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METHOD OF MELTING ASH Field of the Invention This inventio 4p§§@e?@@ean
ur e S a

ash-nel ti nd a nethod used to nelt the ash. The

bur ner to\mm“\mmﬂmt the surface of ash, which may be the fly ash or the
ash exhaust ed,fsf¢g¢m an i ncinerator suédh as that which burns nunici pal
garbage or industrial waste, or froma coalfired boiler. This nelted ash is

t hen discharged as |iquified sl BESCRIPITONpt i on of the Related Art The

mat eri al exhausted from an incinerator which burns nunicipal g

i ndustrial waste contains ash and exhaust gases. The ash is trmmmmﬂmm"mm
wat er - s gl g fﬁge " resul wet ash is collected, and dry«gggd+1 S
col | ect G?HI n tLﬁre r?l%gtl"g[t&g Aﬁe’%@yﬁ@s”@ﬁ'@é’ﬂ &8Hed ash are preprocessed
by crushing them and magnetically separating and renoving their iron
conponent which has a high nelting point. The wet ash is then put through a

drier arRdedidxed whehihken@iynash to formprimary ash. The fly ash is
captured when the gases exhausted fromthe incinerator pass through a dust

chanber, suchhas dnveg tfiont exgndafmy %rbehgﬁ-nhéhﬁi‘ﬁ&dfb%?céhg gt mpsphere.
The fly ash contains a considerable volune of heavy netals andsalts with a
| ow boi MPHBCPoPAEd ARdmedst the wisd.compendnirhatd use@l af iduiraeang di sperse
anong tge gasea when the ash is subjected to thermal processing at high 0
4 SEP 2083% 3NtcliptatliPesUrfisfever, ashe walith walyl bdamhge ke Jagat

resistag% pﬁ)%té nse)agi the furnace. This is why it is uncomon to nelt the
fly ash’ by SRR oM A Ifaenradior much lee fhptaghiwht h t he

prl”HrYb@§$bfﬁﬁhiG%ﬁaflaﬁPﬂﬂg%F%Qeﬁhdustrial waste, or from a coal-

fired boiler. This melted ash is then discharged as

liquified slugs.

Description of the Related Art

The material exhausted from an incinerator which burns
municipal garbage or industrial waste contains ash and
exhaust gases. The ash is treated with a water~sealing
process; the resultant wet ash is collected, and dry ash is
collected in the dry state. The two types of collected ash
are preprocessed by crushing them and magnetically
separating and removing their iron component which has a
high melting point. The wet ash is then put through a drier
and mixed with the dry ash to form primary ash.

The fly ash is captured when the gases exhausted from
the incinerator pass through a dust chamber, such as a bag
filter, before being released into the atmosphere.

The fly ash contains a considerable volume of heavy
metals and salts with a low boiling point, and most of the
components will volatilize and disperse among the gases when

the ash is subjected to thermal processing at high



To nelt and solidify the ash m xture descri bed above, a burner-style
ash-nelting furnace is used. This is a furnace which appl ésSEEaﬂmpo t he
surface of the ash to nelt it and discharges the nelted ash as slugs. There
are two types of burner-style ash-nelting furnaces: a furnace with a round,
rotating surface, and a furnace withZ fixed surface, which is an inclined
reflecting furnace. Then follow ng di scussion of burner-style ash-nelting

f ur nacesemoeraiunaly agfPWeEeY on ther saltsi mddat | damagel Ithe bgadd on the
|atter type of furnace, a fixed-surface ash-nelting furnace, the operation
of whi cFafiataty POTRACES yobx e nEHrNEPg. 19TBABwsI S FhWedlSudFace
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56; and s &logrfndthi ch is a nmeans to propel the ash forward in the
furnace. The supply unit 53 conprises ash stack 60 and its supply port 54.
Ash stack 60 momielthsamdhsdlkiiife Dhe ashofbkbatrbonestrpbedaayossh and fly
ash. The ash is fed by gravity to the highest surface of the floor of the
furnace,a dbuneserysbglewaslpmield ipiord Farndke abkh misetiure Whish Ik ops to this
surface is intermttently forced al ong fl oor 55 ~ 4 SEP 2002 3 towards

t he i nt einnaasf whielk appddesbhepietacthenserfapesief B8 amli $of oedd a | ayer
of ash 59 all_ along the inclined_surface of floor 55. The burner 52 is

pl aced ditorRPd HELEEPRFIES akhe Belied afh %6 AYuffi-d fIRETQNPER t¥Of or ced

into the _burner.is _atom eg_by onpr.essed air or steamJfroma wa he heat
boi | er  AEED P BTG S S Atale L £ Y a%esH x8d THFBRCRoF LAY
suppl i e%zako{lna S ‘.{1{{@ csqﬁs%d& it ha coMisha éhe‘ﬁ{:ﬁnfxas 4@yt he fixed
bur ner eat and nelt t%e surface o? ash | ayer g . e end o? gPoor 55 at
the portsurkddRAdswhOchha s eghonnamed heeflsdEend r elirhBeelur neheh?
radi ate. The exterior surface of ash layer 59, which continues to nove
t owar ds fidid adiisthaligecysrioh 70f i bBuhraredtabd hshuméleingf dummagespl t en ash
25, which collects in slug reservoir 65. This ash passes through drain port
20 in dithe 2FizempepPpdishtidon2sar thishiriveéptien, ofildi dehhagedpont 57.
These slugs are carried on_a water-seal ed conveyor_ (not shown) and
dischardﬁﬂatBaFH%re%ﬁgFion furnace, a fixed-surface ash-melting

furnace, the operation of which will now be briefly

explained.

Fig. 19 shows a fixed-surface melting furnace. In this

drawing, ash-melting furnace 51 is comprised of floor 55,

which inclines downward; ash supply unit 53, which is above

one end of the main body of the furnace; discharge port 57,

which is on the other end of the furnace; fixed burner 52,

which is installed on ceiling 56; and pusher 58, which is a

means to propel the ash forward in the furnace.

The supply unit 53 comprises ash stack 60 and its

supply port 54. Ash stack 60 contalns ash mixture 50, a

combination of primary ash and fly ash. The ash is fed by

gravity to the hilghest surface of the floor of the furnace,

directly below supply port 54. The ash mixture which drops

to this surface is intermittently forced along floor 55



Rel ated art designs for such an ash-nelting furnace have the foll ow ng
shortcom ngs. The first problemhas to do with the use ofga hurner relying
on air.» If an air-fed burner is used in the related art agﬁhﬁ &Pugl@escri bed
above, a preheater is needed to heat the air to be used for conbustion in
order to boost the tenperature of the flame. Further, a dust separator is
needed because a |l arge volune of the exhaust gas will consist of substances
wi t h | oviadwsEitdsng hsoiimtteerigm MNOLhe Iflurlyeage e dhed afatdiont o€ pushegen in the
consi derabl e quantity 0 4 SEP 2002 4 of air_ used for conbustion. For

t hese ré&dsons B1Fe§QHWﬁJ%H%PY%rtstéﬁguﬁ%n%i%x?beﬁgeﬁh?cﬁ@@%&ﬂeqvmth an
oxygen concentration of und 30% far anmbient air (with an oxygen
concentﬁﬂﬁé%? éh% %i However, the ash to be melted in this sort of

furnace consi ts BL ng__l qJLbs ggt afc!esd Wﬁ&?ﬂ@' fe‘ Je@‘énqﬁ@ racé}e{é st |fcs due to

their differen conp05|t|ons nerator | s Used, there IS

no vay 1 ;a%Qifl e UCtL‘iQfdef‘sflfgl Wi dr0ad ﬁ&u L) tﬂ%ﬁ%@&ne%

appropriate counterneasures for these | oa ctuations to assure stable

and ef f igicaitz P Syadomprant &do aBi-08ucet Bag hr fvtl 4 twa g8 ey tSibedgerThe
second problemis associated with slug reservoir 65, in which the nolten

ash 25 andlmprayes) iatcd dhai chpomber20yhahe cht edd enideed widighoti kér23 on t he
outl et side of the reservoir.

supplied at the same time, causing it to combust. The

flames from the fixed burner 52 heat and melt the surface of

ash layer 59.

The end of floor 55 at the port 57 leads to the region
where the flames from the burner 52 radiate. The exterior
surface of ash layer 59, which continues to move towards the
discharge port 57, is heated and liquified, forming molten
ash 25, which collects in slug reservoir 65. This ash
passes through drain port 20 in dike 23 as molten slugs 25a,
which drip out of discharge port 57. These slugs are
carried on a water-sealed conveyor (not shown) and
discharged to the exterior.

Related art designs for such an ash-melting furnace
have the following shortcomings.

The first problem has to do with the use of a burner
relying on air.

If an air-fed burner 1is used 1n the related art
apparatus described above, a preheater is needed to heat the
air to be used for combustion in order to boost the
temperature of the flame. Further, a dust separator is
needed because a large volume of the exhaust gas will
consist of substances with low boiling points. And NOx will

be generated from the nitrogen in the conslderable quantity



D ke 23, which creates the slug reservoir 65, and drain port 20 in dike 23
are shown in Fig. 21. Slug reservoir 65 is a nore or |ess rﬂcéggﬁglar
cistern.! The nolten ash 25 which accunmul ates in rectangul ar *r 2002 65 i s
evacuated via drain port 20 in the center of the dike. However, the nolten
ash 25 which finds its way into the cérners where dike 23 neets the walls
of the reservoir stagnates there. The stagnant portions of the ash

experi enfé @idr opSeR LoFperathnet Hon. bedone theger retboasnar rowsagtt he

channel . Thia hastan a v%lr_se effect on the fluidity of the slug. The third
probl em EbRREr AS {he Sé‘g’r?f it | B BN SHh B adahi Ot tovass expoen f | oor

55. Eith . fall turally f | t 54 of the ash
Ctack 60 andCTRaiafery PRrEs ok S anbni e TakwiAD| en crrvapse y. o1

the ash g@nEeper-stack 8F S 012 5 is pushed towards the discharge
port 57 on the far end of atr Lelﬂgurggg € by pusher 58, which noves along the

floor 55 at thewewerangfet @ashh@oChamagl+BUriREer %ﬂhch eats and nelts
'éﬁjﬁhtﬁﬁigng pé&éﬁﬁﬂ?%% seen in

the ash, is |located along the central axis o

Fig. 22 ¢Msishssobwaneiows aalttesial&OwetRl dl £66r& 0t Nth 48811 Qu 1 fadi at ed
flame 35 _on the central axis of the surface of ash layer 59. The ash in

heat ed r@ge diP 38eigh diff emenitphomposti tiegson BSsbsahest athAME RIS,
formng a well of nolten ash. Fromthe well, the nolten ash 25 drips out of
di schar @Bhotf Byedpolkbese i narWae teeavphdFEguc2RaA)oasd ofi ghe22( B),

t he push rel ated art has a pushing el enent made as a

squar e fgé?f?gSkaﬁ%(fj clt‘I%Ft@E eS8mANg; 14 Loy GRRAERRA It e coswm tegutsiasmreshen t he
][lel)g: eg Sf”cKez_E] A %@;%cggghf%{gr%ﬁﬁ?jcigﬁsa%g n3s0Ee e aB T and R e ey At o

operation and to produce high-quality molten slugs.

The second problem is associated with slug reservoir
65, in which the molten ash 25 accumulates, and drain port
20, which extends through dike 23 on the outlet side of the
reservoir,

Dike 23, which creates the slug reservoir 65, and drain
port 20 in dike 23 are shown in Fig. 21. Slug reservoir 65
is a more or less rectangular cistern. The molten ash 25
which accumulates in rectangular reservoir 65 is evacuated
via drain port 20 in the center of the dike. However, the
molten ash 25 which finds its way into the corners where
dike 23 meets the walls of the reservoir stagnates there.
The stagnant portions of the ash experience a drop in
temperature and become larger, thus narrowing the channel.
This has an adverse effect on the fluidity of the slug.

The third problem concerns the configuration of pusher
58, which moves along floor 55.

Either the ash layer 59 falls naturally from supply
port 54 of the ash stack 60 and immediately forms a layer of

ash with an angle of repose Y, or the ash 50 from stack 60



Thus the ash is supplied to the region outside heated area 35a in the sane
quantity as it is to area 35a. The ash supplied to the rengn gﬁt"ge
heat ed '‘area 35a i s pushed from supply port 54 towards dis % dgh 57 in
an unnelted state. This unnelted ash will be mxed in with the nelted ash
25 which drips out of discharge port 57, degrading the quality of slugs
25a. The fourth problemconcerns the kinds of incinerator ash to be
processddé. dushedti tovrrdd the discbaaige poothl & orel thedfarteadhrél ting
furnaces experl ence the follow ng probl ens concerni n t he supply of ash
even whdheoAWnRacs Ryl Pusher o8 a¥hrich mevigs ﬁ'tllotné’dt ?) fdwer gﬁeaésh i's

supplie ot ent rance . of 0 4 SEP 2002 6 chanber on the near end of
fl oor g q§i gﬁ)q?l é%“?ﬁﬁﬂiy unit 53 , it is allowed to fall by its
own wei ght . YL aswﬁi‘@haﬁﬁgftél o e LAUENTL 3, deyel 1B2agea
crosslinkages, nmaking it 0SSl produce an even’ supp ? The ash
whi ch f %Jllo%gortt& teeneﬁei ﬁﬁﬁﬂsOfoff I&Qﬂlﬁg | 56 pusRgd RPNk ¢ Q@eh nghi ned
surface of the floor towards di scharge port 57 on the opposite end of the
chanber iy .peshen )38 thasf purhashctéyess 59 mdus kel 128 smevendoasliand forth
intermttently. This intermttent novenment, conbined with the absorbed
i npact off asidifeidd niglare c3ungs Uie asénpealiskes oft hhevsnraaweakfcoupl i ng
i ndex, can cause sudden undul ations in the surface of ash |ayer 59. Thus
t he st atshoflayied §9h sThea@eh hionthepteldl nadicad 352 ohe thgdprarirhed¥ fromt he
flame of burner 52 is unstable, nakl%ékét virtual ly |nP055|bIe to achieve a
\gh

stabl e @cfntrlerﬂ}(%‘s :fﬁjtjfsf dW‘H"fEQm?’t‘er{“ '25f°3f’h1'§ﬁn"ér‘& 1j Pfdi"Pi‘é?Bnt types
f h | t th Th

gupglsie%'r Eé gﬁpﬁi UHF Hﬁe'@ﬁﬁ%ﬁbeeép e a gh IS
formed by d % ' éﬁSP“ShﬁE é@egs Lk Egﬂv%'sg%éﬁwﬁé'99§ 552(@%" cone
to rest at a rent angl e of repbse Wi th respec [

dependi rag,aomwatzzt(me theaﬁﬁshtar‘ $8 \Aistea ignehtayeeiae&aaaht hhs heading
end of ash layer 59 will cone to a stop a consi derabl e distance from

di schar gaspdmnlg S1enent tmadd 1abe apushedrevesrihegend ofi scitbdigeegort 57. | f
it stops too soon, the nolten ash 25 will be formed short of discharge port
57, andwitth |atesfasgylarl cnwts geechionequi Wheh ditbeamsslatiash ankn

propelled by pusher 58. The nol ten ash 25 will not be able to flow out of
the fur R¥SYeIaRE if HEGInabhePihas Msheshacresissthst erideei Wabh f1 oor

of floor 55 equally and uniformly.

Thus the ash is supplied to the region outside heated
area 35a in the same guantity as it is to area 35a. The ash
supplied to the region outside heated area 35a is pushed
from supply port 54 towards discharge port 57 in an unmelted
state. This unmelted ash will be mixed in with the melted
ash 25 which drips out of discharge port 57, degrading the
quality of slugs 25a.

The fourth problem concerns the kinds of incinerator
ash to be processed.

In addition to the aforesaid problem, related art ash-
melting furnaces experience the following problems
concerning the supply of ash even when only a single sort of
ash is to be melted.

1) When the ash is supplied to the entrance of the



~ ~ SEP 2002 z 55 just before discharge port 57 becones exposed and
corrodes fromthe excessive heat. If the ash |ayer travelséig Es it wll
continue to nelt, and when pusher 58 noves as the nolten a SEPI 02 from
the far side of floor 55, the nmonmentum of the new ash 50 which is supplied
may cause the nolten ash 25 to aval afiche. Unnelted ash 50 will flow out
with the nolten ash 25, and the quality of the nolten ash will suffer. In
ot her wobhdgberheomntihe bearepode cfanf bezom hel from ysbtaicdn &0 sefbhehsuppl y of
ash is achieved, as discussed above. How to achi eve a stable sugply of ash
in the ﬁ@@ﬁ&@éqQ¥ Pherdforl® A tWmT be fﬁélhﬁﬁhéﬂS;ﬁW%rW9y9 Yhere is a

furth bl t f h d fl lied to th

|t ori oFRSEYERG (A nEiE PRR (TN LhoRr et s Sa PP EPRS f ur nace
51. Al d, d h
| ayer 5 gﬁ%ﬁ.% ggﬁggg{gﬁof Pﬂh%sggﬁggbﬁxtgﬁ;ggnggthg%%%ésﬁgg Kgrfoﬁroafng
probl em When )t heyeadistyleat f41008 té}?tc‘j'@tﬁ@ REaPUERE oP2r1 SoRPRLI ed to

its surface to heat it, the combustion gases fromthe burner cause

superfi ng pardhe] esL G N R6 ihelihydashrifadese dx ovke UplGoel Bowands Many of
t hese particles escape fromthe ashnelting furnace wth the exhaust gases.

Summrar y ddfschlagrgenveortt oh7 Tloe othhecoppbstihes endveof i ahei sHamipovbgde an
ashnel ting furnace which can respond to fluctuations in the | oad and which
wi || bepyspes SShfthifeny 23hi tagar 8Ad stPalsihennid avovwss bhaelke and
specifically, its object is to provide an ash-nelting furnace which is able
to contﬁ@Ft¥hénterm§E§?@GéYS qd ﬁFl%9t6?mé§ﬁe§EpBPV%He%ﬁd epmbuedtity of

heat pr%&%%eqﬂgy éggbggrgeimpacEes Bsh tPaiTEnat%%ec hm&gec%ytflom/Of the

particles with even a weak coupling index, can cause sudden
undulations in the surface of ash layer 59. Thus the state
of the ash surface heated and melted by the radiant heat
from the flame of burner 52 is unstable, making it virtually
impossible to achieve a stable continuous outflow of molten
ash 25.

In general, if different types of ash are to be melted,
there will be another problem. The ash 50 1s supplied via
the supply unit 53. The surface of ash layer 59, which 1is
formed by the action of pusher 58 as it travels along floor
55, will come to rest at a different angle of repose y with
respect to floor 55 depending on what type of ash it is.
With some types of ash, the leading end of ash layer 59 will
come to a stop a considerable distance from discharge port
57, or it will be pushed even beyond discharge port 57. If
it stops too soon, the molten ash 25 will be formed short of
discharge port 57, and its leading end will not go the
required distance even when propelled by pusher 58. The
molten ash 25 will not be able to flow out of the furnace,

and it may happen that the heat-resistant material on floor



nol ten slugs. Another object of this invention is to provide an ash nelting
furnace with an efficient drain which can maxim ze the fl ui ddty of the

nol ten 'sl ugs being rel eased. Mrre specifically, this object 4 SEPp208i de
an ash-nelting furnace which will assure that the nolten slugs consisting
of nmolten ash which has accunul ated ’n the slug reservoir wll have
sufficient fluidity to allowthemto reach the discharge port and wll flow
at a hi §her jvetocheforeetdigrhdrege olgacht &7 t hesomagenexpased tangrovi de an
ash-nelting furnace in which the pusher to force the |ayer of supplied ash
al ong t RETEPEBE dFomhéheyprseesiyRal@dtihe di scharge port will have a

hi ng el enent _ of | shape, so that as littl ible of the ash
pushed f or waftl 5t REIpAGHEE WFPYSdnd BUeate el i G G118he P ur nace
wh h [ red, . i t t th
urner Pk PR apSd dpshor, 38 BuedCab “BheTHITR, B o 4L ovi de

an ash- gebhi Bflef %&}agga@awfngsl%o%orgd IUWHE IfsheMY i) SNl ESh&y GOLN | nuous

stabl e supply of ash fromthe supply part towards the discharge port in the
floor otot henfetinace isuppldesd t Magsseagse sirdl edadd owsaf ppl tesn ash with
m ni mum fl uctuation. Yet another object of this invention is to provide an
ash- nel avagahohaacénaaltad neshofio ofi Xielfiliowg ohtewdsh wheaholtéh astabl e ash
to be nelted efficiently when a conposite ash consisting of a m xture of
the pri ddryanghthaagvpyitynefnshat wplieh, aghdwily suffes.nelted. It will do
so by 0 4 SEA 2002 9 preventing the fly ash fromflying about in the

f ur nace mhenIPh@tﬁﬁﬁpﬁggﬁﬁ'a§Hei nglet @ TeRRSe nGRnt PO it HTEY 1 and 2
concerns, control _.of the heati si,ng _an.oxygen-entjched burner. It enables
Che contPeh Bretaile aripribo AR aeRa Sk leaaf il FEtEart by

(1 ncl udj e i3l o] e eng t fithe,ax ~aThi S 1 nvention
can con??glkﬁoﬁay1%%%ﬁi 33 ﬁﬁg gpgﬁ&liﬁing% s%ﬁtﬁggdg%gﬁhfaﬁgfhe

oxygen- eRekehsdedi b aaﬁiathvehanBigﬁeshepﬁibrieybe supplied in response to
the state of flow of the molten ash nelted by the oxygen-enriched burner.

I n an ash- neftheng fidr aa€erabear prodliem.t ha imivenineorof prcinary lash whi ch
conprises an ash supply port to supply ash provided at one end of the

f ur naceand §lwmgadhsdkasyergded tte dihecHartgeiohe afpltthen Mimnprcefvige ash at
the other end of the furnace; an oxygen-enriched burner to nelt the ash

suppl i eliher 8Pt REPRIK ¥BdGI v 3pdmt ashiaedidpg daridreveilng gusieH or war d
| inclined, fl t d dr ai t ided at the f d of th
ncl  nedtr PEBPOEELar AFR tRelRorean 2rabeli APS BSRLREN ting furnace is
characteri ZeﬁoQXvéﬁ? %R'A&Nl’%éf%tdj%ic | LohWEEREM oF PRI & Sﬁﬁr@ dpnitoring
& dr Suc

nmeans to nonitor t aln st e at the slug drain port, as a

t enper atbhfos 2t ¥ 0T urNdhasdr ehé R1aGwivgof pidB16RNt | NWRES aHd | ow of
the nolten slug; and a control neans to control either the quantity of the

ash supphdednodrheht firamt thy dflameatofpmacnesd 52y iishappdydgen-tenriitched bur ner
in response to a signal fromthe nonitoring neans in order to achieve a
st abl e suREpABON® ArTY oht of thige apmiustiginuggases bEramr dhepduimer as

claimed in claim?2, the ashpelting furnace has a conbustiqn control device
whi ch cause superfine particles such as the fly ash to be blown up

and around. Many of these particles escape from the ash-

melting furnace with the exhaust gases.

Summary of the Invention

The object of this invention 1is to provide an ash-
melting furnace which can respond to fluctuations in the
load and which will be capable of highly efficient and
stable operation. More specifically, 1its object 1is to

provide an ash-melting furnace which is able to control the



I 4 SEP 2002 conprises a nonitoring neans to nonitor the drain state at
the slug drain port, such as tenperature, volune, and drajo,y%&gpka of the
continuous outflow of the nolten slug; a calculation neans to | éWat e a
control signal either for the quantity of the ash supplied or the quantity
of heat produced by the oxygen-enriched burner; and a control neans to
control either the quantity of ash supplied, or the quantity of heat
produceghdytitie okygeh- enpprdhed bodndhe queadddiysofi hiadte rrorduerd si gnal
fromthe cal cul ati on neans. This invention enables a reduction of the

vol une B¥ Wik RIEFMSAtIdH GSPRAE S tondbe Byaproper Fye aef tE1P¥eet W% ol une of
oxygen s lied. to the oxygen-enriched furnace, thus reducing the vol une of
themnﬂm$i§%ch%ﬁg?éleased. When t he vol ume of exhaust gas is reduced,
preheater s, gusinell shIALE or sl SUIPIROT o O d MR pBIANS Lo gas| 1 or der to
elimnate can be nmmde snuller, saving space in Phe p ant. of reduci ng

| 1S Si 7 PSi 18| FurBiceeaReATRAY e 11diRn%! Jr 19l wiliHEN UM Hehd iR 40! ten sl ug
fromthe slug drain port, the furnace can be operated in a nore stable and
ef fici etiie f ZIMiALLY NoEhitheemRoUt8RNts1dds t Beiflgt a@ivshdeaniper ldife of the
slug is appropriate, its volume of flow as calculated fromthe w dth and

t he velsjmedeifbéalhe, situgld | owjeah bksadjauspedvibdecom r ddhi-meltimquantity
of ash to be supplied, and the tenperature and the velocity of the slug

fl ow caflRAacR|) wRied H?léoﬁﬁﬁﬁrﬁiggathéhquwwﬂﬁﬁm Sflugsatcqirddiiced by t he

burner. The heat produced by the oxygen-enriched burner is controlled by
adi Ust | PALEGRAREP FHICT (AS REPIMELAEE (FR BUPnSLUS: FESRIGE of ai 1
used to_jnduce conb iqn, .,or_th O~ SEP2Q02 vol u of oxygen added to
this aivfi.iﬁhﬁgvs S iec(r)té di u%tu]g‘?i@ésif)s qY ?a&ﬁm aﬂ‘g trﬁgcf‘e Stature of
t he coq%H§ 'ég@ 1 i e rapi glyy. gas will be

rel ease é%£ t %aﬁgﬁ%gégéu$gf%f§?ﬁg ?Fa%éy%%ﬁggzvgﬁcrea ed quickly. This

al | ows combugdi 0AnbEnEL bPYHELdoRDER1Ef ihGeRRIbY. 15h@capaRfvilde @fn fuel , the
vol une of air, and the volume of oxygen are preferably controlled

i ndepergidnmel timg t hPusnacgenhi ehjichnthef pashdrCED Catera thenillayres t he drain
state at the slug drain port; the tenperature, the volunme, and the drain
vel oci tgf cfupbiednashuadsngutheofilepbrt hé tbet Enroagg dowadkstsedthed in

responding to these detected data; th uantity of the ash supplied and/or
Lhe quAHTGIATI® RAEE BHodudBy S PHEDRIGERERSRT e MR SHAPead) ust ed,

Therefore,, .if, the ted tenperature_of.the slug iLs .appropriate, its
vorume BT Ve 25 REFETP P PRSI PR o shR Bal Plshea SRR he o1 ug
flow c i b lels 5RO e i Iy and t he
{ eper ot @ BHpE WA DU SN GLTCL I thporBYROh 02 e THLTHAD ke

cont r oljddng theappiaidd ! M .@f. healt produeese§yon Mehditd nefe nEM: HFaRIm pr oduced
by the oxygen-enriched burner can be controlled by adjusting the quantity

of fueltlsgpitesr tHlahe badietest he vol une of air used to induce
conbustion, or the volune of oxygen added to this air. Thus a snaller

vol ume of ga¥et sanebheredbiant ehethédapdnyentéonf ish&ocpmoyddeomngases wil |
i ncrease rapid i f conpared with the configuration with a cqonventional air

I
bur ner &HI TR ARGt SUFRRAP bV HBP eds CRGELABI G5 Afre B Chu&aRA& Sc Shbust i on

A, WahENGS0N T G AL RS BRI ERoh ke 'NEYY Phird Fohardt T SFP

the discharge port in the floor of the furnace in order to
assure a stable outflow of molten ash with minimum
fluctuation.

Yet another object of this invention is to provide an
ash-melting furnace and a method of melting the ash which
will enable ash to be melted efficiently when a composite
ash consisting of a mixture of the primary ash, namely,

incinerator ash, and fly ash is melted. It will do so by



12 exhaust gas will be released, and the tenperature of the flane can be

I ncreased qui ckly. Thus, this invention can provide an ash- nelting furnace
whi ch can respond to fluctuations in the |oad and which ijscgmm g%of
highly efficient and stable operation. The object of this |nvent|
according to claims 3 through 5 is td provide an ash-melting furnace with
an efficient drain which maximzes the fluidity of the nolten slugs being
r el ease@revendsings Fheefiliyngshuf nam ef bicteg dibgt oint Héei dugmaicenwhent hese
claims, which conprises an ash supply port to supply ash provided at one
end of tihe EQMRQﬁit%i%ﬂhm}%hmﬁﬂiﬁﬂge port to discharge the nDIten sl ugs of

th h at t t.h d of the { h t | t
the ash suppliga VSR @O&thabﬁ‘ﬁ%S e L ek e et B RBepushed
for var dal.qng, an, L ek 060 Shyant JouArdR R HERLL: POt P gy gleds ety Lhe far

end of | oor t rain e nol ug, |s ashnel ting furnace

i s char %tnecrﬂoqecbﬂsytﬁaevwmne%ﬁgo bR 4% dd dadiddeto COHRI bagfed gui de
wall on a dike for providing a fluidity of the nolten slugs at the drain

port. Taibke ecpecifidengt hhengﬂ:E‘li/W | tof dngdl kenr deaaklyy ¢ €matinual ly
straight or curved, and its width is gradually narrowed in a plane surface
t owar ds osaigeéndr.aiThiporinvdntion ataao gorefxwhhiet t bialy t tike dvalampoof i s
provided in the center of the dike, and a floor of a slug reservoir is
r ecessedugilohytt hdser thegdemsity ref ttihem oxfy gehve eginighiddwirmandhtBeopes
gradual | y downwar d fron1ugstrean1to downstream In the invention claimed in
cl ai ns Yolwsuglk ShespiBetenke iHRRLIRA 111 FefiRARSfedCotbehELEReCAt t he end

of the flow of the molten ash melted by the oxygen-enriched

burner.

In an ash-melting furnace according to the invention in
claim 1, which comprises an ash supply port to supply ash
provided at one end of the furnace; a slug discharge port to
discharge the molten slugs of the ash at the other end of
the furnace; an oxygen-enriched burner to melt the ash
supplied from the ash supply port, the supplied ash being
pushed forward along an inclined floor towards a drain port
provided at the far end of the inclined floor to drain the
molten slug, this ash-melting furnace 1s characterized by
the following features. It further comprises a monitoring
means to monitor the drain state at the slug drain port,
such as a temperature, a volume, and a drain velocity of the
continuous outflow of the molten slug; and a control means
to control either the quantity of the ash supplied or the
gquantity of heat produced by the oxygen-enriched burner in
response to a signal from the monitoring means in order to
achieve a stable continuous outflow of the molten slug.

To be more specific, as claimed in claim 2, the ash-

melting furnace has a combustion control device which



O 'r SEP 2002 13 slug reservoir to pool the nolten slug, the ash nelted by
the heat fromthe burner is nade to nove towards the drain m@igg i &he
outl et ‘of the slug reservoir without being collected in a Qp C Fléhu
constructed reservoir unit and wi thout |eaving unburned sedi nent behi nd.
The nolten ash is efficiently directléd towards the slug drain port, so that
It can be discharged snmoothly. Because the slug reservoir is shaped |like a
funnel dompriseseatmgniboringdmadsns thempwd toor ndves doaipheteitgesatof t he

di ke are elimnated, and the flow of nolten slug is now concentrated

nat ur al te tlhieg ddraHe RREE n. SUte 39 demRaeiuge i (vahumest mawhidnad® reservoi r

towards the di ke is ower than in relgied art reservoirs. As a result, the

|
heat - r _e‘é"r%‘?%’fy nBf e8] sc%grr_“{cﬁbs d?R_E WBePledd !'B%Jst‘h'? g_FI-ngfrpé"r ature
corrosi ofy \glgff%ﬁ hnrg?%é%gggrﬁkﬂfzﬁiyte' g aranged sq.'[ggxfé]i: thid t%t%ﬁcent er of

t he di K&, The as ea roma burnéerins al ong e center

[ine ofiidieqhuppaty Bedtrc ARPUsAHpLIER Uhe GRITGaLPOEYT BF Blodthe Mol ten

ash will flow snmoothly along the center |ine | oor. The end of the

floor ipgeddiesd SOPevhatoxgfadiiad vl v kithedt ONthd (5 RIt1 Weddsto form a
concavity. This assures that the flow of nolten ash towards the drain can

be dir etd edoantdodonekttiient ¢tlel nqudnet tiy et oashf suppldredi,n @verthler om

| ocations distant fromthe drain. The notch of the drain port may al so be
shaped quartite obtheat opraduhed, byothkaoxyigenreinrdecheldupunnelr dove
smoot hly while passing through the drain. In an ash-nelting furnace

accor diFRFRPNEPet? ntRA TR TR cFHIPRL 6CXPM oblad Balowd birdiglSes an ash

supply port %ﬁﬁs £h§é§¥¥;&ug%%bE%s a reduction of the volume of NOx
generated in the furnace by properly adjusting the volume of
oxygen supplied to the oxygen-enriched furnace, thus
reducing the volume of thermal NOx to be released.

When the volume of exhaust gas is reduced, preheaters,
dust eliminators and equipment to treat exhaust gas in order
to eliminate NOx can be made smaller, saving space in the
plant or reducing its size as well. By responding to the
state of discharging the molten slug from the slug drain
port, the furnace can be operated in a more stable and
efficient fashion.

In this embodiment, if the detected temperature of the
slug is appropriate, its volume of flow as calculated from
the width and the velocity of the slug flow can be adjusted
by controlling the quantity of ash to be supplied, and the
temperature and the velocity of the slug flow can be
adjusted by controlling the quantity of heat produced by the
burner.

The heat produced by the oxygen-enriched burner is
controlled by adjusting the quantity of fuel supplied to the

burner, the volume of air used to 1nduce combustion, or the



supply ash provided at one end of the furnace; a slug discharge port to
di scharge the nolten slugs of the ash at the other end gfgt f grace; and
a pusher to push the ash on the inclined floor supplied fromthe ash supply
port towards the region covered by the radiant heat of a burner for nelting
the ash) this ash-nelting furnace idlcharacterized by the follow ng
features. The pusher nentioned above has a pushing surface provided at the
end thevebime egfhdoxyvigenhagdeds tei thds gilde offhulse ap$eEildgrs vioflawee i s
different fromthe shape of the central portion of the pushing surface in
order t®f se®dPI ¥St REHIFeSf iabnthsy F%WP%EaE%ﬁ?rQF tBgi G° QD by the
radi ant _heat of, .the,burner. The .central _portion of the pusgiﬂg §¥rface can
d

: R
be hi gh&SThal dilt hEPCEFA2® SRY Yoent di®For EFBAYEEN F5& 1 9 at and
ei ther si e b LNG e r.face, i n,arder ply the
ash eff?%ﬁ%ﬁ%%? %@atEgecgﬁﬁngg%égko%kcgggre ab% ?ﬁg P%Hﬁgﬁ?kﬁgi#pof t he
bur ner . qfsciaiy 2l t erMatd vea1 1dies Cesimmhs PR3 | b Ofhd N nRIEAEANY it ace can
drop away towards the center to forma concave pushing surface so that the
pushi ngesfrdigetiy. directed towards the center |ine which passes through
the mddle of the region of radiant heat. Since a pusher whose front end is
configured d&he rqudrntsityrvddifiverdt, ithequbllemdi 6featnt dndrhhpusivdrmeof t he
related art, which had a rectangul ar cross section and which pushed a
uni f or MiuRREIey IFe RrFetanahty ogenthel tedi thdependentlkiv design allows a
| arger quantity of ash to be pushed towards the center of the furnace. This

maxi i zes t e g i ARV At RRs (P canede IR ihoTsithss the

tit 0 - P_200Q 5 | i t i,fh ide. Lf f th
nuener dEath gfafhcet e .eelBomEly it nnd L FhneetablBst ng Ray "
towar dsvéﬂﬁné’,e_”%rf‘d e T iR FOEMS RIS W c'?}Ht_jj]@ﬁl%ust bataslbwisghed by the

said surface w be directed towards the center |line which passes through

the m deh nf1 tidie 510G AreOettaditant ihepéspdiasngasd dhdias deftectldfeect of
maxi m zing the quantity of ash delivered to the center of the furnace and

m ni mM zdanga { heheguguant tylebf vehedath eubpéiedi dad/Srnthet gaantdttiyal porti on
of the pushing surface is higher than either side, or the center portion
can be dbohead preduged biethet dxgyeesenyiched mnaik axe adgnedgdangl e, the
advanci ng pusher will | eave_behind_the ash on either side which s outside

of the dPT%yi dfF cHhfr i WHCHPE HMPLTRE BY tHee r &itht 1feat from

he b ' f the f , the ash
1 roroBTOR A B or vearPio R PR s RER G AR RIERR 107
ei ther sige gl iiwélaéifsy)ﬂr&fy tiHeC! Eﬁ!ﬁﬁ S RCEANM be Rfgffidedeiynd. This

design makes 1t possible to supply ash only to the centér of the furnace.
Since tédsnefshoifndg hetheshejudiasityt s 6f deashur tdhggil ffe@,warghav t khiehe surface
droppi ng away towards the center to forma concave pushing surface, the ash
pushed tampdimatsurd aamdvlthebeveloetted aowaihds thegceftar Idare Wei ch passes
through the mddle of the region of radiant heat. This design has the
ef f ect adiuabedity eenitrelddaa the apapthtierf heal pnedused Mt &Reof t he
furnace and mnimzing the quantity delivered to either side. The

enbodi HEHtReXtef i ned in clains 9 through 11 show ash-rmel ting furnaces from

phi ch e drfi 308, OBl £l A enel SR 2002 AR Bushall e b 11C11e

fluctuation.”T'nh an a urnace-conprising an ash suppl'y port to
i Senar e PREPIT T AR e QR LIPREE It by R e emRert o
burner, the volume of air used to induce combustion, or the
volume of oxygen added to this air. Thus a smaller volume
of gas 1is required, and the temperature of the combustion
gases will increase rapidly 1if compared with the
configuration with a conventional air burner which adjusts

them by increasing the volume of fuel and combustion air.

With the configuration according to this invention, less



the furnace; a burner to nmelt the ash supplied fromthe ash supply port)

the supplied ash being pushed forward al ong an inclined flogr a
drain port provided at the far end of the inclined floor toﬁd$§ﬁmﬁ?ﬁ@

nol ten slug, this ash nelting furnace is characterized by the follow ng
features. It further conprises an astt f eedi ng nmeans, such as a screw
feeder, provided in the ash supply port to contlnuousl feed the ash from
the asheXa@pst g8st %ﬂ%%@b?h€eﬂﬁéﬁﬁﬁedqﬂ@xﬁheTﬁémPPF§¥u5§hQﬂﬁﬁﬁ%g means

is preferably oriented | engt ong the |ncI|ned floor fromthe ash
suppl y bb?e” SR8 ?ﬁ’ H&Rﬁfgs%mh ‘gﬁ]ﬂﬁg meBHE (i $hdp; %%V@d‘tv‘é’r‘h%%‘ill y above
the ash_s port rth ris gate an t he of the
ash sup%?yggégt ?h oPde h %%ﬂti§|us%%fﬁan%elg l%) Izﬁé% %ﬁdas on the

| nol i negy abeon 1 MREN 1l nk NYGRM Uha SkAEER! NS aé%&ﬁi%vg&e%ygxﬁ he supply
port onto the floor of the furnace i's continuously pushed forward al ong the

fl oor byrtheiéeedang dexbte, opbeataysr of ash created on the inclined
surface of the floor will travel forward in a stable fashion w thout

experi enci ngTheadwbgieadn. oft tihils imevemt Bonuniatcoomdingt eto andaitns srface
wlll receive a constant quantity of radiant heat fromthe burner. This wll
producethreughl & diai fegerspvidpt @n aghh-Betsdng thyramsli nythevarte is a
screw feeder, the_ash can be supplied continuously or in varying anounts.
Thi s al ebhkcienrt s§saim waipesﬂéﬁaméﬁﬁéctth@e|f}utiéi|taa@ff Itha Wallems due O
4SEA202mtothet dc ndltlon of the as sed. Sinc he screw

f eeder s° V%SpP8$P8eEe a§ﬁapl PhEaNa &8s ol tHGm @a§@pﬁQFﬂ£#%n90 t he

e Snda ST LoEagnd e o e iLggr s dae o7 e
Wi dth ofuphey f dracetol fsapplyr aldd ¥ pebvieeaw deediis ahd | §Bt alled across

furnace; a slug discharge port to discharge the molten slugs
of the ash at the other end of the furnace; an oxygen-
enriched burner to melt the ash supplied from the ash supply
port, the supplied ash being pushed forward along an
inclined floor towards a drain port provided at the far end
of the inclined floor to drain the molten slug, this ash-
melting furnace 1s characterized by the following features.
It further comprises a guide wall on a dike for providing a
fluidity of the molten slugs at the drain port.

To be specific, the guide wall of the dike preferably
1s continually straight or curved, and its width is
gradually narrowed in a plane surface towards said drain
port. It is also preferable that the drain port is provided
in the center of the dike, and a floor of a slug reservoir
is recessed along the orthogonal direction of the slug flow,
which slopes gradually downward from upstream to
downstream.

In the invention claimed in claims 3 through 5, since

the guide wall is provided on the dike at the end of the



the wwdth of the floor and the quantity of ash to be supplied is
controlled, they allow heating disparities across the mﬁdth(EQ §EP gmgnace
whi ch are due to the position of the burner to be addressed by r i ng
or decreasing the quantity of ash being fed. This allows the state of
melting to be equalized across the fl¥nace. The feeding means to
continuously feed the ash along the floor will create a stable ash | ayer.
| f a gasdugs giservisrdgyitdedreel t hhesmppitgnpsdiua.o Wirangeh thelhedghy of the
partition which forns the supply unit, it can be used to control the angle
of repo¥Beohegfe fFOM (WifePurifls iF 1made ste arevet hevardsathagdraédn when

ash of different es | ein |ted, The invention clained in clains 12
t hr oughw![“}cglonf;%r %\égar?lhtéf?bﬁm??i H;glef (A% e TRAPEN Ohitx S TP rePELPPhe
primary the fl e t] t her,.. | he ash
nelting?%é?ﬁ%ggﬁb %%Ifyt%éggg%}ighf%ﬁﬂﬁgﬁﬁ#gg%gﬁgﬁéréggg gﬁughp%Péing ash
on the {A¢hbned1Ehoehgf 1ABLLABACHEG Dheh bR NERCE THE WISt BEHSYRP! i ed ash
by a burner, and pushing it forward along the inclined floor towards a
drai n peffipiewvitdgddaireattar tondrat the sngd imedd lpeart t @odthal ibe nolten
ash, discharging nolten slugs of the ash at the other end of the furnace,

t hi s i neant ben dischlaznged: emondtillyy t he 0 4 SEP 2002 ~s foll ow ng
features. In the step of supplying ash, it further conprises the step of
suppl yi ng t hBegauser fhasalugshesenvelni iy shangd ddke @ §unnelofirone upper

end of the furnace to form an ugger | ayer of a two-tiered |ayer of ash,
suppl yi A§St RBEEYy tesihtes dTR1BentAPNENG FPROLESpARt FReesifles  8f the upper

d of t f f | | ft t Wo-ti d | f h
movi ng PRECCES | ratnabER” . o ehe! BaPas moTEen eRiS Fhent¥r nace.
and heal;hRgeARda TRl bQQuEQQl&“?%&%?%thﬁé‘Xﬁratiw. aThwg%wteeigm he molten

sl ugs during the noving step: er to nelt the ashes as nentioned

above, 4Ri sheNyerbanNifeactOSEsSvée asiard theg ditenagest Bwesr £104M
efficiently as follows. In the ash-nelting furnace which conprises an ash

supply paorrellatedppry asbepvoirded At aneeseundt pf thdehédat naeel stwast ug

di scharge port to discharge the nolten slugs of the ash at the other end of
t he furmaterialisurnear t thaeldikeheerparieppei désisr om gihetempesappry port,

t he supplied ash being pushed forward al ong an inclined floor towards a
drai n p6PEXPFdPPded at a far end of the inclined floor to drain the nolten

slug, this a§h-nelg'ng Hyrn eiﬁs characterized b 4 e fol]low ng features.
It conprises at*“Pe ilte ‘stélgsﬁsfl & pé’srh_ p[ﬂvwet% %%bJpY _rés ?)rovi ded
at an upggkeendeOitddicaikinathe W fditleriShy SHRRLY Bk Dbabfighdiped for

supplying the primary ash, the secon supply port being used for

suppl yi agsthe1blly @#Bdhd asheCopétel NG iffend€ RAk! | ShBSdce t BOART i 1@ry and
fly ash formng a two-tiered |ayer of ash on an inclined floor, the first
and secanduasll shppl yheoeestbel mprriangsd the mothea anl whhl flhewfly ash
forms a | ower layer of the two-tiered |ayer, and the primary ash forns an
upper | apeptbayt hdohgwshe ceniesepine0ofidhpagdpont fly ash. The first ash

supply port used for supplying the prinari ash can be located at_a
downst r eam afB8 ofPEheP¥ urthifce F120F t ABCIERBAd SRe¥hpbl yIrRAYaLked for

suppl yi the fly.ash n. be | ocat at _an_upstream area .of t f urnace,
respect Eggpy.ar‘?hé]ﬁnrgstcﬂasshc%rb‘beﬁ yf%%?ttﬁsga of* é’@ﬁﬁvﬁh ‘the pri mary ash
al ter napiug )ésci‘ﬁa?ethécﬁiﬁﬂ G ﬁéqp%rshaﬁ:garlgé‘ﬁgv%htahﬁrgh.ﬁoﬁaﬁftré he
furnace, and the second ash supply port use or supplying the fly ash can
be | ocaggdedted hAWCEOREERLARONE fl&Hd AAhreitibRCokULRACArain even

from locations distant from the drain.

The notch of the drain port may also be shaped like the
bottom of a ship, so that the molten slug will move smoothly
while passing through the drain.

In an ash-melting furnace according to the invention in

claims 6 through 8, which comprises an ash supply port to



This invention further conprises an ash feeding neans, such as a screw
feeder, to feed the fly ash at an upstream area of said furgqb§£ thﬂZash

f eedi ng neans being oriented | engthw se along the inclined fromthe
ash supply port. This invention further conprises a gate along the wall of
the ash supply port in order to adjust the height of the l|ayer of ash on
the inclined floor. Wth this enbodi nent, then, a |ower |ayer of fly ash is
fornmed WUHPYY | ayBr R)‘FO‘bW%r ptastnen ansh 6f ithe TEHEDAESS| t& iSAug

two-tiered la er of f urnace h the_ fl h.conpl etely covered
by pri mﬂ]f rcHt'% a’Eﬁe ]%é 'iRB'tLF?Be%"lB?gaQ% t‘ﬁeﬁ?? Pdyer can
easily st o) e sh ar t directly
exposed 'Eahe eriﬂearb%tc’fggés\he%nw uén%r ﬁ'ﬁl% g i ng‘t gg tﬁghprobl em

of the %eaéﬁé R 19fed hﬁééﬁ/ éﬁbﬁiiéap'ﬂ%rﬁ othhe a@ﬁt eé‘hﬁ"%#“ Eertthe

exhaust gases. Further, the iIs nelted snoothly by eat

conduct itvelatrdd airsd eﬂ‘é@.ﬂbr‘f rmdﬂed Pby Mehy 2581an€ RA¥atherhgabugheect!ly

transferred fromthe nolten ash. 0 4 SEP 2002 20 Since the inlet for the

prinary fash imeptangd ftird heashor warldon abh-fieiltadng anfintdece nl @t for the

fly ash is placed just behind it, the primary ash is deposited as a top

| ayer, aqrantenizedh bys dlélfﬁosifpédObIéerN tfleatypriesar y afhe Appehezbl e

two-tiered layer_is, therefore, formed in which the primary and fly ash are

cl ear | y Meafiapad APoYR hat et PHShIRG SuLface agpyided rahgtheverdi cal |y
near_ end of the floor_of, the furpace erefgre t he fI ash is

b
P oresolhe mfmm?mtw Sy he e S G $08 BPSPABY FEEEaCehus a

| ayer of; fI o] h 0 or-b s to

bt uct® 1 TR BEoh PEEC SHEREN 02 ulls S G Holt £ e "SREL L1
exper i ewm@%@fawsm B@E@éﬁetbh%u%ylgarﬁh@%hh V@fﬁbcwﬂ@wt go0f

coarser partic is deposited atop t |y ash, an upper layer flowis
gener at ethd Nctherdpperedqist i edvekredheby eltdid vehgiameotedyeE othél y ash on
the floor of the furnace. This creates a well-defined two-tiered |ayer in
whi ch t lbemmmeinvary and fly ash are clearly separated. Wth this
configuration nentioned above, there nmay be sone irregularities or bends in
t he ash- suppITWengcﬁai:ﬁaiorPQlﬁeioﬁh ﬁﬁr ytR&h Pashing cewrface arcd® wPeh the fly

?ﬁ&éi&ﬁwh&ﬁ%m SARFRYT o O n Bt Kea, BAE RnBer Py LBEE Q”'E' .
oot § &P ST e o BBk o bR aR o T B LB e PPRE Y T o

out si de 316f oty f %”@ﬁﬁﬁl&hﬁhé Ia/srasirﬂmédﬂw it %‘h@blc@nft%ﬁh' PQgiéﬁ a
result, this ensures at the two-tiered layer will formin a stable

f ashi oncoVearesimiyntthef rfaddamth hieatt o€ thhe- biuehed. 0 4 SEP 2002 21 fl ow can
be adjusted to provide an appropriate proportion of primary to fly ash.
This all ows tse aupdltenfatdveandive afntral gedrsleh ehathe hpuphingry ash
enclosing the fly ash will reliably nelt. Because a gate is provided to

adj ust hEfRGeyfarHfAtdRe itqWRE dehi e RO red g q@a‘h@’i’??"%f ash to

b | toth | et f th h, t t th
PPNt SN $9§aﬁ8°¥*f*§ﬂt§sﬁ5%ﬂaé T herRes” o Hfehtehe angl e

of reDOSc%J&%fs %h‘iﬂa LG 1Firx{e”%§’icﬁ§ éé‘egs OAEEMMN GRLD §PS c'tl'ig Lpat the

| eadi ng en e layer of prinmary S up am appropriate distance
fromthendl SERAGRE dI0lad i HtS nWaltl. resul t in a stable flow of nolten ash

consisting of primary and fly ash.

Since a pusher whose front end is configured as in this
embodiment is quite different from pushers of the related
art, which had a rectangular cross section and which pushed
a uniform quantity of ash all across their width, this new
design allows a larger quantity of ash to be pushed towards

the center of the furnace. This maximizes the quantity of

ash supplied to the center and minimizes the quantity



Brief Description of the Drawings Fig. 1 is a rough bl ock diagramof a
systemto control conbustion in an ash-nelting furnace which is a first
preferred enbodi nent of this invention. Fig. 2 is an enld}gegEy to show
di scharging the nolten slug fromthe drain port taken along T ne -1
shown in Fig. 1. Figs. 3 are diagran® of the control operations shown in
Fig. 1. Figs . 4 show plan views of the slug reservoir at the downstream
end of shepPLaedate &é@gﬁﬁiﬁédﬁo preferred enbodi ments of this invention.

Fig. 4(A) shows a slug reservoir of trlan%ular form Fig. 4(B) shoms a slug
reservoir fISaFBﬁo‘FF‘ ?hrihe MFhery hag &) Ssﬁéﬂ@safEFEBeF‘és L$aFd of

f | - f . ke | S
0'4's EvhtBpaeoslErgtd; dm?eﬁwéo%?aiB%er%V%ﬁasta EOE 1S Bothots & cr oss
sectiong ﬁESOe gﬂgﬂihbnguhégé” Eh8: agn lsﬁ d'§ M@rééf&'s #Pééesec“on

of the s ug reservoir a d|a rams one torm of a contacting
surfaceygfija @&ShfﬁneéﬁEhfit%%%%@%nttﬁé téﬁhﬁﬁﬂ? hQXEJ @ﬁieﬁd'ﬁﬁbéé%

preferred enbodi nent of this invention.
through the middle of the region of radiant heat. This
design has the effect of maximizing the quantity of ash
delivered to the center of the furnace and minimizing the
gquantity delivered to either side.

Since the central portion of the pushing surface is
higher than either side, or the center portion can be formed
flat and the both sides are raked back at a steep angle, the
advancing pusher will leave behind the ash on either side
which is outside of the heated region comprising the area
covered by the radiant heat from the burner in the center of
the furnace. When the pusher advances, the ash in front of
its central portion will be pushed forward, but the ash on
either side of its backwardly inclined surfaces will be left
behind. Thils design makes it possible to supply ash only to
the center of the furnace.

Since the end of the pusher has its sides furthest
forward with the surface dropping away towards the center to
form a concave pushing surface, the ash pushed by the
surface will be directed towards the center 1line which
passes through the middle of the region of radiant heat.
This design has the effect of maximizing the quantity of ash
delivered to the center of the furnace and minimizing the
gquantity delivered to either side.

The embodiments defined in claims 9 through 11 show

ash-melting furnaces from which the drainage of molten ash



Fig. 8 is another diagramshow ng a formof a contacting surface of a
pusher, and the novenent of the ash | ayer according to anihheé ﬁgﬁhirred
enbodi ment of this invention. Fig. 9(A) is a diagram show @ E of a
contacting surface of a pusher, and the novenent of the ash |ayer according
to yet another preferred enbodinment &f this invention, and Fig. 9(B) is a
modi fication of the enbodi nent shown in Fig. 9(A). Figs. 10 show anot her
enbodi mérit &tabRe puskBr Shewkei Fiqtuagiaqn.g. 16pAasheRd -Bedd&dng r cul ar
contacting surface, and Fig. 10(B) shows a rabol i c contacting surface.
o, 11 e, Hnsa o AP SPPRLYSRAE Bt (PR L AR PECES BN ¢ o a
preferr e di t this IANSYdLN i o] | scr feeder. Fig.
12 is a%b hgggroggﬁ bﬁ%c?ng?aéﬁhn1o(ghnggsﬁmﬁélE?%%éﬁ%Fﬁ%chgﬁéoﬁging to

anot her rRhRIFRI ADORGTEE 8iubhi Bl RV M Clle COPRELSERaR 0FCT EW

feeder. Fig. 13 is a rough block diagram of an ash-nelting furnace

accor di ihd Furnicd erd a0 dio a1 toftHiash Rv@phiied Whogh themshses a
screw feeder and a gate. Fig. 14 is a rough bl ock diagram of an ash-nelting

f ur nace sapedrdiprgrtt,0 theprsefpgrlried emdiodieimnt pafshield forward a1bng 3402 23
I nvention which conprises a plurality of screw feeders and
inclined floor towards a drain port provided at the far end
of the inclined floor to drain the molten slug, this ash-
melting furnace 1s characterized by the following features.
It further comprises an ash feeding means, such as a screw
feeder, provided in the ash supply port to continuously feed
the ash from the ash supply port along the inclined floor.

The first ash feeding means is preferably oriented
lengthwise along the inclined floor from the ash supply
port, and the second ash feeding means is oriented
vertically above the ash supply port. It can further
comprise a gate along the wall of the ash supply port in
order to adjust the height of the layer of ash on the
inclined floor.

With this invention, since the ash delivered via the
supply port onto the floor of the furnace is continuously
pushed forward along the floor by the feeding device, the
layer of ash created on the inclined surface of the floor
will travel forward in a stable fashion without experiencing
undulation. It will be in a uniform state, and its surface
will recelve a constant quantity of radiant heat from the
burner. This will produce a stable drainage of molten ash.
Because the feeding device is a screw feeder, the ash can be
supplied continuously or in varying amounts. This allows

the system to respond effectively to load fluctuations due



a gate. Fig. 15 is an ash-nelting furnace for m xing and nelting t he
primary ash and fly ash according to a preferred enbodi nent L SEh

i dventi'on. Fig. 16 is a rough bl ock diagram of an ash-neltlAg f angas
shown in Fig. 15 but which has a gate at the supply port for the primary
ash according to another preferred ehbodi nent of this invention. Fig. 17 is
a rough bl ock diagramof an ash-nelting furnace which has screw feeders for
the pri rrer hgsityaed are dandidsien rafs gdst iamdl yisesbcording to anot her
preferred enbodi nent of this invention. Fig. 18 is a rouqh bl ock di agram of

an ash- neltlﬁ&WQﬁwﬁﬁﬁa%ﬁ?@ﬂuﬁﬁ?qQ¥ﬁﬁ%§e ??oﬂﬂpﬁﬂht8h5H§§ ¥ §BCeaFBr the

dj t th f d _enbodi t hi t
Bl o 1% oEh, T o HE o eRe R R C RS hnRER FRG i ke SOEBREENG 1ot he
rel at ed it Frpa @Pomstﬁa%hﬁawﬁom 186 PAGRAN £ %ragn SN ABLL! ng

furnace mhlch as a gate at the ash y port accor e related

art. Fi geedbrss a?tlp&»an tHieC Vil e e P! e,e.k e@rﬁ%@ﬁbﬁe@n @S %I th@getaur hace
whi ch has a dike at a slug reservoir and a drain port according to the

rel at ed aafrossFitthe wAd&H o )tHes fairdlade.vi ew rough bl ock di agram of the
pusher, and Fig. 22(B) is a cross section taken along line B- B. 0 4 SEP
2002 24 Detaﬂ&édiagkurapitpnoﬁfsthewPﬁHkﬂhxmsidamboﬂmmemlsednabhbsssection

a detailed explanation of the invention will be given with reference to the
dr awi ng$heTowifthexafenthehaflepr dinfenthensquantiiiy abf, ashpdanie

supplied is controlled, they allow heating disparities
across the width of the furnace which are due to the
position of the burner to be addressed by increasing or
decreasing the gquantity of ash being fed. This allows the
state of melting to be equalized across the furnace.

The feeding means to continuously feed the ash along
the floor will create a stable ash layer. If a gate is also
provided at the supply port to change the height of the
partition which forms the supply unit, it can be used to
control the angle of repose of the ash layer. This will
assure a stable drainage even when ash of different types is
being melted.

The invention claimed in claims 12 through 17 concerns
an ash melting furnace which mixes and melts the primary ash
and the fly ash of the combustion ashes together. In the
ash melting method to melt the ash, which comprises the step
of supplying ash on the inclined floor from one end of the
furnace, melting the supplied ash by a burner, and pushing
it forward along the inclined floor towards a drain port
provided at a far end of the inclined floor to drain the
molten ash, discharging molten slugs of the ash at the other

end of the furnace, this invention is characterized by the



rel ative position of the conponents described in these enb?finents need not
be definitely fixed, the scope of the invention is not I|init8dSER 2082
enbodi ments as descri bed herein, which are neant to serve nerely as
exanples. Fig. 1 is a block diagramof a systemto control conbustion in an
ash-nelting furnace which is a firsti8gpreferred enbodi ment of this

i nvention. The ash-nelting furnace of this invention has, at one end of the
furnacefbddipyiag abkatuppsy unit S5thev tsttepn afh supplyiper ashd betow it.
Ash 50 is supplied via the supply port 54 and deposited on floor 55

di rect | fupthew cpwPpdfes Pagheken crfnvaugrdy imes idve B8 imamy sabplgsdevi ce,
the ash forns a layer 59 along inclined floor 55 as it travels towards the

far end®8RtemBipgooroushe R ILaHe SEPMactRBr YRRET aypdYd 59| stheat ed and
mel t ed oxygep-epriched burner. 10 ich,is installed on the center |ine
of ceiIPﬁﬁngégoﬁotﬁ%rTo%Pcﬁpgﬁﬁe%QH' agglﬂoay9'¥ﬁ8ngsEP?Fﬁg° #¥8n ash 25
flows t . §lu r 84 t .ar. e 1 o S

[} v\ BABUIVASLUNI AP K (A Rorlchdalily ROYAE FhOPLTEC) BBLAS |
current +hABVARPEeN MMt FhBhadd O t PErmehaliefhed’ t1ARRAIGE UpL i scussed
above. In this enbodi nent, infrared CCD canmera 15 or sorie other 1ndustrial
CCD canewa-whesbdcahageasuce tesper awovengi sthébutwentisrédst payed on the
far end of the furnace body so that it can nonitor the state of flow of the
nol t en tbggthefatemacsdthe fawomrd aifn ther fukfacE€onbodt heat togt amwd ~ 4
SEp 2002 25 device 14 controls the quantity of ash supplied and the

quant i tpedtingathpr 6Wactdepgdt hayeur b¥raipureepotecfeont tee seat kemf | ow of
the nolten ash. The oxygen-enriched burner 10 is supplied with fuel from
oi | tanR149%, dpRengyEhesPaveiBg §+8Pval ve FIC 11, which controls the vol une
of flow. Oxygen s _added to,the,conpressed air | i,ed.from sgurce 12a (an
air bl ower) gpaqﬁaaﬂa CT?%% %chhﬁgﬁﬁr?ﬁsm?ﬂgggg?ﬂn€Qﬁy%1cﬁblﬁhe oxygen
is dra Y 0§{s SPYS (_nQ n PSA, or gen

oyl nder e b e PP SR Tt ot 1 ow

I n thi sepByciBAtlequisr bIQWWEANT I Bh | Re OhsBX@eR 1035 e warcbe
achieved in the oxygenated air supplied to the burner. Valves FIC 11,

FI C- 12 aompFi€es3aanr esbashpadyupbed temsuppyyomstegaiogptiddd atsigral from

t he conbustion control device 14. Ash supply control unit 19 controls the
range oenfpPfokhe farnaces (& wdag disedargef pardhdo 3Bl sgharge dchwntrol t he
quantity of ash_supplied, A screw feeder, which will be shown in a

subseq ﬂ%t%ﬂbﬁap_ nPE the BShustd the ofbegusmst ofg the, FHNAGes & ash
cupel Y GomLAE! sl 9 g fkonbcel, Abert g5y ousto e Lssger. e

conmbustron control device i age

processipg Wiigpik®a Waskh tiiQee SSeshdde rbrRged isHdednbys mgi{en 19,
i ncl udi ng produci ng, elimnating, synthesizing and conparing i nages;

cal cul aflLe6r utiowakds Wi @Rainsipedtt heraatdedbati aed 1 oghdhefpridaessi ng

unit 16, perfornms required control operations which willl be di scussed

short | yinahinednffdolorurtic dizimhtlzdn, mbhten siughe this ash-melting
furnace is characterized by the following features. It
comprises at least two sets of ash supply ports to supply
ash provided at an upper end of the furnace, the first ash
supply port being used for supplying the primary ash, the
second ash supply port being used for supplying the fly ash
(ash containing minute particles), the primary and fly ash
forming a two-tiered layer of ash on an inclined floor, the
first and second ash supply ports being arranged in such a

way that the fly ash forms a lower layer of the two-tiered

layer, and the primary ash forms an upper layer on the lower



26 ~ 4 SEP 20d2 result of the control operations, outputs signals to
optimally control the operation of the valves FIC 11, FIC 12 ﬁp%ﬁgLi-&?, as
wel | as the operation of unit 19, which governs the quantityuo 0
suppl i ed. Conmands fromcontrol unit 18 respectively actuate the val ves
FIC-11, FICG 12 and FIC 13 and the aslp supply control unit 19. The infrared
canera or other industrial CCD canera 15 can detect tenperature
di stri buayen. ofhe€lgt andard val ue is cal cul ated by the conpari son between
width y, the width of the slug at a predeterm ned di stance fromthe drain,
and t he wi dt ihy ofirg$ie drdi nsuapdyt hporél ewsed dmra BuppimMéngonthel is
obt ai ned using the standard val ue each tine. The tenperature of the slug is
det ect eBTBHIEY G EBPorPSi §RGRTERh&Tor BedBMsigifamb| abper &L o in this
enbodi rrgnt will ne tﬁ%% expl ained with reference to. FLgs . can be seen
e

. 3.
in Fig. “3f2CCrné r SECPR AT TP RPBi5415%d i HERPT¥dM i nfrared
CCD ca o TOLS V e,.S dwth a se ue (i.e. st andard
val ue) .ngb\%eﬁyt ?gﬁde ergt 88 tlﬁ%&ﬁ‘g ta\gnp%rlatu rstécrlﬁs ab%ééeaaogi \%*he val ue,
the quaphihycaf %}é?eet%e&ye' he2di4edsiP ddifiiy ot mEpigge of the
slug regains its set value. As is showmn in Fig . "3°( 2 ) , the surface area
of ol t 8pph #8ingSehé Spetthay etk1ba 1 tdreH ANy RaPCBES1B8atbliSa dnine of
flowis detected by observing the changes in its surface area over tine.
Each vatppersaceapabedenitthe af s@br vaf uéhkorfusuaicace amdeahd fsddward® is no
variation in the tenperature of the slug, the quantity of ash supplied is
adj ust edsh| fsunly eppetatuged oforheswpply thaultdhevaf iy tdsd coanr dle neasur es
described in Fig. 3(1) above are inplenented to .. 0 4 SEP 2002 27 adj ust
the tenpefattfedli ehiAWeReaFaRrnabavVanghendtosr PRetBRUFUTNACEHi s way t he

| ug' | fofl is b back to.th i ped. val ue. As b
seon Tn'R oMith ingdatSol PUPRReR GEnbR1 S0 Bh TS LAGERARY dibartts Cotan
time t d_t ' | G t | ug' | ow... Thi | i

oy o800 B oL 8P8LALBRE LOYN Ind 1P MR 9 NS 07, |
flow hagrgxceededia @uYfRAckd! YRe Wi MRATARS S it8thd bdhted 1) and

Fig. 3(2) above are inplenented to adjust the volune of oxygen added to the
ai r andiengtheigeariliong ofthé udnclrinksh Sueelti &dom NtHdi ashaysdgys! ug' s
velocity of flow is brought back to the prescribed value. The foregoing
control passures al so counteract fluctuations in the |oad inposed by nolten
slugs 25a (i.e., changes in _ash qualit and thereby allow the slugs to

Gratn (na bRESS{ABFRTIARNFGRTh SR oML R JfIBG FHPRD thie WAl as
d ib | | th ted aj din.b 0t th
appr opr Pat ERGoRERnP PR FEnbart sRpGareeTrre AT fek W OB on
tenperaig?ggtgfbgsﬁsgg Eﬂéniié\ﬁgiﬁgﬁt fpS§WM th related art burners and

assures stabl e di scharge of en sfﬁgs 25a. In contrast to the way

heating was gofhr fhi&kembodahei®ed @idn Aid 10weren dyekNot By idBtentd on it is
controlled by the addition of oxygen. This allows the burner to function

W th a saemhédr widlhune ohyerr chdprigaryesashessn ntbpogan 1. t h&Hiw nace. The
results are less thermal NOx and | ess exhaust gas, which translate into a
r educt i pesvlteqihpretwoartd egiesh dtadver cobtasholpr tbesfurnhgest wdd In this

enbodi nent, if the tenperature of the slug is
the fly ash completely covered "by primary ash. The

proportions of the two types of ash in this layer can easily
be adjusted, so the minute particles of fly ash are not
directly exposed to the exhaust gases from the burner. This
eliminates the problem of the greater part of the fly ash
escaping to the exterior with the exhaust gases. Further,
the fly ash 1s melted smoothly by the heat conductilively
transferred from the primary ash and by the heat directly

transferred from the molten ash.



0'~ S E P 2002 28 appropriate, its volume of flow can be controlled by
adjusting the quantity of ash supplied, and its tenperature @ déékpzmn

vel ocit'y can be controlled by adjusting the quantity of heat B& fic by
the burner to an appropriate value. The quantity of heat produced by the
burner can be adjusted by correcti n®® he volune of fuel supplied to the
burner, the volune of air supplied for conbustion or the volune of oxygen
added to thasiace. t¥bedntllits fiosr ddrpgreicharyt hadthei srgi haock dis@drtioedj ust t he
heat in the related art, nanely to increase the quantity of fuel or the
vol une Béruardused tle €tumbasei emd weheednibst foacrdssi Agyt keshvolsine of
oxygen added_to the air@éand so decreasing the volune of nitrogen) has the
ef fect BlarefudpPhb PHRING the Wi PEMHY eabsisgitResiEnrPeratdreODf t he

haust T | 1 .0l f. t iJl b I d, d
exhaust | $o5e°. TR I 2 YL W Ly XU 03860 L e f gl eased: an
can be Rdgégﬁﬁﬁepft%ﬂft ére@?ﬁ%&.te'x“%léﬁn 2% R0 & ARl £14] Cv'vr?ﬂ%
operation. Since properly adjusting e vol'ure of’ oxygen t'o be added to the

air has r Cj o] i whi ch goes into the
furnaceFﬂ?$p¥g?Fg358§ﬁa?ﬂg gﬁ%l%gg ég%gggyo%eghééﬁg 8RKX wll be rel eased.

When the volupe ehlexhadest @as psimesyicadn AkehAdiafigea Ausit&idnmypators and
equi pnent used to treat exhaust gas in order to elimnate NOx can be nade

snal | erabse&i hhespaae endt b€ phentfleor edudibyg fiumaieze dthemdfiordn this
enbodi ment, if the detected tenperature of the slug is appropriate, its
vol une thef £dW ashcalsudbsresed ohrnadtydinatdyapdangf thee nadinsd unit of
time can be 0 4 SEP 2d02 29 adjusted by controlling the quantity of heat
pr oducedublaeheobutrerflogl: hdUsRodaysd B £AE %ﬁ?g%%ﬂé?ﬁi%%?%ur ner is

troll ed dj ust t tit f fuel ied. to the b , th
ool BRSSP S o Soltel o UBBLESE L B the
added t afrpié%ébt' Thuged SERl heheyo! l&ﬁ% Of 1GR5 'sscerafc‘ﬂé\{{ e‘iiitfﬂb%é he
tenperature of the conbustion gases w i ncrease rapidl'y. Less exhaust gas

Wi Il beekgéposgdiagdubbalbenpasat urfe@fuddeché aprinabybasnncraasad quickly.
This all ows conbustion to be induced nore efficiently. Fig. 1 shows the

basi c ceohsgstat iodn @farsemlaspaneitiag, f Wshnalep@cictasdi agop 0 thkei Flyventi on.
In this ash-nmelting furnace, ash supply unit 53 is on one end of the main
body ash, an upper layer flow is generated in the upper portion
of the relatively smooth layer of fly ash on the floor of
the furnace. This creates a well-defined two-tiered layer
in which the primary and fly ash are clearly separated.
With this configuration mentioned above, there may be
some irregularities or bends in the ash-supplying path for
the primary ash at the contact area with the fly ash layer.
However, because the primary ash consists of coarser
particles, there will be no trouble for the ash layer to
flow smoothly.
Because several screw feeders are provided in at least
one location, namely the inlet for the fly ash, as the
feeding means to force feed the fly ash from outside of the
furnace, the fly ash can flow in stable fashion. As a
result, thils ensures that the two-tiered layer will form in

a stable fashion. The amount of fly ash in the two-tiered



of the furnace, and supply port 54 is directly belowit. The ash 50 is
supplied via supply port 54 and deposited on floor 55 under theﬁiﬁpamp
port. A layer of ash 59 is created along inclined floor 55 aBdt e nove
towards the far end of the floor. Oxygen-enriched burner 10, which is
installed on the center line of ceildlng 56 on top of the furnace body,
heats and nelts the ash on the surface of ash layer 59. The resulting
nol t en &3bw2Banckennadetedstomginendd ag apprepedader p66ponhioh o§ created
by di ke 23, a structure at the far end of the floor 55. The accunul at ed
nol t en prigazrsatpafd¥sashroudhidr alhopsr theosuphilyhof sannampenteafer of the
di ke 23, and exits through discharge port 57. Figs. 4 through Fig. 6 show
the shafd¥ 8FDtAECR| Bt ??Psﬁﬁ&ﬂ%ﬂye%ﬂﬁ-ﬁHQﬁQﬁ}n@UFH&C@%YMBFEhngé ot her
preferred entdineE%s of this invention. They are designed to assure 04
SEP 2005¢362PR¥t "PhE ol ten slug on the floor of the furnace wll have high
fluidity durj i a e;t.o e, di e r t el ove the
speed at mhi?EgFPE%jP|§§ggdf§cﬁgﬁggg;BTﬁg éﬁggg?egggv%??ggg ?g Eﬁ%mm in
Fig. 4(Bhrt4tBbnangh4€R) - abtepatie§asthd t dunrdl 0t Sfrunpgh- shapedeand | eads
to drain port 20, which is placed along the centéer line Y-Y of dike 23 at
the far sapgiokdf teortld. inbes Foserwel pi@yamde ashangul dls, dddee t@servoir
65a, parabolic, |ike reservoir 65b, or funnel-shaped, |ike reservoir 65c.

I n t hesadguatpl tse tpmopateiahs guifdepwdinhsyof andkef138 mmh bénsttlaeght, 1i ke
surfaces 66a, curved, like surfaces 66b, or funnel-shaped, |ike surfaces
66¢c. Thei®ture.of Byhadjustdndothaoprahe spfigrepose dEodreash poype 20£ s
gradual | y narrowed bghthe continuous surfaces 66a, 66b and 66¢c. In this way

the floRFdmarieashygthe ORETIALET \CamAssuTe dhadr fber baafdRIdrad PHort 20.
The confjguration o h lug reservoir 65_is _shown i.n.greajer detail in
Flg. "o SR8 Ry <15 O% bPEuALHo ST A e ah° APb s R Lt 45 1 a
cross seghiopnuhisbchsr-akt Ragenal of 9t he; i FeSL i en of 4 f yoor is
recesseggkbkg %ﬂg Egttg§1op a ship ?ﬁ gucﬁ %&ma%etkgtat%§¥%%%2§%%_part runs
al ong tbe mehteh hkRecénéiehihgservprimgpy Ahangi1¢eatRL line Z-Z inits

| ongitudinal direction (the direction of flow), floor 24 (shown by angl ed

|l i nes) slopes gradually downward from upstreamto downstream The effect of
this inclined, ship bottomshaped floor 24 is to cause the flow of nolten
sl ug 25BriefcBagerdptionaprdsthrePranings| ine Z-Z of drain port 20. The
notch of the_drain Eort 20 may. al so be shaped |ike the bottomof a ship

(i.e., it mfiBe & fFaftERBAN"RAgCkdlagpan efm spieten §hHfoRHePhol ten
I il hl y. whi_| [ t h the drain. In thi
anbodi nERPLUERASH R Tl o) PRITHED, ' FOBiERe BuiEs Lo RackliRs rove
t owar ds ggﬁeﬁiéhnemﬂ@hiﬂeh§ beetAYt! ehvehtiBg.sl ug reservoir, w thout being

coIIectg In a specially constructed reservolir unit and w thout |eaving
unburned sedrignt edsnén ToelabddEnvaeh ito eshowi ankbhatigiagt ecthd ovar ds
the slug drain port so that it can be di scharged snoothly. The slug flows
nor e r appdlkgnastugatrémestshe girtadiot peirtth thkenf hAdongolindel Tvl hadewvand | ess
surface area. As a result, it experiences |less thermal |o0ss. The slug
reservoilh Fddshdped like a funnel fromits entry to its drain. Because the
two corners on the_sides of the dike have been elim nated, the unburned

sedi nent whi Eh980l P X ArHETAH &L LPEoCBBLEROL| PRPRAELONS THROYR ol of nol ten

slug i s_now concentrated naturally towards the drain . The flow velocity in
the strBafrihed reservoir towards the dike is slower than in related art

reservoirs. #3481 45Urlow (Pfaficplefesop! 8L BRLGT RsRriti e dide
experience | esS hi gh-tenperature corrosion.
downstream end of the furnace according to preferred
embodiments of this invention. Fig. 4(A) shows a slug
reservoilr of +triangular form; Fig. 4(B) shows a slug
reservolr of parabolic form, and Fig. 4(C) shows a slug

reservoir of funnel-shaped form.

Fig. 5 shows an enlarged view taken along line II-II in



The drain is placed directly in the center of the dike) and the ash is
nmelted by heat froma burner installed along the center line of the furnace
body. This design assures that the central portion of the nolten 2 wil |

fl ow smoothly along the center line of the floor. The end b# BhB i‘fﬂ or

i nclines somewhat downward along its?éenter line to forma concavity. This
assures that the flow of nolten ash towards the drain can be directed and
concent rit@d 1 nwhheh déercesponds theFdgai ndeven fromlocations distant from
t he drain. ' " 0 4 SEP 2002 32 Next, several inprovenents in the shape of
the end of tHel$usheFRPHSt Re CFOFTSH s htalken aahoBge 1dR6WE -iZn iM g. 7

through Figs. 10. Fig. 7 and Fig. 8 show the shapes of the contacting

portiong 4" t wo pﬁ}é“}fgl?s Fhd3i Ivfegrsttlr%ﬁsle HBR/SFheSPaCEW‘?% Sdppthed BY'a he sai d
pushers Lo éh‘(;o Prti on of the furnace which contains the region covered by
the radiant heat of the burner. As can be seen in Fig . 7 , pushing el enent

58b at the eng; @f HhespushBradrant Nehduisy SHPOFLPRNLE & RAMTAMRN Y 1S
base than the overall width of floor 55.7 The central portion of its end is

flat, anghitscsi dgs gr gsusthdy, Waden hr aotémsiit t @baeke Tasbe 13
specific, its front surface is orthogonal to the direction of flow Its
overal | sde@pedfngnmdrantrédeboed embddbhent of petiesthventiom flat top. Its
sides are slightly curved and incline at a steep reverse angle. Thus the
clunps of ashFpashed fiog waanbihepushiagram ermdmwisgh as ifompves back and
forth in an appropriate range of notion, as shown by the arrows, form an
ash | ayefoMRC WHYS SYRERF P et REFHIDs g itheaapyicment pf dhgs@sbayer

noves towards heated.regipon 35a, which is in the vici,nity of _the.region
Cover ed H¥ e abr ARG £ nGTPIBFE: HerrFerEedr Sphiorment o5 | #Rd=ath
of the e@g‘ﬁ&{ti&? pushi ng el ement and the position where the end of pushing
el enent cones ' to rest are selected appropriately, the ash to be nelted

can be suppligggeféigiens!y &Pabham! 88bAMGoa0kotAdbanh ReAkac?AG gt he

gquantity of ash supplied to the unheated portion of the furnace can be

m ni m zeshrfage 9rshowputhershaped oththenpuskinty efFermid ashalayer
according to vyet another preferred embodiment of this
invention, and Fig. 9(B) is a modification of the embodiment
shown in Fig. 9(A).

Figs. 10 show another embodiment of the pusher shown in
Fig. 8. Fig. 10(2) shows a semicircular contacting surface,
and Fig. 10(B) shows a parabolic contacting surface.

Fig. 11 1is a rough block diagram of an ash-melting
furnace according to a preferred embodiment of this
invention which comprises a screw feeder.

Fig. 12 1is another rough block diagram of an ash-
melting furnace according to another preferred embodiment of
this invention which comprises a screw feeder.

Fig. 13 is a rough block diagram of an ash-melting
furnace according to a preferred embodiment of this
invention which comprises a screw feeder and a gate.

Fig. 14 is a rough block diagram of an ash-melting

furnace according to a preferred embodiment of this



0 4 SEP 2002 33 second enbodi nrent of the pusher and the novenent of the ash
| ayer fornmed by the pushing elenent. As can be seen in Fig. %h %ge ﬁ@shing
el'enent 58c of this pusher is formed of a material whose mﬁ@t S 2 se to
that of floor 55. Its center is indented to forma concave pushing surface
58c1l. The pushing force generated by?3surface 58cl is prinmarily directed
towards the center line to formash |ayer 59b. Thus the ash can be directed
t owar dsinhenténnewhdfcht ifompagises &f pladiadnitthedfi BHrew vifgeders amdt he
center line of the furnace. The concave pushing surface nay be

semi ci réuf@fFe-as shown in Fig. 10(A), or it may be parabolic, as shown in

Fig. 10(B). Lf it t [ h d lik dest al d ds_f d,
and i 05 o debiar o FEka baBk rhINel EbOanieache SaavaRCRAGSpuehr w |

|cave Db pGLNenash SRy 0K g5 MPEh LR caie R he hepLed o0t on

area cover y radia eat e center
of the fMpHasRenYBR thespuabehtadyances, the ash in front of its central
portion will be pushed forward, but the ash on either side of its

backwardly ipgginad susf acesowdh | bheckefdidighinndof Thins &sisi @eL TBKES it
possible to supply ash only to the center of the furnace. Fig. 9(A) shows

t he shapernicéhespusivwry theddiat. 116 abpuskdichhilds is gathi rat eribodi nent of
pusher and the novenent of the ash |ayer created by this pushing el ement.
As is shopplyn poetenbodi ndre , prthagaushiasy ehepentifgd to taroPhwher of the
third enbodinment is fornmed of a material whose width is close to that of

f1 oor 5BraferindsemppedmertcPfohhpfolP¥8BE10Bward in the center. This

i sed 0 4_SEP 2,34 ' f th h | J h
han the | ovEFoportth oht 6n et bapek” (gn <8, S Fimgheteb g, ch £

hi gher | o : [ [ fiL gHgFt' ash to be
suppliegﬂfggﬁ%aggggpegggngggg? gﬁ?ghkgggg?vggéaég%ﬁéﬁy ea %#dhggﬁ. Thi s
pusher gmy ahsR, harespeBUSPENY, €l £8BHLAPRE 2o SIAYEENdY Figre fdBleaWi th a
rai sed portion whose sides slope downward to forma gentler ash supply

sur f aceembo@irabrt wHosRibkr antreffdohs configured as in this enbodi nent is
quite different from pushers of the related art, which had a rectangul ar
cross secti oRignd Mhi td pustmbla bhpEkr Miqeran t9f oRnadshaine dckuss t heir

wi dth. The new design allows_a | ar e&ﬁggantity of ash to be pushed towards

t he cenfB@Fn@fet RE f el Thig- miXi FRARR iamit £t Jase 49T sdpplied to

the center and mninmzes the quantity supplied to either side, If_the end
of the BELRAFYhAeH 1 a8ESHalSs [HB Aot bERrtFofheaatnER ta thpi g avey
towardsifbe ¢gPEEEibR.fOrma concave pushing surface, the ash pushed by the
pushi ng surface mﬁfl be directed towards the center |ine which passes
through the mgdl aofisha regigh BiotrdidArighgatof TAhS LASinEL sy t he
effect of maxim zing the quantity of ash delivered to the center of the

f ur nacefanfdacenactardagnyyheoqunat reyadeli aeted to either side. The

enbodi nents illustrated in Fig. 11 through Fig. 14 show ash-nelting
furnaces frofighi AP t he deithege obugbl tlekrekshdisgsamblaf wanh dght| e

fluctuation. In the ash nelting furnace 100, as can be seen in Fig. 11, the
f eedi ngMfh#RIt Surddse nEiEh BASt e 9atet adj ddefathe SEPBY iROTot a

pusher gggogdigge%%f%ﬁgege %tgglggt?an continuously feed the ash.

Fig. 21 is a plan view rough block diagram of an ash-
melting furnace which has a dike at a slug reservoir and a
drain port according to the related art.

Fig. 22(A) is a plan view rough block diagram of the
pusher, and Fig. 22(B) is a cross section taken along line

B- B.



0 4 SEP 2002 35 Such screw feeders are provided in at |east two pl aces
along the wwdth of floor 55. They feed the ash along the inclined f ace
of* floor 55 . The rotary speed of the screw feeders 71 canlbe S&R |@E§

feed an appropriate quantity of ash with respect to the kind of ash bel ng
melted and its position in the furnat®. Wth this configuration, ash |ayer
59 will advance in a stable fashion, and its surface will receive a

const anDegadadeid Pescnipdiiom ofedthef Poefieomedr Enpodiimentsi [ | produce a

st abl e drai nage of rmlten ash 25. Fi 12 is a different enbodi nent from
that shown i A0Fi ghif rnﬂt|$%f4%#¢ﬁuxﬁﬂmkﬁ¢¢¢¥?@ 99 hkBe in
addition to rew feeders 71, the, {eedi.ng neans to continuously feed ash
al ong f FGIF™ % on. W&i@ ﬁ& §éF88fw&5htFﬁ58 nF@egodgvﬁcagaw§89§m/fE@ders 72,
in the S un 3. o] n t w f eeder s
71 whi c%ﬁgr eg(%lﬁl-l éﬁte Iagn tthvg\n sté'b‘g‘%é‘\r%g{’ﬂ%é f\qggrgg%é&%’omg?éggl n%‘t‘? this
enmbodi W%@tlal%%%ese sgﬁkigﬁre& f e@der SofiBon¥ht 6h WL AMENt 84 verbkeal |y
above the inlet. There are nore than one of each type of screw feeder.
Screw f eadeaiméhtar edd aitgehd MeF MW AGF ISikdde théltdcope tde theor, and
screw feeders 72 are arranged in a row across the width of the stack. These
f eeder sinseationpdssi bt flamddpd yasth&0embotiimeots| \ad odeéderhbgiest part
of the floor and to advance the ash 50 continuously along floor 55 towards
di schar gergdnt. Whichcpag meaadr $07FeaNg MeIredy A&vexadpdésabl e speed of
rotation, or_a helical ribbaon screw feeder may be used as feeder 72. '

0 4 SEP 2002F3¢- W}hitshl% SJrackof déBﬁF?‘Qu&ﬁl Bn, SX%‘@%rGQS ¢9nkEQLs whi ch
gr adual |

f1 oor mcgfngiugt r'tln?u%rhhgc?% rlH‘o r'lcgt“ gﬂg{‘gf\%ty %hfrotTn% oﬂfﬁi pfof)yt gfe
ash |sogggkg§§§q %&nbﬁ)ﬁim'feﬂltebfmt Egei YeRRGey Creating a stable noving

| ayer ash e surface of ayer receives a constant quantity of

radi ant heat TheO@shumeaitihQ rRRFMJeNG AN BSferdb diP HHAI Nt NoRe St abl e
fashion. Like the enbodinent in Fig. 11, the enbodinment in Fig. 13 has as

its feednagofeanhe tforneed asldys Sor ewd eansly’ anvihi 38 oaitic o | astous| y f eed
the ash longitudinally down the floor fromthe inlet of the furnace. In
addi t i osupPPlYhRoTs §4t belawaitt heAshppfyiposupbliiefi ¢ha ctire beuprlyed or

| owered to ad ust the hesﬁg:ht H at whi ch the supply of_ ash is cut off. The
| onwest PO&t | d*n ad glanesif e, an felfe IthitHrsFttY AL e iROX b interfere

W th thg OR ratforward 8§e%dgﬁ§¥”sa the supply device, the ash
forms a layer 59 along inclined floor 55 as it travels
towards the far end of the floor. The ash on the surface of
the layer 59 is heated and melted by oxygen-enriched burner
10, which is installed on the center line of ceiling 56 on
the top of the furnace body. The resulting molten ash 25
flows through slug drain port 20 at the far end of floor 55
towards discharge port 57 in the form of molten slugs 25a.
In these respects the current invention does not differ from
the related art apparatus discussed above.

In this embodiment, infrared CCD camera 15 or some
other industrial CCD camera which can measure temperature
distribution is installed on the far end of the furnace body
so that it can moniltor the state of flow of the molten slugs

25a which drip from drain port 20. Combustion control



71. Wth the above configuration, using screw feeder 71 as the feeding
nmeans to continuously feed ash 50 along floor 55 creates a st (t;.:l’éep g@ﬁzl ayer
59. Usi'ng the screw feeder together with a gate 74 on supplﬂ E o]

adj ust the height H at which supply unit 53 is partitioned allows the angle
of repose 'y of the ash layer to be &%justed by the gate 74. Then even

t hough different types of ash may be nelted, a stable noving | ayer of ash
59 can sgenlilcebel £r ean¢édplandle sgabhéityaiofagesiof supplleardasn®5than be
effected. Fig . 14 shows anot her enbodi nent of the device pictured in Fig.
13. Thi gupgitidye dfadents aradyeadidry 7the ubwimgr atongeshenseobe SBeand a
vertical gate 74 which can be 0 4 SEP 2002 37 raised and | owered to

adj ust thetgerFh i atwtiPen™oddsny a8t 53 is partitioned. In addition, it
has a vertic screw feeder. 72 in.the su y.unit 53, IL.n addition.to the
effects of theconty %ﬁ%ﬁ??&F%%%mﬁthS5eqﬁL %Fg?u?gilFﬂigﬁb f#ﬂﬁ}ation has
the eff 0 r ti C Sl,LRAK ro C Lhgrkn, st : and
aSsUr i ng S S Raat B eepn s ot TSR B0 FaTTPSor V58, VR TR sl Eroanteant. the
ash del ippgred1s acthBe iRy Rt o840 thexblgear of thfaddir paceths
continuously pushed forward along the floor by the feeding device. Thus the
| ayer otoaphessed adrosuppa iedcifiromdssuitace2af (hheaitoplowet) viavel
forward in a stable fashion w thout experiencing undulation. It wlll be in
a uni f ovmlyeaFéC-add whichucémteroins | the eseiume aft dlswant Thaaoxygen of

radi ant heat from burner 10. This will produce a stable drai nage of nolten
ash 25. 1Befzava fHe™ eXyORY gevree fL3aa(arrenygerdgenerpborshSEadr be

- eSpondagr FENIRIEI GYIANEEY ARG EH Uba: GaINE (G bhd BHHER 11 on of
respon ion o
t he ash - 19cCr f i ded_ {0 ,suppl he.ash_both fromthe
supply Sclc}?lt%(}to&%t hgﬂv?]eg‘r?ﬁg]“% %Pt %Eelgwurna%é fti%ol%? éﬁ% &PS‘m?%%?%reovm t he

f1 oor Fggﬁmg‘%ntt@atg.%- o3& et dSrss & |y it Q%rﬂb@é‘téélﬂéﬁ?c}a‘fﬁh plied to

be varied across the wdth of the furnace.” More specifica t hey all ow

heat i ngogtiygeakiteldeaiackapplliba Woditheobutherf.urnace which are due to the
position of the burner to be addressed by increasing or decreasing the

guantity of ¥sfives NgI¢edl, TRIS-Aal2| cawdt FECstiat caxd eRlkchi ngctwatbed equal | zed
across the furnace. A feeding means to continuously feed the ash along the
floor wremotedyt enarecghpt g5hal ajepal| framghhe ¢embypgpion control

device 14.

Ash supply control unit 19 controls the range of motion
(1.e., the linear travel) of pusher 58 so as to control the
gquantity of ash supplied.

A screw feeder, which will be shown in a subsequent
embodiment, may be used as the pusher 58. In this case ash
supply control unit 19 would control the rotary speed of the
feeder.

The combustion control device 14 comprises infrared CCD
camera 15; 1mage processing unit 16, which processes the
images obtained by camera 15, including producing,
eliminating, synthesizing and comparing images; calculation
unit 17, which, using the data obtained from the processing
unit 16, performs required control operations which will be

discussed shortly; and control unit 18, which, based on the



~ ~ SEP 2002 38 provided at the supply port to change the height of the
partition which forns the supply unit, it can be used to control the angle
of' repose of the ash layer. This will assure a stable drai nage evep,when
ash of different types is being melted. Fig. 15 through Fing, g@Péﬂﬁ a
nunber of enbodi nents of an ash-nel t4ong furnace in which Sginary and fly
ash are conbi ned before they are nelted. As can be seen in Fig. 15, the
ash- nel répgltureficethe0 efnthol eombetiaebbomns conpripeks prsianglashtsuppl y
unit 531, which includes supply port 53la, an inlet on the near end of the
f ur naceoPbiyabby\ @R hEP N faRsgratsipn Oty thehvalppsyF Ini 11 6FAICwW ch

i | ud | t 53 dust hi nd 531a; h 58, the feed
moans 1800 BT Mof® Wildh 5 avdiee GPBREEEPBoP tos bt ohdsu Bt ibor ¢ 539a;
di h t f h f th
Curenar S8 BORL Ble diln Oty Ur ¥y MiphileR" Canfindloeldh Gty | Ne
furnace,bpdy1s WEbBptBei6anli gutakicen tess/diRrd aaeva, f Inrdashy Sds and

primary ash 501 are supplied separately via two supply ports which are

pl aced pre-i® an@nthéfathesappey. cbhyrashuh®? ialls naturally to the inlet
to floor 55 and is fed along the floor by pusher 58 to formfly ash | ayer
502a. As theThayenf58feadi sameraedr oltkepr iimeiustadlal5@CCDMuanteniss kbove it
falls naturally fromsupply port 531a. As fly ash | ayer 502a flows forward,
pri mar ycaghd¢tget Bonperatiive ndbsonibwpief. | tThamtangardyalnaeohae t oget her
towards the far end of floor 55. As the conbined | ayer of ash travels

t owar dsC@heutatednBY ot he| 68MPEE15PRe PEAWESRt WHEAD B offheh&Atdneof bur ner

0 4 SEP 2002 39 10 heat ts th f f pri 501 i
Payer S SIE 4 RA g s i, o shafcRarspt: the D almo it Fioet | v o
the fl 0 is it i .
Rat hor WEaEh PPN darhll ok tREOMAVEF kDML oxl Wha AR OT 92505
pri marysashhxQlirdttl Rgite hgat dtaesity tvansd eehed feomenol t gyash 25.

Primary ash 501 and fly ash 502 are heated together until they formnolten
ash 25. tdhperapesset loHughhedi sthgr ges detected based on a color
signal.

The order of control operations in this embodiment will
next be explained with reference to Figs. 3.

As can be seen in Fig. 3(1), the temperature of molten
slug 25a is obtained from infrared CCD camera 15. This
value is compared with a set value (i.e., a standard value).
When it is detected that the temperature is above a given
value, the quantity of oxygen or fuel is adjusted so that
the temperature of the slug regains its set value.

As 1is shown in Fig. 3(2), the surface area of molten
slug 25a 1s obtained by integration processing. Its volume
of flow is detected by observing the changes in its surface
area over time. Each value is compared with a set value for
surface area. If there is no variation in the temperature
of the slug, the quantity of ash supplied i1s adjusted. 1If
the temperature of the slug should vary, the control

measures described in Fig. 3(1) above are implemented to



port 57 as slugs, drip onto a water-sealing conveyor below the port, and
are discharged to the exterior. Wth the configuration desqs%bsgpa e, the
surface of primary ash |ayer 501a in the vicinity of supply” po 531a will
experience sintering fromthe radi ant heat of the flame of burner 10. A
crusher (not shown) may be provi ded %hich can nove up and down to break up
this sintered | ayer. The device shown in Fig. 16 is a variant of the

enbodi madjuist Rig tenpergtiee | wiphdni dbd smrmases gl ytipok tof othehe
primary ash in_the furnace shown in Fig. 15 which can adjust the angle of
repose &lUShe PR RBL§ WK e $He9 n§ e of Hd oyt ilgaPyoRAblts Packsh. As

can be seen.in Fi% ﬁﬁi he .ash-nel ting furnace 100 of this enbodi nent
conpri s&8 BPFWEF? £ §ﬁ%ﬁﬁv*ﬁhit 531, which includes supply port 531a, an

niet on theleneBd abana,l winacs ody.aRoug backingdyl foge shy fly ash

supply unit i ch i'ncl ude I'y port J us i nd port 53la;

pusher 58,4t N f @HbOBeEBYE! @dafE itte AShnaWiisell tAVSHBafh OBfel | 0O 55
bel ow suppl’y port 532a; discharge port 57, the outlet for nolten ash 25 on

the far vendcafyt o fthenaaeghedylokur nehisOvalikechsi sompatall wdtAnacei |l ing
56 of 0 4 SEP 2002 40 the furnace body; and gate 74, which can be raised
or | owewsed tvalath.ustWhas hdi gid dedctdid phati then verdadidyprefmtheash
supply port 53l1la. Such a vertical gate 74, which is interlocked with pusher
58, canfBewr hiase@xseddaferediver meckimi sihe saeasueel udesentbe@i §ht H of
the partition which admts primary ash 501 when different types of ash are
to be mEiged3(¥ni &ng Fd@s £Ke)prbp¥et pERsIBPleRensednhpyaddnstothand fly

ash 502 _tq be adjusted when | ayers 50la and _5Q2a_are conbined. It _al so

al | ows tvﬁgufngacﬂ RS Y a&d,eﬁa%p ash | ayer aggigrt ﬁ’@hoq‘{ﬂan tpBfopriate

S'Mi |S|t ag?gfl%ﬁ??gtm%lgi%%é?j;ﬂgdporin5zhig Wagt theStARIS 4 Y L¢Pl Len ash 25
flow is brought back to the prescribed value.

The foregoing control measures also counteract
fluctuations in the load imposed by molten slugs 25a (i.e.,
changes in ash quality) and thereby allow the slugs to drain
in a more stable fashion.

The addition of oxygen to the air as described above
allows the oxygenated air used in burner 10 to have the
appropriate concentration of oxygen. This allows a higher
combustion temperature to be used than was the case with
related art burners and assures stable discharge of the
molten slugs 25a.

In contrast to the way heating was controlled in
related art air burners, in this invention it is controlled
by the addition of oxygen. This allows the burner to
function with a smaller volume of air and requires less
nitrogen in the furnace. The results are less thermal NOx
and less exhaust gas, which translate into a reduction of
equipment and operating costs to process exhaust gas.

In this embodiment, 1f the temperature of the slug is



In this enbodi ment, a layer of primary ash 501a which is optinmal for
nmelting can be forned by adjusting the |ayer in response to a cha inits
angl e of repose. This is done by adjusting gate 74 so thaﬂ]ﬁh%Eﬂéﬂﬁﬁt H of
the partition admtting primary ash 501 is set at the appropriate |evel,
and it optinizes the proportions of #tinmary ash 501 and fly ash 502 in the
mxture. In this way the primary and fly ash can be nelted together to

pr oduceaapsoapliatepl t dfsashiodndea ef abfkowir iamagbe Fregntrpldhdwsbunot her
enbodi nent. in which screw feeders are provided to _supply both the primry
and f|yaddnstAngc dhepguaBdd tivyn of s.shﬁ}lpaﬁlaej'uéflabllgSs eBReEREBHLS eeder 72

i it ticall I t th.h ich th i . '

suppl | c8"n SHBB W Eare B Chortier GRS . SYocatdePEN PoctEr 71 i s
Cent . . . . 3 . . ;

o7 et R RRIUnaldat ToraRkd B n8Bhgno (el ghBe pUELaCE ©

confi gukahiy@n descri bed above, fly ash 502 and primary ash 501 are supplied

via two separate supply units, 531 and 535, and they are fed into the
furnace by sahew qwatiertsy 73fandatl. pibéutdy ayh L2 barhed alamngbél oor 55
by screw feeder 71 to formfly ash |ayer 502a. As |layer 502a is forned, the
pri maryadghnsieti dhoveortedgtsirigdthat volhmef ofndoelf raampsluippl ytainthe 531 by
screw feeder 72 to formprinmary ash | ayer 501a on top of the noving |ayer
of fly ByKnBE2a. thEhusobunewofi exlgy suprlkied H9h icombwsidenorrd | Yae 55 and

in that state trang&prted to the far end of floor 55. As the conbined | ayer
of ash YRLURE 9fq0L¥yGefe @IREG &9 AN Edhvariien N ¥arigneempPa¥edor 55,

Lrh?n;rag@;i‘:h 353 P%“‘-B?&L?*glg?}'lige #dupty Pheenh P AR FoTRFRLgEr ?‘QLE‘E? o
expose ngglnéigt k¥ lﬂcw%{z hg?:g ﬂar&!ﬁgroflgiue'l%r’ Enb! vﬁé}ﬂ%ﬁ%éSﬁ afpard by

t he conbusti On gases. ated and nelted eat

conduct w¥elky fidransdmsuLel dif Owdr 58BN ¥hash 13 eakdnly e Reaindisectly
transferred fromnolten ash 25, just as in the previous enbodinent. In this

enbodi merygeadjadiieabl o speedader urfdeder dedPeaniingl tawee ywlanedesf i n suppl y
units 531 and 535, respectively. The rotary speed of these screw feeders
can be ndtuyouen )t basr dhiedefd ecdnofnredicimeplbheofvalgime T sgag [4ndl | ow a
stable | ayer of ash to formand assure a stable nelting process. It also
al | ons FRESARFuntie oft PREFANTENdOF | (thfsh exBalEtea82F95 adj udhea. Fig. 18

h h i i f_a f ferred embodi fthig | i on.
rere o SURELPG SShe e ot B Sa RS L AE pRo AT qrd B
Proport g9asel BAMHD dbendF i FRIY ARdel LY ndged & niydtidiaftd S addes to the

Q 4°SE P 2002 42 previous enbodinent in which screw feeders are
provi dediuetubeisugploanubd sad@redoéd phomptignr yeadnd tfinyg ash.mddse can be
seen in the draw ng, an adjustabl e-speed screw feeder 72 is positioned
verti caktabile ahd sfifpcienti opBBatisnot her adj ust abl e-speed screw feeder 71
is provided along the inclined surface of floor 55 in the supply unit 535.
A vertical g&i8c?4 PAdRST ldanadiusblirgdthad vadwaeede sopraendd® e supply

unit 53la _tq adjust the height. Hat which the supgly unit is partitioned.
added to the alr has the result of reducing the volume of

nitrogen which goes into the furnace, it follows that a
smaller volume of thermal NOx will be released.

When the volume of exhaust gas is reduced, preheaters,
dust eliminators and equipment used to treat exhaust gas in
order to eliminate NOx can be made smaller, saving space in
the plant or reducing its size as well.

In this embodiment, if the detected temperature of the
slug 1s appropriate, its volume of flow as calculated from

the surface area of the flow per unit of time can be



Wth this configuration, a two-tiered | ayer of ash is fornmed on floor 55
with fly ash 502 on the bottomand primary ash 501 on top. Since_th aethod
by which this twotiered layer is transported intact to the flt SBB ﬁm f1 oor
55 is the sane as that enployed in the third enbodi nent, a detailed

di scussion of it is unnecessary. In #his enbodinent, the gate 74, which is
interlocked with screw feeders 72 and 71, can be adjusted via nmechani sm 74a
t o changdjusdeidebyhcoptgplihpgpthei quantibyresjwat poofiufdest byt thgpes of
primary ash 501. This al so adjusts the proportion in which the primary ash
501 and PE&eM.y ash 502 are supplied and allows the | eading end of primry

'Zfsht nat 5 oAb FFON G ABIEE B8, te&%«%éﬂ%ﬁa%fﬁ%&? Reftgit e speed.
be ad| uePRaoAang Ry RETARIRECHR (GuBEH (Y of AL o sd BécsRT 100

adj ust eghByegat e thd  4S19@% | brCoRbhBhekBBaaMBYR QEeRr | ¥BrYia8Ac801 and
fly ash 502 supplied. Adjusting the angle of repose, the angle at which the

ash i s swpphisedongnall ehet 161{iMeNGE ok Py sae tt® dhfilsenert, typas of ash.
0 4 SEP 2002 43 Wth this enbodi nent, then, a lower layer of fly ash is
formed w tshad lleay o laimepoifimgag dshregqutivpdoef ant. thhi tempenhtarenof
two-tiered layer of ash in the furnace, with the fly ash conpletely covered
by pri mihye £OMbURiEqQr opases osldf lngrepse ttARdsilaf. aslessh erhaubhyer can
easily be adjusted, so the mnute particles of fly ash are not directly
exposed 92§ VhdleRRabietegaedsand o‘?ﬁgh@a“ﬁﬂﬁ'%ﬁ‘qr?rﬂ% toe fiLAReeSaRhRe pr obl em

of the greater part of fhe fly .ash capin 0 the exterior,with the
exhaust gctgeso ayfrctyne Myt i TR Foablskatenty e « Mongs
conduct i y f.elr fromthe primary ash and by the heat directly
transfe?n\régjg feﬁfg%%?‘ﬁgltr%?ﬁten ash. Since the inlet for the primary ash is

pl aced furthesof onvahdwan theephyiBaesnragdrhReohnbet afOhshhgeityngsh is
pl aced just behind it, the primary ash is deposited on top of the fly ash.

A rel i afluenawe- tacercadiilmay eto | shior imdennivhi.ch Irhetlpts nasy-mattihy ash are
clearly segregated. The inlet for the primary ash is oriented vertically
above t furnege.e@¢hofsuppd ¥ [wdit &3 tie duroneeend’hefi floe mabnfbgdrsh is
oriented longitudinally algong the inclined surface of the floor, Thus a

| ayer oPff IYieashiER@acCoe PBANSYPRAYCPAEs Wb LFr ddmestilyi ey obStruct the

flow of particles. .Such a layer can flaw steadi W { hout experi encing
undul at iTg‘ﬁ’s .as%e%z)us]ég tsr’ijé’pp]rji%ﬁr%}%s%qp%ﬁ c‘hogt)né%/s?%é o$e%%%+€%‘5 PArticles,

i s deposi p fl S u | ay [ engrat-gd in the
upper p%rl%?%nago Phggrrelgl%?vgwgg%%ﬁ'aye?{ o?gﬂ% 3’5% %‘ﬁﬁttﬁ?f %or of the
furnacecréatedcaeahgsifcleheddei oo tbs ihd inRidRd thamevel Bowhtes the primary

and fly ash are clearly separated.

far end of the floor. Oxygen-enriched burner 10, which is
installed on the center line of ceiling 56 on top of the
furnace body, heats and melts the ash on the surface of ash
layer 59. The resulting molten ash 25 accumulates as molten
slug in reservoir 65, which 1is created by dike 23, a
structure at the far end of the floor 55. The accumulated
molten slug 25a passes through drain port 20, which is in
the center of the dike 23, and exits through discharge port
57.

Figs. 4 through Fig. 6 show the shapes of the floors in
several ash-melting furnaces which are other preferred

embodiments of this invention. They are designed to assure



0 4 SEP 2002 44 Because several screw feeders are provided in at |east one
| ocation, the inlet for the fly ash, as the feeding neans to fegg t?@gash
into the furnace, the amount of fly ash in the two-tiered f Q&W gn
adjusted to provide an appropriate proportion of primary to fly ash. This
allows the supply of an anmount of fl30 ash such that the primary ash
enclosing the fly ash will reliably nelt. Because a gate is provided to
adj ust tthathdihghodfterhe I3kr t9n i e Vil @9 def etlne nBurnaee gudht i hgvef ash to
be supplied to the.inlet for the primry IS easy to adjust the

ne . . p ash, it ASy
propor t PR SudAily, FuTdhor i SaPRSFRIEHEOWPXLSr Ehepfigapasgengothe angl e
of repose fqor each type.of prinmary ash, .the operator can.assure that the
Ieadingagﬂd 8f1PWEUW§y§PeoF% Fﬁﬁgﬁy“égﬁﬂ% S &gla%ea86ﬁgﬁPF§Fg'distance
fromthe dis r rt., J i I es i n; bl ow, en ash
consi sting o?%%r ?;%% %fﬁgwo?fgséhg. J‘Iieéﬁénvglﬂeﬁl?oﬁigbcg%} ’ng4 o) g?{'}u&ms 1 and

2 provi dgg)an agheaeht cAgel YinageaMibeh €aAn6QUBLAHAGT ahliUsEHALI £§S I N the
| oad and so allow the slugs to drain in a stable fashion. It also can
control ara@nheatitngohywhlienbdsnglacedaatondanne vehbethgifdesehurgfng state
of the slugs. The invention according to clainms 3 through 5 provides an
ash- nel dikhg 20 @dcdhehifar cad erfhafhbeoxt heb ef f Thi #ncysefvoisohay ghbag t he
molten slugs. This invention can efficiently discharge specially the nolten
sl ugs witrdgngidago| |lddtedr¢FeEY YT r £5ar v Parabeildg f okidedl Fe9eFrYPRInol t en
ash, and _so enhancge thf dischgrgin speed of the nolten slugs. The

inveptiéﬁbaCCBFdi yrpglcPafReds t RIgHF SR Qs d2% uni {Bie FRRFRof the
pushi ng ?{laﬁ\gg.%ts of (},Ae P%ﬁg:?élwh S{'de?a%altlosf g'ro : Eél'igc%goggﬁ%g”s"bé he ash

al ong t {8 or ‘'t owards i'scharge por %er. Thi s

pusher  6a9aghbici Qi SHrFallehe diisNicifila | Nenas ik adls Lo, gt Ng

region of thé radiated flame including the T ant region, and thus

m ni M zgyhRe1ugheptad allke Fia-fiadeentsedn acw GiinttH o€l endsi®ridgough 11
provi des an ash-nelting furnace which enables a continuous stable supply of
ash frooft melsepplsy ugo rtowanwar diraive phistc 0 gies pgradual g snaerawesd abl e
outflow of nolten ash with m nimumfluctuation. The invention according to
clai ms bY ttiweo g tinugisc | Yyeiacas oaép nefbbngnfubfigece e rdidts tWRY i xture
of primary ash and K&%aaSh' This ash-nel ting furnace can prevent_the fly

ash frofP S&M%sidy & t%%t%%@?%@%t?%ﬁmﬂﬂrga‘b@@%@i ci ent
neltingdggihhgogkyzggh with the primary ash.

The configuration of the slug reservoir 65 is shown in
greater detail in Fig. 5 and Fig. 6. Fig. 5 shows the shape
of the floor of reservoir 45 in a cross section which is
orthogonal to the direction of flow. The floor is recessed
like the bottom of a ship in such a way that the deepest
part runs along the center line Z-Z of reservoir 65. Along
center line Z-7 in its longitudinal direction (the direction
of flow), floor 24 (shown by angled lines) slopes gradually
downward from upstream to downstream. The effect of this
inclined, ship bottom-shaped floor 24 is to cause the flow
of molten slug 25a to converge towards the center line Z-2
of drain port 20.

The notch of the drain port 20 may also be shaped like

the bottom of a ship (i.e., it may be a flattened "V"), so



0 4 SEP 2002 46 CLAIM5 1. An ash-nelting furnace, conprising: an ash supply
port to supply ash provided at one end of said furnace; a slaf Hﬁﬁhaﬂﬁg
port to discharge nolten slag of the ash at the other end of said furnace;
an oxygen-enriched burner to nmelt the ash supplied fromsaid ash supply
port, the supplied ash being pushed 3brward al ong an inclined floor towards
a drain port provided at a far end of said inclined floor to drain the

mol t en ghhad; &hgatmeohbems sldjacedillt hwosappsyoponly t ovhadjeuspashéngei ght of
the ash on the inclined floor; a detecting or calculating nmeans to detect
or cal clihdoagh JHeuEadm-a drain vel ocity of the continuous outflow of the

| t | : i ) t i t put | f id
dotecting of RaltRaPaPPRISIEERE WP AR BREEESY AT dPeEAT E5AEY bPeneans ash
[ i - i d i.d i i cot trol
ol Uher Dyl Pe T pRE FFCpbTel COPRRL ConEo M e Pkl 48 BBBu ner 11
responseftq et YINde f41UG MBS P! Aff thQuACHE BN éoﬁgﬁtéatf gf the

nmolten slag. 2. An ash-melting furnace, conprising® an ash supply port to
supply apdikavydesond t Oiet € d refsesdiod rf WiMBECand StAthslitschaagengort to

di scharge nolten slag of the ash at the other end of said furnace;
unburned sediment behind. The molten ash is efficiently
directed towards the slug drain port so that it can be
discharged smoothly. The slug flows more rapidly and has
less contact with the floor of the furnace and less surface
area. As a result, it experiences less thermal loss.

The slug reservoir is shaped like a funnel from its
entry to its drain. Because the two corners on the sides of
the dike have been eliminated, the unburned sediment which
collected there has also been eliminated. The flow of
molten slug is now concentrated naturally towards the drain.
The flow velocity in the streamlined reservoir towards the
dike is slower than in related art reservoirs. As a result,
the heat-resistant materials near the dike experience less
high-temperature corrosion.

The drain is placed directly in the center of the dike,
and the ash 1s melted by heat from a burner installed along
the center line of the furnace body. This design assures
that the central portion of the molten ash will flow
smoothly along the center line of the floor.

The end of the floor inclines somewhat downward along
its center line to form a concavity. This assures that the
flow of molten ash towards the drain can be directed and
concentrated in the direction of the drain even from

locations distant from the drain.



4 'r SEP 2002 47 an oxygen-enriched burner to nelt the ash supplied from
said ash supply port, the supplied ash being pushed forward al ong an
irclined floor towards a drain port provided at a far end of JskiSFP 12802 ned
floor to drain the nolten slag; a gate neans adjacent the supply port to
adj ust the height of the ash on the i*Aclined floor; a conbustion control
device, conprising: a nonitoring means to nonitor the drain state at said
drain port, NRFLasSeVeBRLntPEAVCHERES] AnvEhEcEPRPEf ofhdheofmich wfus

outfl ow of the nolten ag;, a.cal cul ation ans_to cal cul ate a _control
signal , HR&PFER Pésﬁ*‘?gfl?&‘r?@o%ﬁaﬂ%g‘ §g|%d agBnALEr SFOVE drike T dr ai n

vel ocity, wi r value, either for the quantity of the ash supplied
or the q7u;§¢1r§]??‘§gkgfke%§%t %l?bduced by sai d oxygen-enriched burner; and a

control meanseie conidl @idhey LREWIUANY | dHails aSP SHBPIJURH Yt e

gquantity of heat produced by said oxygen-enri urner 1 n response to the
control so@nBdnd r @0 Sévd CahsneBd | hdeansusBraf® afkdw Mehki ngsh urirace,
conprising: an ash supply port to supply ash provided at one end of said
f ur nace; swppsl bgd dby ctiae geapdr pushedssthathe porteonsb&gthle tHwrnaste at t he
ot her and of said furnace; and a pusher to push the ash on the inclined
fl oor sufplé¢leddntainnithedgiegipmicpvesmed bywbhesradiant dreatovasi ddeby
radi ant heat froma burner for nelting the 0 4 SEP 2002 48 ash, wherein
sai d push®P8fas a pushing surface provided at the end thereof, and the
shape of either side of said _pu ng surface.is differen romthe shape of
the central t$oR BF S&°% JdsHi ‘sﬁrf%ﬂﬁh*%go?%%me?B éﬁ%p?§ e ash
efficien e tral, redio e ' t_ .of, .said
bur ner; %Anacg &aﬁd:g{gep?rle%&r%aél | gggn?ifg% éﬁg%?%m%%ft{%g{aﬁous%at%e iﬁséil ght of
the ash qsd hephic! tREd Y11 4wibRnasde MehbbRY §8ir NaofLACERLRY to claim
3, wherein the central portion of said pushing surface is higher than
either speietion 6ai dteernd iROrLion, i andoltedsidet gpddthel1¢i Whidensi de has
a backwardly inclined surface in order to supply the ash efficiently to the
central fsge diradvvereddyk { hdl'a dh amrehegteadffisal d tisufment Surface
ash-nelting furnace according to claim3, wherein the central portion of
g‘@?&’ve

sai d puski myrEhpgeral diepthavdirestdpascfnéleEnt el tfoovermld &
pushi ng surface, so,that said shing surface js directed_towards the
center | '?f&“mﬂ%’?%?pﬁgsggc hﬂ&u%ﬁ‘é{{hé’qﬁﬁ%dﬁ’%‘gﬁt?%e‘q%i 6nf§na\é?§8ipant heat .

Its sides are slightly curved and incline at a steep reverse

angle. Thus the clumps of ash pushed forward by pushing
element 58b as it moves back and forth in an appropriate
range of motion, as shown by the arrows, form an ash layer
59a whose leading end narrows as it advances. This ash
layer moves towards heated region 35a, which is in the
vicinity of the region covered by the heat radiating from
the flame of burner 10.

If the width S of the end of the pushling element and
the position where the end of pushing element 58b comes to
rest are selected appropriately, the ash to be melted can be
supplied efficiently to the region 35 of radiant heat, and
the quantity of ash supplied to the unheated portion of the
furnace can be minimized.

Fig. 8 shows the shape of the pushing element in a



6. An ash-nelting furnace, conprising: an ash supply port to supply ash
provi ded at one end of said furnace ; a slag discharge port t2 di schar ge
mol ten sl ag of the ash at the other end of said furnace;: ‘0% SER 2882 2002
49 a burner to nelt the ash supplied fromsaid ash supply port, the
suppl i ed ash being pushed forward al*dng an inclined floor towards a drain
port provided at a far end of said inclined floor to drain the nolten slag;
a screweeRiirembdtBeRt nebuthy PeEex G sthe mpwarent oh Bimpsh port

al ong said ingline said. feed neans being provided in said ash

fl i
suppl y &x ?EW%:gBY?gﬁﬁaﬂgsaﬂ?%c%ng?ﬂE'supply port to adjust the height
of the ash of thg,i EE' AN fﬂrféfreiéq 7.g AN RShoMeh G L gefléﬁu{é%%e 2cording to

. . '8
claim6, Wiereih a rirst ash ng heans s ofieénte engt'hwi se” al ong

sai d i nghi HeshdhOPr 1 M osHRed sy miya]pﬁmoséwaéﬁ@r&@@{ edi ng

means is oriented vertically above said ash supply port. 8. An ash-nelting

furnacetrpee gl o dP SHai NI s ydetrt Nid high BH e dBANF drgn i) ddiedws m of a
gate along a wall of said ash supply port |ocated at outlet side of said

screw fmesterng farrfatelfid)g tHe paispihgofoackayenepatadbpmswaaiatd ncl i ned
floor. 9. An ash-nelting furnace, conprising: at |least two ash supply ports
t o suppifcads ponaketlat dineoppér tewdrds thedceoteacdinehdof ifiastm ash
supply port_being used for supplying primary ash, the second ash supply
port bed¥Ry BRI f¥?Psupplying fly ash (ash containing minute particles),
said primary,and fly ash formn two-fiered | ayer of ash o i nclined

0 4 SEP 2Qoz'P’5‘be‘flb%r?S‘%a?%“ e qua%%*é’%%cw t?l?pﬁeg}‘at&&r i g‘&“ng

ar ranged 4,3 USR PalfintHodtN%d | Yislh 101 "By 2chVBLRLBYER 10fs 3 d
two-tiere ayer, an he prlnary_as orms an upper ‘Tayer “on said | ower
llayer ofpd!yraghacd.gate @ﬁé”scéﬁbQGE”tP@sﬂﬁﬁﬁt QDEE SUPP! YaPOr thd 0 adj ust

the height of the ash on the inclined floor;
semicircular, as shown in Fig. 10(A), or 1t may be

parabolic, as shown in Fig. 10(B).

If its center 1is shaped like a pedestal and extends
forward, and its sides are raked back at a steep angle, the
advancing pusher will leave behind the ash on either side
which is outside of the heated region containing the area
covered by radiant heat from the burner in the center of the
furnace. When the pusher advances, the ash in front of its
central portion will be pushed forward, but the ash on
either side of its backwardly inclined surfaces will be left
behind. This design makes it possible to supply ash only to
the center of the furnace.

Fig. 9(A) shows the shape of the pushing element in a
pusher which 1is a third embodiment of pusher and the
movement of the ash layer created by this pushing element.

As is shown in the embodiment, the pushing element 58d
in the pusher of the third embodiment 1is formed of a
material whose width is close to that of floor 55 and whose

cross section protrudes upward in the center. This raised



a slag discharge port to discharge nolten slag of the ash at the other end
of said furnace; and a burner to nelt the fly and primary ash supplied from
said at' | east two ash supply ports, the supplied ash being pu{sheSEPo20i2r d
along said inclined floor towards a grai n port provided at a far end of
said inclined floor to drain the nol tén slag. 10. An ash-nelting furnace
according to claim9, wherein said first ash _supply port used for supplying

the pri @& ddh Ghe |Gathedy oft e RNReTe SHPRIdEsofiors @stuthade thgnd said
second ash_ suppl ort used fqr supplyi the fly ash ig lpcated_at an
upst rea%oé‘feé'a _g?\rlgg!oﬂsf ﬁlnnaeclealeﬁ. Egﬂxag‘%- n%’fff?‘h% Fﬂrr‘?hctsf’b gf%%%’r: dPrig to
claim 9n el g SALGnbL! Sin a3RSUPBhYPOM! 4RI QLS PURP!¥I I, 4 NG Pri mary
ash is located at an”upper area above the floor of sard furnace, and said
second Q&SP P@idntisef dOrasHpPRbYyb8Ishpp1itd @shnkatkacakgdoat a | over
area above the floor of said furnace. 12. An ash-nelting furnace according
to cl ai B5%, fwitidlerremprdsiagmiatasiedleed neakans, such as a screw
feeder, to feed the fly ash at an upstream area of 0 4 SEP 2002 51 said
furnace, sai dClash pusleng mayansldei hgver ieenpeshirggtelwinemtal 98¢ ssi d
inclined floor fromsaid ash supply port. 13. An ash-nelting furnace

accor di avd cimifA®, UkPrevdtthe FalsefeRestdonprhose sigdasesdPbag a wal |
of said ash supply port for adjusting the height of a |ayer of ash on said
i ncli ned‘%%&fﬁ? ¢h gr?éﬂjt]ierﬁ ar?g’t PRy %EagSy conprising a step of
suppl yi ng prijmar (ash. co i ni ough particles) from an er end of
a furnace to%oPﬁsgﬁguﬁgjeO% a?/}é?hgf Q%’C{ JL‘Igt icgornetlcfl'ql‘gg/% 8f ash; t§3%p| yi ng
fly ash fiuGH@l D Nguit8uberpaibht! @$bn rguygfefi% Uppe hsnge%téa' d
furnace to forma |lower |layer of the two-tiéred layer of ash; a gate neans
adj acentarat, h@asdh a1 SUpRIct ap@fiill a0 cadjsés Eetite ohemglt waki chhpuarba novi ng
the two-tiered | ayer together towards the far end of said furnace, and
heat i ng aanthinfedrtm nguayet byt veef tassr eall 1 ay@mrodyy théln metdtb. f oThenpéwen sl ag
during said noving step; and discharging said nolten slag froma sl ag

di schar giesg grorallavs e lameer awandttyheff ashate. be pushed towards
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supplied to either side.

If the end of the pusher has 1ts sides furthest forward
with the surface dropping away towards the center to form a
concave pushing surface, the ash pushed by the pushing
surface will be directed towards the center 1line which
passes through the middle of the region of radiant heat.
This design has the effect of maximizing the gquantity of ash
delivered to the center of the furnace and minimizing the
quantity delivered to either side.

The embodiments 1llustrated in Fig. 11 through Fig. 14
show ash-melting furnaces from which the drainage of molten
ash 1s stable with little fluctuation. In the ash melting
furnace 100, as can be seen in Fig. 11, the feeding means to
feed the ash on the inlet side of the floor is not a pusher

but a screw feeder 71 which can continuously feed the ash.
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& () I\Qre oriented vertically above the inlet. There are more

than one of each type of screw feeder. Screw feeders 71 are

arranged in a row across the width of the floor, and screw

feeders 72 are arranged in a row across the width of the

stack. These feeders make 1t possible to supply ash 50

continuously to the highest part of the floor and to advance

the ash 50 continuously along floor 55 towards discharge

port 57.

Screw feeders 71 and 72 may have adjustable speed of

rotation, or a helical ribbon screw feeder may be used as

feeder 72.
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occur. A constant, uniform supply of ash is delivered to
the inlet of the furnace, creating a stable moving layer of
ash 59. The surface of this layer receives a constant
quantity of radiant heat from burner 10, enabling molten ash
25 to drain in a stable fashilon.

Like the embodiment in Fig. 11, the embodiment in Fig.
13 has as its feeding means to feed ash a screw feeder 71
which can continuously feed the ash longitudinally down the
floor from the inlet of the furnace. In addition, it has a
gate 74 at the supply port 54 which can be raised or lowered
to adjust the height H at which the supply of ash is cut
off. The lowest position of gate 74 must be one which will
not allow it to interfere with the operation of screw feeder
71.

With the above configuration, using screw feeder 71 as
the feeding means to continuously feed ash 50 along floor 55
creates a stable ash layer 59. Using the screw feeder
together with a gate 74 on supply port 54 to adjust the
height H at which supply unit 53 is partitioned allows the
angle of repose y of the ash layer to be adjusted by the
gate 74. Then even though different types of ash may be
melted, a stable moving layer of ash 59 can still be
created, and a stable drainage of molten ash 25 can be
effected.

Fig. 14 shows another embodiment of the device pictured
in Fig. 13. This furnace has a screw feeder 71 running

along the floor 55 and a vertical gate 74 which can be
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In addition to the effects of the configuration shown
above in Fig. 13, this configuration has the effect of
preventing cross-linkages from occurring in stack 70 and
assuring a smooth supply of ash 50 to floor 55.

With this embodiment, the ash delivered via the supply
port onto the floor of the furnace is continuously pushed
forward along the floor by the feeding device. Thus the
layer of ash created on the inclined surface of the floor
will travel forward in a stable fashion without experiencing
undulation. It will be in a uniform state, and 1its surface
will receive a constant quantity of radiant heat from burner
10. This will produce a stable drainage of molten ash 25.
Because the feedlng device is a screw feeder, the ash can be
supplied continuously or in varying amounts. This allows
the system to respond effectively to load fluctuations due
to the type and condition of the ash used.

Screw feeders are provided to supply the ash both from
the supply port to the near end of the furnace floor and
from there down the floor to the far end. These feeders
allow the quantity of ash supplied to be varied across the
width of the furnace. More specifically, they allow heating
disparities across the width of the furnace which are due to
the position of the burner to be addressed by increasing or
decreasing the quantity of ash being fed. This allows the
state of melting to be equalized across the furnace.

A feeding means to continuously feed the ash along the

floor will create a stable ash layer. If a gate is also
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control the angle of repose of the ash layer. This will

assure a stable drainage even when ash of different types is

being melted.

Fig. 15 through Fig. 18 show a number of embodiments of
an ash-melting furnace in which primary and fly ash are
combined before they are melted.

As can be seen in Fig. 15, the ash-melting furnace 100
of this embodiment comprises primary ash supply unit 531,
which includes supply port 53la, an inlet on the near end of
the furnace body above inclined floor 55; f£fly ash supply
unit 531, which includes a supply port 532a just behind port
531a; pusher 58, the feeding means to feed the Qsh, which
travels along floor 55 below supply port 532a; discharge
port 57, the outlet for molten ash 25 on the far end of the
furnace body; and burner 10, which is installed on ceilling
56 of the furnace body.

With the configuration described above, fly ash 502 and
primary ash 501 are supplied separately via two supply ports
which are placed one in front of the other. Fly ash 502
falls naturally to the inlet to floor 55 and is fed along
the floor by pusher 58 to form fly ash layer 502a. As the
layer 502a is formed, the primary ash 501 which is above it
falls naturally from supply port 53la. As fly ash layer
502a flows forward, primary ash layer 50la 1s formed on top
of it. The two layers move together towards the far end of
floor 55.

As the combined layer of ash travels towards the far

end of floor 55, the radiant heat from the flame of burner
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Primary ash 501 and fly ash 502 are heated together
until they form molten ash 25. They pass through discharge
port 57 as slugs, drip onto a water-sealing conveyor below
the port, and are discharged to the exterior.

With the configuration described above, the surface of
primary ash layer 50la in the vicinity of supply port 531la
will experience sintering from the radiant heat of the flame
of burner 10. A crusher (not shown) may be provided which
can move up and down to break up this sintered layer.

The device shown in Fig. 16 1is a wvariant of the
embodiment in Fig. 15. A gate is provided on the supply
port for the primary ash in the furnace shown in Fig. 15
which can adjust the angle of repose of the primary ash and
the mixture of the primary and fly ash.

As can be seen in Fig. 16, the ash-melting furnace 100
of this embodiment comprises primary ash supply unit 531,
which includes supply port 53la, an inlet on the near end of
the furnace body above inclined floor 55; fly ash supply
unit 531, which includes a supply port 532a just behind port
53la; pusher 58, the feeding means to feed the ash, which
travels along floor 55 below supply port 532a; discharge
port 57, the outlet for molten ash 25 on the far end of the

furnace body; burner 10, which is installed on ceiling 56 of

[9+1
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Such a vertical gate 74, which is interlocked with
pusher 58, can be raised or lowered via mechanism 74a to
adjust the height H of the partition which admits primary
ash 501 when different types of ash are to be melted. This
allows the proportions of the primary ash 501 and fly ash
502 to be adjusted when layers 50la and 502a are combined.
It also allows the leading end of primary ash layer 50la to
end up an approprilate distance from the discharge port 57 so
that a stable flow of molten ash 25 will drain from the
port.

In this embodiment, a layer of primary ash 50la which
is optimal for melting can be formed by adjusting the layer
in response to a change in its angle of repose. This is
done by adjusting gate 74 so that the height H of the
partition admitting primary ash 501 is set at the
appropriate level, and it optimizes the proportions of
primary ash 501 and fly ash 502 in the mixture. In this way
the primary and fly ash can be melted together to produce a
stable molten ash and a stable drainage.

Fig. 17 shows another embodiment in which screw feeders
are provided to supply both the primary and f£ly ash.

As can be seen in Fig. 17, an adjustable-speed screw
feeder 72 is positioned vertically along the path by which
the primary ash 1s supplied in supply unit 531. Another
adjustable-speed screw feeder 71 is oriented longitudinally
in supply unit 535 along the inclined surface of floor 55 on

the inlet side of the furnace.
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screw feeder 71 to form fly ash layer 502a. As layer 502a
is formed, the primary ash 501 above it is fed into the
furnace from supply unit 531 by screw feeder 72 to form
primary ash layer 50la on top of the moving layer of fly ash
502a. Thus a two-tiered layer of ash is formed on floor 55
and in that state transported to the far end of floor 55.

As the combined layer of ash which is described above
travels towards the far end of floor 55, the radiant heat
from the flame of burner 10 heats and melts the surface of
primary ash 501 in layer 50la. The fly ash 502 in the lower
layer is not exposed directly to the flame of burner 10, nor
is it conveyed upward by the combustion gases. Rather, it
is heated and melted by the heat conductively transferred
from primary ash 501 and by the heat directly transferred
from molten ash 25, just as in the previous embodiment.

In this embodiment, adjustable-speed screw feeders 72
and 71 are provided in supply units 531 and 535,
respectively. The rotary speed of these screw feeders can
be adjusted to provide a continuous supply of ash. This
will allow a stable layer of ash to form and assure a stable
melting process. It also allows the amounts of primary and
fly ash to be easily adjusted.

Fig. 18 shows the configuration of a fourth preferred
embodiment of this invention. Here a gate to adjust the
angle of repose of the ash and alter the proportions in

which the primary and fly ash are combined is added to the
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531. Another adjustable-speed screw feeder 71 is provided
along the inclined surface of floor 55 in the supply unit
535. A vertical gate 74 which can be raised and lowered is
provided in supply unit 531la to adjust the height H at which
the supply unit is partitioned.

With this configuration, a two-tiered layer of ash is
formed on floor 55 with fly ash 502 on the bottom and
primary ash 501 on top. Since the method by which this two-
tiered layer 1s transported intact to the far end of floor
55 is the same as that employed in the third embodiment, a
detailed discussion of it 1is unnecessary. In this
embodiment, the gate 74, which is interlocked with screw
feeders 72 and 71, can be adjusted via mechanism 74a to
change the height H of the partition to respond to different
types of primary ash 501. This also adjusts the proportion
in which the primary ash 501 and the fly ash 502 are
supplied and allows the leading end of primary ash layer
501la to end up an appropriate distance from the discharge
port 57 so that a stable flow of molten ash 25 will drain
from the port. The speed of adjustable-speed screw feeders
72 and 71 in supply units 531 and 535 can be adjusted, and
the helght H of the partition on supply port 53la can be
adjusted by gate 74, to easily control the amount of primary
ash 501 and fly ash 502 supplied. Adjusting the angle of
repose, the angle at which the ash is supplied, enables the

furnace to respond to different types of ash.
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the fly ash completely covered by primary ash. The
proportions of the two types of ash in this layer can easily
be adjusted, so the minute particles of fly ash are not
directly exposed to the exhaust gases from the burner. This
eliminates the problem of the greater part of the fly ash
escaping to the exterior with the exhaust gases.

Further, the fly ash is melted smoothly by the heat
conductively transferred from the primary ash and by the
heat directly transferred from the molten ash.

Since the inlet for the primary ash is placed further
forward on the furnace, and the inlet for the fly ash is
placed just behind it, the primary ash is deposited on top
of the fly ash. A reliable two-tiered layer is formed in
which the primary and fly ash are clearly segregated.

The inlet for the primary ash is oriented vertically
above the near end of the floor of the furnace. That for
the fly ash is oriented longitudinally along the inclined
surface of the floor. Thus a layer of fly ash can be formed
which has no irregularities to obstruct the flow of
particles. Such a layer can flow steadily without
experiencing undulations.

Because the primary ash, which consists of coarser
partlicles, is deposited atop the fly ash, an upper layer
flow is generated in the upper portion of the relatively
smooth layer of fly ash on the floor of the furnace. This

creates a well-defined two-tiered layer in which the primary

and fly ash are clearly separated.
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appropriate proportion of primary to fly ash. This allows
the supply of an amount of fly ash such that the primary ash
enclosing the fly ash will reliably melt.

Because a gate 1s provided to adjust the height of the
partition which determines the quantity of ash to be
supplied to the inlet for the primary ash, it is easy to
adjust the proportions of primary and fly ash in the
mixture. By adjusting the angle of repose for each type of
primary ash, the operator can assure that the leading end of
the layer of primary ash ends up an appropriate distance
from the discharge port. This will result in a stable flow
of molten ash consisting of primary and fly ash.

The invention according to claims 1 and 2 provides an
ash-melting furnace which can counteract fluctuations in the
load and so allow the slugs to drain in a stable fashion.
It also can control the heating by the burner in accordance
with the discharging state of the slugs.

The invention according to claims 3 through 5 provides
an ash-melting furnace which can enhance the efficiency of
discharging the molten slugs. This invention can
efficiently discharge specially the molten slugs which are
collected in slug reservoir being formed from the molten
ash, and so enhance the discharging speed of the molten
slugs.

The invention according to claims 6 through 8 discloses

a unigque form of the pushing element of the pusher which can
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pushing of the ash out of the heating region of the radiated
flame including the radiant region, and thus minimize the
unheated ash.

The invention according to claims 9 through 11 provides
an ash-melting furnace which enables a continuous stable
supply of ash from the supply port towards the discharge
port to assure a stable outflow of molten ash with minimum
fluctuation.

The invention according to claims 12 through 17
discloses an ash-melting furnace to melt the mixture of
primary ash and fly ash. This ash-melting furnace can
prevent the fly ash from dispersing in the atmosphere upon
heating, and enable efficient melting of the fly ash with

the primary ash.
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CLAIMS

1. An ash-melting furnace, comprising:
an ash supply port to supply ash provided at one end
of said furnace;
a slag discharge port to discharge molten slag of the
ash at the other end of said furnace;
an oxygen-enriched burner to melt the ash supplied
from said ash supply port, the supplied ash being
pushed forward along an inclined floor towards a
drain port provided at a far end of said inclined
floor to drain the molten slag;
a gate means adjacent the supply port to adjust the
height of the ash on the inclined floor;
a detecting or calculating means to detect or
calculate a volume or a drain velocity of the
continuous outflow of the molten slag;
a comparing means to comparing an output value from
said detecting or calculating means with a preset
value; and
a control means to control either the quantity of the
ash supplied or the quantity of heat produced by said
oxygen—enriched burner in response to a signal from
said comparing means in order to achieve a stable

continuous outflow of the molten slag.

2. An ash-melting furnace, comprising:
an ash supply port to supply ash provided at one end
of said furnace:;
a slag discharge port to discharge molten slag of the

ash at the other end of said furnace;
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pushed forward along an inclined floor towards a
drain port provided at a far end of said inclined
floor to drain the molten slag;
a gate means adjacent the supply port to adjust the
height of the ash on the inclined floor;
a combustion control device, comprising:
a monitoring means to monitor the drain state at said
drain port, such as a volume, and a drain velocity of
the continuous ocutflow of the molten slag;
a calculation means to calculate a control signal,
based on a result from comparing said monitored
volume or drain velocity with a preset wvalue, either
for the quantity of the ash supplied or the quantity
of heat produced by said oxygen-enriched burner; and
a control means to control either the quantity of ash
supplied or the quantity of heat produced by said
oxygen—-enriched burner in response to the control

signal from said calculation means.

3. An ash-melting furnace, comprising:
an ash supply port to supply ash provided at one end
of said furnace;
a slag discharge port to discharge molten slag of the
ash at the other and of said furnace; and
a pusher to push the ash on the inclined floor
supplied from said ash supply port towards a region

covered by radiant heat from a burner for melting the
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provided at the end thereof, and the shape of either

side of said pushing surface is different from the

shape of the central portion of said pushing surface

in order to supply the ash efficiently to the central

region covered by the radiant heat of said burner;

and

a gate means adjacent the supply port to adjust the

height of the ash on the inclined floor;

4. An ash-melting furnace according to claim 3, wherein
the central portion of said pushing surface is higher
than either side, or said center portion is formed
flat and the either side has a backwardly inclined
surface in order to supply the ash efficiently to the
central region covered by the radiant heat of said

burner.

5. An ash-melting furnace according to claim 3, wherein
the central portion of said pushing surface drops
away towards the center to form a concave pushing
surface, so that said pushing surface is directed
towards the center 1line which passes through the

middle of the region of radiant heat.

6. An ash-melting furnace, comprising:
an ash supply port to supply ash provided at one end
of said furnace;
a slag discharge port to discharge molten slag of the

ash at the other end of said furnace;
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along an inclined floor towards a drain port provided
at a far end of said inclined floor to drain the
molten slag;

a screw feeder, to continuously feed the ash from
said ash supply port along said inclined floor, said
feeding means being provided in said ash supply port;
and

a gate means adjacent the supply port to adjust the
height of the ash on the inclined floor.

7. An ash-melting furnace according to claim 6, wherein
a first ash feeding means is oriented lengthwise
along said inclined floor from said ash supply port,
and a second ash feeding means is oriented vertically

above said ash supply port.

8. An ash-melting furnace according to claim 6, wherein
the gate means is in the form of a gate along a wall
of said ash supply port located at outlet side of
said screw feeder, for adjusting the height of a

layer of ash on said inclined floor.

9. An ash-melting furnace, comprising:
at least two ash supply ports to supply ash provided
at an upper end of said furnace, the first ash supply
port being used for supplying primary ash, the second
ash supply port being used for supplying fly ash (ash
containing minute particles), said primary and £fly

ash forming a two-tiered layer of ash on an inclined
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floor, said first and second ash supply ports being
arranged in such a way that the fly ash forms a lower
layer of said two-tiered layer, and the primary ash
forms an upper layer on said lower layer of fly ash;

a gate means adjacent at least one supply port to
adjust the height of the ash on the inclined floor;

a slag discharge port to discharge molten slag of the
ash at the other end of said furnace; and

a burner to melt the fly and primary ash supplied
from said at least two ash supply ports, the supplied
ash being pushed forward along said inclined floor
towards a drain port provided at a far end of said

inclined floor to drain the molten slag.

10. An ash-melting furnace according to claim 9, wherein
said first ash supply port used for supplying the
primary ash is located at a downstream area of said
furnace, and said second ash supply port used for
supplying the fly ash is located at an upstream area

of said furnace.

11. An ash-melting furnace according to claim 9, wherein
said first ash supply port used for supplying the
primary ash is located at an upper area above the
floor of said furnace, and said second ash supply
port used for supplying the fly ash is located at a

lower area above the floor of said furnace.

12. An ash-melting furnace according to claim 9, further
comprising an ash feeding means, such as a screw

feeder, to feed the fly ash at an upstream area of
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said furnace, said ash feeding means being oriented
lengthwise along said inclined floor from said ash

supply port.

An ash-melting furnace according to claim 9, wherein
the gate means comprises a gate along a wall of said
ash supply port for adjusting the height of a layer

of ash on said inclined floor.

An ash melting method to melt ash, comprising a step
of:

supplying primary ash (ash containing rough
particles) from an upper end of a furnace to form an
upper layer of a two-tiered layer of ash;

supplying fly ash (ash containing minute particles)
from the upper end of said furnace to form a lower
layer of the two-tiered layer of ash;

a gate means adjacent at least one supply port to
adjust the height of the ash;

moving the two-tiered layer together towards the far
end of said furnace, and heating and melting said
two-tiered layer by a burner to form molten slag
during said moving step; and

discharging said molten slag from a slag discharging

port at the other end of the furnace.



