- WD 03/069227 PCT/1103/00115 1 RECYCLI NG SYSTEM FOR A WASTE P jbtﬁ#%&
PLANT Technical Field The present invention relates to a pl ant us
for the conversion of waste, including the processing, treatnent or

di sposal of waste. In particular, the present invention is directed to an
~inproved ¥d @R @@Epnt for treating residues, including ftymashhgnd the like
generated by such a plant, and for reducing the Ievels of dangerous

em ssions and the vol ume of residue 1which are eventually output by the

"ﬁLgPEélBa;gte%ﬂ?@??@ﬁgﬁ%ﬁ%ﬁ%%aoaC?P%?@&%@?! g&ﬂ%@g%gﬁﬁ?? asnaT?zﬁgh,based

wast e processing plants is well known. F@ferrlng to Flgure 1, a typical
prior arTephasced-Fiwdédd, processing plant (1) conprises a processing
chanber (10) typically in the fornlof a vertical shaft, in which typically
solid, a al so enera y solid and/ o
semi | qu prﬁ%%’t On relat cfh&? R ¢ arat‘%pg’ir tiélﬁ?fg?ﬁ%? 6t %Via a waste
~inlet nearagteqomwmcﬁngg tﬁ@ pioheslsﬁﬂés tRptRBEENANtdif@h] nevastea Tpl ural ity of
pl asma torches (40) at the lower end of the chanber (10) heats the col um
(35) of m@tceﬂam thﬁél‘%ﬂ@&hﬁé]fen&%)ls weméptﬁwnmge%ﬁa@gﬁm@a fIses that
are chan apd i typically
" nolten n@%é sg§% ﬁb&s Hﬁfﬁa%ﬁggéh pg%1%%ég&%%?g%%ﬁﬁgﬁg?%ﬁéég%y col | ected
at the | Qmélfoxemluarhgtthe letedsrbfbdangbfyus amizsions enddhe vohie ofbestive ng gases

or fluids uch as eam (70) may be provided at the | ower
end of t A&l ? Tﬁ%ggﬂ$§Fiﬁéﬁg resi dues conpri sing carbon
produced in the proce53|ng of organic waste, into wuseful product gases
such as CO and H2, for exanple. A simlar arrangenent WO 03/069227

PCTf H, 03/ 00118 2 for dealing with solid waste is described in US
5,143,000, the contents of

Background

‘The processing of waste including municipal waste, medical waste, toxic and
radioactive waste by means of plasma-torch based waste processing plants is
well known. Referring to Figure 1, a typical prior art plasma-based
processing plant (1) comprises a processing chamber (10} typically in the
form of a vertical shaft, in which typically solid, and also mixed (i.e.,
generally, solid plus liquid and/or semiliquid), waste (20) is introduced at the
upper end thereof via ‘a waste inlet means comprising an air lock
arrangement (30). One or a plurality of plasma _torches (40) at the lower end
of the chamber (10) heats the column (85) of waste in the chamber (10),
convei'ting the waste into gases that are channeled off via outlet (50), and a
liquid materi&ﬂ (88) (typically molten metals _andfor slag) which is
periodically or continuously collected at the lower end of the chamber (10)
via reservoir (60). Oxidising gases or fluids, such as air, oxygen or steam (70)

| may be provided at the lower end of the chamber (10} to convert char
residues comprising carbon, produced in the proc'essing of organic waste, into

useful product gases such as CO and Hs, for example. A similar arrangement




‘which are incorporated herein by reference thereto. During operz@%gUquﬁ
such a plant (1), products of the waste gasification are gener i

i ncl udi ng gases, liquid droplets and solid particles, which are renoved
fromthe chanber (10) by the outflow of product gases therefrom via outlet

(50) .. TheyryRdyehy gases include gases such as for exanpperfivshasar bons with
general formula CnHm and also CO H2, N2, C02, H20, HC, H2S, NH3, HF and

other gases. The liquid droplets nmay Zontain a variety of chenical
conpounds foradéhinawi Byl MasteOlsMRbribOE ih oy 4% Sohfop.actar-like
substance to a Ir%g_ght vat er sol ubl 6 I&?%Tfl Irgé?le?c’il EOdg%ﬂlgd:oB]Ee&g%@gs may
consi st ofvhigtafte ipgenporated heteindytrefdrehiectheaste. carri ed out by gas via
outlet (50)) and of snmall particles of solid conponents which were forned

as vapor Th.n. e rt, of reactaqr,or chanber, (10), and then
wer e con?eﬁr?sl,%%%?%\&\teﬁé #;%%?1 %)é%at%cﬁl)’twgdléﬁﬁr?gébe (iaspe eRFEsEomeseiuct s may
al so i nclgederadedximbudingdytmes] Ha@d &hplets Wmdrabed iftikeg,t Q?ich"‘@% e. These
solid particl es whi (;Cgﬁa e carried out fromthe chanber ?10 are typically
~ known as Fepeyed fpm é’E‘@Fé’&E &£0) bie they eutflayr of peodinabdzases gamefront eavi ng t he
chamber (iDyutldi@opreater the anount of fly ash that is renoved fromthe

chanmber (10). This fly ash generally conprises organic and inorganic
conmpounds. Organi c conpounds may include, for exanple, conponents of

paper, textile and othet erials ich,in turn nmay also conprise sone
proport i ?rflleo?mld%?&ﬁﬁ % n?wcg‘?‘ier BAFe Jf‘b%\{n apdpr sxample hydmsaghanscwithat t er may
const | t ugendFal Grtalidl GA%e0anBaney COSEL, NI, BRIPHAGPALIPHAYUCHS, mi N

[

inorganic matter originating fromthe m neral |'ers’ and coétlng

pi gnent s 30 9EReIHAsESf or exanpl e cal ci um carbonate, china day and neta

oxi des, 'used to provide colour inks in the printing process. The inorganic
WO 03/069227 PCT/1103/00118 3 conpounds nay also include different salts

and net alfbe lophiérdroplats mast condainde saiieey eptheming]l BoMpb@idy, Radt tf raw waste
mat eri al _and/ qr,. may fb% . )
physical form’ of the liquid may range from a tar-like substance to a light

water soluble distillate.

The solid products may consist of small particles of waste (which are carried
out by gas via outlet (50)) and of small particles of solid components which
were formed as vapor in the lower (hotter) part of reactor or chamber (10),
and then were condensed 111 the upper part of the chamber (10). These
products may also include dioxins produced from the raw material in the
~waste. These solid particles which are carried out from the chamber (10) are
- typically known as “fly ash”. The greater the speed of the product gases
leaving the chamber (10), the greater the amount of fly ash that is removed
from the chamber (10). This fly ash generally cdmprisés organic and
inorganic compounds. Organic compounds may include, for example,
components of paper, textile and other materials, which in turn may also
comprise some proportion of inorganic materials too. For example, inorganic
mattér may constitute more than 20% of paper used 1n some paper products,
the inorgamic matter originating from the mineral fillers aﬁd ‘coating
pigments, including for example caleium carbonate, china clay and rnétal

oxides, used fo provide colour inks in the printing process. The inorganic



fornmed during reactions at the |ower part of chanber (10). Typi @a)tlé e?wéte
product gases including the liquid and solid products entraine v F h
are channel ed off to a suitable post-processing nmeans (2) conprised in the
plant (1) and operatively connected to the chanmber (10) via outlet (50),

iIlustrat gy dsieszhpures 2(a), 2(b), 3(a) and 3(b). The ag¢pplosbign of the
post - processing neans (2) will generally depend on the specific use of the

plant (1) and its size/capacity. For 3exanmple, as illustrated in Figure

2(a), i | -scal e.plant s.£1). . th - ' 2
compti s BRmRppdh AFER At B, tultdbns i SO0 InARRCSHGIRIESNS (), OV,
by a gas «&hdantiigedTy 8he b d)fondpH afkralid Inastel Reaterial and@enaaftieng system

(4) is adapted to produce (typically electri C_aI% energy, which may be used
to run tivemsdawringmeaghienoat wepgartad champgetdBt ed in Figure 2(b), in
smal | er - gcal I s s a . exanple. -th e treatnment
of medi cg&g‘l 8511 tﬁgé Rléoid?él%o%%éaag%cgg&nngy%\%tﬁq%gogﬁgelé?%?f%B %rdg%% pr oduct
gases t oeptairetythereveitRray denechid offf t6\sstdble Woksthrocesdihgmedsarse r epl aced

ith nb i d | 9). | il di
P e b s L He
- channel egk]a]qﬂﬂefcr(m iﬂd%?ra%@@?ﬁ’?‘%g&é@k(ﬁrﬁbﬁiSFiﬁgiﬂ%‘e-(g?.@Hb sdigapfoler burner (3)

wher ei-n organi'c materials (1n gaseous, ui solid for are
conbust edf tHeopastpyo@esing HEGNNZ) vE, genbicilly dgpendia the mmcilicawe oft her

~conbustign products,,.and wherei.n the inorganic materials form oxides and
salts. Iﬁﬁeﬁ&flﬂgl (?l’ildtlﬁ%ﬂ(z, R on of the original waste, and if
tenperature in the afterburner (3) is not high enough and/or residence tine
of gasesFbhexr@hplel s SbmdtlatediinHigsrend(y), ie sbmerierke-doalopkiats (10, & ni nat e ,
di oxi ns, the conbustion tzr‘sper ature needs to Ee hi ?@Sar t.han 850C (or
hi gher tRF-PEOERISIE PLapsh 2@%&“&‘“‘(‘%?’6#‘@@ rperHa) RRdt & f8T8eat er t han
about 1 3:ikaiRa Shstehl o), eSIAIAICEY ld B iBakie bten 1oy BRA sl @)so needs to
exceed 2”seconds. “Under these m nimal conditions, dioxins (that may exist
in WO 03TB6$R27syPEheraiss 6pdes &) is hdapied tprwadecestypicrlbualestrioont o t he
after burgr?érggr?)vzhi\é\fll llrla?feng{xéjeldz%g ’ru%nc{he plant (1) and/or exported. As
illustrated in Figure 2(b), in smaller-scale plants (1), such as for example
those used for the treatment of medical or other hazardous waste, may not
provide sufficient product gases to justify an energy generating system,

which is therefore replaced with a combustion products cooling system (9).

In the plants illustrated in Figure 2(a) and Figure 2(b), the gasification
- products generated in, and channeled off from, the chamber (10) are directed
into the afterburner (3) wherein all organic materials (in gaseous, liquid or
.solid form) are combusted, forming CO2, H20, Nz, SOx, HCl, HF, P4O10, NOx
and other combustion products, and wherein the inorganic materials form
- oxides and salts. Depending on the composition of the original waste, and if
temperature in the afterburner (3) is not high enough and/or residence time
of géses therein is small, dioxins may be formed. In order to eliminate
dioxins, the combustion temperatﬁré needs to be higher than 850°C (or
highér than 1200 0C if the amount of chlorine in the waste is greater than
about 1 % by mass), and residence time in the afterburner (3) also needs to

exceed 2 seconds. Under these minimal conditions, dioxins (that may exist in

)



t hus destroyed. Wiile dioxins may exists in the waste materi al S 4 Dﬁgezlms
. processing, in prior art apparatuses the najor proportion of dFdxi S
formed during conmbustion of materials, including chlorine-containing
organic materials, especially if the conbustion tenperature is |ow and the
resi denceywd ¢isReedy t he afterburner is also | ow Furtherpefirsasls al so tends
to contain sone netal conpounds, especially copper-containing conpounds
which act as catalysts helping to fdrmdioxins which are adsorbed in the

fly ash, adi_n i-gh leye oy tQXigi i gt I h formed with
pri.or ar ttt§§85r1%t° ﬁg%%.ﬂpfﬁdﬁﬁ%# ?:nggét,heea\?ﬁéﬁﬁﬁﬁlert(ﬁg vglgl Eﬂ)s(f |ozne%'e erature and
resi dencehhé destirsysauf ficiently high to prevent the formation of dioxins in
t he afterburner, enough dioxins nmay still be formed during the cooling of
COWUS“%J?%EUNS in the boiler. Ihis i S arfticul arly sq if sone of the
or gani ¢ r EFES; Ay kR ST MY %B%atf’lﬂﬂs&e CERISTEL S AP LT

af t er bur N&rayHrhea RYsEY eRd nfa'jﬁtﬁarﬁ?&‘%ﬂﬁ 4fQ00:ahs Y R¥IRE dulrind GmIGRERESAry to
have a hi gh Conbustion tenperature and to quench the products of

conbust i dnmapétiaisnandluding, chlodnesonialinigerergedici magemalee egfegialbnif Fi gure

3(b), the post- processing. near 2 cCOyIpri se a._gas eani ng system

057§ oernineRig R ERRe e B R o BRee Rt PR R BRI YL o

and corrigsii¥e lowOFRetien! Sy SUCHs@TchdY te¥amale sbick, méfal dbpoands,so on, and

al so includin ad, S F and others, and also oils, tars, dust, carried
@@Eﬁ&'tcw

with theespe peontaiyag pesrouadni waicByagtean capplysss distpiggtted to a

wast e . R C 0 . Gl e water
bef or e%%eﬂ‘%?%" C%Z%%ﬁ}%%llag%‘é%ﬁ gg\% S‘inlg 1t8%ghgat§r%g€eﬁa%i@ﬁ% (Bsﬁ;st em(5"),
t ypi cal | ypxixdigpin henfly €6 fdithedNRith @iy arChigparatedemnhebey cewe, avenift abl e

- energy generating.sysiem (4) operativ connect ed,..t 0 stack 1%06), as

i |l ustrat dc?Wle‘gB gteﬁ%&?gulrﬁ ?Iﬁ‘g I@ﬁ@%‘% tb‘@ﬁe’rsats}]%feﬁ]sﬁ %‘ﬁgﬁl4 , the fuel
gases arg.GeRPHs! feniatiod d&ouM i 18 aRérbaraaeRbug\iticathsimappemat i vel y
connected to an electric generator, and WO 03/069227 PCT/1103/00118 5

typi cal | ye Srseed duzingathe eoohpg of ombustion qyatace i riherksige: $hisats a
particularly so if some of the organic materials in the lwaste were not fully
combusted in the afterburner. To prevent this production of dioxins, it is
necessary to have a high combustion temperature and to quench the

products of combustion.

Alternatively, and as illustrated in Figure 3(a) and Figure 3(b), the post-
' -processing means (2) may comprise a gas cleaning system (5_’), for removing
from the product gases leaving the chamber (10) toxic and corrosive
components, such as for example HCl, HF, H2S and so on, and also including
Cl, S, F and others, and also oils, tars, dust, carj:ied with the product gases.
The gas cleaning system (5) is connected to a waste water treatment system
(7), which also cools and cleans the water before recycling. The clean fuel gas
leaving the gas cleaning system (5), typically comprising CO, Hz, Ns, COs,
CH. is channeled to a suitable energy generating system (4) opératively
connected to a stack (6), as illustrated in Figure 3(a). In the energy
generating system (4), the fuel géses are combusted in a gas turbine

érrangement, which is operatively connected to an electric generator, and



t-enperature of about 4500C to 550C) fromthe gas turbine are d'@ﬁﬁtﬁggh% a
boil er where steamis produced for a steam turbine, which when d

with an electric generator also generates electrical power. Such an

el ectrical power generating schene is known as a "conbi ned cycle” and is

highly effd gy Alternatively, and as illustrated inpFigsGoidf ), the
clean fuel gas nmay be sold to custoners (8), for the cenent plants, for

exanpl e, or other wuses. For the type$ of systens illustrated in Figures

3(a) and h ine J .syal Kk u f fromth roducts in the
_cl eani ng z%g%%%fbégérg)ﬁkgfngréﬁn F%%fggofé% g?ﬁb&%? (3§t%n1or sol d.
Thus, di OXempemtarmﬁa]gﬂlm%aP(B)to 55m0mﬁbmmhsga@t@&$ﬁ@afe dikepeded A9 on the

type of ost rocessi ng [eans a used in the pI ant. (1), different
resi dues ]é‘“dﬁ'ep$t@§¥f’eéF PFPQ‘W ok - pieaweturbing, ehish vhen cowpled  resi dues

bei ng nowﬁsaaoaaetrﬁrgbn%mof @hgoy ca@ldids eferagé&;] }}Jo'w%&“ cha&?/ efdlizidh Jhxtures

t her eof t hough t he exact corrp sition an sical formo K&se
resi dues pimmnglenemtmgescﬂlypm of kposth- g9 (acénsasnh]gedm@alse” (s2)d mlthgiﬂyt he

t of t t anber (10), .th dues
s T i
physi cal may qieescﬂ@qm%ton@éﬂdotgp 0F thé Gbindnt bwntgxmﬁhplpyoﬂ &l Chem cal

- conpositi-on, by the size of partlcles and so on. Herein, these residues

are g onvemeénFtvathectape‘g@fr systams Hiustraed iy E@;er 3@%&@), chlgrisieris dgnot ed
R R 1
esi dues lbsu gé)taﬁelg ouﬁgfffﬁ&%et%e paécf*zcﬁ H{J‘ﬁa cﬁeéqqgg F’r%% 8 é%%‘ C%“n"%y a?-%; ues

(R1) ed as e resirdues

mat er i aI sdigectdd B the edmbhsticohapbem 646)1dy Thukhdiogass Qg h@tt gdie@ylly and may
include the products of their-subsequent combustion in the post-processing
means ( 2)formed i guch $fsteR8npl e provided in the apparatuses illustrated in
Figures 2(a) and 2(b)), and may further include products produced in a gas
cl eani ng nmeans such as a scrubber, for exanple, where only water (wi t hout
WO 03/ 069227 PCTI I LO3/ 00118 6 addltlves) is used in the scrubber (such as
for exanpPeremding dadthentyrheof pospareressing medanss(d arsed innthei gank{1)3(a) and

3(b)) . different residues are precipitated in the post- processmg means (2), these
residues being non-gaseous, and typically solids and/or liquids and/or
mixtures thereof. Although the exact composition and physical form of these
residues depends on the type of post-processing means (2) and on the
composition of the waste processed by the chamber (10), these residues may
be divided by any suitable categories, including for example, their physical
sta'te (powder, sludge or liquid, for example), by their chemiecal composition,
by the size of particles, and so on. Herein, these residues are conveﬁiently
lcategorized into two typeé of residues, herein denoted Residues 1 (R1} ‘and

.Resid_u_es 2 (R2), as defined hereinbeloﬁv.

Resgidues 1 (R1) may be defined as the residues that are formed only from
the materials exiting from the chamber (10) via the gas outlet (50), and may
inclﬁde the products of their subsequent combustion in the post-processing
means (2) (such as for example provided in the apparatuées illustrated in
Figures 2(a) and 2(b)), and may further include products produced in a gas

cleaning means such as a scrubber, for example, where only water (without



Thus, Residues 1 (RI) may include nostly conponents of the trea@.xx pﬁé@
and condensed vapors which are precipitated in the waste water sl i
system (7) in the plants illustrated in Figure 3(a) and 3(b), that is, when
only water without additives is used in first portion (7') of the waste

wat er treadfRiésystem (7). Such Residues (1) may incl pgensebdigk particles
and tar (which is present in the products exiting the processi ng chanber),
some vvater and sone products formedéfromthe reacti on bet ween sone

material s cessi C d X t he
pr oduct Q@l&v in’é% (ilngat CrraT é'nps rTﬁoars %)r} {ﬁ{dﬁg d| luted in
the scrua atafd iflesmmndn G ek S peidi3 (b ch may then react with sone

solid pariicles and formsalts, sonme of them sol uble such as NadC .
Scrubber _wat er act wth._s

onents jin.t sol.i articles and
may far rﬁlﬁﬁlll@?i%§ 'y dﬂ?Y\H%d'é 06?13@?‘195?8’“ et tg‘ﬁ(fr?ﬂ;ﬁ‘g(ﬁ% Sies may be
recycl edaﬁdoggﬁdlaﬁéﬁ%lgbrs tve% %@9 ?é #ateal ]h%e Wikts Ueltef 88@8mehPe Resi dues

1 (R1) may orm o e, mxed with water fromthe waste
wat er t reyateme(T) isythe glar.(tﬂllustmteém&hml%ia) anfe3@bghdtiss wheprRnly may i ncl ude

the materials f n fter,. oxi ion.in er ), such as
used in ‘Y?’F@rp‘f"'&ﬁ‘?‘g{% ﬁpﬁévterc’altse'ﬂise] I’—fdréé pé)rgflé)(ti f gj(eo “Pal%%]%%%é;raw

mat er i alige ARt OIARAS gﬁ} ga@@me@ﬂures gt) AUy infludesbhié prEdees shagachamber. In
such plants, sone oxides and salts may be present in the raw material,

i e., tHwbigstie rameenAda ihﬂ/@EO‘iWFﬁ: exHing thel orecesping Hiegeledyi SRV hanber, and
th i t b
2rh:ngegnv8%t%rﬁ138§1d ?O%Jé protdﬁﬁ&e gtf%m tha ga&%%hbet%gﬁ lshleSmABYi19t Dbe

rmer. other hand, sone naterials
may be QB@ﬁggOth@fmﬂtesainlgychambdreami tvatdx Foe rexafople, thﬁaqrpﬂ@trﬂS% to netal

oxi des, chlgrides and so , .dependi on t 0 t he waste and
condi ti d-ﬁ§yllﬁc 1%*)’%& Q@ﬁﬁﬂﬂ?@saw hg dﬁ’f m?& 8‘&'2"%’ “{ (R) are
for med oﬁmoﬂcsac%lvmeﬁ rhie tﬂé&@@%ﬁ iwith s@rhambﬂﬂ p‘ﬂlrﬁclbble gas
outlet ( are eate in the post-processing means (2) only with air

(and/ or and/ dem) saltd,/ srmbyf whewr solpble sidbhautNadry Sgethher eater WrD3/ 069227 |
I;g'sl'{ ! t?gégggé%vﬁi&%@%hgo%monen sd di b s%%d%ar%ﬂ?e%'a%d LAt iyﬁf'tﬁﬂ&'&sed in the

and thus some of these salts and hydroxides may be recycled together with "

tars and other solids. In such cases, the Residues 1 (R1) may be in the form

of a sludge, mixed with water from the waste water treatment system (7).

Alternatively, the Residues 1 (R1) may include the materials forming after

the oxidation in the afterburner (3), such as used in the plants illustrated in

Figure 2(a) and 2(b), of the raw materials and condensed vapor carried out

from the processing chamber. In such plants, some oxides and salts may be

present in the raw material, ie., the waste and additives which are fed to

the processing chamber, and are then carried out of the chamber; some such

materials may not be changed chemically in the afterburner. On the other

hand, some materiéls may be changed chemically in the afterburner, for

example metal to metal oxides, chlorides and 0 on, depending on the

composition of the waste and conditions in the chamber and the afterburner.

Thus, Residues 1 (R1) are formed when the materials exiting the processing
chamber via the gas outlet (50) are treated in the post-processing means (2)

only with air (and/or oxygen) and/or by water, but without any additives.




med instead as will be explained
here| nbel ow. Residues 2 (R2), on the other hand, while possi bl y;lafslﬁ;lﬂ%ﬂﬁ
including Residues 1 (Rl), are characterized in also including naterials
which originate fromthe input of additional substances into the

- post - proceapisigeeans (2), in particular into the gas gépalsmd$ystens,
and thus may I nclude the actual additives and/or reagents used in the

post - processing neans (2), as well as7 the products of their reactions

therei n wrhls @lagAitdes cﬁ%@eﬁﬂrefargemstei}% uRBA96 8RS EGSI ﬁ{gt %@m and

typically may be in the formof a sludge. Such

i ncl ude, {2y thew Residues (Resrd fdrustdr fsbend, nadivglir bes eﬁbb)nechlfdrt&(ab)
reagents sulg8 Ca(C]—l)Z Na2CC03, NaCH, active carbon and others, which
are used il ng acid gases (including, for exanple, SO, HC1, HF,
P4010), and for trapping or adsorbing dioxins and heavy netal conpounds.

Pr oduct s Residveact (RE)s onalie btiol tdedCadhile, po@&ﬁ?als@@&&lﬁ%)gaies%ﬁas fand/ or
Nad , Naﬁﬁgeﬂr%: PO, and, ot ers Thus, Resi dues i ncl ude sone

oxi des a terzefl I A5 Ingluding majerial ?@K@@U@ﬂ%ﬂaﬁe f@agé s (since
Lhey ar e isildry aRiiRihdP BBl Ty %h%agggt-%&g&singg %%@ (2,288 gLfguct s

of reaction. In the apparatuses 1l Tustrat
3(b), pamergéulnhdnimthe gantienning syamkens,oand ﬂ:hmmtaiyemfclmﬁt thpaad¢tual' ) of
system (7 directed to .the,second part. 7 of he cl eani ng system

(7) for éggb‘feglmﬂ‘l%raﬁ?@ﬁfl%b ed i the Peshdensess o%F dHg2% i [tration

and - evapps atrioictef ofs eheit | RASHod thARIS &G@H%ﬁ@éﬁalé 7cai-1ne£€j§bﬂua§e (2) are
formed, and heavy netals may be transformed into solid hydroxides (for

exanpl e, Praggepgrhamiheny ), apf dyvicaly syay bmin the fornods siudgeulinsly PbS, HgS
d oth I Th th
:P ter gur ;ﬁ;r@ dﬁ% ZO(FR%%%F&%%I% rf&lslgjr?e Igj%q? h%pr (])'@'i[‘%fe{s\ég%fm b sét(g)on) ei S

preci pi t ahdd2@3, Resjetie shicl RE) CalbE)p Nbashl s NiOHorﬂmsftalmbonlgﬁfd udl ng
gases and, dust,, are dlre(%]?d t.o.a boiler conprised in the enera‘
eami s

03/ 06922 PH1ER Whiphy o1 Faedstor uRding: 3ok a5 Bhelpane. Ryppeamply,; S
produced Hay, tHR, POO!® and TOMSRng or adsorbing dioxms and heavy metal

compounds. Products of reactions may include CaCls, CaS04, Cas(POy)2, CaF
and/or NaCl, NaxS04, NasPOs and others. Thus, Residues 2 (R2) may
include some oxides and salts (which did not precipitate previously),
reagents (since they are usually provided in amounts greater than required),
and products of reaction. In the apparatuses illustrated in Figure 3(a) and
Figure 3(b), part of the waste water is taken out from the first part (7°) of
“system (7), and is directed to thé second part (7”) of the cleaning system (7)
for special treatment by adding reagents, and by providing filtration and
evapo:_:-ation of solutions. In the second part (7”), Residues (2) are formed,
and heavy metals may be transfofmed into solid hydroxides (for example,

© Cu(OH)z, Mn(OH)z, and others), and sulphides, including PbS, HgS and
others. Chlorine may be transformed into dry NaCl.

| Thus, in the afterburner (8) of Figure 2(a), some dust (products of
combustion) is precipitated as Residue 1 (R1). The products of combustion,

including gases and dust, are directed to a boiler comprised in the energy




times hot water may be provided instead for customers, and the ﬁfﬁm%

be sold or may be used in steamturbine (wth electric generatof) ' e
generation of electricity. In the boiler sone dust is precipitated too
(i.e., as Residue 1 (R1)). Simlarly, in the cooling system (9) of Figure
2(b), somyFismboerst S al so precipitated (i.e., as Residuepdrfiiiddorzg Which are
al so the products of conbustion. In the plants illustrated in Figures 2(a)
and 2(b), Residue 1 (R1) 1is typicalldy in powder form Referring to Figure

2(a), after I i ner at i em (4):y .t he rgduct s of
conbust i n{e %%%%%%%g%geﬂg‘?@&dgg a?n %r %r%gfl?%ﬁneg{%( ggl}%éhﬂjﬁﬁ T eani ng
syst em ( Gimefboigeata, mbi beudtbtidedl ohstexd o disteaiédd) 2nd MA@ ¥d8m r¥gOH, active
carbon and/ or_ other reagents, are used here fqQr binding the acid gases,

whi ch mape isald eanasope dsef, inHpteamy taninepfwidh @lectsie gengeatiophiorddeween t he

reagents . i i i : lLe,.. Cad 2,
Cason, - CEORS o EluAass TPl balld mg Ao e pl Bl YATRE o, 00

Resi duesRasiflR2) (Rapl Siteilsdprinothiedeslimnsyssant(8) ¢flfigabe B{kd, svnie dypsteci pit at e
previous|y in the plant (1)),..SQ u ity .of reagents (since they are
nor nal | yls)f/%lﬂo ?Sé@wgaﬁ?gs@ép%c%%gﬁ%qn@bs V%iéﬁoh 2he iﬂﬁ?yﬂ%esé”d’r‘ié‘_‘éﬁse‘? than the
nom nal B AP@tionO NS the BHiHiS HlustAtEd BE FEEES 20f) FndeRb), Hesideesi gy 2 (R2)
may be in the formof a powder or sludge depending on the type of gas

cl eani ngissypicely (s powHer form. used. For exanple, a "dry" gas cl eaning system
(5) suitable for the plant (1) illustrated in Figure 2(a) may include a
sem -dry scrubber, into which is fed a suspension of Ca(OH) 2 in water for

bi ndi ng RbRraakdo Fasas. 2(X¥ hetker ithe beildrSaGumenty yererratias ayednd U)the and t hus
only gases,_ products Ca(OH).2,, CaC 2, CaS(4, ?aB(POA)Z, in powder form and
ot her ~ duBtodugis ehcambnsigm (pelading gages anfl dned) pgel Ergeteskite thacascr ubber .

i xtur e P e e o kot nesTBRG) are fed.
These poiNd&Hdackeordrhon sinldéorecther 084882 2ire AGEAROGR0DT tinding\vidwey | arge
speci f_i Cagigrgfaasgs% \\n/fﬁ.{cﬂersnag't 1}41%11{: eI ééz,cﬁéﬂoﬁﬂ?,7l§4%1g.2 f’gd'ducts of reaction

between the reagents and the acid gases are formed, including, for example,

CaCly, CaSO0s, Cas(POy)s, CaF and/or NaCl, NasSOs, NasPOs and others.

Hence, Residues 2 (R2) include some oxides and salts (which did not

‘precipitate previously in the plant (1)), some quantity of reagents (since they
are normally fed to the post-processing means (2) in amounts greater than
the nominal proportions required), and products of reaction. Residue 2 {R2)
may be in the form of a powder or sludge depending on the type of gas

cleaning system (5) that is used.

For example, a “dry” gas cleaning system () suitable for the plant (1)
‘illustrated in Figure 2(a) may include a semi-dry scrubber, into which is fed
a suspension of Ca(OH): in water for binding the acid gases. Water is
subséquéntly evaporated fully, and thus only gases, products Ca(OH)z,
CaClp, CaS04, Cas(PO4)2, in powder form, and other dust (which did not
precipitate in the boiler) exit the scrubber. After the scrubber there is a
reactor—adsorber arrangement, wherein a mixture of powders of Ca(OH)z and

powdered activated carbon (PAC) are fed. These powdered adsorbants have




(OH)2>30n2/ g), and the Ca(OH) y emai ni ng aci d’ng[ag%it 2006
whi | e the PAC adsorbs di oxi ns and conponents contai ni ng heavy nm#t@als.
After the reactor-adsorber there is a fabric filter arrangenent where
Residues 2 (R2) may be precipitated, including Ca(OH)2, active carbon,

di oxi ns, $ksR¥des and salts (which did not precipitabgrheifgsy . and
products of reaction (Cad 2, CaSO4, Ca3(PO4)2 and ot her substances).
Essentially, gas carrying dust, which includes toxic conponents such as
di oxi ns, heavy netal s and their oxides and, Sﬁ| ts, js fil ggr ed_t hrough the
| ayer ofergusiarpe edpprifiar eyrige 1 Helnesr (yriplly namags a78% Haf/§ai ng

ads0r bt G5085S SR FH 2 00 ERC s kst oTponr

are adsor s preciplt _ e carrier gas. The clean gas
obt ai neavlifd élie FAC tadadnbendibsindi amel tedpboerets coxteivdtgeheavydnidials. t o t he

tack (6) f | sion into the atnmosph Resi dues 2 (R2) obtained f
Cuch . ¥esinithty TCRBHISOIRE R C 21 PO TS BRGUACREY APPAhgenont) do

not | nclyidndd ol tho) aiidy Ad1yedpitny ShemBids CHOBA Astivdeshog] eani ng
systens. Resl dues 2 (R2¥ aré very toxic and may include dioxins, conpounds
of heavyliomhsl somndoxide @2 salist (whick adiBonot gwpEpibRieddsioamd ad ts (which

di d not i pi tat iousl f i o f
xampl o DeSiath o sBes A by sB (U0, HEPTLED SbiEheBD. 1O
thi s Regidugtizig,Reds icsrrylygaast ophivh( fspedisatdxic thapGadit?d puoht aen t her eof ),

it may absorb water from the water vapour th i ener.at.ed, al ong with
ot her ~ ccoWdring. haavyreealsand théﬁ‘f‘d"’?ﬁﬁ:%ﬁlﬁiﬁalﬁ%\}% egﬁlsq}g‘&%‘f‘g}? d]t"é'ﬁgi stency.

ACCOor di g gy bRedRBlea M ANGB e W68 bibA SHa i Auisahdomddiansr t1ng this

Resi due gas cleaning sys (5) are heated to enable the
Resi due g2 foRZxakoldrGa(O; thé RAGernfdhd, toziscomponenisngre adsogbed

post - processi ng neans (2) ,ilJustrated in ki e 2(h at om wat er, 6r

vat er s ﬂi‘r%”_?li‘iatéa‘%'{ﬁ—ﬁsz{ﬁheo Fa%%regas.s'ﬁ?%ﬁesﬁ %%Q R A ér&g%f NaCH may
be used fif.i26 SQRbdcRG &YSh 8RhEDter WARRhedab Che bEack SO forcomiilsion Syst em (9)
acts only as a cooler, and Residues 1 (RI) are precipitated therein. Wen

vat er wiinto theagenesohiese. Restiluesct BRritAedHEom U] Agele@Ring SEES™ 1L, HF,
PACLO) the 00l ing NS URIMEY ARbS Al iR a8hot MRARRRIE2na
: thus such systems are known as “dry” cleaning systems. Residues 2 (R2) are
very toxic and may include dioxins, compounds of heavy metals and
 Ca(OH)s, active carbon, some oxides and salts (which did not precipitate
- previously), products of reaction (such as, for example, CaClz, CaSOq,
Cas(POy)2 and other substances). However, since this Residue 2 (R2) is
| hygroscopic (especially the CaCly portion thereof), it may absorb water from -
the Water vapour that is generated along with other combustion products,
and thus may have a sludge-type consistency. Accordingly, in many

instances tubes which are used for transporting this Residue 2 (R2) in the

gas cleaning system (5) are heated to enable the Residue 2 (R2) to dry. :

On the other hand, and referring to the post-processing means (2) illustrated
'in Figure 2(b), atomized water, or water suspension with Ca(OH)z, or water
solution of NasCOa 07_;- of NaOH may be used in the cooling system (9). When
water is used, cooling system (9) acts only as a cooler, and Residues 1 (R1)
are precipitated therein. When water with reagents is used (for binding the

acid gases _ SOx, HC1, HF, P:O10) the cooling system (9) also functions as a




10 "cooler, but additionally also forms sinmultaneously part of h? %E@I ng
system In the latter case, Residues 2 (R2) are precipitated, a éf tor
adsorber and bag filter arrangenment nay be provided, as described with
respect to the arrangenent of Figure 2(a), nutatis nutandis. Referring to

t he post- p@gasshng means (2) of the plants illustratedpépnlsgiie 3(a) and
Figure 3(b), the gas cleaning system (5') may conprise, for exanple,
scrubbers and ot her nmeans wherein thelgollowing naterials are renoved from
t he product,gases: . KO , H2 NH3,. HE, oils, tars ust, and ot hers.
st b et e i SEReRaY 188 Mo mapSitly Ak P SRBA: s
transport fgtém. Bn WhS 1gttuakade, ReSRIURE 2 (FR) dre Predbithedd, @aal 4 Reacdpd cl eani ng
before being recycled to the gas cleaning system (5 ). Residues 1 ' (R1),
conpri si agswbes andabag fHtprdarengeesnidmay be pravidedans deseibesomitly eagent s
and product fale j [Pe] N i;st portion (7') of the
wast e vvag %S eaf ?Oe%)ten%%%}lgé;%?@nq? : %azx%i)t’ %@QF‘S%%F%QESMQ e water is
reintroduced into the gas cleaning system (5')..Part of waste water is

taken out fromthe first part (7) of the waste water treatnment system (7)
and is channeled to the second part (7") thereof. This water contains an

accunul aty on._.of i e AN ounds and
othors, - Ketrtrike BAFRIEREFoceldtis sl (R TR bR B0 A ERe 0 i
]£7") hea\?,glya)rmida, E(‘@'G_Dxaé e(b)lttm@ef( G_Dsaﬂermﬂnd gngétéml {59 nté@y sahpnfiséé)ﬁﬁiﬂf)&dﬁqgs, (?uchhas,

or exanple, Cu 2, M 2 and ot her and to soljd sul phides (such as,
for ex anﬁw@b?%?sanﬁg@heaﬁ?aeae}wh‘érﬁgs%mahli'e @Qﬁwm& é‘fﬁtFV?isgﬁlfeoF‘?%%V%y be
transfor gre, ke gfaadﬂagasesf. B0, SRS, Nﬁg,eﬁ@, 80,1 lrd, SRl HHRS B G RES due 2
(R2). Thus, 1:n essence, such plasnma-based processing plants of the art
gener at e Wdds i dates dr (WRiste anpieRes isdivd®mng RXeviouelyamgeddn esiubbrr specific
details of the st -processin ans, (2 a prghl em monl
encount e?’?&SPaTtﬁﬁﬁﬂ& Ifj"fils'jgzet ngeg%gé‘%p}e&ﬁ (Sg%ﬁe&u?ﬂ ‘§¥ §g(f(jr%a]:%‘r’la]%éégfeF 'Bné)/essi ng
pl ants ( $EfRe AscihBrR¥doD! 1 tlRAghs alearihgt figtdUE)PrR@idRE! 1 C@IS -
exenplified above)_ is the safe and WO 03/069227 PCTI11L03/00118 11
_ comprising oils, tars and dust including fly ash, and even some reagents an

products of reaction, are precipitated in a first portion (7’) of the waste water
treatment system (7), and the recycled waste water is reintroduced into the
gas cleaning system (5°)..Part of waste water is taken out from the ﬁrst part
(7) of the waste water treatment system (7) and is channeled to the second
part (77) thereof. This water contains an accumulation of components
including heavy metals, chlorine compounds and others, and in the second
part (7”) of the waste water recycling system (77) heavy metals are
transformed typically o solid hydroxides (such as, for example, Cu(OH)s,
Mn{(OH)z and others) and to solid sulphides (such as, for example, PbS, HgS
and others), and concurrently, Chloﬁne may be transformed in dry NaCl, for

example. These solid residues are Residue 2 (R2).

Thus, in essence, such plasma-based processing plants of the art generate
Residues 1 (R1) and Residues (R2), regardless of the specific details of the
post-processing means (2), and a problem commonly encountered relating to
the operation of such plasma-based processing plants_'. (such as for example

each one of the four prior art cases exemplified above) is the safe and



‘economi’¢c di sposal of the Residues 1 (Rl) and Residues 2 (R2) ob P@g @Sth
the prior art post-processing neans. Particularly where the WaslL

| arge proportion of heavy netals, dioxins and many other volatile
materials (including sone netals, netal oxides, chlorides, fluorides and

others e. guoofede22d9, As, Zn, GO 1(20, Na20 QO CQuCermadShdas HoC 2,
Pbd 2, AsCl. 3, N d 2, ZnCI 2, Mhd 2, and others) that have [|ow boiling

poi nts and are thus vaporl zed in thelghanber (10), these materials are
entrained with the p as e an.bej ude t he sl ag.
These voFstie oBr Lt e RERTE LIRMnd RERand ATnhl st wih
post-proqﬁ§? rkddessidBtndid i cularly in the gas cl eani ng system and
can not be freate further in the prior art plants. As this can lead to

unaccept abl e h|?h | evel s of toxic conponents delbgered to the stack (6),

these rRettiudarinwberohe BRB\APY blardp PERRORHON O BPRYY MPtals, MakEsti | 1ing in
the priof (n_g[,aﬂ% MR TR mieliall bRudidd SRl IRLE Ol isposal, of

Resi dues resse y mxing the Residues 1 (Rl) wth water,
dryi ng tdHlsrifess tfliticeideanthdgsthers atgi,ngd,t He, Asnén, @’tﬂl@ HetnNae§, &£ud,t hen fed to

Fovever Caih S ief: pRah, ST Al Al O S8 RS S hei

conposi tj Wb%ﬂﬂlgsfﬂoﬂ%uaﬁd ARNYLhEK anbAsePlif SHdiThathtdur (109, tredi ng and may
be carri ed out preduct gases again, or may_be vaporized before reaching

the hot moheriad atraentmam wikhhthehpradust gesssl rastheh tham@eulgﬂém Ydedt her, and
possi bly, end| recyel.i.n Inaot S mr atment of
1 nci ner ato Aéﬁ%smh 5B %WJ/F%"P&’HP%% %ﬁlﬁec%%k %&?Hﬁh g . Heanly, of
Tet roni Cgodilftodeshing @edns @)} ahtm@drffwﬂaﬂyeﬁlthé (gvaatcilemgg aygeimainder at or  and

a fluidised bed was fed to_ an apparatus vi gggrﬁ end of .t he :
appar at uean b bepFepaded Jurtheydgc 1?-90@6101"&%1’ {45 cp 15Pdsifn are

heati ng eu?% ARpaLALLRKRER NGRS a sl ag
whi ch m@ﬁ%&c@ﬁ%abf Pa%?’%lgf’m’% pro %Jlge?ﬂs de]mﬁel C speci esqa}r)e clainmed to be
dest r oyeghsidund gast be eanmest farsdiepepal, rigdicaby \W® 188Adebrg 7npbe/priaes/ 00118

art.

In some prior art plants, the problem of disposal of Residues 1 (R1) is
addressed by mixing the Residues 1 (R1) with water, drying this mixture
and granulating the same. The granules are then fed to a separate
specialized and dedicated plasma-based processing plant. However, this does
little to solve the problem, since because of their composition and structure
‘many granules are crushed during feeding and may be carried out by
product gases again, or may be vaporized before reacbiﬁg the hot zone of the

plant, which thus resulis in a need for further, and possibly endless,

recycﬁng.

In another system (“The Plasma Treatment of Incinerator Ashes”, by D.M.
Iddles, C.D.Chapman, A.J.Forde, C.P.Heanly, of Tetronics Ltd.) fly ash
obtained from reciprocating grate incinerator and a fluidised bed was fed to
an apparatus via the upper end of the apparatus. The apparatus is described
as having a twin DC plasma arc heating system, such as to melt the feed.
The apparatus produces a slag which may be a useful vitrified product,

organic species are claimed to be destroyed, and gas treatment is required to



12 deal with the gases produced. \Wile such ‘an apparatus may bq " 5

i nprovenent over other prior art systens, the fly ash has to be‘ggg}‘ﬂﬂely
transported and fed into the apparatus, adding cost and conplexity to the
conversion of the original nunicipal solid waste (MSW or the sewage sl udge

wast e (SSWo oshgehe 1S no suggestion that such an appar apgpnshadhg be
incorporated in a regular waste processing plant. Neverthel ess, even if

such a conbination were forned, thejapparatus would still add significant
operating, costs,d to the pl.as r.ches .and so on., Further, in the

appar at u%ea s‘“c”r%]}sgﬁ‘? §357° ﬁdﬁﬁﬁﬁsm EBC}_én?rl‘ ARagams; gk e gases and
removed fiFRQbvdiRedlt SFRSthOTpabaRRCiystans ey a8 Yia¥ @ BbiskpafRBRONENS i N
the fly ash are vaporized before reachlmﬂg e hot zone, since the fly ash

ng th
“is. intweuspwtedantedcotl the apphnafus, asidipg sosit sl c@uplexpyitorthert systens

are also_not .suitable.for ali.n bt Resi 2 (R2 in any case. The
i oh t opaatric ok B SinllL SERAPR My iEE P  wh eSSy and
Na2SHA tRasie (SRM).NThiReiSos §lpgastieedbat Gubk L0updasdas sHould bepeci al gas
cl eani ng, system where additional residues will be formed. [t is therefore
an ai m ocerROrphessian regienRste BroceeNe Blans Npvedhelast everifhwiehf or deal i ng
Wi Lh nON; GASCRNSHEES WKE SoRRBRUERY AdhaBaHBS Would WP ddd BifBne | N
particul ar plasma-torch based plants, WA ch over cones the TTmtations of
prior ardépgrhtingscosts due amdhbeplaaima dérchbe gurdesendn.i Fuelihter,omn tihepr ovi de

such a system and. thogd that nay,. i ncor por,at 4 into . a nunicipal solid
nast e priReabi isslFae i sk sl S0 e PR R LD SHEH BT *Pfvent  on o
provi de sighed Syl $dadssiny cHa@hdrl YRH KimilaRY SolRAb 2BigahtNtsand t hus

econom c to i-ncorporate into a processing plant design. |t is another aim
of the pthesBntashransntdnonized befoye irdeching Whe hoj goven siner hgp By aasbdisas an

ngfl.??{ Zl i %@8& 3 P2 QL BAS glqpé[tl;é gs.vglf(;[hepriglo Q¥E rsf?setgmsVQeO?’/ 069227
also not suitable for dealing wi_th Residues 2 (R2), in any case. The high
femperatures of the apparatus destroys sulphates such as CaSOs and
NazS04 to SO; again. The SOx then needs to be bound again in a special gas

cleaning system, where additional residues will be formed.

It is therefore an aim of the present invention to provide a system and
method for dealing with non-gaseous residues produced in a waste
converting plant, in particular plasma-torch based plants, which overcomes

. the limitations of prior art plants.

Tt is another aim of the present invention to provide such a system and
method that may be incorporated intoc a municipal solid waste processing

| apparé.tus.

It is another aim of the present invention to provide such a system that is
relatively simple mechanically and thus economic to incorporate into a

processing plant design.

It is another aim of the presenﬁ invention to provide such a system
incorporated as an integral part of a plasma-torch based type waste

converter.



I't is also an aimof the present invention to provide such 3 _%ﬁ e
that is readily retrofittable with respect to at | east sonme ex¥sti 5

pl asma-torch based waste converters. The present invention achieves these
and other ains by providing a system and nmethod for redirecting

non- gaseoys dspgdres, in particular Residues 1 and/ or Repidsigtig?, directly
to the hotter parts of the processing chanber. In one enbodinent this is
acconpl i shed by providing a reservoi3for collecting residues precipitated

esorvol e AnREBHE: UL LS partef R okt B AR TR AR 3B, MRee of o

direct copa@Ebf irBrofittRBlY withVRadecRie dthREsP EeMededstih®plidhansaent i ng the
residues into the chanmber. |In another enbodi nent,the residues are m xed

with suikassflavasiielPeuvestersi ncl udi ng sl ag produced by the processing
chanber, and cenenting adhesive or the like to formconposite pellets or
granul esmihi,ed, &?ﬁi&% Vs MRest AR St di &89S ysRaht of the
pr ocessi n%@?ﬁar?g ese pe%l gtseare t hen fegﬁt%}p glpr%gesm ng chanber
via the ambmdthoécf@r wedireabimgwiorhgeseons rreslduesgulnapamgl@ Rm&mseil t he

majority o [1.esi sid ran cannot be car ri out by
gases fr ?lhge‘?}ﬂ&ﬁ% r 5?0% b ﬁ"berﬁ“gtg g fF%@B@CWﬁlq% e&r éﬂul es reach
t he hi ghodecEmBbdinte thedisofkoRiplitheal Bﬁ@?@ﬂﬂmgﬁ!%@a’ﬁrmﬂf&ecd}ﬁﬁhﬂges i nsi de
the conposite pellets are nelted and/or possibly interact with slag and/or
with addli’etsidﬂés inre¢igatade By afbe epostqrocesging omepnd tapd crwosidiBEent s of
reS|due t I i en sl ag,
col | ect ed) Vi gg%agﬁﬁt% ?(’ggjr‘ gfgé;g\e/@?&r‘ﬁhhotga%%dﬁ%bﬁ%?%ﬁ stpp% ?%h%ypes of
systens dmyniie yamapsioftedire@ndnopein ehdusie Meatseine menjmmﬂb& The

ef f ect i ntroducgi ng the, Sld into the_high,.te rature ne of the
processﬂg‘?ﬁt@%’éﬁ’ﬁ ging the pesy ng‘babe ‘g? arphey. J’E’Jf?‘@t}%%@ﬂﬁ&g Py exi ting
the pfocx%éﬁ%dag &Q%ﬁ%& WRhaldiM®ly sl ReE - m'@ﬁidi@é slsx0pRdabed b thBt al oxi des

whi ch have |low boiling points may int eract with the slag and/or additives
exi st i ngplonessive grambér angk carhentingvedhesive of thédikertocersisegnosiaber

forming - 5oLl . S0LunLong; 4L eMeaY8a B0 BUSIhHN B Ble ek icBflePRhMet Nan that

of its

the processing chamber. These pellets are then fed to the processing
-chamber via the top thereof with or without other regular waste. However,
the majority of the residues inside the granules cannot be carried out by
gases from the chamber or be chemically destroyed until the granules reach
the high temperature regions of the chamber. Thereat, the residues inside
the composite pellets are melted ahdlor possibly interact with slag andfor.
with additives inside the granules. So, part of the toxic components of
residue will be destroyed, and part will be included in the molten slag,
collected via a suitable reservoir. In other embodiments, both types of

systems may be incorporated, and operated, separately or jointly.

The effect of introducing the residues into the high temperature zone of the
processing chamber is to avoid some of the toxic compounds merely exiting
the processing chamber relatively infact. Rather, some of the metal oxides
which have low boiling points may interact with the slag and/or additives
existing in the granules at the lower end of the processing chamber, forming

solid solutions which have a much higher melting point than that of its




“PCT/'1L03/ 00118 14 conponents. In this way, at |east sone of thﬁ,{eg{yzms
netals (including for exanple Cd, Zn and Pb) may be included i N
vitrified slag, and thus prevented fromcontam nating the environnent
~either as part of the gases |leaving the stack (6) or in by way of buri al

of residugsybdmsdezbandfill. Simlarly, dioxins conprisegejftobbfig €Si dues,
when introduced to the high tenperature zone of the chanber (10), are
reduced to HO, CO and hydrocarbons, iphich are subsequently pyrolysed and

oxidized in the gasification zone of th chanber (10),.t enerate CO It
i s i npor eempoReRtAo® thip ax. 1 lerdstme Phiknbedl &6 i(é‘@gu‘gnﬁéé¥e

rocessi : r A hat i ted: : dad ste and to
gnabl e tﬁ%ﬁl\%gste tghm%(% aI?)gaﬁ?ﬁf?%&ﬁgﬁ%aéﬁ%eﬁkﬁﬁ@g%g%%ﬁs}%?g%ﬁ? di rection.
The col yrevaiteddsdir doataeiatingetheodnvimmendit rather sasppaxti dfddielgasethe  pl asma
torches) and the ga utlet. provides .a tortyous. matrix..structure for —gases
that ar )ée#‘éﬁﬁéhe F%“%i{ NEy 1?3{)%’31’ Pgﬁmﬁ;%%fg@? UEH" %iﬁmﬁﬂgtg@?@ﬁ » of gasgs
fromt h?i%?ﬂ%@fnﬁ%ﬁeé ﬂ?%ﬁ@ﬁ%éiﬂés}’ vdclil%he}ﬁ%aucegiEHo&hgimgﬁ téﬂﬁei%%é unity for

sl ag an er sobstances flowi ng downwar ds rough the chanber to
i Nt er actzonk toff the shdumdsr KENngraaduiced thFICh &€ and dydaraghyisaivddeh above, to

the gas outlet. T posSi.ti of, the. gas. outl et J . Lgn he nelting

zone i s ArPhERPSgAUGY Wé’??lé{%‘%iaﬁdt %Xeﬁlczgﬁt ™o rP%F il#éla%rgié?eo%% ?En\?}é%t ion. In

t he absepgeniRlr (1@ oYeHBFatOTOVASt €, Or where the gas outlet is not upstream
of the hot zone, the gases carrying the residues are substantially freely .
vented fromthe chanber, a cz%.gnot effecti \ég] \f/} i nteract w.t htsl ag or

ot her mdtels APOYtRRE togpate %%tt B PIRESy JEELLCRy CURBREET 2 Pl Rer more, the
col um F’Jro}{@ﬁ’éb% HBhRS {hat 1B hAkRed tHURSImBeaRYa SRhen 6PRditd ARG Wi thin the
processi'ng plant, and a stable tenperature profile is also maintained

t her ei n,tocengisle sthegwaster &b anisratey thxsoighr theppambendn #jaynstregan

gasi ficaf.i on, zo ere prgani.c ' ' A ; wer hotter
zone, h ?W%@%ﬁ@\fgﬁ’i%og‘g%%,e heﬁw%%%ﬁétuéggﬁ gﬁ%téil ?’3“’"&?’%@? etil'ignor gani c_
mat eri-al§a3he 1oeehesy hed thekas butleeproviddsad sortuchisnontrie tshtuctwrei foor gani ¢

slag, cl'ose to the plunme _generated by the plasmg torches, of the
pr ocessighgee hagihaye tg%@e‘il %F]@%E? GRIEePYasessh 80 BAab the escape Ol gases

from the chamber is substantially retarded. This gives an opportunity for

sfag and other substances flowing downwards through the chamber to,
Iinteract with residues being carried by the gases, as explained above, to the
gas outlet. The position of the gas outlet in relation to the melting zone is
thus also important in the context of the present invention. In the absence of
a column of waste, or where the gas outlet is not upstream of the hot zone,
the gases carrying the residues are substantially freely vented from the
chamber, and cannot effectively interact with slag or other materials that
are input to the processing chamber. Turthermore, the column of waste
helps to maintain quasi steady state conditions within the processing plant,
" and a stable temperature profile is also maintained therein, comprising a
relatively cooler upper zone, herein the gasification zone, where organic
material is gasified, and a lower hotter zone, herein the melting zone, in
which suﬁstantially all the inorganic materials are converted into molten
metals and non-metallic inorganic slag, close to the plume generated by the
plasma torches. of the processing chamber. As inorganic waste in the

downstream part of the column is melted, and as organic waste in the upper .




downstreampart of the colum is nelted, and as organi c waste Iqhiel‘}@ Ligu%er'
WO 03/ 069227 PCT/1103/00115 15 part is gasified, the waste in t 51 nmn
gradually m grates towards the downstream end, and nore waste may be input
into the chanber. This, however, does not substantially affect the

quasi - st egiyosdedthe conditions referred to above. The cpgflirtsediss Provi ded
~in the nelting zone include sufficient tenperature and residence tine,
such that the slag is sufficiently nédted so that when it is renoved from

s ot Sl BB O A

However, the nelting zone may al so a ) i on zone,
i n whi ch donslseaint emhsand nere wastpemay ecinpandings the dheeee, Thig are

i ncreaseqws%ﬂf_fli,ci ent | Y. SY h _that at,| eaglj{l part.of the slag is vitrified,
and t hus T3S VEH oGS 10t [fiihs | pffpet Ehe sdipsi-aeady atates sppditicreat i on

out si de. ebferhal ehamve. 18 65EAGY Phatiasd' i Behhedy 204 deulge. for

burning solid or viscous material in grate firing unrt
i nvol ves SHEiqiendy fempearatureiand tegidgnce time sk thatl theislaigng sufficitiolly gases ar e

conduct e fur unjts. (9 2 5, 20 in ich pollytants in
the gasegﬂ%lr;%&)ggmhggsérﬁ%%rlf%tlg%%g?%t%%fho € cgﬁ’h@‘%ﬁf}ﬁ?ﬁ&fegﬁ? Ydl is
conduct edoalsd st fagmisaoidifledfus@Elugr KMaywevdhhe BRIfiME e f8FiAMESe ar €
col | ected fr%thk?eﬁgases whi ch are preferably passed through a steam
&9 jopyio

boi l er (8f2R 2 SRtrficayion Fopeyis, whish fhet eomditionsnges, hemppeatie ant s

ret ur ned Sq : S ; g&ge . advant.ages of high
conbust i g%gjé)? 1[}? %llaé%(}:e?mﬁ-gﬁ]rﬁ r1 126 Ece gﬂ%@%&%@? %\%glg'?%%a%aza%toﬁ’ ETIStOggl?e l evels. In
t he firsslag ixoitrifisds amd cheadmd o ghepr ned-cwydthllinee stashizst hBey of

materi al s ;usizng.a grate firi upit. This is very different froma high
t enper at ﬁ?]%dﬁ%f%ﬂb?rbg'ﬂ%ﬁequiéﬁﬁngﬂﬁg%) wast e processing plant, i-n which the
condi tions include higher working tenperatures and residence tinmes such as

to nelt metals therein. Further, the pollutants of this reference are
i ntroduced between two portions of the grate, and it is unclear whether

this 1S aPThLY LS8 LEIRST 24 53000 of Bubdsd Byt e gorbusti on
material in grate firing unit. The method im_rolves delivering material to a
grate (2) and burning it. Hot gases are conducted through further units (9,
12, 15, 20), in which pollutants in the gases are at least partly separated out.
'The unburned material is conducted as slag to a slag remover (3). The
pollutant residues are collected from the gases, which are preferably passed
through a steam boiler (9) and a mixer (12) to remove pollutants, and the
pollutants returned to the grate. This arrangement supposedly has

advantages of high combustion efficiency with reduced residual waste and

pollutant levels.

In the first place, this reference is concerned with the combustion of
materials using a grate firing unit. This is very different from a high
temperature (typically'plasma-based) waste processing plaht, in §vhich the
conditions include higher working temperatures and residence times such as
to melt metals therein. Further, the pollutants of this reference are
introduced between two portions of the grate, and it is unclear whether this
is actually the high temperature zone provided by the combustion process

therein. Furthermore, the grate arrangement, if used with plasma torches




“therein. Furthernore, the grate arrangenent, if uSedEmAth plaanagﬂgggﬁ@'mo
03/ 069227 PCT/1L03/00115 16 instead of a conbustion system wout I n
nolten sl ag being deposited onto the grate, which would thus becone
cl-ogged and inoperative, and/or in the grate itself nelting. In

parti cul akyo §dAReMdl scl osed device of this reference is pprmadapied for
accommodating a colum of waste - rather, waste is fed onto the grate and

burned thereon. Al so, the gases are nrgmoved well downstream of the grate,
and therefore _cannot in any case interact with the waste or an ot her

mat eri al 1PARAd{08 aOMRyISHeB Y Stem F‘i‘\’é&‘%ﬁ%ﬁi}%‘lﬂ. malte stagbging d@lgl%gl‘yeo@dvant ages

of the pr ' ' lo¥edGhi A0 t devi ce and
met hod ofipie BEYETEhAD FhAd e SR8 Hopkod BHATARERE DA 57" The
pol | ut antlse peiteiself ovdlideg Impadteuizoy theofisgesddedevicd of thiverefarshee isnl et of t he
I nci nerator. $ /09253 rel ates ti a thog and,.devi ce, f.or 4he_t

i nci ner aPPbflapted & fcgomma AG0UREE TRFS neRHS alasie Biied Aatop) ant (and

opt i onal {1ys StRe6nd PFREES thdreon. Allsh OfHeCRGel RAFOrdevddeftl GoRakitBainCi Ner at ed.
In contrast "to the present invention, though, the flyash is introduced at

t he col dofigpegraprmrendaherdfore esmmot in any gaseowaeiash Wilethe whetetasgper ature is

e bdobeka i Etrd Bat N Bing"thpdl ' ol WIS hcdfifiobly gl 'S
pel I et's gfividiagdyeetinf pidienpivaanioni sréantti onreadiignedieviables withf greence

nei t her di scloses nor suggests the present invention. .  Mreover, the
i nci ner afi®yiceang H’éetbéfl&fgg@ereé%ywﬁmé‘gﬁ’p‘ihre% 1%1n@é€5 QRS £t ag]p%fi ream of

the kiln ltbind Aabeid tid ROmVA R TIRESSERLEQ &6 $a18N6k fhe 9aS OULI et
in the wg}éétaﬁﬁ}o#%%tesgg%éﬁ%%g%an%gr, t%e 1f.nl ya%h woul d continue to be ejected
out ther afcimaratora the gas outlet. In the reference, gas is passed from the
downstreamend of the kiln to an electrostatic filter via a baffle and

boi | €1 1 SefgLbanftol BELloneHIRge anoke thoflORRAaBHIgeSLaLbe Pr esent
i nventi on. ISR afes to a net ho or cleani ng e Snoke gases from
| arge  coRheE tprodudedidysincineradioe tn tHeeplhat gestt orpinkllpthdresonntasylismat t er
carried by the _ . A

introduced into the refuse being incinerated. In contrast to the present

invention, though, the flyash is introduced at the cold upper part of the

) cfmte, at a location where the temperature is about 20°C, rather than in the

hot kiln. Furthermore, the flyash is introduced as powder, or as a sludge,

mixed with a liguid, and not in pellets of the type of the present invention.

Hence, this reference neither discloses nor suggests the present invention.

Moreover, the incinerator of the reference does not comprise a gas outlet

upstream of the kiln, and if it were to be fitted with plasma torches and a

gas outlet in the waste processing chamber, the flyash would continue to be

cjected out therefrom via the gas outlet. In the reference, gas is passed from

the downstream end of the kiln to an electrostatic filter via a baffle and

boiler. This reference therefore does not disclose or suggest the present

invention.

EP 324 454 relates to a method for cleaning the smoke gases from large
combustion units, in which the largest part of the solid matter carried by the
smoke gases (flue ash) is separated by dry dust filtering (9), the remaining

solid matter is precipitated in a subsequent acid smoke gas scrubber (10)




snoke ‘gases (flue ash) is separated by dry dust filtering (9),&3%\, 006
remaining solid matter is precipitated in a subsequent acid s 8552
scrubber (10) WD 03/069227 PCT/1L03/00118 17 and wherein the solid nmatter
in the dry dust filtering is nelted down possibly together with waste
and/ or adigodsueesy melting to glass and the solid mattepegitubsiigs ed in the
snoke gas scrubbing is extracted and filtered. The nethod is directed to
conbustion units rather than to high t@nperature (plasma-torch) based

processin I . Fhrt . re.isy;no,disclogure or. su stion of the
conbust | ogngnﬁpgﬁ%?n%ea%’g{)dt é"t‘aah:?%rr 1%3@8n¢fta’d§{lfth SHEotSu Y ¥%Re or of
the flyasbodsblygtogether withowhdte didibr heémReR@bd hRIARR0 Dhss hed ¢apbustion

unit, or o{, form nglth_e flyash into pellets for feeding into the top of
the conmbiStfdnatiay elutygtaday the smolimere scrubbingris eatractas anvkfierasent

inventio . | i f.slag .being recycled into
t he com@lﬁeﬁﬁgﬁlduﬁ?ﬁ%gé‘gﬁ)%w %g%f%%?gﬂh eFO i?a“lg%at? m[pggaézumgt e

treat nent(pkaqﬁiaa’_rmcin) ’aarﬂdad peichssdng mlaktsc ﬁ‘u}nﬁ:&&,eﬂi@e riaslﬁ:eﬁ_isfc{]o@ﬁ}@ ol oW
tenperature hori zont t rotar rum furnace, to a high tenperature
combust i &Hgﬁ%ﬁ%{%g?fﬁena%ﬁguﬁm "Rﬁ? g’re”i‘% 2Rkt fep recommeneidng are
returned chrirkef vewtd, @FBEtd Hy 8t HEiRBGEput M ke BRI &ﬂﬁ%@g%ﬁ?er ef rom

(not carried by gas) are fed into the high tenperatur ur nace.
Thus, t hiof the temdiigloryait, notof dirmeingdbedlyashdotspélings dorafebdingaaté n t he

present i i - the rotary f.urnace .b efinition cannot
accommdzgg é@éﬁ 80%? n("‘ﬁ)mo?‘1 %g\lg%tuéuﬁ{°§ﬁ§1%r¥‘élﬁb§’saf’§eoﬁéon%rﬁss‘fir]ﬂa%%pﬁ‘?sgngvent ual Iy

i nput  t 0 ihventicawEveRTIedsalout ehérer IRCQiggealifiess 1@ Beinkhechiiid Bito BB T i NG
furnace. There is also no disclosure or suggestion that the dust collected
by dust EePEgtigRr&mils to be directly input to the high tenperature region
of the nelting furnace. Finally, there is no suggestion or disclosure of

the resi qy®2008/008379eRAed, P 8lihets a Vast tleBB8EnPRFIR A Pei ng fed
at the cooler end of the furnace in the manner of the préesent invention.

WO 99/ 23mehed|int whichowasteaigpassed irgp coflow dhopethtnemboiiomiehdyper for |
' rotary drum furnace, to a high temperature combustion melting furnace, and
Wa-ter ‘insoluble constituents k are returned to the low temperature furnace,
while solid residues therefrom (not carried by gas) -are fed into the high
temperature melting furnace. Thus, this reference does not disclose a
‘processing chamber as in the present invention — indeed the rotary furnace
by definition cannot accommodate a column of waste — and the gas-borne
residues are eventually input to the low temperature furnace, rather than
" the hotter melting furnace. There is also no disclosure or suggestion that the
- dust collected by dust collectors is fo be directly input to the high
‘temperature region of the melting furnace. Finally, there is no suggestion or
disclosure of the residues being formed into pellets, or of these and/or slag
being fed at the cooler end of the furnace in the manner of the present

invention.

WO 99/23419 relates to an explosion-proof, closed reaction chamber for
disposal of objects containing explosive material. The chamber has a vacuum
‘aperture, through which after the reaction is completed gases and easily

movable reaction products can be sucked away. The inner surface has a



““di sposal - of objects ‘contai ning explosive material. The chanber H acuum
aperture, through which after the reaction is conpl eted gases a ?éﬁ%%
novabl e reaction products can be sucked away. The inner surface has a WO
03/069227 PCT/1L03/00118 18 tenperature-resistant lining with a protection
agai nst Spdo eiRss7 The feed device conprises a novabl epéti@sn@aRerture. The
floor is hydraulically driven. An ignition device conprising a gas flane
activates desired rapid reactions. K8 can also conprise an electri cal
i ght are. A shock_and thrust ahsorber onsi st.s of .a |ar tal body and
a second’iﬁjﬁ’?ﬂ%&eﬁﬁ}%@é‘t#@ﬂ? HPHS & PRoaRrdion %geflﬁﬁtoﬁwtﬁjfse%eg&teﬁe upper
si de. of  thgiehamiRises ThBoeAREHREr hpiBlnle. Thelflons is RdraaHadllyedriven. _
accommodating a colum of waste, nor are there any resjidues that are input
i nt o t heAuHanition dedeheompyjaises greilemgrpstivaiesdesiiethrapiferasisiaper via the
upper opgnin 0 I ch I eRt s LESI |.gi nati ng
fromthe pf%{g r%socﬁ%rﬁgggggaﬁd e%?%ﬁ%a} ﬁ%ﬂge’%}é‘t f@o%%c%h?n%gﬁdasgé%rigﬁﬁrr oduced to
a sl ui cegonkhs of bratninetslt bddy dritea pe@sdnibsoibralivicerfor thesplesiaa chanber

is not for processing waste, nor is._it_adapt f.or acc, dating a col umm
of wast els ipgerperaiedrindheyraeE sje<f e éba%l%%?ﬁ%@%%m_ %ngﬁ%_ ction
Chambet ot alflad H0PEEodiRmBRa SUOGP S At WaSte, LSS dHESHBR AgyP! OV ded o

the hot Zone o l'asma ¢ , but are instead provided to the

sl ui ce. rdsthesithatbsoinelintathelvhatmbef. Ritber ezisdsiese trhasfhyrefidromd i nto hi gh
“tenperatyre pel]ets, nor of these or the. slag bei rei ntroduced to the

pl a5 CHETEEIOPE Vi B4, BRRFT CBTBE P8 RIDIREROGRAT PR A5ttt t he
present jdawedsi @RighfRigd FHd 4 the | A @8a t halofordiasBOSRIn Ghe! Adlictiagt | Ve
graphite without “contam nating the environnment, by pulverising, mxing

Wi th wat eramaber abermsinigodudedntopar sltjden Jhisniins eadradaive $hayires@dy cl i ng
unburnt solids., & | te i r - ' r£ds Lh stages to
| ess tha’ﬁlvfﬁgon’rﬁ}%:er@%gﬁnﬁacr |n§fegﬁss?t§§,f&t¢@%%%n%§ga%gt &rv\:}g? er %.]%'I enul si fying
and wet t foRgaccaganbdating faoktobusns vé pease,obut Tatlser solypeasbtm gasequenped
e Braduets From e reackion Chambed. Furthar, thars is Ho sufgebtion'st ETUSH! ON

residues being provided to the hot zone of the plasma chamber, but are

instead provided to the sluice. There is absolutely no hint of the residues
being formed into high temperature pellets, nor of these or the slag being
reintroduced to the plasma chamber via the upper cooler end thereof, in

contrast to the present invention.

FR 2691524 relates to the disposal of radioactive graphite without
contaminating the environment, by pulverising, mixing with water and
bufning, then purifying combustion gases and recycling unburnt solids.
Grapﬁite pieces are crushed and powdered in two stages to less than 200
" microns particle size, then mixed with water and emulsifying and wetting
agents to form a suspension. This. suspension is pumpeci through a heater
(E) to a two-stage burner and the resulting combustion gases are purified
before release to the environment, by passing through cylone(s), gas-washing
system and absolute filter. Solids recovered from stages and are recycled to
mixer. Gases may be cooled in heat exchanger before the washing stage, to

recover some combustion heat. Alternatively, the gases are cooled by finely




before rel ease to the environment, by passing through cyl oné(s) ¢ 2
gas-washing system and absolute filter. Solids recovered from ?tgdg'(gg g%d
are recycled to mxer. Gases may be cooled in heat exchanger before the
washi ng stage, to recover sonme conbustion heat. Alternatively, the gases
are cool egydysidsdnel y WO 03/ 069227 PCT/1103/00118 19 sppayadsmaier. In

ei ther case gases are reheated to 80C before the final filtration. Thus,
~this reference nerely relates to resilgues bei ng reintroduced into the

burners together wt "waste", in other rd here i t eachi ng at
all of i FRFTRICIAL e e mes apesbars ﬁﬁat%@éo ReC Rstizeciher fas! bur ners,
or 10 ! NeubALBROTHAL Olkid AFBRERL Hicte J@%Jeia%ssi;owersia&eg%eﬂ@g%t&t@@ 4333510

relates to a process renovi ng and toxi c substances om
gases. Timto mhecbmewrtpgetbes erhhrtiaubwm;egazsteethemtwoaisga;hexmm &0, r em)vi ng

~dust by a hot ga ilter a n hro n her before
rel ease 83 gﬁ@gﬁfﬂh “l%f @E%Fgﬁé\ ‘&IJ?%%PP E)gé‘égl rﬁ% t he

'CO”bUSt'Hﬁ'rx%frs|dr@ﬂ'tﬂeRﬁ@ﬁSfl%@ﬂtﬁ&bbﬂatﬁ@@béﬂ&§v¢1ﬁhﬁlef\%ﬁte' ng furnace and an
afterburner chanber, and are then di scharged to an assenbly where they are

treated. _The hot gases are first_ introduced at %ZOOCI to a gas cool er,
wher e t hBYE 4511510 geladercioe pracess foe remeying dusk aBd dexip yubstaBeeszami i | ter. The

hot dustgfy %‘Jaf,a S¢he aﬁﬁcé#ﬁgo is&d ﬁﬂ{)ﬁﬂtﬂﬂgagapﬁhl ﬁftov‘ﬁ'e%e?s tc@ﬁ)ér surrender

heat and gerre e steam t gases are then passed through a gas
washer bafmewng duslhby atlwttdas fﬂtwws;dfmmg‘f&ectpgbb@w a’rd’rmwadmrst ances

fromthe ses .whi ch hervm ) e et r| ment al Lupon t he
syst em cB %%E‘ﬂ?%seti}?r g ﬁg‘? q}ﬁgi C{E’Fh FIC g8 qréﬁe ‘él?:l‘c ®erely

rel ates {gangision @ﬁh&iﬁiﬁspfﬁﬁé REY KA FREEEGnidkstating fughadel Med bur nace
together wth the original waste, in other words, there is ng teaching at

all of aflier‘mn‘uelr n]gamher, rffé@d durethen disshangefl tocae asverebly Wheteatey . Summmry
o Puerh st BESRP lB 0) R LGa monss e eyt ot o
plant, Sﬁrihdrél\:ﬂﬁyecoobtcﬂeem hefopd g diagtvis egroved by a hot gas filter. The

| hot dust-free gases are then passed through a boiler where they surrender

heat and generate steam. The hot gases are then passed through a gas

washer before release to the atmosphere. The process removes substances

from the gases which otherwise have a severe detrimental effect upon the

system components throﬁgh which they pass. Thus, this reference merely

relates to dust residues being reintroduced into the rotating furnace together

. with the original waste, in other words, there is no -teaching at all of

introducing the residues at the hot zone of the furnace.

. Summary of Invention

The present invention relates to a residues recycling system for recycling at

least part of the residues formed in a waste processing plant, said waste

processing plant having:-




WD 03/ 069227 PCTI11L03/ 00118 20 at | east one waste processing cqmg 5

adapted for accommodating a colum of waste and for enabling sat 'tzg]to
m grate through the chanber in a downstream direction, said chanber having
at | east one upstreamgas outlet neans and further having high tenperature

gener at i ngyo §5RRA%S7 adapted for providing a high tenperat geEudBhdiid’9 zone in
a downstream part of said chanber and a relatively cool er upstream

gasification zone, wherein said neltigig zone is at conditions at |east
sufficient for enabling substantially all inorganjc waste therein to be

|
melted into %tiePeagRe HREtePracessRg chamhrs adanted) iay aceampAehes @ sai d
upst r eam . §asinf bEar4R8 #HADGod %nﬁfaliﬁg.n:%ﬁ&' ASteSH fxﬁm%%mt tﬁl%,gﬁn&fé i ng
| S at eas

gasification of organic waste 1n s col um of te; one post
processi ngambensnopedavnstedam cdinewivng haid chantbeat hatiegsit dewetvast e

rocessi ng chanber, rein sai st-processi.ng neans are adapted for
gnabl i nbugﬁﬁrﬂame%qsﬁ}é\@e%%é% aéifﬁ"&@?%&'%tvﬁ%g B‘}gl}bm?we.g&’ﬁ %q%on of said
at | east yBp@s\Wadhstedl @6 bR aATIgED mﬁ]fs@ﬂa&u%ahﬂeltihgs LGweSnr gcycl i ng

systemis characterized in being adapted Tor collecting said at |east part
of the rdeyvdesany grarsapld spibtchagnbsre osidng melatiyelindcoplar upstregici ng at

| dass=y ar: ng: mslaiehncopler bosho |
chanber SRERceRal WP nsbE ARl BB 2ob® Gpc BE Ul By PR Sl e

| east pagtffiziertifor epshlihpesubistantbNBosR dndrgasiti wiadie gheretipebasigdrel ti ng
zone provided by the sajd hi gh tenperature generating means. The recycling

syst em pEPertbiapt Bigpeh Beledmptads angh glagopPdcrhensit 8t VestreaBper ati vel v

connect eg, t: i t: PLOC E .and : hectd ng at
onst par o R R R AR R A FesF bR T S
| east . t worgaypewaste inemidicdsmni afovasdes;ng resi dues 1 and resi dues 2 which
differ one fromthe other in at |least their chemcal properties, that are
separatel y ceot lectidileepbst opnosessihg asdansr aqueeskively compaetsd tanshidadtd syst em
conpri ses flt | east one said.col ectbi on _reservai.r. fgr i

east one waste processing cnambper, wnerein said POSL-Processlng means

are adapted for enabling said residues to be collected therefrom during

operation of said at least one waste processing chamber;

wherein said residues recycling system is characterized in being
adapted for collecting said at least part of the residues from said post
processing means and for introducing at least a portion of said at least
part of the residues into said processing chamber such that during
operation of said system said portion of said at least part of the residues is
.expos‘ed to said high temperature melting zone provided by the said high

temperature generating means,

The recycling system preferably comprises at least one collection reservoir
operatively connected to said post processing means and adapted for

collecting at least part of the residues therefrom.

The residues typically comprise at least two types of residues, including
residues 1 and residues 2 which differ one from the other in at least their
chemical properties, that are separateiy collectible from said post processing
means, and said system comprises at least one said collection reservoir for

separately collecting one or another of said residues 1 and residues 2.



“seéparately col I'ecting'one or another of said residues 1 and'resﬂﬁgﬁﬁ % WO
03/ 069227 PCT/H,03/00118 21 In a first and third enbodi nents, b L 2006
recycling systemtypically conprises suitable conduit neans for providing
comuni cati on -between said at |east one collection reservoir and said

| ower par tyw@hsddeg at | east one processing chanber, sapgrs@8eikd neans
adapted for transporting said residues from said at |east one collection

reservoir to said |ower part of saidst | east one processing chanber for _
direct exposure of said residues to sald hot zone during operation of said

*

system Theadirst erfiitjrd embedimendnphbe yecyling syrem typiaslhb pempeisess

o . _ _ . S
o0ei ot 1 morHiHE UBEHEE kil (HyibE N on R RALE el Aen BERGIREREL 0T
t ranspor oneralectivay resenpyir aedasasdidvedel Earft | afisdidrat ilemxst fome procesaREorti ng the

said residues. The_system may further conprise suitap)]e nechapical
t r anspor ChARRAL: SR ARy pPedhaderted fpﬁ%ﬂ@f’aﬁmgée{ TSSO PRCt i on

reservoi k0L RSt Shb RETledH@NRONOA! 0kl Nonat Jabiest sHaStlibiualy said

conduit. neans, and the transport neans may conprise a suitable punp for
t ranspor tprmgssihg caindberr fogi dived. exphaneoniisiit resuthesntwy saidnipoti smeat | east

one suitable outlet. operativel nnegted to Ld | ower. part sai d

pr ocessi_r%@}”@ﬁa??ﬁ@?@%’ﬁg Sa‘@oﬁ’ﬁﬁ*f%‘ ﬁg%ﬁ%s(%ﬁ@ym@&é?ﬁb% cgfﬁppggﬂ'utgﬁte sui tabl e
val ve opefaRbert! n@itablbgerdthaly |@unsfedtiol @aft A Rokti omb @bllsaich resi dues
t hrough saird conduit neans to be selectively prevented or. allowed. The

val ve mayedsevaipdemppsieiine dernseertation 0f saidstrsidiasctheoneh spidsspndery  The
control syst emﬁ%yu%%sg%&gtﬁ%anmg&ggg@me £ WREEIL LR AlaibfAgh: One

sui t abl e "S&HSor conpri I'n sai processing means an apted for
cont r ol | itfhshbsimpeheddidneddusai d val ve according to predeterm ned

condi tions sensed by said sensor. In a second and third enbodi nents, the
resi dues THC¥fdtbMg nEs FRheO PHipses sudtsbde rmectahicli trahbraddedis/es and a
suitable m xer for mxing at | eas{ a portjon, of sai d_rﬁsi dues. wth said
addi t i veoperakiveln geRngcirdk to gask alglepst ohe cojlestion JRSPTYON KoF %ﬁ%@iﬁm ating r
sai d por tt{'eﬂﬁp%ta&%ﬁ' dEeRid vRidRE " throh PRt sdid conduit ' means, and the

transport means may comprise a suitable pump for transporting the said
résidues. The conduit means may comprise at least one suitable outlet
operatively connected to said lower part of said processing chamber. The
conduit means may comprise at least one suitable valve operable to enable
the flow of at least a portion of said residues through said conduit means to
be selectively prevented or allowed. The valve may be operatively connected’
" to a suitable control system. The control system may be further operatively
connected to at least one suitable sensor comprised in said post processing
means and adaptéd for controlling the operation of said valve according to

predetermined conditions sensed by said sensor.

Tn a second and third embodiments, the residues recycling system comprises
a sdurce of suitable additives and a suitable mixer for mixing at least a
portion of said residues with said additives, said additives adapted for at
.least partially encé.psulating r§aid portion of residues in a matrix that is
thermally and mechanically stable at temperatures substantially lower that
the temperature of said melting zone, first granulating means for

granulating said matrix into residue grantles, and means for transporting



“thernal Ty and nechanicall|y’'s able at terperatures substantially J,ZO%[. at
the tenperature of said nelting zone, first granul ati ng neans fa - 2
granulating said matrix into residue granul es, and neans for transporting
WO 03/ 069227 PCT/1L03/00118 22 said residue granules to a suitable inlet -
conpri sedywdusldgsafool er part of said at |east one procpspigodiingnber. The
additives nmay be chosen from any one or conbination of cenent, sodium

~silicate, organic conpounds i ncl udi ngg t hernopl astics, and inorganic

- conpounds and/ o xes i ncj ng, oxi de md rs, oxide s ons, salt
pouler o A SRS BTENE & TAlaigle pEprises 1 S forlpyParvstld | nf et for

enabling Mags& dile ﬁ%%cés@ﬁigt cﬂa@ﬁl%rs g aﬂﬁlﬂ\%@%aﬁﬁg ch&gea%&ﬁ'digf &panber. The

~additives may conprise at least part of said slag, and the system may
further morcpmbsmtm;armé cefnemtj ﬁodlm.tucaﬂngitat orgaait cpmppunds iseudirg ag i nto

said m xer. ste also furth r C rise.suitable,. transport neans
for tran 5 ﬁﬁiéﬁ’a n%iub Geett R A REes Wi)%dég Ffbds hanber to
sai d m XgswdehRe ofdstRINFNE, fHIL! fifrdezo midl S8t Solutislb eThé alISROES jdreaNs
operatlvely connected to said at |east one collection reservoir for

assi st i nyri¢adlysporashe ixat 8?1" enghlingespetacds hepinbyhaptoysaiding legstaansport means
conpri seg rﬁ%"‘*‘%‘j’[‘,ﬁ %ﬂ&ﬁb%e recyc | ngf ncf%/[m?xﬁ é’%’c hog Ghes SRk id; 1 I dues at

| east to"sal Xer. _ er conprise sui mechani cal
t r anspor andthe systepemalifuether compeist enkedis fsamtradudmat laznige paeﬂ bfection

reserv0|r for assisting .transport on of _saj esi dues; at t to said
i xer . oHag [1pto id mitesn L6 ﬁyS%ar@aX&m ﬁgéée%C%P¥la%|salta for
”anspor{faﬁgp&ﬂ%enmpg fo%smggmﬂgg %g&gggt%azx?t 8MdMBY fdkt Nele conpri se

at |east one suitable valve opera he flow of at |east a
porti on pfocessing chanbert tadd galéter fiheetystenp mzy fvether coweirige pnibablet ed or

al | owed. | Preferabl t he val ve tjvel opnected to.a,.suitable.
control EFRFRMT KWéQﬁt%&Sﬁg?g CPHE Cg%cﬂttlpofal %eir%]alsg R PP HEF e at i vel y
connect egbskProdt fofasdsiNng Shhabirathensor sdompedidess iPpticailly, past

processi ng nmeans and adapted for controlling the operatioon of said
transport means comprises a suitable fluid medium for transporting the sai

residues at least to said mixer.

The recycling may further comprise suitable mechanical transport means
operatively connected to said at least one collection reservoir for assisting
transportation of said residues at least to said mixer. Optionally, the
. transport means comprises a suitable pump for transporting the said

residues.

| The recycling system may further comprise at least one suitable valve
operable to enable the flow of at least a portion of said residues to said mixer
to be selectively prevented or allowed. Preferably, the valve is operatively
connected to a suitable control system. Advantageously, the control system is
further operatlvely connected to at least one smtable sengor comprised in
said post processing means and adapted for controlling the operation of said

valve according to predetermined conditions sensed by said sensor.

The volume (Vg) and external surface area (Fg) of at least a portion of said

residue granules may be chosen such that:

Vg/Fg > 0.00002%H



val ve accordi ng to predetermned conditions sensed by said sensgr TE

vol unme (Vg) and external surface area (Fg) of at |east a portioﬂzﬁfIU gp&g
resi due granul es may be chosen such that: Vg/Fg ? 0.00002*H WO 03/ 069227
PCT/ 1103/ 00115 23 wherein His a predeterm ned |inear distance that is

correl at edyd g/dsdey travel distance of the residue granupgeprfpsaig he upper
part of the processing chanber to the |ower part thereof. H nmay conprise
the height of the said processing chagber taken fromthe center of the

said gas. outlet_to the centre of the slag qutlet port conprised_in said

| ower pamthexain Hdastrrgdetsrminasolingny disfanae thadis sprglages todhe ragelsai d

" processi r at | rj | Lstance taken
fromthe ei:(épgg%gfthteﬁléetsg%qbd%aaégh%su#égg 0“?‘% gﬁﬁ%nk %12'.' gfél{l/éel(b?‘%(}eg%%gasur face of
the nol dlemisdiag the 16wer saitdhérevr part of the said chanber. Alternatively,
H conprises the vertical distance taken fromthe center of the said gas

outlet t said high tenperatu zone of said |0 t sail d processing
charrber-.lgI RAY ecroﬁéﬁr?%?e%,nﬁ?lﬁﬁ% B’Ir ee§?ﬁr@°8?§§ﬁ§e?h%%}8§q%?mft st one

pl asma t Qhghr of BRNRIABEs SLBSIMR ths @entR&T YRS blagdutidt phA@endrdedninf rom t he
center of the said gas outlet to the center of the output end of said at

| east onwigllawen Parbesfadapsethéor mahlimgstheamodien Yag dp ol thespald may be
renoved from sai e . | . | lidified
fused o) Byoshak SnLABER oL Al BN TRE ARt 600 cEilchP R ANbual | H L E
sai d hi ghoietiedatey o henaidpanguiiEaiose aomisaiflbvaionhe sudace dfathesai d

nelting zone is also.a vitrificatio one, ,and at |egst a portjon of said
sl ag maympbiepeHdy et theopaidslamgr Mﬁﬁgﬁﬁ‘énﬁl‘é &E&B’E’ﬁ%ﬁﬁ?‘@%ﬁ%ﬁ t'o provide
sol 1 di f1gdy\hiidd ﬁfegﬁfc@éﬁ%sﬂﬂ@e Fa3hdHRS thecuRel BERRIERPEEMIdoNg to al |

enbodi ment's” opti on further conprises a slag recycling systemfor at
| east pasdiddiighhengleagtuireraneel of isaidalomeest wanp rof sest Pragesting chambesubsequent | y

cool ed ang solidified after. extraction theref rel I d: sl ag

recycl i n@ﬂg%qté\ml%,oﬁjﬁr PLOGRssIng c. amper comprises A Pkt \éﬁg pﬂéﬁl&? %IQ:h
means and H comprises the vertical distance taken from the center of the
said gas outlet to the center of the output end of said at least one plasma

torches means.

At least a portion of said slag may be removed from said chamber and
subsequently cooled to provide solidified fused slag. Prefe_rably, said
conditions in said melting zome provided by said high temperature
generating means are sufficient such that said melting zone is also a
 vitrification zone, and at least a portion of said slag may be removed from

said chamber and subsequently cooled to provide solidified vitrified slag.

The residues recycling system according to all embodiments optionally
furthér comprises a slag recycling system for at least part of the slag formed
in a waste processing plant and subsequently cooled and solidified after _
extraction therefrom, wherein said slag ;:'ecyé]ing system comprises a
suitable converting means for converting at least part of said solidifieé slag
into slag particles, and means for transporting at least a part of said slag

. particles to a suitable inlet comprised in the cooler part of said at least one
ﬁrocessing chamber. Preferably, the said inlet is a waste inlet for enabling

waste to be input into said at least one processing chamber. Preferably, the



“sui-table conveérting neans for converting at l'east part of said gQli ﬂ fied
slag into slag particles, and neans for transporting at | east aqﬁ'pa{ LZ@E
said slag particles to a suitable inlet conprised in the cool er part of
said at. | east one processing chanber. Preferably, the said inlet is a
wast e inl gfg §sRke8Nabling waste to be input into said apctRIFHo1RNE
processing chanber. Preferably, the WO 03/069227 PCT/1103/00118 24 system
further conprises neans for i ntroduc?;ig suitable additives into said
converting neans. The volume (Vr) and surface area (Fr) of at |east a
portion ciystem fushemcomprisdscneansfoy ibwodnese suifable additivesvnigsaid vg/ Fg
wherein (ng ts the volune and (Fg) is the external surface area of the
resi due gf 5’5%?% "ded by said recycling system In one application of

the pres i nvent the h te r.at.ur.e erati S _conprises at
| east on@ﬂ Wﬁet@?’gl’? gOf # B%FB Wb"% 8%%%11? into a

| ower paf,értgﬂesslﬁhgb%%@nog@ﬁq;hgt ng chanber said at |east one plasma torch
means adapted for providing a high tenperature nelting zone in a |ower

part of said chanber at |east syifp.Cieptesfor enabling substantially all
i norgani c waste accomodated therein to be nelted. The pr esent invention
also relates to a waste processi ng@pl ant_conpri si ng | east _one waste

processi wherdian®e iaddet edumer aad Gghay dhe r?&t%lfnéblsﬂﬁﬁﬁc%far%ﬁ ébgnd for
enabl i ngréss?&ge %@ﬁ}iﬁe %o dga% ?;&ggﬂ#%ﬁs t&hanmber in a downstream

di rection; sai aV| ne upstream gas outlet neans and

-further havin e r i oviding a
ATl G %ﬁf%éeﬁlﬁqﬁ%t% R R R B
rel ati veinbaeeebRbridesht Rast gas pfasﬁ&t topch re@Res compeisiignas amqlmmehm ng zone is
at conditions at |least suffici ubst ant |i. aI | inorganic

for enablin
wast e t hé*téilﬁn-‘tgo]%% an]él“{‘%cpqrhtog sgid Wéé@TPTGﬁ%GS&g chambg 4 a‘”ﬁnd sl ag,
and wher né’ nh YRR I‘Iﬁgégeggééﬂtb&q&l BRoviQAE 4 Elggtten%gghfrbq&qtﬁgf ficient
g S|¥

for enabl] atron of organic waste in said colum
' zone in a lower part of said chamber at least sufficient for enabling

substantially all inorganic waste accommodated therein to be melted.
‘The present invention also relates t0 a waste processing plant comprising:-

at least one waste processing chamber adapted for accommodating a

. column of waste and for enabling said waste to migrate through the chamber
in a downstream direction, said chamber having at least one upstream gas
outlet means and further having high temperature generating means
- adapted for providing a high temperature melting zone in a downstream
part of said chamber and a relatively cooler upstream gasification zone,
wherein said melting zone is at conditions at least sufficient for enabling
substantially all inorganic waste therein to be melted into at least one of
melted metals and slag, and wherein said upstream gasification zone is at
conditions sufficient for enabling gasification of organic waste in said column

of waste;

at least one post processing means operatively connected to said at
least one waste processing chamber, wherein said post-processing means
are adapted for enabling said residues to be collected therefrom during

operation of said at least one waste processing chamber, and



Cof waste: at

| edst one post processi ng neans oper at'i've§I y "connecégd Beﬁ@@ d :
at | east one waste processing chanber, wherein said post-proce i H NS
are adapted for enabling said residues to be collected therefrom during
operation of said at | east one waste processi ng chanber, and WO 03/069227
PCT/ 1 1 03/ Qf.dshsea7 characterized in further conprising gerassaHes recycling
system as herein defined. The post-processing neans nay conprise a
suitable afterburner, a suitable eneggy utilization neans, a suitable gas
cl eaning systemand a.suitable stack operatively.connected jn series to
said pr ocesé?%@c%ﬁ%ﬁ@é? .%”Ii\ﬁ?re?or‘?%\?"ilﬁ}ﬁgﬁ,lpeﬁ G%B%cé’-xlﬂ)?%ﬁ SRS HEEHS conpri ses
a suitable adg@gpurner, a conbustion products cooling system a suitable
gas cleaning systemand a suitable stack operatively connected in series
to-said pRRCESRIHEcEERATIREan S’ DM rye! asuftaﬁe&eﬁrpﬁh&&?a%u@&b ans
conprises a suitable gas cleaning ystem a suitable energy utilization
means andnarguiutdizkbios traeing pesaitablel gas changg epstem sedi 2 suitmbbai d
pr ocessi hanb and further com%ris S a wast ter treatnment system
B, she

oper at i-vg‘?fﬂlf%c%ﬁg%i{%lﬁ CPTReCly BEAERYeC %ernatively, the

post - processin ans conprises, a suitable gas cleanin system and a
wast e wa erpﬁg‘é{’rfﬁseﬂfe ROPEPEAGESTRE JP5aRs P & @rtab g@?@ 8% %| eani ng

system apghbBRsRIod@itsl ML LAABINNG SuEIRMhS Rdamedydiem agliapnel i ng

ci ean fuel gases therefromto an external usér. In one application of the
present isnitehls ssack oprraiiuely eopnented vi sayigsl tasnid progesspigdrmanhesy ch based
plant, and the high tenperature generating neans conprises at |east one

pl asma t ddtdrnaEsely, tompostsimgesaingomepns cemyrisex b emdiabe gas oleaningver part of
sai d waste pr.ocessi chanber,..sai,d at | east., on a t orch. neans adapt ed
For  pr ovieAF G AP SR AR 0B PR SYbACIADE TONEPPRRATR sai d

chamber abnh&Asd i8Wdriesi ®Nbaifloproesaiid BBambelsdran Fldhby cahprisB®ryyani ¢ wast e
accomopdat ed therein to be converted Into
waste water treatment system operatively connected to said gas cleaning

© system.

Alternatively, the post-processing means comprises a suitable gas cleaning.
system and a waste water treatment system operatively connected to said
gas cleaning system, and wherein said gas cleaning system is adapted for

channeling clean fuel gases therefrom to an external user.

In one appﬁcation of the present invention, the waste processing plant is a
plasma torch based plant, and the high temperature generaling means
- comprises at least one plasma torch means comprising an output end
extending into a lower part of said waste processing chamber said at least
one plasma torch means adapted for providing a high temperature melting
zone in a lower part of said chamber at least sufficient for enabling
substantially all inorganic waste accommodated therein to be converted into

at least one of molten metal and slag.

' The present invention also relates to a method for recycling at least a part of
residues formed in a waste processing plant, said waste processing plant

having:-



— S Lo D g L
at l'east “one of nolten metal and slag. The present invention al a%ar ﬁLa as
to a nethod for recycling at |east a part of residues forned i Jih A
processi ng plant, said waste processing plant having: WO 03/069227
PCT/1L03/ 00115 26 at |east one waste processing chanber adapted for
accommodatydgs@ese! um of waste and for enabling said wagtf.obaeds Or at e
t hrough the chanber in a downstream-direction, said chanber having at
| east one upstream gas outl et neansg@nd further -having high tenperature

generating neans, adapted for providing a hjgh erature |ting zone in
a downstr eaft S%%SP 0Ff ¥atig R?'H?ﬁ%ﬁ]éﬁg Cg’r?ﬂlg%rr%ciag’tt?‘i/g? a%?BS*’%?d%e&gt feam |
gasi fi Catc%ﬂ o e wa El%idnfo?*aieﬂaﬂiﬁig][ LB #eRe its Aligeesdhibons tht | east

0

sufficien r enabling substantially all inorganic waste therein to be
mel ted dhangbert id easiownséreatn Mitection,neeid] shamben baginnnd lapeh ora sai d

upstream gasificatign zone is.at .conditi LGl i ng

gasi fi ca‘ﬂl?ngPa@F 829 PB@ﬁF 8‘%&5@&‘1?}?‘%&? ga%%ﬁﬁﬁg%&%{éa&g%e g&ﬁrggg one post
processi g ARG RO Bl Yedvidisenaetidd fetn@ahihraasicitingraxmesdhng chanber,
wherei n sal-d post-processing neans are adapted 'fQJ:y enlabl ing said residues
to be codfidvenstrehns hgpe errrﬁ@%richgﬂlbﬁér and of &plabi¥ply copler URTTRAB wast e
processi ng.chanber el.p. sal LS rohePst 169t ecting at
| east pagﬁ%]%(fa%soé’i &b?é’w;i%‘gﬂ%gbf ?%%1 a%%g%g %(%[sgtj lébr%f:gg%{ﬁnlg means; and

i nt r oduciyfeciaht kaeaiahiimet subbtadiallyradbimugsnic mtostathereih wricosdiedg chanber
'such that during operatjon of said system said r.esidues.ar. sed to

sai d hi ginte estplepst Gre Qﬁf'emfa}tﬁé) Iﬁﬁi‘i‘gs B‘ﬁa\ﬁﬁ?}%da% vi’lﬁ%qe]éﬂaf%lldh}lg%t% enper at ur e
gener ati BRI | @nat | dhnditibnst SRFFCRL S Shdiiidyasifisaowodil ected in
at | eastg%sne sul azg?&e i%o?llz edc?{licuo{r?nr%eser voi r operati vegfj;%gconnect ed to said

- post pr oggasingasednsaidigghivmaldf yastdie resi dues conprise at |east two types

of residues, including o )
' at least one post processing means operatively connected to said waste

(13

processing chamber, wherein said post-processing means are adapted for
enabling said residues to be collected therefrom during operation of said

at least one waste processing chamber;
wherein said method comprises the steps:

collecting at least part of said residues from a said post processing

means; and

introducing at least part of said residues into a said processing chamber
such that during operation of said system said residues are exposed to
said bigh temperature melting zone provided by the said high

temperature generating means.

Optionally, in step (a), said residues are collected in at least one suitable

collection reservoir operatively connected to said post processing means.

Typically, the residues comprise at least two types of residues, including
residues 1 and residues 2 which differ one from the other by at least their
chemical propertieé, that are separately collectible from said post processing
means, and wherein in step (a) residues 1 and residues 2 are separately

collected in different said collection reservoirs.




resi dues 1 and residues 2 mhlch dlffer one fron1the!other by at aﬁi &EEIF
chem cal properties, that are separately collectible fromsaid éé%
processing neans, and wherein in step (a) residues 1 and residues 2 are
separately <collected in different said collection reservoirs. W 03/069227

PCT/ RO3/ 0Qdd-&/edaaz Ootional Iy, in step (b), said residuescpi@shd@dnsported
fromsaid at | east one collection reservoir to said | ower part of said at

| east one processing chanber for diggect exposure of said resi dues to said
hot zone during operatjon of sajd system

sui t abl e Ongienellycin sfen (i, gaid Wsi@e&tarPéé%‘fSP%)tﬁS&?‘?rﬁr?%bq ap%‘?fisggp si dues,
sai d addi tn%c?%nbﬁésepmidaﬁet eflaf Bhvea! ph25t BRI saldake ARCHRRMLARENG Sa d

portion 61-FeSPdles Th a nmatrix t I's thermally and nechanically stable
at t enpehainbeesforubizbentikpsdure | oivenid hesidueme tot esigehat roseofiugaid hot zone,
said matrix is granulated into suitable residue granules, and said residue
granul eOPEFRLiR F&’%ﬁmto a suitable inlet conprised in the cooler part

of said at |east one ocess 111 %cg(g nber for dl ”tﬁ (%\Lictl on @Io he said at
| east orfériperaliss & Atp P fabley %%ﬁl@ﬁf é Sﬁlﬁjr?ep?r nd external
sur f ace Saérl%a é}f&&es?/f f‘%d |§£ﬁ&‘,§s pgéﬁlgorhd%t&ial for r8Silga Paatikllgs are

chosen suc > 0.00002*H wherein His predeterm ned_|inear
di st anceeﬁchpéulaangmanélmrhdn tof nekislues dved mafirkt éih%’felsof?h‘m%‘ﬂ}yegpéue granul es

fromthe u per of . the pr OCESSI n t t her eof .
Pref er ab‘l“?c ﬁagﬁ’p tg&le t Ak athFes; helﬁ’ggalelg: éj&’ocgb&% ng h ﬁ%l%r t aken
from t he,eGnbr8fur@of A 18t z@naa@l@uﬁdtﬁx i6 @rﬁﬂﬂuﬁaﬁe&hﬂtﬂte softablleeces:ldag out | et

port conprised in said | ower part_and adapted f enabl.j ggeém)lten sl ag
to exit giamelesaizhdoseidezesitne cmarpler a1y transaeted to 2 FHiAhle 1B&E ( he

verti Ca' Ji stanc 25&4; SDReRdt bhE r§&és55nga&aﬁﬂﬁérefort 0 a
nom nal g‘fg} tﬁggsg?]f& of tsﬁ“e nol tGen sl agp at the said |ower part of
the sai Chn%ftﬁiﬂ@,ﬁbn into the said at least one processing chamber. Advantageously,

the volume (Vg) and external surface area (Fg) of at least a port1on of said

residue granules are chosen such that:

Vg/Fg = 0.00002*H
wherein H is predetermined linear distance that is correlated to the travel
distance of the residue granules from the upper part of the processing

chamber to the lower part thereof.

Preferably, H comprises the height of the said processing chamber taken
from the center of the said gas outlet to the centre of the slag outlet port

comprised in said lower part and adapted for enabling the molten slag to exit

the sé_id processing chamber, |

Alternatively, H comprises the vertical distance taken from the center of the

said gas outlet to 2 nominal level of the surface of the molten slag at the said

lower part of the said chamber

Alternatively, H comprises the vertical distance taken from the center of the
' said gas outlet to said high temperature zone of said lower part of said

processing chamber.




Al'ternatively, Hconprises the vertical distance taken fromthe enber f
the said gas outlet to said high tenperature zone of said Ioweﬂczpd f-*zgﬁ
said processing chanmber. WO 03/069227 PCT/I1LC3/00118 28 Alternatively,
"~ the processing chanber conprises at | east one plasma torch neans and H

conpri seswdgehti cal di stance taken fromthe center opcifigsofizd d gas
outlet to the center of the output end of said at |east one plasma torches
means. Optionally, the nmethod furthe2g conprises the step (c) of introducing

slag grapules. t sui tabl e inlet, conpri i e co of said at
| east o te{)ﬁ‘%%‘@‘g%’i RRSSEE ‘F}%ﬁm]i"?ﬁ &Wﬁ%ﬁgoﬁ%%%]ﬁoo%%gﬂag{ﬁagﬁ g%hl east one
pr ocessi foan & RAAPAT conditishs Hha Fredtisdl distanke itAerp frodi closl cénteg bAithe at i ng at

| east a portion of the slag provided by the sajd processi n? chanber during
oper at i @nid pes euflet t®thé center wf thaeoupniumed cf/syidagloleast PR #IBHRA (Fr) of at
| east a portion of said slag granules are chosen such that: Vr/Fr < Vg/Fg
wher ei nt%ﬁ?&‘f’sir%eat“ﬁe volunme and (Fg) is the external surface area of the

resi due granules provided jpn..ste b).. Ip sai t s of said
r esi dueﬁwaébﬂitﬁ?r%&@gdhm% E‘i‘ﬁ@‘?‘sespﬂﬁ Pl |§?|°$qgﬁr88‘?ée@ Eﬁqﬂ% sl ag,
whi ch-i Sggaifmﬁg%%éwams FRE dobeiEt @h Ghe apfler phmtsofanill stibsetiusat |y cool ed
and solidified to trap therein said _ co ong% s, .These conponents may

i ncl ude mangessing chambew faf inbgpduekion dpto the sayd at lgastqype RECCeEINE )\, - i |
a, s P, F,inekemental for ' NoSatidb et ¢@RdhtdopAsni n sai d hot
el ti ng %H&“ear%alﬁﬁga?%%ﬁ‘f‘;e%%%P%"gkucg‘?ﬁg%gai d sl gg i's Vi BT ad ther eat
I n t he rRthediagcmopRRANyhe fsaRhdesmiigicesnbeydfrormesyhiion glgrged. ons with

id slag, which | b tly removed id
S bs oquaniotgeab Ebal VAR T APA el SRt A o oF Kesne ok 128 omponent s

may inclyd &h thet: A . As, Se and oxides of netals: G, N,
M, Co, #%gg%r}@%}?%aﬁ?@&%%, La, .Ce, Cd, Th, Bi, Zr (5-15%; Li, B, Na,

My Vi/Fr < Vg/Fg

wherein (Vg) is the volume and (Fg) is the external surface area of the

residue granules provided in step (b).

Iﬁ said method, components of said residues may be introduced into slag,
particularly the recycled slag, which is subsequently removed from said
apparatus and subsequently cooled and solidified to trap therein said
components. These components may include any one or more of Cd, Zn, Pb,
. Cu, T\, Hg, Sb, As, Cr, Mn, Ni, V, Cl, S, P, F, in elemental form or in
| compounds. The conditions in said hot melting zone are preferably such that

the said slag is vitrified thereat.

In the method, compdnents of said residues may form solid solutions with
said slag, which is subsequently removed from said apparatus and
subsequently cooled and solidified to Vform vitrified slag. These components
may snclude one or more of Hg, S, C1, As, Se and oxides of metals: Cr, Ni,
Mn, Co, Mo (3-5%); Ti, Cu, F, La, Ce, Cd, Th, Bi, Zr (5-15%); Li, B, Na, Mg,
K, Ca, Fe, Zn, Rb, Cs, Sr, Ba, U; AL, Si, P, Pb. |



K, Ca, "Fé, Zn,; "Rb, Cs, Sr, Ba, U A, Si, P, Pb. WO 03/069227 2Q,. .. .
Descri ption of Figures PCT/1L03/00118 Figure 1 shows schenati caf IZ)IJPH(-,2008
general layout and main elenents of a typical waste plasma processing
apparatus of the prior art. Figures 2(a), and 2(b) illustrate schematically
t he gener gfg b7axeoMy and main elenents of two derivativepchire9pfid ype of a
typical waste processing plant of the prior art, including the apparatus
of Figure 1 and post-processing elewnts. Figures 3(a) and 3(b) illustrate
schematically the geperal |ayout and nain elenments of two derivatives of
anot her DPgperiptiop ol Eiguresyaste processing plant of the prior art,

i ncludi ng the apparatus of Figure 1 and post- processing elenents. Figure 4

shows sghgnmat i calol IdRSnBRRANR the eledbiAnshbnt Betiwaeain tleenexts f 2| enent s of
a first "énbodi ment of the present iInventjion. Figure 5 shows schematically

t he geneppikal ehsteindawhi prassssins arpaetwarithedititfe®ts of a second enmbodi nent
of the present invention. Figure 6 shows schematically the general

rel ati onshi { FRLDatet ROBALSAIN tRe bhidd] eaRRdisianiatf the

pr esent rﬁﬁ%@ﬁéﬁ%ﬁﬁ%& %@?éﬂgétg%&%g schelrr%ﬁ cal _Fy t he general_ |ayout and main
el ement lghemsfdfteb degivhtisesehonotypetnd agyeirehwastapivcesiie HaghPe 8 shows
schematically the general |agyout and nmai.n.el egent f.a enbodi nent
of the phesefer i%‘%eﬁ%‘g .gF‘%%rapr Ao £ e?ra?i&(?:% Ipyg%ﬁlg)%gene al |ayout
and mai éeeﬁjggmnts of a third enbodi nent of the present invention. Figure

10(a) an rgure 10(b) illustrate in fragnented transverse cross- section

view the relative positions of the outl f the direct fe tem and WO
03/ 0692 RigkCH a@ﬁ)gzdoa_@}g ilgptrate schematica%l.rly %'he general layout anel Ry

clements of two derivatives of another type of a typical waste processing
plant of the prior art, including the apparatus of Figure 1 and post-

processing elements.

Figure 4 shows schematically the general relationship between the main

clements of a first embodiment of the present invention.

Figure 5 shows schematically the general relationship between the main

clements of a second embodiment of the present invention.

. Figure 6 shows schematically the general relationship between the main

clements of a third embodiment of the present invention.

Figure 7 shows schematically the general layout and main elements of a first

embodiment of the present invention.

Tigure 8 shows schematically the general layout and main elements of a

second embodiment of the present invention.

Figure 9 shows schematically the general layout and main elements-of a

third embodiment of the present invention.

Figure 10(a) and Figure 10(b) illustrate in fragniented transverse cross-

section view the relative positions of the outlet of the direct feed system and




‘the plrasma tor ches of the enbodi nents of Figure 3 and 5, accordi rhghew '
di fferent processing chanber configurations. D sclosure of Inveﬁt dht
‘present invention is defined by the clains, the contents of which are to
be read as included within the disclosure of the specification, and w |l
now be deggpiRessby way of exanple with reference to tBeraGeefRanyi ng
Figures. The present invention relates to a systemfor recycling

non- gaseous residues, generated by aggaste processing apparatus, in order
to reduce the eventual volune of resjd and_to _.di spose.of at |east a
part of tHe REasR 1EEhasoE tilsrearm?éyaew #@%?@@%%F%ﬁ%@ aop%ﬁ? atus, by
encasi Ng [ cAMPRUALSHs ARG BhEEmtRinsMetal s in the slag nelt, i.e.,
while the slag is still nolten. The recycling systemis characterized in
that the residues are redirected to the apparatus in such a manner as to
reach the hotter parts of the processing chanber of a waste converting
apparatus for processing thereof at the higher tenperature zones of the
appar at UgpideliidudeSof TR didl | NG zone, without being substantially affected
by the | ower tenperature gasification zones thereof. The present invention

is also directed to such waste converting apparatus having the aforesaid
system &t preset nygstion is dplered bridghs glofmsy teptg oAppiehetsés. The term
"downstream refer el ' ‘ J: i 0 -l waste in
the. pr ocdsiond cenamuif fifh L EABLAE AP SpEARRd L B it A B | P
"upst r earesteh&l by wayaf dkdapld with sufesérmiettb dhé ycoppesying Faweo. Wth
reference to other parts of the apparatus, the term "downstream' refers to

a directjon alo the.directiqn of flow of erial in the part of the
ppar at udle peRE ypsipETALesdP o rstest Sk R TE RO B U PSR opposed
theret 0 ThectAkMbyWRHaBtd BRItBSin N ppRRanAtiH SrddieteidtiucoshedesntaBy appar at us
adapted for treating, processing or disposing of any waste nmaterial s,

i ncl udi ngrofume cifpskiduas t2ad( WEWSPosR 05 ehdeast \iabee, of HiuberTameas e, WO
03/ 069227 Tl A3/Q01I8 8%, 0B iR HBIRG s, 15PUROR1SE UilBoHRbaAl SSW

r adi oact iRF&“Wast & an _
and complexes of metals in the slag melt, i.e., while the slag is still mol_ten.

The recycling system is characterized in that the residues are redirected to
the apparatus in such a manner as to reach the hotter parts of the
processing chamber of a waste converting apparatus for processing thereof at
the higher temperature zones of the apparatus,' that is, the melting zone,
without being substantially affected by the lower temperature gasification
zones thereof, The present invention is also directed to such waste
* converting apparatus having the aforesaid system, and to methods of

operating such systems and apparatuses.

The term "downstream" refers to a direction along the direction of ﬂQW of
waste in the processing chamber from the waste inlet to the nielting zone,
-while "upstream" vefers to a direction substantially opposed thereto. With
reference to other parts of the apparatus, the term "downstream" refers to a
direction along the direction of flow of material in the part of the apparatus,

while "upstream" refers to a direction substantially opposed thereto

The term "waste converting apparatus" herein includes any apparatus
adapted for treating, processing or disposing of any waste materials,

including municipal waste (MSW), household waste, industrial waste,




types of waste, in particular by means of plasma treatment. The ,term %ag"'
herein refers primarily to the inorganic, non-netallic materi aMHé!H 6
collects at the bottomend of the waste processing apparatus in a
substantially nolten state after it has been treated by the heat generating

nmeans, pakgdgsdhyy in the form of plasnma torches. Neveppfg@l®asasthe term
"slag" herein may also include a m xture of such slag and netals, and al so

a suspension of metal particles in gych slag. The term"fused sl ag”
relates herein to slag that was forned in such an apparatus, .and
subsequemsddicalswhsigi spwagasludee coastendSWheradaghve ivraste gk PEIPT rel ates to

the formation of slag.in,. r - l.ne form wherein the
t enper aggy%esa%acﬁie’r 5335%%%1.@%6% gogg’ﬁslng% g%t%%%%ﬂgh that the inorganic

waste is fully melted.. The term"residues” heraj ers t gaseous

mat er i al 50§ HEma  gag )y herpiny tr%lt%ﬁsd g er%\?vi gkée[ g%&réggcédﬁ%\%ﬁggﬁgam (that is
al ong t hg,dikackihppondts 5 0w REtaases caveywhikrbfwsipzegessittg inhanber )  of
the gas outlet of the processing chanber, particg&lgﬁll y in the

post - pr oz eekstagtisBameolinvestate slten it hashesntteepter by dpe heat gersratirgues are
herei n subcat egori zed ' FJUES JterfRESI dues 1
(R1) ar emfidPe ar&%ﬁ%gg%gﬁ%ﬁgﬂfz)g?%ﬁ%@&)t? ags'(?qu?gi nat g&f &%t{ﬂhe wast e

pr ocessi Rih £ hanbiey maly dlfeinshperatmistandf anch slagtandi metls,rmdetlsom by gases,

and/ or residues that originate as a.result .of the.subsequen nmbusti on
process §fuspensiopod metalceadicis Peshd siag: c;IE}PFeFer%]FUC’fS(? Eﬁ(%%i 16%%‘28%1 (Ri) are

f ormed V‘ﬁ&%}é 'e]cgtéelgé%hé"éagefdﬂﬂe&% RECP'LAC apHhRgus, Chadsebsaguantlye gas

outlet are in the post-processing neans only wth air (and/or
oxygen) @didlified hftemedodimg. but wi t hout any additives. Residues 2 (R2) are
characterized in also conprising materials which originate fromthe input

of addi tipnal, SURsLaNEasn! DOk NS WRSH:RLACAT M i BANBdkSsCho@s for
exanpl e 8t Bndt eagents and products of their reactions), in

parti cul giystd1Bngdsrms, whniehytisysrensatiratantiyr yesisiehts {ime is suificentude

Resi dues f (R1) m xed therei n..Ifn ot helr gvords, if additives or special WO
03/ 069229ughCiatths erygapicyiaste is fully melted. |

The term “residues” herein refers to non-gaseous materials that are
precipitated or otherwise extracted downstream (that is along the direction
of flow of gases away from the processing chamber) of the gas outlet of the
ﬁroce’ssing chamber, particularly in the post-processing means operatively
connected thereto. Such residues are herein subcategorized as Residues 1
(R1) and Residues 2 (R2). Residues 1 (R1) are herein defined as the residues
that originate from the waste processing chamber of the apparatus and are
entrained therefrom by gases, and/or residues that originate as a result of _{f
the subsequent combustion process in the post-processing means. In other .
words, Residues 1 (R1) are formed when the materials exiting the processing
chamber via the gas outlet are treated in the post-processing means only
with air (and/or oxygen) and/or by water, but without any additives.
Residues 2 (R2) are characterized in also comprising materials which
originate from the input of additional substances into the post—processing
means (such as for example additional reagents and products of their
reactions), in particulér the gas cleéming systems, but may possibly also

include Residues 1 (R1) mixed therein. In other words, if additives or special



reagent's "are used in-part~of the post-processing n*eans:'{', en Resi .eE %ﬂ
"(R2) are fornmed in this part of the post-processing neans, and/ rz JUL 2006
downstream t hereof. The term "post processing neans" refers to any
apparatus or system operatively connected to the waste processing chanber
of the appay@lgdsy; i N particular the gas outlet thereofy-apdsadaprt ed for
the further processing of product gases generated by tﬁe wast e processing
chanmber. Referring to the Figures, Fggures 4, 5, and 6 illustrate
schematically a first, second, and third enbodi nents of_the present

i nvent i oneaganfroere pwed dospary of g mest-POFPSTIES JBeAnn ithen Pesyitect ed to at

| east on ste t:i.NGy.: a 1 VA et g hd (101) at
- the gas Iégtre( g%?ﬂ'eg #‘hgethlsa%%gé a f'JussEh‘% 1géﬁt\%a1‘ralaéf%%?alg%§ﬂ(§heaﬂ(l%@fnor e)
post - pr QREStREnEeRsofay be operatively interconnected to one or a

plurality of said apparatus (10) ip a esired pernutation or
conbi nat'ﬁ@ﬁntel’lﬁ &%nﬂ’&ce@?élr&%artsp ﬁ%\‘i‘g g%s%rfyf (G ar?‘ntélrc‘e?lh Sw)(llgiief‘f“respecjt to
the opero%y%%ﬁgggﬁ&édt% t@%&%@tﬁb@éﬁiﬁsﬁam&p@m fparBaRs i@nd a single

processi mut at 1 s mut andi he ost - processi ng nmeans (200) may
be any tpupeicalarphsetgasrodbssikegeoieemt adapted fonjhe dudbangrrcaering of he

apparatus to post-process,th rodquct gases, . a that generates therein
Resi duesprfdﬁlﬁlgasﬁﬁﬁ?’b?rag?éas]?%ﬁ%@wﬁs {"ﬁﬁ?c,%sﬁlﬁlgcg ﬁug’eﬁay i ncl ude any one of
the post-processing neans (2) illustrated in Figures 2(a), 2(b), 3(a) and
3(b), fORefe¥%aRPLS thABi@Ies MigtivesH, g ramdd6 illusttdie sthersatieatboriifeint of the

present invention, the residues recycling system (900), according to the

i nvent i oyecord,jgnd F@r‘#(ﬁmﬁ@mﬁntsd‘?fr%@tpr%@& @'SFE?H“(;(W% b PE‘%%’%?%& ed to

directly {h | N1 edichit bhe @asteptaoestihpg nmeans
BRI IShoL B BSLNET cRBtuRl et he gaspoagasy

(200) to erring to Fi@gure 5, 1n the secgnﬂ enbodi nent
i P

of the piggeatus (MBntiaon, gad hutleedindudd1) abyte aas SpdlebPPOODILPs in the
formof a indirect feed system (800 onf | 19 SpsaPsid.abe the
resi dues | r ecting nmatri x of .slag an
id ali’rrﬁrat%@r%lalﬂg i3 gt n%nc?hg’ﬁ i %‘Sﬁsy‘%pslt‘g’?&% 5158 il _ 3 o, g and

ot her adglidLM6sy ARG cbihdchiaito etasneplurhktefmpd abparadus €9) duesyt o t he
chanber (710). V\% 03/ 069227 PCT/1103/00118 .. described

desired permutation or combination, in a manner similar to that describe

herein with respect to the operative connection between single post-

pi'ocessing means and a single processing chamber, mutatis mutandis. The

. post-processing means (200) may be any type of post processing means that

may be connected to the apparatus to post-process the product gases, and

that generates therein Residues 1 (R1) and/or Residues 2 (R2), and thus may

include any one of the post-processing means (2) illustrated in Figures 2(a),

2(b), 3(a) and 3(b), for example.

Referring to Figure 4, in the first embodiment of the present invention, the
reéidués recycling system (900) according to the invention is in the form of a
direct feed system (700), configured to directly channel the residues
precipitafed in the gas processing means (200) to the chamber (10).

Referring to Figure 5, in the second enﬁbodiment of the present invention,
the residues recycliilg systeﬁl (900) is in the form of a indirect feed system
" (800), configured to encapsﬁlate the residues in a thermally and
mechanically protecting matrix of slag and other additives, and to then

channel the encapsulated residues to the chamber. (10).



33 "Referring to Figure 6, inthe third enbodi nent of '{t he present_invention
the residues recycling system (900) conprises both the direct 3&&%@ m
(700) and the indirect feed system (800), substantially as for the first
and second enbodi ments, respectively, mutatis nutandis. Hereinafter, the
first, segapgh@ind;third enmbodi nents of the present inveatiesedig descri bed

in greater detail in the context of the type of post- processing neans
illustrated schematically in Figure 3ga). Cearly, though, the resi due
recycling system (900) according to any, of tg{? e enbodi rents i simlarly
appl i cabl f@m%?@lﬁﬁé@&%ﬂl%‘fm%ﬁmﬁ%é‘% EEB RESHSET potsapt is

operat i veIe%(i gﬁggggc&%ﬁ% %"Sﬁ%&%g@?% %%%%ﬁ?@bﬁﬂqhgﬂ%%ge%dr@@t&ﬁqﬁ@@s resi dues,

includin& exa ssing nmeans Il lustrated i i gures
2(b), 34@] thd(€direciféal syastomt (800), subdansiallpnd foethke firstgand sedopdres 7, 8
and 9, in each of the cqrrespoqd'.ng@fgﬁi rai, second and third enbodi nents,

r espect i @Ebgdimends,JLsRacH ks MM EULEPAYE- converting apparatus or plant,
desi gnated by the nuneral (100), conprises a processing chanber (10), the
upst r eamyuPARAARRT the Nirsd A )sendhtir@h thivdi legnboditpesial lof tle ipretdret form of a
cylindrical or frusta-conical vertical shaft, may be. in any desired shape.
It is i navension are desegbathin srestendetsilogethe sonfeth eloihe tre ‘&&Sg processi ng

chamber (10) i.s ad :C Offs - | um of

wast e belgWé’ rhe” %%%%98%%&%%?1% 'S %?ggllﬁ?g% t9 %) pl asg'%ﬁ%ig?%%es) and the

upst r eamygasesilitd Ricyfpvidean A900r doeardingnd rinx of thesetamkodimenghises that are

formed in the_gasification process, sp that the escape Kﬁ? ges;f romthe

chanber pignitarbe eantisable ?’él’&ﬁ%fé"&ypei“ﬁ? Bo fR?8%eS§Wgolﬁ‘8§W |0?$ %orS sl ag

and/or . QLAGKBHPaHABGER 4Bl idled QWO prdduicalibn ghseasbirucaccor di ng t 0
ion to I si dues

the inv nteract wth re eing carried by the gases towards
t he gasimﬂmdliﬁg;'foasxmplledﬂanawS’abm,SsiﬂgléﬂQﬁ@@tlﬁ girpiedsing FBHEeT 2the gas
outlet in reéation to the . melting zone is thus also inportant in the
context 8f2)¢He) ptadismuy tion. In the absence of a colum of waste, or
where the gas outlet is not upstreamof the hot. zone, the gases carrying
the resi gues, ai® r¥E03¢ €68 BRiFes 7, 8 and 9, in each of the corresponding first,

second and third embodiments, respectively, the plasma waste processing

cenverting apparatus or plant, designated by the numeral (100), comprises a
processing chamber (10), the upstream upper portion (14) of which, while
typically is in the form of a cylindrical or frusta-conical vertical shaft, may be

in any desired shape.

. Tt is important to note that in the present invention, the waste processing
| chamber (10) is adapted to accommodate a column of waste. The column of
waste between the hot zone (that is provided by the plasma torches) and the
upstream gas outlet provides a tortuous rﬁatrix structure for gases that are
formed in the gasification process, so that the escape of gases from the
chamber is subsﬁantially retarded. This gives an opportunity for slag and/or '
other substances flowing downwards through the chamber according to the
invention to interact with residues being carried by the gases towards the
gas outlet; as explained above. The upstream position of the gas outlet in
relation to the melting zone is thus also important in the context of the
present invention. In the absence of a column of waste, or where the gas

outlet is not upstream of the hot zone, the gases carrying the residues are




PCT/ 1103/ 0011834 " substantially freely vented from the chanber . and cannot -
effectively interact wwth slag or other materials that are i npt’t2 veld
processi ng chanber. Furthernore, the columm of waste helps to maintain
guasi steady state conditions within the processing plant, and a stable

t enper at Uk odtlsht | € 1S al so mai ntained therein, conprigipgogodi®d atively
cool er upper zone, herein the gasification zone, and a | ower hotter zone;

herein the melting zone, close to thetplunme generated by the plasma

~torches of ,t he processi.ng h er. In the er gasificatji.on. zone, organic
mat or | o TG SR niea] Bok he) FgbBbnanf nGr st eUMRIG ol s are
convert edinkiita@t "Pith eflafedrbthedNfhate@hlkCthat! % NRHCE MBY PR sy ed ,
separately or together. When the residence tinme of the inorganic materi al

in the nehainhgrZhmshemnnengt the cadwminof wastgdielpa td mattapuapagfsteady sl ag

(i ncl udi ng ,oxi des,.and ather .chen cal. el nt w . be,vitrified. On the
ot her haﬁ%temoﬁ?%s r‘@s;]?l eﬁl%ee%f Pie s ﬁic;ét%t’ Z‘%} ff?c‘fﬂ’tg%% ;;,erpg%atPEe pr oduce
vitrificabéfiie.isahe melbdtehed thgreinh@mSeshe &, retitively taslar appdrdidhegd fused
slag. In_the present invention, the nel ti}g%t zone rovi des conditions such

that al | hereiphide; gesifieation gemcerdnsl angyer \Roktal A0y, bercipdhecaelting en
a.a . . : -
sutticiept, g eﬁ(')slcé:if&(:%ef 1{>lﬁgnee %&2%)1‘5%@ %ﬁkﬂé/ 2 t8hels %Zlﬁrtoc@ssmét of the

i nor gani C ndt er verted int used sl ag, non- “netallic
i nor gani chamber.i Jal theawsperrgasiftetion zonbeongasicemaRrefles ghbyiedald thd t he

inorgani ¢ materjal is converted jntq vitrified sl nd thus the nmeltin
oo P iatgelis s iateenls Rebiids vt Pttt nh palet B AT ant ¢ vast e

in the doyngtd e&B, PRhlchOindyh Be CRIMGTEG SepBrhidyl. ordibkelBer, OWgRRAI Chovaste in
t he upper part is gasified, the waste in the colum gradually m grates

t ovar ds téedelsnt meeefribeniorgandc materiahin sherayelise Zonpde spRicdenthie chanber .
condi t1 ofieeenet 8 rass P BrERdute BigbEbnb e WRRNGASRAAEI 0,
zone i s pHES B abityifipd. 0Ol ale bythet heedt whee tid assdehar chmeeanaptas Till be
DI ovi i nguERt e BrpRoEur G oIS BICSI bR COHELaraL pr ovi ded
in the mplbi NG ZRAG SHE &%ad OTdBLE pHRShanhiéhtioh, atde melting zone

provides conditions such that all of the inorganic material may eventually be

nielted, gi;ven sufficient residence time, and typically also that at least a part

of the inorganic material will be converted into fused slag, when non-

;metallic inorganic materials are included in the waste. Preferaply, all of the

inorganic material is converted into vitrified slag, and thus the melting zone

may also be referred to as the vitrification zone.

As inorganic waste in the downstream part of the column is melted, and as
organic waste in the upper part is gasified, the waéte in the column
gradually migrates towards the downstream end, and more waste may be
input into the chamber. This, however, does not substantially affect the

quasi-steady state conditions in the chamber referred to above.

While the high temperature zone is preferably provided by at least one
plasma torch means, as will be described in greater detail herein, other
means may also be used for providing this high temperature zone, so long as

conditions are provided in the melting zone such as to melt substantially all



69227 PCTI' | LO3/ 00118 35 of "t he i'norgani ¢ mat erli al ':C:‘"o'rrprl sed |n the
wast e accommodat ed therein. For exanple, preheated oxidizing gés2

air or oxygen, mxed with suitable fuel such as coke, for exanple, nay be
used to provide the nelting zone. The tenperature in the nelting zone may
be further,@pgugented in either case using an oxidizi ngpfyMiodne g th fuel,

or air by itself that may be preheated to high tenperatures, such as 1000C
or nore using a regenerative heat exgghanger associated with the

post:- proceSS| ng means (200 descrj be her ei n pi I|d or m xed
wast e f eadithgingygarigmatgyia PRIF‘EH %“ﬂ?%si? IWCOD%%P%JCQ\%%{B’@L% Yhe upper
end of the S g}%&ﬁé@g o&icﬁzﬁg tsﬁcﬂl ok Gir SEAYBen COMRIA WithGuithbRi I | ock

ar rangenen y also be fed'into the chanber (10),
- though gfnrteat ys g:ﬂ@cﬁmsemmblb; nplabrdaev‘wdéao ipzovidethe thelfing goredbeppar at us

(20) without substan r eat nent | d wast I ng system
(20) may GEWPF‘?@ iy esﬁ‘i Ling éO%%HR‘Pé’y‘B? %@gﬁ’é %gmteﬁged N Eltﬁelf o %may further
conpri se, Wf&ﬂ?lzﬂ@ﬂu’m  8@h TEcl Br bEhby\RSElE that taySh@pleheatydewes. The air
I ock arrang nment may conprise an upper valve (32) and a | ower valve

(34) def hrg}ngempemumg smhhrrberltme';! PtharaBetifiBEna repgBRexdlveelerta) | (34)
are pref ate va Lat ed I p t or
hydr aul i ‘E %gﬁgﬁaj%ﬁﬁﬁ ose T il 9%90 %Lﬁg %ll&sle’arl'lgquf rg deg%mce?aoseabl e hop

arrangenﬁgﬁmﬁ_BQ) funnels typically soI id and/or m xed waste fromthe
feeding system (20) into the |oading chanber (36) when the upper valve

(32) is open,_and t Iovver al v 3 s 1,n:t Feedi ng
of wast elyRicallynga Eiog ?e %‘3‘%‘“5 ﬂﬁt@g? I’go)con | nues%t#h%ﬁﬁr the | evel
of ~wast g1k WaRg hoade Qq)pelﬂeﬂaaff #h3haheReh@s) ampaeﬂmermeaaﬁem nt bel ow
full capacity, to mnimse the possibility of any Spspleglt;ﬁgrferlng wth

cl osure o«ﬁmprlhmguapfparr lﬂak\ﬂérﬁ(I@}neﬂﬁeohMéﬁde\?% n&@?? A9 osed. 1n
the cl Osglpe Jaits OS'b 3??)0\,\3153% @h@%@%ﬁkﬁ(&%u%%& lgﬁfﬂ) wsBY idesmanea@i r seal .

When req en opened enabling the waste to
be fed i B tthe a@aeaml(r@ ﬁrﬁ]i&iﬂib&rsub&&)ntmltﬂareaimham VBiey solid/mizedor no ai r

el " ar ?vvg]ste feeding system (20) may comprise any suitable conveyor means or the
like, and may further comprise a shredder for breaking up the waste into
smaller pieces. The air lock arrangement (30) may comprise an upper valve
(82) and a lower valve (84) defining a loading chamber (36) therebetween.
The valves (32), (34) are preferably gate valves operated electrically,
pneumatically or hydraulically to open and close independently as required.
A closeable hop arrangement (39) funnels typically solid and/or mixed waste
from the feeding system (20) into the loading chamber (36) when the upper
valve (32) is open, and the lower valve (34) is in the closed position. Feeding
of waste into the loading chamber (36) typically continues until the level of
waste in the loading chamber (36) reaches a predetermined point below full
capacity, to minimise the possibility of any waste interfering with closure of
‘the upper valve (32). The upper valve (82) is then closed. .In the closed
position, each of the valves (82), (34) provides an air seal. When required,
the lower valve (34) is then opened enabling the waste to be fed into the
processing chamber (10) with relatively little or no air being drawn
" therewith. The opening and closmg of the valves (32), (34), and the feeding of
waste from the feeder (20) may be controlled by any suitable controller (150),




herewi t h.” The :'1'bp'e'n:‘i"5ﬁg“ - g the vatves (32), (3 Y,

feeding of - waste fromthe feeder (20) may be controlled by anyq&lr’{lhm
controller (150), WD 03/069227 PCT/1103/00115 36 which nay conprise a
human controll er and/or a suitable conputer control system operatively

connect ed yW§egs,9; and to other conponents of the plant P&'Hfﬁ.g%lﬂﬂl ¥y eferably,
a waste flow sensing system (130) is provided and operatively connected to
the controller (150). The sensing sygem (130) typ| cally corrprl ses one or

nore suitable sensors (3321 at ar(n)@gp er ?VO% Wé’ga veI gp@ rgf chanber
(10) forwhmhsmagqmwﬂﬂerﬂa coPET & mlarly,
.the sensing system 1&0% eﬁ%‘é -l gﬁﬂ&{ dé?% té)gftHg%lgngw tabl e
sensors ¢ ’aPefgt} 8 D(“é?ﬂ ver ically aced downwards wth respect
to Ieveléd) plfeféﬂ&m}eharrﬁagte( ) sieﬁﬁmgesystag \(\lﬁm tsheprbededl oid waste
reaches th| s level. Level ﬁ%emay a vantg q%‘-ﬁ rese ﬁg )ITB.XI mum
saf ety IOuJﬁrEttl‘fed;Y %@@@@eﬂntot wakwder (4 ‘?) |s8n§ %e?ysgﬁ D represent
a |level 0 huti dn hippe# i gpt to

provi de t%]f:g %fng!ri e changg%%{ta@e gQl'ﬁ%rél\,m3} i (ot phd

he volune in the chanber

(10) betiwpanF) evile «ﬂﬁ)rnmc{lo)eﬁoelsel(lﬁ)lg nd;enbféxedpﬁl@ﬁ Wﬁ‘ﬁ’ﬁ%l‘%ﬂcb%‘allst o the

X?Lgrﬁaﬁfﬁvé\?;sﬁg:am{d&ga YS&%%P%%Y% @%@ﬂ{c I qc'r’lﬂ%ag'ﬁé sors I}Sgg and (33)

at ) evelsd Rl {dnbofipsheat RoRoaL (), Rostiddlly didlonbi closauards { or
determning an actual flowrate of the waste throu %ﬂ thg g eg‘o er (10) by
neasur i nglthhespéatma lemleﬁﬁ\)&f the chaaher Iﬁbﬂ)t FFeSeRREg FRED 'S efY % wast e i s at

| evel (F) to tpel | er (150
oy al SOVERS BRERSE | (T o Lan e ELa ) ooy L ABRNG r B e e
Io?dl 39 xﬂggﬂrﬁtﬁnhl Q.ﬁdty?gn?ammme(ﬁﬁ)ha‘ chanmbhle(]fOéew&lﬂg lsyfslt 12p), and

unl oading o e waste from oa r.Qcessi ng
chanmber 1ebdysentyst lenplof| yaste yat ll‘PBpéjé Cgéﬁg?ﬁgﬂ@b %‘@g‘ g 1% %Erfrj%%n[se etga

di i nfectaplaSRLAY Witkre 5 BheBAARL: (1), RS, o@mo@uweaﬁ ierdiantbeus| y

spr.ayi ngprt% th disinfectant, as required, partlcui arly when

medi cal @a¥ t};@twse]bdewg @) ommd dexckl (Y Ip#i}irhe @;ggg@ynmately equal to the

volume of waste that may be accommodated in loading chamber (36).

Alternatively, or additionally, the location of the sensors (33) and (33) at
levels (F) and (E) may be chosen to provide suitable datums for determining
an actual flow rate of the waste through the chamber (10) by measuring the

| time interval between the time when the Ievel of waste is at level (F) to
when it reaches level (E), for example. The controller (150) may also be
operatively connected to valves (32), (34) to coordinate load:ing of the loading
chamber (36) from the feeding system (20), and unloading of the waste from
the loading‘chamber (36) to the processing chamber (10).

' Optionally, the hop arrangement (3%) may comprise a disinfectant spraying
system (31) for periodically or continuously spraying the same with
disinfectant, as required, particularly when medical waste is being processed

by plant (100).

The processing chamber (10) comprises a lower part (17), herein defined as
comprising the hot melting zone of the chamber, wherein pyrolysis and

vitrification of inorgamic material into molten and preferably vitrified




pr g chamber (10) ¢ ' "'(’fl"?) , “herein defined as
conprising the hot nelting zone of the chanber, wherein pyrol ysi‘@ JHH 2006
vitrification of inorganic material into nolten and preferably vitrified WO
03/ 069227 PCT/1103/00118 37 inorganic slag and into nolten netal takes

pl ace. Theyd gwRsspart (17) conprises a liquid product selh%shiey zone
(41), typically in the formof a crucible, having at | east one outlet (65)
associated with one or nore «collectiggn reservoirs (60). The processing

.chanber (10) further c rises. at the upper .end j.hereof at | t one gas
out| et (50PLaRG ﬁgarg Iwgfng’rto Wﬁ%lmﬁtﬁf %&gﬁ@é?cega@éesﬁov&%rng?ﬁttg from t he
processi %,@ﬂgg@% ﬁquﬂ"%&‘ocidc@%bﬂéb@ionpicﬁfée@ﬁ?{nﬁmﬁéﬂmr tHelfkm &h@ upper end
of the procéssing chanbéer (10 conprises the said air |ock arrangenent
(30), ancructtde,phavossiatglelhmver oullan)(65)s asgqsiatad | yithi ppedtimorenast e

material via.the airloc r rangenent. (3 .evel, of the
primary CHOR TEECBYY &6@(9@9%)30%9)%? ngl(%%afg%? (&g)eﬁ%gg&vé?gﬁ) xltl%\é 4tevel of
vwast e dr gpsuppdd bd Shédeyt hBleodt S BhE oaflep(80)pprinngily for thenreiagber (10))
~and advi ses controller (150) to enabl e angther batch of %ste to be fed to

the proceesiust gasamberngrabsd Jron (he Prosaise HamBele @Y. romhetheont rol | er

150) then ¢l | X
(150) ¢ hen, SlOsESal. OBt )Y Enl Il kh ORPIR YARELeakal UEnbBa) (10 cnabl e

anber oaded vi a feeding system ( and t hen
cl oses uppaprived viee 68d) airrleddyriangemhnt (3Rt angdhe. prerrssioe chagharal ity of

o ol B Ui B B i BESRRER T (0

cool ant c 1678001 1R PHASHR gheouliRS (§60 Befibinghgstim (18@ transfer
or non-t?‘g;\'rgf%?m{ts%)ees.e Th% tor%hesﬁ(if%g are r(m?nt ed_in the chanber (10) by

means of sensesaidien Healewel of| easie dro icipnidy (a5 mresddt SAraessHE B ser vi ci ng
of the tarches (40) he torches 0] directed
downwar d%?le Fﬁﬁ@@&? I(}O)ltanélna W@?secq(n%f%le? ﬁgggg%fgﬁ%lﬁﬁ%ﬁ% hgéﬁzcg]a%ifm of

wast e. Thestotshs sed #Vhets@calisEls dHauileg (20) tihehbdtdding emainbér (36. chanber
(10) such that in operation,_the plune f@?@%ﬁe t orches %41023 (tt))%at the
bott om Ghetdeatroblon FPB1thansloses ey ottfe \PPSES JBRE] B! a hi gh
temperat yg @hable the loading chamber (36) to be re-loaded via feeding system (20),

and then closes upper valve (32), ready for the next cycle.

One or a plurality of plasma torches (40) at the lower part (17 of the
processing chamber (10) are operatively connected to suitable electric power,
gas and water coolant sources (45), and the plasma torches (40) may be of
the transfer or noﬁ-transfer types. The torches (40) are mounted in the
chamber (10) by means of suitably sealed sleeves, which facilitates replacing
or servicing of the torches (40). The torches (40) generate hot gases that are
directed downwardly typically at an angle into the bottom end of the column
. of waste. The torches (40) are distributed at the bottom end of the chamber
(10) such that in operation, the plumes from the torches (40) heat the bottom
of the column of waste, as homogeneously as possible, to a high temperature,
typically in the order of about 1600°C or more. The torches (40) generate at
their downstream output ends hot gas jets, or plaéma plumes, having an
average temperature of about 2000°C to about 7000°C. The heat emanaﬁng
‘ from the torches (40) ascends through the coiumn of waste, and thus a

temperature gradient is set up in the processing chamber (10). Hot gases




nore.” The toriches (40)
their downstream out put ends hot gas jets, or plasma plunes,
average tenperature of about 2000C to about 7000C. The heat emanatl ng from
the torches (40) ascends through the columm of waste, and thus a

t enper at Ukgp EiRGHL,eNt 1S set up in the processi ng chambepctha@dool®t gases WO
03/ 069227 PCTI 1 LO3/00118 38 generated by the plasma torches (40) support
the tenperature level in the chanber38( 10). This tenperature |level is

sufficient at least _at the |lo of the chanbe f.or ont| nuousl y
conver t i rEgnerRied R tiBe Hlagmad ??%@s%’é’po’fth Wegﬂéﬁgéﬁé?} Heyia outl et

(50), a”%hﬁﬁlb%r%%@' Gy TR bk 1648)is LhRlcionTBY 16418 4448 TBkELPartet al  and/ or

sl ag, peri o y or continuously collected at the | ower end
of the C&iﬁﬂfﬁé&lhaﬁﬂlﬁ)' (m)don nmtmuqusi;ecowlewgng)ﬂm masteo@fﬂ) peaddict gasPsone or nore

reservoirs (60) en t he Mg, ol l ected
separat e that |%Feo®c?1%ﬁiteéo"fjf§§% ﬁp{;@%&) ﬁ@ﬂéfl a?‘t qdun Jceegisa?g§%erwccse

speci fieg, ot hﬁc&ﬁ&f erh@l@é’&‘ PR ahd/o803lakNGiiGak efmayt be péAglicalferoroir .

Oxi di si ng a]y| ul provi ded froma suitable source (70) to convert

char, pcmﬂlmwswlngfedﬁtdihﬁslpwebﬁnérﬂéém ehagber (10) 13 088 OF o%§ases such
as 00 an g Sitlel: %@Xaa?% o oR0 G Qb Rl oltk {58, Iy i OWE BblA Lhe | over

part of % one or mnore et ports (75).

" Oxi di si pgtdl Wind" the sher Qﬂrél t:caketed csepﬂrzlta]de mnﬁe@mstedr resdrapirs] ui d
capabl e of oxidising at | east mgé.g t_char found or '?\xﬁ@ En t he

hott er, Heweinafigytunless atherpies s ?thhﬁﬁ' ECe PR tlggﬁa fCessi ng
apparatu n es oxygen, steam air, @02 and any suitable mxture
t her eof . aﬂl"hal gﬁ%%%#gm ng surfaces of processing chanber (10) at | east of

the lower part thereof, are tygl cally made fromz % or uitable
ref ract ondmmtgeﬂulélrsaY baatosde &O%ﬁaﬁﬁ’?aé’l%ﬁ‘?}%ﬁcﬁ 70 aﬂolﬁ‘t’flﬁ trca,

magnesi t e, ST OE, i) [ | O¥and he
processi R ‘%‘r‘?ﬁ&ggpnﬁ%}'el 1S%éog%ner al te’ e Jpslgg{r% g%ﬁsos-g%eaaag’a% whol e, is
covered by gonBiahpleathe odidisivasilag iscmtmdnmmb thhéwerapaItn@fe@M ty thereof

and to enabl e the processin " "
chamber (10) pv1a one or f('_gnore suitable inlet ports (75). "Oxidising fluid" is

giner ate” at

" herein taken to include any gas or other fluid capable of oxidising at least in
p;art char found or produced in the hotter, lower parts of the processing
chamber of the waste processing apparatus, and includes oxygen, steam, air,

- COgz and any suitable mixture thereof.

The inner facing surfaces of processing chamber (10), at least of the lower
part thereof, are typically made from one or more suitable refractory
materials, such as for example .alumina alumina-silica, magnesite, chrome-
magnesite, chamotte or firebrick. Typically, the processmg chamber (10),
:and generally the plant (100) as a whole, is covered by a metal layer or
casing to improve mecha_mcal 1ntegr1ty thereof and to enable the procegsmg

chamber to be hermetically sealed with respect to the external environment.

As described in more detail hereinbelow, the plant (}OO) further comprises _
post processing means (200) operatively connected to said gas outlet (50) via
gas line (101), wherein the gas products generated in the chamber (10) are
processed and cleaned, producing in the process non-gaseous residues. In

general, non-gaseous residues are produced by the post-processing means



“chanber ‘to 'be hernetically seal ed with ifespett to the external “egnvironnent.
As described in nore detail hereinbelow, the plant (100) furthe %d% es
post processing neans (200) operatively connected to said gas outlet (50)

via gas line (101), wherein the gas products generated in the chanber (10)

are proceasfdhesad cl eaned, producing in the process nopcERSSHMSs I €Si dues.
In general, non-gaseous residues are produced by the post-processing neans

WO 03/ 069227 PCT/ 1L03/ 00115 39 (20039 and these residues include one or
bot h of subcategories Residues 1 (Rl) si.dues 2, as herei nbefore
descri betROON %Ué(g ivaeseveqsidues Haclydg fine ‘110@&?1 fB’ﬁS ‘?gi‘?ﬁﬁe%lg%sﬁ@es P '

post - pr ogessi : ) Ses&prise an afterburner nmeans
(300) op ﬁ%@ﬁgg%née(@%ﬁa%%%m%%%ﬁg (50) via gas line (101) for

burni ng organic or other conbustible conponents in the. product gases,

Wi t hout Altsmmmtbivelyy the plamtfbeD), irepardicularethenpst-pprcseens mrpngdal®, (200)

typically fyrther conprises uitable_e 2 r ner energy
ot 1§ sacion HBHEGE RORREPR G noy SRt R0ty e percl SRreR e et e
af t er burigr JIRANGOS 300 kas GBS DER Pt ameed orgdhic br etkegyombudtitdat i on
systens (400) according to the present invention rre% i ncl ude, hf or exanpl e,
a_ boi | ercommbnentssin thernFofiectaesesh JERRGHE OPRTEENE pisgEbeE JIe8RS: §P8n el ectri ¢

gener at or. &Q&@gé}géqﬁg%@y%@zm?@%reygr?@}tc%hﬁ;ﬂgggra 8RREAN sddrkysation

syst em (4§ pllant  ('100) and/or be exported, for

exanpl e.pidg: dgscafibdrirher ebndref onegilisResi does generalng isysteppi CHI)y

precipitated fromthe afterburner. neans (300 dyfr t gy

uti| i zatdneravedncopasgrd t?ﬁge &E?Fbﬁ?%e ?ﬂﬁ)(?@n%w?‘%g%ﬁﬁfal}%gﬁ conpri ses

a sui tab%%%?%ﬁsﬁyeﬁmﬂ&ior?%?ét%ms( BRR) Aewasig earthefprebenteitaregtiont i | i sation
H C rray

system ( produce solid waste materials, and/or_liquid
“sol uti onmagaaphids] iy ewestrle, astodler #ind stear) tarbiRe REENGEREND OF BB, whi ch

require further ocessi ng. , For ., e cL&aL D tig@ (500) may
conpri sl ‘Eﬂ“?l"%a@ | eeg?%“ﬁég) %%qg%r' a%%glrr%y ?%ug i ncl ud?&z seni-dry
scr ubber , g byt @n¥hsdt gl utfiRdiion sysispe (I Mmef bEaEak)e powendhepladdr bi ndi ng
the aci d(l%?})s gga/o\x{%geerxplofted, for example. As described hereinbefore, Residues 1

| (R1) is typically precipitated from the afterburner means (300) and from the

_eﬁergy utilization means (400).

The post-processing means (200) further comprises a suitable gas cleaning
system (500) downstream of the energy utilisation system (400), which may
produce solid waste materials, and/or liguid solutions comprising waste

| ‘materials, including Residues 2 (R2), which require further processing.

For example, the gas cleaning system (500) may comprise a “dry” gas
cleaning system, and may thus include a semi-dry écrubber, into which is fed
é .suspension of Ca(OH): in water for binding the acid gases. Water is
éubsequently exféporated fully, and thus only gases, products Ca(OH)z,
CaCls, CaS0s, Cag(POs)s, in powder form, and other dust (which did not
precipitate in the boiler) exit the scrubber. After the scrubber there is a
reactor-adsorber ari'angement, wherein a mixture of powders of Ca(OH)z and
powdered activated carbon (PAC) are fed. These powdered adsorbants have
very large specific surface values (typically carbon >750 m¥g;

Ca(OH)2>30m?g), and the Ga(OH)z may adsorb the remaining acid gases,




bsequent | y-evapor a fufty, “and thus only gases, prodi %&) 25
Cadl 2, CaSO™4, Ca3(PX)2, in powder form and other dust (which dit JHthDHE
precipitate in the boiler) exit the scrubber. After the scrubber there is a
react or-adsorber arrangenent, wherein a m xture of powders of Ca(CH)2 and
powder ed ¥ fav@ds4 carbon (PAC) are fed. These powder edpaflfQsham s have
very | arge specific surface values (typically carbon >750 n/g;
Ca(OH) 2>30n2/g), and the Ca(OH)2 may 4adsorb the remaining acid gases, WO
03/069227 PCT/1103/00118 40  while the PAC adsorbs di oxi ns and_conponents
cont ai ni rghite tlvy BAS Adsorbsdipainstansd pamBRALLs geRiapRing heavy metalst apri ¢
filter aryan r i e Gl i udi ng
Ca(OH) 2, ?1?$g§£‘fr \@Eb%faedﬁfgi%?ngﬁés%n%%ﬁlggegﬂ%dasaI%tgg&(%a}liﬁé%&l id not
preci pi t gkaidhel ar@?) seadrptipitutids imduding de4(DE)2,(CaRE22rBaSoxiqs3( PO4) 2 and

ot her subst . E tially, Yi t,. whi.ch i.ncl t oxi
cprrponegﬁ@‘lg ggc&eﬂf%samf f‘ﬁ%ﬂﬁ!s(%’h%éé\ﬁgs M&gﬁéﬁﬁﬁ% g%%?’”‘f‘) @i’:dg%ré’hﬁ%ﬁu%d“glst s,ox: g
fil tered'éa@ﬁiSH%a?l? bﬁ%@ﬁ,ﬁg%eé@’%(ad% 881 hMsBehckd). tHReRASy, agyk | ncl udi ng

adsor bent€°¢lch as For " exa 2 and PAC, and the toxic conponents
are adsoshegingndustyushiqhr énclpiestexioutonyfonehts cuel ias dipxéns, THRAWH ean gas

obtained after filtration is irected.to xhaus o the
stack fomebal§uy d‘:t?e}rnf’ﬁlﬁfeﬁean P?@%’pﬁeﬁ'&.ﬂ eglﬁr ﬁ%gl Q—E{I@%’ %)fgggﬁled from
such a Chf‘é%iﬂi&&e&YﬁI eHs (hdgs RAAtinelHdaig fadesttehes lsagh fad far esamalkgenent) do
not include 1iquid, and thus _such systens are kno% ﬁ% "dr%" cl eani ng

syst ens, CRQHIuend RAD) aade theripxic suppongnis nate iaepige ap XM conmpounds
of heavy_netals an . [ r.ho X4 RRdicald s (which
di d " not BFG‘é’&E’?-B?S“Fa‘%‘g ‘%?‘g‘\%%‘éﬁe%ag%&' %ﬁ%gﬁe&ﬁs&osf A %ﬂ;é?glﬁch as, for

exanpl e, 35aed, tCaS0bxh6a3ePCH@ thaw toothre stakb SiraegpelsionHowevEre since

this Residue 2 (R2) is. hygroscopic . (especially the Call 2 porti.gon thereof),
it may abbtwesrheaee esm%?%éﬂzgf@ﬁmnégpﬁam ?H?H/ 3 §%§% 5¥%amal(%lng with )
other co &?&J{l&ﬁﬁ%‘h‘?%&ﬁoﬁg A0 ARHSeeEN) MRS tanshidd dipiid,pend tingd St ency .

u

Accor di nE Y, es which are used for transporting this Residue 2 (R2) in
the gas ehémsysigmsystdmofE0) “drery cleening systems. Residues 2 (R2) are very

. toxic and may include dioxins, compounds of heavy metals and Ca(CH)s,

active carbon, some oxides and salts (which did not precipitate previously),
products of reaction (such as, for example, CaCly, CaSO4 Cas(POs):z and
other substances).” However, since this Residjae_ 2 (R2) is hygroscopic
(especially the CaClz portion thereof), it may absorb water from the water
vapour that is generated along with other cornbustion products, and thus
may have a sludge-type consistency. Accordingly, tubes which are used for
transporting this Residue 2 (R2) in the gas cleaning system (500) may be
_optionally heated to enable the Residue 2 to dry.

The post-processing means (2QO) exemplified in these figures also comprises
a suitable stack arrangement (600) for channeling gases from the gas
cleaﬁing system (500) to the atmosphere. The stack arrangement (600)
comprises suitable monitoring equipment to monitor that the levels of
pollutants exhausted therefrom to the atmosphere are within legally

acceptable limits.




opttonally fieated to -enabl e the Residiue 2 to dry:'Thevpost;prbbgzgrng ﬁ%ans* o
(200) exenplified in these figures also conprises a suitable s¥ WUt 2
arrangenent (600) for channeling gases fromthe gas cleaning system (500)
‘to the atnosphere. The stack arrangenment (600) conprises suitable

nnnitorinqw&&g%gﬁ?nt to monitor that the |levels of polbﬁh@?&@mgghausted
the a e

therefromto t mosphere are within legally accepta Imts. WO

03/ 069227 PCT/1L03/00115 41 Thus, the post-processing nmeans (200)
generates Residues 1 (R1) and Residues 2 (R2), as. escriﬁg% her.ei nbef ore.
I'n each dfmisofthehpostinraeessinge oranan@00hi SASEHBD e, 1t et 88fque

recyclin an 0 i. jses one or nore reservoirs (950).for
t enpor ar %esg‘ﬁlﬁs}g@g’n%f ‘i\%@ﬂﬁ%’ ielﬁ\‘{]ri'eon o(lt;lleResi dues 1 (Rl1) and Residues 2 (R2)
precipitated by the post-processing neans (200), as illustrated

schenat i Gabidh ondofthgUiret sécorsl mmtitifrd amdodinsants,thiingeidas recycdingnd 9.

Resi d R d (R |l i pi tated. b Ly i t
eservor meanbEBN0) URRHY GpEoaer glie PEa BT rS (PABGYE ipbPhilyy °Par &t ©
respect i g/t%}f%’ge | DhFi el dhio @NRBiduEae 1 eRifuesd aResittygi cal (B2)di schar ged

cont i nuous through chutes (251), (551), respectively, .into,conveyor
troughs pfeeititathdhy)the eopi-progessing means 44Dy %15%1@3@3/ S%h?&l%%@gy

respectively. In each. .reseryoi.r . resi conveyor pulls the settled
resi due F}%%FFW%4HQP?%ﬁ1%?§a¥ éﬁg?%%%ﬁjgﬁégpﬁgnsports it to an ash hopper,
storage bin, roll-off carrier, or dunp truck (not shown). The trough is
const r ucRegidaks YRR landr (R noeetmiallnrecipitated diyd eeavaiys #Har P&HE em usual |y

Ui 1 ot amByvoer riBOho W EERT e bAERBERree Pt tPor 2 Ao BEal M schedul ed
ggi”Le”a@%%egﬁag?ﬁﬁﬁﬁﬁMnméh@qgﬁnds&ufhébbﬁdaagaﬂa$y@b£ﬁ5dﬁmhpmymﬁng syst ens
y be use or transporting the residues out_of the reservoirs, wherein a
liquid neshtimadsluedug chutesABPo ()1 HPeEPY KEMACBYSIETOHN® or fuel .
A ternat ) e siows) 8obked GO RISAGA' E50TRAINBS) FékRE el BISRM t medi UM
reservoir, the residue conveyor pulls the settled residue from the bottom of .
" the trough and transports it to an ash hopper, storage bin, roll-off carrier, or
dump truck (not shown). The trough is constructed of steel or concrete, and
the residue-discharge system usually has two conveyor troughs so that a full
standby is available. Having a full standby permits switching between.
. systems for even wear and scheduled maintenance. Preferably, though,
suitable auger systems or pumping systems may be used for transporting
the residues out of the reservoirs, wherein a liquid medium is used for
transportation; for example-spent oil or fuel. Alternatively, steam or

compressed air may be used as a transpord medium for residue

-transportation in dust form.

The present invention is characterised in providing a residues recycling
system (900) for recycling non-gaseous vesidues, such as to ensure direct
processing thereof -,at the hotter parts of the processing chamber (10).
Referring to Figure 6, in the third and preferred embodiment of the present
invention the residues recycling system (900) comprises both the direct feed

system (700) and the indirect feed system (800), substantially as each



“transportation i'n“dust form The present invention i's charact eri;sed in_
providing a residues recycling system (900) for recycling non-éz%éHhsmﬁ
resi dues, such as to ensure direct processing thereof at the hotter parts
of the processing chanber (10). Referring to Figure 6, in the third and
preferredygiiadinent of the present invention the resigypgesffiYs! i N
system (900) conprises both the direct feed system (700) and the indirect
feed system (800), substantially as egch WO 03/ 069227 PCT/ H, 03/ 00118 42

descri bed herein with respect to the firgt and.second enbodi nents,
respect i Vias{ribed,  Bgrewm rﬂ%‘ﬂﬁna?@?‘:ﬁ ot ﬁ]éefﬁ?%t anfp s nf’%’f’éi’t“iﬁeé{]‘ﬁ’r esent
invention, Ve Shliatg th@taGagure 7, the residues recycling system (900)
is in the 1‘g rmof 'a direct feed system (700), configured to directly

channel at |east a Eart of the residues precipitated in the gas processing

ans (2D0¥he dirsthem I ¢ PEREent (BRuI0gE apfide P J1gW5e {Sim |l arly,
me DO}he irsthemhodineant|of W b & Heetmeangd 7

and referring.to Figure 9, the } re | i of the
third e %F%éﬂ?esar%gc@no%ﬁﬁtglens E%O%Aiqrggg‘tthfae%}( gf;gt@r%%% 3%%% 3393(]%%1' cally,
Resi dues (o) Rkbnfigerdd et dizeetlimohaned] it st #epartvof rthe256idusshi ch is in
fluid communication with the hotter |ower part &l%é) f the Qa%;oer (10)
via a subresipitatedahe %ﬂ@cﬂsm%@ﬁ%ﬁ@géo ithe bReter g‘?“-‘r'%c?fﬂg & system

(700). St} (38! fhfdibthd (1) AREROHy TRANS H{TAe TBY PBrH S dtnd QEsidsad sting in

I
t he transpor?a I on of ]%(ﬂe residues (Rl) fromthe reservoir (2@@{/ to the
chanber ¢d@3}linanrgstery (AN0) lof e thisd ierdivideméntualdo eenipuives atfirdst & be in

gaseous form suych as_,st.e xygen Qr gLy, or.in Liqui S as fuel,
used oi | ?Yﬁtlaﬁ’uilt@g%ﬁ@lﬁﬂ& s]ge%&?esag H@h&i%ﬁe@é&e a%f%@%‘%ﬁ eéﬁc’j.rﬂlst}fc{ a fluid
medi um p @géh-dﬁé (8%0)2 wiHEH abhenhidbmmessitRubyithitheflotied lowanppert  means

- (720), ichisinfluid communication with the reservoir (250 m xes the

r esi dues (UDtdfithe chemben (1)) yiriaspaiasirorasiuithees s Qs COMPREtH B ‘z‘léf‘ovmst ream
Teod sycfURet Rt RNtR G s BuisBHE I Ranlndil it 000) MG b o e
t ranspor fdmgsdisieng @5 ithoasahgportagion of the residues (R1) from the reservoir

(250) to the chamber (10), and nﬁay utilize a suitable fluid medium, which

may be in gaseous form such as steam, oxygen or air, or in liquid form such

as fuel, used oil, liguid waste and so on, as hereinbefore described. Such a

fluid medium providéd at a suitable high pressure by the fluid transport

means (720), which is in fluid communication with the reservoir (250), mixes

the residues within the fluid and transports the residues mixture

downstfeam directly to the chamber (10).

Additionally or alternatively, the direct feed system (700) comprises
mechanical transport meaﬁs (730) for transporting the residues to the
chamber (10). The mechanical transport means (730) may comprise, for
example, a suitable pump such as a screw auger to displace the residues
from the reservoir (2 50) to the lower end of the chamber (10). A suitable fluid
may be further provided to the residues, fypica]ly while still in the reservoir
(250}, via fluid reservoir (740) to fécﬂitate the operation of the mechanical
" transport means (780), which is strategically operatively connected to the

conduit means (710).




ha sport means (7: y conprise, for
exanpl e, a suitable punp such as a screw auger to displace the pe?s’i-'Hh@Q%
fromthe reservoir (250) to the | ower end of the chanber (10). A suitable
fluid rmay be further provided to the residues, typically while still in
the reserv® és0662420), via fluid reservoir (740) to faci pitate8odipg operation
of the mechanical transport neans (730), which is strategically
operatively connected to the conduijgneans (710). WO 03/069227

PCT/ 1 L03/ 00118 43 Th dui t 710 [ tlets-
(760) | ofeendtis ohesn GAB) ComBhogrmme IR ORILTHS Ldngeog e | n
Dt 0Ll Buent B O GPof 0N AR Ger @R TRABLNbOCRIsCs o ) oty St ance

above th | et’s genera plasma torches ( or ot herw se
cl ose enquirably lobeeflet shatalistanat abiwe threepladmasieds generatesibizdbet o as hot a

t of chanber (10 ible. F e, Fi 0(a), iJ L ustrat

P agrontmaencirdrsndonbt GERATim B CREIEL HarBE 0 P dhbt PR The pl asma

torch (é'%)sﬁiés %P%g%dﬁhec?@o ARG Pigabt of CERAGEY (V0)Aas Posdibla! Fak|y vertical
) I C

wal | (1 ereo Is made froma refractory materjal. The outlet
(760)  of exponslyj Figneah6(a) lastrates ladcagreentied view of aentgepéionf theose to the

pl asma tqQrc 40).. In view of .t he hi i I r part of
Phe oharferarergh O RRergirt Kof Blorses iy DD FIGLIAT 3e o Al VE

arr angengRbedi 4600 subbthftindyiveetival wall (a5) thdrbofs widtteds immdei Gomea 10(b), in
sone configurations of the plant (100), the plas 5or hes (40) may be
verti cal fefravbumtoatarialsiThe ablehtiee® l(fmflduﬁdﬁﬁﬁss@o' e &‘fﬁ%’ge]ﬂl %‘10) . and
the outlet (760 C ' e i Ghapbsr tkd &gkl ose to the
pl une e *"B‘l(e .?%c}eveg?ég;?éé%o?ghh%4%§. }Xsd rl:i(){ﬁ(ﬁllt t%(%' glr%rlbodi ment of Flggure 10( a),
the out | RimgerGireday theripwies maat obthé nhajnbek 410), dhe angletdvR0)(PAB) . The

resi dues recycling system(900) can als sed., per insa re
limited ¢oampiien, 2 feqo 0981(']? g%%}%?wggz?%@),&[tﬁ%aﬁﬁ% Sggdgggd in the
gas cle 'g%@%%ﬁ%ﬁﬁ@@bﬁ),l th abheCr¥RagirEMS, of tie pesitddes), eycl i ng

system us preferably conprises a suitable reservoir (530),
provi dedplaemat herches (40) may be vertically mounted 1n side chambers %18%

comprised in ché.mber (10), and the outlet (760) may also be located in the

side chamber (18) close to the plume end of the plasma torch (40). As in the
embodiment of Figure 10(a), the outlet (760) may comprise a cooling jacket

arrangement(’? 70).

The residues recycling system (900) can also be used, perhaps in a more

. limited fashion, for recycling Residues 2 (R2), typically produced in the gas
Vcleaning gystem (500). In all embodiﬁents, the residues recycling system
(900) thus preferably comprises a suitable reservoir (550), provided for the

- temporary storage and accumulation of Residues 2 (R2) precipitated by the
.gas cleaning system (500), or more generally originating from the post-
.processing means (200). The reservoir (550) is typically similar to the
reservoir (250) as hereiilbefore described with respect to Residues 1 (R1),

mutatis mutandis.

Thus, referring to Figure 7 and Figﬁre 9, in the first and third embodiments
of the present invention, the direct feed system (700) further comprises a

suitable conduit means (520), providing fluid communication between the




' st'orage and ; : 1 'S ed

gas cl eaning system (500), or nore generally originating from thi dgl@fd&
processi ng neans (200). The reservoir (550) is typically simlar to the

- reservoir (250) as hereinbefore described with respect to Residues 1 (R),
mut ati s mytpfdksey Thus, referring to Figure 7 and Fi gur gefhoshiisre first
and third enbodi nents of the present invention, the direct feed system
(700) further conprises a suitable gpnduit nmeans (520), providing fluid
comuni cati on_between the WO 03/069227 PCT/I{,O /00118 44 resetvoir (550)
and condraseryoil §360)aan serdrip (21 @y apiyalse RypiesaRly LOMPIHEE ST ng neans.

In this manner, . Vi j . o ; b

i nt roduc@ldl?lpf’%g{%%g% i\/Ivl1 }ﬁg&fe%n%a’(e%&@%ﬁ?éf aﬁgmg’egﬁ 3&&56%32%8)32) tg t he
| ower hehh&je p@Fddueéd, ttbecthhantidr Réia)es AR By fnamniresdrypirt (R8O bndled t means
520 may | nstead be routed (o r .0l 250) ,,.t.0. b ] ith
st Auedower hastsr BeRof EobfatBbeh ) AIREY R Rl am i te)

Al t er natj yel. ' ; 0 ixed Genh i RpsidtbsSD t
ol o PR ateh b o R o D e oot (10)
separ at gRfly beforberResitge® the(Rpfuit magns 6F10)hikemativebe thasiteshdui t (520)
may be directly c cted,to the | qwer ar ;o

Si )r/n | ar fﬁ%ﬁﬁ%%?%gtm@’egﬁﬁ) a6 "% "ﬁs’ego 8%%%&1%&%3%%5 )0 Q%mt :51'? i 2

mut andi Sy, JRSinthd¥RicE 16 Ehe EREEDSY $10NBeOZAAP frm ¢heResiduescnfRikes suitabl e
mechani cal transport neans (not shown

t ) for transporti he Resi dues 2
(R2) to drvefor tthismsrrpesaothe wwndui(BROFBRR &Ridectly tc?lg‘?ﬁ‘%%‘?ﬁ’ %:lﬂ?eﬁay
conprise, for, exanpl.e it : e SedBWhad ge¥ the di spl ace
t he resi%gsoff m@%%b?lgggjjvg??i ?’EE %pto t%gaﬁ%o%ea} part (17) of the -
chanber h@hit Sehhalll ) yvalnatiseansanise Dhuar thepdinedtdeed snstere(7Tdndui t neans

(520) to control and.interrypt the flow of Residues he chanber
(10)  whenrefarghlsr ePTEas %}HE%H? Ry t‘f)aélsﬁ?]%e%e%mn‘cf ﬁnétilz%%ol& f;‘))%gani c

waste, s £ Qe XBE R cUB eROiHaCHRinbher qIL0)Y, i@ di shchunéchamighl f ed vi a
said di rtgg'ﬁs@g%%s%lgtem (780)(1?%) the | ower part of chanber (10). In the

second eirhasparenhemis miry prrapdse, fonesamiRe, 2 5VEtaPLE ST §UEY 8 Gur e

screw auger to displace the residues from the reservoir (550) to the lower

part (17) of the chamber (10). Suitable valve means (560) are provided in the
conduit means (520) to control and interrupt the flow of Residues 2 (R2) to
the chamber (10) when required. Residues 2 (R2) may be mixed with liquid
organic waste, such as for example used engine oil, or liquid fuel, and fed via

said direct feed system (700) to the lower part of chamber (10).

In the second embodiment of the present invention, and referring to Figure
8, thé residues recycling system (900) is in the form of an indirect feed
system (800), configured to encapéuléte the residues in a thermally and
mechanically protecting matrix of slag and other additives, and to then
channel the éncapsulated residues to the chamber (10). Similarly, and
veferring to Figure 9, the residues recycling system (900) of the third
embodiment also comprises an indire-ct feed system (800). Typically, the
Residues 1 (R1) are first accumulated in the reservoir (250), after

precipitation from the gas processing means (200). The indirect feeding




8, ~t'he residues recycling system (900) is in-the formof anindir ecfJ f =%d'
system (800), configured to encapsulate the residues in a thernﬁlayl Sr?@
mechani cal ly protecting matri x of slag and other additives, and to then
channel the encapsul ated residues to the chanber (10). Simlarly, and
referring w@odnsomre 91 the residues recycling system (988}n@bodiae third
enbodi nent al so conprises an indirect feed system (800). Typically, the
Residues 1 (RI) are first accunul ateggin the reservoir (250), after
precipitation fromthe gas processing rre%ns &%??9) The i ndi r%ﬁﬁ feeding WO
03/ 06922 7y$Em | B08) C@TIHises asyiKlg (BEMPE o HYs c&highnis iy BHdnber (820),
which is in fluicd: ' [: hthor N Qi i : bt (825). At
| east paF?mmu%lﬁ%mﬁrg‘g)léﬁjdgées%%%{ggzné@ %gﬁﬁﬁ&?ﬁ%ﬂ?}é?@?&gﬁﬁ?@%ﬁﬁgre fed to
t he m xipgidahardRetmul820)invha rgsavoiry(260) areyfesluio tisl mixngphamberr angenent
(not shown), and the Resi duea; 1 (ng are m xed I%&%hﬁ m inﬁ %hanber (820)
with an (88AksisseRarity Ry antBEiaRIC PRPBMEATHRETRE L HE® SHTY D ALFY 6t her
reagents ES'E{}H?S jh i),esajrgugﬁxg% ent YRk C 3hikihd" ctRdaWirt eg@agam saand sl ag,
and enca%su ated o glued to formpellets or ?ranul es in such a manner
such as &mapeelveiniz miaeénial, bepirally slagi el ontionailyatharrpagents. dhyer part of
chanber (10).,L Such granul.es ,make. fhe resid S I hermal | y
but nmechii Zesidues &% ty%‘ﬁ?ﬁ{ Wﬂl’éré%vﬁjf ik i§ b 3#183}%{%%g%ﬁ9%8u?%ﬂe§eogch t he hot
zone in the ligWekm Rkt dil gradiuldshia sueharheinne? 8jich ba tagdétendtheirhe granul es

may al so interact with different conpounds .in fhe r (10) as they
n gr at e beingwarded poinby ges fies th?eﬂlmﬁﬁ’@%ﬁ&haéﬁ%e%@%gﬁr#ﬁ%t erials
may react with differe c S ok gLauULBRaNY 188 aridothnssol i d

sol uti on?aﬁﬁltg&rﬁﬁltd?lssePﬁ/%bl%g%&ﬁggﬁg%ﬂgaelg ?urray di ffusfé fromthe surface

i nto theaghaRUhes fR6es iimesolreach fier Wt zohleanttbe deweypariil €sof ed "pel | et s”
are used herein interchangeably, and refer to a.nmass 0 n&% .al '
conpri si fepsben (FQs iIHu%%dlgﬁﬁ’ gf‘? Py arat iy Hﬁ:fﬂéarcl%aﬁtht ypI %%I?CI y slag
and/ or si:;(l) &?&Lfdsr SRR BanttRl L) af ehey nAtkrhe dswhedddd tores'ds thiei ch
optional 'y 'Tnclude one or nore adhesive- type materials Su&i? as tcement or
gl ue, fomedingptene, Thud, someswolatilth theteyials may react with differen

compounds in the granules or may form solid solutions. Alternatively, some

components may diffuse from the surface into the granules {even in solid
form). The terms “granules” and “pellets” are used herein interchangeably,
and refer to a mass of material -comprising said residues and an
encapsulating material, typically slag andfor suitable reagents, herein
referred to as “additives”, which optionally include one or more adhesive-
type materials such as cement or glue, for example. Thus, these additives
are characterized by having adhesive properties, that is, they bind together
paf:ticles of the residues into a matrix, and further, the matrix thus formed
does not disintegrate under the conditions found in the upper part of the
processing chamber; rather, the matrix is destroyed at the elevated
temperatureé which are to be found in the lower hotter part of the processing
chan;lber. Suéh adhesive additives may include, for example any one or
 combination of cement, sodium si]icate,' organic compounds including
thermoplastics, and inorganic compounds and/or complexes including oxide

powders, oxide solutions, salt powders and salt solutions.




-ar e characterized by ‘having adhesive properties, that i's, they: lal nd
together . particles of the residues into a matrix, and further, t%éulﬂgpqslx
thus fornmed does not disintegrate under the conditions found in the upper
part of the processing chanber; rather, the matrix is destroyed at the

el evated wPEBRgsR4 Ures which are to be found in the | owpeT Qb hAlLs Part of
t he. . processing chanber. Such adhesive additives may include, for exanple
any one or conbination of cenment, sggiumsilicate, organl c corrpounds

i ncl udi th | ast d
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function resi dues | east partly enbedded in it or
encapsulipepdlally drd nsachhnieally ostabitize niddel ms@&snﬁa‘harﬂtﬁﬁdﬂmﬁ @B?&bﬂl ize the

residues for a sufficient period, co elatedt t me fromthe
upper erf@rredategdolt B?\é@lﬂ?ﬁ)‘ﬁt J(;‘P‘eefr'ﬁﬂm HHPE* (‘?ﬁ tﬁ %ﬁv&% alét%:{me become
clearer hefgi ﬂQﬁb@Wﬁltﬁuﬁbvﬁﬂ%&%ﬂé%ﬁP&h&Eﬁ%m& Selreicapéiletingef erred to
as additrves, for exanple, cenment optionally mxed with

wat er, sihierialg [hasesn@ﬁbls sefencpdntass| a@fhtlde-‘gl mey ingludeNaPOCEKERIT S| o2

V\/nerel nm n are.nuner LOrs: dj § acti ons)
or Ii qU|Q?“%ﬁD§£Ht’€nﬁB§F’é1XE%1H‘E¢%Hm%%T r‘?accf';l1 aéjs {aITS% @M%}%éﬁb e IETS(E)r sl ag, or
i ndeed %Mﬁg;@nggoqgiopfwh@m ﬂﬂditf\éﬁ‘s niinesieal fmmrsnmullsdmgay be

provi ded to the m xing chanber (820) via suitahle, silos e erv0| rs
(830), h;ut%mﬁ@ndf ffé@imﬁ),t ar figun) 0%&%11@%??9( Q-ntf:)]é‘g% B‘Pacg'iﬂet 8%1 punps (not

shown). The % "ﬁ%)ga%g'ﬁl 128! 4 lﬁ:u%?% g»ieﬁﬁftdfvﬁie\éeb(ﬁitﬁﬁ% dBgbsedi rect |y

fromthe® via reservolr ter the slag has been cool ed
and br ok&yn elnﬂst mestibd atvedesd methqomnxmgltbsmhea (82Qndponitableofilofeans

(840), which may include a cond rran i cul ar
t r anspor 9L, TeSABTIETSICHED gjy BT ‘F‘Vduéﬁsgtég ‘g %%%’eﬁgaé’ At gﬁg%@%m es (for
exanpl e d}%(m?ﬁ'{ﬁbﬂq&dv&n)o%e'élag Y@é}ﬁéd&&l@ﬁhﬂﬁ@f @M@ﬁvﬂi&)e)pmmﬂedt may then
be m xed”w reagents and wth residue. \Wen sl agE EO out into the
wat er , t fieectia fietethefchamber (10) via reservoir (60), after the slag een

cooled and broken up into suitable sized particles via transportation means

(840), which may include a conduit, conveyor arrangement, or vehicular

transport, among others.

Typically, slag may be cooled into granuleé (for example by pouring it out in
water from the chamber (10)) and it may then be mixed with reagents and
with residue. When slag is poured out into the water, the diameter of
| granules formed depends on the melt jet mass flow and the diameter of the
jet (which depends on chamber’s productivity) and may be less then 3 cm.
Such a system may also include a rotating drum When slag with water is
poured out onto the drum granules. of slag are ejected to different distance
depending on their diameter. Granules or particles of slag may also be
furthier crushed before introduction” into the mixer (820) if required.
Alternativeljr, the slag granules or particles may be formed by first pouring
the molten slag into metal moulds. The moulds may be of a suitable size
such that each mould provides a single granule. Alternatively, the mould

| may be much larger than the desired granule size, and once the slag has



-granul es forned depehds onthe nelt jet nmass fiowand the dfénehg; of hﬁe
jet (which depends on chanber's productivity) and may be less t JyL 2
Such a systemmay also include a rotating drum Wen slag with water is
poured out onto the drum granules of slag are ejected to different distance

dependi ngyaosideehs di aneter. G anules or particles of spagu#gyeiad SO be
further crushed before introduction into the mxer (820) if required.

Al ternatively, the slag granules or pﬁ;rticles may be formed by first

pouring the nol . nto uld The moul e of, a suitable

B se "3 uctoolednd atlidihiod the sremiae s e Y e AR Tyt he

moul d e sleside ﬂul%@!dir YT once the slag
TEpIIERBYED shiRdiBsd fiagfiﬁg 58 %(ila 0

has WO 0 cool ed and solidified, e granul es are
formed by nechani cally crushing and splitting the SO|IdIerd slag ingot to
provi de granul es or particles of slag. The residues are typically
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machi ne or granul ating.nmeans _ (.850), where peIIets or ranul e re
subsequemﬂlgu‘%ﬁ pRY agglitiyes, ]”z‘% mfaé’rbee% dge fegpefron ii}% @3@ particles

wi Il be g hé‘E ﬁ:fl\ku‘é%hlh Enftdes greﬂﬁﬁaﬁ?ﬁg aﬁeéﬂae(sgo)r; fas@e Qfelleheor pel | ets.

In any case ey are anically bound iTn the pellets such as to prevent
the resi gtmmas hre:ble}sseqnemtﬂnedpeﬂ lbgtear jebs,der emnlédsﬁm@mf theresidwber (10)

by produc ses elle S thus Qr, se a

sinmpl e n‘P Q‘Fl egﬁ 61ﬁ§°8ﬁ’5| g&%ﬁsd nbae"rca% at”i,%g %Eﬁ%a Jé}%lve agent
used in Qﬂ%sngntzﬁﬁr BRe! they Abd RloRdhivALY botadrEn ahe tpbﬁetseag:bmmd hat exi st
in the xer (820) may react with the slag and residue durj ]%the m Xi ng

and sub@@q‘(@rﬁtthéa'ﬁmwmﬂrmleﬂ tethp aeilgte o PrgrmexafHog & Péhi ch
i ncl udes&]s@gbrg) uﬁafa%us ¢ e%{etggﬁgré}ﬁﬁ@ﬁhug fRdealiath cgﬁ%frﬁé #nd ot hers)

may be wat er and may form soffe conpounds
and/ or cefmpRxesxitirehwhidipinaot sishtegestied decawts afhthmyldhmﬂf@@@enhe same
oxi des, resulting in mat rj x ere,.the net alfglxl des echb]g)und,G %gd
t her ef or &sed in forming the matrix. Alternatively, some of the reagents thal exis

the mixer (820) may react with the slag and residue during the mixing and

' sﬁbsequent formation of the granules. For example cement (which includes

components: Ca0.mSi0z KCaO.nA120s; {Ca0.A1204.FexfOs and others) may

be used, and may thus react with water and may form some compounds

and/or complexes with components of residue, which may include the same

oxides, resulting in a matrix where the metal oxides are bound and therefore

not capable of volatizing until the matrix structure is destroyed by exposure

to the high temperature zone in the lower part of the processing chamber..

The volume (Vg) and external surface area (Fg) .of the residue granules
provided by the granulating means (850) may be advantageously contrqlled
and optimized according to the following criteria, wherein preferably, the
Voluﬁe (Vg) and external surface area (Fg} of the residue granules are

chosen such that they satisfy the relationship:-

Vg/Fg > 0.00002*H
wherein H is a predetermined linear distance that is preferably but not

ﬁecessarily correlated to the travel distance of the residue granules from the




“capabl'e "of volatizing" [ re is‘destr'oy% g’
exposure to the high tenperature zone in the |ower part of thenpzrd és@Bng
chanber.. The volunme (Vg) and external surface area (Fg) of the residue
‘granul es provided by the granul ati ng neans (850) nay be advant ageously
control | edyo @ndopt i m zed according to the foll ow ng crpégiiegoorvdrer ei n
preferably, the volunme (Vg) and external surface area (Fg) of the residue
granul es are chosen such that they 48atisfy the rel ationship: Vg/ Fg>_

0. 00002*11 whereip, H i.s a pr er,m |4 | t 5. preferably

_but not: uPEf‘é'é%?é’gPFF}%e E]%ff"?@%aﬁgﬁtt? g’?ﬁg‘%ﬁ%‘ﬁ%%%lé?%%goﬁ tﬁé{ lr%esi due
granul es %6&%@&%%@%9&8%;; REEALY 0BLRGE kenMBlimeppethedasighiotf t he chanber
(10) toft:l e lower, hotter part thereof, Thus, i ad¥ﬁnta eoa,{s)ly and

pr ef er al:hhychﬂhbme(:lob,rtaﬂihaﬁ‘s)@ﬁb@éﬁ%@*h?fsthek%SW&H&ﬁ%’cﬁfto heeRafber  (10),
taken fromthe nt er t he l.etm: t he sl ag

out | et 5&? ls{a(g&@’etggﬁéfé%ﬁ ?}%g%plﬁ%ﬁﬁ:ﬁg% e 7 %t%%%ﬁg]? %EF i/r%fyl—lfénay be

def i ned RenLNGs ¥EE Vbdial dissdenrcakénfem fhearmntéreidbaes outlet (36) tlms out | et
(50) to either the nom nal or mnaxi | eve) of .t.,he surface.of fhe slag at

" the | owmithepdhe npnripalogr W@%H%@?lng(%%? 8 ftgﬁhﬁesﬂ(aﬁ' g)t%lﬁﬁ 1(E2|V%I'ur e 7, for

exanpl e), _por lot,er ' Y en Fhiglike7 | fovekamald), ¢d7) provided

by the ﬁaﬁg%ﬂaqfé%g@% )(1?%XPE§%£%S %HI?1 i%&Fi, ure 7? ?Eir) exanpl e), or

-~ al t er natglyehytively tohhedettzeneat thadowen putt @RNPEIVidatebhihe RlasHAs R

torches, preferably qf .the,  upperfost pl h ked; ") in

Fi gure #orghgp %@a%?’%ed a?J'Sr(Hatri)t“% ievglté%gga{nﬁgegbglg tg’gc% ena’%g% e('%_rhe chamber

(10) ( W%%%nﬂa etk duitpufbHAIE ofie of Elhie plarm Bjrchdk poefdrabdy vb théie | evel of
porosity of t.

e residue IF%Lanul es, these may.al so cggnlpri se % correspondi ng
| nt er nal userface plassaa tomuhuémarkas @p XELD O FIFWE] 4udY SHHPREY PTves is then
fed fromthe mxin h 0 ghaRuLAatd Mo ARARE 48%87) iwo form
sui t abl yalgqr?@ Vglyaﬁ)ultg%%g%%%(eﬁ%ﬁe%féﬁbmeregf t te(r(?) <(51. sui t abl 2 transportation
syst em (B&5}e Carfi @katlife). Gieeondies tb abehlevelpbpormityop! thee reHdRPer (10),

i 2 Tho swaslsst Guah Agpigled gappriae 8 fobsiording ftofild ARARPRIl 500 el EREr:

Thus, the mixture of residues and additives is then fed from the mixing
chamber (820) to granulating means (850), to form suitably sized granules or
pellets. Thereafter, a suitable transportation system (855) carries @he
| granules to the upper end of the chamber (10), via a waste inlet means
comprising an air lock arrangement (30), either via the waste feeding system
(20) or directly. (At this point, of course, the granules may additionally or
alternatively be stored at a suitable location for future use, and/or
transported to a different plant (100) for recycling therein.) The granules are
then introduced into the chamber (10) together with other waste from the
'feeding gystem (20), or without such waste, and then migrate downwards to
.the lower hotter part (17) of the chamber (10), as herein described. Thus, the
* encapsulation of the residues by the additives substantially prevents the
residues from prematurely being carried out of the chamber (10) relatively
intéct, exiting thereof via outlét (50). Rather, some of the encapsulated
residues interact with reagents during the downward migration, while other

cosidues are enabled to reach the lower hotter part of the chamber (10).




“(20)or - directty. (At this point, ‘of course, 'the granules nmay additionally
or alternatively be stored at a suitable location for future u e2 JHh 0y
transported to a different plant (100) for recycling therein.) The granul es
are then introduced into the chanmber (10) together with other waste from
the feediygodashem (20), or w thout such waste, and thgarifeghdige downwar ds
‘to the |lower hotter part (17) of the chanber (10), as herein described.
Thus, the encapsulation of the resitgrles by the additives substantially
prevents the residues from prenmature

y heing carried qut of the chanber
(10) rel Thisvehpodimenh&as thah d&ﬂgadvﬂéht%gﬁthﬁtég%ﬂbéﬁhf%%qa%éw@ some of

t he encapsul,ated ,residues;int it urd: ik gjgé/m,vvard
mi grati oRSeRnITY 5P hcgpglnﬁ%lg &g‘éggtr)etwgnagpggqtﬁg% ?Setg’c%htﬁﬁgltz&ggmer hotter part
of the GHATBELoAIRYion WReS3A0 AR ThEGHahik3/ BRYIR 4%cerin slegntrodf ment has

the added advantage that slag, which.is, o.a fluxing. .agent y be
cont i nué‘pblfpsﬁd’dé‘ﬂgt@é ol it (FRRFEBF ™ @aﬁ%mﬁﬁzmbnn‘%ﬂﬁn r? §E°§?

congest i t i ARSI QY ke cltaiBEt @op degree of

" por osi t@&r{b%‘%{%e&é%%anﬁdﬁrﬁg%%%e, which is he(l: pf ul i(ﬁ Ir:ai ntai ning a good

di stribution of heat and tenper ature_gr adient in the chan‘?{%r 0). Thus, by
enabl i ngililee bgcynildihg ebeduewded Besidngroded beocxpreetli fh thee ature of

the hot, |ower, part, (17) .of the r (410) { ined in the
resi duesteWHeE'ﬁt‘ﬁﬁ\fg t&‘Sv#%ﬁ?W%gp%m?gtf t}?lgSChr?ay e@m’g%?gr g%g!éé by ot her
mel ted Mgkl Wheesidisf Midnhaoxildesmeiting dempesdhtssi oy bad new

conpounds havi ng hi gher nelting tepperatures.than, sa of _the original
corrponerﬂabswb@d’g&fﬁ othsr @?@ﬁ’fﬁl%ﬁ‘tﬁ‘?%eﬁh‘%ﬁ”‘é" Frend oﬁ}g?eso%aﬁ’e??ﬁnﬁer al's may
be forned ic ' AXiesn®thi ritiMg  tendpRratflres @hanTi and Si
in di ffesf_oglﬁilt%}bsr %Bg?%{?&é%%ﬁﬁ er, ?%ag%%rs (ao%%d to the residues and/or
the sl agsdpidtofithe heighgalr enypdredty sherebl| Buw) yxatapler MateEalBnhsUbAposi ti ons
with slag and/or with the.resi dues being r ed.- 0 atile
CoNpone g oEenG BURSTASHEGY k@tﬁi’ﬁn@‘gﬂ ‘gﬁcbé%% ?r"%%ﬁ%%?’%%%?%é’ ot Mgc’l , for

exanpl e, pf I ML 5EERE BiFfetint BOhHRM OFufthom thgentadadsledandheends to

ascend in’thé processing chanmber in vapour _for tl'hr%ulgh t.he colﬁnn of
residues and/or the slag that is being recycled (see below)) may form suc

compositions with slag and/or with the residues being recycled, to allow
volatile components to be trapped. Such volatile components may be formed,
for example, from the recycling of residues or from the waste, and tends to
.ascend in the processing chamber in vapour form through the column of
waste. In mineral muscovite, (KAl(OH)2[A1Sis010]), different elements may
be replaced therein, for example, K may be replaced with Na, Cs, Ca or Ba;
Al may be replaced with Fe, Li, Cr, Mn or V; OH may be replaced with F.
Such compositions may trap different toxic components. In such a manner it
is possible to include in the slag some heavy metals, such as Cd, Zn, Pb, for

example, which were originally in the residues, and thus rendering the same

safe for disposal.

- Referring to Figure-S and Figure 9, in the second and third embodiments of
the present invention, a conduit means (570) and suitable pump means (not
shown) enables Residues 2 (R2) to be introduced to the mixing chamber (820)
from reservoir (550). In the mixing chamber (820), Residues 2 (R2) may be




“waste. In m ( (OH) ‘difflerent el

be repl aced there| n, for exanple, K nay be replaced with Na, Cs%r%aﬁ'irz%;
Al may be repl aced Wi th Fe, Li, G, M or V; Od may be replaced with F.
Such conpositions may trap dlfferent t oxi ¢ conponents. In such a manner it

i s possi blg §Rsh2¢! ude in the slag sonme heavy netals, s Zn, Pb
for exanple, which were originally in the residues, angé?ﬁﬁgmggsnderi, ng 'Ehe

Zﬁget hs?Le Lgrddl sp;)salf ReLerrl ng tggFigure 8 and Fi gure 9, in the second
I enpodi_nments. o t he present i nventio an 570 d
sui t abl enp%% additivse inshewplaranannest q?ﬁ%"} d{l]f‘égna[?e‘? Lﬁ?sﬂa fng rochgg
to the n%ﬁ&@{?%}t@lﬁaﬁ) oplib BNy A8CAXAkEn (RO Residhbs LNERT) fidig chanber

| (820)_, sr'dues 69227 PCT/1L03/00118 50 mxed with
addi ti V&’éséxﬁroﬂ‘ @5@ I’Hhe wandidt rheartsh@it70) esdr ideechriduit (395) duas etch (R1) ,

mutatis mutandis, aIIy ad nto S|dusl R m

(355 i SRR I A AL o el o720
abl gy xaloy 28)singsPectpyel omé k| he fl

Resi dues- 1 (OR es%lnd Res(;ﬁc}ges (SR1>2), reg%zeoctrﬁpeﬁcﬂ%l?om% ﬁgbnﬁlﬁg echarrg\évr °

(R 2 5% uetcﬂmandi%t (éz@bthadrgby heablmgaiﬂwemlaamﬁrm@uw oﬁB@ﬁldue% 1{Riraypd and
. %}é}é& §7 g#éo u\%‘o Hef)ﬁa it R be, ctBHE{ ﬁla!iegdte‘ﬂlﬁﬁ{'&? 'g%g' y, the

condui t rout ed € reservolr to be
m xed wgohd@shﬁg% (5‘7@1&2@6&@5@@@&@&@&1@0tthetzheemm @§oyhianber (820) or

| at (8
?LZ”S&L&%@%Q%W%%@ G rebreituasoainedy SHbFIBIRARBIEE LD fer oi
Al ternati ve ues %ﬁfhg'gl(%o L"’é:{dg‘?‘g‘e’% %@(éﬁﬁ%a erPBe GSeH $c0denesh1S0o as to

enabl e I@& y mxe addl tives and then
i ntroducsd hmouhe @h@mds_mjm()ﬂ())f Regigaeat® (REpheine iFesidenedsthierg®) . For this

pur pose the conduit
Chanber ARGvATeRE T (TR Aot Yo AT ot PO RS S Bh Dand a
granul at éﬂb%lé“j@%%du@“cﬁ FREVith Y alitdclyS Paikéd n{&ﬁhs a&tihlﬁ‘ilvbﬁraﬂ:liljtthsnpar at eto

that describ erein for the Residues 1 (R1), ati_s t andi.s
introduced to the chamber (10), separate from the ReSI ues 1 (I{IH g‘o %hls
purpose the conduit (6§70) may be directly connected to a separate mixing
chamber, having additive reservoirs in communication therewith, and a
granulating means, and a suitable transport means similar but separate to

that described herein for the Residues 1 (R1), mutatis mutandis.

In any case, the indirect feed system (800) provides granules that may be fed
into the chamber (10) via the upper end, in the same manner as, and
.typica]ly together with, regular waste. As the granules descgnd through the
increasing temperature zones of the chamber (10), they are correspondingly
heated. However, the temperature inside each granule is different from that
at its surface. The larger the granule the greater the temperature difference
between center and surface of the granule. Similarly, the lower the thermal
conductivity of the granule material the gﬁ:eater the femperature difference
between center and surface of the granule. Also, for a given material, the

greater the porosity thereof, the lower its effective thermal conductivity.

For example, it is known that for a material having the thermal properties of

wood (with known humidity), the time (t) in hours required for the center



“I'nany ‘case, the"indiTect feed system (800) ‘ot ovi'de
fed into the chanber (10) via the upper end, in the same nmanneid ZSUL 209
typically together with, regular waste. As the granules descend thrbugh t he
i ncreasi ng tenperature zones of the chanber (10), they are correspondi ngly
heat ed. HW¥Rfe224 e tenperature inside each granul e ispgiffgoand from that
at its surface. The larger the granule the greater the tenperature
difference between center and surfage of the granule. Simlarly, the |ower
the thermal conductivity of the granule material the greater he
]Eg-;rper at t&mp@iﬁfﬁ@_r@n%éphﬁ@t edivsd@nineinchag) of heanatesialt ereaﬁlér‘ifaﬁe. Al so

a give eri r i [ i ,
ef fect [vETRAG R Rat dbp P by VS LRBARL folcBRE iabfon BEDT 1S
tmia';rgr 1( ?I)a ?ﬁﬁtﬁdgm}ﬂs MefﬁQrﬁgi%epamﬁraﬂdmﬁicd wharhctevidtivskefole gelliekdi ty), the

u requir 0 e C er, WO _03/.06 7.PCTL1LO

t enper at(Hesarsiouy Wsts @Dgr ﬁ@?‘ijs‘}vﬁ’ﬁtﬁ i .1J?eﬁch1§s§a\5$ ﬁﬁé Fﬁh"t’eé?llél gorlégcﬁlt he
surface 4 f@;‘?@@@b’fﬁevﬁi@ﬂ’&b@isﬂbﬂ’s@:n by the follow ng approximte equation for
a particutar-external tenperature and physical characteristics of the
pel let [Hazardous Waste and Solid Waste. Edited by David H F. Liu, Bela G
Li ptak. 2000. Lew s Publishers]: t~ @.5%25*r 2 Thus, this equation i nai cates
ghat L_or a wood-like naterial about one hour is needed for the center of a
; e: nt' ' aﬁﬁ}seﬁchjgeelqbl\gﬁoﬂ?n?ﬁﬂeEQQQt kRS wH6d-BRE mAteRREABS W dhe WRiuFiikar

ationships between (t) and (r) may also _be derived theoretically and/or
enpi ri caidedled dor dhhetentert of izaldsin Tamsster fpellple tgrannapach phesugigeby t he

i ndirect feed system (800 . fici I
{her ol feBRSTRIIS] YR HIAGPTERER orasanuLin R PRed HlsdbE AebRYE | PC
por ous) &gﬁfeﬂgm BE Al EntpifieAPPRR M Ber Matdtiils.r esi dues may exist relati vel y

intact wmthin the granules while these descend to the hotter
chanber (10). At the sanpe tine i o

. | atjvel y. i i i :
B b et Tadke Infieeh feagt FEtael GOREyBe added ¢ o
the WaSts?ufEit%@nﬁPEiapé’é ReRCaRb BiGH NGy M @e¥aki %n@ﬁc_tivity (aided in this '

respect if the granules are also porous) some of the toxic components in the

residues may exist relatively intact within the granules while these descend
tc; the hotter parts of the chamber (10). At the same time, relatively small
particles of inorganic materials . (w'hich may exist in the waste, or
alternatively may be added to the waste for the purpose of aiding recycling of
residues) may melt at the same level of the chamber (10) as the aforesaid
granules. Thus, when volatile comf)onents are released from the inside part
of the large granules they are able to make contact with the hot surface of
the granules or with inorganic particles in the molten state, or even with hot
-o_r melied material of the same large graﬁules at their surface, and thus the
volatile materials may be subsequently absorbed and/or adsorbed, and may
react with the material in contact therewith. Thus, the actual granule size
and composition may be important parameters for the efficient recycling of
residues, and these parameters may be optimized for each type of chamber
(10), typically depending on the residence time of the granules inside the
chamber (10). Accordingly, it is advantageous to produce porous granules,

and to control the composition and structure of the granules such as to




“resi‘dues)” may mal“t at ‘the same I'evel of the chan‘ber (§O) as the aforesaid
granul es. Thus, when vol atile conponents are rel eased fromthe ﬂrﬂsﬂﬂb 2p8r t
of the large granul es they are able to make contact with the hot surface of
the granules or with inorganic particles in the nolten state, or even with
hot or myldRAss¥at erial of the sane |arge granul es at tpepfosshisgce, and
thus the volatile materials nay be subsequently absorbed and/ or adsorbed,
and may react with the material in ggpntact therewith. Thus, the actual
granul e size and conposition may be I nportant, paraneters for t he

effici enpravide ef ithg S@t'fac'i! ofithacaranleg Yushseomuosiian sidchunashEselst i m zed for
each typ pi cal |y depending on the residence tine of
the gran a@’sm?%@ienggmf 82ulgieﬁr?&f}g'er (10). Accordingly, it is-advantageous to
produce porous granules, and to control the conposition and structure of
the granul es such as to WO 03/069227 PCT/L03/00118 52 provide at the

surface of the ul es suc i on. whi ch _may,.j.t se t.rap,vol atil e
toxi c coRREs ﬁ#esééﬁmaﬁﬁﬁﬁgﬁt%ﬁ%@e@feﬁ%? firg tl %ﬁﬁ% 1tleés%sorre
- quanti tig ﬁ%b&ﬂﬁ%&l&ted(ﬂehe e 366 Wtleat @ddb@ntﬂaebﬁ&seatle@am ng

system an t be treated there or | ndef| nitely. recgcl ed. This may
lead to thmeem ngiaﬂmeteheg:acsrcged aChispmaai dep@ i@l §X@|edt1@<|t kgpb¥ents in the

ntil {RERAB Bt Ta T SR ietiRuph i TR ceRl R B RBlnep’ O] D¢

"cl eaner(k 2) Im &y ,be\/\plbbed m%pbﬁall)étdi"&g@.hﬁxtﬂ tilal mrmmﬁmrd of thehmmstand so on.

Resi dues (112) typ| cal | y contain Ca(0OH),2, NaOH,
NaCl, Niedominph i ths chagben Dol ¢ ﬁ’dllc‘?r’ F%i&’aw(}?ﬁ y metals
i ncl ud| Y Sr gyl B.S and other materials which are normally

I nappr o%fglla?& Egﬁl%h sgose inland fills. The volune of residue of

these materials may be signi f| cantly reduced using the system of the
present invention by recycling Residues 2 back into the hotter parts of
t he chanber (10) as described above. Ordinarily, these materials react at

el ati VLU U ol @O MNP tonbRN CROI),20ACL, TUHDATAGOFENROI (n the
- NaCl, NazS0,, metal oxides, hydroxides and/or sulphides from many metals
including heavy metals, dioxins and other materials which are normally
izz;appropriate to be disposed of in land fills. The volume of residue of these
materials may be significantly reduced using the system of the present
invention by recycling Residues 2 back into the hotter parts of the chamber
(10) as described above. Ordinarily, these materials react at relatively low
temperatures, say about 200°C, such as those found in the upper part of the

chamber (10), to produce HCl and other products which are not desirable.

However, when introduced to the hotter part of the chamber (10) as in the
present invention, these materials dissociate to the éomponent elements, and
many of the metals may become embedded in the vitrified slag, typically as a
solid solution, and thus rendered safe for disposal. Different materials may
be included in glasses (such as vitrified slag) in various proportions. For
example, such glass may include: Hg (<0.1%); S, C1, As, Se(<1% or more for
special glasses) and oxides of metals; Cr, Ni, Mn, Co, Mo (3-5%); Ti, Cu, F,




chanber (110) ; “t'o produce" . ‘product’s whith aie not desirabte. =
However, when introduced to the hotter part of the chanber (10) 3d& Juh 208
present invention, these materials dissociate to the conponent el enents,
and many of the netals may becone enbedded in the vitrified slag,

typi cal | y y@soshgo39! 1 d solution, and thus rendered safe pefm@sefagsal -
Different materials may be included in glasses (such as vitrified slag) in

various proportions. For exanple, sggh glass may include: Hg (<0.1%; S,
a, As, Se(<l1%ar e for. special dl e nd, oxi d f ls: Cr, N,
Vn. Co. U8 5. o ThrB (51 Raion: Beoher S oo groBbe oo B, co. ' ool
Th, Bi, S5ord2%0x1 ki , K, Ca, Fe, Zn, Rb, Cs, Sr, Ba, U

(15- 25%?f%%,z@’A&’gbbP’%;%g%‘%SM}hus, vol atil e conponents such as Cd, Zn,

C, S Hg, Pb, anobng others, contained in Residues 2, nay be at least in
sone neasure included in the slag, and thus renoved fromthe eventual

resi due ,produced by the pl ant 100 O dikngot he _Residues 2 directly
to the N vaR rc%%P?’Pe(n%)S“‘éI{‘ BRngd, 2, R0, Eil{%) phRaBER HER, 2 9 [ oct
met al s thataicen ibRefdest 2yveby beeppladt iff komeRasasdireinduded it hResl ag, wi ||

t hus depend on_the possibility of the orrespondi hg chem.cal. el ement to be
i ncl udectlagy and thpagerwrpddrendhe wsatus kSt BieaPTOAECa Y S Blemd ag

produceggﬁbf)bg)gﬁar%ﬁmqg gﬂeoﬁ)g dddy diraggr gan%ﬁ l?oﬁtéljl%& PRtNON dfugh of these

met al s enove rom Resi dues erefore, at tinmes the
i nt r oducdhantbeaf (1Be TlkuamoRntoof these heatblerthat @hn eyeffsstively owedvddwn or

al toget her stopped, to.prevent thi met.al s bei ng end| es cled within
The Bl aroma BOiues % R the mib ik B SPERRL o8 (s porpaph b Bs”  Ro)
cannot i R, RRLIRYingCHeePRL A8G8S: REDE WhdlYddRhY Bheblag ompoRtionl @agon is that
conpounds such as™ CaSO4 and Na2SO4 again form S]Lﬂgghur oxides_in the high

t enper attineerelaiiee avfouphe of Kiagbevedpaed) by tthe gdaniy( Ehygp therring converted

in the gas..cleanin (o] e hed T , these
conpone I?lto?nei.ﬁgvs?ﬂ uczggéﬁﬁ%;:}gg%ag%%g bté:ﬁeecii veﬁ}y rem)ve% gi/mtiﬁe recycling
process, thapsford)4s ttirhes thesiposddetidn bR eHiddiear 2t thesdmenberdtO)eraypke via t he
transport neans . ' . '

slowed down or altogether stopped, to prevent these metals bemg endlessly

recycled within the plant (100).

Further, and unlike Residues 1 (R1), Residues 2 (R2) cannot in normal
circumstances be fully recycled. The main reason is that compounds such as
CaS04 and Na2804 again form sulphur oxides in the high temperature zone
of the chamber (10), these oxides simply being converted in the gas cleaning
system (500) backl to CaS0. and NazS0i. Thus, these components of
Residues 2 (R2) are not effectively removed by the recycling process, and
must be disposed of by different means, for example via the transport means
(590). 'Thus, again, at times the introduction of Residues 2 (R2) to the
chamber (10) may be slowed down or altogether stopped, to prevent these

materials being endlessly recycled within the plant (100).

As mentioned hereinbefore, Residues 2 {(R2) may also contain dioxins,
particularly if the original waste processed by the chamber (10) contains
PVC. The dioxine are hazardous materials which normally need to be

disposed of in a special way, with associated high costs for doing so.




(590) . : : n ‘Resi dues” 2 (R2) to the
chanber (10) may be slowed down or altogether stopped, to prevedtZ JHeS806
materials being endlessly recycled within the plant (100). As nentioned

her ei nbefore, Residues 2 (R2) may al so contain dioxins, particularly if
the ori gi Ra) pRShe processed by the chanber (10) contai germRyeeigrhe di oxins
are hazardous materials which nornmally need to be disposed of in a special
way, with associated high costs for g,_%)l ng so. WO 03/069227 PCT/1103/00118
54 In the present invention, one of the products of treating the residues,
" i ncl udi nfp dhexpresent sn¥d@itionwinehof $hergirpdyets micireapadthsy residilegas cl eani ng

system bu art..of. whi s _fypi.cal lyqa : at nosphere
via st ad%’“é%? .m%ﬁfﬁci’h‘g%galfén? aiﬂtgﬁ%ggé E??ﬂ?il%gtcge%&%uch, and
other, oHicHS RSarMof Whithsd tifcdlBndlldweddiocattiaust oo thy atifresphexanpl e,
according to Eﬁ% I nternatjonal standards, ; exanpl

f q%mas dﬁ{%ned by the
EU and bya sigek Homever, iherq aredpea) endsafeh Hoolts iesushn 224 Ofity s, dry
basis, 11% .02) f.ar | SSi i . ' ' : for SO2 it
250" meerong et dapet BE SREAREA PntfhuRp Rt e B EhBE T my be
neasur ednahy tihRrstiasK §B0ahrdsy fatiekahble senstined (850)¢ FAhdrdhese
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appr opr i Ggrananye dhe it Javeyage fa (Tasyes B 2 O8RS 1) For exanpl e,
if the '(%‘5% HisOhas W &d &gpefgﬂﬁehﬁtéﬁ@dmwﬁﬁmm%g@m

pr edet ernmi'ned (ﬁreslﬁol d, - this cou e indicative of too quch Residues 2
(112) bedjubir metareThedeval of BCldhadiotirer(piytantghmrayiesmeadied & e ng rate of

fl ow of Resi 2 (R2) .may be r c S I ; ntil the
| evel ofsoRgs ?@3/‘%5’(@@’1‘? Sgn%ffﬁéﬁbg‘?%%%sg %ﬁ%%?%’% %agﬂgél@gé%agi n within
accept ahly@tidl PabSmetdrs EOASRrmikink e lpedpridte fobd onienef Bemidwes Bul phur (or

ot her elenents that formtoxic conpounds) stjll 't fall,,.this could
mean t haR2) e thesckambenhlOnHosrreatrle ¥ q‘bé’eifvf’lzﬁg %@Qme&Pﬂ’é@dhpﬁh | evel s of

HC , and a difielen Clb G A G tebRidbac dedbshbla, Ahdeicotld Bentrol the
f1 ow ratsfnﬁ?rSR@‘{ogu%XsC%ga% %)c,b&tgﬁg%\fa Ve means (560) (in the first and
third enjp@eiap®stos koo anch Residads/2 (RBdbeing eapséddin the dwgehay (10),

and thus the recycling rate of flow of Residues 2 (R2) may be reduced or

stopped altogether, umtil the level of HCl and/or 80z (or other toxic

components) is once again within acceptable limits. Of course, if the level of
chlorine and/or sulphur (or other elements that form toxic compounds) stiil
doesn’t fall, this could mean that the waste being introduced via feed (20)

contains high levels of HCl, and a different correcting action is needed.

In order to control the flow rate of Residues 2 (R2), the valve means (560) (in
the first and third embodiments), and the valve means (528) (in the second
and third embodiments), are advantageously operatively connected to a
suitable controller, such as said controller (150). Said controller (150) is z_ﬂso
preferably operatively connected to the sensors (650), as well as other

| components of the chamber (10) as hereinbefore described.

One of the main advantages —and indeed aims- of the present invention is to
introduce into the vitrified slag, by means of recycling of residues, the

components including the following heavy metals (Cd, Zn, Pb, Cu, T, Hg, Sb,




T s advant'ageousl y-op‘era't*i"“v'elgy ‘connected to a
suitable controller, such as said controller (150). Said controffl&Ju(28)
is also preferably operatively connected to the sensors (650), as well as
~other conponents of the chanmber (10) as hereinbefore described. One of the
mai n advakga@ageonand i ndeed ai ns- of the present invent p@fimeSodi®s | Nt roduce
into the vitrified slag, by neans of recycling of residues, the conponents
i ncluding the foll owi ng heavy netal S5EfWCd, Zn, Pb, Cu, TI, Hg, Sh, WO
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boiling points or are destroyed chem cally at | qQw_tenperatures (for
exanpl e arrapeesertef thyotent (B Q@%Plﬁ%lﬁu¥3@eé;ml%@ﬂﬂ§@@elzﬁ))c dest r oyed,

Cd 2 00C t d)e h v ' W eTal W oi nts or
are cholabTy BEpobhcl e e e Bl I ol B e 20 615
A84S4 53451967ePbhdf#bllPG lowhEhdefh3r&C(foPeSiriplbd HIC35E6I,1HE61L, Ni C12 970
C, CuO 10260C. (destructi o enperature), 7 06 QC, Cd 766.5
0C, cdcB91ds% é@leﬁcﬁ@ g@oﬁé;).‘i 91@%%‘)88‘6%39‘%@’3{)?%%580% GVfents, the
slag i SCRB%%‘ %gxggon%sgﬁ%@%igﬂeﬂmé 261t Sr Abe PRAhREHytdR8tropé®at Nt r oduced

I nto the cha However, and optionally, the system@éQOO) accordi ng
to. any higheaf termperaiurss (forsewomleoAst it ¢Ce i FBAL’E, 3T LREd SPesent

rooyol | mpce pehel” End TIPL 6 BRac SR PECHRCA R ool IRt G et

possi bl ygadshdtioseenaprieirk), Zinille, 1T3RCeAarmoenc, C0)66.Th6, Caay: sétycl i ng
system conpri ses a_suitable granul ating qr .other  _converting. ns for
conver t g GO PRRASE)- farthe sredng and F%diem%?dg}’%@tspgﬁF £d8 Pr‘?‘ﬁﬁggneans for
tr a“Spog}g‘ {ﬁ%aﬁ% olfecﬁgtgérﬁnﬁl%rstorgée]ﬂé hst 2k BRFSdRhESntO tRe SHhkdBke inlet

conpris e cool%®r part sald at | east one processing chanber.
(10). :

Hﬁowever, and optionally, the system (800) according to any one of the first,
second or third embodiments of the present invention may further comprise
a slag recycling system (990) for directly recycling at least part of the slag
formed by the plant (100), and possibly additives as well, into the chamber
(10). The siag recycling system comprises a suitable granulating or other
converting means for converting at least part of said slag into slag particles,
and means for transporting at least a part of said slag particles to a suitable

inlet comprised in the cooler part of said at least one processing chamber.

The recycling of slag helps in providing better heating distribution within
the chamber (10), and also for trapping volatile components in the waste
itself-and/or the recycled residues. When large amounts of slag are produced
by the chamber (10), part of the slag may be recycled, while the remaining
slag may be sold to customers (63). Thus, and referring to Figures 4 and 7, 5
and 8, and 6 and 9, the slag recycling system (990) for the first, second and

third embodiments, respectively, comprises a suitable conduit (995).
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t he chanber (10) and al so for trapping volatile conponents in g Jua<2008
itself and/or the recycl ed residues. Wien | arge anounts of slag are
produced by the chanber (10), part of the slag may be recycled, while the
remai ni Ngwehsadodny be sold to custoners (63). Thus, angctffghdhidrg to
Figures 4 and 7, 5 and 8, and 6 and 9, the slag recycling system (990) for
the first, second and third enbodi mggts, respectively, conprises a

ilcj)lntngglt gélgg]%‘%l fg‘g‘g‘g‘%”\%oo /06%%1%%)11;’@&@% [g’lp%?cfg%gﬁg?%oﬁdgﬁra | east part

of the shagfrom shens eser W theQeseSodn (6@, atasiladd @i vbiBerwienverted to
particles of a suitable size, to the top of the chanber (10 ina simlar

 manner tc@nwmetegwamﬂr@slepmﬁam@béﬁ@zemn@wowéé thy Cbﬁ@bﬁhéll elt & feed

system (80 of the secpnd I:

hgr ei nb(e%'u(‘?r1 x %P&?Y? %ﬁ%%gngleﬁ%{)?%cggo%ﬂ&'{?%ﬁ@qt@a %2@%#‘%% system (990)
may furtfeq Wl $800) of Xh@gse@dmlmﬁid (tﬁﬁﬁ) eafbetahénte) \ascdasveibedd t o t he
~conduit (995) and reservoir wher n adglqatl ves may be ag from an
ext er nalh@‘@mlw@reggw’ﬂaﬁﬁ@lﬁé‘ﬂmsxwtwn@ Ytﬂ%e EJearinerystem %ﬁfﬁent m xture
granul at ed w] |y, A #Bcbe

control I'® %@‘Fa %oc[?&rpr 5!15 Ch H{%ﬁdg@?bb?& ﬁ%lg%rof%ggg@ar ea (eFr) of the
sl ag gr adoutldest (BO5Paimidi ndse:srom &ﬂ),ctvhdrdagx adabtlmsaglavéw@dderdgﬁwsaem (990) may

U

be advant ageously c rolled .ac {0 th i in which
preferab%ﬁeni éoéﬁﬁ@é ;eéf?f-a‘e ?ﬂﬂ?g@ g?eqc e gl”%é‘wgranul es or
particle, %H%%f&@cbpﬁlbﬂﬂsﬁ hay sl bﬁ&ﬁhgtéyetdh@hﬁsﬂ Toncoitgulledr / Fr <
Vg/Fgwh reln is the volune and is the surface area of the

gr anul esviarconpat {i&)es produced by the i nd| rect recycling system (800). The
slag granules or particles may optionally be provided from other waste
processing plants. Wile the residues recycling systemaccording to the
present invention is best incorporated as an integral part of a

pl asma- t'yhe wdsine cadvard fuface area (Fr) of the slag granules or particles

recycled by the slag recycling system (990) may be advantageously controlled
accérding to the following criteria, in which preferably, the volume (Vr) and
surface area (Fr) of the slag granules or particles are chosen such that they

satisfy the relationship:-
Ve/Fr < VglFg

wherein (Vg) is the volume and (Fg) is the surface area of the granules or
particles produced by the indirect recycling system (800). The slag granules

or particles may optionally be provided from other waste processing plants.

While the residues recycling system according to the present invention is
best incorporated as an integral part of a plasma-type waste converting or
processing apparatus, the residues recycﬁng system of the present invention
is also retrofittable on many existing plasma-based waste processing’

apparatuses, according to individual circumstances.

heat |ihg di st ributionw t hl n



pro ST NC stemof the present =
i nvention ng pl asma-based WUl 2006
processi ng apparatuses, according to individual circunmstances. WO
03/069227 ‘PCT/1L03/00118 57 While the residues recycling system according
to the preaemiosspyenti on has been described in the conpeyiLe9horss
pl asma-torch based waste processing plant and is particularly adapted
therefor, the residues recycling sysggmis also directed to any other type
of- waste_processing plants_which conprise at _|east one gas outlet neans
and al soVWhild Hie resifhies eardingaveiem perpridgnty thedugsey ipventiemobargi ng a hi gh
t enper at ur l I aLt o, 1.4, . .f{l.cient for
enabl i ngg?%oﬁgg%%&m%ttgg\ﬁdc’?gge;%ooéa{‘ gﬁﬁnﬂ%g%ﬁg@%ﬁag@ﬁg@ ?ée%ﬁé nto nolten
sl ag. Thilént e ippestnilarlpeeiaptanticefal sthe sppluesaktyeling systerpli@asma t orch
based waste procgssing p] ant s. guch pl ants , na¥ inclugg, f or, exanpl e,
processiap dirafed 1o Anyather WReot Waste Rrogessing Rlatp APk GrgerisRiat e, pl us
- coke or 1608l odeSetBRNLCHGhAs BAE ALPGANEN MmhARRE laeMbdiihel DRaER L her of
and oxygen is ngVI ed via a lower end of the charber, providing intense
heat sufsdaptehtorf protifimge enkizhstampabtiurorgemiic a iewer paot wblsaédh sl ag.

Anot her exanpl e j ncl udes,.t he, type of..processin lant in whjch,MSWis fed
to the ﬁf‘@ ity 1?:“}'7% cigph féﬁ ﬁ?ﬁ%&ggeﬁ’ﬁrgﬁ%’é‘?e‘g?%e %‘iﬁ’amﬁ%‘%dagf‘i, pr eheat ed
oxygen gRegrdid@b HaaDaGRER iioaMbleatsMaTRub Ot presshtdhvertivh Bhasper ,

provi ding i ntense heat sufficient for the conversion of morgﬁanl cC waste to

nol t en sipaticabla toneweplssmat trcl pasric wagiedrigsesseng pliads. Pwd ooty resi dues,
exit the _processjn h Vi r a I i.le,kn the

f or egoi r{ﬁg%elggﬁdﬁt %8?1 65 lfabé)goci%ggagt glf%Htgngly%gﬂ ew‘mélsfbtg’civégi:&c1 aéen‘oodi ment s
- of the inyeRig0sewdgeWivhbted @lundeks opomabyis tduppted kil thedpratesdveg art t hat

the invention is not linited thereto and that, of her variati,o in form and
det ai | s chayhes V%§§Pﬁle€g|\/é‘?¥?8ttandle?i‘éﬁg?? H@W"r"a‘#ﬁ‘{ﬂé alogiss e&ﬂd’?ih? rit of the

inventi Qf,R8Jei Brétiditk088EhseSBedt! @&iffiBient for the conversion of inorganic

waste to molten slag. Another example includes the type of processing plant

in which MSW is fed to the processing chamber via an upper end thereof,
and hot air, preheated oxyg'en and fuel gases are provided via a lower end of
the chamber, providing intense heat sufficient for the conversion of inorganic
waste to molten slag. In these plants, product and waste gases, including

residues, exit the processing chamber via one or more gas outlets.

While in the foregoing description describes in detail only a few specific
embodiments of the invention, it will be understood by those skilled in the
art that the invention is not limited thereto and that other variations in form
and details may be possible without departing from the scope and spirit of

the invention herein disclosed.




A residues recycling systemfor recycling at |east part of the residues
‘formed in a waste processing plant, said waste processing pl ant $i2ayih@ot6at
. l east one waste processing chanber adapted for accommpbdating a colum of
waste and for enabling said waste tos%igrate t hrough the chanber in a
domnstrgggﬁﬁ#%ection, sai d chanber having at | east one upstream gas outl et
nmeans a her having high tenperature generating means adapted for

- providing a high tenperature nelting zone in a downstream part of said

 chanbbr an# residilesttegpeing syFtem dps recvehnggaislepist sarbaf thaaesiduesei n sai d

mel ting f&ﬁﬁ% i a%a@ceggioﬁé&mvégtadte astd wamle priok etk

in
subst ant i al ~all 1 norganic te therein to be ne
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ed into at | east one
oI el Ei _efl_ gk %@sft]?cmb %tgﬂaf p?dtfésyi/ﬁ?r&iamnmi Q?apuata_tfbﬁ%?(ﬁﬁﬁi&dia@ﬁigf @nt zone is
at conditjons s i cien r en ing .gasification o ani.c waste in

5 0 cortlnmBy Shawiste T 1Bk o seid Srastecd HyBreim ShUpEatheel y
connect edahtbesaind aaﬂowhmhngmﬁremd' ?1? saﬁ@a:%lamm hhgmgeat (}w@tr ehebs aid
post - processi ng neans .are_adapte nabl.i ng_said resi dues .to be

col | ect #¥5HT2 B aﬂ?lf’ﬁgme(%lgr éjtllidog{u5€he§ailba‘§{lgl glé%l? HEPGEAPEE by ocessi ng
chanber genkheatéhg nsexirgs adegptedeor peayiding g leghttemperatingr melténg zedei n bei ng
adapted.for 4.0t ' t el t ti 0 | ' ' the | ower
part of Jsla% gﬁgitrngglgelségllil g cr?{rﬁ‘?_‘%%é‘ﬁ%{rh%‘?@c?u;?lﬁgl{"gye?g‘ﬂ?gﬁﬁ’g I[%%?d system
sai d pogasifications abue,r sdietaiss said anelsing yoagpissetl conditapms Htgleasénper at ur e
mel Ui N9 @GRt ¥t dihiihed L8P IMP AR OR0RIR! IelIPa0She2. A

resi dues recycling systemas clained in (f aim 1, wher |Vghsa|,d recycling
syst em @eelied deto at leagkongnel arglted mefd § sauh vlag ‘ryp_ir ¢rgan paidonnect ed
to sai dupRtkeadi OE8SiISicAioNE20he Al aflagRitibRS s@fficesit for abnabkast part of
the resi ues tther rom. 3. resi d(gfesl rec;éllgl ing systemas clainmed in claim
1, wher SIS FLLERTHSWEB R ¥R P ARA I WaRCt ypes of resi dues,

i ncl udi ng reii duets 1 and, _residues 2 which di.ffer one Er m t he; ot her in at
| east thei r SHERTLCYRe PYFHREPGaSEDE F’I‘?é‘f‘%@&@@ﬁ%ﬁ’a?"éﬂ?c FRSR1hAE rom sai d
post pr desstsomeg wasta psoceasithgsehiaimbyss teherminsaid gesapriceasingomeanai d :
col I'ect otl ddaifibd Yok l?fél;%'by_n%emﬁafe%!i&’u&sokd B8t EMRCORE tREr BN MikriRE sl d

resi dues
' operation of said at least one waste processing chamber;
wherein said residues recycling system is characterized in being
adapted for introducing at least a portion of said residues into the lower
part of said processing chamber such that during operation of said system |
said portion of said residues is directly exposed to said high temperature
melting zone provided by said high temperature generating means.

2. A residues recycling system as claimed in claim 1, wherein said
recycling system comprises at least one collection reservoir operatively
connected to said post processing means and adapted for collecting at
least part of the residues therefrom.

3. A residues recycling system as claimed in claim 1, wherein said
residues comprise at least two types of residues, including residues 1 and

 residues 2 which differ one from the other in at least their chemical
properties, that are separately collectible from said post processing
means, and said system comprises at least one said collection reservoir for
separately collecting one or another of said residues 1 and residues 2.

4, A residues recycling system as claimed in claim 2, wherein said
. recyeling system comprises suitable conduit means for providing
communication between said at least one collection reservoir and said-
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4. A residues recycling systemas clainmed in claim2, wherein sgid
reeycling system conprises suitable conduit neans for provi di ng#¥ 2 JUL. 2006
comuni cati on between said at | east one collection reservoir and said 59
| ower part of said at |east one proces si ng chanber, said conduit neans

2020t o1 {9k DERSPREIA 0 18 B0 R4 DMl Bhid EARI R eRigl] o011 0n

reser voi ["ower onké processin anber for
‘direct esppted éorotrampdrmn&még*esxﬂ@@ omosaitbak lﬁﬁﬁﬁ pge spEeeliomn of said

system gsu rr?r‘ﬂfre’e‘d Qmswv@&»ygwaf §¥fdt EE”léést%ﬁ’é WelcdsRirfy 8hFnber WHET €1 N said

system er conpr]ses sujtable nsport ans operatively connected to
sai d adlneéhgﬁpwectaf ﬁaédtre&dqeést@r% Oftoﬁon&ﬁ ré{lgrs:g)erafaﬂ% r%ff i on of
said ragidues through said conduit neans. 6. A residues recycling system
as clainmed in claimb5, wherein said transport neans conprises a suitable
f1uids, mdlﬁ@eéﬂheb&@ﬁ;&j@@@ﬁy@em% clahhdd ieeladuned, wherdinresd dysteni ecycl i ng

system Ial med in cl 3, Wnere n said s furth 0 ses

Syt el SorBef ehmme St SsRERIF et hS pReRy el AT ER 1B 5 ot 1 east
one col Iaecleasn oes evollectiof oresessoist fory assistingp dransparbatién safl caicdsi dues

t hr oughrgaﬁg él ) séﬁjﬁ?%ndﬁit ]@e‘rﬂqgl dues recycling systemas clained in

claim?7 ransport ‘neans conprises a suitable punp for

“anS@wt'SAg 8us? Byl HiShom Oas AIARALAUES S8RV 5, Whet¥i AM@s c al med

~in claim erern sa means conprises at | east one suitable
out | et SrAISPOrY BISANSCORABESeY 2 sikable fleidemediym fr Wanapertubike ng
chanmber gaid fesdddhes2006 60 10. A residues recycling systemas clainmed in
claim 3, wherein said conduit neans conprises at | east one suitable valve

oper apl e tA resiles rb&felinlg @ytéﬁl & clafasd id chahi Bowheteinaladd sgstegies t hrough
sai d cor%uqclh means to be %i ectlanJX gjevent ed or_all owed
er comprises suitable mec ical transport means operatlvely
connected to said at least one collection reservoir for assisting
transportation of said residues through said conduit means.

8. A residues recycling system as claimed in claim 7, wherein said
transport means comprises a suitable pump for transporting the said
residues.

9. A residues recycling system as claimed in claim 3, wherein said
conduit means comprises at least one suitable outlet operatively
connected to said lower part of said processing chamber.




11. A residues recycling systemas clained in claim10, wherein,said val ve

i s-operatively connected to a suitable control system 12. A rediZdtk 2006

. recycling systemas clained in claim1ll, wherein said control systemis
further operatively connected to at | east one suitable sensor conprised in

i d post i hs and, adapt &4 ol | i . operat | f
sai d D0 veRnatontrhEanTe aruin Auacioed; ff GneM e dr A5 A ensor
13. A r eshduiismeeny coinpgissy st deasionel siitalde ivalvd epenable tthenahla thai d
recycli rfﬂné)ﬁ?&?[@a%?%dz%ﬁ &‘s%?{i’!%&ﬁdﬁ s Bhit '&ig%hhh eéﬂg'g@b ui tabl e
m xer for mxing at least a_portion of sald Tresidues Wwth sard additives,
sai d ad@Biqotlléf§13&EG¢)’te@@ed or aowedast partially encapsul ating said portion of

residues in a nptrix that is ther l.y and chani cal l y, stap] e at
tenpelh—turésr%lr}ﬁ&qsmy g, sEstem agaaénﬁ%ewg'sﬁsae_ﬂé},m 15in BRI YAEPT i cati on
zone of jsapérativslpeshnecte3oesuitdile SbntiobBydtaii.ng means for granul ating
said matrix into residue granules, and neans for transporting said residue

granuiigs tA aesidut@bleeydlineisystuinr as efainted ipackaimf 13aiwhetein estdd one
processin coal er..than the t here 14. A

chanber thaj | . mel £ing zaon f.. |
oot due oPE) arsrn sptuier SBrETtAP beniRel 1M REIE hOHREbIS G e
may be ckensen doropriaed tmesaid qusbi petdessingf meam:t andodidaptedsiforcat e,
organic Syl nc ' t her LGS 1 ' nds and/ or
conpl exé’@ﬁﬁr@;{ﬁgi ﬁ%@owg?%gm&gr g,gﬂiom ggsgfﬁj?ﬁ{)ﬂr%?trog?a}ie?e%eg\%ggrgg and sal t
sol ut i oreenditionsrsensetldhyesnid sepedn. ng systemas claimed in claim13, wherein

said inlet is a waste inlet for enabling waste to be input _ intg said at
| east 1&ne Aprezidyes mpcyelingeiystan. ap elasmgdein rdaipe| Ingvlsreinmadd cl ai med

in cl ai Pedyolindh8)fteth sanPriseddi kbiee GOsELASIe AdditiRastaratsififalai d sl ag,
and further conprising ]ggaﬂs for.i nt{"odu i ng.,at | east rt. of. said slag .
"nto salUNREGF ming et LestacRortin, of Srul IoRAuss SOIR SRS ai m 16,
further saodnddsivng adapiedoloe dtrlaasppattiaibyeacdgyulatingssad tportioslodfg produced
by sali dr%tsidlueegsgn Sm AR ERat NS %ﬁgrrg%gflyt 8118""'11990 aﬁ%&illyGlstable at

temperatures substantially similar to the temperature of the gasification

-zone of said processing chamber, first granulating means for granulating

said matrix into residue granules, and means for transporting said

residue granules to a suitable inlet comprised in a part of said at least one

processing chamber that is cooler than the melting zone thereof.

14. A residues recycling system as claimed in claim 13, wherein said
additives may be chosen from any one or combination of cement, sodium
. silicate, organic compounds including thermoplastics, and inorganic
compounds and/or complexes including oxide powders, oxide solutions,
salt powders and salt solutions.

15. A residues recycling system as claimed in claim 13, wherein said inlet
is a waste inlet for enabling waste to be input into said at least one
processing chamber.

16. A residues recycling system as claimed in claim 13, wherein said
additives comprise at least part of said slag, and further comprising
means for introducing at least part of said slag into said mixer.

17. A residues recycling system as claimed in claim 16, further comprising
suitable transport means for transporting slag produced by said at least
one processing chamber to said mixer.




18. A residues recycling systemas clainmed in claim 13, wherein_said system
further conprises suitable transport means operatively connected 2 JHL86g
at | east one collection reservoir for assisting transportation of said
residues. 19. A residues recycling s%ftem as claimed in claim 18, wherein

|

sai d rangpQrk i .l ujid: hu .t ransporting
t he ]s%i d $e§e¥s ngsag'?c;fcg%g s?%t%ggi%s“r% %%e'ed iﬁ. él%@gg?ﬂl%%&{eé%ycl ng system
as cl ai spsterm ferthemcomprigesrwiitabdaitdanspart enedny openativelp cosmectedi t abl e

mechani Gl BRORE oINSt BRFEAVER orGRANRELLThabApsARMGAlof £AS! One

collection reservoir for assisting transportation of sald residues at
| east t #esidi@sni xer. 21. A residues recycling systemas clained in claim

20, wherein sai, transport neans conpr.ises.a sujtable punp,for,

L1 anshdr t i AgresieuenTACY GG guRiem B Chmed icdtimalss PRASIR i as ol ai med
in clai frankpobtidifis €@APFrises A0suitdblectid analicm forbiran¥pbmen@pbéeabl e to

enabl e t he Io(i/ of tgt? Ifgst ..gvéortion of said residues to sald mxer to be

sel ect i Va1 reIALERtpast *GPHAIBE® 23, A residues recycling system as

cl ai in,clai.m 22, wherein Id valye is.opgratiyeglyconnected to a

Surt e eACEEALEL roll 1%.53’%%%%5%83&!%‘%9&?23%‘?ﬁ%ﬁs;@[ S S

cl ai m 28ysteier dumthemi dcompnises| siitakdm | methanical dpansparbel mesonsnected to

at | eas St - | ' ' I ans and

dapt ed PO @%bﬁ?ﬂ@%ﬁ%ﬁ%&@ TBaato 6tk bolletien ARSEYdIE S5 asBMing™

pr edet eftrantpgrtasinmpf said esidues atdastdiopaddmizer. 25. A residues recycling

systemas clained in claim13, whereip the ,volupme (Vg) .and, ext et nal
surf a¢k arBarq ‘}esoffe'éfcir’@aﬁs@nboﬁ‘% icgfﬁn&ﬁd 4B @Jmmeéﬂda@l@rﬁmﬁ are

chosen gpgtspofftmeMad RenprisbsOR08ZAtAbNhpugi fbt itsadspirethet eheidaed | i near
di stance that is correlated to the travel distance of the residue granul es
from t h&®¥IPPEP- part of the processing chanber to the | ower part thereof.

26. A?é.es ! g%‘%%idﬁl%%%%l:}'rcqglgsgfsttgﬁ] 8¢ alir%le 191 élgin(fll%l, %I‘%ﬁbr \ézvtralref‘lrl)%isri]n,c!{_I
at least one suitable valve operable to enable the flow of at least a portion
of said residues to said mixer to be selectively prevented or allowed.

23. A residues recycling system as claimed in claim 22, wherein said valve
is operatively connected to a suitable control system.

24. A residues recycling system as claimed in claim 23, wherein said
control system is further operatively connected to at least one suitable
sensor comprised in said post processing means and adapted for
controlling the operation of said valve according to predetermined
conditions sensed by said sensor.

25. A residues recycling system  as claimed in claim 13, wherein the
volume (Vg) and external surface area (Fg) of at least a portion of said
residue granules are chosen such that:

Vg/Fg = 0.00002¥H
- wherein H is a predetermined linear distance that is correlated to the
travel distance of the residue granules from the upper part of the
processing chamber to the lower part thereof.

26. A residues recycling system as claimed in claim 25, wherein H
comprises the height of the said processing chamber taken from the center
of the said gas outlet to the centre of a slag outlet port comprised in said




conprises the height of the said processing chanber taken fromthe center
of ‘the said gas outlet to the centre of a slag outlet port conpi&dUti2ppe
- said 62 |ower part and adapted for enabling the nolten slag to exit the
said processing chanber. 27. A residues recycling systemas clained in

claim2 erej ' ' st e om:hhe center
of the i%‘ivg{od)ggt na&l}‘{ Ia@%’ﬂ@%& ngﬁoe%}%éﬁl %bé%gﬁeﬁhggguﬁ %gg:n gl%étsri”]i}'éarml ten

sl ag at prbeessmigicHamber. part of the said chanber 28. A residues recycling
systemas clainmed in claim?25, wherein H conprises the vertical__distance

t aken2T.r ord\t Hesidued erecyelingesydem @gs claimadetint eladmy 5 gherewpddat ure zone
of sai d hLaWRiseRHe Ybriiddld ARIARES ThREn FHARRE -cedfer AfMthwl HHRE gagcycling
systemas cClained inp ¢lai r’? 5 vvhe{:flel n SEId processi nqg chanmher conprises
at | easougies tppnemnallerelalthe syxtace of thaprolten slagat e saidilogest ance

taken fpom bhtheaitiehapibde said gas outlet to the center of the output
end of said at |east one plasma torches neans. 30. A residues recycling’

- systedP8.as Al aédiddes nrecyeling lsystéer eisn chdimbdhiigh clatiant, atvhieeeige ¥€r at i ng

- means cqonprises at | easi _one.plas reh S .81 n n_out put end
ext endi r‘f& pﬁ}sgsaﬁ}foﬁg‘il‘%aelaﬁ%sﬁ%l& gg kélgi OI\?/arTgﬁée] ceg?%fgg)g st?lr?gg%]l'na gr said at
| east omatlet demaid bigh tempesatademovd dfmaid power garigofasaidgirocessieg at ur e

nel ting zq e';rn a downstream part of said chanber at |east sufficient for
enabl i ng substantially all inorganic waste accommpdated therein to be

mel tegg 31z fedifsbdyesydffy Gkt SYSBMMAN GhallaRd 25, YR sdigrther
conprising a . s ag recycling ,systeglfor at | east Earg of the s(ijg formed in
a wast e Prpfes8BESs ¢ @n%earﬁorlaMS%ag ga¥n ong RIBSMSJITRR WEAPY; 31 after
eX_t{aglt ic@iﬁpriéé@r?{er Q@i‘tit\é‘ﬁleﬂlgﬁtﬂnééitdkéﬂtla@ofnefﬁlﬁdeﬁi?elsyﬁt&ﬂé} sQidp lagels_ g_ o
suitable converting, nea or ,converti.ng. ea art of said solidifie
ol ag | nOBteEItGhg AetHET G5 the AHCHHAARY £ PAId 2hJEAt irgP AT RSHEES par ¢ of

said sl ageaparticles to a suitable inlet conprised in the cooler part of
said at | east
30. A residues recycling system as claimed in claim 1, wherein said high

. temperature generating means comprises at least one plasma torch means
comprising an output end extending into a downstream part of said waste
processing chamber said at least one plasma torch means adapted for
providing a high temperature melting zone in a downstream part of said
chamber at least sufficient for enabling substantially all inorganic waste
accommodated therein to be melted.

31. Aresidues recycling system as claimed in claim 1, further comprising a
- glag recycling system for at least part of the slag formed in a waste
processing plant and subsequently cooled and solidified after extraction
therefrom, wherein said slag recycling system comprises a suitable
converting means for converting at least part of said solidified slag into
slag particles, and means for transporting at least a part of said slag
particles to a suitable inlet comprised in the cooler part of said at least
one processing chamber.

32. A residues recycling system as claimed in claim 31, wherein said inlet
is a waste inlet for enabling waste to be input into said at least one
processing chamber.

33. A residues recycling system as claimed in claim 31, further compriéing
means for introducing suitable additives into said converting means.




one processing chamber. 32. A residues recycling systemas cl ai ged in claim
31, wherein said inlet is a waste inlet for enabling waste to e?iJHb 6
~into said at |east one processing chanber. 33. A residues recycling system
as claimed in claim31, further corrpgi' sing neans for introducing suitable
addi t4yes hniQ.:sal [ aps. .11 . 3 : si dues
recyc 4|/'n-g éy%‘%’é%&%sg r%?%l}i ﬁ{e% %téﬁm&% %‘;L],ngf’/\%ellrlJle:c%%tﬂﬁg3 1\?0?"’&%@? tgﬁd surface
area Tovelume (VEisand pwfacormres ) dofsphgleaghra inartionapé saidbsdagsuch t hat:
VI Fr < Mo{iFRsWheRoSerd ¥90h tRat: he volume and (Fg) is the external surface
area of "'the residue granules provided by said recycling system 35. A
residues recycling systemas clg@jfed y aiml, wherein at |east a
portion of said slag may be ren?;f\'//gg fY%lr]ffg]sai d chanber and subsequently
~cooled to provide solidified fused_s|lag. 36. A residues recycling system as
cl ai med whereimi(Wglis Whevolumeasnd (Eghds therexternal furfaas arenyof she provi ded
by said rﬂéianetﬁﬁﬁﬁfe%tﬁﬁogidﬁﬁ‘féﬁw f&%m%&@ﬁl.suf ficient such that said

[ [ tri

nmelting zone is also™a vi I cati oh zone. 37. A residues recycling system
as clgp medAi fasidiRisedfelitd) 85 Slcin Ak dIgRSEd #n AN 19RvIrefiad 18h#0a MY be
renoved fraqm S?"gjgic nber” and subse ﬁ"entléiﬁ]t ooled to pl’%\él de solidified
vitrifi ®TepRQl sgul SIREMEY P FIRE Qb PalH © Bex apdgubgeauently one waste
pr ocessicogledta previdadabidéted isedlcdlagmodating a colum of waste and for
enabling said waste to mgrate through the chanber in a downstream

]gli re?&.on,Asmsi%qéﬁﬁn‘eeyclh@isygtm headhimed irupddineaty gdrereiit |saiid msg_ns and
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high te Ure e Jinratdownstr eam part sai | er and a
rel ati veeperatvhg megss reeansuffietnti seth that saed meking roseiid aksbting zone is

at condighi 0 thin FGRS!

37. A residues recycling system as claimed in claim 36, wherein at least a

portion of said slag may be removed from said chamber and subsequently
cooled to provide solidified vitrified slag. '

38. A waste processing plant comprising:-

at least one waste processing chamber adapted for accommodating

a column of waste and for enabling said waste to migrate through the

chamber in a downstream direction, said chamber having at least one

upstream gas outlet means and further having high temperature

generating means adapted for providing a high temperature melting zone

" in a downstream part of said chamber and a relatively cooler upstream

gasification zone, wherein said melting zone is at conditions at least

sufficient for enabling substantially all inorganic waste therein to be

- melted into at least one of melted metals and slag, and wherein said

upstream gasification zone is at conditions sufficient for enabling
gasification of organic waste in said column of waste;

at least one post processing means operatively connected to said at
least one waste processing chamber, wherein said post-processing means
are adapted for enabling said residues to be collected therefrom during
operation of said at least one waste processing chamber; and
characterized in further comprising '

a residues recycling system as defined in any one of claims 1 to 37.




- sufficient for enabling substantially all inorganic waste therel‘ga ﬁ %ﬁ
nel'ted into at | east one of nelted netals and slag, and wherein* pHL 206
~ upstream gasification zone is at conditions sufficient for enabling

gasification of organic waste in saig,colum of waste; at |east one post

procesgi ngAC”wﬁQE'ln%eﬁﬂ%é%Péeé]Mn% ONBEiRdd @ SRifth 85, wWiRAen S&Rl

processi ng sai d post-pro eSSI ng neans e a apt ed for
enabl i nHTEGASHINE INANSS CORMBISeSoft| paitable; ABPERRENArd f iSHitable GnerEyn of said

at - | easiutDRitiS bfaisO GESGitABlL Qamlﬂéamﬁ@ds sﬁéﬂf aadeai #fithble dthek her

conpri si ngﬁéﬁ ei5| dues tr&caél i n sy%ggm as fi ed |n any one of claims 1 to
37. 2 JOP BLp Fonaecte ST¢ ﬁ?@ BW?&ST}PE abeti aired in clai m 38
wherejh sa ost rocessi rrean r.| Se bl e aft rburner

sui t abfe e‘é’fe‘wg qcPﬁsggg,@%n %1“51 égsw TEM By 9Pt m and a
sui t abl -@retesmsing m}eanatcommh';sesmtaldd afterbarnes at corshustiqn prebeitag chanber .
40. A waste processing plant as clained in claim38, wherein said post-
processi ng nmeans conprises a suitable afterburner, a conbustion products 1
2 JUL 2006 65 cooling system a suitable gas cleaning systemand a

sui tabl e stack operatively connected in series to said processing chanber.
41. A waste processing plant as clained in claim38, wherein said post-
pr.ocessi ng nmeans conprises a suitable gas cleaning system a suitable
energy utilization neans and a suitable stack operatively connected in
series to said processing chanber, and further conprises a waste water
treatnent system operatively connected to said gas cleaning system 42. A
wast e processing plant as clainmed in claim38, wherein said post-

processi ng means conprises a suitable gas cleaning systemand a waste

wat er treatnent system operatively connected to said gas cleaning system

and wherein said gas cleaning systemis adapted for channeling clean fuel
gases therefromto an external user.
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43. A waste processing plant as clainmed in claim38, wherein sai %nlﬁ} Q
t enperat ure generating neans conprises at |east one plasna torcﬂ yﬂ 006
» conprising an output end extending into a | ower part of said waste
processi ng chanber said at |east one69l asma torch neans adapted for

provi di ng a hi rat. [ e.d I f ,d chanber
B cas ool EPutkATPE AR RS IhffiPieteh of°h BREALIY BRI

- accomodaerativélyreonnectedin sesipedotsadd proeessing dugebethe of nolten netal and
slag. 44. A nethod for recycling at |east a part of resjidues fornmed in a
wast etlpr olewabtiyPErasingsplamtvigs claipredc i slaig gPamthargin said Rest-east one

wast e PrRe&sssinld ebdiP ebmprrRkesl fuefalde crNBldahid® sPste@®] HNBuipdbleast e and
for enablin sugtd waste to m ratet.%ﬁughthe chanber in a, dpwnstream
di rect i GRETERHIAMHI MeARS ABdaR Juitahle sitack gperatsely cernasted it neans and

- further sbaiekrto $Highproesssingtchenbgsneidafimbereampriagant sehstorwateovi di ng a
hi gh tegPertaturte maltiqri% z0on in_a €%D st r.ﬁam \%ﬂrt .of sa,ﬁi d chanber and a
relativ ?ﬁ&%} esfys'j?)tgt ) ngﬂ'sqoiningﬁq FORE2SRHETBER SLE % el t | ng zone is
- at copglitign I . SUffici f.or e |- u | _inorganic
wast ei?i‘hergi ‘?\’a of g&%%rse eé_fain%t%én%{mﬁlggs{}ﬁgindéﬂgﬁ gheqﬁegg{ﬂng%ig gggdnd sl ag,
and whemebeessaigi megist cannriges af switablergasorleanmasysentiandomsvasief i ci ent
for enaliy tAatidenakiQanP! oird Bty WRBNEclc 381 daftP|diith Rlartifig! o at
| east one post processihg neans operatively connected to sai wast e
pr ocessisigteamanbd rvhoween sl gas clerningpstensisnmylantad fonchangghipged for
enabl i nQI&A fid] @akEY fferefroRe t6 8hl&xebathltagr.ef rom during operation of said
at | east one waste processing chanber; 12 JUL 2006 66 wherein said nethod
corrgr i3es Ahﬁast@pﬁoce(s@ithpldrﬁC%é I&gaiﬁ‘_led geelaipa 38, G;ﬂlla@'mi Jagd i}ﬂgl}gs f _rgm a
sai d post processin neans; an introducing at. | east part of sai
oot dheteTREGEtie sertnathodt wimbristh RSt e Blasia toudioentitc *dur i ng
oper at i @omqfrisiapdasysitputsend extending into a lower part of said waste

processing chamber said at least one plasma torch means adapted for

providing a high temperature melting zone in a lower part of said
chamber at least sufficient for enabling substantially all inorganic waste
accommodated therein to be converted into at least one of molten metal
and slag.

44, A method for recycling at least a part of residues formed in a waste
processing plant, said waste processing plant having:-

at least one waste processing chamber adapted for accommodating a
column of waste ahd for enabling said waste to migrate through the
chamber in a downstream direction, said chamber having at least one
upstream gas outlet means and further having high temperature

. generating means adapted for providing a high temperature melting zone
in a downstream part of said chamber and a relatively cooler upstream
gasification zone, wherein said melting zone is at conditions at least
sufficient for enabling substantially all inorganic waste therein to be
melted into at least one of melted metals and slag, and wherein said
upstream gasification zone is at conditions sufficient for enabling
gasification of organic waste in said column of waste;

at least one post processing means operatively connected to said
waste processing chamber, wherein said post-processing means are
adapted for enabling said residues to be collected therefrom during
- operation of said at least one waste processing chamber; |




resi dues are exposed to said high tenperature nelting zone prox‘izgsg 2?0 t he
said high tenperature generating neans. 45. A nethod as cl ai ned”i 1’ %
44, wherein in step (a), said residues are collected in at |east one
suitable collection reservoir operatiyvely connected to said post

processino ARADS: 4 I%ch@eg@%ﬁﬁ%g%%é@%?d in claim45, wherein said

resi dues conprise at resi dues, including residues 1 and

resi dues Z(a‘ﬁ‘?hﬁ&tiﬁé AT %aé%’}?arftrd;@c 'Jll‘?eﬁtdﬁ% ftym & smag&sttmcéssqﬁgm cal

properties, at are _ separatel ol lectible fromsaid post processing
means, and wheRans: and step (a) residues 1 and residues 2 are separately

collected jn.different said collection reservoirs..47. A method,as clai ned
ol o A iGbrerBrRY of Baghpam of SHqorKEIaBE B IV em AR B om ohi g
~at | east oner?@oéds@ﬁ?g Gllihlhd_ beekuch lthaodarimg/\epf engmfoh Qﬂ(;saidaéy@téxh si_a@@?]t one
processi ng chanlyer for direct.exposure.qf, said residues t sai ot

mel ting zone T8¢ uﬁﬁ 8ﬁ%r%ﬁ9°§ﬁdo¥gs i @g?eﬁ?mgﬁfﬂxrﬁeph%ﬁngs Zgﬁ%i med in

cl ai m45, wherevidedrbysthepsaith higls temperaturadutneraténg aneans. xed with at | east
a portion of said residues, said additives being 67 adapted for at |east
parti4h.y Amefwd a8 clagmediid ghaim ddnwitereiwsingstep (ah said masidues @nat i s

t her nal | I e : i | ower t hat
the temsol B0d TRAAREAbnY Rk BBl CodtlocB RSBl Spor R Rt a1 nt o

sui t abl &o sail BeRt RfcaRIRS MEAN$. sai d residue granules are transported to a
suitable inlet comprised ip.the cooJer part of . Sa%jgi at | east on

e
pr oce®@i ngAdmg apilaimed & rdaimg (449, hererp said ge Weéa"é’mp%%agrocessi ng
chanber Jed}. tvfo 9HBO Bf agsithmis|redcludind aesidd8s Waeideresidities \Wohiiteh (Vg) and
ext er nal .’gurface ar e?hé Fg% o{) attof eaggS a. pear?tlon of saltd rzgl gue granul es
are chSLEsr SBEHTEMAFRE OBPeE DY atolegst sbew diarishh PP SSe dBREARE ned | i near
-di st anceephmadtelys colbectiblatfedmt saidhpostr avedessioigs reeanes, eind haresi due granul es
fromt h%té’}? PESrreQﬁflfesof aﬁ@%e&ﬁ%g at%eparately collected in different said

collection reservoirs.

47. A method as claimed in claim 45, wherein in step (b), said residues are
transported from said at least one collection reservoir to a lower part of
said at least one processing chamber for direct exposure of said residues to
said hot melting zone during operation of said system.

48. A method as claimed in claim 45, wherein in step (b), suitable
additives are mixed with at least a portion of said residues, said additives
being




chanmber to the |lower part thereof. 50. A nethod as clained in cb;Lghéa
wherein H conprises the height of the said processing chanber f w@m
the center of the said gas outlet to the centre of the slag outlet port
conprised in said | ower part and adgpted for enabling the nolten slag to
exit the said processing chanber. 51" A nethod as clainmed in claim49,
wherein H conprises the vertical distance taken fromthe center of the

id t4 et ' . the.: ¥ | t
o3 0 GBI 5 ol Bl Bl heink5idU54AGR OF rbORUIRAER, o120 At
49, vimmatwxn thatompr thersnalle asd: imachanicallunstahlakat fteBperRtuTesnt er of the

sai d ﬁﬂﬁst%‘ﬁihﬂfy To¥vetatshthkBd te atdlelbf s%ﬁ)cﬂ'%c&f nfe@{iﬁ |£M§H, fagt Of sai d
processi ng chanberl%tgabiA nmet hod. as clained in, claim49, wherein said

proce®EtHE tharBBK Rige SUiable ZoSI G SIPRYIRS: t 3RE nSHHdanesidne H

conpring@suléd ary erdispRrted s hasiidtalakaletf doampibal senhercodlertfiartssdi d gas

out |l et .ao the center of the . ou putf end OIi said.a eas;ﬂ.éﬁnf g%sgsnn t orches
meansSaifgit least ang Araeepsing E‘lﬁﬁnﬁﬁgﬁ prigtrodgriaondntq thesaidhat (east ¢ ¢ her
_conpr¢sé pepcebsingtehpniledr. of i ntroduci ng slag granules to a suitable inlet

conprised in the cooler part of said at |east one processing chanber for
i ntrod@ict i Anmeathod aheclaimed ain lckrist 4Hewheveiss shagvdunandVe)sand sl ag

gr anul e%"ﬁe?ntgﬁ suPfpdyuced (lb%) & ﬁqghﬁéa%%g%-ﬁ lgasid Ao c—?%‘fr)]él} s%?? sl ag

provi de e sald processing c uring opera ereo 55. A
net hod ghogdraswadythat: cl ai m 54, wherein the volume (Vr) and surface area
(Fr) of at least a portion of said slag granules are chosen such that:

Vr/ Fr < Vg/ Fg wherein (\Vg) iw%@%\/yg!déj%za (Fg) is the external surface
r edin

area of the .residue granules " step (b). 56. A nmethod as cl ai ned

i n cl ai nvleteinbkisgimedaterieiast lpwar distarive thabnpcrreatadedto the trasl dues are
i ntrodu I g i I u t Ld.:appar at us
and su bg%aiel E‘% I%;' S%l %of%%@%% S 8}%%(1@?@ g Etg o]h%?%gggﬁg ?félftfﬁg aﬁ%gb%'éﬁgo nents.
57. A nehaowbezdothailower partctheresfs6, wherei n sai d conponents include any

50. A method as claimed in claim 49, wherein H comprises the height of
the said processing chamber taken from the center of the said gas outlet
to the centre of the slag outlet port comprised in said lower part and -
adapted for enabling the molten slag to exit the said processing chamber.

51. A method as claimed in claim 49, wherein H comprises the vertical
.distance taken from the center of the said gas outlet to a nominal level of
the surface of the molten slag at the said lower part of the said chamber

52. A method as claimed in claim 49, wherein H comprises the vertical
distance taken from the center of the said gas outlet to said high
temperature zone of said lower part of said processing chamber.

53. A method as claimed in claim 49, wherein said processing chamber
comprises at least one plasma torch means and H comprises the vertical
distance taken from the center of the said gas outlet to the center of the
output end of said at least one plasma torches means.




one or nmore of Cd, Zn, Pb, Cu, Tl, Hg, Sb, As, C, M, N, ip 006

I n-elenmental formor in conpounds. 58. A net hod as cl ai ned |n c1$| %é

- wherein conditions in said hot nelting zone are such that the said slag is
vitrified thereat. 59. A nmethod as cI imed in claimb54, wherein conponents

of saf T o8 1OEMARk ) 86/ UhEGF eI 4B % Aac Kol bl ang

~subsequent renoved us and subsequen
sol i di f ithe sﬂaep for of intredycieg slag ﬁanab;s " mmtﬂblasnlﬂtammmmsed éhai m 59,

wher oi 1 (53! oRATPMHACH! SaiiG} Ukt A pPiccBil Badfor Jor Ghirglctif and

oxi des of net al s; Bi, Zr,
Li, B, Rato ke srid e lepst opp plnﬁeSS@g Cbamlw Sawl stag gepnulps’ hﬂdng
3 produced by granulating at least a portion of the slag provided by the said
processing chamber during operation thereof.

55. A method as claimed in claim 54, wherein the volume (Vr) and surface
area (Fr) of at least a portion of said slag granules are chosen such that:

Vi/Fr < Vg/Fg

wherein (Vg) is the volume and (Fg) is the external surface area of the
residue granules provided in step (b).

56. A method as claimed in claim 54, wherein at least part of the

| components of the residues are introduced into slag, which is

subsequently removed from said apparatus and subsequently cooled and
solidified to trap therein said components. '

57. A method as claimed in claim 56, wherein said components include any
one or more of Cd, Zn, Pb, Cu, T1, Hg, Sh, As, Cr, Mn, Ni, V, C|, S, P, F,
- in elemental form or in compounds.

58. A method as claimed in claim 56, wherein conditions in said hot
melting zone are such that the said slag is vitrified thereat.

59. A method as claimed in claim 54, wherein components of said residues

~ form solid solutions with said slag, which is subsequently removed from

said apparatus and subsequently cooled and solidified to form vitrified
slag.

60. A method as claimed in claim 52, wherein said components include one
or more of Hg, S, C1, As, Se and oxides of metals: Cr, Ni, Mn, Co, Mo, Tj,
Cu, F, La, Ce, Cd, Th, Bi, Zr, Li, B, Na, Mg, K, Ca, Fe, Zn, Rb, Cs, Sr, Ba,
U; Al, Si, P, Ph.




