WD 03/ 069227 PCT/1L03/00118 1 RECYCLI NG SYSTEM FOR A WASTE PROCESSI NG
PLANT Technical Field The present invention relates to a plant or

appar at uswiooos/lis27 conver si on of waste, including the proceEszilng)oi1is eat ment
or disposal of waste. In particular, the present invention is directed to
an inproved arrangerment for treating tesidues, including fly ash and the
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em ssions an ol une of residue are eventua by the

pl ant. Background The processing of waste including nunicipal waste,

medi cal Weehaicab¥ieldand radi oactive waste by neans of plasma-torch based
waste processing plants is well known. Referring to Figure 1, a typical
prior art plasma-based,. pracessing plant (1) conprises a processin
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pl asma torches (40) at the lower end of the chanmber (10) heats the col um

(35) of twastimgi residwesshaclvding fig) ash eodvidret ke geheratedthy sutlo agplsed, t hat
are channel ed off via outle , and a Jliquid erial (38 typically
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at the | yc(h?c v Yi.a reservoir (60). Oxidising gases
or flui d@?&ghug %‘gé%@?ﬁ oxyggnlbgrilgzpé%m (70) rmay be provided at the | ower
end of the chanber (10) to convert char residues conprising carbon,
produced in the processing of organic waste, into useful product gases
such as CO and H2, for exanple. A simlar arrangenent WO 03/069227
PCT/1L03/00118 2 for dealing with solid waste is described in US

5,143,000, the contents of which are incorporated herein by reference
t her et o.

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 (.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 (35) of waste in the chamber (10),
converting the waste into gases that are channeled off via outlet (50), and a
liquid materiél (38) (typically molten metals and/or 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 processing of organic waste, into

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



During operation of such a plant (1), products of the waste gasification
are generated, including gases, liquid droplets and solid particles, which
are renowabhifoeeart he chanber (10) by the outflow of prodriT/igasedis
therefrom via outlet (50). The product gases include gases such as for
exanpl e hydrocarbons with general for fula CnHm and also CO H2, N2,
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may contain_a variety of chem cal conpounds, physi ca e%%?rﬂ of the
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distillate. The solid products may consist of small particles of waste
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fromthe champer 0) are typically known as "fl'y ash".” The greater the
speed of V’f%%‘g'g% t gases |eaving the chanber (10), the greater the
amount of fly ash that is renoved fromthe chanber (10). This fly ash
general |y conprises organic and inorganic conpounds. O ganic conpounds may
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used in so aper products, the inorganic matter originating fromthe

m ner al ?Fgﬁéﬁ?pﬁﬂ Scoating pignents, including for exanple cal cium
carbonate, china clay and netal oxides, used to provide colour inks in the
printing process. The inorganic W 03/069227 PCT/1L03/00118 3 conpounds
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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 in 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 comprises organic and
inorganic compounds. Organic compounds may include, for example,
components of paper, textile and other materials, which in turn may also
compx('ise some proportion of inorganic materials too. For example, inorganic
mattér may constitute more than 20% of paper used in some paper products,
the inorganic matter originating from the mineral fillers and coating
pigments, including for example calcium carbonate, china clay and metal

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



Typically, the product gases including the liquid and solid products
entrained therewith are channeled off to a suitable post-processing neans
(2) conprwsews/oeye2rhe plant (1) and operatively connected trRCTines/ahasrber
(10) via outlet (50), illustrated in Figures 2(a), 2(b), 3(a) and 3(b).
The actual form of the post-processindy neans (2) will generally depend on
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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 COg, H20, Ng, SOx, HCI, 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 fesidence time
of gases therein is small, dioxins may be formed. In order to eliminate
dioxins, the combustion temperaturé needs to be higher than 850°C (or
higher than 1200 °C 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



VWhile dioxins may exists in the waste materials before processing, in prior
art apparatuses the major proportion of dioxins is formed during conbustion
of mat eriwl0sy3/06yx2l udi ng chl ori ne-cont ai ni ng organi ¢ mat er iERILORePeCi al | y
if the conbustion tenperature is low and the residence tinme in the
afterburner is also low Further, flytash also tends to contain sone netal
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nécessary 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, carried 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, N2, 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 gases are combusted in a gas turbine

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



boil er where steamis produced for a steam turbine, which when coupl ed
with an el ectric generator also generates electrical power. Such an

el ect ri cawo @oméexn27generati ng schenme is known as a "conbi naetyed/@iieand is
highly efficient. Alternatively, and as illustrated in Figure 3(b), the
clean fuel gas may be sold to custoner’s (8), for the cenent plants, for
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conposi tian t S| f Lk cl.es, .and-so_on,, Her ej t hese residues
are convél%F%'nE%theE%pggéoﬁis gﬁéﬁlguﬁtﬁ%tetdﬁﬁg@_gﬁﬁ ggar)cﬁ})eds,g(bﬁ’e‘aﬁ?ﬂnﬁéﬁot ed
Resi dues ykubif¥)takBf ouBRFitBRThE drbddetsas tHefcldednpaysidl dbte tRESiadpes 1
(R1) may be defined as the residues that are fornmed only from the
mat er i al slirected hg theoronirestidrasiystent 00)sold.aThhe, daximsitaketmot Eneralig may
i nclude the products of their subsequent conbustion in the post-processing
means (2f°¥@€éW§§chéys@%pl 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 neans such as a scrubber, for exanple, where only water (w thout
WO 03/ 069227 PCT/1L03/00118 6 additives) is used in the scrubber (such as
for exan®Depepding dedthe type of aupdipricessemngd hassisr &) aedkddniFithendan8(@), and
3(b)). Thus, Residues 1 (R1) may include nostly conponents of the treated
wast e different residues are precipitated in the post-processing 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
state (powder, sludge or liquid, for example), by their chemical composition,
by the size of particles, and so on. Herein, these residues are conveﬁiently
categorized into two types of residues, herein denoted Residues 1 (R1) and

Residues 2 (R2), as defined hereinbelow.

Residues 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
include 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



and condensed vapors which are precipitated in the waste water treatnent
system (7) in the plants illustrated in Figure 3(a) and 3(b), that is, when
only watwo asiobymat additives is used in first portion (7'PCTafLod/braigvast e
water treatnment system (7). Such Residues (1) may include solid particles
and tar (which is present in the pro@ucts exiting the processing chanber),
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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, i.e., 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 materials may be changed chemically in the afterburner, for
example metal to metal oxides, chlorides and so om, 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.



her ei nbel ow. Residues 2 (R2), on the other hand, while possibly also
including Residues 1 (Rl), are characterized in also including naterials
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post - processing neans (2), in particular into the gas cleaning systens,
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r eagent s PEERIRPEOYA( OH) (err), Na(err)OOB, NaCH, active carbon and ot hers,
whi ch are used for binding acid gases (including, for exanple, SQlerr),
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solutions. In the _second %rt 37"), Resi dues .(2% are formed, and heavy
met al s nBYPISESHEFRGTS %610(? n&Bd dyPicallyyaay hefes the drne of apsludge.aoadH) 2,

Mh 2, . i i.ncludi ng RPRS and. ot her,s

Chl( oOr_li) neR%aQ@l’%tg?@%?s% oBrrleI%%&n%{}of&g?%e ﬁgéﬁ&]‘]ﬁgg ,lﬁ}l%trlf;geg o Lﬁﬂ‘iﬁ’?%f") (3) of
Figure 24a), 260meedpshts( Blied ugt £a90H)s0MRUEI00MNa 031, PrasiPichabse Ax Resi due
1 (Ri). The products of conbustion, including gases and dust, are directed

.to a bobtharscopelh swd used: foe kinding avio 9a¢es6@andRET/ bt 63a0Q123SCR,
generat i sysie 4).. Typi.cally, .steamis produged in t boi | er, though
at tine o%ﬁ@\‘a[ﬁébl%f i BXARRIRE | s RESRY OF RS Wﬁn%‘?@%%’féf medakt eam
may compounds. Products of reactions may include CaClg, CaSOs4, Cas(PO4)s, CaF
and/or NaCl, NasSOs, 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 the second part (7”) of the cleaning system (7)
for special treatment by adding reagents, and by providing filtration and
evaporation of solutions. In the second part (7”), Residues (2) are formed,
and heavy metals may be transformed into solid hydroxides (for example,
Cu(OH)2, Mn(OH)2, and others), and sulphides, including PbS, HgS and

others. Chlorine may be transformed into dry NaCl.

Thus, in the afterburner (3) 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



be sold or may be used in steamturbine (with electric generator) for the
generation of electricity. In the boiler sone dust is precipitated too
(i.e., aswOResgiegize 1 (R1)). Simlarly, in the cooling systrmvif8yomis Fi gure
2(b), sonme dust is also precipitated (i.e., as Residue 1 (R1l)), which are
al so the products of conbustion In the plants illustrated in Figures 2(a)

d 2(b Fi
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system (5). Reagents, including for exanple Ca(OH)2, Na2CO3, NaOH, active
carbon abeiisold of lreay remgend sn steanudatbiner @vitlrelbttmi genetasor)aforklgases,

whi ch de S C1,. HF, .. P4010. d f b
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CaS04, 2 at
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previ ousisyalisd ﬁrh&pﬁﬁa&éﬂ ({.8) )as ResiduguBiR1))y wifick eageilss thélpmau&ﬂ@eo‘f are
normal |y fed to the post-processing means (2) in anpunts greater than the

noni nal ~ grekestiorods ﬂv@qmamé@}llu%tﬁatedrl@dﬂm@e@e(ar)eeg& 20n. Reeislugue@1) R2)
may be in the f.or.m of wder or sl udge dependi ng on the type of gas
dr'to

cl eani ngtSyRIEHY(1B)PAFIG 10l Mysed. For exanple, a "dry" gas cleaning 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 Rbfersigdodéigase 2(d)} efteirthe dwiisequenttyy seapatatesysteil (4), thed t hus
only gases, products Ca(OH) CaCl2, CaSo04, é (PO4).2, in povvder form and
ot her duRtodugks €h camp ép@&%ngaﬁaéeﬁi ch dUBi 7 )ilr@ﬁf»etd thdhe Fasoper .

i xture SPABERAYEeL al yentd BBt Rt S L oCE T, MK Shar e fea
These poMEETEdadiv® ChANS dhdVer WAL AEERE] E%Tﬁédd)ﬁéﬁmaﬁ bifdiverthd ar ge
specific surface val ues (typically carbon >750 n2/g; Ca(COH) 2>30n2/g), and

the Ca(Crid gasesadduch mag mg:haienﬁ@g G Has d8401q0. Products of reaction
between the reagents and the acid gases are formed, including, for example,
CaClz, CaS04, Casz(POy4)2, CaF and/or NaCl, NazxS04, 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 (5) 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
subsequéntly evaporated fully, and thus only gases, products Ca(OH)g,
CaCls, CaS04, Cas(POy)e, 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



whi l e the PAC adsorbs di oxi ns and conponents contai ni ng heavy netals.
After the reactor-adsorber there is a fabric filter arrangenent where
Resi dues wQ(RAp92ray be precipitated, including Ca(OH)2, amdvieozerison,
di oxi ns, sone oxides and salts (which did not precipitate before), and
products of reaction (CaCl2, CaSO4 Ga3(P04) 2 and ot her substances).
Essentially, gas carryl ng d t oxi ¢, com 0 such as
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obtained after filtration is directed to an exhauster and then . to the
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Resi due 2 in the as cleaning system (5) are heated to enable the
Resi dueag f()RZ&)xahmplera(Qﬂ)zt aeddm@r amdnthe 4eomic rcgfrmqnew@s tage tafsorbed

et er pé%%éiﬁ%ﬁ%m%%ﬁa& b5, S Saliten €00l BABr SAR SEERBR BHCRAOH rray
5 e G0 B e
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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, CaSOg,
Cas(PO4)2 and other substances). However, since this Residue 2 (R2) is
hygroscopic (especially the CaCl; 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 NasCOs or 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, P4O10) the cooling system (9) also functions as a



cooler, but additionally also forns sinultaneously part of the cleaning
system In the latter case, Residues 2 (R2) are precipitated, and a reactor
adsor ber wah3mage2fi |t er arrangenment nay be provi ded, as dexaviLb&eivs t h
respect to the arrangenent of Figure 2(a), nutatis nutandis. Referring to

t he post-processing nmeans (2) of the pllénts illustrated in Figure 3(a) and
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before being recycled to the g?,sF cl eaning system (5'), Residues 1 ' (R1),
conpri si RFDEFY ko the,perangemandiol Higyrgy2 ’Fﬂ‘@ia%l’?"uté’ﬁ'dh%ven some reagents
and products of reaction, are precipitated in a first portion (7') of the
waste water treatnent system (7), and the recycled waste 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 i s cRefereirgdtd thd pestspreoassinpandar(s/(2) of tke eddntsTliustisaedin Fiptiee ns an
accunul ati on of corrponents i ncI udi ng heavy netals, chlorine conpounds and
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transforned in dry NaC%L for exanple. These solid residues are Residue 2
(R2). ThWsgstenwesase m:ewastﬂ: rgpleassresobatiens prevessingigedam scofibbdre iar t
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di sposal of the Residues 1 (Rl) and Residues 2 (R2) obtained with
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 to solid hydroxides (such as, for example, Cu(OH)z,
Mn(OH)z and others) and to solid sulphides (such as, for example, PbS, HgS

and others), and concurrently, Chlorine 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



the prior art post-processing neans. Particularly where the waste has a

| arge proportion of heavy netals, dioxins and many other vol atile

mat er i al s W o3tleextr ng sonme netal s, nmetal oxides, chlorideciiLogedides and
others e.g., Cd, Hg, As, Zn, CdO K20, Na(err)O CuO Cud, Cdd (err),
Hgdl (err), Pbd 2, AsC 3, N d2, zZnd 2,1IWnC (err), and others) that have
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in the slRgpribhesep¥@lpidckssingmmensnts wll be eventually accumulated in

t he post-pPocessi ng neans (2), and particularly in the gas cleaning

system and can not be treated further in the prior art plants. As this
can | eaPdrbiculmdy cepiratthe wasfe hay allargsf proprition ofpeasntmetdds,idiexiad to t he
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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 reaching the hot zone of the

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

recycling.

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



deal with the gases produced. Wile such an apparatus nmay be an

i nprovenent over other prior art systens, the fly ash has to be separately
transport @ @ndoR2ed i nto the apparatus, adding cost and caqiiess/eoiig o t he
conversion of the original nunicipal solid waste (MSW or the sewage sl udge
waste (SSW. There is no suggestion tha2 such an apparatus shoul d be

i ncor por at e a regul ar waste | ant. Neverthel ess, even if
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Muni ci padens@ddifrons tke @T@@&Sﬁign@larﬁbﬁﬁraﬁidlSlmilhrlysvoa@meh@dmpbmmﬁs ihe
present invention to provide such a Séftem that 1s relatively sinple

mechani ctdel fly saeh tah@sra@@m@dnb@fqr@ Tescbipd the dot rmopeasinse ddes8y raghpisant
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conver t el WR1034R88R2 forPEdA AP Hi8R I&iddds 2 (R2), in any case. The high
temperatures of the apparatus destroys sulphates such as CaSOs and
Na2SO4 to SOx 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.

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

apparatus.

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 present invention to provide such a system
incorporated as an integral part of a plasma-torch based type waste

converter.



It is also an aimof the present invention to provide such a systemthat is
readily retrofittable with respect to at | east sone existing plasnma-torch
based wasw® mayRrters. The present invention achi eves thexa/ansioaiher ai ns
by providing a system and nethod for redirecting non-gaseous residues, in
particul ar Residues 1 and/or Residuesl®, directly to the hotter parts of
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connect ibxgpedomakietconiedess.are t hen provided for transporting the residues
into the chanber. In another enbodinment, the residues are mxed with

sui tabl e_addi ti ves, ingcl udi sl r oduc by .t h rocessi ng chanber, and
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chamber ae pmbefinerhthis igeaccomplishad iy pravadigisan eservioanéar collestinggh
tenperat ure regions. of the chanper. Thereat,.the residues . inside;. the
conposi tr_gs’ﬂéﬂetse_t%re_é‘?ﬁgﬁwpt g ang?orpoﬁ REPEST et BISALS V\n_aflﬁ SRS HRE/ or
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existing in the granules at the |ower end of the processing_chamnber

for ni ng pellsts dr gpantlesnghichi ate designes tnlhstabitir the uppey cpdempartefn t hat

of its Vi\geogf)/rgge%zslzrzzg Pc a/nlﬂlﬁgr:?/ %géég 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 and/or possibly interact with slag and/or
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 intact. 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



14 conponents. In this way, at |east sonme of the heavy netals (including
for exanple Cd, Zn and Pb) may be included in the vitrified slag, and thus
pr event edwWo @megxant am nati ng t he envi ronnent either as parprCTafLod/baigyases

| eaving the stack (6) or in by way of burial of residues in a landfill.
Simlarly, dioxins conprised in the nesidues, when introduced to the high

tenperature zone of the chanber (10), are.reduced t Cl., .an
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position of the gas outlet in relation to the nelting zone is thus also

i mpor t anhaimber{@0ctngeneratd Clhe present invention. In the absence of a
colum of waste, or where the gas outlet is not upstream of the hot zone,

th carryi h i d | f : th
chamber 1t da “ERRROYert ditev TSt PR PUARE: bierts BRI rar st el s (hat
are i npgﬂ'oéé%sfﬂ?cﬂélﬂ%@fﬁ thagis hanpeid. td-aEdonehoBa g atddturmel sfimasie wadt e
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from the chamber is substantially retarded. This gives an opportunity for

sfag and other substances flowing downwards through the chamber to
interact 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. Furthermore, 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 substantially 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



downstream part of the colum is nelted, and as organic waste in the upper
WO 03/069227 PCT/1L03/00118 15 part is gasified, the waste in the colum

gr adual | ywao @preaee3 t owards t he downstream end, and nore waavieosreniie i nput
into the chanber. This, however, does not substantially affect the

quasi -steady state conditions referreddo above. The conditions provided

in the Artng ZedifietiNehy f {164 e idenge .tine,
such thgfﬂ)the s%ag ies suf ﬁi@%sitg;ithl %/Hé %nglltutr%]grgégatﬁhg& %ﬁ%‘%é?%@?@%@%a from
t he chanbdywasidesmbsaduemtd yoreonheld intayf denmpsel inds fhedch us8dr STAL
However, . the nelti ng zone g'ay al so be adapted to be a vitrification zone,
in whi chBPHEVEGNndPeT gt spbatantiedhyh affectrthe anesbstendsi sieve ecdriditions e

i ncrease i GL,e S ...al | east rt of the .slag is vitrified,
and t hus fgisjlfég gpagéé/‘?e'ngﬁgcé@ls %18?? n%roéff(?‘%ﬁtlﬁr gh%flfl@]rtm% ngi 11dueeon

out si de ehffichentctanberatutdla0912BiddRbai SR, AcK tABE hRM 381@%}9&ﬁicﬁﬁlﬁé§or
burning solid or viscous material in grate firing unit. e net ho

i nvol vesmdtadsspi Hptnmthen & is aemovgdafren{ Zheacdlahibeni gl ishbskt?hemyues are
conduct ed throu hfurthga@its%;,g 2, 15, 20), in which pollutants in
the gasefP%re i rpb%%‘fllcg pH fysedplagar fpverner, themaliinarens may @lsambe i s
conducte I . . r. . ol.lut ant. resi dues ,are

col | ect e%d?ﬁtg% ?ﬁke)é glagletgi,fﬁaﬁbgkr?&gl?énér%ae 8};[215 yC% Jitions, 16y gqiﬁﬂe’ift’slf%am

boi | er (&hdapdesidenxertird 2)e iRcre@BEY SufflidtiPRLSh tRRHat st PRkt UE &L S
returned to the I(;grate. Thi s arrangenment supposedly has advantages of high

conbust | ¥88eld iEfified, windh thus et a egdaskal noasrestatiihe polhctuaat aftewel s. | n
the fi rst01 AL t hi i T.ef ?rﬁnc [ %Fconcer ned with the conbustion of
materi al’d figtign grigideof ¢ %@ﬁ%'ﬁ‘i T This is very different froma high
tenperature (typically plasnma-based) waste processing plant, in which the
condi tions include higher working tenperatures and residence tinmes such as
to melt netals therein. Further, the pollutants of this reference are
i ntroduced between two portions of the grate, and it is unclear whether
this isCHc693b0Y redatdsi trh at eratbodt and deviee,pfarvbdeningysdlbd® oromsusiid on
rocess s .. :
P material in grate firing unit. The method involves 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 plant, in Which 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 used with plasma torches WO
03/ 069227 PCT/1L03/00118 16 instead of a conbustion systemwould result in
nol ten sl e 3@eyy7deposited onto the grate, which woul d tROUIZEILb&eane

cl ogged. and inoperative, and/or in the grate itself nelting. In

particul ar, the disclosed device of thié reference is not adapted for

accommodating.a,col u of. waste - rather, ste js fed onto ,the, grate and
burned t Heviedd of & %n?g‘tlm%éz%@%ﬁ@qﬁg% lﬁéppitaﬂ\ﬂi%g B@’%“f\ deRosited gr at e,

and ther %Eqﬁcg ?lmlg g@%‘%} vé}ﬂcﬁ@ycitﬁastﬁu'ﬁ,rgeghﬁl%t cl¥&ddn Lhg é%&ﬁ%%x%tﬂ{eh gﬂ)ﬁ/é)é‘qhher

mat eri al ng 1 nput to the anber=~ Accor vant ages

of the phes&ate iRvENheRmATe Haticubay, ¢adidiscleed doratd ef Wik hefchencaigvi ce and
met hod of this reference. Finally, there is no disclosure at all of the

pol | ut amat dsksipted featesamodating # erltnut ohwepta s rathen measiads fed eittet  of t he
i nci nerat or . 89/,09253 rel ates,io0 nmet hod_and devigce for th

el nor dPoiFals angrigaed Hac MG REER B oIS Sl S TREE e ( and
opt i onal dptyoldieke S BESrdr® carltidh Gl W thdsBintdies HAIN TR, Aeisng of pehner at ed.
In contrast t© the present invention, 'though, the flyash is introduced at
t he col tbhthppematarinl ofhdthds bhintge,inptit atd bt ichamiber eAttrrdirgtpertdieure i s

about 20C, rather than in the, hot kiln. Furthermpre, .the flyash is
i nt r oduckdvamdagesabthe gresentainsendipa aTé Pk 8O vHORALY 4%&%@16%2&&6 in

pell ets of .t he type,of.t resent i nwent , 15l eferan
nei t her %‘?‘g‘fﬁ 8’335’935}}0% ng%%%e%ﬁetém%r gnearﬂ}ginc%\?léér_\‘?l %ﬁ.dﬂs@g?%%evé? a ﬁt(ﬁfg
i nci ner iy pAfuthR€s bEfRY BREAISD 2S tHE ForeR P heHetAviditiheOwh ki inletpsit theam of
D
the kiln, and if it were to be fitted with plasma torches and a gas outl et

in the vaeirerptarcessi ng chanber, the flyash would continue to be ejected
out therefromvia the gas outlet. In the reference, gas is passed from the

boi 1 or 0 SResteierde bt BrpPE b ast e L Uil P refeSar osent
ovent oyt shalemion IR D Qs gt skasgaes 1 om
carri ed hyrédifed into the refuse being incinerated. In contrast to the present
invention, though, the flyash is introduced at the cold upper part of the
chute, 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 liquid, 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
ejected 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), the
remaining solid matter is precipitated in a subsequent acid snoke gas
scrubber W0)3/04€203/ 069227 PCT/1L03/00118 17 and wher ei n RATALSDOG1W8 mat t er
in the dry dust filtering is nelted down possibly together with waste
and/ or adm xtures nelting to glass and tthe solid matter elutriated in the

snoke gas r L I 1a d [iltered. he met hod i irected to
combust i o%ﬁg n%g’ iﬂ%’iglt lﬁ@? es?(&ﬁéinﬁi%cg%fgﬁ {}ée Yaaﬂ‘?temt(eﬁ% r’rﬁ-’f’Sﬁ@ﬂ)&b‘%@ed
processi ngogdillyt sogdthet RAth Whkeahd/oh udthsgLAs helah @gﬂagétéx?& ik the
conmbustion unit being adapted for accommbdating a collutm™of waste, or of

t hgt fl yagn?d]gnaygeﬁcrqi?tﬁlat}eriamﬁg mtnghe Wra?bﬁmgfiszra@_éd:alml %ilhtatr%tﬁt io P
unit, or or e ash into. pellets for feeding. into e top o

the conbldta BFThRT i AgEtadcio camPusiadh niterratbet £t te bighéomperaiue
inventio ! hon of slag being recycled into
the. conbRiset BheuER el Spdftstad Haptr o At Plo®, AP 8GRk Gl B

t reat mensuggedtigrendst ahel comblistibh nuni BEingRsidaptd Hs SecohiRBARhE N,

tenperature hori zont al tyge r ot ahrNg drum furnace, to a high tenperature
conbust i splurentaf mpdstar eraelethefifasiwieis inpsdl inhe the bish temeatstule avae

R O
Thus, thige rtﬁ{) BF B¢ BorHlBa St MR undi ﬁﬁée@ﬁ&% ﬁrritrl{ggz‘égfeg 31‘1 gg?ﬁc}égf@c? thé rés%%att he

present invention - indeed the rotary Inirtion canno

accomodateerstian! iven bfsswads ehereamdy thgggasorbof dlag betisd detssladr ;te¥npt ual |y
input to the I ow tenperature furnace, rather than the hotter nelting

fur nace. CORSUSIOR Whéo no di scl osure or suggestion that the dust col | ected
by dust collectors is to be directly input to the high tenperature region

of the ”Sjé' g?(?]%é?f(‘;f;ﬁ%@t@sal ilr%er HT%{, ?:,oi 3 Qgﬁse,ltj e%%rtnie% /%#uigggéﬁl 03g4re of

t he residues I it'o pe or o se an B ng fed
at the cecdthbdend wiHich headteriRagesded frbf BFEIREKeRipelirr B&€Mntal RypEL i ON.

WD 99/ 23419 rel ates to an expl osi on-proof, closed reaction chanber for
roi;ary drum furnace, to a high temperature combustion melting furnace, and
water 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 to 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 containing explosive material. The chanber has a vacuum
aperture, through which after the reaction is conpleted gases and easily
novabl e rwacasioese2pr oducts can be sucked away. The inner swdTaces/tmss a WO
03/069227 PCT/1L03/00118 18 tenperature-resistant lining with a protection
agai nst spl inters. The feed device carfprises a novable floor aperture. The

fl d I | | A it devi i Si fl

act i vat otoiBerd watapeient fethe seth 1 prolsiioncieEBah FPEaE SrdcfBRea °T
light arg foyide TR &t g HHe %@%B@fturéonﬁé %’Ib%r?éh?dfé\ﬂ&%ll%ﬁbex?()dy and
a second absorber device for thrust loads is incorporated in the upper

si de of AmégeitivrbdevicEhenohdsingra ghs €lafimé sctibates detireddeptiddebotions.
accomodati ng a colum_of waste, nor_are there an % reS| dues that are input

into t hdtctraiigdso crYise agaslestriged lighinarerfethackonndt theushabsarberi a t he

upper openin er ating
fromt hecoﬁﬁlzfgﬁrg?@hlﬁ%ggrrggﬁ%@rﬁl}%gns 8&?:& 58%8‘}11 Vré‘?esg"gﬁ%rsﬂélg{ni uced to
a sl uicgg ﬂ&s&fporafbdcwu&@ﬁbpb@ sidéeofpﬂﬁs@iﬁmbeﬁvﬂﬂé bﬁamb@b%a@ua@n@nfshanber
is not for processing waste, nor is it adapted for accommodating a columm
of wast eqotbatlaptddebpr omtcprranoéqdnsg gasedusin pfowastes nm:)rmtehdleleaemwon
chanber. Further, there is.no % estion of the r esi d %el n I’OVI ded to
the hot reskblesttbekarg|inpRA iR ar@%ﬁr her, r&%Séaalrﬁ

sl ui ce. here | |6t e e nto high
t enper at u e }baerflﬁe?%gntgl% %%p Q‘ﬁ E { Eﬁbg#%%be?e%ﬁgr&g%(ﬁ%u*o t he

pl asma Ghafrls \Wrisi hﬁﬁngp@ﬁfmcﬂ@ qﬂagﬂﬁ tchahdsdfr, and feant thet rdaetiohe
present invention. FR 2691524 relates to the disposal of radioactive

gr aphi te:hnmhemtarecmmmdmﬁdn’@ eheluipei Towsern, contrpst ver tha r]ngesemfxu ng
wth water a ur .t ur.i f conmbustion ses_and r cI

unbur nt E¥FR n %@9 %’f‘&kgeg i F’é’tg‘gﬂgﬁ%‘@%gﬁ’g B’ggﬁeeflé’a 15 b ? :ages to
| ess thag, ZQ&OﬁSHQBﬁgpafEdlahﬁl %fzﬁasﬁehel@u’inréﬁqex"“ohmyw tsaQQs&ﬂl—H si fying

and wetting agents to forma suspension. This. suspension is punp
t hr ough @rddeate front Ehet @aativnochenadge. Mumker, ahdre e noeslggestlgnaﬁ’rrﬂhfst i on

Jases arr%s:?cilljliesf Ibgflng 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
burning, then purifying combustion gases and recycling unburnt solids.
Graphite 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 pumped 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 release to the environnent, by passing through cyl one(s),
gas-washing system and absolute filter. Solids recovered from stages and
are recycwab3toe922m xer. Gases may be cool ed i n heat excharrgavithgéaie t he
washi ng stage, to recover some conbustion heat. Alternatively, the gases
are cooled by finely WO 03/069227 PCT/14.03/00118 19 sprayed water. In

ei ther case gases are reheated to 80C bef o%gﬁt he final ti on.. Thus,

filtr
this ref &P water. Iy glthee Cape gases ATBehentRs F%i&@t°ﬁow'eé% tﬁ? dinplt he

burners t. r v thoqt:-ne, % o e Ls: ching at
all of i %’?&%ﬁ&% ng 1 htéljhrg grs? fég%glégg} errlg& ?%}Qgp{s tpﬁ%gﬁi&e%r}%ﬁlgg ggmtqﬁoed&%gr ners,
or in thatd gne plrkd@htdRAner atithetne"valste"WihhotHte Wasds. th¥red333510
relates to a process for renoving dust and toxic substances from hot

gases. Tieachingceb sk ofipnirodscing thel wesidyegativectlinad theghet eont @f ther enovi ng
dust by a hot gas filter and .passing throu oi l.er .and s washer before
rel ease RYMEKS (é"tlﬁné‘ﬁﬁgF@. Or}ﬂiaﬁﬁiagimrag@fﬁ I?e&ﬁ%% del'é Ee ﬁ’ral%g% fromthe
conmbustion of liquid paste and solid residues in a rotating furnace and an

af ter burﬂfp#%%%aa@e %aa{ﬁrldcegéﬂ_f&i SRS dubPaal tBsReYahieBoney are

treat ed. e t gases are rst introduced at 1200C into a gas cool er,
wher e t Heyt g@eks.t ThB0@Codstocemphized uiritrodudisgoyeksbyntd kotgagasodlet,t er. The
hot dust-free gases _ are_then passed through a boiler.mherg t hey surrender

R

heat andregeoranatdaiss baaanhotigas huterprepasiipg thepgnbeder anf gagHvashpss

washer hefore r.el ease,{o the atnos T r . nces
fromt hgoeé%eegel\ﬁm;%ﬁo Bﬁﬁ&tmoésghﬁ%%gﬁg ggisltég?e e o%?né%%e:%@iél? € ef?: %on t he
Syst em CYPRASIS of @1@%@ hathé Ghdt §511d Pasidued S réfithngd eiBfRBCErdTaRE! Y
relates to dust residues being reintroduced into the rotating furnace

t oget heraftswurnehehanipmalndivast éhen rdietheegeddoday ashembly svheret @eyhi ng at

all of introducjing the residues at the hot zone of the furnace. .Summary of
| nvent i o¥eTHEaHR®S Oh\ZASEF Gife rfé"lsétl%l”ogl C%‘f raéslizg)ﬁ)e@ R P BARGOUGTt em f or

recycli ngnate th&RRIARTd0 P bEBys Bk dHSP i 0LBUed By HBE s IAGSIHNO

plant, s d" Waste processi ng plant havi ng:
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 through 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:-



WO 03/069227 PCT/1L03/00118 20 at |east one waste processing chanber

adapted for accommodating a colum of waste and for enabling said waste to
m gr at e twoowsglaoxrzhe chanber in a downstream direction, sad/iehzaehes havi ng
at | east one upstreamgas outlet neans and further having high tenperature
generating neans adapted for providingoa high tenperature nelting zone in

a downstream,part, of said chanber, and a rel atively,cool er upstream
gasi fi cation a}gﬁgjst WREER esgogeﬁpgi%ng%ahgp% @Sn%ﬁof’?”%%g%ttmg éhst

ol ted RarGnD, SFRGb] st RS BB Bald WRECH, hBRLE (ROBLEL P

upst r eanthyabef i inatl dowzgbeans direcinidli banshadifdrcheding ot Raabl dmy
gasification of organic waste in said colum of waste; at |east one post
pr ocessi wpstrpamssapentlet pebapscorthBether heving Hight tenhperstummgenesting
processi ng chanber rein said posi:processi ng neans, .are adapted for
enabl i ngmgﬁinﬁ %@?Pﬁ%@gfopﬁ%v@g}g e?:tgﬂﬁjt h@%?&gﬁlﬁurmﬁ]&}n%p@%ﬁ 18n %f sai d
at |eastqongsMaahe PAACETSKRN CABRBLy 4her 6l %&ﬁi@g egbSlUeS b@&xgm ng
systemis characterized in being adapted for collecting sala at least part
of the regsdifivesonr consamthepest sapd onedishpgzomans ahdedmititions r eagluehgyg at

| east a portion of said at |east ., part of the residues into said _processing

lcharrber %@féi@;%rwﬁfpr@@@bh@g Berantighy ¢il Bergarigsyesie dheteipdiothomaltedai d at
t t . ! SYST _ e
Jone. pr otace B ans G el BERRRCHn (a8, Brd At L EER b SR TR v 2 § ng

system pgedigcaliby SMBrikSes hndieasd AFfcieal! et eAAbERSCENAfiEatioResRt i vely
connected to said post processing neans and adapted for collecting at

| east paotgagiic waste ossalidewlumarefwashe; The resi dues typically conprise* at
| east two types of residues, including residues 1 and residues 2 which

differ one fapmeddteont st iproddsshwpshesheioperatieslyc@nrdconkidi £8d athat are
separately collectible fromsaid post processing _neans, and said system
conpri ses keast eastwasle Bricessing [chambear, mwgeirppaidf pest-processing 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
exposed 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 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.



separately collecting one or another of said residues 1 and residues 2. WO
03/ 069227 PCT/1L03/00118 21 In a first and third enbodi nents, the

recycl i ngwsystoes2t ypi cal | y conpri ses suitable conduit neaca/iiosoqiovi di ng
comuni cati on between said at |east one collection reservoir and said

| ower part of said at | east one procesging chanber, said conduit neans

adapted for transp r%ng sai d . residues from said at |east one collection
reser voi mot% gk anﬁo 3 @amleodémeéla%crh&tr%&%g Srateny typreadly romepsaser for
di rect exposure id resi .Q. sal . j ratsi of said
Systom - TRAREIE ¢BRatl MebiF 0 BRotiRiRltouf 6 0l JRELRILON

oper at i Ve c606UIRE P6sdr@oahfd ahid eRfdr PR 6PLhRT bt ABast 686 HY&ddssiy

assisting transportation of said residues through said conduit nmeans. The
t r anspor¢hamehers seig cowwit seeans adeptedefdn triaghspediingn Sadd residanes ploomi ng t he
sai d residues. The syst may further co I se suitable chani cal
transpor$alae%¥nkeas*6;9é‘rea‘iq?$ép9ﬁc%§%v@ﬂ%&’ tsg%; WeLPary Faﬁépi‘%ﬁﬁ%&ﬁq on
reservoir_ f .assiist.d r i j i du h id
[oser Vol Lk BRSSO (bf SR SARLAN O SANGEERAES L MRl 0,

t ranspor gifidgtdpRradibe off 288 dyesom TiMe GBELH tm AP FaStHERYCOROPRED S@itabld east
one suitable outlet operatively connected to said |ower part of said

pr ocessi frgnspertheneartheoparetigalt cvnaactednyo comipr iade least| east cotretion t abl e
val ve operable to enable he fl qw .of |.east . oftion,of .said .residues
t hr ough Eeéieﬂv‘%rf%iafsﬁ%EWSpB aLonQl §8) I]_S?Sbcf% e{hré’HgBrsaé 1SRG The
val ve ey cBfis ORSGRl HRlport ARBRAS Glay dobnShisdlid ABAGLEOTIAl nR¥BPL@IMForl N
control system my be further operatively connected to at |east one

sui t abl etra@Bportin® b ssrldrdsids. d post processing neans and adapted for
controlling the operation of said valve according to predeternined

condi ti offeSENIEE BYapahetisaNeempridd SuRSBRNEn&HhidHIr Cr-a1Ep0f TR S the
residues recycling systemconprises a source of suitable additives and a
sui t abl eoperasivelyorcommadted @t sdidast least pore calections séserveisi iduessigting sai d
additives, said additives. adapted for at_  |east partially encapsul.ating
sai d por tiagspertation piesaid, rgsifiiesi gh‘f%’&lh jgud ¢ nduit “means, and i

transport means may comprise a suitable pump for transporting the said

g

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.

In a second and third embodiments, the residues recycling system comprises
a source 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 encapsulating “éaid 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 granules, and means for transporting



thermal |y and mechanically stable at tenperatures substantially |ower that
the tenperature of said nelting zone, first granul ati ng neans for

gr anul at i wg saeek2mat ri x i nto residue granul es, and neans fROT/IOREGEDOrti Ng
WO 03/ 069227 PCT/1L03/00118 22 said residue granules to a suitable inlet
conprised in the cooler part of said- 22 |east one processing chanber. The
additives be chosen, f r.om any e. .or conhinati of cenment, .sodj um
G111 cat o Sab] Eeins GoABRIIG 3 ALIEARI Bk R RESr AL LBe Coalsd Haibog ant
conpound : J i 0x 9[\{\%,3 , i | Ut , salt
powder s gtﬁgé]%éaﬁnés;glmt}% ?%%g.d}%ﬁéb%’ér[gwiérﬁ%? V'eg ty%?cgﬁeﬁlggm\?\g&y%et for
enabl i npmastbihatibe ofpeimeind) godaim silichtgsérgantc dphogrssisnindhdimer. The
addi tives may conprise at |least part of said slag, _and the system may
further ‘herprapiestiesamads BroreanicoenePagndd andipst cogaplexes inglaidingloxifd nt o

said mxer. ,The system may al s further ¢ IS ui table t.ranspotrt neans
for t ran%opvg(ii?xi'sné’xﬁeaa%lt%ﬁcSaﬂb@mgg?rcf 3?&%2%?818% nspﬁ%{‘?eg%lfin@ﬁg%ésﬁber to
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operativel'y connected to said at | east one collection reservoir for

assi st i ngrocessingatteatbem Tdfe sdddivessindyenOmtisonblleyst pie oft sadsgapgt neans

conpri ses suitable fluid diumfor transporting.the said residues at
| east t ARGTRE sysiem maw fgher icomprisg megns Her 1tEpdvcae afleaghpartekhani cal

Lranspor Ly AN 9B ALY G90NSELEM, L0uP AL, AluhBRSLuANFC LR} o

reservoir ssSisting Ion-of” sai d residue eas o said
m xer. Qphhepadt! Yneddle fob I BRASROEEINE AEIS oC PAPAURES by Sdid abt Sensiordor
transporting the said residues. The recycling systemnay further conprise
at | eastpmoessugichbimberdbwaid opaenibllae systenunlay fupthdy evnpfisasuitehdt a
portion of said residues to,.sajd m xer iV I% grev nted or

d

to be sel ec
A1 T ovied. TPREPEIABTSANS (RPTAIYEN COBBEFEd: VeI 57 n_ﬁ;%% oAbl e
control RESHAIT Y AREAUASrUns{diRafion! bP! saldShEdlies bﬁfog%gggfﬁ{@tl vely

connected to at st one suitabl e sensor conprised in sai
pr ocessi ignspartsmands ac@ptrds faoguicablerflidi mgdivine faptmatsporting thaisdid

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 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.

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 according to predeterm ned conditions sensed by said sensor. The
volunme (Vg) and external surface area (Fg) of at |east a portion of said
resi due gwansioes2may be chosen such that: Vg/ Fg >_ 0. 0000270H/MN3/QB81969227
PCT/1L03/ 00118 23 wherein His a predeterm ned |inear distance that is
correlated to the travel distance of d4die residue granules fromthe upper

part of the processing _chanber_to the | ower part thereof. may cQnprise
the hei githesein Relsshpredntewpingdlineardstangeihat ip rceﬁﬁeﬁaf@d tegth?éifa%ql t he

over *pafit AR ol derane: futiihg i ar il BAF of SHB biREete, ' ¢

pr ocessicpg nehaieihe 10We2i2@t t&leyf, H conprises the vertical distance taken
fromthe center of the said gas outlet to a nom nal |evel of the surface of

the nolten slag at the said lower part of the said chanber. Alternatively,
H conpri seaytdeenpese thalhaight ahtle saic procesmnghehashertakgn fipan dhied gas

outlet to  saig high.tenperature,zone, of I d lower,part, of said,processing
chanber .Cenjg% ‘é‘gﬂéﬁ ?E\‘/lgl 8RS Qufletiofibescentne 8ﬁ§?ﬁ)5lwagc%m)$i ROk CombrisRdiing e

pl asma t Q¢ ' i i Cok; .am t he
center 5?‘5‘?28‘”’%?;’?%133%2‘1 ogut g%}{%f%etéﬁégggﬁte%% %@J‘;te eatggtn%u?hg%%o%é@ai d at

| east onRfropésksAR chihgilsdie Alt@mansiveyt, HeanstprAsgotid oortidal shsthisbagkeny be

renmoved from said chanber and subsequently coqled to, provide solotbaidi fied
fused sifagm threc¢anrtapiof the spifl sevadtlet dme nominaldevel) thitﬁl@ spskRcetdiieded by

said high fenperatu eneratin ans.are_sufficient . sai d

nel ti ngg[E‘BhSni glag| %%%He g%ﬂlgr]ﬂvleﬁg?ﬁr}gn&ighee,%abd;&kggq%gag %ggsgl?taydnﬁof sai d
sl ag MayRe, i SEPURIvEARA diithics RAMREHo A thesiRpAvE tid Yaidqglsashtlet for ovi de
solidifie itrified slag. The residues recycling systemaccording to all
enbodi meatid kighi mapénatuteizbhenf canplowes pars lofgaid Eyetasaggsglsambetor at

| east part of the slag formed in a waste processing, plant, and subsequently
cool ed ahlderantively; &he Jrpesssing chagybey popnises %’fnllea%ﬁé}néi Hlaég}ad%%licz'g

recycli Heans taenra S-P%ernip%?ssesathe 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. Preferably, said
conditions in said melting zone 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
further 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 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. Preferably, the said inlet is a waste inlet for enabling

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



sui tabl e converting nmeans for converting at |least part of said solidified
slag into slag particles, and neans for transporting at |east a part of
sai d sl agwoparosynies to a suitable inlet conprised in the rauiLes/oqast of
said at | east one processing chanber. Preferably, the said inlet is a
waste inlet for enabling waste to be gpput into said at | east one
processi ng chanber. Preferably, the WD 03/069227  PCT/1L03/00118 24 system
further ouaiem Seethessamprisesimerns fen wiredncindruitahln addidyes dntp saidd
converti ng means, Th%svol ume (Vr) and surface area (Fr) of at |least a
portion GPPEEP&ETRE ™ Sparticl es may be chosen such that: Vr/Fr < Vg/ Fg
wherein (Vg) is the_vol une ar%d (Fg) is the external surface, area of the
resi due ‘Hraratemepf Wi aed Byriach areadVe) chqtslresk@ PogtigReolappid 888 on of
t he present. hnvention,, th j t enperature generating neans conprises at
| east on‘%ar&}%%watyobrec%hor‘?gglngsuc%rc}r}rlﬁ?i sing an output end extending into a

| oner part of said waste processi %cwgr said at |east one plasnma torch
nmeans adapted for providing a hié{ﬁ' ® fure melting zone in a | ower

part of said chanber at |east sufficient for enabling substantially all

| NOr 9aN! GLURShE(ACATERE AR nlhahe ﬁggqsb&@%ﬂ@&aﬂ&ﬁf@&e%éﬁ denggNt i on

al so rel ates wast e processing nt conprising:- at |east one wastie

pr ocessi rgidivshaiulas ppseided by wdd eorypiiagisygteam. col utm of waste and for
enabling said waste to migrate through the chanber 1in a downstream

directi oﬁéiagﬁﬁbéﬁpﬁrof taﬁa';pggseﬁt in¢astioRNthd R RADEATurObén&atimans and

further having high tenperature generating neans adapted for providing a
hi gh t enppeaattompridesiatgleasthené plasmawnshr maans pantpridfing aindowtpaitieand and a
rel atively caool er upstream gasification zone, wherein said.pelting zone is
at condi ¢¥tending inteaa dowgr magt @ﬁtsaf%wvae%%%mrp?rg?81%5 ?Wi‘faﬁa@%ﬁll}aa organi ¢

waste therein to i 0 fq . | ag,
hna wher dr plagige (e idhd BidbRl E35bvlts o nidFtbRHeRRLE: maBRe 20,
for enablifg igasi lowad i MYtObf Wad@néleambet eati Nefti duffitiesmin for enabling

substantially all inorganic waste accommodated therein to be melted.
The present invention also relates to 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



of waste; at |east one post processing neans operatively connected to said
at | east one waste processing chanber, wherein said post-processing neans
are adapte®d d3me9rnabl i ng said residues to be collected thegimoswdus i ng
operation of said at | east one waste processi ng chanber, and WO 03/069227
PCT/1L03/ 00118 25 characterized in fu2bher conprising a residues recycling

Uit bl o ar e BhREr e B iSRG, FoR s RO A e Aot eRbl  gas

cl eani ng sy&irpieg@gnd a suitable stack operatively connected in series to
sai d processing chanber. Alternatively, the post-processing neans conprises

a suitab ter tion product. Qold ng _system i table
gas cl ea?ﬁﬁ?ossﬁﬁgén&%m)g gneagl%’lngla Igéor%?lgﬁfﬁ aof)léls%\}? F\)aef{f V%%ﬁ‘ﬁgc? gaﬁaﬁﬁ' eries
to said preESssitlatidanBfians, Al aiRdld \g@lsyelehﬂﬁl_goggétem ACEP S RU;EBANS
conprises a suitable gas cleaning system a suitable energy utilization
means anstaeksaperativelystomglectroeinagarias tp satd preciseihg chagebéres to said
processi ng chanber, and further conprises a waste water treatnent system

oper at i valiseraafiveBbt, ele tpdstprébedsingCneant dempeisel @duifhblerdfadrbvehyy, 4 he
post - processi ng nmeans conprises a suitabl (_at@gas cleaning systemand a waste
wat er t r eembuationystodicisperaingy eystenn meuitedle gas alehnipgssystemnand syst em

and wherein [ s cl eani,ng system.is adapted. for channeling clean fuel
Gasee T naRpB LR RO S rt e th e bie P shid BRce SHABBERRS ecant

invention, the waste_ processing plant is a plasm torch based plant, and
the hi ghAtterpatizelys dhgeanst REPersstRE MPansoPPRDPEEEs atsulbakle gareclshabM t or ch

means conpr,ising a t put end...extending intp a Lower part of said waste
or ocessi RPHERub e e Ale ey sdisa b msade and 3 suala sl el

provi di ngod,dpted ihegyﬁé@twr@aiaeﬂ)fdcegsingoaﬁmaeﬁ AT csthpsidbsl £hanber
at least sufficient for enabling substantially all inorganic waste
accomodatagte tvreteei tredombet spshees topdratively 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 application of the present invention, the waste processing plant is a
plasma torch based plant, and the high temperature generating 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:-



at | east one of nolten netal and slag. The present invention also relates
to a nethod for recycling at |least a part of residues forned in a waste
pr ocessi ngyouizama®227sai d wast e processing plant having: WO KA/M69AATS
PCT/1L03/00118 26 at |east one waste ‘processi ng chanber adapted for
accommodating a colum of waste and ©6r enabling said waste to mgrate

h h th ' d ! di ' ied chanb havi
| cast one B IERALE oalf PEREaa AN PLrERBIRIOR AL GRoE BBeP at ur e

generatl ?cﬁunﬂ?a&'swﬁa%?@tfﬁidfﬂg g NBid fhgte 4EMREEAHYr ShitRlchi AReZONE in
a downstream part of said chanber anhd a rel atively cool er upstream

gasi fi cahhfipezone, a Wieneittesm diretibhngaidnehdmbet heoidgt abheasit oheast
sufficient for enabling substantially all ingrganic waste therein to be
nel ted vipstream ghsxstlebraeans ﬂﬁdtféﬁthﬁét}&‘@n&%dgb [CRRRPCERIIRIESPETRIRE) d

upstream gasification zone iLs at cqndjtion fflcl . for ahl i ng

gasi fi caR¢HR ozf‘ia%FSaE‘?I_i: Wé’f@ngn asdtt CB?IEI%.%%% fr\%vagr?égt;cmgt ZngsPA o%e post
Pr 0cess i g ITANORGEA! bY CAdidCeARRMR] ddl Al IuATLE dblaesgishgeazhanber
wher ei n 'sal'd post-processing neans are adapted for enabling said residues
to be cQlasERdaibr henef reherkini sgidopeelitrigprone sniat canditienst adndeamdst e

processi ng chanber; wherein said nethod conprises t steps; collegting at
| east pautficiens é@rden&h@&égbﬁa@mag%sg‘& AnpREaie Waske Eﬁ?ﬁmﬁ%&ﬁs@egﬁg

least pautficens DRSS gy | Pl
Cuch ¢ habedh lsSb et ondthed P ESutt S Y BeRelchy RERE Aaph RN e!

sai d hi gh tEIRELALANR 58! 4 NenaRmsPavidedt tiprt bealsiangl drsificatienper at ur e
generati‘hg nmeans. Optionally, in step (a), said residues are collected in
at | eastorgaficwat@iresaidabolwnnidiwasseer voi r operatively connected to said
post processing neans. Typically, the residues conprise at |east two types
of residues, i RekHELBDost 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;
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 high 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 properties, 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.



residues 1 and residues 2 which differ one fromthe other by at |least their
chem cal properties, that are separately collectible fromsaid post

processi ngo i3waynx; and wherein in step (a) residues 1 and RGagiLdues1® are
separately <collected in different said collection reservoirs. W 03/069227
PCT/1L03/ 00118 27 Optionally, in stepg7(b), said residues are transported

fromsaid at | east one ollection reservoir t id | ower ,part, of said at
| east or@PHPB@EXsP%@tepcﬂ‘;nﬁ%ﬁ zfe@}gﬁsr%@trgyﬁggﬁpgaf‘mms%{ﬁﬁ artgl? Pt o said
hot zone r.n i f: 1Sl i gRa i

sui t abl ecoiﬁﬁi:?gv’é%&g{rﬂgﬁm%e 1(\}vi ?dr?gearts )blsdgég?tf %{tgo%t@i %)ér?)é gféﬂ%;éra%ﬁ?%g%%ues,

sai d adgihiniRs Rei Barcedaptmiuler ofitsaidasisidasst ital aid &ntapsnd ahimgg sai d
portion of residues in a matrix that is thermally and mnechanically stable
at tenpepatati@sobsaidtsyatdral |y | ower that the tenperature of said hot zone,
said matrix is granulated into suitable residue granules, and said residue
gr anul epiendllyananess 6, saitabkuaddibivesiark enixedomiphi stddasha eetionefer part
of said at |east one processing chanber f intﬁoducti on %nto t.he said at

_ r

| east omeidr vexdseng @h@n@dltlﬁ%ah?%oﬁg?med 198 AN Ue8st VBRTHALRY ext er nal
surface area (,Fg) of .at | east ortion. of [ 40 i re
chosen §H€ﬂp§‘ﬁ§%ﬁg\/§?@gpgﬁmﬁ? @3@%5;41{%1&& %?Afﬁg}xs%%éteggt% grg%‘l&%géfe ?]laﬁear

di Stam%é&?&m&ﬁgﬁor&; 1Bt ek t @eberdtiavel subkshaidey olowbe that dukegr anul es
from the upper pdrt of the proceSsing chanber to the |ower part thereof.
Pr ef er ahbihpdrafaepsfisséd hoheohe; gtitl matrihes geanilptest ey svgtaiampefueaken

fromthe center of the_said gas outlet to the centre of th a tlet
port carpnbdesd and SAIY Tesilie FEARUIAS 255 AFPBEPTIGPd cifal isﬁlgca?) keeqrﬁg#t en sl ag

t it the.said ' : i ] ' fd
Vor 1 cal OISR oD R cenet ol e B R e & e

nom nal &h fhuctbntin€o $HE fsat® adleddteommpioesssihgghamhdre Ackiagitageswsty.part  of
t he sai d chanber ; .
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 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 said processing chamber. |

Alternatively, 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

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.



Alternatively, H conprises the vertical distance taken fromthe center of
the said gas outlet to said high tenperature zone of said | ower part of

said proo@ssioage2chanber. WO 03/ 069227 PCT/1L03/00118 28 pATrensnetiis/el vy,

t he processing chanber conprises at | east one plasma torch mneans and H

conprises the vertical distance taken28romthe center of the said gas

tlet t th t f the .out t d of id at t h
oane. AJEPOIRITSY, Eho PReRe e (AmER chsies ot lkafibhe WesRoidh | Of oS
slag gr aQ&hS%&d"}ﬁ%ﬂ@ﬁ%ﬁ%@p& ﬁe?ﬁicaoaﬁ%éﬁ&fité&ﬂ B@nt @Rk &lenbsy bf e sai d at

| east or® pr ocessi n or 1ntroduction into the said at |east one
processigd o£9a0ERE, toSitiedcaitag of thsWigpubeinugopradugdedsy qreanldsmang at

| east a por%ion of the slag provided by the said processing chanber during
oper at i torchbemngmns. Preferably, the volune (Vr) and surface area (Fr) of at
| east a portion of said slag granules are chosen such that: VWr/Fr < Vg/Fg
wher ei NOp¥bnAlly, the wthog fanthdérFgimpsisthdhexstepn@) fuintaedicing$leg t he
resi due granul es provided in step (b nmet ents of said

\ i _ 21 I n sai odf C n
r esi duegramyleseoi msngabieinlehcomersgd inghe ¢ raPﬁ“& ? @132%38?8%0%? ag,
whi ch i b tl ed f 1 sali | ed
And sol PUPIRSIPE ShErise: Rbr goio RePh bl AR Rt U o B e 0 ©

i ncl udeﬁﬁgé,b%eesg]a d1RE Grhuled befly pPiduce@by gtantigtingmt 1laast £portibn N, V,
d, S, B F Th elemental formor in conpounds. The conditiorlﬂ'rs i n,sai d hot
mel t i ngof ohe shiepiovedat bplthe saichprdeassing shagshey drapg pReXAtiqn ¥ 8% her eat .

In the nethod, conponents sai.d residues 0 I_i uf 4 wth
sai d sl &yefaumbln the @.%@@ﬂéhﬁpé SR<] egffelar@aﬁy gg?%[gaazsggrg?%@&la#d&l a
subsequent |y cogl ed iLdihfjed.to formvitrified slag. These conponents
may inclsi}?n%éﬁfélﬂtgf aﬁggg()%%%-‘gd,h , Cl, As, Se and oxides of netals: C, N,

NNhg, Co, M (3-5%; Ti, Qu F. Layfe @dpTh Bi, Zr (5-15%; Li, B Na,

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

residue granules provided in step (b).

11;1 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, T1, Hg, Sb, As, Cr, Mn, Nj, 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, components of said residues may form solid solutions with
said slag, which is subsequently removed from said apparatus and
subsequently cooled and solidified to form vitrified slag. These components
may include 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; A1, Si, P, Pb. |



K, Ca, Fe, Zn, Rb, Cs, Sr, Ba, U, A, Si, P, Pb. WO 03/069227
PCT/1L03/00118 29 Description of Figures Figure 1 shows schematically the
general | wayonstoegm2d mai n el enents of a typical waste pl asrCTpiozedss ng
apparatus of the prior art. Figures 2(a), and 2(b) illustrate schematically
t he general |ayout and main el enments2®f two derivatives of one type of a

typi cal waste processi.ng plant of the prior art, including the apparatus
of Fi gurléeicraﬁ@%é‘?i{)‘&‘)’é@&i ng elenents. Figures 3(a) and 3(b) illustrate
schematically the general layout and main elenents of two derivatives of
anot her it f - Pe0s&S TN dayRhiAahdOohaiRee]lpieats af ta

i ncl udiﬁg(ﬁﬁefasg%ﬁ%%}g&%?%?ggre 1§and pos}t’- processing el enents. Figure 4
shows sgheemtw sl plabhe geresdhg npbatatmssiithe prioveant. t he main el ements of
a first "énbodi ment of the present invention. Figure 5 shows schematically
the general relationship between the main. e],enents of. a second _enbodi nent
of the Figmeni2(ahvent 2, TR ShemmacalishtimEreaian aPRa: Gandpar

rel ati onshi p between,the main t b teegp&@g geBty1aht bhe
present Qfel%ééﬁtsiOéﬁ%’ol:ﬁlﬁﬂ?[%wfessﬁ%@lléee%e(?rfaﬂ%@lc%ywa}%e gener al @Ipayogt and main
el enent g, of At i 4%t ing@a@ﬂ%nﬁ{g @hatdisp o skEigure nY eahd opostRirgoessigg shows
schenmat | caIIfy the general Tayout and nain elenents of a second enbodi nent
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Figure according to two _
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.

Figure 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 fragmented transverse cross-

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



di fferent processing chanber configurations. Disclosure of Invention The
present invention is defined by the clains, the contents of which are to
be read awa ;sobexted wit hin the disclosure of the specifi cadmomys/emds wi | |
now be described by way of exanple with reference to the acconpanying
Figures. The present invention relate80to a systemfor recycling

R e R T A
part of t&lﬁfe?&?tv o d.gﬁgchag{&gl%ﬁﬂggya s wast e converting apparatus, by
e Cco s ~an S

encasing t oun conpl ex of netals 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
apparatug .for processing thereof at the higher tenperature zones of the
appar at u ,lsf’{ﬁﬁﬂlxies‘?fsfrh\é‘g%% ng zone, Wit hgut bei % substantially affected
by the | ower tenperature gasification zones thereof. The present invention

is also @h%%@%le’% ﬁ%@gﬁgfn%smm&pe %‘eiﬂgixﬁé?%%%&&%e%%ﬂ“&hié?ﬁa?é gy esai d

system an operating such systens and apparatuses. The term
"downst r parbad ekeheluded avidhireche dischlsang of tie shhacfidation, afind willnofv bavast e in
the processing chanber fromthe waste inlet to the nelting _zone, while

" upst r eadesardhest by wayofdixesepleoritbasiaranes ta the afronuearsiRE fagdresy ¢ h
reference to other parts of the apparatus, the term"downstreant refers to

a directdon along the dir i f i [ I t he
ppar at ud 8% Riera inyS B PR TSR oyt B rEBEbAod Bplotitlads, 00
thereto %Qﬁefa%@&‘ﬁ?"@%aﬁét@ QPvBESsing apPRAtRU N obh@sreidréditdeltlRsevdituappar at us
adapted for treating, processing or disposing of any waste materials,
i ncl udi ngolame aif paisidveest end NBWlispheri of Hedl waghet parti aflthe rhesvywastals, WD
03/ 069227 PCT/1103/00118 31 nedical waste, sewage sl.ud wast e (SSW,
r adi oact P¥elygesk BY VeRts CORVHELNG APRILTAS; | g’&??ﬁlﬁﬁlgti)re BWRB‘SH S of
plasma t Bﬁatmmxes of metals in the slag melt, i.e., while the slag is still molten.
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 flow of
waste in the processing chamber from the waste inlet to the rrielting zone,
while "upstream" refers 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,



The term "slag" herein refers primarily to the inorganic, non-netallic
material that collects at the bottomend of the waste processing apparatus
in a subwoastoegd2ly nolten state after it has been treat ec;dayilbdieiineat
generating neans, particularly in the formof plasnma torches.

Neverthel ess, the term "slag" hereingmy also include a m xture of such
slag and netal s, and al so a _ suspensj on metal particles in,such slag.
The t er muetieed qwaptey "sevea st eldgpevapte £%§ a&aajr?é’f:g%sw?‘%tten@adi %f“ﬁch an
apparatus, and subsequent| i.difi I The term
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crystalline form wherein. the tenperature nd‘[r}toﬂr .residence tine, i
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gases away,fdtamiang RoReasthitdatbniiiess beén tihwanteddydiiel ledatofentehating
processing chanber, particularly in the post-processing means operatively
connect ededsr paxicudadly imethel fem afeolaemesi torshpeaNeyoithelegsathiRéeMues 1
(R1) and Residues 2 (R2). .Residues .1 Rl%ﬁar erej ine

resi duesSbtghal}?rSW&? At °f1f"'l€e)]iﬁdf3l?e%§'§%e %%Cgsgﬁﬁgan@h%%éélg’ g]fl&jt%f%%aygppar at us
and are Bfgﬁgi'oﬂegf (DSLETI0RE 8PS68h GRE/ The! BsntlUessddnalagiricgattat e as a
result & € subsequent” conbustion process in the post-processing neans.
I n ot herher 45, siRestlitewat forijedain fuwhmed mbparathe, antesibkiequertlyi ng t he
processing chanber via the gas outlet are treated in the post-processing
means ordolidified hfteirco¢langl/ or oxygen) and/or by water, but without any
additives. Residues 2 (R2) are characterized in also conprising materials
whi ch i gi nat e, f.rom t.he ,in 0 et ] 4 ARNE 8S o14EP drhon-

post - prg@é‘g.&;?ﬁ‘& Vr’réréﬁ'%atﬁ%rhc eq%éesf%ragéjg&r#plﬁqgﬂg 3#?3? o%al rgagefh)t sr and
product Scr%%téﬂlﬁb forhe dHdreisthe tdinpavattiicslhad/drhesgeace teaainguificsenns, but
may possibly also 1include Residues 1 (R1) mxed therein. In other words,

i f addi tégudstion thednorgandOvestesofdly meltedi 03/ 00118 32 reagents are used
in part of the post-processing neans, then Residues 2

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
processing 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
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 particular the gas cleaning systems, but may possibly also

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



(R2) are fornmed in this part of the post-processing neans, and/or
downstream thereof. The term "post processing neans" refers to any

appar at uswaro3ggsem operatively connected to the waste prragasss/ongighanber
of the apparatus, in particular the gas outlet thereof, and adapted for
the further processing of product gages generated by the waste processing

chanber. Referring to the Figures, Figures 4, 5 and 6.illustrate
schemat | ¥eRigePts are raged 1%&?6&(9}0 %‘ﬁdpcf QeSO IREM Y Hien #gs’ﬁﬁéﬂge%t
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t he gas ggiidseteal®@he@oft he apparatus (10), and in fact one (or nore)
post - processing neans nmay be operatively interconnected to one or a
pl ur al i {Bheoftesmi dpogipMracassing onears’agolergety Aty FIMAIEAES AF System
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be any t pOSt “pr ocessi ng neans t may be connected to the

appar at ﬁﬁo&@ctﬂ%ﬁées?e@.@ﬁ@&dtwyet}mwdutetpx@aem'ngahdmhehrat generates therein
Residues 1 (R1) and/or Residues 2 (R2), and thus may include any one of

t he post-processing neans (2). illustrated in Figures,2(a 2( b). a) and
3(b)|,O fd%e%@rctén@lt@.tgﬁteﬁ“i@ﬁff?ﬁ(a igyres 6U$’eal3,‘,9 ﬁﬁh’zsﬁga%ﬁ%@t?&b%%&lﬁ’a%ﬁs 1£ %he
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(200) tot er 0). Referring to Figure 5, in the secqnd,enbodi ment
of the pmseatus (ie@ntimng gasheutlebilthredl9boyt] they g@?s@‘é‘ﬁ?"( g@@) of §%i2n t he
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desired permutation or combination, in a manner similar to that described
herein with respect to the operative connection between single post-
pfocessing 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 thereir.l 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
residues 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 erﬁbodiment of the present invention,
the residues recycling systeﬁ (900) is in the form of a indirect feed system
(800), configured to encapsulate 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).



Referring to Figure 6, in the third enbodi nent of the present invention the
resi dues recycling system (900) conprises both the direct feed system (700)
and t he iwd 369220 eed system (800), substantially as for tH@a/fiLos/etiiseand
second enbodi nents, respectively, nutatis nutandis. Hereinafter, the ,
first, second and third enbodi nents ofgg he present invention are described

in greater detail in the context of the type, o oSt - processji.n ans
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oper at i gy tig0 m@et&dfeb dyte@UBDE), (iRramtiglpnedue ehefivyt garkese®nidesi dues,
i ncludi ng for exanple the post-processing neans illustrated in Figures

2(b), 2ahodid(ants, raspattivelyumandtis mTtandisand referring to Figures 7, 8
and 9, in each of the corresponding first, second and third enbodi nents,
respectiyely, fhe asma wast e ocessjn convetti a t | ant,
desi gnatfiﬁr%?a’{tﬁﬁ' ﬁbﬁe?&?t’( f@%‘fg C%I?f%rjflélg@ g 8?388{51% ngpgﬁgn%%?&%fg) , the
upstr ea%VFRﬁBnpﬂet 4R rorA) irObreMEF e tahith & het dRiteRd b¥ thé tiPe lofigdser m of a
cylindrical or frusta-coni céﬁ vertical shaft, may be 1in any desired shape.
It is i npectaihy triednd dlustastddnsdteanprieslbnin iFigers 26w, Gleerlasheughocessing

chanber (10) is adapted to accommpdat e 8 col um of i/lvaste. The coleSer of
waste b idurereayeling systendPOPs agrosdingetp 8YY Oh ADPTLEMPOLHRERESIS and t he
upstream. utl et. provides a.tor u & f aggpid hat are
forned i alf?é?%é‘?ﬁli:@@ﬁt(?naw 8t s%ylﬂ)%o&tﬁgs% ;{rﬁ%e%tgfsﬁcé;%ggao ((gégggs Fom t he
chanber | BbAsckyd 16 tRE drdlet TIB0Y afidvedakes RAF gastoty résiduskag

and/ or mgﬁgg{}ﬁstanges fl ow ng dom(in?w_zr ds through the_chanber according to
the i nvierhidingtfor ienharde theitost-peetessing hwang ilustased By Higeresasdy: t owar ds
the gas outlet, as expl ai ngrgﬂ above. The upstream position of the gas

outl et i%a)rHchtnBraioMHaNHS ting zone is thus also inportant in the
context of the present invention. In the absence of a colum of waste, or

R
second and third embodiments, respectively, the plasma waste processing
converting 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 matrix structure for gases that are
formed in the gasification process, so that the escape of gases from the
chamber is substantially 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



34 substantially freely vented fromthe chanber, and cannot effectively
interact with slag or other materials that are input to the processing
chanber. Wardasweyarore, the colum of waste hel ps to nai nt airCTgLAY001$¢ eady
state conditions within the processing plant, and a stable tenperature
profile is also maintained therein, coBgrising a relatively cool er upper
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converte sl ag, us the rre ting zone my also

ref erredndteas ddg whichf gt benreapeed Assparatgdaner togstheri Whba dosnst ream
part of the colunmn is nelted, and as organic waste in the upper part is
gasi f i edresifienceatipee oh thﬁeln@xﬂamﬁ mgt’eewnlam phw Hingszansntr eliiiciantly
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preferably provided by at |east one pl asma torch means, as rill be
descri besluffm@ttéﬁﬂ&mg detmiodube vitirificadidng rthenmalmnndygamnb@)al@dwrﬂbr
provi di R%thls hlg era ure_zone, so long as con(%htloni are provided
in the nirm ngplidiHed Sngia, Fol the pseamt TRV PYiaRy melting zone

provides conditions such that all of the inorganic material may eventually be
melted, given 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. Preferably, 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 waste 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



WO 03/ 069227 PCT/I1L03/00118 35 of the inorganic nmaterial conprised in the
wast e accommopdat ed therein. For exanple, preheated oxidizing gas such as
air or oxwgensjoevizxed with suitable fuel such as coke, forrcxanpooa]s may be
used to provide the nelting zone. The tenperature in the nelting zone may
be further augnented in either case Wwiing an oxidizing fluid, with fuel,

or air by itself that .be preheated .to_hjigh t ernat ur gs u as 1000C
or nore Bgthfglné’rg%ﬁ]éﬁggg‘%/ lglec fLse %HA%&@PJE%%%%%%%‘\% the’rfe f‘{le'%r
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end of tfael shaiThecokd Opr \eixanmplepmiag berisdd teprovide chpmialiting zomeailhel ock

arrangenent (30). Mxed waste may al so_be fed into the chanﬁg@r (10),
t hough gempeahturegias sbesneling reie draadedurtheroaBgrEnted o LML AHSEr at us

(10) withqut substanti Lo ea nt. The sol.i i i system
(20) mayLBEBH %’éldéﬁwg ']tdalg‘fl_éhn?}%ﬁ]\’/é)ﬁWr kéﬁ%lgkﬁgﬁgld%?éirggﬁ eﬁg%c/) further
conpri Seni%hs @érﬁﬁ@%& 85 BLERKiN gtpether Waske hdlhe aSp@ddiativedesat The air
| ock arrafgenen 8) may conprise an upper valve (32) and a |ower valve
(34) defdsehagger | aadcizgedhavitler t86posthpoedrsing emeanshé20Q), vdescrdey, (34)
are preferably gate valves operated electrically, pneumatically or

hydr aul ileetely. t o open and cl ose i ndependently as required. A closeable hop
arrangenment (39) funnels typically solid and/or m xed waste fromthe

f eedi ng syst gfﬂyﬂ,ﬁ 50%%10’[‘%9 hied %ﬁa%%?gﬁ?&?gbﬁstél%ﬁlzmréd&eypﬂ%ﬁcal lve

(32) is e lower val ve I'n the cl'osed position. Feeding

of wast eyt @ ashe akoR@i Gppehantiest {@6¥hdmper 40y vizoat Wastes inlat iheartse | evel
of waste in the | oading chanmber (36) reaches_a predet errfi

ned poi.nt bel ow
full cammptiying anrinilodls ertangepesnli G0)i Mjxed verrfe fBaY & ?%E%rfg%ﬂ?‘i?g with
107 o AT el el OB By D, I
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bei ng dr @wkte feeding system (20) may comprise any suitable conveyor means or the
like, and may further comprise a shredder for breaking up the waste into
sinaller pieces. The air lock arrangement (30) may comprise an upper valve
(32) and a lower valve (34) 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 (32) is then closed. In the closed
position, each of the valves (32), (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 closing of the valves (32), (34), and the feeding of
waste from the feeder (20) may be controlled by any suitable controller (150),



therewith. The opening and cl osing of the valves (32), (34), and the
feeding of waste fromthe feeder (20) may be controlled by any suitable
control | ew @#8227WO 03/ 069227 PCT/1L03/00118 36 whi ch n®CHonpeiise a
human controll er and/or a suitable conputer control system operatively
connected thereto and to other conponggts of the plant (100). Preferably,

a waste flow sensing system (130) is .provided and 9 erativel conpect ed to
th (wbidhemay1ssORpTitna SenER Tl ‘gl% Sttahle e Spigel
s T el PR i e i ottt
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| evel enit reaches level (E), for exar‘gjl e.. The controller (150)
may al SonheimeRetatdty dinitcfimeastsdin cheatheasb¢3)0), vduje deved d&p dradt e

| oadi ng of the | oading chanber. (36) fromth eedi syst em.(20),. and
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chanber (10 tionally, phe r e 1B HORRE ich8ntber

di si nf e&rgﬁzd%ﬁjoiﬁi‘ﬁﬁsws s%%emclﬁg%bggo@a%erl oditglglg?%/ or continuously

f&f‘é’;[‘%ﬁ; teoee%i@g@%géaﬂal (H) Sdred qg‘&agm) ey exmi %gprbxim:teliyc atraal yo vilhen
volume of Wasteg ti)l;’(c) Cr(;saire be agcoF;m%rc])Eiaged i%l' 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 level 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 loading 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 (39) may comprise a disinfectant spraying
system (81) 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 inorganic material into molten and preferably vitrified



The processing chanber (10) conprises a |lower part (17), herein defined as
conprising the hot nelting zone of the chanber, wherein pyrolysis and
vitrifi cawiooos/oe$22rnorganic material into nolten and pref errd/povocing fi ed WO
03/ 069227 PCT/1L03/00118 37 inorganic slag and into nolten nmetal takes

pl ace. The | ower part (17) conprises & |iquid product collection zone

(41), typically in the farm of cruci,bl ' I | et (65)
associ at r\%?fl%c ogﬂ%g oarmim‘fagc]’ 188]%?%0%6 h F%%%P@#}‘%g "?%6)18%%68 gp&&ogiejis)si ng
chamber t | P |1 1R NSpiddIBF aofthatfol@agt aone gas
out | et (é%@?pr{)#lgrr%?ﬁlgeﬁdd?ﬁgﬁﬁgﬁtﬁdgpZgﬁoguc)tenggéesly genera?ed frgm t he
pr ocessidrgcidie Wasiving asiaylehstomniheutlpt oG&3 sassperiadberitl 1@e. ofhenaneper end

of the processing chanber (10 conpri ses, t he sai ir. |l ock arrangement
(30), armelleponreseairmg( a%@rproe%}ng §ha9§aee§ﬂ8%/?%tb%aowww e

material ;via the akrlack .arran t_ (3 o] . of . t he

pri {mré %‘ﬁsu%‘?fli fé?g'(téﬁf@f%etn ela%g g%?}ia% niq%tl%%ggdggﬁ?g%&%gé %hh:e:?{e}al\?lgl (21(‘) .
wast e dr enfany S d¥s | Westd) aiThigre

and advi@gguggn%%%ﬁ er (JESBZ\;})({;1 ?{)dngnabl eanCnotir?;e\g:e batcrs1 ofa wgste to l;ae fed to

the procg®sesuing hdrteber X0P).vThe timepdroadilnef therinecessdey .champeerc 6k ol | er
(150) then closes, | ower valyv 34) and qp u val ve (.32) ., tao enable
the | oadiongpEpesbae sesd)ait éo%egpél-nlg@é‘h%g &1%2’ ?gg&ﬁ"ﬁgpwg? ﬂg@@)m?berand t hen
closes u r..yaly : I hty of

ol asm 1000 ie PP HEY dled SRS CRE thaeyh ia i BrldchRRiagelblEBOLY 10y
are operg ityeipoofets e dfotsuptiabhe gleottlet (Powdensimnsyshed: (a3@Y

cool ant sources (45), and the plasnma torches (40) may be_of the transfer
or non- t samsek avhay pbe leved of morshe dzopuaytficienthn (aft 2 geFHE OABIOERERSS (10) by
means of suifably s ed sleeves, which facilitat e ' rvicin
of the t@%ﬁbé“{bﬁé)ﬁ anflaCHEes EWOQ%Z%{’%E%SS a}dgfsgisl eg,?b %ér%él éﬁi rect eg
downwar d | cal ' t @ ot ARingleéri(@6). of
waste. T Sﬁeyo?dcﬁggg%zg;thgg)el@gggﬁgl %ét)%g&gt(h?h%g%??g?n er%l of them(;ﬁfzanber
(10) suciththehtidlle2n@se) then cidses fhweresale(®d) had: apenisespgeroyaliedB2t he

bottom of the colum of waste, as ho enepus| y as possible, to hi gh
t enper at tor enable the loading chamber (S36g] tg%ge re-?oade% via eeﬁmg system (2%), 9

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 plasma plumes, having an
average temperature of about 2000°C to about 7000°C. The heat emanating
" 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



typically in the order of about 1600C or nore. The torches (40) generate at
their downstream out put ends hot gas jets, or plasnma plunes, having an

aver age twopsraenzre of about 2000C to about 7000C. The heatCcTamametiishg from
the torches (40) ascends through the columm of waste, and thus a
tenperature gradient is set up in the ggocessing chanber (10). Hot gases WO

03/ 069227 PCT/11.03/Q011 38 ted by th I t h 40 t
the. t enperaetAed s aie Plrsti OERERAAD PayOrt FHec TERBErH ) dUgRS o
suffici e%a?ﬁg&&/@@% s 106 leg%ﬁ%rterlg%l isfurhibignt RaNBsst 4t fo%ercl%ktt' nuously

converti e’rnto pr ases that are channeled off Vvia outl et

(50), ang thatdadBdrauiy femsitimlodsdy ohva@tingnthe wastedaomrblect gedeal and/ or
slag, which may be periodically or continuously collected at_the |ower end
of the chattee ¢Eoneléd ofhwicopubhet €505 anyl datol atliayidimaiedal B e or nore

reservoirs (60),. _Typically, the lten, netal ,and the sl ag. are | |.ected
separ at em?}’i( hn‘%;‘éé? Zg}ogf(@nr éé‘@?ago iagg.{or SIEL Wi]fl‘f}ér Y I%g s& eg]toraﬁlécravl\nﬁg e’
specified, ,the r i byl | & Vb re.

i di o1 S A o B B L B e o e
char, pREuRRTLtEY6INGnAINES YAk Drofhoos gestreoinag6e). Typicallisethel mgdess such

as CO and H2, for exanple. The oxidising fluyid.is Jj thrggd ced to the | ower
part of mhtal chehbde (slag ara evliecsed neeraretsly aphe deft e(!’p]or%sfr{’%ﬁ-.

"Oxidising fluid" i herei n .t aken .t.0 ,i flLuld
capabl e ﬁ?r‘?}ﬁ?‘-%@i ‘ﬁ@eﬁf Ofi'lé%}?fls? hPe ill?"fl’ (E:}%?&?%%{r% %@8?%%@?23&%? h{t:lise
hotter, dh%v‘ﬁﬁ RatdSoRf the processing chamber of the waste processing
appar at us, ant i ncl udes oxygen, steam air, CQ(err) and any suitable

m xture thereof. The inner faci ng surfaces of processing chanber_ (10), at
| east of Okhdistrewituid peayt be peoeded from a ppitehly soursad 70} g‘h?%‘éerérc re

suitable refractory materials, such as for exanplie al um

al um na-grqduegd dﬁﬁgr%gmg}’mé QRERIIGEFRLE; 10dO USR A eRs® st pe GO and

Typi cal | %, the pr ' 4 s in80dussnes ahkylowe planst {hld0) as a
whol e, igzt ?Fe?g%’%@yaes'zr@%t"g‘ a e?l(%(?)ls é%?:ang to inpr 0\?(? .rr?%lani_cal_

i ntegrityhdReerei0poTh bae anabloge tetablodrksipuyts (75). "Oxidising fluid" is

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,

CO2 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 processing chamber (10),
and generally the plant (100) as a whole, is covered by a metal layer or
casing to improve mechanical integrity thereof and to enable the processing

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

As described in more detail hereinbelow, the plant (100) 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 sealed with respect to the external environnment.
As described in nore detail hereinbelow, the plant (100) further conprises
post proceskingarzeans (200) operatively connected to sai d rgagiLozodies ( 50)
via gas line (101), wherein the gas products generated in the chanber (10)
are processed and cl eaned, produci ngdpn the process non-gaseous residues.

In general, non-gaseous residues are prqduced. by the postsprocessj ng neans
WO 03/ 068997% @@ﬂ'ﬂ%ﬁ@%/‘“@ﬁ)‘ﬂ%s 1@&“@20@39 Oﬁﬁ%ﬂ’%ﬁh s ai)rcgg?%ﬁéess ﬁﬁéﬁ?ﬁgﬁone or
bot h of cat £g0or.i io8u : jdues 2 (R2), as hereinbefore
descri b@gﬂq(gﬁﬁ%lflﬁ\%/%gagzy’h%s}ﬁ%aeﬁ{iﬁ%%%ggsﬁﬁﬁﬁgrt i cular the

post - processi ng neans (200), may further conprise an afterburner neans
(300) opgfcahh¥ekly, ahanRahed a0, irt partetlhethé Fopt-pracegsing ineens 12Q0), f or
burni ng organi c or other conbustible conponenSs in th roduci gses,
Wi t hout neagmpbnithien gommise bpealterbaser Preansoi0) ARsEaEEelyC ef? ®0)
typically furthe onprises_a it abl e ener . f ener gy
utili sa?h%r?‘@ietg@’rqgr‘ggi iy gﬁ}%t@ﬁ# i%gur%]&é? é %a\?{el?g) %c%r%lrelgccﬁ)gg toﬂ)tq%e

af L et DU BRaMRARS L 300 b- RIS 68N B e brpr e ashenigberiichins AThon
systens ? Gy~according to the present invention may include, for exanple,
a boi e@owgr&eg@mﬂgt dideinge(200) aygimdiyt funtheheoniprises coupiitable eeESEl ectric

generator. The energy generated by the  afterburner ener utilj ion
system bl@® omnyaferbemer ENeEEEr WHESaomt O ( 28R§T kY ogys&gmex{s%ﬁed, f or

exanple. As d i bed i f ; N )
o oc| pi CREBRETE SR & BOFHarhune: (HE5e CPdghas Rl ot
utilizald,op @R @A atiohhsyfesls MEmessdondinte anshe2pfysehtirinentionnpri ses

a suitable gas cl'eaning system (500) downstream of the energy utjlisation
syst em (489)incities formexanmiedadmiks| dud wheam FbERG AEANSRTBPTEY Orithﬁi d

sol utions conprising waste terials, ingluding Resi (RR), i ch
requi r e 1iker tomibled o s%ﬁnﬁlecg‘g? BRAFHACEE: 'flh—be g%fger%?’e%ﬁ%ga%%st%ﬁm P’\éﬂ(;O) may
conprise .a sdry: Al 4B0Fn{HRY bt 48 itB G40 Ehes plHntdr Y
scr ubbeﬁfgqr}i’%xﬁ%lgﬁgr%hﬁglgéﬁgn?g%%egﬁls(i onpof Ca(OH) (err) in water for
bi ndi ng (456) aalbraRsesporVéd, &or ksample. As described hereinbefore, Residues 1

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

ehergy 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 liquid 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 scrubber, into which is fed
a suspension of Ca(OH): in water for binding the acid gases. Water is
subsequently evéporated fully, and thus only gases, products Ca(OH)s,
CaCls, CaS0s, Cas(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 arrangement, wherein a mixture of powders of Ca(OH)z2 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 Ca(OH)2 may adsorb the remaining acid gases,



subsequent|ly evaporated fully, and thus only gases, products Ca(COH)2,

Cadl (err), CaSQ(err), Ca3(POX)2, in powder form and other dust (which did
not precwua @@ke2rn the boiler) exit the scrubber. After trga/Bosahiser there
is a reactor-adsorber arrangenent, wherein a mxture of powders of Ca(OH)2
and powdered acti vat ed carbon (PAC) at® fed. These powdered adsorbants

Ca( Or) 2-/BEHECHRS MR ks PReLRFeH) ! RAERIEDS COREEIPLHm RRRG MER gases,
WO 03/ 06%%(:0”@/ té—aoc%ﬁ%é&betoatt@ & tahefa%ﬁé a0 e oxh 8% ailere

conmponen ai ni ng heavy nmet After the reactor-adsorber there is a

fabric fRééleaesmr(am)easwprem@m@tedeemldaﬁsg Za( @)z aactive esihont diedns,
i ncluding Ca(OH)2, active carbon, dioxins, sonme oxides and salts (Whl ch

di d not q@mwomdesst endessdte)(wlmm ‘diel qenfcprecimitates hetfareh %Jeé@re@wt)s of
CasSq(err), (e do subst anc Ess ntq.al gas
carryi ng"eéGQP @%éﬂ%@ @Qﬁ 22 %(ﬁrﬁ’gh%ts b ﬁ?h L Bresh lr?éi 8B/ny

met al s %1 d[ Qxi %ﬁcﬁn éﬁ&aéﬁs tokid Eérhb@ﬁ@ﬂtst RGLEHIAS t MiBximY Sefy dust
precipita T4 The bags I ncl udi ng adsorbents such as for exanple

Ca( OH) 2 @Reh1PAknd atlebit ttﬁntt@saamcb(sahenemtfﬂtaaed doeorghe dhankdyehwd dust
precipitate out of the carrier gas. The clgan gas obtained, after thration

i s direptesipitatedninxiheudess an tmh%dlpg pAOILEREK SUS &R plGF sPHRPIR 0 t he

glert)?ggleg?(qlﬁ%%ésg‘ééf?hle% cgecr?e Cﬁil%%gs n%fé nc u %é?/?%ﬁ”%&(ﬁ and t hus
such Sysgfé%/ | nc@gw tBE cabfi¥r gelse@ttbrtgeeﬂ nsbtaResd dbres AtfaRn & e very

toxic an e di oxins, conpounds of heavy netals and Ca(OH) 2,
active cairbeted $onEn oxtltasstandushlithen(whithle dbatkndor mxeeﬂqwmatnéo the

GRS o 1 yLonertame dies gaesaria (R et iftl CATR o8Y0h i AATES YRGS (i
Resi due 2, () | $, DMOEQSCOPisicel ESRREEAINY) DG FARLARIS gL tendhier eof ),

it may abB3 from wat er a our’ t i's generated along with

ot her coghysky ARy waﬁh@wnam“dﬂyueleamg bastenss. Raesideed FfB2L ansiverency.
Accordingly, tubes whi ch are used for transPortl ng this aRIe(f (Eja(%)ﬁ) (R2) in
2,

the gas tdeanimynsystiseiudsodioximsy ganpounds of heavy metals

active carbon, some oxides and salts (which did not precipitate previously),
products of reaction (such as, for example, CaCly CaSO4 Cas(POs)2 and
other substances). However, since this Residue 2 (R2) is hygroscopic
(especially the CaClz 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, 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 (200) exemplified in these figures also comprises
a suitable stack arrangement (600) for channeling gases from the gas
cleaning 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.



optionally heated to enable the Residue 2 to dry. The post-processi ng neans
(200) exenplified in these figures also conprises a suitable stack

ar r angenmewo @38e@27f or channel i ng gases fromthe gas cl eamamgLsyetiesn ( 500)
to the atnosphere. The stack arrangenment (600) conprises suitable

nmoni toring equi pment to nonitor that tdie Ievels of poIIutants exhausted

therefromto the atnosphere are wthi I ept.abl

03/ 06922FhpeT/theo BPEfoRrPSeSHRE TRIFENS @(b g %%68%2@? ﬁ%%n (%06 a'®
generate i d 5&&&5 (R2), as descrl bed herei nbefore.
In each gﬁgl%gjfestzi@%i %sﬁ%scg‘g%odn anlg&fq?:r%d enbodi nents, the residue
recycling neans (900) typically conprises one or nore reservoirs (950)
for t enRAhYonsbOtlagRra) dec@aduand ah1rdrembodaammaﬁmejxqsme penycRegi dues 2

(R2) precipitated by the post-processing neans 200@ zol | lustrated
schemat imedhs (900) fmpgrmlbfscmrnpysaﬁ@n@ OXaFA@Ta FRF VALY AP for7teraparadyg.

Resi dues (R1l) and, (R2 usual b i.nt arate
reservo@%ra(g%cﬁnd WAF mdi]es‘i’tl ﬁ%‘?ég %s%r@m rsg?%ng\éIS{&ﬁgs ggo@
respecti igﬁﬂ L B @é&@n (209), dueshiat e tell pichaaticallychar ged
continu \é%{%wfdhtr ou ch (%Sesp(251) §(551) re)spectl vely, into conveyor

t roughs m(I"&@hﬁéMMﬂ)anﬂc&mn&eﬁounE1garef$’§e8 anfli%s (250) and (550),
respectively. In each reservoir, the residue conveyor puIIs the settled
resi due fromthe bottomﬁg} t he tr

h d.t t h h
st or age Residues|Ripfand 4R are B?ua r?ﬁg‘?]ﬂf@&e‘? Orggz?\W) ﬁgpsf%ugﬁp:og
ﬁggsz C\K‘;Crtceg%;Q/Oflasft fféoaorw%?&%r %trg &Ef rTaPtQ 8s %ﬁsd'@%bfr @adsy usual l'y

ghs so"t ha standby 1s avail abl e. V|ng a

full standBy Lyl s Bwukehim® bedweeThesysasiduss hoe tgpeallyedischazeschedul ed
mai nt enanc Preferably, though.

, _suitable auger systens or %(gg%ﬁ%
syst ens coiheusedhfagh ¢1mi§§d251}3é551)hé’9$@§?1885’s 18t CHFVaYRE F oirs,
wherein a liguid nediumis. used for Shent oi |
or fuel. (HRIttSbPWzI’t)l"QE}FS}”lseétlé‘a eo*ieselﬁvé’rlﬁ ga(%bﬁg’re éct&?é ‘as & tr anspor t
medi um f 2 ser\(?osﬂ' d&?e 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 transport medium for residue

transportation in dust form.

The present invention is characterised in providing a residues recycling
system (900) for recycling non-gaseous residues, 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 in dust form The present invention is characterised in
providing a residues recycling system (900) for recycling non-gaseous
resi dues, woushes7t o ensure direct processing thereof at rdraLhmodies parts
of the processing chanber (10). Referring to Figure 6, in the third and
preferred enbodi nent of the present i#%ention the residues recycling

system (900) .co i ses bath the djrect.feed ,system (700) and,.the indirect
Fhed sysEenriBon) Reldinsuit EPRpthe odii b BRe T R TR B E 45
descri be ' i A 8sSRestank.t he first and second enbodi nents,
respecti 38%é&ir}}uét1%\ft%lg rru?andl él In the first enbodi nent of the present
invention, and referring to Figure 7, the residues recycling system (900)
is in the thefiret emisidiment foféHe presemh invedtipn, endf tejenrews to Figwect) y

channel at |east a part of the residues. precjpitated.in the gas processing
means (200 residupe meveline Fpvem §APQ) 1 th fflo%"lﬁleoéﬁa%%?t oPd) SYSSEH | ar Iy,

d refery| Fi 9, . i i : h
Third- endBi e ergr S5 C i aivaBly SHES, of CRYSH BIpBE 0K Hrifer V.
Resi dues?ng% mﬁ%&téar fh theé %ﬁas 3r6eBlR Brbad (06) t6 SREHMRIdr 103B0)parehilgh is in

fluid co cation wth the hotter lower part (17) of the chanber (10)
via a suof ahbeclcambei t (10palsm{latly) zwdprefewing ot Fegungi Pedhef eesidegst em

{he 1 ansisurbagiRvam ©AD) PLCrGRS (RO PR Fo elRryer S 28 tb The
harth 1 L o I L ui . : .
;ageoﬁg %ﬁ%‘%ﬁ@ﬁoggwﬁé%ﬁfgﬁ%gﬁb%ﬁ?aﬁp t)ém'rr gi %EI&: :qé{ﬂ: %M@gfﬁr%ﬁdsﬁﬁt asI P uel ,

used oi | yeddrabiirc2was! whadtdisim fnid asmhengsicabiehowithdéschotied loBec paat f | ui d
medi um provided at a suitable high pressure by the fIQtii d transport. neans
(720), WD rofithei chanhiber(160 v A Srtdda canduitiheaps §EFQ gomy in thges the

residues wthin the flui nd, t,ranspor. the resi J x t d tream
di r ect | ydirget Iﬁ%edtc RESTE5 _(’?q(g) _%uﬂ:@%?? ?@Héﬁrwﬁorglr{lgﬁigﬁ&élIy‘l,;&tbﬁea iTect
feed SVS§O%§%gﬂ}1 CBITBhe $8SnsgREEH GRlthie! ARSRYS (RPARGN{ $8O)rebervoir
transporting e Pesi dues to the . _ )

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

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

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

fluid medium provided 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

downstream directly to the chamber (10).

Additionally or alternatively, the direct feed system (700) comprises
mechanical transport means (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 (250) to the lower end of the chamber (10). A suitable fluid
may be further provided to the residues, typically while still in the reservoir
(250), via fluid reservoir (740) to facilitate the operation of the mechanical
transport means (730), which is strategically operatively connected to the

conduit means (710).



chanber (10). The mechanical transport neans (730) may conprise, for

exanpl e, a suitable punp such as a screw auger to displace the residues
fromthe wessroémizr (250) to the | ower end of the chanber (PLO)ILOR0EWS tabl e
fluid nmay be further provided to the residues, typically while still in
the reservoir (250), via fluid reservwgir (740) to facilitate the operation

f th h |t t 730), whi ch i cal |
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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 (770).

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
cleaning system (500). In all embodiments, 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 hereinbefore described with respect to Residues 1 (R1),

mutatis mutandis.

Thus, referring to Figure 7 and Figure 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



tenporary storage and accunul ati on of Residues 2 (R2) precipitated by the
gas cl eaning system (500), or nore generally originating fromthe post-
pr ocessi nyonwsaax2(200) . The reservoir (550) is typically sawiLas/odies t he
reservoir (250) as hereinbefore described with respect to Residues 1 (Rl),
mutatis mutandis. Thus, referring to Bdgure 7 and Figure 9, in the first
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the resiguasitf Aramsh@10Esanvaiis npaEmdis.oThhe thendirecipfged gystymof7Gthe
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second enbodi nent of the present invention, and ref,ergl ng to. Figure
screw auger to displace the residues from the reservoir 550y to the Iower
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, the residues recycling system (900) is in the form of an indirect feed
system (800), configured to encapsuléte 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). Similarly, and
referring to Figure 9, the residues recycling system (900) of the third
embodiment also comprises an indirebt 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
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into the granules (even in solid for The t S "pell ets"
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gl ue, for ﬁ%p hus, these additives
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 and/or 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
particles 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
chamber. Such adhesive additives may include, for example any one or
combination of cement, sodium silicate,ﬁ organic compounds including
thermoplastics, and inorganic compounds and/or complexes including oxide

powders, oxide solutions, salt powders and salt solutions.



are characterized by havi ng adhesive properties, that is, they bind
together particles of the residues into a matrix, and further, the matrix
t hus f or mad 03degx27not di si ntegrate under the conditions f@amLbsotine upper
part of the processing chanber; rather, the matrix is destroyed at the
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or "éxa pouring it out in water fromthe

chanber {100ty #Rshi theTBlaiben (26) Nixadssvvolr (@Bgerfter Hirslag hhsesindue.
When slag I's poured out into the water, the dianeter of

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 granules (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 drﬁrn. When slag with water is
poured out onto the drum granulesA of slag are ejected to different distance
depending on their diameter. Granules or particles of slag may also be
further crushed before introduction into the mixer (820) if required.
Alternatively, 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 depends on the nelt jet mass flow and the dianeter of the
jet (which depends on chanber's productivity) and may be less then 3 cm
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nmould may be nmuch larger than the desired granule size, and once the slag
has WO 03/ 069227 PCT/1L03/00118 47 cooled and solidified, the granules are
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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.mSiOz; KCaO.nA120s; fCa0.A1503.FesfO3 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 controlled
and optimized according to the following criteria, wherein preferably, the
volume (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

necessarily correlated to the travel distance of the residue granules from the
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system carries granul es"to the upper end of the chanber (10)
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via the waste feeding system
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 the
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 system (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
intact, exiting thereof via outlét (50). Rather, some of the encapsulated

residues interact with reagents during the downward migration, while other

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



(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
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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, (KAlo(OH)2[AlSisO10]), 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 8 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
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it is possible to include in the slagosome heavy netals, such as Cd, Zn,
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Al t er nati e indirect feed system may be configured so as to
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that desgfijaededebahe dRmbde(1Bysiahuestel ffom the Resadies mRapdFer this
purpose the conduit (570) 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
typically together with, regular waste. As the granules descend 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 greater the temperature 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
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surface-tenperature can be given by the follow ng approxi mate equation for

a particular external tenperature jangd sphysical characteristics of the

pell et [Hazardous Waste and Solid Waste. Edited by David H F. Liu, Bela G
Li ptak. 2000. Lewis Publishers] : t.z~ 0.5*r2 Thus, this equation indicates
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3-in dianeter pellet to appfoach the surfac tenperature. .Simlar
rel ati omshilpd fgét‘ib@eﬁe’(l’ie)r & G gﬁ%’“ﬁ &oP eﬁ@?imoaf’ e tPERCPY and/ or

irically f t Jrat ekl . Lt | iR¥qt h
ol + eceorbers s, SR RRoFIAReip fRever (AR Y BRSESSREL
t her mal tﬁ@%ﬁ%llyiéﬂﬂléﬁéﬂ@@ri&mﬁ Pirsotheesmeretials. the granules are al so

0
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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
t(; the hotter parts of the chamber (10). At the same time, relatively small
particles of inorganic materials (Which 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 comﬁ)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
or melted material of the same large grahules 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
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residues (R2) may be placed in_special storage until the fcghrrpositi on of
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di oxi ns an erials which are normally inappropriate to be

di sposed of in land fills. The volume of residue of these materials may be
significantly reduced using the systemof the present invention by
recycling Residues 2 back into the hotter parts of the chanber (10) as

Cenper attagnes 2 (hboBiriston coBier Lo OReeCroind 1ot S Siter B of ¢ he
NaCl, Na2S04, metal oxides, hydroxides and/or sulphides from many metals
including heavy metals, dioxins and other materials which are normally
ir;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 component 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 (3-6%); Ti, Cu, F,



chanber (10), to produce HO and other products which are not desirable.
However, when introduced to the hotter part of the chanber (10) as in the
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(R2) cannot in normal circunstances be fully recycled. The main reason is
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recycling procéss, an must be disposed of by different neans, for exanple
vi a t he dl¢waed pofin oealtogether stopped, to prevent these metals being 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 Na2S04 again form sulphur oxides in the high temperature zone
of the chamber (10), these oxides simply being converted in the gas cleaning
system (500) back to CaSOs and NaSOs 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 dioxins are hazardous materials which normally need to be

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



(590). Thus, again, at tines the introduction of Residues 2 (R2) to the
chanber (10) nmay be sl owed down or altogether stopped, to prevent these
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and thus the recycling rate of flow of Res1dues 2 (R2) may be reduced or

stopped altogether, until the level of HCl and/or SOz (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) still

doesn’t fall, this could mean that the waste being introduced via feed (20)

contains high levels of HCI, 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 also
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, Ti, Hg, Sb,
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as well, into the chanber (10). The slag recycling systemconprises a
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H‘owever, and optionally, the system (900) 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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pr ef er abhynul AR dval berrd. \Otiandly skl deg racyetingFystah map belcagtgpiledul es or
particles are chosen such that they satisfy the relationship: Vr/Fr <
Vg/ Fg wheaeont(oV§}50)s the volune 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 fromother waste
processing plants. Wile the residues recycling systemaccording to the
B'r g: renrallt t’I;}géé e\{,lt\%{é{tﬂéé (I(:grn)vgrﬁta} %%ﬂgég ReEAt @) af e ise@rahuhar br Qfarsicles
- r
recycled by the slag recycling system (990) may be advantageously controlled

according 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:-
Vr/Fr < Vg/Fg

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 recycling system of the present invention
is also retrofittable on many existing plasma-based waste processing

apparatuses, according to individual circumstances.



processi ng apparatus, the residues recycling systemof the present
invention is also retrofittable on many existing pl asnma-based waste

pr ocessi nyo @mpgmat uses, according to individual circunst aCIAS.03/MWDIS
03/069227 PCT/1L03/00118 57 Wile the residues recycling system according
to the present invention has been deggribed in the context of a

pl asma-torch based waste processing plant and is particularly adapted

t her ef orWhilgetheskesadiees reqypHnE fystemtaceoyding doddedpieserbtheation/hasner type

of wast rogessi-ng; pl.ant s whj ch npr4 1 e n | means
and"ai s BonEROL R Bparts Bl & ngtRiftoehaited Wt pdhesbhe ™ i gn
tenper ahung 0085 ighrfichDWey aRdbtedtho@ifsk, thbardiptudd! rdcodlshe Sybfengiignt for
enabl i ng 1 norgani ¢ waste acconmdated therein to be converted into nolten
sl ag. Thl®, dirbetedriesemt otheretypeard wastal mocessppg ptattisevhizhnomptissah t or ch
based waste processing plants. Such plants. may include, faor exanple,

pr ocessiafgt Finengas oxtighimpany S ,a]§9|cﬂﬁﬁé%h teppieER e SRIRERHNRARLRNS | us

coke or goal i i t i e i p -t her eof ,
and oxy@@ﬁp*esd 3?"3%%@5%861 gl\/\/g'%rgé%?déo# gtﬁ%@gﬁaérbl\éﬁrg?%@i 8?%1(}1nt ense
heat suthigibRpt af deabh&ueREvat Sopnerdblinorigapstic Waske: tecsmbicdated ag.

Anot her exanpl e includes the type of processing plant in which MSWis fed
to the phowmestbhy cinveptad iita noltemstag. éHaus, Hbeduesenhinyensionaisralspr eheat ed
oxygen and_fuel gases are provi.ded via a_ lower end of he, champer,

provi di ﬁgphﬁ%u@ﬁs H@%tp?%‘%mﬁi torehh 268 "Y?‘fgec%tf?\‘;ﬁ%?%ﬁol%’ﬂ%si' ?&P@aﬂ A5 aste to
mol t en il e t , wigb udi,;pg gkesi dues,
exit t h?%?olgg&éﬁgfﬁh%%g&ﬁ% gﬁgﬁé&%ggg@%@%a@l gﬁ?lﬁgt y Whi le | nat he

f or egoi Reusiessli pévware desse] hlss icokdesricbabid ywupplied spehe fprocessthgdi ment s
of the invention, it wll| be understood by thos_e%ikillﬁd in tge ﬁrt t hat
the i nvehaiberisarmoton ¢nd theracheand oxugrp inarovadevia alpuey 6Rd af fheorm and

detal ]S TENDE, ROSlRLe ATOUL BRI ANa, LOMA IorSCoRS, pdistLoi O (e

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 oxygen 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.



Claims: 1. A residues recycling systemfor recycling at |east part of the
residues fornmed in a waste processing plant, said waste processing pl ant
havi ng: awd ®as9220ne wast e processi ng chanber adapted for raacionsrodas i ng a
colum of waste and for enabling said waste to migrate through the chanber
in a downstream direction, said chanbegyg having at | east one upstream gas
outl et neans and further having high tenperature generating nmeans adapted
for provﬁ@aﬁgsh'high tenperature nelting zone in a downstream part of said
chanber and a relatively cool er upstreamgasification zone, wherein said

ar | si i cat i ~ wh
Cubst bt o o REBELREC B, (PSPl &, eet PR PR ABoidues, e of

mel t ed FeiAbs idAdwastiRGproassking el eht) sari wasipsproeassiggplénichavimg:-zone is at
conditions sufficient for enabling gasification of organic waste in said

colum of vwaste.i 3hel Rasle PR RS HARBSS AAPEERTS AREIBhioatngcannect ed
to said at east one waste processing chanber, wherein said

post - pr eehgahng WAl for etbpinedsaflid waastalbd mgrsiw throeghdhe shambee
coll ected therefromduring operation of said at |east one waste processing
chanber :invhdowinstresing diregtione said ehambey haydng At leaghapa URSFTeALY 88§ bei ng

dapted f | | ecti i t { t i - i t
B obessig ot i fodii iy B (BpldfnuRe i fust,ihgThiRaRS, B0
part ofarffagﬁea &8 cdmg%idiﬂgoa q_ﬁ'gﬁ REREESSIRY nedloieroseidh & hiatwithirdig

operatio sal ystem said portion of said at |east part of the
resi duespars expaisiedhbmbesaiuld hi glelaterge raplare upstrepny gasHicaiony FeR]) by t he

sai d high tenperature _generatjng neans. 2. resi dugs. r cl i ng.,.system as
cl ai med Whemllaisrﬂli,mﬁﬁéﬁl%izﬁn%‘isdgtr é%‘}/‘g?]ioﬁé a%ﬁrﬁ“&ﬁ%ﬁggég © %}13 st one
collectig eserNoi r I 't e ] PeOStatP I means
and adaptibaonapalie A1k aRREY S e REARCR, b e R R W0
03/ 069227, -Red/ thbfa5 Al 8lagh tind 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;

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 opération of
said system said portion of said at least part of the residues is exposed to

said high temperature melting zone provided by the 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. Aresidues recycling systemas clainmed in claim2, wherein said residues
conprise at least two types of residues, including residues 1 and residues
2 whi ch didd@aeonne fromthe other in at |east their chempr@Alpseapesties,
that are separately collectible fromsaid post processing neans, and said
system conprises at |east one said cgid ection reservoir for separately

coll ecting one  _or another of said residyes 1 .and residues.2. 4. A residues
recycld-ng &y eEAIes reqysliRgSysken as ‘F*?Qpe‘xﬁétcéqlﬁl alV ei"@é‘yﬁlﬁﬁﬁsw"s’?&em

conprises suitableg canduit neans f hdi QAR i . en said
at Ieas_tc%ﬂgrlé'(?laitgg?‘%oﬁ#? %&?@%ﬁ?esg#\%g]?{%{ip%? par‘?é gfaéﬂscg?e 1%?é§1\?east one
pr ocessidg -ENBIBLbne $RirH theMIHbE iR sasBdRGirathehtital propepaesithat azai d
residues fromsaid at | east one collection reservoir to said | ower part of

sai d at sepasitebneofectiiles frogn ciaadbeostf procdssingt meapss sl chid sydtenesi dues
to said hot zone during operatjon.of said system 5. A residues recycling
sy.sz ert;1| &éirmra?% lagst oaemaic cﬂh@?fé‘i’rh r%%ﬁr(‘,f‘)‘ffy(éf te'%%par %Eetl}ﬁff’ﬁ‘lé‘gﬁ% P8&s

suitabl e_transpor . r ected to said a east one

col | ect ioa@qog}gl% ott sal8 S RREMAAAY %%ﬁdﬁ@@ﬂ.

vol'r for assi'sting transportation of said residues through
said conduit neans. 6. A residues recycling.systemas ¢lained in.claimb5,
wher efn s gaAdr qspﬁ@p‘@pydl% SHEeRH AP tcfa&ﬁéedams?}la{rﬁbﬁ ewﬁ?ﬁ_ﬁ“a 5 ‘%f?ﬁ%c}l{}g .
L1 ANSPOTLLAGn! BEmBPisds " StV conduit nicisl¥es 5ReYEhENdoskelfithasnC) al Med
in clai , wherein said systemfurther conprises suitabl e nmechanical
t r anspordetiveensadd et dbhytebye colertint eekerooisaimtl atid bastr pmd afcldiéctti on
reservoir for assisting transportation _of said %gaSi dg_es t hr ough .sai d

[

condui t leasinene @rocesaingehamder aaidondyitsipeess adanted;ine dransrortes, 7,
wherein said transport neans c ris . suj t . rting
the sai FHGIPEHIHES Qﬁm&ﬁ&tﬁﬁ%@% ec%‘glf‘?c G s\ erﬁqlégblc }aé gr{ewdé Iirﬁﬁgtloogi m 3,
wher ei n a4 ¢+eatbhe ﬂfs@ég@ix?anamﬁ fat dhr@as bxpRRBLoft @l eresiduestto
operatively connected to sai | ower part of said processing chanber. WO

03/ 0692 %41 PEHL ZbHS HOTHBopsatib@. of said systens recycling systemas clained in
claim 3, wherein said conduit

5. A residues recycling system as claimed in claim 4, wherein said system
further comprises suitable transport means operatively connected to said at
least one collection reservoir for assisting transportation of said residues

through said conduit means.

6. A residues recycling system as claimed in claim 5, wherein said transport

means comprises a suitable fluid medium for transporting the said residues.

7. A residues recycling system as claimed in claim 3, wherein said system
further comprises suitable mechanical transport means operatively
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.



means conprises at | east one suitable valve operable to enable the flow of
at least a portion of said residues through said conduit neans to be

sel ecti vewp o3peezent ed or allowed. 11. A residues recycli rREeyst/emas
clainmed in claim210, wherein said valve is operatively connected to a

sui tabl e control system 12. A residuegp recycling systemas clained in
claim11l, wherein said control systemi a further_ operativel nected to

at | eddk on%r%ﬁid?lﬁﬁlréc $yStemndt FleamedinsGlamm shvhepetn s ﬁég ns and
dapted f ] i i i t
N T .

syst em 3ga &l RipFeton Bf Ghad Mesidudd Eh@ughssdid doaaued inkensIyHBeesaleatpdlyses a
source of suifable additives and a suitable mxer for mxing at |east a

porti on prévemtied oresllaved with said additives, said additives adapted for
at least partially encapsulating said portion of residues in a matrix that
i's ther mal AVreaidhideehaniga bl stesd ablckiaied Brgainat 10, egheithshhvablelig si m | ar
to the tenperature of the gasification zone of said processing chanber,
first gropevhidvelypomsasteditora guiaableaoinieplsybematri x into residue granul es,
and neans for transporting said residue granules to a suitable inlet
conpriged Anrexidadd reefcling dyaterh easdlaimned pn obdas il hgwhieaainesaidtdoattrals cool er
than the nelting zone thereof. 14. A residues recycling system as clai nmed
in cl ai mysmuifefarthes appprasively icoanesiofl be athdeast prenFwRPlEnsersor

conmbi nation of cenent, sodium si.licate. or [ K110 hng

t her mopl “Q5H1EES é’ﬁdsail‘%o‘?o&gnﬁ’ré)ce%%ﬂ%oraﬁags a%x%?%fi ggg%pjﬁgﬁggﬁjfﬂr?@# J&%?Eﬁg oxi de
powder s, @y den 3P1sdld PaBRe ﬁ%bfdinﬁ%ﬁ@ﬁ%ﬁeﬁéﬁﬁiﬁéﬂTcoﬁ@i_titiri@ébhse_ﬂlﬁ)y #nidesi dues
recycling systemas claimed in claim 13, wherein said inlet is a waste

inlet faeneowdbling waste to be input into said at | east one processing
chanber. WO 03/069227 PCT/1L03/00118 61 16. A residues recycling system as

cl ai mgg, i nAC}Yi A d3rechbieh £isistedh ds claimed in claim 1, wherein said recycling
system comprises a source 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 encapsulating said portion of residues in a
matrix that is thermally and mechanically stable 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.



additives conprise at |least part of said slag, and further conprising neans
for introducing at least part of said slag into said mxer. 17. A residues
recycl i ngwsystoesa2as cl ained in claim 16, further conprisi mgT/RO3/00EIE €
transport neans for transporting slag produced by said at | east one
processing chanber to said mxer. 18. gA residues recycling system as
claimed in claim 13, wherein said system f r_thei conpri ses suitahl e
transpért HearRsidpre JEFXAINE SYRIFERL 8% ¢latmag dingtclainy k3, dﬁaer@w%@i on

reservoir . for assisti.n NS Ror. i f sal i gu -9 i.dues
recycli nﬁd‘i’gﬂs‘fegrﬁoé%pr&? aﬁ‘ﬁr@%s.%ﬁ)a# %& %gg%?la\%hg!rngi fﬁ\ﬁ%e:}d‘% ﬁ??%l%snggﬁe%%ans
conpri segy ﬁ;t%'dﬁﬁﬁb%tﬁééﬁt%dﬁ@fﬁﬁidfﬂégtiﬁﬁﬂ;%ﬁarﬂﬂm.the said residues at

| east to said m xer. 20. resi dues recycling systemas clained in claim
13, rei I : L. Ses: . suj & i . L:agspor t
rrean\é\pg'per tllse\alé%%@/g%c né%tf”;galts?%ﬁs%‘?) at %leggtdlagﬁlghg’o e?t@?c?%ﬁ{ é[{ls&r’elrfl oir for
assi sti RYidab? SRAUIpRLE Blvaneffos archdipetidgadagbrodasd by sanl gt laxeone2l. A
residues recycling systemas claimed in claim20, wherein said transport
means c@rpeéssisg ehambenbd eaidumpsdror transporting the said residues. 22. A
resi dues recycling systemas clainmed in claim 13, further conprising at

| east19ne Auidsadlids MRlyviEn®pesiebl astdaienable ctdim 18owhefeiat sdidagtstempor ti on
of said residues to said mxer to be selectively_prevent ea or allowed. 23.

A resi ddestheacsprhprisessyeitaledsansporianesns eparaively copeederr 40\ ve i s
tivel ted t i ;abl e | : i
eoyel | HEAd St tEp S eRa o T i e gt Bl i IS, o i

further operatively conngcted to at Ie?s,t one, suit.abl e_sensor. conprised in
sai d p9st Pr geskiesgreaysHEgaaBsteah pRe £ L1RReE ot o} ng&t eI§h%r &%n of

i d val di i . . 0 - ' Vo
05] 060aSrTRR B e T o SaBHEES b faRGhddiaRe (e AL BGBAL sBAIDD-
cl ai m 13cgihirsseltnehfietovsliadiBixer.

20. A residues recycling system as claimed in claim 13, wherein said system

further comprises suitable mechanical transport means operatively
connected to said at least one collection reservoir for assisting transportation

of said residues at least to said mixer.

21. A residues recycling system as claimed in claim 20, wherein said

transport means comprises a suitable pump for transporting the said

residues.

29. A residues recycling system as claimed in claim 13, further comprising 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.

923. 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.



(Vg) and external surface area (Fg) of at |least a portion of said residue

granul es are chosen such that: Vg/Fg > 0.00002*H wherein His a

pr edet er mivoedd/dednear di stance that is correlated to the trroaiLo3/dilst ance of
the residue granules fromthe upper part of the processing chanber to the
| ower part thereof. 26. A residues reggcling systemas clained in claim 25,
wherein H conpri ses thia, hei ght of the sai.d pr.ocessing chanber taken from

t he c8ht er AoFesifues seqycliggsystameas ¢laimpag 18 gty 1 fwglegﬁlarg RIVPEMBor t

it tndoied i el s, BiFe GYRCH Ly LTRDR, (B GuE 20 1

er. reSidues ‘recyclin

cl ai med g0, Gle@iafe 2hosdISh& that:conprises the vertical distance taken from
t he cenger of the said gas outlet to a nomnal |level of the surface of the

nolten slag at the said |ower part of the said chanber 28. A residues
recycling systemas clai med i Vg xD2WO00RKiEr ei n H conprises the vertical

di stance taken_fromthe center,of the.said s, outlet. to,sai,d high
tenperaf"meé‘e% elHf M efergneed ﬁ?%egr gfécéﬁF%?ﬁ?BFe?gfﬂa%%%iﬂﬁ ?.tr%ff.l A
resi dueg; Hegye! gy yrl%tsﬁmeagﬁﬁﬂe@eﬁcoh{‘ Bledifhér pat s it e Sgiddesdhgcessi ng
chanber "conpri ses at 1east one plasma torch neans and H conprises the
verti cakhginde2ne@hbakwer pasmidreotenter of the said gas outlet to the .
center of the output end of said at | east one plasma torches neans. 30. A
resi dues recycling systemas clained in claim1l, wherein id high

t enpe2Git urd ngeidarestuesyClinmAESteBNAS chimedgin ¢layg 2% rth‘iHeé’% ﬁ CP’S’IP&"%%ans
conpri si an out put end, ext I i (o) i d.-wast e

COTD | S A8 AReRAP e SRR S EAMLO% R A HAUBLEP R Rkicrclr A3 dhie
provi di ng 3. fidholERenhaid /6 BRld bileZR1® dofnirigkalmsididdoweapharobngai d
chanber "at least sufficient for enabling substantially all inorganic waste
accommoaadieted Far enabling e melteacslap® e3itthexzid porestiog dommber 63 31. A

residues recycling systemas clained in claim1, further conprising a
27. A residues recycling system as claimed in claim 25, 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

28. A residues recycling system as claimed in claim 25, 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.

29. A residues recycling system as claimed in claim 25, 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.

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.



slag recycling systemfor at |east part of the slag forned in a waste
processi ng plant and subsequently cooled and solidified after extraction

t her ef ronwoMsewea2n sai d sl ag recycling system conpri ses a RU/MLabOE18
converting nmeans for converting at |least part of said solidified slag into
slag particles, and neans for transpggting at |east a part of said slag

particles to a_suitable inlet conprised in the coql art of .said at
| east 3bne Ariasidueshrecyshaasyptemas dajraed a%é?ia%clyg‘ilﬁiﬂﬁgé‘??c@i‘ﬁlﬁg %l ai med

inclaim31, wherein said i.nlet § S i nl f i RY e to be
i nput i HtRL SECYC g|%§§ o 8&010%512%&3@ éﬁghgeQ%gS%r % rg{sli gu‘é&g@?éecycl i ng
system cgéﬁbgeﬂliﬂt Gn@d BuBdequicutiyn@boleanahiskalidifisRaafef crxtiadtiaxduci ng
suitable additirves 1nto said converting neans. 34. A residues recycling
syst em #serefminne dvharaihaisaid 1slagheeeyalingesyeomeconiprisesaind  SUitPRé® ar ea
(Fr) of at least a portion of said slag partjcl.es are. chpsen,sueh that:
Vr/ Fr <copgerngheyeans fgwﬁgnvegtmgea@%aﬁﬁgag#ﬁf ?‘I"jé)s‘)?@ﬁl%gs ]é’ftﬂg?a%ur face
area of the. residue gr I j [ i 8- A
Fes; ducerradgt: o Mo ReRit e nfiR e, REE R Sl RTkatd DR palRTe &

porti on,af,i5aid iSl@dcdyrised g muvesoldropasadiisitanblenstode rosespimnt | y
cooled to provide solidified fused slag. 36. A residues recycling system as

cl ai medcham®leai m 1, wherein said conditions in said nelting zone provi ded
by said high tenperature generating neans are sufficient such that said
mel tigly ZongekmluakTecycling dystémcat dlaimed e claid 83/ Wbe@2T sREinleds 80118 64
37. Aresidues recycling systemas clainmed in claim36, wherein at |east a
por t i onwafste éhkbtsﬂoagﬁnﬂlnﬁewﬂéﬁ%%m fiRBRE é]&?ods%lﬁa%nkrasgﬁ&eﬁﬁg‘é%ﬁﬁ’é%t ly
cooled to provide solidified vitrified slag. 38. A waste processing pl ant
conpr i schgmber.

33. A residues recycling system as claimed in claim 31, further comprising

means for introducing suitable additives into said converting means.

34. A residues recycling system as claimed in claim 31, wherein the volume

(Vr) and surface area (Fr) of at least a portion of said slag particles are

chosen such that:

Vr/Fr < Vg/Fg

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

residue granules provided by said recycling system.

35. A residues recycling system as claimed in claim 1, wherein at least a

portion of said slag may be removed from said chamber and subsequently
cooled to provide solidified fused slag.
36. A residues recycling system as claimed in claim 1, wherein said

conditions in said melting zone provided by said high temperature

generating means are sufficient such that said melting zone is also a

vitrification zone.



at | east one waste processing chanber adapted for accomodating a columm
of waste and for enabling said waste to mgrate through the chanber in a
downst r eamodi3roeex27 on, sai d chanber having at | east one upaTEAN3/gE$S out | et
means and further having high tenperature generating neans adapted for
providing a high tenperature nelting mane in a downstream part of said
chanber and a rel atively. cool er upstream gasi ;i_cati on _zone, erein said
mel ti g zode rpsidyes FeAMELinG AEstam pa£ddimeh 1 Glaim 3bomharshl phdeast a

substantjally akl_ _i ni herej b j t one of
nel t ed n%(fraﬂ%j 8#5%41%2%61%% &?Zﬁ%r&o&egaﬁb u%)agl r%f%%@g?g%ﬁsoﬁué%ﬁg is at
conditi gg&ea%fﬂr@'g,fg{gsd‘lmiﬁ@@@gﬁfm gagi fication of organic waste in said
col um f waste; at | east one post processing nmeans operatively connected

to sa%éi gt I%g%:%f%gss\{\ﬁéb?a rcgﬁg%%%io . Chanmber, wherein said

post - proc st ans ar adap “enabling said residues to be

coll ected therefromduring operation , of said, at lLeast one ste processing
chanber; and %ﬁﬁ?%lt_c?ré‘? iVERRHe| O?Wf%Fhag’&%ra}dﬁMGd ggrf ég?%@\g’%?iﬂgﬁ ng
system a8 dehidpsohdil qqﬂy foggéglaﬁaﬁgls%&rﬁvajsté o ﬁzlfg'rg’l%t}ﬁoﬂ@*? tEe ERORHRE! N9
plant as clarméd in clalm 38§, rein said post- procesSing neans conprises

a sui t abh ey abtversbrsarerdirectm, tahl ehembeghavihg latZatstommeremstream gaist abl e
gas cleaning systemand a suitable stack operatively connected in series
to sai doptletesssany cmchblirthero haxing shighy teawesatigepiggReraHInG | HeABE i n

cl aim 38,, wherej n sai d,.post - .pf 0ocessi ng _ reans,.co | S It

after bu@ﬁépﬁéé?eﬁrmﬁﬂqlg‘ﬁ %#B%cﬁe?%a%ﬁ%&éﬁg%ﬁ E%ﬁa ﬁWf?%P%gnpool ing
system _Q.fUifd ablee cHARr SN N0 radtiRiy Aodlcd Gpbtraline ghbidicktionrasad,i vely
connect In series to said processing chanber. 41. A waste processing

pl ant asylediinedhid meltangnzafe istedr eondisiond giokast pubtesst digr seablingonpri ses

a suitable gas _cleaning system a suitable  ener utilization nea and a
sui t abl substrRntialeral ineIganie MRste daersinsier P%sme?%dslahl aé?]ﬁf,‘%)%gpﬁgoq‘(s: hanber,

and fur trrqglrtegorgg{;aidg G IS L@ h8 et SR G M tream 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.

39. A waste processing plant as claimed in claim 38, wherein said post-
processing means comprises a suitable afterburner, a suitable energy
utilization means, a suitable gas cleaning system and a suitable stack

operatively connected in series to said processing chamber.

40. A waste processing plant as claimed in claim 38, wherein said post-

processing means comprises a suitable afterburner, a combustion products



system operatively connected to said gas cleaning system 42. A waste
processing plant as clainmed in claim 38, wherein said post- processing
means conpia ®@s97suit abl e gas cl eaning system and a wast @CTWaDE0011§ eat nent
system operatively connected to said gas cleaning system and wherein said
gas cleaning systemis adapted for chagseling clean fuel gases therefrom

to an external user. 43. A. te processin | ant cl aimed i,n, ¢l ai m38,

wher ei n sce?f)g‘nﬁi GP{St%nﬁersfé{lﬁb eg%%%r ??W&g?rﬁgﬁgel%oﬂ’_ﬁai g_e§u]§?bfeeas§fidﬁne

pl asma tqf aﬁ%@ﬂﬁcqrﬁ%ﬁidﬁiQ&i@é‘toﬁé&i&‘fﬂo@é&@iﬁgﬁ&lﬂ&ﬂb@ﬂ into a |ower part of
at ohe pla

sai d wast processi ng chanber sal I east sma torch neans adapted
for providin hi gh t enperature |ting .zone.in I r .part..of said
chanbet a |‘§3§§e gg?cfeiséjl tp??rgcr a&ﬁ%}‘?ﬁ @uﬁ%ﬂﬁ’n@%&l%&;ﬂlﬁe 53idr B ¢ wast e
acconmodatdssider @hdhldd BeERRseht 8GithPIO gat beaain PN sfim My ﬁ@tafsgé al and
slag. 44. A nethod for recycling at |east a part of résidues forned in a
wast e peneeysutijzatiantmesas andastiatgleocescsk ogenpliarely bawviaeged at séeast one
wast e processj ng chanber adapted for acconmodating a colum of waste and
for enablq AydsBIAfesREELhaREY UL eMPHEeT BalBeie WRPTAraalmeRt eam

directio | i gas outlet neans and
further %ﬁ?%g%@%%@%%@g%%%@g% ngg%qﬁ%;ﬁ%?apt ed for providing a
hi gh tepperature nelting. zone in a downstream .part of. sai.d chanber and a
rel ati4fel y oBpete @6%‘%‘318851% é’i%‘?tf Peat'PohRe oﬁ’i‘egial’w%n ei FRELHY §Af PORS- zone i s

at condi . h% LGl [ ' al,), d.hor gani c
waste th %%?%Sl?l g e rrésl té%lr&&)?%? %r}}atSLI é"é’g%%%eag?n@\%%%%%‘bwscw /aISIIEéC;3/ 00118
66 nel t edraet arentatshtséydgemasisbratioeBi torseddded b6 tsatd Pagadedniagtdyebemone i s
at conditions sufficient for enabling gasification _ of organic waste in
said cohudiwbereiasiadd gas tleasingonestpasis plapkesdsiorgchrnmedingpeleani fuel y
connected to %tai d vvas%e RLOCeS ingr chanber, wherein said post-processing

0 anex user.

means ar SASEFEalPE} erna

43. A waste processing plant claimed in claim 38, wherein said high
temperature generating 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.

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 and for enabling said waste to migi‘ate 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



enabling said residues to be collected therefromduring operation of said
at | east one waste processing chanber; wherein said nethod conprises the
steps: (aywowldeexri ng at | east part of said residues frompRRIEIQOST

processing neans; and (b) introducing at |east part of said residues into
a said processing chanber such that duwd ng operation of said system said

resi dues d_t ai d_hi tenperature nelting,.zone provided by the
said hi g_ﬁf{e?%eﬁ%gf%? gsr %ngesi%%’a?l?ﬁllwg‘a}f’égﬁg?a@ﬂpmrﬁa%g?ﬂ%&cﬁg%IZQPP{E@ gth claim
44, wher egsndiBionkeBufffients Fhf érﬁa%ﬂﬂx‘ge%a?ffﬁ:atfb?i' 'o?C%fgt%xﬁé‘ ﬁa%ﬂee?fit s81a8
suitable collection reservoir operatively connecte 0 sald post

processi rglumand. wage; A net hod as clainmed in claim45, wherein said
resi dues conprise at least two types of residues, including residues 1 and

residues 2 whitqbash f)ﬁ@'po%@rod‘eéﬁﬁlgtxlﬁiéaﬂé Bglérabd{vé§f chf g&teHhEBi daigRpgdigal

properties, that are separately collectible fromsalid post processing
means, arpdogdseied whiamlyre pvlieein esiid ussst-proessding shdues s2e addasefafoat el y

col l ected i n different, said coll e(iti og reservoirs. 47. A nmethod as cl ai med
in cl ai meAgPlipgetafresiduasely beyollectpd therefgemsduriag anesatipn of édid eém sai d

at |east 1908 &Rl %Qgﬁéﬁg{eﬁﬁé‘éﬂ%ﬁe‘?' a lower part of said at |east one

processi ng chanber exposute of said residues to said hot

nmel ting zgne duri oper ati on of id system 48. A nethod as clained in
clai m45%W 8}%Fﬁ{agﬁ‘egﬁ%‘%c?%??lséﬁ?ﬁ%ﬁ‘feé’séddi tives are mixed with at |east
a portion of sajd residues, said additives being WO 03/ 069227

PCT/ | LO3/ 002 gollecting ait keagst qrarhtof|sead repistussalirbyn ensaidsposit pragessing
portion of rezli%géjes, ilya mtrix that is thermally and nmechanically stable
at tenperatur L8 ant i ally lower that the tenperature of said hot

mel ting zong, .sai matrix is granul ated into_suitable residue granul es,
and said re dﬁ@”og{;‘%}ﬁjlaésl%sé PEn8hoieid greseduess dptas esoich| REocesFinei sed in

the cooler parci’xaﬁ{ber such that during operation of said system said residues are
exposed to said high temperature melting zone provided by the said

high temperature generating means.

45. = A method as claimed in claim 44, wherein in step (a), said residues are
collected in at least one suitable collection reservoir operatively connected to

said post processing means.

46. A method as claimed in claim 45, wherein said 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 properties, 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.

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



said at | east one processing chanber for introduction into the said at

| east one processing chanber. 49. A nethod as clained in claim48, wherein
t he vol unwq odgp9and external surface area (Fg) of at | eamtCraLpmetiion of
sai d residue granules are chosen such that: Vg/Fg >_ 0.00002*H wherein H
is predeterm ned |linear distance that6lls correlated to the travel distance

The | owstigsiee Ehaaiectapaaly sEphou 8ahk i olFHCReiniges HIETCE, 1

conpt | Seﬁagﬁﬁ RLe hﬁs OfhdigallyalddPREAEHIPSILF NBTEAE tadkeBmipepiirae cent er
of the said gas outlet to the centre of the slag outlet port conprised in
sai d | opgbstpatialgndowenhed fier tempabdtiurg ofheaivblhoénmeltags tasrexisaidhe sai d
processi ng chanber. 51. A nethod as clained in claim49, wierein. H

conpr i sesatrive igeprarylated; lslf%tané’éltﬁ]a]r@eﬁeﬂ@% EhRniest A0Gf St fle e e gas
outlet to a nomnal |evel af the. . f sai d

| ower pgf%n%]ﬁstqﬁ? érgin&pglﬁtg té)rgﬁl.lt%%éneﬁ?%g%oéﬁsﬁ} g?erzg)lr%gﬂ? %bcgﬁﬁ’tﬁﬁﬁﬁ? wher ei n
H conprisgffal E@aé’ceéﬁé ?%cesgirfgt aneabbRkanittroduitien Getot the ohidt felaaitd gas
outlet to said high enperature zone of said |lower part of said processing
chanber ongProdessiidcamber] ai med in cl aim 49, wherein said processing
chanber conprises at | east one plasma torch neans and H conprises the

vertiggl i SEBKE abakgimdd omncldid 28nivdieraifr theevslainge ds) and leatetmalt he
center of the output end of said at |east one plasnma tarches ans. WO

03/ 0692 2%rfACE/ ddea3(Kx)1df3at deasda parvien idsadd residufe gramulah 2I8SE0C| ai ns
44 to 53, further conprising the step (c) of introducing slag granules to
a sui t abehithpbt conprised in the cooler part of said at |east one
processing chanber for introduction into the said at |east one processing
chanber, said slag granul es beipgrdredoessb4sy granulating at least a
portion of the slag provided by the said processing _chanber durin

oper at i ofhédeeh §dfis predetermined linear distance that is correlated to the trave

distance of the residue granules from the upper part of the processing

chamber to the lower part thereof.

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

59. 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.



55. A nethod as clainmed in claimb54, wherein the volume (Vr) and surface

area (Fr) of at least a portion of said slag granules are chosen such that:
Vr/ Fr < \giorg/osberein (Vg) is the volume and (Fg) is the edraLnzboisturf ace

area of the residue granules provided in step (b). 56. A nethod as cl ai ned
in claimb54, wherein conponents of saigRresidues are introduced into sl ag,
which is subsequently renoved from sai ¢ apparatus __and subsequently cool ed
and sd4-di fAéBe?LiWrét ﬁ%{ﬁi%l 1 a4y P t%‘i '%%75.3’ URESE SRS ned i n
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conpoundgoled&part ofeii@Gtasas! aheBiodedsitlcaéiarhber Wieirgrodwniva iiterthel n sai d
hot nelting 'zone are such that the said slag is vitrified thereat. 59. A

met hod amidladileest dne @racensBig chamber nsaidrdeg erranulds being predideddy form
solid solutions with said slag, ich i,s subsequently removed fram said
appar at &g té%%sgé’q]c?@ﬁklayp% ?’%\clg%é%’& 86 RioE géf %i'%ﬂ A PTIEPEEes| ag.
60. A net -al ' ' 9, wherein said conponents include one or
nor e of %W@lﬁgs%ggéeﬂ%% a%%oges of netals: G, N, M, Co, M (3-5%;
-FI:;Ib’ . EA h%ghg%fasAcgl’aiélgd 15' éléﬁt% éllr’,_v]s?goe/%éinl‘ﬂhe \E’olul\nllaé (J\Y)g)’ ar%d s%%fac'ée’ Zn,

area (Fr) of at least a portion of said slag granules are chosen such that:

Vr/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 ‘components of said 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, Sb, As, Cr, Mn, Ni, V, CL, 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 59, wherein said components include 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 (5-156%); Li, B, Na, Mg, K, Ca, Fe, Zn, Rb, Cs,
Sr, Ba, U; Al, Si, P, Pb.



