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- SOLI D REFUSE DI SPOSAL PROCESS This invention relates to solid refuse . ’
di sposa}, andrnoré& particularly to a proecess in which-oxygen- -engi
is‘used to convert solid refuse in-a vertical shaft to nolten neﬁgngﬁglg?§"_.
slag, and an overhead gas having . fuel value. Anderson U S. Patent S
3,729, 298 describes a’solid refuse disposal process which has as products a °*
useful 10 fuel or synthesis gas and an inert solid residue. The Anderson
‘process involves the introduction of réfuse into the top of a vertical
repactory-lined furnace with the sifrul'taneous introduction of an .' o
oxygen-enriched gas into tf Dase,l;_gf,ﬁt,'\rlgrfgr flace. The refuse forns a porous
‘packed bed within the vert S Hae P anRPERl FRACEES anal yzed in terns of
~three functional zongs: g drying zone at the top section, a pyrolysis zone

in fhe nid- secti onrl)‘eh_iﬁ ég"%%‘r‘fﬁasﬁolﬁﬁeﬁr‘%éP%’r%geiﬁwedé-sh@saﬂearth) at the
-base of the fusmheere pdFpocdlladIy UL iaUprdd¥ssPiRGkCL . the Anderson
process is also described in U.S. Patgnts §,801,3§EQ%H59%,985,518 to : -
‘Anderson. As T IFRFEESILE st IfoBvRRE shdid weiaoe loneevertheainf | uence of
gravity, it 1| SHaetSto Hoh€eh e elPladd S gages which are.generated in the

mi d-section and hearth . . of tﬁei)faun?ng(i: >? "‘?’%e@e"ﬁﬁ _a¥%‘g§‘66f*%l as they

give up their #wedtvalnet.he refuse. As the at least partially dried refuse
descends. further intQ . furpace, it Jj xposed to still higher -

t erper at ures  resul tié%ﬁ??%m} #égp acfle%ijs’%aga o deserttes £aeléft of the

refuse. Duringfuse -dAspbéiel Pyb&dHSuwhi RIS ad Q@og@gﬁ;%t%glfﬂeﬂor gani c _

mat eri al %&-d%go osed .in the presence of a hot oxygen-deficCient (reducing)
_at mospher € t o “3%5071% dYEFRAS FeRUdadatn laert solid residue. The

Anderson process involves the introduction of refuse {nto

- :hg top of & vertical refractory-lined furhace
_”wi:h thé simultaneous introduction of an Oxygen;enriched
g;s'into the base of the furnace.. The refuse forms a
porous packed bed_within the vefticai ﬁxmace:whi'ch can
_ bé anglyzéd in terms of three functional zones: a dryiﬂg
zone at the top section, ﬁ;pyrolysis zone in ghe mid-
sectiog, and a combuscipn or melting zonéj(the héafth) at
the base of the furnace. . dpparatus useful for p:ﬁc:icing
,.29, the Anderson process 1s'als§ describéd-in.U.S. ?5:ent§
3,801,082 and 3,985,518 to Anderson. |
N .ﬂs the_:efuse descgnds through the furnace under
the 1nf1uence.of gravity, it is first dried by hot rising
_:gases which'are'ggnerated in the mid-section and
‘hea?;h' of the furnace. These gases are cooled as they
give up their heat to the refusg; As_:he at leasé pa::iaily
dried refusg desten§s furthér_inCOfthe.furnace, 144
{s exposed to still higher'te&pératureS'resultlng-in tﬁe. '_

pyrolysis of :hé_organic content of the refuse. During
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gaseous m xture consisting predom nantly of carbon nonoxi de; hydrogen and a

vari etyzof hydrocarbons. The gaseous m xture rises fromthe pyrolysis zone M

whi'l et he char and renai ni ng non-vol atile i norganic materials descend into

the conbustion and nelting, zone or- hearth. In the hearth, the char, which -

is conposed primarily 'of 10  fixed carbon and ash, is reacted =~ . .

exot herm-cal ly (conbusted) with an oxygen-enriched gas. The Anderson

i nci-neration system obvi ates nmany of .the previous problenms surrounding

' soki’d refuse ‘disposal, in that the solid refuse conversion results in
production of ghesgfrdlyPiPPuate Jatieabchrabt M1R0bSRLY kitaGkbye sl ag residue. .

Al t hough the Anderson systemis a substantial inprovenent relative to the

prior art syst dgsdesompased incthes @rarensesaf 2 thierexyges-dafitcdest r emni ni ng

problens relating,tq large scale use. If this systemis operated 20 in
"the convent i onéfg?%%“ﬁﬁe%gﬁféhﬁf&nﬁ%rf a1 &h char Fesdfue eangr 8cessing requires

a converter fUgBoédusthftRier c&id LM p2edddind @ [ifld construction.
Such field .canstruction is hot able '3 ut iuﬁinzgeit}ﬁte&c%in%rogl | ed fabrication
met hods avai | aBPeexide; dsegen wndt & variety afdhydrektborsn hilgh construction

costs. At i operatiqn of the conversion step at | ow

. pressure. resul ng%eor?§r'e| a‘:“lr\ggﬁ/‘ i Sﬁ"%gﬁﬁr@%’ YA PR INGAE shenhi ch al so
contributes tochub-anétﬁﬁailaln@%hpmﬁttw&)sﬂn%r%ﬂﬂct ReclQwpgt ream cool ing and

- cl eanup p'rocesg‘i= n%FSAnot her di sadvantage of the |ow - 3+- pressure

conver sion ‘ste I Vé'é? the sasbustinn ardiimeilobrg zgne @wohprestsi on of the
i 1 onal pi opp ey PafEhl SR Ae” JLh 38 LBRe S B8Rl o 1o the
‘conpl exi t10 andfbsqlensebart andieishyet alde2sysd @Rbthermically (combusted)
| with an oxygen-eanriched gas.'
" The Anderson incineraticn syste;'cbviétes_many of
_thé ptevlous problems surrounding solid refuse disposal,
Ln‘fhat the sdiid refuse conversion results in production
.6f a uséful product gas_aﬁd abiologically 'inaci:ive- siag
residue. Although the_&nderson systéﬁ is a substantial
improvement fel#tive to tﬁe priq;_ért Systems_of'éqiid.
" refuse disposal, there are certain remaining p:oSlems
relatihg to large scale uée}.If'tbis system is operated
'26 _ in_the conventional low pressure mannér, high rate refuse
procéssing,rquires & convértgr furnace diameter so large
as to dﬁctate'field_cons;ruction. Such field constructioq'
s noﬁ able to utilize the ;onfrpiled fabricat{on methods
available in faétory cansﬁructién and_regults ia high
construction costs. At the same time, operation of the
conversion step at lcw'préSSﬁre results in'relaclvely high .
volume of overhead gases which also con:ributeé to sub-
stantial equipment costs for the downstream cooling and

cleanup processing. - Another disadvantage of the low



Stil'l anot her disadvantage of the prior art Anderson systemis that -

alt hough the gefuse. conversion produces. the yseful product fuel gas stream .
and t'he inert slag residue, it -also produces-a contam nated wastewater 10
stream - The latter contains organic contamni nants.produced during the
conversion step, and requires additional treatnment such as. discharging into
an existing sewer systemor construct+dh=of a separate wastewater treatnent
system - Such additional wastewater treatnent systens have usually been of

- thebi ol ogi caPFEFBHENEPRVETFHRN AFER trvolhes ShygRerddpr Adddt tonal
~aeration-act i-yat et WEOR UNDLHSY BLATIHCHE10R8Y dkobh AN LY de

Corporation. According to the present invention a process IS provi ded fbr
-di sposal of sekppliredf Gor ahgedsdy Thbnievsives 20 additliseflupigaseous product

and ‘inert solid residue in.a vertical. colum wth u ~end providing a
drying.zone f'ﬁg-ﬁé?ﬁ‘eg%l"l“& ?‘\g’fsﬁggtflaelea“%ﬁﬁ? gm%}?/v@?g%rfg’pgﬁﬁvi'ding ‘a t her mal
deconposi t.i On c3@preiey id@eﬁ@;meogmheaommh.pﬁ;gat h the colum as a-

. conmbustion-nel.tingfzone, in which air is separated to produce at |east 40%
oxygen by vol ume an@tiil angther ddepdirncren-afethe RFLEBATE nolten residue is

- di schar ged {1 @ faCRPALE LOMEHER! L dMBuERMRe LLARPREeEYLAY S~ cONt Al ni ng
overhead gas I's discharged Trom the -col Um upper end, an
i's cleaned bypcodidesgtBé usefinll produdbifiegl \gashstramyched ahedénesat e froma .-
~ scrubbi ng-sepatation_ - 3 %%ne t o, provi dengro uct .gas and bottom -
condensate, cEMpEixEShEUey dF el hPAPATGTg ¢ HRenrar 14F48 HARCGHACSNd the hearth
- at pressyhe fremal t endIAeet &chfaind Qrgdnl contdiabd pEHAuARSOl ULE), (D)
.dividing the bottom condensate fromthe - : - : _
during the conversion step, and requires additional
treatment such as discharging into an existing sewer system:
or.cons:ructiod of a separate wastewater treétgent sys;em;
Such additional wastewater treatment systems have usually
been of the b{blogical treatment type such as the oxygen"
ehriched aeration-activated sludge UNOX Systen developed
by Union Carbide Corporatiom.
According to the present invention a process is
provided'fbr disposal pf.§olid refuse feed b§1conversion
20 - to useful gaseous product and inert solid residue in a
vertical'column with an upper end providing a drying zone
for fresh solid refuse feed and a lower end providingfa
thermal decbmposition ione for the refuse and a hearth
—beheath the column as a combustion—ﬁelting'zone, in which
air is separated to produce at léasff40% oxygen by volunme
and fed'to'the'éombustionemeltins_zone, melten residue is
discharged from the combustion-melting zone, fine
particulate~containing overhead gas is discharged from the

' colu=n upper énd,-and the overhead gas is cleaned'by-cooling :

30 . and scrubbing with recycle condensate from a scrubbing-separation

e overhead gas - -



- sCrubbi ng-separation zone into three parts, (c) mixing a first part of the.

'bottonlcon- densat'e as-a portion of the recycle condensate mrth 10  the
over head gas for cooling and partial scrubbing thereof in said .
~8crubbi ng-separation zone to formpartially scrubbed overhead gas, (d)
‘cool ing a second part ‘of the bottom ¢o# —densate by externally supplled
refrigerant and con- 15 - tacting the so-cool ed second part w'th"the
partially scrubbed overhead gas from{(c) in the scrubbing- * separation

ZORg as anot’zenepdrd iprowide hprodugt| gasoraehedEtorm egohdehesiteg the third

part .of the..bottom 20  condensate in a-first filter section to renove
solid * parbompnﬂsangﬁerlal fromthe third part and formliquid waste .

Having-an organic portion, (f) flowing a minor portion of the |iquid waste

from (e) through a sdoohdndinteining ithe prexticfl cobumhyandadiu with.
solid partlculate fromthe bottom* condensate third part (e) and
rremovi ng "t hehearitd paatpmssmneffuomt BO dec @50 fpsiar(2edt ton W& orm a
slurry recycle. - 5- (g). mxing .the slurry recycle with fresh

sol i d- rﬁfuskg&dﬂ@mwumJmabsﬁhuteﬂeed (h) flowi ng the renaini.ng najor
portion of the liquid-waste (e) to an i nci neration zone, (i) diverting a

m nor- part of the pr&mﬂnd;ﬂmdmnglthelhotmqprqpndensateufromemmeukw from

~the praocess, and €355|ng t he so-diverted product gas to the |nC|nerat|on
- zone (h), . scrub ing-separation zone into three parts,

(¢) mixing a first part of the bottom_con;
'-densate'as a portion of the recycle condensate withT
10 . 'the overhead gas for coollng and partlal scrubbing
thereof in said scrubblng-separatlon zone to form
partlally scrubbed overhead gas,
| (d) coollng a second parf of the bottom con- -
‘densate by externally supp;led refrlgerant and con-
15 tacting the so-cooled second parf withthe partially
scrubbed overhead gas from (¢) in the ~scrubbing-
. separatlon zone as another portlon of the recycle
condensate, | .
— (e) fllterlng the thlrd part of the bottom.
20 | condensate in a f;rst filter section to remove solid
particulate'material from'the third part and form
d_llquld waste having an organlc portion, '
- (£) flow1ng a mlnor portlon of the llquld
waste from (e) through a second fllter section prev—'.
25 1ously loaded w1th solid partlculate from the bottom
| | condensate third part (e) and removing the solid
partlculate from the second filter sectzon to form a

- slurry recycle....
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(j) provi d| ng air and passing Same to the incinera- 10 tion zone, (k)

conpl eteky - oxi di zi ng the organic porti-on of the li-quid waste remainder in:

the incineration zone (h) and form ng hot dlscharge gas therein, (1)
flowing the hot exhaust gas . to a steam boiler zone along with- feed ‘wat er-
for heat exchanging therein, and generating steamfromsaid feed water -
while partially cooling t he exhaust gas, (m discharging the steam'from

the botler zone (1), and recovering eneﬁgy therefromas part-of the refuse

20.\/ dlsposal process energy requirement. As used herein, the term
“refuse” includes not @y YuGQRgetd- g@@{.ﬂmgéﬁﬂamaefﬂgg, el,rg,q,_g.ar bage which
commonl y contains conbustible materials such as for exanple wood, food, -
wast e paper and rn@nsttc;rvbﬁgm tshe refiugei éﬁ@.such as for exanpl e netal’ and_
gl ass, but al so other (§$ ori sold_fusl ,materd al g_cl udi ng but not _
limted to such mater| ERamS1 BBy “%Bﬁdﬁ Chips, ¢coal and -
bagasse, which cagtad r},;atsup@t &ata;aline[m&o@runhl;ler efore pyrol yzable
fraction. . - 6.- In a preferred enbodi nent of this invention the refuse
is pelletized before i(40r RhYCFEERE @onisry \PéF% iafaFhe prpduct g8sused herein,
the expression "wﬂﬂ+ L %ﬁgr%f*%guéﬁ &99& I&& {de® Nt doo! %E} Golfigh has been
conpacted into a cy indrica ot her pe ock 'usi ng dn appdratus such
as for exanple tahdtp«thsslogo@tad spﬂdiFJcIrteth foSuctPghento 4hé 3hcdneration al so
refuse' such as for mpl e wood which in its raw state may satisfy 'the

pel | eti zation ré' BFr nts of Anderson U.S. Patent 4,042, 345. "Pell etlzed

E (i) providing air and passtng same to the aninera—
10 ‘tion zone, .
(k) completely oxi{dizing the organic portion of the
' 1iquid waste remaxnder 1n the .ﬁciﬂﬂration zone (h) and
forming hot discharge gas therein,
(1) flowing the hot exhaust gas to a steam boiler -
zone along with feed water for heat exchanging therein,
and generating steam fram said fged.water while partially -
| cooling the exhaust gas, _ J '
(m) discharging the steam from the boller zone (1),
‘and recovertng energy therefrom as part: of the refuse
20 disposal process energy requirement, |
As used hereln, the term ' refuse includes not
. only conventional municipal refuse and garbage which
' commonly contains combustiblé.materials-such as for
example #ood,-food, waste paper and non-combustible
materlals such as for examnle metal and glass, tut also
other waste or solid ruel materials including but not
limited to such materlals for example as sawdu«t, nood
chips, coal and-bagasse, uh;ch contain a substantlal

organic and therefore pyrolyzable frac_:tion.'

€



10 © refuse" also includes other fornms of conpaction such as for exanple
.brlquettlng of rotl pressing. In another.preferred enmbodi nent, preheated
cair is passed to the incineration zone as step (j) and the partlally .cool ed-
exhaust gas from steam boiling zone (1) is heat exchanged with exter naI |y
supplied air to provide the aforementioned preheated air. In the -~ -
‘acconpanying drawings Figure 1 is a sChematic draw ng of appar at us SU|tabIef
for pract10|ng one enbodi nent. of the instant process, and 20 L Fi gure
2 {s a schematic drEmisnpreferradretbodinesitabl - tteiar Lhvéatitacehsuitable for -
use i.n the pre i nvention. ReferrlLng nowto Figure 1, the raw i-ncom ng

Toruse s intr FEABER Y9 ASIIRELIA BREPTE GRBORMELAD b SR NBFFHEcot i on B1.
The latter is qupepnt £ndsbacdddin, "bad exibballdn apbRiviATRA! S fOr recei ving.

the raw refuse, storage, pretrdat men e refuse so it is a suitable
f eedstock .to t hefusé'bsmcduduerztc&:r onl¥ hteTusecthivh daslvedmebupscted

cl assi fying opgratlon whi ¢ch, n1ﬁht be a suitable 30 tromrel (rotatfng .
screen drum t 3PP GHiodRics GGHPHB‘-"’F shaged RLosk, 8sipgH@Ps, such as less.

than 6 inches i’;agf‘bﬁ%sh §Sl‘or examﬁ]le hat %@cigsé&mﬂxe?eg,ggn 48_cns) ahd"__

greater than 127 nch I"arger group (greater than 12

‘inches or 30.4%.8wsFatzant d,'ahmslge pup easserefie0owgbh aas TpPr ORdnpllee CUtting
or shreddi-ng operation for size 5 reduction. The fresh refuse could be

“subj ected to a“@afviRChopBr HES FRVsBEM L PANagHEST PheRallptératian. allic "".'_
content so tateh R fedcd! bt ArfdRbER'UBY FlEe ' 042,345, "Pelletized

) 10 ‘refuse" also 1nc1udes other forms of compaction such as

- *for example briquetting or roll nresszng.

In another preferred-embodlment, preheated air is
passed to the incineration zone as stép (j) and the
_partially cooled exhaust gas from steam boiling zqné (1)
ﬂis'heat exdhanged with externally'supplied air to provide
the aforementioned preheated air. ' _ ;

In the accompany1ng drawlngs Figure 11is a schematlc
draw1ng of apparatus suztable for nractlci;g one
embodiment of the. instant process, and _ .

20 Figuré -2 is a schematic drawing of a vertiéal -t
shaft-hearth furnace suitable for use in the present
invention._
.~ . Referrlng now to Flgure 1, the raw incoming refuse
. is tntroduced through conveyor 50 to the refuse handllng_
section S1. The latter-is a froat end factlity with
_suitable_arfangédeﬁts-for receiving the tav refuse, storage,
| and.p;etfeatment of the refuée so {t is a?su;téble
feedstock to the'refuse.converte:;; This section could
1nc1hde'g'c1assif}ing opera:lqﬁ.whlch might be a suitable
30 troémel (rotating scfeen drum) to classify the ihcdming i

refuse by size groups, such as less than 6 laches
(15.24 cms), less....



to met.al récycle operations. The treated and sized refuse in conduit 52
becones the basicinput material- 10 -to-.the vertical shaft refuse
,convertér 55. The-refuse in conduit 52 whi ch represents the fresh refuse
“input is. combined with a slurry recycl7 from conduit 53 mhlch I's recovered
fromother process steps as will. be des- cribed hereinafter. . The - :
combi nation of sized refuse 15 and slurry recycle in conduit 54 is n1xed

~and prefer- ¢hay N2l Lekches ( (mﬂ&me)wanuogwdﬁéiﬂetmmuw ffdhed EEG
URRET Der o ey B e L BgRY EkBhos e SRR B BRRRRs 1
“descri bed i no2030.48t enﬂs) rcmmmebnennbw pln-olae@seﬂ a:hrouglglrgevca: ngﬁ;or o
ot et ng eherBbRYatE Ml AR HErbHihE® drdna bt kR RRO O O 57
near thé& corweduet:.bnwer Tred £ ésls pefuse Eﬁudswlsﬁh%e%rfegpa;?; IOgn
Dl ane ey o ShfaRR brRINh ik "43 MAaERHIL b otE B mRE "
cryogeni ¢ t ygiElitheoh&endr dmnt}mmmscmetmma.lc fcmrchemh m)aygggxgleg.g.d
oxygen per oy BEREL Brcabe WiikartohSl, THE Mhdtedl A LaTBRtncsi ng
t hr ough esseref‘asbymhceadznrba552 'B'éieomea th.esibasz.e &npmtlemateﬁldﬂ.%’logg
[oTe U gEhe Ok gtV S0kugh KiRSSIEF 2. VSRRL £
zone of the mrwend’en.tl §2awmrah mpresentsh&heb)fnéﬂz rméﬁsseS:anut exposed
‘to . hot non- Qﬁédééiﬂgngas%ﬁﬂﬂfﬂrglﬁfﬂy]fggycle from conduit 53 which
- is recovered from other process steps as will be des-
cribed herelnafter. The combination of sized refuse
15  and slurry recycle in conduit 54 is mixed and prefer- -
ably pelletized in element 54a to form the refuse'fed
to the upper part of the vertical shaft converter 55.
For present purposes, the particular 0peratidns within
the vertical shaft converter 55 will be descrlbed in
- 20 -detall in connectlon with Figure 2.
o ' Vertical shaft converter 55 is provided w1th
 suitable tuyeres (or oxygen blow pipes) for introducing
- the at least 40% oxygen by volume gas stream through
‘conduit 57 near the converter lower end. This gas is
25 supplied by air separation plant 58 receiving com-
pressed air through conduit 59. The air separation
| plant may for example be the pressure swing adsorptlon
type or the cryogenlc type, the latter being more
, economlcal for high rate oxygen requirements exceedlng
.30 .about 30 tons (27215.k;lograms) conta;ned oxygen per
' day. ' ' '

_ ‘The refuse is converted in vertical columﬁ 55g: _
by passing through eSsentially three zones. The top first




bottom of the converter thereby vaporizing and-driving off organic matter
fromthe ref use..*At the bottom of the cenverter, the char produced from
the pyrblysis reactlon is oxidized to a conbi nati on ‘'of carbon.nonoxi de 10
~and carbon dioxide with sufficient heat generated to both nelt or :slag
“renaining netallic and |norgan|c com ponents of the refuse and supply heat_
for the pyrolysis reaction. Thi's slag'l% Tenoved fromthe bottom of the .
vertical converter 55- and wat er quenched to produce a 15 b|olog|cally

t d sized SO|Id {due in conduit, 56 fo r roceSS|n The hdt;_
Igggs%%s ?lnseSItztﬂ% F-BSezS’é’& l"‘ﬁ‘eﬁ%‘-@é???%an ii éﬁ’d’%)&qn 81 t he

top of the od uma ﬂ'élﬂlséei.be 5@4_&%@ gﬁﬂthhsemho@b"dhé Ejm&ﬁegre a.d"'
e WP brefRi R SomponaRie Hhie FobRan, pr ML ¢ R8hS rar
‘contain fi nefpﬁrhe cbmrertert %B @pw@ﬂ#e?lslmeeﬁheh*&bys;ﬁhéi$eﬂﬂs?h iSd :
: d t i nce t ref use_conversion s is _performe
T ver (2 2518 (ogbtnd | bECHhE BRRC RO IERE T ERES, KisRRE iaR Jhc o up
o 2ISObIOSI g%&:@g&%ﬁeégzﬁggﬁeﬁd 'ﬁ%’ee ”%2?3?;;2”; g fro ?err]. to
avai |l abl e

] Jpat T o & 9 |
_L:;[}c&ﬁj?etheoEEmZEZMegastherehmmlpnnduhed 5ﬁgusthexpmmulys§@d in a
contar ning ARG G PRIALREA VR i AEToR BE AR hond s
hydr og8®, aandnmmhannuaﬁloxmdenynﬂhisufflclent heherggmenahedltwents such
as for exango HAE GhO IR MhalitTHS dGLPIfE LRRCT AL Wo-

fraction
. ponents of the refuse and supply heat for the pyrolysis.

reaction. This slag is removed from the bottom of the
- vertical converter 55 and water quenched to produce a
- .15 biologically inert and sized solid residue in'conduit'
| 56 for further processing. The hot gases rise through
the refuse bed in the vertical shaft and exit from the -
top of the column. The overhead”gases discharged'
through conduit 60 are a mlxture of water vapor, carbon
20 monoxlde, hydrogen, carbon dioxide and a variety of
organic, tar and oily vapors. Additionally, these gases:
- may contaln fine particulate matter (prlmarlly unburned
char SOlldS) whlch.ls entralned in the. gas stream.
Since the refuse conversion step is performed in vert-
25 ical unit 55 at pressure conditions ranglng from 30
o psia up to 250 psia (2. 1 to. 17.6 kg./sq. cm. absolute),
the overhead gases are available at that pressure range
and at a temperature ranglng from 300° to 600°F
(148. 9 to 315.6 c) ' .
30 The hot and pressurized flne partlculate-
- contalnlng gas stream in conduit 60 is next processed
in a ‘series of ‘cooling and scrubblng steps to produce
a product gas stream containing prlmarlly fuel gas com¥ .
.. ponents 1nclud1n0 carbon monox1de, hydrogen, and methane
35 along Witheeseees '




cont ai_ni ng a conbination of -the particulate matter, tar, and oily phases,
all suspended.in. condensed water. . The fine partlcul ate-containing gas
"stream’Ts fi rst partially cool ed by spray nozzles 61 .whi-ch introduce |iquid
‘water into conduit 60 thereby causing the gases to cool by vaporizing the -

water. This partially- cooled streamin conduit 62 is then passed to a
~Venturi scrubber. 63 for 10 = conbi nagl on with a I|qU| d condensate recycle -
stream from conduit 64 in such a mannér that the gas. is thoroughly nixed

anqrcont acted wWthbrtge kbAstitbuentdi suchchsibiyrgxanslieonaliten t he purpose: of:
col l ecting substantial par- ticulate content of the gas streaminto the
1i qui d phase. ﬁh@xmnﬁeaewmq‘m%rsvamﬂaﬁ@sw&ﬂgé@ foasiie@nt uri -

scrubber 63 lntct%n%g l{, 6§° oap%.@f{h I3t Eggﬁeqléﬁééeefnggierdhtaﬂh

scr ubber:- separ at 0 Om portion s a vVesse

separates the eiiiﬁebim phﬁbé(é,ura&l Qmﬂadnaq(uu:dz lcSnaamﬁat:eﬂbxandTﬂescends to
the 20 bottom and i's. withdramn through conduit, 67 as the i
condensat e for HN8WPIRLisuptEGoRRRiNinG gas shrean I first R%é‘lﬁfjdﬁl d

condensate i.s r&@a&&ﬂp&w%ﬁwhw@w {nt¥Rdaeel 1 qpod tWagert hereof is
t he source of liquid ké) headers 61 while the remainder is introduced
to Venturi sepé-rnaPo‘FO"@BiF O shareRyngarsingsthe B35eE et PPN streans are

part Of the I eQuebesfQRIaNs datel 4Lt Ofhdedh1 AERAERLL Qerlln ftaNe PATLICl oS

fromthe over heangas i scharged’ from€a rt|c urm converter 55. The
~liquid renmai ndeonBaenégass suhenbb&s“seﬂeparaalventxﬁﬁ. Barubbeboﬁs dieri n conduit 67a

Is divided into two nore parts The secpond part is diverted through branch
conduit 73%and ecmbinagion &ﬁh édl’tﬂ}”'@xf%‘?q‘?&ﬂ% JEFBFIE FEFRTD %ég?ant e.g.

water; in be atcoﬁéﬁf'@%ﬂein7s]ucthema%‘ﬂeEOé}lantE@"g@%”§@tt‘?xo§&§£ﬂ§ par t:
' mixed and contacted with the liquid This scrubblng '
.action has the purpose of collecting substantial par-

ticulate content of the gas stream tnto the liquid phaSe.
‘The combined gas-liquid stream discharged from

Venturi scrubber 63 into condult 65 is then Lntroduced
to the gas scrubber-separator 66. fhe bottom portion
is a vessel which phasefseparetes'tﬁe:entering
"mixture, The liquid i{s separated and descends to the
20 . :bottom and 1s,w;tharawn through conduit 67 as the liquid
| | cendensate for £iow by pump 68 therein. A first part of
- the liquid ccndensate is removed through branch conduit
69 and a portion thereof is the’ sou-ce of liquid for
’..spray headers 61 whxle the remainder {s {ntroduced to
Venturi separator 63 ‘through conduit 64. Together these
streams are part of.the_recycie condensate required for
separation of_fine perticieS'frcm the overhead gas
| discharged from vertical eeluen'eonverter 55.
-The liquid ‘remainder from gas scrubber-separa:or 66
30 bottom in eondutt 67a is divided in:o two more par:s. The-

second part i{s diverted through braanch conduit 70 and



S introduéed to the top of scrubber-separator 66 which for exanple may
- conprise a.trayed-section for contacting.the rising gas with the descendi ng\
copl eq £ondensate cecond part. This addi ti onal recycle condensate further
.ensures separation fromthe rising gas of remaining particulates, tar and
oily phases. Followi ng this contacting step the cleaned gas .is discharged
fromthe 10 ° upper end of.scrubber-sgpggator 66 into conduit 72 for

furt her processing. The aforedescribed porti.on of the overall process
offers several adveostedges e(:neﬂwwdstppmbaoremgew&t e85y, wateef fiacti ve
seb'dratlon of the fine partlcul? %ont am nat ed hot gas overhead in conduit
60 into clean gas MAtcsneRANEeY2 nd Eo’fﬁf“ﬁ@b"%éPPi’%’tﬁ%ﬁe%e"Q"ﬁrPa'cﬁI and .
‘condensed wat er cofpaaRbiuddd BO'dRITEos deeGlhlbber- J3a86P b N
achieved wi thout introduction of external refrigerant or exarrpl e :
wat er, directly infer texangles mem c@Prisdine traydd rsgcthqufpecbdnmacttngs step is.

I ntroduced i ndirecp]l heat exghan 71 so, t hat i tional water-is not
contani nated with g‘h%// '\%ég'f% gﬁgs%gﬁq%\tcgﬁ dnsERREENS FRPIRG: CRBIRASAEROn.  The
only aqueous phases&icadepirt NThiE aud$t EoRa1STé R 16088 RREE BV LOERGY | gi Nl |y
"present in the refuse or formed by the pyrolysis process wi.thin the refuse -

converter. This peeawrssi spaaprberydaentthesThsing gas whaaenpkndggous fromthe
st.andpoi nt of redu S a er f, the overall -
‘refuse disposal - é%ée}%ﬁcm%cfsé F%%eﬂn?y,gﬁgp hg%é}on gé){{qﬁﬂ 2sé}‘s“t emat the o
sanme pressure as té\ﬁmrae Useg. s:epvﬁrslcmaar(@(ges)tisf alséH&gaec&&ﬁattye pressure
drop. through the equi prrent) gensures t hat _equi pnment si zes

advant ageous| JOsmaPPeer eRd Qfo AFTRRETABRAT AL Gtﬁét?/é’ﬁf‘dﬂt 573r Gb‘ber 63 does

~require signifi cangumgrpmsp{&ssure drop for

. The aforedescribed portion of the overall prbceﬁs

" offcrs gpeveral advantages (co pared to p"o* art syztems)
for effeqtive separation of ;he fine patticulate-coﬁtamlnated
k . .hot gas overhead in conduit 60 into clean gas in conduit-
| ‘72 and combined particulétes, tar, 911 and.condenseq
water components in botﬁoms si:eam 67. This separation -
is AEhieved without introductiem of'exterﬁal.fefrigeranﬁ'
such as for example water, directly into the ~ystem.
20 The cooling required fdr-fhis step.is introduced.indiredtly .
" by heat exchangep 71 so that additional water is not | |
contaminated with any waste associgted with the refuse
Qonvgrsion. 'The;only'aquéous phase presént in the systeﬁ
- is the:condensed water'originally present in the.réfuse
or formed by the pyrolysis process within the refuse
convert?r. This processiné'arraﬂgement is also very |
advantageous from the standpoint of reducing processing
loads on otner.portions ol the overali réfuse'disposal
systém. Addltlonally, oneratlon of this system at the
20 same- pressure as the refuse conver51on (exc9nt for the'

necessary pressure drop through the equipment) ensures



effective bperétion, Avai l ability of the hot off gas at. el evated pressure
al l ows use of such equi prent. Although not essential,

cqndui 8 72 ney be further cleaned by passage through -el ectrostatic
precipitator 73 for-renoval ~of remaining particulate matter. The lLatter may

be both snHl |

tar and oil

char particles and |lo

the product gas in

_ _ 1inalk droplet- (mcron and subnicron)
content. By way. of illustratTon, the electrostatic

@

prec pi tat o 73 .60yl ¢ 16,201kl fed Al @REhoURELHNHsLIET Vg L0 char ge ¢ he
- mto CO

dropl ets and cause "t

55. The furthe
el ectrostatic precipitat.or - . _
contai ns the fuelt eberztpdnendssurar Bbipusonsxiafe suall ¢npdPogef al ong with
car bon di oxi de and .wat g, v.appr hi oi Jt : rLheangaq product
-gas streamin pondqi_t;'ggcqoggg nq:ﬁters)%ent%aﬁ.) &(f%pgd\.tcty %D? 1nCch (11. )
concentration of 7vadagr b afudthe A dleBRéd PRI pasgagel ehrdugh dledteodbattrl % of
sh branch. conduit 76 to incinerator zone 77 for
_ : : ..aafﬁrc rﬁﬁ?‘tﬁloﬁfo‘fe“éif‘i'f%i-Pd"%‘g“llé‘Fenai nder
stream The renaj 19 MBj0f égg{gr %-?&ﬁgggﬁt;ﬁrlﬁg‘ar ol eqiied apduct gas

78 where additional cooling is

this'gas 'is diverted: throu
conpl et & oxi dat i BYFGPLEHLTO

-streamis preferably direct

In conduit 75 and now primarily

St essurtze nd con

to co

I T°ect ‘on the t ube xur- faces. Followi ng such
coM ection, the ghauldr abtad |thiad theoWsnbwrit Ferbbbem®3ofiotshe tubes and is
collected in an appropriate sunp. This renaining $articu|ate Is wwth-

drawn through c@®alite AAtpdfiqaadofas PHang PRCyer
reﬁkemd-beég%ﬂ%.ga&a%tlaeﬁ%mﬂys odi s5haiogeds f e

??ﬁ:ﬁgrnefuse converter

ains a significant

suppl i ed bylocol dswwliledrépletolminron78ad eobatutiondctatheat elckhantmnt. The .
“war med . - 12 -_coolin '

"condui t ‘80.

20

Znors 30 0 ARLEdelof ) SR PR PR ORI Tkl I O

73 could be a multiple rod and tube unit serving to charge

-

. the droplets and cause thém to collect on the tube sur-

. faces. . Following such collectipn, the ;ar_aad'otl £fluid

" £lows to the bottom of the tubes -and is collected in an

.app:dpriate sump., This remaining pafticulate is with-

drawn tﬁfcugh conduit 74 for recovery and recycle-to the
refuse converter 55. The further cleaned pfdduc: gas

stream {s discharged from electréstacic_ptecipi:ator 73

in conduit 75 and no&.primarily contains the fuel com-

ponents carbon monoxide and hydrcgen &long with carbon .

dioxide and water vapor.

At this point the further cleaned product gas

' stream in conduit 75 is still pressurized and contains

- 30

a ;ignificaqt concezdtration of waﬁgr vapor. A minorbart,
preferably 10 to 25 mol% of #his gas 1is diverted through
branch conduit 76 to inclnératqf zone 77 for complete
oxidacion:of the organic pértion'of a 1£quid waste o
remainder stream. The remaining major part of the further
cleaned ﬁroduct gas stream is preferably dlfeqted to
condenser 78 where additional éooling is supplied.by cold

water {n conduit 79 for {ndirect heat exchange. The warmed

gh



cl eaned product gas is renoved through conduit 81 for further proce55|ng as
herei nafter descritbed, while the dried product gas is discharged from

condenskr 78 through conduit 82 for use as desired. Dried and cl ean product
‘gas in -conduit 82 is available at pressure as determined by the pressure -
-Tevel of the vertitcal ‘refuse converter 55 and pressure 10 drop- t hrough the

é

downst r eam processi ng equi pnent . Th|$‘5ﬁ%§3ure | evel is preferably selected :

so that the pro- duct is sufficient for direct use in the desired

coQsunpti on nea as for exa ueI s burner. Availabilit of_this
prgﬁuct gas Qﬁ? t YR e§|15n8§ O TORAPRSRT aih%éﬁghelative

' tgdprl or firt dcﬁildisft %eposmheceub@ﬁndérméu mérﬁﬂmmythmutﬁtnémtl .
a itiona ex n e Sl ve. GOnpresslt o t he as |1.S 6] nma y

R ot o SR TR tRER bh S e PhrbugnBlagta %R,

pressure opemmntpﬁﬁcwsiﬁg BY hereindftér. ﬁebgribed,cmlﬁbsal ute)

The suct Pon R AT PRRYREE0 BRS¢ 4 ARHIErE4a L ERR codle d”eﬁ%ﬁsems_

woul d r educewﬂmugrmenduiteaer forause meabesired.requir errent S.

| | d..th du b | de and
Dt boan vortone hed Bbted BRASEledlt piRRuct 8pg i cobBiY 4B gfé(lynte hZ‘Q. s

gas for chemaweilabl enatf pressurey gsirdesemmifed ubyi thenprdgsute :
condensate | AUYIE BHB vRuical WIS G AHbNERIENEA Willaguernd
.upper ef® of dgop sthxirbgh- thpadewastieas processingoequipmentycl €This
ot o e ol dde Pavh1oL ! B 61 6808 B! Whald LSRRGS ©f
' : duct is sufficient for direct use in the desired
consumptlon means, as for example a fuel gas burner.
_ Availability of this ‘product gas at substantial pressure
15 is an important advantage relative to prior art refuse
' disposal-combustible product gas systems in that
additional complex and expensive compre531on of the
'‘gas is not normally required.
Even for those few end uses where the refuse .
20 converter pressure operation at 30 to 250 psia (2.1 to
-17.6 kg. /sq. cm absolute) would not provide the product
gas at pressure sufficient for direct use, the suction
pressure to any required gas compressor would be
';glevated.' This would reduce'gas compressor energy and
25" equipment requirements. As previously explained, this
- product gas has substantial carbon monoxide and hydrogen
'~ content and could be utlllzed for its fuel value or as a
'synthes1s gas for chem1ca1 and manufacturlng purposes.
Returning now to the condensate in conduit 67a,
30 it was previously indicated that a second part is diverted
- through branch conduit 70 for cooling and return to the .
upper end of gas scrubber-separator 66 as a portion of the
recycle condensate. The third part of this condensate
constitutes the remainder of that withdrawn from



the | ower ‘end of scrubber-separator 66, and is preferably from1,5 to 5.0 .
[err] of the total bottom condensate in-condujt 67. This third part is- OZ
direct®d through branch conduit 83 to first filter section 84. This'liquid_
is aconbined organic liqui.d anu water stream containing solid part.icul ates

. (such as for exanple;. unblrned char particles) carried over fromvertical
colum refuse converter 55.' The filterisng step renoves this solid o
particculate material to forma liquid waste streamwhich is discharged-10
fromfirst filtertimedbwen e84 ofiserchbudusepatanded handeld profddahlyd wast e

st'otage tank 86. _The latter also.fecgejve condensate in conduit 81 from '
product .gas cool ef*org-pHkq ébé “'b?'oi/lc’giH&.%@&ﬁgq?%xcﬂi%‘b'{%‘&fsa&? cont ant nant s

‘in‘this stream {theohdupt §71\aThes i th13aVpdFte@s 081 ARkl Cit3hgy MRt er - and
contai ns the aqueous and ol I%/n hases. Since the first and second parts of
the condensate witttaravEPodpbintd cabbiast stbldeat oectd@nable. r byeldduidhe only

net re- noval of parti t rom.t hi ndensat.e i s,.b . 1. third -
part in the filt r%aigoﬁgélelc e?o%‘%&:éfq% a&. Water gtf‘%’m\é\%éﬁ?{l}wﬁggnot ed

‘that the condensasfidnpsstidulbtéy’ (BUsk &€ rob é&tdplel emjurgeanéhdy and

- recirculation inven- tory to performthe scrubbing function and also permt
ef ficient solids Pafdedes) warried joverrizpacvepbicatheoluwndefiver comMprEDart

nmust be of ' suffi cient mguantity.for  this.. vals W t filk .:pl uggi ng-. ,
even when the solc?L s 3@%?&&“&%@%#%?-‘ﬁ?“%’ﬁ’ggand‘i ﬁtg?géjo"’raertll"é&%?%f e?gbl 3 at
-least 1.5 wt. % okatleltal oicalfobftd QiyGDNdeRsat Stres@whivh akheisdraaged hi s
third part: shoul'd not be so large as to reduce the effectiveness of the
“scrubbi ng ad®i on WeEnIiRRE Ja1ter sertdian Mndee reandgati 45 (apd, thancesinto
‘preferably no norgpquidnedstet stdragé tdnk 8] althBold wyercalélereattves: - 14 -

condensate in conduit 81 from préduct gas cooler 78,
?thefeby'providing'means for disposal of contaminents
~ 1ia this stréam. The iiquid'wgste.is'qow freg of particulate
matter and contains.the.aqueous and dLly phaées. Since
: the first and second parts of the condensate withdrawn |
frow scrubber-separatqr 66 are fecycled, the oﬁly net re- |
moval of particulate from this_condehsafe is by way of
the third part in the filtratioa section 84, 89. _
20 1t should be noted ﬁhat the condensate in conduit
67 must be'of sufficient quantity.and-reéirculation'inven-
tory to perform the scrubbing function and also permit’
efficient solids removal in the filter séétion. Tﬁe
condensate third part must be of sufficieat quantity . for
tﬁis removal without filter plugging even when the.solids '
 concentration is high, and';herefore {s prgferablyla: |
leas; 1.5 wt. % of the total bottom condensate. Oa the
other band ﬁhis'thi:d part should not be so large as to
reduce the effectivenes; of the scrubbing action whén the
30 solids'concen:ration.Ls'1ow, so £s prefe;aﬁly no more than .

5 wt. % of the total bottom condensate,



The filtering step is preferably a batch operation in that one section is
mai nt ai ned “on streant’ for a pre- deternined tinme period (either based on -
contrO'I:-'of absolute tinme or degree of -particulate |oading). During at |east
part of the first filter "on streanf.operation, a liquid waste mi.nor
portion preferably conprising 5 te 20 _w4, %of the total liquid waste is

wi thdrawn from storage tank - 86 throlugh conduit 87 having punp 88 therein, a

and flowed through senengifelies stepliPPpr8Perabhy & Hdeeh bvabE&N pPre- 10
vi-qQugly loaded with particulate fromthe third part of condensate 67 _
‘suppl i ed by br diichhat9agi §ecgdon Thie o lekg lard dtan shresn’| FopiadPreste to second
filter section d%%eh?xr%%p?ﬁéé ge{rﬂ?& tggikﬁe‘}“ﬁspénatoﬁ E&l&%igﬁi ta_bg?{dJlg the
preceedi ng "on stream period, so Backwashing occurs.  The actual portion .
of the total ‘| itdme coxnalegeeal o€dpdmirichhatendshd ivg)i. SDutelingr at Medsby t he solids -

@

concentration in_the. condgnsat hi_r art, i,e. preferably af least 5 w.%.
of the tot 1’3.| fI(? r%o?ﬁ ?gfi $ oﬁgécﬁlfrg?’FSﬁ?ﬂ’lhd"B?%ftgP&bl"y1_*8‘-‘ re than 200 -

W % of the telaste ldiRdt dpoydsbr greebdtly Sohgrds1695 3020 weenirati ons. To
control the 'solids concentration of the liquid entering first filter

section 84 andofhtRe fotab\idarss rasspels ¥iphdnawntrnm sherdgeqtrnk waste may be

recycl ed from gangilt,-R7 ki . m - i1 ed. The two
il 1ustrated se?tgi g#sgugﬁ %%@uggr%flhtgﬂg&pgﬁ cu zlf'g&o%’inl’tégfitfgﬁéez%ne are piped -
for parallel flthroughcsatomh féitterysantidnustr athedlatneduhas beed pad-vi ng, but

wel | under st oad by thgse. skilled in the art. . di tional filtration
sections ctul d.véf’gﬁfyb&. ?%‘ti"&éﬁ %&Lﬁ‘gﬁé& TL"FP"E ?ﬁ% PAREF. The
resulting particeHlédsutli §HisdppBEde by blaneR écnddiegmr gre £@w from
backwashed second filter section 89 into conduit 90.as a slurry, and is

directed to sl §irgctiopyef diqudd spste bk sgeondrifdltem septtarc P8 &8 st or age tank
91 collects notgpl StHEY Yo' EOMBERREES Itht a1 a2l 2QNRGHe FRelilaiBpSO
| | . Yon stréam"'period, so'backwashing'oqcufs.. Thq actual o
‘portion of the total liquid waste used for backwashing
is determined by the solids concéntration in the condensate
_tﬁ%;d:part, i.e. preférably_at'least_s wt.% of the total
for low solids concentrations and preferﬁbly.no mofe,than
20 wt, % of the total liqui& waste for high sclids con-
20 céntfatiqns. To control the solids cbdcen;ration of the
liduid entéring £irst filter section 84 and thus not
overload s;me,'a portion of the liquid waste may be recycled
from conduit 87:;0 conduit 83 by means not illustrated.
- . The two'illustratéd section; Séfand 89 of'the particulate
-f£iltration zone are pilped fdr:pﬁrallel flow opéracion uﬁ;ng
unillustrated éondqlts and'valving, buﬁ_well understood by
those skilled in the art. Additional filtraﬁlon sections
.;ould also be provided and glped in'this same manner. The
_ resulting particulate-llqﬁid waste mixture isdescharged
30 lfrom ?ackwashed second filter section.89 into condult 90
as a slurry, and 1s.d£rectgd-£6 slurry recyclé storage
tank 91,
The slurry feéycle storage tank 91 collects not

only slurry from the filtration zone 84, 89 but also



- 15 - partlculate materi al recovered fromthe opti onal electro- static
preC|p|tator 73 through conduit 74 (if the same is enployed).' The slurry
fromstorage tank 91 is trans- -ferred by punp 92 in conduit 53 and -
recycled to refuse feed conduit 54 upstream of - pelletizer 54a if the same
is used). This slurry:recycle step ensures that- particulate matter is not -
introduced. to the liquid waste. incinerator 77. The major portion of the
particul ate-free liquid waste not used. f Jpr filter backwash Ls w thdrawn :
fron1storage 10 - . tank 86 through.conduit 94 and flowed by punp 95 therein

" fo-waste.incinerator 77. This _liquid waste major portion_stream contains. -
most of the watRartiesmkass: DeEATd@ASERFavEsRd t Fromobhe (RPRdoPak §d8°EXHvert er gas.

(in conduit 60, A0digl SARN RIS ghgﬂyc&,gu«zegﬁmfcew gEkeant s

i ncl'udi ng a range o ot her ‘resi dual organic '
conpounds Wwhi chsrranphﬁ]efdol:naheduium tfiremr sforsge camke i i tseep= Di scharge

of -'the so-c¢cont am nated waste u tora t gnk 86 MA hout f.urther .
‘treatment is nARETEARE S RYPR 92‘}0 ta 3?9%%{1‘?]5.@ fﬁfﬁﬁﬁt 5P rS"'t 2R8poi nt-.-
Di scharge of t e ggadduts! 55 3UPselb i B! L PP+ SERRT S&Qmibh’é)t&éhé npgse a .

severe l'oad on such systens. 'Further, Separate bio - cal treatnent
facilities are m‘ﬂ)dﬁsﬁsr abberpoeapske tdtophetgwremd'mtc psn@q@@nemst e-i s not

hccor i ng Lot IREER UhReBn L HEEEd (EC SRR, CRRG By ahr o e b8 L on o
this li-quid waste strggdn th@ PortiiBRloPLE pirdikelptoduee Dmfuids a sinple”
..and econom c. neans of treafi'ng the liquid waste. Incinerator 77 may be a
. _waste not used for filcer backwash i{s withdrawn from storage
. 10 | tank 86 through conduit 94 and-flowed by pump 95 therein
% to waste incinerator 77. This liquid waste major portion
stream contains most of the water content condensed from
~ the overhead refuse converter gas in conduit 60, and also
contains a variety of organic contaminants including a .
| range of alcohols, aldehydes, and other residual organic
compounds which may be formed during the reﬁuse conversion
step. ' o _
| Discharge of the so-coataminated waste liquid from
storage tank 85 without further treatment s not acceptable
20 from the environmental standpoint. Discharge of this
| __ waste stream into municipal sewer systems would impose
a severe load on such systems, Further, seperate biologi-
cal treatment facilities are not desirable because'the
high organic strength waste is not easily handled and
requires complex and expensive processing facilities.
According to this invention, it has been_discovered that
. {ncineration of this liquid waste stream with a minor part
of the product gas is a simple and economic means of_r |

' treating the liquid waste, . Incinerator 77 may be'a




-16- cOnnchiaIIy avai lable refractory |lined vessel with associated spray - (gé;
nozzles for introducing the liquid waste; and fuel and air nozzles for

i néroduting the product gas minor part through conduit 76 and an air 5

stream through conduit 97. Wthin incinerator 77 the liquid waste remaining _
‘portion fromconduit 94 is com pletely vaporized and raised in tenperature

to at least [err] F(871.1 C) and preferably [err]F (1037.[err]). The waste’

is maintained at this tenperature for d6ific- 10 -ient duration to : -

co etely oxidize all-organic contam nants, e.g. between one and two. -

seconds. The energy for this incineration cones fromtwo sources the

_organic cohteahﬁé&%§§1¥?t£*hfiﬁﬂﬁétr%%%a PRy ed'%e%QS%e percent of

concentration in the uid waste 1Is rel ative :
product gas §5§99&9¥QQWﬁREﬁVd%ﬂa§l§57Goﬁh}ﬂﬁ¥QQﬂQ&nQe pe| diqudde converse

i s al S0 11 UeypagRYNisfd B! ahdCaip! ﬁbz‘i@.@sﬁrﬁof’flﬂf'foahﬁ gﬂ%te must be’ .

"heated to the aforenentioned tem perature.level range of 10

to 25 nol % 2BTOGE EAS FHIRRELP ghrepgho conduist 2ot and e%ﬁe@ﬂéﬁ range’
of organbcs gepeant RMIGUEH rbéﬁ@uitqgvd m&tﬁlﬂ hien &Pl e B8 0RO R HE

-|nC|nerator0i7 I S dIS- charged, t hrough conduit 98 to steamboiler zone 100

where part of1fHad é@ts'@]e?%aﬁlﬂﬁepe%‘ﬁéfﬂ’ﬁ f@é@“l@%ul r Yoder €PMy .
i ndirect . he&plet@hgn@%@oﬁiﬁéhwaﬁ&rrhiseﬁﬂhkp r&tgheagpbait er zone 100

SRR 1 R e L S o O
" The partial | Pheoqbete Hid rmmoalﬂeaca%r wm%e@émé tbemsﬁmrabm Ier
~zone 1Q90|n conQUIt 1%1on éo oompletely oxidize all organlc-'
| contaminants, e.g. between one and two seconds. The
‘energy for this incineration comes from two sources:
- the organic contaminants and the product gas minor part.
If the organic concentration in the liquid waste is
15 . relatively high the percent of produot gas diverted
o through conduit 76 may be relatively low; the converse
is also true recognizing that the water content of the
liquid waste must be heated to the aforementioned tem-
pereture level. The preferred range of 10 to 25 mol%
20 for the product gas diversion reflects the expected
range of organics concentratlon in the llquld waste.
| - The hot gas formed in 1nclnerator 77 is dis-
charged through conduit 98 to steam boiler zone 100 o
‘Where part of the heat energy of the exhaust gas is .
. 25 recovered by indirect heat exchange. Feed water is’ |
' introduced to steam boiler zone 100 for this heat
exchange through conduit 102. -High pressure and high
temperature steam is formed therefrom and d1scharged
in conduit 101. :
30 . The partlally cooled incinerator discharge gas
is removed from steam boiler zone 100 in conduit 103, If




desired further sensi bl e heat may be recovered fromthis gas in preheater ‘gg
104. Externally*supplred air is introduced through conduit 105 for.
|nd|re&t heat exchange with this partially cool ed incinerator discharge gas.
and 5 thereby preheated. The so-preheated air is discharged through- _
conduit 97 and introduced to incinerator 77 as the“oxygen source. The o
further cooled incinerator gas is e_{)ew ed from preheater 104 through
- condui.t 106. Incinerator gas 106 con ns chlorine and sul fur 10

quounds (usually as HO ‘and [err]) forned fronrconponents of the refuse

{960, WSt BR! £EURE:CUTRASHY Hedt syl Biboidonassh ehian of

t hese conta s n ust Pof CEVIToRment aF ¢oncer n.
| f however gdss ins preheatem ﬂﬁé-.corﬂiamrmlkyrrayppélrednml iI$ by a

serubber (NGhidddisdd@! ebofian Sobithi 4INAFS SE0A03HA1 Rt Hea at! ange
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_are such that the concentration of these contaminants in
~ exhaust gas 106 is too low for environmental concern. = If
however this is a problem the contamihants may be removed
15 by a scrubber. (not lllustrated) as is well understood in
the art. - . : '
Steam discharged from steam bomler zone 100 in
. conduit 101 is processed for energy Trecovery as part of
- the refuse disposal process energy requirement. By way
20 of illustration this energy may be used to supply part of
- the air separation plant 58'energy requirements. As
~illustrated this steam in conduit 101 is used in steam
turbine drive 107 for air compressor 108, That is, drive
S 407 is mechanlcally joined to compressor 108 by shaft 109,
25 and feed a1r is compressed to 70 to 100 psia (4.9 to 7.0 -
kg./sq. em absolute) therein before passage through
conduit 59 to air separatlon plant 58. Alternatively .
the steam in conduit 401 may be used to generate elect-
| ricity which in turn is used to drive air compressor 4108
30 or other apparatus components of the refuse disposal
- . process requiring electricity.; These for example may
include pelletizer S4a and pumps 68, 92 and 95. |



from the standpoint of sinplicity and efficiency. That is, recovery of t

i nci ner%t or di scharge gas energy to both drive air -‘conpressor 108 and 5

preheat feed air to the incinerator is a near optinmum bal ance between _
energy avail ability and needs, and represents a.preferred enbodinent of t he

~invention. Part of this avallable enerqé IS used to conpress the air
separation plant feed air to the |evel 'Reeded for either 10 " cryogenic or

pressure swi ng adsorption division into oxy- gen and nitrogen, e.g. 70 to

100" psia (4.9 to 7.0 kg./sqg. cm absolute) The renmi nder- of this energy is

suffic- ient for preheating of the feed air requirenent of incineration

zone 77 to 500 to [emilrdet A00tiDikatibh oﬁtheT@&iﬁfmrﬁﬁﬁbinbe\d&‘lﬁé
requjred for

preferred fo reheat i p ci al terials are
constructlon‘tig? Fepé?p%r ?fg r%etggoﬁgmq% cﬁ&éﬂ‘?@ﬂcé‘ﬁ& §pdgen-
eration- recoeﬁfzciemyrlat Tt D [N resoveeyewife it m@myraeaw renents for
m e
the solid r %use dléﬁosal process ﬁ g&rth|s i-nventi on. g é
| Tustrat s ShSRDASERo@AT SUETRY (66 BoPh, AXddle ST FORBFAABET1808 andin o
flolr pracki cupgehbantﬂewe]@%fte htﬁel ﬂnfeﬁ.hle@atoﬂ hies R aplé&rabp gm&ﬁi Edes .
al | apparat eede eeding the re ver.t in t he
saforenentloﬁéﬁfﬁﬁpgeb? FEEnBY F%i@%é%#%? qﬂ#cﬁéﬁ&%adaﬁgs and slag
L esi dge V\gmepreapndw |aatpa:e£erred elggodnmn&i eﬁEFﬁhEe ;mﬁdéﬂﬁﬁohgglzu;%:]ﬂ'tﬁ o
ave been i e sane_nunber s ,one hundre e
assenbl y |no$€d5§l ?&?gﬁégﬂv%y%ﬁ b2 ﬁﬁlgﬁéé to compress the air
_ _-separatlon plant feed air to the level needed for either
10 cryogenic or pressure swing adsorptlon division into oxy-"
' gen and nitrogen, e.g. 70 to 100 psia (4.9 to 7.0 kg./sq.
- cm. absolute). The remainder of this energy is suffic-
"1ent for preheating of the feed alr requlrement of
_ incineration zone 77 to 500 to 800° F (260 to 426. 7° c).
.15  This temperature level is preferred for preheatlng as
. special materials are not required for construction of
" preheater 100. The aforedescribed preferred energy gens
eratlon-recovery combination minimizes “the external
. energy requirements for the solid refuse dlsposal process
20 of this invention. ' |
Figure 2 illustrates in more detail, a suitable
_vertical column furnace 155 suitable for practicing the -
-process of this invention;l The Figure also includes all
_ apparatus needed for feeding the refuse, convertlng it in
25 the aforementioned three zone manner, and recovering the -
overhead gas and slag residue. Where appropriate, corre-
_ sponding elements to those in Figure 1 have been iden-
- tified by the same number plus one hundred.

- 18 - D rect ultilization of the steamin turhine drive 107 is preferredT:i;>
s



suppl i es -both sized fresh refuse and the waste recycle slurry to the top of
the. converter. The mixture s introduced through top opening 112 to,
pelletﬂzer 154a 5 - which-conpacts the loose refuse; for exanple by a suit-
abl e ram device-into cylindrical blocks or pellets, as described in Pelton
U S. Patent 4,133,259: The refuse pellﬁas are highly conpressed entities
ranging in dianeter from®6 inches (15 cms) to 18 inches (45.72cns) 10
with 14 inches (35.56cns) as a typical dianmeter. The 'length of any

particul ar pell et na range from several inches to nore than 30.48
cn¥), and they are f Geéﬂﬁﬂﬂﬁiﬁ1%9@h®%¢§rrﬁ vge| LONVETAT ig ui t
for f eeding o1 £bUsBoL ISigADLN rer ke anaceweeaehéée reéy bmese

pel l'ets 111 "Jn tubglar duct 113 with the " . Of ellets fornms a
Bt %&%a%he

gas seal at $¥H¢¥$p GPRVE e§éa| ByiRul tiple

peIIets\Mtrlﬂ%w@mﬁggdlQﬁ@dﬁgﬂnﬁogﬂéﬁéniﬁgaﬂdgttb‘yélxé%f%eﬂ'ﬂﬁﬂhﬁrs for-

converter, has a coni,cal

t he af orementioned pellet size ran i
secti on' A14 WekeRceearests ﬁﬁﬁuﬁﬁé%ﬁaﬁ%f@?eoufﬁﬁ XML 1% Bs8Yils carry

out- t he -exi tipDe O¥ghhaaeTriaRs Sntd fcjhﬁnd?id&i baoklis d!@tp@l?léﬁbl z@g the

B b ov dod GheseThel Ao Se taty ok HRrBES B3 dd EAE Fetueer agen

~fromthe ai rpgEbetat a&a m@my Rsotippe 8sbleentitd d dhany mghﬁnvertlcal
o the 28?3?4&%%#%%?&% &, SR eRel 3PPy oy %?@r}%& s\ Febe 7ERE Y o |
ont o t M r efyibeh bey iﬁ&herse (awmwthsnat bypiicellerdidyetéee! Bhlel :
elractory | feden oYy’ PeitsculdR pelTeR B5° Tubled PR sobORMT 1O
155 has .
© inches to more than 1 foot (30.48 cms), and they are
forced through a tubular duct 113 serving as a conduit
S for'feeding,the refuse to the converter. The force feed
" 15 . of these pellets 111 in tubular duct 113 along with the
' "string" of pellets forms a gas seal at the top of the
converter. The gas seal is fqrmgd'by multiple pellets
with combined length equivalent to about five pellet
diameters for the aforementioned pellet size range. The
20  converter has a conical section 114 connected to a reduced
diameter outlet flange 115 used to carry out the exltlng
 overhead gases.
|  If the refuse feed is not pelletlzed ‘the gas
_seal needed for maintaining positive pressure in converter .
25 155 may be prov1ded by a lock hopper and pressurlzed gas,
as for example nltrogen from the air separatlon plant.;
- As the pellets are fed into the vertical column
converter vessel they are moved into open trough 116 whlch
~ extends to the column central region (in the radial
30 direction) where they fall onto the refuse bed 17, re-
tained within the preferably steel wall refractory lined



- a drying zone 118 in the highest section, and pyrolysis zone 119 in the

- mddle- sectlon ‘Wthin the drying zone- the refuse is dried of its$ water
contenf® as it noves down-. 5 wardly. Al so, relatlvely Tight or volatile\_".
organic materials are vaporized within this zone. - As the now dry refuse - "«

. continués to move downwardly'it is subjected to rising hot reducing gases .

and the refuse is further deconposed in terms of renoving addi.tional.

organi ¢ content 10 of the refuse. = i< ional car bon nonoxi de, hydrogen
“and.light hydrocarbons may be formed from br eakdown of - heavy organic -

t Th
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refuse bed I's pringri supported by the bottom conica
converter. the mefuse te &riled19fi dtsomaierconhenti as dtamevas downs.
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25 carbon to formt ustion energy. necessary to_ mel t or slag all the
netal and | B&S4RE du%mvénwe gRSesorlishdehe (peflsesd st AugtidieTest ri ct ed

openi ng sec g mrb%ﬂsé&\dlﬂafétﬁspakefe&otﬁsgL&&&ﬂefahamybeigéﬁﬁ ek fentng !

react- _ions prio as extt through_outl flange
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condui t 12511@%’@'H§dkﬁbé§fﬁbﬁgsm9& Uéef&fn&@cf FPEROBPEaRADWEIGY Cheavy

~associ at ed
. organic components within the refuse . when it 1s heated by
‘the reducing gases. The relatlvely non—volatlle components
of the refuse including carbon, metalllc, and 1norganlc
15 materials are retained and pass to the bottom of the
' converter 155. In the Figure 2 furnace converter embodi-~
- ment the refuse bed is primarily supported by the bottom
conical section of the converter. As the refuse bed 117
~ 'is converted, material gradually flows through the bottom
20 _-restricted opening section 121 into the slagging hearth -
zone 122 of a hearth generally designated 120. Within
- this hearth zone 122 the at least 40% oxygen gas is
- introduced by appropriate tuyeres or oxygen blow pipes
~ A23. Within this zone 122, the oxidant reacts with the
25 carbon to form the combustion energy necessary to melt
or slag all the metal and inorganic components. | The'hot
gases then rise through restricted opening section 121 and
participate in the.subsequent pyrolysis and drylng react-
ions prior to gas exit through outlet flange 115.




wi t-h quenching this slag material so as to formthe -aggregate materi al -
whi ch can be renpved. This apparatus inctudes quench tank 126 and its -

associ ated | ock hoppers, punp systens and nechani cal slag noving '
~conponents. = As the slag naterial 124 flows to the water reservoir within
it is cooled and fractgrnes into-a sized 10 - - aggregate _
material. The coolant required for this step is supplied by recirculating :~

“wat er punp 127 and assocjatedq wajer cooler 128 Slag material 124 is noved
by (act uating. hydraul i c ’inrS? cfﬁ’aﬁﬁd‘gs@r"éb"éﬂ‘léséeﬁwﬂFf eenpyed £19918% to nove .
‘theTslag to openi npgarhsecaal1ed vy lshak Odp BomRALS1431 raRMAIAg. These lock

" hoppers may be | arge tubul ar sections each-including two valves to-altow
alternate renoval -8¢ctiiong. ohithei refuse\Biaposall Iy ssen aresasgasiatedci ated with

| ock hopper 131 wh . i ho : ‘has | ves_135 20 and -136.

Typi cal operati.on g%%%@_ﬁ%@ﬁh%ﬁ%&#%fa\%ﬁ¥% i’ﬁcﬁ:%@ g?%’"sitﬁﬁ val ve 134

~and openi ng val ve - dggkegAte taiter pol Rhick (canche rébbied.2This sppevatwd to nove

slag to-the openi'ng -associated with |ock hopper 131 and thereby fill i
B PIRA L BeneR obANkh & 28 ABdCkE S Asroatated\dgake hoBaRTss t hen

guench tank 126, i

with slag materi al
cl osed and now val
| ock hopper 131.

fogl 35t EnORER UbhRn T UTad BFo EhEGoHBLMnLT00R0ThE

'he aggregate materi a car
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and

“the water flows tosheg eaterinyl 138.f1o%hitD thé alaties réfeions wiehgnench tank -

126. by punp 140 throu
area in car 137 uypdue®

ort area.

%h C%gtd'iié 139. The slag coul d be renoved fromthe -
b tanx 126¢ dfcilaerplefdcnd Eraatunsy tans @ 3Rd o sl ag
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-aggr egat-e product

't0 a suitable-storage or trans

expl ai ned, one chatsicvepiied dyofedircglating water pump 127 and assoclated

water cooler 128. Slag material 124 is moved by actuating

o hydfaulic piston and scfaper'dssembiies 129 and 130 to move

20

'the siag to_openihgs associated with lock héppers 131
and 132,

. These lock”hbppers_may be large tuﬁularlsections

‘each including two valves'to'alldé alternate removal of

slag_ﬁaterial.' Valves 133 and 13% are associated with
lock hopper 131 whére;sllbck hopﬁer 132 has @alyes'ISS
and 136. Typical operation of the lock hopper 131 would
tnclude clositg valve 134 and opening valve 133, At
this ﬁoint scrapér unit 129 {s actuated to'mﬁve sIag:to

the_bpenihg associa:ed'w;th_lgck.hoppér 131 and théreby'

. £111 1t with slag material and water from the queanch tank

126, Valve 133 is then closed and now valve 134 is

opened to remove the slag-water aggregate from lock hopper._

131, The aggregate material is collected {n slag car 137

and the water flows to.water sump 138. This water {s

:eturnéd to quench tank 12$'by pump 140 through_cqnduic 136,

The slag could be removed froquhe area in car 137 up,



process is.that essentially all of the solid.particulates present: in the d
overhead gas fromthe vertical colum con- verter are colleéected in the P
sl urry'.'f.ecycl e -added to the -fresh.refuse feed. This recycle ensures '

conpl ete con- version of the solid refuse.to etther.product gas, non- .
obj ectionabl e water or carbon dioxide vent gas, or slag, thereby mnimzing
refuse handling problems. The relativgdy small slurry recycle m.nimnzes '
fluid 1oading in the ver- tical colum converter. The only liquid recycle

to the convert erassecisfedobuklinehld) dui cebleedbd oo g 1eg mepeYA lacenr enoval' from

the | oaded filter sectj.on,..and this may re sgnt | tt]. 07. of. the -
total |iquids fof5¥8 {)é/so* 6l 'tla¥ ﬁ@nyé%rsgzgo:ﬁh\r}gr gié%érﬁetsst%ﬁ?na i mum |i qui d
recycl e reduces Qgtrbgithﬁ pRUIGR th o Wiul CABR! stordgecoeersaspert ameaihe -
converter gas_|oad. 20 - By the present invention an ipproved:

“solid refuse.di sposal 4 gEeetoustytenploteed.cane rihanagteriyple % pRtRi ded
~which.is subst a[}yo%'ew 57eh @resfsgacmsgvm g@rewgem lpades Alagl ol or e

required.  The, process or the inventioh can provide the product gas at the
. desired consunptpumsept ckks the averhead gaeefiiomgthepreratealygolemmseessi on;

require | ower overall power,gons tion, and provide | npr.o | tirmate

di sposal of the ‘fﬁrcfﬁfd&)%é:f’éf?ctﬁgﬁeng‘ &ﬁFiﬁﬁ’rﬁrB‘TVs#g'%&tdhgggt&%i d refuse.
-23- The prior agdeshase AseUbBsl. ! DRLs irecyele dasuFadkonpleveceysd e all of the
.proocess liquid (except water) to the refuse converter fromthe standpoint .
of added fuel .gaeegsioaet itha. soltdyxefusas &9 eifheT PRAYLE $24, 9% prior art 5

houl d WUILUGE) 2 GNAREL SERAL N erl BP/cdeRSh Wibathe Velt! gudtSkeRigr a0e tank.
o thereby minimizing refuse handling problems, The.relatively '
;ﬁall slufry recycle minimizes fluid loading in the ver-.
tical column coaverter. The cnly 11&u1& recyéle'to thg_-'
*cohvérter.is the backwash 1iquid needed for3particulate-_
_fémbval from the loaded filter sectioh,.and'this may
'représenf as 1ittle as 10% of the total liquids formed by
the refuse conversion. Such minimum 1qu1d recycle.ieduces.
both the_oxygen_requirement in the codvertgr and the
coaverter gas load, ' |
20 - By the pfeéent-invehtion an improved solid refuse
aispésal process of tne vertical furnace type is provided
: whicﬁ i§.sﬁbstantially smaller'for a given thrqughput
than heretofore required. The process of the invention
.can proﬁide'tﬁe_prbduct'gas at tﬁé desired conéumptidn
- pressure without négding_separafe}gas compressioh, require
lower ovebail power consumption, and ﬁrovide improvéﬁ
ultimate disposal'of the liquid waste formed ¢urihg

pyrolysis oﬁ'the solid.rgfuse.



wast ewat er” contami nated with sol uble organics) to feed refuse conduit 54 ;
upstream pel.l eti zer 54a. Al though such ‘practice does produce nore overhead\
gas fr®mthe converter 10 and thereby nore clean fuel gas,. this also

means that nore of the fuel gas would be required for incineration of the
organic portion of the liquid wast e. _Wzhave unex- pectedly discovered that

‘enpl oying mninmum | iquid waste recycle pursuant to this invention yields
substantially 15 i gher net product fuel gas, production than the_ maxi mum

h
"recycl e consistent wit® RIIAT AT phast assuned dhat 1t wagadesimgh:

f oM owi ng exggphecyBXAVRIA W Stiedappbeeks NasRa O sxcypt ewnter dituased
-of 20 pelletized refuse as schematjcally illuystratgd. 'Elgur s | and 2.
The ‘syst em i EeHUSPgROBVIEF 4RD %m3§1}§2§t?5‘§ﬁ71‘?rl"(tlf§?€l%a£3 htPeof &&%sh

muni ci pal  soppgauetion . Candis] POersidgorec FEaFer tet thespiriorarsrt
sunmarised in Table A, . The vertical colggn-f rngce, se tlgn %Si.-ab%ye
hearth 25 WeBhfcdtidize B BRAZE FPPAFALOR VALK 343%ed 0080 lhaut -
Cross-sect i ogabtar etorage!bdhit 186( 14nd Meclyels il u;:ligo_iabe (ovhexnltieags.
The, restricted ggen! n conr]tectj on '131 b% wee e Cél:l ndci c I_tse? |e(§1 and
the heart h | Y85 CEYRtEFe COR L amipAted Wit fﬂ;§4%§ THRULEELt *Ondi®C% ea and
30. - 2.7 ft.péPudd Gbrduit Site@psbrédh Bellldtdxemfbigalat ADfhough Such

Sytinder v (e SRIed et o B AR, SWhuheg eap FeoRs TR b VERAE ¢
[err] (m.z-llgﬁar_th)ereb?m&'@r@lémnmelugﬁrséstmearboc'maramsr ithatyg a 3~
_ inch (7.62 gﬂzrg'%ge%%é'%&giLE%;OQgLdeg%F%eqnired for incineration of
- -the organié¢ portion of the liqﬁid waste. We have unex-
pectedly discovered that employing minimum liquid'waste"
recycle pursuant to this invention yields substantially
15 higher net product fuel gas production than the maximum
'recyclelcdnsistent'with prior art -practice.  This is
illustrated by the following example.

EXAMPLE

This example is based on a system for disposal of
20 ' pelletized refuse as schematically illustrated in Figures
" 41 and 2. The system is designed to process 33,325 lbs/hr
(15,116 kg/hr) of fresh municipal solid refuse (conduit
50),-ané process characteristics are summarised in Table
A. The vertical column furnace section 155 (abéve hearth -
25 ‘connection 121) is a cylinder of 116.3 £t° (10.80 m°)
' croés—sectional'area'and 46,8 ft. (14.3 m) long including -
_the conical ends. The restricted opening connection 1221
‘between the cylindrical section and the hearth is a
cylinder'of 11.0 ft.2 (1.02 m2) cross-sectional area and
30 ° 2.7 £t. (0.82 m) long. Hearth 120 has the configuration
| of a short cylinder'with dished heads, a maximum cross-
sectional area of 28.5 £t.2 (2.65 m?) in the center, and
a total volume Of 148.7 eeeees -



transversely around the hearth shell circunference. These tuyeres are
| ocated .in the upper part of the hearth5 adj acent to connection 121. and
306 of & he vertical dist- ance from the connection 121 | ongitudinal niddle

to the hearth floor. Also the tuyeres are inclined downwardly and away -
from connection 121 so that the oxygen- containing gas does not inpinge
“directly against the 10 pel l etized=-r2%use bed. The af oredescribed" '
vertical colum-hearth-tuyere apparatus is not part of thé present

enbit ea S rEFagd Da, 0-22@%%;%&%%%%9? S 125 Sdghlooli 20t

pelietized pBrisinguse 3mdndtor ediemetiesr pime cmnifornly spaced er

in the form i heal,. : nml3nkAGh 3 di aneter, -
4"to 16 | noreceRiseTEety e ReREhy SHeTI e aBe 1 1T

721 kg. /[ errThegentuypremharstiogatedpinctbe yopren mare of tShenheardd in

20 Tage AwafhEeARble AdidAriBH 24 NaAACSOHARE thd i PEichl RGN MY
be conpared w oper ati on of‘?ﬁe sanme appar atus w th maxinumrecycle as. s
woul'd be praar¢ecfrpp tthe manneckion 183: loagitwdimal middiel ta the o

Filter sect ERaptR ERosT, P AIEE eAPPLRy HELE ar he il R T e
conparison ianduawayi faen rconanmtia;nza_aﬂese Yheks thatoxmygenwei ght f._bggi s
??EsL”f%iﬂéf‘?@%ﬁﬁ%ﬁ%ﬁﬁ"ﬁ"?ﬁ%ﬁ%ﬁ e e i o8E Mele can
return the spelliephpedc mafuse tkedne Thavafonedaramihedi verticad the gas
loadi ng 't her@umn-heatth-tuyere apparatus is not part of the present
inventipn but is deseribed and claimed in copending
application No. 8116261 entitled "Solid Refuse Disposal
Apparatus" and filed 28th May 1981. The pelletized -
15 . refuse may for example enter the vertical column converter
in the form of cylindrical blocks of about 13 inches -
 (33.02 cms) diameter, 4 to 16 inches (10.16 to 40.64 cms) -
length and 35 to 45 1bs/ft.> (561 to 721 kg./m’) density.
The estimated process performance,is-sqpmarized in
20 Table A. E R
. The Table A performance in accordance with this
invention may be compared with operation of the same .
apparatus with maximum recycle as would be practicéd by
the prior art. That is; the fluid recycled in conduit 53
25 would be not only the slurry-ligquid waste backwash from
the filter section but also all of the liquid waste from o
'storage tank 86. This comparison is summarized in Table B. -
Table B shows that on a weight basis the instant
process provides about 12% morg”product gas per pound of
30 - fresh refuse feed, than the prior art. Also, minimum.
slurry recycle can return the solid particulates'to the
converter thereby minimizing the gas loading therein,




These. sol i-d particul ates woul d ot herwi se be passed to the incinerator and
be detrinental to-its operation since.the particulatées - would tend to plug | #
the |n(9| nerator nozzles and to foul the downstream heat exchange equi prent A
The 5 " process of this invention reduces equi pnent [ oadi ngs for a given
capacity refuse disposal system It h% previously been indicated that -
according to this invention the verti Shaft converter is min- tained at -
pressure of 30 to 250 psia (2.1 to 17.6-kg./sq. 10 - cm absolute). Lower
pressures Willese esplic papticnlatds atowld oétherwmsedbet Pasdd/ ‘bos’ehar ate
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nore conplicate eeder frechani sins preferre the"
i nventi on 3dzationr obcbhecprodned igraidhia apperatie: coupresseppfes-

tated that gy ukdtheaks Nah do Mk tPréB8aReCTRIE ™Y heeded to
1ncrease the vertical column convertor capacity sufflclent—

: ;ly to permit fabrication of a vessel of shlppable dlameter.'

15 Pressures above 250 psia (17.6 kg./sq cm. absolute).

' ~would present problems with respect to the gas seal ,
associated with the refuse feeder assembly schematically
illustrated in Figure 2. Although it is possible to

. increase the realizable pressure differential across

20 +this seal”by additional compaction of the pellets, more-

' closely spaced pellets or stringing, probably a higher
pressure differential than that required with 250 psia
(17.6 kg./sq.cm. absolute) would require a different and
more compllcated feeder mechanism. A pressure range of

25 50 to 100 psia (3.5 to 7.0 kg. /sq.cm. absolute) is pre-

'ferred from the standpoint of 1ncreased refuse capacity

- and avallablllty of product at pressure, while avoiding
more complicated feeder mechanisms. L :
Although preferred embodiments of the 1nvent10n o

30  have been described in detail above, it will be apprec~
iated that: the 1nvent10n is not llmlted to these- -
.embodlments.
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Li qui d Wast'e fo'r Condensed Water ~° wi th Sol uabl e

| nci nergt.i on - Wth Sol uble . Organics Only Organl cs
and Nor? Orgam cs Only sol ubl e Organi ¢ ‘Phase Product Gas

Maxi mum M ni mum producti on System Mass Bal ance (Lb/I b
Refuse) - - Ref use g]&-OOO o 1. 000 Q<ygen
0. 194 S 0 201 Recycl ' L 0.041 .
0.078 slag . . . : - 0. 155 _ 0.135 O f gas
: 80 : : 1. 124 Liqui deigste - 0. 415 '
0 378.1nci nerator.Gas 0. = '

_ _ 0.194 pr oduct
. Gas : 0.530 . 1. A process for disposal of soli.d refuse
feed by conver5|on to useful gaseous product and inert solid resi+ due in a
vertical colum wth an uppegstangTio Qnoch:ssgca}ﬁmlsﬁﬁw ng zone for fresh -
solid refuse feed and a-l.ower end. providing a thernal deconposition zone

for the refuse,-and a hearth beneath GehefEn as a conbistippdiel ting
.zone, in whi chraotre!lssos‘t-ﬁél‘-a‘[‘ed to p-vg L 4d

-ute—{ﬂr-g‘r—a'st 40% Qyyaen Byqwd une |
and fed to sai grecdzuSamITenel ti ng = n‘?lo W

from said conbustion-nelting zone, f 9 cul at e- cont Lonverreaver head gas
i s discharged fromthe col um upper én

, and sald overhe a, ned
by cooling and getubhings¥gdile recycl Bl IteadBsaieREhf r o %19 $ Hadicba &P >

4 Non-soluble
scr ubbi ng- separ@,tal-oaceaﬂleida) provi de%bbduct gas and 15 a&g@htmmesndensate
conpri si ng: (a) mai ntai ni ng° saird vertical colum and said

- Condensed WateXr:
1iquid Waite for - Sggges:;3b§tt%r - With Solubli _
Inci.nerat on _ Organics and ¥Non- nganics Only

soluble Organic
Phase - _
Tk Minimuny
P*oduct Cas ' Haximmum - :
" production : :

stem Mass Balance
sy(L‘bllb Refuse)

- Refuse _ 1.000 | 1.22(]).
Oxygen 0.194 - ' | 2.073
Recyéle .o _ o O.Qﬁl . | 0.135.
Slag . . .. 0.155 _ B 1.1%

. 0ffgas - o 1.080 _ o 0.373
1iquid Waste | 0.415 | | 0.194

' Ineinerator Gas 0.094 0.

Product Gas - 0.5%0 0.474.‘

I esiggd@cies :dl scharged -
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hearth .at pressure from30 to 250 psia (2.1 to 17.6 kg. /sq.cm absol ute);
(b) dividing the bottom condensate from said,20 scrubbi ng- separ ation zone
_into t@ree pafts; (c) mixing a first part of said bottom condensaie as a .
portion of said recycle condensate wth said over hefﬂl,mmmn' H' g and
partial scrubbing thereof in said. sc anlng separa ﬂﬂr1
"partially scrubbed-25 overhead gas; cooling. a sefont part* of said - -
bottom conden- sate externally suppIGI@dIlM%f rigerant and contacting the _
so=cool-ed second part with the rtially scrubbed_overhead gas from(c) in -
sard scrubbfhg-sepaL&IPDncgﬁﬁeézr dispesalnef pelidorefusmiieedchzi e
condensat €; conyilrdfon tb! heelrid %&f‘sé:fﬁéd% Poahcl! ahdl dri B rpadagsaLe

SO a ere

in a first flqr%er section to.reno articul ate materi romto .

form Iiqui dumisi aaveR§igalocedwmn pokthopn wppery eof RFAVIAHAE Bortion
of saidgi quﬁ%éﬂ?g foﬁargsahfee%@f%idlfefuéscrgea W@%Wefoeﬁad Wi th

t
solid partic te_fromt bottom condensate th art and re-_novi.ng the .
solid parti. M%ka$¢8nﬁs§h§@ééo@qqmﬁ%$l’§%€{ll Eﬁnﬁo o khe s#'%uﬂl?epeéyé-l e;

10 - ah &;«m ”%é?@ﬁtﬁa's%ﬁ lércnﬁuﬁﬁcas' 8 Woh'aufsﬂﬁsdh-aﬂuﬁﬁ fel,0
forn1sa|d rerus eed ' ow n remai nilng maj Qr portio sal
liquid wast &n kkchnaigeist is6P d (¥9 papduce Ay dedso) r?’%ge&al d

product _gasvgﬂx}&l&hécaﬁagrga e SURIUSSmB AT BACMNHARS % 6n 8] OfBILen and «
pass| ”%t he reosflclhllg rigddzp.rsghg.%tge asf:ct‘oom Sé‘éi’d' ngln‘ro%;?ttllo%n-lfeof‘glng zone '
9
fine particulate~containing overhead gas is discharged from
the column upper end,'and'said overhead gas is cleaned by
- cooling and'scrubbing with recycle condensate from a
'scrubblng-separatlon zone to provide product gas and
15  bottom condensate comprising: _
| (a) maintaining said vertical: column and said
hearth at pressure from 30 to 250 p31a (2.1 to 17.6 kg.
_/sq.cm. absolute); _
_ (b) dividing the bottom condensate from said
20 scrubblng-separatlon zone into three parts;
(c) mixing a flrst part of said bottom condensate
" as a portion of said recycle condensate with said overhead
‘gas for cooling and partial scrubblng thereof in said
scrubblng-separatlon zohe to form partlally scrubbed
25 overhead gas; - .

(d) coollng a second part of said bottom conden-
sate externally supplied refrigerant and contacting the
so-cooled second part with the partially scrubbed

. overhead gas from (c¢) in said scrubbing-separation zone
30 as another portion of said recycle condensates



(1) providfng ai't and passing same.to said incinera- tion zZone:
(k)

i

flowi ng said hot discharge gas to a st§?m boi l er zone albng wit
for heat exchanging therein, and .generating steamfromsaid-feed water

i d steam Trom said ot Sk BACFETBORES AREEY GOSTt AR EAEGTP  her of rom as.

par {_of the ref US€osienpREA! InDBOERRT EIRYeRYséQ0h €RBhove $018d A
process according to claim1, in which said refuse feed is pelletized
before introducti BAFHSULAke Waterial therafrar s dprrndiqald vaste hayingess
according to clai gy I Py h the 5 partially cooled incinerator
di scharge gas from t]m%ars‘%ceam bm'f

external |y supp]’ ed a| r (€br flretrni nindrheoxtlion aflckatibelmuéhe‘aﬁaa:d air

O otoss aocor i FEFRRheR Adrbad B5H: LR Tof AeASLGhy, FHH, BPG wpHBhn o o
steamin step (N pastieagscd cfrsupzme%aafam Qbnddh@28é rthieRagarti 84d reoXygen

production-energy requirenent. process according.to claim1l, 2 or
3 in which 15 ene‘rig'e Fb%(ﬁ?é#éwﬁfﬁéﬁvlsﬁedfm%aﬁw reeseed ﬁgir#fe: pegsber as the .
ai'r conpression epgr Ehemh I aration-oxygen production. 6. A
process accor di ng o an ? ?M}??aa*ercyﬁfgo 5 in which flows are periodical I y

SWI t ched betdweensaid fl(g)st mixing said slurry recycle with fresh solid
refuse to form said refuse feed
(h) flowing the remaining major portion of said'
jliauid waste to an incineration Zone;
(i) diverting a minor part of said product gas while.
discharging the product remainder from said process, and_ |
: pasSing the so-diverted product.gae to said_incineretion
zone; ; '
-(§) providing air and peseing same to eaid incinere-
_ tion zone; '
.20 (k) completely oxidizing the organic portion of the
. | liquid waste remainder in seid incineretion zone end forming
not discharge gae therein; '
| (1) flowing said kot discharge gas to & steam boiler
zone eiong with feed water for heat exchanging therein, .
_end generating steam from said feed wa:er wvhile partielly

cooling the incinerator discharge ges~ -and

_ (m) discharging said steam from sald steam boller |
zone and recovering energy therefrom as part of the refuse

disposal process energy requirement.

G

Kk Q:)Ietely oxi*di zing the organic portion of the |i der -
n sai d¥% ncineration zone and-formi ng hot. di scharge gasﬂ l F’! Mm

er zone kn step (1) is heat exchanged with



" 20 and second filter'section such that said fhlrd’ﬁé?f;a?’gff*’—i’;nn1 '
condensate is filtered in said second fi'lter. secti o(r““mmmm\ ﬂ! r

.pa,rtldll ate renoval therefrom and said minor porti wast e '
i s flowed-through said first filter section as step (f) ‘af ter 25.
‘particulate | oadi ng thereon. 7. R/process according to any of clains 1
to-6 in which said third part of 'sai d bottom condensate conprises from1.5
~to 5.0 wt.%f the t taI bot t om condensat cess accqrdi '
| -of clain8el to 7 ﬁ’rﬁ?es%\lrﬁ‘%ﬁ:\o?ﬁ%nal 38”‘%&31% n‘or 'ga‘f% ﬁ S&- ,9331&% .

ga ‘i-n step: feédCQ@Dbleﬁ.Qfeﬂwéddoéﬁoﬂm Yn@&‘oﬁlﬂ&ﬁn&ﬁmlt@r‘oﬂuCVemical 9. -
"A process accoidl ng.to any i claims 1 to 8 in which said product gas from _
the- scrubbln ¥ is flowed through an el ectrostatic o
preCIpltatloB.zone fmrphodéas ae@erdingntofqmaﬂm(ﬂncmea indwhicth the

e Lo 8L e Parhiel el SRESHHERY RN ATt phE. st

condensate .“’2°§§W o (L ’“’"h"“‘? ?S‘“’ﬁ“@"?"“”ht e

_ Zogrocess acﬁBPB g't fo?f 3&%%9?'11 0 r?l\h acrﬁd @1)15 Q%gpegiledbol um -
and sai d heaaip eompmsﬁsaltmei airpofsstep oifa)B(passe:DOtpssaldSmmmel'-o kg -

./sg.cm -abs A process according to any of clains | to 11 in

)
-15 whi.ch th§££b§ F&i%HSte m nor .portion of step (g% conprises from5 to 20
“wt-% of i d &iquid ‘wdsprocess 13ccordi§ngr Foed adox ot di 2goro3adp ehichins |

{02 i i Elokis SRS oSl s Sl e N (400 Olpitel L pBSE
- supply part of the air separation - oxygen production .
'energy requirement. ' :
5. - A process accordlng to clalm 1, 2 or 3 in whlch
15_ energy recovered from said steam in step (m) is used as
' the air compressmon energy for the alr separatlon-oxygen,
production. : :
6. . A process according to any of clalms 1 to 5 in
whlch flows are perlodlcally switched between said first
'_20"-and second filter sectlon such that sald third part of
~ said bottom condensate is filtered in sald second filter
section as step (e) after particulate removal therefrom,
~ and said minor portion of said liquid waste is flowed
'through said first filter sectlon as step (f) after
- 25 particulate loading thereon. '
"%. A process accordlng to any of claims 1 to 6 in
- which said thlrd part of said bottom condensate comprlses
- from 1_5 £0 5.0 wt.% of the total bottom condensate.
8. A process according to any of claims 1 to 7 in
30 which the diverted minor part of said product gas in
 step (i) comprises 10% to 25 mol% of the total product gas.



14. A process according to any of clains | to. 13 in which the air of

is preheated to 500 to [err] F (260 t0—426—109}__;5_____Aeproc S

_for tige disposal of solid refuse feed subst ant

with reference to and as illustrated tn the Exarrﬂl“u jlﬁl“ ﬂmmutess f '
t he di sposal of solid-refuse feed suﬁ%ﬁantlally dwith

step (j)

‘reference to and as illustrated in Flgure | of the acconpanylng dramﬁngs _
The text -of the speC|f|cat|on has ‘been reproduced by photocopé$ng t he

appl i'cants &J gi nal Aypeocesst acdardingcbat any off edadmmdhe

whRch are-
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be i nspect ec

10
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20

25

ses of
‘is flowed through an electrostatzc precipitation zone

" for further separation of partlculate, and said partlculate

is returned to said slurry recycle of step (g).

-10. A process accordlng to any of claims 1 to 9 in
which said product gas from the scrubbzng—separatlon zone
is cooled to form condensate, and said condensate is |

"301ned with said llquld waste from step (e). |
11, A process according to any of claims 1 to 10 in
which said vertical column and said hearth are maintained
at pressure of 50 to 100 psia (3.5 to 7 o} kg./sq.cm.
.absolute). . :
12. - A process accordlng to any of clalms 1 to 11 in
which the liquid waste minor portion of step (f)'comprises'
from 5 to 20 wt¥% of said liquid waste. o

13. A process according o amy of claims 1 to 12 in

- which the temperature of ‘the organic portion of the

liquid waste remainder 1n step (k) is ralsed to at leasf
1600°F (871.1°C). -

- 14, A process according to any of claims 1 to 13 in

"which the air of step (J) is preheated to 500 to 800°
(260 to 426.7 C)
15. A process for the disposal of solid refuse feed
substantlally as herein described w1th reference to and

- a8 illustrated in the Example.- .

'16. - A process for the disposal of SOlld refuse feed -
substantlally as herein descrlbed w1th reference to and as

' 1llustrated ln Flgure 1 of the accompanylng draw1ngs.

'l'he text of the specification has been raproduced by photooopying the applicants original
typescript. 14 may contein s few amendments which are difficult to read. The orignal

typesoript containing these amendments ma.y be inspected on the premises of the Patent Office '



