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SQ °JREFUSE DI SPOSAL APPARATUS This invention relates to solid refuse

di sgosal, and nore particularly to a vertical shaft-nearth type furnace for
verting pelletized refuse into useful- §aseous product and inéert solid
residue. Anderson U.S. Patent 3 729,28 describes a solid refuse di sposal
process which has as products a useful fuel or synthesis ‘gas and an inert
solid-residue. The Ander SRnIprouess tIsi@isuesazmaeatmd roduction of refuse
into the top of a vertical shaft refractory-Iined furnace with the
simul t aneous i-ntroducti on of an oxygen-enriched gas into the base of the
furnace. The refuse fornelhés poeois: pde ks diobsilidntdftdencitgocaly aind incr@l shaf t

whi-ch can be anal yzec i‘i:'naftﬁr,'[_‘ns _q.f"it-h{ ee functi Q.nalf zoneg: a drying zone at
the top-section, a pyrol'ysiSe2ofE A’ PR HFUELARM™EH A conbustion or

mel ting zone (the keaettips pdildthedbasgecintd bR IUERANE srdipRRaENat lue-susef ul
for.practicing the Anderson process |Is also described in U S. Patents
3,301,082 and 3, 985°Bid*ti3“Ander son. "As the refuse descends through the
shaft under the infl uencd®d8rsoglats Pareny 3} 724233 geseribRsi L8P r41882 ri si ng gases

whi ch are gener at egspdtat Broch QWlicSRAS {s ?Aﬁﬂ._ctgearutséhméﬂ Qn%n?lusitshe f urnace.

These gases are cooled as they give up elr heat-to the refuse. As the at
| east partially drsasdardepuioeridwdiderrsiduenr Theeindémempnobass Shefivesfienace, it is

exposed (o Still MiADGLcABIBETAY fka' G54t bG lEficagurol ysis of the

organi c content of the refuse. yrolysi s pnasé, the conbustible
organi c materi al i sefdetoypdseddfurmce hdthptresdadeanadusainbatucoioygprendef i ci ent

(reduci ng) atnosphere to splid.char residue gnd a gaseous m xture
congi sting predom AAAL ] S/m'g "e‘gé;rsbb"ﬁo ?ft'éh(z)’?(slecf’ce;, 3'ﬁy‘(‘fl?"é@fén ShEEari et y of

hydr ocarbons. The ¢@agcausrds phdkeed 2éd OB id tr@mskbicapyrael weks coee Whil e t he
char and remai ni ng_non-val atile_inorganic r’rﬁt erials descend into the
i Foms

combusti on and el t1RNFeS dN&eEE HBFEh UOF doMsar # Y 0hER I "t which i s
conposed primarilyedpfsection, a pyrolysis zone in the midsection, and a comdustion
"or melting zone (the hezrth) at the basa aof the furaace. ‘
Apparatus useful for practicing the Anderson procass is also
described in U.S. Pateats 3,301.682 and 3,985,518 to Aaderson.
Bs the refuse cascends through the shaft uader the
.- influence of gravity, it is first dried by not rising gases which
are generated in the lower shaft and hearth secticns of the
furnace. These gasas are cogied as they give up their haat.tg the
refuse. As the at teast partially driad refuss descend; further
into the shait férnace,'it is expased to still higher temperaturss
resaléing in the pyroiysis of the organic content of the refuse.
Buring the pyroiysis pnass, the combustidble organic material is
decompased in the presance of & hat oxygen-deficieat (reducingi

atmosphare 0 a3 solid char residue ang 2 jasasus aixture



fi xed carbon and ash, is'reacted exothermically (combusted) with an
oxygen-enriched gas which is fed into the heart'h through a plurality of
tuyeres. As described i'n the afore-nentioned Anhderson prior art, the
tuyeres are radially oriented and are positioned in the |ower half of the
hearth, just above the slag pool. _The heat generated by this exothermc
reaction melts any inorganic materi-at’s which are present so as to forma ,'
nol ten slag which is continuously tapped or renoved fromthe base of the
furnace. The hot gaseous product produ@ed by the exothernic reaction
fconbustion), consisti ng _Er_i marily of a m xture of carbon oxides, rises
into the pyrolysis zorf@™And"HPieeWInpHY o fIROASPIFR Se ¢ Brdredemias dccurri ng
therein. One probl em egeRUIbERRFIHGANT Thd1Gaskdlk th Alrd ALlCr 33k Practice of
t he Anderson process with shredded refuse was excessive conpaction of the,
vertical refuse bed. . SUEHYCHEPRON nthe ediers adorensieing momastat lievindrbandaigh t he
bed and an attendant Hr?ﬁ?%ﬂgcgndt n\%o qyeeéo%u{s't\%];lfaln lwl&rt]{:f'z'zorlvat ry\@s .

subsequent |y discovered that by conpacting the refuse rnto %m&ﬁaﬁhpel lets
fﬁr feeding into the verticaln thabkirtf,utheaber;, wanyisofngoles friadel wnar
ehcount ered when oper gt ith shredded refuse cquld be elimnated. This
so-cal'l ed pelletized ?fé?eggtgr or Sgiéssh’?i_é ra%cstﬁi Fﬁé’&"ﬁﬁﬂq%l‘%ﬁ“?f‘ébed? ' ®nder son
U,S. Patent 4,042, 345 aanulygeh-ghitties s hyich TPIFey &Ro the nQV e Brdug@per ati on of
_tffe basi ¢ process. Ev.eQ tg,ou h the pelletized refuse nodification of the
basi ¢ Anderson procesd f&8'i EI%tsERsa Aertnseioad $hPeatfosyereifradhat 3.
effectively achieves tadgrfasirtordfa] SheOluybRe P FQHNDY oPENLEI ade- €., the
conti nuous production of a fuel gas and a clean, inert slag residue, one
probl em still remains. PPBsINFY iefeelfurrahdperf dbe aser i uttesdaradthesdres 5
pel l etized process, ityohas themils QEReINedy LR aSRNE: O eatNign GIRL oRY 0duced
within the pyrolysis zone is not

’ - 1norganic materials which are present so as to form a molten slag

which is continuously tapped or removed from the dase of the
furnace. The hot gaseous product produced by the exothermic
reaction (combustion), consisting primarily of a mixture of carbon
oxides, rises into the pyrolysis zone and drives the endothermic
reac;ions occurring therein, |

One problem encountered during the initial large sczle
practice of the Anderson process #ith shradded refuse was
excessive ccmpaction of the vertical refuse bed. Such campaction
leads to uneven gas flow through the Yed and an attandant decrsasa
in the overall efficiency. [t was subsequently discaveréd that by
compacting tne.refuse into small pellets for faeding inta the
vertical shaft furnace, many of the prodiams encountersd whan
operating with shredded refuse could te 2liminated. This
so-called pelletized refuse process is Jescrined and claimed in
Anderson U.S. Patent 4,042,345 and sigaificantly impraves the
overall operation of thé basic process.

Eveﬁ though the pelietized refusz mogification of the

basic Anderson procass has yielded a refusa disposal system that



i ng gases. This char is accordingly carried out of the vertical shaft

ace wi.th the 10 product gas. vgile this- char entrai nnent probl em

- .ddes not appear to deleteriously affec ‘the basic function of the process,
it does add coaf’; derabl ense to \s/stem b cat| ng i he, fuel -gas
cl eani ng appard-f §0s Y yr%gﬁfFYﬁG 5 aBE floﬁgﬁ §UE f el 504 the re- 15 .

cycle of the ghwrcemek in¢o,tbresbaht ihubnacerodliedrion foofrea fuelvogd sl be ¢

desirabl e to redyce r ef erab at.g the roble chayy

~entrai nment . Ec"co-r%ll%%) ’tﬁ%e #egiﬁfg véntldn E{'ppgr ulse"} ssr% ovi ded for "

di sposi ng of peneinzed D@fusg bytéﬁded opnvek&qm1qﬁ)hhﬁ#Aﬂdqpsmmus

pr oduct d | r o] nS Mth an
upper engglf or ejlllegt(f)ilizéej% §§{?§§§SI n rogu%t |E§n p?%vslqe ing t@ﬁét i ng zone in the
top section artch%t e¢hvr nr odeeedpwitbiini dhez oy oilry stitfe ZiQTtQarmadeat e section
thereof to fordyepciedt P! ésﬁbaggeﬁew%ﬂlhe%ea HRRATHH fifhedd Ne ADEa SHEd!

and in flow communication"with t | ower end of the shaft; neans for
f eedi ng oxygerkfto @i tﬁ?%r@bs fhpwlﬂsegﬁém *h Jéuav SRFusts AFSOREIABYY a

taphol e comurdg@tidd ot heFhenbBeaelitan @heFharfdifihd®! et esheue o
therefro 30 and wherein the hearth has a volunme V mhlgh IS

equal tol®r QNR%H?HCFh%%SthaWhaiF|ﬁBdsb§h@ﬁeeHQQQiMWﬁf ERERR LM (9882 / v
KGDs/P  not afgdganhtsedeledetiouspyl laffifierdtd vhad Usss iexfumiotieed rate =

of the process, it' does add considerable expénse to

the system by complicating the fuel gas cleaning appara-
tus énd requiring an additional sub-system for the re-
15 cycle of the char back into the shaft furnace. There-
fore, it would be desirable to reduce or preferably
eliminate the problem of char entralnment.
Accordlng to the present invention apparatus
.is'bfov1ded for dlspos;ng of pelletized refuse by
20 conversion to useful gaseous product and inert solid
" residue, which cohprises a vertical shaft with an upper
end for pelletized refuse introduction providing a
drylng zone in the top section and a thermal decompo-
sition zone in the intermediate sectlon thereof to Form
25 a pelletized refuse bed, d hearth beneath the shaft and
~~in flow communicaﬁion with the lower end of fhe shaft,
means for feéding oxygen-containing gas into the hearth
as a combustion zone and a taphole communicating with
the hearth for discharging molten residue therefrom,
30 and wherein:- ;
{(a) the hearth has a volume V which is equal
to or greater than that defined by the follow1ng Equation
(1): '
Vo= K GrDi/Pg (1)
where



[err] shaft m ni num equi val ent dianeter, and [err] =
.pressure, and K= 7.28 x 10 when Vis in [err], G isinlb 5
refuse/ft ' shaft ‘m ni num cross-sectional - area/second. Dis inft and Pis
bn psia, or 3.09 when Vis in 3 ' 4 2 m, Gisin Kg
refuse/[err] shaft mninmumcross-sectional r areal/second, [err] is in
met{es and P is in atnosphere o] | | r.ovi ded-
bet&Eﬁn 10 the. shaft. ghd tﬁgl%gg%? g Qg?hggnﬁﬁaﬁﬁ%bc?§§§éégéi|onal area
from0.044 to 1.0 times Qge-sﬁhﬁftnmmhmnmccqgsvais@ttl di@medregs,. ) a
Sultiplicity of tuyeres mr = Ph oYL AEH @arhgeeﬂgmsm faeq ng
oxygen-containing gas int% the eart posi’tioned at .
circunferentially" spaced<loc§t?%n§ LA tHéeUpﬁeFSpaﬂtféf,tﬁq Hesaritrh lddj acent

to the shafs-heardtusennett spart by iwhhah a&eskegécttfi%a%%&fa/t&%a/ tical
di st ance fromt e shafi - hg;rth connection (b) md-point to the heart

floor, and 20 is 1n §§ apde 2u§§ré§ HFéavnEFlﬁe@@oﬁﬁ“ﬁidﬂyihﬂd‘amay

fromthe shaft- he§a,rt[h cmnmtx@nr busarii’dehacted inanuhdlc ddd® -sectional
oxygen-contai ni n %Fi T does ngln e dlrectI% a?alnst the pelletized
e ’t e t fAc

r8fuse bed. As hse?%?'?nd "PEtEES 2 dé€ 6 atmesphsngs.
conventional nuni ci pal réﬁhseaandpgalbggeomheeh10anﬁanh¢dMﬂﬂdﬁruhtween

conbust i bl g4 mat I f 0od, was aper

ngn conbus |bleq%%$é¥fa Q %ﬁ%hggg gxaané"HeFéPlEHE JIEESS ?p t%ﬂ?ﬁ}
ot her material s 4%R8 ULy %u@4ﬁotolinﬂtbdmee tbehsBaft meitndmiuml s rassd-or
exanpl e coal, saiuSiondPogr&hi ps and bagasse, which contain a substanti al

organi ¢ and there- fore Py{olyzable fraction.
. : ¢ multiplicity of tuyeres are provided as

m ni num f ur nace
b 2
isin

the means for feeding oxygen-containing gas into the
15 hearth, each positioned at circumferentially spaced
locations 'in the upper part of the hearth adjacent to
the shaft-hearth connection (b) which are less than 35%
of the vertical distance from the shaft hearth connection
(b) mid-point to the hearth floor, and
- 200 . (q) the tuyeres are inclined downwardly and
away from the shaft-hearth connection (b) and directed
so that the oxygen-containing gas does not impinge
L directly against the pelletized refuse bed.
As used herein, the term "refuse" includes not
25 ’gnly conventional municipal refuse and garbage which
commonly contains combustible material such as for
example, wood, food, waste paper and non-combustible
materials such as for example metal and glass, but
also other materials including but not limited to such
30 materials as for example coal, sawdust, wood chips and
bagasse, which contain a substantial organic and there-
fore pyrolyzable fraction. |




Also with respect to this invention, the expre- ssion pelletized
se" includes not only refuse which . has been conpacted into a
indrical or other shaped block using an apparatus such as ‘for exanple
) t disclosed in Pelton U S. Patent 4 133 259, but also refuse such as for
~exanple, wood which inits raw state nqy§§at|sfy the pelletization

requi rements of the -af orenenti oned Anderson U. S. Patent 4 042 345. As us
herein, the term"shaft" af&d eAsnt fR3ebO|dc0BhTH |iufen dinG NsHEA:pBad need not,
have uni form cross-sectional area fromend-to-end. By the present |nvent|on" -
a vertical shaft-heaiqrh "pyb?ee*ﬁaﬁ%az@éw oF ipelydas el qdyuselycs HHicd ded o/
whi ch reduces the e %I ‘_g& :.%@S”a gﬁi@dﬂ@ﬂtoﬂ %tﬁgy sglgﬁg@us pr oduct,
~and because of inp ove ﬁe e I'on "can provi e conpl ete

conbustion of the shedk m@ﬂd@@dapﬁaﬁahﬁsmuwl yslmrzmlehmabmmmeabutu ng
to a reduction in char entrainment. In the acconpanying draw ngs:- Figure.

| is a vertical créésf%?é"eflltéﬁ’?dl Poten 8113h25P ot FERST SRFR verti cal
shaft and the heartf - ac danes Vbt BeoRengphodiigept of this

i nventi on, constructe s%c%ﬂ?% ﬁo%e pe étlzed refuse. bgd I's sgg%orted on
the shaft | ower endhe@egﬂemz&msna-qnjuanemn&w dD ke ngtocbenendircdkg al ong |ine *
2-2 of Figure 1 |IIustrat|€%ﬁ|% Eart gs section. the tuyere | ocation
and orientation i nPRersedalt B graph illustrating the

i nfluence of pelletized pgfysm flgﬁgmr agge acrgglmh%@t;!en RIFdBE N at he
t heoretical nmean residence tine for gaSes In the hearth.
hollow colwan which may, but need not, have uniform

cross-sectional area from end-to-end.

' By the present invention a vertical shaft-hearth
type furnace for pelletized refuse is provided which
réduces the overall level of char entrainment in the

_gaseous product, and because of improved_héa:ﬁh config-
'uration can provide more cbmplete.combustion of the éhar
produced in the pjrolysis zdne,_therehy contributing to

a reduction in char entrainment.

In the accompanying drawings:-

Figure.l is a vertical cross-sectiocnal view of the Iswgr
portion of the Qertical shaft and the hearth of 3 furnacs in
accordance with one ehbodiment of thi;_inven:ion, canstructed such
_that the pe]letized refuse bed is supported on the shaft lower end.

Figure 2 is a plan view lookin§ downwardly aleng line 2-2
of Figure 1- illustrating in pastial cross-saction the :uye?e
location and orientation in the hearth,

Figure 3 is 2 graph illustrating the influence of
pelletized refuse feed rate and hearth voiume on the theoretical

mean residence time for gases in the hearth.



Figure 4 i's a vertical cross-sectional view of the | ower portion of the @
‘'shaft and hearth of another enbodi nent, constructed such that the _
peltetized bed is supported by the shaft-hearth opening connection. Figure

5 1is a vertical cross-sectional view of the | ower portion of the shaft and
hearth of a further enbodi nent, construct gd such that the pelletized refuse
bed i s supported by the hearth floor, and Figure 6 is a plan view | ooking
dowriwar dl y -al ong |ine 5-S of Figure 5 illustrati ng in partial cross-section
the tuyere |location and orientation in the hearth. Referring to Figure 1,
"\tye furnace 10 consists ofFigaurysrtsia:aérc&laaf.fosi]sacamiaa.heaarftcho A8wer The

ertical shaft 11 is_conpo hell 12 and a refractory l'ining

"13. |4 desired, thePREYH® sh Iﬁ"aféaﬁdﬁ‘é‘"\ﬂﬁf’ér‘"%ﬁ 1 TEOY T BnSPARYEAAA manner. It

“shoul d be under st 0oguéshert teRepdi PR @Sed @84 10kudpbRed/ BY theCALFSRAfEL 11 (not
shown) is provided with neans for feeding a pelletized refuse charge into
the furnace as wel | °8%% tA"SE—Ps for removing the gaseous products-

generated within the furnggg,dQ.is Svidahl %ré%@&a&n% v{:QTor ARE igd Ng these
functions is, .for éxanple, disclosed in the aforenenti oned Anderson U.S.

Patents. The |ower @Aekias of the shafit0d Akarshaf fuBthers emppdiperd, i nwardly at 16 to
o oy ervanyy B AR that AR BN Ao RrysT 18 PEAcblLedlo) © SUPDOTH €

~from and renovably connected to the restri ni-ng %onnection 34
ef the vertical shafthe ddarthfiooghendnnul ar fl ange '21. This construction is

conveni ent from the stand&or nt 011‘ fu1' nace F ;2) r._and [rar ntenanqe The .
hearth 20 i s al so conmposed '8f 4 itet &12" A& 199699 SREY et PIE 67y 1 i ni ng 23.
The hearth 20, in pafrtrigute arx,nusSrapfngfaerpabdiyl trhobeckctich end thiegher quality
refractory than the vertical shaft 11 to conserve heat and w thstand the
hi gher tenperature HP%‘\’éﬁ“lﬁ“ﬁQ”ieH“ﬂ?é AP M7 ™Fo ensure a | ong refractory

life, the s_r’rel | .of the hedmefdirid@ thFi@r&Q, the furnace 10 consists of a

- - vertical shaft 1l and a hearth 20. The vertical shaft 1l is

© composad of a metal shell 12 and a refracrpry lining 13. 1If
desired, the metal snell can be water-cooied in any Xngwn manaer.
It should be understood thaf-the uppsr énmd.of tﬁe vertical shaft
11 {not shown) is provided with means for feeding a pelletized
refuse charge into the furnace as weil as with means for removing
the gaseous products generated within the furnace i0. Suitable

- - apparatus for performing these functions is, for example, .
disclosed in the aforementioned Anderson U.S. Patants.

~ The lower end of the vertical shaft i3 is sloped inwardly

at-lsito form a restricted hearth opening connection 34. The
ﬁearth 20 is supported From'and removably connected 5 the
restricted hearth opening connecfion 24 of the vertical shaft 1l
through annuiar flange 21. This construction is convenient from
the standpoint of furnace regair and maintenance. The hearth 29

i5 also composed of a metal shell 22 and & refractory lining 23.



ferably encased in a water-cooled jacket 28. Cooling tends to mnimze
g{)o ion of the refractory due to the high-tenperature and severe corrosive
ngitions prevalent  in the hearth. A tapping hole 24 is provi-ded in.the
e of the hearth 20 for renoving slag produced during the operation of
the furnace 10. The slag flows out of the hearth through the tapping hole
24 and through the water-cool ed sl ag.duct ,725 The slag then flows over a :
slag weir 26 and falls through the slag di‘sCharge tube 27 for subsequent -
guenchi ng. The hearth e ihearp 8Gxi thephrelicshar ams enfemgiod il Wirke a30gnencl osed by -

vertical side wall rdly. incl ined di sh-shaped ends 32 and 33. The\/
upper di sh-shaped end 2@91¥ rﬁté’ E gﬁ jegs onhhP gldg‘t e HE Tttt al

shaft 11 at the restri ot:edtdneahé hxqaaemmamma&eimo@ {d4tne nkdrti.neroupper part
of the hearth volume 30, a pl {cJ?raI gﬁ;/céof tuyeres 33 are provided. The

‘tuyeres are supplied wi¥HaA %'Ht'al i 1§ g% qfr'ﬂﬁt"‘ﬁ”hﬁ%r‘bﬁr‘i"ate

.oxygen header (not shovw;ferﬁnpte&ﬁblm a m@r-tda@w ke8I l0t 2g-ehadi I NG gas
to each tuyere is separately controllable. As a result, the oper at or has

the option of mani pul atMRG ZntfotiPt &F ithhyrafms gasus [te RN hiok LemeeTad¥repse t er n

established by the tuyef@se c@rrrnhee &R dibhs ﬁ@&henttl%etrh? h§a5tt| S PPy Oned at o
circunferentially spaced- apart locations in the upper. part of the hearth

120, adjacent to the reswold &4 édpreomised -indeg bise opethe hgﬁ'cform&rt femey i@ siag -
Preferably, the. tuyeres,3p ar§ 54{'8%&(%9* ?{mrt qupaa gn39 10f Lhe,shafis hearth =

-restricted opening connection. eres 3 ~are’rncli nec? downwar d y
.at an angle of incli natquoroftthatmytlf troeagh hee tapp&gr'em 24 atuetlrdmmrtmeh openi ng

connection 34. The angle | i.nat i ably in the 1ge. of 10 to
45 degrees. In its br oaéegsf'“ Pegeséfg Eu[cggs "Fts‘? E{‘ rfr¥°(‘5'f)é‘h"'l"n‘bs d%&cti on 34

has a m ni mum cr os$s- secssi aaaa‘hnarnﬁa:uérrﬂmQaé)éi%cﬁaageluﬁeizvrferSsﬁaba;u&haft |1
m ni mum cr oss-sectional area. In the X
- . . quenching.
The hearth 20 is provtded wifh an enlarged volume 30
enclosed by vertical side wall 31 and inwardly inclined
dish-shaped ends 32 and 33. The upper dish-shzped 2nd 33 of the
hearth 20 is connectad to the vertical shaft il at the restrictes
_hearth cpening connection 34. In the'upper part of the hearth
volume 30, a plurality of tuyeres 35 are proviged. The tuyeres
-are su;plted with an ox/gen-contatntng gas from an =pproprtate
oxygen neader (not shown) Prefe*abl;, the flow of oxygen—con-
taining gas to each tuyere is separately controlizale. As a
- . rasult, the operator has the optioa ef manipuiating and altering
the gas flow circulation patterh established dy the Tuyeres in the -
hearth. Each tuysre 35'is positioned at circumfarantially spaced-
apart 1ocation§ in the upper part of the hearth 20, adjacent to
the restrictéd snaft-hearth cpaning connection 34,
Preferably, the tuyeras 3: are 'acatad at the baese 35 of
the shaft-hear-h restricted cpening connection 34. The tuyeres 38

are 1n~!1ned downwardly at an angle of inclination ¢f away from the



in the sense of being substantially smaller in cross-sectional area than
the vertical shaft cross-sectional area, i.e. the aforenentioned
cross-sectional area ratio is less than 1.0. This relationship, coupled
with the inwardly sloped | ower end 16 of the vertical shaft joining
connection 36, permits the latter to function as a support for the
pelN-eti zed refuse bed 50. As conpared wi<t B & construction in which the
pell etized refuse bed isrs%gfgn}gp on the hearth f|00{, t he Figune 1 pre-
ferred embodi ment is mor 8 9bI%E%% TP IENY £8P 1P 13 ng Branp'artfi BF)igation

Mol ized material into tiegrefleddioad the rkRdeSomuicdaseas@rdes. an un- desirabl e
cooling effect on the bath and hearth and thereby EQ§sibI result in slag

pl uggi ng-of tapping hol e 24. OF"tiie PEReFRSE 2RRERtH, tRShiTRelediitd PRaRMt | oned
cross-sectional area raticgankétiddoft Sd38] hiniduderyel@&lidnk1 Qfeal Reol OSHMNY t@aS May
be sufficiently high to create unacceptably high char carryover in the
gaseous product di schar gde? timemticnghabh b pinjpyperosaridctiomal astar | &t ¢ openi ng
to shaft cross-sectional. rat ' : X . - ts a

py ef erred bal ance of t he;g&gg%;ﬁ%ﬂg%&ﬁtoﬁég f?'hg%gn é%agnﬁéoﬁ"%gtﬁ%%gfﬁrgnt . A
generic requirenent far t'nestrinteghtio dhe sens¢ h&ideingyeseptidblyb@aller émt ed so as
not to inpinge directly i 1 hi ed. .Qince the tuyeres are positioned
on the opposite side of gﬂ%:‘s %?%téél“ll; k ﬁarego%ﬁ"e??ei BhEsY 'g'ﬁ&yfra?fse'?eél ]°§}‘Hi ¥t at ed
fromthe pel- letized refiusetlaador@enbipnddheossisktiotOnrectitonibage B, direct
i "pi ngenent by the oxygen-containin as is prevented, This construction
al so prevents the tuyeregﬁ‘r onr&Hsb‘éel]ﬁg"'gB’lﬂ' EQUPOFe 1T Gl B PhdloPen ¥ ag
descending fromthe pell ahd 18df RS VrCicRPehaBP joihlhR BhideIbnbd, Ofdriils tthyeres 35
| and t he oxygen-containing gas discharged therefrom relative to the refuse
pel lets enterir. hearth 28%€S g funstiop|agcx 1ua995H fornthe Rglilekized refuse ppefe.

enbodi nent  of : _ As compared with a construction in which the pelletized

Figure 1 enbodi‘rrent, the shaft-hearth opening connection 34 is "restricted" ( 3

refuse bed is supported on the hzarth floor, the Figure 1 pre-
ferred embodiment is more able to prevent the falling of partially
pjrolized material into the s\ag.bith. This would exert an un-
desirable cooling effect on the bath and hearth and thereby
possidbly result in slag plugging of tapping hole 24. On the other
hand, if the afd?amentioned cross-sectional area ratis is tao
small, the velocity of the rising gas may be sufficiently high to
creata unacceptably high char carryover in the gasacus prcduct

v discharged from the shaft upper end. A restricted opening %o

" shaft cross-sectional area ratio of from 0.075 to 0.2 rep-

resents a preferred bafance of these consideratians far tha Figure
1 embodiment. . :

A generic requirement for the invention is that tuyeres
35.be oriented so as not to impinge diractly against this bded.
Sirce the :u&eres are nositioned on the qgprsits side of '
shaft-nhearth connection 34 and laterally isalatad from the pel-
letized refuse bed 60 by the shaft comnection hasa 3o, direct

. impingement by the oxygen-containing gas is prevented. This



K{é@ invention, all of the tuyeres 35 are transversely positioned in an

prOX|nately tangential orientation with respect to the shaft-hearth
openi ng connection 34. As used herein an "approx- imately tangential .
orientation* neans that the angle [err] forned between the transverse

_ orlentat1on of the axis of the tuyeres 35 (defined by line 42, which is a
projection of the extended trans- verse axis 41 of each tuyere 35 onto tQJ
transverse plane of the IeveI of the tuy@rES) and a true tangent 43 to a
circle 44 in- scribed in at the transverse |evel of the tuyeres .~

when viewed with respect™” fc')'""tth"" %‘s%lr‘f"”"c')'fts t*A® SHEE R B e oo en| ng (seel)

Figure 2) is less than plRgglegyedbten KDy RXARAPLE Frdnf thk RE11BEILLE hefm
cir‘cular cross-section E&a the |l evel of the tuyeres and the tuyeres have a
radi al orientation, the“above angle, [err], is 90 degrees. |In preferred

practice, the.angle [err] is aﬁww,e,&&,grpoeeuyg,eegrgaem A% ahWRi A fhgure 2,
the hearth is provided with eight circunferentially spaced tuyeres 35. In

preferred practice, as Mrfjstnasaet serefirem)piedatittety Ygansbute oRetsnndesdnt i al |y
around the hearth as cap.,b@ ﬁthShG@' kmsasﬁeww?tsq |, LS AREGE.EYRl | abl e.

Each tuyere 35 is directed downwardly and passes through an openihg 37 in ¢
t he upper dish- shaped ek ®@endfont h@ bfe shet Yoy @05 33\srq3trevsaausiyypo|srdo-@at ed,

tuyeres 35 nust also rpgrﬁa%r‘;m arggld t{%#glngg toé}g&smloa ‘"V/‘ H‘Fger part of the ‘

heartn at ‘| ocati on(s) wh é B9 @t ance
fromthe shaft-hearth: omm-h\grmmemﬁ icameddonndsddhe ufddrmetdin ah ragpsox-ver se
direction) to the heart i zontal dash |ine SO

1
‘defines the middle of oS"éRl gfa':‘?ﬂ"ti’h] ?rﬁg"rtgféf"h'??é?s HieF 88 pyhe PHBF®Sont al dash’

line 42 represents the mﬁﬁeerthé)ftrahMrs‘eWﬂn@at'muimtﬂerhtx% bheneh@gédeh s8ipper
part, so that the vertlgg di stance fromline 50 to line 42 defines the
absol ute vertical displ SEIFEhEY Tipe 65 PR If pyRPISTiOMOD thrextrwsat thesol une.

This displacenment "d" digtdedsy drRen elybdeCRl cndd S1ABGRSveRa hin@ el dbie 50
- level of the. ;uyeres) and .a true tangent 43 to 3 circlzs 34 in-
scribed in the hearth at the transverse lavel of ths tuyeres when
viewed with raspett to the plane of the raestricted hearth openiné
{see Figure 2) is less than 60 degrees. For example, if the
hearth has 3 circular cross-section at the leval of the tuyeres
and the tuyeres have a3 radial oriantaticn, ths above ang!e,B_, is
_90 degrees. In preferred practice, the angle E; is about 29 %0 30
degrees. ] ' =
e - . As shown in Figure 2, the hearth is provided with 2ight
T ¢ircumferentially spaceq fuyeres 35. In preferred practice, as
many tuyeres are provided spaced circumferentialiy around the
hearth as can be physically accommodated in thé space available.
Each tuyere 35 is directed downwardly and passes through an |
opening 37 in the upper dish-shaped 2nd 33 of the heartn 20.
As previously indicated, tuyeres 35 must also de gosi-
tioned at locations in ths upper part ¢f the aearth at lacation!s

which are less than 35% of the verzical distance



- A
to the hearth floor 51 nultiplied by one hundred_ s the basis for the @
previously referenced | ess than 35% . vertical displacenent requirenent in

the Figure 1 enbodinment. As illustrated, the d/h (100) value in Figure 1 is -
about 23% The tuyeres are posi-tioned within the hearth in the

af oredescribed manner for primarily two reasons. Elevation of the tuyeres

m ni4m zes the problem of slag pluggi ng. whj ch was especially troubl esone

wi £ t he prior art Anderson design dis- =ct%3%ed in U S. Patents 3,801, 082

and 3, 985, 5183 wherein th e itione e hal f of the
earth proxi mate the sl agﬁﬁ%g%l £h‘?condﬁ?I tP"E"Sm%l ‘N0 1°"2§0"Pt‘é‘ﬁﬁl y,mi Ne"tuyer es

are | ocated adjacent to theseshaictudneautthn s@ntretihbran 18 Gigse L P neXedntaian

i mrediat e i nfl uence on a_IdA cQ qsét E e materials which pass, into the
hearth. As will di scussed®h W5r8 BEVE FentrLEry &Perishdt & Henerbcthei pal
functions of the hearth ceingkiodCt id@eoRfadl dadhy Bln€ 101-bfBdealsl M @OEPIgAARE ON Of
this invention is. to prolong the retention tinme of co stible material in
the hearth.  The |ong ret WHFIRUE i Breoherria uepRsradrooitpitat drecpaticgbnbust i on

and an attendant decreaseyistance friom GiHe B BTRRL 42 «BMneOtnB QAELdIE @ Sihe
tayeres, the char de nding 1nto the hearth is urged into the circul ating

gases or the hearth rat h@rsﬂtamwtrf'él’efyh? éuyr‘-’ﬁg"‘mﬂgrmfrtt\ylot@e-calm% cha
|l ow into the hearth. %}acﬂm@tr@. Qs ﬁg N1,20 rglg é;]' %geng‘d bgn {s%m ng

the tuyere.s in a manner |n|ca ed int gure Smbodi ment 1S t hat
a cyclonic flow of conbuste the-rsappdidor g mgBSEISed 5y orecmbhdred iin thdBasuppeET -
annul ar region of the heapth bel o e he can-_.ngction 34. This
cyclonic flow of cunbusti é'ﬁ S vﬁ%"é\r{v rt} g 1 ssexér gé"’aﬁe?ﬁ?aﬂu"g c'%ceger?%t he
“entire hearth vol une by pi‘@dn@ﬁ@htﬂgl tﬁteh@ﬁ-*eanamawméntIrEAsoﬁmhaitedqamIdmul ates
whi ch have descended into the hearth: Due to ther own inertia in the
cyclonic flow pattern, thE8Y @i% i’bé‘r"’t‘rcul‘%l"""' *24%8 to remain in the bul k-

swrling gases - ) The tuyeres are positionad within the nearth in the
aforedescribed manner for primarily two reasons. Elevatioa of the
tuyeres minimizes the problem of slag plugging which was
especially troudlesome with the prior art Anderson design dis-
closed in U.S. Patents 3,801,082 and 3,985,518 wherein the tuyares
were positioned in the lower half of the hearth proximate the slag
, poof. Seccndly, and most importantly, the tuyeres are located
adjacent to the shaft-hearth connection so as to exart an .
immediata influence on all combustible materials which pass into
. _ the hearth. As wxll{“‘ discussed in more detail nsreafter, one of
) the'princiaa functions cr tha hearh construction and tuyers
orientation comoxnatggn of this invention is to prolong the

retention time of cdf

stible matarial in the hearth, The long
retention time provil -'more compiete char combustion and an
attendant decrease ifkhar entrainment. 3y s0 positioning the
tuyeres, the char deflending into the hearth is urged into the
circulating gases ofgi_e nearsii rather than merely relying on

gravity o0 cause chajilFlow into tha hearth,




stead of fl owi ng with the gasedus products that emanate fromthe cycl bn_e
\ fl ow upwardly through the shaft furnace. As a result, the char is nore
oyl etely conbusted in the hearth and the quan- tity and size of char

Rar yi cul ates which are eventually entrained within the upwardly f1ow ng

gases are greatly reduced. Wile the approxi mated tangential orientation of
the tuyeres as illustrated in Figure is-preferred, the Figure 1 ' L
enbodi ment of the invention is also ’oé@rabl e wth a radial tuyere ol
orientation or any orientation between tangential and radial. The key o~
requirements in this regard 8He" pfraptagh e PRgeined Badisasdthargeryet O/

| mpi ngedi rect |y agai nts khifebfliataifl b (rhgpel 174k UoGediin: ROTLAT, above the
redtricted hearth opening 34 and that the fuyere outflows establish an
appropriate circul at inlopfc fas of gombhst idnesuprdnt inkigades tiersdestedoin dteai n
conbustible material 5, : _ ex-. tende iods. .Direct tuyere
gas i npi ngenent agai ﬁ’gt’ﬂtﬁgﬁ?ﬂﬁﬁéﬂoiﬁgrg&éfmaﬁ%t "oﬂaﬁ%&"’stg%ﬁa‘ércagbperati ng
t echni que for bl ast fnectiarc@4.0fbisatycbmic if B ofichestius Eil-eupanrdirgvg@saded i n t he
present invention. Beca%§%ntinﬁua£p%rathus of the p vention is

por
| Ftht 5'}1t"éen'r'ﬁa'é‘r'1'e‘{r??"s5‘§;}§e°lﬁ° Ja"s g’l?d for the =

constructed to pref erao| y oper 86" W't
“tuyeres, the flow r atratatioxsmedéssenan gt tigh15ted whiRR Gbvet dbyEhdedi mtdTeeh smal | er
than the tuyere outflows in blast furnaces which typically 12. operate
with a preheated air T80 DRSSP tireraidy i HeewF WP ENTE* RREH ™ he tuyere =
gas discharge flows, @edelcnds psratta®edYendithGohaih TRItRYSIRLiriHgdfakds cant|ly

. di ssipates and probably elimnates any effective gas.circulation 5 _
establ i shed by the tulpeteasof flmingotigh the 92asnyemrqdugts tthifesmanase ifeamt Hei on t ends

to especially benefitetfage got ARl LAAPRY nQlgrP e BY Ve b LECT VL LYR] ONi ¢ gas
circulation pattern particularly 1n conmbination with the proper angle of
inclination, [err], ofretche tsuwee somelietaiyl@mbustedpior pmpate 2ad thewduvat+ on
Pat tern i's al so devel nggndi fze of char particulates which are eventually entrained
within the upwardly flowing gases are greatly reducad.
While the approximated tangential orientation of tha
tuyeres as illustrated in Figure 2 is preferred, the Figure'l
embodiment of the invention is also operable with a raaial tuyere
orientation or any orientation between tangeatial and radial. The
ke} requirements in this regard are that the tuyere gas discrarge
not impingedirectly againét the bed of pelletized refusa sup-
ported above the restricted hearth opening 34 and that the tuyere
. outflows establish an z2ppropriate circulation of gas in the hearth-
-uhich tends to retain combustible materials in the hearth for ax-
tended periods. DOirect tuyere gas impingement against the furnace
charge, a]though.a standary operating technique ¥or blast furnace
opératicn, is undesirable and avoided in the present iavention.
Because the apparatus of the present invention i§ constructed to
preferaoly operate with an enriched-oxygen gas feed for the
tuyeres, the flow rate of gas discharging from each tuyere is much

smaller than the tuyere outflows in dlast furnaces which typically



the Figure 1 enbodiment if the tuyeres are oriéented off the tangent and
even if the tuyeres are oriented in a radial plane. For exanple, the
conbi nati on of an appropriate angle of inclination [err] such as 20 degrees
15 and a radial tuyere orientation, ferr] 90 degrees, creates a
toroidal!:gas flow pattern in which the gas flows downwardly in the

intgﬂior portio%ﬁgréﬁﬁ3ﬁ¥¥“t9 HPEHQEtéHdaQE“@%@HX Naar ot hesald, iy s
;flow pattern also tends to prplogg the residence tinme of canbustibl'e 20
material s (char)iNtPRHRE#2eR t i th CbhPobYY § T ea 9Py SiECHATGfR diliWiP hettRlen
tese two extrenms ddused Bpn@epetel iapdnganieak ,Pegighiinicamt W Idi<d Bpd €es
sone hybrid of the %gglo%Hg and, t oroi dal ﬂas %lrc%Latlon pat,terrh?fi In
“conbi nation wit FHhiRrfd Lyettinbratedyapry o4 fectiyveegas i culfplion
~invention g so reaspdbEbshiddtby hehbeauybrieksel Alhiaveigh wltumyerrtiddl to or
greater than thgt defined.b vatipn (1),as follaws:, V, K &GD/lerr]
(1) where 30 Tuyere orf%¥$%g19"ngngifgdeP@F&égi&ﬁkPﬁﬂﬁéiﬁxfﬁ%te [err]
= shaft m ni numestialvbl smbenlt aoét ar highdyPef feledfitveni ayabiandpegasi ng
pressure, and 2 _. . = n S 0 S . {Sei N
| ®.refuse/[err] Sha Lflan%ln??ru?natétr:ggg- ég??gﬁé%@al \(,awal sé%écr)nlrt\)}dd\;hél&n vthlq sﬁi?\'
ft and Pg is innﬁﬁﬂﬁrcﬁn@l®90ﬁhéncwih9tﬁnn,CC$39f3the tuyeres, an
2m G iggdn Kg S AL &1 ra0REE i BhNpTETeTHOSS $AEd Uile BRI Segond,
[érr] is ﬁ%jnetrégggﬂgpP_ﬁs %ﬁratnpséher_s._ltrghoul be noted_ﬁﬁgt in,
Equation (1) G itheHelgereeliorbodimass Adxithemtiyeseasaase iokiented of f
"the tangent and even-if the tuyeres are oriented in a
radial plane. For example, the combination of an
appropriate angle of inclination ¥ such as 20 degrees
15 and a radial tuyere orientation, P = 90 degrees, creates
a toroidal!:gas flow pattern in which the gas flows
downwardly in the interior portion of the hearth
volume and upwardly near the wall. This:flow pattern
also tends to prolong the residence time of combustible’
.20 materials (char) in the hearth. Obviously, a tuyere
orientation between these two extremes (i.e., tangential
and radial positioning) will create some hybrid of the
. _cyclonic and toroidal gas circulation patterns.
. ~ In combination with this aforedescribed tuyere
25 ]ﬂgrientation, this invention also requires that the

hearth itself have a volume equal'to or greater than

- that defined by Equation (1) as follows:
N V=K GOZ/P (1)
“ where :
30 ;Gr = pelletized_refuse maximum feed rate
DS = shaft min;mum equivalent diameter, and
'Pg = shaft minimum operating pressure, and
K = 7.28 x 102 when V is in ft> , 6_ is in 1b

ref’use/f‘t2 shaft minimum cross-secticnal area/second,

35 D, is in ft and P_ is in psia, or 3.09 when V is in



ximumrate at which the apparatus nmay operate for a sustained period
at maxi mumefficiency in terns of BTU value in the product gas,

_ nt conbustion of the char,  m-ni mum char carryover in the-product gas,
and oxygen utilization. Normally this ysmxi numfeed 10 rate is specified

I.n-the design criteria for a solid refuse disposal system It WII be

appar ent fronm?hecnatiure_nongq*eatumn{ 1)sﬁm£ i fnidn h@ﬁééb ¥ekbugBnhy Si zed
- on the basis of t2§ tion .and the systemis perlodlcaL g oper at ed at‘“*
BEP 2P+£8

| oner than maFfd '|Péd1f51“ ek ML gat®, 1Bpd eREY *be ,
continued at a highlyIef shoiudrf deevaltdry w@pomlmaétyoﬁednal ag tke O/
oxygen- conta# |nﬁ ?ZS f.eed ra%e to the, tqﬁu atlon (1)t§ SO '
specifies [er F P 260 ifd Wt tAm rﬁ%?o% §ECfr8haI Pea. This

I s becagse t heapéhbat ra¢e rdf wdd dledthe admparsaifdmvméy nop edaby fbe m ni mum
cross- sect i 0ngle 86 R g Splhdd Yor WiG SN tnd il Dot PeLBnb T R OF hi mum
equi val ent di ane noh-"circu Cr-oss- sec ron-i conver &d to .
this basis. ¢ﬁ|BTH|M@dywonnfihﬁ1ﬁxd¢nqﬂrnnﬁ beeieefibr conbushrienr efson as
[err] The sh mu | r &Sy (psi Mo ph s) refers
~to the desi gnegrﬁeg]ggrlre ?ﬁlr}wt%';ﬂtpcg%rlpsect | oﬁ’%ﬁ i ﬁhg ?BHB? §5§§| ightly 2
above atnnsph%PﬂcOxxgeﬁeMQM%ﬁ%4#1Qﬂfﬁﬂﬂﬂﬂﬂ?1¥hetbb$I%@Ki@ﬂmréﬁﬁge di sposa

apparatjgs of this hQV%!BTelchh'e% wrefte{@bdéfsp@er@wtiepyapr6§sareomstan- |
“tially a ove atnospher.ic. ﬁg sat.i sfactj.on oi his vertical shaft- .

. di nensi onal hEﬁfPﬁergdﬁPPé nisYiat efeceskhritd %%n%?%?%eﬁﬂvgﬁPQgéhﬁf all. of
the benefits hatbeedelﬂ ¥qaaltrian t(e) thd#¥.ipreNeonshytHesolubed itsuyere

orientation argzgg 0R the basis of this Equation and the system is

L 3

periodically operated ‘at lower than maximum pelletlzed
15 refuse feed rate, operation may be continued at a highly

efficient level by proportionally reducing the oxygen-

containing gas feed rate to the tuyeres. |

.Equation'(l) also specifies Gr in tefms‘of the
shaft minimum cross-sectional afea. This is because
the pelletized refuse feed rate is Fi;w limited by the

~minimum cross-sectional area. Similarly, the shaft
"width D is in terms of minimum equivalent diameter,
so that a noh-circular cross- -section 1s converted
to this basis. This dimension is on a "mlnlmum" basis
——for the same reason as G The shaft m1n1mum operating
pressure Pg (psia orratmospheres) refers to the design
pressure in the upper section and will be at least
slightly above atmospheric. As hereinafter discussed,
the pe;letized refuse disposal apparatus of this
invention is preferably operated by,pfessure substan-
tially above atmospheric.
The satisfaction of this vertical shaft-
dimensional hearth requirement is necessary if complete
advéntage of all of the benefits to be derived from the



realized. The hearth volune, in connection with the refuse processing rat
controls the rate at which the conbustion gas products flow fromthe body\
of 5 circulating gas. established in the hearth. |If the volume is too
low, then thé expiration rate of the codBustion gases is high and the char
retention tinme in the hearth is disadvantageously reduced causing excessive
cha&Pentralnnenubrqxﬁ0031y descrihedi ftygercerdentiad iogf @Fe riodssing rate
| Q' ft /psia QaPEi&hs Tﬂ%ﬂhéam 389uhe Beacbhneeitu®n (@ lewy mB8)on
the t heoretical expiration rate of the conbust i on product gases fron1the
hearth is illustyetese iPrereEsang. rathe SRBFFQtllsor‘Fhreatré*t&f b @hyigeh

combustion produdie 08&mbSs HPbnSHESI B'rﬁahl:)‘.sp|FQbEue¢rolmn?cTh%ad>od)hébffTean
resi dence ti (e) of the gas within ihe hearth is sed Fbwqﬁg
2R o "dh

definition t ulakipengdst pREap 1?H9@r§8l}hFel

expiration rat e JVé Dimé hes heaot Dokl - eheﬁeane eaplidendon ingtd ofedled 20 to
t he -hearth .gas volu‘il glvided bé t he g 'rgtlon ratete tjgﬁségmgny
specific hearth SYPRYRELPBWBPSPRsTBeRdd t| e COGF VRSN Y

hi gher expi rati onin atkes. héacbhdingHy sadivghhtgaeoustlontrieshucdedresmusngr ef erred
amd preferably t%@ Qgg{&@ Eﬁafogﬁkigﬁkﬁ@ntn accordance with 25 this -

I nvention so as Ide ath Ical mean gas retention tinme of at

| east two sEgonds. Th|sThenlnﬁﬂuencesOﬁéth@c@@dqa¢1HRQQRﬁﬂRﬂSe§@#%55|on
of Equation (1). <+ﬁo;h93'yg Pg HRdREEHa0d TRBYRAT dialarid\ Rl afe &K Y OVer
r-educti on i nprovenent |s I ngention i s not based sol ely on

i ncreased gaslwﬁQ#ﬂmﬁn(anEOantﬁeoﬁeéhﬁhth?M&?ﬁM%?kkﬁﬁﬂkﬁ?%&%ﬁ Fate

prior art- Ander spp g¢neecofbLStE3RIpraluse @laBR@S#rowy YHRIMH&a M Ciis t he
vertical shaft fhigace s a,cy klnder f 8

.5 ft2 66
cross-setti onal SHRAted £p (3997 &rr] ) mmpl(srﬁtl%ef%‘]r%f?fh%%?th
openi ng conject i mb@st fbauprddutt2gas is not specifically plotted;

instead, the mean residence time (e) of the gas within

.the hearth is used. However, by definition the means
residence time is'inverSely relatéd to the gas expiration
rate from the hearth (i.e. mean residence time is equal
20 to the hearth gas volume divided by the gas expiration
' rate). Thus at any specific'hearth volume, lower
residence times are equivalent to higher expiration rates.
Accordingly, high gas retention times are preferred and
preferably the hearth is consttfucted in accordahce with
25 ° this invention so as to provide a theoretical mean gas
—Fetention time of at least two seconds. This limitation
is reflected in the volume expression of Equation (1).
It should be understood however that the_char
carryover reduction improvement of this invention is not
30 based solely on increased gas retention time in the
hearth. This was demoﬁstrated in a prior art Anderson
type pelletized refuse disposal system in which the
vertical shaft furnace was a cylinder of 82.5 ft
(7.66 mz) cross-sectional area and 26 ft (7.92 mz) high.

35 The shaft-hearth opening connection was about 30 th



\ ]2 (2.79[err])- cross-sectional area and the pelletized refuse/ft shaft
iifmum cr oss-sectional are/second 2 was 0.056 (0.27 kg pelletized

se/[err] .shaft m nimum cross-sectional areal/second), i.e.r G The

llets 5 were about 13 inches (33182 cm) dianeter in-lengths of 6-12

* inches (15.24 to 30.48 cnm). The hearth was in the shape of a truncated
cone with a 428 7% w1 m%stﬁ%ﬂ-‘r@%@mall@D?asapﬁoﬁ‘-hﬁngeﬁdlettllmeé piers havlag

top surface Refied/beP dHa OO EniREn' LPAEs38dcRBhEIONIL M cortich ¢ hat

t he transverse stance t ween op fOSIte piers was 28 inches (71 12 cm. ~
The shaft ni wiasu -8R &0 7 dreseet et bzgdnas fuseps a shft mitmymumhe e ghu
tuyeres Werecﬁ"?:%'suscmﬁdldr{hi hgr é8yBEcBARY , 0& bhecshaftrh% ellflc‘é’t%s (13.97)

above the hearth floor in 15 acc ange entlon st furnace
practi ce® suchemfare Rt o 4 Lrches f\ég \8;5 F"‘@O ﬁ;‘eénc}"t $tance was’

2.5 ft (0.7609 6(-r1e'a‘ cirdiees E1ouze fp. 3&caerdmr)egThtehe.3ea\maﬂevBa§A)of t he
vertical dist,an m t he hafé hearghdconnectl 0 rmh$ea§th 20
floor. Also*h &g‘e[ RS FYRRP & a6RARald tr?at Y e 78 angl e
was 9 degr eesil(a‘Fnegwm fl)o@nds¢ppot tangl sudaiple cpegrre:e:hav(lﬁiggm@ 2). “\Wen
operated at thg deld of L FEd (6148 REbEYE LARY Fadpe, U Und B dfpdedusel/ Tt

shaft m ni nrum Cross- flona area ( m ni mum
Cross- sB&tlomw0hﬂkk§t tMnstpamavease dadénoce @@#ﬂ@ﬁﬂ%ﬁﬂkﬂﬁ%@%tem

di schar ged e&;ﬁ% Ve £had {Achbs gyfrhéadmgaseqm RHUCtnidifum NOre than ¢
about 7% by t of the refuse esz was determ ned t at t he
t heoreti cal operatlng pressure was 15 psia (1.02 atm The

eight tuyeres were p051t10ned in the lower part of the
shaft 5.5 inches (13.97) above the hearth floor in

15 accordance with conventional blast furnace practice
such that the d distance was 3.ft (0.91 m) and the h
distance was 2.5 ft'(U.Zé m) (reference: Figure 1).

Accofdingly, they were 83% of the vertical distance
from the shaft-hearth connection middle to the hearth
20 floor. Alsb, the tuyeres were oriented downwardly so
that the M angle was 9 degrees (Figure 1) and P angle
was 90 degrees- (Figure 2).
When operated at the peiletiied refuse maximum
feed rate of 0.056 1b refuse/ft2 shaft minimum cross-
25 sectional area'(0.27 kg/m2 shaft minimum cross-sectional
’Zrea), this prior art Anderson demonstration system
discharged excessive char in the overhead gaseous
product, i.e., more than about 7% by weight of the
refuse feed. It was determined that the theoretical
30 mean gas retention time under these operating conditions:
was about 0.6 second. In an effort to reduce the char
carryover, the pelletized refuse feed rate was reduced
to about 0.028 1b réste/ft2 shaft cross-sectional
area/second (0.14 kg ref‘use/m2 shaft minimum cross-

35 sectional area/second), thereby increasing the theoretical



30 mean gas-retention tine under these operating conditions was about C/
0.6 second. In an effort to reduce the char carryover, the pelletized T
refuse feed rate’'was reduced 2 to about 0.028 Ib refuse/ft shaft
cross-sectional area/second (0.14 kg reqfguse/[err] shaft mnimumcross- 35
sectional areal/second), thereby increasing the theoretical  16. nmean gas
retgntion tine tieshOoUfad. 2eTRHANGH timdl R abdut9l. 2 té]slcsodgdéj n0§urt‘ ri-
substantially reduce the char carryover in the gaseous product and e char

nust be di sposec®H?9bys nkBA8 diHepothaybagitast n Faducs the ghasphere.

IM—is expected tdwirybeepr eAebhei B¥EBLLAN pWdducteldid tHRAUNHd oM@t t he char
carryover in th roduct S %o about 1% by wei ght of the feed refuse (dry
basi s). The adv%?a%b%p%?gai BEdPBy MERB SpPEEET .tii'lﬁﬂe_rﬂlﬁﬁ{‘al’tﬂe torEheost
effectivel ysuti Iéizrmisp\llileﬂetheIf:UIiBaéﬂpie&t@HETtaﬁa%d tzise _ e@éﬂ%ﬁ;ﬂd\/&fﬁswteh
| b ference to Fiqure 3. | scussed earlier, e
gfiﬁg!LaPefSﬁg?ﬁ%%iggggﬁﬁyﬁégF?thgopo°5r5$Fd§h§ﬁm%ﬁﬁﬁYQ¥ﬁﬁr%ﬂnﬁﬂﬁ f or
conbusti on of theradact pgasutedatiouitnd%lby wedyghdl vl tHf fldwd red fisse
wher eby sufficie heg; i generated to nelt the inorganic fraction of the
réfuse and dri veﬂi% end %%érm’ C pyrolytic reactions occuring in the
vertical shaft of the fufhacedvanéageesemrpviiteshtiyorthes pai:dsaent)hiari\fentmbl y
ovi de these fupcdi 2 esulst, :qf i Vv . geonetry
g‘f’ld tuyer eisséfori ent atripgii.: %Ef:‘é‘r’g?‘ﬁglg’o%gilgld%gd&%ef%% 'ﬁ#etal{]f%{% sl%r ovi ded
with a vol une ofoR®rated b 88 pievpledapresssaehedd mdtld dfe (l@@Bnstrated

TPD/ ft2/psia (13 p3rapéféhcd PRL[ PigLrat Bl Walsl discussed earlier, the
principal function of the hearth is-to provide a proper
environment for combustion of the char produced during

15 pyrolysis of the refuse, whereby sufficient heat is

generated to melt the inorganic fraction of the refuse

-

and drive the ehdothermip-pyrolytic'reactions occuring
in the vertical shaft of.the furnace. The present
“invention is able to effipienfly provide these functions
20 as a result of the improﬁed hearth geometry'and tuyeres
orientatién. o
According to Figure 3, if the hearth is provided
. with a volume of 100 ft3 (2.83 m3), a refuse feed rate
| of 0.038 TPD/th/psia (12.63 metric TPD/mZ/atm) will
25 .";esult in a mean gas residence t;me of about 2 second.’
At an operating pressure of 15 psia (1.02 atm), this
pe}formance correspdnds to =2 specific throughput of
1.32 TPD/ft2 (12.88 metric TPD/mZ) whereas at an operaf- .
ing pressure of 65 psia (4.42 atm), this performance
30 corresponds to a specific throughput of 5.72 TPD/f‘t2
(55.82 metric TPD/mz).: The higher pressure operation
provides a 333% increase in throughput corresponding
directly to the pressure increase. The value of
pressurization, hoWever, can be most effectively

35 utilized in a different manner. Instead of designing



25 result in a mean gas residence tine of about 2 second. At an

\g ating pressure of 15 psia (1.02 atm, this performance corresponds to a
cific throughput of 1.32 TPD/[err (12 88 netric TPD/[err]) whereas at

an operat- ing pressure of 65 psia (4742 atm), this performance 30

corresponds 4 A SRS di £26 8T QUSBEHL weth5¢R3 BBRE 2 1(LGR &% Neid i I5 N
TPD/[err]). The "higher pr.essure operation provi des %33;(” rease in 5

t hr oughput c@®&igsddndih @t} 888900 PRE FABSLGYYS; val ue of

pressuri zati %1mve«1tﬁ@@?betﬁnstdeéﬁgat Ic%eln)ge35:111 Widtiateel an a
di fferent manner Instead of des [ the . res rlzed hﬁg%th vmth\./
1

i N _ L
the same vol HREER2gHel A5 %El%pfilgécagﬁf°ﬂg Py dite FE%e the hearth
vol une. A thawhhitigesesi gnrebangeé weducdingt athe atﬂﬂ’cacemwem ame specific

t hroughput, it w ve t vant fheGl19f rediei f
area and acc@t“'cﬁq‘ﬁf}’gf‘ a}’he E'éﬁtthg 1 Figﬁgu%g%rth%% Q' | ower E‘gﬂé‘%pleezllir aee
pernm ts hi gheredtenpealat peembper augbaram@mvlegraltmr@amnqrammmdt he
o e i qift £y 0 £ TOHBE BB ARAMTRIGHAG (oM e M L e hear | 1 For

10 i NSt ance, 1%1 revi ous exanpl e the hearth volunme 3 is reduced to

80 ft3 (2.26 cmn)t;ushemsuamdceeéteagofumélm@r wof ithe SRk by M8 *

Nonet hel i Ti¢e §Rr PHEPBYRviiDuS! iddampMey BRD%db eI véDagei n th
15 psi a %q Ofinﬁﬁ?H%§S|gn i QHQ BE - U% f?ﬁﬁb {E? to Fi U¥e 4, eanothgr
embodi nent ofis hléeqhm%%tt@naﬂn fE bézdgécr"‘i t)ed they s i 3658 pf poses,

F

. el enments Corr@wqméﬁghtﬂstbeaacba biygureg .1 &\fcﬂxeﬁtﬂ'ﬁé.’g&’w ttueesaﬁec1r1c

i dentification numeral plus 1 ur

respect to trkproughputpls stggl VT %6% hlg é&f{ﬁgk 9u£§e 1§Ap31a
: (1.02 atm) design.

15 Referring next to Figure 4, another embodiment

of the invention will be described. For comparison
purposes, elemenfs corresponding to those in Figure 1
are assigned the same identification numeral plus 100.
Figure 4 differs from Figure l.with respect to the
20 design of the restricted hearth opening conneétion 134,
which separates the vertical shaft lli-from the hearth
120. Hearth opening connection 134 is in the form of
an annular ring 116 of reffactory material with the
* - upper surface'fﬁnctioning as the inwardly sloped, lower
25 portion of the vertical shaft. This annular ring 116
- _is contiguous with the refractory lining 123 of thé
hearth.
In the operation of furnace 110, the pelletized
refuse charge is fed to the top of the vertical shaft
30. 111 by means not shown. As the pelletized refuse
descends through the shaff, it is successively dried
and pyrolyzed by the hot gases issuing from the hearth
120. The still pelletized refuse bed 160 is supported
above the hearth 120 by the annular ring 116. The
35 latter provides the necessary bridging action to prevent

unpyrolyzed material from falling into the hearth, while



20 design of the restricted hearth opening connection 134, which sepzfg%ég/) -
' ' ' 13 .

the vertical shaft 111 fromthe hearth 120. Hearth openi ng connectio

is in the formof an annular ring 116 of- refractory material with the upper
surface functioning as the inwardly sl dBed, [ower 25 portion of the
vertical shaft. This annular ring 116 _is contiguous with the refractory
linjrg 123 of thelhmeing. the cheropesadiuen tof descease int® the hrdtehi zed

ref e charge 'sﬁ{@dswsé g aepcgrnbt,e@ BeLLT GRle $hafit S%Qhézﬂée@ybﬁ?@ﬁér“m

shown. As the pelletized use escen S through t he
Supce55|vely dr|QQW%Mﬁtp9$oF%E@dSByVFﬁetﬁowe§§Sé§q:*ﬂﬂﬁﬂfﬁ#%nﬁ%?ﬁ¢h@%rth

120. The still pglletézedrngbusgdbedolffiich FHANQ R0 RO 40ty hepséh 120
by the annul ar r|n 116. The 35 |l atter provides the necessary, bridgi ng

action to prevent®hirgRd of 9588 PraFéPBaP°P|10m fi&e imed tisht P ik Jrfeawrhtlﬂmvé
18nbal | owi ng tE%ﬁ)hafapﬁﬁéﬂdﬂﬁogotdésﬁ@@dtlhzgﬂﬁdlﬁgrh&?fd rtaf;musgm@quenzah
conbustion.. T eat . generate stio erves to nelt _t

i norganic fracti 1?% ?iEWﬁsER%B %66%\}% g éﬁ% ﬁ&fl‘f’e"%atr'?% ?#%gr
151 and forns Eiméﬁg DDGIandThelmEItamoﬂbagthh(aﬂﬁgrdkneh&ﬂgetﬁm@edlZ?om
‘the hearth throu h thgbgg hog 24. The slag flows through the slag

duct - 125 over the Iag meﬁBeTgG an apﬂs t hrough the sl ag di scharge tube
127 for subdequent quencByngaylOf illustratioBy wayfwindde wdesbgned, a

ffir nace desi gneda@g&paghggtgorggggae1%@.’5‘&%‘%‘?{? oOff 6 $ iﬁ\)’é‘ﬁéiﬁn FBE

processing 200 tons metric tonsAgrr I nc dlane ter
(25.4 cm) and 6- arzorpmmag(z 0240ps pEr4@aym(L&dng w@h@tq Zeen? epeB edaAny

typl cally have gof 10 inch diameter (25.4 cm) and 6-12 inches (15.24
- ~to 30.48 cm) long pelletlzed refuse may typlcally have
15 a 22 ft. (6.71 m) vertical cylindrical shaft with an
'~ inside diameter of about 8. 25 ft (2.51 m) On this
basis, the G value is 0.088 1b refuse/ft shaft
cross- sectlonal area/second (0.43 kg refuse/m shaft
cross-sectional area/second). ' The lower portion of
20 the vertical shaft can be éloped inwardly at about a
' 25 degree ‘angle so as to define a restricted hearth
opening connection with a diameter of about 2.65. ft
(0.81 m). The restricted opening may have a cylindrical
shape with a height to diameter ratio of about 0.4.
25 The base of the restricted hearth opening is flared
’Eutwardly into an enlarged hearth volume. The hearth
is cylindrical in shape having a diameter of about
5.5 ft (1.68 m) and encloséd volume of about 82 cu. ft
. o (2.32 mz). The hearth is operated at pressure (Pg)
30 of at least 57 psia (3.88 atm). The hearth is provided
with sixteen circumferentially spaced tuyeres. The

&

tuyeres are located in the upper portion of the hearth
: édjacent-to the restricted shaft-hearth opening
. connection at a plane d which is located approximately
35 23% of the vertical distance h through the hearth



a 22 ft. (6.71 m vertical cylindrical shaft wth an inside dianeter
about 8.25 ft (2.51 nm). On this 2 basis, the [err] value is 0.088 Ib
efuse/ft shaft cross-sectional areal/,ggcond (0.43 kg refuse/[-err] shaft
~ cross-sectional areal/second). The Iovbe% porti on of 20 t he verti cal shaft

can be sl oped 4 MRLALY ALaghaul B.2% dRU GA AR Y And GEline )

restricted hear openi ng connection with é'}
m. The restap@memgopenthg frdpolrawd 4h@yhaanthxﬂ Eﬂﬁukuwwmhsaahelght t

di anet er rat| %1@99ugogrﬁara§g ln[Qeth%s ggu%61§ﬁ%ﬁéﬁe$%hearth

opening is flared outwar an enl arge earth v
cylindri cal |&PEh@ﬁemhavlhgtanaﬁaﬁé@érQﬂi%ﬂhﬂHIQ?EW#Qh(Q?QEF¢G &ed

encl osed yol %Oteeepy&tga ﬁuarfth G%e%%rtaZ)conﬂtfcdte@tth 119e 09@%@%83 at .

pressure [err] 30 | east psia (3.8 . The heart
provi ded wit BRS xteehleﬁﬁcdm"ewemd.laa |ly't§pat€ed ft'wé% volyRe 13y e?Bs are
Iocated||1ttuh¢m@@g~aerguoaegiebge hearth adjacent to the restricted

3 DS of thevactfRAITE! b Tadish B sl e RERE 6, RDERE' ™ 1Y
00 e ver [

-measured fromdaventiepi bh mhlbhetMQSQMaﬂuuhaxnwhrqpéﬁnﬁ¢mndmmaetmbnthe

hearth. _The t res arg i domnmardl into the hear h vo| in an

approxin]a[?el-ﬁ n’g%n??gl °gri5 ‘t?[gtel Forlf W recstplecrla]t P e éhe re}émﬁ:cted

heart h-openi gl tonpettisnsimpiy tingesemearsd dencds ridee dovafar dwernt o the

ot "Nt @, AMTROON G BRI BB 580 ISR earﬁ%ﬁiéﬂi&&%ﬁﬁu%?t her

enbodi nent of ‘the inventron, in which enl connection
10 234 s o lene sAaP| encdpsss- §efctve@rtatceelreaa;ctmaﬁalsh 31, 1nwardly

- inclined dish-shaped ends 232 and 233 and the conically-
15 shaped'refuse bed 260. The latter is supported by the
hearth floor 251, in contrast to the embodiments of

Figures 1 and 4. An advantage of this construction is
that the velocity of the ....ccc..n cesssscccsesssesseesn

e hearth is \_}

@



211, but -is sinply the sane size as the shaft lower end. The hearth 2%%5

provi ded with an enl arged annul ar vol une 230 enclosed by vertical sid ,
231, inwardly inclined dish-shaped ends 232 and 233 and the conically- 15 .
shaped refuse bed 260. The latter is supported by the hearth floor 251, in
contrast to the enbodi nents of Figures 1 and 4. An advantage of this
construction is that the velocity of the ............... ...............

ri sshg gas (with char charryover) is not inrgpeased by flow through a
restricted opening. A disadvantage is that portions of the pelletized bed
260 may break off and f &fding prsolwt thechagt gipr-yofer] He npr arsréaosredy Wicstasugo form

the pel | etized refuse bedenhie REAGEN f LRGK.AS L il baked, ip Figure 5.
m Tr oS |

t he shaft openi ng connection m ni S-Sec nal "area is pre eerabl_y
fromO0.7 to 1.0 tinmes thellstizddtsenizfd mynvresoes-@edhilonmad s eag. Tifetgpper

di sh-shaped end 233 of the hearth 220 js pqon-]{%gct‘éad fo vertical shaft 211
at the restricted heart B SpaM ny* e RELAT 3% r#futsheec BpBE "f¥t on of
the hearth volume 230, aidakusahiviyratrll inliQires, 286 siaFe ofth Mgl Aefdcridhe tuyeres
are supplied with an oxygen-enriched gas from an apg{);yogri ate oxygen header
(ot shown). Each tuyer 83598 $r0s35883H 998 85221 B GRet @R AltP 1

spaced-apart | ocations itfimet e HAPERiniREI PhssOeciibaihearth 220, adjacent to
t he openi ng connection 234. Tuyeres 235 are |located in the upper end 236 of

“Hearth 220, and inclined downJdg segr dishzshanshghe 2Bvefythe rentt R0 dpem-ng
connection 234. The anglg. Bdrblcal RaarChina LNk SiRLELESLB I, e range
of 10 to 45 degrees. A Iﬂ&o%“tt eth @e%éasref}i%%a%% ‘E%?iiﬁeﬁng%afk’%ahg A '
approxi mat el y tangent i alnecsidnedit at inothewippen regdpef tthe beartinyrdetei 230, 234, as
illus- trated in Figure A hearthgsﬁéq'ded with. eight
e

circunferentially _spaceaﬁ{rﬁ;}e‘vr g‘g ‘?é%e.st 287 Ve ';'/ylsereéiarraét’%l’ed
downwar dl y and passes t i @ughoxpgenappicioqdr das it edmyanCppbrid 6t eggapeadeAgn&37 I n
the upper. dish-shaped er;'(’ng)?:?) E(ajc]:ch :Eupeerehﬁgrig r;osztgioohedl ;[t girgxl:{: egentially

spaced-apart locations in the upper region of the hearth 220,

adjacent to the openiné connection 224, .Tuyeres 235 are locatad

in the upper ‘end 236 of hearth 220, and inclined downwardly at ﬁn

angle away from the oﬁening cannection 234, The angle of () in-

clin;tion is preferably in the range of 10 to 45 dagrees.

A1l of the tuyeres 235 are pesitioned in an approximataly
tangential orientation with respect to connection 234, as illus-
trated in Figure 6. As shown, the hearth is provided with eight

. circumferentially spaced tuyeres 235. Each'tuyere 235 is directgd.
.duwnward!y and passes tnrcqgh'an appropriately canstrucieq Jpening
55? - : 237 in the upper dish-shaped and 233 of the hearth 220. It sheuld
also be noted with respect te Figure 5, that the tuyeres ars
;ositicned so as not to Ye fouled or plugged by any molten slag
descending from the refuse column 260 supportad cr the hearth
floor 252, The angle P in this ie‘mbodiment is 3bout ZQ degraes.

Also as discussad eariter, this iavention 2lso raquirss



be noted Wth respect to Figure 5 that the tuyeres are positioned so
ot to be fouled or plugged by any molten slag descending fromthe

se colum 260 supported or the heéﬁt‘h‘ floor 252. The angle [err] in

s enbodi nent is_apqut 20 degrees.: Al so as discussed ear|ier, this |

knvention also r eqﬁ‘l"fg ¢ he"_fhhhtgeﬁh@"ﬁéé'f’fweieF‘éae\I‘f’ Ratig®g" v‘lc‘) "t equal to_or
greater than that defdefad chjatfoduali om ¢nk)figurkd stdencbdigeheInd- 6 enbodi rrerig,
the hearth volume conprises the annul ar space bounded bx the vertical si
wal | 231, the uppetesfidolBasrmadi sh-tah AHwipreivdce Sovnded B fro3ertiedpect i vel y

e .

and the central, 09'3% 9@1".'%1%@@@&3&9@@@&1&%&39& Ghisz 0ds RS eddl al ~

illustrated by dash [ine 260, reduced by the volume occupi ed by t he
refractory materi atespagbivelygendiree icentesl, wahical-shinsd kebyme of 220~ This vol une
may be approxi mat eg, i, g, RIUANISON LAY k&E thne 260, caauces PMnginere = the

vertical distance tr.omthe shaft-hear openi ng- connec 334 (hori zont al

line 250) to.the hedsdehoctlpoar b2 thid, reffsetdry material coatibdiend nner nalll di ameter of

the hearth. [err]= (the di ameter of the opening

th ft_di t
connection 234), a?fd"’[ee'}gﬁeq—‘szgﬁhe“aﬁl g{];ﬁ‘"eg;"’t WoPRE MY B¥l | etized mater | al

resting on the heagquieibd por 252. Fornula (2) assumes that the supported
refuse bed 260 assunes a truncated conical shape. One of ordinary skill
wi |1 understand how to cgnpyt e at he? hegrd h ofp! umgyi f the colum assunes a
di fferent shape. Although "pFef®rTe¥ enbddi Rents of the invention have been
described in detail, it wil¥ b# afprec¥atéd that other enbodinents are
contenpl ated al ongwhekd h nodi ficati ons of the disclosed features as being
within the scope of the invention. .
h =' the vertical distance from the shaft-hearth opening
connection 234 (horizontal line 25Q) to the hearth
floor 252,
the internal diameter of the hearth,
.DS - the shaft diameter (the diameter of tha .opening
' connection 234), and
-DB - the width of the column of pellegtizes matarial
resting on the hearth floor 252,
Formula (2) assumes that the supported refuse bed 250
i . assumes a truncated conical shape. One of ordinary skill will
" understand now to computs the hearth volume if the calumn assumas
‘a different shape. .
Although preferred embadiments of the inventicn have been
Qeicribed in datail, it will be appreciated that oiher emdadiments
are contemplated along with modifications of the disciosed

features as being within the scope of the inventica.

The apparatué of this invention may be used in
the process deséribed and blaimed in our copending
published application No. 2077288 "Solid refuse disposal

process" ‘filed on the same date as this application.

9



The appar at us of this invention may be used in the process described and \(é
claimed in our copendlng publ i shed application No. 207

di sposal process* filed on the sane date as this appl [ ;ﬂmHmﬂ“‘ﬂuummN I\/B,
1. Apparatus for disposing of pellgti,zed refuse byscCanversmonst o
useful * gaseous product and inert solid residue, which conprises a vertical
shaft with an upper 5 end for pelletciLagisr ef use providing a drying zone
in*he top section and a thernmal deconposition zone in the inter- nediate
section thereof 1p form Apperbetiszedrr eisposied cf hedldt hontatdif sae dby
shaft and in flow comunication with the | ower ‘end-of said shaft, nmeans for
feeding 10 oxygeemv € 081 ahntbgugas uilniga seaiud prardde tasarad cbmmistm)hidone,
and a tap hol.-e communi cating with said hearth for discharging nolten

resi due therefrorgsaddepwhehéch: c@m):rulscesheaamtdrthazala shod flimev M mhamhupger

equal to or greater than that.defined by the foll ow ng equa- 15 tion: 2
[err] where5G epdl|fetipedleéfiasd mmmnn‘mddiatge q ednying zon¢tini hkhaum

equi val ent di aneter and 20 [err] furnace pressure, and K
7.28 x 102 when tnpssentpenrpnden|hbanmanadaﬁqnngsxthnmﬁqnﬁ1hnnﬁhe inter-
c&0ss-sectional areal/second, 3 [err] is in ft and [err] is in p5|a or 3.09

when-Vis in m, A m¢ %PFelsePﬁlQQ tERFSST & |f antara AR edd e o83l ¥get PBAa

25 area/second #err isinnmetres and P is in, atppﬁfheres
& ) : earth beneath said shaft and in ow communication

with the lower end- of sald shaft, means for feeding
10 ongen -containing gas into said hearth as a combustion
zone, and a tap hole communlcatlng with said hearth
for dlscharglng molten residue therefrom, and whereln.
(a) th hearth has a volume V which is equal

to or'greater than thaf.definqd by the following equa-

15 tion: -
, 2
_.V = K GrDs/Pg
where
v : Gi = pelletized refuse maximum feéd rate
D_ = shaft minimum equivalent diameter and

20 P = furnace pressure, and
‘ g . - '
% K = 7.28 x 10% when V is in'ft>, G_ is in 1b
i o ref‘use/f‘t2 shafit minimum cross-sectional area/second,

D is'in ft and Py is in psia, or 3f09 when V is in m3,.
Gr is in kg ref‘use/m2 shaft minimum cross-sectional
25 - area/second, Ds is in metres and Pg is in atmospheres,
(b) an opening connection is provided between

the shaft and the hearth having minimum cross-sectional



enlng connection i's provided between the shaft and the héarth -
I“mnluu)' ﬂtﬂ"lonal 23.  area fromO0.044 to 1.0 times the
m ni B onal area, (c¢) a multiplicity of tuyeres.
are-provi déd as the' neans for feedin oxygen-contai ning gas.into the 5
hearth, each positioned at circunfer R tially spaced | ocations in the upper

t of the hearth_adi t ft-heart b h
P25 Chan Ssvrere rEShaRePhat Bal drg s A, O FIAGRA LedLEY, 510
m d-poi nt to ¢éetheaalhatkagr, and 10 : (d) said tuyeres are ST
ncl i ned downvar dl y apgd,avgy o 1QTU0NG SANe Nprddbcoquections bby ggd

directed so that said ygen-contai ning ‘gas I npi'nge directly
agai nst said pmélneazedfpefﬁsedb®@ oXy ge n-c ok i NG %x%o#@tﬂgtbé claim1,

0 ANLCB Tme Heartn AT GO AR It Ay Ui Aol Do Boba Trom O 7

to 3.2 Times t qtare of PPRe “heart arat us, accordi ng
toclaim1l orchatmom,ﬁl én &hied uppeaT Pa Ty é’%r‘i%t’&ﬁ"s%s?%ﬁ??%ﬂly

tangentially o the Shgrt-ARaRILAD CRIMAALIAN () wikleh afle less Apparatus
according to claim|l 3, in ICFIJ% e shaft_o en % CO”EECL'OH %B
n1n|nun1crosst§é6t?énapfaF@3|W$q@%ﬁﬁk) gtancy) &5 hReSRALFT &
Cross- secti opghndt@3ochugh )t hﬂtd-i;&udwuoaid Gihiﬂdeaiﬂfiusﬁlbed i antiorned on the.
hearth fl oor. 25 rat us accordi

5. an to 4, .
in whi é®'5aid | over eﬁ&)ofsﬁﬁép f?rq%s%ﬁcuﬁﬂfl}ﬂ%ﬁd?gwgwag k??ﬁ@ shaft %
openi ng connegihgnfbin Wiieh sk afitnitrasn tdr assisect ioma(b readfd@nﬁot@ﬁS to.

0.2 times the Stht ”E%&%“@Q?&%%Sé%%%éfﬁ%ﬂgfﬁ§@-dé&&hnébaﬁm§§h§epe"et'zed

directly against said pelletlzed_refuse bed.

2. Apparatus according to claim 1, in which the
15 average cross-sectional area of said hearth is from

0.7 to 3.2 times the square of the hearth height.

3. Apparatus according to claim 1 or 2, in which

said tuyeres are oriented subspantially tangentially
to the shaft opening connection (b). "

20 4. Apparatus according to claim I, 2 or 3, in which
the shaft'opening connection (b) minimum cross-sectional
area is from 0.7 to 1.0 times the shaft minimum cross-

. sectional area such that said pelletized refuse bed is
formed on the hearth floor. .
25 5. Apparatus according to any of claims 1 to 4, in
— ’

which said lower end of the shaft is sloped inwardly

to form the shaft opening connection (b) with a minimum

[ Al g

cross-sectional area from 0.075 to 0.2 times the shaft
minimum cross-sectional area, such that said pelletized



refuse bed in supported by said shaft opening connec I on.

according to any of ciaims 1 to 5, wherein said tuyer ‘“E“m

inclined at inclin- ation angled [err]from 10 degreesfﬂ“

Appar at us accordlng to any of clains | to 6urmhere|n the £l oW o gas to
each tuyere i s separately controllable. 8. Appar at us accordlng to any of

fL‘é“ %o appdrtiie }%?oﬁiiféﬂto -aﬁ?di%‘? cFafteRers' GoBplBkckatfRytiol:

earth is lined Wth hmg@%or %abégﬁiggtg?ald§n$£$£iaim%han‘5h vertica

ft. 10. - Apparatus 0 an 5 wher éi’n the

~ pressure at whi CRpidndis, 8—%‘*&2 éfeé“&?%%owﬂ:%&{ilﬁ? ié?lﬁ %Ph‘ih'c‘il
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8. Anpara*us accordﬂng to any of claims 1 to 7,
wherein the hearth has a shell encased in a water-cooled
10  jacket. |
9. Apparatus according tp any of claims 1 to 8;
' _whereiﬁ the hearth is lihed with higher quality refract;
ory material than the verbtical shaft.
10. - Apbaratus according to any of claims 4 to 9,
15 - wherein the pressure at which it is operated is substan-
tially above atmospheric.
1. Apparatus for disposing of pelletized refuse
subgtantially as herel“ described with refercnce to and
as- illustrated in any of the Figures of the accomnal ing
.20 drawings. | |
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