WO 2004/ 094904 PCT/ | B2004/ 001220 1 METHOD AND PLANT
FOR THE TREATMENT OF MATERI ALS, I N PARTI CULAR WASTE
WORDERY4LE AND REFUSE The present invention rePEl/@R004:001220
a method and to a plant for the treatnent of
materials of various types and, in particular but in
non-limting manner, waste materials and refuse. The
invention has been devel oped with particular reference
to avprach wRbchr.orn F@RGTME RREAMEENS apyvARERTAAES IN
in Sofid, granular_ or %w d formor as_sl ud% and
to a methoBAREEEHLAR; WAS BhMATERRALEr ANPHBEFUSKEer eof
with the production of inert slag and gases which can
easily be disposed of without damage to the
TeavPrearBhAt inBatkdrsurelaksendin amgidtPhrripl zmta agplant for
i.cat ahov, descr U nt ;
B TR e i caion Lo ovarent et it e ke end,  dn
rapplitoaar’ Hyfat tmt ngpplivdatioy W0 081926te Teiterials and
rg t relates to a nethod which enables materials,
or “éxanple, waste materials and refuse, to be
treated in order to ensure easy and econoni ¢ di sposal
hereof roduc ter| S _i-nto a
THF es,lsr,ll]’ﬁnkz%é reac?oﬁoeeinnt% Ocﬁwe r it %dL Sl reference
toxygeplapossithl gh upato ﬁ@@@wétlmi Lapuplr ealoxygamnerdtals in
| east within the I| its achigevable wth the_technic
hills SrATRAT) T Lifedfed S Me 4 ght L eh ST ur eid o 2
méemhedvﬂ:nzn her&eg@;t oab@amsesnecowéatmendl ssaetad i Ok}lréth the
nol ecul ar nds_of the_materi al e treate
PEARPEACR LB it AL esthTbadrtae s il cah®?e85i1y be
dabpyeedesti WNeHoWS pahegt Bo38Ke683witkbBamenethod is
preferably inplenented by maintaining a pressure of
bet ween 30 and 100 bar inside the reactor, although
BhBRgrasedof | ower pressures, even only slightly above
at m)spherl c WD 2004/ 094904 PCT/ | B2004/ 001220

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
woradoep#bs and their sublimation inside the rPEIB2004/001220

once the nost suitable application tines and

tenperatures for the type of terial to be treated

have been established. Anothef known nmethod is

described in the sane applicant's WO 02/081970 whi ch
pkEREaYes tihe ABthedideswd bednakadr enaklidydchBe to bring

géessure inside the reactaor to bhe regul at ed by )

ahpdbl &9 ate peelRenlar nPASFEMIAELGE ahd Bhfediahgkials and

eMahbeshiBliAgeOpHanGe iWe! hrer edeteidgd neshddll @S Ofost suitable
variation, thus increasing the yield and reducing the

apphcRBHOnr dmeer arie CetppI At e’ sEeEi abrorkyare tofe material
tgmp%)ﬁc%ééﬁgﬁngﬁvgf pEBE BBEEDh@khelnsi de the reactor,

out thereby requiring excessively high
tenperatures and pressures which would result in an
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during t course of the.re ion_and for any type of
H3hbidel bis Btzdle i dEAE OBBREL L R cea by
madugst bhgt he beasten whereitlue wadhat idrel of getionum value in

b ted .by the heati f t ) }
o RRIaeE; ISRl PRt gt WY B samianian,  thus

ihbakasbng khaetjiedld yarsl ovedwexdg dtBe, thvee iq@ahbled for the
thermally.and, ., unfortunately, .nbre toxic,. suc S ,

kT Le, S EPaRihRGD Bl ThPo MRl Fer ot aas g dhe material

inNagifet rf eenpesit i onscibut heHaremybuskyblieingshesc®fsively
the refuse al so inclade conposi tions of net?é oxi des

i ¢ (F IR STRAC IR | rBarkl  Hr et Or ¥THCOuNtIPULE iFPThE in an

ihE€PELOE . iiEth@bQié%i@ﬂté@@eﬁoﬁbﬁﬂhatabﬂaﬂmbﬁﬁ?ﬁexity of the
i npl enented at both pilot and industrial |evel, have

refovPHed satisfactory results. However, it has energed
from accrued experience, that it is necessary and

appropriate to , _ oL
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 toxic, 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
wWo b@4woi9at i | e or gani ¢ substances produced are POL/IB2004/001220
condi tions such that they reconbine to form substances
which are kinetically slom1t9 oxi di se, nore stable
thermal ly and, wunfortunately; nore toxic such as
di oxi ns and furans. The object of the present
i&gy@mteh@n_ ifptdesd e Whipovedgura, Mahodandapl apbssible,
ich satisty the above-pentioned requirenents in ,
thBEt R eYOIAGIMRI CPArIR T Fe TR NGRS aPECEFPECt3NR, DOt in
c8A8Yt § 8nEMBlLEAERharaRt e dRld i & d NFdISE- sSstances which
6, 029, 588 describes the combusti on of conbustible
axat &Angrs celdyl wdiovy toxPEidefaseMorg #tedtlgr ythermally and,
ufi¥biPghhealy, F RBELOEWALCHyES SUPRLERYnW Lhat Beirans .
combustible"material, wth the conbustion supporter,
and with preheated recycled conbustion gases, the
ThaCBBRUSL! blee dahes belng fhochargadisatidedase of proviae
the rotary drum wever, the conbustion-tenperature
aceimethgd wairch iglanteprebéohedsbyishy f ugieon above-mentioned
t S a . pr esen of .
r%ﬁﬁ%?%ﬁ%#éscg'dlg%ﬁgsggﬁeﬁhgggtgg?igéi%g ( e?cﬁamgrglme are
effprcalrei nedbe Bot jmbeadehd, t Apdpredycrednablet dxi ase.
organi ¢ by-products (dioxins and furans, etc.) which
are transported by the funmes. An increase in dust
Ug voleatli2loe Ssashedgsahllodis i s téwet r ataicidyidhe biEnescamishistible

ich contain heavy netals that are well known ta be. |
e fta PRl 3rR uad R G Be T BRh At (R T ) Sy Koo Hfetrd cal
réhetdbenpariaiiur e sof suppeie@actinh | ntkeagsesbud8iBle material,
r esul there is therefore a su?géantiall 'ncregfed
a e r

w18 d t) (HERE R uBEPPPEF €F he 1R, BEE ecycled
céiisuiui®s apceshe fHobhemoabukhelkgaidtes aBéing discharged

2t oRBRGPTER BhstestBOFFELI BHRA Sol | d phases, The
di sposal of which is problematical (and which give

Hé&ggeé? S%ﬁﬁellggmbgggfggggémégggghgg)' 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 contains
heavy metals 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 1load on the techniques. for the
after-treatment of the fumes and the problem of the organic
and 1inorganic toxic substances 1is shifted from the
combustion gases to liquid and solid phases, the disposal of
which is problematical (and which give rise to so-called

permanent leaching) .
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provides for the treatnent of sludges with high

waodostistvand wat er content in a reactor whi ch bPCTEBE004/001220
about conbustion of the organic substances and fusion
of the 1inconbustible ashes V\%th subsequent
solidification as inert vitreous slag. The reactor is
supplied with sludges, conbustion supporter and

usoshusbi ep0f presivbkcioar € hieettetherdto dNGINEREEDIwith high
after the renoval of water vapour by condensation and
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sf&‘g eobj ect indicated above, the subject of the
pre%eht invention is a nmethod and a plant having the
characteristics indicated in Cainms 1 and 15,

respectively, ich are appended to the present
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hddebApp! imanivdivere mpdehasaid@bl ehdat @ovhich basmiedte the
to.the identification of the .fund

t al )
ot ZEP6H SPPeL ot SEBISUSERGR Ractdle BPaChGFe wWith the
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the incombustible ashes and in particular of the melting
fraction, since the wvolatile component of the ashes 1is

entrained in the combustion fumes.

In order to achieve the object 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 1is substantially

isothermic or quasi-isothermic in use at high or very
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including the walls, and w thout substantial oxygen
waledosod4994 in all of its parts. In a particul arPCT/IB2004/001220

enbodi nent of the present invention, the neans for

bringi ng about the high exchagges and transfers of

heat between the walls of the reactor and the supplied

and conbustion gases, and between those gases and the

teppBustiibbe MiETi@nd mahel ywa 18, t ehndohlithout substantial
conbustible, material), is represented by IR

OXVHEPRadrEdTiEadit oA Rhi RS PBXES-to exchange fl ows
and heat transfer which are greater the higher is the
tenperature (proportional to T4). Surprisingly, it has

Ipeen Patihdcthar cONPRGITIRt wicth BRegaresadudayention, th
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combughnsbte chareacieli s{ingichy beiflrthlee stobhdt hemedustible
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o bhneb ol Shoobrthe PRt EErn SEreRe Sl F TV
concentration greater than 10% by vol une and
preferably greater than 60%Db vol unme roduces a
SHFSE b 2oy Eh SEndre S ubh: it of BeUororBustis® ien oxygen
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whish aftangeusnfeabkbgbels-theteerBuslii QR tHPAHRIN, such as
lied, to tenperatures abov 1300, K. The | arge

sup .
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characteristic can be further strengthened by increasing the
volume density 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 a concentration greater
than 10% by volume 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 vicinity 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
wo00gemo0L and nitrogen N2 are gases that are PCT/IB2004/001220

transparent to IR) can thus be elimnated in the

above- nentioned particul ar enpbodi nent of the

i nvention. An advantage of theé nethod indicated above

is also clear in the determ nation of the stream of

okﬁ@éﬁ'@%dg@&e%qﬂtcéﬁbmétléﬁcéuﬁﬁﬁﬂﬁetn(hhev@éwt&@tthe fact
e recycled gases can perform the function of
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owi ng to an appreciable heat difference between th
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recycling flowrate of gases to be selected in order
to mnimze the inmpact on the reaction volune is
Apcednpatiped lof |Wdw mepped aiudésabedt h@owecyi@l ed srasgbear in
Lu d Nt ot at
té%oé%tgggéﬁa%gggvgﬁhQ%he3&5% 0 Qﬁh&%%ﬁf&l 41a.reié s in
fhotundrcena im ghhdegae thatomnmnr@wy¢ﬂe®cgdses can perform

ﬁgnd%p§§; %%h Thg above descrlggd in tant O%%%%P?ﬁg a

eatlng 0 e recyc |ng ;45 earienal %gw
cophpruatial e bpehate@dmﬂahﬂcbtheMDnnﬁgth@1§XHéﬂHyreactlon

th recircul ation ses I [ting fr onmbust i are
hgfibpl ¥ "t TR T JRA P EORES Bt B/ OF L L OhpRr Gt BEG MeeT  the
iagut oantinichiez @utidhe averahé vehuterof gm%iMhﬁiMUm ifcycllng
eactor for. a given ti spent in the reactor the
£ L SR Et e O S 00 S, SEehE e A T et EPotiftdtize the
uﬁlp@m;thenr e&eleor rdaﬂ:’di‘tﬁh presemhe i NYENt @onddBerielor &y  low
n contrast wiith the cﬁ Elg%% of US 5, 309, 850 and ug
t%mla%?éa%%ew%htb?o{fﬁ&g & &5ui OAFta@IC e it dew point
of CEXE! LOInP! HRARL] T ORI f WS, Alddor SERALRIIIA He use of

the water by~ condénsation and preheating prior
maeeythlmgwhochhereededwond theapﬂesﬁnc@e@feehenmﬁmmﬂtadt with

o118  SRUERARHICAT | AF SR SICRULBRR AT, O ERf unconc
h¢@91@@s of the recycling stream enables the recycling
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 volume 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
wO\2020080094904 PCT/ 1 B2004/ 001220 7 recycl i ngPGT/IB2a0m/001220

for exanple, for predomi nantly carbon materials and

materials with | ow noisture cgntent, in order to

bring the concentration of water in the recircul ation

streamat |east to nore than 10% by vol une, preferably

raeiel1ihhans208ahy vebuneeRAfpBY¥EN ABFE Iff@a@m@ﬁhﬁtmpr €carbon
than 30% by _ vol une. The jntroducti on of the water
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it is not advisable to go so far as to cover the
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tﬁ%ngowbyh%@h domi RARGR Dl dihe pmam %édfée Sa 303 by

t he reduction o t he useful reaction
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art pre nt of the invention
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onfi e n i,S i ted c actor
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opammem,vwwmnehxxﬂrnﬁesliaWﬂng tby nhanspnédbhénaseeofof the

tec nical en a f o pressure,
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SRS B or Srer 28Ty Caisve 250 ghgul reaction

vohenef alvee webdh thegh u@r‘femgmmmlean@esféfémmlt hef the molar
the gases and t wal |, i

wal | and, vi ce, .
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and of the conmbustion supporter by radiation,

substanti al | ver cl os to th i sotherm roflle

Iihiah CORGITT uRESETETSR (FROORI PR palOf | the ‘invention, a
sGbet aat €51 5y @5n@ﬁnhb@spertId | 1y eBhe@BfoABOIREIfigured and
advant ageous characterlstl of the |nv§ glon results

b

1% GRP ﬁ Sp&ef tHat® Foﬁ‘é’§c§ur’iﬁa}%‘3%l9 e EEh iRt ions,

pt&BersEBET @ @ﬁeﬁannemaﬂlhg madulkeat &d thf 0Meramic lining,

at nospheri_c _pressure preferably up to about 600 kPa)
bynm@@B%nagnggeoﬁse of "technical oxygen and of pressure, at

high or wvery high temperatures (preferably above 1900°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 close 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 volume (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
waoeloeto0in a limted volunme (known in the fiePdI/EER0&4/001220

hol d-up) in spite of the reduction in density of the

gas due to the high WO 2004/ 094904 PCT/|1B2004/ 001220

8 tenperatures. Differences in the conbustion phases

(flash, tar, char) in fact arise with variations in
téﬂﬂpeicaparefs mieTfiededdedeitr eakedoadthstibn phases (flash,

partlcul as result of variability in the
Cehar é'&"taé“rl stPcstaklen 26 SeheV L bhe VRIEIE 19Rf efPalthp type of

mb€EUsgl these dibbgrencemd)i venr e ttieulsid uaid 0Bs fsulit of
sudden_and | ocal oxygen-consunption peaks which are
vabiabélt kY abife BAY ichegmrtesdstdamotvee ©dr rielke egamey waste
nBOEPRL1 comyent {aRghosensqle And GOREEPLLSYUSt €MBiydNerige o
hol d-up of oxygen of fers a passive protection agai nst
siteationamt PHn ey gerndefleral zomegosnt¢drseietion peaks

whEag! e bMotVHE{:ggt?folghgn@ g_lﬁ %@{3} 'cacJ LPresye corrected

oxygen that is cable for i ven concentra
bt ndyanagut g@tmr@fnttlhmalr eaenepry tdad |cs>ntwctlhoatysttlems The
of [ ul t [ ge. excesses
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fosmaetessary boygeheodeficat =zoneectwicdnbusthen, reaeceor by
used. Another advant.ageous charactecri stic of t he .

VE%Eggtldﬁ (EEUI £5 9%  §RTHE up{ﬁgﬁurgrppfsigﬁygen Bar is

apbbecatal ¢ ol oaf ahgleéhlmmncemuﬂatiwncatthaerammthobf the

<P BE ¢! NN SORLEAD, WL A5 oD, JncOmSLl B, ouna

rémmﬁtngzﬁf tmergenbusiééé@e@atmmeﬂedﬁol|deQétQhetheto the
sol i.d. fr ctlon) by .r.adi a jn contrast w
ST S, G s 8u05h850) % Eaqearory for Lheorecical
cm&tdecf@hd)@stfﬁﬂruptw&ﬁeltb bdeugeacti on of dust that
is entrained out of the reactor wth the burnt gases,

and a parallel increase in the fused liquid ash
AsRgienad@dah faddeus earhPhctbbikbBiassinBle Aukrerfthich results

II!‘OnIItI et:r ! e%glg’lclcl)grl gugg}flgirqlgt Iolggergfg%tloglhce)fcct):glgacetfflcacy 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. US 5,309,850), leads to a considerable reduction in
the fraction of dust that is entrained out of the reactor
wiﬁh the burnt gases, and a parallel increase in the fused
liquid ash segregated in the reactor. It is assumed, but
this interpretation is not 1limiting, 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 volatile
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



reactor wwth low gas transit speeds and hi gh heating
rate renders fusion conpetitive with the renoval of

wWo b@4@dedy ashes by the gases. Moreover, the POWIB2004/001220
formation of volatile ashes, even with the supply of
conbustible materials with a _high dusty-fraction
content, leads to the assunption, although this
interpretation should not be considered I|imting,

al Bat 1tBashicgh tthegrderwelf aadioat icm w1 ddiel sred fiosk VX whatever
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accordance with the solubilization in acetic acid

t est. a-whol.e, the nethgg of #h resent .inventijon
Th n%gﬁéﬁrg}agbﬁl'gfﬁﬁ?ﬁ§¢ ge°9 e?yEE SP&&gﬁg'e £s beads
sd nag heopbysizal tharnthef tealiicdfesgramdal sAdrttssined in the
.1 iquids n? sl yudges, the ro%gctio , a; t he mout h of
Lhgatredetbre 8 “Gonbaist FBACE Ge SR B A eryr oW TOA the
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very.low volatile ash content. K This substanti al
2SS ITRTRSt He TRBAPHUGLLTEPEiRG LFt AFSCLFoaPNEntesF -
t he conbustion funes and renders the disposal of the
quuig/iolid phaseﬁlused in the after-treatnment nuch
As a whole, the method 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 very low TOC (of the order of parts per million -
ppm) and with a wvery Ilow volatile ash content. This
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 environmentally.

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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characterizations. assisted by statistical sanpling
2apHSeedl UAY i oRC ARt PBES2 ! cafBRl BYSr comeé tdyaluation methods
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a result, particularly efficacious optimzation and
argédnt mefysocedur & sueh &EMIND (nRbrkplelarly efficacious

i L pl o L.d isfa .
o P B ot RPOLoRLORL A8, 252NN, gucipie
inpret /opt thpzat icovipoft )code spokn piewidd satdstfaictbres results

i.th regar har acteri stic he_mat_erj al

£ at Hh;%gprg\e/ffgga&gﬁ?%tl e@%y Ilt':nt%tl egjf%é?%seg?eac%o(ir. ch'ﬁ]é the
op el hasithepéf aostsheem coremei vEduoteghibfinicigs with regard

ttenti romthe. i.nput _paraneters t.0.the. output .
o et S o e Ra R of T I S B oERGEy beerprovided
liouhel blyatlitinleontbr asie wrkhetbe .pri @he atdga i has therefore
control _and_optim_zation dels are centred_on th
B Fhetrs

P& puf OpEraNster Llof PHET T RSt 0 AT ISR y SHaPt eg‘,he input
pefmr?ewmp_ te, thy me@dﬂtngaa;mrte{tﬁeﬂ§s<p©nsnetb irea&_ttoﬁ.mem has
anal ytic ensors to.r r them conpar abl e wi e )
ST ELS TRALY afEeThErdt et ¢ of 1T DhERondHgh the  prior
attyol Yeddntridle dredcbpoimizdbeonumele1ef £fd eebh¥eed on the

o‘gredi ctions for the control and for the %ketim'zation

FPWpe RSB T bETsubSEanfFaFF§Ly npFoteaPlvni3dgpted, for
exefiig Lentby y@%&é&iﬁ@d@ ateéyrpepbaceBReMedl @ ff WHeY analytical
séﬁg 4éegowgéﬂder them comparable with the times that are
characteristic of the phenomena involved in the reaction,
the number of effective predictions for the control and for
the optimization of operation can be substantially improved
whilst effluent gquality and safety performance are fully

complied with.

Basically, the plant and the method of the present invention
have various advantageous characteristics which are
innovative  individually and taken as a whole, and
conspicuous amongst which are: the provision of a reactor
tending towards isothermy or quasi-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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absorb uncontrolled fluctuations in
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D T o o Sagr ol Tl By A FPfeeuations
dgentostilen asdxmegehaict rof bhet meteatipudts supplied to the
rggg@ ters of the reactor in order to contro
ctuations due to the non-honogeneity of the
materials supplied to the reactor. Further

characteristics and advantages W ||l _ becone.cl.eay from
PEREPT o1 | GWE NG dBt &1 T o deSit | JOT G GRS prddr r Bgoons clear
feobodithent fehloking giseaibydwaglestripaibhm dfnga preferred
exanple ~wth reference to ended Figure 1.which
e@%%&@“ﬁﬂt iU - A v%lY%?ogfypoWaYheo e&@fldﬁlg‘ﬁ&l&g example
witlk basiferceaet i ato chppehticaf Fipghart formgdicR shows an
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.accordapce with the present )
1 FEARESABE By et oul gL EBe e ahet At it Paste Feaction
ciBteitalss canplisas @brexidati OAckeaghatcOlwihamee Kresent
.Wth ,at |east one input opening 11 through which the
1PBERr1GFto 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 omne input opening 11 through which the material to
be treated is supplied. In particular, the plant of the
present invention can treat solid 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
solids and viscous pitches or sludges of various 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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and suspended and sedi nment ed ol ids and vi scous
pi tches or sludges of vari ous-densities and
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apgREsiBgnitRy HcoMiat ikt 10reatadeor FRvce My -rate of oxygen
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beconme clearer fromthe follow ng portion
inf thes e&ggepimpt i26n. ontpuddetiaran nddhd | oveatter eah®, within
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atio "accor to the material treate
OflmakﬁaueloSUQpﬁged tios thegestcddmuloiadt i qaréfemblhebut in

n §§i§ Elk Bﬁé t géc 1te%é qﬂ&g@%é%%(%ﬂfﬁﬂ all and
he

Fom t 0, mnt i ned ranges,
fbaquenbflbhésquantlty and quallty of materi al
supplied to the reactor which, preferably but in
non-limting manner, is admtted to the reactor in
Teauvldeaandr ﬂHEq@emprigaQSa Eﬂ&ﬂﬂeaqpﬁeféﬁabbﬁpmhﬁescﬁf metal
el.l, ref, rab y nade. i ned._w.t
=80; 4ine SH g SRESTS0 G naf Ty By LEBolFirg nally by
cMﬁlEthmmuaIfédmﬂﬁgféedarEQOfe§HérlHHDnbusﬂk£|£nq§m@@st1ble

h duced de, t h t || ect ts .
=bec 21 5Hhi £ e PHERAnG 1 g¥hr AGcarr TS GBLiegbs on its

bsbéch; Mﬂfl&fl’ﬁrfé(ﬂ ynbUinkd ROWaldd¥ tamMgodBpHEr duct 22 which,
rISf g be made_ ,of a material with a high
Pﬁ%fg FAgLBoPHE (8. ﬁonnéﬁw&éﬁﬁmma%'amﬂplﬁrses & tube made
of UpgsheteridPaivedht & resyBt meXidald opeifEt (§. lgl CQﬁblybdenum
carbide), which is heated to keep the slag liq
LRGN sPhsetUPIS R vi EFFREF0f T cTeRtTe dhidarign, or

sil€con 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 liquid slag is cooled rapidly ("quenched")
in a water bath with the formation of solid beads so as to
form a wvery dilute sludge in water which i1is then sent
continuously from a collecting tank 24 for subsequent
filtration and disposal by known means, for example, 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 26,
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kaBoHl dsehe underst dn &8 @heaga%lge XUeHbBne or the
boi | er 26, WO 2004/ 094904 PCT/ | B20047 0 1220 13 which

likepreferably but in non-limting manner of the type

wi th snoke tubes, generates and superheats steam from
supply water comng froma duct 27. The superheat ed

Befeam | eavesing helisoi bedilzg t RPougbha diag I/tawk | rom the

rS888¢ Eoﬁd%¥ﬁ¥5%ﬁﬂ tﬁ@oﬁﬂcﬁs%% Igrmiﬁégpkatﬁ(ghéhﬁoderator
supp ne or the ore entering t

rb@wzénn% gétﬂwengQl@;atipmhlfcvlwht e duelact6r. 10 Thier ougierator

r£B8cAlig S OLEEGeNLL LPAGE ALRT il Leyal St £rom
supplied t roug a duc m)derator cycli

thas bodgeesetd sthrpoghi an Chictt h%9 gasptabpaf 1r dmrither cooled
0|Ie ptlonallyf rther co

0P Lolehti SHa Jyatah (Rl ana e Re A aged by

mbgnsn@dnsa oblawblrowsr. 30 ThEéhepqaricoonodf nruidersatcar recycllng

rec I as which. is nat, sent to.the duct 28 t
I x &G0t T HECT g5S8S Z:lﬁ &Ref&éﬁ%t K& ?Ceacl?%r miffe% With the
gseat buw@mds farducthalreantvhi a0 ao egehiat towasyst @nduct 31

dm tt.i | at e ntity af gas in
ofrulih: 4 Fhhiged (P T2 At el e auiated
gquathbithe aixyges suppl i €det dudie 191plitn obrder 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 1is 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 temperature that is compatible with normal cooling

means and preferably just above the dew point.
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portlon of gas output fromthe boiler 26 which is no
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expansi on valve 33 and subsequently sent to a snoke

line 34 of generally known type. A portion of this
That prar{@iss | ssonmastasttabl ywini ther ashovhrdaghrabddct pBant  are

to ri t l's «ch
D ot S ETTEGI 88 e o1 | HRet or o SR o fee S3Y
tr@la@]pgrtat)lofrh@nﬁarm@usténgpmfentbeofpltam: in the place of
pabove-described plant are preferably nounted on one

or nore slides for easy transportation and nounting

of the plant in the place of wuse. The method for the

T]{i(%e STan dOffot.the ﬂ%t e% g!slémg\hl Ch ItI n’pl e nte w]B§7ch is

déscri ove 1's cont ro ed as
impl ehectednby pheC@iamt\Mnsdrxbsdwabovhaﬁsthentrolled as a

ustjon _gas emain inside the reactor 10 fo
W%gg%eﬁjrn1ned %%%%ﬁ%ﬁ%%ef?¥ﬁFe%S?r e, i 'fSPEBFﬁsbthat the

combuw®nion 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, instead, of carbon dioxide and of
water (markedly of the 1latter) of which the moderator
recycling gas dis constituted. At the high reactor-skin

working temperatures, the water and the carbon dioxide which
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BmBel ves become  opt | ers of Infra-re
tbﬂergyctén the other hand, the recycled gas and the
funmes that are generated behave as efficient enmitters
of infra-red energy which, also by virtue of the
Thark¢¢@pmmbssqm$$nofathengeactﬁorlﬂﬂmhidhpmementation of a
ef er abl n_non-| i, t|n nn betme
o B A0 e R B A i Po Here A QIR e e Jsgt T ds not
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arran ment at i Qn of .a bal an

mEaGr AT Bh, n OF (080 BoUGVErR Rarrbf Bt hdipstrean of
thpse@r&gulimbmWHqﬁﬁmhﬁréhe nather i abnsuppl | edstby MBENSrvenes
(Sl SpuEERETEI, M Lo g SUSLETE L1y o RESILIED ooy
b$y St iedn Ig‘Hﬁ’SIel’i@fsldenSItanlét ameausby t ookegpotde predetermined
m£§1 &&a res nguaéénEinp%H&a second place, on the flow-
rate of the oxygen and on the flow-rate of the refuse, that
is, on the loading frequency thereof, to ensure a good
quality of the gases output from the reactor 10. A MIMO
(multiple input/multiple output) code, on the other hand,
uses a broader range of operating data and, in 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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t he chanber or reactor.

combustion supporter 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
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.

4. Method for the treatment of materials according to Claim

2 or Claim 3, characterized in that the mixing of the oxygen
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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 is modulated in dependence on the type of material

to be treated which is supplied into the reactor.

9. Method for the treatment of materials according to Claim
8, characterized in that the reaction pressure is modulated
from atmospheric pressure to a greater pressure of about 600

kPa.
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measurement of data relating to the composition of the gases

at the output of the reactor.

13. Method for the treatment of materials according to Claim
12, characterized in that the measurements of the gas-
composition data are implemented with characteristic

response times of about 2 seconds.

14. 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 the gases produced during the oxidation or combustion of

the above-menticned material inside the chamber or reactor
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16, characterized in that the cooling means (26) comprise

means for recovering energy by the giving-up of heat by the

gases output from the reactor (10).

18. Plant for the treatment of materials according to Claim
16 or Claim 17, 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).

19. Plant for the treatment of materials according to any
one of Claims 14 to 18, characterized in that it comprises
means for maintaining a pressure greater than atmospheric

pressure inside the reactor (10) in use.
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propulsion chamber (13) for the pressurized and
discontinuous supply of solid materials in pieces into the

reactor (10).

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

from the output line (34).

24. Plant for the treatment of materials according to any
one of Claims 14 to 23, characterized in that the reactor
(10) comprises a base portion (21) communicating with and
inclined towards a heated duct (22) for collecting fluid

slag.

25. Plant for the treatment of materials according to Claim

24, characterized 1in that the collecting duct (22)
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28. Plant for the treatment of materials operating in
accordance with the method according to any one of Claims 1

to 13.



