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FOR THE TREATMENT OF MATERI ALS, I N PARTI CULAR WASTE
MATERI ALS AND REFUSE The present invention relates to
a method and to a plant for the treatnent of
WelR6d8kees of various types and, in particul ger/iHibosofi2zo
non-limting manner, waste materials and refuse. The
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to a plant which can receive as inputs any materials
in solid, granular or liquid formor as sludges, and
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A known method and plant of the type indicated above are
described in US patent 5,337,683 and subsequent improvements
in the same applicant's patent application WO 02/081970.
This patent relates to a method which enables materials, for
example, waste materials and refuse, to be treated in order
to ensure easy and economic disposal thereof by the
introduction of the materials into a pressurized reactor
into which air enriched with oxygen, possibly up to 100%
{that is, pure oxygen, at least within the limits achievable
with the technical means available) is injected. The high
temperature reached in the reactor causes complete
dissociation of the molecular bonds of the material to be

treated and its sublimation.

As described in the above-mentioned US patent 5,337,683, the
method is preferably implemented by maintaining a pressure
of between 30 and 100 bar inside the reactor, although the

use of lower pressures, even only slightly above atmospheric



2 pressure, is not excluded, in order in any case to
bring about conplete nol ecul ar dissociation of the
materials and their sublimation inside the reactor,
once the nost suitable application tines and

Wormaleisyes for the type of material to bepéfanbRdboze
have been established. Another known nethod is

described in the sane appllcant s WO 02/081970 whi ch
i nproves the nethod descri bed?above, enabling the
pressure inside the reactor to be regul ated by
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However, the transients that are implicit in the method do
not ensure, at every moment during the course of the
reaction and for any type of combustible material, the
absence of relatively cold zones of the reactor where the
volatile organic substances generated by the heating of the
combustible material can recombine to form substances that
are kinetically slow to oxidise, more stable thermally and,
unfortunately, more toxid¢, such as dioxins, furans and

polyaromatics.

The infinite wvariety of compositions of the incombustible
ashes of the refuse also include compositions of metal
oxides which do not sublime and therefore accumulate in the
reactor. The above-mentioned  plants and methods,
implemented at both pilot and industrial level, have
provided satisfactory results. However, it has emerged from

accrued experience, that it is necessary and appropriate to
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i nprovenents which ensure, as far as possible, that
the volatile organic substances produced are not in
condi tions such that they reconbine to form substances

Wi buopoe ki netically slow to oxidise, norepstabbfimorzzo
thermal ly and, wunfortunately, nore toxic such as

di oxi ns and furans. The object of the present

invention is therefore to pro%ide a met hod and pl ant

whi ch satisfy the above-nentioned requirenents in
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are transported by the funmes. An increase in dust
(volatile ashes) which is entrained by the funes and

Wi che p{nm,@islrss daa%@wb b&eg alt$15_t haionr&fu%t\i@lh' llﬁiowﬁbdn%éﬁ%ible
toxic,'.is als observed and_i s particul ar mar ke )
T G B ePSLHERf CORNG PEALEST MReredetidryadi indrical
restoyr twierah | $st hapeflded avitdubshantdoalbugtibteecaseedrial,
I th i_qu f he fter-treatnent .of

(e Hhe ortiandol Srpeibete haod: o FEER e reeyotea
iaeovgEtient grisessubbeangeenbgsshbl e edsheomiieieg discharged

cRMhyst h9R- 38885 d i3yl draRd sol id phases, the
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rise to so-called pernanent |eaching).
However, the combustion-temperature ceiling, which is

represented by the fusion temperature of the ashes, and the
presence of inevitable cold zones on the supply side (which
are typical in the art) lead to the production of toxic
organic by-products {(dioxins and furans, etc.) which are
transported by the fumes. An increase in dust (volatile
ashes) which is entrained by the fumes and which containsg
heavy wetals that are well known to be toxic,” is also
observed and is particularly marked as the temperature of
the reactor increases. As a result, there is therefore a
substantially increased load on the techniques. for the
after-treatment of the fumes and the'”problem of the organic
and inorganic toxic substances is shifted from the
combustion gases to liquid and solid phases, the disposal of
which is problematical (and which give xrise to so-called

permanent leaching).
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provides for the treatnent of sludges with high
solids and water content in a reactor which brings
about conbustion of the organic substances and fusion

wb 2bda@eqonnconbusti bl e ashes wi th subsequent pcraB2004/061220
solidification as inert vitreous slag. The reactor is
supplied wth sludges, corrbuitl on supporter and
conmbustion fumes which are recycled to the reactor
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general |y, an oxidation chanber, in a plant accor
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reache uring ustion perxmiit only partial” segregation of
the incombustible ashes and in particular of the melting
fraction, since the wvolatile component of the ashes isg

entrained in the combustion fumes.

In order to achieve the o¢bject indicated above, the subject
of the present invention is a method and a plant having the
characteristics indicated in Claims 1 and 15, respectively,

which are appended to the present description.

In particular, experiments carried out by the Applicant have
made available data which has led to the identification of
the fundamental characteristics of a combustion reactor, or
more generally, an oxidation chamber, in a plant according
to the present invention. In greater detail, the plant
comprises a combustion reactor which is substantially

isothermic or guasi-isothermic in use at high or very



WO 2004/ 094904 PCT/ 1B2004/ 001220 5 tenperature,
including the walls, and w thout substantial oxygen
deficit, in all of its parts. In a particular
enbodi nent of the present invention, the neans for
ﬁ&; (Bgm@bout the hi gh exchanges and transf gesmBhosno1220
etmeen the walls of the reactor and the sup ? &
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characteristic can be further strengthened by increasing the
volume dengity of those gases, that is, the total pressure

of the combustion chamber.

Similarly, it has also surprisingly been found that, during
combustion with technical oxygen, the mixing of the cool
oxygen with combustion fumes (in & concentration greater
than 10% Dby wvolume and preferably greater than 60% by
volume) produces a mixture which ensures a high degree of
"opacification" of the combustion supporter, and even more
so when operating under pressure and, therefore, in an
irradiated reactor, ensures almost instantaneous heating of

the combustion supporter supplied, to temperatures above

1300° K.

The large cold zones in the wvicinity of the supply which are

typical of combustion supporters of the prior art with
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conbusti on supporter (in view of the fact that both
oxygen Oz and nitrogen N2 are gases that are
transparent to IR) can thus be elimnated in the

ARPNGrooiRiat | oned particul ar enbodi ment of t hgcrapaees/01220
i nvention. An advantage of the nethod indicated above

is also clear in the determ nation of the stream of
recycled gases. It is in facf known in the art that
the recycl ed gases can perform the function of
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temperature to be reduced to the minimum. Preferably, the
recirculation gases resulting from combustion are supplied
at minimized flow-rate and/or temperature so as to minimize
the overall wvolume of gas in the reactor for a given time

spent in the reactor by the gases and to ensure the removal

of the reaction heat from the reactor.

In the present invention, therefore, in contrast with the
teachings of US 5,309,850 and US 6,029,588 which provide for
the withdrawal of the recycling stream from the fumes after
separation of the water by condensation and preheating prior
to recycling to the reactor, the presence of the water in
the recycling stream is instead encouraged in order to
strengthen the radiating flows away from and towards the gas
in every part of the reaction chamber to the extent of

possibly providing for the injection of water into the



in every part of the reaction chanber to the extent of
possi bly providing for the injection of water into the
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for exanple, for predom nantly carbon materials and
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high or very high  temperatures (preferably above 1800°K),
and therefore with high energy exchanges between the walls,
between the gases and the walls, and vice versa, with rapid
heating of the combustible material and of the combustion
supporter by radiation, substantially very c¢lose to the
isothermic profile which constitutes one of the principal

characteristics of the present invention.

Another advantageous characteristic of the invention results
from the fact that it has surprisingly been found that the
reaction pressure can be modulated (from atmospheric
pressure preferably up to about 600 kPa) in dependence on
the type of refuse, to ensure, for every part of the
reactor, a large quantity of oxygen per unit reactor volume
in a limited wvolume (known in the field as a hold—up) in

spite of the reduction in density of the gas due to the high



the type of refuse, to ensure, for every part of the
reactor, a large quantity of oxygen per unit reactor
volune in alimted volunme (known in the field as a
hol d-up) in spite of the reduction in density of the
gaszosturadno the hi gh WO 2004/ 094904 PCT/ | B20049028@m01220
8 tenperatures. Differences in the conbustion phases
(flash, tar, char) in fact agise with variations in
the type of material to be treated and, in
particular, as a result of variability in the
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from the further surprising cbservation of the efficacy with
which the reactor of the present invention can operate on
incombustible slag. It has been observed that the high rate
of heating of the combustible material (solid or of the
solid fraction) by radiation, in contrast with the prior art
{e.g. TS 5,309,850), leads to a considerable reduction in
thg fraction of dust that is entrained out of the reactor
with the burnt gases, and a parallel increase in the fused
liquid ash segregated in the reactor. It is assumed, but
this interpretation is mnot limiting, that the compact
reactor with low gas transit speeds and high heating rate
renders fusion competitive with the removal of the dusty
ashes by the gases. Moreover, the low formation of wvolatile
ashes, even with the supply of combustible materials with a
high dusty-fraction content, 1leads to the assumption,
although this interpretation should not be considered

limiting, that the high degree of radiation of the method
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test. As a mhole the nmet hod of the present invention
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t he conbustion funes and renders the disposal of the

l'iquid/solid phases used in the after-treatnment nuch
As a whole, the methoed of the present invention can ensure,

over a wide range of types of materials in the physical form
of solids, granular solids, liquids and sludges, the
production, at the mouth of the reactor, of combustion fumes
with a wvery low TOC (of the order of parts per million -
pem} and with a very low volatile ash content. Thig
substantially simplifies the techniques for the after-
treatment -of the combustion fumes and renders the disposal
of the liquid/solid phases used in the after-treatment much

less problematical envirommentally.

With reference to a further advantageous characteristic of
the present invention, it has been observed that, in
general, the performance of a method also depends on an
effective control and management system. In particular, it
has been observed that it is a distinctive feature of waste

materials and refuse to elude effective characterization
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sensors to render them comparable with the times that are

ding up the’ response times of the analytical

characteristic of the phenomena involved in the reaction,
the numbér of effective predictions for the control and for
the optimization of operation can be substantially improved
whilst effluent quality and safety performance are fully

complied with.

Basically, the plant and the method of the present invention
have various advantageous c¢haracteristics which are
innovative individually and taken as a whole, and
conspicuous amongst which are: the provision of a reactor
tending towards isothermy or gquasi-isothermy at high
temperature; the wuse of recirculation gases which are
quantitatively minimized, minimizing temperature, but which,
as such, under pressure enable a uniform high temperature to
be reached in the reactor, in which a pressure greater than

atmospheric pressure is, preferably but in non-limiting
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MERSEHOA-s supplied to the reactor. Further
characteristics and advantages will becone clear from

t he follomnng detai |l ed description of a preferred
e nt R e TS tdrderty way2BFaE0R- Midilt | hgeome clear
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e pl for _the treatnent . .
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naLeki-abat o be treated is supplied. In particular,
the plant of the present invention can treat solid

materials in coarse
With reference now to Figure 1, a plant for the treatment of

materials comprises an oxidation reactor or chamber 10 with
at least one input opening 11 through which the material to
be treated is supplied. In particular, the plant of the
present invention can treat golid materials in coarse
pieces, loaded by means of a feeder 12 by means of a
propulsion chamber 13, as well as granular materials loaded
by means of a feeder 14, and liquids comprising in general
terms, both mixtures of water and suspended and sedimented
gsolids and viscous pitches or sludges of wvarious densities
and compositions, which are loaded into the reactor by means
of a feeder 15. Gaseous materials can also be loaded into

the reactor 10 by means of a loader generally indicated 16.

The reactor 10 also comprises an input 17 to which oxygen
coming from a duct 18 is supplied, mixed with a proportion

of recirculated fumes coming from a duct 19 in accordance
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i sl il tig qaanertylauﬂﬁmmnﬂadtyo @henaeectqﬂ in small and
dEf Qg ihe reactor which, preferably but in
non-Timting nmanner, is adn1tted to the reactor in
smal | and frequent |oads. The reactor 10 conprises a

shed | refriefrerapl orpdecef Jrefiadil a%éﬂe‘%%glw t‘nad@ of metal

ceran1c coatjng, and cool ed ext er nal by coo i ng
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aht=S udll, SPES ety e, Vi LBAL ¥ Ofc R GlasHEe eathA3 Of, or
tslﬂ]:L(:)ZLicon carbide), which is heated to keep the slag liquid,
and is disposed in the vicinity of a closure end 23 of the
reactor 10. The liguid slag is cocoled rapidly ("gquenched")
in a water bath with the formation of solid beads so as to
form a wvery dilute sludge in water which is then sent
continuously from a éollecting tank 24 for subsegquent
filtration and disposal by known means, for exatr{ple, by

means of a filter {(not shown).

A output duct 25 is provided on the closure end 23 of the
reactor 10 and supplies the gas that is generated inside the
reactor 10 towards means for recovering energy by the
exchange of heat of the gases output from the reactor by
known systems, which means will be identified below for
simplicity of description by the term "boiler" which should

be understood in its broadest sense. Such a boiler 2§,
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supply water comng froma duct 27. The superheat ed

steam | eaves the boiler 26 through a duct 35 and is
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V&Ja%t%%% oo)%/ggegssgggy %glet %Jcr‘a:e iﬁy pJLLIrt1 %trder to mix it, as
described above, with the oxygen supplied to the input of
the reactor 10 through the duct 18. The function of the
stream which passes through the duct 31 is also to ensure
the thermal balance of the reactor by means of an
appreciable input/output heat difference to prevent the skin
temperature of the coating exceeding the limits permitted
for special refractory materials {about 2130°K). The
regulator 32 1s therefore modulated on the basis of the
temperature sensor at the output from the reactor 10 in the

stream passing through the duct 25.

The recirculation gases which ensure the thermal balance of
plant operate continuously by removing excess reaction heat
owing to the appreciable heat difference between the input
and the output of the reactor and are recycled at the
minimum temwperature that is compatiblé with normal cooling

means and preferably just above the dew point.
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the plant in the place of wuse. The nethod for the
treatnment of the materials which is inplenented by
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comgustlon . gases remain inside the reactor 10 for a
predetermined minimum period of time, preferably but in non-
limiting manner of about 2 seconds, at a predetermined

minimum guaranteed uniform temperature, preferably but in

non-limiting manner of about 1500°C.

In particular, the combustion supporter which is supplied
into the reactor 10 and which comprises a proportionally
predetermined mixture of oxygen ({(gas transparent to IR} and
moderator recycling gas, is immediately irradiated because
it is highly opaque to infra-red. This behaviour is ensured
by the absence, or low concentration in the case of the use
of enriched air, of nitrogen (a gas which is transparent to
IR) in the combustion-supporter mixture and by the
predominant presence, 1instead, of carbon diocxide and of
water {(markedly of the latter) of which the moderator
recycling gas is constituted. At the high reactor-skin

working temperatures, the water and the carbon dioxide which
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wor ki ng pressures of the reactor 10 which are
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an Qt FEECIndTEREES | e%pgﬁ?ctor 10 above predetermined
minimum thresholds and, in the second place, on the flow-
rate of the oxygen and on the flow-rate of the refuse, that
is, om the loading frequency thereof, to ensure a good
quality of the gases output from the reactor 10. A MIMQ
(multiple imput/multiple output) code, on the other hand,
uses a broader range of operating data and, din particular,
measurements of the composition of the gases at the output
of the reactor, which are performed with characteristic
response times of about, but in non-limiting manner, 2
seconds, and calculates strategies for optimizing operation
for a satisfactory productivity of the material-treatment

method and for the reduction of unitary and running costs.

Naturally, the principle of the invention remaining the
same, the forms of embodiment and details of construction
may vary from those described and illustrated, without

thereby departing form the scope of the present invention.
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characterized in that the naterial to be treatedy
Prgeak i eryr badcedti fhe chembski @4t ir6ACEREAber or
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the oxidation or co ion are su
kPaenper ature conditions or quasi unlforn1tenperature
h t enpera
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2. Method for the treatment of materials according to Claim
1, characterized in that it comprises the supply of a
combustion supperter comprising oxygen mixed with gases
resulting from the combustion, with water, or with a
combination of gases and water, to bring about a high degree
of opacification of the combustion supporter and to ensure

almost instantaneous heating of the combustion supporter that

is supplied into the reactor.

3. Method for the treatment of materials according to Claim
2, characterized in that the recirculation gases resulting
from combustion are supplied at minimized flow-rate and/or

temperature so as to minimize the overall volume of gas in



kPa; in the conbustion supporter water is added to

bring the concentration of water higher than 10% by

volunme. 2. Method for the treatnent of materials

according to Claim 1, characterized in that it

conprises the supply of a conbustion supporter
theORBELELRY FOXY Gel ieXedaW th Jasese Hasdl NG H ¢V r and

conmbustion, with water, or with a conbination of
tOgégégranah@atr@mOVﬁé B fHpcae@Ctd oni figadegreod thfe reactor.

opaci fication of the conbustion supporter and to

ensure al nost instantaneous heating of the conbustion
4 .sMppbptietotrhate itxeatpphitedsi Mot etrialseactordidig to Claim 2

Met_hod for the treatnent of materials accarding to

OTQiTH™ 231 cRAPEECERT2E8Y At nabat hehredilFdidatfonthe oxygen

w19ﬁs%§er%%%bh%%gonfEﬁmb%oﬁg%%%'%ﬂa%%ﬁw%%ﬁpﬁ'%@n%%ntratlon of
mnimzed flowrate and/or tenperature so as

thei Niatiter t Ré overaal thawl| dve dfy gasliunelAand h@reéacably more
thfor ? g?ven gas residence tine in the reactor and to
SHSS e erfoval of the reaction heat fromthe
reactor. 4. Method for the treatnent of materials
accordin% to Cdaim2 or CQaim3, characterized in
> -t HetheRe ﬁFxFﬁ@ Gﬁeﬁﬁ@eéiyﬁénmaﬁeﬁﬁaﬂﬁea@éﬁﬁ@é@@oﬁo any one

off WBS sakES §y age \éﬂhfa'}}a%t‘é‘%ri“z%r&it rﬁ#' QH hté“ehéé“ﬁt ®%change
of "'nore than 10% by vol ume an era Iy nor e
chﬁ@%ﬁbyruﬂtame for Metthod( imﬁrahEedreataenatoén inside the

er| accor in n of Cl ains 4, ,
redRaPaC R 2t | TETT I hedt SRERARQERS the” concentzation
ofChakagt Q'Hastt iGrd dpddrid itd rerredy i abioRei Ashdetiyher the
reactor (10) is strengthened by increasing the
gagghceMFude ofheof rep@ledr + han aparbbagler t 6V Rgeeapbng the

to‘é%‘l“ﬁ‘ie@%ﬂ%‘ t>éfOfth‘eh%om%E‘Eio'n”%th%ﬁ.bte'}e reactor, in

artircular by increasing the pressure of the
conbustlon chanber. 6. Method for the treatnent of

materi al s accordi to any gne of Clainms 2 tQq
cHSFéEgeFPfe&%e tF%ﬁFm?HE chpﬁéﬁFé@ﬁénac&ﬁ§@§“ﬂh¢@hany one

ofensu fnd he ther gal halanee Afzay plantyhatthd recirculation
gases which ensure the thermal balance of a plant that is
operated continuously by removing the excess reaction heat
owing to an appreciable enthalpy difference between the input
and the output of the reactor are recycled at the minimum
temperature that is compatible with normal cooling means and

preferably just above the dew point.

7. Method for the treatment of materials according to any one
of Claims 2 to 6, characterized in that the recycling gases
which ensure the thermal balance are constituted wholly or

partially by steam.

8. Method for the treatment of materials according to any one

of Claims 1 to 7, characterized in that the reaction pressure



operated conti nuously by renoving the excess reaction
heat owing to an appreciable enthal py difference
between the input and the oy put of the reactor are
recycled at the mninum tenperature that is
conpati ble with normal cooling nmeans and preferably
isl Uda@RovE; the devppidice 7onMBthod thok the haeabk BNt to be
of materials according to any one of Clains 2 to 6,
treh&edcwbiiched si supbdtiethéntec ok wgagases whi ch
ensure the thermal bal ance are constituted wholly or
partially by steam 8. Method for the treatnent of
9.Mukehbdl $oacebedichgatBeany ofneatefri@lai e cbridang to any one
characterized in that the reaction ﬁressure 18 is

ofnbdarafed it dopelRireon 13 typehet hBfefrBFteECEE wWhich
cahBR! B WU S S0 SYRRLAE Lht G- ddi& J10agt O <o aMBEERY fused

or the treatnment of materials according to any one
inofth@ aiawctbx® doB, vehavactvér tked himhtt heate hef subst ingesf the

ich. cannot be gasi,fied_inside_the reactor .ar .
coMHERiRiR JoFGeeat ™ REZFARLUGF By ViR GeL0R graction, so
ashicgh reatieeot chaabilngief et ke 1ueombustrirblce idat of austi Rhat is

particular of its solid fraction, so as to reduce to
enpegingrbPaty gfuéheh&eprieri yathf tigsburhat Jeses.-

entrained out of the reactor with the burnt gases. 10.

Met hod for the treatnent of materials according to any
l0onelegfhdd afos theo Xeadhanact ef | medeiri afibatadderdirsedto any

sl ag i .cool.ed and solidified intq bead as. to ,
On&n&%r Eif‘ﬁ&s ﬁoguocg'h& 9§?aﬁ§{eﬁll§egoﬁflai%ﬁé‘% th‘et %&SEd slag is
cobleamust idie i Atarentendengd seonp etel ynsnest thdt. toxic

Met hod for the treatnment of materials according to any

hegiy sptalai pentatigedoinchhradcneribegtilblengtlaot are rendered

.Ses. MO (rul tiple input/mnultiple output)
Coﬁgggﬁgﬁ§aﬁ§erggtinization procedure which is focused

on the paranmeters at the output of the reactor and in

particul ar on neasurenent of gas conposition at the
Lloutsfthast the Fo&ct'oicatEnMetholof6r 1EHE (FERGHERY of0 any

on@RIET i@l 5 AcCcOr gdhngol 0 Ha@a®ierized in that it comprises a
MIMO {(multiple input/multiple cutput) control and
optimization procedure which is focused on the parameters at
the output of the reactor and in particular on measurement of

gas composition at the output of the reactor.

12. Methed for the treatment of materials according to Claim
11, characterized 1in that the measurements of the gas-
composition data are implemented with characteristic response

times of about 2 seconds.

13. Plant for the treatment of materials, in particular waste
materials and refuse, comprising an oxidation chamber or
combustion reactor (10) to which the material to be treated
can be supplied and which includes an input (17) for a

combustion supporter comprising oxygen and an output (34) for



11, characterized in that the nmeasurenents of the gas-
conposition data are inplenented with characteristic
response times of about 2 sggonds. 13. Plant for the
treatnment of materials, in particular waste nmaterials
and refuse, conprising an oxidation chanber or

theOoRRUSkE O JRREPL G A Ny ton b eNgd bEoABEET b8LLALRBN of the

treated ~can be supplied and which includes an input

abpyeyrrepianedomedsitiod suppole erhe opprikeéngooxygentand (10),
n_out 34) faqr 19 he gases .pr.odu ring the .

PR aR oS, Monbuat of P8 TRee ubBve anProne Cofbustion
re@ter alsi nspeeatbe chavbeinoialeactin UWHl)form temperature

characterized in that the oxidation chanber or ,
CopgibusPPoRT ABaEtoM L OsPetalBE SiHSFafraliiyops at high or
vet fargn tEIpeL AL Uh 8e C%E;?lgtﬁzngh%oi?{g QYasSkedPi iOrMny part of

tenperature conditions very high
theemperatvure, oxygen being present in any part of the
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kpwater is added to bring the concentration of water
. higher than 10% by volunme. 14. Plant for the treatnent
1nof that SIS tdeor §URgOrsed avare13, ixhaddeterteedsing the

wal f e.n 0 0) ~eC ' ceramc
copSherIEAMA BT Qapkhe piBRekObnbh ot 8PS Bnd,
materials according to Claim 13 or Caim 14,

characterized in that it co i ses nmeans (26 f or ,
LGOI e goiBs PEOERn (i i Soilat L arer s to Claim
13(29%ha3fecd Pz t hidt awhRg apgler efycld Ngra PREt I Afor  (10)

the said cool ed gases being provided for mxing the
COBRYGER atCﬁﬁémiCngapip@ ttAgeréaét-or (10) and produci ng

a conbustion supporter m xture which is opaque to

infra-red. 16. Plant for the treatnent of materials
l5ac@irgitngfdo €hai Aresdbmeahandceriacihlid dbadbrdhey to Claim

cooling#neans rise .neans fqr recoverin

26) conpr, :
13eR&r Gy 2fFonty nEDRFGR L& DY Dy aPGé éf comprises means (26)

for cooling the gases produced during combustion, means (29,
30} for withdrawing and recycling a portion of the said
cooled gases being provided for mixing the oxygen at the
input to the reactor {(10) and producing & combustion

supporter mixture which is opaque to infra-red.

16. Plant for the treatment of materials according te Claim
15, characterized in that the cooling means (26) comprise
means for recovering energy from the high enthalpy value of

the gases output from the reacter (10).

17. Plant for the treatment of materials according to Claim
15 or Claim 16, characterized in that it comprises means (28)
for mixing a portion of the recycled gases with the gases
output from the reactor prior to their entry into the cooling

means (26).



t he gases output fromthe reactor (10). 17. Plant for

the treatnent of materials according to Claim 15 or

Claim 16, characterized in that it conprises neans

(28) for mxing a portion of the recycled gases with

the gases output fromthe reactor prior to their

entry into the cooling neans (26). 20 18. Plant for

the treatnment of nmaterials according to any one of
18¢ é’ilmtlsfqrotm Leegitacndr iofetatarihadts iatham@ﬂgséy any one
o£TPANS o O3 T A MLRG B PLESEUI 10T RLET 11 PWnor s means

atnosp Yeri’c pr essur & T nsi e reac 6 & u
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Cl.aim 18, characterized in that it conprises nmeans
lnﬁéﬁesépchﬁﬁéﬁﬁr feddl 48 N§St-he pressure inside the

reactor substantially from atnospheric pressure to a

pressure greater than atnospheric pressure, in
19deﬁénnénc%omnthhettypemehtnaﬁbﬂmﬁkﬂsmybai@dcbndbnqthe Claim

rea to.ens ol d- up_of oxygen
SR iEar 1 Svary por eoBR T RES T aBahs, te wedtttively
moam aRliagt ther piride shn:%atlrﬂi%mdeofch@atr@@balo& JEERAAING 10y from
any one of Clains 13 to 19, characterized in that it
at@@ﬁﬁbﬁ§é§ PTIRWR | 9 éfﬁﬁﬁﬁﬁ%@?(%ﬁ?aqﬂr ibanlﬁﬁﬂﬁﬁpherlc
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particul ar, material's i eces, granu
th&ateam&b&w ltoqenduae sl hadyl- mpteflakygenam@homng&sa@dxme of
naterl% 21. Pl ant f%r t.h treatngnt of materials
thec£6PERY €5 EVETHh PIE- Sfarhbt EFPLERT A1t MEE i t
conprises at | east one propul sion chanber (13) for
the pressurized and di sconti nuous supply of solid
20mafdeingl £oirnthretasatmestt lnd méa@ﬁféﬁl(slﬁpcorﬁznqplt@ntany one

ofquléﬂf 1%atﬁ§n590f gﬁ%ﬁéé%ﬁfﬁ ﬁ%? g%alggmé%ises a

haracterized Tn that“thHe propu S|on cha ér “conpr |

plaraducty E36)ekdertshg19yppldy af,gas)udder spigdsumne, different
wi thdrawn fromthe output I|ne 34). 23. Plant for
maﬁﬁélﬁﬁéaFﬁeﬁPeoFeﬁ€F€FldﬂQ acd8r ﬁﬁélﬁ8l§ﬁy R id materials

in pieces, granular materials, liquid or sludgy materials,

and/or gaseous materials.

21. Plant for the treatment of materials according to Claim
20, characterized in that 1t comprises at least one
propulsion chamber (13) for the pressurized and discontinuous

supply of solid materials in pileces into the reactor (10).

22. Plant for the treatment of materials according to Claim
21, characterized in that the propulsion chamber comprises a
duct (36) for the supply of gas under pressure, withdrawn

from the output line (34).

23. Plant for the treatment of materials according to any one

of Claims 13 to 22, characterized in that the reactor (10)



of Cainms 13 to 22, characterized in that the reactor

(10) 21 conprises a base portion (21) communicating

with and inclined towards a,heated duct (22) for

collecting fluid nolten slag. 24. Plant for the

treatment of materials according to Claim 23,
coﬁB%ﬁ%%%e%|%%@e'Po&@@%nth@lQOUo%ﬁhhﬁQa@ng Adh and ﬁncllned

comuni cates w a container (24) for collectingt
towWiagudlisd a dleagedhidebti 28d0lfed cadildloring & lwdtce mclgte slag.

with the formation of solid beads so as to forma

dilute water slurry. 25. Plant for the treatnent of

24matrardrad Sf e cordi BgebomEhai Bf 2 todr G iad rraaéordmg to Claim
characterized in_that the collecting duct 22)
23conpFiraeacheat 19y nedns FBﬁ‘tkeéﬁr%g f:ﬁél§r:§gner ui guet  (22)
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any one ailms 13 to 25 aracterized int
slagnpwhseh senscnxﬂnﬁhnszﬁumﬂqeagur|ag watput bath with the
par neter e reactor 0)., contral. and
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neans in order substantially to inprove the nunber of
effective predictions for intervention in the

25epdtiariingt o okt t FeA3tBRNEhE TpImafte Bl § caeenprdsng to Claim
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erials th are supp € reac
( 2Bl) amfonfoari sklse heneangenkaofs fatre kieglpd ngpehat igigid mluid.
accordance with the nethod according to any one of
Caims 1 to 12.

26. Plant for the treatment of materials according to any one
of Claims 13 to 25, characterized in that it comprises sensor
means for measuring output parameters of the reactor (10), a
control and management system receiving the signals of the
genscr means in order substantially to improve the number of
effective predictions for intervention in the operating
conditions of the plant and to control fluctuations due to
the non-homogeneity of the materials that are supplied into

the reactor.

27. Plant for the treatment of materials operating in
accordance with the method according to any one of Claims 1

to 12.



