SPECI FI CATI ON COVBUSTI ON APPARATUS FI ELD OF THE | NVENTI ON The present
invention relates to conbustion appara- 5 tus for use as boilers wherein
refuse-derived fuel (hereinafter referred to as "RDF") is used as the fuel
or incinerators for burning municipal waste. BACKGROUND ART FIG 4 shows a
conbusti on apparatus conventionally 10 utilized as a boiler wherein RDF is
used as its fuel. Wth reference to FIG 4, the conbusti on apparatus
conprises a fluidized-bed furnace 1, a cyclone 2 (dust collector) disposed
downstream fromthe furnace 1 for separating a free-flow ng nedium and a
conbustion resi- 15 due discharged fromtheifurnace 1 from conbustion
gases and collecting these solids, and a nediumresidue return channel 3
provi ded between the cyclone 2 and t he SHEGI*ICadTodd f urnace 1 for
returning the free-flow ng nedium and the conbustion residue coll ected by
the 20 cyclone 2 to the furnace 1 therethrough. The fluidi zed-bed furnace 1
forms a fluidized bed fromsand or |like free-flowing nediumw th primry

air 2 and secof@g@sysArLONSEPbARAPGEaN air preheater. A

FIELD OF THE INVENTION
The present invention relates to combustion appara-
5 tus for use as boilers wherein refuse-derived fuel
(hereinafter referred to as "RDF") is used as the fuel
or incinerators for burning municipal waste.
BACKGROUND ART
FIG. 4 shows a combustion apparatus conventionally
10 utilized as a boiler wherein RDF is used_as its fuel.
With reference to FIG. 4, the combustion apparatus
comprises a fluidized-bed furnace 1, a cyclone 2 (dust
collector) disposed downstream from the furnace 1 for
separating a free-flowing medium and a combustion resi-
15 due discharged from the furnace 1 from combustion gases
and collecting these solids, and a medium-residue return
channel 3 provided between the cyclone 2 and the
fluidized-bed furnace 1 for returning the free-flowing
medium and the combustion residue collected by the
20 cyclone 2 to the furnace 1 therethrough.
The fluidized-bed furnace 1 forms a fluidized bed

from sand or like free-flowing medium with primary air



multiplicity of water tubes (not shown) for a boiler are arranged wthin
the'furnace 1 to cover the inner peripheral surface thereof. These water
tubes 5 comrunicate at their upper ends with a steamdrum6 via an

“upi Llustrated header. RDF is supplied froman unillustrated scal e conveyor
to a hopper 7 in portions of predeterm ned quantity and placed into the
fluidized- bed furnace 1 fromthe hopper 7. Nonconbustibles and 10
free-fl owi ng nmediumare drawn off fromthe | ower end of the furnace 1 and
separated by a separator 8 di sposed below the furnace 1, and the
nonconbusti bl es are di scharged fromthe system while the nediumis
returned to the furnace 1 by a conveyor 9 and an el evator 10. 15 The

medi um resi due r eipl Nedderidely Jais dEdtirepdmedan i Dr tpwelsatehes At an
i nternedi ate portion thereof. One of the branches, 3a, is provided at

i ntermedi ate portjons; theceed o tafef | QYLEONIAOGL Madbwe) lfonnd Bobkat are
recovery unit 12 which are arranged in this order 20 downstreamfromthe

cyclone 2. A SUPRLASRELa 131 RIn | Be DRLRICE S1 UESROSAS: | Bnb henkeal Tecovery

unit 12. Mediumtransport air 1s forced into the heat recovery unit 12. The
forvard end of the ol fier.Bf a0Ghe3be | SnOPEOET tAnLle htbeli2adlebed furnace 1
at a position aboRe the position ere the hopper 7 I's opened to the
furnace. The re@fmmunicate at their upper ends with a steam drum 6 via
an unillustrated header. RDF is supplied from an
unillustrated scéle conveyor to a hopper 7 in portions
of predetermined quantity and placed into the fluidized-
bed furnace 1 from the hopper 7. Noncombustibles and
10 free-flowing medium are drawn off from the lower end of
the furnace 1 and separated by a separator 8 disposed
below the furnace 1, and the noncombustibles are
discharged from the system,'while the medium is returned
to the furnace 1 by a conveyor 9 and an elevator 10.
15 The medium-residue return channel 3 is bifurcated
into two branches at an intermediate portion thereof.
One of the branches, 3a, is provided at intermediate
portions thereof with a flow control valve 11 and a heat
recovery unit 12 which are arranged in this order
20 downstream from the cyclone 2. A superheater 13 for the
boiler is disposed in the heat recovery unit 12. Medium
transport air is forced into the heat recovery unit 12.

The forward end of the other branch 3b is opened to the

fluidized-bed furnace 1 at a position above the position



fl ow ng nediumtransported by the conveyor 9 and the elevator 10 is
adm'tted into the branch 3b at an internmediate portion thereof. 5 A
heat recovery colum 14 is di sposed downstream fromthe cyclone 2. This
calum 14 has in its interior a first flue 15 for passing conmbusti on gases,
di scharged fromthe cyclone 2, from above downward therethrough, and a
second flue 16 in comunication with the lower end 10 of the first flue 15
for passing the conbustion gases from bel ow upward t heret hrough. The inner
peri pheral surface of the first flue 15 is covered with a nultiplicity of
boil er water tubes (not shown), the upper engls of which also conmunicate
wth the steamdrum 15 6 via an unillustrated header. Arranged within the

second flue 16 anhedehUNLhRPRIIOM 2y obbnkd tRATHeNFulrnacet. hr angh firdeer
forwarded froma deaerator, and two superheaters 18, 19 connected in series

with the superheaigfihy 'nﬁadtﬂﬁx heRnJREAE byitide LonkeloRa9Siandg dheSt €am

sent fromthe steamdrum6. A water injector 20 for adjusting the

tenperature and RIRARHGE Gfo 1N HRARY 1l G SRR 3bS o4 SROSed
bet ween the two superheaters 18, 19 wthin the second flue 16, also bet ween

the lower superheglel bdidtd oddidh edtbdne 4

5 A heat recovery column 14 is disposed downstream
from the cyclone 2. This column 14 has in its interior
a first flue 15 for passing combustion gases, discharged
from the cyclone 2, from above downward therethrough,
and a second flue 16 in communication with the lower end
10 of the first flue 15 for passing the combustion gases
from below upward therethrough. The inner peripheral
surface of the first flue 15 is covered with a
multiplicity of boiler Qater tubes (not shown), the
upper endé of which also communicate with the steaﬁ drum
15 6 via an unillustrated header. Arranged within the
second flue 16 are a boiler economizer 17 for passing
therethrough water forwarded from a deaerator, and two
superheaters 18, 19 connected in series with the
superheater 13 in the heat recovery unit 12 for passing
20 steam sent from the steam drum 6. A water injector 20
for adjusting the temperature and pressure of the steam
by injecting water is disposed between the two
superheaters 18, 19 within the second flue 16, also

between the lower superheater 19 in the flue 16 and the



superheater 13 in the heat recovery unit 12. A tenperature reduction col um
21 and a bag filter 22 are arranged downstream fromthe heat recovery
colum 14. The conbusti on gases passing through the heat 5 recovery col umm
14 are further reduced in tenperature by the heat reduction colum 21. The
bag filter 22 serves to collect hydrogen chloride, sulfur oxides, soot and
dust fromthe conbustion gases. Slaked line or |ike neutralizing agent and
a reaction assisting agent are 10 added to the conbustion gases at a
position upstreamfromthe filter. After passing through the bag filter 22,
t he conbustion gases are released into the a nosphere through a stack. Fly
ash is discharged fromthe | ower ends of the 15 heat recovery colum 14,

t enper at ur e r edustipepheaktegmidliantdhbapebtl| recog@rgndnienti2to a fly ash
treating unit (not shown). Wth the conbustion apparatus thus constructed,

RDF is sent into theaftehfezadubedrédusaténlcbyuinhe2boapédra?bag. fintele
furnace 1, the free-flowng nmediumis forned into a fluidized bed with

primary air and ggcopdab¥rahfedafdwRPerbambersadthe hbetf kacdivaes kedumhhe
unburned conbusti bles are al nost conpletely burned until the conbustion

gases and the negdpum @RkerohBAstY6hOB8sésl bABsing through the heat

5 recovery column 14 are further reducéd in temperature by
the heat reduction column 21. The bag filter 22 serves
to collect hydrogen chloride, sulfur oxides, soot and
dust from the combustion gases. Slaked }ime or like
neutralizing agent and a reaction assisting agent are

10 added to the combustion gases at a position upstream
from the filter. After passing through fhe bag filter
22, the combustion gases are released into the
atmosphere through a stack.

Fly ash is discharged from the lower ends of the

15 heat recovery column 14, temperature reduction column 21
and bag filter 22 and sent to a fly ash treating unit
(not shown).'

With the combustion apparatus thus constructed, RDF

is sént into the fluidized-bed furnace 1 by the hopper

20 7. In the furnace 1, the free-flowing medium is formed
into a fluidized bed with primary air and secondary air,
and RDF is burned in the fluidized bed. The unburned
combustibles are almost completely burned until the

combustion gases and the medium enter the cyclone 2 from



5 the upper end of the furnace 1. The nedi um and conbustion residue

di scharged fromthe furnace 1 are separated fromthe conbusti on gases and
trapped in the cyclone 2, passed through the two branches 3a, 3b of the 5
return channel 3 and returned to the furnace 1. While passing through the
branch 3a having the heat recovery unit 12, the medium and the residue have
their heat transferred to steamflow ng through the superheater 13, whereby
the steamis superheated. The tenperature of 10 the furnace 1 can be

| owerd by adjusting the anmount of nmediumtransport air to be forced in and
t he openi ng degree of the flow control val%e 11 and thereby increasing the
guantities of medium and residue to be passed through the branch 3a having
the heat recoveshe Lfpper tent ofCdineerfsemace Hoe t gemeddud @ he furnace 1
can be raised by reducing the quantities of medium and residue to be passed
t hrough t he br aeetbudetiay iregitde Eatcheagmd riramitthel Zurfiaeec dniasst i'on
gases flowi ng out of the cyclone 2 20 enter the heat recovery colum 14,

fl ow down the fddpdrdtde fiforf it cudbuEdiseuaidsy dml ertapyied Heatthe
transferred to boiler water in the water tubes providing the wall of the

fl gei hV\'her eby thrhapid &, Wided ReHdBugR e tHIRE DriahdIRal &b ,arBb evapdiat ed,
an e

5 return channel 3 and returned to the furnace 1. While
passing through the branch 3a having the heat recovery
unit 12, the medium and the residue have their heat
transferred to steam flowing through the superheater 13,
whereby the steam is superheated. The temperature of

10 +the furnace 1 can be lowerd by adjusting the amount of
medium transport air to be forced in and the opening
degree of the flow control valve 11 and thereby
increasing the quantities of medium and residue to be
passed through the branch 3a having the heat recovery

15 unit 12. Conversély, the temperature of the furnace 1
can be raised by reducing the quantities of medium and
residue to be passed through the branch 3a having the
heat recovery unit 12.

The combustion gases flowing out of the cyclone 2

20 enter the heat recovery column 14, flow down the first
flue 15 first and consequently have their heat
transferred to boiler water in the water tubes providing

the wall of the flue, whereby the boiler watér in the

water tubes is heated and evaporated, and the



6 tenperature of the conbustion gases is |owered. The conbustion gases then
fl-ow upward through the second flue 16 and have their heat transferred to
the boiler water in the water tubes constituting the wall of the 5 flue,
to the steamin the two superheaters 19, 18 and to the water in the
econom zer 17, whereby the boiler water in the water tubes is heated and
evaporated, the steamis superheated, and the water in the econom zer 17 is
preheated to result in a drop in the tenperature of the 10 conbustion
gases. The conbustion gases subsequently flow into the tenperature
reduction colum 21 and have their tenperature further reduced. Slaked |ine
or like neutralizing agent and a reaction assisting agent are 15
thereafter added tempémratendust i the gerribusthont gesesstst leverest ur€hes | ed
into the bag filter 22, in which hydrogen chloride, sulfur oxides, soot and
dust are renoved.cditzugbtes gapas atikven of fowrepvaerd thfesghdthatsechnd -
at nosphere. 20 On the other hand, the water sent fromthe deaerator
and preheated durfhge ppSsagé héweutheihehesvnonamsefetredstadbhétediliato the
steamdrum 6 and thereafter further heated within the water tubes of the
fluidi zed-bed furwaeer lianehé heabeat tibeovedNstotUtDIng4tia@nsallubEngha
5 flue, to the steam in the two superheaters 19, 18 and to

the water in the economizer 17, whereby the boiler water

in the water tubes is heated and evaporated, the steam

is superheated, and the water in the economizer 17 is

preheated to result in a drop in the temperature of the

10 combustion gases.

The combustion gases subsequently flow into the
temperature reduction column 21 and have their
temperature further reduced. Slaked lime or 1like
neutralizing agent and a reaction assisting agent are

15 thereafter added to the combustion gases, and the
resulting mixture is led into the bag filter 22, in
which hydrogen chloride, sulfur oxides, soot and dust
are removed. The gases separated off are then released
into the atmosphere.

20 On the other hand, the water sent from the deaerator
and preheated during passage through the economizer 17
is admitted into the steam drum 6 and thereafter further

heated within the water tubes of the fluidized-bed

furnace 1 and the heat recovery column 14 constituting a



7 boiler water circulation circuit to becone a steamwater m xture, which
IS then sent to the steamdrum 6 again. The steamis separated off in the
steam drum 6, passed through the three superheaters 18, 19, 13 in
succession 5 and superheated with the heat of the conbustion gases during
passage through the super heaters 18, 19 and with the heat of the
free-flow ng nmedi um duri ng passage through the superheater 13. The
superheated steamis sent to a steamturbine. 10 However, the
conventional conbustion apparatus has the problemthat al nost conplete
conbustion of RDF in the fluidized furnace 17 ncreases the interna
tenperature of the furnace 1 to a considerably high | evel and necessitates
supply of secondadpgiber water htipcubatier- ¢bréwkt| ¥0 | PREPRS 7 SERRB-BRTET

| arge anmount of oxygen, consequently producing large quantities of NOx with
the nitrogen contmixedren WREchnisttieemi sewyeto atherseeprmydxye @i 2gafRy t her
since the conbustion gases flowing into the cyclone 2 have a considerably
hi gh 20 tenperat urgre &6éamxfspsepapitad bffisinabbetsBe8fedrimCH, t passed
apparatus has another problemthat the ash resulting fromincineration and

contained in the gagesghStRar thyedektpdrasdtadseres 19, t he tyckoneedsion
entail an inpaired medrum separation efficiency. Another problem
5 and superheated with the heat of the combustion gases
during passage through the super heaters 18, 19 and with
the heat of the free-flowing medium during passage
through the superheater 13. The superheated steam is
sent to a steam turbine.

10 However, the conventional combustion apparatus has
the problem that almost complete combustion of RDF in
the fluidized furnace 1 increases the internal
temperature of the furnace 1 to a considerably high
level and necessitates supply.of secondary air at a high

15 rate to result in the presence of a large amount of
.oxygen, consequently producing large gquantities of NOx
with the nitrogen contained in RDF and the nitrogen
afforded by the air. Further since fhe combustion gases
flowing into the cyclone 2 have a considerably high

20 temperature, for example, of at least aboﬁt 800° C, the
apparatus Has another problem that the ash resulting
from incineration and contained in the gases is partly

melted and adheres to the cyclone 2 to entail an

impaired medium separation efficiency. Another problem



8 is also encountered in that the nolten ash adheres to the free-flow ng
medi-um causing faulty fluidization in the furnace 1. An attenpt to reduce
the tenperature of the furnace 1 to preclude these problens will entail the
5. problemof giving rise to inconplete conbustion to produce increased
anounts of unburned conmbusti bles. An object of the present inventionis to
overcone the fore90|ng probl ens and to provide a conbustion apparatus which
is dimnished in the quantities of NOx 10 produced, further permtting a
cyclone or like dust collector to achieve an inproved efficiency in
separating off a free-flow ng nediumand assw@ing a fluidized-bed furnace
of effective fluidization. DI SCLOSURE OF THE | NVENTI ON 15 The present

i nvention provi dessaaktsobaatbantappdr ahushadtnphesmajitanf aahdadbdrbsdto
furnace, a dust collector disposed downstream fromthe furnace for

separating a freethbovirBg-mR8iviiAyanddauapnBdeting Fesldyerllusahaagednt eam
the furnace from conbustion 20 gases and collecting the nmedium and the

residue, a medi UmpeSEQYRAER! YN §HARBELmBEO¥LIBdaheE eRE EQﬁpQHﬁEure of
coll ector and the fluidized-bed furnace for returning the free-fl ow ng

medi um and the COERESEhQHaEESidHS preclude these problems will entail the

5 problem of giving rise to incomplete combustion to
produce increased amounts of unburned combustibles.

An object of the present invention is to overcome
the foregoing problems and to provide a combustion
apparatus which is diminished in the quantities of NO=x

10 produced, further perﬁitting a cyclone or like dust
collector to achieve an improved efficiency in
separating off a free-flowing medium and assuring a
fluidized-bed furnace of effective fluidization.
DISCLOSURE OF THE INVENTION

15 The present invention provides a combustion
apparatus comprising a fluidized-bed furnace, a dust
collector disposed downstream from the furnace for
separating a free-flowing medium and a combustion
residue discharged from the furnace from combustion

20 gases and collecting the medium and the residue, a
medium-residue return channel provided between the dust
collector and the fluidized-bed furnace for returning
the free-flowing medium and the combustion residue

collected by the dust collector to the furnace



coll ected by the dust collector to the furnace 9 therethrough, and a
secondary conbustion furnace di sposed downstream fromthe dust collector
for conpletely burning unburned conbustibles in the conbustion gases
egressing fromthe dust collector by 5 introducing air into the conbustion
furnace. When the apparatus is thus constructed, the portion of
conbustibles left inconpletely burned in the fluidized-bed furnace and
contained in the conbustion gases fromthe dust collector can be conpletely
burned 10 in the secondary conbustion furnace in the presence of air
i ntroduced therein. This makes it possibl @ to give a relatively | ow
I nternal tenperature to the fluidized- bed furnace and to reduce the rate
of supply of OW}RESthEERIRRE | SREPAIITALITRYRTIUN DITRFER | er
quantities 15 of NOx than in the conventional apparatus. Since the fuel is
not conpl et el ydispored | fownetream dfven- thel dughaeelledkoE of®listi on gases
flowng into the dust collector have a relatively | ow tenperature,
preventing i nocompbetehy astrhingn webeimed i conpestilisiesolhetrdr and 20
consequently enabling the dust collector to separate the free-fl ow ng
medi um f r om t heomioudtsdh Ofagas esgink s 8img hif ghrer tied f des encylieéahor nbyhe
conventi onal apparat us.
5 introducing air into the combustion furnace.
When the apparatus is thus constructed, the portion
of combustibles left incompletely burned in the
fluidized-bed furnace and contained in the combustion
gases from the dust collector can be completely burned
10 in the secondary combustion furnace in the presence of
air introduced therein. This makes it possible to give
a relatively low internal temperature to the fluidized-
bed furnace and to reduce the rate of supply of oxygen,
consequently permitting formation of smaller quantities
15 of NOx than in the conventional apparatus. Since the
fuel is not completely burned in the fluidized-bed
furnace, the combustion gases flowing into the dust
collector have a relatively low temperature, preventing
incineration ash from melting in the dust collector and
20 consequently enabling the dust collector to separate the
free-flowing medium from the combustion gases with a
higher efficiency than in the conventional apparatus.

Because molten incineration ash is unlikely to adhere to

the medium, faulty fuidizatidn within the fluidized-bed



Because nmolten incineration ash is unlikely to adhere to the nedium faulty
fuidi zation within the fluidized-bed 10 furnace is avoidable. The
unburned conbusti bl es contained in the conbustion gases fromthe dust
collector can further be burned conpletely in the secondary conbustion
furnace. 5 The conbustion apparatus of the present invention may
further conprise a heat recovery unit disposed at an internedi ate portion
of the medi umresidue return channel for recovering heat fromthe
free-fl owi ng nmedi um and conbustion residue trapped in the dust collector.
10 Heat can then be recovered fromtH& heated nedi um and conbustion
residue for effective use. Preferably, the heat recovery unit is, for
exanpl e, a supfHEaWRee ¥vravwiiahle.  |IThe Hburngd IRPUsER /W ng medi um
and conmbustion 15 residue in the fluidized-bed furnace flow into the dust
col l ector al ongcantaingd vorhstdarbuplicn garps HrqRethtudystretained in
the collector for a sufficient period of time before it is returned as
separ at ed fromddiclemisms ¢an t fierther de dohitrest] feonpicate Mhakrebyhe he 20
residue is dechlorinated. This precludes high- tenperature corrosion of the
super heat er duesddoridery combustion furnace.
5 The combustion apparatus of the present invention
may further comprise a heat recovery unit disposed at an
intermediate portion of the medium-residue return
channel for recovering heat from the free-flowing medium
and combustion residue trapped in the dust collector.
10 Heat can then be recovered from the heated medium
and combustion residue for effective use.
Preferably, the heat recovery unit is, for example,
a superheater for a boiler.
In this case, the free-flowing medium and combustion
15 residue in the fluidized-bed furnace flow into the dust
collector along with the combustion gases, and the
residue is retained in the collector for a sufficient
period of time before it is returned as separated from
the gases to the fluidized-bed furnace, whereby the
20 residue is dechlorinated. This precludes high-
temperature corrosion of the superheater due to the
presence of chlorine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the overall construction



presence of chlorine. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a diagram
showi ng the overall construction of a conbustion apparatus of the
invention for use as a boiler wherein RDF is used as the fuel; FIG 2 is a
fragmentary diagramin horizontal section showing a nodified dust collector
as a 5 substitute for a cyclone; FIG 3 is a diagramshow ng the overal
construction of a conbustion apparatus of the invention for use as an

i ncinerator for burning nunicipal waste; and FIG 4 is a di agram show ng
the overall construction 10 of a conventiogﬁl conbusti on apparatus for use
as a boiler wherein RDF is used as the fuel"™ BEST MODE OF CARRYI NG QUT THE

ol ow wi th 1 f oPinZaCRELRE AP arRgE S tps oF CRETIR-BRntey efF UERCRR

bel ow with refePé&nfeS overa

construction of _a . conbustion a ratus of. the_ invention for use as a boiler
wherein RDF is 88& eﬁé“%ﬁEeFGe%%%lﬁsFPééd fsaﬁbe4?uﬁﬂke parts are
designated by |like reference nunerals and will not be described_repeatedly.

20 The fluidi zE&Sbed f&r Aaddagmentery Sémgael &R BRPAFAPEELshown in

FIG 1 does not have as |large a space
section showing a modified dust collector as a .

5 substitute for a cyclone;

FIG. 3 is a diagram showing the overall construction
of a combustion apparatus of the invention for use as an
incinerator for burning municipal waste; and

FIG. 4 is a diégram showing the overall construction

10 of a conventional combustion apparatus for use as a
boiler wherein RDF is used as the fuel.

EEST MODE OF CARRYING OUT THE INVENTION

The best mode of carrfing out the inventién will be
described below with reference to the drawings.

15 FIG. 1 shows the overall construction of a
combustion apparatué-of the invention for use as a
boiler wherein RDF is used as the fuel. In FIGS. 1 and
4, like parts are designated by like reference numerals
and will not be described repeatedly.

20 The fluidized-bed furnace 1 of the combustion
apparatus shown in FIG. 1 does not have as large a space
as in the apparatus of FIG. 4 but is basically the same
as that of FIG. 4 in construction. However, the

combustion apparatus comprises a secondary combustion



as in the apparatus of FIG 4 but is basically the sane as that of FIG 4

I A construction. However, the conbustion apparatus conprises a secondary
conbusti on 12 furnace 31 di sposed downstream fromthe cyclone 2 and
upstream from the heat recovery colum 14. The secondary conbustion furnace
31 is supplied with tertiary air and conpletely burns the unburned 5
conbustibles in the conbusti on gases delivered fromthe fluidized-bed
furnace 1 via the cyclone 2. Wth the exception of this feature, the
apparatus is the same as the one shown in FIG 4. RDF is placed by the
hopper 7 into the fluidized-bed 10 furnace 112f the conbusti-on apparat us

t hus constructed and burned in the fluidized bed wthin the furnace 1 as is
the case wth thefappacatdt dispoGdidowhetfeanh Fzobmuthedcyalene 2uphdce 1
at a smaller rate of supply of secondary air than when it is 15 conpletely
burned therein, iupstréamatromethexyget ceoceatyatobunpnahdl. i sThet :
conpletely burned, so that the tenperature of conbustion is |ower,

consequent |y redugkBgniheyddsmnbittesnofuledceo3beipr sdppeiledespeni al |y NOx
responsible to the nitrogen contained in 20 the RDF.
tertiary air and completely burns the unburned.

5 combustibles in the combustion gases delivered from the
fluidized—bed furnace 1 via the cyclone 2. With the
exception of this feature, the apparatus is the same as
the one shown in FIG. 4.

RDF is placed by the hopper 7 into the fluidized-bed
10 furnace 1 of the combustion apparatus thus constructed
and burned in the fluidized bed within the furnace 1 as
is the case with the apparatus of FIG. 4.
The fuel is burned in the furnace 1 at a smaller
rate of supply of secondary air than when it is

15 completely burned therein, i.e., at a lower oxygen
concentration, and is not completely burned, so that the
temperature of combustion is lower, consequently
reducing the quantities of NOx to be produced,
especially NOx responsible to the nitrogen contained in-

20 the RDF.

Combustion gases containing unburned combustibles
and the free-flowing medium containing a combustion
residue flow into the cyclone 2 from the upper end of

the fluidized-bed furnace 1. As in the apparatus of



Combusti on gases contai ni ng unburned conbustibles and the free-fl ow ng

medi um cont ai ning a conbustion residue flow into the cyclone 2 fromthe
upper end of the fluidized-bed furnace 1. As in the apparatus of 13 FIG
4, the nedium and conbustion residue are separated -off and trapped in the
cyclone 2 and returned to the furnace 1 through the two branches 3a, 3b of
the nmedium residue return channel 3. The steamflowi ng through the 5
superheater 13 is superheated while the nmedi um and residue pass through the
branch 3a. The period of tine fromthe charging of RDF into the furnace 1
until the medium and conbustion residue arel8eparated off in the cyclone 2,

and the internal 10 tenperature of the furnace 1 and_the cyclone 2 are so
determ ned that FRE-chlothRemegitli Acd FHmPHét&8ﬁb5§FF8Herééﬁdﬁgpéfa%ﬁ RDF
is thermally renoved. More specifically, the tine is 1 to 2 seconds, and
the tenperature PE£680dt 5T800Edr ip CheAcysianagRy andyERtHENEHe tP5 theeam
flowi ng through the superheater 13 in the heat recovery unit 12 of the

branch 3a has a Bughatenpertarough ftbe éwanprencbesnde.| dheptt Fage BGFLAY
C, the corrosion of the superheater 13 at high tenperatures can be
precl uded. As a restiliue treeutheamsnhnelle3senttheosieam flowing through the

5 superheater 13 is superheated while the medium and
residue pass through the branch 3a.

The period of time from the charging of RDF into the
fufnace 1 until the medium and cembusticn residue are
separated off in the cyclone 2, and the internal

10 temperature of the furnace 1 and the cyclone 2 are so
determined that the chlorine contained in the combustion
residue of the RDF is thermally removed. More
specifically, the time is 1 to 2 seconds, and the
temperature is 650 to 800° C. Accordingly, even if the

15 steam flowing through the superheater 13 in the heat
recovery unit 12 of the branch 3a has a high
temperature, for example, of not lower than 500° C, the
corrosien of the superheater 13 at high temperatures can
be precluded. As a result, the steam.to be sent to a

20 steam turbine can be-set at a temperature of at least
500° C, enabling the steam turbine generating plant to
achieve a remarkably improved efficiency.

On the other hand, since incineration ash starts to

melt at about 800° C, the condition described above



20 steamturbine can be set at a tenperature of at |east 500 C, enabling
t he- steam turbi ne generating plant to achieve a remarkably inproved
efficiency. On the other hand, since incineration ash starts to nelt at
about 800[err] C, the condi‘tion described above 14 obvi ates the
| i kel i hood of nolten incineration ash adhering to the interior of the
cyclone 2, consequently precluding an inpairnent in the efficiency of
separating the medi um and conbustion residue fromthe conbustion 5 gases.
Furt her because nolten incineration ash is unlikely to adhere to the
free-flowing medium faulty fluidization is ¥oidable. The combustion gases
egressing fromthe cyclone 2 flowinto the secondary conbustjon furnace 31,
into 10 which tRYERTesi Fhe slikpldrrd Pt bR etrFineiahieme@$Mbur ned
conmbustibles in the gases. In this case, the conbustion gases have a
tenperature of abiithembng o ablrit iNbefiey |oL thel erelong of nePnseqyRntly
furnace for about 2 seconds. This tenperature range is low for the 15
formati on of NOx precivdéngianofepairment , in htise sef fdoienay i ohi SepanNdkinghe
resul ting conbustion gases flow out of the secondary conbustion furnace 31,
pass al ong the hetihe medium and combustion residue from the combustion

5 gases. Further because molten incineration ash is

unlikely td adhere to the free-flowing medium, faulty
fluidization is avoidable.

The combustion gases egressing from the cyclone 2
flow into the secondary combustion furnace 31, into

10 which tertiary air is introduced to completely burn the
unburned combustibles in the gases. In this case, the
combustion gases have a temperature of about 850 to
about 900° C and are retained in the furnace for about 2
seconds. This temperature range is low for the

15 formation of NOx from the nitrogen in air, thus serving
to inhibit NOx.

The resulting combustion gases flow out of the
secondary combustion furnace 31, pass along the heat
transfer surfaces of the boiler as in the apperatus of

20 FIG. 4, have their temperature reduced in the
temperature reduction column 21, and then flow into the
bag filter 22, in which hydrogen chloride, sulfur

oxides, soot and dust are removed. The gases are

thereafter released into the atmosphere via a stack.



transfer surfaces of the boiler as in the apparatus of 20 FIG 4, have
their tenperature reduced in the tenperature reduction colum 21, and then
flowinto the bag filter 22, in which hydrogen chloride, sulfur oxides,
soot and dust are renoved. The gases are thereafter released into the
at nosphere via a stack. 15 On the other hand, the superheated steamto
be fed to the steamturbine is obtained by the sane process as in the
apparatus of FIG 4. FIG 2 is a plan view of a nodified dust collector 5
which is to be disposed downstreamfromthe fluidized- bed furnace 1 for
separating the free-flowi ng nmedi um and cokbustion residue di scharged from
the furnace 1 fromthe conbustion gases and trapping these solids. Wth
reference to FIG 90 the other ckandéctbhe 3sunerkenped seseam ntiPt Ppl fedty of
medi um col i sion plates 36 provided inside an unillustrated housing in a
st aggered arr degetiratstban terhife ohsapbvained Hay hthe asamgopforesheas
free-flow ng nmedi um and conbustion residue to collide with is
channel - shapedimnchédaspparapesa sfdeEIGS &acing toward the upstream side with
respect to the flow of conbustion gases when seen from above. The plate is
left open at its uppel 2ands| 8WplagN¥Sew of a modified dust collector
5 which is to be disposed downstream from the fluidized-
bed furnace 1 for separating the free-flowing medium and
combustion residue discharged from the furnace 1 from
the combustion gases and trapping these solids.
With reference to FIG. 2, the dust collector 35
10 comprises a multiplicity of medium collision plates 36
provided insidé an unillustrated housing in a staggered
arrangement when seen from above. Each plate 36 for
the free-flowing medium and combustion residue to
collide with is channel-shaped and has an open side
15 facing toward the upstream side with respect to the flow
of combustion gases when seen from above. The plate is
left open at its upper and lower ends.
In the case of this dust collector 35, the medium
and residue striking against the collision plates 36
20 flow down the plates 36 and are discharged from the
lower end of the housing.
FIG. 3 shows the overall construction of a

combustion apparatus of the invention for use as an

incinerator for burning municipal waste. In FIGS. 3 and



In the case of this dust collector 35, the nmedium and residue striking
against the collision plates 36 20 fl ow down the plates 36 and are

di scharged fromthe | ower end of the housing. FIG 3 shows the overal
construction of a conbustion apparatus of the invention for use as an

i nci nerator for burning municipal waste. In FIGS. 3 and 16 1, like parts
are designated by like reference nunerals and will not be described
repeatedly. In the case of the conbustion apparatus of FIG 3, the heat
recovery colum included in the apparatus of 5 FIG 1 is not disposed

bet ween the secondary conbustion furnace 31 ®fid the tenperature reduction
colum 21. Further the heat recovery unit 12 of the branch 3a of the .
medi um r esi due r et urhikdapaets ahasdes tgrared drerbike veféerdmcdecaumerals
exchanger 40 for heat recovery in 10 place of the boiler superheater. The
appar atus has nonendfwilk sotyissedéscrtiosddrépsatddlpoiler, i.e., no water
tubes al ong the inner periphery of the fluidized-bed furnace 1, and no

steamdrum Wth the excepd i @dsdfot hese debus€fon tdspapPaiates Mes. the
sanme construction 15 as the one shown in FIG 1. Wth the conbustion
apparatus thus cofgdrmes€drecovery column included in the apparatus of
5 FIG. 1 is not disposed between the secondary combustion
furnace 31 and the temperature reduction column 21.
Further the heat recovery unit 12 of the branch 3a of
the medium-residue return channel 3 has a steam
generator or like heat exchanger 40 for heat recovery in
10 place of the boiler superheater. The apparatus has none
of the components needed for the boiler, i.e., no water
tubes along the inner periphery of the fluidized-bed
furnace 1, and no steam drum. With the exception of
these features, the apparatus has the same construction
15 as the one shown in FIG. 1.
With the combustion apparatus thus constructed,
municipal waste placed into the fluidized-bed furnace 1
by the hopper 7 is burned, and the free-flowing medium
and combustion residue separated from the combustion
20 gases and trapped in the cyclone 2 are returned to the
furnace 1, in the same manner as in the apparatus of
FIG. 1.

INDUSTRIAL APPLICABILITY

The combustion apparatus of the invention is



muni ci pal waste placed into the fluidized-bed furnace 1 by the hopper 7 is
burned, and the free-flow ng nmedi um and conbusti on residue separated from
t he conbustion 20 gases and trapped in the cyclone 2 are returned to the
furnace 1, in the same manner as in the apparatus of FIG 1. | NDUSTRI AL
APPLI CABI LI TY The conbusti on apparatus of the invention is 17 suitable
for use as a boiler wherein RDF is used as the fuel, or as an incinerator
for burning nmunicipal waste. 18 CLAIMS 1. (Anmended) A conbustion
apparatus conprising a fluidized-bed furnace, a dust collector disposed
downstream fromthe furnace for separatingld free- 5 flow ng nmedium and a
conbustion residue di scharged fromthe furnace from conbusti on gases and
col | ecting the sedtablendorhéseesisdgebodleadwhereds RRE Aet WSeSc Rdhridie
provi ded between the dust collector and the fluidized- bed furnace for
returning the ffeelfl owi ag medimwimegator for burning municipal waste.



10 the conbustion residue collected by the dust collector to the furnace

t heret hrough, and a secondary conbusti on furnace di sposed downstream from
the dust collector for conpletely burning unburned conbustlbles in the
combusti on gases egressing fromthe dust ?ng . Int r oduci ng air
into the conbustion furnace, the fluidize é% &g Jghe dust
col l ector being set at an internal tenperature g to 8 C, the rate of

i ntroduction of the air into the secondary conbustion fur bei n
determ ned that the conmbustion gases in 20 the secondary conbusti on furnace

have a tenperature of 850 to 900[err] C. 2. ¥8conbustion atﬂﬂlﬁ Mﬁ'"" -
according to claim1l wherein a heat recovery unit is dispo ""'""ﬂ

i ntermedi ate portion of the medi umresi dueCLAING N channel’ fbr recovéri ng
heat fromthe free-fl ow ng nmedi um and the conbustion residue coll ected by
the dust collector. 31. /A coddusstOdn afsdrd tiss asamyrh siohd ca of uid 2z&d-bed
wherein the heat recovery unit is a superheater for a boiler.

furnace, a dust collector disposed downstream from the

furnace for separating a free-flowing medium and a

5 combustion residue discharged from the furnace from
combustion gases and collecting the medium and the
fesidue, a medium-residue return channel provided
between the dust collecfor and the fluidized-bed furnace
for returning the free-flowing medium and the combustion

10 residue collected by the dust collector to the furnace
therethrough, and a secondary combustion furnace
disposed downstream from the dust collector for
completely burning unburned combustibles in the
combustion gases egressing from the dust collector by

15 introducing air into the combustion furnace.

2. A combustion apparatus according to claim 1
wherein a heat recovery unit is disposed at an
intermediate portion of the medium-residue return
channel for recovering heat from the free-flowing medium

20 and the combustion residue collected by the dust
collector. |

3. A combustion apparatus according to claim 2

wherein the heat recovery unit is a superheater for a

boiler. e —
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