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1 4 MAR 2005 WD 02/29321 PCT/1L01/00904 1 SYSTEM AND METHOD FOR{REMBNI 25
BLOCKAGES I N A WASTE CONVERTI NG APPARATUS Technical Field The present \
invention relates to an apparatus for the conversion of waste, including -
the processing, treatnent or disposal of waste. In particular, the present \ ‘-
invention is directed to a system and nethod for decongesting a furnace in
a plasma torch based waste processing plant. Background The processing of
wast e i ncl udivogmasmi ci pal waste, nedical waste, toxic andcrmnagomective
wast e by neans of plasma-torch based waste processing plants is well

known. Referring to Figure 1, a typical prior art plasma-based processing

plant (1) conprimﬂmmq@gv]ﬁ[@@ B@éﬁ?gﬁbcﬁtbt; élgg,n\{grmof a

vertical shaft, in which typically solid SO ‘N Xe eneral |y,
solid plus liquid and/or sS@WASTEUWONVERTINCE APDPARATWS oduced at the
upper end thereof via a waste inlet nmeans conprising an air |ock

arr angenent &30%., Ong.or a plurality of plasma torches (40) at the | ower
end: of the Cché& at]ftﬁldheats the columm (35) of waste in the chanber
(10), converting the waste into gases that are channeled off via outlet

uni th 8 pori o CAPGE ARV Rlont et & B et IE S ER RSB el T he

chanber (10) ftickudifgehy QirbcestBg) tretdah&hit Sirn@ishbddl hf whah i n-or
steam (70) may be pgovi ed at %he | ower renc?f)of t he charr%gtp%zdlcg)lé}%(ég%onvert

carbon, produpwgentninveatiopriscdissialytof sysyani andvasdthod ifot detegfdstingases
such as CO ang_1 H2, for ex%rggrlcﬁ.b A simlar arrangenent for dealing with

solid waste i SRS ased waste processing plant.

Background

The processing of waste including municipal waste, medical waste, toxic and
radioactive waste by means of plasma-torch based waste processing plants is
well known. Referring to Figure 1, a typical prior art plasma-based
processing plant (1) comprises a processing chamber (10) typically in the
form of a vertical shaft, in which typically solid, and also mixed (i.e.,
- generally, solid plus liquid and/or semiliquid), waste (20) is introduced at the
upper end thereof via a waste inlet means comprising an air lock arrangement
(30). One or a plurality of plasma torches (40) at the lower end of the
chamber (10) heats the column (35) of waste in the chamber ( 10), converting
the waste into gases that are channeled off via outlet (50), and a lquid
material (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 fluid, such as air, oxygen or steam (70) may be provided at
the lower end of the chamber (10) to convert carbon, produced in the
processing of organic waste, into useful gases such as CO and Ha, for

example. A similar arrangement for dealing with solid waste is described i




1 4 MAR 2005 WD 02129321 PCT/|L01/00904 2 US 5,143,000, the contlenMARFS
whi ch are incorporated herein by reference thereto. Two problens comonly
encountered that prevent snooth operation of such processing plants or v
furnaces are: (a) Bridging. (b) Unprocessed solid deposition. The bridging -
phenonenon rel ates to a blockage that occurs as a result of the passage of %
solid material through a channel such as the chanber (10), the problem
bei ng furtherwerdwanbat ed when sone of -the solids |iquefypciVa@yeosfdr 9ani c
materials that may be found in the waste colum (35) undergo a nunber of
transformations during processing in the ghanber (10). These

transformatio include as a function of”increasing tenperature, the
formation of Splr@@QQQ,st,hetQ’@tﬂﬁﬁ rdt Whichodre! inquipbrased Ieesin- by GbfefeRiet Ch oF
bi tumen, the {%ration of the pitch and charcoal or coke formation at

hi gh tenperatufrés. These transformations may be occurring simultaneously
at different parts of the furnace due to the tenperature profile in the

chamber  (10) Twidhpoblars LOmmAWMI9 enk e _may.be found at the .
upper end of thepﬁ_)/aste col um gg)%tﬁga?ggﬂﬁgg%%%?%gl?e e ted to
charcoal at t [peocepting phamgsdr fifrnades anerst e col unm (35), and to bitumen in a

central porti Zm? .{he waste colum (35). During the bitumisation process .
of the organi 62 El’Bveral pieces of bitumnised waste may coal esce to

forma full o arkt ' .bl,ockage in the furnace, as illustrated at
(A) in Fi guretbl).D %?%%%F%f%gﬁgq?oéﬁﬁ& mal ly dealt with at the | ower,
hotter parts of th_e chanber (10). Because of the non-honbgenous

conposi tion offhe beidghst phatdnenon relates to a blockage that occurs as a result of the

passage of solid material through a channel such as the chamber (10), the
problem being further exacerbated when some of - the solids liquefy. Many
organic materials that may be found in the waste column (35) undergo a
number of transformations during processing in the chamber (10). These
transformations include, as a function of increasing temperature, the.
formation of gas products, the formation of liquid and semi-liquid pitch or
bitumen, the evaporation of the pitch and charcoal or coke formation at high
temperatures. These transformations may be occurring simultaneously at
different parts of the furnace due to the temperature profile in the chamber
(10). Thus, while raw or unprocessed waste may be found at the upper end of
the waste column (35), the organic materials are converted to charcoal at the

bottom end of the waste column (35), and to bitumen in a centra] portion of
the waste column (35).

During the bitumnisation process of the organic waste, several pieces of
bituminised waste may coalesce to form a full or partial bridge blockage in

the furnace, as illustrated at (A) in Figure 1.

Inorganic waste is normally dealt with at the lower, hotter parts of the
chamber (10). Because of the non-homogenous composition of the waste and

the temperature profile within the chamber (10), some inorganic waste may




the tenperature profile within the chanber (10), sone inorganic wq:ﬁmm&ﬂﬁl
4 MAR 2005 WD 02/29321 PCT/1L01/00904 3 nelt at higher portions of the
chanber (10), and fl ow downwards, adhering to other waste and in sone
cases causi ng several pieces of waste to adhere to one another, resulting
in a blockage. In fact, the nolten waste may adhere to the walls of the
chanber (10) and even crystalise there if the wall tenperature is |ower

t han t he mel wowg~pint of the waste, also |eading to a bricdgenioype
phenonenon within the chanber (10). Another type of bridgi ng phenonmenon may
occur as a direct result of the passage 3of solid waste through the furnace
- a bridge-type formation, simlar to a vaulted ceiling in form can occur
nat ural |y wi t fieit attheghes poreonsafithe champher (16 and fidig dowmavards, udhetisg ko

granul at ed for{ﬁ& as '{Ilu%trated at B% i.n Figure, 1. The bridge-type
formation proffESVa5S 0% b SPPS LR FRYHS BFYREHURIECTSopT PRstedtel adhsTo o
refuse, redir ' - f u f the fre thereof to
the-edges in %%%%E%ﬁ?%n%iﬂglqléa%ﬁgt e C ath%éﬂrd%fo‘&gﬂ? AEPeiifere o
preventing t hehefWalls 6f the ehtisBe { 10) Ahd\evEy chita1dg %érétiffﬂféwa??emgé}guﬁé esence
of a bridging phenonenon within the chanbér (10) results in a Teduction or

total stoppaigelosfertthen leeddealting pointwaStie waswyglsoclkadibgrio( 4 @ridgdappnese

Pat ent Appl i cal'gli on No. 1.00,19%21@2 addresses a bridging phenonenon problem
by provi di ng BRFRHBERIoN ashembereces which are inserted into the
colum of refuse fromthe sides or fromthe top of the furnace. These

devi ces provi I : | e st:e. | krection
towards the iﬁoﬁr?ﬁfgﬁ%%%?eg%gﬁmgcﬁy el h&elfeclrtgFa Egg tﬁ%rerrbers
or axially di ppisageabbalidrenbertarouh the faasse blaybriddegive\formatie®EBmilgaAses,

t he mechani cal devices are subject to a great deal of wear and tear and to
hi gh thernmal % pedalisd csipenedonms ean pegyr aterally wishin thedrefuser ¢alumn,

e L ook BeIE wi e RO R ndiBR 15 SRS ARG o (BP R AR °

1. The bridge-type formation pfovides a stable load bearing structure for the
column of refuse, redirecting the weight of the column from the centre
thereof to the edges in contact with the walls of the chamber (10), thereby
preventing the flow of refuse via gravity through the furnace. The presence of
a bridging phenomenon within the chamber (10) results in a reduction or total

stoppage of the feed rate of waste through chamber (10).

Japanese Patent Application No. 10019221A2 addresses a bridging
phenomenon problem by providing a number of mechanical devices which
are inserted into the column of refuse from the sides or from the top of the
furnace. These devices provide an external mechanical force to the waste in a
direction towards the inside of the furnace, accomplished by either rotating
members or axially displaceable members. While possibly effective in some
cases, the mechanical devices are subject to a great dedl of wear and tear and
to high thermal stresses, and need to be replaced or serviced fairly frequently.
Further, when not needed, the devices actually represent a partial blockage
with respect to the column. The devices are also able to directly apply force

in relatively isolated points within the furnace. Furthermore, incdrporation of




with respect to the colum. The devices are also able to directly 1appitR 2005
force inrelatively isolated points within the furnace. Furthernore,

i ncorporation of 1 4 MAR 2005 WD 02/ 29321 PCT/1L01/00904 4 such mechani cal
devices in a furnace made fromrefractory material is not straightforward.
Japanese Patent Publication Nos. JP 10 110917 and JP 10 089645 each
describe a vertical nelting furnace which is externally bulged to forma
conmbusti on sparezher eby enabling continuous waste di spasaiiLaehe these
two patents are directed towards the prevention of bridging, they are not
particularly effective in this regard, nagr do not provide any solution to

renmoving a bridgin hen na or. for, reducin ropagati on thereof. French
Patent No. 2, 5’%9 @n& Bages,inhp futpace 6?%‘?? %&%ae%@fé@@maWn%ua mott he

Itoefiga \?\nrtch:?\ a reaction z%#gggéf'ggﬁnp% er| atnhglg ?tf%ﬁt‘@g e

Patent  Appl i 089d4sneaid. d¥834624 SeARAE friehfsy ArnasE WhmlikieRe fﬂ{ﬂ?‘flggaﬁ whi ch
e

a waste feed device, and air feed pipe and an auxiliary Vi ce
are provi ded form mnmbustlmdpmnthendbynmsﬂalmg aatidubiowastefdisgeeal@¥hRe i N
order to m mgﬁgff tWconsurrptlon of the auxiliary fuel. US 4,831, 944

descri bes ano O RAtEALS are dirseied\inuasdsnthenpreyatiom of drisiging the larmed
wi th respect e tadi us,of the colum., US 4,848,250 is
directed to alrril&a%pa%@&@ %iﬁ%ﬁﬁ’g tgns FRFATd IRTeHQ 110G PreYife @y Solsmio
ener gy, net al reiisifig adb h&fonRafal d r, none of
t hese references |séd| rec edgtootheaprrggi‘gén@g%ﬂ%ﬁ%@lur?ﬁﬁﬁ@do t hey
provide a solution therefore, less so in the manner of the present

i nventi on. \WBreachaatant afo. r?a?ﬂﬂ;%lﬂp&mbma)pl@hnﬁé—mrehbasmb@ﬁsmm;wlrﬁdjire of
[ Such_,subst ances may

whi ch hi | t
inl:?:udtran,51 yforaﬂ(‘(@éer dar Icr fprréege?"li‘) yb'%“i ge‘ﬁ%?@"ﬁ"?ﬁh%hﬂﬂldrféfefi%daﬁédéih@nes

and al so torch, within a reaction zone of the material being treated. Japanese Patent
Application No.05346218 describes a waste melting furnace in which a waste
feed device, and air feed pipe and an auxiliary fuel feed device are provided
to monitor and control melting conditions of the waste in order to minimise
consumption of the auxiliary fuel. US 4,831,944 describes another type of
furnace wherein the plasma jets are inclined with respect to the corresponding
radius of the column. US 4,848,250 is directed to an apparatus and method
for converting refuse to thermal energy, metal and slag devoid of particulate
material. However, none of these references is directed to the problem of

~ bridging, nor do they provide a solution therefore, less so in the manner of

the present invention.

Waste material may comprise many different substances, some of which may
have very high melting temperatures. Such substances may include, for
example, refractory bricks, some :cypes of rocks and stones, and also
aluminium oxide (Al,O;). Furthermore, the waste may also contain products
having a high aluminium content, and the aluminium may be oxidised to
aluminium oxide by the hot oxidising means provided at the lower end of the

chamber (10). The melting temperature for aluminivm oxide is about 205 0°C,
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e,

al umi ni um oxi de (A1203). Furthernore, the waste may al so contain priotMaRs2005
havi ng a high al um nium content, and the al um nium nay be oxidised to

al um ni um oxi de by the hot oxidising nmeans provided at the | ower end of the
chanber (10). The nmelting tenperature for alum nium oxide is about 2050C, 1
4 MAR 20D5 WO 02/29321 PCT/1L01/00904 5 and the nelting point for other

oxi des that may al so be found or formed wthin the waste colum (35)

i ncl ude for ewespba21 about 2825C for Magnesi um oxi de ( My@crm@adesapout 2630C
for calciumoxide (Ca0O. However, the tenperature at the | ower end of the
chanber (10), i.e., of the liquid materigal (38) is in the order of between
about 1500C and_about 1650C. Thus, unprdcessed solid deposition occurs
when certain &ypéke gielting|pointnbat ethhmwiitdgs ahhi gtaynelsdi g foerper dbahred OF
when sone substti_llget?1 are transformed into oxides having a high nelting
tenperat ure, VWAOHIDEhYASE| PR (58) sinstudenfor eapmpletabout BA5G the

I t] f. the f Th Ay f h lid t th
lover end or ManStiamordd S0f00 i gbSB BERaTS fmesdlatm it
-of f of |i eyl i ' I tal d/ I t
Tt o (oS L ol ol SR O SELELEGRI 0TGP R0 1
occur when t hgquiusmgﬁay (gg) @'iheﬂlenﬁﬁcﬁmﬁcﬁ" bé‘tﬁﬁegﬂce{kgogxlﬁﬁoosbg%& gﬁgg{ |y due

to a change in’its conposition. Thus, ilTe this pr ddes n rectly

affect the fed650°4L eTlnfs, herovesie gai@wg?oﬁﬁ&Er%eufsl%ent&?m{ s'gfe of
the liquid material (38) may be drastically reduced or stopped,” which-

i ndirectly re8alid wasta haying 2 bighcmielting tentpeeatiitep wr velien wWime aibssmckhngigh
t he chamber (égéﬁf In fhe art, sulclh ."unpr.qQcessed. solids" need to be treated
with fluxing PSR aXiisS N iRE b gl meltiges inperatmeyr sather tlami ng

i scosi Uy t ol PEisle ol B se B ¥RHR L b RORRH, drePRE Db Sief Therne.
deposition of such solids at the lower end of the chamber (10) leads to
blockage thereat, preventing run-off of liquid material (38) (typically molten
metals and/or slag) to reservoir (60), as illustrated at (C) in Figure 1. The
same problem may occur when the viscosity of molten material is increased
significantly due to a change in its composition. Thus, while this problem
does not directly affect the feed rate of the waste through chamber (10), the
flow rate of the liquid material (38) may be drastically reduced or stopped,
which-indirectly results in some reduction in the flow rate of refuse through
the chamber (10). In the art, such "unprocessed solids" need to be treated
with fluxing agent, which enable the solids to dissolve therein, forming
solutions with relatively lower crystallisation temperature and of lower
viscosity than the unprocessed solids may have in the liquid state. The
resulting solutions are subsequently melted and removed from the lower part
of chamber (10} in the normal manner. For example, Calcium Oxide (Ca0),
and Aluminium Oxide (Al,0;) each have relatively high individual melting
points. However, if mixed together with quartz (Silicon Oxide (8i0,)) in
appropriate proportions (e.g., SiO, - 62%, CaQ - 23.25%, Al O3 - 14.75%),
the resulting mixture begins to melt at about 1165°C, and liquid droplets




resul ting solutions are subsequently nelted and renoved fromthe Howgar pagst
of chanber (10) in the normal manner. For exanple, Calcium Oxide (CaO,

and Al um ni um Oxi de (A1203) each have relatively high individual nelting
poi nts. However, if mxed together with quartz (Silicon Oxide (SiQ2)) in
appropriate proportions (e.g., SIQ2 - 62% CaO -- 23.25% A1203 - 14.75%),
the resulting m xture begins to nelt at about 1165C, and liquid droplets 1
4 MAR 2005 WW®®/2933821 PCT/|1L01/ 00904 6 begin to form atrainnertshd 50C,
which is well within the tenperature range existing at the |ower end of
the chamber (10). Simlarly, while the ex stence of quartz (SiQ2) or

Al um ni um Oxi de ,(A1203) each increase viscosity and thus decrease the
fluidity of |9%ERdodarB atabopsats0ihevhinliisiwell WltmhLmeﬁ@npaﬁﬁﬁé&aﬁg@h as

CagG, O, |\/hO FeO d f th d | (38
and tms to prd ?‘F%E%Stregﬁelfﬁvf%r teﬁg,og'ﬁg Cﬁﬁggﬁia(ﬁaggﬁf ar?W\M ?;hlmen}g;ui;;: caﬁl )
act as a flu antities thereof to_slag
cont ai ni ng | )a%f; nt s)o %%%w ngh(%%(f)égt cagk IGFRATE Wecosityeand :
Vi SCosi ty of fhie ddcxdae cthe g &85 ARk AeAP Y 89° ol 988tERlof ubddy ¢

slag if in contact therewth, since the [1qui g conprises
different cd@sdtmaech as £a0,s¥g0,aMnD s FaDeserenab| dsgea¥diyiselisk eéleme

crystal rrﬁom i ons g for d at different tenperatures.

di ssol vi ng prEt Sma;@agé g) S it Pﬁ%ﬂﬂﬁﬁsﬁﬁsoffytb&rﬁbfsﬁmfm t:esfes; on of
the nmelt are ]Pmﬂ (s Wil 0 ecorrp05|t|on of

the solids as‘lu\;hf/\eﬁi1 as %)%198%%% i?ﬁng%@ﬁﬁn%ﬁg?ﬁe e?f%é‘ﬂ%ﬁﬂ gm | quaatiiest. |t
i s al so knowthétesf té alaglcaﬁtahhﬁg lérgeraﬁicﬁﬁzwéf é%o \%ﬁ% @gl o:ﬁ,’%gqgt '?hat

reduce its viscosity n the prior art, |

sol i d deposi tthervisaesity @fdhe meictture] Unpng:eammal@rgay ft@ndlsgcqvediﬁiihg‘gu& he top

end of the ch ngiv?\;ﬁr (10 (1&1 ypically manual ly) at the waste inl et ans of
the appar at uSl® I cortact therewith, since the liquid slag comprises many different

compounds in a dissociated state, enabling many different crystal

compositions to be formed at different temperatures. The dissolving process
is accelerated if the viscosity and surface tension of the melt are low, and
these parameters will depend on the composition of the solids as well as of
the melt, and on the temperature of the melt. It is also known that raising the

temperature of the slag also serves to reduce its viscosity,

In the prior art, if and when it is determined that solid deposition has
occurred, fluxing agents are then provided at the top end of the chamber (10)
(typically manually) at the waste inlet means of the apparatus, which is
somewhat ineffective since the agents have to percolate through the whole
column of refuse, or at least pass together with the refuse to the lower part of
the chamber, which takes a lot of time. If there is also bridging within the
chamber (10), the fluxing agents cannot be applied to the solids, and thus the
ﬁlmaqe has to be shut down, the refuse removed from the chamber and the
bridging destroyed manually, before the solids can be accessed. Of course, by
then all of the slag at the lower end of the chamber (10} has also solidified. In
order to address either bridging or solid deposition within the processing




sonmewhat ineffective since the agents have to percolate through the whole
colum of refuse, or at |east pass together with the refuse to t hb4 IMARe005
part of the chanber, which takes a lot of tinme. If there is also bridging
within the chanber (10), the fluxing agents cannot be applied to the
solids, and thus the furnace has to be shut down, the refuse renoved from
the chanber and the bridging destroyed nmanually, before the solids can be
accessed. O wmurzeey; by then all of the slag at the | owectendoembs t he
chanmber (10) has also solidified. In order to address either bridging or
solid deposition within the processing 14 MAR 2005 WO 02/29321

PCT/1L01/ 00904 7 chanber of a_plant, the first step is to identify the
presence t her @imberyit @ plant, the Sishplen it identifyathe presenne thereofs This dotcant | y

conplicated ip ny instances. b ot h factors.,. For. exanpl e, one indicator
of the presen%‘g{f’i? w&ggﬁglsa%%ﬁ S %icépﬁéi cogliseied Bnmagy Angansesdae in
the flow rateygh: pRgie through the processing chanber. However, as
explained in nore detail below, the changing conposition of the waste

itself may alBer akiaple, téiee Waditgiof | sfnbeaposeddts of OBRASHE | S/ ofPSIIR
provided to the processing chanber may vary trenendously over any given

time period, ¢snPsion imal agmyinrthk aflow gateppbpreasts dosugh the garotessing

i norgani ¢ wast,e, .and .any rel ative r.oePor,t ion of  I{iquids to solids. Wile
or gani ¢ wast echa?%nﬁ?%'gﬁert oaspreéﬁf?é? dydseBqrasArigl &glayen the rrhanging
reagents), in e | Qui d whose viscosity
w ||l depend O%I?ﬂ%glﬁ%%@?l u\??%%?tg%l‘f{s%& %I%Aoéggcgitt@e %Wrggt[egfoav%ate.t he tenperature
thereof. Thus, if the waste that is fed to the processing chanber

conprises a hTbé compositidnonf obaste prowded tovther prakessinge chamibyr Beaya vaglecr ease
Is the flow rate of wi;_tste through the chanber and/or solid deposition,
si nply becausEePRRAGISDRORPr ANYs Bivenoimeereietinend deay indlude tany rdlative

quantity of i gargams 4P} SurilsS hirain Whste! binlsSallPteidS NS T2 S dkuBOSSA 0! ©
liquids to solids. While organic waste is converted to product gases (using
oxygen-containing reagents), inorganic waste needs to be melted to a liquid,
whose viscosity will depend on the constitution of the inorganic waste and
the temperature thereof. Thus, if the waste that is fed to the processing
chamber comprises a high proportion of inorganic material, there may be a
decrease in the flow rate of waste through the chamber and/or solid
deposition, simply because the primary plasma torches cannot deal with the
large quantity of inorganic waste quickly enough. It is not generally possible
to measure the concentration of some of the inorganic components of the
waste - such as stones and glass, for example - and usually visual monitoring
of the waste by the plant operators is the only way of providing any estimate
regarding the composition of any batch of waste being fed to the plant. When
it is determined that the waste comprises a high degree of inorganic waste,
then either the waste needs to be diluted with organic waste, or the feed rate

to the processing chamber needs to be reduced.

On the other hand, a different problem is encountered when the waste

comprises high levels of organic waste. Here, carbon in the form of coke or




to neasure the concentration of sone of the inorganic conponents of the
waste - such as stones and glass, for exanple - and usually visualy yar 2005
nonitoring of the waste by the plant operators is the only way of
providing any estinmate regarding the conposition of any batch of waste
being fed to the plant. Wien it is determned that the waste. conprises a
hi gh degree of inorganic waste, then either the waste needs to be dil uted
Wi th organi c Weex28321or the feed rate to the processing chaniersmgeds to be
reduced. On the other hand, a different problemis encountered when the
waste conprises high |levels of organic ste. Here, carbon in the form of
coke or 1 4 MAR 2005 WO 02/29321 PCT/1L01700904 8 charcoal is produced at
- higher than néhargpalaifopreducett et kightmgham chormel ohiyisusts ObftbN@IrYaS! @nd

Cor r espondi ngl r.eater ampunis of oxj dising agents nust be provided to

convert the caﬁ%ﬁ% g}eo%@ﬁ:??' éggééPoqdﬂnglﬁegmte@iamm@ts afj oxidising alemls

steam then ] e be provided to the c er sjince steam

reacts with gg{ugf)ﬁgﬁﬁggitoﬁg?% g‘%ﬁeyﬂlﬁnf:%bgnﬁ&%md&ﬁ a?%qsngF REKligng

provi ded togehgens Whdlid@rseRber the) ' has .orches, the :
oot Rioro b, B SR 1 RS RAE W e 1

flowrate of waste through the processi‘ng ch er w

will then dif¢hamier sipctesteami meadts witle &arvni BidtHerttiBalS Unleds! Qb at e 1's
as a result of .hridgi ng or of coke build-up. Thus, the waste flow rate
through the pPOCERE AgeRIA Avp arrovidedotogethiey with arestdr pbyer Ity firee peifiegy of

bri dgi ng and/ ) igion, but also.b he actual = conposition of
the waste. ‘An aﬁéfg t?%cki\fqg’g@ ? c}i]m{"l‘}?’fe P g’raétei@r‘é%ﬂ% SABRES§SinG phamberowill

provi ded by adecrédde) &ab e will i b elIn i t hin,the chanber.
However, high viscosity of inor ggﬁ?@t?ﬂg g&?‘%{éﬂug? P{ﬁ%%gv\ﬁgrugelﬁath&w 8

chanber al so flewuhteds anaaesuit efleridgiager of cbke@Buidd-upi qui d product, which in
turn leads to arise in the |evel

Thus, the waste flow rate through the processing chamber is not only affected
by the presence of bridging and/or solid deposition, but also by the actual

composition of the waste.

Another indication that there is solid deposition may be provided by an
increase in the level of liquid product within the chamber. However, high
viscosity of inorganic liquids at the lower end of the chamber also results ina
slower rate of flow of liquid product, which in turn leads to a rise i the level
thereof. It is not normally possible to determine whether the cause of a rising
level of liquid product is solid deposition, or the high viscosity of the liquid
product, or a mixture of the two. In any case, as in the case of solid
deposition, fluxing agents as well as additiqnal power to the chamber may

help to lower the viscosity of the liquid product and thus provide a solution

when this problem is encountered.

It is therefore an aim of the present invention to provide a system for dealing

with bridging phenomena which overcomes the limitations of prior art

systems and methods.




thereof. It is not normally possible to deternine whether the caysguak o5
rising level of liquid product is solid deposition, or the high viscosity
of the liquid product, or a mxture of the two. In any case, as in the
case of solid deposition, fluxing agents as well as additional power to
the chanber may help to I ower the viscosity of the |iquid product and thus
provide a solution when this problemis encountered. It is therefore an

ai m of the pmasenpsninvention to provide a system for dealdcngronsbdol bri dging
phenonena whi ch overcones the limtations of prior art systens and

met hods. 1 4 MAR 2005 WO 02/29321 PCT/1LQ1/00904 9 It is another aim of
the present invention to provide such a stem incorporated as an integral
part of a pl akmés tamotierbaimedof yhedpﬂe&ﬁﬁ Wasn€ionCeNvRbIRIe: shdh i er aim
of the present invention to provide a second systemfor -dealing wth
unprocessed s@rcPEROraiedetst fy intagee! pagts af at plasthattgeh fmsed dgpé nggxedppastat us.

It is another _aimof the present invention to provide such a second system
that i ncorpo?cglveeéte& fluxing agent feed systemfor feeding fluxing agent
directly into a plasma-torch type processing apparatus. It is another aim

of the presentt isnuRithérOfint @f Rh&Hre&ent YalertYoi erfm&e & Secohf lsS;’%'Le\ﬁ?lf?ﬂ sinpl e
mechani cally and thus econonmi c to produce as we as to . maintarn. Tt is
anot her ai m oflealing withsengrocessed tobds irepiip\ndephsmatitont tpe PRRERINSNI 2
pl asma- based waste processing plant such as to m nim se bl ockages therein
due to bridgi #P@&#HYFor unprocessed solids. The present invention achi eves

t hese and ot her ains by providing at | east one
It is another aim of the present invention to provide such a second system that

incorporates a fluxing agent feed system for feeding fluxing agent directly

into a plasma-torch type processing apparatus.

It is another aim of the present invention to provide such system that are

relatively simple mechanically and thus economic to produce as well as to

maintain.

It is another aim of the present invention to provide 2 method for operating a
plasma-based waste processing plant such as to minimise blockages therein

~due to bridging and/or unprocessed solids.

" The present invention achieves these and other aims by providing at leaét one
and preferably a plurality of auxiliary plasma torches at strategic locations
within the chamber (10) and directed towards the waste column. When a
bridge forms within the chamber (10) one or more auxiliary plasma torches
may be operated such as to provide an additional heat source where needed.
This heat source serves to quickly heat the organic solids and thus pass
through the bituminsation stage and to the charcoal formation as quickly as
possible. The additional heat source may be in the neighborhood of the
bridge, but may also be near the bottom end of the chamber (10). In the latter
case, the additional temperature at the bottom of the chamber (10) effectively




and preferably a plurality of auxiliary plasma torches at strategfg g, ..
| ocations wthin the chanber (10) and directed towards the waste coaf u%ﬁ.w
When a bridge fornms within the chanber (10) one or nore auxiliary plasm
torches may be operated such as to provide an additional heat source where :
needed. This heat source serves to quickly heat the organic solids and
thus pass through the bitum nsation stage and to the charcoal formation as
quickly as PY38¥9p2. The additional heat source may be irciinevsaighbor hood -
of the bridge, but may al so be near the bottomend of the chanber (10). In
the latter case, the additional tenperatyye at the bottom of the chanber

(10) effectivel Jﬂ? MARPZO.DP%IZ%ZL PCT/1L01/ 00904 10 noves the
conbusti on anché'ﬁi § CARPRsH Sasfication zomas ardhe cbamohl tphwehighar partof the -
chanber, altepi t .ur rofile. This hel .to pass the '
bi t umi ni sat i o%’fsqtg%g%ﬁ%}?%gﬂegt?ﬁ‘g%ghgftﬁ@@FFWWP £r E@%S ko inkgeshe The
heat source bltamigRaddestaboSul i ed rapidly to pass .
beyond the nelting stage ge%&ﬁ%%fe{qﬁfﬁ%sﬁﬁgﬁgSp?@éfﬁ&eﬁmeﬁtrray be
further enhaswede bisoprmabiadithy isargandarsstdy) RSEBLERALE dit to\é@ig 00%2‘91'1%"6' S
ev

upwards of the primary torches, the secondary torches at” a ei ng
operated as a tagel selativelacqiickly. The debridpang pidcest makWd RRthert he -

heat source a!er?l? cggﬁgl es %.thermal s%front to be directed at the
bridge, disrupting /BSP VIO R5C6Y) Biorehagsiat ygrione layelsigmyardbiofh i s
al so useful fgy by rdfdsh [ - nomena whi.ch occur naturally
due to the rov?/%i?ﬂsol i 5@%1 %ﬁgeb%%%%ﬁgggr]&(ﬁ gv?*ge@ﬁ%@ﬁemm&qiso be
provi ded wit hwhen| meeded aneacHiéwex kg degant offebetmathd:Nend ‘Bb\%@tr Hact aﬁéot he
chanber such as _to enable appropriate fluxing agent’s to be direct

applied to thelapoaithemal shoglk foos tebe sirertisatahd/toidgep disrasting ME@EHCt s of

S o 05 e BYE EXORE VBRI DrithS, STy also bt Tor ceating uith - |
bridge-type phenomena which occur naturally due to the flow of solids along
the chamber (10). The chamber may also be provided with at least one
fluxing agent inlet at the lower part of the chamber such as to enable
appropriate fluxing agents to be directly applied to the deposited

"unprocessed solids" and/or to liquid products of high viscosity.

Summary of Invention

The present invention is directed to a system for maintaining substantially
decongested a waste converting apparatus, the waste converting apparatus
having a waste comlrerting chamber adapted for accommeodating a column of
waste, at least one primary plasma torch means for generating a hot gas jet at
an output end thereof and for directing said jet towards a bottom longitudinal
part of the chamber, said system comprising:-

at least one waste flow rate sensing means at least for detecting a first

predetermined status of a flow rate of waste in said chamber;




decongested a waste converting apparatus, the waste converting a@pﬁkﬁéus
havi ng a waste converting chanber adapted for accommobdating a colu £2005
waste, at | east one primary plasma torch neans for generating a hot gas jet
at an output end thereof and for directing said jet towards a bottom

| ongi tudi nal part of the chanber, said systemconprising: at |east one
waste flow rate sensing neans at |east for detecting a first predeterm ned
status of a fWewHaie of waste in said chanber; 1 4 MAR pg§Rbn1)63e92/ 29321
PCT/1L01/ 00904 11 at |east one liquid product |evel sensing nmeans at | east
for detecting a second predeterm ned stz;nt;s of a liquid product level in
sai d chanber; at |east one secondary pla torch neans having an outlet in
sai d chanber atsl@%b‘hOnhé!qumwﬁodgﬂdp@c])a/s&neimgoilemiajlswf@ndaemt@n sesger at ur e

zone may be selectively provided wthin saidq.converting chanber for at
| east parti all?rﬁdetfa’éﬁ%\?fiﬁagés ﬁar gg‘él\-gﬂifﬁéu@j%‘gé@?@ﬁ PABMPEEQi d chanber and/ or

to substantially prevent occurrence or propagation of such a congestion;
sai d secondar3} lptsiomg seomslarnplasmatarely meehe baving an ogdetahl saidathdrabst i n
response to sai getgre et erm ned fi]éift .status and sai d predeterm ned second
status bei ng e detedurng, SPsRESH Wgﬁé@’ﬁ?ﬁl BJHEh tRBRmEtHE\2Re T8Y deed

i ntéernmedi ate | I: Y, rc Sg.an n_u r portion
of said chanb%?&ﬁﬁ@ ggqvgde%@ﬁc%ﬁ%:‘%g? %%ﬁap%éﬁ‘?%sfoﬁa% %’3%55&?1 t |east
one gas out ! eenitRaiSa dtidas typPEeigek888 iftors k41a| chBaiber 2hd/ob 8o shMRRIANd at
| east one said secondary plasma torch nmeans nmay be | ocated wthin | ower
third of the mavehtceawbence drakepagationofshtly alcehgestionsai d primary pl asma
torch neans and said gas outlet neans. Additionally or alternatively, at

| east one sai=ideecndary phishstorchr GansTBang sdedtBe Rpenibliap 1aadti Hdl e
third of the said chanber taken vertically
response to said predetermined first status and said predetermined second

status being detected.

The secondary plasma torch means may be located intermediate between said
primary plasma torch means and an upper portion of said chamber. The said
waste converting apparatus may comprise at least one gas outlet means at an
upper longitudinal part of the chamber, and at least one said secondary
plasma torch means may be located within a lower third of the said chamber
taken vertically between said primary plasma torch means and said gas outlet
means. Additionally or alternatively, at least one said secondary plasma torch
 means is located within a middle third of the said chamber taken vertically

between said primary plasma torch means and said gas outlet means.

The first predetermined status may correspond to a detected waste flow rate
lower than a predetermined minimum; the said second predetermined status
corresponds to a detected liquid product level not greater than a

predetermined maximum.

The present invention also relates to an apperatus for converting waste

comprising:-




between said primary plasma torch neans and said. gas outl et meansg ,J;&\ 2005
first predeterm ned status may correspond to. a detected waste flow rat

| ower than a predeterm ned m ninum the said second predeterm ned status
corresponds to a detected liquid product |evel not greater than a

predet erm ned maxi num The present invention also relates to an apparatus '
for converting waste conprising: 14 MAR 2005 WD 02/29321 PCT/1L01/00904 12 -
a waste convévaengchanber adapted for accommopdating a copioi@bogast e,

sai d chanber having an upper end; at |east one primary plasma torch neans
for generating a hot gas jet at an out Py end thereof and for directing
said jet towards a bottom | angi tudi nal fpart of the chanber; at |east -one
liquid produét WeHE|I®nvrEEschamber lagapted |fongreadintabtipgrtcodlima aj fwaghanber ;
sai d appar at yg; { [ rising a first decongestion system for

decongest i nglé\%éis%a&ﬂvkeetrﬁﬁ%ﬁ%ﬁnduj?é&e@dﬂconverti ng apparatus, said first :
system conpri ﬁi ng: at | east one waste flow rate sensing neans at |east for
detecting a ff i€t PeifEnaphPlis@asomhumesns of Ronemting aokotgest tidd apai d

chanber; at | | i gui d oduct | evel sensing neans at |east for
detecting a gg@#ﬁ%@ﬂ%&eﬁﬁﬁ?@d}] Hpgsaid Je 1ovndy 2 hastene dongitwlingln sai d
chanber; at lgasifiRoenageendary plasma torch means-having an outlet in sard
chanber such’that during operation of said systema high tenperature zone

may be sel ect %!si’- A ,.rhin.said converting chanmber for at | east

partially r e%gl ngogé glﬁl“‘g‘ggr%ﬁg oA EERRD AT FrISﬁﬁegé‘?%E@I%mﬁﬂaﬂﬂﬁ@ﬁ to

subst anti al | gh@he¥€nt occurrence or propagation of such a congestion;
said apparatus further comprising a first decongestion system for
decongesting waste within said waste converting apparatus, said first system.

comprising:-

at least one waste flow rate sensing means at least for detecting a first

predetermined status of a flow rate of waste in said chamber;

at least one liquid product level sensing means at least for detecting a second

predetermined status of a liquid product level in said chamber;

at least one secondary plasma torch means having an outlet in said
chamber such that during operation of said system a high temperature zone
may be selectively provided within said converting chamber for at ieast
partially removing a bridge-type congestion from said chamber and/or to

substantially prevent occurrence or propagation of such a congestion;

said secondary plasma torch means being selectively operable at least in

response to said predetermined first status and said predetermined second

status being detected.

Preferably, the at least ome secondary plasma torch means is located

intermediate between said primary plasma torch means and said upper end of

said chamber.

A ———— - e [N S .




sai d secondary plasma torch neans being selectively operable at |e'a§tijRn2(}g5
response to said predetermned first status and said predeterm ned second
status being detected. Preferably, the at | east one secondary plasma torch
nmeans is |located internediate between said primary plasma torch nmeans and
sai d upper end of said chanber. 1 4 MAR 2005 WO 02/29321 PCT/1L01/ 00904 13
The apparatus typically at |east one gas outlet neans at an upper

| ongi t udi nal wogomeesznf t he chanber, and at | east one sai d rsemnadawy pl asm
torch nmeans is located within a lower third of the said chanber taken
vertically between said primary plasm torch neans and said gas outl et
means. Optionally, at |least one said secondary plasma torch neans is

| ocat ed wi t hi Thesanriagatie tytheally ofleasione gas dutihtamisens elakenpperiongiaidigalbet ween

said primary pl as tarch neans and said s outl et means. The first
predet er mi necfpaﬁ B{rgée ‘%ﬁﬁ%ﬁ% F“QS@BE‘?%E BB?I&@I%?EFCQU BV RPRA IRSREmERRAS 1 at e

| ower than a ] . [ Ld . erm ned . .status
typically corlre{é%g%mgﬂ% (a)qgwg}e?g%%lge%ﬂl}é?élﬁf %‘fa%foggg%%dvee\?{éﬁaqﬁ{) © FE%F%‘P t han
a predet er m nednamxplash Bref fleald ¥nd Ehid Q@p@&@ét%e&%mﬂitﬁﬁﬁﬂﬁ Rl g ity of

said second plasma torch neans. At |east sone of said plurality of said
second pl asnettecavhsareadsymgsmaiath irateds lcoagdtwidkinal myddie tiied of the

circunferenti al with respect,t aid chanber The apparatus may furtherr
conpri se at |5@§L¥h%%§r 3ken HP’é’fCéﬁiéﬁqe‘ywﬁerF"H FITRSTY Blastap borch neass a3l nt s

adapted for ' ling introduction of a plasma torch neans
-with respectss%kcggéséa?ﬁgi%c anber. Each said -application point typically

conprises' a.suitable sleeve for acco dating therein.a said second

pl asma torch @E‘Fcﬁ“? Wﬁ?&mﬂ 5‘}35‘?%’5’?%&00%?@ Origdgipciedavasty Bawa -
rate lower than a predetermined minimum, while the second predetermined
status typically corresponds to a detected liquid product level not greater than

a predetermined maximum.

Preferably, the apparatus comprises a plurality of said second plasma torch
means. At least some of said plurality of said second plasma torch means may -
distributed longitudinally and/or circumferentially with respect to said

chamber.

- The apparatus may further comprise at least one, and preferably a plurality of
application points adapted for selectively enabling introduction of a plasma
torch means with respect to said-chamber. Each said- application point
typically comprises a suitable sleeve for accommodating therein a said
second plasma torch such that during operation of said second plasma torch a
high temperature zone provided inside the chamber at a predetermined
location correlated to said corresponding applicaﬁon point, and wherein said
sleeve is selectively sealable to prevent communication between the chamber
and the outside when said sleeve is not accommodating a said second plasma
torch. At least some of said plurality of said application points may be
distributed longitudinally and/or circumferentially with respect to said

chamber.




hi gh tenperature zone provided inside the chanber at a predeterm n¢d MAR 2005
| ocation correlated to said correspondi ng application point, and wherein
said sleeve is selectively sealable to prevent conmuni cati on between the
chanmber and the outside when said sleeve is not acconmopdating a said i
second plasma torch. At |east sone of said plurality of said application
points may be distributed longitudinally and/or circunferentially with
respect to sa¥Qio22gRanber. 1 4 MAR 2005 WO 02/ 29321 PCT/ LOACHO®®@d90414 The
apparatus preferably further conprises suitable control neans for
controlling operation of said first decongestion system operative connected
to the waste flow rate sensi&g nmeans, the liquid product |evel sensing k
Y

means and t he% SRRNFEESY Briesshiyt Srthternsamprisdheuitpbler abosobrigéersalfby al so
conprises at_]| one suitaple gas flow rate sensing nmeans for nonitoring
t he vol ume fclotgl\%%i];?%-o?ﬁm ?%Hgﬁldgﬁ% COOREETRESYS{E aPeratigp sonnested/tan sai d
gas outl et t : i .atively,.connected to said gas '
flow rate sgﬁgﬁﬁagtﬁ;gﬁggﬁfﬁgé%ﬁpar a u@‘eﬁ f;‘ﬁ{“?gf‘f@mﬁfﬁ?ﬂ%%mww%st e

| ni et means ahsaecatdly pidsina macid ridaRe! TRAbpAhnSAdERAThAL, Hig tEst €

i nput neans may conprise an air_ |ock means conpri'sing a”loadi ng*chanber

for isol ati ngtdegstemst witabloeghs Fomuraict sensingsmieshsistraosiesyies thealbnfd om an

i nsi de of saifﬂ chag%egr and from an Qgtgi de of said chanber. The apparatus
may al so fur &Y @S0 iFERi Bases BRpE SR ityn saidtanparaias ivis saidegas ofitiet at

I t tial t LW [LLL f t dto th id
chanber . and T Ea aace Cur B ERCR RhbEP e e BTl i p& st iy vt

connect ed t o seakidgaoednsol nmeans. The apparatus may further optionally
conprise a second decongestion system for decongesting waste within said

waste conver @H@aﬁﬁ%@%_calﬂamséo%ﬁses waste inlet means associated with
said upper part of said chamber. The waste input means may comprise an air
lock means comprising a loading chamber for isolating a predetermined
quantity of said waste sequentially from an inside of said chamber and from

an outside of said chamber,

The apparatus may also further comprise waste composition determination
means for at least partially determining a composition of waste fed to the said
chamber, and the waste composition determination means is operatively

connected to said control means.

The apparatus may further optionélly comprise a second decongestion system
for decongesting waste within said waste converting apparatus, said system
comprising:- ) '

at least one fluxing agent inlet means in said chamber separate from said
waste inlet means, for selectively providing at least a quantity of at least one
fluxing agent to a lower part of said chamber for at least partially removing a
solid deposition type congestion and/or high viscosity liquid product-type
congestion from said chamber, and/or to substantially prevent occwirence or

propagation of such a congestion;




conprising: at |east one fluxing agent inlet nmeans in said chanber ﬁqﬁ&§535
fromsaid waste inlet neans, for selectively providing at |east a Z antity
of at least one fluxing agent to a | ower part of said chanber for at |east
partially removing a solid deposition type congestion and/or high
viscosity liquid product-type congestion fromsaid chanber, and/or to
substantially prevent occurrence or propagation of such a congestion; 1 4
MAR 2005 WO &y @8a2i PCTI 1 L0O1/ 00904 15 at |east one sai ¢clriigpaisbopr oduct

| evel sensing neans at |east for detecting a third predeterm ned status of
a liquid product level in said chanber; said at |east one fluxing agent
inl et means being selectively operable at least in response to said

pr edet er mi nedt d¢ASF @ngrs#id Sapid Rpdyet yebaensiypimerns it least formdstecting a

Clnstant i al 1ot exd Bines BR P B R A S aBEREE 1 001 G 1 eve

sensi ng neans icﬁ a]ggabpt ed for selecti i/ely detecgting said second status or
sai d third stS&dt 15est ouguilvripg sgert mied yasansfeing selectsiedy pperrblegatdgastt

oroauct s outh SrEREARE S SRR R DA R B st one 11 i ng

agent inlet neans nmay be |l ocated internedi ate between said primry plasm
torch neans and said waste inlet nmeans. Optionally, the fluxing agent
inlet means may be vertically spaced fromsaid prinmary plasnma torch nmeans
by a predet erkyipieally. dpacihird pugdeicrmined satis| eormespbnds hy eadetatcteprliopiided t o

by moane of | SAPRGHF PERET eer Seee PO RGO AETANG e 1§
The second danaeaerd seladl mEERl RPBEL T IEERY, BReting o URRECT,
secondary pl asitas bosaid tiansaig\ofMpuid peodicttievel. Aaishse baerekimusderthat
inlet means is located intermediate between said at least one liquid products
outlet means and said waste inlet means. At least one fluxing agent inlet
means may be located intermediate between said primary plasma torch means
and said waste inlet means. Optionally, the fluxing agent inlet means may be
vertically spaced from said primary plasma torch means by a predetermined
spacing such as to enable a fluxing agent provided to said chamber via said
fluxing agent inlet means to be substantially melted by means of said primary
torch means. The fluxing agent inlet means is operatively connected to at

least one suitable source of fluxing agent.

The second decongestion system advantageously also comprises at léast one
secondary plasma torch means having an outlet in said chamber such that
during operation of said system a high temperature zone may be seleétively
provided within sald converting chamber such as to enable a fluxing agent
provided to said chamber via said fluxing agent inlet means to be
substantially melted by means of said secondary torch means. Optionally, the
fluxing agent inlet means and the second plasma torch means are disposed in

a mixing chamber in communication with said chamber.




during operation of said systema high tenperature zone nmay be sel gt'%ﬁkﬁs
provided within said converting chanber such as to enable a quxiﬁg &8&
provi ded to said chanber via said fluxing agent inlet nmeans to be
substantially nelted by neans of said secondary torch neans. Optionally,
the fluxing agent inlet means and the second plasma torch neans are

di sposed in a mxing chanber in conmunication with said chanber. 14 MAR
2005 WO 02/ 293p®.2paZY/ | LO /00904 16 The fl uxi ng agent maypdraLmroossisded in
powdered formor in granulated form and may includeSi 02 (or sand), CaO
(or CaCB), MO, Fe23B,, K20, Na20O, CaF2, jgorax, dolomte, or any other

suitabl e fluxngsnaterial including.any. suitable conpgsition conprising at
| east one sumegpg‘%ﬁgieﬁb%tb&ﬁré’?’?&ﬁyﬂ@ RavedesRt formy o if grandatad formj rect ed

521 0 appar at A IAEEL ST, A aBRD TR 10T QR N EQ ER R e NES, '
accommodat | NECF.g bt dolontfs & anylotleh 38 BRCRE BB B R B B CffToanS

for generating a hot gas jet at ann output en hePeof and raéchting
sai d jet towsudieble domwmsiticongihpidiing lat least oneofuitabe ShainBenateds] | east one
| iquid product outlet means at a |ower |ongitudinal part of said chanber;

wher ei n sai d Tied heskeaOMVdnSion is tRD BEROMLAIBTa %eﬂh%ﬂs}‘oroggcrci%%&(i}g%% pl asfm

torch neans having an outlet in said chanber such that ration of

sai d syst em @ppetpms omsenedrting waste) evirergin seidssgpeeitiy ebiyppseyi ded wi t hin
said converting chanber for at |I-east partially renoving a bridge-type

~congestion fro i.d chanber and/or to, .substantially prevent occurrence or
propagati on 0 wg%gﬁggv%—g%géﬁg?ﬁa pt OT%mm@PﬂﬁBngﬁé YmBR,of Hfastepf wast e
within said chalnber vi a.sui tabl e waste . ‘
at least one primary plasma torch means for generating a hot gas jet at an
- output end thereof and for directing said jet towards a lower longitudinal part

of the chamber;

at least one liquid product outlet means at a lower longitudinal part of said

chamber;

wherein said method comprises :-

(2) providing at least one secondary plasma torch means having an outlet in
said chamber such that during operation of said system a high temperature
zone may be selectively provided within said converting chamber for at least
partially removing a bridge-type congestion from said chamber and/or to

substantially prevent occurrence or propagation of such a congestion;

(b) monitoring the flow rate of waste within said chamber via suitable waste

flow rate sensing means;

(c) monitoring the level of liquid products at a lower longitudinal part of said

apparatus via suitable liquid product level sensing means;




Wflow rate sensing neans; (c) nonitoring the level of liquid pr o@g’cﬂgi@ 3igs @
| ower |ongitudinal part of said apparatus via suitable [iquid prt et

|l evel sensing neans; 14 MAR 2005 WO 02/29321 PCT/1L01/00904 17 (d) if the

volune flow rate at (b) decreases below a predeterm ned mni num and the

| evel at (c) does not substantially increase above a predeterm ned maxi num
val ue, operating at |east one said second plasma torch neans; (e)

mai nt ai ni ng e@aasikzon of said secondary plasma torch nmeapgrmdibdeed he Wwaste
flowrate at (b) is substantially restored to its predeterm ned m ni mum or
until the level at (c) is substantially qestored to its predeterm ned

maxi mum whereupon steps (b) to (e) are repeated. Optionally, at |east one

sai d secondaky) 1B|thg ¥alumes HRW wisti(d) dayrensss belowpr praddtrdmanedamiigivtm por t i on

of said charrbecri ng at Ite(agt one ot hgr sai .secondary plasna torch_is
provi ded at &R Jsﬁ PVt (CH 1083 9T SHAsHRRally ipeTeasss & predatermiser
ortion, andn%%rn' r i.th .the follow n

gt eps: (f) if t e%\k}g}lﬂﬁg’%eg%v% at geéas? )J?%ﬁgesgr%lgtgg%s#glt%ﬁhfl%ﬂeterm' ged
m ni nrum and, t\he Level. at (c). does not substantjally increase above a

pr edet er m ne&é) ﬁ%ﬁﬁﬁﬁ?&/&? 108 Saa(lgnsﬁcg?gqr@aﬁl”l@ﬁéo gegpg awdl phasna
t h j i i 1 fi.rst
bper at | ng mogesteEBe, e oflnite ally TOQBRAL RS Bl iRt

pr edet er i nedr nimtilmins lavel thec) dyetubtantiallyhasstorell st Irédedbr¥inbdcr eased
above said predeterm ned nmaximum value, operating at |east one said second

pl asma t or chIfsERsTR Wheseunenusans(bpta fe) efe rmpedtedhanber ; (h) mai nt ai ni ng
operation of said secondary plasma torch neans at the upper part of said
chanber unti Opticaalipste ¢dsbwneataid aecéinary splasmhatardh & Isyep €9t 8i29dbe

provided at a lower portion of said chamber and at léast one other said
secondary plasma torch is provided at an upper part of said chamber with
respect to said lower portion, and wherein steps (d) and (e) are replaced with

the following steps:-

() if the volume flow rate at (b) decreases below a predetermined minimum
and the level at (c) does not substantially increase above a predetermined
maximum value, operating at least one said second plasma torch means at

said lower end of said chamber according to a first operating mode;

g) if the volume flow rate at (b) is still below said predetermined minimum
and the level at (c) has not substantially increased above said predetérmjned
maximum value, operating at least one said second plasma torch means at

said upper part of said chamber;

(h) maintaining operation of said secondary plasma torch means at the upper
part of said chamber until the waste flow rate at (b) is substantially restored
to its predetermined minimum or until the level at (c) is substantially restored
to its predetermined maximum, whereupon steps (b), (¢), (f), (g) and (h) are

repeated.

L1 ST . AW s mm e e et e




to its predetermned mninmumor until the level at (c) is substangiyaidsy 25
restored to its predeterm ned maxi num whereupon steps (b), (c), (f), €g§
and (h) are repeated. 14 MAR 2005 WO 02/29321 PCT/1L01/00904 18 The first
operating node may conprise activating the said at | east one secondary
plasma torch at said |ower end of said chanber for a predetermned tine
interval and then deactivating the sane. The nethod nmay further conprise
provi di ng t hwoeppseat us with at | east one fluxing agent dgifigsioseans in
sai d chanber separate fromsaid waste inlet neans, for selectively
providing at | east a quantity of at Ieas} one fluxing agent to a |ower
part of sai d,lg{%agggr for .at least partia ?_y renmoving a solid deposition
type congesti / BPETRIIBE Wpde gBRY yeompyifed aptivating theypeid apigestémn from
sai d chanber @%1 revent oc¢currence or pro;)agati on of
|

, r tp substantially. ]
such a congesf n,ag%ap%s’f?@t HOEP L L?%t ﬁédpc,lB?ﬁ?Fi &nthg of haaidt ehambey j jori fa t he |
l evel at (c bk i L: eterm ned nmaxi num
val ue, op(er;tpi?%%&tgtﬁ%ggg%{y eofﬁg&ggf%ﬁz%gﬂg%g%@g%%ggﬁe‘mans at said | owner -

end of said chanber according to a second operating node; (j) if the |evel
at (c) has ndihedecthedsmdy tforthér t@aptise pioviPngaiat eipphress withXd:uR\Glue,
operating at ] east one gai d second plasma torch neans at said upper part-®

of said cha INg |BEeR HYFUMEgna 1prisid chambae geprratet oy shidawabeastietone
f 1 uxi ; . Vi i.d. fluxj t Jnlet til th
evel ot (o) mefts, FRARIEa PRl HileRS: AIE R of ct Tr orediie:
wher eupon st @pént(1d)a low&) part lof sald ¢hAkr (6} aﬁg@assg , glff_ga?ﬁdreﬂ%'i/ﬁice %igsgbééot he

second operating node conprises activating t |'east o ndary

pl asma tor ch dapositionl kypwercamgdstidn saidioc hiaighe vifousitg 1@@@%@Hm%eti me
interval and then deactivating the sane.
congestion from said chamber, and/or to substantially prevent occurrence or

propagation of such a congestion, said method further comprising the steps;

(1) if the level at (c) substantially increases above said predetermined
maximum value, operating at least one said second plasma torch means at

said lower end of said chamber according to a second operating mode;

() if the level at (c) has not decreased to at least said predetermined
maximum value, operating at least one said second plasma torch means at

said upper part of said chamber:

(k) providing a predetermined quantity of at least one fluxing agent to
chamber via said fluxing agent inlet means until the level at (c) is

substantially restored to its predetermined maximum, whereupon steps (b),
(<), (1), () and (k) are repeated.

Preferably, the second operating mode comprises acti.vating the said at least
one secondary plasma torch at said lower end of said chamber for a

predetermined time interval and then deactivating the same.




1 4 MAR 2005 WD 02/29321 PCT/1L01/00904 .19 Description of FigurepiRARIEES 1
shows schematically the general |ayout and nain elenments of a typical
solid/ m xed waste plasma processing apparatus of the prior art. Figure 2
shows schematically the main elenents of the first aspect of the present
invention in relation to a typical plasma processing apparatus. Figure 3
shows schematically the main el enents of the second aspect of the present
i nvention i nwioalkadkon to a typical plasma processing appaeaitsomki gure 4
shows schematically a typical plasnma processing apparatus conprising a
conmbi nati on of the decongestion systens ?gomn in Figure 2 and Figure 3.
Figure 5 shows a schematic flow chart il'fustrating one operating procedure
for the decongestant systens of Figure 2. Figure 6 shows a schematic fl ow

chart illustrating an alternative operating procedure for the decongestant
systens of FilyesceiptiodofPicards shows a schematic flow chart illustrating one
operating procedure for the decongestant systens of Figure |I. Figure 8

decongest ant Serers o FrGar i B ARsARR B Ml ERERGee ey

decongest ant ‘systens of Figure 4. S Rar t

i Il ustrati ng tepical $elidimitedewane mstrmgp' ro@mﬁ%dag 0§ om‘%ﬁ-ﬁﬁ estant
systens of Figure 4. 14 MAR 200? WO 02/ 2932 g'}-l LO1/ 00904 9%8 Di scl osure
of Invention _The p eigg}é invention is defined by the clainms, the contents

of which are f8Wehé 003 sebemativaide dhovmain relementai efcthestirse aspect hef the
specificati Orbre?eﬁg iﬂ\'}elnltioﬂ %Vrggtion to a typical plasma processing apparatus.

Figure 5 shows schematically the main elements of the second aspect of the

present invention in relation to a typical plasma processing apparatus.

Figure 4 shows schematically a typical plasma processing apparatus
comprising a combination of the decongestion systems shown in Figure 2 and

Figure 3.

Figure 5 shows a schematic flow chart illustrating one operating procedure

for the decongestant systems of Figure 2.

Figure 6 shows a schematic flow chart illustrating an alternative operating

procedure for the decongestant systems of Figure 2.

Figure 7 shows a schematic flow chart illustrating one operating procedure

for the decongestant systems of Figure 3.

Figure & shows a schematic flow chart illustrating one operating procedure

for the decongestant systems of Figure 4.

Figure 9 shows a schematic flow chart illustrating an alternative operating

procedure for the decongestant systems of Figure 4.

A apa—— - - - - - -




descri bed by way of exanple with reference to the acconpanying Figddes. 20The
present invention relates to a systemfor maintai ning decongested a waste
converting apparatus, prinmarily by renovi ng congestions when they occur,
but al so by providing preventative action. The term "waste converting
apparatus” herein includes any apparatus adapted for treating, processing
or disposing of any waste materials, including nmunicipal waste, household
wast e, I nduswotkesaast e, nedi cal waste, nucl ear waste andarbanodypes of
waste. The present invention is also directed to such waste converting
apparatus having the aforesaid system aqng to nethods of operating such
systems and apparatuses. The apparatus typically conprises a waste
converting cHhisBesursieitygntion accormodating a col um of waste, at |east
one primary plasnma torch neans for generating a hot gas jet at an output

end thereof | ! i d ] oway ds hottom | pngi tudi nal part
of the chaanglrlg. r%ﬁé('amq\/\%{s@g}dgo%v%ri#iﬁ%gb%}a%%a T tﬁ%§°?ﬁ?'[%8f “%b‘%“p?’iesté’ at

| east one g&s read AeinchRRASHAkInARe Hﬂﬁﬁfsu}é)é‘.gﬂh}e%%ﬁﬁlcaﬁ’&{,tan fyiil G Ramoer .
and at least one |Iliquid product outlet at a lower longitudi nal part of the

chamber. | n idescritiedpbyewty foderampiedwith refefénics tto aspaonani/ ey Ploasant
i nvention, the system for decongesting waste conprises: at |east one waste

flow rate sensing neans at. |le for detecting a first., predeterm ned
status of a ?‘ﬁ‘&ﬁg?saelngl%‘fe”\%ﬁgt@%%eﬁ t%&iséfs@ﬁa#éég?m&‘c‘nmgéj@?%&@md giMagtepr oduct
| evel sensi ng,ARaRS 885 ' o term ned status
of aliquid g?oduct gﬁéep\#el I %i’ é@pﬁ%g%g@%v% E/ﬁ%@%@g Sﬁ%%gﬁcm’

PCT/ 1 LO1/ 00904t 21so by |asidinn prevsentd YchbAS Mhet @ik "WRARS RAYLAG AN
outlet in said chanber such that during operation of said systema High

t enper at ure appAétusayheseinsiarvdes evy wpparetisdedipted fornreading, pomessinigng

chamber for at |east .partiall re in i dge- e congestion fromsaid
chanber %1sposmg of pany whste matgr?a S, %10?11 g gmn%ﬁa] waste, household

waste, industrial waste, medical waste, nuclear waste and other types of
waste. 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 apparatus typically comprises a waste
converting chamber adapted for accommodating a column of waste, at least
one primary plasma torch means for generating a hot gas jet at an output end
thereof and for directing said jet towards a bottom longitudinal part of the
chamber. The waste converting apparatus may further comprise at least one
gas outlet means at an upper longitudinal part of the chamber, and at least one

liquid product outlet at a lower longitudinal part of the chamber.

In its simplest form, and in a first aspect of the present invention, the system

for decongesting waste comprises:-

at least one waste flow rate sensing means at least for detecting a first

predetermined status of a flow rate of waste in said chamber;

at least one liquid product level sensing means at least for detecting a

second predetermined status of a liquid product level in said chamber:




and/or to substantially prevent occurrence or propagation of suchlé MAR 2005
congestion; said secondary plasnma torch neans being selectively operabl e at
| east in response to said predetermned first status and said

predeterm ned second status being detected. In a second aspect of the
present invention, the systemfor decongesting waste conprises: at |east
one fluxing agent inlet neans in said chanber separate from said waste

i nl et means, We&nrsalectively providing at | east a quanti tperAfgi@lees | €ast one
fluxing agent to a | ower part of said chanber for at least partially
renoving a solid deposition type congestpbpn and/or high viscosity liquid
product-type congestjon fromsaid chanber, and/or to  substantially prevent
occurrence or propggf@@%ﬂn%ﬁe@?@ﬁ%P@éﬁ@e@ﬁfbH}ea&ﬁ haying a2 matlehin shidqui d

product |evel s i ns at.least for. detecting a third predeterm ned
status of a |iq§ﬁ%m§§fo§§‘§% %agv%l}m}%og%ﬁa o0 Y4 ‘irsygtfa} &h}ﬁggltﬁﬁ’?ﬁr%
fl uxi ng agent i A I 14l Pfh i8 I | sponse
to said predete?ﬁiﬁ%ed tﬁ?fgl%g?gﬁ?r%ﬁdﬁg%et ec%t%ie‘g%ﬁ‘é?rgir}%icng&)t%gf ?%rregt

Fi gures, Figur ededdt gradtidly Irbumotirgt asbﬁd@er-qg;er tetk o diraRN kaidothdiBerPr esent
i nvention accor dig/g to the first aspect and second aspect thereof,
respectivel y. THRASK avmiubmantialbr preest mpcuppasatars prapegitiomteddsunh 2 4 MAR
2005 WO 02129321 PCTI.JLO | 0004 the nuneral (100), conprises a processing
chanmber (10), WTPBFESHATY e typically is in the formof a cylindrical or
frusto-coni cal verti,gal shaft, nmay be_ in any desired shape. Typically, a
solid or mxed wastddPeeRRdsyy slasmaiorciopeany being selestivelyiapsrabje aleast wast e

h . inl ] .. ‘- . :"‘
s G R R o e e L

(10), though gengisHd statia BeRIsSIABded.i qui d wast e

In a second aspect of the present invention, the system for decongesting

waste comprises:-

at least one fluxing agent inlet means in said chamber separate from
said waste inlet means, for selectively providing at least a quantity of at
least one fluxing agent to a lower part of said chamber for at least
partially removing a solid deposition type congestion and/or high
viscosity liquid product-type congestion from said chamber, and/or to

- substantially prevent occurrence or propagation of such a congestion;

at least one said liquid product level sensing means at least for
detecting a third predetermined status of a liquid product level in said

chamber;

said at least one fluxing agent inlet means being selectively operable

at least in response to said predetermined third status being detected.

Referring to the Figures, Figures 2 and 3 illustrates a preferred embodiment
of the present invention according to the first aspect and second aspect

thereof, respectively. The plasma waste processing apparatus, designated by




is removed fromthe apparatus (10) without substantial treatment. 4Thgap 2005
solid/ m xed waste feeding system (20) nmay conprise any suitable conveyor
means or the |ike, and may further conprise a shredder for breaking up the
waste into smaller pieces. The air |ock arrangenent (30) may conprise an
upper valve (32) and a |lower valve (34) defining a | oadi ng chanber (36)

t herebet ween. The val ves (32), (34) are preferably gate val ves operated

el ectrical |l ywogmesessmmatically or hydraulically to open and miasfmoens

i ndependently as required. A closeable hop arrangenent (39) funnels
typically solid and/or m xed waste fromJ4he feeding system (20) into the
| oadi ng chanmber (36) when the upper valve (32) is open, and the | ower

val ve (34) i $h¢ muméral ¢|168%dcompasdsi enprdeeedhggelefmbas{ ) nkrichhepieadi ng
chanmber (36) ,typically continues wuntil the |evel of waste in the | oading
chanber (36) Wé&@&éés 15 tae dorsn aF AcKBndrienlioniiusta-oonital Yerdealahiaftymay e

o5 o S50 bty 3OS L B S
PosLii o cashpSiuddopyelneso(iBand 3 Pol e B0 BBl (M 0 (oo

into the procest injetaheamaon(piing\iat hirnetiahiryedsmériti(B0E MixeaGva i ng
drawn therewith. The openi ngpﬂakndg\%lliosi ng of the val(ve}sa (33;28), %%ﬂ ,?and the :

feeding of wstlee f q He dhemher ({Q0thongh gemetallit gadebesiahg liqnid saiteabl e
troll (500 i ¢h i troll d/ i t abl
computer sySt SRS afDFbIe COMREATSL 10N cFERo o AHb A BP0 TBAL S Of
th t §]; ' 530) |
bt ovi dod 14 A Eabe ViR S50 o At PE mO S ES, B, RRAT Ry N,
connect ed t o mdamscurthe dikdectnd 209) furfHee s8Ca shretesp fo'ﬁ&haldﬁ%%}p%'e' y

conprises one or nore suitable sensors (33) at an upper part o evel (F)
of the chamb&astegitorssnalies pieges. Wherrit heckl avetgepiente$0F maachepritdian | evel .

Stmbarly, thgp8e0ha%s3Y 3ha" 4300 ViR B3 %l - IR SRariber ) ™"

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 c(mtinues
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 uppér 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
mnto 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
(500), which may comprise a human controller and/or a suitable computer
system oper.atively connected thereto and to other components of the

apparatus (100). Preferably, a waste flow sensing system (530) is provided




suitabl e sensors (33') at a level (E), vertically displaced downwdrd¥A%iZ0%
respect to level (F) of the chanber (1.0), for sensing when the |evel of
waste reaches this level. Level (F) nay advantageously represent the

maxi rum safety limt for waste in the chanber (10), while level (E) may
represent a |level of waste within the chanber (10) at which it is
efficient to provide nore waste to the chanber (10). Thus, the volune in

t he chanber @ihdwet ween level (E) and level (F) nmay be pepifsisiofRt €l Y
equal to the volunme of waste that may be accommpbdated in 'l oadi ng chanber
(36). Alternatively, or additionally, t,pe | ocation of the sensors (33) and
(33") at levels (F) and (E) nay be chosef to provi de suitable datuns for
det er ni ni ng &Adametptively comeciedeto tie adurollas {B00) Aheughsinheysteantss0)( 10) by
measuring th me i nterval between th% time when the | evel of waste is at
| evel (F) to%mﬁ Y FOPRHEFNE prapare THRble gnsessdap) & anmupper paderdevaler

Goor di nat e 1 SArSRAFaRHe FId) of BARRE R ﬂt%%yﬂ??fo%s?%aeafcééoﬁwegygt em
(20), and unlmﬁnaﬂg dhe bHOIMESYSteh] @sad)h@ ﬂgdhl@s ﬁﬁigﬁ?s% 3@5%6& ﬁ%rtgnpr. o

processi ng chanber (10) OptTonally, th rrange

a di si nf ect astitalpeasenagrs S5t ata (13431 QE@; v@ﬂmz)@l d&bl&e@ﬁcﬁ:ﬂiﬁéﬁb‘%ﬁdﬂ
sprayi ng the sane w si nfectant, as required, part i cularly when

nedi cal wast &S§RECHE ]r?é’elp&c)c%fs@é&h&@?efaﬂ@ér far pengingOyherTie lpvalaxfseasty
e 2 s ST o it b .
(55 N SSEP B APSRsER L) ANAE) 1 ! Sl .
sui t abl e ref lewd of wastt withil the zhdmbears( 10) Aotwhixh ﬁlisieffﬁﬁ)éml’td) pfdiﬁd@rﬂdrélu' d
product coll %%5153090 {l%n(e:hasnéllégr (10¥p'II'§1?sl ! IVr(])h;[IEg 1110&121 C%Lm%er (10) between
level (E) and level (F) may be approximately equal to the volume of waste
that may be accommodated in loading chamber (36). Alternatively, or
addmonally, 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 (500) may also be oi:seratively
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 (31) for periodically or continuously spraying the same with
-disinfectant, as required, particularly when medical waste is being processed
by apparatus (100).

The processing chamber (10) is typically, but not necessarily, in the form of a
cylindrical shaft having a substantially vertical longitudinal axis (18). The

inner part of processing chamber (10) in contact with the waste column (35)




cruci ble, having at | east one outlet associated with one or nore g:glmgzc%’in
reservoirs (60). The processing chanber (10) further conprises at the udB r
end thereof at |east one primary gas outlet (50) for collecting primarily
product gases fromthe processing of waste. The upper end of the processing
chanber (10) conprises the said air |ock arrangenent (30), and the '
processi ng chanber (10) is typically filled with waste naterial via the
airlock arrwemeaent (30) up to about the | evel of the pragracyt/ogas outl et
(50). Sensing system (530) senses when the | evel of waste drops
sufficiently (as a result of processingskn the chanber (10)) and advises
control ler (500Q) to, enable_ another batch of waste to -be fed to the
processi ng cHi afly gnadg &roph SultRplsgreigCtg maieriabeind Tiae acbottoml drgt ( 500)

t hen cl oses | . . (34) _and . opens upper | ve (32) .to enable the

| oadi ng charriacia?)\rﬁdﬁ{r5’%‘?é %glcéuéérpé‘??%céac@@%fiﬁ%n ZBE%&%@)@ t@’éﬁﬁ%”{"ﬂ)‘) fomm@ftahen

cl oses upper % o : . e or a plyrality of
primry plas r?ﬁlo%(’:g%?n(" 4%1)63?%%!1 E’ﬁée c{u@&%?@e{)&:y%‘%’%ﬁ% O%rogcéiggq E@H%%’é’ﬁber
(10) are operrasdarveiry neetpededssinguiiaaiies (S0P Elrtier dHRVRA -wat er
cool ant sources (45) ,(ﬁgnd tr%g pl asu%ua torche(s %40) may Dbe sc()afS atg%%e a{nsfer :
or non-trans t(—@ﬂp@!@f atTirast onehpemen0)gaaratied uF0R dor redlleeting apthasrily( 10) by
means of sui tabl%seal e& slﬁgves, which. faciljtates replacing or servicing
of the torchdEOUH) BB T REECESITE Qfewatiat BheBPPE 43k 0f hatpraeessingi r ect ed
downwardly a g [ : t e t nm ste., The :
torches (40) tcgrﬁgzbgf‘spﬁj bgélggﬁg% Bﬁée %g%lt%% (fagﬁ%f g‘%—dﬁ%ﬁ{gﬂ%%gyﬁg) t1"§uch
that in oper gtrocessinghshaplbemes0)fis eypichiey fitlee et (A0 hertial b theLipmof the
colum of waste, as honogeneously as possible, to a high tenperature, - .
typi cal |y i n #Iiagemgay (3@8 upiso wboutledewsl afthe prifiasy igas ohtst (50N)Sepeingr at e at

ends ot gas 8¢ 00 SFEeRaam thedsvel i Hgte fros sushcienty (as & result of |
processing in the chamber (10)) and advises controller (500) to enable
another batch of waste to-be fed to thé processing chamber (10} via the
" loading chamber (36). The controller (500) then closes lower valve (34) and
opens upper valve (32) to enable the loading chamber (36) to be re-loaded via
feeding system (20), and then closes upper valve (32), ready for the next

cycle.

One or a plurality of primary plasma torches (40) at the lower end 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 non-transfer types. The torches (40) are mounted in the chamber
(10) by means of suitably sealed sleeves, which facilitates feplacing or
servicing of the torches (40). The torches (40) generate hot gases that are
directed downwardly at an angle into the bottomn 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




aver age tenperature of about 2000'C to about 7000T. The heat eman%t&j N
fromthe torches (40) ascends through the colum of waste, and thids &
tenperature gradient is set up in the processing chanber (10). Hot gases
generated by the plasnma torches (40) support the tenperature |level in the
chanmber (10) which is sufficient for continuously converting the waste into
product gases that are channeled off via outlet (5 0), and into a liquid
material (3wQoddesh nmay include nolten netal and/or sl ageciihdi@deoyBy be
periodically or continuously collected at the |ower end of the chanber
(10) via one or nore reservoirs (60). Ldising fluid (70), such as air,
oxygen or steam nmay be provided at the . ower end of the chamber (10) to
convert car bdhe¢irpdownstesn mutie” arisclests gag jetsf oprlamL phases, hdvie aasef ul
gases such as CO and H,, for exanple. The apparatus (180) May furt her
conprise a s@VEFES eHpsTEmY pbeban P C topmboat 70003C.CHmn bedten Arntinige

tlet (50), ticul at t d/ th liquid d | et
(imclud ng. pittoh) ELerehe VY aignds, Saieb g Sasmy olcrosie Hl s, H,
f I t: t ' t h 0 [
out 1 ot (50y ‘PAPETI, Peoiul is MOF ' LA RN 8] o TRE ekt °

conponents. Rishefste@bybRieCpiatimb Neethed (BDF sGpsors the Qéﬂl%ﬁ%ﬁirﬁ JevaUil 8 (50)

in gas or liquid form Scrubbers capabl e of performng such tasks are.
wel I known i rehambes(i Opndiidoisnatficiequferecdminbeouslyrddneertzioathe raise ingpon

herein. The scrybber is typically operatijvel onnect ed downstream t her eof
to a sui tablR—i-’og‘é%t W%@@gw%aﬂg @ﬁg‘flaé}%%%@uemfi 180 & lippisd mptgriale power

W C7 pl ant 2 ' . | . ) cal |
i1 i ng. ¢ B EEBEP LN RSB fnerd Qb fof HEY S e RO e i age
H2, CO CH4, ddinuaislyNolledidg a8 eid R <M@YofftHE LLRASMBEOIYI AL ofe R $EE4O! T

(not shown) for «collecting particulate nmatter, pi tchmgjrqd liquid matter
renoved for mresrrvgas (4%). VAR 2005 WD 02/29321 PCT/1L01/ 00904 .
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Oxidising fluid (70), such as air, oxygen or steam may be provided at the
lower end of the chamber (10) to convert carbon, produced in the processing

of organic waste, into useful gases such as CO and H,, for example.

The apparatus (100) may further comprise a scrubber Isystem {(not shown)
operatively connected to the outlet (50), for removing particulate matter
and/or other liquid droplets (including pitch), as well as any undesired gases
(such as HC], H,S, HEF, for example) ﬁom the product gas stream leaving the
chamber (10) via outlet (50). Particulate matter may include organic and
inorganic components. Pitch may be contained in the gas stream leaving
outlet (50) in gas or liquid form. Scrubbers capable of performing such tasks
are. well known in the art and do not require to be further eiaborated upon
herein. The scrubber is typically operatively connected downstream thereof to
a suitable gas processing means (not shown) such as a gas turbine power
plant or a manufacturing plant, for example, for economically utilising the
cleaned product gases, typically comprising at this stage H,, CO, CH,, CO,
and N,. The scrubber may further comprise a reservoir (not shown) for

collecting particulate matter, pitch and liquid matter removed form the gas




26 products by the .scrubber. Such particulate matter and |iquid gaék% 2005
(including pitch) require further processing. Optionally, the appar S
(100) rmay further conprise an afterburner (not shown) operatively
connected to the outlet (50) for burning organic conponents in the product
gases and connected to suitable afterburner energy wutilisation systens and
al so to off-gas cleaning systens (not shown). Such energy utilisation
systens nmay mwuood2neei a boil er and steam turbine arrangenmepitgpuiadeed to an
el ectric generator. Of-gas cleaning systens nay produce solid waste
materials such as fly ash with reagents,,and/or liquid solutions
conprising waste materials which require fur her processing. In a first
aspect of thdTpFeEeRy thhsanbbem Suemgartishiste magtepand liquicamiaytet (nflugitice 2,
at least a fir§$_chanb§$ﬂg¢con est.ion system (200) is provided for the
renoval of, AAGATEGHEFITEREPIRCEYRE on of the formation of, bridging
phenonmena within the chanber (10), thereby |leading to a snoother and

Corty s, STBAKAD, e Uhpeka Io0Rsp SLOSE SR, ALy bAf Yo

Referring to Figure 2, in the pr

i nvention, . tshewh) r eperdévelygeshnenedyist ane (40Nt 460 NBufrlng t Bahicr St
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In a first aspect of the present invention, and referring particularly to Figure
2, at least a first chamber decongestion system (200) is provided for the
removal of, and also for the prevention of the formation of, bridging
phenomena within the chamber (10), thereby leading to a smoother and

continuous operation of the plasma waste processing apparatus (100).

Referring to Figure 2, in the preferred embodiment of the present invention,
the first decongestion system (200) according to the first aspect thereof
comprises at least one secondary plasma torch (240) situated within the
chamber (10) between an upper portion of the chamber (10), and the primary
plasma torches (40), and preferably between the gas outlet (50) and the
primary plasma torches (40). More preferably, the system (200) comprises at
least one secondary plasma torch (240) located within a lower longitudinal
third of the chamber (10) taken vertically between the primary torch means
(40) and the gas outlet means (50). Each secondary plasma torch (240) is
operatively connected to suitable electric power, gas and water coolant

sources (245), and the secbnda:y plasma torches (240) are typically of the




27 non-transfer types. The secondary plasma torches (240) are typ#aalhy 2505
nmounted in the chanber (10) by neans of suitably seal ed sl eeves (250),
which facilitate replacing or servicing of the torches (240). The torches
(240) generate hot gases that nmay be directed towards a bridging formation
(B) or (A occurring wthin the colum of waste. The secondary torches
(240) are distributed within the chanber (10) such that in operation, the
pl unes from wighendsor ches (240) provide a high tenperat ur echiaadiodbast,
typically in the order of about 1500C or nore, to the bridge formation (A)
or (B) to disrupt, destroy or nelt the me. As with the primary plasnma
jets (40), the secondary plasma torches (240) generate at their downstream
out put ends hot gas jets, or plasnma plunes, having an average tenperature
of about 2000C to about 7000C. Additionally, the air or oxygen that nay be

dt | t 2 I le th
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t orches (40) facilitwe seplaodgr yr tserdbieg 62408 tafcﬂaeQI‘Uz}@Opp%é-ti%@bhé’@e(?t&@) bridge
phenonmenon is in the process of formng, or is in fact already forned.
Thus, rat her Schetiibbengpsephet Mmadbe divertedsowryds 2 hadgmegoivtmation By loes ( 240)

need only be ed as. and..when required. Thu t he seconda orches (240
are subj gct 1(‘?)‘ roézFWgeWWneg"f ¢ ¢ ﬁ'ﬁSchihf)rsFm‘gw 6‘?@&&5?(@5)@3 aﬁld )
need rel ati v ; ‘Vﬁb. it ] e (o rches
(240) may al ?(h)étggﬁtﬁged I ntté?%ﬁ?ﬁl gﬁ% @6) {)l{&gvt&elﬁfﬁ%ﬁ/rgﬁ%r?’g\%ggﬁ %&atﬁ%é%t bl ast

to the refusehetrumes (236) pratvidy high tenfpiepatund lfeat bhdse typryilben dies e¥det ned
statistically, for exan‘gl e, thereby preventing the formation of bridging

phenonena. | efabput d6Q0°C e merynathe bddgrFo20@iHoNAY r2@Pio disrupt,
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destroy or melt the same. As with the primary plasma jets (40), the secondary
plasma torches (240) generate at their downstream output ends hot gas jets, or
plasma plumes, having an average temperature of about 2000°C to about
7000°C. Additionally, the air or oxygen that may be used to operate the
secondary plasma torches (240) also enable the oxidation of charcoal within
_the waste column (35). This exothermic process leads to a further increase in

temperature within the chamber (10).

Typically, and in contrast to the normal operation of the primary torches (40),
the secondary torches (240) are only operated when a bridge phenomenon is
in the process of forming, or is in fact already formed. Thus, rather than being
operated continuously, the secondary torches (240) need only be used as and
when required. Thus, the secondary torches (240) are subject to relatively less
wear than the primary torches (40), and need relatively less maintenance.
Alternatively, the secondary torches (240) may also be used intermittently
preventively, providing a heat blast to the refuse column (35) at preset
intervals, which may be determined statistically, for example, thefeby

preventing the formation of bridging phenomena. In any case, the secondary




pl asma torches (240) are preferably operatively connected to and § BU$AR 2065
controlled via, controller (500). Bridging phenonena of type (A) caused by
vitrification or bitum nisation are generally forned at the | ower end of
t he chanber (10), and thus, one or nore secondary torches (240) nmay be
provided at this end to deal wth such bridging phenonena. Bridging
phenonena of type (B) are generally caused naturally by the downfl ow of
solids, and ™M®&02@B8t |ikely | ocation along the height ofpdiagoibagber (10)
may be estimated or enpirically determ ned. The éxact |ocation, though,
may depend on the average particle si ze d general honogeneity of the
wast e col um ordin , further 'secondary plasnma torches (240) may
be provided a3 HOT%@&tG-éﬁé S pEaTapin lpstattvelyoreatgectgd phenagetisys Thus,

a plurality 9{3 §ﬁgﬁ'gﬁe§°%t§@§gfoé 40) may be provided to chanber (10) at

vari ous hei ght's di Spos e primary torches (40) and the gas
outlet (50). The secondary plasnma torches (240) may be distributed vm'thi n

the chanber Biliding phahdrbeiaf f}?/ﬁeq(ﬁg/c@ﬁse@ B yﬁﬁgﬁgﬂ}%ﬂé §1l h Fo % aéleq)% one

or nore | ower secondary torchés may “be provi r end

of the changemer@lm)fpnhed a?atheelohrer gdrrloﬁﬂmvaxahﬂ&rl{[lﬂ bl th, ‘E:'ﬂ@%r?n say
re 2, typically within the vverthlrdo
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d th annkﬁl oV - thin
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may be provi b@@hbpf ahﬁychadeberr(é@)hmy@ds&e:ﬁir@z{tgd(b‘ﬂ@ﬁ}ﬁhcﬁlﬁheteﬁﬁﬁﬁﬁ gously,

t he pl urallt | seconghry t orches (240) are also preferably angularly
di stri but ed %% PR thoteh, ipay deneanghast theosvarage parickresizé 20 genesl
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plasma torches (240) may be provided at such locations to deal with such

bridging phenomena.

Thus, a plurality of secondary torches (240) may be provided to chamber (10)
at various heights disposed between the primary torches (40) and the gas
outlet (50). The secondary plasma torches (240) may be distributed within the
chamber (10) longitudinally and/or circumferentially. For example, one or
more lower secondary torches (240) may be provided nea.f the lower end of
the chamber (10), but at a height above the primary torches (40), say at
location (L) in Figure 2, typically within the lower third of the chamber (10)
taken vertically between the primary plasma torches (40) and the gas outlet
(50). Similarly, one or more further upper secondary torches (240) may be
provided between the lower secondary torches (240) and the gas outlet (50),
say at location (H) in Figure 2, typically within the middle third of the
chamber (10). Similarly, more secondary torches may be provided at any
desired height along chamber (10). Advantageously, the plurality of
secondary torches (240) are also preferably angularly distributed with respect
to the periphery of the chamber (10), i.e., viewed along the axis (18). Such a




29 distribution of secondary torches (240) enabl es the tenperat %.tf F??Jg‘jﬂ_,l e
within the chanber (10) to be nodified when required to renove k 6‘5 1o
phenonena wherever they may occur within the chanber (10). Since not all
secondary plasma torches (240) are necessarily used with the sane
frequency, the chanber (10) rmay be provided with at | east one and
preferably a plurality of application points (260) which are adapted for
recei ving a weeamdary plasma torch (240) and thus conpri gefugusedt abl e

sl eeve (250) which can be selectively sealed to preventing comunication
bet ween the chanber (10) "and the outsi when not needed. The apparatus
may be provided with a plurality of sai d application points (250)

di stributed digngitiomdohsdcopdanydbrrhes (240)rehebles thetdnypetatite pRINEGhH® t he
chanmber (10).. Thus, application points (260) may be provided at | ocations
within the é%rﬁg@-}’ﬂb(elo&oat tovnbe Hupdifiedi Mehephesmpiitath toctamove|aidgiegy | ess
frequently, r indeed,at any other desired |l.ocatian, ch. that if a
bridge is forpﬁ%élﬂ%%"}WhE{f(Yﬁr%(?é’é?@bﬂ%‘:,uré‘” mﬁ%ﬁaﬁnt&?fa@bba,torch (240) may
be inserted into the chanber via the sleeve (250) at the application point
(260), and s@hs@auanill YecdRiBY Plhsafd RRci8aLDY i hBcdbaih i a'%g@gnoma-
Thus, rather than providi ng nunmerous secondary plasnma torches , the
chamber (10) samy Tésprepenyihgechamber @O0plmayabe tprovidedpwithcatt jeast G ahd (260),
each of which i rovided with a secondary plasnma torch (240) only when

needed. ThisPf ’a’ls"%’ o PIEalitineA rapsriceen moih 2602 ahichasrenadapted foower
ital tl Q. t T | | I nt 260 y b .ovided with
mans for - operest e d SRSy AREnt AAAEOLAR P i abubiben BHRHE T ocat ed
therein) to fsheve (SOY Whid c4d®R)selRfivaly! Qalad to/ ftevehfindt :ﬁﬂﬁiﬁgﬁéfn control
n

system for enabling 'these secondary torfches to -be actUate ependent |y

of contr ol | ebetsa0o)the Addinttico (40} md theabtteideatherenpt needel. Gfhet dppagaaondary

torches (240) at, | east, be adapted. for sw,velling within the chanber,

as illu S,E r at )é‘EFYa e P@I@dﬁy?wyﬁthlg pﬁg&?@gﬁ;ad ap;%canon poglnts (250) distributed
longitudinally and/or circumferentially with respect to the chamber (10).

Thus, application points (260) may be provided at locations within the
chamber (10) at which bridging phenomena occur relatively less frequently,
or indeed at any other desired location, such. that if a bridge is formed near
such locations, a secondary plasma torch (240) may be inserted into the
chamber via the sleeve (250) at the application point (260), and subsequently
removed after dealing with the bridging phenomena. Thus, rather than
providing numerous secondary plasma torches (240), the chamber (10) may
be provided with a plurality of application points (260), each of which is
provided with a secondary plasma torch {240) only when needed. This leads
to less wear of the torches (240), as well as lower capital outlay for them. The
application points (260) may be provided with means for operatively
connecting the secondary torches (240) (when locéted therein) to the
controller (500), or alternatively to an auxiliary control system for enabling

these secondary torches to.be actuated independently of controller (500).

Additionally or alternatively, some of the secondary torches (240) at least
may be adapted for swivelling within the chamber, as illustrated at (240") in




WO 02/29321 PCT/1L01/00904 30 Figure 2, to provide a greater geB#&MR &005
operating envel ope therefor within the chanber (10). Preferably, at |east
one of the secondary torches (240) may be provided at the |ower end of the
chanber to increase the tenperature thereof and thus alter -the
tenperature profile within the chanber (10) such inorganic waste is nelted
qui ckly, and that organic waste is converted to charcoal quickly wthout
allowing it MwWO®a1as bit-anmen for |ong. Wi le such a copdimguigbd,on can
thus be used as a curative feature to renove bridgi ng phenonena, it may

al so be used in a preventative fashion, ghe secondary torches (240) being
oper at ed perioodi call and in some cases perhaps continuously) in order to
prevent bri ddi*BySptre afler @ @RFaten 899Tgene oprrafing stvelope dherEhier wittgence of

bridgi ng phenpiepa, it igh the chamber (10) may be indicated by the
det ecti on of g Si gn%ﬁt@gﬁ't decrease in the flowrate of waste through the
chanber (10), neasured by the sensing system (530). Such a decrease may be

relatively sPaeferatdppatiieystoae wamhd esoadalytokdifes!(0¥ Mash el Lhe
processi ng chanber élO)thbei ng substanti al I)? st gt(i'oﬁal%l)g/;(gf tgﬁlﬁiﬁa atﬁ}(‘)eo | ong
r

to reach | evéPWeEFD exhmpber 1oThwssasettha tenpéraoik ehereb0Qhd HBEELUES A

the Tevel _of HBIFEPRELHE PEILS I fheoCBRPFON & U0BponEzin wweprcts tho
hi s ovent " Thy oo ARRARE, hRY et el Mabe 8 Bpired 1 covenianonkid th t he
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As such, theCpn &als bs nsarkas 4 bumtive featdranid fenstepentdsng Phen6RERASE b8 Of
the waste pr Es\éi gu;s)j@g provi ded to, the chanber (-10) and which is now’l ower
down 1 4 MARPFG0B® W3R BIeYepietiveL Bshiopodhe secondary torches (240) being

operated periodically (and in some cases perhaps continuously) in order to

prevent bridging phenomena from forming in the first place.

- The presence of bridging phenomena within the chamber (10) may be
indicated by the detection of a significant decrease in the flow rate of waste
through the chamber (10), measured by the sensing system (530). Such a
decrease may be relatively sharp, and may be manifested by the level of
waste in the processing chamber (10) being substantially stationary or taking
too long to reach level (E), for example. Thus, when controller (500) receives
a signal from upper sensors (33) of the sensing system (530) indicating that
the level of waste is at level (F), the controller (500) then expects the level of
‘waste to reach level (E) within a predetermined time period after this event.
This predetermined time period is typically correlated with the rate of
processing of waste within the chamber (10) of a volume of waste
corresponding to the volume of the chamber between leve] (F) and level (E).
As such, the predetermined time period will depend on the composition of the

waste previously provided to the chamber (10) and which is now lower down




31 being processed. Deternining the conposition of the waste is ok MAR 2005
straightforward task, and may require visual inspection of the waste before
it is provided to the |oading chanber (36), or, it may be decided to
operate the apparatus with certain types of waste only at certain tines.
Thus, the predetermined tinme period may have to be quite large to take
account of the possibility that the conposition of waste within the
chanmber (10) weogbizongl y bi ased towards inorgani c waste,pdiaioRyp! e, and
this is causing a slowing down of the pyrolysis waste disposal process in
t he chanber (10), longer than predeterniped In other words, the | evel of
the waste columm within the chanber (10)”fray remain substantially
stationary orbeieg rpasessedr YDatbomining vihe | compositionvast e wiasaddedadihar et o),
and this is deter m'fned q%astghe controller (500). (In sone cases, the waste
| evel may be SEghiIofwvag ppRt MeyiTREUIre Visual mspeatiagl of the, wastalbefobaiit t he
controller (5 i: s@ adapt ed .t 0 .ex t the |evel ,of, waste to at | east
fall from (F)IQ%}?%&%{? %‘%@’%g"ﬁ@m&"%@qﬁé%@% Of lﬁé%’eg‘? gacifled i opratecthee of
bri dgi ng phe%ﬁggthﬂ' n | i by, ion j,n the
anount of out pat oré y%u%ﬁ%@éigggﬁggg?@m%f%{%@ Y g%m%%’ Cqui d
product prodysedeteshined tas perios ngay Baveeionge §iRE @556 4o I 1Q@oubdSf the
congestion in the waste colum (35). The decrease I'n production of product
gases nmy be RASEBilHYHEat e ermpastidmel wheetwithinrthe ehaibehél Q)iostronglygases

t hrough the gas_outlet .(50). However,. there are nunper of difficulties
associ at ed W ﬁseghﬁo had = rggr,ucpw%;g%cfpr Géﬁ?wac%éﬁ FRUSITIghA [Stayeing of

tar, parti clALLoEMs L gL 3) i ny fl.ow f
measur enent inacgure?t .0%5%0\% ‘gdis\'ﬁg%é:lgr‘%{%ggg—;%&g&% %(g@t%’ﬁ%e be down .
(al so due to predetefragiedt hat it is also nore difficult for gases to flow ‘
upwards in the chanber (10) due to the bridgi ng phenonena), the oxidising

ases are still being 14 R 2005 WO 02/29321 PCT/ 1101/ 00904
9 fn otger w%r&s, t{’\l/g leve o? the waste column within the chamber (10) may

remain substantially stationary or decrease very slowly (while no new waste
is added thereto), and this is determined by the controller (500). (In some
cases, the waste level may be stuck at the upper point, i.e., at level (F), and
thus the controller (500) is also adapted to expect the level of waste to at least
fall from (F) within the same or different time period.)

The presence of bridging phenomena is generally also accompanied by a
reduction in the amount of output or product gases produced, and of the
amount of liquid product produced, since less waste is being processed due to
the congestion in the waste column (35). The decrease in production of
product gases may be determined by monitoring the flow rate é>f the product
gases through the gas outlet (50). However, there are a number of difficulties
associated with this. Firstly, product gases may contain high levels of tar,
particulate solids and also liquid vapours, rendering any flow measurement
naccurate. Secondly, while the product gas output may be down (also due to
the fact that jt is also more difficult for gases to flow upwards in the chamber

(10) due to the bridging phenomena), the oxidising gases are still being

P Al e s




provided at the |ower end of the chanber (10), and these gases are<4al RAR 2005
exhausted via the outlet (50). The reduction in the production rate of

| i quid product nay be determ ned by detecting a reduction in the |evel of
liquid product at the liquid product collection zone (41). This is usually -
a better indicator of the presence of bridging than nonitoring the flow
rate of liquid product to the reservoirs (60), since if the liquid product
has hi gh vi se®sizizgszand/ or solid deposition has occurred,pdiigni@eoput of
liquid product to the reservoirs (60) will also be decreased or stopped

al toget her. However, there nmay al so be cases in which notw thstanding
havi ng a bridgi ng phenonenon present in tfie chamber (10), the level of

li quid produdEovisledns 1©el loseriand pbribe (chanbdods0nanddtmseagsed are also | east

very slowy) due to,hi vi scosity of the liquid product and/or the
presence of seﬁ‘ﬁﬂs%‘éﬁ@gs?ﬁiﬁ?t eover, a lowering of the liquid product
|l evel may al so be due to the conposition of previously processed waste

naving a. relmid Maliidon Banattiah phe bRIRIANLEAIRSHEY UDUSeARLLG 2

|l owering of the Iliquid pro evel 1nt
i ndi cat e t he detesiegcz reductioni dgithg letdieof Egkidof::roﬂ’a@h at Rhe l'i’tfﬁ&\‘?ﬁ%ﬁu&s thus
t I's very unl

i nconcl usive. On the other hand, when bridging occurs, i i kely .
that the | evérllgetion gone (hhodlius isvisuelly rec betisreinditatsr off ke prreseice est

paraneter in.the.present invention for nonitoring the Iiquid product for
t he deterni ngﬂc@'ﬁm&aﬁ F{?é‘i‘tﬁﬁmgs&ﬁhéf’}’(e?at? € 1quid grodect) toy thed reseveninst i n

collection z : [ b . 1 egativ

necessary thggg%(sﬁh% 123%11&42'?2??& %gcr%(%atg ?Yoéﬁp?lﬁg?sg’lryghrqd?%oﬁoq{‘gﬁ °S’§{ﬂn§b3§e one
or nore |iquicdctred;| thdetwptivng KAGY proguey oy e dedepvdiat €68) witiediligheor not

the liquid product |evel has increased beyond a predeterm™ned level, and
the det ect or Sermayehpesigppedaiiogtties dfoweteadthers tay alsmbealabeyr in(HARK.  Such
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may be in thepd Rl 6f 1:4uidrb &Rl t&nthE 48k ction zone (41) does not decrease {or at |
least very slowly) due to high viscosity of the liquid product and/or the
presence of solid deposttion. Moreover, a lowering of the liquid product level
may also be due to the composition of previously processed waste having a
relatively low proportion of inorganic waste. Thus, while a lowering of the
liquid product level in the collection zone (41) may indicate the presence of
bridging, the lack of such this decrease is thus inconclusive. On the other
hand, when bridging occurs, it is very unlikely that the level of liquid product
will increase. Thus, the preferred parameter in the present invention for -
monitoring the liquid product for the deiermination of bridging is whether the ]
level of liquid product in collection zone (41) has increased, providing, in the
negative,' a necessary though not sufficient condition therefor. For this
purpose ome or more liquid level detectors (46) are provided to detect
‘whether or not the liquid product level has increased beyond a predetermined
level, and the detectors (46) are operatively connected to the controller (500).

Such detectors (46) may be simple visual indicators that enable the operator




for exanple, |ocated near the collection zone (41). Thus, referrihgMarR 2005
particular to Figures 5 and 6, when the controller (500) determ nes that
the waste flow rate through the chanber (10) has been reduced bel ow a
predetermned Iimt as described above, and that the level of the liquid
products in the collection zone (41) is not above a predetermined limt,
this determ nation provides a high probability that bridging has in fact
occurred w t Wonesser chanber (10) and corrective action i $cr@guodeed. Since
the | ocation of bridging phenonmena within the chanber (10) may sonetines
be random or quasi-random the correctivg action is preferably by

activating the secqnd tqrch (240).,- preferably in a manner such as to
maxi m se t het%?”fe&gFQ%i%g@cii%&iﬁYﬁﬁ angusay bein the f}f;ﬂﬂﬁf ai itehlecwindosv, | ower
secondary to f.or _ex I s | ocat at (L) in the Figures, are
first activgétie%%:ﬂl;ﬁg’%gaf%grng u@gggﬁe%éc’ﬂ%m’r?a@g?‘i al in colum (35) will be
increased not only because of -the additional thermal energy provided by

the secondar {hup) sefemirigetrs paticiilan|t6 Fiba&RUS anafe easrﬁéﬂm{éfbsnt&&?egt (5907
bet ween charcoal and additional oxygén supplied via the secondary torches

The t enper at GFETRSSS thag thet Waste t few craserithronghOlhei sharhiber ¢IB)nBeg baksh ch may
enable the brjdai n% henonena t,oﬁg? qvercone., If the tenperature profile
change is i ﬁ%‘hﬁﬂgga UBCERIETRGRHE Hb ah AeWHibAG 2paes endrihat thadevebofndar y

h 24 ' ; . b he . [
Seconaary. 1 GrcRant PRl b e kel ) foue O ot bore"R Ritintermihel o

latter, and §udl thizedsteneinago® hr&eeaNdaioh bILEbE Qﬁld?tb'r{%‘?ﬁg( sary up
t he chamber (10). The.sequenmﬁjng of theghs%conda% t orches rﬁgsgirae Zrably

control | ed byceweed within ielcbembso()0) abdiconmytivasttandis bequiesd r ol | ed by any
other suitable controlling nmeans such as a conputer for exanple, to each

e e o B B Sy o e
sometimes be random or quasi-random, the corrective action is preferably by
activating the secondary torches (240), preferably in a manner such as to
maximise the effectiveness thereof. Thus, in the first instance the lower
secondary torches (240), for example as located at (L) in the Figures, are first
activated. The temperature of waste material in column (35) will be increased
not only becaﬁse of the additional thermal energy provided by the secondary

| plasma jets, but also because of exothermic reactions between charcoal and
a&ditional- oxygen supplied via the secondary torches. The temperature
proﬁle within the chamber (10) is thus changed which- may enable the
bridging phenomena to be overcome. If the temperature profile change is
insufficient to overcome the bridging phenomena, the secondary torches
(240) provided at the next level, say at (H), above the previous secondary
torches are then operated, in addition to or instead of, the latter, and such
sequencing of secondary torches continues as necessary up the chamber (10).
The sequencing of the secondary torches are preferably controlled by the
controller (500), but may instead be controlled by any other suitable
controlling means such as a computer for example, to each provide a heat

blast of suitable intensity and duration in a predetermined sequence such as




t hat described, for exanple, along the height and circunference Ofgz,tﬂﬁR 2005
chanber (10). In rare cases where the bridgi ng phenonena persist,"’
additional secondary plasma torches (240) may be provi ded and operated via
suitable application points (250). The extent of this activation, in
particul ar bow many torches are provided, in which order they are
activated, whether continuously or in bursts, and for how | ong, may be
deci ded accorwdp mgpos0 any suitable plan, which may be md}é{,&@,&@iﬁ tinme
according to experience gained with any particul ar apparatus (100). If it
is determned that while the waste flow r,,ate t hrough the chanber (I 0) is
below limts, neverthel ess the |evel of Piquid products is increasing, this

may be indi ctiet Wesaibddyefopr esangle, allosolthel Shhd %@Qﬁyeperm?i 9 the
viscosity liquid_ product, If it is determ ned that the waste flowTrate
through the cthaapRer (19). &y razs gases wheteotle bridiging phermmeraopsrsist, adBitfonal
neverthel ess the | eveI1 of i %'}jjled praducts is increasing, thisis

i ndi cati ve of SEPRHNEY RIASDE fGECheR §24Rs ey snpravidechard gperagesd viansuitablof

i nor gani ¢ wWas&st; : a j osi tion and/ or_.high viscosity of
the l'iquid pr%ﬁﬁlgtg ﬂ|&ﬂs B %Pé%ézn%djg?? g%{teg%ﬂﬁg’ﬁs?%waﬁfw’ IP&"}""IPEHI%F Bowupamy v
sinpl e, requitordl@stahepRIvid®d, Yn aiEesdd: d ' ting;
for exanple, and/or fI(J)r or gani c v%/aste .p@go%i%ﬁvﬁgtﬂgﬂmgggg%%gff

i ncreased. Cobrriaduirsts aadtfoo hofolongbinaiy memdideumcbﬁm%mm@ aftabldspgndent

from dealing, wth bridgi phenonena, is discussed below. In order to :
assess the I‘gkj\g}]irﬂ%be o %t%’ewl aymgraceending te experinnsat gadmecofvithoady i s t he

cause of the &M%EP%Q%&;E&% by controller (500), waste conposition
re

determ nati orFJ nmeans provided to nonitor the waste before it is
fed into.the chanber (10). The sinplest formof such neans (2 1) is a

vi sual noni t dfiinig determsned that avHilathe omes Goer ratd €i0aEh ti M&éﬁ@ér{,(\gof&an the
wast e, which often, provides a fair indication "of et her the ste is
organic-rich O‘VHHF-@%HG&' erthelgss Rgoemelroflignidmrodonsisibetasda3 s may

PCTI | LOllOOQODAE indicative of the presence of solid deposition and/or high viscosity liquid

product.

If it is determined that the waste flow rate through the chamber (10) is not
below limits, i.e., nominal, but nevertheless the level of liquid products is
increasing, this is indicative of either (a) that the waste contains a high
percentage of inorganic waste; and/or (b) that solid deposition and/or hlgh
viscosity of the liquid produect is present. Correction action for (a) is
relatively simple, requiring the primary torches (40) to be used at a higher
rating, for example, and/or for organic waste proportion of the waste to be
increased. Corrective action for (b) in addition to, and also independent from,
dealing with bridging phenomena, is discussed below. In order to assess the
likelihood of either (a) or (b) or a combination of both is the cause of the
symptoms detected by controller (500), waste composition determination
means (21) are provided to monitor the waste before it is fed into the chamber
(10). The simplest form of such means (21) is a visual monitoring means and
a human operator thereof to visually scan the waste, which often provides a

fair indication of whether the waste is organic-rich or inorganic-rich. Another

e L - o e s v . ot




35 way to enable the. controller (500) to discrinmnate between cdusdag aks
and cause (b) is by analysis of the product gases flow ng out via outlet
(50), and/or their flowrate. A lower than normal flow rate of product
gases such as CO, CO H2 or hydrocarbons, for exanple, indicates that
there may be a high probability of (a). In a second aspect of the present
i nvention, at |east a second chanber decongestion system (300) is provided
for the renowaoeedszi and al so for the prevention of the fporABdileesas Of ;
unprocessed solid deposition within the chanber (10), and/or for dealing
with high viscosity liquid product, thergby |leading to a snoother and
conti nuous operation of the plasm waste ~processing apparatus (100).
Referring to ERYGPengbly the pentpliar (508 t@é@m@ﬁtﬁ gﬁtweﬁzem pusefd) dmidvent i on
according to th ond_aspect t eof , .t he secqnd .decongesti on system
(300) corrpriésaélge iﬁf Ilseg’gt 13 |°E§ﬁﬁ§fgﬁ‘éﬂtgﬂr5ﬁ§ gf"%%oc)utsﬁau%ﬁ% i0Dhi n t he
chanmber (10) S i e d i qui roduc
col l'ection zoarlig%ﬁ%?ﬂdgfg%%r%g?wg glttanllﬁg’g@? : gﬁg r%{‘]’u&ﬂﬂﬁg&"é‘(gi‘ 5 9% %at ed
bet ween the ga6,,000| B or hBjocardnt hfer kkarblt, Ridashied thﬁ@iﬂe?&hia?;bezé) v 41)
and nore preferably between the gas outlet (50) and the primry plfasma

t orches (40).prebebility okimlg agent inlet (320) is operatively connected to
one or nore fluxing agent sources (330) such that any desired fluxing
agent may be provided to the chanber (10) at a |ocation near to where
unprocessed solids and/or high viscosity Iliquid products are deposited.
The fluxing agents may be provided via inlet (320) preferably in powdered
or granul at ednf ar second daspbets ofirtharespt i iaventidrgest st eNecvndN b’
exanpl e a worm feed device or_a pneumatic feed device (for powdered

fluxi ng agentderongestigusyistem ¢30Q) isHpronislednfostthg 320pval 1of, MAR 269 For\he

02/ 29321 PCTI | 10110090

ﬁreven 1000 o% tﬁe formation of; unprocessed‘solid deposition within the
cham‘per (10), and/or for dealing with high viscosity liquid product, thereby
leading to a smoother and continuous operation of the plasma waste

processing apparatus (100).

Referring to Figure 3, in the preferred embodiment of the present invention
according to the second aspect thereof, the second decongestion system (300)
comprises at least one fluxing agent inlet (320) situated within the chamber
(10) between the waste inlet means and the liquid product collection zone
(41). Preferably, at least one fluxing agent is located between‘ the gas outlet
(50) and the liquid product collection zone (41), and more preferably between
the gas outlet (50) and the primary plasma torches (40). Each fluxing agent
~ inlet (320) is operatively connected to ome or more fluxing agent sources
(330) such that any desired fluxing agent may be provided to the chamber
(10) at a location near to where unprocessed solids and/or high viscosity
liquid products are deposited. The fluxing ageﬁts may be provided via inlet
(320) preferably in powdered or granulated form, and thus an appropriate
feed system, such as for example a worm feed device or a pneumatic feed

device (for powdered fluxing agents), is associated with the inlet (320).




Unprocessed solids (C) such as alumniumoxide, or its fa,,t,,,y ?4 MAR 2005
conpositions with other oxides, for exanple may be' deposited at the liquid
product collection zone (41) and in fact block the outlet to the collection
reservoirs (60). The addition of an appropriate fluxing agent directly to
the wunprocessed solids (C) enables the solid to be processed, typically by
enabling the unprocessed solid to dissolve in the fluxing agent and nelt

t oget her at ¥0saB%¥ehntially | ower nelting point than the mahidiagopoi nt of
the wunprocessed solids and thus enabling the solids to nelt and | eave the
chanber (10) to reservoirs (60). This iggparticularly so if the fluxing
agents are i?jthe no tGQ'%t?E$ by the tinme that they conme into contact
with the unpro®EEEEe s¥liads (Crngech pref elumypipm « psidel usd nigs apfrdctomyl et

320) | : ticall f th A | t h

roans (40) * BorROSERERIt MEE Bl Yol PRRER - %Y e Rmbrestad e agdagent
i ded t j 1l t . 20) t

e substanti By et by eing SRE i e BboEORR! opele b FREIRRRY tor ch -

means (40). Tesesvoipw ¢yt Theradeitionpel i Gppsogitts Eaking nglﬁni&e@ﬁg SP@eing - a
| ar ger spacing provi des_lon&ir time for the fluxing agent to be heated, :
but al so sl oWBPEIsEssedapelidy ((hiwrablase throrsglidt toorbe( Gyodessede nypisilya byhor t er

spaci ng does - nerally all,ow enou tinme,fo || ,of the fluxing agent
to nmelt. Thugl?&%lﬂlg'g ﬁ’bepf]flﬂ’iffée?ﬁgc?oﬁbpg%agﬁ@&ﬁ 1 f‘e?ﬂm‘ﬁ%ﬁ aggehand uxelig agent .
used, and t higpetherMaciy . | : 3 Ay -qgiven stem
(300). "Si m | S e i W oG 0RE BYRE o nEh il s 30 v o

product at thepmobssedtsolids azdtims(eaiblingyhdelfddns hasl: SIORESSAR é}ﬁﬁ;&t abl e
fl uxing agen%s and/or heating to reduce viscosity and enable t -quid

products to f1Begaserspirs (&0)c Rhisisrpartiadprlsrse if the flexingsagents a2 i668F. Thus,
Corpr 1 a1 ny ol TERCRAGHE BE BR. G S saRecitn cotpe) e R Phstopesssinect ed
1 4 MAR 2005s¢Mas02/1RR3 oo tBlably, LAY 82204 agent inlet means (320) is preferably
vertically spaced from the primary plasma torch means (40) by a
predetermined spacing such as to enable a fluxing agent provided to the -
chamber (10) via the fluxing agent inlet means (320) to be substantially
melted by means of the heat provided by the primary torch means (40). This
predetermined spacing is typically an optimal spacing - a larger spacing
provides longer time for the fluxing agent to be heated, but also slows the
rate at which the congestion (C) is removed; a shorter spacing does not
generally allow enough time for all of the fluxing agent to melt. Thus, the
optimal spacing may be different for each fluxing agent used, and thus a
practical spacing may be chosen for any -given system (300). Similarly,
congestion due to slow-moving high-viscosity liquid product at the collection
zone (41) may be further processed by suitable fluxing agents and/or heating

to reduce viscosity and enable the liquid products to flow out of the chamber
(10) and to the reservoirs (60).

Thus, preferably, a secondary plasma torch arrangement may be provided,

comprising at least one secondary plasma torch (240) operatively connected




37 to suitable electric power, gas and water cool ant sources (245} 4 MAr 2005
secondary plasma torches (240) being typically of the non-transfer types.
At | east one fluxing agent inlet (320) may be coupled to a secondary

pl asma torch (240) in a suitable m xing chanber (400), particularly if the -
fluxing agent is provided in powdered form The hot plasma jets fromthe
secondary plasma torch (240) also nelt the fluxing agents and increase the
t enper at ure Y0 0¥832unprocessed solids as well as of the rohi@mwosst eri al
resulting fromthe processing of the waste colum (3 5). The secondary

pl asma torches (240) are sufficiently szpI aced vertically fromthe
collection zone (41) to give the fl uxi ng:’ gent sufficient tine to nelt
before they atsugiablerrlecinppowessgas el watsr cdaldnt oumeds (245}, ke sedon@hryoXygen
t hat may be usled tﬁ oger ?i%the secondary | asma torches (240) al s6 enabl e
the oxi dati orP' 8708 AGHCEER 24 PR tHeicalhs & the sparirancEs)typahiAt feastt drer ni c

| ead : i i t t ithin th hanb
(10) -~ Par 1 ool arS aph B CRPIRAT Be Burle TR 58insichny blaseedorey (Gaavar ed
f but i bl i | ol i ok 3 i
brov ded i ehanter oR RaliRE (O et R0 AR sdRiChotiy | °
torches (240)ingqparderedirmuite Hdigldsand ets o the es@indenf HMBne Abich (bBO)

synchroni satiaﬁn W t h tg(f .introduction of the fluxing agents), a
sufficient |y HQmelieihsdiuning aseris andinsrgase hettwmparatinenot the pmprodessdde

“fl uxi ng agent fore reachin the upprogessed solids. Thus, at
| east gnegf I ui‘}l%dg agg’léér“ Q?ﬁ?élﬁe Eé%)“ ngfnﬁgresﬁpc&% ﬁ@Hl RRosessigeobiheol ysi s

and the neltiwgstz guesmafl (3lshe aghen art. i £l uxing
agent is provided in gr a(nat;jpagglg form éi %:aesm.%h{e&l:&f’gug%l(é g&e%‘%ﬁ?&?ﬁore _I
time to ful | yisplatedeémicellpdtomghercdleetiompone ¢sew giel thdSluxlds ¥BE:2005 VO :
02129321 PCTmIﬁIuléchl/ 00904 Suitaple fluxing agent may include, for~ eXanple, -
any one or 1piegtime to melt before they act on the unprocessed solids.

Additionally, the air or oxygen that may be used to operate the secondary
plasma torches (240) also enable the oxidation of charcoal within the waste
column (35). This exothermic process leads to a further increase in

temperature within the chamber (10).

Particularly when the fluxing agents are not provided in powdered form, but
instead in granulated form, the fluxing agent. inlet (320) is provided in
chamber (10) at 2 sufficient height above the secondary torches (240} such
that when the latter are operated (typically in synchronisation with the
introduction of the fluxing agents), a sufficiently high temperature is
provided between thern to permit the fluxing agents to melt before reaching
the unprocessed solids. Thus, at least one ﬂuxingl agent inlet (320) may be
provided between the pyrolysis and the melting zones of the chamber (10,
particulatly if the fluxing agent is provided in granulated form, since the
fluxing agent has more time to fully melt before acting on the unprocessed
solids.




anong Si 2 (or sand), CaO (or CaCB), MyO, Fe20B,, K20 Na20, CaFd 4 MBBrAH,
dolomte, or other fluxing material, as well as conpositions conprising
one or nore of these materials. Wile the presence of deposited unprocessed
solids within the chanber (10) that are bl ocki ng passage of |iquid product :
to reservoirs (60) may be acconpanied by a relatively slow decrease in the -
wast e throughput flow rate through the chanber (10), it is characterised,
rather, by aWwee®iNely sharp decrease in the flow rate mfraALbmsdd product
to the reservoirs (60) and in particular by an increase in the |evel of
liquid product (3 8) within the «collecti,gqn zone (41). Thus, while the
presence of unprocessed solids (C) may Cduse a raise in the |evel of
liquid product@tabie fhainglagent nmy honedd,4for, eampleoasn’ dnegepandle ¥ro

initially affect t r,ocessi n&g; t he waste col um (35), or there%r(l)re the
nt-2 ;

€-~P
flow rate t héPag?e &10s er § (§r 6@6E8).gNEKY Te264u 820, Na,On GdFe, i r st

aspect of th S iayentio liqui.d | evel . det ector 46) at _the liquid
product col | g)(???%’nedzbg%fgﬂ%ﬂ%[ aréy %dmfag‘?‘mﬂ'orﬁst (YYEfIﬁggst hePmeQetionsf

liqui d producionfpishhg bhebeaors BEfIREE migetiflsFi gure 3, the detectors (46) are
operatively connected to a suitable controFIer (600), which is simlar to ;
that described for controller (500) of the first aspect of the present
invention, nmutatis nutandis. Controller (600) is also operatively
connected to the second decongestant system (300) to activate the

secondary torghe to f.eed an rticul ar. fluxing agent via
inlets (320) as ?é%%i?%ségg‘?d? raézrlﬂ)s\]ltgd 't é”%%ﬁ%ﬁﬁg@ﬁt‘@%?% RPRPRT §10) i quid
product causeHatbyird hoelgR® Shdsesbs Qifi : i0 L.SEASI |1 qui

product. As vviztlh t he ?i rs?sgspebct QJ(?f ﬂlﬁﬁle@ r‘é@e"%p" ?enséen{l orggsy)s&%yc}%t ectors
(46) may be sicapnpamiedinl a reldiivaly ciowtdeateasnabtie whge ﬂﬁowgﬁp&oﬁéw\é@ge

02/ 29321 PCT/;JJIf_Ol 00904 37 operator to viewdirectly the l'iquid |evel, and
may be in thé %&# ehahar 808 itwis neharactervede xathet, dy porsdatowly eharpt he

col lection zoRg dA4d)in the flow rate of liquid product to the reservoirs (60) and in

(

particular by an increase in the level of liquid product (38) within the
collection zone (41). Thus, while the presence of unprocessed solids (C) may
cause a raise in the level of liquid products in the collection zone (41), it
doesn't generally initially affect the processing of the waste column (35), or

therefore the flow rate thereof or the amount of product gases produced.

As in the first aspect of the present invention, liquid level detectors (46) at
the liquid product collection zone (41) are provided for monitoring the level
of liquid product (38) thereat. Referring to Figure 3, the détectors (46) are
operatively connected to a suitable controller (600), which is similar to that
described for controller (500) of the first aspect of the present invention,
mutatis mutandis. Controller (600) is also operatively commected to the
second decongestant system (300) to activate the secondary torches (240) and
or to feed any particular fluxing agent via inlets (320) as required, to remove
the blockage to the outflow of liquid product caused by the deposited solids
and/or high viscosity liquid product. As with the first aspect of the present

invention, such detectors (46) may be simple visual indicators that enable the




Referring to Figures 3 and 7, when the controller (600) deterni neq & HaR XHlre
| evel of liquid products (38) in the collection zone (41) is above
predetermned limts, this determ nation provides a high probability that
either (a) that the waste contains a high percentage of inorganic waste;
and/or (b) that solid deposition and/or high viscosity of the |liquid
product is present. As discussed in relation to the first aspect of the

i nvention, cworeeedskon action for (a) is relatively sinplpermogtidbs i Ng t he
primary torches (40) to be used at a higher rating, for exanple, and/or
for organic waste proportion of the wast to be increased. In order to
assess the |ikelihood of either (a) or ('b) or a conbination of both is the
cause of the OEWfdﬁﬁﬂ@éftd@iwﬁm the/ligadtlewl) and rn(a@(b@)m the §tren cD@pEisdtile on
determ nation. e.al so prowdgﬂ nonitor the waste before it
is fed into Wﬁ} «5?‘ Piﬁ'k’%@ IWIPHZOFl@é‘E)@et to the first
aspect of the |nvent| on, nmutatis nutandis. Another way to enable the

control I er (Rerrig i By 388 DARORQUISICF M AR ey Be DY

anal ysis of the product “gases oW ng out via ou

flow rate. IFvebwef Yidaid noodmdts f(38) et @eofcofeagbict z@RSga1pUSh aBévQOZ
CO, H2 or hydrocar bons, for exanple, indicates that there nay be a high

probabi | ity Bfedetegmingd hmlt&s&uaatd@termmzﬁmmharoxuﬁea & higha photghilpyotiabi | i ty
that (b f th t d troll 600
correctve: abtieAATH ST BRRE comaRA g PRESTRHaS] §1 1RGSR Henabeis
provi ded to (hanahaiieaedotflon iid/tr higRViRBIL QAU 1008 AEERTTRAYEG W th

respect to the |iquid product |evel I ment

iIlustrated iAs disgused & felatidn ththeefishaspeyt of tenavindordyRBr006n ¥R 2/ 29321
PCTI 1L011009Q04 40. torches (240) are provided, these are first activated,

typical ly vi #@himriativelssenplsdroaquaiag et pronke: tardlos) (40T hebe espbate ur e of
}[Ng?r;)gr g?h?rel g*al}e é&%&nrﬁéﬁt ga_tg%JléfM ﬁ‘lglllor rI ngora.%ﬁzssv%éta proB arrtltolnc%lt%g vset]set}e
to be increased. In order to assess the likelihood of either (a) or (b) or a
combination of both is the cause of the symptoms detected by controller
(600), waste composition determination means (21) are also provided to
monitor the waste before it is fed into the chamber (10), as described with
respect to the first aspect of the invention, mutatis mutandis. Another way to
enable the controller {600) to discriminate between cause (a) and cause (b) is
by analysis of the product gases flowing out via outlet (50), and/or their flow
rate. A lower than normal flow rate of product gases such as CQO,, CO, H, or

hydrocarbons, for example, mdxcates that there may be a high probability of
(a).

If it is determined that there is a high probability that (b) is the cause for the
symptoms monitored by controller (600), corrective action as follows is
provided. Firstly, no more waste is provided to the chamber (10) until
nominal conditions are achieved with respect to the liquid product level. In

embodiments such as that ilfustrated in Figure 3 in which secondary plasma




col l ection zone (41). The higher tenmperature may enable any sol i ds§ 4 MAR 2005
deposited in the collection zone (41) to nelt, and nay reduce the
viscosity of liquid products, facilitating their renoval therefromand to
the reservoirs (60). If +this happens, the level of |iquid product drops,
eventually to at least the predetermned |level, and when this is

determ ned by the controller (600), the secondary torches (240) are
deacti vat ed. wih@/2zext ent of this activation, in particul arrdranowoasuy tor ches
are provided, in which order they are activated, whether continuously or
in bursts, and for how | ong, may be dECigﬁd according to any suitable

pl an, which may be nodified with tinme according to experience gained with
any parti cul atorelssd24d usre(i00)dedT tieese and fipdt| aetiveBaA) Yy pitAlen vided h-AaS

whet her or not the . tenperature increase provided by the secondary torches

(240) has beeifesiiftiftqre senirellen, €100 nEhe tvanprsntnge ofiavasts miatanishimkohingui d
duct vi ' . Far . le, jf the liquid duct |evel hs

ot decr ensed SHTTILPEHEsase i SRURriE the (st ironnt Che Rbipnisoot Sk api e
d d d ‘ i ] f th te,

For exanpl ) CURELh 20ap E1)OFREBUMA U RHERCE HES, oRRIPER doukl fipostita @' ©

det er ni nat i orin fHeusollestion zohe (AT} ky akdig @l mbﬁzefeaﬁ@@ﬁsﬂ@wécoﬁéﬁaﬁgi b ches’
is not conpletely effective, or 1n enbodinents not conprisin t él sane,

the control | eprodees) fasdlitating dbeir remioval dunefromnand 16 theiregreden{6()0 If t he
chamber (10 La,one or nore fluxjng.,nlets (320). tionally, the
secondam(/ tzjrtxl#ega}flf&]éa %%"5; égx i&%‘%giﬂé’li Ue gr%%@ﬁ%?%’:iﬂlb/ymvﬁytt leashihe

i ntroduction i n i i:C Ukl k i C iSsing a
Shi O xi g el 1806 Und WheR i€ U Bt CED O TR I PR ST ac

i|lustrated isecbhdpuiyetofched (2ADY direrdastivered. The tedh@er 65 Sk a{cﬂ*&ﬁﬂ%ﬁpﬁl
i ncorporates the fl ow decongestant systens (200) and (300) according to the

first and secRAftcilspbevsnaneiqrebey smsl yrovideds ewprabsender ithayent isntiviteda
common

whether -continuously or in bursts, and for how long, may be decided
according to any suitable plan, which may be modified with time according to
experience gained with any particular apparatus (100). The controller (600)
then determines whether or not the temperature increase prow;ided by the
secondary torches (240) has been sufficient to overcome the solid
deposition/high liquid product viscosity problem. For example, if the liquid
product level has not decreased sufﬁciénﬂy ina .given time period {which
may be variable and depend on factors such as known or suspected
composition of the waste, for example), this may be sufficient indication to
provide this determination. Thus, when the activation of the secondary
plasma torches is not completely effective, or in einbodiments not comprising
the same, the controller (600) activates the introduction of fluxing agent to
the chamber (10) via one or more fluxing inlets (320). Optionally, the
secondary torches (240) may also be activated concurrently with the
introduction of fluxing agent, in particular in embodiments comprising a said

mixing chamber (400).
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wast e di sposal apparatus (100). Thus, the third enbodi nent of the Br’*e}épé%t

I nvention conprises all the conponents of the preferred enbodi nents
according to the first and second aspects of the invention as described
her ei nbefore, nutatis nutandis, except that the controller (500) and the
controller (600) are replaced by a controller (700) that serves the
functions thereof. The third enbodi mnent nay be operated for dealing with
bri dgi ng phewowera21 in a manner described with respect tectimibiotst aspect
of the invention, nmutatis nutandis. Simlarly, the third enbodi nent nmay
al so be operated for dealing independenily with solid deposition/high

viscosity |iqui roducts i.n a nmanner_-descrjbed wiith respect to the second
aspect of thgsi ﬂ»@smﬁ;n rﬁig%ﬁei 4 a gimbodppgnte PRGNS Prepentt invention

Terorring tokroerang b fo FEAEIak el (AP BHS00lRRaag abe e

third embodi Wefitan®yecBRd ABSIcR, 9esRetTAY! 88he %féssttggvéﬂﬁon g o Res! tion

of the waste is nonitored and if "'necesSary adju y provi g nore

organi c or i wasgadisposEsipparatus €i08). Thiiy,, thehtkiriestbodinfent iofuhe pReggduct is
continuously. or periodically nonitored, typically via sensors (46). In
step (I11a), 4Y¥eDHRE PPEPreespabdifes qosipanents @dt Beniprefermeg emdodmoerts ol | er

700) to b . | ngl di ti th t I 700) th det '
wnet her tnor ekt K B GR0RRY #5300 EReFd Db gt evaoma i
! FRthdit g on t q . b
vi scosity 'Hb'ﬂe%ﬂ?irf%‘ﬂ%umﬁp%m% g8, | eﬁ?@l@ﬂ ﬂﬂee&?ﬁ%g@r@ygﬁ)e %my €

operated as herei nbefore described wt espect to of the

present i nventmtoollerndfiOf) iase rapiavedits; 4 doap®iler V)0 ahéMdryds tHRidegoRs her

hand, if the liquid product |evel is not above nom nal conditions in step
(rrra), t henthereo® AR 2005 WO 02/ 29321 PCT/ | LO1/ 00904 _42 the waste flow
rate through the chanmber (10) is continuously or periodically nonitored,

typically Vi anpasha o sd¥ih o sP BS LBSrHEART dBRA) vl SRadhE Mehombha

in a manner described with respect to the first aspect of the invention, mutatis

mutandis. Similarly, the third embodiment may also be operated for dealing
independently with solid deposition/high viscosity liquid products in a
manner described with respect to the second aspect of the invention, muzatis
mutandis. Preferably, the third embodiment operationally integrates the two
operating modes. Thus, referring to Figure 8, the flow decongestant systems

according to the third embodiment may be operated as follows.

In step (I), the composition of the waste is monitored and if necessary
adjusted by providing more organic or inorganic waste. In step (II), the level
of liquid product is continuously or periodically monitored, typically via
sensors (46). In step (ITla), if the liquid product level is determined by the
controller (700) to be above nominal conditions, the controller (700) then
~determines whether there is a high probability of solid deposition and/or high
viscosity liquid product, and if so the second decongestion system may be
operated as hereinbefore described with respect to.the second aspect of the
present invention, mutatis mutandis,(steps (IV) to (VII)). On the other hand,

if the liquid product level is not above nominal conditions in step (Il1a), then




the controller (700) then determnes that the flowrate is within"”MARzm15
predeterm ned paraneters, nonitoring of the waste flowrate and liquid
products level is continued and the processing of waste continues

normal ly. However, if the controller (700) determ nes that the waste fl ow
rate has decreased and that at the sanme tinme the liquid product level is
not above nom nal conditions, the controller (700) then determ nes whet her
there is a hvwhegpBbability of bridging phenonmena havi nge@ggbidosd, and if
so the first decongestion system nay be operated as herei nbefore described
with respect to the first aspect.of theypresent invention, nutatis

nmut andi s, (steps (I to (Xl| o Figure 9, an alternative operating node
for the tﬁn rgﬁ%ﬁ%ﬁﬁ @r%wtr(ﬂresﬂl)fi))v%gter%tga&hert(h@) iﬁaﬁ@tmubﬂdwemrqmebdimgg this -
node and the i I: Fi.ogure 8 being that s [11b noni tori ng :
the waste flcl)j\ﬁf)v&rﬁg?%?’nggi%e f‘grg rr“éﬁteqﬁg?voﬁaée STEHS fRPRS kﬁfﬁ)g%@ helf i qui dg f

roduct | evelthe Abittedinat( I | t Lgul d..0nro | evel, and of -
p e (796) then MR dsHa0he ﬂb%g%tggés%ﬁ&@a&éﬁ%tgw Tay be

the waste flow rate naybe continuous, and thus a

combi ned in @arshetgtss mymipiring of iht waistndost efe AN liguidherdihew degopgest ant
syst ens accordi{fg tdo the first and second aspects are best incorporated as -
an integral [FaPEREFd 4néthe prodeypiagmixeestaontinuen noenally. Howevers ifttear t hat

h [ ' h di | fi bl e,
Separatel y. orPBANEHPD) Skt rbatat ks Gaviimburs drcreeasnd-beked vast e

converters oOfthd B&n@&ime%hé‘l‘%ﬂ&ﬁ &ﬁg .01/ Og%.g) 43, Wil e
in the foregoi ng descripti o1 deélt.:rl gﬁegﬁé?ﬁ,&‘ﬁ“‘%ﬁéﬁlgﬁ#ﬁp Bﬁ’f?ht? ‘
enbodi ment s ebntrbider V@Ot ithen deteripiihds béhrettd ethstoad Dhighos8batitity) & i n the
art that thﬁ: lnvention is not limted thereto and that ot'’her variations in .

formand detARRSBYEIOm Sl ving oopurresuendéhsr thenfrst decorgesticr sperand
spirit of t h?naf by %Bgr'a?erh Qseﬁeefe{]nb%fgr(élé)e%ggbed with respect to the first aspect of
the present invention, mutatis mutandis,(steps (IX) to (XII)).

In Figure 9, an alternative operating mode for the third embodiment is
illustrated, the main difference between this mode and the operating mode in
Figure 8 being that step (IIIb), monitoring the waste flow rate, is performed

before step (IlIa), monitoring the liquid product level.

Alternatively, monitoring of the liquid product level and of the waste flow

rate may_be continuous, and thus steps (I2) and (I1Ib) may be combined in a

single symptoms-evaluating step.

While the flow decongestant systems according to the first and second
aspects are best incorporated as an integral part of a'plasma-type mixed waste
converter, it is clear that the systems of the present invention are each readily
retrofittable, separately or together, on any one of a large number of

plasma-based waste converters of the art.




1 4 MAR 2005 . 112951W0100 44 Clains: 1. A systemfor nmaintaining 4 & MAR 2005
substantially decongested a waste converting apparatus, the waste
converting apparatus having a waste converting chanber adapted for
accomodating a colum of waste, at |east one primary plasma torch neans
for generating a hot gas jet at an output end thereof and for directing
said jet towards a bottom |l ongitudinal part of the chanber, said system
conpri si ng: - watezksast one waste flow rate sensing neans atrieasdd Or
detecting a first predetermned status of a flowrate of waste in said
chanber; at |east one liquid product |evel sensing neans at |east for
detecting a second predeterm ned status4df a |iquid product level in said
chanber; at |I'wask @NGeSREONERS Si%h Vi tlet- in said
chanber such that duriﬁ%?oaper%ﬁeg%ﬁof sgig%&%fg?gnm&ea idg tag?n%"gkég?ﬂ&ig zone
may be sel ectémitdimentwidheimvienhion, #aiill lomdersioabg BeoHeakilled inahe alteast
partially renpving a brjdge-type congestion fromsaid chanber and/or to
subst ant i al | yihah @8 dnyerdivas meh dianised amo@agaaditbai athesvatationsdndesthiagd; sai d
secondary pl aspa, tor ckkE rreanﬁgbeiqﬁ ectivel.y operable at least _in

e

se
response to SRS PEHEPAsSHIR Withew ‘i‘?pﬂ% P 485 Concaed spHitrfdthesecond
~ status bei ng ;detardrBithbreid-didtisyt emas clained in claim1, wherein said at
| east one secondary plasma torch nmeans is |ocated internedi ate between
said primary plasma torch neans and an upper portion of said chanber. 3. A
systemas clainmed in claim1l, wherein said waste converting apparatus
conpri ses at |east one gas outlet neans at an upper |ongitudinal part of
the chanber. 4. A systemas clained in claim3, wherein at | east one said
secondary

s i e s .




pl asma torch neans is located within a lower third of the said chgnpg{m 2005
taken vertically between said primary, plasma torch neans and sai d gas
outl et means. AMENDED SHEET 14 MAR 2005 11295/WO'00 45 S. A system as
claimed in claim4, wherein at | east one said secondary plasnma torch neans
is located within a mddle third of the said chanber taken vertically

bet ween-.sai d prizesW@opl asma torch neans and said gas outlet nmeans. 6. A
systemas clained in claiml1l, wherein said first predeterm ned status
corresponds to a detected waste flow rate | ower than a predeterm ned
mnimum 7. A systemas clainmed in claimgg wherein said second

pr edet er m ned cft_at us corresponds to a detected liquid product |evel not
greater than a“‘#¥¥yeterni ned maxi num 8. Apparatus for converting waste
conprising:. (a) a waste converting chanber adapted for accommobdating a

col um o:‘ \&asteAsyﬁieﬂ: fnhmdiﬂtf nidin gisngst_aminmrpmoh. mfedted(Divaste doneetingne .
primary plasma_torg ans for generating a,hot gas jet ., at an output en
t hereof and f JPPPEFGRE: gwéﬁﬁed%ﬁwg?a%g{‘%ﬂﬁ]al%?t“ﬂﬁ?’ﬂ%i“gpart of
the chanber; (hhm¥er |s8HledOfn® AsdcaintbdRERE UC kolathnl 6f WHAEE)Satleadt lqwer

| ongi t udi nal art of said chanber; said apparatus further conprising a
first decongesitimarysplagrantorsh meangder sqneratig Hhet oom et af an outpugepd o

~ Apparatus as GhajedBand for Gikbith S saifl§oPiowakda Bothdr ek dituadll pasd ¢f thgcond
chamber, said system comprising:-

at least one waste flow rate sensing means at least for detecting a first
predetermined status of a flow rate of waste in said chamber;

at least one Hquid product level sensing means at least for detecting a
second predetermined status of a liguid produet level in said chamber:

at least one secondery plasma torch mezans having an outlet in said
chember such that during operation of said system a high temperature
zone may be selectively provided within sald converting chamber for at
least partially removing a bridge-type congestion from said chamber and/or
to substantially prevent occurrence or propagation of such a conge:stion;

said secondary plasma torch means being selectively operable at least
in responge to said predetermined first status and said predetermined
second status being detected.

2. A system as claimed in claim 1, wherein said at least one secondary
plasma torch means is located intermediate between said primary plasma
torch means and an upper portion of said chamber.

3. A system as claimed in claim 1, wherein sald waste converting
apparatus comprises at least one gas outlet means at an upper longitudinal
part of the chamber.

4. A system as claimed in claim 8, wherein at least one said secondary
plasma torch means is located within a lower third of the said chamber

taken vertically between said primary plasma torch means and said gas
outlet means.
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pl asma torch neans. 10. Apparatus as clained in claim9, wherei n'.‘ag MR 515
sone of said plurality of said second plasma torch neans are distributed
longitudinally with respect to said chanber. 11, Apparatus.as clainmed in
claim9, wherein at |east sonme of said plurality -of said second plasna
torch neans are distributed circunferentially with respect to said
chanber:: AVENDERSBMEET 1 4 MAR 2005 11295/WO' 00 46 12- Apparatus as
claimed in claim8, further conprising at | east one application point
adapted for selectively enabling introduction of a plasma torch neans with
respect to said chanber. 13. Apparatus as4glained in claim 12, wherein each

said application,point copprisgi,ng.a suitable sleeve for accomodati ng
therein a qut.d s BcB mﬁﬁa@ﬁﬁ”ﬁcﬁ‘c‘ﬂ% h“&ﬁﬁ’ﬂéﬁrlf% %Béabﬁ feANeATYsaj d
second pl asma $1asmh torehi Hbans! 18 Thatad Mﬁgangiaareoeﬁme& thB Shilf clldihérnanmber  at

a predetermned_ | ocatjion correlated to said corresponding application

poi nt, and whelesph vertically hetyeen sajd guireany) plaspe dengh apeanst andosaidagas

conmmuni cati on Qglpesiant he chanber and the outside when said sleeve is not
accomodating a said second plasnma torch. 14. Apparatus as clained in claim

12, conprisighg aAisght@\aA{hastaaﬂed%ac&jmaﬂwﬂeﬁé‘hieia_ t HedetedminedMRARGL US as

[
clainmed in claim erein at |east sone of sal plﬁra Ity of said
appl i cati on pdirRespands tgi atdetastade waptengpw st dower thiepha predgtensvined sai d
chanber. 16. ﬁﬁﬁ@?ﬁhﬂs as claimed in claim 14, wherein at |east sone of
said plurality of said application points are distributed

circunferent al | X 3ifsichn as claimed in claim 1, wherein said second predetermined
status corresponds to a detected liguid product level not greater than a
predetermined maximum,.

8.  Apparatus for converting waste comprising:.

() a waste converting chamber adapted for accommodating a column
of waste, said chamber having an upper end;

(b) at least one primary plasma torch meanas for generating a hot gas
jet at an output end thereof and for directing said jet towards a bottom
longitudinal part of the chamber;

(c) at least one liquid product outlet means at a lower longitudinal
part of said chamber;

said apparatus further compriging a fivst decongestion system as defined
in any one of claims 1 to 7.

9, Apparatus as claimed in cleim 8, compriging a plurality of said second
plasma torch means.
10.  Apparatus ag claimed in claim 9, wherein at least some of said plurality

of said second plasma torch means are distributed longitudinally with
respect to said chamber,

11,  Apparatus as claimed in claim 9, wherein at least some of said plurality
of said second plasma torch means are distributed cireumferentially with
respect ta said chamber, ' |
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respect to said chanber. 17. Apparatus as clained in claimS§, furtqghﬁR2m5
conprising suitable control neans for controlling operation of sgi I rst
decongesti on system operative connected to said at | east one waste fl ow
rate sensing nmeans, said at |least one liquid product |evel sensing nmeans
and said at | east one secondary plasma torch neans. 18. Apparatus as
clainmed in plq%g%ﬁﬁ%%yrther conprising at |east one suitable gas flow rate -
sensi ng neans Itoring. the-volume flow rate of product gases

provi ded by said apparatus via said gas outlet neans. 19. Apparatus as
clainmed in claim118, wherein said control,nmeans is operatively connected
to said gas flow rate sensing neans. AME D SHEET 1 4 MAR 2005 11295/ W)/ 00
47 20. Appagat uspmaretisdangldimed| i olafim 8,ufurtier compmidisg g least enknl et

means associ ated,_ wt{h said uppe art of . said,chanper. 21. ,Apgaratus as
clained in cl éPWOW@#PE%d@gWEfSF%V#%W%hHE&H odyahion of 8Rlasma oj 1 | ock
nmeans conpri Sitﬂ&h%ééﬁ@%%%{i@dﬁ@éaiﬁ%:hﬁé}l ating a predeterm ned quantity
of said waste sequentially froman inside of said chanber and from an

outside of gai d LhbRE as23ainARNAl MiHS 12 Sviidvaingadh isaidChilian@etl pointr t her
conprising waste conposition deternination neans for at | e%st partially
det er mi ni ng a CCEBREES £ wtable fleeye foroaccpmmodating,therein, f,apid gegond o r 4t s
as clai med in yididloseh sitASh&E BurSid ShetiSirtofGalinesidd plasmal eireh Aiigh | on nmeans
i's operatively connected to said control neans. 24. Apparatus as clainmed in
any one of cl A¢mpeiyzs zose prayidaddrside fha chamber at agwedatermiaed logatien on

(System for deconRest {o\Gid BikepbhdiBk RppRiatioRaine, arPRHEreld BAd3RR6 AL US,
sai d second decongestl on syst er% conprising:

is selectively sealable to prevent communication between the chamber and

the outside when said sleeve is not accommodating a said second plasma

toxrch.

14, Apparatus as claimed in claim 12, comprising a plurality of said
application points.

15. Apparatus as claimed in claim 14, whersin at least some of said
plurality of said application points are distributed longitudinally with
respect to said chamber.

16. Apperatus as claimed in claim 14, wherein at least some of said
plurality of said application pointz are distributed circumferentially with
reapect to said chamber.

17. Apparatus as claimed in claim 8, further comprising suitable control
means for controlling operation of said first decongestion system operative
connected to said at least one waste flow rate sensing means, said at least

~one Haquid product level sensing meang and said at least one secondary
plasma torch means.

18. Apparatus as claimed in claim 8, further comprising at least one
suitable gas flow rate sensing means for monitoring the volume flow rate of
product gases provided by said apparatus via said gas outlet means.

19. Apparatus as claimed in claim 18, wherein said control means is
operatively conmected to said gas flow rate sensi‘ng means.
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at | east one fluxing agent inlet nmeans in said chanber separate fq’rl'o'r"!h}s‘gazlﬂg

waste inlet nmeans, for selectively providing at |east a quantity of at

| east one fluxing agent to a |ower part of said chanber for at |east
partially renmoving a solid deposition type congestion and/or high

viscosity liquid product-type congestion fromsaid chanber, and/or to
substantially ﬂ% ﬁﬁooccurrence or propagation of such a congestion; at

| east one said %ﬁﬁ product |evel sensing nmeans at |east for detecting a
third predeterm ned status of a liquid product level in said chanber; said
at | east one fluxing agent inlet neans beﬁng sel ectively operable at | east
I n response to said predeterm ned third st'atus being detected. 25.

Appar at usdaaocl ahgpﬁh-ainﬁa gdclaidﬂggo cMmraeiﬁml'thai aldarrt;iﬂbstng ﬁmldlhlﬁtrmmcb st aLus
corresponds to a detect, .iqguid product. level substantially greater than
a predet erni PSS TR SANERES DR ERE P CPaIREF- 2005 11205/ WO 00 . 1 48 26,

Appar atus as,_clainmed in clajm 24, erein said.at Jeast opne Liquid |evel
sensing nearfs- i SABH%k"éﬁjf‘? G*“@E@éﬂmw fadgi‘@ﬁ# ﬁ@ldsgiaﬁtes’é’é’%dngﬁln&t us or
said t bird sdogipise®bnldifltel nitaad ¢6inpkiega lodding ARRAbEE th% iddlatihgianed in
claim 24, wherein said at least one_liquid | evel ensi ng nmeans conprises a

vi sual indi catRFedetaEnined munatitypf epdd wasty sepuentizlly frgmnan snside 0f sgidey

directly sai d dnhiagitef ah® B8k arsitsite BASa34 bBardlerc| ai Med in claim 27, wherein
said visual indicator conprises a suitable w ndow. 29. Apparatus as

claimed in ghai NAggaraiierRi nifaed & tlaant 201€ fithed codf@iting Nwaktemans is
ot T R on “SalErmosbs hbans” B o Yeast Fhshislly determaining &
composition of waste fed to the said chamber,

28. Apparatus as claimed in claim 22, wherein said waste composition
determination means is operatively connected to said cosntrol means.

24. Apparatus as claimed in any one of claima 8 to 23, further comprising a
second decongestion gystem for decongesting waste within said waste

converting apparatus, said second decongestion system comprising:-

at least one fluxing agent inlet means in said chamber separate
from said waste inlet means, for selectively providing at least a quantity
of at least one fluxing agent to a lower part of said chamber for at least
partially removing a solid deposition type congeation and/or high
viscosity liguid product-type congestion from said chamber, and/or to
substantially prevent occurrence or propagation of such a congestion;

at least one said liquid product level sensing means at least for
detecting a third predetermined status of a liquid product level in said
chamber;

said at least one fluxing agent inlet meana being selectively operable at
least in response to said predetermined third status being detected.

25. Apparatus as claimed in claim 24, wherein said third predetermined
status corresponds to a detected liquid product level substantially greater
than a predetermined maximum,
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products outl et neans and said waste inlet neans. 30. Apparatus ad tMAR G
in claim?24, wherein said at | east one fluxing agent inlet neans is

| ocated i nternedi ate between said primary plasna torch nmeans and said
waste inlet means. 31. Apparatus as clainmed in claim30, wherein at | east
one said fluxing agent inlet neans is vertically spaced from.said primry
pl asma.torch nmeumgoby a predeterm ned spaci ng such as to enable a fluxing
agent provided to said chanber via said fluxing agent inlet nmeans to be
substantially nelted by neans of said primary torch neans, 32. Apparatus as
claimed in claim 24, wherein said fluxinggagent inlet neans is operatively
connected to at | east one suitable source of fluxin agent. 33. Apparatus

as cl ai med i%§: c| Abparagys galaimead iaciaim 24, rwherain saidsat ong &iquitdlevel pl asma
2 oh Houd ' . . _ . . .
orch means a#g,g.g%a%é £da ﬁ?h&e&ﬂ%ﬁ@&é@é@?ﬁ%ﬁﬁ%@%ﬁ&ﬂ ation o

said systema tenperat ure-zone nay W t hin

sai d convert i rigindrshnie of bgud pasducblerelabl e a f1 uxi ng agent provided to said
chanber via said fluxing agent inlet nmeans to be substantially nelted by
means of sai2d- sebbpatatus aaﬁmm.dmmmmdgmmmemd le¢€195PWO 00

49 84. ' . alm: ' ' I f 1 uxi
2gent inl ot noaang bR iESrisdd oyl unfoatU B R E) £ BerpfoRBEaRAC ! "
di sposed i n a appriatys tordewalivectly saidiigniddevelon Wit h sai d chanber. 85.

Apparatus as rinmed in claim?24, wherein at least one said fluxing agent is
provi ded i n28owddpraratusr s daimedpimreleins 275 wherpime @aidn vidual rindieatorher ei n at

| east one sai Gofaplsbd P suitdiMridddwlr OVi ded in granulated form
29: Apparatus as claimed in claim 24, wherein said at least one fluxing
apent inlet means is located intermediate between zaid at least one liquid
products cutlet means and said waste inlst means,

30. Apparatus as claimed in claim 24, wherein said at least one fluxing
agent inlet means is located intermediate between said primary plasma
torch means and said waste inlet means.

31, Apparatus as claimed in elaim 30, wherein at least ons said fluxing
agent inlet means is vertically spaced from said primary plasma torch
mesns by a predetermined spacing such as to snable a fluxing agent
provided to said chamber via said fluxing egent inlet means to be
substantially melted by means of said primary torch means,

82. Apparatus as claimed in claim 24, wherein said fluxing agent inlet
means is operatively connected to at least one suitable source of fluxing

agent.

33. Apparatus s claimed in cdaim 24, further comprising at least one
secondary plasma torch means having an outlet in said chamber such that;
during operation of said system a high temperature-zone may be selectively
provided within said converting chamber such as to enable a fluxing agent
provided to said chamber via said fluxing agent inlet means to be
substantially melted by means of said secondary torch means.
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37. Apparatus as clained in claim24, wherein at |east one said fl &kiWR 2005
agent is chosen fromanong Si2 (or sand), CaO (or CaC33), MO Fe2(s,,

K20, Na20O, CaF2, borax, dolomte, or any other suitable fluxing material

i ncludi ng any suitable conposition conprising at l.east one suitable fluxing
material. 38. A nmethod for decongesting an apparatus for converting waste,
wherein said g mr,%bls conprises a waste converter chanber adapted for
accommmodating a col unmm of waste; at |east one prinmary plasma torch neans
for generating a hot gas jet at an output end thereof and for directing
said jet towards a |ower l|ongitudinal payg of the chanber; at |east one

|l iquid product outlet neans at a | ower |ongitudinal part of said chanber,
wher ei n sai d4ret Applamabaspas steimed (in)clgmo88,dwherettt sdidanit leasteome flamibgy y pl asma

torch neans havjng. out | et anber s c t ha rin o eration of
said system a ‘f’ﬁ"&ﬁ ‘aﬁﬁﬁﬁmtﬁﬁﬂiﬁtqwg °B2 SE@F iff“gﬁ i t hin
sai d converti r:uspo@mmm@chmbaaammmm@hbummmmm&rl dge type -

congestion from said chanber and/or to substantially prevent occurrence or

pr opagat i on 85of Apndramscamghﬁhébﬁn chNDE DvEiddeinT afl lohsVBite 2085f14:4285/ WO DO |
so (b) rmnltorln the wra %]‘ waste within said chanber via suitable
waste flow rat@e’él %ﬁwa?a ﬁf)"f’i‘i toring the |l evel of |iquid products

at a1 ower gnggg@amalg o Hodun8 18 Ul PRU RS, ¥ Bast'bh s by product

| evel sensi
agent is provided in granulated form.
37. Apparatus as c¢laimed in claim 24, wherein at least one said fluxing
agent is chosen from among SiOs (or sand), Ca0 (or CaCO0s), MgO, Fez0s,,
K30, NazQ, CaFy, borax, dolomits, ar any other suitable fluxing material
including any suitable composition comprising at least one suitable fluxing
material.

38. A method for decongesting an apparatus for converting waste, wherein
said apparatus comprises

a waste converting chamber adapted for accommodating & column of waste;

at least one primary plasma torch means for generating a hot gas jet at an
output end thereof and for directing said jet towards a lower longitudinal
part of the ehamper;

at least one liquid product outlet means at a lower longitudinal part of said
chamber;

wherein said method comprises :-

(2) providing at least one secondary plasma torch means having an
~outlet in said chamber such that during operation of said system a high
temperature zone may be selectively provided within said converting
chamber for at least partially removing a bridge-type congestion from
said chamber and/or to substantially prevent oceurrence or propagation
of such a congestion;
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(d) if the volunme flow rate at (b) decreases bel ow a predetern nedq Ak Bidn
and the level at (c) does not substantially increase above a predeterm ned
maxi num val ue, operating at | east one said second plasna torch neans; (e)
mai nt ai ni ng operation of said secondary plasma torch neans until the waste
flowrate at (b) is substantially restored to its predeterm ned m ni num or
until the |eve I's substantially restored to its predeterm ned
maxi nrum wher eupon steps (b) to (a) are repeated. 39. A nethod as clainmed =
in claim38, wherein said at | east one said secondary plasma torch in step
(a) is provided at a |l ower portion of sai@ chanber and at | east one ot her
sai d secondary plasma torch is provided a an upper part of said chanber
with respeet to sai db) memitoying ttherflovamdie o emstienwithivp saidd¢hsalsbr( ea ar e
replaced with thgm%%%llgyvi n%}ste S: (f) if the volune flow rate at (D)
decreases bel ow A%I PR HORE Y the | evel at (c) does not
substantially i crease ahove redeter m.ned xi mum val ye, .opergting at
| east one said seco@gmoﬁ‘&ﬁﬁﬁﬁ%ﬁ%‘ﬁi]%mda?m@g&ﬁ 91‘;&%’?"”5:1%“%‘? d chanber
according to a partsfsadfeppirabgs vindaitalg)iquidl prdticy Rivelg@nbihgwmeaake at (b) is
still below said predetermined mninumand the |level at (c) has not
substanti al | y i ncr efds ddthabmbene flawdrape atl ¢1) alcotenssd hlowr mpredatbrmginedper at i ng
at | east one said.secon t or,qh, nean t Ld, upper patt of said
chanber; (h) nai %E%F‘M“h%"%%?i%%ﬁ%é@ %?F&"g@g%ﬁ@‘glyp é)flh‘f“f,‘i'n"maans at
t he upper part ofredeiceimixedmvarimunhi taltbecopurating fat deastabwe ahid( Bdcond AVENDED
SHEET 1 4 MAR M 11}1295/\/1\_8’100 51

~ plasma torch means;

(e) maintaining operation of said secondary plasma torch means
until the waste flow rate at (b) is substaniially restored to its
predetermined minimum or uniil the level at (¢) is substantially
restored to its predetermined maximum, whetreutpon steps (b) to {e) are
repeated.

39. A method as claimed in claim 38, wherein said at least onme said
secondary plasma torch in step (a) is provided at a lower portion of said
chamber and at least one other said secondary plasma torch is provided at
an upper part of said chamber with respect to said lower portion, and
wherein steps (d) and (g) are replaced with the following steps:-

() if the volume flow rate at (b) decreases below a predetermined
minimum and the level at (¢) does not substantially increase above a
predetermined maximum value, operating at least one said second
plasma torch means at said lower end of said chamber according to a
first operating mods;

(g) if the volume flow rate at (b) is still below gaid predetermined
minimum and the level at (¢) hag not substantially increased above
said predetermined maximum value, operating at least one said second
plasma torch means at said upper part of said chamber:

(h) maintaining operation of said secondary plasma torch means at
the upper part of said chamber until the waste flow rate at (b) is
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substantially restored to its predeterm ned mnimumor until the | evgl R A
(c) is substantially restored to its predeterm ned maxi num  wher A
steps (b), (c), (0, (g) and (h) are repeated, 40. A nethod according to
claim39, wherein said first operating node conprises activating the said
at | east one secondary plasnma torch at said |ower and of said chanber for
a predet er m nedpdshwi@ng Nt erval and then deacti vati ng the sane, 41. A method
according to any one of clains 38 to 40, wherein said apparatus further
conprises at |least one fluxing agent Inlet neans in said chanber separate
fromsaid waste inlet means, for selectiggly providing at least a quantity
of at least one fluxing agent to a |ower part of said chanber for at | east
partial ly renovi mgbstasbalixirestqped by ite pradpprminedgeiiinom mmﬂnirtheﬂe'g:ﬂl

viscosity liquid uct - t est.i o S ha r nd/or to

substantial ly pr@?eﬁ“? B él %ﬁ@’g{' EF@ g}é\t%nﬁgaﬂé n‘%g &tton, said
met hod further cmﬁere@ongtépb@bb(cﬁﬁﬂ.(gldﬂd(h)atdupb%&.l at (c) substantially
i ncreases above said predeterm ned nmaxi num val ue, operating at |east one

sai d second40pl aAnmethod cdecoredings tmcladrai 89,1 wheveine paid dfirss aipdratingrbede accor di ng

to a second operating node; (j) Jif the |evel at has no decr. ased to
bt east - oai d RPN SHTARDE thi Briah 1955t % epRrabl Hasha PR BIL <ol d
second pl asmiowéy 6hd BE AR &iazﬂﬂrdfoﬂ&oﬁfedﬁﬁbﬁmﬂ tfedinedtonbahd thin

provi ding a predet erm ned quantity of at |east one fluxing agent to

chanmber via s&e8cH C838%t inlet means until the level at (c) is
substantially restored to its predeterm ned maxi num whereupon steps (b),
(c). (i), (K). amsl mkt)hodrmoxdﬁlwttechnyﬂﬁnemfrﬂajmsacﬁoOMi mdierein cdaad m 41,

sher ol oot S SR AR o s A TR Aol bdPrbli B 2 et
chember separate from said waste inlet means, for selectively providing at
least a quantity of at least one fluxing agent to a lower part of said chamber
for at least partially removing a solid deposition type congesticn and/or
high. viscosity liquid product-type congestion from said chamber, and/or to
substantially prevent occurrence or propagation of such a congestion, said
method further comprising the steps;

(3) if the level at (c) substantially increases above said
predeteymined maximum value, operating at least one said second
plasma torch means at said lower end of said chamber according to a

second operating mode;

@ if the level at (¢) has not decreased fto at least said
predetermined maximum value, operating at least one said second
plasma toreh means at said upper part of said chambe;

(lt) providing a predetermined quantity of at least one fluxing agent
to chamber via said fluxing agent inlet means until the level at () is
substantially restored to its predetermined maximum, whereupon steps
(b), (), @), §) and (k) are repeated.

42, A method according to claim 41, wherein said second op'erating mode
comprises activating the said at least one secondary plasma torch at said
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52
lower end of said chamber for a predetermined time interval and then
deactivating the same.
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