1 APPARATUS FOR INCINERATING mASTE N%TERIAL EESCFIptIOﬂ The qw s
invention relates to an apparatuy e |nC|nera %;

materi al.s such as waste tires, ng to the preanbl & of
claims 1 and 3 and clainms 23 ang 24 rggngﬁEDvely: Such an ap : )

i nci nerating waste materials subh—es—wasteTITEs IS dISC|OSES?pn gﬁ% 8Z§é;
Lai d- Open Patent Publication No. 2 135280. SpeC|f|caIIy the dis- closed

i nci nerating-appar at us- conpri ses.an appar at us

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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for incinerating a waste material by processing the waste

dry distillation and gasification. The disclosed i
a gasifi- cation furnace in which a waste materi al
gasi fication furnace, a portion of the waste materia
remai nder of the waste material is subjected to dry dlstlllatlon (i1.e

thermal |y deconposed) with the heat of combustion, until finally the waste
ma- terial is fully burned and ashed. A conbusti bl e gas pro- duced when the

\Sgitsggga.tﬁ%ea% %Jgrﬂt:g eirrxrgliligrg%ce%mwﬁ: So%q: ics<‘=uiisnitr1rgo déjncvefjrcgrbxﬁé)r‘l'@gl a gas

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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bustion furnace. In the conbustion furnace, the supplied conbustible gas is
m xed wi th oxygen (air) and burned at a tenperature high enough to reduce

nitrogen oxides to a sufficiently small |evel. _ e waste
material is incinerated wthout causing enviroAﬂﬁMﬁeﬁHEEBl robl ens
whi ch woul d ot herwi se be posed by the generatidn of REPtAEEBn oxidles. The

t hermal énergy generated when the conbusti- bl e~gas—T3% burned is used as a
heat source for a boiler or the like. The generated thermal energy is

therefore g{feelbyeh¥o thb?8dc B! RREPLALTHS e idiCIATRAIINT the

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-

o
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waste materi al . 2 REPLACEMENT SHEET More '
specifically, the combustion of a portion of the waste naterlal and the dry
distillation of the remainder thereof in the g is [F¥:3 UIna e, and the

conmbustion of the combustible gas in the conbu t| rﬁ & tarried out
as follows: The conmbustion of a portion of thel Wﬁ@al

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

This Sheet Has Been Rep

SN (1




and the dry distillation of the remainder thereof in the gasification
furnace are started when the portion of the waste nateri al is ignited after
the waste nmaterial is charged into the gasifi en the
portion of the waste material starts being do ??E %&\e re- {mai ni ng waste
material starts being subjected to dry dis- |tilla Fﬁ eat of

conbustion, and the conbusti ble gas starts being generated by the dry
distillation. As the dry distillation process progresses' the conbustible

626,13 OERER e\ o 0P PRE HAYBLHALREISS BB e BRURGR LG €0 10

ignite t he®
furnace is progressively shifted into a region of the

waste material where the combustible gas has been
generated, i.e., is carried out in a region of the waste
material where it is thermally decompesed. 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 the 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 waete 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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quired to burn the portion of the waste naterial immedi- ately after it has
been ignited are supplied fromthe air in the gasification furnace. The
conbusti bl e gas generated in the gasification furnace is delivered through

t he gas passage and ad- mtted into the conbust 'ch the
TS FET R,

com bustible gas is m xed with oxygen and igni %ﬂﬁp g r nount ed
In the conbustion furnace. At this tine, the tetqperat LA it he cponbustible
gas as it is burned in the conbustion furnace is detected by a tenperature

sensor disposed in_.the conbustion, furnage. The detect-
. %hen an increasgg amount of ngtrogen 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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ed tenperature rises as the anount of the conbustible gas generated.in. the
gasi fication furnace becones larg- er and so does the the anobunt of the
combusti bl e gas introduced into the conbustion furnace. Wen the com

busti ble gas starts being conbusted in the conb
supply device connected to the gas- ification f wnﬁbSHﬂﬂéﬂé o

| oxygen

supply

the gasification fur- nace with the oxygen that
portion

i s nepefACED burpl t he

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-
_—
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REPLACEMENT SHEET 3 of the waste material and thermally deconpose the re-
mai ning waste material. The oxygen is supplied to the gasification furnace
at arate that is regulated to keep the detected tenperature of the
conbusti bl e gas at a predeterm ned, substantially cﬂﬂgtgﬁgrlwlggm
reduci ng any nitrogen oxides to a suff|C|entIy sngl | an@mpEA

specifically, when the tenperature of the com bu | ower
than the predeterm ned, substantially constant tenperature, the anount of
OoXy-

ratus has suffered from the following 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 is increased |
e
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gen supplied to the gasification furnace is increased to accelerate the
conbustion of the portion of the waste material a '
t he remai nder of the waste material. As a result,

pro- duced in an increased quantity, thereby incr
the conbustible gas in the conbustion furnace. Co
tenperature of the conbus- tible gas becones higher than the pr edet er m ned,
sub- stantially constant tenperature, the anount of oxygen supplied to the

gaSifica“é%1Jégéf§¥%£§ £ﬁguggﬂb&gt§88'and ashing of the waste

material. Therefore, 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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press the conbustion of the portion of the waste,
distillation of the renainder of the waste ma- t
the conbustible gas is pro- duced in a reduced q
the tem perature of the conmbustible gas in the &
this manner, the tenperature of the conbustible gas as it is burned in the
conbusti on furnace IS main-- tained at the substantially constant |evel for
sufficiently reducing any nitrogen oxides. The conbustible gas is

substanti alhy COMPLSLELYpBYLTeH b? the waEeSia¥ardidl 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
\
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nace w thout causing environnental pollution. At the sane fine th
conmbustion of the portion of the waste material and 14i§ SHEFT HAS BEEN{i on of
the renmai nder of the waste material are allowed to |progr@gpiEpothly|in the
gaS|f|cat|on furnace. The thermal energy produced : e gas

IS burned can be effectively REPLACEMENT SHEET 4

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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utilized as a heat source for a boiler or the like. The par- tial

conbustion of the waste material in the gasificati oy
progressively shifted into a region of the waste L‘Eh §H?5%8A5 REEN

conbusti bl e gas has been generated, i.e., is carripd outREPLABED egi on)

of the

waste material where it is thermal | y deconposed. Accordinglry, tie—parti al
conbustion takes place while producing al- nmost no nitrogen oxides. Upon
the dry distillation of the waste naterial, the waste naterial is

brogr essi Vely Ashed, ad Mfadiidd 8l n €O RUShE OP1 Cht 168 YaShacant erial

progr esses.

- 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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fore, the conbusted portion of the waste material is pro- gressively
shifted into another region where the dry dis- tillation.is substaptially
finished, and the portion of the waste nmateri al ' Al |y
deconposed by dry distillation is progressively ¥, the
waste material in the gasification fur- nace bec tuce t he
anount of com bustible gas which is required to keep the tenperature of
the conbustible gas at the substantially constant |level in the combustion

furnace. ThySash "fo! SHBBIBLHEE Che! BGnBALRYSH' B Sahdy r imdurned 1o

| ower ed.

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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the waste material in the gasification furnace is burned in a substanti al
portion thereof except the portion that has already been ashed. Thereafter,

‘the waste material is finally ashed by t he coanfpmspgﬂ HﬁQTBnE[E E' t he waste

material were burned while being sub- jected tojan i egree of
dry distillation, then an increased anmount of nliragédl® gs | d be pro-
duced. Therefore, the waste material should preferably be burned after it
has been subjected to as nmuch dry distillation as possible. To burn the
conbustiblfigqghgghle m nim zing the generation of nitrogen oxides, it is

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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preferable that the conmbusti bl e gas be produced by dry distillation in
order to keep itself at a substantially con- stant tenperature to m nim ze

nitrogen oxides. Further- 5 nore, fromthe q? EE?«ei.beLLer

incineration of the waste material, the waste r s HA& | BEENr fef er abl y be
burned and ashed when the dry distillation th nfiﬁﬁﬂﬂi&arﬂy gnd reliably
conpl et ed.

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
___ﬁ____‘__h_‘_____
This Sheet Has Been R

S MR



To neet the above requirenments, while the dry dis wast e

material is in progress in the con- ventional inc H@ﬁaﬁﬂﬂa'ﬁﬁﬁéﬁﬁN S,
~oxygen is supplied fromthe oxygen supply device

nace to keep the tenperature of the combustible goas antially-
constant |evel for continuous and stable conbustion of a portion of the
waste material and al so continuous and stable dry distillation of the
remai ning waste material, as described above. Wien the dry dis- tillation
s finisheg; {hReAXYEAR SURY WHleViuR wMmdéesterei nerensed amunt of
oxygen to the gasification fur-

gasification furnace remains at the predetermlned

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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nace according to the tenperature in the gasification fur- nace as detected

by a tenperature sensor therein for pronoting fg ustion and ashing
of the waste ma- terial. Specifically, while t eT"USySHEEEFtH ﬁ@ of the
waste material progresses in a stable state, tHe tengg‘gkg ie N §he

gasification furnace progressively goes up as the combussoi.Qf _Jhe portion
of the waste material progresses, even though part of the heat of the com
busted portion is absorbed by the thernmally decom posed portion of the

waste material. Wenpih fgrgtdt%mperature 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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tillationis in a final stage, after the tenperature Shafply'rises as
descri bed above, since the thermally decom pased portion of the waste

mat eri al

absorbed by the thermally deconposed portion,} the
gasi fication furnace decreases as the conbustd
portion of the waste material progress.

i s reduced, and so is the heat of t enqsqﬁ

n which is
dEENln t he
g of the

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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In the conventional incinerating apparatus, '
gasi fication furnace exceeds a predetern1ned

sel ected ex- perinentally and enpirically, portﬂﬂﬂﬁﬂfﬂthe
material that can be thermally deconposed by dry ar s- T ta i s regarded
as being alnost elimnated, and the anmount of oxygen supplied to the
~gasification furnace is i ncreased to accel erate the final combustion and
ashing of the waste material. However, because the anmount of oxygen

suppl i'ed to,the gasificaliqn,’ WiAss ol GRSAFh PR hASLdd, 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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the tenperature in the gasification furnace upon final ashing of the waste
material, the conventional inciner- ating apparatus.has suffered fromthe
foll owi ng draw backs: As descri bed above, in g IS s ' ture in
the gasification furnace sharply rises and thenjgdrops st age of
dry distillation of the waste material. The te i fication
furnace does not vary uniformy and snoothly, but is generally subjected to

tenporary fluctuations depending on various condi- tions, e.g., the type of
the waste nmaterial being inciner- '

fication furnace is ignited by the igniting means to start

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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ated,the nmanner in which the waste material is placed, -etc. Even when a
substantial portion of the waste mate- rial remains to be thernally
deconposed by dry distilla- tion, there may be=ﬁ vy A&ui{EN) s when
the dry distillation does not take place snoothl 1l nga0n the type of
waste material being incinerated, the manner in z mterial is
pl aced in the furnace, or other conditions. Consequently, the heat of the
com busted portion of the waste material that is absorbed by the thermally

deconposed portion,thereof is tenporari
P gombust1on furnace argppreveﬁted 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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reduced, with the result that the tenperature in the gas- 7 ification
furnace nmay rise beyond the predeterm ned tenperature which is used for

determning the timng of final ashing of the waste material. If this
happens, regardl ess of the presence of a sub- stantial g : -; t he waste
material that can still be thermally deconposed qQn, the
anount of '

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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oxygen supplied to the gasification furnace is increased to accelerate the
conbustion and ashing of the waste material. Therefore, the waste materi al

whi ch has not been fully thermally deconposed yeqHEFsthp¢g$,§§ c- ing an
ptabl e i Of C

i ncreased anount of nitrogen oxides and an un- $ bnbust i bl e
gas, which tends to pro- duce a | arge anount of hen
burned. Moreover, when the oxygen in the gasification fur- nace is present
in an anount | arger than necessary when the waste material is thermally

deconposedt%£ %géf¥f%ggféﬁléﬂ¥n§éga fg%ugg{£EQm %édp&QQHCSd13¥the dry

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,
baekfires are also prevented from faking place and geing
from the combustion furnace into fhe 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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distillation of the waste materi al may be m xed with suf- ficient oxygen
burn the conbustible gas, and the m x- ture may be introduced fromthe

to

gasification furnace into the conbustion furnace. In this case, the fl anes

pro- duced when the conbustible gas is burned in the com bustion furnac
and the flanmes of the igniter are |liable to be propagated fromthe

e

conbusti on furnace through the gas passage intqo_the_gasification furnace,

burning the conbustible gas in the gasificatiohTHiy SHEET HAS BEEN Das
passage, a phenonenon known as a backfire. Wef suckhgpdmagyflre DCCcur s,
tenperature in the

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 thé 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.

t he
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conmbustion and gasification furnaces greatly increases, tending to damage
the conbusti on and gasification fur- naces and various devices nounted

t her ei n.

The amount of oxygen in the gasification furnace—s

t-{ 0 becone
nmore than necessary particularly when the porti g SHEE Mﬁt%élﬁ%..eri al is
burned unstably, or when the conbusted portion ¢f thepEgpfCEDater]al is

smal |,

consuming a relatively small anount of olyeern

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 1 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 the door 6, the interior space of the gasifica-

tion furnace 1 is virtually isolated from the ambient

space.
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8 or when the conbustible gas produced by the thermally deconposed portion
of the waste material is conpara- tively small, or when external air floms

‘into the gasifica- tion furnace because of poor t b
gasification furnace and the exterior space, dur| Fﬁ@ SHEET R *ﬁgﬁg e of

conbustion and dry distillation of the waste mat erk ter it
has been ignited. In the conventional incinerating apparatus, oxygen in the
gasification furnace is utilized when the waste ma- terial is ignited and

the portion of the vagie JBlF{AitiSn 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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burned right after the waste material has been ignited, and a single region
of the waste material is ignited by a single igniter

portion of the waste ma- terial is likely to be
initial stage, and the conbusted portion of the
Even under such a condition, once the waste na-

deconposed by dry dlstlllatlon and t he produced conbusted gas is ignited in
t he conbustion furnace, the oxygen supply device supplies the gasifi-

cation furnatﬁ{wﬁtfs N Ao o 8F o ¥RENubPErKGERL NG £t RBe gasification

furnace 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 frpm 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.lg 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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tenperature of the conbustible gas at a substantially constant | evel . That
I's, the gasification furnace may be supplied wt Q
necessary while the conbustion of the portion of 4S
unsta- ble and the oxygen combustion is small. Fo backfire
is likely to happen in the conventional in- cinerh Joparatus Tn view
of the aforesaid difficulties of the conven- tional incinerating apparatus,
the invention seeks to pro- vide an apparatus for incinerating a waste

material by;Logesing WitetPEupoTied 't ¥ Wied Jadliet 114 atéalims

to the water supply 19 through a steam separator (not

is

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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and gasification, the apparatus having a gasificg Hﬂ@QﬁENor bur ni ng
“a portion of the waste material and ther- mally S ng-d he r-nalnder
of the waste material by way of dry distillationlto pr ' —c-a ISt | Dl e
gas, 9 and a conbustion furnace for conbusti ng e conbus- tible gas at
a substantially constant tenperature, the ap- paratus being capabl e of
thermal | y deconposi ng the ' . '

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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waste material as continuously as possible for stably producing the

conbusti ble gas and for smoothly and re- liably carrying out final
conbustion and ashing of the waste material after it e 1y
deconposed by dry distillation. The present inverfiiag SHEED Whws™ provi de
an ap- paratus for incinerating a waste materi al AL SHN\ast e

material through dry distillation and gasifica- t par at us bei ng
capabl e of preventing backfire fromoccurring due to the flanes of a

combusti bl e a3, RrI0A9FH ShddLM 2 CAHPUSSE PO 453685 NLG A N nBaR2S
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-
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passage into a gasification furnace. According to a first
present invention there is provided an apparat us 3
mat eri al by processing the waste material thrg§ : ' billat‘on and
gasification, conprising: a gasification furn ' ey
material therein and burning a portion of the and thermal |y
deconposing a remai nder of the waste materi al by way of dry distillation

with the heat of combusti.on of the portion of the waste material, thereby

producinge%éé¥ﬂ%h é@'ﬁb?%&ﬁd a control unit 41b_comprising a CPU, "a
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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a combustion furnace for conbusting the conbus- tible gas |ntroduced

-therein fromsaid gasification furnace through a
tenperature detecting neans for detecting the te
gasification furnace; second tenperature detectin
tenperature of the conbustible gas as it is burne
and oxygen supply neans for supplying said gasifica- tion furnace

f ur nace;

318 GHEE] M aBEﬁN

meanRERLACEDet ectj ng t he
)

wi th an anount of oxygen required to

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

combustible gas as detected by the temperature sensor 26.

‘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 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 supplied 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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10 bumthe portion of the waste material and to ther- mally deconpose the
‘remai nder of the waste ma- terial while controlling the anmount of oxygen
sup- plied to said gasification furnace to maintain, at. _a.-substartially
constant value, the tenperature of the conbusti )h'msggaEHsHAGtﬁEN by said
second tem perature det-ecting nmeans during the|dry qmquhtgilon f the
waste material, and for supplying.said gasifi- :

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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cation furnace with an anmount of oxygen to accel- erate the conbustion and
ashing of the waste ma- terial when the dry distillation of the waste
material is finished, characterised in that said oxygen_supply.

conprises control nmeans adapted to in- crease t enﬂﬂﬁ%ﬁ?ﬂ%A@&ﬁﬁﬂ supplied
to said gas- ification furnace to accelerate thg conb upn aghi ng of
the waste material if both the tenperature in sa : rnace as

detected by said first tenperature detecting nmeans increases up to a first
predet erm ned tenper afpye Alow i TraAS VI U 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 aé 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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bustion of the waste material progresses and the tenperature of the
~conbustible gas as detected by said second te

tenperature or |lower, when the dry distillatioph of tgrgpl_me material is
finished. According to a second aspect of the s s gn there is
provi ded an apparatus for incinerating a waste materi al by processing the °
waste material through dry distillation and gasification, conprising:

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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11 a ga5|f|?atkon furnace for storing a waste materi al thereln and burni ng
a portion of the waste material and thermally d der of
the waste material by way of dry distillation V\nmi{@ﬁéﬁ%ﬁ& ustion
of the portion of the waste material, thereby produci

PLACEDbust ibl e gas;
a conbustion furnace for conbusting the conbus- e gas 1 ntroduced
therein fromsaid gasification

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 5 1s also closed.

When the lower portion of the waste mater1a1 A

starts being partly burned, the upper portion of the waste
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detecting the tenperature in said gasification fur ola
detecting neans for detecting the tenperature of tl e } M as it
i's burned in said conbustion furnace; and oxygen Stupg -
said gasifica- tion furnace with an anobunt of oxygen required to burn the
portion of the waste material and to ther- nally deconpose the remai nder of
the waste ma- terial while controlling the amount .of oxygen sup-

material A starts to be thermally decomposed 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 combustibn furnace 2 rises, as~shown'in FI1G. 2.

—
!
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Fond

material, and for supplying said gasifi- cation fufas el 1t of
oxygen to accel - erate the conbustion and ashi ng of the maste ma- terial
when the dry distillation of the waste material is finished, characterised
in that said oxygen supply neans conprises control neans adapted to in-

crease the anount of QXYgaRsSY¥RREl, €¢nkl tiRigt3Afire 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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|f|cat|on furnace to accelerate the conbustlon and ashlng of the waste
‘material if both the tenmperature in said gasifi 1 det ect ed
by said first tenperature detecting nmeans i ncred:%@gu b HASpBEEN flet er ni ned
tenperature or higher as the conbus- tion of th¢ mastBEHﬂWEDIaI pfogr esses
and the tem 12 perature in said gasification furnace remarms—at said

"IJE

The temperature T2 of the combustible gés as it
is detected by the temperature sensor 26 fﬁrther 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 thé temperature T2c, the valve con-
troller 41 of the oxygen supply device 3 automatically ad-
justs the opening of the flow éontrol valve 39 to keep tﬁe
temperatufe T2 of the combustible gas at the temperature
T2b.

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

When the temperature T2 becomes lower thén the
temperature T2b, the opening of the flow control valve 39
is increased to increase the amount of bxygen 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 genefation
of the combustible gaé 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 tb fhe gasification furnace 1. The éombustion 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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predeterm ned tenperature or higher a predeter- mined period of tine after
the-tenperature has in- creased up to said predetermned tenperature or
hi gher, when the dry distillation of the was mate- rial is finished.

According to a third aspect of the present ihVRiSt SR r S} provided a
nmet hod of incinerating a waste na- terial by procq@é&h &EN walst e mat eri al
through dry dis- tillation and gasificati on,-eefprss hp slleps of:

storing a waste naterial in a gasification furnace and burnlng a portion of

the waste material and ther-
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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mal | y deconposing a remai nder of the wasté mate- rial therein by way of dry
distillation with the heat of conbustion of the portion of the waste
material, thereby producing a conmbustible gas; introducing the conmbustible
gas fron1sa|d gasifica- tion furnace into a conbustion furnace through a
gas passage; conbusting the conbustible gas in -on. f ur nace;
detecting the tenperature in said-gasificationlfmms Sﬂﬂégs Hgifjrst

tenperature detecting neans; REPLACED
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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detecting the tenperature of the conbustible gas as it is burned in said
‘conmbustion furnace using sec- ond tenperature detecting neans; and

suppl ying said gasification furnace with an anount of oxygen required to
burn the portion of the waste material and to thermnalf %% USE LHC '

remai nder of the waste material while controlling thelqﬂgﬁﬁ E &M

supplied to said gasification furnace to maintain, atl_a su 5Phﬂﬁﬂally
constant val ue, the ten} perature of the conbustion gas as detecte V said

second terrpei':rhaet lf'lroezz fepg ﬁa{ﬁt L!lglllggbtgxhx?eg Hozzle 24 of the

combustion furnace 2. The combustible gas 1ntroduced 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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13 distillation of the waste material, and for supplying said gasification
Tfurnace with an anmount of oxygen to accelerate the conbustion and ashi ng of
the waste nmaterial when the dry distillation of the waste material is
finished, characterised in that the amount of oxygen supplied to said
gasification fur- nace is increased to accelerate the_conbusti on and

THIS SHEET HAS Biew |
REPLACED

combustion furnace 1.

Upon:the dry distillation of the waste maferial
A, the amount of oxygen in the gas pipe 28 is detected by
the oxygen senSbr 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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ashing of the waste material if both the tenperature in said gasification
‘furnace as detected by said first tenperature detecting neans increases up
to a first predeternmined tenperature or higher as the com bustion of the
waste material progresses and the tenperature of t as as
detected by said second tenperature detecting nea
substantially constant value to a second predeter
| ower, when the dry distillation of the waste naterl

According tos2LRE bR 3°RER5tahtYAT 17 XM Ahvel .

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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tion, there is provided a nethod of incinerating a waste material by
'processing the waste material through dry dlstlllatlon and gasification,
conprising the steps of: storing a waste materi g I 4
and burning a portion of the waste material by tHEMS DI, Bconpdsi ng a
remai nder of the waste mate- rial by way of dry Wisti |RERMEY i
of com bustion of the portion of the waste mateM er eby prodUC|ng a
conbusti bl e gas; introducing the conbustible gas from sai d gasifica- tion

furnace into a conbustion furpace thr
burn the combustnge gag. O%%erefore, 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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: RIS SHEET HAS BEEN
gas passage; conbusting the conbustible gas in the cqnbust RE nace,
detecting the tenperature in said gasification fur- nace b

tenperature detecting means; 14 detecting the tenperature of the
conbustible gas as it is burned in said conbustion furnace usi ng sec-

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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ond tenperature detecting nmeans; and supplying said gasification furnace
wi th an anmount of oxygen required to burn the port gor the waste materi al
and to thernally deconpose the renmai nder of the wa$ tidiSregyse g
controlling the amount of oxygen supplied to said I fig  BERMafe to
mai ntain, at a substantially constant value, the tem at-{1F
conbusti bl e gas as detected by said second tenperature detecting meEans
during the dry distillation of the waste material, and for supplying said

" gasification furnace with an amunt Qf oxygen
g furnace 1 is stopped, an8 theygombustion 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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ép ?pfflerate ;hehconbustion and ashing of the waste material whepn . the dry
distillation of the waste material is finished S | at t he
anount of oxygen supplied to the gasification furmg%ﬁﬁw m BEEN _
accel erate the conbustion and ashi ng of the wast the
tenper- ature in the gasification furnace as detected by the first
tenperature detecting means increases up to a predetermned tenperature or
hi gher as the com bustion of the waste material progresses and the

temperature in Sal .d g%& ft'hceata'm%unt TP $hd %@éf@ fiterial 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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sai d predeterm ned tenperature or higher a prede- term ned period of tinme
after the tenperature has increased up to said predeterm ned tenperature or
highﬁg,dmhen ths dLy distillation of the waste mate- rial is flnlshed In
an enbodi ment of the present invention in ac- cordgr th
aspects, the portion of the waste material is burnedﬁiﬁc&#@ "l’@ra r
thereof is thermally deconposed by dry distillatior_in t K6 Uggpflca- tion
furnace by the oxygen which is supplied fromthe oxygen supply nmeans to the

gasification furnace 38 .L03ing to this embodiment, therefore, when

the température 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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15 the tenperature of the conbustible gas as it is burned in the conbustion
furnace wll be substantially constant. As the conbustion and dry
distillation of the waste ma- terial progresses, the e
material which is capable of generating the combustib] EHGaSHEET HA§ BBEN v
distillation is reduced. Wien the dry distilla- tion s fi fREPLACED.t he .
conmbusti bl e gas can no | onger be _

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'oOmbustion 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 of thelwaste material A is fully effected.

' The oxygen supply pipe 38'with the flow controll
volve 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 supply pipe 37, thus 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 of the gasification furnace 1 which is
not directly affeoted'by the combustion of the waste
material A and in the combustion chamber 25 of the

'oombustion furnace 2 which is not directly affected by the
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generated in a quantity |large enough to keep the tem perature of the
conbusti bl e gas substantially constant in the conbustion furnace. The
anount of the conbus- tible gas which is generated '? ef-of-e—-educed,
and so is the tenperature of the conbustible gas in H@E@ﬁf T HASt BEEN

furnace. Cenerally, the tenperature in the gas- |f|{,at|onﬂfm55e :
progressively increases as the partial conbustion of the waste Tereral
continuously progresses while the dry distillation of the waste material is

going on wi gfia}n%% &?&Prﬁ{&r"qﬂtéé‘%fo”bfﬁééé' Seflerhelrg sHRsL2A! Ay

const ant . he quanti
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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waste material which can be thermally deconposed is reduced when the dry

'd!StI||ﬁtIOP Is finished, the tenper- ature in the gaS|f|cat|on furnace

rises sharply and then drops as the conbustion and as thre—wast e, na-
Twﬁ. Sk

terial progresses. However, depending on the nanner i ThHAGBEEN
material is stored or the type of the waste material | LAGED:.i | | atfi on
-may becone unsta- ble, and the heat of conbustion thaf is absor 'he

dry distillation may be reduced, causing a sharp rise in he tenperature in
t he ga3|f|c?t|on.furnace. According to the first and third aspects of the

‘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 depending 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 valve
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, thus increasing
the amount of oxygen supplied to the gas1fication furnace
1. -_—
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present invention, when the tenperature in the gasifica- tion furnace as
detected by the first tenperature detect- ing means increases up to the
predeterm ned tenpera- ture at which the dry distilla be regar ded
as be- ing finished, and al so when the tenperature of nstibl e gas
‘as detected by the second tenperature de- tecting nmeg : :
sEbstantlaIIy constant val - ue to the predeterm ned
t he

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.

R
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16 anount of oxygen supplied fromto the gasification fur- nace is
increased to accelerate éﬁa_gﬁBBTﬁT_‘—arry‘out t he conbusti on and ashi ng of
the waste material when th nis sufficiently effected and
the portion of the waste ' H '"m“'r@’ir! be thermally decorrposed i's
‘greatly reduced. According to ¢ 6. SaCO .

I nvention, when the tenperature in the gaS|f|ca-

by the first tenperature detect- ing neans increaka

pr edet er mi ned t enper a-
CL Atugp

1. Apparatus for incinerating a waste mate-
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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ture at which the dry distillation can be regarded as be; ing finished, and
‘al so when the tenperature—+n—the—gas=1Tfication furnace remains at the

pr edet er mi ned t enper- pon efzg ° at er m ned
period of time after: MB“@HIB ‘Em t he pa's} . e reaches

t he predeterm ned tenp unt of} oxygd : Qy the oxygen
supply neans to the gasification furnace is I ncreasec accel erate and
snoothly carry out the conbustion and ashing of the waste nmaterial when the

dry disti 11 gL on e SHLLLGLER | Knl 2ok G 191hd Na RGeS at s vast o

material th
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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thermal |y deconposed is g r ef er abl . ”n%;ﬁw al in
the gasification fur- na\sﬁmﬂ‘mﬂtﬁn%mﬁ | ower - .
gasification fur- nace. c sdl stillation ial is
in progress, the gasification furnace is preferably sup- plied with oxygen
fromthe botéobutrhethef pardioheonft thedwastiestdteatiadn arsd fiai ierinal e
gasification furnace is pref- erably supplied with oxygen at a higher
portion of daeogpeséi thei vembindaceofThibecwaste meatanitlustfremosatde

portion of the waste material and the dry distillation of the remainder of
the waste nexegenl SuPPly¥nder Bpydc gpsiddcation 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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out in the lower and upper portions ofthe—gasification furnace. Wen the

portion of the waste material for saDO ial.
first tenperature detecting neans may be dis- posed

t he gasification furnace so

waste material is finally ashed1um’ asification furnace-is ‘
preferably supplied with oxygen ﬁ”}'#’@ﬂ@ﬂ“"f)seh] _ h?ﬂmﬂ‘ﬁAStﬁE&N
g thp"Was

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-

ture 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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that -it can stably detect th
W t hout being greatly affectedtin the com bust

material . The apparatus nay in wmllfmmw

suppl yi ng the conbustion furna (bt

conmpl etely conmbust the conbusti bl e gas i'ntrodiced into the conbustlon fur-
nace, the second oxygen supply nmeans conprising neans for varying the
anount of oxygen supplied to the conbustion furnace dependi ng on a change

in the te”‘hRSB@ UL% %%éjﬁéﬂﬁygﬁfﬂﬂt3f3ﬁﬁ§ @ésgétﬁﬁﬁégigi_b?@g&@%ses

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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ond tenperature detecting means while the dry distilla- tion of the maste

materi al progresses. Conseguentty,—simnce the, conbustible gas is mixed with
onbusti bl e gas i-s

an amount of oxygen dependi of the

i ntroduced into the co%usﬂﬂ“ﬁﬂuﬂmgm“m‘ combus |’nq[gasg Lably be
conpl etely combusted. The U§ Nace may cpnpri )

for mxing and igniting the conbustible gas and t 8 L
the tenperature of the conbus- tible gas as it is burned in
chanber is

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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detected by the second tenperature detecting neans. The second tenperature

detecting nmeans can therefore.: s%ab+y—de%ee%—%he—%enperature of the

conbusti bl e gas w t hout being gr flanmes produced when the
conbustible gas is ignited by t “ lt’ﬂ m In an tﬁ?% q,u@amu
oxygen detecting nmeans nmay be pr passage Oﬁ ting @an

amount of oxygen mixed with the conbustlble gas intro-
gasification furnace into the combustion

s

7. Apparatus as claimed in any one of the preceding clalms, further

inciuding 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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18 furnace, the oxygen supply means conprising neans for st oppi ng t he
. supply of oxygen to the gasifi n the anount of oxygen as

detected by the oxygen detectin ceeds a prede
t hi s enbodi ment, when the portlﬁ terla
gasification furnace is ignited neans 3

¥,

portion of the waste material and thernally deconp05|n.”

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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der of the waste material by way of dry distillation, the conbustible gas
produced by the dry distillationi - hr oug
into the conbustion fur- nace i stible

this time, the anmount of oxygennlm‘mnemifmﬂ the po tion pEp

material and to thermally deconpesect mena&l neer th

supplied fromthe ox- ygen supply means to the gaS|f|cat|on furnace in
order to increase the tenperature of the conbustible gas as detected by the

temperature det ecting 0eans A 1Y Weakd T Sy bd LGLQEHI Eadt the

substantially con-
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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stant value. The anount of oxygen m xed with the com bustible gas
introduced from the gasifi catiron—furnace—+to—the-conbustion furnace is

detected by the oxygen de- tegty ne | e igas passage. Wen the
detected anount of oxygen excqmgﬂi,ﬂgimﬂ!iﬂ tn'ned val ue, the_suppi-y: of
_ f ¥ @ '

oxygen from the oxygen supply e i cat icer
Thus, the gasifica- tion furnace is prevented from bd
gen in an anmount greater than necessary, and hence t
‘generated in thgigaﬁiflcatl Qo&ugélgg?e is prevented

a |arge and%ﬁts ow - &6n rom being mxed with

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 as cldimed. in any one of claims 10 to 12, wherein
/’————'4’_’
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of oxygen whi ch could burn the conbustlble gas before the conbustlble gas
is introduced into the combustion furnace Consequen '

when the com . bustible gas is burned in the:conbus{iTHI® ﬁﬂ'

prevented from bei ng propalmmﬂ !IIH III ﬂ“ta ficatijon fuRBRIAGE
passage, with the result t backfi :

occurr I ng.

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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I n anot her enbodi nent, the oxygen supply neans nay conprise means for
i ncreasi ng stepw se and limt oxygen supplied to the
gasification furnace to an ext he portion of the waste
material to be continuously bueﬂmmmm‘l Vlﬁm perature_(_)_]‘___t_h_e,_._—'— '
conbusti bl e gas as detected by per at ure det e ﬂhsmﬁﬁya es
after the waste ma- terial stored in the gasifi-cation fﬁ&ﬁa tbmgbgnite :

In this enbodi ment, the amount of oxygen supplied to tthe
furnace is increa ed s%ugmnse and |Iﬂ} ited to an extent which allows the -

portion of FAEOYEEEN nace; 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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material to be continuously burned when the tenpera- ture of the
conbusti bl e gas as detected—by—%he~t6ﬁﬁ§TT~EfUFe det §eting neans i ncreases
after the waste mate- rial st i cati orf THIS

In an in- itial stage of the m@m“ Emnm“\of t he vvasten ,=
gasification furnace is preve rommweisng *suppl i ed=w A
necessary, and the combustion of the portion of the waste material ano the
dry distilla- tion of the remai nder of the waste material are progres-

sively stabilized The pOUDUShERLE HASndeRBLALBherbINIG 4 pdt

furnace is therefore p? rom
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.

Th.s Sheet Has Been Rep laced|




m xed with a | arge anount of oxygen which could burn the conbustible gas
"before the conbustible gas is in- troduced into the conbustion furnace. In
yet anot her enbodi nent, the oxygen supply nmeans may conprise neans for
stoppi ng the supply of oxygen to the gasification furnace when a rate of
‘change per unit time of the.Lenpe%aﬁmm?‘T’TﬁEﬂbonbust|bIe gas exceeds a
predeterm ned val ue and when th of the~eofb E S
detected by the tenper- ature !‘ﬂgﬁ \r“ﬁ‘ m\ ncr eask SIS §€¢ 1 ple

mate- rial stored in the gaS|f wrnace* i s ignifed.

-'IL

-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

{ Has Been Replaced
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20 In this enbodiment, if the anount of oxygen m xed with the conbustlble
gas introduced into the C relatively 1arge, -the he
conbustible gas is |ntenS|v conmbusty gﬁgmacewnéF
.risetoasharpincreaseintlm &mmgkf the qo us me
IS burned in the conbustion e rate

of the tenperature of

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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the conmbusti bl e gas exceeds the predeternined val ue when the tenperature of
the conbusti bl e gas i ncreases,—the supply of oxygen to the gaS|f|cat|on

furnace is stopped to preven gas generated he-
gasification furnace from be [ﬁmﬂm‘mn | ar ge RIS SHEET dybhﬁg% i ch
could burn the conbustible gas before ™ he conbusti blie hasREﬁJmﬂDrodu pd

into the com bustion furnace. In accordance wth tHhe-.abey poar nent s of
the present invention, it is possible to reliably prevent t he conbusti bl e

gas gener at gdilgn pra@ed@Ynlined WA dd!d¥@Cfwer 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

" This Sheet Has Been R,
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frombei'ng mxed with alarge ampunt of oxygen which could burn the
conbusti bl e gas before the combusti bl e gas is introduced into the

conmbustion furnace. 1gn provided to_ jgnite-the—we e
material stored in the gﬂu’m“i’mﬂm’m ce. The i grys %%é‘h@ :
conprise a plurality of igni‘tets Hi sposed on a sur

gasification furnace for igniting the waste materi & .
locations at the sur- rounding wall of the gasification furnace As the

waste mater |y ?: et nlgS meind i%fé%e% dftte P the 'hstOCRAt &P Fal NstBRed

gasi fication furnac€, the anount of
in said 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.

This Sheet Has Been Replac
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oxygen consumed by the conbustion of the portion of the waste materi al
relatively large in the initial stage of the dry distillation. Thi S

furnace frombeing mxed with a | arge anount of oxyg

effective to prevent the conbustible gas generated i apr@m
combusti bl e gas before the conbustible géb-is |ntrod§ced |§h

S
al so

rn the

conbusti on furnace. 21
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ABSTRACT
APPARATUS FOR INCINERATING WASTE MATERIAL
A waste material (A) such as waste tires is

incinerated by way of dry distillation and
gasification. In a gasification furnace (1), a portion
of the waste material (A) is burned and the. remainder
is thermally decomposed by dry distillation with the
heat of combustion, producing a combustible gas. A
combustion furnace (2) combusts the combustible gas
introduced from the gasification furnace (1). The
gasification furnace (1) is supplied with an amount of

- oxygen required to burn the portion of the waste

material (A) and to thermally decompose the remainder,
while at the same time the amount of oxygen supplied to
the gasification furnace (1) is controlled to maintain,
at a substantially constant value, the temperature of
the combustible gas during the dry distillation of the
waste material (A). The gasification furnace (1) is
also supplied with an amount of oxygen to accelerate
the combustion and ashing of the waste material (A)
when the dry distillation is finished. When'the dry
distillation is finished, the amount of oxygen supplied
to the gasification furnace (1) is increased to
accelerate the combustion and ashing of the waste
material (A) if the temperature in the gasification
furnace (1) increases up to a predetermined temperature
or higher as the combustion of the waste material (A)
progresses and also if-the temperature of the
combustible gas drops from the substantially constant

value to a predetermined temperature or lower.

is Sheet Has Been Replaced | 1
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The apparatus may al so i nclude extingui shing nmeans for extinguishing the
conbustion of the waste materi al when the anmobunt of oxygen as detected by

t he oxygen detecting neans exceeds the predeterm ned val ue or when the rate
of change per unit time of the tenperature of the conbustible gas exceeds a
‘prede- termned val ue when the tenperat uyégpf, the ¢ sti- ble gas as '
detected by the tenperature detecting n€ans increag = N l
material stored in the gasifi- cation furnace is iqnitedﬁﬁt[%g% ¥l [when
t he conbustible gas is introduced ' Sl ;

0
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into the conbustion furnace as it is mxed wth the anount of oxygen |arge

enough to burn the conbustible gas, the conbustion of the waste material in
the gasifi- cation furnace is extinguished by the extinguishing nmeans, thus
stopping the dry distillation of the waste materi al “+he- eration
of the conbustion gas. Accordingly, ba€%}kqﬁs are al €h
taki ng place and going fromthe conbustTi‘on furnace

furnace and the gas passage. According to a fifth aspect o
invention, there is provided a nmethod of incinerating a waste na-

FIG. 2
| T2
T2b L.VW-L\AM
Tact
: TZQ : e .y
&J i
!
E v}
< i
&5 |
% Tia -ﬁ- {
| il 1
E I i
; :E IME
i T
Ot/ ,} \b'u
' 2" STABLE DRY ASHING
DISTILLATION
FIG. 3
\
S
-
J
0
>.
X
@]

0 - ~TIME
STABLE DRY DISTILLATION

STABLE DORY DISTILLATION

This Sheet Has Been Replaced




terial by processing the waste material through dry dis- tillation and
-gasification, conprising the steps of: storing a waste material in a
gasification furnace and burning a portion of the waste material and ther-
mal | y deconposing a renai nder of the waste mate- rial therein by way of dry
distillation with the heat of conbustigdn/ef the portion of the waste
material, thereby producing a combustible gas; intreducing the conmbustible

gas from said gasifica- tion furnace into a conbust {dHIS SEE‘F‘F!A S
gas passage; o '

FIG. 4
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conbusting the conbustible gas in the conbustion furnace; 22 detecting
the tenperature in said gasification fur- nace using first tenperature
detecting neans; detecting the tenperature of the conmbustible gas as it is

burned in said conmbustion furnace usi ng sec- ond tenperature detectlng
nmeans; and

4./ 4 THIS SHEET HAS BEEN
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suppl yi ng sai d gasificatign furnace with an anount| REPGRG
.burn the por 'Hg l 1hﬂhwqﬁﬁg terial and to therpg[Ty d€cONpose
remai nder of Eéiﬁgggterial while controlling fhg P T Rogoxyden
supplied to ;Eaig gael a s% [
constant val ue, the tem perature of the conbustio
- second tenperature detecting neans durihg-the dry
material, .and for supplying said gasification furn

ey SHeET ed to

urnace to maintain,!| at stanti

AR

oxygen to accel er at gpprATO8DEOR ANCIMEFRSIINTG WASTHEMATERIAL

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 incinerating épéaratus comprises én apparatus
for incinerating a waste material by processing the waste
material through dry distillatioﬁ and gasificationll

The disclosgd:incinerating apparatus.has a gasi-
.ficatioﬁ furnace in which a waste material is placed. 1In
‘the gasification furnace, a portion of the waste material
is burned while the ?emainder of the waste material is
”isubjected to dfy distillation (i.e,, thermélly decomposed)
with the heat of combﬁstion, until finally the waste mate-
rial is fully burned and ashed. A combustible gas
produced when the waste material is thermally decomposed
is introduced through a gas passage into a.'gombustion
furnace. In the combustion furnace, the supplied
combustible gas is miged with oxygen (air) and burned at a
température high enough to reduce nitrogen oxides to a

sufficiently small level. 1In this manner, the waste




waste material when the dry distillation of the |wREPEACEMENTI SHEETs |fi ni shed,

characterised in that the anount of oxygen supplli gg¢~T03ard gaS|fication

fur- nace is incres accel erate the conbust}i gn qﬁdoe? of {t he waste
ot i 0

by sai o ﬁﬂﬁﬁﬁ“' [Ref at ur e} det ecting neans |ncrecsés_up—Le—a-#+ﬁet

predete ninedﬂip' (fe or higher as the com bustion of the wagte

by said second tenperature detecting neans drops

derature in said gasifidat furnace ag detected

esses and the tenperature of the c "det ect ed

material is incinerated without causing environmental
pollution problems which would otherwise be posed by the
generation of nitrogeh oxides.

The the;mal energy generated when the com-

"bustible gas is burned is used as a heat source for a

boiler or the like. The generated thermal energy is
therefore effectively utilized in the process of
incinerating the waste materiél._

More specifically, the combustion of a portion
of the wasté material and the dry distillation of the re-
mainder thereof in the gasificatioh.furnace, and the com-
bustion of the combustible gas in the combuétion furnace
are carried out as follows:

The combustion of a portion of the waste 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
remaining waste material starts being subjected to dry
distillation by the heat of combustion, and the
combustibie 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 maferial
and oxygen required to burn the portion of the waste

material immediately after it has been ignited are



fromsaid substantially constant value to a secom&1?1ﬁ§$ T
tenperature or |ower, en~the dry distillation hf RERA ght@??l
fini shed. Accard-agh
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supplied from the air in the gasification furnace.

The combﬁstible 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 the combustion furnace, an
oxygen supply device connected to the gasification furnace
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 cdmbustible gas at a predetermined,

' substantially constant level for reducing any n;trogen
oxides to a sﬁfficiently small amount. .

More specifically, when the temperature of the
combustible gas becomes lower than the predetermined, sub-
stantially constant temperature, the amount of oxygen sup-

plied to the gasification furnace is increased to acceler-

51 ng t he



storing a wa p¥ @mﬁdﬁfﬁh a gasification furnace'éﬁiﬂ' ;%LJH}-J rtion of

the waste’ et her - Ymal |y deconposing a refpalnder of_t 'St e
mate- rial j distillation with the hea oh pf the
portion of Waste material, thereby producing ajcenbustible g

I ntroduci ng the conbustible gas fromsaid gasifica- urnace int¢ a
conbustion furnace through a gas passage;-conbusti dg the conbust+bte’gas in
t he conbusti on furnace;

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 gquantity, thereby increasing the temperature
of the combustible gas in the combustion furnace.

. 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 portion of the waste material and
the dry distillation of the remainder of the waste
material. As a consequence, the combustible'gas is
produced in a redﬁced quantity, thereby loweting the
temperature 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-
cientlf reducing any nitrogen oxides. The combustible gas
is substantially completely burned in the combustion fur-
nace without causing environmental pollution. At-the
,samé fime, the combustion of the portiop of the waste
material and the dry distillation of the remainder of the
waste material.are allowed to progress smoothly in the
gasification furnace. Thé thermal energy produced when
the combustible gas is burned can be effectively utilized

as a heat source for a boiler or the like. The partial
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detecting the tenperature in said gasificati
t enperat ure detecting neans; detecting the t
gas as it is € ustion furnade jus

detecting maaEJg'"§ %ﬁ iR ;ﬁﬁﬁ‘g sai d gasificat} b[?gH;th
oxygen requirged to tion of the ¥
deconpose the remmi nder of the waste tederia
of oxygen supplied to said gasification furna

substantially constant value, the tem
combustion of the waste material in the gasification

furnace is progressively shifted into a region of the
waste material where the combustible gas has been.
generated, i.e., is carried out in a region of the waste
material where it is thermally decomposed. Accordingly,
the partial combustion takes ﬁlaée while producing almost
no nitrogen oxides.

Upon the dry distillation of the waéte 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 the dry distilla-

" tion is substantially finished, and the portion of the
waste material which can be thermally decomposed by d4ry
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 reqhired to keep the temperature of
the combustible gas at the substantiaily constaht level in
the combustion furﬁace. Thus, the temperature of the com-
bustible gas as it is burned is lowered. At this stage;

'thé waste material in the gasification furnace is burned
in a substantial portion thereof except the portion that
has already been ashed. . Thereafter, the waste material is
finally ashed by the combustion thereof.

If the waste material were burned while being

subjected to an insufficient degree of dry distillation,
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the conbustion and ashing of the waste materi al
the gasification furnace as detected by the first
then an increased amount of nitrogen oxides would be pro-

enperature in

duced. Therefore, the waste material should preferably be
burned after it has been subjected to as much dry
distillation as possible. To burn the combustible gas
while minimizing the generation of nitrogen oxides, it is
preferable that the combustible gas be produced by dry
distillation in order to keep itself at a substantially
constant temperatuee 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
distiilation of the waste material is in progress in the
‘conventional incinerating apparatus, oxygen is supplied
from the oxygen supply device to the gasification furhece
to keep the temperature of the combustible gas at a sub-
stantially constant level for continuous and stable
combustlon of a portion of the waste material and also
contlnuous and stable dry d1st111at10n 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 gasificatioh
fu:nace as detected by a temperature sensor therein for
promoting final combustion and ashing of the waste

material.
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after
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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 pert of the heat of the combusted
portion is absorbed by the thermally decomposed portion of
the waste material. When the dry distillation is in a
final stage, after the temperature sharply rises as
described above, since the therﬁally decomposed portion of
the waste.material is reduced, and so is the heat 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 conventional incinerating apparatus, when
the temperature in the gasification furnace exceeds a pre-
determined temperature that has been selected experimen-
tally and empirically, any portion of the waste material
fhat can be thermally decomposed by dry distillation is
regarded as being almost eliminated, and the amount of
exygen supplied to the gasification furnace is increased
to accelerate the final combustion and eshing of the waste
material. -

However, because the amount of oxygen supplied
to the gasification furnace is ipcreased based on only the
temperature in the gasification furnace upon final ashing

of the waste material, the conventional incinerating appa-



hi gher, when the dry distillation of the waste matp-REALACEMENT SHEERel. For

a better understanding o present invention an 0 SNhOW Now y be
carried into i1l now be nade by gf7W9g tjo it he
acconpa- nyi & altF pin whjch: FIG 1 is a schenftic diiagram gf fan
apparatus fonR inci ste material accordin ' nt

I nvention; Fl I's a graph illustrati8e-of an ogeration se- gquencq of the

apparatus according to the present

ratus has suffered from the following 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 uniformly and smoothly, but is generally
subjected to temporéry fluctuations depending on variéus
conditions, e.g., the type of the waste material being
incinerated, the manner in which the waste material is
placed, etc. -

Even when a substantial portion of the waste ma- -
terial remains to be thermally decomposed bf dry distilla-
tion, there may be temporary situations when the dry
distillation does not take place 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 poftion thereof is temporarily 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 is increased



i nventi on;

FI G 3 is adg

apin showi ng the nmanner i} \HEPEKCW'BNTaSﬂEBTT of
A

oxygen varies gﬁ&ﬂ e operation sequence s

is a graph annery i n which a fl ow contjr gl 0, hg

appar at us oper at egtLIthe~oper ati on sequence showrt ijn éIa}GﬁEI{gEgG Jis

graph show gg manner in which an- other flow donftrol valve of ItHe
qgis

apparatus operates in the operation seq@ence showmj in FIG 2; FIG
graph illustrative of another operation se- : .

to accelerate the combustion and ashing of the waste
material. Therefofe, the Qaste material which has not
been fully thermally decomposed yet is burned, producing
an 1ncreased amount of n1trogen oxides and an unstable
amount of combustlble gas, which tends to produce a large
amount of nitrogen oxides when burned.

Moreovér, when 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 combustibie gés, and the
mixture may be introduced from 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,
burning the combustible gas in the gasification furnace
and the gas passage, a phenomehon known as a backfire.

When such a backfire occurs, the temperature in the

‘combustion and gasification furnaces greatly increases,

tending to damage the combustion and gasification furnaces
and various devices mounted therein.

The amoﬁnf of oxygen in the gasification furnace
is apt fo 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 oxygeﬂ, or when the
combustible gas produced by the thermally decomposed por-
tion of the waste material is'éomparatively small, or when
external air flows into the gasification furnace because
of poor insulation between the gagification furnace and
the exterior space, during the initial stage bf combustion
and dry distillation of the waste material immediately
after it has been ignited.

In the conventional incinerating apparatus, oxy-
gen in the gasification furnace is utilized when the waste
material is ignited and the portion of the waste 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 initiai
stage, and the combusted portion of the waste material is
small.

Even undér 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 oxygeh for keeping the
temperature of the combustible gas at a substantially con-
stant level. That is, the gasification furnace may be
supplied with more oxygen than necéssary while the

combustion of the portion of the waste material is



described with reference to FIGS. 1 through 5. FL.G _1_schemntjcally shows
an arrangenent of the apparatus, and FIGS. 2 thraqynmﬂcgmgw'gﬂggpe ation
sequence ofthe—apparatis—shown in FIG 1. As shpwp—t+f—H-c—% €
appar at us i FRHISI SHEER RASsBEEN i cati on furnace 1 fof WW si ng by
way of dry |di sti REP{AQED. gasifying, burning, and a hi erial A
such as wastetires—pteaced=tn the gastfiration furhace 1...a.CO sion

furnace 2 for conmbusting a conbustible gas produged when the waste materi al

Ais thermally deconposed by dry distillation in
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 the waste
material through dry distillation and gasification, the
apparatus having a gasification' furnace for bu;ning 5
portion of the waste materiai and thermélly Hecomposing
the remainder of the waste material by way of dry
distillation to produce a coﬁbustible gas, and a
combustion furnace for combuéting the combustible gas at a
substantially constant temperature, the apparatus being
capable of thermally decomposing the waste material as
continuousiy as possible for stably producing the
combustible gas and for smoothly and reliably carrying out
final combustion ahd ashing of the waste material after it
has been thermally decomposed by dry distillation.

The oresent invention also seeks
to provide an apparatus for incinerating a waste material
by processing the waste material through dry distillation
and gasification, thé apparatus being capable of
préaventing backfire from occurring due to the flames of a

combustible gas propagated'from a combustion furnace



fication furnac?_l, an_oxygen supply device 3 fof  RER-ACEMEN gﬂﬂﬁyg n (air)

to the gas++eat Tel b 1, an ox- ygen suppl) bl yin
oxygen ( iWﬂStSﬁE. g* oﬁgusiion furnace 2, andpgn,e ti ' ﬂin dES cg 59for
ext i ngui ghi ng lRﬁBU!Q;ghuct' n of the waste materi A‘ﬂﬂtﬁé é’%orrausti bl e
gas in the—gasification furnace 1. The gasificat furnace 1 hap p charge
inlet 7 de- fined in an upper wall therlébf- and openabl e and cl osabl e by a
hi nged door 6. The waste material A can be char ged—i-Ato-the_gasifikation

furnace 1 through the charge inlet 7 as it _is opened by the door 6. When
t he 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 therein 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 waste material, thereby producing a combustible gas, a
combustion furnace for combusting the combﬁstible gas
introduced therein from the gasification furnace through a
gas passage, first temperature detécting 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, aﬁd oxygen supply means for.supplying
the gasification furnace with én amount of oxygen required
fo burn the portion of the waste material and to thermally
decompose the remainder of the waste material while
controlling the amouﬁt of oxygen supplied to the
gasificatioﬁ furnace to maintain, at a substantially
constant value, the temperature of the combustible gas as
detected by the second temperature detecting means during
the dry distillation of the waste material, and for

supplying the gasification furnace with an amount of



The_bot-

e door 6, the interi

gasi ficati on mgnmﬂum BEE,Nt ually isolated fromt he . |The
gasification turn wnwardly pro- jecting{f | dwer
wal | conposefl_af section 8 and a sl angt s cfion 9.
tom and side mall sections 8, 9 have resp ci' rs 10,
11 isolated fromthe interior space of ltthe gasificftion furnace 1. The
enpty chanbers 10, 11 are held in conmunication w Tne TIterres ce of

t he gas-

ification furnace 1 only through air supply nozzles 12
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 increasing 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 furnace as detected by tﬁe first temperature
detecting means increases up to a first predetermined
temperature or highe; as the combustion of the waste
material progresses and also if the temperature of the
combustible gas as detected by the second temperature
detecting means drops from the substantiall& constant
value to a second predetermined temperature or lower, when
the dry distillation of the waste material is finished.

| According to a secoﬁd aspect of tﬁe present in-
vention, the oxygen supply meéns comprises means for in-
creasing the amount of oxygen suéplied to the gasification
furnace to accelerafe 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 éombustion of the waste material progresses, and also
if the temperature in the gasification furnace remains at
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 distillation of the waste material is



mounted in the botton1and side wall sections 8, 9.
igniters 13 are o : . sur- roundi ng
gasification fu HF.HIS SHEEBrH $ ‘
gasi fication chdnber REPERGER of tlle igniters 13 co i s@7 eQy 9

burner or the |ilke 'S connected through a fuelf gupply plﬁg 45 t
fuel supply deV|ce 14 for supplying a-cbin-

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
gaéification furnace by the oxygen which is supplied from
the oxygen supply means to the gasification furnace so
that the temperature of the combustible gas as it is
burned in the combustion furnace will be substantially
constant. As the combustion and dry distillation of the
waste material progresses, the émount 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 the
temperature of the combustible gas substantially constant
in the combustion furnace. The amount of the combustiblé
gas which is generated is therefore reduced, and so is the
temperature of the combustible gas in the.combustion
furnace. Generally, the temper&ture in the gasification
furnace progressively increases as the partial combustion
of the waste material continuously progresses while the
dfy distillation of the waste material.is going on with
the temperature of the combustible gas being substantially
constant.  Then, as the quantity of the waste material
which can be thermally decomposed is reduced when the'dry'
distillation is finished, the temperature in the

gasification furnace rises sharply and then drops as the
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bustion assistant fuel, the fuel supply device 14 Rei
the gasification furnace_ 1. e ig- niters 13 burnjthe $i st ant
fuel suppli pcumEENs\Ippl y device 14 through th@9n§§f 1§%p y | pi pes
15 to produ g t areldirected into the ga |ﬂ+4£a1nn,furna efl to
ignite the the gasification fuynace 1. The ga5|f cation
furnace 1 haS a water jacket 16 de- f+nrnEsl +n its s
cooling the gasification furnace 1. The water jacket 16 is isolated from
the inte- rior space of the gasification furnace 1. A water |evel

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, and the heat of
combustion that is absorbed by the dry distillation may be
reduced, 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 gasification furnace
as detected by thg first temperature detecting means in-
creases up to the predetermined temperature at which the
dry distillation can be regarded as being finished, and
also when the tempefature 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 out the |
combustion and ashiﬁg 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 temperature in the gasification |
furnace as detected by the firsf temperature detecting
means increases up to the predetermined temperature at

which the dry distillation can be regarded as being



sensor 17 for detecting a water level in the water |
t he upper wall Ication fur- nace 1. The
suppl i ed w roma water supply devi
devi ce 18 gupply 19 di sposed out si

pl'y pipe 20 intercon- necting
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ALC fet—F0t-S~BtH on
vaf er is

ce 9"%'65%% sjuppl y
del of the gasifijcati on

t he water supply 139 and

the water jacket 16, a flow control wallse 21 di spose
pi pe 20, and a valve controller 22 for opening and c
val ve 21. The valve controller 22 is supplied

| osing the flow control

portion of the gasification furnace.

finished, -and also when the temperature in the
gasification furnace remains at the predetefmined
temperature or higher upon elapse of the predetermined
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 furnace is increased to accelerate and
smoothly carry out the combustion and ashing of the waste
material when the dry dlstlllation is sufficiently
effected and the portion of the waste material that can'be
thermellf decoﬁposed is greatly reduced.
In the first and second aspects;.the waste mate-
rial in the gasification furnace is ignited at a lower
While the dry
distillation of the waste material is in progress, the
gasification furnace is supplied with oxygen from the
bottom thereof. When.the dry distiilation is finished,
the gasification furnace is supplied with oxygen at a
higher portion of the gasification furnace. Therefore,
the combustion of fhe portion of the waste material and
the dry distillation of the remaindef of the waete
material are smoothly carried oﬁt 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.



with a detected wat er | evel signal fromthe water |eye

val ve eont .actuator 22a such fs
se!ectlvel x Eéi? oS} ng the fl ow control valjv
unit 22b c nprls L for controlling opefat

22a. The control unit 22b nDnltors t he water |evel
as it is detected by the water |evel searsor 17, and opera
22a depending on the detect- ed water level in the water jacket 16.

The first temperature detecting means is dis-
posed in an upper 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 introduced into
the combustion furnace, the second oxygen suppiy means
comprising means for varying the amount of oxygen supplied
to the combustion furnace depending on a chenge in the
temperature of the combustiﬁle gas as detected by the
second temperature detecting méaqs while the dry
distillation of the waste material progresses.

Consequently, since the combustible gas is mixed
with an amount of oxygén depending on the amount of the
combustible gas introduced into the combustion furnace,
the combustible gas can reliably 5e completely combusted.

The combustion furnace comprises a burner nozzle
for mixing and igniting the combustible gas and the
dkygen, 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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eturns to the water supply-198through a steam separator (not

combustible gas without being greatly affected by flames
produced when the combustible gas is ignited by the burner
nozzle.

To échievé the second object, 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 material therein and burning a portion of
the waste material and thermally decompdsing the remainder
of the waste material by way of dry distillation with the
heat of combustion.of the portion of the wéste material,
theréby producing a combustible gas, a combustion furnace
for combusting the combustible gas introduced.therein from
the gasification furnace.through a éas passage, igniting
means for igniting the-wéste material stored in the
gasification furnace, temperature detecting means for
deteéting the temperature of the combustible gas as it is
burned ig the combustion furnace, oxygen supply means for
supplying the gasification 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, and further to increase the temperature of the
combustible gas as detected by the 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
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shown). A tenperature sensor 23 for detecting a tenpera- tor-e fn the

gasification furnace 1 is nted on an upper pérfi %tqﬁui rpundi ng
wal | of the_ga 3 ace 1. The conbustjop furna ofmpfises a
a conbusti bl e gas} predused-uhen the| waste

bur ner noz- 12\-\\633&0 X _
material Afs t i) deeertposed by dry distig- lation, with oxygen (air)
requi red f Ok onpl ete com bustion afe t-he conbustiite ga5; .
conmbusti on cham ber 25 for burning the conmbustible gas as m xed with

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 furnace into the combustion furnace,
the oxygen supply means comprising means for stopping the
.supply 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 present in-
vention invention, the oxygen supply means comprises .means
for increasing 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
continuouslj burned when the temperature of the
combustible gas aé detected by the temperature detecting
means increases after the waste material stored in the
gasification 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 pér unit time of the temperature of the
combustible gas exceeds a predetermiqed value and when the
temperature of the combustible gas as detected by the
temperature 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-



t he oxygen.
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The conbustion chanber 25 is connect. "oﬁEP(U\QEM\E'ZSMSHE1 pf the

burner nozzle 24 and held in com nunication thefepath. A tenperptpre

sensor 26 fQg

burned is
bur ner noz
fitting 27

v . fenperature T2 of the ¢onppOdPNI9&aE ps it is
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| e 24REPU§E@ | s._cdn- nected a gas pip¢ 2 ' roln a j oi nt
22 on an upper portion b the sufgrounding wall of 1he
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gasification furnace 1 and held in comrunication Wih the interior of the.
gasification furnace 1. Therefore, the conbustible gas produced when the

waste materkflatijon furnace is ignited by the igniting means to start

burning the portion of the waste material and thermally
decomposing 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 material is supplied
from the oxygen supply means to the gasification furnace
in order to increase the temperature of the combustible
gas as detected by the temperature detedtiﬁg means and
maintain thg increased temperature at the substantially
constént value. The amount of oxygen mixed with the .
combustible\gas introduced from the gasification furnace
fo the combustion furnace ig'detected by the oxygen
detecting means in the gas passage. When the detected
amount of oxygen exceeds 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 necesséry, 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



- REPLACEMENT SHEET

A is thermally deconposed by dry distillation i 'ntro- duucd thr pugh t he
gas pipe 28 |nto the burner nozzle 4. An enpty Fhp q&% ef i phed around
t he burner ted relationship tp fhe i1n space of the
bur ner nonﬁHﬁ?@HEEh hanber 29 comu- n} chtes—wi-t-h fhp i nterior
space of the bur REPLAGEDRZ| e 2 28 through a urality of nozzl g holes 30
defined in“teS0T - ' - 21 - .

combustion furnace ére prevented'from being 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 gasificétion 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
combustible gas as éetected by the temperature detecting
means increases after the waste material stored in the
gasification furnace is ignited. In an in;tial stage of
the dry distillation of the waste material, the
gasification furnace is p:evénted from being supplied with
more oxygen than nécessary, 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 therefofe 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.

In the fifth aspect of the present invention, if
the amount of oxygen mixed withlthe combustible gas intro-
dﬁced into the combustion furnace is relatively large,
then the combustible gas is intensively burned in the com-

bustion furnace, giving rise to a sharp‘increase in the
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32. When fuel suy
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supply pipe 32 to the igniter 31 is ignited by the 1g- niter 31, flanes are
produced and directed through the burner nozzle 24 into the conbustion
chamber 25 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 temperature of the combustible
gas increases, the eupply of oxygen to the gasification
furnace is stopped to prevent the combustible gas
generated in the gasification furnace from being mixed
with a large amoﬁnt of oxygen which could burn the
combustible gas before the coﬁbustible gas is introduced
'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 ef oxygen which cpuld burn the combustible gas .
before the combustible gas is introduced into the combus-
tion 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 fof igniting the
weste material at a plurality of locations at the
surrounding wall of the gasification furnace.

Inaemuch as the waste material starts being
burned at the plural locations in the gasification
furnace, the amount of oxjgen consumed by the combustion
of the portion of the waste material is relatively layge
in the initial stage of the dry distillation. This is

also effective to prevent the combustible Qas generated in



controll er
controll er
26. The

r :
g:mﬁ rfig igniting operati ntwm %e ghiter
3) a belwrg~Supplied with a detected sy ghal ? t erature

Igniter controller 31 a nonitors of{ the

conbustible gas as de- tected by the temperatur 26, and cdntrols

the igniter 31 to ignite the conbustible gas dep

tenperature of the conbustible gas. A boiler 33, for exanple, is connected
to the comthe 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.

According 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
aexceeds 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 teﬁperature of the
combustible Qas as detected by the temperaéure detecting
means increases afte:_thg 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 combustible gas,
the combustion of the waste_material in the gasification
furnace is extinguished by the extinguishing means, thus
stopping the dry distillatién of the waste material and
also the generation of the combustible gas. Accordingly,
béckfires are also prevented from taking place and going
from the combustion furnace into the gasification furnace
and the gaé passage.

For a better understanding of the present:

invention and to show how it mav be carried into effect

reference will now be made by way of example to the - '



bustion furnace 2. The boiler 33 uses, as a heat source, the heat of
combustion of the tible gas' in the combustion chanber 25. The gas

pi pe -ﬂ“@@ﬁﬁﬁ cts the gasifica- tion furnace 1 and the conbustion
furna éﬂﬂsl - atdd with an oxygen sensor : je anount
of oxypen t ' with the conbustion gas ijntREBLAGEMENT SHEET tihe

gasi fi on furnace 1 into the conbus-24ioen cha n[supply
device 3 for supplying oxygen to the gasificatiorf fjur rji 4es an
oxygen sup- aaycacir Ll _

accompanying drawings, in which:

FIG. 1 is a schematic diagram of an apparatus
for incinerating a waste material according to the 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 showing the manner in which
the amount of oxygen varies with time in the operatlon 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 graph showing the manner in which
another flow confrol valve of the apparatus operates in
the operation sequence shown in FIG. 2; .

FIG. 6 is graph illustrative of anbther opera-
tion seduence of the apparatus 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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ply 35 disposed outside W& gasification furnaqe yaen. supply
. gen supply 35, a paijr gxygen
\CEO br.- hed fromthe mai n dxyge pi ge 136 and
#~T0 the enpty chambers 10, i dation
1, a\pa flow control valves 39, 40 digposed respectlvel in

the auxiliary oxygen supply - 25 -

An apparatus for incinerating waste materials
such as waste tires accordihg to the present invention
will be described with reference to FIGS. 1 through 5.

FIG. 1 schematically shows an arrangement of the
apparatus, and FIGS. 2 through 5 show an operation
eequence of the apparatus shown in FIG. 1.

As shown in FIG. 1, the apparatus includes a
gasification furnace 1 for thermally decomposing by way of
dry distillation, gasifying, burning, and ashing a waste
material A such as'waste tires placed in the gasif;cation
furnace 1, a combustion furnace 2 for combusting a com-
bustible gas produced when the waste matefial A is ther-
mally decomposed by dry distiilation in the gasificatioﬁ
furnace 1, an oxygen supply device 3 for supplying oxygen
(air) to the gasification furnace 1, an oxygen supply de-_
viee 4 fer supplying oxygen (air) to the combustion
furnace 2, and an extinguishing device 5 for extinguishing
fhe combustion of the waste material A and the combustible
Qas in the gasification furnace 1.

The gasification furnace 1 has a charge inlet 7
defined in an upper wall thereof and openable and closable
'by a hinged door 6. The waste material A can be charged
into the gasification furnace 1 through the charge inlet 7
as it is opened by'the door 6. When the charge.inlet 7 is
closed bylthe door 6, the interior space of the gasifica-
tion fﬁrnace 1 is virtually isolated from the ambient

space.



pi pes 37, 38, and a pair of valve controllers 41, 4BEHWEM6NTFSHEETHJ t he

flochogtrolhvalves 39, 40, respectively. The val yejtontruotter
supplied with the de e sig- nal fromthe tenpérpt

detected sign ) oxygen sensor 34. The vajv ﬁ)ﬁt@ﬁgﬁ 4
suppl i ed {wii® geect eddsignals fromthe tem pe

The val v cont
openi ng ahd-e

3

and t he
S

26, 23.
conprises an acd@ator 41 p such as a notor for
0sing the flow control valve 39, and—aTtontrot—tate—dlb

conpr|3|ng a CPU, a tinmer, etc. for controlllnq %%J%ﬂléghéﬁatgfyagéggtor

The gasification furnace
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 isolated from the interior spacé of the
gasification furnace 1. The empty chambers 10; 11 are
held in communication with the interior space of the
gasification furnace 1 only through air supply nozzles 12
mounted in the bottom and side wall sections 8, 9.

A piurality of igniters 13 are mdunted on a
lower surrounding 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 orlthe 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'l. The igniters 13 burn the combustion assistant
fuel supplied from the fuel supbly.device 14 through the
fuel supply pipes 15 to produce flames that are directed
into the gasification furnace 1 to ignite the waste |
'ﬁaterial 1 in the gasification furnace 1. |

The gasification fufnace 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 1. A water

level sensor 17 for-detecting a water level in the water
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the valve controller 42 conprises an actuator 42a such as a
dpekietyg 1#nd < Imminted on the upper wall of the gasification

furnace 1.

The water jacket 16 is supplied with cooling wa-
ter from a water supply 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 frqm the water
level sensor 17.

The valve controllef 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 i?, 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 ﬁater.
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 detecfed by

the water level sensor 18 reaches a predétermined level.
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The cooling water supplied to the water jacket 16 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
furnace 1. |

The combustion furnace 2 comprises a burner noz-
zle 24 for mixing a combusfible gas produced when the
waste material A is_thermally depomposed by dry
distillation, with 6xygen (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 connectéd 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 mounted in the combustion chaﬁber 25. |

To the rear end of tﬁe burner nozzle 24, there
is connected a gas pipe 28 extending from a joint fitting
27 mounted on an upper portion of the surrounding wall of
‘the gasification furnace 1 and held in communication with
the interior of the(gasification furnace 1. Therefore,
the combustible gaé produced when fhe waste material A is
thermally decdmpésed by dry distillation is introduced
through the gas pipe 28 into the burner nozzle 4.

An empty chamber 29 is defined around the burner
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of the burner nozzle 24. The empty chamber 29
communicates with thé interior space of the burner nozzle
24 through a plurality of nozzle holes 30 defined in the
surrounding wall of the burner nozzle 42.

An igniter 31 for igniting the combustible gas
introduced into the burner nozzle 24 is mounted on the
rear end of the burner ndzzle 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 fﬁe fuel supply
device 14 through 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 combustion
chamber 25 to ignite the combustibie gas that is
introduced from the burner noizle 24 into the combustion
chamber 24.

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

A boiler 33, for example, 1s connected to the
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.source, the heat of combustion of the combustible gas in
the combustion chamber 25.

The gas pipe 28 which interconnects the gasifi-
cation furnace 1 and the combustion furnace 2 is
associated 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 1, a main
oxygen supply pipe 36 extending from the oxygen supply 35,
a pair of auxiliary oxygen supply pipes 37, 38 branched
from the main oxygen supply pipe 36 and connectéd
respectively to the empty.chambers 10, 11 of thé
gasification chamber 1, a pair of flow. control valves 39,
40 disposed respectively in the auxiliary oxygen supply
pipes 37, 38, and a pair of valve controllers 41, 42 for
controlling the flow control valves 39, 40, respectively.
Ihe valve controller 41 is supplied with the‘detected
.signal from the temperature sensor 26 and the detected
sighal from-the oxygen sSensor 34. The valve controller 42
is supplied with the detected signals from the temperature
sensors 26, 23.

The valve controller 41 comprises an actuator

-~-41la such as a motor for opening and closing the flow con-
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(air) is supplied fro
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gasifi- cation furnace 1 as detected by the tenpdgrature sensor 23 gnd the
tenperature T2 of the conbustible gas as detecte ‘e sensor
26. trol valve 39, and a control unit 41b comprising a CPU, a

timer, etc. for controlling operation of the actuator 4la.
The control unit 41b 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 4l1la depending on the detec;ed
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
actuator 42a such as a motor for qpening 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 mpnitqrs the temperature Tl in the

gasification furnace l as it is detected by the

_témperature'sensor 23 and the temperature T2 of the

combustiblé gas as it is detected by the température
sensor 26, and operates the actuator 42a depending on the
detected temperatures T1, T2.

‘While the waste material A is being thermally
decomposed by dry distillation in the gasification furnace
1, the valve controller 41 of the oxygen sﬁpply device 3
opens the flow control valve 39 to supply oxygen (air)
from the oxygen supply 35 through the oxygen supply pipes
36, 37 into the empty chamber 10 of the gasification



The oxygen supply device 4 for supplying oxygen to t e HEP
conpri.ses tig_ Zy-ger—sup-—ply. 35, the mai n oxygen supgpl
i@% EELHASy BEED¢s 43, 44 branched fromltHe nmain 31 dxygen

auxil- iary-

suppl y pi pe]36_anREMAMEBCt edt p the enpty chanber 29 df |t h@ cOBBU9P6 or
chanber 2, a pait or rrow—comrol valves 45, 46 dispdsdd respectively i
t he aux- - 32 - )

furnace 1. The supplied oxygen is then supplied froh the
empty chamber 10 through the air supply noizles 12 into
the gasification furnace 1. At this time, the valve
controller 41 regulates the opening of the flow control
valve 39 depending on the temperature T2 of the
combustible gas as detected by the temperature'sensor 26.
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 41 closes the flow control va;ve 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 supplied though the air supply nozzles_lz
into the gasification chamber 1. The valve controller 42
opens the flow control valve 40 at a predetermined time
5ased 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 compriées the oxygen supply
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supply pipes 43, 44, and a valve controller 47 for

controlling the flow control valve 45. The valve

controller 47 is suppiied with the detected'éignal from

the temperature sensor 26.

The Qalve controller 47 comprises an actuator

47a such as a motor for opening and

closing the flow con-

trol valve 45, and a control unit 47b comprising a CPU,

etc. for éontrolling 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 the 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 wvalve 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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tenperature T vm\g:gagn bl ler 47 of the o>y en suppl ydewqceé 4 opens
the fl ow contrfo THT@ HEEY D- supply oxygen (air) n§§%n sppply 35
t hrough t he oX 36, 43 into the 3 ty cha t he

conbus- tion furnace 2. The supplied oxygen is tphefr—stppi+ed-Lir he enpty
chanber 29 through the nozzle holes 30 into the purner nozzle 24 of the
combustion furnace 2. At this time, the34atve controller Z7opers-k he fl ow
con- trol valve 45 depending on the tenperature T2 of the conbustible gas

as detected by the tenperature sensor
y WP he flow control valve 46 is manually openable

and closable by the operator for adjusting the amount of
oxygen supplied from the oxygén supply 35 to the burnér
nozzle 24.
The extinguishing device 5 comprises a supply 48
.~ of an incombustible gas such as carbon dioxide, disposed
outside of the gasification furnace 1, a gas sqpply 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 sénsor 34.
The valve controller 51 comprises 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 S5la.
The control unit 51b monitors the.amount of oxygen in the
gas pipe 28 as it is detected by the_oxygen sensor 34 and
the température 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 temperature T2 of the combustible gas, and
operates the actuator 5la depending on the detected amount
of oxygen and the calculated rate of change per unit time

of the temperature T2.
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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 furnace 1.

Operation of the incinerating 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 A is
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
surrounding 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
partialiy, the igniters 13 are inactivated.

_ | Before the waste material A is ignited, the wa-
ter jacket 16 of the gasification fﬁrnace 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 31a; The interior space of the

gasifiCation furnace 1 ié evacuated by a suction fan or
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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 is ignited, the flow
control valve 39 of the oxygen supply devicé 3 has been
opened to a relatively small degree, as shown in FIG. 4,
by the valve controller 41. Therefore,la-relativély small
amount of oxygen has already been supplied from the oxygen
supply 35 through the oxygen suppiy bipeé 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 been présent in the
gasificafion furnace 1 and the relatively small amount of
oxygen that has been supplied from the oxygen supply 35.
The amount of oxygen supplied from the oxygen supply 35 to
the gasification furnace 1 is'qnly sufficient enough to be
able to ignite the waste material A and partly 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 control valves 45, 46 of the oxygen supply device
4 are closed, and the flow control valve 50 of the extin-
guishing device 5 is also closed.

When the lower portion of the waste material A

starts being partly burned, the upper portion of the waste-
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sensor 34 T2 of the conbusti d¢t ect ed
by the tenperature sensor 26, calculates a rate ¢f ange per unit|tinme of’
the tenperature T2 based on the detected7 enperatfure T2 of the conbustible
gas, and operates the actuator 51 a dependi ng on unt of

oxygen and the cal cul ated rate of change per unit. tine of the tenperature
T2. material A starts to be thermally decomposed by way of dry

distillation due to the heat of combustion. As the dry
distillation begins, the waste material A starts producing
a combﬁstible 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 thé combustion chamber 25 of the
combustion furnace 2. |
| .‘The partial combustion of the waste material A
in the gasification furnace 1 is progreséively stabilized
while consuming the small amount of oxygen supplied from
the oxygeﬁ 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 progressively rendered more active,
producing a progressively larger amount of combustible
gas. Therefore, the amoupt of combustible gas introduced
into the combustion furnace 2 is increased, and the
temperature T2 of the combusfion 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 t1l 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 étepwise, 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 lower portion of the waste

' material A. The combustion of the lower portion of the

waste material A is therefore progressively stabilized by

donsuming almost all of the 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 the oxygen supplied from the oxygen supply

35. Consequently, the region where the waste material'A

is burned is not unduly spread larger

dry distillation of the upper portion

than necessary.

of the waste

The

material A caused by the combustion of the lower portion

thereof also stably progresses.
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The temperature T2 of the combustible gas 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 temperaturé T2b at which the combustible gas
starts spontaneous combustion and nitrogen o#ides 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 bpening of the
flow control valve 39 is effectea.as follows:

When the temperature T2 becomes lower thén the
temperature T2b, the opening of the flow control valve 39
is incréased 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 cohbustion and the generation
of the combustible gaé due to the dry distillation.
| Conversely, when the tempergture T2 becomes

_ higher than the temﬁerature T2b, the opening of the flow
control valve 39 is reduced to reduce the amount of oxygen
§upplied to the gasification furnace 1.. The combustion of
the lower portion of the waste méterial 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
cont;oller 31la, and the combustible gas ié continuously
burned by way of spontaneous comﬁustion. The heat_of com-
bustion of the combustible gas is utiliied as the heat
source of the boiler 33.

While the lower portion of the waste matefial A
is béing bhrned and the upper remaining portion thereof is
being thermally decomposed by dry distillation, fhere are
developed, in the interior space of the gasification fur-

nace 1, an ashing layer a, a red-hot layer b, a fluidized

layer ¢, a heat transfer layer d, and a gas layer e, ar-

ranged successively 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 progresses, and the red-hot layer b

where the waste material A is burned is progressively
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rel ati unt of oxygen has al ready mit he oxygen
supply 35 through the oxygen supply ptpé%s 36, the enpty c er 10, and
the air supply nozzles 12 into the gasificationfyfurnace 1. Thereflore, the
waste material Ais ignited by the igniters 13 and theR-starts

shifted upwardly.

During the dry distillation of the waste mate-
'rial A in the gasification furnace 1, the temperature T1
in the gasification furnace 1 is detected by the
temperature sensor 23. The detected temperature T1 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
temperaiure 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 wasté material A.
When the dry distillation of the waste-material A prd—
gresses stably; the temperature Tl increases aéain as the
combustion of the lower poftion of the waste material A
progresses. |

The oxygen which is required by the combustion
of the combuétible gas in the combustion furnabe 2 is sup-
plied from the oxygen supply device 4 depending on the
température T2 of the combustible gas which is detected by
the temperature sensor 26.

ﬁore spécifically, the valve controller 47 of
the oxygen supply device 4 opens the flow contrbl valve 45
to a. suitable degree depending on the temperatdre T2 as
detected by fhe temperature sensor 26. Thé oxygen supply
35 now supplies oxygen through the oxygen supply pipes 36,
43, the flow control valve 45, the empty chamber 29, and
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fl ow control valves 45, 46 of the oxygen supply devicCé

the nozzle holes 30 into the burner nozzle 24 of the
combustion furnace 2. The combustible gas introduced into
the comﬁustion furnace 2 and the oxygen required for
complete combustion of the combustible gas are mixed in
the burner 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 Ehe combustion
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 théreforé 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 coﬁfirming the condition in which the
combustible gas is being burned in the combustion furnace

2, thereby regqulating the amount of oxygen supplied to the
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combustion furnace 1.

Upon the drf 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-
mally varies along a curve x Oor a curve y Or any curve be-
tween these curves x, y (FIG. 3) as the dry distillation
progrésses from the ignition of the waste material A.

More specifically, the oxygen presenﬁ in the

gasification furnace 1 and the oxygen supplied from the

~oxygen supply 35 are consumed by the igniters 13 when the

waste material A is.ignited, and are thereafter progres-
sively consumed as the waste materiallstarfs being partly
burned by the ignition. Therefore, the oxygen in the gas
pipe 28 is prqgressively reduced after the waste material
A is ignited. Immediately after the waste material A is
ignited, the oxygen is no longer consumed by the igniters

13, apd the amount of oxygen consumed by the partial

combustion of the waste material A is relatively small

since the partial combustion is unstable. Therefore,
immediately after the waste material A is ignited, the
amount of oxygen in the gas piﬁe 28 is increased on
account of the supply of oxygen from the oxygen supély 35.
As the partial combﬁstion of the waste material A is
éubsequently 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 decomppsed by

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

Immediately after the ignition when the partial
combustion of the wasté material A is unstable, the amount
of oxygen supplied from the oxygen supply 34 to the
gasification furnace 1 is limited to the extent that is
necessary for the partial qombustion 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 distillakion of the
waste material A begins is sufficiently small.

If the gasification furnace 1 were not fully
sealed, if ambieﬁt air were allowed to flow into the
gasification furnace 1, or if the partial combustion of
the waste material A were extremely unstable, consuming
only a very small amount of oxygen, then the amount of
oxygen 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
FIG. 3.

In the event’that the detected amount of oxygen
greatly increases, it is possible for the combustible gas
produced in the gaéification furnace 1 by dry distillation
to become introduced into the combustion furnace 2 thle

being mixed with a large amount of oxygen sufficient to
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furnace 2 is increased, and the tem

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
indicated 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-
tﬁre T2 which is caleulated based on the temperature T2
detected py 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 suppiy 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 anq;the gasification furnace 1.

At the same time, when the amount of oxygen
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i ncreases the
detected by the oxygen sensor 34 exceeds the predetermined

value X, or when the calculated rate of change of the tem-
perature T2 exceeds a predetermined value, the valve
controller 51 of the extinguishing device 5 opens the flow
| control valve 50 to supply the incombustible 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 extinguished, and the dry
distillation of the waste material A is stopped.

"The generation of the combustible gas in the
gasification furﬁace 1l is also stopped, and the
combustible gas is no longer introduced in the combustlon
furnace 2. Accordingly, the backfire 1s 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'gasification
furnace 1 is increased stepwise while.being limited to the
extent that allows the waste material A to be burned.
Consequently, the coﬁbustible gae generated by the dry
distillation is prevented from being mlxed with enough
oxygen to burn the combustible gas, when it is introduced
into the combustion furnace 2. If there is nevertheless a
danger 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 the.supply

of oxygen from the oxygen supply 35 to the gasification
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furnaCeil is stopped, and the combustion 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 of the waste material A

with the incinerating apparatus is also stopped. Since,
however, the combustion of the waste material A is put out
by the incombustible gas, the waste material A can be
burned again after the incombustible gas in the
gasification furnace 1 ié 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 abové,'during the dry distillation
of the waste'méterial A, the ashing laye; a which is ini-
tially formed in the lbwef portion of the gasification
furnace 1 spreads upwardly as the partial combustion 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'aﬁd 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
futnace 1 through the flow control valve 39, the waste
material A can no longer produce the combustible gas in an
amount lafge 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 so is
the temperature T2 of the combustibie gas, as shown in
FIG. 2.

When the temperature T2 of the éombustible gas
drops below the temperaturelTZb, the valve controller 41

opens the flow control vélve 39 to accelerate the dry dis-

.tillation of the waste material A. Therefore, when the

temperature T2 drops below the temperature 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 T1 in the gasification furnace 1 sharpiy 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

combust and ash the waste material A.
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device 3 automatically adjusts the opening of the flow control valve 39 to
keep the tenperature T2 of the com bustible gas at the tenperature T2b.

According to this embodiment, therefore, when
the temperature Tl in the gasification furnace 1 as de-
tected by the temperature sensor 23 rises af a time t3
(FIG. 2) beyond a predetermined temperature Tla that is
preset as indicat;ng the final stage of the dry distilla-
tion of the waste material A,.and also the temperaturé 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 through 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 Qaste material A in its
entirety.

~ The tempe:atﬁre Tl in the gasifiéation furnace 1
‘may temporarily rise in excess of the predetermined
temperaturé Tla because the heat of combustion that is
consumed by the dry distillation is lowered depehding on;
the type of the waste materiél A or the manner in which it
is placed in the gésification furnace 1, although there is
a substantial portion of the waste material A that can be

thermally decomposed by dry distillation. However, unless
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the temperatu;e 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 combustion and ashing of the waste material
A is supplied to the gasification furnace 1 when the
portion of the waste material A that can be thermally
decomposed by dry distillation is eliminated almost in-its
ehtirety.

Accordingly, the final combustion and ashing of
the waste material A is carried out after the dry -
distillation of the waste material A is fully effected.

- The oxygen supply pipe 38 with the flow control
valve 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 is 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, thus smoothly and reiiably allowing
the final combustion and ashing of the waste material A.

The temperature sensors 23, 26 play an important
role for tﬁe smooth combustion and ashing of the waste
materiai A, and con§equent1y are disposéd respectively.in
the upper portion of the gas}fication furnace 1 which is
not directiy affeééed by the combustion of the waste
material A and in the combustion chamber 25 of the

combustion furnace 2 which is not directly affected by the
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portion of the waste material A due to the heay of com

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 accurate 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
spontaneous combustion. Upon a reduction in the
temperature T2, therefore, the igniter 31 is operated by
the igniter controller 3la to burn the combustible gas.

In the incinerating appafatus acbording to the
above embodiment, the waste material A can be burned,
thermaily decomposed by dry distillatioh, and ashed
sﬁoothly and reliably, and the combustible gas produced by
the dry distillation of the waste material can also be
bufned smoothly and reliébly without giving rise to
nitrogen oxides thaﬁ would cause an environmental
pollution. Accordingly, the waste material A can bé
incinerated clganly: Inasmuch as the heat of combustion
of the combustible gas is used as the heat source for the
boiler 33,“the thermal energy generated when the waste

material A is burned is effectively utilized withouf loss.

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

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 depending on the temperature T2 of the
combustible gas as detected by the temperatufe sensor 26
and the temperature Tl in the gasification furnace 1 as
detected by the temperature sensor 23. However, the valve
'pontroller 42 may open the flow control valve 40 at a
suitable time based on only the temperatufe Tl in the'
gasification furnace 1 as detécted by.the temperature
sensor 23. An operation sequenée based on such a
modification will be dgséribed below.

The valve controller 42 is supplied with only
the detected signal from fhe temperature sensor 23. The
other details are the same as those of the incinerating'
apparatus described above. When the temperature Tl in the
gasification furnace 1 as detected by the temperature sen-
-sor 23 increases up to the temperature Tla or higher at a
time t3 (fiG.'G) 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, thus increasing
the amount of oxygen supplied to the gasification furnace

1.
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uously burned by way of spontaneous conbustion.
the conbustible gas is utilized as the heat soufc
the | ower portior X he waste material A is be}n
remai ni_pg—oy efeof is being thermally d
di s§rfdisty re _ade devel oped, in the inter
i i ace 1, an ashing layer53,-ar .
eat transfer layer d, and a gas |ayer e, ar- ranged

successively fromthe bottomto the top of the gasification furnace 1. O

these layers, the ashiyih] a%d temperature T1 in the gasification fur-

nace 1 as detected by the temperature sensor 23
temporarily increases up to the temperature Tla or higher
regardless of the fact that thére 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 control valve 40, allowing the dry distillation
of the waste méte:ial A to be continued.

Normally, the temperature Tl in the gasification
furnace A varies as described aone. With the predeter-
mined period of time ts being appropriatély éelected, the-
flow control valve 40 is reliably opened when the dry dis-
tillation is finished, thereby increasing the amount of '

. oxygen suéplied to the gasification furnace 1. |
Cénsequently, the final combustion and ashing of the waste
material A is smoothly carried out.

Although certain prefer:ed embodiments of the
present invention have been shown and described in detail,'

" it should be understood that various changes and modifica-
tions may be made therein without departing from the scope

of the appended'claimsf
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1, apparatus for incinerating a waste mate-
rial by processing the waste material through dry
distillation and gasification, ccmprising:

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
produc1ng a combustlble gas;

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

first temperature detecting means for detecting
the temperature in saiad 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 requlred to burn the
portion of the waste material and to thermally decompose
the remainder of the waste material while controlling the
amount of oxygen supplied to said gasification furnace to
maintain, at a_substantially constant value, the tempera-
ture of the combustible gas'as detected by said second

temperature detecting means during the dry distillation of

| O
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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 materiél 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 temperatﬁre or lower, when fhe dry

distillation of the waste material is finished.

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

an oxygen supply connected to said gasification '
-furnace th;ough a pair of first and second oxygen supply
pipes extending from the gasification furnace;

| a pair of first and second flow control valves

disposed iﬁ said first and second oxygen supply pipes, re-
spectively;

first val?e control means for opening said first

flow control valve to supply'the amount of oxygen required

I
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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 of the combustible gas as
detected by said seéond temperature detecting means, whilé
the dry distillation of the waste material prégresses; and

second valve control means for opening said sec-
ond flow control valve to increase the amount of oxygen
supplied from said oxygen supply to said gasification fur-
nace if the temperature in said gasification furnace as
detected by said first temperature detegtiﬁg means
increases up to said first predetermined femperature or
higher and also if the temperature of the combustible gas
as detected by said second temperature detecting means
drops to séid second predetermined temperatufe or lower,
when the dry distillation of the waste méterial is

finished.

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

a gasification furnace for storing a waste mate-
rial therein and burning a portion of the waste material
and thermally decoﬁposing 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

* c L M S *
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 a combustion furnace for combusting the com-
bustible gas introduced therein from said gasification
furnace through a gas passage;

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

second temperatufe détecting 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-

|y pipes 36, 43,

t he
nt o

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 while controlling the
amount of oxygen supplied to said gasification furnace to
maintain, at a substantially constant value, the tempera-

ture of the combustible gas as detected by said second

temperature detecfing means during the dry distiilation of.

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; |
éaid 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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38 into the conbustion furnaee 2 is increased, tpus—~bng.the fenperature T2
of the conbusti bl e_gas;zs gEENi\s burned. As the tErREPLACEMENTTRHEST LuS
e gﬂﬂﬂ % the fyl ow control val ve B5[Ts tgin

crease the aljouht gp\d¥erlesSupplied to the co Hp F&U cd 4. In the
stage in whigh the-dary distillation - of the wa theﬁ Ikagrcgresses
stably, when e tem perature T2 of -t g8 conbustfi gas_sljghtlly
fluctuates, i. e., increases and decreases, the{flow control valve¢ 45

higher as the combustion of the waste material progresses
and also if the temperature in said gasification furnace
remains 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 waste material is

finished.

4. Apparatus as claimed in claim 3, wheréin’

said oxygen supply means comprises:

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

a pair of first and second flow control valves
dfsposed in said first and second oxygen supply pipes, re- .
spectivelyi | . |

first valve contr61 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
decompoée the remainder of the waste material, from said
oxygen supply to said gasification furnace and_for
controlliné 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 combustible gas as
detected by said second temperature detecting means, while

the dry distillation of the waste materiallprogresses; and

* c L M s %*



Is controlled to increase and decrease its open nREP ACEMENT HEE ] usting

t he anbunt of oxygen supplied to the conbustio rnace 2. The Jednbustible

gas introduced into the conbustion furnace 1 ig.t hePet OCT W96ed Mith the

anount of oxygen which is necessary to conpletdgl ustible
f gte 2. When the conbystion furnace I'$ supplied

with ox- Cor {may nanual b9 eper afte~an.the flow confrol valve
46 while ition in which the conbustible gas I's being
burned in

second valve control means for opening said sec-
ond flow control valve toﬁincrease the amount of oxygen
supplied from said oxygen supply to séid gasification fur-
nace if the temperature in said gasification furnace as
detected by said first temperature detecting means
increases hp to said first predetermined temperature or
higher and also if the temperature in said gasification
furnace remains to be said predetermined temperature or
higher for said predetermined period of time after the
temperaturé has increased up to said predetermined.
temperature or higher, when the dry distillation of the

waste material is finished.

5. Apparétus as claimed in claim 2 or 4, further
inéluding igniting means éonnectgd to a lower portion of
said gasification furnace for igniting the waste.material
stored in séid gasification furnace, said firsf oxygen
supply pipe with said first flow control wvalve disposed
therein extending from a bottom of said gasification fur-
nace, and said second oxygen supply pipé with said second
flow control valve disposed therein extending from said
léasificatién furnace at a posifion higher than said first

oxygen supply pipe.

6 . PApparatus as claimed in any ae of the preceding clains, wherein
said first temperature detecting means is disposed in an
upper portion of said gasification furnace. '
e

L



. [ ,
furnace 2, thereby regulating the anount of o yREPLA'ggMENBﬁ@Tt t he
combustion furnace 1. Upon the dry distillatignfof the waste erial A
t he anmount il NHAS HEEE gas pipe 28 is detje ter7tQC'E M96oxlygen sensor
34. The det ecPe xygen nor- mally ypajies along a cur
curve y or these curves x, y (FIG J) as tfe [dry
distillation progresses fromthe |gn|1|®m ﬂf
specifically, the oxygen present in the gasifi- cation furnace 1 and the
oxygen supplied fromthe oxy- gen supply 35 are consumed by the igniters 13
when 7. Apparatus as claimed in any one of the preceding claims, further

including second oxygen supply means for supplying said
combustién furnace with an amount of oxygen required to
completely combust the combustible gas introduced into
said combustion furnaqe, said second oxygen supply means
comprising means for varying the amount of oxygen supplied
to said combustion furnace depending on a 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.

8. Apparatus as claimed in claiﬁ-7, 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 connected 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 detecting

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-

A I




the waste material Ais ignited, and are thereafter pro- gressively

consuned WSt lal starts being partly burned_by e ignition
Ther ef or ,Tﬂlﬁieﬁﬂﬁﬁdﬁﬁ u e gas pipe 28 is yguEtuded after the
wast e matleri al REPLAGEDgNi | mredi ately aft - 39 rial A
IS ignited™ Xygen 1s no | onger consuned t he igni%&gs 13, and the
amount of oxygen consumed by - 61 - 07 OCT 6 |

D

pirol-vatve TtO supply

"Tlens

trol means for opening said flow
an amount of oxygen required to completely combust the
combustible gas from said oxygen supply to said burner
nozzle 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 processiné the waste material fhroﬁgh dry
distillation and gasification, comprising:

a gasification furnace for stéring a waste mate-
riél therein and burning a portion of the waste material
and thérmallj decomposing a.remainder of the waste mate-
rial by way of dry distillation with the heat of
combustion of the poftion of the waste materia;, thereby
produéing a combustible gas; |

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

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

temperatﬁre detecting means for detecting the

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

T

combustion furnace:;




t he partial conmbustion of the waste materi al A-+s—reta=—trvetyismall since

the partial_conbusti-en .Eéinstable. Ther ef or 4, RERRALEMENE| SHEHTt ¢r the waste

mat eri al A{His SHFET A BEEY he amount of oxyger] ifFThe gas pipe 2
creased dn acc@@RLAGED the qupply of oxygen friorh the g Y399 stippl y 35. As

t he partilsd—eombostron ol the waste material JA]is subsequentliyjstabilized
and spread, the anobunt of oxygen in theggas Qi
the waste material Ais stably burned and thgqrmal |y deconposedjby dry
distillation, the amount of oxygen |n t he gas
substantlally con-

oxygen supply means for supplying said gasifica—
tion furnace with an amount of oxygen required to burn the
portionlof 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
decomposed; and

oxygen detecting meéns in said gas passage for
detecting an amount of oxygen mixed with the combustible
gas 1ntroduced from 'said gasif1catlon furnace into sa1d
combustion furnace;

said oxygen supply means comprising means for
stopping 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 ciaim 10, wherein”
said oxygen supply means comprises:

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

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

valve control means for controlling an opening

* c L M S *



stant level. Inmediately after the'ignition when the partial com bustion
of the waste material A is unstable, the anount of Jo; yomthe

oxygen sup 'THIS33HEET Has EEENI fication furnace 1 is ent

[
that is nef- e partial conbustion of fhp waste materifpl}j A, and
the waste k . _ bei ng partly burned at]the oy @G} 1998cakijons in
the | ower portion.thereof. There- foregathe amountj of oxygen in t gas
pi pe 28 does not increase to a |large extent, and hent fi ox-

ygen nixed with the conbustible gas introduced intp the

of said fiow control valve;

said valve control means comprising means for
controlling the opening of said flow contrdl valve to
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 detected 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 closing
said flow control valve when the amount of oxygen detected
by said oxygen detecting means exceeds sai& predetermined

value.

12. Apparatus as claimed in claim 10 or 11, wherein

said oxygen supply means comprises means for increasing
stepwise and limitinglthe amount of oxygen supp;ied to
said gasification furnace to an extent which allows 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 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.

13. Apparatis as cldimed. in any one of claims 10 to 12, wherein

TR O D




combustion furnace 2 mhen the dry distillatio § i terial A
EMERT SHEEE B ot ful
y

begins is
sealed, if
1, or if t
unst abl e,

oxygen det

sp If the gaS|f|ca g
A T HA&HEEN.IIowed to flow i the gasificatipn fur- nace
e artﬂfwbustlon of the waste ergwomm& extremel y

consum ng-omy=e~wdry smal | anount ¢f joxygen, then {he anmount of

ected by the oxygen sensor -344awul djg Ty D€ 1 ncreaged right

after the waste material Ais ignited, as indlcated by a_curve Z indicated
by the imaginary line in FIG 3.

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 predetermined 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 combustible 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 gasifioation, comprising:

a gasification furnace for storing a waste mate-
rial therein and burning a portion of the waste méterial

and thermally decomposing a remainder of the waste mate-

- rial by way of dry distillation with fhé heat of

combustion of the pdrtion 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 the waste material
stored in said gasification furnace;

temoerature detecting means for detecting the

temperature of the combustible gas as it is burned in said
e

) O



40 In the event that the detected ampunt of oxygen_greatly increases,
possi bl e for the conbustible gas produced in the
dry dlstlllatlon

bei ng
conmbust | ®

conbust kbl e

e introduced into the co
anount of oxygen suffi- ¢ient to burn thy
refor fl anes produced upon ¢ogbU3¥iQGT 3996 h
onbustlon furnag® 2 and fRapes produced by {he

Pd\$

A1%4

combustion furnace; and

oxygen supply means for supplying said gasifica-
tion furnace with an amount of oxydgen required to burn the
pbrtion 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
portioh of the waste material starts being burned and the
remainder of the waste material starts being thermally.-
decomposed; | |

said ongén supply means comprising means for

incréasing stepwise and limiting the amount of oxygen sup-

plied to said gasification furnace to an extent which al-

lows the portion of the waste material to be continuously
burned when the temperature of the combustible gas as de-
tected by said temperature detecting means increases after
the waste material stored in said gasification furnéce is

ignited.

?.5. 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 furﬁace;

a flow control valve disposed in said oxygen

supply pipe; and

it
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igniter 31 could possibly be propagated back into,

gasification furnace 1, causing a backfire. If sugh

\V

devel oped, the_ tenper-—attre T2 of the conbusti bl
the tenp gccemASrBEE Wwoul d sharply rise acco
i ndi cate tREpUACERi naryjline in FIG 2. In t hef
accordin venti on, hoeever, whe

t REPLACEMENPeSRETANd t he
a e

it .is dptpcted b
TPTPE mRe
' | appdr at us
t he anbunt of oxygen

detected by the oxygen sensor 34 exceeds a predetér-—Tnimet—value-XI(FI G 3)
that has been determined em pirically or experinentally, or when the rate

of change

of said flow control valve;

valve control means for controlling an opening

said valve control means comprising means for

increasing the opening of said flow control valve stepwise

to increase stepwise and limit the amount of oxygen sup-

plied to said gasification furnace to the extent which al-

lows the portion of the waste material to be continuously

burned when the temperature of the combustible gas as de-

tected by said temperature detecting means increases after

the waste material stored in said gasification furnace is

ignited, and for controlling 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 substantially

constant value after the temperature of the combustible

gas has increased up to said predetermined value.

16. Apparatus as claimed in claim .14 or 15, wherein

.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 ignited.

WO



of the tenperature T2 which is calcul ated based on the tenperature T2
detected by the tenperature sensor 26 exceeds a predeterm ned val ue that
has beendet+ef——t rically or experinentally, the valve controller
41 of th vice 3 closes the flo t her eby
st oppi ng ben fromthe oxygen s REPLACEMENT: SHE@Tam fication
furnace . equently, the conbusti-bbd gas pr plfied from
en
gy O

t he ga5|f|cat|on furnace 1 is prevented from bei oygh oxygen
to burn the com bustible gas, so that a backfir dgqvqgl oped in

17. Apparatus for incinerating a waste mate-
rial by processing the waste material through dry
distillatioh and gasification, comprising:

a gasification furnace for storing a waste mate-
rial therein and burning a portion of the waste material
and thermally decomposipg a remainder of the Qaste mate-~
‘'rial by way of dry disfillation 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 éas passage;

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

temperature detecting means for detectihg the
temperature of the combustible gas as it is burned in said
combuétion furnacé; and .

oxygen supply means for supplying s?id gasifica-
tion fufnaée with an amount of oxygen required to burn the
portion df 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 énd maintain the increased

temperature at a substantially constant value after the

A




t he gas plpe 28 t sification furnace 1.

exceeds
ext i ngui
I nconbusti bl e gas - 68 -

REPLAGEMENT SHERT
ey : the sane Liled
pett &d by the oxygen sensqr. {34 F@ﬁdgm hg predeter-
j(fben the calcul ated rate of gh nggqg th ernfpgrature T2
_ med val ue, the 41 val ve §c - tihe
ng device 5 opens the flow control Jalve 50 to supply jthe

portion of the waste.material starts being burned and the
remainder of the waste material starts being thermally
decomposed;

said oxygen supply means comprising means for
stopping the supply of oxygen to said gasification furnace
when a rate of change per unit time of the temperature of
the combustibie 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 ignited.

18. Apparatus as claimed in claiﬁ 17, wherein
said oxygen supply 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 means for controlling an ppening
of said flow controi valve;

| said valve control means comprising meahs forx

increasing“tne opening of séid flow control valve stépwise
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

) AR AR T



gasi fi cqtTHI® SHEETHAS BEENThe partial conbustion
t hus exﬁinguLRHqngand the dry distillation of
st opped. ' ' t he conbusti bl e gas

pre--l.ongerf ijntroduced
I n the conbustion furnace 2. Accordi rgleg, -t he kfire is effectifvely

prevented fromtaking place. In the initial stage of CoOmbustd
distillation of the waste material A the anount of oxygen supplied

said predetermined value or lower and when the temperature
of the combustible gas as detected by said temberature
detecting means inéreases aftér the waste material stored
in said gasification furnace is ignited, for closing said
flow control valve when the rate of change per.unit time
of the temperature 6f the combustible gas éxceeds 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 order to maintain
the temperature of the combustible gas at said
substantially constant value after the temperature of the
combustible gas has increased up to said pfedetermined

value.

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

furnace.

20. Apparatus as claimed in claim 19, further
including extinguishing means for extinguishing the
combustion of the waste material when the 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

AR




fromthe oxygen supply 35 to the gasification furnqg@L

stepw se while belng limted to the extent that terial
to be bu |y, the combustible ga enerated efdry dis-
tillatioptiig B m bei ng mi xed with enofig 7Q©’Er1996) ufn the
conbustipl e géﬁ?bﬂﬂﬂh iIJs introduced into the ustion furnacef 2. |f
there i s nevert hel ess a danger such thapothe co ng to be
m xed with enough oxygen to burn the conbusti bl t roduced
into the conmbustion furnace 2, then the supply of oxygen from oxygen

supply 35 tQdidtting means increases after the waste material stored

in said 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 gasification
furnace;

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

valve control means for opening éaid flow con-
trbl vaive to supply the incombustible gas to said gasifi-
cation furnace to éxtinguish 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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gasification furnace 1 is stopped, and the conbustion of the waste materi al
A is extinguished, thus reliably avoid- ing the danger of any backfire.
When th #l'f Crgmof—tfe waste material A is ex- tinguished, the
I nci ner Iign ?hiﬁés g material A with the incinerating apparatus is
al so stjopped REBLNEB how| ever, the conmbustion of the waste material Ais
put out by the I nconbustible gas, the waste material A can be burned again
after the inconmbustible gas in the gasifi- cation furnace 1 is replaced
with air. Ashing of the waste material Ain a final stage of the

APPARATUS FOR INCINERATING WASTE MATERIAL

ABSTRACT

Apparatus for incinerating waste material is in a gasification
furnace (1), a portion of the waste material (A) is burned and the
remainder is thermally decomposed by dry distillation with the heat
of combustion, producing @ combustible gas. -A combustion furnace
(2) combusts the combustible gas. The gasification furnace {1) is
supplied with an amount of oxygen required to burn the portion 6f
the waste material (A) and to thermally decompose the remainder.
The gasification furnace (1) is supplied with an amount of oxygen to
accelefate the combustion and ashing of the waste material (A) when
the dry distillaﬁion-is'finished. When the dry distillatiom is
finished, the amount of oxfgen supplied to the gasification furnace
(1) is increased to accelerate the combustion and ashing of the

waste material (R).

FIGURE 1.




dry distillation of the waste material A will be described bel ow 42 As
descri bed above, during the dry distillation of the waste material A, the
ashing layer a which is initially formed in theower portign.ofi.the
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er b in which the waste material Ais burned is progres- sively shifted
fromthe bottomtoward the top of the gas- ification furpnace.lesAs the

ashing |ayer a spreads up- wardly and the red- gltEPLm NT SHEET dar essively

et d, and the
b e e
S

(I 7

efjmaterial A
e alion is reducdd.l As the
anount of the waste material A that can be thefnmally deconposed by dry
distillation is reduced, re- -

FIG. 2
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gardl ess of the supply of oxygen to the gasification fur- nace 1 through
the flow control valve 39, the waste ma- terial A can no |onger produce the
conbusti bl e gas in an anount | arge enough to keep the tenperature T2 at the
substantially constant |level T2b in the conbustion furnace 2. As a result,

the amount of conbu e gas introduced into the St-on-fuinace 2 is
event ug 50 is the temgrature T2 of tﬁ}E@LéﬁﬁMEm’t SHEQ:;IG gas,
as shol ) hegat he tenperature T2 of the jcgnbustibte—geas~drjops
bel ow thhe t 55 o 2b, the valve controller 07 OCT 199
FIG. 4
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41 opens the flow control valve 39 to accelerate the dry distillation of
the waste material A Therefore, when the tenperature T2 drops bel ow the
terrperature T2b, the gyv control valve 49 is fully opened as shown in FIG

4 4 g[—ﬂt\ re T2 deceases, the red-hot layer b in the portion
of the V\'&ﬁﬁes ﬂg) A axcept the ashing layer ais |ncreased and the
heat of} conb S r—
4. REPLACEMENT SHEET
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absor bed by the dry distillation, of t he maste materi a
shown in FIG 2, the tenmperaturefT1-i.n -the gasificati
rises and then drops as the combustion and ashing of
progresses. In the stage in which the waste materi al

to this enbodi ment, therefore, when the tenperature

T1 in the gasTf

s113 WOV 15

rial A cc

agﬁ¥E§ﬁdﬁduii§ﬁﬁﬁb

t wast e mat CITF
d

Ag

I's necessary to conpletely conbust and gsh the mast7

furnace 1 as detected by the tenperature sensor 23 1

s.at atine t3

at

it
di ng
I on
FI G

2) beyond ‘a predeterm ned tApPRRATUSUFGR THCENERAPING WASYECMATERIAL

Description

The present invention relates to an apparatus and
a method for incinerating waste materials such as waste
tires, for example according to the preamble of claims
1 and 3 and claims 23 and 24 respectively.

Such an apparatus for incinerating waste materials

'such as waste tires is disclosed in Japanes

e Laid-Open

Patent Publication No. 2-135280. Specifically, the dis-
closed incinerating apparatus comprises an apparatus
for incinerating a waste material by processing the

waste material through dry distillation and

gasification.

The disclosed incinerating apparatus has a gasifi-
cation furnace in which a waste material is placed. In
the gasification furnacs, a portion of the waste material
is burned while the remainder of the waste material is
subjected to dry distillation (i.e., thermally decomposed)
with the heat of combustion, until finally the waste ma-
terial is fully burned and ashed. A combustible gas pro-
duced when the waste material is thermally decom-
posed is introduced through a gas passage into a com-

bustion furnace. In the combustion furnace,

the supplied

combustible gas is mixed with oxygen (air) and burned
at a temperature high enough to reduce nitrogen oxides
to a sufficiently small level. In this manner, the waste
material is incinerated without causing environmental
poliution problems which would otherwuse be posed by

the generation of nitrogen oxides.

The thermal energy generated when the combusti-
ble gas is burned is used as a heat source for a boiler

or the like. The generated thermal energy

is therefore

effectively utilized in the process of inciherating the

waste material.



as indicating the final

stage of the dry distillation of the waste materi al

A .and also the tenperature T2a as de- tected by the tenperature sensor 26
drops fromthe sub- stantially constant tenperature T2b to the tenperature

T2a or lower at a tine t4,

t he valve controller 42 opens the flow control

val ve 40 as shown in FIG 5, supplying oxygen fromthe oxyg¢n _
t hrough the oxygen supply pipes 36, 382 the enpty chanber 1 ,R§R$ #%g$§}§HEEr

supply nozzles 12 into the gasification furnace 1. Therefor t he '
gasification furnace 1 is supplied with an increased anount {of dk§gﬂﬂvfmﬂﬁ1

t he oxygen

More specifically, the combustion of a portion of the
waste material and the dry distillation of the remaindér

thereof in the gasification fumace, and the combustion
of the combustible gas in the combustion furnace are
carried out as follows:

The combustion of a portion of the waste material
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 re-
maining waste material starts being subjected to dry dis-
tillation 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 re-
quired to burn the portion of the waste material immedi-
ately after it has been ignited are supplied from the air
in the gasification furnace.

The combustible gas generated in the gasification
furnace is delivered through the gas passage and ad-
mitted into the combustion furnace in which the com-
bustible gas is mixed with oxygen and ignited by an ig-

niter mounted in the combustion fumace. 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 detect-
ed temperature rises as the amount of the combustible
gas generated in the gasification furnace becomes larg-
er and so does the the amount of the combustible gas
introduced into the combustion furnace. When the com-
bustible gas starts being combusted in the combustion
furnace, an oxygen supply device connected {o the gas-
ification furnace operates to supply the gasification fur-
nace with the oxygen that is needed to burn the portion




supply 35 through both the oxygen supply pipes 37, 38. The final conbustion
of the waste material Ais thus ac- celerated to fully ash the waste

material Ainits entirety. The tenperature Tl in the gasi
1 may tenporarily rise in excess of the predeterm ned teny
because the heat of conbustion that is consuned by the dry
| onered depending on the type of the waste material A or {
which it is placed in the gasification furnace 1, although
substantial portion of the waste material A that can be tHh
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deconposed by dryofdhe: waisie ineatenialand thermally decomposei he re-

maining waste material. The oxygen is supplied 1o the
gasification furnace at a rate that is regulated to keep
the detected temperature of the combustible gas at a
predetermined, substantially constant level for reducing
any nitrogen oxides to a sufficiently small amount.
More specifically, when the temperature of the com-
bustible gas becomes lower than the predetermined,
substantially constant temperature, the amount of oxy-
gen supplied to the gasification furnace is increased to
accelerate 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 pro-
duced in an increased quantity, thereby increasing the
temperature of the combustible gas in the combustion
furnace. :
Conversely, when the temperature of the combus-
tible gas becomes higher than the predetermined, sub-
stantially constant temperature, the amount of oxygen
supplied to the gasification furnace is reduced to sup-
prass the combustion of the portion of the waste material
and the dry distillation of the remainder of the waste ma-
terial. As a consequence, the combustible gas is pro-
duced in a reduced quantity, thereby lowering the tem-

~ perature of the combustible gas in the combustion fur-

nace.

- In this manner, the temperature of the combustible
gas as it is burned in the combustion furnace is main-
tained at the substantially constant level for sufficiently

reducing 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 furnace. The thermal energy produced
when the combustible gas is burned can be effectively



ever, unless the tenperature T2 of the conbustible gas 44 drops bel ow
the tenperature T2a, the valve controller 42 does not open the flow control

val ve 40. As a conse quence, the oxygen to accel erate the—combustiom a1
ashing of the waste material A is supplied to the gas fi}l RERLAGEMENT SHEET 1

when the portion of the waste material A that can be thegrn d
by dry distillation 4 19 NOV 1897

utitized as a heat source for a boiler or the like. LI"I‘I'E"par-
tial combustion of the waste material in the gasification
furnace is progressively shifted into a region of the
waste material where the combustible gas has been
generated, i.e., is carried out in a region of the waste
material where it is thermally decomposed. Accordingly,
the partial combustion takes place while producing al-
most no nitrogen oxides.
Upon the dry distillation of the waste material, the
waste material is progressively ashed as the partial
combustion of the waste material progresses. There-
fore, the combusted portion of the waste material is pro-
gressively shifted into another region where the dry dis-
tillation 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 gasification fur-
nace 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
combustible gas as it is burned is lowered. At this stage,
the waste material in the gasification furnace is burned
in a substantial portion thereof except the portion that
has already been ashed. Thereafter, the waste material
is finally ashed by the combustion thereof.

If the waste material were burned while being sub-
jected to an insufficient degree of dry distillation, then
an increased amount of nitrogen oxides would be pro-
duced. Therefore, the waste material should preferably
be burned after it has been subjected to as much dry
distillation as possible. To burn the combustible gas
while minimizing the generation of nitrogen oxides, it is
preferable that the combustible gas be produced by dry
distillation in order to keep itself at a substantially con-
stant temperature to minimize nitrogen oxides. Further-




Is elimnated alnost in its entirety. Accordingly, the final conmbustion and

ashing of the waste materi al

Ais carried out after the dry distillation of

the waste material Ais fully effected.. The oxygen supply pipe 38 with the

fl ow control valve 40 is connected to the gasificat]| l%FE@EﬂTlsﬁﬁEEx
position higher than the oxygen supply pipe 37 withlt

the gasification furnace 1 at a position closer to t

W_contief al ve

ik t han

39. Consequently, oxygen is supplied though the oxygdn supply, Rpwpel3q i nto
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the position at which oxygen is supplied through thg
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more, 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 reliably completed.

To mest the above requirements, while the dry dis-
tillation of the waste material is in progress in the con-
ventional incinerating apparatus, oxygen is supplied
from the oxygen supply device to the gasification fur-
nace to keep the temperature of the combustible gas at
a substantially constant level for continuous and stable
combustion of a portion of the waste material and also
continuous and stable dry distillation of the remaining
waste material, as described above. When the dry dis-
tillation is finished, the oxygen supply device supplies
an increased amount of oxygen to the gasification fur-
nace according to the temperature in the gasification fur-
nace as detected by a temperature sensor therein for
promoting final combustion and ashing of the waste ma-
terial.

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 com-

busted portion is absorbed by the thermally decom-

posed portion of the waste material. When the dry dis-
tillation is in a final stage, after the temperature sharply
rises as described above, since the thermally decom-
posed portion of the waste material is reduced, and so
is the heat of the combusted portion which is absorbed
by the thermally decomposed portion, the temperature
in the gasification furnace decreases as the combustion



ygen supply pipe 37, thus snoothly and reliably allow ng the final
conbustion and ashing of the waste material A The te

26 play an inportant role for the smboth conbustion an pEPpAOBMENT tSHERlas

material A, and consequently are disposed respectively} n-the—tpper—

portion of the gasification furnace 1 which is not dirgctly, g@f t b
combustion of the waste material A and én the conbusti gn ch‘aﬁbgpngwof‘
combustion furnace 2 which is not directly affected byt

igniter 31. These tenperature sen- sors 23, 26 can th @et ect highly

accurately the tem

and ashing of the portion of the waste material progress.

In the conventional incinerating apparatus, when
the temperature in the gasification furnace exceeds a
predetermined temperature that has been selected ex-
perimentally and empirically, any portion of the waste
material that can be thermally decomposed by dry dis-
tillation is regarded as being almost eliminated, and the
amount of oxygen supplied to the gasification furnace is
increased to accelerate the final combustion and ashing
of the waste material.

However, because the amount of oxygen supplied
to the gasification furnace is increased based on only
the temperature in the gasification furnace upon final
ashing of the waste material, the conventional inciner-
ating apparatus has suffered from the following draw-
backs:

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 uniformly and smoothly, but is generally subjected
to temporary fluctuations depending on various condi-’
tions, e.g., the type of the waste material being inciner-
ated, the manner in which the waste material is placed,
etc.

Even when a substantial portion of the waste mate-
rial remains to be thermally decomposed by dry distilla-
tion, there may be temporary situations when'the dry
distillation does not take place 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 com-
busted portion of the waste material that is absorbed by
the thermally decomposed portion thereof is temporarily
reduced, with the result that the temperature in the gas-



perature T1 in the gasification furnace 1 and the tem
conbustible gas as it is burned, for the accurate suppl
gasification f urnace 1 with the oxygen supply device 31 JWnen tne
tenperature T2 of the combustion gas drops, the combust] b} e{dhsNH¢d887es
| ncapabl e of spon- 45 taneous conbustion. Upon a reT lon in the

t enper a- 7

ification furnace may rise beyond the predetermined
temperature which is used for determining the timing of
final ashing of the waste material.

If this happens, regardless of the presence of a sub-
stantial portion of the waste material that can still be
thermally decomposed by dry distillation, the amount of
oxygen supplied to the gasification furnace is increased
to accelerate the combustion and ashing of the waste
material. Therefore, the waste material which has not
been fully thermally decomposed yet is burned, produc-
ing an increased amount of nitrogen oxides and an un-
stable amount of combustible gas, which tends to pro-
duce a large amount of nitrogen oxides when burned.

Moreover, when the oxygen in the gasification fur-
nace 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 suf-
ficient oxygen to burn the combustible gas, and the mix-
ture may be introduced from the gasification furnace into
the combustion furnace. In this case, the flames pro-
duced when the combustible gas is burned in the com-

bustion furnace and the flames of the igniter are liable
to be propagated from the combustion furnace through

the gas passage into the gasification furnace, burning
the combustible gas in the gasification furnace and the
gas passage, a phenomenon known a$ a backfire.
When such a backfire occurs, the temperature in the
combustion and gasification furnaces greatly increases,
tending to damage the combustion and gasification fur-
naces 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 the combusted portion of the waste material is
small, consuming a relatively small amount of oxygen,



ture T2,

conbusti bl e gas pro- duced by the dry distillation of
can al so be burned snoothly and reliabl8y w thout givin
oxi des that would cause an environnental pollution. Ac
A can be in- cinerated cleanly. Inasnmuch as the heat of

to the above enbodi ment, the waste material A can be bufn t her-

deconposed by dry distillation, and ashed smoothly and fe |dtﬂ yNDWL%B?t
epywaste materi
;

mat eri al

therefore, the igniter 31 is operated by the
31 a to burn the conbustible gas. In the incinerating a
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or when the combustible gas produced by the thermally
decomposed portion of the waste material is compara-
tively small, or when external air flows into the gasifica-
tion furnace because of poor insulation between the
gasification furnace and the exterior space, during the
initial stage of combustion and dry distillation of the
waste material immediately after it has been ignited.

In the conventional incinerating apparatus, oxygen
in the gasification furnace is utilized when the waste ma-
terial is ignited and the portion of the waste 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 combustible gas at a substantially
constant 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 unsta-
ble and the oxygen combustion is small. For these rea-
son, backfire is likely to happen in the conventlonal in-
cinerating apparatus.

In view of the aforesaid dtff:cultles of the conven-
tional incinerating apparatus, the invention seeks to pro-
vide an apparatus for incinerating a waste material by
processing the waste material through dry distillation
and gasification, the apparatus having a gasification fur-
nace for burning a portion of the waste material and ther-
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mally decomposing the remainder of the waste material |

by way of dry distillation to produce a combustible gas,



of the combustible gas is used as the heat source for the boiler 33, the
thermal energy generated when the waste material A is bur |
utilized without |oss. The gasification furnace 1 has an
shown) in the | ower portion thereof for discharging the f§i ng
ash -out of the gasification furnace 1. In the above enbodi
final stage of the dry distillation of he waste nmateri g
control- ler 42 opens the flow control valve 40 to incr
oxygen supplied to the gasification furnace 1

and a combustion furnace for combusting the combus-
tible gas at a substantially constant temperature, the ap-
paratus being capable of thermally decomposing the
waste material as continuously as possible for stably
producing the combustible gas and for smoothly and re-
liably carrying out final combustion and ashing of the
waste material after it has been thermally decomposed
by dry distillation. '

_ The present invention also seeks to provide an ap-
paratus for incinerating a waste material by processing
the waste material through dry distillation and gasifica-
tion, the apparatus being capable of preventing backfire
from occurring due to the flames of a combustible gas
propagated from a combustion furnace 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
therein and burning a portion of the waste material
and thermally decomposing a remainder of the
waste material 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 combus-
tible 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 fumace; and

oxygen supply means for supplying said gasifica-
tion furnace with an amount of oxygen required to



for the pronotion of the conbustion and ashing of the waste material A
depending on the tenperature T2 of the conbustible gas as detected by the
tenperature sensor 26 and the tenperature Tl in the gasification fur- nace

1 as detected by the tenperature sensor 23. How ever, t T ]
42 may open the flow control valve 40 at a suitable tinme m&m@ﬁ éﬁéd{f
tenpera- ture T1 in the gasification fapnace 1 as detectg

tenperature sensor 23. An operation sequence based on su,h ainﬁ)dNﬂVdﬂﬂo

be described bel ow. The valve controller 42 is supT |

will
de-

-

with only t
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bum the portion of the waste material and to ther-
mally decompdse the remainder of the waste ma-
terial while controlling the amount of oxygen sup-
plied to said gasification furnace to maintain, at a
substantially constant value, the temperature of the
combustible gas as detected by said second tem-
perature detecting means during the dry distillation
of the waste material, and for supplying said gasifi-
cation furnace with an amount of oxygen to accel-
erate the combustion and ashing of the waste ma-
terial when the dry distillation of the waste material
is finished, characterised in that said oxygen supply
means comprises control means adapted to in-
crease the amount of oxygen supplied to said gas-
ification furnace to accelerate the combustion and
ashing of the waste material if both 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 com-
bustion of the waste material progresses and 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.

According to a second aspect of the present inven-

tion there is provided an apparatus for incinerating a
waste material by processing the waste material
through dry distillation and gasification, comprising:
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a gasification furnace for storing a waste material
therein and burning a portion of the waste material
and thermally decomposing a remainder of the
waste material 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 combus-
tible 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 ther-
mally decompose the remainder of the waste ma-
terial while controlling the amount of oxygen sup-
plied to said gasification furnace to maintain, at a
substantially constant value, the temperature of the
combustible gas as detected by said second tem-
perature detecting means during the dry distillation
of the waste material, and for supplying said gasifi-
cation furnace with an amount of oxygen to accel-
erate the combustion and ashing of the waste ma-
terial when the dry distillation of the waste material
is finished, characterised in that said oxygen supply
means comprises control means adapted to in-
crease the amount of oxygen supplied to said gas-
ification furnace to accelerate the combustion and
ashing of the waste material if both the temperature
in said gasification furnace as detéected by said first
temperature detecting means increases,up to a pre-
determined temperature or higher as the combus-
tion of the waste material progresses and the tem-



t5, the valve controller 42 opens the flow control valve 40-DEC ;
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distillation is finished, thus increas- ing the anount of

to the gasification furnace 1. Wien the tenperature T1 in|tHE gasiticall of

furnace 1 as detected by the tenperature sensor 23 tenpor§

to the tenperature Tla or higher regardl ess of the fact tHatj there is an

dry dis- tillation, the valve controller 42 does not open

enough portion of the waste material Alghat can be therwﬂ
valve 40, allowing the dry distillation of the waste
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|y deconposed by

the-f| ow control

perature in said gasification furnace remains at said
predetermined temperature or higher a predeter-
mined period of time after the temperature has in-
creased up to said predetermined temperature or
higher, when the dry distillation of the waste mate-
rial is finished. '

According to a third aspect of the present invention,
there is provided a method of incinerating a waste ma-
terial by processing the waste material through dry dis-

tillation and gasification, comprising the steps of:

storing a waste material in a gasification fumace
and burning a portion of the waste material and ther-
mally decomposing a remainder of the waste mate-
rial therein by way of dry distillation with the heat of
combustion of the portion of the waste material,
thereby producing a combustible gas;

introducing the combustible gas from said gasifica-
tion furnace into a combustion furnace through a
gas passage;

combusting the combustible gas in the combustion
furnace, |
detecting the temperature in said gasification fur-
nace using first temperature detscting means;
detecting the temperature of the combustible gas
as it is burned in said combustion furnace using sec-
ond temperature detecting means; and

supplying said gasification fumace with an amount
of oxygen required to burn the portion of the waste
‘material and to thermally decompose the remainder
of the waste material while controlling the amount
of oxygen supplied to said gasification furnace to
maintain, at a substantially constant vajue, the tem-
perature of the combustion gas as detected by said
second temperature detecting means during the dry



mat eri al

gasification fur- nace. A varies as described above. Wth th redet er-
mned period of time ts being appropriately selected, the fljoy CﬁﬁtﬁgN‘BS?
valve 40 is reliably opened when the dry dis- tillation is fi nished,

t hereby increasing the amount of. ox- ygen supplied to the
furnace 1. Conse- quently, the final capbustion and ashing

‘mat eri al

A to be continued. Normally, the tenperature T1 i nft EPLACEMENT SHEET

o)

si.hi.cation

A is snoothly carried out. -

distillation of 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, characterised in that the
amount of oxygen supplied to said gasification fur-
nace is increased to accelerate the combustion and
ashing of the waste material if both 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 com-
bustion of the waste material progresses and 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.

According to a fourth aspect of the present inven-
tion, there is provided a method of incinerating a waste
material by processing the waste material through dry
distillation and gasification, comprising the steps of.

storing a waste material in a gasification furnace
and burning a portion of the waste material by ther-
mally decomposing a remainder of the waste mate-
rial by way of dry distillation with the heat of com-
bustion of the portion of the waste material, thereby
producing a combustible gas; :
introducing the combustible gas from said gasifica-
tion fumace into a combustion fumace through a
gas passage;

combusting the combustible gas in the combustion -
furnace;

dstecting the temperature in said gasification fur-
nace using first temperature detecting means;



the waste rraterlal (A) through dry dis- tillation and g
conprising: a gasification furnace (1) for storing a wabt
therein and burning a portion of the waste material (A)}a d
deconposi ng a remai nder of the waste material (A) by wa
distillation with the heat of conbustia# of

detecting the temperature of the combustible gas
as it is burned in said combustion furnace using sec-
ond temperature detecting means; and

supplying said gasification 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 while controlling the amount

of oxygen supplied to said gasification furnace to
maintain, at a substantially constant value, the tem-

perature of the combustjble gas as detected by said
second temperature detecting means during the dry
distillation of 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, characterised in that

the amount of oxygen supplied to the gasification
furnace is increased to accelerate the combustion
and ashing of the waste material if both the temper-
ature in the gasification furnace as detected by the
first temperature detecting means increases up to
a predetermined temperature or higher as the com-
bustion of the waste material progresses and the
temperature in said gasification furnace remains at
said predetermined temperature or higher a prede-
termined period of time after the temperature has
increased up to said predetermined temperature or
higher, when the dry distillation of the waste mate-
rial is finished.

In an embodiment of the present invention in ac-
cordance with the above aspects, the portion of the
waste material is burned and the remainder thereof is
thermally decomposed by dry distillation ln the gasifica- -
tion furnace by the oxygen which is supphed from the
oxygen supply means to the gasification furnace so that



the portion of the waste material (A), thereby producing a {cBrBLAGEMENT SREET
a conbustion furnace (2) for conbusting the conbustible ga

therein fromsaid gasification furnace (1) through a gas p#s agpg(@ml;g
first tenperature detecting nmeans (23) for de- tecting the}te¢npera e”%
said gasification fur- nace (1); second tenperature detecty nd TEarmre—{26)
for detecting the tenperature of the caegbustible
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the temperature of the combustible gas as it is bumed
in the combustion furnace will be substantially constant.
As the combustion and dry distillation of the waste ma-
terial 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 di;tilla—
tion is finished, the combustible gas can no longer be
generated in a quantity large enough to keep the tem-
perature of the combustible gas substantially constant
in the combustion furnace. The amount of the combus-
tible gas which is generated is therefore reduced, and
so is the temperature of the combustible gas in the com-
bustion furnace. Generally, the temperature in the gas-
ification furnace progressively increases as the partial
combustion of the waste material continuously
progresses while the dry distillation of the waste mate rial
is going on with the temperature of the combustible gas
being substantially constant. Then, as the quantity of the
waste material which can be thermally decomposed is
reduced when the dry distillation is finished, the temper-
ature in the gasification furnace rises sharply and then
drops as the combustion and ashing of the waste ma-
terial 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 unsta-
ble, and the heat of combustion that is absorbed by the
dry distillation may be reduced, causing a sharp rise in
he temperature in the gasification furnace.

According to the first and third aspects of the

present invention, when the temperature in the gasifica-
tion furnace as detected by the first temperature detect-

ing means increases up to the predetermined tempera- -
ture at which the dry distillation can be regarded as be-
ing finished, and also when the temperature of the com-
bustible gas as detected by the second temperature de-
tecting means drops from the substantially constant val-
ue to the predetermined temperature or lower, the




gas as it is burned in said combustion furnace (2);hand oxygen supply means
(3) for supplying said gasification furnace (1) with an
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deconpose the re mainder of the waste naterial (A) whil e}cqortret—timg—tire
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amount of oxygen supplied from to the gasification fur-
nace is increased to acceleraté and smoothly carry out
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 and fourth aspect of the
present invention, when the temperature in the gasifica-
tion furnace as detected by the first temperature detect-
ing means increases up to the predetermined tempera-
ture at which the dry distillation can be regarded as be-
ing finished, and also when the temperature in the gas-
ification furnace remains at the predetermined temper-
ature or higher upon elapse of the predetermined period
of time after the temperature in the gasification furnace
reaches the predetermined temperature, the amount of
oxygen supplied by the oxygen supply means to the
gasification furnace is increased to accelerate and
smoothly carry out the combustion and ashing of the
waste material when the dry distillation is sufficiently ef-
fected and the portion of the waste material that can be
thermally decomposed is greatly reduced.

Preferably, the waste material in the gasification fur-
nace is ignited at a lower portion of the gasification fur-
nace. While the dry distillation of the waste material is
in progress, the gasification furnace is preferably sup-
plied with oxygen from the bottom thereof and when the
dry distillation is finished, the gasification furnace is pref-
erably supplied with oxygen at a higher portion of the
gasification furnace. Therefore, the combustion of the
portion of the waste material and the dry distillation 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



tenperature detecting neans (26) during the dry distill tﬁE@hAGEMEM'e

rTrace—{&)-w.ith An

mat eri al

(A), and for 48 supplying said gasification f

anount of oxygen to accel erate the conbustion and ashing

mat eri al

(A) when the dry distillation of the waste natfer

i shed, characterised in that said oxygen supply

°n I R

3f'1
al

=]

ol

gasification furnace is preferably supplied with oxygen
at a position close to the combusted portion of the waste
material for smoothly ashing the waste material.

The first temperature detecting means may be dis-
posed in an upper 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.

The apparatus may include second oxygen supply
means for supplying the combustion furnace with an
amount of oxygen required to completely combust the
combustible gas introduced into the combustion fur-
nace, the second oxygen supply means comprising
means for varying the amount of oxygen supplied to the
combustion furnace depending on a change in the tem-
perature of the combustible gas as detected by the sec-
ond temperature detecting means while the dry distilla-
tion 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 is introduced into the combustion
furnace, the combustible gas can reliably be completely
combusted.

The combustion furnace may comprise a burner
nozzle for mixing and igniting the combustible gas and
the oxygen. At this time, the temperature of the combus-
tible 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 teinperature of the combustible gas
without being greatly affected by flames produced when
the combustible gas is ignited by the burner nozzle.

In- another embodiment, oxygen detecting means
may be provided in the gas passage for detecting an
amount of oxygen mixed with the combustible gas intro-
duced from the gasification furnace into the combustion

J
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furnace, the oxygen supply means comprising means
for stopping the supply of oxygen to the gasification fur-
‘nace when the amount of oxygen as detected by the
oxygen detecting means exceeds a predetermined val-
ue.

In this embodiment, when the portion of the waste
material stored in the gasification furnace is ignited by
the igniting means to start burning the portion of the
waste material and thermally decomposing the remain-
der of the waste material by way of dry distillation, the
combustible gas produced by the dry distillation is intro-
duced through the gas passage into the combustion fur-
nace 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 material is supplied from the ox-
ygen supply means to the gasification furnace in order
to increase the temperature of the combustible gas as
detected by the temperature detecting means and main-
tain the increased temperature at the substantially con-
stant value. The amount of oxygen mixed with the com-
bustible gas introduced from the gasification furnace to
the combustion furnace is detected by the oxygen de-
tecting means in the gas passage. When the detected
amount of oxygen exceeds the predetermined value,
the supply of oxygen from the-oxygen supply means to
the gasification furnace is stopped. Thus, the gasifica-
tion furnace is prevented from being supplied with oxy-
gen in an amount greater than necessary, and hence
the combustible gas generated in the gasification fur--
‘nace 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 com-
bustible gas is burned in the combustion furnace are



perature detecting neans (26) drops fromsaid substantialjx
to a second prede- termned tenperature or |ower, when tle

of the waste material (A) is finished. 2. Apparatus as claijmed 1n crart
characterised in that said oxygen supply neans (3) conprfs sfl&nNﬂvwgﬁh
supply (35) connected to said gasi- fication furnace thrpu a pair of
first and sec- ond oxygen supply pipesli®37,38) extending] fromthe
gasification furnace (1); a pair of first and second fl gutrol val ves

prevented from being propagated into the gasification
furnace and the gas passage, with the result that unde-
sirable backfires can be prevented from occurring.

In another embodiment, the oxygen supply means
may comprise means for increasing stepwise and limit-

ing the amount of oxygen supplied to the gasification
furnace to an extent which allows the portion of the
waste material to be continuously burned when the tem-
perature of the combustible gas as detected by the tem-
perature detecting means increases after the waste ma-
terial stored in the gasification furnace is ignited.

In this embodiment, the amount of oxygen supplied
to the gasification furnace is increased stepwise and lim-
ited to an extent which allows the portion of the waste
material to be continuously burned when the tempera-
ture of the combustible gas as detected by the temper-
ature detecting means increases after the waste mate-
rial stored in the gasification fumace is ignited. In an in-.
itial 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 distilla-
tion of the remainder of the waste material are progres-

_ sively 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 in-
troduced into the combustion furnace.

In yet another embodiment, the oxygen supply
means may comprise means for stopping the supply of
oxygen to the gasification furnace when arate of change
per unit time of the temperature of the combustible gas
exceeds a predetermined value and when the temper-
ature of the combustible gas as detected by the temper-
ature detecting means increases after the waste mate-
rial stored in the gasification furnace is ignited.
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In this embodiment, if the amount of oxygen mixed
with the combustible gas introduced into the combustion
furnace is relatively large, then the combustible gas is
intensively burned in the combustion furnace, giving rise
to a sharp increase in the temperature of the combusti-
ble 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 predetermined value

-~ when the temperature of the combustible gas increases,
the supply of oxygen to the gasification furnace is
stoppedto prevent the combustible gas generated in the
gasification furnace from being mixed with a large
amount of oxygen which could burn the combustible gas
before the combustible has is introduced into the com-
bustion furnace. _

In accordance with the above embodiments of the
present invention, it is possible to reliably prevent the
combustible 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 combustion furnace.

Igniting means may be provided to ignite the waste
material stored in the gasification furnace. The igniting
means may comprise a plurality of igniters disposed on
a surrounding wall of the gasification furnace for igniting
the waste material at a plurality of locations at the sur-

rounding wall of the gasification furnace. -

As the waste material starts being burned at the plu-
ral locations in the gasification furnace, the amount of
oxXygen 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 the gasification furnace
from being mixed with a large amount of axygen which
could burn the combustible gas before the combustible
gas is introduced into the combustion furnace.

er
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The apparatus may also include extinguishing
means for extinguishing 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 prede-
termined value when the temperature of the combusti-
ble gas as detected by the temperature detecting means
increases after the waste material stored in the gasifi-
cation furnace is ignited.

Therefore, when the combustible gas is introduced
into the combustion furnace as it is mixed with the
amount of oxygen large enough to burn the combustible
gas, the combustion of the waste material in the gasifi-
cation fumace is extinguished by the extinguishing
means, thus stopping the dry distillation of the waste
material and also the generation of the combustion gas.
Accordingly, backfires are also prevented from taking
place and going from the combustion furnace into the
gasification fumace and the gas passage.

According to a fifth aspect of the present invention,
there is provided a method of incinerating a waste ma-
terial by processing the waste material through dry dis-
tillation and gasification, comprising the steps of:

storing a waste material in a gasification furnace
and burning a portion of the waste material 4nd ther-
mally decomposing a remainder of the waste mate-
rial therein by way of dry distillation with the heat of
combustion of the portion of the waste ‘material,
Fhereby producing a combustible gas;

|ptroducing the combustible gas from said gasifica-
tion furnace into a combustion furnace through a
gas passage; |

combusting the combustible gas in the combustion
furnace;
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detecting the temperature in said gasification fur-
nace using first temperature detecting means;
detecting the temperature of the combustible gas
as itis burned in said combustion furnace using sec-
ond temperature detecting means; and

supplying said gasification 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 while controlling the amount
of oxygen supplied to said gasification furnace to
maintain, at a substantially constant value, the tem-
perature of the combustion gas as detected by said
second temperature detectingmeans during the dry
distillation of 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, characterised in that the
amount of oxygen supplied to said gasification fur-
nace is increased to accelerate the combustion and
ashing of the waste material if both 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 com-
bustion of the ‘'waste material progresses and 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.

According to a sixth aspect of the present invention,
there is provided a method of incinerating a waste ma-
terial by processing the waste material through dry dis-
tillation and gasification, comprising the steps of:
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produci ng a conbustibl e gas; a conbustion furnace (2) for combusting the

storing a waste material in a gasification furnace
and burning a portion of the waste material by ther-
mally decomposing a remainder of the waste mate-
rial by way of dry distillation with the heat of com-
bustion of the portion of the waste material, thereby
producing a combustible gas;

introducing the combustible gas from said gasifica-
tion furnace into a combustion fumace through a
gas passagse;

combusting the combustible gas in the combustion
“furnace;

detecting the temperatute in said gasification fur-
nace using first temperature detecting means;
detecting the temperature of the combustible gas
asitis burned in said combustion furnace using sec-
ond temperature detecting means; and

supplying said gasification fumace with an amount
of oxygen required to burn the portion of the waste
material and to thermally decompose the remainder
of the waste material while controlling the amount
of oxygen supplied to said gasification furnace to
maintain, at a substantially constant value, the tem-
perature of the combustible gas as detected by said
second temperature detecting means during the dry
distillation of the waste material, and for supplying
said gasification fumace 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, characterised in that the
amount of oxygen supplied to the gasification fur-
nace is increased to accelerate the combustion and
ashing of the waste material if both the temperature
in the gasification fumace as detected by the first
temperature detecting means increases uﬁ toapre-
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determined temperature or higher as the combus-
tion of the waste material progresses and the tem-
perature in said gasification furnace remains atsaid =
predetermined temperature or higher a predeter-
mined period of time after the temperature has in-
creased up to said predetermined temperature or
higher, when the dry distillation of the waste mate-

rial is finished.

For a better understanding of the present invention
and to show how it may be carried into effect reference
will now be made by way of example to the accompa-
nying drawings, in which:

FIG. 1 is a schematic diagram of an apparatus for

incinerating a waste material according to the

present invention;

FIG. 2 is a graph illustrative of an operation se-

quence of the apparatus according to the present
- invention;

FIG. 3 is a graph showing the manner in which the

amount of oxygen varies with time in the operation

sequence shown in FIG. 2;

FIG. 4 is a graph showing the manner in which a

flow control valve of the apparatus operates in the

operation sequence shown in FIG. 2;®

FIG. 5 is a graph showing the manner in which an-

other flow control valve of the apparatus operates

in the operation sequence shown in FIG. 2;

FIG. 6 is graph illustrative of another operation se-

quence of the apparatus 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

sequence shown in FIG. 6.
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tially constant value, the tenperature of the

An apparatus for incinerating waste materials such
as waste tires according to the present invention will be
described with reference to FIGS. 1 through 5.

FIG. 1 schematically shows an arrangement of the
apparatus, and FIGS. 2 through 5 show an operation
sequence of the apparatus shown in FIG. 1.

As shown in FIG. 1, the apparatus includes a gasi-
fication furnace 1 for thermally decomposing 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
combustible gas produced when the waste material A
is thermally decomposed by dry distillation in the gasi-
fication furnace 1, an oxygen supply device 3 for sup-
plying oxygen (air) to the gasification furnace 1, an ox-
ygen supply device 4 for supplying oxygen (air) to the
combustion furnace 2, and an extinguishing device 5 for
extinguishing the combustion of the waste material A
and the combustible gas in the gasification furnace 1.

The gasification furnace 1 has a charge inlet 7 de-
fined in an upper wall thereof and openable and closable
by a hinged door 6. The waste material A can be
charged into the gasification furnace 1 through the
charge inlet 7 as it is opened by the door 6. When the
charge inlet 7 is closed by the door 6, the interior space
of the gasification furnace 1 is virtually isolated from the
ambient space.

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 bot-
tom and side wall sections 8, 9 have respective empty
chambers 10, 11 isolated from the interior space of the
gasification furnace 1. The empty chambers 10, 11 are
held in communication with the interior space of the gas-
ification furnace 1 only through air supply nozzles 12
mounted in the bo'tto_m and side wall sections 8, 9.




conbusti bl e gas as detected by said second tenperature d
during the dry distillation of the waste naterial (A), a (REPJJACEMENT%F

fEET |

said gasification furnace (1) with an amount of oxygen t eeterat-e

conmbusti on and ashing of the waste material (A) when thel dfy %?L\H@
of the waste material (A) is fin- ished, characterised ijn A q

t =rTrrerease

supply nmeans (3) conprises control nead$ (41,42) adapte
anount of oxygen sup- plied to said gasification furnac

A plurality of igniters 13 are mounted on a lower sur-
rounding 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 com-
bustion assistant fuel, the fuel supply device 14 being
disposed outside of the gasification furnace 1. The ig-
niters 13 burn the combustion assistant fuel supplied
from the fuel supply device 14 through the fuel supply
pipes 15 to produce flames that are directed into the
gasification furnace 1 to ignite the waste material 1 in
the gasification furnace 1.

The gasification furnace 1 has a water jacket 16 de-
fined in its surrounding wall for cooling the gasification
furnace 1. The water jacket 16 is isolated from the inte-
rior space of the gasification furnace 1. A water level
sensor 17 for detecting a water level in the water jacket
16 is mounted on the upper wall of the gasification fur-
nace 1.

The water jacket 16 is supplied with cooling water
from a water supply device 18. The water supply device
18 comprises a water supply 19 disposed outside of the
gasification furnace 1, a water supply pipe 20 intercon-
necting 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 detect-
ed water lavel in the water jacket 16.
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The flow control valve 21 is opened by the!traive=
controller 22 to supply cooling water from the water sup-
ply 19through the water supply pipe 20 to the water jack-
et 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.
The cooling water supplied to the wa;erjécket 16 returns
to the water supply 19 through a steam separator (not
shown).

A temperature sensor 23 for detecting a tempera-

. ture T1 in the gasification furnace 1 is mounted on an
upper portion of the surrounding wall of the gasification
furnace 1.

The combustion furnace 2 comprises a bumer noz-
zle 24 for mixing a combustible gas produced when the
waste material A is thermally decomposed by dry distil-
lation, with oxygen (air) required for the complete com-
bustion of the combustible gas, and a combustion cham-
ber 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 com-
munication therewith. A temperature sensor 26 for de-
tecting a temperature T2 of the combustible gas as it is
burned is mounted in the combustion chamber 25.

~ Totherear end of the bumernozzle 24, there is con-
nected a gas pipe 28 extending from a joint fitting 27
mounted on an upper portion of the surrounding wall of
the gasification furnace 1 and held in communication
with the interior of the gasification furnace 1. Therefore,
the combustible gas produced when the waste material
A is thermally decomposed by dry distillation is intro-
~ duced through the gas pipe 28 into the burner nozzle 4.

An empty chamber 29 is defined around the burner
nozzle 24 in isolated relationship to the interiqr space of
the burner nozzle 24. The empty chamber 29 commu-
nicates with the interior space of the bumer nozzle 24
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through a plurality of nozzle holes 30 defined in the
rounding wall of the burner nozzle 42.

An igniter 31 for igniting the combustible gas intro-
duced into the burner nozzle 24 is mounted 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 the fuel supply device 14 through the
fuel supply pipe 32 to the igniter 31 is ignited by the ig-
niter 31, flames are produced and directed through the
burner nozzle 24 into the combustion chamber 25 to ig-
nite the combustible gas that is introduced from the
burner nozzle 24 into the combustion chamber 24.

The igniter 31 is associated with an igniter controller
31a for controlling igniting operation thereof, the igniter
controller 31a being supplied with a detected signal from
the temperature sensor 26. The igniter controller 31a
monitors the temperature of the combustible gas as de-
tected 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 com-
bustion furnace 2. The boiler 33 uses, as-a heat source,
the heat of combustion of the combustible gas in the
combustion chamber 25.

The gas pipe 28 which interconnects the gasifica-

tion furnace 1 and the combustion furnace 2 is associ-
ated with an oxygen sensor 34 for detecting the amount

of oxygen that is mixed with the combustion gas intro-~
duced from the gasification furnace 1 into the combus-
tion chamber 2.

The oxygen supply device 3 for supplying oxygen
to the gasification furnace 1 comprises an oxygen sup-
ply 35 disposed outside of the gasification furnace 1, a
main oxygen supply pipe 36 extending from the oxygen
supply 35, a pair of auxiliary oxygen supply pipes 37, 38
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branched from the main oxygen supply pipe 36 and con-
nected respectively to the empty chambers 10, 11 of the
gasification chamber 1, a pair of flow control valves 39,
40 disposed respectively in the auxiliary oxygen supply
pipes 37, 38, and a pair of valve controllers 41, 42 for
controlling the flow control valves 39, 40, respectively.
The valve controller 41 is supplied with the detected sig-
nal from the temperature sensor 26 and the detected
signal from the oxygen sensor 34. The valve controller
42 is supplied with the detected signals from the tem-
perature sensors 26, 23.

The valve controller 41 comprises an actuator 41a
such as a motor for opening and closing the flow control
valve 39, and a control unit 41b comprising a CPU, a
timer, etc. for controlling operation of the actuator 41a.
The control unit 41b 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 41a depending on the detect-
ed temperature T2, the detected amount of oxygen, and
the calculated rate of change per unit time of the tem-
perature T2. Similarly, the valve controller 42 comprises
an actuator 42a such as a motor for opening and closing
the flow control valve 40, and a control unit 42b com-

prising a.CPU, etc. for controlling operation of the actu-
ator 42a. The control unit 42b monitors the temperaiure

T1 in the gasification furnace 1 as it is detected by the
temperature sensor 23 and the temperature T2 of the

combustible gas as it is detected by the temperature

sensor 26, and operates the actuator 42a depending on
the detected temperatures T1, T2

T ol



first flow control valve (39) to regulate the anount of oxygen 'supplied to
said gasification furnace (1) to nmaintain, at said substanjabiy.const ant

val ue, the tenperature of the conbus- ti bl e gas as detecteg REPMGEMEN%Q@ET
tenpera- ture detecting neans (26), while the dry distil- }|ap+es-ei—tho
waste material (A) progresses; and second val ve control nmepng (149?)N6\?1997
openi ng said second flow control val ve3040) to increase o

g oW

While the waste material A is being thermally-de-- -
composed 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 supply
pipes 36, 37 into the empty chamber 10 of the gasifica-
tion furnace 1. The supplied oxygen is then supplied
from the empty chamber 10 through the air supply noz-
zles 12 into the gasification furnace 1. At this time, the
valve controller 41 regulates the opening of the flow con-
trol valve 39 depending on the temperature T2 of the
combustible gas as detected by the temperature sensor
26. 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 de-
tected by the oxygen sensor 34 exceeds a predeter-

mined value, the valve controller 41 closes the flow con-
trol valve 39.

At the time the flow control valve 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 sup-
ply 35 through the oxygen supply pipes 36, 38 to the
empty chamber 11 of the gasification furnace 1, from
which the oxygen is supplied though the air supply noz-
zles 12 into the gasification chamber 1. The valve con-

~ troller 42 opens the flow control valve 40 at a predeter-
mined time based on the temperature T1 in the gasifi-
cation 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 sup-
ply 35, the main oxygen supply pipe 36, a pair of auxil-
iary oxygen supply pipes 43, 44 branched from the main




52 the anmount of oxygen supplied fromsaid oxy- gen supply (35) to said
gasification furnace (1) if both the tenperature in said gaS|f|cat|on fur-

nace (1 ) as detected by said first tenperature detecfT
increases up to said first predetermned tenperature pr %ﬁdﬁéﬂﬂfﬂt

tenperature in said gasification furnace (1) re- mains AU sard
predeterm ned tenperature or higher fogisaid predeterp hed NIV |
af - i

. oxygen supply pipe 36 and connected|fg -
chamber 29 of the combustion chamber 2, a palr of ﬂow .
control valves 45, 46 disposed respectively in the aux-

_iliary oxygen 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 control
valve 45, and a control unit 47b comprising a CPU, etc.
for controlling operation of the actuator 47a. The control
unit 47b monitors the temperature T2 of the combustible
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 device
4 opens the 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 combus-
tion furnace 2. The supplied oxygen is then supplied
from the empty chamber 29 through the nozzle holes 30

~ into the bumer nozzle 24 of the combustion furnace 2.
At this time, the valve controller 47 opens the flow con-
trol valve 45 depending on the temperature T2 of the
combustible gas as detected by the temperature sensor
26.

The flow control valve 46 is manually openable and
closable by the operator for adjusting the amount of ox-
ygen supplied from the oxygen supply 35 to the burner
nozzie 24.

The extinguishing device 5 comprises a supply 48
of an incombustible gas such as carbon dioxide, dis-
posed outside of the gasification furnace 1, a gas supply
pipe 49 extending from the incombustible gas source 48
and connected to the surrounding wall of the gasification
furnace 1 in communication therewith, a flow control
valve 50 disposed in the gas supply pipe 49, and a valve



‘ter the tenperature has increased up to said predeterm ned tenperatufe or

hi gher,

when the dry distillation of the waste nateri al
S. Apparatus as claimed in‘claim2 or 4, characterised by |§“: Qﬁﬁ Hcaua

(A) is fin- ished.

(13) connected to a | ower portion of said gasification fur

said first oxygen supply pipe (37) wth2said first fl

igniting the waste material (A) stored in said gasifi atloﬁ”Fﬁﬁﬂmﬂ?11
di sposed therein extending froma bottom of said gasi; J

and said

~28

cop@r §oWIsgY e

ation furnace
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controller 51 for opening and closing the‘

valve 50. The valve controller 51 is supplied with the de-

tected signals from the temperature sensor 26 and the
oxygen sensor 34, |

The valve controller 51 comprises an actuator 51a
such as a motor for opening and closing the flow control
valve 50, and a control unit 51b comprising a CPU, a

timer, etc. for controlling operation of the actuator 51a..

The control unit 51b monitors the amount of oxygen in
the gas pipe 28 as it is detected by the oxygen sensor
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 temperature T2 of the combustible gas,
and operates the actuator 51a depending on the detect-
ed amount of oxygen and the calculated rate of change
per unit time of the temperature T2.

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 de-
tected by the oxygen sensor 34 exceeds a predeter-
mined value, the valve controller 51 opens the flow con-
trol valve 50 to supply an incombustible gas from the
incombustible gas supply 48 through the gas supply
pipe 49 into the gasification furnace 1.

Operation of .the incinerating apparatus of the
above structure will be described below.

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

After the door 6 is closed, the igniters 13 are actu-
ated to ignite the waste material A at a plurality of sur-
rounding locations in its lower portion. The waste mate-
rial A now starts to be burned partially at such plural lo-
cations. When the waste material A starts to be burned
partially, the igniters 13 are inactivated.




second oxygen supply pipe (38) wth said second fIOM/confr' o FET
di sposed therein extending fromsaid gasification furnacg \Lxg Mngéﬁi‘tEiT

hi gh- er than said first oxygen supply pipe (37). 6. Apppgr gt L ai e
in any one of the preceding clains, characterised in tha li?ﬁ ﬁfﬂ\i@?’j
tenperature detecting neans (23) is disposed in an uppef] phla.dlon of safd
gasification furnace (1). 7. Apparatug3as clained in an N TS
preceding clains, further including second oxygen suppl B
suppl yi ng said conbustlon furnace -

o
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Before the waste material A is ignited, the water .
jacket 16 of the gasification furnace 1 has been supplied
with cooling water from the water supply 19 through the
water supply pipe 20, and the igniter 31 of the combus-
tion furnace 18 has been operated under the control of
the igniter controller 31a. The interior space of the gas-
ification furnace 1 is evacuated by a suction fan or the
like in the boiler 33 through the combustion furnace 2
and the gas pipe 28 in order draw a generated combus-
tible gas (described later) from the gasification furnace
1 into the combustion furnace 2.

When the waste material A is ignited, the flow con-
trol valve 39 of the oxygen supply device 3 has been
opened to a relatively 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 supply pipes 36,
37, the empty chamber 10, and the air supply nozzles
12 into the gasification furnace 1. Therefore, the waste
material A is ignited by the igniters 13 and then starts

being partly burned using any oxygen that has been
present in the gasification fumnace 1 and the relatively

small amount of oxygen that has been supplied from 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 partly 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 control valves 45, 46 of the oxygen supply device
4 are closed, and the flow control valve 50 of the extin-
guishing device 5 is also closed. -

When the lower portion of the waste material A
starts being partly burned,the upper portion of the waste
material A starts to be thermally decomposed by way of



(2) with an amount of oxygen required to conpletely 53 conbust the
conmbustible gas introduced into said conbustion furnace (2), said second

oxygen supply neans (4) conprising nmeans for varying the anou tﬁ’ﬁ-ﬂ@ﬁégﬁ
supplied to said conbustion fur- nace (2) depending on a change

tenperature of the conbustible gas as detected by said secon
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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 gasifi-
cation 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 furnacs 2. .

The partial combustion of the waste material A in
the gasification furnace 1 is progressively stabilized
while consuming the small amount of oxygen supplied
from the oxygen supply 35. The region where the waste
material A is burned is progressivsly 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 up-
per portion of the waste material A with the heat of com-
bustion is progressively rendered more active, produc-
ing a progressively larger amount of combustible gas.

Therefore, the amount of combustible gas introduced in-
to the combustion furnace 2 is increased, and the tem-

perature T2 of the combustion gas as it is burned in the
combustion furnace 2 rises, as shown in FIG. 2.

At this time, the temperature T2 of the combustion
gas is detected by the temperature sensor 26. When the
detected temperature T2 of the combustion gas reaches
a predetermined temperature T2a at atime t1 in FIG. 2,
the valve controller 41 of the oxygen supply device 3
increases the opening of the flow control valve 38 from
the initial opening for a predetemined period of time A,
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.

! SHEET




tenperature detecting neans (26) while the dry dis- tillation of the waste
material (A) progresses. 8. Apparatus as clained in claim?7, characterised
in that said conbustion furnace (2) conprises a burn- er nozzle (24) for

m xi ng sai d conbusti bl e gas and the oxygen supplied from said second oxygen
sup- ply nmeans (4), and a conbustion chanber (25) for conbusting the
conbustible gas m xed with the ox- ygenasfurther including igniting neans
(31) connect- ed to said conbustion furnace (2) for igniting the
conbustible gas m xed with the oxygen, said gas

Since the opening of the flow control valve 39 i§ RER-ACEMENT SHEET
progressively increased stepwise, the amount off ok 18 NOV 1897
gen supplied from the oxygen supply 35 to the gagifiga--
tionfurace 1 is also increased stepwise while being limzaumme = -
ited to the extent that is required to continue the Hittrt=—""""""
combustion of the lower portion of the waste matefaTA.

The combustion of the lower portion of the waste mate-
rial A is therefore progressively stabilized by consuming

almost all of the oxygen supplied from the oxygen supply
35. The region where the waste material A is burmed is
spread to the extent possible with such consumption of
the oxygen supplied from the oxygen supply 35. Con-
sequently, the region where the waste material A 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.

The temperature T2 of the combustible gas as it is -
detected by the temperature sensor 26 further increases
to a temperature T2c ata 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 < T2¢ <
T2b). When the temperature T2 reaches the tempera-
ture T2¢, the valve controller 41 of the oxygen supply
device 3 automatically adjusts the opening of the flow
control valve 39 to keep the temperature T2 of the com-
bustible 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 than the
temperature T2b, the opening of the flow control valve =
39 is increased to increase the amount of oxygen sup-
plied 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

T e




passage being connected to said conbustion fur- nace (2),

sai d second

tenperature detecting nmeans (26) being disposed in said conbustion chanber

(25).

9. Apparatus as clained in claimS8,

characterised in that said second

oxygen supply neans (4) conpris es an oxygen supply (35) connected to said
burner nozzle (24) through an oxygen supply pipe (43) ex- tended from said

burner nozzle (24), a flow control valyg (45) disposed in said oxygen
supply pipe (43), and valve control neans (47) for opening

FLLACEMENT SHEET

the waste material A due to the heat of combustion a@ s NOV 1097
i - -

the generation of the combustible gas due to the drj}d

tillation. (l

Conversely, when the temperature T2 bec Aﬁ§s
higher than the temperature T2b, the opening of the flow
control valve 39 is reduced to reduce the amount of ox-
ygen supplied to the gasification furnace 1. The com-
bustion of the lower portion of the waste material A is
suppressed, retarding the dry distillation of the upper
portion of the waste material A due to the heat of com-
bustion 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 distil-
lation of the upper portion thereof progress stably.

When the temperature T2 is maintained at the tem-
perature T2b for spontaneous combustion, the igniter
31 of the combustion furnace 2 is inactivated by the ig-
niter controller 31a, and the combustible gas is contin-
uously burned by way of spontaneous combustion. The
heat of combustion of the combustible gas is utilized as
the heat source of the boiler 33.

While the lower portion of the waste material A is
being burned and the upper remaining portion thereof
is being thermally decomposed by dry distillation, there
are developed, in the interior space of the gasification
furnace 1, anashing layer a, a red-hot layer b, a fluidized

layer c, a heat transfer layer d, and a gas layer e, ar-
ranged successively 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 com-
bustion of the waste material A progresses, and the red-
hot layer b where the waste material A is burned is pro-
gressively shifted upwardly.



control valve (45) to supply an anpbunt of oxygen required to conpletely
conbust the conbustible gas from said oxygen supply (35) to said burner

nozzle (24) and for controlling the opening of said f contTot—vakyve—{ 45)

to regulate the anount of ox- ygen supplied to said cpribist i-oMENTISHEET
de- 54 pending on the change in the tenperature offt
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During the dry distillation of the waste material A in
the gasification furnace 1, the temperature T1 in the gas-
ification furnace 1 is detected by the temperature sensor
23. The detected temperature T1 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 tem-
perature T1 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 is ab-
sorbed by the dry distillation of the waste material A.
When the dry distillation of the waste material A
progresses stably, the temperature T1 increases again
as the combustion of the lower portion of the waste ma-
terial A progresses.

The oxygen which is required by the combustion of
the combustible gas in the combustion furace 2 is sup-
plied from the oxygen supply device 4 depending on the
temperature T2 of the combustible gas which is detect-
ed by the temperature sensor 26. :

More specifically, the valve controller 47 of the oX-
ygen supply device 4 opens the flow control valve 45 to
a suitable degree depending on the temperature T2 as
detected by the temperature sensor 26. The oxygen
supply 35 now supplies oxygen through the oxygen sup-
ply pipes 36, 43, the flow control valve 45, the empty
chamber 29, and the nozzle 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 com-
bust(ble gas are mixed in the burner nozzle 24.

In the initial stage of the dry distillation of the waste
material A, the amount of combustible gas introduced



conbusti bl e gas as detected by said second tem perature detecting neans
(26) while the dry distil- lation of the waste material (A) progresses. 10.
Apparatus as clained in claiml or 3, characterised by oxygen detecting
means (34) in said gas pas- sage (28) for detecting an anmpunt of oxygen

m xed with the conmbusti ble gas introduced fromsaid gas- ification furnace
(1) into said conbustion furnace (2), sgid oxygen supply neans (3)
conprising nmeans (41) for stopping supplying oxygen to said

into the combustion furnace 2 is increased, thus Q@%EEM_ENT SHEET
ing the temperature T2 of the combustible gasja 5 )
burned. As the temperature T2 is thus increage  thd NOV 188
opening of the flow control valve 45 is increas d o ;{,;; R ,_,..J
crease the amount of oxygen supplied to the ¢RIRIS- :

tion furnace 2. In the stage in which the dry distittation """

of the waste material A progresses stably, when the tem-

perature T2 of the combustible gas slightly fluctuates, i.

e., increases and decreases, the flow control vaive 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 ox-
ygen, the operator may manually operate on the flow

control valve 46 while confirming the condition in which
the combustible gas is being burned in the combustion
furnace 2, thereby regulating the amount of oxygen sup-
plied to the 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-
mally varies along a.curve X or a curve y or any curve
between these curves x, y (FIG. 3) as the dry distillation
progresses from the ignition of the waste material A.

More specifically, the axygen present in the gasifi-

- cation furnace 1 and the oxygen supplied from the oxy-
gen supply 35 are consumed by the igniters 13 when
the waste material A is ignited, and are thereatfter pro-
gressively consumed as the waste material starts being
partly burned by the ignition. Therefqre, the oxygen in
the gas pipe 28 is progressively reduced after the waste
material A is ignited. Immediately after the waste mate-



gasification furnace when the anmobunt of oxygen as detected by sai d oxygen

detecting neans (34) ex- ceeds a predeterm ned val ue.
claimed in claim110, characterised in that said oxygen sup
an oxygen supply (35) connected to said gasi-

conpri ses:

a flow control valve (39) disposed in said oxy-

i
(1) through an oxygen supply pipe (37) extended fromthe {g
nace (1):
(37); and

11. Apparatus as

{.3)
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rial A is ignited, the oxygen is no longer consumeéd by
the igniters 13, and the amount of oxygen consumed by
the partial combustion of the waste material A is rela-
tively small since the partial combustion is unstable.
Therefore, immediately after the waste material A is ig-
nited, the amount of oxygen in the gas pipe 28 is in-
creased 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 is kept at a substantially con-
stant level.

Immediately after the ignition when the partial com-
bustion of the waste material A is unstable, the amount
of oxygen supplied from the oxygen supply 34 to the
gasification furnace 1 is limited to the extent that is nec-
essary for the partial combustion of the waste material
A, and the waste material A starts being partly burned
at the plural locations in the lower portion thereof. There-
fore, the amount of oxygen in the gas pipe 28 does not
increase to a large extent, and hence the amount of ox-
ygen mixed with the combustible gas introduced into the
combustion furnace 2 when the dry distillation of the
waste material A begins is sufficiently small.

If the gasification furnace 1 were not fully sealed, if
ambient air were allowed to flqw into the gasification fur-
nace 1, or if the partial combustion of the waste material
A were extremely unstable, consuming only a very small
amount of oxygen, then the amount of oxygen 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 fine in FIG. 3.

R T————



val ve control means (41) for controlling an openi ng of said fIOM/controI
valve (39); said valve control neans (41) conprising al
t he opening of said flow control valve (39) to regul at Hfﬁéﬂaﬂw
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ygen supplied fromsaid oxygen supply (35) to said gagif
in orderto increase the tenperature of the conbustib
said second tenperature detecting nmeagg (26) and mai nfaifn
tenper- ature at said substantially constant val ue

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 suffi-
cient to 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 temper-
ature T2 of the combustible gas as it is detected by the
temperature sensor 26 would sharply rise according to
a curve u indicated by the imaginary line in FIG. 2.

In the incinerating apparatus according to the
present invention, however, when the amount of oxygen
detected by the oxygen sensor 34 exceeds a predeter-
mined value X (FIG. 3) that has been determined em-
pirically or experimentally, or when the rate of change
of the temperature T2 which is calculated based on the
temperature T2 detected by the temperature sensor 26
exceeds a predetermined value that has been deter-
mined 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 producedin and
supplied from the gasification furnace 1 is prevented
from being mixed with enough oxygen to burn the com-
bustible 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 de-
tected by the oxygen sensor 34 exceeds the predeter-
mined value X, or when the calculated rate of change of
the temperature T2 exceeds a predetermined value, the

ontrolllng

1)
by



55-the anount of oxygen detected by said oxygen detecting_neans (34) is of
said predeterm ned value or lower, and for closing said IW '
(39) when the amount of oxygen detected by said oxygen dpte 34

exceeds sai d predeterm ned value. 12. Apparatus as clai npdji alm 10
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valve controller 51 of the extinguishing device 5 opens —
the flow control valve 50 to supply the incombustible 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 extinguished,
and the dry distillation of the waste material Ais stopped.

The generation of the combustible gas in the gasi-
fication furnace 1 is also stopped, and the combustible
gas is no longer introduced in the combustion furnace
2. Accordingly, the backfire is effectively prevented from
taking place. _

In the initial stage of combustion and dry distillation
of the waste material A, the amount of oxygen supplied
from the oxygen supply. 35 to the gasification furnace 1
is increased stepwise while being limited to the extent
that allows the waste material A to be burned. Conse-
quently, the combustible gas generated by the dry dis-
tillation is prevented from being mixed with enough ox-
ygen to burn the combustible gas, when it is introduced
into the combustion furnace 2. If there is nevertheless
a danger such that the combustible gas is going to be
mixed with enough oxygen to bumn the combustible gas
when it is introduced into the combustion furnace 2, then
the supply of oxygen from the oxygen supply 35 to the
gasification furnace 1 is stopped, and the combustion of
the waste material A is extinguished, thus reliably avoid-
ing the danger of any backfire.

When the combustion of the waste material A is ex-
tinguished, the incineration of the waste material A with

the incinerating apparatus is also stopped. Since, how-
ever, the combustion of the waste material A is put out
by the incombustible gas, the waste material A can be
burned again after the incombustible gas in the gasifi-
cation furnace 1 is replaced with air. -

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




ised in that said oxygen supply neans (3) conpris- es neans for increasing
stepwise an linmting the anount of oxygen supplied to said gasification
fur- nace (1) to an extent which allows the portion of te qaterial
(A) to be continuously burned when the anount of oxygen difmCemgml
oxygen detecting neans (34) is of said predeterm ned vaj ug QUE
when the tenperature of the conbus- tiRkl e gas as detectjed b Qszyt@ f@Vo
tenperature detecting nmeans (26) increases after the stje nma-
stored in said gasification furnace (1) is :

As described above, during the dry distillation of the
waste material A, the ashing layer a which is initially
formed in the lower portion of the gasification furnace 1
spreads upwardly as the partial combustion of the waste
material A progresses. Atthe same time, the red-hot lay-
er bin which the waste material A is burned is progres-
sively shifted from the bottom toward the top of the gas-
ification furnace 1. As the ashing layer a spreads up-
wardly 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.

As the amount of the waste material A that can be
thermally decomposed by dry distillation is reduced, re-
gardless of the supply of oxygen to the gasification fur-
nace 1 through the flow control valve 38, the waste ma-
terial A can no longer produce the combustible gas in
an amount large enough to keep the temperature T2 at
the substantially 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 so is the temperature T2 of the combusti-
ble gas, as shown in FIG. 2.

When the temperature T2 of the combustible gas
drops below the temperature T2b, the valve controller
41 opens the flow control valve 39 to accslerate the dry
distillation of the waste material A. Therefore, when the
temperature T2 drops below the temperature T2b, the
flow control valve 49 is fully opened as shown in FIG. 4.



ignited. 13. Apparatus as clainmed in any one of clainms 10 to 12,
characterised in that said oxygen supply neans (3) conprises neans for
stoppi'ng the supply of oxygen to said gasification furnace (1) if a rate of
change per unit time of the tenperature of the conbustible gas exceeds a
predet erm ned val ue, when the anount of oxygen as detected by said oxygen
tecting neans (34) is of said predeterggned value or |ower and when the

tenperature of the conbus- tible gas as detected by said se R AE _ENT P—
As the temperature T2 deceases, the red-hot la eW’ |
bin the portion of the waste material A except the ashjn 8y
layer a is increased, and the heat of combustion thdt is L
absorbed by the dry distillation of the waste material A= 1y
is reduced. As shown in FIG. 2, the temperature T1 in | rmsand
the gasification furnace 1 sharply rises and then drops
as the combustion and ashing of the waste material A
progresses. In the stage in which the waste material A
is finally ashed, it is necessary to completely combust
and ash the waste material A.
According to this embodiment, therefore, when the
temperature T1 in the gasification furnace 1 as detected
by the temperature sensor 23 rises at a time t3 (FIG. 2)
beyond a predetermined temperature T1a that is preset
as indicating the final stage of the dry distillation of the
waste material A, and also the temperature T2a as de-
tected by the temperature sensor 26 drops from the sub-
stantially 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 through the oxygen
supply pipes 36, 38, the empty chamber 11, and the air
supply nozzles 12 into the gasification furnace 1.
Therefore, the gasification furnace 1 is supplied
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 ac-
celerated to fully ash the waste material A in its entirety.
The temperature T1 in the gasification furnace 1
may temporarily rise in excess of the predetermined
temperature T1a 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. How-
ever, unless the temperature T2 of the combustible gas




detecting neans (26) increases after the waste ma- terial (A) stored in
said gasification furnace (1) is ignited. 56 14. Apparatus as clainmed in
claiml1 or 3, characterised in that said oxygen supply nmeans (3) conprises
means for increasing stepwse and limting the amount of oxygen supplied to
said gasification fur-

44

drops below the temperature T2a, the valve controller
-42 does not open the flow control valve 40. As a con R EPhACHAENTSSREET
quence, the oxygen to accelerate the combustion a _
ashing of the waste material A is supplied to the gaslfi-{ 119 ¥RQViI997
cation furnace 1 when the portion of the waste matg iall '
A that can be thermally decomposed by dry distillajion L
is eliminated almost in its entirety.
Accordingly, the final combustion and ashing of the
waste material A is carried out after the dry distillation
of the waste material A is fully effected.
The oxygen supply pipe 38 with the flow control
valve 40 is connected to the gasification furnace 1 ata
position higher than the oxygen supply pipe 37 with the
flow control valve 39. Consequently, oxygen is supplied
through the oxygen supply pipe 38 into the gasification
furnace 1 at a position closer to the red-hed layer b than
* the position at which oxygen is supplied through the ox-
ygen supply pipe 37, thus smoothly and reliably allowing
the final combustion and ashing of the waste material A.
The temperature sensors 23, 26 play an important
role for the smooth combustion and ashing of the waste
material A, and consequently are disposed respectively,
in the upper portion of the gasification furnace 1 which
is not directly affected by the combustion of the waste
material A and in the combustion chamber 25 of the
combustion fumace 2 which is not directly affected by
the flames from the igniter 31. These temperature sen-
sors 23, 26 can thus detect highly accurately the tem-
perature T1 in the gasification furnace 1 and the tem-
perature T2 of the combustible gas as it is bumed, for
the accurate 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 spon-




nace (1) to an extent which allows the portion of the waste material (A) to
be continuously burned when the tenperature of the conbustible gas as

det ected by sai d second tenperature detecting nmeans (26) increases after
the waste material (A) stored in said gasification furnace (1) is ignited.
16. Apparatus as clained in claim 14, characterised in that said oxygen
supply nmeans (3) conprises: an oxygen sgpply (35) connected to said gasi-
fication furnace (1) through an oxygen supply pipe (37) extended fromthe
gasification fur-

taneous combustion. Upon a reduction in the tempera-
ture T2, therefore, the igniter 31 is operated by the ig-
niter controller 31a to burn the combustible gas.

In the incinerating apparatus according to the above
embodiment, the waste material A can be burned, ther-

mally decomposed by dry distillation, and agnggpi ACEMENT SHEET '

duced by the dry distillation of the waste material ka
also be burned smoothly and reliably without giving {is
to nitrogen oxides that would cause an environmenptal

smoothly and reliably, and the combustible gas pr
’ y Eg NOV 1957

}

pollution. Accordingly, the waste material A can be in-
cinerated cleanly. Inasmuch as the heat of combustion
of the combustible gas is used as the heat source for
the boiler 33, the thermal energy generated when the
waste 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 discharging the
finally produced ash out of the gasification furnace 1.

In the above embodiment, in the final stage of the
dry distillation of the waste material A, the vaive control-
ler 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 depending on the temperature T2 of
the combustible gas as detected by the temperature
sensor 26 and the temperature T1 in the gasification fur-
nace 1 as detected by the temperature sensor 23. How-
ever, the valve controller 42 may open the flow control
valve 40 at a suitable time based on only the tempera-
ture T1 in the gasification furnace 1 as detected by the
temperature sensor 23. An operation sequence based
on such a madification will be described below.

The valve controller 42 is supplied with only the de-
tected signal from the temperature sensor 23. The other



nace (1); a flow control valve (39) disposed in said oxy- gen supply pipe
(37); and valve control nmeans (41) for controlling an opening of said flow
control valve (39); said valve control nmeans (41) conprising neans for

i ncreasi ng the opening of said flow control valve (39) stepw se to increase
step- wise and limt the amount of oxygen supplied to said gasification
furnace (1) to the extent which allows46he portion of the waste materi al

details are the same as those of the incinerating appa-
ratus described above. When the temperature T1 in the
gasification furnace 1 as detected by the temperature
sensor 23 increases up to the temperature T1a 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, thus increas-
ing the amount of oxygen supplied to the gasification
furnace 1. '

When the temperature T1 in the gasification furnace
1 as detected by the temperature sensor 23 temporarily
increases up to the temperature 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 dis-
tillation, the valve controller 42 does not open the flow
control valve 40, allowing the dry distillation of the waste
material A to be continued.

Normally, the temperature T1 in the gasification fur-
nace.A varies as described above. With the predeter-
mined period of time ts being appropriately selected, the
flow control valve 40 is reliably opened when the dry dis-
tillation is finished, thereby increasing the amount of ox-
ygen supplied to the gasification furnace 1. Conse-
quently, the final combustion and ashing of the waste
material A is smoothly carried out.

REPLACEMENT SHEET
18 NOV 1997




(A) to be continuously burned when the tenper- ature of the conbustible gas
as detected by said second tenperature detecting neans (26) 57 increases
after the waste material (A) stored in said gasification furnace (1) is
ignited, and for controlling the opening of said flow control valve (39) to
regul ate the anount of oxygen

47

Claims

1. Apparatus for incinerating a waste material(A) by
processing the waste material (A) through dry dis-
tillation and gasification, comprising:

a gasification furnace (1) for storing a waste
material (A) therein and burning a portion of the
waste material (A) and thermally decomposing
a remainder of the waste material (A) by way of
dry distillation with the heat of combustion of
the portion of the waste material (A), thereby
producing a combustible gas;

a combustion furnace (2) for combusting the
combustible gas introduced therein from said
gasification furnace (1) through a gas passage
(28), : |
first temperature detecting means (23) for de-
tecting the temperature in said gasification fur-
nace (1) ;

second temperature detecting means (26) for
detecting the temperature of the combustible
gas as it is burned in said combustion furnace
(2); and '
oxygen supply means (3) for supplying said

gasification furnace (1) with an ambunt of oxy REPLACEME@WWE
gen required to burn the portion of the waste] | 19 NOM: ¥80-
material (A) and to thermally decompose the re; '

|
mainder of the waste material (A) while control{ |
ling the amount of oxygen supplied to said gast
iffication furnace (1) to maintain, at a substan-
tially constant value, the temperature of the
combustible gas as detected by said second
temperature detecting means (26) during the

dry distillation of the waste material (A), and for

e




supplied to said gasification furnace (1) inorder to maintain the
tenperature of the conbustible gas at said substantially constant val ue
after the tenperature of the conbustible gas has in- creased up to said
predeterm ned val ue. 16. Apparatus as clained in claim14 or 15, character-
Ised in that said oxygen supply nmeans (3) conpris- es means for stopping

t he supply of oxygen to said gasificatiasn furnace (1) when a rate of change
per unit tinme of the tenperature of the conbustible gas exceeds a
predet erm ned val ue and when the tem

supplying said gasification furnace (1) with an
amount of oxygen to accelerate the combustion
and ashing of the waste material (A) when the
dry distillation of the waste material (A) is fin-
ished, characterised in that said oxygen supply
means (3) comprises control means (41,42)
adapted to increase the amount of oxygen sup-
plied to said gasification furnace (1) to acceler-
ate the combustion and ashing of the waste ma-
terial (A) if both the temperature in said gasifi-
cation furnace (1) as detected by said first tem-
perature detecting means (23) increases up to
a first predetermined temperature or higher as
the combustion of the waste material (A)
progresses and the temperature of the com-
bustible gas as detected by said second tem-
perature detecting means (26) drops from said
substantially constant value to a second prede-
termined temperature or lower, when the dry
distillation of the waste material (A) is finished.

2. Apparatus as claimed in claim 1, characterised in

that said oxygen supplvy means (3) comprises: EET‘
an oxygen supply (35) connected to said gasi- REPLACEMENT SHEE!

fication furnace througl"l a pair of first and sec- m
ond oxygen supply pipes (37,38) extending

from the gasification furnace (1); Nk
a pair of first and second flow control valves L
(39,40) disposed in said first and second oxy-

gen supply pipes (37,38) respectively; |

first value control means (41) for opening said

first flow control valve (39) to supply the amount

of oxygen required to burn the portion of the

waste material (A) and to thermally decompose

the remainder of the waste material (A), from

said oxygen supply (35) to said gasification fur-

nace (1) and for controlling the opening of said

A

|




. perature of the conbustible gas as detected by said second tenperature
detecting neans (26) increas- es after the waste material stored in said
gasifica- tion furnace (1) is ignited. 17. Apparatus as clained in claiml
or 3, characterised in that said oxygen supply neans (3) conprises neans
for stopping the supply of oxygen to said gasification furnace (1) when a
rate of change per unit time of the teygerature of the conbustible gas
exceeds a predeterm ned val ue and when the tem perature of the conmbustible
gas as detected by said

first flow control valve (39) to regulate the
amount of oxygen supplied to said gasification
furnace (1) to maintain, at said substantially
constant value, the temperature of the combus-
tible gas as detected by said second tempera-
ture detecting means (26), while the dry distil-
lation of the waste material (A) progresses; and
second valve control means (42) for opening
said second flow control valve (40) to increase
the amount of oxygen supplied from said oxy-
gen supply (35) to said gasification furnace (1)
if both the temperature in said gasification fur-
nace (1) as detected by said first temperature
detecting means (23) increases up to said first
predetermined temperature or higher and the
temperature of the combustible gas as detect-
ed by said second temperature detecting
means (26) drops to said second predeter-
mined temperature or lower, when the dry di REPLACEMENT SHEF.T
tillation of the waste material (A) is finished.

19 NOV 1997

3. Apparatus for incinerating a waste material (A) b _
processing the waste material (A) through dry dig- -

tillation and gasification, comprising: o

a gasification furnace (1) for storing a waste
. material (A) therein and burning a portion of the
waste material (A) and thermally decomposing
a remainder of the waste material (A) by way of
dry distillation with the heat of combustion of
the portion of the waste material (A), thereby
producing a combustible gas;
a combustion furnace (2) for combusting the
combustible gas introduced therein from said
gasification fumace (1) through a gas passage

(28): :
TR A




second tenperature detecting nmeans (26) increas- es after the waste
material (A) stored in said gasi- fication furnace (1) is ignited. 58
18. Apparatus as clainmed in claim17, characterised in that said oxygen
supply means (3) conprises: an oxygen supply (35) connected to said gasi-
fication furnace (1) through an oxygen supply '

' 50

first temperature detecting means (23) for de-

tecting the temperature in said gasification fur-

nace (1),

second temperature detecting means (26) for

detecting the temperature of the combustible

gas as it is burned in said combustion furnace

(2); and

oxygen supply means (3) for supplying said

gasification furnace (1) with an amount of oxy-

gen required to burn the portion of the waste

material (A) and to thermally decompose the re-

mainder of the waste material (A) while control-

ling the amount of oxygen supplied to said gas-

ification furnace (1) to maintain, at a substan-

tially constant value, the temperature of the

combustible gas as detected by said second

temperature detecting means (26) during the

dry distillation of the waste material (A), and for

supplying said gasification furnace (1) with an

amount of oxygen to accelerate the combustion 1
and ashing of the waste material (A) when the

dry distillation of the waste material (A) is fin-| rgPLACEMENT SHEﬂ
ished, characterised in that said oxygen supply ' a7
means (3) comprises control means (41,42) 19 NOV
adapted to increase the amount of oxygen sup- {

plied to said gasification furnace (1) to acceler- e
ate the combustion and ashing of the waste ma-

terial (A) if both the temperature in said gasifi-

cation furnace (1) as detected by said first tem-

perature detecting means (23) increases up to

a predetermined temperature or higher as the

combustion of the waste material (A) progress-

es and the temperature in said gasification fur-

nace (1) remains at said predetermined tem-
‘perature or higher a predetermined period of

time after the temperature has increased up to
L




“pipe (37) extending fromthe gasification fur- nace (1); a flow control
“valve (39) disposed in said oxy- gen supply pipe (37); and val ve control
mmeans (41) for controlling an opening of said flow control valve (39); said
- valve control neans (41) conprising neans for increasing the opening of
said flow control valve (39) stepwise to increase step- wise and limt the
anmount of oxygen supplied fromsaid oxygen supply (35) t6 said gasifica-

said predetermined temperature or higher,
when the dry distillation of the waste material -
(A) is finished.

4. Apparatus as claimed in claim 3, characterised in
that said oxygen supply means (3) comprises:

an oxygen supply (35) connected to said gasi-
fication furnace (1) through a pair of first and
second oxygen supply pipes (37,38} extending
from the gasification furnace (1),

a pair of first and second flow control valves
(39,40) disposed in said first and second oxy-
gen supply pipes (37,38), respectively;

first valve control means (41) for opening said
first flow control valve (39) to supply the amount
of oxygen required to burn the portion of the
waste material (A) and tothermally decompose
the remainder of the waste material (A), from
said oxygen supply (35) to said gasification fur-
nace (1) and for controlling the opening of said
first flow control valve (39) to regulate the
amount of oxygen supplied to said gasification
furnace (1) to maintain, at said substantially
constant value, the temperature of the combus-
tible gas as detected by said second tempera-
ture detecting means (26), while the dry distil-
lation of the waste material (A) progresses; and
second valve control means (42) for opening
said second flow control valve (40) to increase

1
REPLACEMENT SHEET |

o || I




tion furnace (1) to the extent which allows the portion of the waste

mat eri al

(A) to be continu- ously burned when the rate of change per unit

time of the tenperature of the conbustible gas is of said predeterm ned
val ue or |ower and when the tenperature of the conbustible gas as detected
by said second tenperature de- tecting nmeans (26) increases after the waste

mat eri al

(A) stored in said gasificatiagy furnace (1) is ignited, for

closing said flow control valve (39) when the rate of change per unit tine

of

the amount of oxygen supplied from said oxy-
gen supply (35) to said gasification furnace (1)
if both the temperature in said gasification fur-
nace (1) as detected by said first temperature
detecting means (23) increases up to said first
predetermined temperature or higher and the
temperature in said gasification furnace (1) re-
mains at said predetermined temperature or
higher for said predetermined period of time af-
ter the temperature has increased up to said
predetermined temperature or higher, when the
dry distillation of the waste material (A) is fin-
ished.

5. Apparatus as claimed in claim 2 or 4, characterised
by igniting means (13) connected to a lower portion
of said gasification fumace (1) for igniting the waste
material (A) stored in said gasification furnace (1),
said first oxygen supply pipe (37) with said first flow
control valve (39) disposed therein extending from
a bottom of said gasification furnace (1), and said
second oxygen supply pipe (38) with said second
flow control valve (40) disposed therein extending
from said gasification furnace (1) at a position high-
er than said first oxygen supply pipe (37).

REPLACEMENT SHEET

6. Apparatus as claimed in any one of the precedifgg -
claims, characterised in that said first temperatufe| 19 NOV 1997
detecting means (23) is disposed in an upper pgr-
tion of said gasification furnace (1).

7. Apparatus as claimed in any one of the preceding
claims, further including second oxygen supply
means (4) for supplying said combustion furnace
(2) with an amount of oxygen required to completely

NI




the tenperature of the conmbustible gas ex ceeds said predeterm ned val ue,
and for con- trolling the opening of said flow control valve (39) to

regul ate the anmount of oxygen supplied to said gasification furnace (1) in
order to main- tain the tenperature of the conbustible gas as said
substantially constant value after the tem perature of the conbustible gas
has i ncreased up to said predetern nedsyal ue.

combust the combustible gas introduced into said
combustion furnace (2), said second oxygen supply -
means (4) comprising means for varying the
amount of oxygen supplied to said combustion fur-
nace (2) depending on a change in the temperature
of the combustible gas as detected by said second
temperature detecting means (26) while the dry dis-
tillation of the waste material (A) progresses.

8. Apparatus as claimed in claim 7, characterised in
that said combustion furnace (2) comprises a burn-
er nozzle (24) for mixing said combustible gas and
the oxygen supplied from said second oxygen sup-

‘ply means (4), and a combustion chamber (25) for
combusting the combustible gas mixed with the ox-
ygen, further including igniting means (31) connect-

ed to said combustion furnace (2) for igniting the
combustible gas mixed with the oxygen, said gas
passage being connected to said combustion fur-~—
nace (2), said second temperature detecting means
(26) being disposed in said combustion chamber
(25).

9. Apparatus as claimed in claim 8, characterised.i
that said second oxygen supply means (4) compris
es an oxygen supply (35) connected to said burner
nozzle (24) through an oxygen supply pipe (43) ex-
tended from said burner nozzle (24), a flow control
valve (45) disposed in said oxygen supply pipe (43),
and valve control means (47) for opening said flow
control valve (45) to supply an amount of oxygen
required to completely combust the combustible
gas from said oxygen supply (35) to said burner
nozzle (24) and for controlling the opening of said
flow control valve (45) to regulate the amount of ox-
ygen supplied to said combustion furnace (2) de-

+ ¢ L M S *
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59 19. Apparatus as clained in ahy one of clains 10 to 18, characterised by

igniting means for igniting the waste material |
gasification fur- nace (1). 20. Apparatus as clained in claim19, -

(A) stored in said

characterised in that said igniting nmeans conprises a plurality of ig-

niters (13) disposed on a surroundi ng wal l
for igniting the waste mate- ria

surroundi ng

10.

11.

pending on the change in the temperature of the
combustible gas as detected by said second tem-
perature detecting means (26) while the dry distil-
lation of the waste material (A) progresses.

Apparatus as claimed in claim 1 or 3, characterised
by oxygen detecting means (34) in said gas pas-
sage (28) for detecting an amount of oxygen mixed
with the combustible gas introduced from said gas-
ification furnace (1) into said combustion fumace
(2), |

said oxygen supply means (3) comprising
means (41) for stopping supplying oxygen to said
gasification furnace when the amount of oxygen as
detected by said oxygen detecting means (34) ex-
ceeds a predetermined value.

Apparatus as claimed in claim 10, characterised in
that said oxygen supply means (3) comprises:

an oxygen supply (35) connected to said gasi-
fication furnace (1) through an oxygen supply
pipe (37) extended from the gasification fur-
nace (1):

a flow control valve (39) disposed in said oxy-
gen supply pipe (37); and

valve control means (41) for controlling an
opening of said flow control vaive (39);

said valve control means (41) comprising
means for controlling the opening of said flow
control valve (39) to regulate the amount of ox-
ygen supplied from said oxygen supply (35) to
said gasification furnace (1) in orderto increase
the temperature of the combustible gas as de-
tected by said second temperature detecting
means (26) and maintain the increased temper-
ature at said substantially constant value when

of said gasification furnace (1)
(A a4 a plurality of |ocations at the

REPLACEMENT
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21,

of the gasification furnace (1). 21. Apparatus as claimed in claim 20,
characterised by extinguishing neans (5) for extinguishing the com bustion
of the waste material (A) when the rate of change per unit tinme of the
tenperature of the com bustible gas exceeds a predetermnined value and when
the tenperature of the conbustible gas as de- tected by said tenperature
detecting neans (26) in- creases aftersihe waste nmaterial (A) stored in
said gasification furnace (1) is ignited. 22. Apparatus as claimed in claim
characterised in

12,

13.

the amount of oxygen detected by said oxygen
detecting means (34) is of said predetermined
value or lower, and for closing said flow control
valve (39) when the amount of oxygen detected
by said oxygen detecting means (34) exceeds
said predetermined value.,

Apparatus as claimed in claim 10 or 11, character-
ised in that said oxygen supply means (3) compris-

es means for increasing stepwise an limiting the
amount of oxygen supplied to said gasification fur-
nace (1) to an extent which allows the portion of the
waste material (A) to be continuously burned when
the amount of oxygen as dstected by said oxygen
detectingmeans (34) is of said predetermined value
or lower and when the temperature of the combus-
tible gas as detected by said second temperature
detecting means (26) increases after the waste ma-
terial (A) stored in said gasification furnace (1) is
ignited.

Apparatus as claimed in any one of claims 10 to 12,
characterised in that said oxygen supply means (3)
comprises means for stopping the supply of oxyge
to said gasification furnace (1) if a rate of changg
per unit time of the temperature of the combustibj§
gas exceeds a predetermined value, when tHE

amount of oxygen as detected by said oxygen ? -
tecting means (34) is of said predetermined value
or lower and when the temperature of the combus-
tible gas as detected by said second temperature
detecting means (26) increases after the waste ma-
terial (A) stored in said gasification furnace (1) is

ignited.
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that said extinguishing neans (5) conprises: a supply of an inconbustible
gas (48); a gas supply pipe (49) extending fromsaid sup- ply of the

i nconbusti bl e gas (48) and connect- ed to said gasification furnace (1); a
fl ow control valve (50), disposed in said g supply pipe (49); and val ve
control neans (51) for opening said flow control valve (50) to supply the
I nconbustible gas to said gasificatioféfurnace (1) to extinguish the
conmbustion of the waste material (A) when

14. Apparatus as claimed in claim 1 or 3, characterised
in that said oxygen supply means (3) comprises
means for increasing stepwise and limiting the
amount of oxygen supplied to said gasification fur-
nace (1) to an extent which allows the portion of the

- waste material (A) to be continuously burned when
the temperature of the combustible gas as detected
by said second temperature detecting means (26)
increases after the waste material (A} stored in said
gasification furnace (1) is ignited.

15. Apparatus as claimed in claim 14, characterised in
' that said oxygen supply means (3) comprises:

an oxygen supply {35) connected to said gasi-
fication furace (1) through an oxygen supply
pipe (37) extended from the gasification fur-
nace (1);

a flow control valve (39) disposed in said oxy-
gen supply pipe (37); and

valve control means (41) for controlling an
opening of said flow control valve (39);

said valve control means (41) comprising
“means for increasing the opening of said flow
control valve (39) stepwise to increase step-
wise and limit the amount of oxygen supplied

to said gasification fumace (1) to the exten REPLACEMENT SHEET
which allows the portion of the waste materi
(A) tobe continuously burned when the tempe; 19 NOV 1997
ature of the combustible gas as detected

said second temperature detecting means (26}

AR



t he amount of oxygen detected by said oxygen detecting neans (34) exceeds
sai d predeter- m ned val ue. 60 23. A nethod of incinerating a waste
material (A) by processing the waste material (A) through dry dis-
tillation and gasification, conprising the steps of: storing a waste
material (A) in a gasification fur- _

57

increases after the waste material (A) stored in
said gasification furnace (1) is ignited, and for
controlling the opening of said flow control
valve (39) to regulate the amount of oxygen
supplied to said gasification furnace (1) in order
to maintain the temperature of the combustible
gas at said substantially constant value after
the temperature of the combustible gas has in-
creased up to said predetermined value.

16. Apparatus as claimed in claim 14 or 15, character-
ised in that said oxygen supply means (3) compris-
es means for stopping the supply of oxygen to said
gasification furnace (1) when a rate of change per
unit time of the temperature of the combustible gas
exceeds a predetermined value and when the tem-

- perature of the combustible gas as detected by said
second temperature detecting means (26) increas-
es after the waste material stored in said gasifica-
tion furnace (1) is ignited.

17. Apparatus as claimed in claim 1 or 3, characterised
in tat said oxygen supply means (3) comprises
means for stopping the supply of oxygen to said
gasification furace (1) when a rate of change per
unit time of the temperature of the combustible gas
exceeds a predetermined value and when the tem-
perature of the combustible gas as detected by said
second temperature detecting means (26) increas-
es after the waste material (A) stored in said gasi-
fication furnace (1) is ignited.
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nace (1) and burning a portion of the waste na- terial

deconposi ng a renai n-

material (A), thereby producing a conbustible gas;
conbustible gas fromsaid gas- ification furnace into a conbustion furnace

(2) through a gas passage (28); conbuggi ng the conmbustible gas in the com

bustion furnace (2);

(A and thermally

der of the waste material (A) therein by way of dry
distillation with the heat of conbustion of the portion of the waste

18. Apparatus as claimed in claim 17, characterised in
that said oxygen supply means (3) comprises:

an oxygen supply (35) connected to said gasi-

fication furnace (1) through an oxygen supply

pipe (37) extending from the gasification fur-
nace (1);

a flow control valve (39) disposed in said oxy-
gen supply pipe (37); and

valve control means (41) for controlling an
opening of said flow control valve (39);

said valve control means (41) comprising
means for increasing the opening of said flow
control valve (39) stepwise to increase step-
wise and limit the amount of oxygen supplied
from said oxygen supply (35) to said gasifica-
tion furnace (1) to the extent which allows the
portion of the waste material (A) to be continu-
ously burmed when the rate of change per unit
time of the temperature of the combustible gas
is of said predetermined value or lower and
when the temperature of the combustible gas
as detected by said second temperature de-
tecting means (26) increases after the waste

" material (A) stored in said gasification furnace

tain the temperature of the combustible gas as

(1) is ignited, for closing said flow control valve
(39) when the rate of change per unit time of

I ntroduci ng the

the temperature of the combustible gas g=
ceeds said predetermined value, and for ¢
trolling the opening of said flow control va! e
(39) to regulate the amount of oxygen supplipd
to said gasification furnace (1) in order to majn-
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said substantially constant value after the tem-
perature of the combustible gas has increased
up to said predetermined value.
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detecting the tenperature in said gasification furnace (1) using first
tenperature detecting neans (23); detecting the tenperature of .
conbustible gas as it is burned in said conbustion furnace (2) using second

tenperature detecting neans (26);

t he

and supplying said gasification furnace

(1) wth an anmobunt of oxygen required to bumthe portion of the waste
(A) and to thermally de- conpoge the remai nder of the waste

mat eri al
mat eri al

19. Apparatus as claimed in any one of claims 10 to 18,

20.

21.

22.

characterised by igniting means for igniting the
waste material (A) stored in said gasification fur-
nace (1).

Apparatus as claimed in claim 19, characterised in
that said igniting means comprises a plurality of ig-
niters (13) disposed on a surrounding wall of said
gasification furnace (1) for igniting the waste mate-
rial (A) at a plurality of locations at the surrounding
wall of the gasification fumace (1).

Apparatus as claimed in claim 20, characterised by
extinguishing means (5) for extinguishing the com-
bustion of the waste material (A) when the rate of
change per unit time of the temperature of the com-
bustible gas exceeds a predetermined value and
when the temperature of the combustible gas as de-
tected by said temperature detecting means (26) in-
creases after the waste material (A) stored in said
gasification furnace (1) is ignited.

Apparatus as claimed in claim 21, characterised in -

that said extinguishing means (5) comprises:

a supply of an incombustible gas_(48); .

a gas supply pipe (49) extending from said sup
ply of the incombustible gas (48) and connect
ed to said gasification furnace (1); . .
‘a flow control valve (50), disposed in said g
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su ipe (49); and '
vaﬁ/pelyczr?trol means (51) for opening said f!ow
control valve (50) to supply the incomteusttt;le
gas to said gasification furnace (1) to extinguish
the combustion of the waste material (A) when
the amount of oxygen detected by said oxygen
detecting means (34) exceeds said predeter-

mined value. . R AR A O 1



(A) while controlling the anbunt of oxygen sup- plied to said gasification
furnace (1) to main- tain, at a substantially constant value, the tem
perature of the conbustion gas as detected by said second tenperature
detecting neans (26) during the dry distillation of the waste material (A,
and for supplying said gasification furnace (1) with an anobunt of oxygen to
accel erate the conbustion and ashi ng of sbhe waste materi al

23. A method of incinerating a waste material (A) by
processing the waste material (A) through dry dis-
tillation and gasification, comprising the steps of:

storing a waste material (A) in a gasification fur-
nace (1) and burning a portion of the waste ma-
terial (A) and thermally decomposing a remain-

der of the waste material (A) therein by way of
dry distillation with the heat of combustion of

the portion of the waste material (A), thereby
producing a combustible gas;

introducing the combustible gas from said gas-
ification furnace into a combustion fumace (2)
through a gas passage (28),

combusting the combustible gas in the com-
bustion furnace (2);

detecting the temperature in said gasification
furnace (1) using first temperature detecting
means (23);

detecting the temperature of the combustible
gas as it is burned in said combustion furnace
(2) using second temperature detécting means
(26); and

supplying said gasification furnace (1) with an

amount of oxygen required to burn the portior] g

of the waste material (A) and to thermally de EPLACEMEM SHEET
compose the remainder of the waste materi 19 Nov 1997
(A) while controlling the amount of oxygen su
plied to said gasification furnace (1) to maifi:
tain, at a substantially constant value, the tem-
perature of the combustion gas as detected by
said second temperature detecting means (26)
during the dry distillation of the waste material
(A), and for supplying said gasification furnace
(1) with an amount of oxygen to accelerate the
combustion and ashing of the waste material

* [+ L ] S *




61 (A) when the dry distillation of the waste mate- rial (A) is finished,
characterised in that the anount of oxygen supplied to said gasification
furnace (1) is increased to accelerate the com bustion and ashing of the
waste material (A) if both the tenperature in said gasification fur- nace
(1) as detected by said first tenperature detecting means (23) increases up
to a first pre- determ ned tenperaturesdr higher as the com

(A) when the dry distillation of the waste mate-
rial (A) is finished, characterised in that the
amount of oxygen supplied to said gasification
fumace (1) is increased to accelerate the com-
bustion and ashing of the waste material (A) if
both the temperature in said gasification fur-
nace (1) as detected by said first temperature
detecting means (23) increases up to a first pre-
determined temperature or higher as the com-
bustion of the waste material (A) progresses
and the temperature of the combustible gas as
detected by said second temperature detecting
means (26) drops from said substantially con-
stant valus to a second predetermined temper-
ature or lower, when the dry distillation of the
waste material (A) is finished.

24. A method of incinerating a waste material (A) by
processing the waste material (A) through dry dis-
tillation and gasification, comprising the steps of:

storing a waste material (A) in a gasification fur-
nace (1) and burning a portion of the waste ma-
terial (A) by thermally decomposing a remain-
der of the waste material (A) by way of dry dis-
tiliation with the heat of combustion of the paragpLACEMENT SHEE?
tion of the waste material (A), thereby produc-
ing a combustible gas;
introducing the combustible gas from said ggs-
ification furnace into a combustion furnace|f;
through a gas passage (28):
compusttng the combustible gas in the com-
bustion furnace (2) ;
rmace (1) vsng it emenm, S2lfcatr
emperature detecting
means (23);

detecting the temperature of the combustible
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bustion of the waste material (A) progresses and the tenperature of the
conbusti bl e gas as detected by said second tenperature detecting neans (26)
drops fromsaid substantially con- stant value to a second predetern ned
tenper- ature or lower, when the dry distillation of the waste material (A
Is finished. 24. A nmethod of incinerating a waste material (A by '
processing the waste material (A) throggh dry dis- tillation and
gasification, conprising the steps of: storing a waste material (A) in a
gasification fur-

(A) when the dry distillation of the waste mate-

rial (A) is finished, characterised in that the

amount of oxygen supplied to said gasification

.fumace (1) is increased to accelerate the com-

bustion and ashing of the waste material (A) if

both the temperature in said gasification fur-

nace (1) as detected by said first temperature

detecting means (23) increases up toafirst pre-

determined temperature or higher as the com-

bustion of the waste material (A) progresses

and the temperature of the combustible gas as

detected by said second temperature detecting

means (26) drops from said substantially con-

stant value to a second predetermined temper-

ature or lower, when the dry distillation of the

waste material (A) is finished.

24. A method of incinerating a waste material (A) by
processing the waste material (A) through dry dis-
tillation and gasification, comprising the steps of:

storing a waste material (A) in a gasification fur-
nace (1) and burning a portion of the waste ma-
terial (A) by thermally decomposing a remain-
der of the waste material (A) by way of dry dis-
tillation with the heat of combustion of the por-
tion of the waste material (A), thereby produc-

ing a combustible gas; | REPLACEMENT SHEE
introducing the combustible gas fromsaid ga _ -
ification furnace into a combustion fumace (: {8 NBY 1997

through a gas passage (28); |
combusting the combustible gas in the co
bustion furnace (2) ;

detecting the temperature in said gasification
furnace (1) using first temperature detecting
means (23);

: ' . detecting the temperature of the :
THIS SHEET HAS BEEN g combustible
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nace (1) and burning a portion of the waste ma- terial (A) by thermally
deconposing a renmai n- der of the waste material (A) by way of dry dis-
tillation with the heat of conbustion of the por- tion of the waste
material (A), thereby produc- ing a conbustible gas; introducing the
conbustible gas fromsaid gas- ification furnace into a conbustion furnace
2) through a gas passage (28); conbustgfg the conbustible gas in the com
bustion furnace (2);

gas as it is burned in said combustion furnace
(2) using second temperature detecting means
(26); and
supplying said gasification furnace (1) with an
amount of oxygen required to burn the portion
of the waste material (A) and to thermally de-
comipose the remainder of the waste material
(A) while controlling the amount of oxygen sup-
plied to said gasification furnace (1) to main-
tain, at a substantially constant value, the tem-
perature of the combustible gas as detected by
said second temperature detecting means (26)
during the dry distillation of the waste material
(A), and for supplying said gasification furnace
(1) with an amount of oxygen to accelerate the
combustion and ashing of the waste material
(A) when the dry distillation of the waste mate-
rial (A) is finished, characterised in that the
amount of oxygen supplied to the gasification
furnace (1) is increased to accelerate the com-
- bustion and ashing of the waste materiaf (A) if
both the temperature in the gasification furnace
(1) as detected by the first temperature detect-
ing means (23) increases up to a predeter-
mined temperature or higher as the combustion
of the waste material (A) progresses -and the

temperature in said gasification fumace (1) re-
mains at said predetermined temperature or
higher a predetermined period of time after the 19 NOV 1997
temperature has increased up to said predeter-

mined temperature or higher, when the dry dis-{
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detecting the tenperature of the
and

is burned in said conbustion furnace (2) using

detecting the tenperature in said gasification furnace (1) using first
62 gas as it

tenperature detecting neans (23);

conbusti bl e
second tenperature detecting neans (26);
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supplying said gasification furnace (1) with an anobunt of oxygen required
to burn the portion of the waste material (A) and to thermally de- conpose
t he remai nder of the waste material (A) while controlling the anount of
oxygen sup- plied to said gasification furnace (1) to main- tain, at a
substantially constant value, the tem perature of the conbustible gas as
detected by said second tenperature detecting neans (26) during the dry
distillation of the waste materi al (A%, and for supplying said gasification
furnace
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(1) with an amobunt of oxygen to accel erate the conbustion and ashing of the
waste material (A) when the dry distillation of the waste mate- rial (A) i3
finished, characterised in that the anmobunt of oxygen supplied to the
gasification furnace (1) is increased to accelerate the com bustion and
ashing of the waste material (A) if both the tenperature in the
gasification furnace (1) as detected by the first tenperature detect- ing
means (23) increases up to a predeter- gmned tenperature or higher as the
combusti on
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of the waste material (A) progresses and the tenperature in said
gasification furnace (1) re- mains at said predeterm ned tenperature or ,
hi gher a predeterm ned period of tine after the tenperature has increased
up to said predeter- mned tenperature or higher, when the dry dis-
tillation of the waste material (A) is finished.
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gas as it is burned in said combustion furnace
(2) using second temperature detecting means
(26); and |

supplying said gasification furnace (1) with an
amount of oxygen required to burn the portion
of the waste material (A) and to thermally de-
compose the remainder of the waste material
(A) while controlling the amount of oxygen sup-
plied to said gasification furnace (1) to main-
tain, at a substantially constant value, the tem-
perature of the combustible gas as detected by
said second temperature detecting means (26)
during the dry distillation of the waste material
(A), and for supplying said gaSification furnace
(1) with an amount of oxygen to accelerate the
combustion and ashing of the waste material
(A) when the dry distillation of the waste mate-
rial (A) is finished, characterised in that the
amount of oxygen supplied to the gasification
furnace (1) is increased to accelerate the com-
bustion and ashing of the waste material (A) if
both the temperature in the gasification furnace
(1) as detected by the first temperature detect-
ing means (23) increases up to a predeter-
mined temperature or higher as the combustion
of the waste material (A) progresses -and the
temperature in said gasification fumace (1) re-
mains at said predetermined temperature or
higher a predetermined period of time after the
temperature has increased up to said predeter-
mined temperature or higher, when the dry dis-
tillation of the waste material (A) is finished.
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APPARATUS FOR INCINERATING WASTE MATERIAL

ABSTRACT

Apparatus for incinerating waste material is in a gasification
furnace (1), a portion of the waste material (A) is burned and the
remainder is thermally decomposed by dry distillation with the heat
of combustion, producing a combustible gas. A combustion furnace
(2) ﬁombusts the combustible gas. The gasification furnace {1) is
;upplied with an amount of oxXygen required to burn the portion of
the waste material (A) and to thermally decompose the remainder.

The gasifiéation furnace (1) is supplied with an amount of oxyqen-to
accelerate the combustion and ashing of the wasté material (A) when
the dry distillation is finished. When the dry distillation is
finished, the amount.of oxfgen supplied to the gasification furnace .

(1) is increased to accelerate the combustion and ashing of the

waste material (a).

FIGURE 1.
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