furnace for combusting the com-
bustible gas introduced therein from said gasification
furnace through a gas passage;

igﬁiting means for igniting the waste material
stored in said gasification furnace;

temperature detecting means for -detecting the
temperature of the combustible gas as 1t is burned in said
combustion furnace; and

oxygen supply means for supplying said gasifica-
tion furnace with an amount of oxygen required to burn the
portion of the waste'material and to thermally decompose
the remainder of the waste material, to increase the
. temperature of the combustible gas as detected by said
temperature detecting means and maintain the increased
temperature at a substantially constant value after the
I
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portion of the waste material starts being'bﬁrned and the
remainder of the waste material starts being thermally
decomposed;

said oxygenfsupply means comprising means for
stopping the supply of oxygen to sald gasification furnace
when a rate of change per unit time of the temperature of
the combustible gas exceeds a predetermined value and when
the temperature of the combustible gas as detected by said
temperature detecting means increases after the waste

material stored in said'gésification furnace is ignited.

18. Apparatus as claimed in claiﬁ 17, wherein
said oxygen suéply means comprises:
| an oxygen supply connected to said gasifiqation
furnace through an oxygen supply pipe extending from the
gasification furnace;

a flow control valve disposed in said oxygen
supply pipe; and |

valve control ﬁeans for controlling an opening
of said flow control valve;

said valve control_meahs comprising means forz
increasing the opening of said flow control valve stepwise
to increase stepwise.and limit the amount of oxygen sup-
plied from said oxygen.supply to said gasification furnace
to the extent which allows the portion of the waste mate-
rial to be continuously burned when the rate of change per

unit time of the temperature of the combustible gas is of

-
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said predetermined value or lower and when the temperature
of the combustible gas as detected by said temperature
detecting means increases after the waste material stored
in said gasification furnace is ignited, for closing said
flow control va;ve when the rate of change per unit time
of the temperature of the combustible gas exceeds said
predetermined value, and for controlling the opening of
said flow control valve to regulate the amount of oxygen
supplied to said gasification furnace in 6rder to maintain
the temperature of the combustible gas at said
substantially constant valué after the temperature of the
combustible gas has increased ﬁp to said pfedetermined

value.

- Apparatus as claimed in any one of claims 10 to 19, wherein
said igniting means comprises a plurality of igniters dis-
posed on a surrounding wall of said gaéification furnace
for igniting fhe waste material at a plurality of
locations at the surrounding wall of the gasification

furnace.

20. Apparatus as claimed in clalm 19, further
including extinguishing means for extinguishing the
cOmbustion of the waste material when the réte of change
per'unit time of the temperature of the combustible gas
exceeds a predetermined value and when the temperature of
the combustible gas as detected by said temperature
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detecting means increases after the waste material stored

in saild gasification furnace is ignited.

21, Apparatus as claimed in claim 20, wherein

said extinguishing means comprises:

a supply of an incombustible gas;

a gas supply pipe extending from said supply of
the incombustible gas and connected to said gasifiéation
furnace;

a flow control valve disposed in said gas supply
pipe; and

valve control heans for opening éaid flow con-
trbl valve to supply the incombustible gas to said gasifi-
cation furnace to extinguish the combustion of the waste
material when the amount of oxygen detected by said oxygen

detecting means exceeds said predetermined value.
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