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The gases generated by this incineration are exhausted through a discharge
line and enter a boiler. In the boiler, steamis produced through thermal
contact with heated water. The steamis used as the drive source for a
turbine in an electrical plant. Oganic conpounds such as vinyl chloride
plastics are a 1 conmponent of waste material such as nunicipal garbage.
The conbustibl e portion contai nssaggrexcrateNy 0.2-0.5% C . Wen conbust ed,
chl orides contained in the vinyl chloride plastics mxed in with waste

mat eri al YEIHORs AN ARBARATHH Qe BRQDUGHNG r SURERBEATED $RBAMaUSYNGt he HC

content o F@é@a l.ncl t arbage is in the range
of 500-1,&Eéggpn1 %%Eigﬁaékkgg#gagnb?thS%§e§R&ﬁﬁﬁﬁg boiler used to
produce steamwhich is placed at the exit of the incinerator and corrodes
them At tenperatures above 350[err]C, as the surface tenperature of the

t ubes i ncFEGEB CALh&IESDr osi on becones extrenely serious. It was thus

necessary in %%Lor art incinerators to keep
is invention concerns a superheated steam generator

which employs incinerating municipal garbage or industrial
waste, and produces superheated steam with the heat energy
from such an incineration. The superheated steam produced by
this apparatus might, for example, be used for an electric
power plant. The heat energy of the incineration can also be
used to melt the ash resulting from incineration so that it

can be used again as a resource.

TECHNICAL BACKGROUND

In the prior art, apparatuses to incinerate waste such as
municipal garbage have frequently employed fluidized beds.
Such apparatuses blow air or the exhaust gas from
incineration into the fluidized bed medium, which may be
sand, from below a dispersion plate (e.g., a perforated
plate) in the furnace onto which the sand is supplied. The
material is heated and thereby fluidized. Waste such as
municipal garbage is fed into the fluidized bed formed in
this way and combusted.

The gases generated by this incineration are exhausted
through a discharge line and enter a boiler. In the boiler,
steam is produced through thermal contact with heated water.
The steam is used as the drive source for a turbine in an
electrical plant.

Organic compounds such as vinyl chloride plastics are a

1



the tenperature of the tube surfaces bel ow 350[err]C. This limted the
tenperature of the steam which could be produced to approximtely

300[err] C As a result, the generating efficiency of prior art
garbage incinerators was below 15% In contrast, fuels such as heavy oil or
LNG (liquified natural gas) are virtually free of chlorine conpounds.

Boi | er t ulsesmpomasitamtfs wasiteh mader ivfe sachy @lss mead odiPeRs gaxBagenpe&€ur es of

500-600[err] C, yi.elding an efficjiency of 40% Because.,o elL{ poQr

o 11 o ehoy OBt ek PREEACE SO UARRIP I I DrprOveiert - oF st e

| nci ner at go%bx@t%%%“%r%eg ADVENT QY ERiSv i Ay ETHH 9y Mis plawelieged in
consi deration of these technical problens. The ©Object of this invention

is to prowiided iretwioch andks ton mpper balisstohehfi mueaclipapr gagybegeupaeheat ed
steam at hi gh tenperatures and under hi pressure w thout thex%lorr si on of

hi gh
the boil ecanvsesechi®edCly chNerratltonphanifs! Pntenns NS BFEARSSF thi s
'nventlondégr¥98hd%h%'E%JEHEfHE&on of garbage is in the range of

500-1,000 ppm.) This HCl acts on the tubes in the boiler
used to produce steam which is placed at the exit of the
incinerator and corrodes them. At temperatures above 350°C,
as the surface temperature of the tubes increases, the
corrosion becomes extremely serious.

It was thus necessary in prior art incinerators to keep
the temperature of the tube surfaces below 350°C. This
limited the temperature of the steam which could be produced
to approximately 300°C. As a result, the generating
efficiency of prior art garbage incinerators was below 15%.
In contrast, fuels such as heavy o0il or LNG (liquified
natural gas) are virtually free of chlorine compounds.
Boiler tubes in plants which burn these fuels can withstand
temperatures of 500-600°C, yielding an efficiency of 40%.
Because of their poor efficiency, there has been a strong

demand for the improvement of waste incinerators.

DISCLOSURE OF THE INVENTION

This invention was developed in consideration of these
technical problems. The object of this invention is to
provide a method and an apparatus to efficiently produce
superheated steam at high temperatures and under high
pressure without the corrosion of the boiler tubes caused by

chlorine compounds.



an apparatus to produce superheated steam which can efficiently reduce the
chl orine and produce superheated steam at high tenperatures w thout using
an expensive, high-quality substance for the boiler tubes. Another object
of this invention is to provide a nethod and an apparatus to produce

super heat ed steam which could efficiently conmbust char and pyrolyze it in
appar at uses f cknatiose qajgdsed, thid whvehtdan ebdfproendéya rreeiioed tansd

chl ori ne and produce superheated steam at hi gh tenperatures. Yet another

obj ect of ¥hi s2PRYERERSN FC tBrBQBGPdeSHPﬁﬁpgéGegndS&ﬁagppéﬁgfﬁ% t%r oduce
o . pr ! us. pod
super heat &de %%ﬁeagé&t‘.’% %&% ehE! cforlﬁfé‘ﬁﬁe o kﬂ%dﬁ‘g%&%ﬁ%ﬁ@%&‘%ﬁ% "y é%‘%“{: ar

Yet anot her I'sS 1nventiron 1s to provi

appar at us 41 Hilduempeurpeukeat vt kb eam s Bncarpehs i ¢é pridghpy=0litze char
in a char pyrolyzing device, prevent tars from adhering to the pipes,
prevent cokibgtangrl faxiudhe thwlkpramuhes of di oxins and NJ err] rel eased,
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generating steamin a stable fashion over a |long

efficiently combust char and pyrolyze it in apparatuses for

those purposes, and which can efficiently reduce the chlorine

and produce superheated steam at high temperatures.

Yet another object of this invention is to provide a
method and an apparatus to produce superheated steam which
can efficiently combust mixtures containing char.

Yet another object of this invention is to provide a
method and an apparatus to produce superheated steam which
can efficiently pyrolyze char in a char pyrolyzing device,
prevent tars from adhering to the pipes, prevent coking, and
reduce the quantity of dioxins and NOx released, while
efficiently reducing the chlorine and producing superheated
steam at high temperatures.

Yet another object of this invention is to provide a
method and an apparatus to produce superheated steam which
can continue generating steam in a stable fashion over a long
period of time, and which can use the pyrolysis gases more
efficiently.

A further object of this invention is to provide a method
and an apparatus to produce superheated steam which can melt
ash separated from the pyrolysis or combustion gases in order

to form an aggregate or some similar substance.



period of tinme, and which can use the pyrolysis gases nore efficiently. A
further object of this invention is to provide a nethod and an apparatus to

produce superheated steam which can nelt ash separated fromthe pyrolysis

or conbustion gases in order to forman aggregate or some simlar

subst ance.

boiler is

range of 2000 _ _ _
to the boi hipg P8 Mol IRE MPEELiBigNe8heAgWEL S tibeE MalrHRN Gt rf EAM ASES

3 _ Configuration To address these problens, we designed this
i nventi on €@nhagBrahiéonol | owi ng di stingui shing features. The water in the

uch a degree that ,its boi

containing chlorine. After 1t reaches its boiling point, the water is
heated to bbiién ssiperemmtrwidest éansofhaa spepide ethateripyer hodd éngi phinter mal

energy from gages, from vhi ch shlori des, have begn, removed: ; 'y o s,

at least two stages.

Up to the boiling point, the water is heated with thermal
energy from gases containing chlorine.

After it reaches its boiling point, the water is heated
to obtain superheated steam of a specified temperature with
thermal energy from gases from which chlorides have been
removed.

The effects of this invention can be seen in Figure 3.
Even if chlorine-rich gases resulting from the pyrolysis of
waste such as municipal garbage contain acids such as HCL,
the thermal energy of these gases will be used only to heat
the water to its boiling point, approximately 200°C to 320°C.
Although the chlorine-rich pyrolysis gases are used in the
boiler tubes which produce steam, the surface temperature of
the tubes does not exceed 350°C; hence these gases do not
corrode the tubes.

In this case, pressure is used to set the boiling point
of the water to somewhere between 200°C and 320°C. Even if
there is variation in the rate of transfer of the thermal
energy of the chlorine-rich pyrolysis gases to the water in
the boiler, this variation can be used to absorb the latent
heat of the water. (In other words, it is used only to
change the water from liquid to steam, but not to raise its
temperature.) The surface temperature of the heat-exchange

tubes in the boiler does not exceed the point at which
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The effec

ts of this invention can be seen in Figure 3. Even if

chlorine-rich gases resulting fromthe pyrolysis of waste such as nuni ci pal
ontain acids such as HCl, the thernmal energy of these gases wll
nly to heat the water to its boiling point, approxi mtely 2000C to

gar bage ¢
be used o
320[err].

Al t hough the chlorine-rich pyrolysis gases are used in the

boi |l er
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approximately to 500-950°C generated by combusting these
residues can be used for the secondary or tertiary heating
where the water or steam of 200-320°C in the primary heating
is further heated to 400-500°C to produce the superheated
steam (so that the temperature of the boiler tubes is
approximately 450-550°C). No corrosion will occur under these
circumstances, even in tubes formed from common, inexpensive
materials.

When a boiler of this design is used to generate
electricity through the incineration of garbage, it will
result in a generating efficiency of 30-40%. This is equal
to the efficiency of a plant which burns fuels such as heavy
0il or LNG, which are substantially free of chlorine
compounds .

In the actual systems, the garbage is heated by means of
the chlorine-containing energy source as follows. Waste is
supplied into a chamber containing a fluidized bed medium
which has been heated to at least approximately 300°C.
Thermal energy is freed by combusting the pyrolysis gases
obtained in the pyrolysis means (pyrolysis furnace) which
induces the pyrolytic reaction. This energy is used to heat
the water. For the chlorine-free energy source, .the mixture
of char, which consists of the unpyrolyzed residue, and sand

removed from the pyrolysis furnace is fluidized by air, and
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chl orine corrosion begins. Wth this design, then, the tenperature of
the water or the steam can be increased in a stable fashion. Unpyrolyzed
resi dues which are not thermally deconposed in the pyrolysis occurring at
300[err] to 500[err] have already been dechlorinated. Thus the therma
energy correspondi ng approxi mately to 500-950[err] generated by conbusting
t hese resFHﬁeEnEHﬁogEZaéeUE$bduehéssecmhdatgdobytﬁheiahgrheambmgtmn&re t he

wat er ftean1of 20 SZQ%ﬁ;r in the primr heatlng is further heated to
400- 500[e ?fﬁafﬁ'pro é“‘ggpe‘?ﬁ%’émédfsr 2o thH& wae tdénmpesedure of

the boil eputthes t8§ RORE OXhEBLLLY-450-550[err]C). No corrosion will occur
under these circunstances, even I n tubes fornmed from conmon, i nexpensive

material s. \WBhe a dppiarertusf wiish dewiagdr zies uskd tigvgendoat ed@ds@ﬁiﬂséd:i ty
t hrough t he |nC|nerat|on of garbage, it will result in a generating

ef fici ency B IBE LB L ﬁh?%mPEl%%ﬁJa‘Fh‘?onh@‘éWg&@W%t% pl ant whi ch
burns fuels qgcﬁggﬁéggigy Radns Obnik CZ§%#$ycgg S%te3%9§tantH%¥g¥ free

of chlorine co I n the actua t e gar bage i s

nmeans of hémtedl oy iateleantad0ong, eies ByrH9LF G tAedOBE0ne. aN@Si i,
A pyrolytic reaction is induced, and the gases generated by
the reaction, the char mixture consisting of unpyrolyzed
residue and the fluidized bed medium, and the uncombusted
materials are separated from each other by a fluidized bed,
a rotary kiln or a mechanical agitation tank.

A char combustion means to combust char comprising a
fluidized bed suspended in a gas stream, a rapidly
circulating fluidized bed, or some other type of fluidized
bed which uses air to fluidize the char mixture of
unpyrolyzed residue and fluidized bed medium and to combust
the char.

A first steam generating means to produce steam which
uses the thermal energy of the pyrolysis gases to produce hot
water or steam of a temperature under 400°C, more
specifically, of a temperature under approximately 200-350°C.

A second steam generating means to produce steam which
converts the hot water or steam produced by the first steam
generating means into superheated steam using the heat of the
combustion gases obtained by the char combustion means to
combust char.

In this case, it is desirable that a portion of the steam

heated by either the first or the second steam generating

means or a portion of the hot water or steam introduced into

6



supplied into a chanber containing a fluidized bed nedi um whi ch has been
heated to at |east approximately 300[err]C. Thernal energy is freed by
conbusting the pyrolysis gases obtained in the pyrolysis nmeans (pyrolysis
whi ch i nduces the pyrolytic reaction. This energy is used to heat

furnace)

t he wat er
consi sts

furnace i
by the ch
used furt
descri bed
nmeans whi

. For the chlorine-free energy source, the m xture of char,

whi ch
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s fluidi.zed by _air, an
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a primarily conprises the oW ng conponents: A pyro
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preferably between 350[err]C and 500[err]C. A pyrolytic reaction is
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consi stin
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circulation path used by the fluidized bed medium heated by
the char combustion means to combust char, and preferably on
the path along which the fluidized bed medium travels to
return to the pyrolysis means. A heat exchanger should be
provided in the combustion medium in the auxiliary char
combustion means to raise the temperature of the steam heated
by the heat exchange means arranged on the high-temperature
side of either the first or the second steam generating means
or of the char combustion means.

More specifically, it is desirable to provide, on the
path along which the fluidized bed medium heated by the char
combustion means returns to the pyrolysis means, an auxiliary
means to combust char which has a heat exchanging means or
other device to mitigate thermal drop.

To effectively remove uncombusted material from the
pyrolysis and char combustion means according to this
invention, the following components should be provided:

A first filtering means which separates any large chunks
of uncombusted matter from other material exiting through the
discharge port for uncombusted materials on the pyrolysis
means and which sends the other material to the bottom of the
char combustion means.

A second filtering means which separates the fluidized

bed medium from the finer uncombusted matter exiting through
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materials are separated from each other by a fluidized bed, a rotary kiln
or a nechanical agitation tank. A char conbustion neans to conbust char
conprising a fluidized bed suspended in a gas stream a rapidly circul ating
fluidized bed, or sone other type of fluidized bed which uses air to
fluidize the char m xture of unpyrolyzed residue and fl uidized bed nmedi um
and to coﬁh&n isrharge . pﬁxtlmgrsnngnnqnﬁngéxmngeneahs om pleelucbast eam

whi ch uses t her mal _ener of .t he ol ysis_gases to. produce hot water
or steam"° s l°PeWﬁ8Pataﬂé Wﬁhﬂ%rSégaﬁ)gh%]§§% HFsd e meaLsm O of a

t enper at UrgUBERL oRPBEOEhERERLY @992:3@@%8?[ h&an§ second steam generating
means to produce steam which converts t hot water or steam produced by

the first steamqymn@%ﬁnhupnmﬁgumeans)whimhheﬁfedeséeaaryslegpahatheat of
t he conbuibion ases B alne y the char. conbustion neans to conbust char.
In this c&8€ a8t P8 & asF aFﬁﬁtsédﬁoPF| SheofefRBAsEédRPRLATBeBYSei t her

&gfeﬁlgftg?gakgﬁﬁﬁfggﬂ%g?ﬁﬁ%g%ﬂﬁPQ£§§'ﬂghiﬁﬁ”‘ nQ SePRELLER Plohhenbot
ash, to the bottom of the char combustion means.

The first filtering means must at least have larger
openings than the second filtering means. More specifically,
the first filtering means should have openings approximately
5 mm larger than the scraps of waste which are loaded, and
the second filtering means should have openings approximately
2 mm larger than the maximum diameter (approximately 1.0 mm)
of the fluidized bed medium. The third filtering means
should have openings approximately 0.1 mm smaller than the
minimum diameter of the fluidized bed medium. Vibrating
screens may be used in the filtering means.

With this invention, the char mixture separated by the
pyrolysis means contains essentially no chlorides. Thus no
high-temperature corrosion will occur when this mixture is
used as a heat source by the second steam generating means in
order to produce superheated steam with a temperature over
500°cC.

The exhaust .gas from combusting pyrolysis gases
containing chlorides is used as a heat source in the first
steam generating means; however, this heat source is used
only to produce hot water or steam below 400°C, more
specifically, no hotter than about 200°C to 320°C. The
water, then, is not heated to the point at which

high-temperature corrosion occurs. There is no danger of
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ei ther of the steam generating nmeans be conducted as appropriate to a
heat exchanger arranged on the high-tenperature side of the char
conbusti on means to conmbust char. It is also desirable to provide an
auxi | iary char conbustion nmeans to conbust char sonmewhere al ong the
circulation path used by the fluidized bed nedi um heated by the char
conmbust i orcPEEPSLeD EBnbhSt beRArr AnbesnefndalRXPYf ivfo Jrt AW &hi ch

the fluidi e i ravels.to.return to the pyrolysis nmeans. A heat
exchanger Iﬁ%oﬁbﬁg]bge%%\%%%dr?%mﬁeed'corrbust ion mediumin the auxiliary char

combusti on meamsth OthaksentBatk BAPehatldd® i¥n tHe shearkBaat edated hy, heat
exchange neans arranged on the high-tenperature side of either the first or

t he secondestkem dgdeer firay meranseopndf steamchgenesabiByi Meansaner More

ecifically, it is_desirable to provide, on the path alaong which th
PPt i 7o BYHC HUR G FBR! BRCOYOERE. Ofia CEaMh b St KON IIE R ¢ he

pyrolysis fganswed qihdidding FRANS hdyCOoaRUshaCRAL YOI §lshAst FodlFde

exchangi ng nmeans or other device to n1¥fgate tﬁernaf dr op.
conducted into a heat exchanger (hereafter called the first
heat exchange means) arranged in the high temperature region
of the char combustion means. In the char combustion means,
the char mixture is fluidized by means of air and the
unpyrolyzed residue is combusted. The combustion gases reach
temperatures which are quite high, specifically, in the range
of 700°C to 950°C.

The thermal energy of these gases can be used to exchange
heat with a portion of the steam heated by either the first
or the second steam generating means, or with a portion of
the hot water or steam led into either of the generating
means. This will achieve the action shortly to be described.

The hot water fed to the first steam generating means is
conducted into the heat exchange means so that its
temperature is raised somewhat. The hot water or steam fed
to the second steam generating means can be conducted in
parallel into the heat exchange means, just as with the first
steam generating means. In this way the heating capacity of
the second steam generating means can be boosted, so that a
larger quantity of superheated steam can be produced.

The high-temperature region of the char combustion means
reaches temperatures in the range of 800-950°C. When the

superheated steam produced in the second steam generation

means is fed into the heat exchange means, its temperature

9



To effectively renove unconbusted material fromthe pyrolysis and char
conbustion neans according to this invention, the follow ng conponents
shoul d be provided: A first filtering neans which separates any | arge
chunks of unconbusted matter fromother material exiting through the

di scharge port for unconbusted materials on the pyrolysis neans and which
sends the @ahebenbrestal te t49d°Kothtnddh° @heyeﬁgﬁlCGnﬁusﬁV@@ hatier A
second filtering means which separates the fluidized bed nmediumfromthe
finer uncohbt®ted matter exiti ng through 7 the di scharge port for

uncormbust ed najKd i8% OBnHNECHRE &%’QH% char m@'&ﬂs"‘@h&htﬁérﬂ%s@e

fluidized bed nediumto the bottomof t conbustlon nmeans. hird
filtering hmnsexmbhahge i heapsessaeyn, sspaﬂatesse@esaqhennlahéydbscharge
side of the second filtering neans and sends the fluidized bed nmedium now
separ at ed B4 tHe BHied’ thfe Bptkmyertahel Mt Cigisust5adiPsrearisiisThe

first fil tﬂfaﬂﬂ;m Wwi4St y@glhegsltalngaev%ua% 9.%"3( of superheated steam.

Without intervention, the high-temperature region of the
char combustion means would reach temperatures in the range
of 950-1,300°C. If the char were allowed to flow untreated
into a discharge line made of common refractory materials,
the line would not be able to sustain withstand the heat.
Installing a heat exchange means in the high-temperature
region lowers its temperature to 800-950°C and allows common
refractory materials to be used for the discharge line.
Lowering the temperature of the region to 800-950°C as
described above does not affect the ability of the second
steam generating means to maintain the temperature of the
steam at 400-520°C.

The fluidized bed medium heated by the char combustion
means also attains a high temperature. According to this
invention, the thermal energy of this heated fluidized bed
medium can be used if an auxiliary char combustion means is
installed on the path along which the fluidized bed medium
heated by the first char combustion means circulates. A heat
exchange means can be provided in the fluidized bed medium in
this auxiliary combustion means on the side of either the
first or the second steam generating means.

Thus heat exchange means can be installed in series or in
parallel in the first and second steam generating means to

achieve multistage heating. This arrangement will increase
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openi ngs than the second filtering neans. More specifically, the first
filtering means shoul d have openi ngs approxinmately 5 nm | arger than the
scraps of waste which are | oaded, and the second filtering neans shoul d
have openi ngs approximately 2 mm | arger than the maxi nmum di aneter
(approximately 1.0 mm) of the fluidized bed nmedi um The third filtering
means shouthie Haheermpke mapgs: idppodx itimet €lyifizenbsdahédiumhsm that tihd num

di aneter of the fluidized bed megi um . _Vibrating screens r@g e used in
the filter'fHFhea?R. aWFeht Ri SCARVENILGH, LOT@ IS %ﬁiﬁ"é‘ by the

pyrol ysis Fofolator-1} ”éh@stﬁﬁﬁdfééd’ By Gl prdfles. Thus no high-tenperature

corrosion w occur when this mxture 1s used as a heat source by the
second st eam gEmerfitdith zeehned medider ihotheodhae somisudenbrednesdreamsni th a
t enperature over 5000C. The exhaust gas from conmbusti ng_pyrol ysis gases
cont ai ni ngFRMEFHRESY s tSedthe a RIEALYEGH ca¢dN S he fi ?‘Pé["eé’f%am rating
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hi gh-tenperature corrosi on occurs. There is no danger of

the fluidized bed medium in the pyrolysis means is 350-500°C.
If the considerably hotter fluidized bed medium from the char
combustion means is introduced directly into the pyrolysis
means, the temperature within that pyrolysis means will have
local spikes due to the differential and the temperature may
fluctuate. Controlling the volume of the fluidized bed
medium which is to be recirculated is thus an extremely
complex problem.

According to this invention, then, an auxiliary char
combustion means equipped with a thermal mitigation means
such as a heat exchange means to mitigate thermal drop can be
placed on the path along which the fluidized bed medium
heated in the char combustion means travels on its return to
the pyrolysis means.

The temperature of the fluidized bed medium, which has
been heated to 700-850°C in the char combustion means, is
lowered by the heat exchange means in the auxiliary char
combustion means to 500-700°C. When this fluidized bed
medium, now at 500-700°C, is returned to the pyrolysis means,
a gentle thermal slope results. As a result, the temperature
in the pyrolysis means can be kept stable in the range of
350°C to 500°C.

With this invention, the waste fed into the pyrolysis

11
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cor

are not
either the first or second steam generating means or a portion of the hot
wat er or steam conducted into either of the steam generating neans nmay, at
the user's discretion, be conducted into a heat exchanger ghereafter

the firstmhaas ekghaggeendbhy) i r swy@pPd n apprdsigiatediyper

t he char gonbu tion ans., In the char con?iftion nEang, t he_char.m xture
i s f1uidi 2&GMByheant e Hi¢ HEURRFro P Fe i NFEEPHEE A BbRDURLRd. The
combusti 0Rn0RH@S MeAGH ARMRIPLAN G M WY & sH4dS AL OPneSppebiysakly, in
the range of 700[err] to 950[err]. The thermal energy of theése gases
used to emehnagendsdat haveh aa ¢gbane oer ok liihbtdyeabatwst etdthby élGthemmt he

first
wat er

or
or

rosion in the boiler tubes, and expensive, high-quality materials

required. Wth this invention, a portion of the steam heated

he second.steam generatjng neans, or with ortjion of the
OBSRAREHC LY o ST EnGIE oF N hE TG SR 1R nBAfs S27H Ok, PED

the actiop;ghgitby tﬂé@erﬂﬁfﬁﬁﬂb%qil also be removed through the

discharge port.

This is why the large chunks of uncombusted material are
separated from other matter exiting through the discharge
port by the first filtering means. Only the large chunks are
separated, while the remaining uncombusted material is
supplied to the bottom of the combustion means where it can
contribute to combustion.

Since the larger chunks of uncombusted material have
already been removed from the char combustion means and the
char residue has been sufficiently combusted, the material
exiting through the discharge port need only be separated by
the second filtering means into finer uncombusted material
and fluidized bed medium. The fluidized bed medium separated
by this filtering means can be supplied to the bottom of the
combustion means so that instead of being lost it can be
circulated and used again.

The third filtering means is not absolutely necessary.
However, it can catch the sand not caught by the second
filtering means while allowing only the ash to pass to the
exterior. Use of a third filtering means makes it easier to
remove the ash efficiently and recover the sand.

With this invention, if the plastic is to be completely
pyrolyzed in the pyrolysis means and the char completely

combusted in the combustion means, it is crucial that the
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The hot water fed to the first steam generating neans is conducted into the
heat exchange neans so that its tenperature is raised sonewhat. The hot
water or steamfed to the second steam generating nmeans can be conducted in
parallel into the heat exchange neans, just as with the first steam

generating neans. In this way the heating capacity of the second steam
generatingoﬁﬁﬂﬁs *hn RIS, 988 t Arkaustadgertkpiaaliament o§updtfeat ed

st eam can : aduce T I.ah- t.enp t i Q f ch co stion
reans T oadheR Tt Shber arer e i BHTEEER! hEaliEH A el R PHR
super heat efirsti2atedr odilzed tenpbhataeconthdt ead gedeidéncd mEaBS | Sofed into
the heat exchange neans, its tenperature 9 can be boosted to 4000C to
520[ err],Pyrelufhg andeGembustier albabe Thegoreuslyapenteebhed st eBer

generatin? peans_and the fi.rst heat excﬁgﬁge means, then, can be used

sequenti aF'y° or SR Pr &t el St o"REatPYF | 61° WSV S nfll tPRFRS Lt Rges.
Thi's arraggerBRbnvihl Hich bcauhdiog SHANbELYLRS SURRhaaEdaskea e

the pyrolysis occurs and the reactor where the char is
combusted.

There is communication between the two fluidizing tanks.
The char mixture comprising unpyrolyzed residue and fluidized
bed medium is supplied (i.e., returned) from the pyrolysis
means to the char combustion means; the hot fluidized bed
medium is returned from the combustion means back to the
pyrolysis means.

The temperature within the pyrolysis means is 350-500°C;
that within the char combustion means is 700-850°C. Given
this temperature differential, circulating a fluidized bed
medium with a high thermal capacity from one means to the
other and then back again will cause the temperature in both
means to fluctuate with the volume of fluidized bed medium
circulated. As a result, incomplete pyrolysis may occur in
the pyrolysis means and incomplete combustion may occur in
the combustion means.

With this invention, the water in the boiler is heatéd to
approximately its boiling point using the thermal energy of
gases containing chlorine compounds obtained from the
pyrolysis means, and it is heated from its boiling point
until it is superheated steam of a given temperature using
the thermal energy of dechlorinated gases obtained from the

char combustion means. The calorie ratio of the thermal

13



W thout intervention, the high-tenperature region of the char conbustion
means woul d reach tenperatures in the range of 950-1,300[err]. If the char
were allowed to flow untreated into a discharge |line nmade of conmon
refractory materials, the line would not be able to sustain withstand the
heat. Installing a heat exchange neans in the high-tenperature region

| owers it §NeEfyerdt Ukke t BYBOLYSE9[ BAFEE & adineshvst xtmbhe r BYFQdV 8Ly

materials_to be used for the discharge |ing. Loweri t he t.enper e of
the regi off°€8°800% 95(5%1& rﬁ}tflé“éa]csiegé‘F?HXd %_%o&t‘?do(%%c Hots HH e P%tégz%lbi lity
of the seeprdisc@ARERNEREIIHIY BRI JRNBhALNs hO81 8 PP YA Wre7e8 .t he
steam at 400-520[err]. The fluidi zed bed nedi um heated by the char

conbust i oHoweses ,abscaatseapifisbackifybwt efipehat dleidizadcbedi mgdiomt AEs

i nvention, .the thernmal energy of this heated fluidigzed bed nmediym can be
used i f aRiSGXSESEG g%EPfﬁr' Eg‘ﬁbﬁgll%henﬁéﬁéoi EaPHQFaE?eﬂabﬂt?ﬁEe ath al ong

whi ch the fl uh@ha%qi%dtaegﬁyénmﬁémcgief, the JfdiBlont bakvepihyel ineangegns

circulates. A heat exchange neans can provided in"the fluidized be
medi um i ntbhi srewmemnt | dEy kddsluss £ ok heransr ort Ivisl iiede bédeindudrunt hésf i r st

or the second steam generating neans. Thus heat exchange peans can be
insta||edprﬁv§g9ﬁeglgpe¢nalong the path traveled by thé char between

the pyrolysis. means and the combustion means or,
alternatively}'.in the pyrolysis means and/or in the
combustion means. '

This backflow preventive means may be a device which
creates a pressure differential, or it may be a mechanical
conveyor.

The backflow preventive means might, for example,
comprise at least one device to <create a pressure
differential in the combustion means which returns the
fluidized bed medium to the pyrolysis means. The device
should create a pressure differential larger than the
differential (P,~P;) between the pressure P, in the pyrolysis
means and the pressure P, in the char combustion means.

Another possible design for the backflow preventive means
would be to use a mechanical conveyor to feed the char by
force to either the pyrolysis means or the char combustion
means. Advantageously, the path from the entry porf of the
mechanical conveyor to its discharge port should be slanted
upward to create a gravity differential.

According to this invention, a thermal mitigation means
to mitigate thermal drop such as a heat exchanging means

should be provided on the path traveled by the heated
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in the first and second steam generating nmeans to achi eve

mul ti stage heating. This arrangenent will increase 10 t he t hernal
capacity of the fluidized bed nmediumso that the water can attain a stable

hi gh tenperature through therm

fluidized bed nediumin the char conbustion means is recirculated to
pyrolysi s f1iBalged bed meHIWRVEE. it! PEtheABEEFRbHI €heObhath8ombliytdbged bed

medi um

in the char conbustion nmeans is approximately 700-850[err],

contact with the fluidized bed nmedium The

t he

whi |l e

t hat of tmeahbsuitdi tbe pgdo&ydnanmeanshePpyfekybﬂy,naaheatseSEBaﬁthgrr]C
If the consideraglé hotter fluidized bed nedlun1fron1the char_  conbusti on

means is MREFSd

wi thin thﬁ\gaay%mlé oW
and the tenperature may f uctu

ntro

f1ui di zeddbsdribdduabakiecbhbaliobbeprecited! atedhesdiborangeepbrensky
compl ex problem According to this invention, then, an auxiliary char

the means in which the heat exchanglng means is installed.

According to this invention, a backflow preventive means
to prevent backflow of either char or fluidized bed medium is
provided between the pyrolysis and char combustion means so
that fluidized bed medium with a temperature differential as
described above and a 1large thermal capacity cannot
accidentally flow back to either of the fluidizing tanks.
This design will prevent backflow from causing temperature
fluctuations or adversely affecting the conditions required
for pyrolysis and combustion in either tank.

Furthermore, the flowing action which is the objective in
both the pyrolysis means and the char combustion means is
made to occur smoothly by this design. The desired calorie
ratio of the thermal energy of the pyrolysis gases obtained
in the pyrolysis means wvs. that of the chlorine-free
combustion gases obtained in the char combustion means (the
chlorine~-free thermal energy) can be achieved without
variation, and there will be no chlorides mixed in with the
char combustion gases.

A pressure differential generating means is provided to
generate a pressure differential (H) which is greater than
the differential (P, - P;) between the pressure P, in the
pyrolysis means and the pressure P, in the char combustion
means. When the pressure P, in the pyrolysis means falls

below a given value or the pressure P, in the char combustion
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conbusti on nmeans equi pped with a thermal mtigation neans such as a heat
exchange neans to m-tigate thernmal drop can be placed on the path al ong

whi ch the fluidized bed nedium heated in the char conbustion neans travels
on its return to the pyrolysis nmeans. The tenperature of the fluidized bed
medi um whi ch has been heated to 700-850[err]C in the char conbustion
means, i s rheaws etednedd®e heagiexnhangkuarpanxrdasudee aaxi | bar ysurakied
conbustion nmeans to 500-700[err]C. . Wen this fluidized bed nmedium now at
500- 700[ erd}eomaticat Ly n8atid theIhyeBl yias sHghsd1 higEepnt &2t ndFfdal 1% ope

tabl o in TRETERL pEaBoPERE S BogtA e RIS L I Te

wast e fed betwedheHyy chlaystombilst ioiBReESns SargEleablyyoilgsisrmesans can
approximately 200 nmin dianeter. Thus the discharge port for unconbusted
mat eri al s Pe M ainef ¥&rybedorar hacehatd e adlae 48)vhehpghol§sire means

nmust have 39919Q3t§£1§é!9ht'y | arger than 200 mm

According to this invention, the char combustion means is
also disclosed as follows.

In the combustion means, either the air supplied from
below the dispersion plate (hereafter called the air flow) is
divided into two streams or the interior of the said
fluidized bed is divided by a partition panel. This creates
a fluidizing tank which fluidizes and circulates the char
mixture in the fluidized bed. A supply port which delivers
the mixture of char from the pyrolysis means is located in
either the downward-flowing region of the fluidized bed or
the lower portion of the upward-flowing region.

The circulation means may comprises a number of units to
assure that the material circulates all around the fluidized
bed, or it may comprise a device which divides the air flow
supplied from below the dispersion plate into multiple
streams. The multiple air streams may be used to control the
volume of air so that the char mixture circulates in the
fluidized bed, or both systems may be used in tandem.

The char combustion means operates as follows.

Since most of the pyrolyzed char is in the form of
carbon, its density (i.e., its specific gravity) will be in
the range of 0.2 to 0.5. Because the specific gravity of the
fluidized sand in the combustion means is approximately 2.5,

the char will tend to float in the upper part of the bed. If

16



Consequently, sone of the char residue and sand or other fluidized bed
mediumw || al so be renoved through the discharge port. This is why the

| ar ge chunks of unconbusted material are separated fromother nmatter
exiting through the discharge port by the first filtering neans. Only the
| arge chunks are separated, while the remaini ng unconbusted material is
suppl i ed thet hemiatuem of the dentunstifdicieans wher ehbr wahlcbat iebate to

conmbustion. Since the |arger chunks of unconbusted naterial have already
been renp¥d@Magie-he HERSP BoABLSILI BHAREARY 2hd2iRelEnEPIREEPHue has been

sufficiently .ed, t.er.) exjtl | r ort
need only be §§g§?§§§§ Béhf%g?ggégﬁgngﬁ*tg?%nénﬁégggp%%§gg?$%®% gﬁggnbusted
mat eri al  angttiirel diraed thed pedilyBl sTheahkuiidi 2edaked tmdthm depawardd by
this filtering means can be supplied to the bottom of the conbustion nmeans
so that iddowaagofragdiong dfosthe tfloidinedibed| at BHearnglaséuedyal A9h he

N A e PR S AL o o
ash to pagaqdt ad hei Ui - 468 Chefel N MGilsl | iR G "BRAS BR&EEhAE easi er
He will be sufficiently mixed with air and that sufficient
combustion can occur with a relatively small air flow (for
example, air ratio = (air volume/theoretical air volume) =
1.2 to 1.3).

The char which floats to the surface of the fluidized bed
is also returned by way of the downward flowing region and
transported to the bottom of the fluidized bed. This
increases the effect discussed above.

To combust the pyrolysis gases, air is introduced into
the upper space of the fluidized bed furnace constituting the
pyrolysis means in a process which may entail a single stage
or multiple stages. This prevents temperature drops in the
discharge line. Since it also prevents extreme temperature
spikes, this design prevents tarring and coking and enables
the system to operate in a stable fashion.

With this invention, air may be introduced into the
pyrolysis gases after they have undergone primary combustion,
and the reduced pyrolysis gases may be burned to decrease the
volume of NOx generated.

When the heat of the second combustion in the upper space
of the furnace radiates into the fluidized bed occupying the
lower space of the furnace, the char will combust and

acceptable pyrolysis will not occur. With this invention,
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renove the ash efficiently and recover the sand. Wth this invention, if
the plastic is to be conpletely pyrolyzed in the pyrolysis neans and the
char conpletely conbusted in the conbustion nmeans, it is crucial that the
12 vol une of conbustion gas exhausted, the volunme of air supplied, the
vol une of bed medi um and waste fed and circul ated, the tenperature and the
resi dence theesifldiepypatysbstween comdustpper athd browegospasey ebnthel | ed.

For this reason it is not possible to prevent a pressure differential from
occurring B‘é’f’%‘éﬂ %ﬁenPFGPﬂﬁgl kg PERRORRetdet - JFHTS y%ﬁ SR IRE  the

reactor whg ﬁhgnﬁh{% Ee&&HP“éﬁSdbaJPF{SW'éfC Ji:&f‘éz‘x@%é’&éwee” the two

fIU|d|Z|ng he c m xt Gr e CORPr1 sl ng unpyrol yzed residue and

fluidized bed Wﬁdhuﬂhdaspﬁhﬁpjwﬁd téags , comp i sesl) a f £ owidheedybad ystise means
to the char conbustion means; the hot fluidized bed nmediumis returned from
t he conbusflehdieadsbpdcishosldhdigng ofwei Barnkans. a primary fluidized

bed, in which the sand or other fluidized bed medium is
fluidized by blowing air or the exhaust gas of combustion
from beneath the dispersion plate on which the material is
supplied; and a conveyor means to convey the waste material.
The walls below the primary fluidized bed become wider, and
a conveyor mean on the bottom of the chamber conveys the
solid portion of the waste material from its entry port to
the discharge port where the char mixture is removed.

With this invention, the conveyor means functions as an
auxiliary pyrolysis unit where uncombustible matter is
conveyed by force toward the char residue while pyrolysis is
induced. This insures that there is no material left among
the uncombustible material which has never been pyrolyzed.
All chlorides in the waste material are completely pyrolyzed,
vaporized and removed.

For the length of flow of the actual fluidized bed which
is produced by the partition panels within the bed, more
specifically the length of flow over which the waste material
and the fluidized bed medium are mixed and forced toward the
discharge port for the char mixture, many options are
possible. However, the pyrolytic reaction should be
sustained uniformly over a given period of time so that waste
material does not end up being blown intact all the way to
the discharge port for the char mixture. The configuration

described above allows the pyrolytic reaction to occur
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The tenperature within the pyrolysis neans is 350-500[err]C

that within

the char conbustion nmeans is 700-850[err]C. Gven this tenperature
differential, circulating a fluidized bed nmediumw th a high thernal

capacity fromone neans to the other and then back again w ||

cause the

tenperature in both neans to fluctuate with the volune of fluidized bed
medi um ci meulfatredy Asnd risul B, sutbipient pewiadsi ofmayimecuiod nanke

pyrol ysis nmeans and anqgﬁlete conbusti on y ocgcur é&;-the co
4 e aPEgOLEZed

nmeans. W cRlomigdesn, éntitdie f’ﬁét\ﬁat‘é‘?t‘?ﬁl?ﬂgtﬁoi Per

usti,on

approxinag%éégﬂi%éuydd Q%mgﬁggp using the thermal energy of gases

cont ai ni ng or1 ne conpoun

obt ai ned fromthe pyrolysis neans, and it

heat ed from i agdedidiingg 410 thisininkehtibsa,swperdsiat etludgeasephratgonen
tenperature using the thermal energy of dechlorinated gases obtained from
the char Se#nsstisopravdged betweemaitdei eyralivsist mepast geAndhe1§irstener gy

of L1e DYLQlrst SAses. Obt Aed. W PLNE Y OhYoL FuliGEN YR chlC LS

This ash sludge separation means extracts the sludge from the

ash which was separated from the gases forced out of either

the char combustion means or the pyrolysis means by the heat

of the primary combustion of the pyrolysis gases. Desirably,

a secondary pyrolysis gases combustion means could be

provided to carry out secondary combustion of the pyrolysis

gases from which the ash has been separated.

The ash sludge separated by the ash-sludge separating

means may be used to form an aggregate after the gas is

separated or while it is being separated

The pyrolysis gases can be used to induce secondary

pyrolysis gas combustion. The boiler or other device used as

the first steam generating means can be installed inside the

secondary pyrolysis gas combustion means. This will allow

the boiler water to be heated more efficiently.

The ash contained in the pyrolysis gases and that

contained in the combustion gases represents approximately

ten percent of the waste material. Thus it is not absolutely

necessary to use all the pyrolysis gases which supply the ash

to melt the ash. In fact, this might result

production of excess thermal energy.

in the

When low-calorie garbage is being burned, a great deal of

oxygen~enriched air will be needed to

generate

high-temperature combustion of the pyrolysis gases before the
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obtained fromthe char conbustion neans should be set at 7:3. However,
because of backflow of the fluidized bed nedium as di scussed above, the
calorie ratio cannot be maintained. According to this invention, a backflow
preventive nmeans to prevent backfl ow of char or fluidized bed nediumis
provi ded either along the path travel ed by the char between the pyrolysis

nmeans apdh the beomkuskdon neans or, alternatively, in the pyrolysis
means and/or in the conbustion nmeans. This backflow preventive neans may be
a devi ce whi cFheredfoae aipsessdr efdsuppirangakrllothpt P¥RPLIEELE ABERANI cal

conveyor. The .backf.| o reventive means m ght.. faor anpl e I at

| east one°§§\?il@§dt 6“c%§tgyﬁo YT PR ftfcgp:(ﬂﬁ i2nn i%)r“%ut & 88&%%%%%?\2 neans
whi ch ret geisisthg of 14 diszedabed wedisupyt @ HBetR¥hob¥skhelBagases Yha device
shoul d create a pressure differential |larger than the differential (Pl-P2)
bet ween t ke bpreessiimey Pliere |ta nthdespyondysy spyeahgs aadgahecpmbystionP2 in

t he char conbusti on neans. Anot her possible design for the backf | ow
preventi v&8e#&&ns woul d be to use a nechani cal conveyor to feed the char by

force to eith%ﬁc%&%i%%{Qby§h§sn?ﬁ@én?ioﬁpeighﬁ&xﬁpqpy%hk%%tageous to

supply the waste material to an oxygen-poor chamber with a
temperature in excess of 300°C and induce a pyrolytic
reaction. A portion of the discharge line to supply the
pyrolysis gases generated by this reaction to the secondary
pyrolysis gas combustion means or to a heat exchanging
means, can be narrowed, and a pressure vent can be provided
where the narrow portion begins and ends to admit a small
volume of air as needed.

These configurations are needed for the following
reasons.

In a device having the ash sludge separation means,
differential pressure gages such as orifices must be
installed along the route traveled by the pyrolysis gases
,and the volume of flow (or speed of flow) must be measured
in order to control the flow of pyrolysis gases necessary to
melt the ash, as discussed above.

This is why differential pressure gauges such as orifices
(narrow portions) must be provided along the discharge route
from the pyrolysis means to measure the volume of flow.
However, since the temperature of the exhaust gas from the
pyrolysis means is in the neighborhood of 350°C to 500°C,
some of the gases being discharged may contain tars. These

tars will adhere to the narrowed portion or pressure taps
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means. Advant ageously, the path fromthe entry port of the nechani cal
conveyor to its discharge port should be slanted upward to create a gravity
differential. According to this invention, a thernal mtigation nmeans to
mtigate thermal drop such as a heat exchangi ng neans shoul d be provided on
the path traveled by the heated 14 fluidized bed mediumas it returns
fromthe ¢hanyc@rasstiren vedrs) t andhengydol ddif€ iewdns . tPrredesades ytha heat
exchangi ng neans shaoul d be provided in the auxiliary char conbusti on neans,
and a bacKPIPB& PfeddRtive neans to prevent backf |ow as described above

houl d b ' | f th 0. whi :
axchangi ng meancerainds P PAEF RN, o i TERTIIRRARY SoahEGHOC

preventivenpaana tsmallev@nhaekibpvaot eist hafowGhRRId oftHd Wirshd eda bed medi um
i's provided between the pyrolysis and char combustion neans so that
flui di zed"BES ReaRsMW tingd Pénpasas ure siddarte sordusidogdsesi heededove and

fLurals, Be MR pRBAELEY 68R0S'1RSELPTRE LN YbER"SPEEE bF EhL RA- RO N
portion. This air causes the tars to combust so that they
cannot adhere to the vents, allowing the pressure to be
measured in a stable fashion.

It would also be possible to return a portion of the
pyrolysis gases obtained in the pyrolysis means to the entry
port of the same means.

This arrangement, in which a portion of the pyrolysis
gases obtained in the pyrolysis means are supplied to the
entry port of the same means, means that combustible gases
whose temperatures range from 350°C to 500°C are circulated
and supplied to the pyrolysis means. Dilution of the
pyrolysis gases with inert gases such as N;, CO, or H,0 from
the air or from the exhaust gases of combustion is kept to a
minimum. Thus the heat value per unit volume is maximized,
and it 1is easier to maintain the temperature in the
ash-melting furnace and in the ash-sludge separation means.

The pyrolysis means is not limited to a fluidized bed.
It can instead comprise a pyrolysis kiln capable of agitating
the solid matter in the pyrolysis means as it is
mechanically conveyed from the entry port for waste material
to the discharge port for the char mixture.

If, as described above, the pyrolysis means is not a
fluidized bed, but comprises a mechanical conveyor/agitator,

the duration and volume of pyrolysis can be controlled, so
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This design will prevent backflow from causing tenperature fluctuations or
adversely affecting the conditions required for pyrolysis and conbustion in
either tank. Furthernore, the flow ng action which is the objective in both
the pyrolysis nmeans and the char conbustion neans is made to occur snoothly
by this design. The desired calorie ratio of the thermal energy of the
pyrol ysi s t§&s @y redySiised si AorRe sppbdey shenngange fduidhgedobedhe

chl ori ne-free,conbusti.on .gas obtained.in the char conpustion neans (the
chlori ne-freehg’helrmrpé#tear{letgg?/ h BE BEAPEV & TRS %’&C%/T]gr?‘éw%ﬁ?rahﬁ there

Wi ll be nenghl oft daseli ¥R | Fedhifet la;ﬁecgfers&aonhgéaéen t@ASEPu i Y 44 €asure
differential generating neans is provided to generate a pressure

di f f er ent fdnigdizeghibed | (poimeatidry titeert hpaskd f ehesei mhifPEemppnenkgerr])
bet ween t he pres%g%e Péerr in the pyrolysis nmeans and the pressure P2 in
the char @&ftbtlst it ABANEC) - WRBR PRECHYEES 9259 41 Mot AR Upprol §Si s

means falkaePRedl Fa8ukeBetaliecObol ifeP18531e8:E2. ! NTERBeEARE-ERHS! ! ON

excess of 1,300°C can be generated easily by infusing air or
oxygen-enriched air, and these temperatures can be used
effectively as the energy source to melt the ash in the
gases, as will be described shortly.

Since the combustion gases are exhausted from the char
combustion means with their ash content, it is advisable that
they be separated in a cyclone or the like before being
conducted to the superheater, boiler, or other steam
generating means.

The ash which has been separated from the gases can be
melted and granulated so that it can be used in an aggregate.

The ash can easily be melted by combusting it at a
temperature greater than 1,300°C by the pyrolysis gases.

However, the ash contained in the pyrolysis gases and
that contained in the combustion Ggases represents
approximately ten percent of the waste material. Thus it is
not absolutely necessary to melt the ash in all the pyrolysis
gases which supply it. In fact, this might result in the
supply of excess thermal energy.

To melt the ash in all the pyrolysis gases, a great deal
of oxygen-enriched air would be needed to generate
high-temperature combustion.

The essential objective of the pyrolysis means is simply

to remove the chlorine compounds from the garbage or other
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means exceeds a given value, pressure can be supplied automatically until a
given pressure differential (H) is obtained. As a result, the relative
pressure differential between the char conbustion nmeans and the pyrolysis
means can be nmintained very close to the given value (H), which is the

desired val ue. Accordj to.this jnvention, the char_cqQnmbustjion neans is

al so di scI'"B¥eF é%atf%ﬂ%evs‘?nq ﬁq%%d’ﬁtﬁjé’tqwme%cﬁﬁ Mg tQuppl i ed
from bel ow {1k 1S RES S re al | ' oW, J | vi ded
into two streans or the in]ger??%a(r{og? tﬁifeﬁegr;el E}a% I%lglcﬁ ngd%bcg:a;%lswﬁé\?fﬁd by a
partition geEmetatdhestoseatiesats, fdnd dibd rgenipeadka tMdesh ifl Wl zesgRNd £
circulates the char mxture in the fluidized bed. A supply port which
delivers t4nP i qUASOof Phat sublidde Ppmevesi sanbamBerative Ale@bovnteit her

Lhe ooy fydqea a0 bRALA STnd 1 oy 8 PR £Ln IRE L WPTe A adcOn O

the upward-flow n e Cifculation™nmeans naey conprises a nurber of
units to gestirthilhaledsen,Mher pgrotyE¢y| §hessakhi@hoard tded ludedi z26d bed,
or it may conprise a device which divides the air flow supplied from bel ow
t he di spergieon asihattelitiing mfluringce stneednstoThee mitetgR®e. ai r Isleaddiys may be

used to coMI N 1€ chould be induced at 450°C to 700°C not only to

dechlorinate the gases, but to generate a large volume of
gases.

With this invention, therefore, the pyrolysis means may
comprise a plurality of pyrolysis furnaces having a
combination of a fluidized bed and a mechanical agitation
tank in an appropriate fashion. One of these pyrolysis
furnaces may induce pyrolysis at a different temperature than
the others.

A low-temperature pyrolysis furnace may be set at
250-450°C to generate dechlorinated char mixture. A
high-temperature furnace may be set at 450-700°C to generate
pyrolysis gases to be used in the ash-melting furnace.

The pyrolysis gases generated by the high-temperature
furnace would be supplied to the ash-sludge separation means
which extracts the sludge from the ash separated from the
gases removed from the char combustion means or the pyrolysis
means.

The two types of pyrolysis furnaces can have separate
functions. One furnace can be used to actively generate a
dechlorinated char mixture; another can be used to actively
generate pyrolysis gases to be used in the ash melting

furnace. This separation of functions allows the char
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volume of air so that the char mixture circulates in thé*fluidized bed, or
both systens nmay be used in tandem The char conbusti on neans operates as
foll ows. Since nost of the pyrolyzed char is in the formof carbon, its
density (i.e., its specific gravity) will be in the range of 0.2 to 0.5.
Because the specific gravity of the fluidized sand in the conbustion neans
is approxmhaterg 2t@ ‘bée gererated tehflictefitbat vihilee apperppbrteof the
bed. If 16 xture of air is.insufficient, the char will be |ess

flannablepy¥%%%%13 ?%?%% AAnIFES 2% r is required. According to this

invention, therSypdlys RHd fulnacas %@%e@l 3bueeyf EaMuEER1 BYIRAYSI Sndr®aNS S
| ocated in the downward flow ng regi on of the fFU|d|zed bed. The relatively

l'i ght chawasioeesavertbals, feie floitdiedibitetincahn hheef huwideedrarge antl i s
circulated fromthere. Th|s ipsures that the char will be suffjciently
ni xed mntﬁe%P?r%EHr?ﬁafrgﬂf?58|Gnﬁocéﬁﬁu§v|&WQxﬁPQﬁﬁﬂHeWﬁ%ﬁ1%i*%ﬁ%ﬁlvely

33?" a6 ) Qe (0T cRXARE Leufd TcdRE gend Alfey Ol UMe/ theoretical air
A BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1illustrates an apparatus for producing
superheated steam using the heat of combustion of waste
materials, which system is a first preferred embodiment of
this invention. Between the char combustion furnace and the
pyrolysis furnace is an auxiliary char combustion furnace.

Figure 2 illustrates an apparatus to produce superheated
steam using the heat of combustion of waste materials, which
system is a second preferred embodiment of this invention.
An auxiliary char combustion furnace is independent of the
other furnaces.

Figure 3 is a graph illustrating the process by which
superheated steam is produced using the heat of combustion of
waste materials. This process relates directly to the
essential configuration of this invention.

Figure 4 illustrates an apparatus for producing
superheated steam using the heat of combustion of waste
materials, which system is a third preferred embodiment of
this invention. 1In addition to the configuration shown in
Figure 1, filters for uncombusted matter are installed on the
discharge lines leading out of the pyrolysis and char
combustion furnaces.

Figure 5 illustrates an apparatus to produce superheated
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1.2 to 1.3). The char which floats to the surface of the fluidized bed is
al so returned by way of the downward flow ng region and transported to the
bottom of the fluidized bed. This increases the effect discussed above.
To conmbust the pyrolysis gases, air is introduced into the upper space of
the fluidized bed furnace constituting the pyrolysis neans in a process
whi ch may teamius iagsithgl bestagé oempustigh ek tveapdse MAties iglevemhd.ch
tenperature drops i.n t di schar line.. Since_.it. alsp prevents treme

t enper at 78 B I%ESFO?EFE %%f%??%‘f&?@rﬂd&"‘teé’rtr Pﬁg£3ﬁﬁ PG N Ahu gﬁ&bl es the
system { QueRarahs | BharStaisid G Our Mokl dhSwh NNt F9Burai r4 Mgy be

I ntroduced into the pyrolysis gases after they have undergone primary
conbust i gartanddned ridusedapyiolipai papaedesimay teo bfitnéditeddbedsase t he

vol ume of NOx generated. Wien the heat of the second conbustion in the
upper spadd Sof A IMEREc SORFHILUESS &t backd lovuPFRYedtie8 BealisyitRy t he

| ower sp e f e, the char will conbust and acceptable pyrolysis
wil | not?%%%ug{ QSV%ﬁﬁgﬁfs i nvention, 17

Figure 6 illustrates an apparatus to produce superheated
steam using the heat of combustion of waste materials, which
system is a fifth preferred embodiment of this invention. 1In
addition to the configuration shown in Figure 5, this system
has a sand storage means to supply sand from the storage tank
to the char combustion furnace.

Figure 7 is a rough sketch of a backflow prevention
means. It comprises a mechanical conveyor which mechanically
conveys the char from the pyrolysis means to the char
combustion means.

Figure 8 shows main and auxiliary char combustion means
and a pyrolysis furnace which might be used in the system
shown in Figure 5. (A) is a plan view and (B) is a front
view.

Figure 9 shows the confiquration of a fluidized bed which
improves the char combustion furnace used in any of the
embodiments previously described. (A) is a front view; (B)
is a side view; (C) is a plan view.

Figure 10 shows three views of the internal configuration
of a pyrolysis furnace which is an improved version of the
furnace used in any of the embodiments previously described.
(A) is a front cross section; (B) is a planar cross section;
(C) is a view from the right side.

Figure 11 shows another improved version of a pyrolysis
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the m ddl e space between the upper and | ower spaces of the furnace is
narrowed to pronote the m xture of air into the gases and to prevent the
backfl ow of the radiant heat. When the pyrolysis neans conprises a
fluidized bed, the fluidized bed should have two parts: a primary
fluidized bed, in which the sand or other fluidized bed nediumis fluidized
by bl owi nUTRGH  FHNSERAISEC gASPHEOLYHbEsIREN CPPEHSbéRBatNTNRESditSper si on
pl ate on | teri |S. S | ed; d or vey t he
heote mat G LI A £ RE T R PSP Y pe BRI IR ana
a conveyorfumaiteONcobhiprpobs om odudhesabanbein canyews t BRe S @lried ipAkiyon of
the waste material fromits entry port to the discharge port where the char
m xture i slesshkad @rbRdiReatsavent {&dh, shewscorveybdeneaihewf @ifct itdes as an

Cover 0 { PETERAY IS (L8 G PRy PBRYSrLohsaFrRuektm i TR o NRAL ¢ her e

s no et aichl oG i WEC RSl AR, \rfyg)chsh%s B9%@k been

pyrolyzed. Al chlorides in the waste nmateri are conpletely pyrolyzed,

vapor i zed varw.r enoved.

Figure 12? illustrates an apparatus for producing
superheated stgam using the heat of combustion of waste
materials, which éystem is a sixth preferred embodiment of
this invention. The char combustion furnace shown in Figure
2 is divided into two fluidized beds by a partition panel to
prevent backflow. An ash-melting furnace is also provided.

Figure 13 illustrates an apparatus for producing
superheated steam using the heat of combustion of waste
materials, which system is a seventh preferred embodiment of
this invention. In addition to the configuration shown in
Figure 12, the system diverts a portion of the pyrolysis
gases and supplies them to a pyrolysis gas furnace where they
are combusted.

Figure 14 shows a differential pressure gauge which is
installed in the discharge line for pyrolysis gases shown in
Figure 13. (A) is a differential pressure gauge which makes
use of an orifice; (B) is a differential pressure gauge which
makes use of a horn neck.

Figure 15 1illustrates an apparatus for producing
superheated steam using the heat of combustion of waste
materials, which system is an eighth preferred embodiment of
this invention. A portion of the pyrolysis gases obtained

from the pyroleis furnace are circulated to the bottom of
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For the length of flow of the actual fluidized bed which is produced by the
partition panels within the bed, nore specifically the length of flow over
which the waste material and the fluidized bed nediumare m xed and forced
toward the discharge port for the char m xture, nmany options are possible.
However, the pyrolytic reaction should be sustained uniformy over a
gi ven periche iyroilfe iso fukahcwasewadt 8ki al bedaashnetnend up bei ng bl own
intact all the way to the discharge port for the char m xture. The
confi gurati onFd8y¥&ri bdd abidhlarsdinades t lan pyapparatus eaforonprodocing 18
uniformy r..a.sufficient.periqd o& time for any chlorides in the
wast e mat g??éftntggtgg PRI p'ﬁbggze € v BBFi _888%@%9%.0%2(:88?&%9 to
this invephiceRiadl,ashithidge teaPalAtd o ABANSrb Be PLOY| SRFBELYREN ENE
pyrol ysis means and the firSt steam generating nmeans to extract the sl udge
fromthe &bhs Tmvendsions| udfiee sppacays D8 faanacextisaqict thefihiudgeefiromt he
ash which m%s ge@a[ated fromthe gases forced out of either

bed, but instead employs a mechanical conveyor.

Figure 17 1illustrates an apparatus for producing
superheated steam using the heat of combustion of waste
materials, which system is a tenth preferred embodiment of
this invention. This system uses more than one pyrolysis
furnace.

Figure 18 illustrates an apparatus for producing
superheated steam using the heat of combustion of waste
materials, which system is an eleventh preferred embodiment
of this invention. The pyrolysis furnace employs a fluidized

bed and mechanical conveyor agitation means.

PREFERRED EMBODIMENTS OF THE INVENTION

In this section we shall explain in detail, with
reference to the drawings, several preferred embodiments of
this invention. Insofar as the dimensions, material, shape
and relative position of the structural components which
figure in the embodiments are not specifically disclosed, the
scope of the invention is not limited to those shown. The
embodiments are meant to serve merely as illustrative
examples.

Figure 1 shows an apparatus for producing superheated
steam using the heat from incineration of waste materials
which is a first preferred embodiment of the present

invention. In this figure, 1 is a pyrolysis furnace
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t he char conbustion neans or the pyrolysis neans by the heat of the primary
conbustion of the pyrolysis gases. Desirably, a secondary pyrolysis gases
conbusti on nmeans coul d be provided to carry out secondary conbustion of the
pyrol ysis gases from which the ash has been separated. The ash sl udge

separated by the ash-sl udge separatjng neans [ b sed to.for n

aggr egat CAFRELS 1R fadldddepdr R o‘?h%f-f‘éﬁilz g Eggpﬁlegetﬂﬂ‘r zriat'fae]d The
pyrol ysi Sn.%ﬁéf% C?_Tugﬁigéﬁd sfa%&' AU §§—‘xﬁ9539§r haR¥-ehYS! S sgafHonmest i on.
The boil er or ot her device used as the Tirst steam generating nmeans can be
i nst al | edoh 6 i dlits s iSRC Plddky 3PY;, ONYSEE YOS perfoshited pkabs.or Thes will

allow the boiler water to be heated nore efficiently. The ash contained in
t he pyrol yske. gdihes garbagemorcofharnwdsts nAteEdAbusSRERRS gtk S¥Hi%sent s

2BDCO%1 T8 LS PSR L 4 9BE RSl bl T Ll 3o el 401 v el
ash.  Incef@fd) 15RES 5.M gbhe REWUstidh tdenPidEughboru@lplaxaessid her mal
energy. \Wen | owcal ori e garbage is being burned, a great deal of
oxygen- entnpledlinaif cregdtids a chambegedodthet §luidénedabped Hiykch efper at ure
ConbUStiqgtO{eégg ?XBQéYSi?s%%i?st§f§c§§}éf§%is furnace is basically
designed to pyrolyze rather than combust the material, most
of the gas supplied will be combustion gas from which the
oxygen has been consumed. However, to help control the
temperature, small quantities of air are introduced as
needed. ) A pyrolytic reaction of the waste material is
induced. The pyrolysis gases generated by this reaction are
removed via discharge line 7. The unpyrolyzed residue and
the char mixture composed largely of sand are removed via
line 9. Uncombusted matter is removed via line 8.
It is desirable that pyrolysis be carried out so as to
generate a calorie ratio of approximately 7:3 (pyrolysis
gases to char mixture).
If the boiler water which is to be heated is pressurized
at approximately 100 Kgf/cm?, its boiling point will be
approximately 309°C. The "7" in the ratio of 7:3 refers to
the calories needed to raise the temperature of the water in
boilers 36, 36-2 and 24 from its normal temperature to a
"temperature equal to 309°C + the latént heat of
vaporization", in other words the calories needed to raise
the temperature to 309°C, the point where most of the water

vaporizes; the "3" refers to the calories needed to heat the

steam from its boiling point of 309°C to 500°C.
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19 ash can be nelted. Therefore, instead of supplying all the pyrolysis
gases obtained in the pyrolysis neans to the ash sludge separation neans,
it is advisable to send a portion of these gases via a branching line to

t he secondary pyrolysis gas conbustion neans. According to this invention,
It woul d be advantageous to supply the waste material to an oxygen-poor
chanmber with aAtenpepatulénen2éxdessatabched] e [IGrend i nthe edss@yandgti c
reaction. _ A portion of the discharge Iine to supply.the pyrol si s gases
gener at ed 5§n?hf%rrgﬁﬁ?}5ﬁl?og?%%§s%@ﬁﬁd%ﬁ&n%@?o¥ysi%;r s %Eﬁ%ﬁ%ﬁ?%n
means or t t ngi 0 d r vent
can be pro%%%%%@??ﬁeghggrg@éﬁﬁf%%% %;ersa\r%%g‘gxgg fgmgdﬁffﬁ%@esnall
vol ume of njr aasi nergectarBhesent&onédguimt thase ajasedecaded pdtialhe

foll ow ng reasons. In a device having the ash sludge separation neans,
combusted. These measures should be taken as needed to
prevent the adherence of tars or coking in discharge line 7.

At the downstream end of the discharge line 7 is a
pyrolysis gas combustion furnace 34, a combustion chamber for
the pyrolysis gases. A sufficient amount of air is supplied
to the pyrolysis gases via line 21’ so that they are
completely combusted.

10 is a char combustion furnace comprising a fluidized
bed suspended in an air stream. The char mixture is supplied
via discharge line 9 to dispersion plate 11 on the floor of
the furnace. The fluidized sand is circulated between this
furnace and auxiliary combustion furnace 10B by way of lines
19-2 and 19-1.

Air 1is supplied wvia 1line 12, which is below the
dispersion plate 11. Heated to between 650°C and 800°C in
fluidized bed 2-3, this air is wused to combust the
unpyrolyzed residue. Air is also introduced through line 13
into the middle of char combustion furnace 10 to complete the
combustion. This generates exhaust gases in the range of
800°C to 1,300°C. A second superheater 29-1 is placed in the
upper portion of char combustion furnace 10. This
superheafer boosts the temperature of the superheated steam
introduced via 1line 28-1 from the second type of steam
generator to produce steam (the first superheater, 20). The

exhaust gases, which have been raised to a temperature

somewhere in the range of 950°C to 1,300°C, are allowed to
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differential pressure gages such as orifices nust be installed along the
route travel ed by the pyrolysis gases ,and the volune of flow (or speed of
fl ow) nust be measured in order to control the flow of pyrolysis gases
necessary to nelt the ash, as discussed above. This is why differenti al
pressure gauges such as orifices (narrow portions) nust be provided al ong
the di sch&oge: rtout8d OF°iCornat ¥S05r-ol ysi s neans to neasure the vol ume of flow.

However, since the rature of the exhaust gas fromthe roI Si S means
s in the nei GG FOGHOB! C38CTaaqTa ki SO0 EPP EOTEBRELER & 28%ei ng

di schargeq,_orragogo@t A §§‘65C HesgclaLg \glblolveadhﬁﬁgréoltshengagrrg\gq@mport|on

or pressure taps 2 tiny pressure vents Ing it difficult to
nmeasure t Inen\mjajrmmgf thleomemgsenmtdr@gaﬂ ct}tehsselamvﬁantsmpermvaer 2len@tti | ati on
means to inpyt a small quantity of air is provided (the word "air" here
neans any 28§ &P g2de€ to support conbustion) as needed at the pressure

vents |nstaII%%aqq BQE@lEHQESOEﬁm§{§% W i¥ were not combusted in the

furnace 10 are removed via discharge line 14.

Auxiliary char combustion furnace 10B is attached to char
combustion furnace 10 as an auxiliary fluidized bed. As can
be seen in Figures 1 and 2, the fluidized sand flows between
10 and 10B via circulation lines 19-2 and 19-1. The third
superheater, 29-2, is placed in fluidized bed medium 2-2 in
the auxiliary char combustion furnace 10B. It is connected
to the discharge side of the second superheater, 29-1, via
line 28-2.

As can be seen in Figure 2, auxiliary char combustion
furnace 10B may also be set up independently; however, as is
shown in Figure 1, it is advisable to place auxiliary char
combustion furnace 10B, with its third superheater, 29-2,
somewhere along the path 19-1 and 5 by which the fluidized
bed medium which was heated in the char combustion furnace 10
is returned to pyrolysis furnace 1.

The combustion gases which have exchanged heat with the
second superheater, 29-1, are led as needed via discharge
line 15 into a gas/solid separator such as cyclone 16. Here
the dust, ash and exhaust gases are separated, and the gases
are sent to the first superheater, 20, via discharge line 17.

20 is the first superheater, and 24 is the first boiler.
The pyrolysis gases removed via discharge 1line 7 are

completely combusted in pyrolysis gas combustion furnace 34,
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portion. This air causes the tars to conbust so that they cannot adhere to
the vents, allowing the pressure to be neasured in a stable fashion. It
woul d al so be possible to return a portion of the pyrolysis gases obtained

in the pyrolysis nmeans to the entry port of the same neans.

Thi s

arrangenment, in which a portion of the pyrolysis gases obtained in the

pyrol ysi s wiethin arteichups iiedtbdlebHewanér ycpoléd doilexr Séne Abang,witdans

t hat conmbusti bl e gases whose tenperatures range fron1350ge§é]c,to 5000C are
tfon

ci rcul at ed*BREEOERRSHIRY 9359h& tRd s frpEhgyperheptp

v Hee

pyrol ysi's gaseensil Brnaile GRaRed Uit A 24124 00 ¥ 1 1derd e r om

the air or fromthe exhaust gases

ustion is kept to a mninmum Thus

the heat vehkenpen whatenoryinpors 2éxisn hedtedindoi200%C etasi £201®, nadit ai n
the tenperature in the ash-nelting furnace and in the ash-sludge separation
nmeans. ThetR§ripselsingankedns opthet nvaeRyr t bs aSYPR H7 9 b bBtPeTheqliy

I nst ead cog&réff giggﬁgéﬁéifi#élf7capable of agitating the
in the pyrorysrs  neans ~as "1t

solid matter

is mechanically conveyed fromthe

entry port forpyesée wateri ak hosbhendirsalaeae vaQr thdaicHiliRy chiafe Mt ure.

| f, as described above, the pyrolysis neans is not a

into water-cooled boiler 36, which is in pyrolysis gas
combustion furnace 34. Steam or hot water is supplied via
branching line 27’ to superheater 20.

The boiler water, pressurized to approximately 100
Kgf/cm? to raise its boiling point to approximately 309°C, is
introduced into water-cooled boilers 36 and 36~2 and into
boiler 24, and the first stage of heating is accomplished.
The rate of water flow is controlled so that the temperature
attained is approximately 309°C, which is close to the
boiling point.

As a result, the temperature of the tube surfaces in
water-cooled boiler 36 and boiler 24, conforming to the
temperature of the hot water, can be kept below 350°C. Even
if there are chlorides or HCl in the pyrolysis gases whose
heat is exchanged, corrosion does not occur.

The steam and/or hot water removed from boiler 24 via
discharge 1line 27 and the steam/hot water heated in
water-cooled boiler 36 and removed via branching line 27’ are
introduced into superheater 20. They are heated by the
combustion gases supplied via the 1line 17 to produce
superheated steam and then introduced sequentially into
superheater 29-1 via discharge line 28-1 and superheater 29-2

via line 28-2 connected in sequence. When it has attained a
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fluidized bed, but conprises a nmechani cal conveyor/agitator, the duration
and vol une of pyrolysis can be controlled, so 21 the pyrolysis is nore
stable than in a fluidized bed. An inportant effect of using a nechani cal
conveyor is that it does not require the gases needed to fluidize a

fluidized_bed &prinar'l ineri @@ses whose main conponents are N2, CO2 and

H20). The *5VPE §§P§egé§g§e§Pe 05tC @indieed, CsothResheaim \mredoyed andt

vol ume issﬂ%?@&%ﬁ-tE?ERGEQEB%Qici eﬁé?ﬁ%érOf 1,300[err] C can be generat ed
€

easily by infusing air or oxygen-éenric air, and these tenperatures can

be used effechilvdbygaswehhaeseagyeaayr aest@s8BUt thBeopshatNohherganes, as
w Il be described shortly. Since the conbustion gases are exhausted from

t he char EBPﬁﬁéﬁﬁﬁﬁ|ﬁ%9ﬁ9vWi?hthé?rcégﬁi@@wﬁ@ﬁppdtWQSS@@blsabieflhat t hey

et e Tl T O T N T AT

been sepasatfdasremmyheiarEtedNalB@ics are mixed in with other waste
materials in garbage supplied to pyrolysis furnace 1. The
combustible portion contains approximately 0.2-0.5% Cl.
Garbage is supplied to pyrolysis furnace 1 via line 4, and
heated fluidized sand is supplied via line 5. Small
quantities of air are supplied to the combustion exhaust
gases via entry line 6 on the bottom of the furnace as needed
for temperature control. 1In fluidized bed 2-1, created by
fluidizing a quantity of sand, the temperature is kept
between 350°C and 500°C. This results in a unpyrolyzed
residue, essentially free of chlorine compounds, being
obtained through discharge line 9.

Essentially all the chlorine compounds which were
contained in the waste material are now contained in the
pyrolysis gases, which are discharged via line 7. Large
particles of uncombusted material which are separated in the
pyrolytic reaction in pyrolysis furnace 1 are removed from
the furnace via discharge line 8.

The duration and temperature of pyrolysis are chosen so
that the calorie ratio of the pyrolysis gases and the char
mixture will be 7:3.

The pyrolysis gases removed via discharge line 7 on
furnace 1 contain gases, o0il fractions, tars and HCl;
however, the introduction of a sﬁall gquantity of air supplied

by line 21 on the upstream end of discharge line 7 causes
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melted and granul ated so that it can be used in an aggregate. The ash can
easily be nelted by conbusting it at a tenperature greater than 1,300[err]C
by the pyrolysis gases. However, the ash contained in the pyrolysis gases
and t hat cont ai ned in the conbustion gases represents
approximately ten percent of the waste material. Thus it is not absolutely
necessar 'R ere|to t R RArtirbly crabpgtedysvithagbs anhdgRPsupBl ythe . In

fact, thieoflghlceaul indid Lhe.Syonl vy oo Gi6oss 4 b UBleRRE 0o g grel | e

ash in al € pyrorysisga oxygen-enri che woul d

be neededid 0 gRNer.at 8 §hght i ePner aliw & sCerBWS heRodlbedessgntimd Obj ective
of the pyrolysis neans is sinply to renove the chlorine conpounds fromthe

gar bage oknt® hapyrplysisagasesat epinklsandnsuppkypache dechlwherat edhehar

m xture to t char conbusti on ans.. There is Hﬂus no actual need to
gener at e B%&? hedtSeRfrs rféoﬂr@rﬁﬁﬁléf& Y$F9%e range of 250[err]C to

450[err] C wi lgosaifdd Cene ERWBYLhtuRe! S UsfrOl y8POULases can be
kept high in pyrolysis gases combustion furnace 34, a large
quantity of steam/boiler water can be introduced into
water-cooled boilers 36 and 36-2 and boiler 24 and heated to
nearly the boiling point, 200°C to 320°C.

Once they have exchanged heat with water-cooled boiler 36
in pyrolysis gases combustion furnace 34, the exhaust gases
from the combustion of the pyrolysis gases are supplied via
entry line 23 to boiler 24 along with the superheater
combustion exhaust gases from discharge line 22.

The concentration of HC1 in the gases introduced into the
pyrolysis gases combustion furnace 34 and boiler 24 is
approximately 500 to 1,000 ppm. By controlling the flow rate
of the boiler water, the surface temperature of the tubes in
water-cooled boiler 36 and boiler 24 can be kept below 350°C,
their normal temperature in prior art apparatuses, and
high-temperature corrosion can thereby be prevented. Thus
water-cooled boilers 36 and 36-2 and boiler 24 cannot produce
superheated steam, but heat the water only to 300°C to 320°C.
Once this partially heated water passes through superheater
20 and is further heated by superheaters 29-1 and 29-2,
superheated steam is produced which has a temperature of
500°C to 700°C.

The char mixture removed from pyrolysis furnace 1 via

discharge line 9 consists of fluidized sand and unpyrolyzed
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1,300[err]Cis needed to nelt the ash in the ash-nelting furnace. For this
reason, the pyrolysis gases which are to be used in the ash-nelting
furnace need to be hotter. | deal Iy, pyrolysis should be induced at
450[err]C to 7000C not only to dechlorinate the gases, but to generate a

| arge vol unme of gases. Wth this invention, therefore, the pyrolysis neans
may conprises ddpé ur Ahisymaktpyeol weishfis escentialilyy faceonbi claldminef a

fluidized bed and . a nmechanical. agitation tank in an appropriate fashion.
One of t heSTTRGBES &1 ST ur FARRLLSRy §AAUEE pytOFSel SOk IR (95r dHHAT

tenper at ur eodbpd: 158 PhBRASe Aol OWARMMRL ALK 25 PXLALYSEE bibnagmdTay, be set

at 250-450[err]C to generate dechlorinated cha m xt ure.

hi gh-t enpetlatough f dispees iy praset lat c4b8eB0@her miG thuregerre ratmbystr 0l ysi s
gases to be used in the ash-neltin .furnace._Thgafyrolysis ases generated
by the hi ght® emparaity 0 (7 HackH ?A peia ubine t%t%%ﬁ-kﬂf%g@d

separ at i on gpangm Wil £ 1 ackoatbe Al udgg oMyt N2l S3par shed from the

gases renoved T 6 tThe char con%ustlon means or the pyrolysis neans. The

two types pfupyiséysi s fry naeeureanthave shparaé€idue is completely
combusted, air is also supplied via lines 13 and 19-3. The
temperature of char combustion furnace 10 will rise due to
the heat of combustion. The value of this temperature is
determined by the caloric value of the unpyrolyzed residue
supplied via line 9, the volume of air supplied by lines 12
and 13, and the temperature of the fluidized sand from lines
19-1 and 19~2; however, it may go as high as 1,000°C to
1,200°C.

Heat from the superheated steam in superheater 20 is
exchanged via line 28-1 with superheater 29-1. This makes it
easier to raise the temperature of the combustion gases to
800°C to 950°C. 1Instead of or in addition to superheater 20,
a water-cooled boiler 36-2 may be provided as needed to heat
the boiler water circulated wvia lines 26" and 27", which
branch off from lines 26 and 27.

Small particles of uncombusted material resulting from
the melting of glass or cans are removed via discharge line
14.

Auxiliary char combustion furnace 10B may be set up
independently according to the second preferred embodiment of
this invention, as shown in Figure 2; however, the fluidized

bed medium in the char combustion furnace 10 circulates back

to pyrolysis furnace 1. Since the temperature of the medium
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functions. One furnace can be used to actively generate a dechl ori nated
char m xture; another can be used to actively generate pyrolysis gases to
be used in the ash nelting furnace. This separation of functions
allows the char 23 m xture to be generated efficiently while
appropriate pyrolysis gases are generated. If one of the furnaces serves
sol el y t dndévhherendl eis reppamstisnatmtler i78l0SC tbhes8$0 UC ddirkdt Had ofaBhbave a

wi der ragg .of tenperatures frqom 250 err&C%to 450[err] C, and consequently a
| arge vo Ut LBhERIRRSE Uk dScdr0pE Geneb @ied. the RS- apsSaRri PFFENtOF THE
DRAV NGS+Bingli-8 chrel bhiskbabae: a0 BORMEL Und Yud 'RAUGAG SURRLACRhEM. St eam
usi ng the heat of conpbustion of waste naterials, I'ch systemis a first

pr ef er r ededibudf rentcldr tdombusmient fapnaBet Weeis tihe redacedogbustt oy furnace
and the %rol ysis furnace is an auxiliary char conbustion furnace. Figure 2
i || ust r atBECarPEp¥sttis tPEPaF8duke dEpelhedoss il@anthat ngheneh@ett of

ConbUStiaﬁf@Er@ﬁﬁkgln@Efiiéﬂﬁ%e\Mﬂgcpemperature of pyrolysis to spike

locally within pyrolysis furnace 1 or fluctuate. This makes

it extremely complicated to regulate the quantity of
fluidized bed medium returned to furnace 1.

For this reason, as shown in Figure 1, an auxiliary char
combustion furnace 10B with a third superheater, 29-2, is
provided on the path defined by lines 19-1 and 5, the path by
which the fluidized bed medium is returned from the char
combustion furnace 10 to pyrolysis furnace 1. Superheater
29-2 in the auxiliary char combustion furnace 10B strips heat
from the fluidized bed medium, which was heated to 700°C to
800°C in furnace 10, to reduce its temperature to 500°C to
700°C. Returning the medium to fufnace 1 at 500°C to 700°C
makes possible a gentle rate of change of heat, so that the
pyrolysis temperature inside the furnace 1 can be kept in a
stable fashion between 350°C and 500°C. 28-3 is the line to
remove superheated steam; 12’ is an air supply line.

The combustion gases generated in char combustion furnace
10 at a temperature of 800°C to 950°C, which are virtually
free of chlorine compounds, are introduced as needed into
cyclone 16 via discharge line 15. 1In the cyclone, dust and
ash are separated from the exhaust gases. The former are
removed via discharge line 18 and the latter via discharge
line 17.

The exhaust gases removed via discharge line 17 on the
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systemis a second preferred enbodi nent of this invention. An auxiliary
char conbustion furnace is independent of the other furnaces. Figure 3 is a
graph illustrating the process by which superheated steamis produced using
t he heat of conmbustion of waste materials. This process relates

directly to the essential configuration of this invention. Figure 4

i Il ustrat esyahoappas ptwasidWlady @dugi fempepetheated greameesong theahgat of
conbustion of waste materials, which systemis a third preferred enbodi nent
of this in¥shrpdncedn andpti snpevheaterontdgurat Tha sABMMCi ntFi gd?e’q,

(L1 Lers, | ohruagonurted, Ik ALt | £,90: U8 s kg nepedeadtno

appar at us i PePduge a3uPHRRALF B her HEPRIUPIAW shFePRdtod s08RHSTI ON

of waste materials, which systemis fourth preferred enbodi mnent of this

i nvent i on. Thheeabriukitagy selsawhdoimb gsimieo - Hnougdc ed sddvarden Hngur £7 4axg
virtually free of chlorine compounds, so even if the surface
temperature of the boiler tubes in superheater 20 exceeds
350°C, the extent of high-temperature corrosion is
significantly reduced. The fluid in the tubes can have a
temperature of 400°C to 520°C, and superheated steam can be
obtained in a stable fashion from discharge port 28-1.

To maintain the temperature in the pyrolysis furnace 1 at
a prescribed value of at least 300°C, the quantity of oxygen
in the fluidizing gas supplied via entry line 6 is regulated.
That is to say, a small gquantity of air is supplied along
with the combustion exhaust gases from boiler 24, and a
portion of the fluidized sand from auxiliary char combustion
furnace 10B, which has a temperature of 500°C to 700°C, is
supplied as a heat source via circulation line 5 to maintain
the temperature.

To induce pyrolysis efficiently in the range of 350°C to
500°C, the air and combustion exhaust gases supplied to
pyrolysis furnace 1 via entry line 6 should consist of air
and low-oxygen (approximately 3 to 5%) combustion exhaust
gases maintained at a temperature of 150°C to 200°C. More
specifically, the combustion exhaust gases removed from
discharge line 25 of boiler 24 can be used once the dust and
chlorine component have been extracted from them.

In Figures 1 and 2, 11, 3-1 and 3-2 are dispersion

plates, and 2-1, 2-2 and 2-3 are fluidized beds.
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partitioned by a partition panel into two fluidized beds. This arrangenent
constitutes a backfl ow preventive neans to prevent backflow Figure 6
“illustrates an apparatus to produce superheated steam using the heat of
conmbustion of waste materials, which systemis a fifth preferred enbodi nent
of this invention. In addition to the configuration showm in Figure 5, this
syst em has &F sgumk stéor age areaystem sdpphyamansf f monthbedstmreafertaank to the

char coq%ﬁgt'on furngce _Figure 7.is a rough sketch of a backf | ow
prevent | Rt | eI bhbFi dB¥eRtiBRNaANCANSEARPPSALHE &P RIItAal | y

- ' t he .ch nbust i :
Four e & S e B R e vt RS Bo oA R IRHE Ty e <

furnace mdtiehi ai ghtwdesheskd d:ApLdie syrsiendyMhdgetOIWE h dilfBed S @ pl an
view and (B) is a front view Figure 9 shows the configuration of a

f1 ui di zefdF Bed-WhieanRds Gheynt ha Ehgnreoibustibref @hbce usiddratinay of the
eo0 T SN ARSLAREFs ) o B LB G P Vo
configuriafie8 of the pyrolysis furnace 1. The material exhausted

via the 1line 8 is separated into large particles of

uncombusted material and other exhaust matter. The other

exhaust matter is supplied via lines 50 and 54 to the bottom

of the fluidized bed above dispersion plate 11 in char

combustion furnace 10. 51 is the line which removes the

large particles of uncombusted material.

Smaller particles of material which were not combusted in
furnace 10 are removed via line 14. The discharge line 14
has a filter 292 with openings approximately 2 mm in
diameter. The material removed via the line 14 is separated
into small particles of uncombusted material on the one hand,
and fluidized sand and ash on the other. The fluidized sand
is supplied via line 52, filter 293, and lines 55 and 54 to
the bottom of the fluidized bed above dispersion plate 11 in
char combustion furnace 10. The larger particles of
uncombusted material are discharged to the exterior via line
53.

Filter 293 is not absolutely necessary; however, it will
catch any sand that manages to pass through filter 292 while
discharging ash to the exterior. The diameter chosen for its
mesh openings is approximately 0.1 mm so that they will be
smaller than the minimum diameter of the grains of sand

(approximately 0.2 mm).
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of a pyrolysis furnace which is an inproved version of the furnace used in
any of the enbodinents previously described. (A) is a front cross section;
(B) is a planar cross section; (C) is a viewfromthe right side. Figure 11
shows anot her inproved version of a pyrolysis 25 furnace connected to a
pyrol ysis gas _conbustion furnace to conbust the pyrolysis gases. The

pyrol ysi s gas Te¥FbuSt1%RY f dPRaca@rcorptfBeany decainhows i samhypessete

previ ousl i bed. odiyment s, A) _.shows a ide . view of the

pyr ol ysi S¥P(Gi'(r8?11 Ce agﬁlggpnbgsggfona%cpagﬁpmq nanslﬁ’gufa_Bgl;on(l!?) Shonash

modi fi cat k@Rolght heo NEtid A RAIdORa( DhinkSsa. f rod JdeWr Ehgur 5112,
illustrates an apparatus for producing superheated steam using the heat
of conmbusiaégsofitwamere mafficabst wnidcreayisdentds ramsivet ther edsh r afd

enbodi nent, of thi s, invention. The char conbustion furnace shown in Figure 2
i s divi deG®FRVETt W8St FAPHi zed beds by a partition panel to prevent

backflow. An gah-diRhll ngeftr A266u58 alS QoM defle operation of the

embodiment.

Larger particles of uncombusted material separated in the
pyrolytic reaction which takes place in pyrolysis furnace 1
are removed from the furnace via discharge line 8.

Generally, the waste material fed into pyrolysis furnace
1 is crushed to pieces approximately 200 mm in diameter.
Thus discharge line 8, through which uncombusted matter is
removed from furnace 1, must have a relatively large
diameter. As a result, in addition to larger particles of
uncombusted matter, char residue, sand and smaller particles
of uncombusted matter are also removed via the line 8.

Filter 291 separates the material exhausted through
discharge line 8 of pyrolysis furnace 1 into larger particles
of uncombusted matter and other exhaust. Only the larger
particles of uncombusted matter are discharged; the other
substances are supplied to the bottom of char combustion
furnace 10 and applied to combustion.

Glass shards, iron scraps and other smaller pieces of
uncombusted material are removed from char combustion furnace
10 via discharge line 14. The larger pieces of uncombusted
material have already been removed from the char combustion
furnace 10, and the char residue has been adequately
combusted. Thus the only material discharged through line 14

will be smaller pieces of uncombusted material and sand.
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Figure 13 illustrates an apparatus for produci ng superheated steam using
the heat of conbustion of waste nmaterials, which systemis a seventh
preferred enbodi nent of this invention. In addition to the configuration
shown in Figure 12, the systemdiverts a portion of the pyrolysis gases and
supplies themto a pyrolysis gas furnace where they are conbusted. Figure
14 shows &hgiskf eranbeakepacatedebyaligbtews 3P 3 aandchA%d .| e@hen fiihsededchar ge

| i f | ysi . sh in Fi 13. (A) i diff ti.al
gaige whi SRty BEC o7 Eri vad dr Higpldng Ak b3 e e Lo BB ange

whi ch nmekes st ek ®eltonn #e¢kacE gdre 15 illustrates an apparatus for
produci ng superheated steam using the heat of conbustion of waste

mat eri al s, whiFdglhreyss ems saarsyatght hdpagtenr exf eabofbuentt plefbirged
invention. A portion of the pyrolysis gases obtained fromthe pyrolysis
furnace aFBPECigEni: &f tthihel BRI PEPthex haPPFFaFysi §°f BrAdEEShy way

of a bran%npg&%%ated steam using the heat from incinerating waste
material. The auxiliary char combustion furnace 10B 1in
Figure 4 has been partitioned by two partition panels in
order to prevent backflow of the gases.

The auxiliary char combustion furnace 10B has two
partition panels, 100 and 100’, which partition the side of
the furnace from which line 5 returns the fluidized sand to
pyrolysis furnace 1. These partition panels partition the
upper portion of the fluidized bed and the portion below
dispersion plate 3-2. The lower part of the partition panel
above dispersion plate 3-2 has an opening 101, through which
the fluidized bed medium from the fluidized bed in which
superheater 29-2 is installed (hereafter called "primary
fluidized bed 2-2A") is supplied to the secondary fluidized
bed 2-2B which has been created by partition panel 100.

The sand in secondary fluidized bed 2-2B is fluidized by
combustion exhaust gases supplied via branching line 6’
beneath dispersion plate 3-2.

Partition panel 100 prevents the gases in the upper
portion of pyrolysis furnace 1 from mixing with those in the
upper portion of auxiliary char combustion furnace 10B while
allowing the sand to move freely between the two furnaces.

Let us call the pressure in primary fluidized bed 2-2A of
the auxiliary char combustion furnace 10B P,, that in its

secondary fluidized bed 2-2B P;’, and that in pyrolysis
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Figure 16 illustrates an apparatus for produci ng superheated steam using
the heat of conbustion of waste materials, which systemis a ninth
"preferred enbodi mrent of this invention. The pyrolysis furnace is not a
fluidized bed, but instead enpl oys a nechanical conveyor. Figure 17

il lustrates an apparatus for produci ng superheated steam using the heat of
conbust i dnrohcweast ePyvat ebiiate, thie cdecysiany | §laidérned el eandedtbabodi nent
of this invention. This system uses nore than one pyrolysis furnace.

Fi gure PETOLYFASt furRace a¥e SppaArSted viadrregudseRg superhatied) st eam

using the;pgat o, comhusi 9191 ngsl engakepbala, i ch systemis an

el eventh preferre ment of this itnvention. The pyrolysis furnace

enpl oys a fl Badtzedoheganed mOthais cplacedveyorhagiftlatidivadkdnsd SREFERRED
EMBODI MENTS OF THE INVENTION In this section we shall explain in detail
with ref 8P8fcdtfoWREtadLhRdngHd dévdmaltha drtian pbotheehed BRerfi s

nventi Ofnel B3QLAT 3008 dTRNSLONS. ST LAl . SPRDE, ANl Sle ugyPOSi tion

of the_s ural"“conponen whi“ch _ _ enbo rments are
speci ficahky shhsEa@sedhr t BReSCOPEi @fzdde Hdaverbi OphéS Iled | BNHEdot O t hose

shown. The
partition panel 100 (which is also the top of opening 101)
AH, the pressure in the pyrolysis furnace 1 P,, and that in
the primary fluidized bed of auxiliary char combustion
furnace 10B P;. The backflow of the gases occurs only if it
is not true that

AH-p + P, (P,") > P,
where p 1is the density of the fluidized bed (i.e., its
specific gravity). Thus it is not possible for gases to flow
from bed 2-2B back to primary bed 2-2A.

It is further advisable that return (sand circulation)
line 5 be canted slightly downward from furnace 10B to
furnace 1.

In this embodiment, after a portion of the fluidizing’s
heat is absorbed by superheater 29-2 in primary bed 2-2A of
the auxiliary char combustion furnace 10B, the fluidized bed
medium is conducted around the partition panel 100 into
secondary fluidized bed 2-2B. The sand is fluidized by the
combustion exhaust gases which arrive via branching line 6’
and returned to pyrolysis furnace 1 via circulation line 5.

Even if pressure P, in primary bed 2-2A or pressure P,
(P,’) 1in pyrolysis furnace 1 fluctuates, the pressure
differential which can occur between P, and P, due to

partition panel 100 will be AH, so gases cannot flow back
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enbodi nents are neant to serve nerely as illustrative exanples. Figure 1
shows an apparatus for produci ng superheated steam using the heat from

i hcineration of waste materials which is a first preferred enbodi nent of
t he present invention. In this figure, 1 is a pyrolysis furnace 27
conprising a fluidized bed; the fluidized bed nmedium 2-1, nanely, fluidized
sand or a $roml shemfitenhak, 1i soshegl RedAoafoadkspeasyonhpratemBudtiohi ch is
a perforaLESFglate or the like. The garbage or other waste materi al enters

t he syste agGpptYP4 i ABA4 thehgSeRE Midilgi Bed XA LR Aul BPFBAL (or
return) ﬁgﬂg The conbusti on exhaust gas supplied via input line 6
creates a cC “in the fluidized bed which is at |east 300[err]C. (Since
this pyro|y5|sxﬁuFmgueeis,bashaﬁhlstdesggnednkolpgrmbyPEOVaﬂéerohhane
conbust the material, nost of the as supplied will be combustion gas from
whi ch the 6R§§eRONRYSHEERA é6ﬁ§ﬁﬁ%d 0 ipoWeeesystemhsehpweohtrbigure 5

temperature, ,3meL! SQUBRLLY' §5 RLe8L4 L& iDRLOgyged as

With this configuration, when it is necessary to change
the pyrolysis time for different types of garbage, the
guantity of sand in the furnace can be increased by supplying
more sand from sand storage tank 120 and thereby increasing
the pyrolysis time. The pyrolysis time can be shortened by
removing a large quantity of sand via line 14 to reduce the
quantity of sand in the furnace.

Figure 7 shows an example of a backflow prevention means
which is placed on line 9, the line by which the char mixture
is removed. Mechanical conveyor 50B prevents backflow if the
pressure in the pyrolysis furnace 1 is kept higher than the
pressure in char combustion furnace 10.

The sand inside mechanical conveyor S50B is packed tightly
together, which enhances the effect of a gas seal created by
the fluidized sand. 55 1is the partition panel which
partitions the bed.

Figure 8 provides a more detailed view of the auxiliary
char combustion furnace 10B which can be seen in Figures 5
and 6 discussed above. As can be seen in Figure 8 (A),
fluidized bed medium is fed into furnace 10B from char
combustion furnace 10 via line 19-1 and returned to pyrolysis
furnace 1 via circulation line 5, which is connected to
furnace 10B diagonally across from line 19-~1. The fluidized

bed medium is moved from the base of superheater 29-2 toward
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needed. ) A pyrolytic reaction of the waste material is induced. The
pyrolysis gases generated by this reaction are renoved via discharge |ine
7. The unpyrolyzed residue and the char m xture conposed | argely of sand
are renoved via line 9. Unconbusted matter is renoved via line 8. It is
desirabl e that pyrolysis be carried out so as to generate a calorie ratio
of appr oxiteteppe?: 8nfpyoolasi soghsesin oswhiic et ucehtact whghbdilleer wat er

which is to be heated i s pressurized at approxi mately 100 Kgf/c, r], its
boi i ng g¥idlt: widg I RHris&hetel B BUS eq[')r(]gd.' TP TS YL é“’Hg 'e5rc9 of 7:3

refers tqd r@r&é‘éé’réeéﬁé‘gggfg_ &E’ffé‘{éﬁfigf EEF‘E%@EW QO heN® 0 &ff I N

boilers 36, 36-2 and fromits nornmal tenperature to a "tenperature
equal tahs3089€irn +litdie(citalbatiofedine pf Svapahiizatindn” crieatesher wor ds
the calories needed to raise the tenperature to 309£err]C, t he poi nt where

nost of tHef iRmntidpokasaar thn "gherditferentint (Bl oriBd R&IAEPN 0 heat
the steam{d qMiis, PO ! NG AYL s Ple 302051819995 khk{acé® 1 and the
pressure P, in auxiliary char combustion furnace 10B.

Pressuring ﬂhit 50 is placed in the secondary fluidized
bed. The uppéf portion. of bed 2-2 and the area below
dispersion platé 3:2 are partitioned on the discharge side of
furnace 10B by partition panels 100 and 100’. In the lower
portion of the fluidized bed above dispersion plate 3-2 is
opening 101. The fluidized bed medium in auxiliary char
combustion furnace 10B is supplied to secondary fluidized bed
51, which is created by partition panel 100 on the side of
the chamber where pressuring unit 50 provides a pressure
differential, through opening 101 under the partition panel.

The sand in secondary fluidized bed 51 is fluidized by
combustion exhaust gases supplied from below dispersion plate
3-2 via line 6', which branches off line 6.

Pressuring unit 50 provides the same function of
preventing the backflow of gas as occurred in Figures 5 and
6. If P, is the pressure in the primary fluidized bed 2-2 of
the auxiliary char combustion furnace 10B, P, 1is the
pressure in the secondary fluidized bed 51, and P; is the
pressure in pyrolysis furnace 1, then P,’ must be identical
to P, because of the connection of the two chambers via
return (circulation) line 5.

Partition panel 100 is placed in fluidized bed 2-2 so

that its unattached end is in the poftion of the bed where
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Air input line 21 is attached to line 7, the discharge line for pyrolysis
gases fromfurnace 1. Air is introduced through line 21 into the pyrolysis
gases renmoved fromfurnace 1, and any tars contained in these gases are
partially conbusted. These neasures should be taken as needed to prevent
t he adherence of tars or coking in discharge line 7. At the downstream end

of the di sqhargeuldifed h8aRuRYQ YRist GASnSONMDUGL I JHY NACErdfh, the
conbusti on chanber for the pyrolysis gases. A sufficient anount of air is

suppl i ed tsmnfreeeyrbhl| i sf habdszad abéd neo 2ther ipweo ehdt ofh@ardrigion
conpletely conbusted. 10 is, a char conbustion furnace ¢

f1ui di zed BFRELSUSPEndEE G L5 &t 50 stheakPPTRE EﬁﬁPlﬁgxﬁﬁggrkzgggﬂgpﬁéd vi a
di schar ge dydie Jit i qusgl% Rhals bhe flton td %Qrca&f_ the furnace. The

fluidized sand 1s circulated between this furnace and auxiliary conbustion
furnace | OB byiwsy D¥-1] neRidR- BrangslEhe AuidSzesdippédedediaml ifteml2,
which is below the dispersion plate 11. Heated to between 650[err] C and
8000C i n fAhAxi cEPRERLon 3furppge,yill jintmegurbl EdRBUShArhE TPz ed

e e AL 1) AU Y LA B, 0 e SR G
furnace 10B to pyrolysis furnace 1, both have their
downward-sloped discharge ends lower than their intake ends,
so that the surface of each successive fluidized bed is lower
than the previous one. In other words, the surfaces of the
fluidized beds get lower in step fashion, so that the height
of the surface of fluidized bed 2-3 in char combustion
furnace 10 is greater than or equal to the height of the
surface of primary fluidized bed 2-2 in auxiliary char
combustion furnace 10B, which equals the height of the
surface of secondary fluidized bed 51 on the same side of the
partition panel as pressuring unit 50; and the height of the
surface of bed 2-2 is greater than the height of the surface
of fluidized bed 2-1 in pyrolysis furnace 1.

Line 9, which supplies the char mixture from pyrolysis
furnace 1 to char combustion furnace 10, should be a
mechanical conveyor such as a screw feeder.

Figure 9 shows an improved configuration for the
fluidized bed which is used in the char combustion furnace in
each of the embodiments previously discussed. (A) is a front
view; (B) 1is a side view; (C) is a plan view.

The char mixture is loaded onto dispersion plate 11 to

create fluidized bed 2-3. The interior of bed 2-3 is divided

from left to right into three regions, 2-3A, 2-3B and 2-3C,
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conbusti on. Thi s generates exhaust gases in the range of 800[err]Cto
1,300[err]C. A second superheater 29-1 is placed in the upper portion of
char conbustion furnace 10. Thi s superheater boosts the tenperature
of the superheated steamintroduced via line 28-1 fromthe second type of
steam generator to produce steam (the first superheater, 20). The exhaust
gases, whilgh paveibgéen panedd team &MDSQQEUWiWrglé@thQnrw of
950[err]Cto 1,300[err]C, are allowed to 29 cool to 8000C to 950[err]C
Even t houdtPR%e R¥p Tt £h6f chp@besnbuseheh gasey thapsthe soBbCanm

950[ err] C a¢ Ve, e | s .no probhl emmaintaining th rature
of the st e%ﬂ%‘ﬁ%eﬁge%f%ré%eatﬂ%ﬁ% ] %lgfedl% Cian @I%é'rféﬁé 3’ cles
of matter advvdh aved dladw B ysiad dibd addignace 10 are renoved via

di scharge line 14. Auxiliary char conbustion furnace |OB is attached to

char conbusti drniief facndl 0l % anwhdph |Supplyf Ithiadiched bddktuss canl bheseen in
Figures J-EYHE izéJ“%gdlﬂéHfﬁﬁjf¥g%j£;£% yé??‘%ﬂ?%ace 1 and auxiliary
char furnace 10B to char combustion furnace 10, are connected
to region 2-3B, the middle region of the three created by
partition panels 61A and 62A.

Dispersion plate 11 is slanted toward line 14, the
discharge line for uncombusted matter.

The chamber below dispersion plate 11 is divided into
three regions by partition panels 61B and 62B, which are
placed at the same intervals as their counterparts in the
upper chamber, 61A and 62A. The central portion 11-2 of the
dispersion plate, partitioned by the partition panels 61B
and 62B, is more effective if it is shaped like a cone.

Line 12 branches into lines 12-1, 12-2 and 12-3, which
supply air into the bottoms of the chambers below dispersion
plates 11-1, 11-2 and 11-3, respectively. These chambers are
created by partition panels 61B and 62B. A valve 64 is
provided on each of lines 12-1, 12-2 and 12-3 to control the
air flow. These valves allow the air which flows into the
three regions created by upper partition panels 61A and 62A
to be controlled.

Line 19-1, which supplies the fluidized bed medium to
auxiliary char combustion furnace 10B, is at the surface of
fluidized bed 2-3. Line 19-3, which supplies the combustion

gases from furnace 10B, is above line 19-1.

In this device, the inlet of line 9, which supplies the
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10 and 1 OB via circulation lines 19-2 and 19-1. The third superheater,

29-2, is placed in fluidized bed medium2-2 in the auxiliary char
conmbustion furnace 10B. It is connected to the discharge side of the second
superheater, 29-1, via line 28-2. As can be seen in Figure 2, auxiliary
char conbustion furnace |1 OB may al so be set up independently; however, as

i's shown cina Fi @ik eude ifrdnd ﬁ9¥b§ﬁ§i§ I RRCE auUXiild aky Gy gewBwstion
furnace 1 0B, with its third Superheater, 29-2, sonmewhere al ong the path
19- 1 and porrjionhioch tihkee clentiedi zed ibad 2r8@i bh whiechhwae Iregtiedsi fthee char
conmbustion furnace 10 is returned to pyrolysis furnace 1. The conbustion
gases whir€@9iea efedenaraed k) nidth thiegres@agnbestiperiblet forolinesre | ed

as needed vig di: e L ' g ol.i.d p S : cycl one
6. oo rneLd R L b B R O R TR HEBR e e
sent to Rhaaf ahdt 2sspefteatRigios, ofi apwhgaharge) | i masbersA6n plake first

superheater, and 24 is the first boiler. The pyrolysis gases renoved via

di schar gé l-i2ne whigh &9npeéew| \heonbukrtedinn cpypteiry siegdigys ¢odBustiFon

furnace %%bp%% like a cone so that the air will flow more to lateral
regions 2-3A and 2-3C than to the central region 2-3B. Line
12-2 is adjusted so that it delivers less air than lines 12-1
and 12-3; an upward air flow is supplied into regions 2-3A
and 2-3C via lines 12-1 and 12-3, which are below dispersion
plates 11-1 and 11-3. Because of these arrangements, the air
in central region 2-3B is made to flow downward, while the
air in lateral regions 2-3A and 2-3C is made to flow upward.

Let us consider, for example, a char mixture which is
supplied via line 9 to the lower portion of central region
2-3B (the region of downward flow) or to the lower portions
of lateral regions 2-3A and 2-3C (the regions of upward
flow). Conical dispersion plate 11-2 causes the air to flow
from the central region 2-3B to lateral regions 2-3A and
2-3C, so that the fluidized bed medium flows downward in
central region 2-3B. At the same time, an updraft is created
in lateral regions 2-3A and 2-3C. The char mixture and the
fluidized bed medium circulate in the fluidized bed as
indicated by the arrows in (A).
Thus the char, which has a low specific gravity, will

always move from region 2-3B with its downward flow to the
bottom of the fluidized bed. It will attain a sufficient air

mix as it circulates through lateral regions 2-3A and 2-3C.

This arrangement enables adequate combustion using a small
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within which is installed water-cooled boiler 36. Along wth the conbustion
gases exhausted from superheater 20 via line 22, they are introduced into
boiler 24. The boiler water taken in via entry port 26 is heated to
200[er]C to 320[err]C, and the resulting steamor hot water is supplied to
superheater 20 via discharge line 27. Boiler water is also introduced via
br anchi ngaien&le® (ont sheapedecoofednbaikera8éo ofii 818 ta pyBdlysis gas

conmbustion fupnace 34. Steam or hot water is supplied via branching line
27' to super h[ég‘f“gr '"%b‘.‘:hT W51 M whber supfaseuqt; dd'q of LppibseHePefly 100

Kgf/cnk tQinal pe irkpei@icld1§o Rainkl RuaP IRl e 30U £TEAE b

I ntroduced into mé%%%-coolggpﬁbilers 36 gﬁgﬂgg?éﬁgﬂﬁﬁ?ﬁég %%%1%%322¥ and
the firsttbeadewofiraéat, i igribeacenhphtshedthéheesale stavatieabdbtvew i s
controlled so that_tze tenperature attained is approximtely 309[err]C

which is closB2EGTERE BRIFH N POtnFOmAYssefesn) the fHal Bedreidl the
e S5, WGt IoGRALAE D0ty AP BOL) B Sy [ 0abe (1
(C}). It will be routed by guide plates 14-1 and 14-2 to line
14 and thereby discharged to the exterior.

Figure 10 shows an improved internal configuration for
the pyrolysis furnace which is wused in each of the
embodiments previously discussed. (A) is a front cross
sectional view; (B) is a cross sectional plan view; (C) is a
view from the left side.

In Figure 10, the interior of pyrolysis furnace 1 is
divided by partition panels 80 into a number of compartments
from the side on which the sand or other fluidized bed medium
2-1 is loaded onto dispersion plate 3-1 (the side where
supply line 4 is connected) to the side from which the char
mixture is removed (the side where discharge line 9 is
connected). On one side of each of the said partition panels
80 a space 8l is left between the partition panel and the
side wall of the furnace. Each space 81 is on the opposite
side of the partition panel from the previous one. This is
the configuration of primary fluidized bed 1A.

The lower portion of the primary fluidized bed 1A is
extended outward, and a conveyor unit for conveying solid
materials from the side on which the garbage is loaded to the
side from which the char mixture is removed, specifically, a
screw feeder 1C, is provided at the bottom of the bed. Line

82 allows air or combustion exhaust gases to be pumped as
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If there are chlorides or HCL in the pyrolysis gases whose heat is
exchanged, corrosion does not occur. The steam and/or hot water renoved
fromboiler 24 via discharge line 27 and the steam hot water heated in

wat er - cool ed boiler 36 and renoved via branching line 27" are introduced

I nt o superheater 20. They are heated by the conbustion gases supplied via

the |inenéédded Phedueiee W&@i&@@ti?@ﬁﬂ@ﬁd ddereydt neducedxsequential ly
i nto superheater 29-1 via discharge [ine 28-1 and superheater 29-2 via line

28- 2 confidéutiddzed beduhcdahughefiliidhaesathaisrntl ®r3othert éapedizeade
bet ween ﬁogoc nd 520[err]C, the steamis renoved and supplied to an
el ectri cP§EnBPEEYPM: Al t hough we have al ready discussed the operation of the

embodi ment akgng e thy 4SSN EGrEAt 0R, We SAA! | uhEbRblyrd®i herass it
here. Organic conpounds “contai ni ng chlorides such as vinyl chloride
pl asti cswaiehmadderies wict maotdoabusadiod eratesrdralasl ion gavirageosuppl ted to
DY OV 2! k11258 21 I0E, SOTRUPYPLEPEL L O SOPLE' 41 SPRECKL L
0. 2- 0. 59&EK: Yy Y
by force in the direction of the char residue. This insures
that no combustible material will be exhausted with the
noncombustible matter.

Partition panels 80 in primary fluidized bed 1A have the
effect of lengthening the flow within the fluidized bed. In
other words, the partition panels lengthen the course
traveled by the garbage and fluidized bed medium as they are
mixed together and drawn toward discharge line 9. This
arrangement insures that raw garbage will never arrive at
discharge line 9. Pyrolysis can be executed uniformly and
over a specified period of time. Because a uniform pyrolytic
reaction can be induced which occurs for a sufficient period
of time, the chlorine compounds in the garbage can in effect
be completely pyrolyzed, gasified and removed.

Figure 11 shows an improved version of the pyrolysis
furnace employed in each of the embodiments discussed above.
This pyrolysis furnace has an integral pyrolysis gas
combustion furnace which comprises a combustion chamber. (A)
is a side view of the furnace pictured in Figure 1 and the
combustion chamber. (B) shows a modification of the narrow
portion. (C) is a front view.

Over the center of the fluidized bed furnace constituting

pyrolysis furnace 1, the walls narrow to form neck 411.

Above this narrow neck is combustion chamber 40. On the
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Garbage is supplied to pyrolysis furnace 1 via line 4, and heated

fluidized sand is supplied via line 5. Smal|l quantities of air are
supplied to the conmbusti on exhaust gases via entry line 6 on the bottom of
the furnace as needed for tenperature control. In fluidized bed 2-1,

created by fluidizing a quantity of sand, the tenperature is kept between
350[ er r ] Cnamgo®w00fekr$ Ll ardhirs aresyl bE afirano®pyesl §zed Aresiiduénlet

essentiallé free of,§Q$orine conpounds, being obtained through di scharge
line 9. E&3enfiRFPVIET IhdhenRBPPRePeERbPRIME SR COmpuss ioanehrRBETI n t he

wast e nmat gpial are now contained in the pyrolysis gases, which are

di scharged via line 7. Large particles of unconbusted nmaterial which are
separated in Abe ipyrehgwn c ineatiigures n1pynal)ysdrsd f ycpacenk adec-k egpyed from
the furnace via discharge line 8. The duration and tenperature of pyrolysis
are choseh@BETEhAFoRhENEa8inePfEL| Bfofhehehppberyspyagdsasrandzehes char

Thars Yakl, LR e R s 28RS, LA M URlnRoSe e O
i ntroduct aonaekroa sukiletquanti by @hodin iSUAR) edidYcdd® Bd &#Nnhheoypstream
end of discharge line 7 causes

cylinder with a pair of air inlets 21 diagonally opposite

each other to create a rotary air flow.

The pyrolysis gases generated in pyrolysis furnace 1 are
conducted through neck 411 into combustion chamber 40. The
air introduced through line 21 and propelled by nozzles 42
causes primary combustion of the pyrolysis gases to occur in
a reductive atmosphere (with an excess coefficient of 0.6 to
0.8) so that the NOx content is reduced. Air is introduced
into the upper chamber via inlet 43 to induce secondary
combustion. The pyrolysis gases should be completely
combusted to minimize the CO and dioxin content.

Providing a neck 411 between the combustion chamber 40
and pyrolysis furnace 1 facilitates the mixing of air into
the gases. In addition, it prevents the heat from the
secondary combustion in chamber 40 from radiating into the
space occupied by the fluidized bed below it. This prevents
the char from combusting so that the desired conditions of
pyrolysis can be achieved in furnace 1.

Figure 12 is a system diagram of a sixth preferred
embodiment of this invention, another apparatus to produce
superheated steam using the heat from incinerating waste

material. The char combustion furnace in Figure 2 has been

partitioned into two fluidized beds and a backflow prevention
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32 these to be partially conbusted without a drop in the tenperature.
This prevents the adherence of tars and coking in line 7. A quantity of air
is then introduced via line 21' into pyrolysis gases conbustion furnace 34,
where the pyrolysis gases are conpletely conbusted. Because the tenperature
of the pyrolysis gases can be kept high in pyrolysis gases conbustion
furnace B2ang padgangasght ey téngstuanepei havewheen paAvbdefint r oduced into

wat er - cool ed _boi | er :fG.and 36-% and.boiler 24 and heated to nearly the
boi |1 ng poi nfL096[ kT 14516 SHAHEN |CAHEE Phey HERECRREhBRGEATRERE wit h

“ﬁter-coehﬁédﬁﬁbh%r0%6ﬂHléﬂ@d&éﬁ%fbé%*%ﬁbéﬁ@$ué$%§@aéﬁﬁ”@6€p§éduEQe _
exhaust gases fromthe conbustion of the pyrolys gases are supplied via
entry |i sep28¥heatbd |srediwl atdng whieh hdwet S fremheaiceinencntirsy | wasezhaust
gases fromdi scharge |line 22. The concentration of HCL in the gases

i ntroduc®8tPRE8the P50¥yEhe GO GRS oFhIWR ndBe F3UERd boi18r 24 is

appr oxi nEB?'thﬁogft Qhé’SQPoP}Pé'ls %’aézeO&tfsogdﬁlﬁfe@ vfilaO\g b3Lfich line
to a pyrolysis gas combustion furnace for the combustion of
pyrolysis gases.

Figure 14 shows a pressure differential gauge 100 for
measuring a pressure differential, which is installed in the
outlet line for pyrolysis gases shown in Figure 13. (A) is
a pressure differential gauge which employs orifices. (B) is
a pressure differential gauge which employs a horn neck.

With this configuration, the pyrolysis gases discharged
via line 7 are conducted into ash melting furnace 31.

Further, as can be seen in Figure 13, some of the
pyrolysis gases discharged via line 7 branch off before the
remainder are fed into ash melting furnace 31.

In furnace 31, a rotary flow may be used to introduce the
dust and ash from line 29 and the air or oxygen-enriched air
along with the pyrolysis gases from line 30. The heat of
combustion of the pyrolysis gases, which is over 1,300°C,
melts the ash. The melted dust and ash descend through line
32 into reservoir 32A, where water-cooled slag forms in
particles several millimeters in diameter. This slag can be
used as an architectural aggregate. Ash is fed into the
furnace 31 via line 18, the discharge line from cyclone 16,
and dust line 29. Noncombustible material from line 14
and/or any ash collected by a bag filter or an electric dust

collector can also be melted.
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of the boiler water, the surface tenperature of the tubes in water-cool ed
boiler 36 and boiler 24 can be kept below 350[err]C, their nornal
‘tenperature in prior art apparatuses, and high-tenperature corrosion
can thereby be prevented. Thus water-cooled boilers 36 and 36-2 and boil er
24 cannot produce superheated steam but heat the water only to 300[err]C
to 320[ err] CPy©odystibi gaparbmbhbyiheafednaateB4phsséngt hr oaghustpenheat er
20 and is further heated_ by, superheaters 29-1 and 29-2, superheated steam

is produE@&mﬁﬁFcﬁoﬁaEYéoﬁﬁﬁbér ?%?%'cﬁsfﬂﬂﬁQQQ]QEIﬁ?e7§8F§§FF€amTﬁ€ char
m xture g?sangg éggﬁpyig ¥si g3f Wnagg %:%Clbcaﬂ%e 'f'u?ﬁamﬁco ) sts of

fluidize pyrolyzed 33 resi I's m°xture

essent i abuy fireenafl achl o6 |dwxmmﬂ)auadpyro$ysu§p¢a@éb tigs tsln@plm\eelrvpart i on of
char conbustion furnace 10. Air which is supplied via |line 12 through

di spersi éangl atlérlﬂ?nélal%‘és%ﬁésnﬁ%?ufi@mpée§@2ﬁu§t>mb¢ﬁ‘éeéuant|ty of air

suppl i ed Vi aqking 12 .5 control] ed, and Lhe Yol y2ef epldhged s:

through discharge line 7, are conducted into ash melting
furnace 31 before being fed into pyrolysis gas combustion
furnace 34.

In this embodiment, then, the ash separated by the bag
filter(s) on the downstream end of the cyclone 16 or line 25
and/or the noncombusted material from line 14 are conducted
into the ash melting furnace 31. The melted ash can be used
to produce aggregate.

If line 7 branches into lines 7’ and 7-1, as shown in
Figure 13, it will be necessary to measure the volume of flow
using differential pressure gauge 100.

Differential pressure gauge 100 measures the volume of
flow (or rate of flow) of the pyrolysis gases removed from
pyrolysis furnace 1. In this differential pressure gauge, a
small volume of air is injected as needed into the two
discharge ports 109 on the inlet and outlet sides of neck
110, the narrow portion which forms the pressure gauge 100,
to combust any tars in the pyrolysis gases. This is done to

prevent tar buildup or coking in discharge ports 109 or neck

110.

Figure 14 (A) shows a differential pressure gauge which
employs a number of orifices. 101 and 101’ are the pipes
constituting discharge line 7. 102 are flanges. 103 are

orifice plates. 104 is a differential pressure gauge unit.
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fluidized. To insure that the residue is conpletely conbusted, air
is also supplied via lines 13 and 19-3. The tenperature of char conbustion
furnace 10 will rise due to the heat of conbustion. The value of this
tenperature is determ ned by the caloric value of the unpyrolyzed residue
supplied via line 9, the volume of air supplied by lines 12 and 13, and the
t enper at uA85ef 1Phe 1Pdi andet0& aark fFigminless piges .and0#9aze REREFBES it may
go as high_as 1,0Q0[err]Cto 1,200[err] Heat _fromth uper heat ed steam
T uper hEEPR U589 LS AT A e 38, TouR (ECporHidaber 8LTeS Thi <
makes it e@skeht01r @igevbiGmbemPerat yre @i olheteeabyst beR-g288%1t8s
800[err]Cto 950[err]C. Instead of or 1 n addition to superheater 20, a

wat er - cookedmeaisuere I8-oX.maFdur predsies asapeeld@d 4ve hpbacedeabobDer water
circulated via lines 26" and 27", which branch off fromlines 26 _and 27.
Smal | par £NEPEYALE @FcSHRAIE ebf nhb@r FAPSPeSATLLNG HaKRR MRCFRSE | AN8f gl ass
or cans apeprenoved via discharge line 14. Auxiliary char conbustion
furnace | may be set up independently according to the second preferred
enbodi ment of Flibugel MMENtBPNisasa shOPRet8nEigur @ressheeevftugd hehithi di zed

employs a horn neck 110. 1Its configuration is identical to
that shown in Figure 14 (A).

Figure 15 is a system diagram of an eighth preferred
embodiment of this invention, another apparatus to produce
heated steam using the heat from incinerating waste material.
A portion of the pyrolysis gases obtained from the pyrolysis
furnace 1 on the upstream side of ash melting furnace 31 may
be supplied via branch line 7-2 to the inlet port below
dispersion plate 3-1 in the same pyrolysis furnace 1.

As a result, the pyrolysis gases in line 7-1 will not be
diluted by the fluidizing gas (composed primarily of inert
gases such as N;, CO;, or H;0) and will remain high in
calories so that the temperature in ash melting furnace 31
can easily be raised to 1,300°C to 1,500°C.

Figure 16 is a system diagram of a ninth preferred
embodiment of this invention, another apparatus for producing
superheated steam using the heat from incinerating waste
material. Here the pyrolysis furnace does not employ a
fluidized bed, but a mechanical agitator to mechanically
agitate and convey the waste material.

1A is a pyrolysis furnace with the mechanical agitator
which can mechanically agitate the solids within the

pyrolysis device while at the same time conveying them from
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bed nediumin the char conbustion furnace 10 circul ates back to pyrolysis
furnace 1. Since the tenperature of the nedium 34 in furnace 10 is
~approximately 700[err]C to 850[err]C and that of the mediumin furnace 1 is
350[err]Cto 500[err]C, there is a significant tenperature differential

bet ween the two furnaces. Wien the nmedium from char conbustion furnace 10

i s introdecechiit efoly the ogpybebgsito f tiheaceutilett | Eopoddien| €hekat t he

heat differential Wl cause, the tenperature of. pyrolysi pj | ocal | 'y
et i e ettt &l it LT SAUSE LI A PRLA! Yo L BMEOLYR! SohOegPLis

compl i C%%EQ tﬂaEﬁEk‘éi‘txﬁaﬁfe QUQBEA\EI:\X Ri14! o dizedihed igrdicdRkr @itRned to
furnace 1. Eor this reason, as sho In Figure 1,” an auxiliary char
conbust hoRokiEzbaceall EBreivt ieadthi r dThapsahdaber ptROr2flisdpzedi ded on t he

path defined by lines 19-1 and 5, the path by which the fluidized bed
medi um Redienursed H9mHA 4 NG hERe cBADHSs BNGn FAFIRE D Y r BRYEPs fur nace

b BB, FPA R S B A T PSS g8l CS. St
The agitation chamber is brought up to a temperature of 300°C
by heated air or combustion exhaust gases supplied by line 6.
While the sand and waste material are being mixed together
and agitated by the rotary kiln or horizontal screw feeder
agitation tank, a pyrolytic reaction of the waste material is
induced. The resulting char mixture of unpyrolyzed residue
and sand is mechanically conveyed toward discharge line 9.
It is sent from line 9 to char combustion furnace 10 by way
of sieve 90 and line 91. The pyrolysis gases generated in
the pyrolytic reaction in the agitation chamber are removed
via discharge line 7. The noncombustible material separated
by sieve 90 is removed via discharge line 8.

As was explained earlier, it is desirable that pyrolysis
be carried out so as to obtain a calorie ratio of the
pyrolysis gases to the char mixture of approximately 7
(pyrolysis gases) to approximately 3 (char mixture).

An air inlet line 21 is connected to discharge line 7 on
pyrolysis furnace 1lA. Air is introduced into the pyrolysis
gases removed from furnace 1A to combust some of the tars
they contain so as to prevent tar buildup and coking in
discharge line 7. The pyrolysis gases are sent to ash
melting furnace 31 before being conducted to pyrolysis gas

combustion furnace 34.

Other aspects of the configuration are identical to those
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8000C in furnace 10, to reduce its tenperature to 500[err]Cto 700[err]C.
Returning the mediumto furnace 1 at 500[err]C to 700[err] C nmakes possible
a gentle rate of change of heat, so that the pyrolysis tenperature inside
the furnace 1 can be kept in a stable fashion between 350[err]C and
500[err]C, 28-3 is the line to renove superheated steam 12[err] is an air
supply |ihe. Figereokdusti on gases generated in char combustion furnace 10

. which ' !
at a tenperatﬁ.u{(g\ag 8000C t g 9;%%%1_‘2%]8%1‘3 eagn i %?g %;%}eﬁ@h y%ltéfeer%%charge

chl ori ne conpou are introdu ne clone 16 via

line 15. éMbdbhemsy€elMMehi@Ushvantianh S sapay thisORbEher&xeusd gases.
The former are renpved via discharge line 18 and the latter via discharge

line 17. Supexheated gacem rumivedthea hdiagchéirge |ingd neraddnghevagste

cyclone 16, which are at a tenperature of 8Q0[err]C to 950[err]C, are
et oduc AL o Rt ruDeR00F YLy SSB0FBr PiESS: o6 SR eYE

stean boi | er gatsy, Pf oucadd B9 k<24 28Rd Wat 6F- £RE! &Sh PO ALt Rfh are
heated further to progﬂ%e supeﬂhggteg stea%
which differ from those shown in Figures 15 and 16.

Two pyrolysis furnaces are provided, each of which
comprises a fluidized bed.

In the pyrolysis furnaces 1 and 1‘, the sand or other
fluidized bed medium 2-1 and 2-1’ is loaded onto dispersion
plates 3-1 and 3-1', which are perforated plates or the like.
The garbage or other waste material and the sand are loaded
via supply lines 4 and 4’ and circulation (return) lines 5
and 5'. The combustion exhaust gases supplied via inlet
lines 6 and 6’ raise the temperature of the fluidized bed in
pyrolysis furnace 1 (first pyrolysis furnace) to between
250°C and 450°C, inducing a pyrolytic reaction of the waste
material and actively generating a char mixture. This
mixture is supplied via discharge line 9 to char combustion
furnace 10. The pyrolysis gases generated by this reaction
are removed via discharge line 7 to pyrolysis gas combustion
furnace 34. Noncombustible material is removed from
discharge line 8.

In the other pyrolysis furnace 1’ (second pyrolysis
furnace), a pyrolytic reaction of the waste material is
induced in a fluidized bed which has been brought to a
temperature of 450°C to 700°C. This removes chlorine

compounds and actively promotes the generation of pyrolysis

gases, which are supplied via discharge line 7’ to ash
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The exhaust gases which cone through discharge line 17 are virtually free
of chlorine conpounds, so even if the surface tenperature of the boiler
tubes in superheater 20 exceeds 350[err]C, the extent of

hi gh-tenperature corrosion is significantly reduced. The fluid in the
tubes can have a tenperature of 400[err]C to 520[err]C, and superheated

st eam camell4 igigt dupredcien 34 . st Bl euriprstn oyedd arhak scihangee per tre@®ved To

mai ntain the tenmperajure.in the pyrolysis furnace 1 at a prescribed val ue

of at |e&St ?U?)’fe??’]“_ ISEREN qJARTPES ot oXbBeiSRPARESE 1Lt 27 ng GBS
SUPP! ! ed nbin@ ofiBhist i18° nft ths 16804 LALRAGLHAY 145 dli3chBgel 1 1B b auant [ty of

air is supplied along wt e conbustion exhaust gases from boiler 24, and

a portion of Thae fthei diized pymdlleas duxnhicar ¥ ,Char ueedbist genekdrtaace | OB,
which has a tenperature of 500[err]C to 700[err]C, is supplied as a heat
sour ce via ¥1¥¢R Yoilyme i 9k dechlpgiinpsied tdeax empatargre. wholé nghee

oy oLy SRELACHERY LD EOERARRF et ert Ity SO L gt and

shoul d ceRsirshiftudk b GurPesRrdey ?aﬁagaﬁé Y1 19 RhesCQRREAT I ON

exhaust gases maintained at a tenperature of 1 errJCto 200[err]C. More

speci f i cahhy bea hesednboswisbn medtausy fHasesce eddved Thimndivision of
functions enhances the efficiency with which both the char
mixture and the pyrolysis gases can be generated.

Since pyrolysis furnace 1 serves only to dechlorinate the
waste material, its fluidized bed can have a temperature
range from 250°C to 450°C. This allows furnace 1 to generate
a large volume of char mixture.

The gases introduced into ash melting furnace 31 have a
temperature of 450°C to 700°C and have been fully pyrolyzed,
so injecting even a small volume of oxygen-enriched air into
furnace 31 will allow its temperature to be maintained at
1,300°cC.

Figure 18 is a system diagram of an eleventh preferred
embodiment of this invention, another apparatus for producing
superheated steam using the heat from incinerating waste
material. Here the pyrolysis furnace comprises both a
fluidized bed and a mechanical agitator to agitate and convey
the waste material.

In this embodiment, the first pyrolysis furnace, furnace
1 in Figure 17, is unchanged, while the second pyrolysis
furnace, furnace 1’, comprises the mechanical pyrolysis

furnace 1A in Figure 16. In other words, the second furnace

has a mechanical agitator to agitate the solids within the

54



di scharge line 25 of boiler 24 can be used once the dust and chlorine
conponent have been extracted fromthem In Figures 1 and 2, 11, 3-1 and
'3-2 are dispersion plates, and 2-1, 2-2 and 2-3 are fluidized beds. 36
Figure 4 is a systemdiagramof a third preferred enbodi nent of this

I nvention, another apparatus to produce superheated steam using the heat

fromi n%ﬁ%ﬁ%&ﬂg p@sh£canfierialat YheSBalhke expbatonvelynghosemaspeet s which
differ fromthe exanple shown in Figure 1. Filter 291, a vibrating screen
with a nesé tmberetEor ofhes wagtd mavesiiadedoothei sukdr§e fPRetlge gfhdhe

rolysis, furnace 1.  The terial .exhausted via,the |ine IS se at ed
P%to YaL@éxgﬁF?rcleghdF u %%h%%sﬁ%bxﬁﬁggFgﬁlvéﬂ% 6Fﬁgkwéxﬁgéstﬁhéﬁ%

he 1o Cea hea aRoce & oot etk 3 e e et on T brhace 10,

51 i s theotisenwhlchcrennfesdéhe | arge particles of unconmbusted material .

smal fer part%ﬁégstﬁg ggﬁé?;;ﬁs\¥y£g;ég?L%egokegggggggfdaégtation, as
furnace 1A does, there is no need for the fluidizing gas (an
inert gas composed mainly of N,, CO, and H,0) required by a
fluidized bed. The pyrolysis gases are not diluted, so the
caloric value per unit volume is higher. Using air or
oxygen-enriched air, a temperature of 1,300°C can easily be
generated. This can be used as an efficient energy source to
melt the ash content of the gas. For this purpose the
mechanical agitation furnace is preferable to a fluidized bed
furnace such as furnace 1.

In other words, the low-temperature pyrolysis for
producing char mixture uses a fluidized bed, and the
high-temperature pyrolysis furnace 1’ for producing
high-calorie pyrolysis gases uses a mechanical agitator.

If a mechanical pyrolysis furnace is used in furnace 1/,
a temperature of 1,300°C can be maintained in ash melting
furnace 31 even without enriching the air fed into the
furnace with oxygen.

A portion of the pyrolysis gases obtained from the other
pyrolysis furnace 1’ is supplied via branch line 7' on the
upstream side of ash melting furnace 31 to pyrolysis gas
combustion furnace 34. Since the ash content of the
pyrolysis or combustion gases will be approximately 10% of

the waste material. There is, therefore, no need to use all

the pyrolysis gases supplied for melting the ash. Having a
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furnace 10 are renoved via line 14. The discharge line 14 has a filter 292
W th openings approximately 2 mmin dianeter. The material renoved via the
line 14 is separated into small particles of unconmbusted material on the
one hand, and fluidized sand and ash on the other. The fluidized sand is
supplied via line 52, filter 293, and lines 55 and 54 to the bottom of the
f1 ui di zedbbaschbbime diehear Poghipnaeé the pyrdkys it gaAsest psevengsnake 10.
The | arger ar%LcIe§ of ungonbuste .material are djscharged to the
exterior 0Pl FPAEIBY. THFNRGF 589M; €3RbiNALEBP UPEF S RRBRErYS: Wtever , | t
will catch anypsand o hatrdRaaass: [ 0aPRBs bRt 949N dridsseire? Yauhl | €00,

di scharging ash to the exterior. The di aneter chdsen for its mesh openi ngs
i s approxshawal yir). 1 Figwe t hd} tdieyuld | bebeiratad 11evd t @Ahhéhe an ntham

di anmeter of the grains of sand (approximately 0.2 my. 37 Thus filter
293 can cHPERTEAY Fiifis off a8Rd TRkSP t Hugngise Biit &0 29pichanbhpass the

ash, and QQEXhEQSea§Ene 7’ branches, or on line 7’ itself in order to

adjust the volume of flow.

EFFECTS OF THE INVENTION

As has been discussed above, the present invention
improves the efficiency with which noncombustible materials
are removed and fluidized bed medium is separated in a
pyrolysis means for pyrolyzing waste material (pyrolysis
furnace) and a char combusting means for combusting char
(char combustion furnace) which enable stable pyrolysis and
combustion. More specifically, this invention prevents the
boiler pipes from being corroded by chlorine compounds
without requiring the wuse of expensive, high-quality
materials. It enables the collection of a larger volume of
high-temperature, high-pressure steam of approximately 500°C
X 100 kg/cm?. This results in a generating efficiency of at
least 30%. This enables removal of noncombustible materials
and the fluidized bed medium in the pyrolysis means for waste
materials and the char combustion means. Pyrolysis and char
combustion can be accomplished in a more stable fashion.

The present invention provides partition panel to prevent
backflow of char, fluidized bed medium or gases between the
pyrolysis device and the char combustion device. The
fluidized bed medium, with its temperature differential and

a higher caloric value, cannot accidentally flow backward
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through to the exterior via line 56. The use of this filter nmakes it nore
efficient and easier to renove the ash and recover the sand. W shall next
di scuss in detail the operation of the enbodi nent. Larger particles of
unconmbusted material separated in the pyrolytic reaction which takes place
in pyrolysis furnace 1 are renoved fromthe furnace via discharge |ine 8.
Gener al | y PetieaRastBendiwd i shambgrent o Fis yereventaadeackikowr §spad to

pi eces appr.oxi.nat el 0Q.mm i n.di ameter. Thus discharge |.i.ne 8, through

i oh uncoRueery ToEEER T, ST EHaERGRET G a0y of Poop SR AG4 19 6B Lvel y
large di agenelitifnsa Flflided | foAd #Eb@?s&@_H%WEHmHEHEiéﬂe§n0EiHﬂ§9”bU5ted
matter, char residue, sand and smaller particles of unconbusted matter are
al so renovedsela the line 8. Filter 291 separates the material exhausted

t hrough di schar | ine 8 of pyrolysis furnace_ 1 into |arger particles of
uncombust ed n%?ggrtéﬁdngﬁéVSéﬁhgﬁépﬁ tooRVyoLNEe| WRgER Parerdrdsapf

uncombust @M h F JmpisIGRA 98dant NS BiN&Se SURat allGEs 1R @ 15YRRLIGd to the
bottom of char conbustion furnace ﬁ% an apﬁileg to é%%busﬁlon. Eﬁags
shards, i rotisar apicandsotherolsjedt tve pp £adteiaf designs. The caloric

ratio of the thermal energy of the pyrolysis gases obtained

in the pyrolysis device and that of the combustion gases

obtained in the char combustion device, which do not contain

any chlorine compounds (i.e., the dechlorinated thermal

energy), attain the desired objective without variance, as

does the chlorine concentration.

With the present invention, pyrolysis is carried out
efficiently in the pyrolysis device. Tar buildup and coking
due to the pyrolysis gases are prevented, and concentrations
of dioxin, CO and NOx are minimized. The chlorine content is
reduced more efficiently than in the prior art, and more
superheated steam is produced.

According to the present invention, the ash separated
from the pyrolysis gases or combustion gases can be melted to
produce aggregate or the like.

In one version of this invention, the pyrolysis means is
not a fluidized bed, but a mechanical agitation means for
mechanically agitating and conveying the waste material.
This design allows the duration of pyrolysis and the volume
of material pyrolyzed to be controlled more closely than does
a fluidized bed, resulting in a more stable pyrolytic

reaction. And because the pyrolysis gases are not diluted by

a fluidized bed carrier gas, the caloric value per unit
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unconbusted material are renoved from char conbustion furnace 10 via

di scharge line 14. The | arger pieces of unconbusted material have al ready
been renoved fromthe char conbustion furnace 10, and the char residue has
been adequately conbusted. Thus the only material discharged through |ine
14 will be snaller pieces of unconbusted material and sand. 38 These can
be separavedule filsl haghez292 and 293. The filtered sand nay be recircul ated
by supplying it to the bottomof the fluidized bed in furnace 10. Figure 5
i s a system dil&gRrBATLBET VeRRAQh Ot shésr bavenbben neHte FYRCHYS iisnpearfon,

anot her appar.at. to_produce superheated steamusing.th t fro
incineratgﬁgpﬁéggg ndt errarT hepgﬁgﬁyﬁéfy gﬁﬁ?a%%%bﬁg ﬁ%ﬂ Pﬁﬁngég | OB in
Figure 4 E?@r@%%&aﬁértéérﬁm@htw pErdidi £y paBakS drH omeehah@chlevent
backfl ow of the gases. The auxiliary char conbustion furnace | OB has two
partiti onagatetdionl@@nksd 106" thelechrpatwbt pymoflifeisi derohcehe eachace
from whi ch quf 5 returns the fluidized sand to

can be set at a different temperature of pyrolysis. The
low-temperature furnace can be set at 250°C to 450°C to
facilitate the production of dechlorinated char mixture. The
high-temperature furnace can be set at 450°C to 700°C to

generate pyrolysis gases for use in the ash melting furnace.

Various other effects are also achieved.
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pyr ol lﬁil 1 Hﬂ hese partition panels partition the %%E%; partion of
the fl he portion bel ow di spersion plate 3-] SHEBTVRIA, BEEN
part of the partltlon panel above dispersion plate 3-2 has an opeREpp@cgsl,
t hrough which the fluidized bed mediumfromthe fluidized de*Tn—mhfvEE

superheater 29-2 is installed (hereafter called "primary fluidized bed
2-2A") is supplied to the secondar ycLAIMsli zed bed 2-2B which has been
created by partition panel 100. The sand in secondary fluidized bed 2-2B is
fluidi zed by conmbustion exhaust gases supplied via branching line 6

beneat h spersj on 3:2.. Par 't Jhe th
qﬂ 0 $%€y5|sf?urn réh %ngags oH0REAVERLS ANE y@a%Gs I N the

upper ion O I'ng Wi th those in the upper

porti On @ncﬁl@@ﬂatﬁ@h chedt Combusldtan hataacel s OBawhinige i | beasy ttwe sand to
nove freely between the two furnaces. Let us call the Rressure in primary
f1ui di zedtras X@AeAt tpressixtlied ypehber coabast FBAChuPagice POBIRMG ],

that in its secondary fluidized, beh @28 Bl enphberr]sadd Lt debghyrolysis
comprising:
heating said boiler water with a chlorine-containing
energy source to said boiling point; and
heating said boiler water above said boiling point with
a chlorine-free energy source to produce superheated steam of

a predetermined temperature.

2) A method for producing superheated steam using
incineration heat of waste materials according to claim 1,
wherein:

said heating with a chlorine-containing energy source is
accomplished using combustion energy of pyrolysis gases
obtained from a pyrolysis means in which waste material is
supplied into a chamber containing a fluidized bed medium
heated to at least 300°C, and a pyrolytic reaction is
induced; and

said heating with a chlorine-free energy source 1is
accomplished using combustion energy of unpyrolyzed residue
in a char combustion means wherein a char mixture comprising
said unpyrolyzed residue and fluidized bed medium from said
pyrolysis means is fluidized by a stream of air or combustion

exhaust gases and combusted.

3) An apparatus for producing superheated steam using
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furnﬂmmﬂnumﬂc@lthe secondary fluidized bed and the p
are Lo return (sand circulation) line 5 Plerr]
‘have the sane value. Partition panel 100 is placed in the
that its unattached end is in the portion of the bed where the flu

I s nost dense. Let us call the height fromthe surface of the fluidized bed
to the | dREANERATLEPpRPELL PENWRARRI MADBLiahPehCPBPELESNThe t op of openi ng

101) AL thesPLESAING i ADS PRl YE! sullingse &b 27, a0d L hatol .1 e

primary fluidi of ‘auxiliary cha asthon furnace err]. The

backf | owjgtot hecHafmBEr0B&4H &d OfY Yat f1ddst S301Ptc til@rideat t8HiRducEl 8rr]
(P[err]) > Plerr] where p is the density of the fluidized bed (i.e., its

speci fi cPygravvtyy. rgaotion,i samdt geoswidfies f dntgaspyrodyshisw gaseasbed 2- 2B
back to Brinar¥ rt her advj sable that return. (sand

ed 2-2A, It is.f
circulat_8ﬁ?rﬁlﬁg éjbes%bﬁtggrgﬂVgﬁflf*ﬁﬁﬂﬁ%ﬁ}@ fr n@f&?ﬁﬂ%emF 1E8 furnace
oy super ponror s80, rprEo fEed FRIGR A TR LEH BRIt alte T on
furnace h@Bcomhastlibildi medebedls;
char combustion means for fluidizing said char mixture
comprising said unpyrolyzed residue and fluidized bed medium
supplied from said pyrolysis means in a stream of air, and
combusting said unpyrolyzed residue;
a first steam generating means for producing hot water
or steam having a temperature below approximately 400°C using
thermal energy from said pyrolysis gases;
a second steam generating means for producing superheated
steam from said hot water or steam produced by said first

steam generating means using thermal energy from said char

combustion means.

4) An apparatus for producing superheated steam using
incineration heat of waste materials according to claim 3,
wherein said steam produced in either said first or second
steam generating means or a portion of said hot water or
steam fed into either of said means is conducted as needed to
a heat exchanging means in a high-temperature region of said

char combustion means.

5) An apparatus for producing superheated steam using
incineration heat of waste materials according to claim 3,

further comprising an auxiliary char combustion means along
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R o L

arrive viatbranchinng kine 6' and returned to pyrolysis furnace 1

circulation line 5. Even if pressure Plerr] in primary bed 2-2A or pressure
P2 (P[err]) in pyrolysis furnace 1 fluctuates, the pressure differential

whi ch can LG iR fAEf roanal Pleiddd dved t Re@aiihi heateganal sh@d wil |
be AH, so gases cannot flow back 40 fromthe furnace 1 to bed 2-2A of

auxi | i ar y chlaar conbhestiborméamnacien WiBchaadothersheat i¥dhayging Beacg in a

normal fashion. In Figure 6, a sand storage tank 120 is.provided on _the
char conmbd$t i BROV&ARdcel ™ 0SpAdt RUELL 2T s IFORT | ﬁoﬁgﬁﬁfégg. MEHE i §°

suppl i ed LagsLipge %égm . LSeSPRELONE 81 P1s VAN skbond
necessary%sléj{%%%ﬁgg\%thgg%r% ySI sh\gtlalmr%eCf ?{gfegi p%er ent types of garbage, the
quantity gfcesandgéfetaeifigr meeescanr bdyi ned bdsaeaby sxpiphyging neensand
fromsand storage tank 120 and thereby increasing

according to claim 4.

6) An apparatus for producing superheated steam using
incineration heat of waste materials according to claim 3,
further comprising an auxiliary char combustion means
provided with a thermal mitigation means to mitigate thermal
drop, preferably a heat exchanging means disposed along a
circulation path for heated fluidized bed medium from said

char combustion means to said pyrolysis means.

7) An apparatus for producing superheated steam using
incineration heat of waste materials according to claim 3,
further comprising:

a first filtering means for separating materials
discharged through an uncombusted material discharge port on
said pyrolysis means into any large chunks of noncombustible
materials and remaining materials, and for supplying said
remaining materials to a bottom of said char combustion
means, and

a second filtering means for separating materials
discharged through an uncombusted material discharge port on
said combustion means into finer noncombustible materials and
said fluidized bed medium, and for supplying said fluidized

bed medium to said bottom of said char combustion means.
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Figure 7 ows an exanpl e of a backfl ow prevention neans

line 9, the line by which the char m xture is renoved. Mec

50B prevents backflow if the pressure in the pyrolysis furnace 1 is kept
hi gher tBan tlam pappayaeusn fmr peodiitihigonsdperiseetdd. steamsaasingsi de
mechani cal conveyor 50B is packed tightly together, which enhances t he
ef fect ofngiggsaséan &eait od Mﬁﬁﬂﬁamqﬂ%ﬁkﬂ%ﬁxﬁc@ﬁﬁﬁﬁng tgsclagm fhe

partitio I rtitions the bed. Figure 8 provides a nore
detalledgefgﬁgg Cgﬁgkggkﬁ |ary char conbustion furnace | OB which can be

seen in fi gHied SJ.Qﬁdr@n?l fedfsedoabe¥BaratMgcaBhbpreeedednofi guie 8 (A),
fluidized bed nediumis fed into furnace | OB ?ron1c ar conbusti on furnace
10 vi a | dmechergearpbriet ginedaid mauﬁryisl §ifltemaog Imeamrs ci vadl afqbon li ne
5, which is gonnected t furnacg hg& ggonall acroas fromli -1. The
f1ui di zed"BB Yﬁﬁglﬁﬁfps dize hBegiun §PPELPLFHeAFRT 981 ?5 rd 41

to said bottom of said char combustion means.

t he pyt || “lllL WlL"rIIH pyrolysis time can be shortened by renoving a large
quanti ¢ s¢ Lrne 14 to reduce the quantity of san nﬂstg}EEﬁH{ABiBEEN
S ma ﬁ on

9) An apparatus for producing superheated steam using
incineration heat of waste materials, comprising:

a pyrolysis means which introduces said waste materials
into a chamber heated to at least 300°C in order to induce a
pyrolytic reaction, and separates pyrolyzed waste materials
into pyrolysis gases generated in said pyrolytic reaction,
and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

one or more char combustion means for fluidizing said
char mixture comprising said unpyrolyzed residue and
fluidized bed medium supplied from said pyrolysis means in a
stream of air, and combusting said unpyrolyzed residue; and

a backflow prevention means for preventing backflow of
either char or fluidized bed medium and gases, said backflow
prevention means being provided in a path connecting said
pyrolysis means and said char combustion means, or at a side

of said pyrolysis means and/or said char combustion means.

10) An apparatus for producing superheated steam using
incineration heat of waste materials according to claim 9,
wherein said backflow prevention means is provided at the

side of at least one char combustion means to push back said
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its upp mlu a Ll e in sufficient contact with the heat—~As—eant
seen |nmllm H; I? LI,H)*Hpressuri ng unit 50 to create a pressyridlS SHEETW\S BEEN
differentiaf is pl aced at the base of the return |ine (circulationRE?H%*DS.
This unit creates a differential larger than the differential=tP[err| -
Plerr]) between the pressure P[err] in the side of pyrolysis furnace 1 and
the pressufpnf@iiéd avstl intdi ehafow@PdPUSRIE AN dyidIaes d Realfrs £Samdl Nigs uni t

50 is placed in the secondary fluidized bed. The upper portion of bed 2-2
and the areenbejwredi bpeesipresdutee @iPferenpbal i geosrdtongt headiss divar ge

side of furnace |OB b artition panels 100 and 10Q'. In hg | ower, portion

of the fl HRTREDSA % et SHEN ik L argey st*badbrﬂrf%l ffprent

fluidized bedpredLdm,bLanadXil a5y, 635 1G stion Jfu jl gshégggﬂied
to secondaly f?‘ﬁi di zed Beg ?f whi ch ias} %rn?;t té'lc? b)?lpa ition panel 100 on
t he side dnd he miesdhere whelhe [F.edausaid thatr GOmpustidesmaapsessure
differential, through opening 101 under the partition panel. The sand in
secondary fluidized bed 51 is fluidized by conbustion exhaust gases
supplied T1om below,di SpatILoNe B ahgoduaith? dulirardd ERe BRGNS Of f

i ne 6.

incineration heat of waste materials according to claim 10,
wherein said Dbackflow prevention means comprises a
mechanical conveyor which conveys

salid char mixture.

12) An apparatus for producing superheated steam using
incineration heat of waste materials, comprising:

a pyrolysis means which introduces said waste materials
into a chamber heated to at least 300°C in order to induce a
pyrolytic reaction, and separates pyrolyzed waste materigals
into pyrolysis gases generated in said pyrolytic reaction,
and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

one or more char combustion means for fluidizing said
char mixture comprising said unpyrolyzed residue and
fluidized bed medium supplied from said pyrolysis means in a
stream of air, and combusting said unpyrolyzed residue; and

an auxiliary char combustion means provided with a
thermal mitigation means to mitigate thermal drop comprising
a heat exchanging means along a circulation path for heated
fluidized bed medium from said char combustion means to said

pyrolysis means.
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Pr esﬂ“lmmwmﬂiumlﬂllow des the sane function of preventing-the backfl ow of
gas gures 5 and 6. If Plerr] is the pres L]‘If%iswggh@%s_ﬁéw

¥

primary f1utdi"%zed béd 2-2 of the auxi liary char conbustio furqngﬁbfg,
Plerr] is the pressure in the secondary fluidized bed 51, “ame~FR2—-s—he
pressure in pyrolysis furnace 1, then P[err] nust be identical to P2
because 08)t heAcorammdramof fohe prnwiwhanpessperheatedr st{e@m cusangon) |ine
5. Partition panel 100 is placed in fluidized bed 512 SO th?t,it

unat t achéBC&éRBTRE1PR NRBLPBEt FBALEf MRRBTHhRYSWAEFETE2NT tPhelf )] 3?zed

medi um i d ..:A _height Hfromthe surface of the fluidized bed to
t he Iome?ugggggfSggﬁfﬁfﬁoﬁ'panel 100 (which is also the top of opening 101)
shoul d be choaehewbi 6Rchbhyin@tmednOWwhackiddwn gaddcauxiliaeyl8hdy which
brings the fluidized bed medi umfrom char conbustion furnace 10 into

auxi | i ar gomhuptéorbmeansn fdfnace 1 0B, and line 5, which returns the nmedium

from furnace la%aégfggvrroﬁa ésxlrésntf.forr?%eeanls ptg:%}vr}.cpe%/%tt Bglwhward region

from said heat exchanging means, preferably a pressure

differential generating means for generating a pressure
differential larger than a differential (P;-P,) between a
pressure value P; in said pyrolysis means and a pressure

value P, in said char combustion means.

14) An apparatus for producing superheated steam using
incineration heat of waste materials, comprising:

a pyrolysis means which introduces said waste materials
into a chamber heated to at least 300°C in order to induce a
pyrolytic reaction, and separates pyrolyzed waste material
into pyrolysis gases generated in said pyrolytic reaction,
and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

one or more char combustion means for fluidizing said
char mixture comprising said unpyrolyzed residue and
fluidized bed medium supplied from said pyrolysis means in a
stream of air, and combusting said unpyrolyzed residue; and

wherein said char combustion means comprises a
fluidizing vessel which fluidizes and circulates said char
mixture in said fluidized bed by a circulation means to
circulate said char mixture in the fluidized bed by
supplying a stream of air or combustion exhaust gases

(hereinafter célled air flow) provided by dividing into two
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downwa ge ends |l ower than their intake ends, Hrat—the.
surfacU“m| mﬁulgmtmﬂu ve fluidized bed is | ower than the pr%ﬁ@ﬁ@%ne
ot her mords ihe surfaces of the fluidized beds get lower in $t

so that the height of the surface of fluidized bed 2-3 in char conbustTon
furnace 10 is greater than or equal to the height of the surface of primary

f I ui di zedsheda@ls 2of na hrixdupplried Hatont GElbst GoAikperaesenl PBatuhi 65 1§

dm&

ep f%@mcﬂm

J]

the height of the surface of secondary fluidized bed 51 on the sanme side of
the partiPRBR1IpAARENGSSPE@sELnidizemiked by aprirt heioripaneld. t he surface of

bed 2-2 is greater than the height of the surface of fluidized bed 2-1 in
pyrolysis furnace 1. Line 9, which supplies the char

furnace 116 chan %gfﬁ@i%ttiu%n F&F N268ahe i ng0sth S PR 2c &BCRRBLGA u S

such as a screw feeder. Figure 9 shows an’i nproved configuration fo

fl ui di zedibetnehathonshegedof rwasiee chmte:cmrimsammlrdmgnatoce ¢haimacht pf the
is a front view is a side view,

(A
%ﬁeﬁ?evﬁa ec(’:l‘f&P AEX LT e‘z“?gn? oREV BIRD @ sBéP§F6ht¥SI ff 11 to
create flgjgiaed Ped frows E_i‘zg) 1Ny 'f?'bmogg?gg gadq élgﬂ)é—ﬂ:gfgn fﬂf&m.eje ,eft to

right into three regions,

enbodi nent s

(O is a Pt

revi ousl di.scu sed

2- 3B and
and controls the volume of said plurality of divided air

flows so that said char mixture circulates in said fluidized

bed.

16) An apparatus for producing superheated steam using
incineration heat of waste materials comprising a pyrolysis
means which introduces said waste materials into a chamber
heated to at least 300°C in order to induce a pyrolytic
reaction, and separates pyrolyzed waste material into
pyrolysis gases generated in said pyrolytic reaction, a char

mixture comprising unpyrolyzed residue and fluidized bed

medium, and noncombustible materials respectively, wherein

said pyrolysis means introduces stream of air into an upper
air space of said chamber at one stage or multiple stages,
and combusts said pyrolysis gases completely, preferably said
upper space, and wherein a lower space of said chamber is
narrowed so as to promote mixing of said stream of air and

said pyrolysis gases, and prevent backflow of radiant heat.

17) An apparatus for producing superheated steam using
incineration heat of waste materials comprising a pyrolysis
means which introduces said waste materials into a chamber

heated to at least 300°C in order to induce a pyrolytic
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43 [ els 61A and 62A, which are placed in, B -
portllmulﬁmul“"dlmu‘mr in such a way that the sand can circultib HEETAS BEEN.
‘three Yedi ohs. "Openihgs are provi ded both above and bel ow tjhe paREPLAGED
panel s. Lines 9 and 19-2, which supply the char m xture and™The TTuidrzed
bed medi um from pyrolysis furnace 1 and auxiliary char furnace |1 OB to char
conbust i peafuionce dfd asepepatest epytolyzedonwds 88, makeniall einegi on of
the three created by partition panels 61A and 62A. Dispersion plate 11 is

sl ant ed PY¥RINSLS n@aaes ‘I?ﬁ??ﬁ%%d{fgéaIH%QYFSQ-YGﬁEOFEBEFéHnm?t‘é’?’?‘rThe
chanber bel pw di spersi.on plate 11 | I Vi I Nt o r r-egi

partiti olﬁlﬁgﬁg?s c%f@rér?d‘r%zB?g%%% %r% pﬁ%gsg'éi at a{lﬁe%ggﬁe%giz%{azrﬂ\%?s as
their comalenRar had monkombRRe:blRamkaier iGhA arsk it i vidiey cemhentéiportion
11-2 of the dispersion plate, partitioned by the partition panels 61B and
62B, is said pyfetysis ineans ¢emphiapesd:|i ke a cone. Line 12 branches into

lines 12-1, éz}gafg"jfﬁ%l%iigglcged which comprises fluidized bed

medium, such as fluidizing sand, loaded on a dispersion
plate, and which is fluidized by a stream of air or
combustion exhaust gases from beneath of said dispersion
plate; and

a conveyor means on a bottom of said chamber widened
toward lower side wall of said main fluidized bed to convey
solid portions of said waste materials from a supply port for
said waste materials to a discharge port for said char

mixture.

18) An apparatus for producing superheated steam using
incineration heat of waste materials comprising

a pyrolysis means which introduces said waste materials
into a chamber heated to at least 300°C in order to induce a
pyrolytic reaction, and separates pyrolyzed waste material
into pyrolysis gases generated in said pyrolytic reaction,
and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

char combustion means for fluidizing said char mixture
comprising said unpyrolyzed residue and fluidized bed medium
supplied from said pyrolysis means in a stream of air, and
combusting said unpyrolyzed residue;

a first steam generating means for producing hot water or

steam having a temperature below approximately 400°C using
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supply ons of the chanbers bel ow di spersi op=pteates—i-1
rlalul m“mﬂumna y. These chanbers are created by Diﬁﬁ e HABGBEEN
61B and B62B. A Val¥e %4 is provided on each of lines 12-1,{ 12-2 RERUAGED 3

to control the air flow These valves allow the air which flows Tntothe
three regions created by upper partition panels 61A and 62A to be
control | edhekimad edergywfiroh sepgl pgsolipeis| gadesed bed nediumto auxiliary
char conbustion furnace | OB, is at .the surface of f!U|d|zed be 2- 3., Line
19-3, which stffF‘F%% tsrfeead‘bﬁﬁ&?FiaGﬁnga%énﬁr%‘?ﬁf emeB“pF§ 88568 1 ne

19-1. In Lhigy %\fo‘ftte’séjf ur}llcg'll, ehaPly! bipe s%e \Q’rdﬁx.g: portl &Qfd‘lf'lrstChar

m xture fron1pyro ysSi s nace 1, I1s in of the center

regi on 2- 3Beain igemcdatdeg’ egiamss ddimgy rtﬁgampfexd@wjryvafﬂmﬁl sajd oharhere
may be two inlets for line 9, one in the |ower portion of each of the
| at er al régméﬁ§t293Am§ﬁﬂ52 8ed( t he reglons of upward flow). Dispersion

plate 11-2, \Ma'ncgsh éNsterﬁ)earlaryl n }nga%gn &t exe@ é]cl%ig:)’lgluid%e from
ash separated from gases exhausted from either said char
combustion means or said pyrolysis means by primary
combustion heat of the said pyrolysis gases, preferably
further comprising a secondary combustion means to combust
remaining pyrolysis gases after said ash is separated by said

ash sludge separation means.

19) An apparatus for producing superheated steam using
incineration heat of waste materials according to claim 18,
wherein said pyrolysis gases exhausted from said pyrolysis
means is supplied to said ash sludge separation means, and a
portion of said pyrolysis gases is branched to said secondary

combustion means.

20) An apparatus for producing superheated steam using
incineration heat of waste materials, comprising:

a narrowed portion in a discharge port for pyrolysis
gases generated in a pyrolysis reaction in an oxygen-poor
pyrolysis chamber where waste material is supplied, wherein
said discharge port discharges said pyrolysis gases to a
secondary combustion means or to a heat exchange means; and

an air supply port for introducing a small quantity of
air (including gases for supporting combustion) as needed

through pressure vents on an inlet and outlet sides of said
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and 2~ AU TRITINES o0 "7 eGi o™ 56 U 15- 271 s e weremosges s e
| &sstait tharr lines 12-1 and 12-3; an upward air fl 'ﬁﬂﬂﬂ@ﬁ

delivers
into regi

di spersion plates 11-1 and 11-3. Because of these arrangenents,
central re@reow’-pdrtsonada t ordépwtdovwmarasdrewhiller t helame iof | ahedal
regions 2-3A and 2-3Cis made to flow upward. Let us consider,

ons 2-3A and 2-3C via lines 12-1 and 12-3, which dre be

hied

the air in

for exanpl e,

a char ni PYFCdY@HiScl9¥aS€Ssupplied via line 9 to the | ower portion of central

region 2-3B (the region of dowward flow) or to the | ower portions of

| ateral regions 2-3A and 2-3C (the regions of upward flow). Coni cal

di spersi onipl at anllagpspaces tthe aprodwc iagwsh

rheheedend tedm r agiiag 2- 3B

to lateral regions 2-3A and 2-3C, so that the fluidized bed nedium fl ows
downwar d iimcdewmedlionefieqt 2f3Bashe masesand st ageordangpdprariail éfeated in

| ateral r

nedi um ci
Thus t he
regi on 2-

ined Sal

eqgi ons 2-3A and 2-3 The. char m xture and t flui,di zed _bed
isEga Iy BEasndubfodalt

% RHE i i A2 DY BT RiHF cEPRE° bY
1yMIsC e daSt foh OWsSRAGIJI el 8YI /) s

will attapyrelysfifsi chemoeai.r

22) An apparatus for producing superheated steam using
incineration heat of waste materials, comprising:

a pyrolysis means which introduces said waste materials
into a chamber heated to at least 300°C in order to induce a
pyrolytic reaction, and separates pyrolyzed waste material
into pyrolysis gases generated in said pyrolytic reaction,
and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

char combustion means for fluidizing said char mixture
comprising said unpyrolyzed residue and fluidized bed medium
supplied from said pyrolysis means in a stream of air, and
combusting said unpyrolyzed residue;

a first steam generating means for producing hot water or
steam having a temperature below 200°C to 320°C using thermal
energy from said pyrolysis gases; and

a second steam generating means for producing superheated
steam from said hot water or steam produced by said first
steam generating means using thermal energy from said char
combustion means;

wherein said pyrolysis means comprises a pyrolysis

furnace comprising a mechanical conveyor/agitation means for
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mi X aji ” ﬂ Hﬂ s’umrough | ateral regions 2-3A and 2-3C. This
arran fequat e conmbustion using a small 45 aTHISTSHBET(HAS BEEN
of an air ratio of 8:1.2 to 1.3). Char which floatj{s on RBRLACED

f the fluidized bed will be repeatedly pulled down to-tte{ottom
d by the downdraft, further enhancing the result stated above.

t he order
surface o
of the be
Mat eri al

downwar d-

mmwi@gncﬁdciﬂmngrbaonﬁ olfe sam diwaetiebew twirlila ligovin afFaihgd

gui de pl aP&E

exterior.
pyrol ysis
di scussed.
pl an vi ew,

pyrol ysis
conpart me

Fug4es shows 28 |ggrgvgq n configuration for the
afurnacg%%ﬁlgh S uged I n eagﬁ %E&F%geenbodinents previ ously

(ﬁo is a front cross sectional view, (B) is a cross sectional
& is a viewfromthe left side. In Figure 10, the interior of

28)r nABe APRATiUS dE@ThyPHAAYFiNGN PARRFRETER] niSEe2 M ukBARIof

758 1hEQmiRG flde 87 WALED hOE.3399s0" B8hPSLsEhyidized bed medium

a pyrolysis means which introduces said waste materials
into a chamber heated to at least 300°C in order to induce a
pyrolytic reaction, and separates pyrolyzed waste material
into pyrolysis gases generated in said pyrolytic reaction,
and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

char combustion means for fluidizing said char mixture
comprising said unpyrolyzed residue and fluidized bed medium
supplied from said pyrolysis means in a stream of air, and
combusting said unpyrolyzed residue;

a first steam generating means for producing hot water or
steam having a temperature below 200°C to 320°C using thermal
energy from said pyrolysis gases;

a second steam generating means for producing superheated
steam from said hot water or steam produced by said first
steam generating means using thermal energy from said char
combustion means; and

wherein said pyrolysis means comprises a plurality of
pyrolysis furnaces configured by an appropriate combination
of fluidized beds and mechanical agitation tanks, and said
mechanical agitation tanks are set at different pyrolysis

temperatures.

24) An apparatus for producing superheated steam using
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2-1 jﬂlu jl ﬂl!liﬂﬂltpersi on plate 3-1 (the side where supply.line 4 is
connecy ] fromwhich the char nixture is renmoVetHIGtSHEETI IS BEE
where discharge line 9 is connected). On one side of each df theREiali.AtrgD'
partition panels 80 a space 81 is left between the partiti ompafet—and—the

=

side wall of the furnace. Each space 81 is on the opposite side of the
partitionipabeéritdont heaprefi wasteoneatdhisls satherdongi gorataom 23, primary
fluidized bed 1A The |l ower _portion of the primary fluidized bed 1A is

ext ended BheRAER, SHd aP¥EAVEGSF FARCT opeBERaEPAngiBolthe nRYEPL%F5S fr om

t he side gn i.ch the.garba is |loaded to the side fromwhich §h har
m xture i gurr-ﬁgn%%e“&l,%p@cghﬁrggﬂné?rgégg‘?e‘a\f? esewsillee t_iosaf)lr%%lﬁase%u%?gt he
bottom of séperhedonlhB8n82tal b@¥Fadi! sQhudeRMIUSIH UsExXddpistaasesrém be
punped as 4 needed into the space directly bel ow conveyor 1C. Auxiliary
flui di zedgheds 18xhahwgtedf put db £ esither samid orhat heemiph st oz evedrsl eedi um

In the pyrolgsi S f}[lrnace 1, as yet unconbusted matter
said pyrolysis means.
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whi ch adheres to nonconbusti ble material on conveyor 1C in auxiliary
fluidized bed 1B can be conbusted as it is conveyed by force in the
direction of the char residue. This insures that no combustible materi al

wi |l be exhausted with the nonconmbustible matter. Partition panels 80 in
primary fluidized bed | A have the effect of |engthening the flow within the
fluidized bed. In other words, theABERRAGDN panel s | engthen the course
travel ed by the garbage and fluidized bed nmedium as they are m xed toget her
and drawn toward discharge |ine 9. Thi s arrangenent insures that raw

garbage wi ||l Re¥8kdahfhi W akndi sghadde | iinGoht iYW, 0l ¥Si Pepanyt@rexesut ed
uni formy and over a Specified period of tine. Because a uniformpyrolytic
reacti on paesberirddced Withitecboid ihgrpaistufis ciesnatpappodxohateéhy, the

chlorine conpounds_in,the garbage can in effect be cor Iete# rolyzed,
gasifi ed §ﬁ8 FefBvdd? ﬁrgu%gelﬁgéﬁSRBVQHanbﬁpb%ﬂt9érgﬁoﬂto g?g_ bV¥onsi§
furnace egﬁégéégg In @ﬁ%?mgﬁ. tBfeg Odb?‘a%ésggs‘?t’?ﬁ%iﬂ?ﬁgg; cﬁ*ﬂbﬁiﬂgrol ysis
furnace has an integral pyrolysis®gas conbustion furnace I ch conprises a
conbust i osompauhds. icAuderl i keati eneolratbe fudr nitce po L1 i@dpobnEi gure 1
and the conbustion chanber. (B) shows a nodification of the narrow

Thermal energy of gases which do not contain chlorine

compounds is used to heat the water from its boiling point

until superheated steam of a given temperature is generated.

The heating which uses the thermal energy of gases containing

chlorine compounds is accomplished using the thermal energy

from the combustion of pyrolysis gases obtained from a

pyrolysis means in which waste material is supplied into a

chamber containing a fluidized bed medium which has been

heated to at least 300°C, and a pyrolytic reaction is

induced. The heating which uses the thermal energy of gases

which do not contain chlorine compounds is accomplished using

the thermal energy obtained from a char combustion means to

combust char in which a char mixture consisting of

unpyrolyzed residue and fluidized bed medium removed from the

pyrolysis means is fluidized by a stream of air, and the

unpyrolyzed residue is combusted.
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portion. (C) is a front view. Over the center of the fluidized bed furnace

this narrow neck is conbustion chanber 40. On the 47 narrow

are an array of air nozzles 42. An air inlet 43 is provid ,'nn L

portion of the conbustion chanber 40. As is shown in Figures 11 (A) and
(©, the neck 411 tapers fromthe main part of the chanber toward air
nozzl es 42, which are arrayed horizontally. The neck could al so have a
narrow outlet, or, as shown in (B), it could be a narrow cylinder with a
pair of air inlets 21 diagonally opposite each other to create a rotary air
flow The pyrolysis gases generated in pyrolysis furnace 1 are conducted
t hrough neck 411 into conbustion chanber 40. The air introduced through
line 21 and propelled by nozzles 42 causes prinmary conbustion of the
pyrol ysis gases to occur in a reductive atnosphere (wth an excess
coefficient of 0.6 to

constituting pyrolysis furnace 1, the wal l's narrow to forn1qgg¥sﬁéé éi%*%ﬂ
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a e NOx conte /? : 5 o3t
L4 F ‘
. ) so that th content is reduced. Air is introduced into t [ﬁe upper f

chanber via inlet 43 to i nduce secondary conbusti on. The - pyrol ysgs -
gases should be conpletely combusted to mninize the CO and di oki /s
content. Providing a neck 411 between the conbustion chanmber 40 and
pyrolysis furnace 1 facilitates the mxing of air into the gases. In
addition, it prevents the heat fromthe secondary conbustion in chanber 40
fromradiating into the space occupied by the fluidized bed belowit. This
prevents the char from conbusting so that the desired conditions of

pyrol ysis can be achieved in furnace 1. Fg®e 12 is~a system diagramof a
sixth preferred enbodi nent of this inv@t
super heated steam usi ng the heat fr | ACI
conbustion furnace in Figuré
and a backf |ow preventian.4
provided. Figure 13 is alsys

{d-Agiwaste material. The char
I t&bneg—~@to two fluidized beds
0.2 fel i furnace have been
h prefierred
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configurati®n shdwn®in*Figure 12, a portion of gthe-pyrolysts-gases is
SEPLALEMENTUBHRES |

supplied via a branch line to a pyrolysis gas g eifor the
combustion of pyrolysis gases. Figure 32 shows ja [préssiurée di TT<,r%ntiaI
gauge 100 for neasuring a pressure differentiall, |whigh:js @g@@tal fed in the

outlet line for pyrolysis gases shown in Figurg 23." (A I's“a p e$sure

di f f er en€LAIMFauge whi ch enpl oys orifices. (B) |i S-a-pressure-difierenti al
gauge whi ch enploys a horn neck. Wth this confiiguration, the pytolysis
gases discharged via line 7 are conducted into aSH el THG TUr fidce 31.
Further, 1ps CAMmBEnS6EEHr poftliBigestBerlsctted atehhe uBIM®linSingrgeasasheat of

di scharged via line 7 branch off before the remainder are fed into ash
mel ti ng fur nawessl materialr having Bt lkasbttao, stepsy thaliede nressuriged npoiliuce

the dust and ash fram]inne 29.and the.air.or _oxygen: enrd i ng With
the pyrol ysi s‘_”&é%reév ItBhes fPgpng ?Hénakggtap(ﬂm%g%tfgﬁ%w t%hg’ez(zdf?a?'ysi s
gases, Whi ch L8aQKEMsaid39&" thater WBIK ® ERPrasdcohbginiBl tatbrdydopird @sh
descend through Iitne 32 into reservoir 32A, where water-cool ed slag forns

in said boiling point and heating said boiler water above said boiling

point with a chlorine-free energy source to produce superheated steam
of a predetermined temperature comprising the steps of:

heating with a chlorine-containing energy source using
combustion energy of pyrolysis gas obtained from a pyrolysis means in
which waste material is supplied into a chamber containing a fluidized
bed medium heated to at least 300°C and a pyrolytic reaction being
induced; and

heating with a chlorine-free energy source using combustion
energy of unpyrolyzed residue in a char combustion means wherein a
char mixture comprising said unpyrolyzed residue and fluidized bed
medium from said pyrolysis means is fluidized by means of bubble
bed fluidization with a stream of air or combustion exhaust gases and

combusted.

2) An apparatus for producing superheated steam using incineration
heat of waste material, comprising
a pyrolysis means which supplies said waste materials into a
chamber heated to at least 300°C in order to induce a pyrolytic
reaction, and separates into pyrolysis gases generated in said pyrolytic
reaction, and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;
char combustion means for fluidizing by means of bubble bed
fluidization said char mixture comprising said unpyrolyzed residue

and fluidized bed medium supplied from said pyrolysis means in a

This Sheet Has Been Replaced




partlcl ﬂlu ﬂ
archite

dlscharge lin
fromline 14
coll ector can
havi ng a conb
downstream en
Sufficient ai
t he gases are
from furnace

P an s ke

Hu ’“g&l ters in diameter. This slag can be i’lm’é& SaMEAN

Ash is fed into the furnace 31 Vid [ine 18"

(v.n._.

“the;

e from cycl one 16, and dust |ine 29. Noncontjugt izbl, e uI’TB_t:Qﬁd- aI
and/ or any ash collected by a bag filter or ap | ectri ¢ dust
al so be nelted. 49 Pyrefl ysi s gas conbusti on'furnace-34 ..

ustion chanber for pyrolysis gases, is placed{on the
d of discharge line 33 of the ash nelting furnace 31.”
StiEER P §dE QT OB BHERR sexhaiast @S%ppﬂmbopqmbustmg gauq

and

§;Zh ﬁ_iesgq;[péjsted The pyrol ysis gases, which are renoved

arge line 7, are conducted into ash nelting

furnace 31 bef ore hefimy steim géreeraying ffdah sofes prodbieihs ot HBAGe stdard N

thi s enbodi me
downstr eam en

nt,.then, the ash separated by the bag filter(s) on the
haging ha' tgrapsrivrs Helownappsoxkpataly t AOORGN sisime stleermal

material frompLpg, f4 268 RIS ER sases:

3)

4)

S)

a second steam generating means for producing superheated
steam from said hot water or steam produced by said first steam
generating means using thermal energy from said char combustion

means.

An apparatus for producing superheated steam using incineration
heat of waste materials according to claim 2, wherein said steam
produced in either said first or second steam generating means or a
portion of said hot water or steam fed into either of said means is
conducted as needed to a heat exchanging means in a

high-temperature region of said char combustion means.

An apparatus for producing superheated steam using incineration
heat of waste materials according to claim 2, further comprising an
auxiliary char combustion means along a circulation path for fluidized
bed medium heated in said char combustion means, in which another
heat exchanging means is provided in said auxiliary char combustion
means to further heat said steam heated by either said first or second
steam generating means or by said heat exchanging means according

to claim 3.

An apparatus for producing superheated steam using incineration
heat of waste materials according to claim 2, further comprising an
auxiliary char combustion means provided with a thermal mitigation

means to mitigate thermal drop, preferably a heat exchanging means
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it will be ‘netes8ary t'o neasure the volume of flow using dififerentjal,, .
pressure gauge 100. Differential pressure gauge 100 neasufjes the vol une? of
flow (or rate of flow) of the pyrolysi&lgases renoved from pyralysis.
furnace 1. In this differential pressure gauge, a small v¢|une of air is
injected as needed into the two di scharge ports 109 on theé~mntet—and-outl-etl
si des of neclklisresed AoRg & wirPalatiosn pathclerr beated Hiugizesks led madjum 00,

Lo combust amyehatsql dhdeREL QK mRRe sl Syioly SRl o5 Pr event tar

bui l dup or coking In arge ports gure 14 (A shows a
differential pressure gauge which enploys a nunber of orifices. 101 and
101' are the pipes constituting discharge |line 7. 102 are flanges. 103

are orif@lce diatapparedysi ra papdusingtsunerpeated refegaugesingi incigeration

heat of waste materials according to claim 2, further comprising:

a first filtering means for separating materials discharged
through an uncombusted material discharge port on said pyrolysis
means into any large chunks of noncombustible materials and
remaining materials, and for supplying said remaining materials to a
bottom of said char combustion means, and

a second filtering means for separating materials discharged
through an uncombusted material discharge port on said combustion
means into finer noncombustible materials and said fluidized bed
medium, and for supplying said fluidized bed medium to said bottom

of said char combustion means.

7) An apparatus for producing superheated steam using incineration
heat of waste materials according to claim 6, further comprising

a third filtering means for separating ash provided on said

discharge port of said second filtering means, and for supplying said

fluidized bed medium separated from said ash to said bottom of said

char combustion means.

8) An apparatus for producing superheated steam using incineration
heat of waste materials comprising

a pyrolysis means which introduces said waste materials into a

chamber heated to at least 300°C in order to induce a pyrolytic

reaction, and separates pyrolyzed waste material into pyrolysis gases

generated in said pyrolytic reaction, and a char mixture comprising

unpyrolyzed residue and fluidized bed medium, and noncombustible

materials;
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105, 10 “ W e air inlet pipes. 109 are pressurdRtpstubEd Tt GHEET)
renmove I m"m H Hma neck. 111 are valves to control gif volame. 11275
are flowseterst om othet devices to measure flow. Four pregsdure taps; 199; ! ‘
are placed at 90[err] intervals as shown in the cross sectijon t‘akeh” across|
line A°-A. Figure 14 (B) is a differentié® pressure gauge wy)i chenptoys—a- -
?%n neck 110. Its configuration is identical to that showy in Figure 14

. Figure 15 is a systemdiagramof an eighth preferred enbodi nent of "
]Ehi s invention, anehrsr copphirsiien tfﬁe%ﬁl%d&%%gﬂé%ﬁlgtp&t@ﬁm uShAf THEtHER
romincinerating waste nmajer] rtj : i S I ned
fromthe pyrpF?gﬂgl?%ascaéaldcgﬁlytrﬁg\lzggstrjre gganlgsi%ggo ég %ﬁleﬁ%gﬂ%lﬁﬁgge 31
may be suppli gdpplieddrantBaid perolysistracahe inianbereapoof abglaowd dospirrsting
plate 3-1 in the sanme pyrolysis furnace 1. As a result, the pyrolysis gases
in line 7-1 wshid noxpyselygeduesiuss the f1ui di zing gas (conposed prinarily

f inert h N2, Q02 H20 i | i 0hi.qp. '
Chat "the Conper at uPelith Seamhgrpfiaiimant Bt rrodtiihe pbl latch SRRRbFS °
1,300[err] C t ¢aLiR90QC Ctefipvaturkd Helow Sippremirthady amoolCa wdingh theahat r ed

energy from said pyrolysis gases;

a second steam generating means for producing superheated
steam from said hot water or steam produced by said first steam
generating means using thermal energy from said char combustion
means; and

an ash sludge separation means for extracting sludge from ash
separated from gases exhausted from either said char combustion
means or said pyrolysis means by primary combustion heat of the
said pyrolysis gases, preferably further comprising a secondary
combustion means to combust remaining pyrolysis gases after said

ash is separated by said ash sludge separation means.

9) An apparatus for producing superheated steam using incineration
heat of waste materials according to claim 8, wherein said pyrolysis
gases exhausted from said pyrolysis means is supplied to said ash
sludge separation means, and a portion of said pyrolysis gases is

branched to said secondary combustion means.

10) An apparatus for producing superheated steam using incineration
heat of waste materials, comprising:

a pyrolysis means which introduces said waste materials into a

chamber heated to at least 300°C in order to induce a pyrolytic

reaction, and separates pyrolyzed waste material into pyrolysis gases

generated in said pyrolytic reaction, and a char mixture comprising
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11)

CanHyISNgyAadd  suppirpbiedy nesiskie. ani flaidizeds dvetl ancbdimst e

ngRB ge;]fé(r?qu Isgl%ef)%%rlysaigdmgg}lg & %dspr%a%hgf g?rt, And lé(l)rlnrﬂ)uosr’cing
said unpyrolyzed residue;

a first steam generating means for producing hot water or steam
having a temperature below 200°C to 3200C using thermal energy
from said pyrolysis gases; and

a second steam generating means for producing superheated
steam from said hot water or steam produced by said first steam
generating means using thermal energy from said char combustion
means;

wherein said pyrolysis means comprises a pyrolysis furnace
comprising a mechanical conveyor/ agitation means for conveying
solid portions of said waste materials in said pyrolysis means from a
supply port of said waste materials to a discharge port for said char

mixture.

An apparatus for producing superheated steam using incineration
heat of waste materials, comprising:

a pyrolysis means which introduces said waste materials into a
chamber heated to at least 300°C in order to induce a pyrolytic
reaction, and separates pyrolyzed waste material into pyrolysis gases
generated in said pyrolytic reaction, and a char mixture comprising
unpyrolyzed residue and fluidized bed medium, and noncombustible
materials;

char combustion means for fluidizing said char mixture
comprising said unpyrolyzed residue and fluidized bed medium
supplied from said pyrolysis means in a stream of air, and combusting

said unpyrolyzed residue;

|
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pyrol ysi s fufroatesald\pyfolysissgasdgg;oduced into the pyrolysis gases renoved
fromfurnace 1A to conbust sone of the tars they contain so as to prevent
tar buildup and c®k$GPNch sifavhgeyerating meansTipd pyedndisgs sypsebeates sent

combust i on f SAleltBHT Hlefibb ety 08 ~EREN HRkRaCky ol Br¥Edermn o
t hose 52 generating means using thermal energy from said char combustion
means; and
wherein said pyrolysis means comprises a plurality of pyrolysis
furnaces configured by an appropriate combination of fluidized beds
and mechanical agitation tanks, and said mechanical agitation tanks

are set at different pyrolysis temperatures.

12) An apparatus for producing superheated steam using incineration
heat of waste materials according to claim 11, wherein said pyrolysis
gases generated in the pyrolysis furnace with higher temperature are
supplied to an ash-sludge separation means to extract sludge from
ash separated from gases exhausted out of either said char

combustion means or said pyrolysis means.
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\ 7 is a systemdiagramof a tenth preferred enbodi ment
of thlgmlmmﬂm“uﬂmmmt her apparatus for produci ng superheated steanﬂf@ﬁbg
t he heat fromimcisnerati ng waste materi al .

furnaces are enpl oyed. W shall

4105 ke

Here a nunber of pyrolysis
di scuss only those aspects of the

configuration which differ fromthose 88own in Figures 15 and 16. Two
pyrol ysis furnaces are provi ded, each of which conprises a fluidized bed.

In the

Y
2-1 and éf‘%‘llml%ls | oaded onto dispersion plates 3-1 and 3-1',
perforated plates or the |ike.
sand are | oaded via supply lines 4 and 4

ot her fluidized bed nmedi um
whi ch are

The garbage or other waste material and the
and circulation (return) lines 5

s furnaces 1 and 1', the sand or

and 5' . 1) TheAdoethed fonperdaokig gupeshenipg|steamy uaingninsinerataon Seatdbie’
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This mixture is supplied via

el ISR AR T
PLEJE B3} BB SIRALI  agReEnty ot
heating said boiler water with a chlorine-containing energy source to
said boiling point and heating said bLoiler water above said boiling
point with a chlorine-free energy source to produce superheated steam
of a predetermined temperature comprising the steps of:

heating with a chlorine-containing energy source using
combustion energy of pyrolysis gas obtained {rom a pyrolysis means in
which waste material is supplied into a chamber containing a fluidized
bed medium heated to at least 300°C and a pyrolytic reaction being
induced; and

heating with a chlorine-free energy source using combustion
energy of unpyrolyzed residue in a char combustion means wherein a
char mixture comprising said unpyrolyzed residue and fluidized bed
medium from said pyrolysis means is fluidized by means of bubble
bed fluidization with a stream of air or combustion exhaust gases and
combusted.

An apparatus for producing superheated steamn using incineration
heat of waste materials, comprising

a pyrolysis means which supplies said waste materials into a
chamber heated to at least 3009C in order to induce a pyrolytic
reaction, and scparates into pyrolysis gases generated in said pyrolytic
reaction, and a char mixture comprising unpyrolyzed residue and
fluidized bed medium, and noncombustible materials;

char combustion means for fluidizing by means of bubble bed
fluidization said char mixture comprising said unpyrolyzed residue

and fluidized bed medium supplied from said pyrolysis means in a
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furnace 10. The pyrolysis gases generated by this reaction are renoved via
di scharge line 7 to pyrolysis gas conbustion furnace 34. Nonconbusti bl e
material is renmoved fromdischarge line 8. In the other pyrolysis
furnace 1' (second pyrolysis furnace), a pyrolytic reaction of the waste
material is induced in a fluidized bed which has been brought to a
tenperature of 450[err]C to 700[err]C ~_ This renoves chlorine
conpounds and actively pronotes the generatigriof pyrolysis gases, which
are supplied via discharge line 7' to ash 53| N nmelting ¥grnace 31. The

unpyrol yzed char m xture is renoved t@-char| conbtigti on fgmn e 10 via
di scharge line 9'; the nonconbustibleQyateryal i teqq di scharge

line 8 . Thus the first [pyTpl gsi s[furnace udedot o generate a | arge
vol ume of dechl orinated|chaf” ™ xt yre, whil e|lthe sqcdhd rolysis furnace 1
generates only a small volume of a n@@ ufe but {plrpoggful |y generates
pyrol ysis gases which_canj be djijptashk tyny _flufnace 31. This division
of
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functi ons enhances the efficiency with which both the char m xture and the
pyrol ysis gases can be generated. Since pyrolysis furnace 1 serves only to
dechlorinate the waste material, its fluidized bed can have a tenperature
range from250[err]C to 450[err]C. This allows furnace 1 to generate a

| arge vol unme of char m xture. The gases introduced into ash nelting furnace
31 have a tenperature of 450[err]C to 700[err] C and have been fully

pyrol yzed, so injecting even a small volu of oxygen- <1griched air into

furnace 31 will allowits tenperature t.o R@lnralned t 1,300[err]C
th pﬂeif}emmdinent of this
EggéL1eated st@am usi ng the heat

Figure 18 is a system di agram of an &
i nvention, another apparatus-for

fron1|nC|nerat|ng wast tablaf. pnggisis furnace conpri ses
both a fluidized bed and ﬁ%chani%el ator tp itate and convey the
waste material. In thifsjembo inﬁn1(utﬂ% filrst. pyydlys furnace, furnace 1
in Figure 17, is unchanged, { llefthe &gcon rpliysi & furnace, furnace 1'
conprises the nechanical] pyrolySis fadrngce 1A i Figure 16. In other words,
the second furnacg has| & +cal agittator-to agitate the solids within
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54 pyrolysis furnace while at the sane tine conveying themfromthe
inlet for the waste material to the outlet for the char m xture. Thi s
device to agitate and convey the waste nmaterial nay be a rotary kiln or an
agitation tank with a horizontal screw feeder. Wen the pyrolysis furnace
uses nechani cal agitation, as furnace 1A does, there is no need for the
fluidizing gas (an inert gas conposed nmainly of Nerr], CJerr] and

H err]0) required by a fluidized bed. The pyrolysis gases are not diluted,
so the caloric value per unit volune is higher. Using air or
oxygen-enriched air, a tenperature of 1,300[err]C can easily be generated.
This can be used as an efficient energy source to nelt the ash content of

t he gas. For this purpose the mechanfcal agitation furnace is preferable
to a fluidized bed furnace.such a%yfﬁfﬂace 4 In other words, the
| ow-t enper ature pyrol foor prodfrcind rm xture uses a fluidized

bed, and the high-te ar atr e Q¥r9$ sisc\J uPhqge 1' for producing
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hi gh-cal ori e pyrolysis gases uses a nechanical agitator. If a mechani cal
pyrolysis furnace is used in furnace 1', a tenperature of 1,300[err]C can
be maintained in ash nelting furnace 31 even without enriching the air fed
into the furnace with oxygen. A portion of the pyrolysis gases obtained
fromthe other pyrolysis furnace 1' is supplied via branch line 7' on the
upstream side of ash nelting furnace 31 to pyrolysis gas conbustion

furnace 34. Since the ash content of the pyrolysis or conbustion
gases Wi Il be approxi mately 10% of the wasie material. There is, therefore,
no need to use all the pyrolysis gases. liedgpr nelting the ash. Having
a 55 branch line for a portion of pyralysi s gases prevents the ash

. 1 .
mel ting furnace from was |qunhe EXCESS heat gherpgy I n this arrangenent,
differential pressure gaugg€ 90, yshown in
d

igurg ™, should be installed

either on the upstream|sidf of agh] &l thyfg]Turnac 31, &o which the
di scharge line 7' pranc =s//z?\Q£ ine 7. itge n_order to
]
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adj ust the volunme of flow EFFECTS OF THE | NVENTI ON As has been di scussed
above, the present invention inproves the efficiency with which
nonconbusti ble nmaterials are renoved and fl ui di zed bed nediumis separated
in a pyrolysis nmeans for pyrolyzing waste material (pyrolysis furnace) and
a char conbusting nmeans for conbusting char (char conbustion furnace) which
enabl e stabl e pyrolysis and conbustion. Mdre specifically, this invention
prevents the boiler pipes frombeing corroded by chlorine conpounds w t hout
requiring the use of expensive, high-quality gaterial It enables the
collection of a larger volune of high-tenp ure, Shigh- pressure steam of
approxi mately 5000C x 100 kg/cnferr]. Thﬂé regultsdim a generating
efficiency of at |east 30% i scenabl es renoval apf onmbusti bl e
materials and the fluidized bdd ®edi ymin the lpyroly i Nmeans for waste

materials and the char contpustii on neanéﬁ llysi s amdf chatj conmbustion can
be acconplished in a nore siphl shijopn. The [présent jnvehtjon provides
partition panel to prgvent bpdkfl owNof| chiar,| fWui di 2ed} bed medi um or gases
between the pyrolysis | device_and _the [chak—coobugthon device. _ The
fluidized bed nedium (withijits tépperatur differentiagiand
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a higher caloric value, cannot accidentally flow backward 56 bet ween t he
two chanbers. This prevents backflow from causing tenperature
fluctuations or adversely affecting the conditions required for pyrolysis
or conbustion in either vessel. Both the pyrolysis neans to pyrolyze waste
material and the char conbusti on neans achi eve the snmooth fluidizing action
which is the objective of their designs. The caloric ratio of the thermal
energy of the pyrolysis gases obtained in the pyrolysis device and that of
t he conbustion gases obtained in the char conbustion device, which do not
contain any chlorine conpounds (i.e., the dechlorinated thermal energy),
attain the desired objective wthout Vjé.ance does the chlorine
concentration. Wth the present inventilbd, yroﬁisls is carried out
efficiently in- the pyrolysis device. Tar bU|Idup and coking due to the
pyrol ysis gases are prevented, and concentrations of dioxin, CO and NOx are

m nim zed. The chlorine content is
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reduced nore efficiently than in the prior art, and nore superheated steam
is produced. According to the present invention, the ash separated fromthe
pyrol ysis gases or conbustion gases can be nelted to produce aggregate or
the like. In one version of this invention, the pyrolysis nmeans is not a
fluidized bed, but a nmechanical agitation nmeans for nechanically agitating
and conveying the waste material. This design allows the duration of
pyrolysis and the volune of material pyrolyzed to be controlled nore

cl osely than does a fluidized bed, §£ ng i a nore stable pyrolytic
reaction. And because the pyrolysis SE“ §j t diluted by a fluidized

bed carrier gas, the caloric value per unit 57 volume is higher. In
anot her version of this invention, the pyrolysis neans conprises a number
of pyrolysis furnaces which are an app ate énq%gatlon of fluidized
beds and nechani ca{ pggitation taaha pyroly5|s furnaces,
each 1% YR
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can be set at a different tenperature of pyrolysis. The | owt enperature
furnace can be set at 250[err]C to 450[err]C to facilitate the production
of dechlorinated char m xture. The high-tenperature furnace can be set at
450[err]C to 7000C to generate pyrolysis gases for use in the ash nelting
furnace. Various other effects are also achieved. 58 | At 59 CLAIMS 1)
A net hod for produci ng superheated steam using incineration heat of waste
materials having at | east two steps to heat pressurized boiler water which
has a boiling point of approxinatelﬁ?ﬁggterr] to 320[err]C by heating said
boiler water with a chlorine-containmi her source to said boiling point
and heating said boiler water above said boiling point wwth a chlorine-free
energy source to produce superheated steam of a predeterm ned tenperature
conprising the steps of: heatinggwith a chlorine-containing energy source
usi ng conbustion energy of pyrofysis gas obtained froma pyﬁglysis means in
(A) 28-1 () p—
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whi ch waste material is supplied into a chanber containing a fluidized bed
medi um heated to at | east 3000C and a pyrol ytic reaction being induced; and
heating with a chlorine-free energy source using conbustion energy of
unpyrol yzed residue in a char conbustion nmeans wherein a char mxture
conprising said unpyrolyzed residue and fluidized bed nediumfrom said
pyrolysis neans is fluidized by neans of bubble bed fluidization with a
stream of air or conbustion exhaust gases and conbusted. 2) An appar at us
for produci ng superheated steam using incineration heat of waste materials,
conprising a pyrolysis neans eih supplies said waste materials into a
chamber heated to at |east 3g9O0C&i ™Norder to induce a pyrolytic reaction,
and separates into pyro&y5|s gagbs/generated in said pyrolytic reaction

and a char m xture co Ty Umpynatyz d residue and fluidized bed nmedi um
and nonconbusti bl e materi al J char -clomhusti on nmeans for fluidizing by nmeans
of bubbl e bed fl uidizatioff ard ¢char mixtepre conprising said unpyr ol yzed
resi due and fl ui di zed ped dkgr1suppyré‘i_ron1sald pyrolysis means in a
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60 stream of air or conbustion exhaust gases, and conbusting said
unpyrol yzed residue; a first steam generating neans for producing hot water
or steam having a tenperature bel ow approxi mately 4000C usi ng thernal
energy fromsaid pyrolysis gases; a second steam generating nmeans for
produci ng superheated steam from said hot water or steam produced by said
first steam generating neans using thermal energy from said char conbustion
nmeans. 3) An apparatus for produci ng superheated steam using incineration
heat of waste materials according to claim2, wherein said steam produced
in either said first or second steam generating nmeans or a portion of said
hot water or steamfed into either of said nmeans is conducted as needed to
a heat exchangi ng neans in a high-tenperature region of said char
conbusti on nmeans. 4) An apparatus for producing superheated steam using
i ncineration heat of waste materials according to claim?2, further
conprising an auxiliary char conbustion neans along a circul ati of@Ppath for
fluidized bed medium heated in said char conbustign meg(s, in whith another
heat exchangi ng nmeans i s pr@yi degni n said auyxiliary char, conb ion
gi ng pgt@ (thjs‘c)
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means to further heat said steam heated by either said first or second

by said heat exchangi ng neans according to claim
3. 5) An apparatus for produci ng superheated steam using incineration
further conprising an

auxi liary char conbustion neans provided with a thermal mtigation neans to
mtigate thermal drop, preferably a heat exchangi ng neans *CL M S *i

st eam gener ati ng nea

heat of waste materials according to claim 2,

i disposed along a circulation path for
sai d char conbustion neans to said pyrolysisgpmeans. 6

ns or

produci ng superheated steam using incine@%
according to claim2, further cpnprising’ a

separating materials dischar
port on said pyrolysis ng

materials and renmmin
materials to a botto

di scharge port on s

12

Fig.
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An apparatus for
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f Ghonconbusti bl e

20—

27"

tterials, fangyf syppl yinglsai g4 remai ni ng
i conbust jlo s|, tandsa_second filtering
means for separatingl mategrifalk’s di ssharged tthiough “an unconbust ed mat eri al

-36

>
2
L

SN

<
N

=~—32a

N
e

2,
Q
i

A
M
{
(0)]
N
S G -

U

T
L\G

3-1

12'—

12/18

REPLACEI‘.’!E?%{T

SHEET
=
13 DEC 1999 |

— l

T ————— .



means into finer nonconmbustible materials and said fluidized bed nmedi um
and for supplying said fluidized bed nediumto said bottom of said char
conbusti on nmeans. 7) An apparatus for producing superheated steam using
i ncineration heat of waste materials according to claim6, further
conprising a third filtering neans for separating ash provided on said

di scharge port of said second filtering nmeans, and for supplying said
fluidized bed medi um separated fromsaid ash to said bottom of said char
conmbusti on nmeans. 8) An apparatus for prodEping super heat ed st eam usi ng
i nci neration heat of waste materials cogpﬁLS|ng a<pyrol ysi s neans which
introduces said waste material s_.into a ohdMi@r heatkd to at | east 3000C in
order to induce a pyrolytfc eggtio ; a _pyg ol yzed waste
material into pyrolysis gpses“@enerjated in said pyrpl Wic reaction, and a

char m xture conprising uhgyirolryzed 1 4¥i ma—ftoldi zeddbed nmedi um and
nonconbusti bl e materi al s; /EQAQQ%r éﬂnb stTgpfngins foﬁ”fluidizing sai d

char m xture
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conprising said unpyrolyzed residue and fluidized bed nedi um supplied from
said pyrolysis neans in a streamof air, and conbusting said unpyrolyzed
residue; a first steam generating nmeans for producing hot water or steam
havi ng a tenperature bel ow approxi mately 400QC,using thermal energy from
said pyrolysis gases; a second steaﬁ{gﬂgéwat' means for producing
superheated steam from said hot water or steam produced by said first steam
generating means using thernmal energy from said char conbustion nmeans; and
an ash sludge separation neans for extracting sludge fromash separated
from gases exhausted from either said cphgrg conbustion nmeans or said

pyrol ysis neans by primary conbustion heat of the said pyrolysis gases,
preferably further conprising a ondar y¥ cont®ékt i on s to combust
remai ni ng pyrol ysAs9 gases after dOfsh i s separaj@r sai d ash sl udge
separation neans. 9) An apparat s {for pfodugi ng syperfleated steam using

i nci neration heat of waste rea{s accofding tof clail y erein said
pyrol ysis gases exhausted fron1§aiq2p)rol STS means iﬁ2§upuned to said ash
sl udge separati on neans, and é portion of said pyrolysis gases is branched
to said secondary conbustion neans. 1Q)_|@@ appargti8for producing

super heat ed steam usi ng i ncineration
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heat of waste materials, conprising: a pyrolysis nmeans which introduces
said waste materials into a chanber heated to at |east 3000C in order to

i nduce a pyrolytic reaction, and separates pyrolyzed waste material into
pyrol ysis gases generated in said pyrolytic reaction, and a char mxture
conpri sing 63 unpyrol yzed residue and fluidized bed nedium and
nonconbusti bl e materials; char conbustion neans for fluidizing said char

m xture conprising said unpyrol yzed residue and fluidi zed bed nedi um
supplied fromsaid pyrolysis nmeans in a streamof air, and conbusting said
unpyrolyzed residue; a first steamgeneratipg neans for producing hot water

or steam having a tenperature belomlzopgci{g 320@C| usi ng thermal energy
fromsaid pyrolysis gases; and.a secondds@b%nége efating neans for

t 'S

nergy {r

produci ng super heated st 1frcbmSaiu' ot—v i@am produced by said
first steam generating nFanyJuuing thermal ¢

6¥n sai d char conbusti on
nmeans; Te)
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wherein said pyrolysis nmeans conprises a pyrolysis furnace conprising a
mechani cal conveyor/ agitation neans for conveying solid portions of said
waste nmaterials in said pyrolysis nmeans froma supply port of said waste
materials to a discharge port for said char mxture. 11) An apparatus for
produci ng superheated steam using incineration heat of waste materials,
conprising: a pyrolysis neans which introduces said waste materials into a
chanber heated to at | east 3000C in order to induce a pyrolytic reaction
and separates pyrolyzed waste material into pyrolysis gases generated in
said pyrolytic reaction, and a char m xture conprising unpyrolyzed residue
and fluidized bed nmedi um and nonconbustible materials; char conbustion
means for fluidizing said char m xturegcanprising said unpyrolyzed residue
and fluidized bed nedi um supplied {Grontsai d py#o| ysis neans in a stream of
air, and conbusting said unpyrol yzed resi ¢lue; 64 a first steam

generating neans for p od@pg@g hot wat er mrég eanﬁg
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having a tenperature bel ow 200[err]C to 320[err]C using thermal energy from
sai d pyrolysis gases; a second steam generating neans for producing
super heated steam from said hot water or steam produced by said first steam
generating means using thermal energy from said char conbustion neans; and
wherein said pyrolysis nmeans conprises a plurality of pyrolysis furnaces
configured by an appropriate conbination of fluidized beds and nechani cal
agitation tanks, and said nmechanical agitation tanks are set at different
pyrolysis tenperatures. 12) An apparatus for produci ng superheated steam
using incineration heat of waste materials according to claim1l, wherein
sai d pyrolysis gases generated in the pyrolysis furnace with higher
tenperature are supplied to an ash-sludge separation neans to extract
sl udge from ash separated from gases exhausted,out of either said char
conmbusti on neans or said pyrol ysis neans. Rf 8
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