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BRRODUCI NG SUPERHEATED STEAM USI NG HEAT FROM THE | NCI NERATI ON WASTE

v MPER Alg TECHNI CAL FI ELD Thi s invention concerns a superheated WHans

“generat or whi ch enpl oys incinerating nunicipal garbage or indusgrjaN 2003t €,

and produces superheated steamw th the heat energy from such an
I nci nerati on. mmmm ed steam produced by this apparatus mght, for
exanpl e, be ummm“mmm | ectric power plant. The heat energy of the
i ncineration can alsg«be used to nelt the ash- resulting fromincineration

so that it can be used again as a resource. TECHN CAL BACKGROUND In the
prior art, apparatuses to incinerate waste such as mnunicipal garbage have

frequent | e uj di ) S ai he
exnaust JETREBAN R SHERATHS PRt B R s P B Al e R ey be
sand) fr ﬁm”as ' | g f hR the
furnace ﬁ}‘gﬁ* I ch ?ﬂgp;ﬁa%q?g@s%gﬂflﬁgI#@%Féﬁ??ﬂ:‘g?g }‘gnd t her eby
fluid zedMAMBRI slych as muni ci pal garbage is fed into the fluidized bed
formed in this way and conbusted. The gases generated by this incineration
are exhausted through a discharge line and enter a boiler. In the boiler)
steamis ,Eroduced through thermal contact with heated water. The steamis
used as thECHNEABUFERLDr a turbine in an electrical plant. O ganic

conpounds such.as vinyl chloride plastics are a )
P hI‘hls 1nvgnt10n concerxrl)s a superﬁeated 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
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w _. 28 JAN 2003 2 conmponent of waste material such as nunicipal garbage.
whe conbusti bl e portion contains approximately 0.2-0.5% Cl1. Wien conbust ed,
- chiferi des contained in the vinyl chloride plastics nixed in with waste
materi al such as nunicipal garbage are converted to HCL. (Normggln 3d03 HCL
eontent of the exhaust gas fromthe incjneration of garbage is in the range
of 500-1,000 ppm) This HCl acts on thef tubes in the boiler used to pr oduce
steamwhich is placed at the exit of the incinerator and corrodes them At
t enper at ures above 350C) as the surface tenperature of the tubes increases,

the corrosion becones extrenely serious. It was thus necessary in prior art
i nci ner atGMPeBERESY WiRsteamgdraial eugh amaynrdradigardee el B 350C. Thi s

limted t t .of the, st whi ch d

appr oxi meo 0t SEREIE KPS p A OR g n B BahE & o BRSO i or art
garbage ldaehPEEEE ®f ehYe dos! A charfed fh EROIVIASCHIR] fe BYELLES MBRYY iRT! Of
LNG (liquified natural gas) are virtually free of chlorine conpounds.

Boi | er tupgh whdileantatewhd CHublirds Whes ecibue! a9 dvat Bdod i i eaNQY By es of
600- 600C, yielding an efficiency of 40% Because of their poor efficiency,

t here ha{Noesnallystrlondl Qbramdehdroft tlee iexiraovstngat fob mvahteindinenatator s.
DI SCLOSURE, OF THE | NVENTI ON Thi s i nvention was devel oped in consideration
of these ofegtihase igrisvthagamge of Q11,80 0tmp m.) Rivist HEH aets enptlei de a

met hod and,an a ra to efficient roduce per heated steam at high

t enper at JH$ sa?fgl%ﬁﬁdégﬁﬁirgﬂs ‘f:)ﬁfl g@éﬁ?%ééfgﬁ’gﬁgm[ K% ulg) f%?itl?)ﬁe‘gffﬁt {?ée l?dﬁllf gr
Cub . . D . ¢

br ovi do- SirhpinERErd O BRI ERIATTAORE B o e drdsTab BYEHABT 0 e
st eam whightEarsBffhicei ithb¥raedue e ftitee ¢hbesiinRraade B HBCGR rFURRYNEAt ed

steam at high tenperatures w thout using an expensive, high-quality

subst ancé dam ¢ he doeheelyt sbeiousAnot her object of this inventionis to

provi de a nmethod and _an ) ) o

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 oil or
LNG (liguified 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.

Another object of this invention to provide a method and an



apparatus to produce superheated steam which could efficiently conbust char
and pyrolyze it in apparatuses for those purposes, and which can
ef fdciently reduce the chlorine and produce superheated steam at high
tenperatures. Yet another object of this invention is to provigg jaNEjgaod
and an apparatus to produce superheated steam which can efficiently conbust
m xtures containing char. Yet another @bj ect of this inventionis to
provi de a nmethod 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 redyce.the ntity, of di oxins
and Noc Al B pirg e TR hp A PRdGEP AD: PHE b op HE ARt saderhg
super heat t ., hi r t h j j

184 ShEATHA aﬁu%rﬁgﬁgé%ﬁﬁatlﬁ s Mh NSt h‘?g?gﬁ%gferébﬁ 5

invention is to provide a n apparatus to super heat ed

st eam whiveiiheart aehi g nue egpReTAVeNhigheginlityas shabd €cd a§hithe ByAera | ong

period of time, and which can use the pyrolysis gases nore efficiently. A

further dmjbest of this invention is to provide a nethod and an apparatus to

produce superheated steam which can nelt ash separated fromthe pyrolysis

or conbusti onfdatder abigetert this dnveadiordp dgap tovideenmedihgid and an

subst ance. i . 28 JAN 2003 4 Con i%gr tion To ﬁdcﬁess éhefze .probl ems, we
8 & Hfthe

desi gned atqﬂﬁ%rqt_r’r}/geﬁ?iﬂfr? Yhave e | PRy v QU S If*é‘fﬁl%res. The
1o T ¢ nolh ARt oy Bud FORBGACS: 18 AP AIRILEG, LBBho il DR ! ™

stages. Wphich e BOfikidWtIROF&ducé BVl RIrihe f1edtRbiddshiperAehteder gy
from gases containing chlorine. After it reaches its boiling point, the

wat er i s steaned tt biphttaimmp suptnheat ed st eam of a specified tenperature with
thermal energy from gases fromwhi ch chlorides have been renoved._ The
effects of thiletapehbeprhigat wd dusninveirignris & ppeande fa mgidradhand ch

| ti f h | ysi h_as. i ci pal .
Qont ai n_ 301 AP AT Rt erRtite’ e mhe R ERL RS HEY hist p i GRAt Be  used
only to Q%%bhﬁ@ Mﬁré@g&h?ahﬁidé REaROi Nt, approximately 200C to 320C.
oly

Al t hough the chlorine-rich pyr Si s gases are used in the boiler tubes

whi ch produce Ydteanpthbe chjetaced flampaiaiiviencls th@rovhés daestial agxceed
350C; hence these gases do not corrode the tubes. In this case, pressure is

used to e apreatadius he pooiditceosuphehpated steasomdwedr eabet fifeaen2dpC and
320C. Even if there is varjation i.n the rate of transfer of the . thermal

energy ofP¥IAdY2RIGHanin s ehagpiglyzingeydce oprarephtarsiifophadhsiing)

this variat] b t r e f, t er [N

ot her V\ort%s{,}?‘?tpqig Suglgg%%%ﬁtyg?%g?: a%ﬁtelh‘?%delﬁ;\ﬁapfé?r}*rolrln&lt?’qﬂflegy\%&sgt 3%3“) but
not to rae&x réFedRmewdlive eflicloftBuUréaaeidETREr M Wrenefad D doatciagchange
tubes in the boiler does not exceed the poi nt at which chl orine corrosion
begi ns. Wupeithd stedbstgam ahdngh hempepduacare of the water or the steam

can be increased in a stahle fashion.. .. )
vet 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.



28 JAN 2003 5 Unpyrol yzed residues which are not thermally deconposed in
t.he pyrolysis occurring at 300C to 500C have al ready been dechl ori nat ed.
Thu& the'thermal energy correspondi ng approxi mately to 500-950C gener at ed
by conbusting these residues can be used for the secondary or t@rfANbY03
heati ng where the water or steam of 200320C in the primary heating is
further heated to 400-500C to produce the super heated steam (so that the
tenperature of the boiler tubes is approximately 450-550C). No corrosion
wi || occur under these circunstances, even in tubes fornmed from conmon,
inexpensii\fen{{r\at erials. Wien a boiler of this design is used to generate
el ectrici YO HEHIAHOThe incineration of garbage) it will result in a

ting effjgi f.30-40/  This i Lt RANY f a plant
i o bur ns. £ ubf < MG ERaE Mol Fra¥ilancl LB EAKRRLRI YpiaTe £
chlorine CREMTENREFingd Uik {iG ASTdAn SV Gl s, t’l:c}g? ?@émgﬁgm't%ehﬁéh%q 1y Means

of the chlorine-containing energy source as ste I's supplied into

a chanberpcosdwaiiniedgt@ shlchi di degrdredhaedicsbomid phagt Reemh bRate 6 ot
| east approxi mately 300C. Thermal energy is freed by conbusting the

pyrol ysi s2988estooBRarGed his whadepyisohyated neamt 1¢ pyt divesssages.nace) which
i nduces the py{JoI ytic reaction. This energy is used_ to heat the water. For
the chl ori ne- fPBeto%hle Jp1ling peint hehaiwatarcisoheapad witth therpadienersr the

unpyr ol yzFrd resisdeuse gnd. sand :hﬁrm.ved fromthe pyrolysis furnace is
£1ui di zed B HF5CLRAVERFYPIPENS residue is combusted by the char

combust i on furRpCE. ;tTHEa L REE TRk t?d’iﬁfz?é’gegroﬁﬁ?,dtlﬁﬁ v it & Y‘@}heiastg‘dsﬁg.ofb%griﬂer to

heat the water. The apparatus whic Izes the invention described above

primarilysapephéaesd tdie andldfoavispe cfimdor@ipsratur@8vitNNtREPHm A Fnpygp! ySi s
means whi ch supplies waste to a chanber heated to at |east 300C, preferably
bet ween 350 gaE GO mAWhichl ghlarideadid wnbeeni relmoedd.and t he gases

generated by t reaction he char m xture consisting, of unpyrolyzed

resi due and thﬁﬁmﬁap%a)% St eiy O Brf it Re HRABIBUL B St Y 86l far ¢
separ at ed agh.,o r. by atluldized ry Ki [ chani cal
agitati on® gogx{;[}x%A?%ﬁlakgggﬁb%ssH18%1‘['%3%{5@ f gggignr%&gg }% grw%:%%pr flsclﬁngga

f 1 uidi zednhﬁﬁiéﬁapegm%émcanqa;n Hci88Buch _aaﬁx.i{dily thiel St Ahia % d Az ed

bed, or sone other type of fluidized bed which uses air to fluidize the
char m xt thesofgasepywollyiedigeakiotlg tanHeht thdi wadebead nwdboitiagdpdimitconbust
the char. A first steam generatig{g0 means to produce steam which uses the

t hermal efBPgPxbnatply RAALIG §p B YalesAMlhandlide pbloxiaeericdy pyrebysict a

t enperature _under 400C). e specifically,.of at er at ure ynder

appr oxi mabBF§® 246- 5%6%1“;%8016‘2’36&%‘;’ Sgé??é? tH5PS Hefafi ??W’pﬂﬁdﬁ&éf@f%am
whi ch conyghty% e rBUf VR @5 bYs g&@@%l@r&@é %ﬁd3ﬁﬁ°(gf‘ﬁefn'c'ésélh§§ee§mses do
generating nmeans into superheated steam using the heat of the conbustion
gases obt abpnadribydehchehabegonbusti on means to conbust char. In this case,
it is desirable that a portion of the steam heated b_){ )

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 chlorine

corrosion begins. With this design, then, the temperature of the

water or the steam can be increased in a stable fashion.



either the first or the second steam generating neans or a portion of the
hot water or steamintroduced into either of the steam generating neans be
con¥ucted as appropriate to a heat exchanger arranged on the

hi gh-tenperature side of the char conmbustion neans to combust ¢RayaN dé03 S
al so desirable to provide an auxiliaryéfhar conmbusti on neans to conbust
char sonmewhere along the circulation path used by Y 28 JAN 2003 7 the
fluidized bed medi um heated by the char conbustion nmeans to conbust char,
and preferably on the path al ong which the fluidized bed nediumtravels to
return to the _pyrol ysis means. A heat exchanger should be provided in the
conbusti on med! BAVFAlXZRd seridnes ywhitdy agerpesthenmadindaco mppsedtime

t t t St heat ed he. h £xech d th

i ot enpeiia Byablad SFCuraRg o mod & uy Ro BB CR0EHT e beGoner at ing
, _ 3& dfidener at i ng

o provi di o e RAPEAT AT LA OLNERRTE, eHPFEy TRSEL-BaRM e i uPERdl" P

char conmtyes500n9 5880 e e 2 b ¥ bRYKED ¥ The sEBANTH uRR GurXid ak¥dnRans to
conbust char which has a heat exchangi ng nmeans or other device to mtigate

t hermal dropsetondhtgodt verlyiargnheetime ertbust ehle i et alr Stre@mtdfe20@r ol ysi s
and char conmbustion neans according to this invention, the follow ng
conponent¥2@Houdndt e priova ebeasin g ristlunthesrhemtark4nst Qi Separ at es any

| ar ge chunks, of conbusted mafter fromofher material exiting.through the
di schar gé”ifH’r‘fc‘fg e AtRethertad steam Lo that the WPBW%FEI'%@Q@% a1k ch
sends th d i h of Sti . A
second ff‘l"ﬂ%ér?%% err?sxq %%Q%&s‘g%g?%égs&)t'hl\ergf %lf%g?{z%rg%n}gg Or?é:gllr}u{r{rgg rggmthe

finer uncarduistbGuRbi£hcOXi &8 ihhf OGN £6 FR el HORRTGM RO, m_rxgmmﬁmust ed
materi als on the char conbusti on neans and whi ch sends the fluidi zed bed

medi um t andlterbolist om of t he char conbustion neans. A third filtering neans
which, if necessary, separates the ash on the discharge side of the second
filtering mean¥hgwgaskeideriafcthis desipanioompdgte |geinarade elestrtadtting now

t f { h,. t he bqtt f t ti . Th
AR VAR P SRR SR AR A A S PRI
filtering fpaRScy\of %05-36%.“1‘8% w)e@]&ﬂ E(?]rtﬁ(e S i1t il 39 £8P Fa SO GHL A nhave
openi ngs appr oxi r¥ate|y mm | arger than the scraps of "waste V\%l ch are

| oaded) dandlrhbdustsend hktlodd g oitansL NG uwh i bR Vi OPR DB 0QA t BIDY Axb8wifel y 2
mm | arger than the maxi num di aneter (approximately 1.0 mm of the fluidized
bed medi whloThvetddmgofinidseri ng means shoul d have openi ngs approxi mately
0.1 mmsnal |l er thﬁm the m ni num di ter of the quigi ed bed nmedi um

Vibrating scrddnhthprctmeal gespeims, hhergarhagenls 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 the unpyrolyzed
residue is combusted by the char combustion furnace. The thermal
energy freed in this way is used further to heat the water.

The apparatus which realizes the invention described above

primarily comprises the following components:



Wth this invention) the char m xture separated by the pyrol ysis nmeans
contains essentially no chlorides. Thus no hi ghtenperature corrosion wll
occur when this mxture is used as a heat source by the second steam
generating neans in order to produce superheated steamw th a bgyARy Rjodr €
ever 500C. The exhaust gas from conbusting pyrol ysis gases containing
chlorides is used as a heat source in the first steam gener ati ng neans;
however, this heat source is used only to produce hot water or steam bel ow
400C, nore specifically, no hotter than about 200C to 320C. The water,
then, is not heated to the point at which hightenperature corrosion occurs.
There is no déngamodysisomeagiomw hiicht huppdbidsew amstibe) a arfth mbpersé ated to

hi gh- lit teri t ired. W this i i ti f
the st eamtrieATuiBy ks erefetnlln Bitwesn SbOsHA Y i Sondy BY 1415 thans or
ener at | 1§ aseiot Tl el g SBY CETFL B raRe O 48 L0FaBeulr ™ it B

exchangery, (e RAkh 8k SAECSE Ll i) Phe RS AXE AREGHIPAARK B AP [ 0 the

hi gh 28 JAN 2003 9 tenperature region of the char conbustion nmeans. In

the char medbusat, endnEanancomehabtdd Thxtenials are véphzeckbYromavschf air
and the unpyrol yzed residue is conbusted. The conbusti on gases reach

t enper at witde rwhy chflaridiged e dighptspedkiin oxld meilmanivmlragigatofn T60R.t o
950C. The thermal ener g£ of these gases can be used to exchange heat with a
portion of t héd ShédntH@ uSdiny rapaRErta pamliysdt char coamREEIRE &t eam

ti i th 1] f the hot wat .steam. | ed int
O Ther o AL geh b Phep wRARE A, Roedy sbrEath b SopRaI eI OIABE L |y Lo be
descri beg‘-lu-ir@lez bRl o4 g 69&1&#%&5&% fﬁﬁﬁ?ﬂ%(?%%r AMHiR8 HEANAitSo

conducted rnto the héat exchange meahs so tha S tenperature is raised

somewhat .flub@iZwthwedledr Wixsueanf ad plye ol ge & eceidu 6 tasdnfieidizadi hgd means
can be conducted in parallel into the heat exchange neans, just as with the
first steaasdgunemard hg cpmabust theteharway the heating capacity of the

second steam generating nmeans can be boosted) so that a | arger quantjty of
super heat ed st‘Aég’rﬁSéd’hte ﬁ%’cﬁf@éﬂ‘.‘g?ﬁéaﬁisgt‘r‘?-%%91%%?%11%?%@@d}lﬁh Bie ﬁbechar

combust i ThIPRHP nedey=or Eﬁ?ﬁ?{zﬂ&l%?& grz]:\%etsht% h?ggﬁcgf}%c?togfa%%gcbr X‘[‘E?mt he

super hea eam pr 6duce g’sec Steam genération neans s fed into

the heat g@xghahgfe FRARSe unider 20DeCalns e &R cPRcRNYStHUa tte miPdla thprH20C,
yi el di ng an even hotter steam The first and second’steam gener ati ng neans

and the fumdétrhggirexinhatyde 2@an350t¢Gen, can be used sequentially or in
parallel to heat the boiler water in nultiple stages. This arrangenment wll
yi el d a | ar ge yugsendysram grpoxasiiad neadh tovn cej pteameltiioh, the

hi gh-tenpc%rna\;éj{t% {£d'mut v(\)r]:itgp%rcgfaeram 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 either of the steam generating
means be conducted as appropriate to a heat exchanger arranged on
the high-temperature side of the char combustion means to combust
char.

It is also desirable to provide an auxiliary char combustion

means to combust char somewhere along the circulation path used by



28 JAN 2003 10 conbustion nmeans woul d reach tenperatures in the range of
Q501, 300C. If the char were allowed to flow untreated into a discharge |ine
madeé of ¢ommon refractory naterials, the Iine would not be able to sustain
wi thstand the heat. Installing a heat exchange neans in the  5g AN 2003

hi gh-tenperature region lowers its ten‘p]erature to 800-950C and al | ows
common refractory materials to be usedfor the discharge line. Lowering the
tenperature of the region to 800-9b0C as descri bed above does not affect
the ability of the second steam generating neans to naintain the

t enper at ur.e the steam at 400-520C. The ftluidi zed bed nmedi um heat ed by
the char Ltéb%g[,%ﬁ}&ﬁarﬁ%&naﬁ%% athd %Vﬁi[h@hc%ﬁﬁ@lng‘?‘dﬁ'e‘FmAE’cF@rrb‘? 48 to
this inv LRt h o) i,S t f 1 uhdi bed. - LM can
be. used (10an e Tk eh Er R aBYy i Koo RO A0ne Wb R Fh Bl S

al ong whidd tedihi @ 26l bed raedi HMERE gy DI yke 485, APREaEONMDUSEI ON
nmeans circul ates. A heat exchange neans can be provided in the fluidized
bed medi umdlnanpes shodilldi be yp rooridest i 108 heeens bastide ve dnwf ieithleer t he
first or the second steam generating nmeans. Thus heat exchange neans can be
i nstal | ecdwnildaryeshay combpmtapheineiams he riiisett hante mpeoatiuse edntlyener at i ng

means to achieve nultistage heating, This arrangenment will jncrease the
t her mal c%PﬁédPtQ%?e‘i R ?lwailtﬂazteaxabanﬁ@dm&mrs%arh%@geﬁé)r%/vaherh&%h- attain a

stabl e hi re thyough thermal contact with,the fluid zed.bed

e um | T PEEREREE 41 BacpY SRR FRE ke AR AEmitity SHCnibEmegating
recircul ah@@ ok T fAYd @h%S S APIRIioHIQHEXRE, the tenperature of the
fluidized bed mediumin the char conbustion nmeans is approxi mately
700-860C) whi IMotrbadpeafifidadly | lv ti dedibebllovediptsvide] ba flve @laghi s1aeans i s
350-600C. |f the considerably hotter fluidized bed nmedium ~ , 28 JAN 2003
11 from tWaiehadrheBvidize dbedemeslijugn hetatedube d hei¢leat cgmibisgiohenpynesl ysi s
means, the tenl*)erat re vvitﬂjn t hat pyrolysis,neans will have ] ocal  spikes

due to t HEeHHHBERADCAPY SR S1AeMeERTerdh A ALY PEANE LR CoOBhBEBIGhATy t he
volume of Ry HL 4 iggtbe%k”ﬁﬂéiﬁm%ﬂ% IS 5hdE db6Eed ?{)"xﬁ‘ﬁﬁ%a'té thus an
extrenmely conpl ex probllem™ ‘Accordinhg to this invention, then, "an auxiliary
char conbylsd#@alnda}s equi pped with a thermal mitigation neans such as a
heat exchange neans to mitigate thermal drop can be placed on the path

al ong whi ch t HEo fdffé ctiizety e ch avediumonebnetle d mm & beriah dir o ootrbasp y ol yseans
travels on its return to the pyrolysis nmeans. The tenperature of the

f1ui di zedaBQCFS}h%’élicembWﬁleﬁ IH§8 N fCHEHNEdt e bhrppn BsBEiom threlelawing

conbustion neans, S 40 d by the heat exchange neans in the auxiliary
char combUud ipg’r%“”’r%‘etﬁnssi‘?ﬁfl‘!s%-Bgﬁﬁf"\)ﬁﬂen this fluidized bed mediun) now at

500-700C) is rgtfyrHeeiltOr irfte niVd 0 Whﬁqméga}a@ea%w 2t IECHRIn1S gpe
results. As a result) the tenperature in the pyrolysis neans can be kept

st abl e i nuhhenrtangie bin SRRE frond@ABerVihtalteridlsekitiagt tlamugihehwast e f ed
into the pyraolysis neans is generally in scrape approxinmately 200 nmin
di anet er . digalangrrartéonugcoppb nstof mabteKigls vadt ke prelysis means and

fluidized bed,furnace,which serves .as .th r Si S ans nmust _have.a

di et or  YPRGH FREE T8 b (et SAGHAT et XRER 5t EBRE T Fhal i G8n
residue agd Sand or other fluidized bed nediumw Il also be renoved through
t he di scharge port.

A second filtering means which separates the fluidized bed
medium from the finer uncombusted matter exiting through the
discharge port for uncombusted materials on the char combustion
means and which sends the fluidized bed medium to the bottom of the
char combustion means.

A third filtering means which, if necessary, separates the ash

on the discharge side of the second filtering means and sends the



This is why the |arge chunks of unconbusted nmaterial are separated from
other matter exiting through the discharge port by the first filtering
nmeans. Only the large chunks are separated) while the remai ni ng unconbust ed
material is supplied to the bottom of the 28 JAN 2003 12 copgyaN 2003
Reans where it can contribute to conbusfion. Since the |arger chunks of
unconbusted materi al have already been Tenoved fromthe char conbustion
nmeans and the char residue has been sufficiently conbusted) the nmaterial
exiting through the discharge port need only be separated by the second

filtering.negns into finer unconbusted mategial and fluidized bed medium

The fl ui gﬁ‘i‘é&%‘é‘ﬁﬁ&dmﬁfﬁé’éﬁa%‘weﬁvftﬂﬁﬁé #riolni‘ enﬁsheéﬂsﬁ‘f‘aho RRh i ed

to the bog};é)?{]h%fr &mbgmyﬁt]{lg%nrgeans so that instead of being lost it can
agai n.

be circul ated and use he'third filtering nmeans is not absolutely

necessary. Hoveherfiréd fidadrGad @he 4 AS HaRY di0le £AURAY eI rEBe SROMIS
filtering means while allowing only the ash to pass to the exterior. Use of

a third fihaerthegseeand fikbieadnigt measiserMboersgraniéidaiby atdhe difstcfiétd tiyn gand
haertihey

recover the sand, With this invention, if the plastic is to be conpletely
pyr ol yzedmietshehgydd| have omeamg@nappmexemrtegb@pmélayg@érﬂiwgt dédrein the
conmbustion neans, it {s ruci al that, t.he v(i)l me of c(?gglgstion as

exhaust ed®CHaRS 98 AR ‘?)f"’c*h‘ic arpgredsd  tan \fg‘leuﬁ%c‘b‘? et Y ARd wast e,
fed and cj t . e . i i ol ysi s
and conbushPLE IRV LRSI ERARHOERRSE IS SERFREE haTEEnt HhaRlbi

possi bl e §pPa Rle@¥eNlapd rRxemSitedydl of BRIl hd TAMAAZEHHd Deh OEfMRETT RO
fluidizing tank where the pyrolysis occurs and the reactor where the char

i s conmbustlertd THeeein s ncoanuinihmailidohalbet syeemi v g apppa oklimiadiety fg1tmnks. The
char m xture conpri si ng unpyrol yzed residue and fluidized bed nediumis
suppl i ed gmadlgr thag hee)miponumdigmetersps thealyidizadbednaedismbust i on
nmeans; thﬁ' ot fluidized bed r’rgedi umdi ) rt%ué'li'ted fromthe conbustion noans
back to tKaPHYHOIE SPECHRY MY b upgdyii) taGogitering 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°C.

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 corrosion in the
boiler tubes, and expensive, high-quality materials are not required.

With this invention, a portion of the steam heated by either the
first or second steam generating means or a portion of the hot water
or steam conducted into either of the steam generating means may, at
the user's discretion, be conducted into a heat exchanger (hereafter

called the first heat exchange means) arranged in the high



13 The tenperature within the pyrolysis neans is 350-500C, that within the
char conmbustion neans is 700-850C. Gven this tenperature differential,
cireulating a fluidized bed mediumw th a high thermal capacity from one
means to the other and then back again wll cause the tenperat wgejAN 2603 h
means to fluctuate with the vol une of fd ui di zed bed medi um circul at eé. a
result, inconplete pyrolysis may occur 1n the pyrolysis neans and

i nconpl ete conmbustion may occur in the conbustion nmeans. Wth this
invention, the water in the boiler is heated to approximately its boiling

poi nt usi ermal . ener of .gases contai ning chl orine conmpounds

obt ai ned t??%]&ng]?#e&peygg@%?so %g,hg“lzfn%min?wisél%‘éd?gﬁn?rg& tirl'[esc 81i ng poi nt
until it don BUBEIJIER €8ng! 8RB G a @ nfi{8 of RTPR{AL L & 45 bh 1 OB £ LA ARY
energy of de chlorinated gases obtained fromthe char “conbusti on neans. The
cal ori e rthei an@fly robpzé bergmt uenisy gymdiudted. fFk ey Su gaisasg abt firee@d Hf r om
the pyrolysis neans vs the thermal energy of the dechl orinated gases

obt ai ned temype r dieuxdmw loiehbase qoni tedugd, sipeclifichélysdn tie FadgeHofvg06f C
because of backflow of the fluidized bed nedium as di scussed above, the
calorie rt8&?80clnnot be mai ntained. Accor di ng to this invention, a backfl ow

ti t backfl f ch | ui dized b di [
b1 ovi ded oi £ ham G BRE HoeBATRY (1A FEBIoT KB ncherbisel R aToPE & o <

means andy{ie aCOIPUSH 8P tHB A% o h%@é:{)ei@?}é%‘ﬂe\f)tﬂ@ g J{y'%Rlayééc;mg%ags

and/or in the clgﬂgtistl on mnmeans. S OwW preventive means na

devi ce Whitel nf gt tank! @IS ¢t WicheanpioFtio®ofitth e BYt Rea fe 118 e NATRaGA!
conveyor. The backfl ow preventive neans mght) for exanple) conprise at

| east ondedewitoeettthar efittheagpnesstimg diddws effthialwilb achéecontheshicoipn 28
JAN 2003 14 nmeans which returns the fluidized bed nediumto the pyrolysis
means. THhUNY d® Badlesrrabedie a pressure differential |arger than the

differenti al - P2), betwe the pressure P, in the pyrolysis neans and the
o essure P i HHGES A e T80t sRerRErk Senhmt ReperaBemERRsTEn Tor t he
backf | ow fMedid ' en (EIBE KO & x3% alrfh i i SRONAM € fls EARYRY AL ute fseed the
char by force to either the pyrolysis neans or the char coirbustion neans.
Advant ageaiisky, sdhewded i Thenhbdbhevereler yr poehnpfed e tiechanondl steameyor to

its discharge port should be slanted upward to create a gravity
di f f er entdeneratdagriedd s eantiesconduat¢dan rardldehintarthe deadtorx eleansget o

itigate th l. d h h [ haul d. b | ded
The pat b 'PPAD8Y 48 byt HACRARECHTF] AF BB DAL HEtR YRS i RIS LPbm t he

h i . i h .
reans shair i aE SrRUEHagor ReP ANt iR BRne FRELRE BP0 dme RalCBe T1G"010' 1O

backf | ow yycamed!, i et HRaNS 14 Pgd¥ quaiitiPReffdgye Ase desiCEihad @b shoul d be
provi ded at the discharge port of the neans in which the heat exchangi ng
means is prmtwddded. According to this invention, a backflow preventive

means to prevent backflow of either char or fluyidized bed nmediumis

provi ded bet\/\g[ghet ghniemnerat uzg regign ebibahameamdietionmaams yi di zed
bed mnedi i I r.e dj ' Qesep b and a |arge
thermal aasatidh Peb R G bp R B S SREG: (RBeRHE 2 T 2 ng

tanks. Thigp &hasd St dVskéa B pY68L cPAGH {100Vsb eI CABEIM Een@ VRIS Wifans is
fluctuations or adversely affecting the conditions required for pyrolysis

and conbutetd omto hhei héat etxahlan geunt deensoits) tdathpetrhowr eigaache dmodtiedhto s t he
obj ective in both L
400°C to 520°C, yielding an even hotter steam.
The first and second steam generating means and the first heat
exchange means, then, can be used sequentially or in parallel to heat
the boiler water in multiple stages. This arrangement will yield a
large quantity of superheated steam.

Without intervention, the high-temperature region of the char



28 JAN 2003 15 the pyrolysis noans and the char conmbustion neans is nmade to
accur smoothly by this design. The desired calorie ratio of the thernmnal
energy of the pyrolysis gases obtained in the pyrolysis neans vs that of
the chlorine-free conbustion gases obtained in the char conbustigyANBGIE
((the chlorine-free thermal energy) can ﬁe achi eved wi thout variation, and
there will be no chlorides mixed in witH the char combustion gases. A
pressure differential generating neans is provided to generate a pressure
differential (H) which is greater than the differential (P, - P2) between
the pressure. P, .i.n the pyrol r;i’ji s nmeans and the pre_ssuLe P2 in &he char
combust i ofP THEAFE10 Pl amse Worddstpaciptemp anqd uggsoly she 5angR of 134 bel ow a
gi ven val y&ygged hey PE@SaPJF“Pe?r ' Quio*%@e@%r 1§W%§E‘58£‘eﬁ%@§ LHEEENT B 91 VEN
val ue, pressure can be suppli ed utonatica y until a given pressure

di fferentjjale ftddd %f@ﬁrﬁhﬂﬂdreﬁ%&o&??ﬂ'a&erfﬂ%,rt?x'eafi'n‘éewBru‘?ﬁsr%tebe able
differential between the char conbustion neans and the pyrol ysis neans can
be mai nt atmedsteiy witdsstatnol the lgéaienlwstdaldi n(gHh, heht @ixchaddewe noesn s 4@

val ue. According to this invention, the char conbustion neans is also

di scl osedtlxg hflé?ll-tﬁ\sl.pemtmhre ragtonskavoer sritante meieraénre to 800 - bl iagd] f r om
bel owtheﬁﬂis ersion pl atfg (hereafter ,calllled the air flow) .is divided into
two streafsodts CAB MoMeFeigacspry praterials toihe 3sq dokar the digshareeyine.

par L ory RS ngThh S (SRR Bl Sl SO RS e A,
del ivers hhevETddel Godl a8t dhicONbIIREy RYTY 530 ARANB ans dedfladfnn eit her
t he ul e (0]

t he downward-fl ow ng region o i zed r the ["ower portion of

t he upwar grdd st ogmaegt 8in theetcmpewhatk o frEaNsto@pm 60MU0-5@9°a€. nunber of
units to 28 JAN 2003 16 assure that the material circulates all around
the fluidized Bbé, flyidizedrhg dooedinse headedi ey thei clhadicoidesstihe miearfd ow
supplied frombel ow the.dji spersion plate intg nultiple . streaps. The
i (i ple 130 BEFRt abjEbaeRat s SR FHT BRE b0l HE 1BV eTtobot BRat t he
char m XU Yk & 6] Gl &1 5 oL iB% dd ¢4 PRAT PEE D om0 itk 18 AHERR (PG B o ed
in tandem e phay conbusti on neans operates as fo onvs. I'nce nost of t he
pyrol yzedaghaliary dHat RenfWisMioh mamis idetalbodioyté path dlchSREidH C
gravity) will be in the range of 0.2 to 0.5. Because the specific gravity
of the flthdiffetdizandbied mleeioonthesttiednb yrtdres fiirs t agproro mtwd tyo 2. 18)e atriwe

char will tend to float in the upper part of the bed. If the adm xture of
air is ingcrilatent A hpatgrehapge meanacarn pgmmyide dpm b eaflugdized

quantity pf jair ji.s requj,yed. Accordin 0.this inventio the s | ort
for the chad e b S URE nuxifiRr, &b Rskits” Oy BE rthne 1 Rr B HEY o
flow ng regs@rof ok N lsﬂwhaeé:tefm-ge%arteh%tm&ﬁm.!lght char noves
without fail to the bottomof the fluidized bed and is circulated from
there. This i nfhmeshthttextchacdmmeans cam befihistadketd yn rdexeels wirtim ai r and
that sufficient combustion can occur with a relatively small air_flow (for
exanpl e, BPratkediin thedfirsygndrseeond depamsesioraispgrepansitoachiave)  The
char which floats tq the surf.ace of the fluidized bed is al ret ur ned by
vy of SRR e heakip Ry TEE: Bh s EemeRtoR Ui et s ser b SR bRl " he
f1ui di zedoRpdoi (ib? (HICHEAREECA 6o bl Eiufll RLVRIEANORUTor T ATPHAA o NE

pyrol ysis gases,” alr Is introduced 1nto the upper space o% the fluidized

bed furnageabbndtighutdmgetheupytbrpsigh tkens al rcon trcacesth whiecfiuddyzedt ai |
a single stage or nultiple stages. This prevents tenperature drops in the
di schar gebednmeddumee it al so

The fluidized bed medium in the char combustion means is
recirculated to the pyrolysis means. However, the temperature of the
fluidized bed medium in the char combustion means is approximately
700-850°C, while that of the fluidized bed medium in the pyrolysis
means is 350-500°C. If the considerably hotter fluidized bed medium



28 JAN 2003 17 prevents extrene tenperature spikes, this design prevents
tarring and coking and enables the systemto operate in a stable fashion.
Wth this invention) air may be introduced into the pyrolysis gases after
they have undergone primary conbustion, and the reduced pyrol ysggasesm3s nay
be burned to decrease the vol une of hgrlgenerated. When the heat of the
second conbustion in the upper space the furnace radiates into the
fluidized bed occupying the | ower space of the furnace, the char wll
conbust and acceptabl e pyrolysis will not occur. Wth this invention) the

m ddl e space between the upper and | ower spaces of_ the fg)r‘lnace i.S narrowed
to promot FAMREHE gharecombaistionimeans igautid odis edo dpresfent bR fack | ow of

t he radi . n t | ysi $,1CQ i ses lui di zed hed, the
i di zedt Boorahs e s ShEaE B TR THERT R B L BL &5 JpfiLn (e
sand or o i1 i i el | QM bd O, e
exhaust ggge(@)fnggﬁu@?%osgggfgﬁf%g?e(g?ﬁéli%ﬂetqa??gledr))séih%n@g%lgtggggﬁr%ml?%2 t he
mat eri al flaictuppei @hnandln € ohveyelumieagtsti e fL@iniey dt bed Wwas i eéu mixdiichl .
The wal l's bel ow the primary fluidized bed become w der, and a conveyor nean
on the boig énlof reprcatiakbdrisctinveysn ehér ewleily quan plex pebblém.wast e

mat eri al frométs eptry port to the discharge port where the char m xture
is renoved. WAERCeHINE fodhisdmvardonefhepoataandlranycehansombyption

auxiliary rol ysis._unit re.unconpust.i bl e.matter i s conveyed by force

t owar d thgp%% Sr%lgélépgﬁéi W\A?Fea 55195 ig‘lhga}etﬁaﬂc’é’&a“ﬁfggﬁ&%?gge%(ﬁat t here
IS no mat gL} |, f t . s TU M telrd 1 een
pyr ol yzed.gﬁgg%ng%l %lrei% esg?nlﬁt lga\?\gste ?r%?ie(rairgp %{r%%ceoﬁg ée:‘{ﬂel%?sw?mtzlgd
vapor i zeda bewilg nveRboled h eFfluitinge d &gt b efi ufth Ve Ofe d e tat elah r fclowh 6l 2 €id ped
which is 28 JAN 2003 18 produced by the partition panels within the bed,
mor e specirfdaras ltyavabs baniftshrefurfn dw tdvepywhlcdistime awssst e mat eri al and t he
fluidized bed ﬁdi umare m xed and forced toward the di scharge port for the

char mi xture) fafytedpPrsatune @ fpdvefhiidized fadmed Hamp y Bigh bas Bgeni on
shoul d be ihe nLEQeRl.y over .a given riod of tine,so that te
mat eri al Hgéggﬁo ° zgg'%éeb{g}lﬁ’g%ﬁf al?%?%‘é’t‘l%glﬂntlﬁgavxxllasy1?(%%'3”%1"3 i l:s)vvﬁt}rege

port for hLRgtChadhdm¥é YhBankh ¢REMd Gkl PRhAGSESnBRG 18D Re &ML QS the
pyrolytic reaction to occur uniformy and for a sufficient period of tine

for any cbBbODOr7865CI Whea tlait Sluidieed ded o ddb ural Imyo vpyartoh §@ ) 0Vapos i zed
and renoved. According to this invention, an_ash sludge separation neans is
provi ded Betwerad et by Po1pdy 81mEmEN Y aemetleitmrr%@ga}ﬁrg%ﬁeﬁaiwg!\ﬁr@ans
to extract the sludge fromthe as This ;,ash sl udge separatiop neans .
extract s FABLH tlife UF P s (e chy TS 2ae TP AT £ B FRE® SXGBLC By ced
out of ei{herrddige oltags6UMYsiogreans or the pyrolysis means by the heat
of the primary conbustion of the pyrolysis gases. Desirably, a secondary
pyrol ysi s gaseWithnthist i wve neians tdouwhdie fedvntedheopyerlygiouhe sasamsdary
conbustion of the pyrolysis gases fromwhich the ash has been separat ed.
The ash sB@d#g§&adbpinAcy@psyappReorinaseidd Oseynria dhgmedans Thys Beused to

form an ag%&gg;ggee %fotr rfotrhlei‘n%grsnl;Estse%p?nraatte?'?af)sr imilieeflilfidiizsegel‘)ierhg separ at ed

furnace which serves as the pyrolysis means must have a diameter
slightly larger than 200 mm. Consequently, some of the char residue

and sand or other fluidized bed medium will 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



The pyrolysis gases can be used to induce secondary pyrolysis gas
conbustion. The boiler or other device used as the first steam generating
means can be installed inside the secondary pyrolysis gas conbusti on neans.
This will allow the boiler water to be heated nore efficientlyagTiAN 2603
contained in the pyrolysis gases and tS?t contained in 28 JAN 2003 19 the
conbusti on gases represents approxi matefy ten percent of the waste
material. Thus it is not absolutely necessary to use all the pyrolysis
gases which supply the ash to nelt the ash. In fact, this mght result in
the production of excess thermal energy. Wen | ow calorie garbage is being
bur ned, f‘ﬂ?g&t’atﬂb‘élmﬁﬁnéx‘yb‘@ﬁeelrﬁr‘i%lhé@néﬁb‘\'Aﬁq to sommBAEPY.0 generate

hi gh-t enper at W (o] ion_of, the pwrolysi sqs_hef or he ash can be
mel'red. Thereranst PREIRERR A AEs B EndihbEEpditti€l bASe R Bisiiheg i »

the pyrulysds r&Re6eed Irblf tAshe 54 H IO FEPALA! UL LR ﬁh& dm2dviaapl e to

send a portion of these gases via a branching line to the secondary

pyr ol ysi shgad exanbutficoen tBaBs m HACLid]i vhe trn tetis] leRYEiMg Rrouphvehe d be
advant ageous to supply the waste material to an oxygen-poor chanber with a
t enper at Wlischargecpsst afee3D0Clpritk sapacated hyr bhytsecondatilli erin gAnpoans on of
the discharge_ line to supply the pyrolysis gases generated by this reaction
to the se’dlfﬁd&ﬁ‘;?rpyflépykb‘ésé%%%% uad jagd zpd hefd anedmexkhengi ng

, he. d d t. b i ded wh th
oo poRRSARL BRI R S oY Fone T RSBt IR S et
These confj gplidld P8 ha" BolERHSSE {RL cto@,?bg%ilfoaml{ﬁe%mt | s 3 deyirce

havi ng t he ash sl udge separati on neans, erential pressure gages such as
orifices eistg besi nstcahl B dlronlatdte ah@utigelrayeied by the pyrolysis gases
,and the volune of flow (or speed of flow mnust be neasured in order to
control the fIBhedhipgrioltegiinggasensniscessabsolvteli nechesash, Havevegussed
above. Thjs is why differential pressure gauges s c& as orifices (narrow
por t i ons)tnERR afdchr bhe c?@d“bln&ﬁgcac‘h%hﬂibé’c%é‘? @éCPBHt 1tq1dme; me advg Hlde s

h I f flow. ' N 20 th
tenper at uFBogt g REy (SRR e prBR e BXEYREl G Tan ey IR Tl
nei ghbor A ;3aes 1P cAQey 130FBmBLo! iR A3RCEFRAILAL HliAENEIEHe MR

contain tars. These tars will adhere to the narrowed portion or pressure

taps (tinyapdessure vents), making it difficult to nmeasure the vol une of

fhow According i this invention. 1f the plastic 16 to be sompletely pyrolyzed
in the pyrolysis means and the char completely combusted in the
combustion means, it is crucial that the volume of combustion gas
exhausted, the volume of air supplied, the volume of bed medium and
waste fed and circulated, the temperature and the residence times for
pyrolysis and combustion all be rigorously controlled. For this reason
it is not possible to prevent a pressure differential from occurring
between the fluidizing tank where 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.



smal|l quantity of air is provided (the word "air" here means any ki nd of
gases to support conbustion) as needed at the pressure vents installed on
both sides of the narrow portion. This air causes the tars to conbust so
that they cannot adhere to the vents, allow ng the pressure toRgaKEesoy ed
i-n a stable fashion. It would al so be E?ssible to return a portion of the
pyrol ysis gases obtained in the pyrolysi's neans to the entry port of the
same neans. This arrangenent) in which a portion of the pyrolysis gases
obtained in the pyrolysis neans are supplied to the entry port of the sane

nmeans, neans that conbustibl e es ose t eratures.r e fram 3h0C to
500G ar o i rcul Rect BRATELRES el NG Phe Beyoo 55 B ousmds TBU-RIEH: dib e
pyrol ysis j i : % P t.he air or
fromthe ‘e’vgﬁgglztmgetaglelg?g&gg%gg%?gﬁg?{?klg%toto a@nq':??rﬂ%ﬁq%ras t he heat
val ue per temige raghirded i ffe P@xtilZ@drc@ndihk 4 S &d5z6d bed 'HRE i @inNwibE a
tenperature in the ash-nelting furnace and in the ash-sludge separation
means. Thbiphridiemgnsal megrscity fmom lonei e nisot @ thieus th exed nideth e htb oain

i nstead conprise.,a pyrolysis kiln capable of agitating the solid matter in

the pyrol $€RdnnEidcause thptempraatues iy haddvmeany torfluptuate witpothe f or
t terial to.the. di sgh t for t i xture., . 28 JAN 2003 21
1T as aetet oL bid oo hdoaPiling Rlrarlseednas s aRns: JogoBathut
. Al . _ o f
comr ! seS pRxREIATGR (SPIKIOI AL RIBASEY SRepaduLRLUTe Of

flui di zedchafhudfionNRaly 8Bkuefihefhe omishSiod ARGIANI cal conveyor is that
it does not require the gases needed to fluidize a fluidized bed (primarily

i nert gases wh®sighnbhis Covpotient, stlee ev a2y GOPhardilR0)is Wdwtqd/tol ysi s gases
are not diluted) so the heat value per unit volune is greater. Tenperatures
in excessagpProx3poteduntpd ding nadat apsing thy thergsahgnargynf gases
oxygen-enriched air, :imd. t hese terTﬁ rag}gr es ggln be tﬂsed effecti velﬁ as the
energy so§PBLAIRINRIChIPRine SAMRPYNds phrained Sron thg pyEalysifdnCcaf§r ) v,
Since the Qp‘ﬁp [ 3 : ted fir 1 . SOH i

wi th thei ra%as i%)?\ltggrt]tgast?t%n?g&agélmgg Ilg&t'ﬁal?ﬁ% 123 l(t%}alg%par a%zécfi ?Eeé;ﬁggﬁl one

or the |ilkeghafiwtenisd g waendsti @dhleotid@nalipachst &f debhldihated @4dey
steam generating neans. The ash which has been separated fromthe gases can
be neltedohhdigedrupm ébeschahgpmbugstionbmeased The anlayty egateof The ash

ily, b lted b ti i1 at t t than 1, 300C
by tho pyPBPFEIR GREEEY dloteR 80T ofKElssEhs £t abAR TR | HOBHENByF BIYNRLS grsos
and t hat ?,9%&5%0' b EF@r&%Irfbé‘%tgﬁio?%eesdégﬂf@%'&tt%d PEOX I TRhEh Yt en

percent o e waste nateria I's not absolutely nhecessary to nelt

the ash i firédnl thoe W 0bihd Estdaficsm eWhsCEhoWnRPhbY 4t akm:Badiowlelvieg, M ght
result in the supply of excess thernmal energy. To nelt the ash in all the

pyr ol ysi sbgasese ef bpekflaealf die dkyiginedrbétmeediiim aeodidchesadateava,o
generate rt]il%héél%q'?eerr%ttlil(r)%a%onng)tu Eairgra]\'intalane .AN 2003
According to this invention, a backflow preventive means to
prevent backflow of char or fluidized bed medium is provided either
along the path traveled by the 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



22 The essential objective of the pyrolysis neans is sinply to renove the
chl orine conpounds fromthe garbage or other waste material and supply the
dechl ori nated char m xture to the char conbustion neans. There is thus no
actual need to generate extrene heat, and the tenperatures in bhgangup3 of
250C to 450C wi Il suffice. However, a %inperature of about 1,300C is needed
to nelt the ash in the ash-nelting furhace. For this reason, the pyrolysis
gases which are to be used in the ash-nelting furnace need to be hotter.

| deal |y, pyrolysis should be induced at 450C to 700C not only to

dechl orinate the gases) but to generate a |l arge volune of gases. Wth this
i nvent i onm etahey efloicd, réhier iy thkyRusd MRah H e dod AR itSEt e Plydtody silsy oOf
pyrolysis furnaces having a conbination of a fluidized bed and a mechani cal
agi t at i onmeadie.i hhandepiseophoatd crasheé enpropeund diffesentyablyesger thanaces
may i nduc iR sis.a [fferent tenperature than the others. A

| owt enpefﬁh‘? &ﬂﬂ%ﬁﬁtﬂl@Li(@?ém)n%fevvﬁﬁp BEPSEYTO O-%Ggetlbyb‘blﬂéﬂ%t e

dechl ori ngt ry . xt <A _hi,gh-t ure furnace nmay be set at

450- 700C éggéﬁggﬁﬁghﬁ ﬁ%%ﬁgfghgééBsﬂg%%bgkdégﬁgpﬁtvﬂéI%% "%l ting furnace.

The pyrolysis &ﬁ%@ﬁeQ%rs@BFéjdlé}éi%Hefo*i‘iﬁ{kB%&B?gﬂ@;{h‘%xﬁe‘ﬁt@%%%%d be

supplied to the ash-sl'udge separati on neans xtracts the sludge from
the ash sepavldtlee thr ase tahm aEAS cad MBI or0td fBEed Ay cRariBis o pde HBaAns or
the pyrolysis nmeans. The two types of pyrolysis furnaces can have separate
functi onseitbes the maowlpais beeasedrt thachiavetoymbaséiat eneadechl ori nat ed
char m xtyr.e; another can, be use&égo aﬁtively generate pyrolysis gases to

be used ifdVROtAGeoHalY; therpatiydeomrhhe eddyyr neTHAL dher pcdiagHsad| | ows t he
char m xt erat fficlentl il r opr.i at 28 JAN 2003 23
pyr ol ysi s&%lg‘é&e °gﬁ89§§n@%§?‘ g&%elf? g%tnghg lg\ﬁ)ee g L?lﬁgec(gglps%?g%sms%eeﬁf fo
dechl ori ngt gvithedyaretenbpticri al s, the fluidized bed can have a wider range
of tenperatures from 250C to 450C) and consequently a | arge vol unme of char
m xture can beAgesmeatiaigedo tAiBRhie nDESCRARH hn OF nTHE g RN NiSafrs gor e 1
illustrates an apparatus for producing superheated steam using the heat of
combust | omidigafkesthepmadrd o sushi ah shensraxichanging menes shoaddebdodi nent

f this i tjon. B th [ f ! h | ysi
urnace | BYGRdikiom ghy Torkdr Cobneied Pt uhRaced Tihie Hop fpeByaReEsan
appar at us; p, ngé’?‘?oﬁquﬁé r?:?laatr?goﬁltbmb'xz'xﬂga%ﬂetdqgﬂgr@r qgg?éjﬂe%&’ﬂ of
waste material's, which systemis a second preferred edpodi fent of this

i nvent i onPréfe @by, | @h ot cICORBLSE i8a hirdhand d Beipgidraaedeii tht the ot her
furnaces. Figure 3 is a graph illustrating the process by which superheated

steam i s pndlieey eangontleustdan wfeagunbamd isohackflwgtrravetrdivelmeansi s
process rel ates direct to the essential configyration of .this invention.
Figure 4 ¢ |pa§tvrea*tte%aa%ﬁaﬂfpaﬁa RO Pdp%a‘bfawsﬁwqﬁdﬁlé? Raavigediathite; ng the

heat of comiuisiion pol AShS, BB 26 3w 1Sk AR S KSR chfh kid thay £f LT ed

enbodi nen Ss'invention n a ion to the configuration shown in

Figure 1,idddd1¢e8. for unconbusted matter are installed on the discharge

lines | eading out of the pyrolysis and char conbustion furnaces. Figure 6

il lustrates anAappedatgisotthiprioesdisnpar hack Bovspearensivg nméenhdat of

conbusti on of waste terials, which system.s . . .
prevent backflow o e?ther char oyr lurpdized 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
large 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



28 .fAN 2003 24 fourth preferred enbodi nent of this invention. The

auxi liary char conbustion furnace shown in Figure 4 is partitioned by a
partition panel into two fluidized beds. This arrangenent constitutes a
backfl ow preventive neans to prevent backflow. Figure G ill ustigtoaN 8603
apparatus to produce superheated steam using the heat of conbustion of
waste materials, which systemis a fifth preferred enbodi nent of this
invention. In addition to the configuration shown in Figure 5, this system
has a sand storage nmeans to supply sand fromthe storage tank to the char
conbustion furnace. Figure 7 is a rough sketch of a backflow prevention
neans. | tthymymod #gis mgshaaingat he ovhasy 69 mAn £t onemieamiscis mg@rﬁomwme

char fromthe ral ysis ans tq,the char,conbustion neans. Figure 8 shows
man and BOARELY P RhEs GER0RR: T SeRhet ditd 18 By F OTPer e e hadan thi o

m ght be ' : j ' .5, ' . pl ' d . (B
s a fronegtgtD PYFARRIS AL By EE s b S PRl e Y AL,
i mproves $hehehetil oz Ul hBuRIEEn YaRG sl Hb Bidh&f ih R cclRAEl ment s
previously described. (A is a front view, (B) is a side view, (C) is a

pl an vi ewcomibgiateohiOmshaws(thler del oriipesfrefe thermal emalgy) eafn haradliieved a
pyrolysis furnace which is an inproved version of the furnace used in any
of the enWothaBht@iasiamuang tdeene wiblgbe(my chdonidemixedobs widht the: (B)

is a pl anaﬁ Cross segtion; éC) is aviewfromthe right side. Figure 11
shows anotP&F GATBPUSLPT ERSEEN of a pyrolysis furnace connected to a

pyrolysis gas gOghUSh,ANa{HEDAGE 10 SONDUSLf e L 9L ¥3b91888%.  The

pyrol ysi s gas conbustion furnace conprises uct shown i n any of the
previousl yodessté hegd reshesd M8Mtetentfil (HI w8idhYs20Q3 147 tHhayghd Side view
of the pyrolysis furnace and conmbustion duct shown in Figure 1; (B) shows a
nmodi f i cat dbffeeoénthed By r Ry) foorttw eem thE) pressaufe @tinvtkev.pymodysis hieans
illustrates an apparatus for Produci ng superheated steam using the heat of
conbust i ofngsthgdressured.dnstheusihan cymbagtion means hWirat sheaur esdvaedi nent
of this i vent{on. Thg char conb?slili ﬁlfur nace ShOW[\l: in Figure 2 is q;vi ded
into two T hdfatBeRYFesEsIsymeats (AP ieloRha e1vs Y alun O ridtaPEBRS ViR L
ash-nel ti (g ¢hyf BREE dotn B §80W91Vdﬂ?sdexghgﬂ'%% g%éﬁlmh@?&%s@u BRRAL BleUs
for produci ng superheated steam using the heat of conbustion of wast e

mat eri al ssuphilidd sytberaiisablysaneik b giveepiredserdadifmentod]l (H) Ss
invention. In addition to the configuration shown in Figure 12) the system
diverts aobbatneh. 46 alrespyt.otlysirelgtivespaess supdiffesentoh beotweppridigsi s
gas furnacg wher e th(a/ are conbus eﬂ. Filg re.14 shows a differential
pressure HRAAGELURPUSTAn Mmeans | the RErfysindpgane s PermrsriRed gases

shoun. i FLBYdlod8 ool Bl L3vandh LA 05! AInRICESYRE Ba9BaWIRN, Mekes use of

an orifice; Is a rential pressure gauge which nakes use of a horn
neck. 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



Figure 15 illustrates an apparatus for produci ng superheated steam using
the heat of conbustion of waste nmaterials, which systemis an eighth
prefierred enbodi nent of this invention. A portion of the pyrolysis gases
obtai ned fromthe pyrolysis furnace are circulated to the bott ag N bbes
pyrolysis furnace by way of a branch line. Figure 16 illustrates an

appar atus for produci ng superheated sté9n1using the heat of conbustion of
waste materials, which systemis a ninth preferred enbodi nent of this

i nvention. The pyrolysis furnace is not a fluidized bed) but instead

enpl oys a nechani cal 28 JAN 2003 26 conveyor. Figure 17 illustrates an
appar at us aBenrgridtiucthg maperidatieduda tesmalkpngunidet e Atnigfize d it pont of
waste materials, which systemi .aht nth pr ferreﬁ enbodi pent .of this

[ nvent i on M ARICEE 87 AR oy Bith g vaReb Beor silew aRABLED Froy Relpgy

il . . f.ar. Mo US| h f
conbust | oner Tyt 3 on i W CRHE T SURRLAGR, TS WERIRHEL M alFeg et ©

enbodi menty 8 Bdiueld¥&Rbin®Pol THE WIGh¥SASalME0ade e @Ka ramfi ki dé zed bed
and nmechani cal conveyor agitation neans. PREFERRED EMBODI MENTS OF THE

| NVENTI ONcirculste ssacthenflwed 54wl bedxpraboth sydgedid may ble weéérience to the
drawi ngs) several preferred enbodinents of this invention. Insofar as the
di mensi ondpneemeri al , shape and relative position of the structural
conponent s whi figure in the enbodinents are not specifically disclosed,
the scope of thd'§ RBEKIGURPUEtIRR Meane AP AR tecd® feHBWS: The enbodi nents

are meant 10 SeigeMROELYASd LSS ALL VR SRR % FhQUEE dSigMS a0

Z .
apparatus for producing super ed Stedmiusing the om'1 ncli ner ati on

of waste 'matxﬁi'tg!ﬁ.é’!@'iw sb%c@fiﬁ'éﬁivi@&?fv@ﬂ'l% el FRRte @ff ¢ et Proegent
invention. In this figure, 1 is a pyrolysis furnace conprising a fluidized
bed; the Bedaigedhbedpemdicupgravity ofithleyf]lufiduzed zad dshndher cambiusth eui
material) is supplied onto dispersion plate 3-1, which is a perforated
plate or theappids aFpsoytpBaely 8r0otherchpmmulidendit@ floatdmnsthparByer em

s sumnl Lk 0 SRt et Bt ety e
less flammable. Hence a large quantity of air is required.

According to this invention, the supply port for the char mixture
from the pyrolysis means is located in the downward flowing region of
the fluidized bed. The relatively light char moves without fail to the
bottom of the fluidized bed and is circulated from there. This insures
that the char 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



28 JAN 2003 27 in the fluidized bed which is at |east 300C. (Since this
pyrolysis furnace is basically designed to pyrolyze rather than conbust the
material) nost of the gas supplied will be conbustion gas from which the
oxygen has been consuned. However, to help control the tenperatgron 5664 |
guantities of air are introduced as nefzed.) A pyrolytic reaction of the
waste material is induced. The pyrolys gases generated by this reaction
are renoved via discharge line 7. The unpyrol yzed residue and the char

m xture conposed |l argely of sand are renoved via line 9. Unconbusted natter
is renoved via line 8. It is desirable that %yrol ysis be carried out so as
t o gener AN R I oKl e mat t ompfe rapproximidiesl, £ hes lqgignop yestenigadasring char
m xture). i

Iﬁtiteboil rvva;)rwgichistobeheatedis ressyrized at

appr oxi meft B f B &grrcrpa E%SH i€ F%@teﬂ%irﬂtoﬂxﬂq‘t%é‘lé\oﬁfﬁ‘ﬂ 2RPIPBOOC. The
"?" in th ty f.17:3 fers to.th | or.i ded i t .
temperature of VRS Wb B Aik eV R bR AREEE s R (L PR b Eyis
tenperat U £sd O afted ?%?rﬁé%%ﬁfﬂ&@éol @ RQ8G Yy gbglﬂ@ét%h, heat +RE

vaporization", in othef words the calories néeded to raise the tenperature

to 309C, idtbuqad plyrofhgsis pasés dhay e haraedvapdetZase the vodun€beM$Oxo t he
calories needed to heat the steamfromits boiling point of 309C to 500C.
Air inputgénerateld.is attached to line 7) the discharge line for pyrolysis
gases fromfur‘pi%% 1. Air is introduced through line 21 into the pyralysis
gases renoved thenreat of thegsapynd fombuhtiamey the wRBEE & ofr e
partial ly ,cophusted. These neasurnes  .shoul d,he {aken as needed to prevent
Phe adne; e LoERnpg e P Eadg T aMRHaPgdod REETn Rn PREEukEr Peditond
of the di 1 24 Y Y& A hugt{jon
furnace 3§1P bgé gg‘r%ﬁiua{s%'otgi %ﬁgrﬁge‘?ﬁflo@&ﬁﬁg%gyar%ﬁ?%sﬁlg B‘Sﬁgg‘g .p %gogﬁ%gi %itllelnt
amount ofnat bccarsWWplh etis Anvieatpynpksimiddespuca Hdtwee el 'theouppai t hey
are conpletely conmbusted. 10 is a char combustion furnace conprising a
f1ui di zecapddosigspanaeels iof tive Burnace eamarTawechtn prd rated s mixdpriecf vi a

di scharge line 9.to dispersion plate 11 on,th | oor, of the.furnace. The
oo ety she, ashsnal b mabvp it mektla dfihe s Ao ars Kehbust | on

furnace 10B b | z - | S | ie i ayline 12,
which is bel it gui‘gp‘keffg‘fﬁd’%?%lg’éggqﬂ&'éﬁéfgee& %?lﬁg@%@gnggéoghﬁnd_ 800C i n
fluidi zedflpgdiZedB bedkhoald hHvelI¥b HAreONRUSEint £y NPk Zesd r gsi due. Air
is also introduced through line 13 into the mddle of char conbustion

furnace 1@hichddmnpkend ¢hetbemdfiisidored Fhilsmgdnemiesl wxdhiaadtbyhdewing t he
range of 800C tq 1,300C. A secqond superheater 29-1 is placed in the upper
portion oflifcARtheoRBhaMSEEa%OhLambystiny Srampke meaththgodanenspan

Lemper at Up g & oG MURSINCH £6 ALEINLIMRHE S b oedd 18 AP L Oyt e

second type of "steam gener steam ( super heat er)
20) . The exiverstt h@ow@ste Wiha¢OrRAY e M1l fibeeewt thé ph SNRSKALI UG &1 Bdrpelder e

in the range of 960C to 1,300C, are allowed to cool to 800C to 9bOC.
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



Even though the tenperature of the conbustion gases drops to 800C to 960C
as stated above, there is no problem naintaining the tenperature of the
steam in superheater 20 at 200C to 320C. Smal| particles of matter which
were not conbusted in the furnace 10 are renoved via di scharge Jgi jaN 2603
Auxi | iary char conbustion furnace 10B js attached to char conbustion
furnace 10 as an auxiliary fluidized be¥. As can be seen in Figures 1 and
2) the fluidized sand fl ows between 10 and 10B vi a 28 JAN 2003 29
circulation lines 19-2 and 19-1. The third superheater) 29-2, is placed in
fluidized bed medium2-2 in _the auxiliary char conbustion furnace 10B. It

i s connecRE¥veed iy Hhe prantdkion pansts mHdhinddedbedparateasreciivanlly they

i ne 28-2, c seen_in Fi e 2 uxi | jar.y,char .conjusti on, fur pace
108 rmy aieFREBL RS R PR BN R, FanBit ol iy R (RBH R A AT
is advi safl.s1i ; i Liar r 1 O+ %a%ee £ WM i third
super hea’?@re?hggx} %égglﬁg\%ﬁe%gﬂar%ﬁgat ﬂg\qgggﬁtﬂﬁaié% Bgl)ggﬁfﬁéﬂhg}ﬁ]gh%r

f1 ui di zedmhgduredinanh My g oWasa Feploadib Ik . tHeweRal, Qﬁ%ﬁé@&ié FeRgEod0 is
returned to pyrolysis furnace 1. The conbusti on gases i ch have exchanged
heat wi t hshoelddrondssajperdeaeatidorml9-dyeranezivenh asritvebdédimensditdchiar ge
line 15 into a gas/solid separator such as cyclone 16. Here the dust, ash
and exhau‘é’tﬁséas@§tarhﬂlsé99$eft‘éfd)mén'dptbﬁéngabé)awarlélt@@ﬁtalﬂdltehéfafyi tatthe

h 20 [ issch line.17. 20, he,.fi . h , d 24
< the. ri futcied bR SR par Rk ae Thi A yr AT RHaBRGET R £ ar e

| et el ' ' : j 34, swi thi n which
o Tnet ol 1B RAIDRE bt BRIYEL S QR PR Sh AP LHTRRRTy Hag ot 0 ©

exhaust eds fiffabi P e edd OF t3th & fér hinjecRRrillBeYnaflee WHItRIMGRd ridl o i | er
24. The boiler water taken in via entry port 26 is heated to 200C to 3200)

and the r&sllitpyrpelstzean ovap doizedaavd resmeupdl i ed t o superheater 20 via

di scharge line 27. Boiler water is also introduced via branching |ine 26
i nto wat er - coof 680 TN & o ddyis i vantign; an,ash) §ladeeyaep aprbios MARRYLRace

20 SRR RS2 AP B RIRR) s o RGBT
means to extract the sludge from the ash. 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



28 JAN 2003 30 raise its boiling point to approximately 309C) is introduced
into water-cooled boilers 36 and 36-2 and into boiler 24) and the first
stage of heating is acconplished. The rate of water flowis controlled so
that the tenperature attained is approximately 309C, which is QBQAN 2003t he
boiling point. As a result, the tenperﬁ§ure of the tube surfaces in water
cool ed boiler 36 and boiler 24) conforfifng to the tenperature of the hot
wat er, can be kept bel ow 3bOC. Even if there are chlorides or HCl in the
pyrol ysis gases whose heat is exchanged, corrosion does not occur. The

st eam and/ or hot water renoved fromboiler 24 via discharge |line 27 and the
st ean hot th@icembeation gaseatrenresenéd aiu 1asyinpstelydt e peveanyiaf brenchi ng

| i 27' introduced 4nto . h 20., Th heated b
conust | of *g4& at HRT YRS RERPY RLSpE T vo PRl R R0 FE Al iR eam and

then i nt rodieRdisSeit Walich bghaLs YR NERUE nidy tndl AoHl IGNAIAC diijge 26-1

and superneat er I ne connected I n sequence. en it

attai ned mighinarAtlirig bEbVWeeid ddibnade Redfs thBemsdleame # gy r enoved and
supplied to an electric generator. Although we have already di scussed the

operation of tWdenbowi-oehirial gawpagd hs ikeingobmbirgadatai preatvdeshalfl briefly
reiterate it here. Organic co.n'i)ounds contai ning chlorides such as vinyl
chl ori de prugencanniched aéy Wil hiet heedpdrionsenerate dvigh-tempegatBage

supplied to pyrqlysis, furnace.l. K The co stible portion contgin
appr oxi mefOPPUF B, o4 kq PYEalB A ERESS Despred heoRphreA T desmaltfdce 1 via

e 4, and Noguggfdul dlasd aandu TRl LSO KL 5P (RIRL AT €5

of air are supplred to’'the conbusti a V try i ne

bot t om of j { h@ef pyPeLR18SmBEGACEL tRE 4 AMRELAEY S padftidANNdRA3, 3L jgontrol .
In fluidized bed 2-1) created by fluidizing a quantity of sand, the

t enper at uadvisalklepto etk anp 36ECnanflt b Cg athis svimes tandning Limmy toltyhzed
residue) essentially free of chlorine conpounds) being obtained through
di schar geS¢§HRATY Eygly kg IBRsaombHEtEHN ¢ #BS conpounds whi ch wor e

contained in the waste pater.ial are.now. contai,ned in the rolysis Ses,
whi ch are di sc‘&(é?%re A Lo\4hig lf.velf';%‘é' bta?’vjtol"gfigge (?quvl,ﬁ‘fbt ; ‘%/Pslisego ﬁrﬂpg’r Pal
whi ch ar etﬁ@%@é@?mé&ﬁiﬁ?t@éﬂ'&fﬁ'g‘énr-‘f)%B'E'cq{hxh'BeE‘y»WJ}Y%! tse&lg@?a@sré iare

removed fromthe furnace via discharge line 8. The duration and tenperature
of pyrol yekeesd of F0€h anal ihduckhepoabbriie nealdtdo0f At perpiwmobyshe gases

and the char m xture wll be
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



7:3. The pyrolysis gases renoved via discharge line 7 on furnace 1 contain
gases, oil fractions, tars and HCl; however, the introduction of a smal
gquantity of air supplied by line 21 on the upstreamend of discharge line 7
causes these to be partially conbusted without a drop in the tQ@8RAN2003.
This prevents the adherence of tars and coking in line 7. A quantity of air
is then introduced via line 21' into p 90Iysis gases conbustion furnace 34)
where the pyrolysis gases are conpl etely conbusted. Because the tenperature
of the pyrolysis gases can be kept high in pyrolysis gases conbustion
furnace Sﬁé a Iangf uantity of stean boiler water cgn pe introduced_ into
vat er - coot 2% BB et uke ahihemxhayst gas fepmlihe py 19d8E Bymes Heks 1Y thige
boi | i ng pQj 0 C y have a i i

vat er - oo PRE0 4 EE86-0 SUBORIEY (ABNE R TIPEES: HiThech i angga
exhaust gasas cbheRih RArsONSsd PRr Ofwill DG AR VS ithe RS FRoRER PoiRbhSs: Vi a
entry line 23 to 28 JAN 2003 32 boiler 24 along with the superheater
conmbust i oprexdaristtagas@inyrpre shuaehes ges), imakidg ithéifebndendo atdayuef HCl
in the gases introduced into the pyrolysis gases conbustion furnace 34 and
boi | er 24the vadpmoxiofefletwy 500 to 1,000 ppm By controlling the flow rate
of the boiler ter,. the surface tenperature of the tubes in water-cooled
boi | er 3G and HeFerdinte dhisdnwemtion an agorentHatiomdnaanstenisat are in

i t i d. hi gh-t OS], t her eb
P event ecs RHIRGARERy AR it B pEIEE Tt & SE BRTCRpEF b 855 Sl opa
produce sypehleat&sappart Q4hbisd )hz?s‘Q%te‘?fecpﬁltythteop?QQ&xfé)v,%%Q . Once

this partially heated water passes through superheater 20 and is further

heat ed byisstpdlbéaiiebstB%illeanst A Aargupepbegibad BhBanid sapsesyhed ai ch
has a tenperature of 500C to 700C. The char m xture renoved from pyrolysis
furnace 1twicambuehaogehdt hbe9 comsétsadhefrefiaitbe zohtsaredlawdnarthe ol yzed
residue. This mxture, which is essentially Lr_ee of chlorine conpounds, is
suppl i ed PECEHRIE dohe pReasure f‘nc?\af’rtavl?i?rtf% teR- furnace 10. Air which is
supplied via l{yn t hyough di s i.on plate 1 e ] to
conbust. The qiutaﬁltoijutaf/i %jf'soalgf3 Ig%spsgﬁgé&gvﬁéz}w%%ng éﬁﬁﬁggc%fnwglﬁrpe%w giﬁsd t he
unpyrol yzedse 8@ ned BPTRUSHRrbIVRES @néARs IANEhA @ nfthyi gloiedf tle ddiaure
that the residue is conpletely conbusted) air is also supplied via lines 13
and 19- 3. mldeng.enperature of char conbustion furnace 10 will rise due to
the heat of conbustion. The value of this tenperature is determ ned by the

cal oric val ue bhis parangpmaebetn Melicdua RexfIPReRf the ny5dysls gR&e§ol ume of
13, and the te r.at.ur e, of fluidi sand

from |1 netbLored i G s Hivgiher®ins ARy SIRELEHYRBE FaoedtEof Beoc
28 JAN 20@8m¥means, means that combustible gases whose temperatures
range from 350°C to 5600°C are circulated and supplied to the
pyrolysis means. Dilution of the pyrolysis gases with inert gases such
as N,, CO, or H,O 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 is 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.



Heat fromthe superheated steamin superheater 20 is exchanged via line
28-1 with superheater 29-1. This nmakes it easier to raise the tenperature

* of tthe conbustion gases to 800C to 950C. Instead of or in addition to
superheater 20) a water-cool ed boiler 36-2 may be provi ded as pexNI 2003
heat the boiler water circulated via I'%?es 26" and 27", which branch off
fromlines 26 and 27. Small particles unconbusted material resulting
fromthe nelting of glass or cans are renoved via discharge |line 14.

Auxi liary char conbustion furnace 10B may be set up independently according
to the second preferred_enbodi ment of this invention, as shown in Figure 2;
however, the fifupgidassrbeed mdiviamtihe prisobivap eeaBadsimet adinkkiged bed,

10Ci r cul ck ta pyrolysis.furnace 1. Since the tenperature of the

et um | 7088 EG oMY R BaRital P PetorAd Sute BERHAL S WL rodi um
in furna { e i I gRickiLC I

differ enﬂ%%gtﬁgg%%%eétgs@? tl?:éng‘g%ts&l%g’ng{ﬂﬁgengg?%%ﬁgg%a%ﬁgrg Sctg 1Ssti on
furnace lthas innarfddudedddbedct!ly into pyrolysis furnace 1, it is possible
that the heat differential will cause the tenperature of pyrolysis to spike
|l ocal 'y withi MApyimopgstisnit affeateofluein g lauotacktsen icihi e medyes it thatnenel y
conplicated to regulate the quantity of fluidized bed nmediumreturned to
furnace 1dogpnoathieqapidgste epseshoopded o Jwidize agfluidized degd char
conmbustion f.urnace .10B with a third superheater, 29- Z%é\;s (ﬂéovi?céiﬁm t he
path def i W R? Yﬂé‘?rfﬁalseénﬁ'tlﬂsetWé“lga‘f‘ﬁnﬁﬁ?n\%‘itéh""’f 2 |t dli® :

medi um i t h i ¢ e yr.olysis. furnace
1. Superﬁggt%eég%?fﬁ %I%S%geaaﬁexﬁwgﬁgﬁ)c (g’ré)dgg%l%taaﬁo%&ﬁj‘sr g)ggeJliléBé% rlfl%s
heat frong Beedidh. dIemeRad uFBdi i x ¥éH L£Hf Wa$0 e@tcath He g7eQQ§att@d8<9Q§l%”
furnace 10) to reduce its 28 JAN 2003 34 tenperature to bOOC to 700C.

Ret ur ni ngby hefueth gimit orfanyeoe-ehrath8d0Grt e nd0OG: s kem prasstubke camgbat | e
rate of chan&e of hea&, so that the pyrolysis tenperature inside the
furnace 1ueeh effeitdgely msathe snergyaghnpse pemmelihthsashin Boogases. 8si s

the line to,,enmoyve superheat steam 12' is an air supply line. The
conbust i owlblag%sdeggésﬁzﬁ%‘iegg‘ rﬁi(ii%‘nar conbustion furnace 10 at a tenperature

of 800C to 9504, high c%wbugfitoqaghgeérm inhahkpsa Mo nPRREWNS) are

i ntroduced as needed 1 nto cyclone 16 via discharge |ine 15. In the cycl one,
dust and ashbarstisepacahedvitloiheheaekhausiengasess aihdashblernhasrthayehoved
via discharge line 18 and the latter via discharge line 17. The exhaust
gases rentRRArated dnscirielene ionether 1die beéorg bedneg comdupiathtatkeat a

t enper at ure_of, 80 eC to %bOC are int eoduced i nt.o_super hesat er 20. The 200C
to 320C stSRAFREPIE: DAHEF: BF cthiteda® 1SR BRI G MANE B &AR%r - cool ed boi | er 36

are heated furphgradip wi{ QRUAR s WAL RephedtSd & {he Shn WRSHES1B4CH

conme through discharge Iine 17 are virtually free of thlorine conmpounds) so
even if thadsgrdmck teeipertdidt &t oanthe used ar ahuhggrepaseper heater 20
exceeds 350C) the extent of high-tenperature corrosion is significantly
reduced. The fThflcﬁﬂthﬂnee@@idafsb@@ng&\debh coanpes timg bt ot A00BMes a¢20E) and

super heat ed steam can Qhf ai ned in a stable fashion from di scharge port
28-1. To BESALSH Hi‘?ﬁel't ggt"uﬁée PYTOLES 15628851 s furnace 1 at a

prescribed val g yaly At dheA3kno00GaiulA AIARbIYrdll 0 4ARRe Anlindd Ui di 2ing
gas supplied via entry Tine I's regul ated. at s to say, a small
quantity eénetdindd iAWHY temh Al HenvEdded hep fasdnisd hppreximeaselgasas from
boiler 24, and a portion of the fluidized sand fromauxiliary char

conbust i opefeemboé theBw astte an altasial. tEimpenbtianeotoabsobstelANn 20083y 600C t o

700C, is supplied as a heat_ source via circulation line 5 to intai.n the
t enper at uFEeﬂtde‘q adbcin gyl shospyr Vﬁﬂ%igé‘ﬁf"?)i”ﬁhc‘f Wé‘prfgﬁgét-olf“ g‘%@@ t?lb‘SSOOC,

h i d nb i. 0. h l.i | i f i
e OB R O ERE D BT PR 21 URR T pl ) BHEREVD S THEIECS Lo
conbust i on exh?ﬁ%emam L) @B%ﬂeﬂl@by@olﬁm%ﬁééﬁﬁa Yreh?0§e 400 £200C. More

specifically, e conbusti on exhaust gases renpved from di scharge |ine 26

of boil er o¢geane heidlsrl adi o il bdusée dead tohgenié ret e biiphrasth pbaxeubeen
extracted fromthem
combustion,



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. Figure 4 is a systemdiagramof a third preferred

- enbodi ment of this invention, another apparatus to produce superheated
steamusing the heat fromincinerating waste material. W shal [2geJgN 2008
only those aspects which differ fromthe exanple shown in Figure 1. Filter
291, a vibrating screen wwth a nesh di afeter of 5 nm is provi ded on

di scharge line 8 of the pyrolysis furnace 1. The nmaterial exhausted via the
line 8 is separated into |large particles of unconbusted material and ot her
exhaust matter, The ot her exhaust matter is supplied via lines 50 and 54 to
the bottom of HR& ??%ﬁlﬂ?lﬂédﬂu@ath\tﬁ)\?é t&esmé%l'y(ﬁﬁsgnaﬁ@wf ﬁﬁneharto

conmbusti o 1 is the li i.ch,renopv e.p i cles of
unconbust 38%‘?62??3&& comBPthl C1%s' % b et BT gf"g\/\h‘?%ﬁg&gf %

conbust ed ph At MalaGed qulﬁf@ fﬁw&%m&méaﬁcmr mﬁtgfé%aﬂgeechh@e 14 has
a filter 292 with openings approximately 2 mmin di aneter mat eri al
renoved vicanilrestiomembhiis Theatasethuftnd aothil paed € @2 nefrabtdcdrest €d
material on the one hand) and fl uidi zed sand and ash on the other. The

f 1 ui di zed hesrtd aingd $hpleneple wva tutdsnin She rangeeof 269 Catrod4 5026 WIAN s2F0iRe36

|l i nes 55 &Pd 54 to the bottomof the fluidized bed above dlgﬁemmn pl ate

11 in chatl®BRHEE F‘oterHPﬁ&&%rfl@f At Ay He° Cbaﬁtqecﬁd@sd 6‘1’ mekdoiit &sdgin
mat eri al 51% di _cha otheeterlor via lin tl ter 293| ncglt
absol ut el 3 et SIBP tRECe O Wlsc’éetacsl?nan %Qﬁ’do RES RRARGH &S pass

through figleef, %%Zﬂwall?l. fh s Ghar. %é‘ﬁlﬂgrrutr?xatc'éengéaecro' BE - &Q%rdiﬁgﬁilﬁf

chosen for its mes openi ngs 1's approxrmat el mm so t at th

smal | er t hairoifieigrshoulbl aARLREdoit UEO°CQr iy M900C Bandnlgpyyr oxi ma_tel y 0- 2
mm) . Thus filter 293 can catch any grains of sand passed through filter 292

and pass tdeehdohinatitbelgasdm lash torganmhateoa tlhegextdnime ofi gaséme 56. The
use of this fi %,er r’rﬁlkes it nore efficjent E\nd easier to renove the ash and
recover the sangithnehiginyengion.qtheseferenthemynolyges ap%'aﬁu%ym t he

embodi nent . r rtigle f ungonmbust ed rial separ t ed th
pyrol ytic °PEY @fllggn \?ﬁa]ll cﬁﬁ tzi'kg ro(i "% lbli/l}% ys?’s HhEASE™ 1anr‘aet"r)tlalrr%ved

fromthe ffllﬁﬂﬁ(i%dVbéidCH§&fhahQ@cHalﬁ'ﬂ:a3 aERACIA h¥nki he P8 %ragtvmél fed
into pyrolysis furnace 1 is crushed to pieces approximately 200 mmin

di anet er. fikhsodi Sobhmoddeiseep By o kywie gy nalte s mayconduist ey rody sier at a1
r enmoved frorinfurnace 1) nmust have a relatively large dianmeter. As a result)
in additi &iffegandy ypaprgaptnee ddhagt thacdsust ed matter, char residue, sand

d |1 I f I h '
o il er 201 Coby EaBbeHRERET SRty B b &l pi d Beh T AE et Ao Bl "oy

pyrol ysi Sé}e‘ﬁéﬁ%@ dedWiodihaE P8 IR hliGlt@seOfa HQQH%P%%H@H @ﬁrﬁa@eOt her
exhaust . |y the larger particles of unconbusted er are di scharged;

the ot her mupshiaseentad BOSTPPIC ¢d genéiwetebpytalpsit ghves tobeusse drinfthreace
10 and appl i,ed to conbustion. 28 JAN 2003 37
-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 mixture to be generated efficiently while appropriate



G ass shards, iron scraps and other smaller pieces of unconbusted materi al
are renoved from char conbustion furnace 10 via discharge |ine 14. The

| arger pireces of unconbusted material have al ready been renoved fromthe
char conbustion furnace 10, and the char residue has been adequatJAN2003
conmbusted. Thus the only material di scggrged through line 14 wll be

smal | er pieces of unconbusted materi al “and sand. These can be separated by
filters 292 and 293. The filtered sand nay be re circulated by supplying it
to the bottomof the fluidized bed in furnace 10. Figure 5 is a system
diagram of a fourth preferred enbodi nent of this invention) another

appar at uP Yt 58 Fas esup ke weared@tedeam usi ng the heat fromincinerating
waste materialye T ilary_char conbustion furnace 10B in,Figure 4 has
been par ti ti oned by TudpEITE RPN SSEREP SR I0 A OB b EHEBRA B of

t he gase i iy qk (eTolpc) i 1 t i
panel s, ?ggtgﬁgﬂ%édﬂ?ﬁa%Pgﬂéégrtit?%k ?ﬁgggggggg? ?ﬁ%g€zfﬁ§§28??%hﬁaﬁ$ch
line 5 refromn2E0T€ t6 Wisd°Cedh iR BEnEoqRYNALY 8 15 riglér Velafin & .o fTdIRSE middtiuirki ON
panel s partition the upper portion of the fluidized bed and the portion
bel ow di sjren dicogepeante®-2. The | ower part of the partition panel above
di spersion plate 3-2 has an opening 101, through which the fluidized bed
medium fromthe fluidized bed in which superheater 29-2 is installed

Secondar yor PG DESCRLTLON, G Fai DEAINAS "Ly har it on panel 100.
The sand in seepndary flyleliasd Bed @R, Hppdoasdby cantustden exhaust

gases supplied via branching I'tne 6 "benea persi on

Partiti onsteael udidl; phevedtSof Bengassonnof wa stppak tPoalls O idiich sy StelAN
2003 38 pyrolysis furnace 1 fromm xing with those in the upper portion of
auxi | i arylschairebppedersd urladiane 0B afhiliis ialveoviing . tBet veesnl the ebae
freely between the two furnaces. Let u c_alo‘%ﬂfthe pressure i,f] primary

f1 ui di zZedCHBR VLN JurpRee AR I"i%?r?y&ﬁi}‘s‘é Gk Adr RHEE1EEB P8l that in

its secon fl ui di d 2-2B P,', and that in pyrolysis furnace 1 P2.
Si nce thegcgéé&ﬁégég fTZII‘%(A"‘I?#Zed bed and the pyrolysis furnace are connected

via return (samgwid QUIRIdi@akelidiE aPh aPatudnNd Frodhibé shipes hchg cdad® Mal ue.
Partition panel 100 is placed in the fluidized bed so that its unattached

end is i nusheg pbet heat of domebhetiorhefevabie tlalfediialsigwhichoststdande.a Let us
call the height framthe surface of the fluidized bed to the |ower end of
partitiontgetied prederiad embedingstiafet higpinmye mjom yn ragilipry kb agr essure
in the pyrolysis.furhace 1 P2 nd that.in the [ fluidized bed of
auxi | iar yc% ﬁiséé%uf;“tringﬁefﬁr h%@%piﬁgeﬁt.oq 3 Bgéﬁgﬁrg%ngfcef‘he gases occurs

only if it is pQiuld 86isl Rardph HiNubtPAt{dy the hfocoMiS e wRidhe density of
the fluidized bed (i.e.) its specific gravity). Thus it is not possible for
gases to dhuperhecate bade2n?Bs Ppaold uice dpusiveg yhbdoe £t 8Acohtbustiburdtheraste

advi sabl e that return (sand circulation) |line 5 be canted slightly downward
from f ur naderdmla. ol hif Rreeess relpter dirgebbutondhe)esfendiah cpBitgWintdpnt he

F1ui di 21 nge 31,0830 bStion.

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. In addition to the
configuration shown in Figure 1, filters for uncombusted matter are
installed on the discharge lines leading out of the pyrolysie and char
combustion furnaces.

Figure 5 illustrates an apparatus to produce superheated steam

using the heat of combustion of waste materials, which system is



absorbed by superheater 29-2 in primary bed 2-2A of the auxiliary char
conmbustion furnace 10B, the fluidized bed nmediumis conducted around the
partition panel 100 into secondary fluidized bed 2-2B. The sand is
fluidized by the conbusti on exhaust gases which arrive via bra28hiAN200e
6' and returned to pyrolysis furnace 12 ia circulation line 5. 28 JAN
2003 39 Even if pressure P, in primary~“bed 2-2A or pressure P2 (P,") in
pyrolysis furnace 1 fluctuates, the pressure differential which can occur
between P, and P,' due to partition panel 100 will be 0 H, so gases cannot
fl ow back. fr the.furnace,l t.o be -2A of auxi.liary char .conmbustion

f ur nace lif@é‘)r(%g?nar?%eerrg BRI mbeengé?? ﬁﬂgo‘qvﬁélﬂgr € f‘&é‘l‘uﬁ&ﬁ.y‘f aFigure
6, a sandcthBuadfol Tk nhe@ diSoRhoMi 9631 4NE FDAL ¢ LAXRUBY O Atipage 10 in
t he system shown in Fi Sure .OSanld is%supp%i ecfpaslnee ed %i ari)la‘lf neﬂ% 1. Wth
this confpgnehihon twhehiidized eCeSTaLY 419 acl@i@ent kenpyitaltesis time for
different types of garbage) the quantity of sand in the furnace can be

i ncr eased a5k BapppyeMgnipre nsemus ftoopr ewewlt daokdlpevt ank 120 and t her eby

i ncreasi ng th%‘.p r ol s_':ls time. The pyrolysis tinme can be shortened by
removi ng a | argé WYeahtitysteptessd ¢ppanatasite peoduer carerdegiad:stap s
sand in the furpace. Figure /7 shows an ex | e of. backfl ow prevention
reans. whitn & tBBCReat of omBugtiR oy READT Sietinfh nEbiFR YRR FLIE 4 o
removed. fahaloTal SPRHENOA;mBRERICYEN %ﬁ@g&%‘&m UG ol B5SWee i N the

pyrolysis furnace 1 1s kept higher than t ressure in char conbustion
furnace lébnfiBarasivh ishovae iAEFhant€d, LYORVEYen®MRd & fackedotaght!y

t oget her, which enhances the effect of a gas seal created by the fluidized
sand. 55 me amset@antpiplyosa pdrfeb mmtihehs ramtget fomk tohehdetiarFRgubas8ignovi des
a norn defailed view of the auxiliary char conbustion furnace 10B which can
be seen iMMAfifrres 5 and G di scussed above. As can be seen in Figure 8 (A),

fluidized bed i is fed. into,furna 0B .f& om char conbusti on furnace
10°vi a1 e 1dmElad 7R b FEH Blp AR WAL £ PR Beahont e s,
which i's cogPridd} %ng%c‘ﬁgxﬁ@ﬂ[‘%%h%y_to‘} %‘lhriBHCrfﬁeJrﬁﬁn@éa?‘H?er\yefscEH%S from

line 19-1. The fluidized bed nmediumis noved fromthe base of "superheater
29- 2 t owarldar tfsomppke endlgeivmdéonbaoci theswhhircicanbuetivmeieams h t he heat.
As can be seen_in Figure 8 (B), a pressuring unit 50 to create a pressure
differential i%lﬁﬂr&cgoslmwweabwen@fawéla@t ahar|qomebpetiogy Mg w6 a4nite) 5.

Thi it tes.a.diff igl | than, the diff tial (P, - P2
et ween thepeasein Supnafh Thith maE bo vETY R, Pl te B i pr eosur e

P2 in auxpld C t1on,fu C S unit 50 is placed
Fld @y 5"@% gsfgg@%bdeggle& ARACEB) PBa floed el P

in the secondary f The upper portion ed 2-2 and the area

bel ow di spersikig\ypleadesldows ahe panfigurcitéonwf 4 feuitlizselas@® whitch of furnace
10B by partition panels 100 and 100'. In the |ower portion of the fluidized
bed abovelmpspuesitde phar €ombuptiogpénrngca owedrie amyuplithed bed mediumin

auxi liary char,.combustion. furnace 10B i pplied to secondary fluigdized
bod 51 VT 4 SR UR P ERVIRA N, Rre sl eta@ Bop BanEhaeSiaBhie eniidh anber
where preggiyi pg)ygi PrRY des a pressure differential) through opening
101 under the’ gagt?t% 8298an%|. The sand in secondary fluidized bed 51 is

fluidized by 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
furnace connected to a pyrolysis gas combustion furnace to combust
the pyrolysis gases. The pyrolysis gas combustion furnace comprises

a duct shown in any of the previously described embodiments. (A)



combustion exhaust gases supplied from bel ow dispersion plate 3-2 via line
6', which branches off line 6. Pressuring unit 50 provides the sane

funati onof preventing the backfl ow of gas as occurred in Figures 5 and 6.
If P, is the pressure in the primary fluidized bed 2-2 of the 28xAN 2003
char conbustion furnace 10B, P,' is thg pressure in the secondary fl uidized
bed 61) and P2 is the pressure in pyrofysis furnace 1) then Pl' nust be
identical to P2 because of the connection of the two chanbers via return
(circulation) line 6. 28 JAN 2003 41 Partition panel 100 is placed in
fluidized bed 2-2 so that its unattached end is in the portlon of the bed
where t he® Hom%@z%ldl%bn*ﬁm ithenpyrobesisdurnace ymd cqmbwetiopedy gt hosv of

t he f|UIdI t4Q ower end ,0 rtiti panel 100 s. al so
the top of fobibiths 12 shitiFon BROGRESBRGh LR RRThoY Bt SRREASRT i o
occur. LinggodP-viewthich brings the fluidized bed nedi um from char
conbustion furnace 10 into auxiliary char conbustion furnace 10B, and |ine

5, which returFigulte 12dilBtiaess fax %Qﬁﬂarmﬁstfbrpﬁf@duéinsg bupR2nER akk oot h
have their downward-sl oped di scharge ends |ower than their intake ends, so

that the stehatce sohgetod heatoeseo mb fdtiodi dedabee mstddaks, wﬂnanhtnestem
previous one. Ln other words, the surfaces of the fluidized beds get |ower
in step fasm 6hxt%d)lterfatrq¢1@mbpghme@ft ehehigingention.fThe dileay bed 2-3in

char conbusti urnace 10 i eate .t han ei of .the
surface ofcoﬁﬁ?ﬁﬁi % FHFBRoR i‘c?qﬂnz‘“z ﬁ“&ﬁ)&‘jf?gg ‘iﬁiﬂni%ﬁm& leﬁflnace
10B, whi ch, Bl Sa e th&icINh aQle1t2E ondar%,f d bed 51
on the sa%é3 Si dg %f thteﬁogl E)I ti (%ntjb Eﬁgfégg%éﬂ‘g‘ﬁ‘?l r?%?&)réuht Lm?d?hﬁ%d t he

hei ght of fhhaas;urfsaaes@fprbedd@dZ is greater than the height of the surface
of fluidized bed 2-1 in pyrolysis furnace 1. Line 9, which supplies the

char mixture fFogupyrbBysiwstiratesacn bppamatas ﬁmnbmducnmg‘ anpacheh®edshoul d
be a mechanl cal cqnveyor such as a screw feeder. gure 9 shows, an i nproved

confi gur atit8A™ HS1PRetRe feait Afdcomb uatien afwasty W%tQ%él%hHPIEBW|%n

f f.th d t di f t
en 8 Tl SR Bas WP eERREa PR, i O BT phi BRI, Lolndfiedon e
ont o di spqhs e@nﬂlgaﬁ%ﬁ&n sqmqa;ﬁqtnepflguksh12.zecmegyzce%n diRRrt BtLpbPEidH olped
2-3 is divided fromleft to right

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 illustrates 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 pyrolysis furnace are circulated to
the bottom of the pyrolysis furnace by way of a branch line.

Figure 16 illustrates an apparatus for producing superheated
steam using the heat of combustion of waste materials, which system
is a ninth preferred embodiment of this invention. The pyrolysis

furnace is not a fluidized bed, but instead employs a mechanical



28 JAN 2003 42 into three regions, 2-3A, 2-3B and 2-3C) by partition panels
61A and 62A, which are placed in the upper portion of the chanber in such a
way *t hat the sand can circulate in all three regions. Openings are provided
bot h above and bel ow the partition panels. Lines 9 and 19-2, wagcAN2008 v
the char m xture and the fluidized bed _pediumfrom pyrolysis furnace 1 and
auxiliary char furnace 10B to char conBlstion furnace 10) are connected to
region 2-3B, the mddle region of the three created by partition panels 61A
and GQ2A. Dispersion plate 11 is slanted toward |ine 14, the discharge line
for unconbusted matter. The chanber bel ow di spersion plate 11 is divided
into thre®MeyYhs by partition panels 61B and 62B, which are placed at the
sanme i nterval Sy il . ernarts, . r : 62A. The
central porti El%}iﬁ%qgfﬂgﬁgmﬁ{se%eééi%ﬂnp?oﬂt?gﬁe ?%gtptri%{a?lgﬁgg Sb%@%%% ition
panel s 618 el W<iBlg theWéLL 8F TR bYStibh bf wastehaRREridlke veh W8y stéme 12
branches into lines 12-1) 12-2 and 12-3) which supply air into the bottons
of the chmrbdres thepoefekspkest bod phahesfithis, inhetiand THis3systespectéevel y.
These chanbers are created by partition panels 61B and 62B. A valve 64 is
provi ded Wereadranfong pyyolpsis fupnacend 12-3 to control the air flow

These val ves J owtlifé gzr which flows into t?e t hree regions reat%ﬂ by
upper partition&Hfel WS EYAL e AN AP RAT 2H: LT IPEQAVCIRB SR DGt

suppl i es I ui gi [ i) I Sty f ce 10B)
is at theégsbﬂar’{lalgéel o‘% ?ﬂfaﬁl:f%?ggg ct)ééq}zlﬁgsgld)ﬁd)%g;%é%g&% a\klﬁ?{(ﬁgsh‘}p}gﬁhegw Eeem
combusti ofy gasS€fe Vit hyePe dL 8B bdFindRY @18 ihdchtion 28 ht ADy28P3: 143 I n
this device, the inlet of line 9) which supplies the char m xture from
pyrol ysi shitnaacendpldys anflilidizadvbie dpontdimechhniihel cenveyor eggiont2sBB of
the three regions (the region of dowmward flow), or there may be two inlets
for line Weadife in the | ower portion of each of the |ateral regions 2-3A
and 2-3C (the regions of upward flow). Dispersion plate 11-2) which is
below the inlet in center region 2-3B, is shaped |ike a cone so that the

air Wil WWE@?P@B‘—‘@%IME@@Q%%‘?ﬁl@‘ﬁ%@ﬁ%@rmﬁ?et0 the central

regi on 2- I ne I's adjusted so that 1t delivers ss air than lines

12-1 and 12- 3;Ir2phipwakeicn fwd |s<h\ﬂliéx?)[l|@n{ ifcd é 1110, WaghaTeeBbe adtRe 3C
via lines 12-1 and 12-3) which are bel ow di spersion plates 11-1 and 11-3.

Because ofiraweésegsamseangebgntefertéd eammbodimenhs rofl thigginorerxi88. ilaswdde t o
flow downward, while the air in | ategal regions 2-3A and 2-3C is made to
fl ow upwnaffl.thecfipensinasgangtegalegapecand relativh ResHdoMOLhREs suppl i ed

via line | ower rti.o . r.8qi - 3 r.egj of
downwar d T%‘i\?@thg(ra1tcoov$ﬁé)%l%5l\k§r‘ggg§}tlﬁgﬁé;%flnl tg?ée?g?@?(glg?é%ggf-rgAhgﬁd 2-3C
(the regi gpscidicamyedibcllbovd; thenicple 6f SReriaivehtRbatie ddt 2imagsesot he air
to flow fromthe central region 2-3B to |ateral regions 2-3A and 2-3C) so
that the ftheseishotbed hmedmbodinentsarmwaedntntcearyalmerglyoas2-3B. At the
sanme time, ,an updraft is clreated in lateral regions 2-3A and 2-3C. The char
m xture aHdUEREAFVEi @¥9BP16Ed medi um circulate in the fluidized bed as

i ndi cated by t in (A.. r I i ficC
gravity) will Qf%‘%éq“n%%é@fsr%?%_@?ﬁ#‘?éﬁ%‘h%?ﬁwﬁf_§Eq%‘%§}4&q¥%d§§f‘?%f”t he
bot t om of ykhge fthel Heagdrrbad inkin¥tddionl sPivase Mtk fiABIwhiEh ThXa Ferddl
circulates through lateral regions 2-3A and 2-3C. This arrangenent enabl es
preferred embodiment of the present invention. In this figure, 1 is a
pyrolysis furnace comprising a fluidized bed; the fluidized bed
medium 2-1, namely, fluidized sand or a similar material, is supplied
onto dispersion plate 8-1, which is a perforated plate or the like. The
garbage or other waste material enters the system via supply line 4,

and the fluidized sand via circulation (or return) line 5. The

combustion exhaust gas supplied via input line 6 creates a chamber



28 JAN 2003 44 adequate conmbustion using a small air flow (on the order of
an air ratio of 8:1.2 to 1.3). Char which floats on the surface of the
“flui-di zed bed will be repeatedly pulled down to the bottom of the bed by
the downdraft, further enhancing the result stated above. MateragajaANROGH iS
not conbusted in the fluidized bed wl é7rmve al ong downwar d- sl opi ng pl ate
11) as shown in (B) and (C). It wll b&'routed by guide plates 14-1 and
14-2 to line 14 and thereby discharged to the exterior. Figure 10 shows an
i nproved internal configuration for the pyrolysis furnace which is used in

each of the . enbadi.nent reviously discus D), 4SS a front crpss

sect i onal 11T\I/itglv(ff, ﬂ(ué lfgéépec(féiv lcz’e{% f‘Bfm‘&F‘sgl%ng 'e(/ém(c@) Il?lss BYUP 4 fr om t he
| eft side | gur ; I i Qr | ysi C i iwi ded by
parti 11 ont el s 0P i Y BeleBk RO A o By rMAY Yool KA Co by ie IE0,
the sand fratetrhel, fldsitddzeke et sRppLivd2willi Be lcoasieds OivtOg b REHS Wi M at e
3-1 (the side where supply line 4 Is connected) to the side fromwhich the
char mi xt the dxy geambnasd be e hec en shemeide o dieyemartgeh¢imeodtial thenect ed). On
one side of each of the said partition panels 80 a_space 81 is |eft between
the partit¢Bpegatareasdnaequpaditigpiofotin aee iptreducedasnnggded-BA is on

the opposite si,de of the p ition panel fromthe ,previ gus one. . This is the
confi guraPI”'(Ii(r’l % cprrelar%rlglnfqaifjfl?ﬁ Ao eﬁlafﬁ.rmfgls IIB\ﬂgﬁpeéOr %r?y(ff)li’ﬁ’es primary
flui di zedghgds 1A d ér D6 BYh QU SR HHIn AN Bo FORVEIY Ofa WlkEhhREe APRYOY! NY
solid mat gri a?;g%fromthe gie%‘e1 oné/%i 0111 t he garbage Fas oalaedé?o t ?’si de
from whi cfThteh@nplyaio 198 Wes it Gel £ABUSS cERLGhitnadd Yomd cs@rdetafgagess 1C s
provi ded at the bottom of the bed. Line 82 allows air or conbustion exhaust
gases to sang8 dyNr2ooavad vie lpuapgbdUasondedsd d ntat telma ssyrane v rdet linebel ow
conveyor 1C. Auxiliary fluidized bed 1B) thus, fluidizes the sand or other
f1 ui di zed®bed medium “In the pyrolysis furnace 1) as yet unconbusted matter
whi ch adheres {,0.n o} tipl terialyon conveyar, 1C in i.liar

f I ui di zed bed ﬁ%l%@%%bgﬁ)’%‘%n%ﬁ%? SHsT e be ey BT ngo 13 ERerR® o

di rectionc@foriBer £1drof ﬁ'ﬁb%ﬁimﬁ%ﬁy IS URST ol Péils PRsELTBUS 4 PhnfixTRIrRY ! al
w Il be exhausted with the nonconbustible matter. Partition panels 80 in
primary fluidi Hethbédoilér ket hiehfiacto bk heagtdhéenipnessheitédwiwi t hin the
fluidized bed. |In other words the'ggrti.t_i on panel s | engthen the course
travel ed BPPEREigarteiycl Ohd<ai/amdi iy bodkingenpimt a1l heyapp rowimate boget her

and dr awn rd. disghar line 9..Jhis arrangenent insures that raw
Gar bage. wPPPCReVE ST Tt b Tt GifaT e ¢11E 1§ LR RAL9EIS BARIBE tOEbLed
uni f or m ytﬁ@%%‘{ﬁérétéP@%‘ffﬂ}?w&PJe'r% Bbillelr BB s & 2UNkf o yRYr Ol yti c

reacti on can be 1 nduced which occurs for a suf?’i cient period of tine, the
chl ori ne aorpoalntemipe rah@rgatdagtcedpe i dt ekl eghaba oc®dPCet alhye Mteaityzed)
gasified and renmoved. Figure 11 shows an _i nproved version of the pyrolysis
furnace ehghdyadvaposiagtion”t he athisgdwabhs g]lowai exleyded nassledd tqtiadspyihel ysi s

furnace has an integral rolysis gas conbustion f.yrnace which canpri ses a
conbust i oheBRERRINTS bt S08C, (R IR RETS MMOTLAALLE FRdEar AP *BFyur 0 1
and the c USydi . (WA i t -port i on.
(5 | 0L PO fUrerb e caRriBaH e (o dPONU LB St NOMRILL BHIRHE

consti t ut pegnpyfad ¥SCstd BIOMACe 1, the walls narrow to formneck 411. Above

this narrow neck is conbustion chanber 40. On the narrow neck 411 are an
array of air nétpliepw2lingn2iiis attiaghed3to dingg Gvitdeed dbschdwg e pines for

pyrolysis gases from furnace 1. Air is introduced through line 21 into
the pyrolysis gases removed from furnace 1, and any tars contained
in these gases are partially 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



28 JAN 2003 46 portion of the conbustion chanber 40. As is shown in Figures
11 (A) and (C)) the neck 411 tapers fromthe nmain part of the chanber
“toward ai'r nozzles 42, which are arrayed horizontally. The neck could al so
have a narrow outlet, or, as shown in (B), it could be a narrowgsiAN 2063
with a pair of air inlets 21 diagonall% opposite each other to create a
rotary air flow. The pyrolysis gases g Berated 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

t he pyrol ysi es.to occ in a reductive atnosphere (w th, an _excess
coot 11 ¢t i Bp9BRET rhpRES e B Fi TR SNBSS

i ntroduced dutficieR® RSN CHRRE sVd@pplibattABhb Dy AYEEs $GRRAA Y 1ine
conmbustion. The pyrolysis gases should be conpletely Conmbusted to mnim ze

the CO antil'ds@thatcidndyentre Cymyildidly combalstdd]l bet ween the conbustion
chanmber 40 and pyrolysis furnace 1 facilitates the mxing of air into the
gases. In addid o a thapreomehustione fhenacé comp hisisgcarflaidizednbedti on in
chanber 40 fromradi ating, into the _space occupi ed by the fluyidized bed
bel ow it .SW%I%?@\}&% s bream (1M 6BABUBIKhEr & ds (R ipd Wasired

diti . VSi b hi iL,n f 1. Fi 12 | t
i agr am oh S halBFerTiiEeT 46 PDaParate RRte o OREe HodhoTdh® Bretaes. TudYs o™
appar at usy1{,94 (I AENES A UPRENAALEHASE AR 451 (Hs G IRA o fHORLLNGR AT ati ng

gt b
waste material. The élhal’ conpustion Turnace I n Flgure has been

partitionagmbiseidnduirhaicdi 268 beaganind lanBackd l2oundr ggent i on neans and an
ash melting furnace have been provided. Figure 13 is a system diagram of a
sevent h pref erkigdierbpil ehtvieflinki 52,i whénhiisnb e bowttther dagipersabusp tate

d 8, .JAN 2003 47 h d st [ t heat f ti
st e mat b HEalod, kg hake asph GOOLP A nard Chubaan) HEGEA 0pd. LS pthts BHF of
weste ettt . hEo0ul Riae |
conbuati o PisAancoo i HEPRL KR BRSO oS TR e

pressure Q{M@%qem@usg@ﬂg@ th@0mfiaf1&RFdH d No M U A SH! Bndiddect BN al )
which is installed in the outlet line for pyrolysis gases shown in Figure

13. (A icomppessbheecanbiuateon i Thigapege ratteshe dnph oty gasesfinctlse raB)gd s a
pressure differenti a;a(gq?(ijﬁg_e whi ch enpl oys a horn neck. Wth this

confi gur at§ BRO°EHe b i 4 geeoad guperhegéer o 1l isnplaced én dhedueres into
ash mel tiFgrtfilélrnngf:ghg%'combustion furnace 10. This superheater boosts the
temperature of the superheated steam introduced via line 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 cool to 800°C to 950°C.

Even though the temperature of the combustion gases drops to
800°C to 9560°C as stated above, there is no problem maintaining the
temperature of the steam in superheater 20 at 200°C to 320°C.

Small particles of matter which 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



Further, as can be seen in Figure 13) sone of the pyrolysis gases
di scharged via line 7 branch off before the remainder are fed into ash
* nmel ting furnace 31. In furnace 31, a rotary flow may be used to introduce
the dust and ash fromline 29 and the air or oxygen-enriched ai28 JAN23wi t h
the pyrolysis gases fromline 30. The heat of conbustion of the pyrolysis
gases, which is over 1,300C) nelts the2%sh. The nelted dust and ash descend
through line 32 into reservoir 32A) where water-cooled slag forns in
particles several mllineters in dianeter. This slag can be used as an

ate. Ash is fed into the furnace 31 via line 18, the

hi t ect ur al
3: gclhafgeg{l‘%h‘éag’%ﬁ?% dfe2 pgyd &lg?d dﬂ‘éte Phird ?@Pe}\b%%'bu%?ﬂollé Meced; al

fromline; r col ter an ele ric dust
col | ector %gnmggdbgpg ?Qh“mpér ol yS| 63%“@%%%51% or°1°¥nur‘ha ét ng a
conbust i opoBhabey csﬁheavwlassme 93e6Rargs s@HéQﬂdtl%‘ sfe%nﬁog\ﬁ‘ﬁéfl?@ﬁ&“d of

di scharge line 33 of the ash nelting furnace 31. ficient air to 28 JAN
2003 48 cpabusvidHénpya®I2ysis gases is suppli ed VI a line 21A) and the gases
are conpl etely conbusted. The pyrolysis gases, which are renoved from
furnace 1 throfighradi deheege ini RegTye &, ea\@;midmmt et airntombsis theh tfumg afcar nace

31 before ng fe to pyrolysis g C stion furnace _34. |n this
enbodi ment 3?# ?ﬁ%%gs&ﬁtséadmeéwr@w & q‘m &%}Séhomlwcﬂmr@eam
end of th? gi/qlonvs ﬁ26a or thg ted materlﬁl0 romline
14 are condacted n’t&l g 2 He Pt Ftdr fARE C:?in Or?ef?ﬁl&a%& n be

e T g 7 R AR
usi ng di f besenthbdh phesfui @i gpdde dlfbdium 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 line 7 are completely
combusted in pyrolysis gas combustion furnace 34, within which is
installed water-cooled boiler 36. Along with the combustion 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°C to 320°C, and the resulting steam or hot water is supplied to
superheater 20 via discharge line 27,

Boiler water is also introduced via branching line 26' 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



Differential pressure gauge 100 neasures the volune of flow (or rate of
flow) of the pyrolysis gases renpbved frompyrolysis furnace 1. In this
*diffrerential pressure gauge, a small volume of air is injected as needed
into the two discharge ports 109 on the inlet and outlet sides 28fJAN2003L10)
the narrow portion which forns the pressure gauge 100) to conmbust any tars
in the pyrolysis gases. This is done t%oprevent tar buildup or coking in

di scharge ports 109 or neck 110. Figure 14 (A) shows a differenti al
pressure gauge whi ch enpl oys a nunber of orifices. 101 and 101' are the

pi pes constituting discharge line 7. 102 are flanges. 103 are orifice

pl ates. 1081§& 148 g’iofi*lé‘rgeﬁmlaﬁ tprapRIed mately dAPC, isomtred@cedointand 108

it iplet pipes. 10 . ; . 110 i
2 ok, 1R ERL B SRS  ChRAE 2 SRR e b et ) S K5 ot ey
devi w ; i |
s shown Ph bR crssd M AT RRoIPREHES, THRPFRR) of o PurBiin 53 Ay Big™ ©

di fferent kal tHY L SRUIR nYReEEL WY 6t £ PY§ o pr 3@ md N 150939 89 WRidh feck 110.

Its configuration is identical to that shown in Figure 14 (A). Figure 15 is
a system dlegy amtdfe boilénghp dimr.ef erred enbodi nent of this invention)

anot her apparatus to produce heated steam using the heat fromincinerating
wast e mat eri al Aspagesuilbntlos temer eyainespt thasetbobuainess inowater
pyrolysis furnace.l on,.the upstream side,of ash neltipg furnace 3 y be
Suppl | ed §PAIET Boife 1 Beand Feiget i TR TINRE bR RR @ﬁ&Fé?Bﬁemjfa{@e 3-1
in the sa b Sk .Sy, fLlLr §@S i r i S, i ne
71w e et i b EE b TRy G kn (IR Bty ShRo AL O TP,

gases suchnashd\plyrofPsisoga s )w ieoise Welalt iscoRéNaREBA, cbrEdidm @86e5thdthat the
tenperature in ash nelting furnace 31 can easily be raised to 1,300C to
1,500C. Fogope. 16 is a systemdiagramof a ninth preferred enbodi nent of

this inventi onl)q anot her apparatus for produciqr}{g super heat ed steam using the
heat frominci n&eabternwdRtibompotyater mepovak Ipmopgdes 34, ¥dce does not
enpl oy a flujdized,bed,,but .a echani cal .agitatqr to nechanically agitate
and convest PHEAEREIERE AL ARG RF R 1B e Y 8t HaniBanEt vt pnge

mechani cak, o3 t 8604 nWhieGho ¢80 VIRCHRRhERIA Y 1894 A1 & tehen SQld R aM APy n the
pyrolysis device while at the sanme tinme conveying themfromthe inlet far

t he gar bagepteahtelgeod0.eThegratddrecitad by xhier €0 mbhissidme glaaseiscahp pbietdat or to
agitate and convey the waste nmaterial may be a rotary kiln or an agitation
tank withvaaHdrg kg a7 kcpeadpgederp e mpeateghgtermopndrtianiigitreduped nedi um

suppl v |1 REORCRGRLT BUCaPRBATPPALSS Loraer RS e tfbdP- TS ought up.
L0 a t enDRLRine tr30G Do NERAL 9.9 Loifhe CUIDYR 4o AN RFER3UPP! | €

by line 6 'e the sand an
attained a temperature between 400°C and 520°C, the steam is
removed and supplied to an electric generator.

Although we have already discussed the operation of the
embodiment along with its configuration, we shall briefly reiterate it
here. Organic compounds containing chlorides such as vinyl chloride
plastics 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



28 JAN 2003 50 waste material are being m xed 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 m xture of unpyrolyzed
resi due and sand is nechanically conveyed toward di scharge |i n@83AN 2003
sent fromline 9 to char conbustion fuagace 10 by way of sieve 90 and |ine
91. The pyrolysis gases generated in t pyrolytic reaction in the
agitation chanber are renoved via discharge line 7. The nonconbusti bl e
materi al separated by sieve 90 is renoved via discharge line 8. As was
explained earlier, it is desirable that pyrolysis be carried out so as to
obtain a eanbrele Imafiwidazed e higr by 93%“@%/@@3 lppdiziaech gy an bityrad 94nd,

approxi matgly, 7 rol ysi.s .gase to a xi,mat el r mxture). An air
PPt | I nbhsehabBEARuET 4f WGPt enge Bl P T g b Tl T Bk bk om A ¢
is introd J | ysi f to_conbust
sone of tﬁgl%slaﬂrogglg ﬁtel{;‘e ecsg}rﬁ1 gi’ ?]éssss%ngg?fig %%géﬁ? h?éﬁmﬁuwl%%%%é{n@’cg%rg in

di schargeobtAtndd tHi® upl diyshsrga3fse &€ sent to ash melting furnace 31
bef ore being conducted to pyrolysis gas conbustion furnace 34. O her
aspects of theEsenhitipilgtdldrnthar ehladdntei can pomridwechich wWegarcentainkidgisre 17

is a systemdiagramof a tenth preferred enbodi ment of this invention)
anot her apparupgse frapterisdtengosupentained ist thenpysiohysishea pest wirish

i ncineratin ste mater|al, a nunber .qof pyrolysis furnaces ar.e

el Oyed. M8 URGNATRECHLE 1 5 HoLEE ATEiTloo0q! RRECETME UL At ifhi ch
differ fr £ ho S i.n 4Fi S r LS re
pr ovi ded, “aueh” BFe S dedarliP ¢y To 530G Kk stih BY Rl Bi HhpRREE T e
Pyrolysi s ahrdriaa8sed AdGn the M $609i87d1RCAAT okl Mhdiged bed medium 2-1 and
2-1'" is |loaded onto dispersion plates 3-1 and § 1') which are perforated
pl at es or the TihleeduTheéioyanmalée mp exptareveSp probtsisiaale ehds¢mesosthdtar e

| oaded via supply. lines 4 and 4' and circulation (return) lines 5 and 5'.
The conbuéhpdiploxhauatigaddhespyprleaisveassnpad thachag migture wildde ne
terrperatuc7e3of the fluidized bed in pyrolysis furnace 1 (first pyrolysis
furnace) to"between 250C and 450C, inducing a pyrolytic reaction of the
waste mat eri al 7qdy, 9¢biegh Vg SENEE #ndVE PvEdHisPh¥FHE §ind M gn Pt & 1S
supplied via discharge’line 9 to char conbustion furnace 10. The pyrolysis
gases genebatath Paddy, vil dagtii@hsararscand edClt & ok edrarigee intwwduéon
pyrol ysis gas conbustion furnace 34. Nonconbustible material is renoved
from di scdrgem dlleq@antityt 6 aot sevp pdye dibsslind @inemdhe upstream eppdodfysi s

furnace), a pyrolytic reaction of the waste material is induced in a

1 ui di zed S8k nREE HiRasT BEBACH! ﬁttqg%ap?éﬁﬁif%tcﬂi“ﬁ"b?te Betkgudhe. Thi s
renoves chl.ari agh r af | f

pyr ol ysi slaé‘gi)efs},? t&%r@%{ggza%g% ?&dgﬁ%‘ﬁ{l{s}c&gﬁ%}rﬁag *}f‘eﬁg%;% %tgﬁgﬁeﬁ ting
furnace 3toklhg unpoly2eduehvityioftdireis héeaeddifedhda HaebRst into
furnace 10 via discharge line 9'; the nonconbustible material is renoved

vi a di schaygelysireg8ses Tonsh uption furnpee Sy svberethaqeymolyisis gasgstare
generate a | arge \fol une, of dechl orinated char m xture, while the second

pyr ol ysi scPEfW\]gfct@ ¥ coJehpteds only a small volume of char mixture but

purosel | onsial s LSRR A HRRCE U S B bRchL R T,
both the ghapyfdPisik eyttt &6 bRLPSY Fus nddees4Canfi®e 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



28 JAN 2003 52 generated. Since pyrolysis furnace 1 serves only to
dechlorinate the waste material, its fluidized bed can have a tenperature
range from 250C to 450C. This allows furnace 1 to generate a |arge vol une
of char mixture. The gases introduced into ash nelting furnace28VANR2@03
t enperature of 450C to 700C and have been fully pyrolyzed) so injecting
even a small vol une of oxygen-enriched3%jr into furnace 31 wll allowits
tenperature to be maintained at 1,300C. Figure 18 is a system di agram of an
el eventh preferred enbodi nent of this invention) another apparatus for
produci ng super heated steam using the heat fromincinerating waste
mat eri al . bedeE 2healppgomith g eusnneeheahpr icoosh botiknaethaiigt zadeseframd a
mechani cal,. agitator. to_agitate and convey the waste material. In this
embodi menf}sG %qiﬁﬂe olysis furnace, furnace 1 in Figure 17) is
unchanged, whi t - DYT Ql MS$i4S: | a f ur nac 'y ises the
+ﬁ§ Jb%%%%%‘!l&%( R UTLid Y%A sec V%{‘xﬂoﬁlcjed ag%‘{%he

mechani cal pyrolysis furnace igure n er wor € second

furnace hggralymEshadd koY a6 ﬁﬁnaa@etgaeaﬁ&%o%mﬂhﬂfi iya{d}ifb:@ifi@ately

pyrolysis furnace while at the sanme tine conveying themfromthe inlet for

the wast es0atter L0000 ppiie B3utbrirdlding hhedaw fatd of €he Duide Homi g, tthe
agitate and convey the waste material nay be a rotary kiln or an agitation
tank withsarfore sempsdragarevw ff tleeldub ehian wate rpgeadledsb silenrdthea dibesler

hani i i on, f 1A d , th i d for . th
et o 2) 3oL L4 D e e G AaE S e ok Snhe i Bl Bt o
by @ 11Ul 8 p8gabedes TG PHE NNy BRFETAL8: POLIH LihSherdfy B ool Oric
val ue per it ovorune s hirgher. TRET NG &l £ or oxygen-enri chdd air) a

t enper at upge Pénle $0AGR us 46 AN DR BSiledd PA%IHY 3Be2 3aNELATRG: 2%hi s can be
used as an efficient energy source to nelt the ash content of the gas. For

t hi s pur posenbhep rebhensaple rhgiatati ate afmy batehést phefweatdd enilp t@ 80D0PE@i zed

bed furnace such as furnace 1. In other words) the |owtenperature

pyrol ysi st® 32hGddaicadt leisapapiind lir hegded watpninfissed tuaguednd t he

hi gh-tenperatuye rqQlysis furnace 1. for .produci ng high-cgal qrie.pyrolysis

gases use§u89ﬁ58ﬁ%f%ﬁ/a3§i ’tsdf'b’r't.cm?rf h&ﬁﬁﬁé isé‘é’lerg\?taégf%i%g;'ﬁu?ﬂgc%éids used
in furnac erh@alté r I . i i i ting
furnace 3§ué3én ajt oufggﬁfgéﬁ?ﬁéltQgggﬁ%mfggsﬁﬁggkghgggﬁfﬁéggggﬁ?ﬁ %gygen.
A portion7ob°Che pyrol ysis gases obtained fromthe other pyrolysis furnace

1' is supplied via branch line 7' on the upstreamside of ash nelting
furnace 31 to Pheotlyar snigdsireondmstviednifoun s 134is Sineace Hevash cont ent  of

the pyrolysis or conbustion gases, w l.l..be approximately 10% of the waste
mtertal AHEeE RN eens sy Huiiren s80 Qind harkspbieed sogiaue
supplied r; -1 t . ) | i iy I t he
pyr ol ysi sﬁglellgre%ll%lggee’n??l?ﬁgSaés_gyén@ﬁta?lﬁg?ﬁbfrqgé:éﬂﬁﬁ)r%{ ﬁgstl n%ﬁ(?ﬁ’e%excess

heat energyppliied Rbstlay 1eweeFittio i dff € &P lcodd b #E HiSRUfEr100dE02 01QWir shown in
Figure 14, should be installed either on the upstream side of ash nelting

furnace 3whicd whsuppiied diisdinegk2 ithmeuzh dispertséen whatenl 1icaaise's theel f
in order Erl()ix%gljrlésgo Egglbvt?sl,thhgqualu?wty of air supplied via line 12 is
controlled, and the unpyrolyzed residue is combusted while the sand
is fluidized. To insure that the residue 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.



EFFECTS OF THE | NVENTI ON As has been di scussed above) the present invention
i nproves the efficiency with which nonconbustible materials are renoved and
flui.di zed bed nmediumis separated in a pyrolysis neans for 28 JAN 2003 54
pyrolyzing waste material (pyrolysis furnace) and a char conbus2s8 JAN 28Ghs
for conbusting char (char conbustion furnace) which enable stable pyrolysis
and conbustion. Mre specifically) thi33invention prevents the boiler pipes
from bei ng corroded by chlorine conpounds wi thout requiring the use of
expensi ve, high-quality materials. It enables the collection of a |arger

vol une of high-tenperature, highpressure steam of approxi mtely 600C x 100
kg/ cm2. This fbsat fsomnthe ganeddid aig dek e Lineic ¥ upfe rate alteAR0 39% Thi s
enabl es remgval of nonconbustible materials and the fluidized bed nediumin
the pyrol8%ihamgedsipolingadBel uitdr surerhpatene SchaTismradasolt eaaet

| ysi d. ch nb i li.shed i | e fashion.
The pr oseith TR AGoRRP chf TP SR HAEE BAridie F O IpLAEPn 17 45 LR CSEaks ROW'SF chat
15155 g e L B NSRBI

di fferentialy RO RWI8ACAs GAl A d E t¥ Al ¢80 tRaTTHe AGFA EBNERI até W iRaCKwar d
between the two chanbers. This prevents backfl ow from causi ng tenperature

fl uct uatilinss ®6'adwer 28!y welifcdCbt agchhefffendi 1100 26eguir®d, for pyrol ysis
or conbustion in either vessel. Both the pyrolysis neans to pyrolyze waste
material and thathamrsintoesaf uncnmswcﬁm@mhbrgﬁnbmngfflm'mlitiieng action
which is the .objective of their designs. The cgloyic ratio of the thernal
ener gy ofm@ﬁ@"@P&g}eﬁg YasBBE AT BEPYES ViR dige Pflg?j“a%v]i%e and that of

t he conbusti 0'}}19%51?31- a(,hngglmib?}%tgg?c@glaﬁgggﬁ%t hoa}t ggv% c~teQ1 whi ch do not

) bcth
contain any chlorine tonpounds orirn erhal energy),

attain t hgdgsdd ®h O8] S@é&x\/&iﬁég'sw_qllhte ¥eéd oD GrefaprfPRmMbHEI BBhOdMEhis
concentrati on. 28 JAN 2003 Wth the present invention, pyrolysis is

carried cmvesftipni evst Blroivm i hel igursl §siho vdewd et heTfiluildiiz é didpe dimde dbkinng due
to the pyrol K{gi gases are preyented, and concentrations of dioxin) CO and
NOx are mitht fzw.rvﬁeﬂbwdpnn@xweeﬁp Cirqdagesd ard dogniiadyel |y than in

th i t d heat t j d d. di .to th
bresent 1 paRceOn) TReC S LRI T bR aRE TSR bh S9EB26E 1 sborbust i on
gases camn, her @ik §6e Iy0 7R00BUGSE sBY9CCPRAS At SPBhbIKEdihth gmg\gtﬁ%gw iQf

this invention) the pyrolysis neans 1s not a fluidl zed bed,

mechani ca 5@yl ttat 500°Opsheré de aecpaificaht eaghdpdtiure aiffeeeonvieri ng the
waste material. This design allows the duration of pyrolysis and the vol une
of mat er ik typge Bl hhte dwoof ben et r ¥iliesd thermedi voefyo mhelha sem hu s tigndi zed

e e QoA R AR VLIS S st eepumethe
val ue perp gt 1¥ A ®ths Hi N8 fferential will cause the temperature 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



I n anot her version of this invention, the pyrolysis means conprises a
nunber of pyrolysis furnaces which are an appropriate conbination of

- flui.di zed beds and nechanical agitation tanks. If there are two pyrolysis
furnaces) each can be set at a different tenperature of pyrol ysi8slANREO03
l.owt enperature furnace can be set at 260C to 450C to facilitate the
production of dechlorinated char nixtu?%&. The high-tenperature furnace can
be set at 450C to 700C to generate pyrolysis gases for use in the ash
melting furnace) Various other effects are al so achi eved. 28 JAN 2003 56
CLAIMS 1 ) An apparatus for produci ng superheated steam using incineration
heat of weImpemature dlosh00dpoi TOAY. Repyroiygith enmads uwhito HFurmarced iicets

id t [ i, nt hanmb heat t t | t 300C i d t
nduce 3 RYar i R0PuidnRRs TP bbpdh G BSLeobt 0 9F 6 AR o hiedr Pl Eh i o
| ysi ted i id Lyt i tion, h ] Xt
Comr o1 RSy PRT POLE FRardaaTanaty ik, iRt nathin i e N ircOHAA b o
materi al Sindifion®p8lw A S8RECORANUEIO L FBANTs e [ind ) ZbRPY means of

bubbl e bed fluidization said char m xture coz%r|5|ng sal d unpyrol yzed

resi due agdlpéthedted@toash mdl 4, staRt s plyomeai d pyrolysis nmeans in a

streamof air, and conbusting said unpyrolyzed residue; a first steam

gener ati ng nedhke foam bnedim pa skeat gemé vateal 115 todvam bamibng téo h efivrersateui 6

bel ow approxi mately 400C using thermal energy fromsaid E%;olysis gases; a
e

second st%bﬁi&@W@ﬁé@ﬁﬁgemﬁéﬁQ%FGrﬁpﬁéﬂﬁGiNﬁhﬁﬂpérhééﬂéua gife p6m sai d hot

t t d db id.fi t t. j t h I
ener gy frOMAAP CHmpSHRtRcRTbinfEatuced AndRedsd, ile, Oriloas Haane for
prevent i ng; hackfd OWrQf 18[‘?& e & Hloq{ezecﬂlﬁegnﬁeé’él’ﬁ%‘r%% Fed i the

backf | ow prevention neans being provided I n a path connecting sai

pyrol ysi segkanst gtk esai The fak ntmaus tiedilo V@@ NG a dlscargeslitie P8 &ad dhe
pyrol ysis means or said char conbustion neans; and wherein said backfl ow

prevent i olatteansia dignlowvigiedinme 1The side of at |east one char conbustion

means to push ck said fluidized bed nedi ymtoward, said_pyrolysis neans,
and is confi gu’PEB edij‘%tuﬁ? &esgpr ey ed Hei }Scé’e"rf@rea{‘i“r?glﬁé%lhél‘f’ocﬁélﬁé‘reate a

pressure dif LA AL o3k 48l b AR B oAb F B8RSR IR hFe- Ba) BFHAART.A AlGSSUre
pyrolysis ns and a p & in sa

value P1 in’ sai ressure valu char

combust i ogupeaREater 29 . JPhe 2008 ® (023 20NT 3PPAMTHYS] 10w aRb PHG L ed in
super heated steam using incineration heat of waste materials according to

claim1, bbdeeid said voatdd-covlgt doéhin 86 amaheacedphirsbsraonpebdniceal

conveyor gﬂi)gphggggg)gstez?tllFjT%gaéx}rpaﬁgyrgiées which come through discharge
line 17 are 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 5620°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 quantity 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



3) An apparatus for produci ng superheated steam using incineration heat of
waste materials, conprising: a pyrolysis nmeans which i ntroduces said waste

.materials into a chanber heated to at | east 300C in order to induce a

pyrol ytic reaction, and separates pyrolyzed waste material s int28 JAN 80§3i s
gases generated in said pyrolytic reaction, and a char m xture conpri sing
unpyrol yzed resi due and fluidized bed 3®di um and nonconbusti ble materi al s;
at | east one char conbustion neans for fluidizing by nmeans of bubbl e bed
fluidization said char m xture conprising said unpyrolyzed resi due and
fluidized bed medi um supplied fromsaid pyrolysis neans in a streamof air,
and conbuso0hg teaf doeopYE Qw7 sHedess AURead shiursk wilaincaABeid ilNge EEHS for
produci ng hot water or steam having a tenperature bel ow approxi mately 400C
usi ng t hempantehertdye temmesmitdirpyrol ysis gases; a second st eam generati ng
means for prodycin superheatedn%&eamfrom said hot water or steam produced
by said first 5?aamhugenbyaelnysneidieiendingnttie saneenet §90f Fota $810dCshar
conmbusti on means: (i;md aQ auxilia é cktlar conbust'.orbcgeans [i)rovi fled W t
Chermal o 29 gt ieOhd SomRRupbon pRiAE? Enserr T AP L & Bpo o ke Sl g ¢
exchangi ng; ' | ati: N f € Ldi . i um
rom oo d ihertey HADE BnBLLE KoRlel PHPRSE anl 1AW SIS edn thfpERLIBRLITR ¢
for produgd 5% FUPRIDEA i8R SXRANSYHAE s MGiRChAié @ theAle Pp e VRN Q BREETI Al S
according to claim3, further conprising: a heat exchanging nmeans provided
in said al&DPCaroy2004€. Muobe stpemifivadhs; tlendomiNgs tiAh @008usS8 gaseackf | ow
prevention neans provided at downward region fromsaid heat exchangi ng
nmeans, safemeyers from phisehsrigsnlimeat’d of haite s 2dgcan hecysed o mie te ditgtal

eneratin f.or generati a pressure differential, larger than a
gi fferent ?BHE‘(BI%-%?)Q %%P%éﬁ‘&gbﬁégsltﬁeé‘ \%Itﬂf%‘”lff{ ?ﬁ‘”é’ahde'ﬂ?y?ol ysis means
and a pfessure[ﬁ’%*i?ﬁré’g 1 An%2% d1§h3a01 GOMPYSS @B Jﬁ?@ZFi%gﬁgt@QPéﬁ&t 1§, for

produci ng superheated steam using incineration hea mat eri al s,
conpri si n@:2 amly2eBysies fheializedhbeds.i nt roduces said waste naterials into a
chanber heated to at |east 300C in order to induce a pyrolytic reaction,
and separ at es Pigwte e amssdemdergrm ¢hadhyyd ainefesredsasbgdimeatedf i n

said pyrolytic reaction, and a char m xture cqnprising unpyrolyzed residue
and f1 Ui df BEUTBEER Fa O BhET ARHELHS: fPEOREEE T i rhed tadatiaBe char
combusti o f i di zj e (T jiqn . said
char um Ixt Eﬁgggkrgé?%gﬂgg‘% éhgg'bé;’?aoﬁr@gg@argg%?%g&gﬁz' ﬁ’%isg{laggééﬁelglﬁed: um

suppl i ed HadyNtHhdisd PO BESwhiFRABETE P f8o /i {188 Ex@AMm pld shadn GanPusiiag . sai d
unpyrol yzed residue; a first steam generating means for produci ng hot water

or st eam Raltiemg231i enpBrmting daieem wpph ox mmetleldy a 400E€ rusf hgmimhersral ener gy

fromsaid pyro|lysis gases; and, a second stea enerating negns for .
pr oduci ngp§ﬁbh@|"’rfgé‘tne 1g¢hargs 1bve %Pgtﬁﬁtpwr& ‘%?“EP@ﬁFn]prrﬁgﬁc‘E&tBFaslai d

first st e@%gﬁg?gat\iﬁgtﬁgqqﬁe%iiQ%eﬁ)Dﬁ'raqgh i?\qgrl%{'ge 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



fromsaid char conbustion neans, wherein said char conmbustion neans
conprises a fluidizing vessel which fluidizes and circul ates said char
~mxture i'n said fluidized bed by a circulation nmeans to circulate said char
m xture in the fluidized bed by supplying a stream of air or cdfodAsNi2003
exhaust gases provided by dividing into two streans supplied from bel ow a
di spersion plate, or by partitioning saéd fluidized bed by partition

panel s. 28 JAN 2003 59 6) An apparatus for producing superheated steam
using incineration heat of waste materials according to claim5, wherein
said circul ation neans provides a plurality of divided gas flows supplied

from bel dinsai &b dirsp&Ust®@RhRl Bé ro @t ARNETWIldSzbAeh ¥@ e Ofli s ehiphural ity
of divided air flows so that said char m xture circulates in said fluidized

bed. 7) Anadgphladmnushaorcombdatiany feupechddt.cbhstleamensp mytiched nér ati on
heat of vvastewgrat erials, conﬁri sing: .a pyrolysis means which introduces
sai d wast¥nfidrysted materaakpanobischaaged 1o the exiggionooe kineddder to

i nduce a pyrolytic r,eaction, and separates pyrolyzed waste mat.erials into
pyrol ysi s gasdalbEhdPa b mol Lar e uieTo MAGes REREdioRe Y St taVaHara tiik  ur e
conpri si I r.es (A FTIN] ' 1ang q]&qngm stible
mat eri al ge?ng%cgst%%gﬁgac agglli;ce:f)&l usstsi %ﬁ]l%nlé@ggpﬁgfn??%%lzll%ngliby ans of

bubbl e begkH ltei th & aixit@pi 32l Th 6 Nifa nie ¥ 1UE Ro SO o SitBImeahdo péin ©d YZed
resi due and fluidized bed medi um supplied fromsaid pyrolysis neans in a
st ream ofapproximdtelndbulmi mgss diha tuttpeyr wlijizkd smealldrethan fthesmnisimam
generating neans fqr produci ng hot water or_ steam having a tenperature
bel ow apptidnahee(of thooerasnn@itsanrddrrerexypatebmlsdi MMyrol ysis gases:

d d j f duci h f
2810 hot vat or! RS SEOAR B BaRebahgh ST BFAIST LT U NG helns. usi ng

ther mal._efigy gy sb500h 3] o Ak FORDHAG OHIYTERDS MREBURSH dnBYLAINSHS

means |1 ntroduces a streamof alr Into an upper alr space sal

one stagevial lifid b6pMheuagad, t AR LMD sSiti £ oR¥! OffySileh tGAS@ S aGR8P 6L €l Y,
preferably said upper space, and wherein a | ower space of said chanber is
nar r oned semayet thpashoasdnmedowpgrotheaiasidst r eam of air and said pyrolysis

gaces, and P Syarty RAGKLI oWl Lo L Teply (2) 20, Rt Lon produe no

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.



28 JAN 2003 60 a pyrolysis nmeans which introduces said waste materials into
a chanber heated to at |east 300C in order to induce a pyrolytic reaction

. and separates pyrolyzed waste materials into pyrolysis gases generated in
said pyrolytic reaction, and a char m xture conpri sing unpyr ol y282d4AN2OD3ue
and fluidized bed nedium and nonconbustible materials; at |east one char
conbustion neans for fluidizing by neagg of bubble bed fluidization said
char m xture conprising said unpyrolyzed residue and fluidi zed bed nedi um
supplied fromsaid pyrolysis nmeans in a streamof air, and conbusting said
unpyrol yzed residue; a first steam generating nmeans for producing hot water

or steam havi nGlast elpaidatl Uk6enbed oW ARRAOKE & ehya 40P G idseAG ft her mal ener gy
fromsaid pyrolg:si s gases; and a second steam generating neans for

pr oduci ngusgear huated nsa tentai rane seing vieat fxgmerhar comduws tipodivaadey 18ai d
first steam ggenerating.nmeans %’F@ﬂ t hermal enefgy from sai(g char conbustion
means, wh¥2&iHS§ ?ﬂgBaFBPy]s4-s Al gednP e cessot Anpgmbpstsdimateriad whi ch

i fluidj di h fluidizi d ded
i sper ot oh et e T BRAR MV p 1 fided S BoPaapn S35 lo Ao on
exhaust gélﬁ@ScHe[xOE‘bE’f‘dl?@th*&sof)eéﬁ"Qd@'égﬁ&%l? ?@m@ﬁt%gé%Pﬁt@l%”XﬁYfr means

on a bottom of said chamber w dened towar ower si of sal'd main

flui di zednhegbtial ddBYERNr 564 ithrdd 0ie A4 Ga@ildbvash 81188t BidcalsSof rom a
supply port for said waste nmaterials to a discharge port for said char

m xture. 9pncambpptednustdial prodlseinty Thpee veat bd stpeam tesli hy fibtwirser at i on
heat of waste terials, conprising: a pyrolysis nmeans which introduces

sai d wast €97a8BAi 29 3. Thedfidtatesdhbandnegvebe rgcarcyledsd Bosunrlvargdt too
oyr ol ysi s faottl g et 84F 4 ST R ERaeealé on, "Bnd a char i xture.
nonconbust i bl e! He ey ial S B e R A o RPN g
by means of thibline ehgdloh) dindithatri Dpp s04 thcharprodddy superhensée dGteaind
unpyrol yzed resi due and flui dized bed nedi um supplied fromsaid pyrolysis
means in asingeddra bl adifromndcooemaldnigny ashe dn abeyiad) e aped lidury; char
combustion furnace 10B in 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



a first steam generating neans for producing hot water or steam having a
tenperature bel ow approxi mately 400C using thermal energy fromsaid

pyrol ysis gases; a second steam generating nmeans for produci ng superheat ed
steam from said hot water or steam produced by said first stear® 2883 ng
neans using thermal energy fromsaid char conbustion neans; and a narrowed
portion in a discharge port for pyrolys3g8s gases generated in a pyrolysis
reaction in an oxygen-poor pyrolysis chanber where waste material is
suppl i ed, wherein said discharge port discharges said pyrolysis gases to a
secondary conbustion nmeans or to a heat exchange neans; and an air supply

port for pyislduei g ndcenilfkoglaniding *fitRithods ixh&ﬁ@ggppéﬁm&%ﬂﬁms on
an inlet and outlet sides of said narrow portion in order to neasure flow

vol une ofawvsildapyrdiamsemdasdsdonifyr vaceapfdt athide fadlowingudiengasdpte heat ed
steamusing in inﬁragion heat of mafte materials according to claim?9,
wher ei n am%&et 156 181 betyy ee mythgr $wiosi W bt aj ned by said pyrol ysis

reaction is s ied t suppl ort of.said Fol ysi er .

.A3e. AS. A. Ay. LA@Q éAbl .%ﬁﬁ‘&&?g\gi\g‘/&gﬁ.‘&z‘.’ M?A&ﬁi\r(&%. i‘éﬁ %%ﬁfﬁ@.%& A
AL AN Ay uRBiAr D cHir oA UNEifR lrnace 10B P,, that in its secondary
JA[LAY.A Anl . AELA A A AALAIY.AAA A2 AALVAE A ANLA . An3 .Alt E. AH
. AGMOA HAlyfidiZed bed 2-2B P,', and that in pyrolysis furnace 1 P,. Since the

~ytoje‘[V]ca]ca]ca]ca]qa]ca]ca]caLﬂca]caLﬂca]c:a]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] cajeindd vrul]lenlicaficlad d :aaj & abjecpy i dlysds Sughe't8$h’ connected via
'((((}XsniC]Xie‘[\/]]CaUlcaL%C . , .
a] ca] ca] ckfiHAbpRd | Qarubgdapd ding) c By capdal c ayidhhawec g sqeayalajeca cal
cal] calU] ca] ca] CA..: . . ‘s .
(T T3 5 SERARR san pasypl 00 ja Rinsathin dbe Tyidiznd defoss dhpdaltea) cay ca
| ca] ca] caj a3k Rt RadI Al $8LiaaliraGakedn GrUitAbeal ¢ akealdal erliaak raligal cal ca
] ca] cal GGEI ~I T IMINDQJZJ 5 S R, R T Z\A?v%ﬁ%c a@\/l\lg?ca €4Fca) cal o
al] ca] ca] majstad en}eallpcals ahtiat ha]loalpda] Hralne ahea apfaar] 6fkhallladdpaddal ca] ¢
a] ca] ca] ca] ca! /""" xct eweeeMghcl ol 1l nogJsKsWsZs#vxz! z$z} 2e} xsni crYkfa\W]]c
a] cal] ca] eead d#| the dawera vd]dfap antidaon dedrel] 80c@Et ke 3§ @dsh dhjectir @ffca) cau
Ica] ca] Ca(ll():gL%%Clan)cﬁ],ct eeg;;[:ssure 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
AHp+ P, (P,") > P,
where is 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.
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Flgure 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 60B 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 60B is packed tightly
together, which enhances the effect of a gas seal created by the
fluidized sand. 55 is 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
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connected to furnace 10B diagonally across from line 19-1. The
fluidized bed medium is moved from the base of superheater 29-2
toward its upper end so as to be in sufficient contact with the heat.
As can be seen in Figure 8 (B), a pressuring unit 50 to create a
pressure differential is placed at the base of the return line
(circulation line) 5. This unit creates a differential larger than the
differential (P, - P,) between the pressure P, in the side of pyrolysis
furnace 1 and the pressure P, in auxiliary char combustion furnace
10B.

Pressuring unit 50 is placed in the secondary fluidized bed. The
upper portion of bed 2-2 and the area below dispersion plate 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 6 and 6. If P, is the pressure in
the primary fluidized bed 2-2 of the auxiliary char combustion
furnace 10B, P,' is the pressure in the secondary fluidized bed 61,
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.
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bed to the lower end of partition panel 100 (which is also the top of
opening 101) should be chosen which will not allow backflow to occur.

Line 19-1, which brings the fluidized bed medium from char
combustion furnace 10 into auxiliary char combustion furnace 10B,
and line 5, which returns the medium from 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) is 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 2-83 is divided from left to right
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into three regions, 2-3A, 2-3B and 2-3C, by partition panels 61A and
62A, which are placed in the upper portion of the chamber in such a
way that the sand can circulate in all three regions. Openings are
provided both above and below the partition panels.

Lines 9 and 19-2, which supply the char mixture and the
fluidized bed medium from pyrolysis furnace 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 12-8, 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.
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In this device, the inlet of line 9, which supplies the char
mixture from pyrolysis furnace 1, is in the lower portion of the center
region 2-3B of the three regions (the region of downward flow), or
there may be two inlets for line 9, one in the lower portion of each of
the lateral regions 2-3A and 2-3C (the regions of upward flow).
Dispersion plate 11-2, which is below the inlet in center region 2-3B,
is shaped 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
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adequate combustion using a small air flow (on the order of an air
ratio of 8:1.2 to 1.3).

Char which floats on the surface of the fluidized bed will be
repeatedly pulled down to the bottom of the bed by the downdraft,
further enhancing the result stated above.

Material which is not combusted in the fluidized bed will move
along downward-sloping plate 11, as shown in (B) and (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 used 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 81 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
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bed medium.

In the pyrolysis furnace 1, as yet uncombusted matter which
adheres to noncombustible material on conveyor 1C in auxiliary
fluidized bed 1B can be combusted as it is conveyed 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 narrow neck 411 are

an array of air nozzles 42, An air inlet 48 is provided on the upper
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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 means and an ash melting
furnace have been provided.

Figure 18 is a system diagram of a seventh preferred

embodiment of this invention, another apparatus to produce
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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.

Pyrolysis gas combustion furnace 34 having a combustion
chamber for pyrolysis gases, is placed on the downstream end of

discharge line 33 of the ash melting furnace 31. Sufficient air to
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are completely combusted.

The pyrolysis gases, which are removed from furnace 1 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. 1056, 106, 107 and 108 are air inlet
pipes. 109 are pressure taps used to remove pressure. 110 is a neck.
111 are valves to control air volume. 112 are flowmeters or other
devices to measure flow. Four pressure taps 109 are placed at 90
intervals as shown in the cross section taken across line A-A.

Figure 14 (B) is a differential pressure gauge which employs a
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horn neck 110. Its 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 i1s 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 the inlet for the garbage to the
outlet for the char mixture. This mechanical agitator to agitate and
convey the waste material may be a rotary kiln or an agitation tank
with a horizontal screw feeder. The sand or other fluidized bed
medium is stored, and the sand and garbage or other waste material
are loaded via supply line 4 and circulation line 5. 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
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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 1A. 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 in
Figure 15.

Figure 17 is a system diagram of a tenth preferred embodiment
of this invention, another apparatus for producing superheated
steam using the heat from incinerating waste material. Here a
number of pyrolysis furnaces are employed.

We shall discuss only those aspects of the configuration which
differ from those shown in Figures 156 and 16.

Two pyrolysis furnaces are provided, each of which comprises a
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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
melting furnace 31. The unpyrolyzed char mixture is removed to char
combustion furnace 10 via discharge line 9'; the noncombustible
material is removed via discharge line 8',

Thus the first pyrolysis furnace 1, is used to generate a large
volume of dechlorinated char mixture, while the second pyrolysis
furnace 1' generates only a small volume of char mixture but
purposefully generates pyrolysis gases which can be used in ash
melting furnace 31. This division of functions enhances the efficiency

with which both the char mixture and the pyrolysis gases can be
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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°C.

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 pyrolysis furnace while at the same time
conveying them from the inlet for the waste material to the outlet for
the char mixture. This device to agitate and convey the waste
material may be a rotary kiln or an agitation tank with a horizontal
screw feeder.

When the pyrolysis furnace uses mechanical agitation, 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
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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.
1f 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
branch line for a portion of the pyrolysis gases prevents the ash
melting furnace from wasting the excess heat energy.
In this arrangement, differential pressure gauge 100, shown in
Figure 14, should be installed either on the upstream side of ash

melting furnace 31, to which the discharge line 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
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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 use 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 between the two chambers. This
prevents backflow from causing temperature fluctuations or
adversely affecting the conditions required for pyrolysis or
combustion in either vessel.

Both the pyrolysis means to pyrolyze waste material and the
char combustion means achieve the smooth 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 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.
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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
volume is higher.

In another version of this invention, the pyrolysis means
comprises a number of pyrolysis furnaces which are an appropriate
combination of fluidized beds and mechanical agitation tanks. If
there are two pyrolysis furnaces, each 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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CLAIMS

1 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;

at least one 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 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;

a backflow prevention means for preventing backflow of 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 or said char combustion means; and wherein

said backflow prevention means is provided at the side of at least one
char combustion means to push back said fluidized bed medium toward said
pyrolysis means, and is configured by a pressure differential generating means
to generate 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.
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2) An apparatus for producing superheated steam using incineration heat of
waste materials according to claim 1, wherein said backflow prevention means

comprises a mechanical conveyor which conveys said char mixture.

3) 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;

at least one 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 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; 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.

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

a heat exchanging means provided in said auxiliary char combustion means; and
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a backflow prevention means provided at downward region from said heat
exchanging means, said backflow prevention means comprising 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.

5) 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;

at least one 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 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; 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 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 provided by dividing into two streams supplied from below a

dispersion plate, or by partitioning said fluidized bed by partition panels.
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6) An apparatus for producing superheated steam using incineration heat of waste

materials according to claim 5, wherein said circulation means provides a plurality of

divided gas flows supplied from below said dispersion plate, and controls the volume of

said plurality of divided air flows so that said char mixture circulates in said fluidized

bed.

7) 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;

at least one 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 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; 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 introduces a 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.

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

waste materials, comprising:
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bed fluidization 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; 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 main fluidized bed 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.

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
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comprising unpyrolyzed residue and fluidized bed medium, and noncombustible
materials;

at least one 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 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; and

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 as through pressure
vents on an inlet and outlet sides of said narrow portion in order to measure

flow volume of said pyrolysis gases.

10)  An apparatus for producing superheated steam using incineration heat of
waste materials according to claim 9, wherein a portion of said pyrolysis gases
obtained by said pyrolysis reaction is supplied to a supply port of said pyrolysis

chamber.



