WO 01/92784 PCT/ 1L01/ 00466 -1 APPARATUS FOR PROCESSI NG WASTE Techni cal
Field The present invention relates to an apparatus for processing waste.
In partiveobes278¢ he present invention is directed to an appwiaiwsiscadapt ed
for processing liquid waste in a plasma torch based waste processing

pl ant. Background The processing of waste |nclud|ng muni ci pal wast e,

medi cal waste, tOXICﬁEE% dj.pact.i _ : p| asma-torch based
wast e processing pla D EEHS D badre 1, a typica
prior art plasna based processing plant (1) conprises a processing chamber
(10) typigall nFAlae formof a vertical shaft, in which solid or m xed
(i.e., s id and/or sem|liquid and/or gaseous) waste (20) is
introduced at t he upper end thereof via a air lock arrangenent (30). One
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chanber (10) to convert carbon, produced in the processing of organic
waste, into useful gases such as CO and H2, for exanple. A simlar
arrangenment for dealing with solid waste is described in US 5,143,000, the
contents of which are incorporated herein by reference thereto. Wile
SU|tabIe§£%%g%%% ng with solid waste, this type of processing plant is
general | rtaol e for dealing with liquid waste, in particular liquid
organic

The processing of waste including municipal waste, medical waste, toxic and

a

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 prbcessing chamber (10) typically . the form of a
vertical shaft, in which solid or mixed (i.e., solid plus liquid and/or semiliquid
and/or gaseous) waste (20) is introduced at the upper end thereof via a air lock
arrangement (30). One or a plurality of plasma torches (40) at the lower end of
the chamber (10) heats the column (35) of waste in the chamber (10),
converting the waste into gases that are channeled off via outlet (50), and a
liquid material (38) (typically molten metals and/or slag) which is periodically
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 H,, for example. A similar arrangement for
dealing with solid waste is described in US 5,143,000, the contents of which

are incorporated herein by reference thereto.

While suitable for dealing with solid waste, this type of processing plant is
generally unsuitable for dealing with liquid waste, in particular liquid organic



WO 01/92784 PCT/ 1L01/ 00466 -2 waste and other liquid waste which are
volatile in the lower to md tenperature range, i.e., between |ess than
100C to avout/9B8OC. Such liquid waste, when fed to the cha@mien/o046) via
t he upper air | ock arrangenent (30) tends to be vaporised well before
reaching the | ower, high-tenperature peltions of the chanber (10). Thus,
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mul ti-zone waste processing systemincludes a feed subsystemfor providing
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pitch tend to be entrained with product gases produced in the high temperature
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conversion process, and are removed from the chamber (10) via. gas outlet
(50). Such particulate matter may include other organic matter which is
removed from the chamber (10) before it has been fully converted by the hot
gases generated by the‘ plasma torches. While a scrubber system may be used,
in particular a wet scrubbing system, for pleanjng the product gases, the

particulate matter and the pitch nevertheless need to be further treated.

A number of devicés have been proposed for dealing with liquid-type waste.
For example, in US 4,989,522, mixed waste is separated mnto solid waste and
liquid waste, the latter being fed to the converting chamber via a separate inlet
at the top of the chamber, leading to sumilar problems of vaporisation, as

described above.

In US 5,809,911, a complex multi-zone waste processing system includes a
feed subsystem for providing liquid waste to a first reactor. The feed subsystem

is located below the plasma torch, and thus the liquid waste is entrained with



Is | ocated below the plasma torch, and thus the liquid waste is entrained
with WO 01/92784 PCT/ 1L01/00466 -3 the plasma jet towards the bed of

nol ten sivegomnex7eti al that collects at the bottom of the pawmiyano466he great
di sadvantage of this arrangenment is that the [liquid waste effectively
cools the slag, leading to crystallisati-on and partial solidification of
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which may be collected from the bottom of the chamber. Thus, this system

cannot deal also with regular solid waste, and in aﬁy case the liquid waste
needs to be preprocessed with the glassformers. Furthermore, the system is
designed particularly for inorganié waste, and is riot as suitable for dealing with
organic liquid waste, in which the conversion process results in gaseous rather

than vitrified products.

In US 4,886,001, waste is mixed with water/methanol solvent, and the mixture
is injected into a manifold concentric with a plasma torch, and mixed with air
prior to encountering the plume of the plasma torch. The addition of water to
the waste increases the feed throughput rate of the apparatus, as compared with
prior systems which use an expensive MEK/methanol mixture rather than
water/methanol. Thus, this system is not suitable for dealing also with solid
waste directly, and the preprocessing of the waste with water/methanol results

m added complexity and costs.

In US 5,363,781, a device for treatment of liquid and gas waste 1s described, in
which a plasma torch comprises integral tubes or the like for transporting the



in added conplexity and costs. In US 5,363,781, a device for treatnent of

liquid and gas waste is described, in which a plasna torch conprises

i nt egral wabex7e¢ the |ike for transporting the WO 01/ 927B4T/B@T/044661/ 00466

-4 waste directly to the plasma plune via nozzles di.sposed at the ends of

the tubes. The device is directed to srall-scale waste di sposa
deal,with.solid,wa r mor
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relatively sinple nechanically and thus economc to produce as well as to

mai ntain. Lt is another -aimof the present invention to provide such a
devi ce t hat :

It is therefore an aim of the present invention to provide a device and method
for dealing with liquid waste which overcomes the limitations of prior art

devices and methods.

It is another aim of the present invention to provide such a device that may be

incorporated into a solid waste processing apparatus.

It is another aim of the present invention to provide a device for processing

liquid waste directly in a plasma-torch type processing apparatus.

It is another aim of the present invention to provide such a device that may also
be used for treating particulate matter and pitch previously removed from the

plasma torch based processing apparatus.

It is another aim of the present invention to provide such a device that is
relatively simple mechanically and thus economic to produce as well as to

maintain. -

It is another aim of the present invention to provide such a device that

incorporates a liquid feed system for feeding liquid waste directly into such an



incorporates a liquid feed systemfor feeding liquid waste directly into
such an WD 01/92784 PCT/ 1L01/ 00466 -5 apparatus w thout the need for
preproced0ng927Be waste, in particular such preprocessi nBCT/ALOMD4BA
solvents or other materials are added to the waste. It is another aim of
the present invention to provide such &-device for processing |iquid waste
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The present invention achieves these and other aims by providing a liquid
waste feeding system having an inlet to a plasma ’;orch based waste processing
chamber, the liquid inlet being disposed intermediate the primary plasma torch
arrangement at the bottom end of the chamber and the top of the waste column
within the chamber, in particular the gas products outlet. Further, the liquid
inlet is disposed within the chamber such that liquid waste flowing from the
+ inlet into the chamber is directed at a high temperature zone of waste column,
and the liquid inlet is typically associated with a hot gas jet means. The hot gas
jet means that provides the required high temperature zone may comprise one
or more secondary plasma torches configured to provide hot gas jets into the
liquid discharge zone of the inlet. Alternatively, the hot gas jet may be .
provided by the primary plasma torches, in which case the liquid inlet is
disposed within a predetermined area close to and above at least one of the

primary plasma torches.



-6- Summary of Invention The present invention relates to a device for
converting liquid waste within a waste converting apparatus, the waste
converti mgoappasat us having a waste converting chanber apapiigd/od4e
accomodating a colum of waste, at least . one first plasma torch neans
for generating a hot gas jet at an output end thereof and for directing
said jet {omards a Eotton1longitudinal part of the chanber and at | east
one gas a nyen upper longitudinal part of the chanber, said
device conprising: at |least one liquid waste inlet for providing liquid
communi cat,i on between said .chanmber and a supply of li.quigd waste, said at
| east on gthq H{ﬁsﬁn}"\ﬁm\ﬁn ﬁ%}apqso% ardeatoy CQF&E’E@% haﬁifg W?égff Frithinag d
out put end of saidégt | east netéirst pl asma,. torch and said at
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at | east one plas tQrch n ch that in operation of said device
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plasma torch neans that is associated wth said at |east one liquid inlet

conpr i sesat deastroneslpgridi wgstatinletfor providieg diguid chasmuanitcation betwesn dSand t hi s

enbodi ment, the at |east one liquid inlet and said at o _
chamber and a supply of liquid waste, said at least one liquid inlet being

longitudinally disposed intermediate said output end of said at least one first
plasma torch means and said at least one gas outlet means, wherein said liquid
inlet is associated with at least one plasma torch vmea.ns such that during
operation of said device liquid waste flowing from the inlet into said chamber
is directed at a high temperature zone provided by the at least one plasma torch

. means that is associated with said at least one liquid inlet.

In a first embodiment, the at least 6ne plasma torch means that is associated
with said at least one Liquid inlet is at least one of said first plasma torch
means. In this embodiment, the at least one liquid inlet is located within a
predetermined arc above said at least one first plasfna torch means in close
proximity thereto. The arc is typically about +30°from a centerline of said at

least one plasma torch means. -

In a second embodiment, the at least one plasma torch means that is associated
with said at least one liquid inlet comprises a corresponding at least one second
plasma torch means. In this embodiment, the at least one liquid inlet and said at

least one second plasma torch means may be disposed in a mixing chamber in



| east one second plasma torch nmeans may be di sposed in a m xing chanber in
WO 01/92784 PCT/ 1L01/ 00466 -7 comrunication with said chanber.

Al t er nat iweby9278he at |least one liquid inlet and said oneCrEgaEM6p asm
torch neans are |l ocated within said chanber, wherein said at |east one
liquid inlet and said at | east one plasma torch neans are preferably
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I nternmedi ate said at | east one first plasma torch neans and said at | east
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| east one plasma torch means such that during operation of said device

li qui d weomptisivgl-ng fromthe inlet into said chanber is directed at a high
tenperature zone provided by the at |east one plasna torch neans that is

associ at eduukic R etinh dheaBerdBiptddthdadYiodating a column of waste;

at least one first 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;
at least one gas outlet means at an upper longitudinal part of the chamber,

said device further comprising a device for converting liquid waste, said deviée
comprising:-.

at least one liquid waste inlet for providing liquid communication between said
chamber and a supply of liquid waste, said at least one liquid inlet being
longitudinally disposed intermediate said at least one ﬁ;st plasma torch means
and said at least one gas outlet means, wherein said liquid inlet is associated
with at least one plasma torch means such that during operation of said device
liquid waste flowing from the inlet into said chamber is directed at a high
temperature zone provided by the at least one plasma torch means that is

associated with said at least one liquid inlet.

- In the first embodiment, the at least one plasma torch means that is associated
with said at least one liquid inlet is at least one of said first plasma torch

means, and the at least one liquid inlet is located within a predetermined arc



In the first enbodi nent, the at | east one plasma torch neans that is
associated wth said at least one liquid inlet is at |east one of said
first pl asoa1/p8¢h neans, and the at | east one |iquid inPer/mim/obmeat ed
within a predeterm ned arc WO 01/92784 PCT/ 1L01/ 00466 -8 above said at

| east one first plasma torch nmeans in @lose proximty thereto. Typically,

the arc is about,30froma centerline of said at Least one plas torch
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associ at .Wi.1h said at |.east liquid inlet conprises a correspondi ng
at Ieast’iﬂé’i@?éC eﬁ?@ arg ’és%lﬁo‘%s[o?g %‘r%@n%.cepmrhlﬁ‘?soﬁgg‘éd@ { OpgePlRFMaast
one quu'{(?rﬁhnl et and said at |east one second plasnma torch neans nay be

di sposed 3 -ng chanber in communication with said chanber.
Alternatively, the at least one liquid inlet and said one second plasm

torch medms swcontaaabedinméithilic stlcdstbaePbismatskchirheans thads hsehdatddiui d
inlet and said at | east one plasma torch neans nmay be coplanar, wherein

the pl anevitf sgidnitdeastneneshididainldteashpisss 4 cattiedpondidp Ardastaimt sefordeast
one second plasma torch neans is preferably substantially perpendicular to
a | ongi t pthsnad terchsneins dndhisemnbedimdite tlepapleastisne piquidh ailey add shitbat
conpri ses waste input nmeans associated with said upper part of said :
chanber . 1¢dsé onesteeondppinsmastoscimaeansnmay be dispeased ih ackixmgrshatobear insi ng a
| oadi ng chanber for isolating a predeterm ned quantity of said waste
sequent i ebmmémigatian withi stid othasaber. chiermativetyy theoah beast onesligidoinlsti d
chanber. Optionally, the waste input neans ,further conprises suitable
di si nf ecandgandans esondegplesmiaviersh nansearergcateduanthin gaidf clsamber)| and
disinfectant to at |east_an outer portion of said air |ock neans. The
appar at uthopt leastl one hignichenlet angriasd sit deasti omeh plasmad terchi means ansy fber
coplanar, wherein the plane of containing said at least one liquid inlet and said
at least one second plasma torch means is preferably substantially

perpendicular to a longitudinal axis of said chamber.

The apparatus optionally further comprises waste input means associated with
said upper part of said chamber. The waste input means may comprisé an air
lock means comprising a loading chamber for isolating a predeierrnined
- quantity of said waste sequentially from an inside of said chamber and from an
outside of said cﬁhamber.ﬂ Optionally, the waste input means further comprises
suitable disinfecting means for selectively delivering a quantity of suitable

disinfectant to at least an outer portion of said air lock means.

The apparatus optionally further comprises a suitable collection means for
collecting molten products during operation of said apparatus. The apparatus
may comprise at least one outlet port for delivering molten products from said

collection means to an outside of said apparatus.

The at least one gas-outlet means may be operatively connected to a scrubber
means for removing at least one of particulate matter, liquid matter or

unwanted gases entrained with product gas stream leaving said chamber via



coll ecting nolten products during operation of said apparatus. The
apparatus nmay conprise at |east one outlet port for delivering nolten
product s Woomxai d collection neans to an outside of sai BCHppanateds. The
at | east one gas outlet neans may be operatively connected to a scrubber
means for renoving at |east one of partdcul ate matter, liquid matter or
es, enfrai ned vmfh roduc gas gam | eavi ng sai d chapber via
tt
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Figure 1 glhove/)s scherratl caIIy t he general | ayout and main el ements of a

typi cal B i xed wast e pl asma processing apparatus of the prior art.
Figure 2 shows schematically the nmain elenents of a first enbodi nent of the
present iTher eppatatns taasa beyadapted sfoir i abovinxmd dpting reoliet ecesss iand/@p iguid us.
Figure 3 shows a cross-section of the enbodi nent of Fi igure 2 taken al ong

X- X. Fi guvaste istseids chembent Thallignid veasteimay lcemprize of least enoraf eolatilé ment
of the Elresent inrelation to a typical solid/ mxed plasma processing
appar at usiquid waste or organic 11qu1d waste.

Description of Fiocures

Figure 1 shows schematically the general layout and main elements of a typical

solid/mixed waste plasma processing apparatus of the prior art.

Figure 2 shows schematically the main elements of a first embodiment of the

present in relation to a typical solid/mixed plasma processing apparatus.

Figure 3 shows a cross-section of the embodiment of Figure 2 taken along
X-X.

Figure 4 shows schematically the main elements of a second embodiment of

the present in relation to a typical solid/mixed plasma processing apparatus.

Figure 5 shows a cross-section of the embodiment of Figure 4 taken along
Y-Y.

Figure 6 shows a cross-section of an alternative embodiment to that of Figure 5.



Figure 5 shows a cross-section of the enbodi nent of Figure 4 taken al ong
Y-Y. Figure 6 shows a cross-section of an alternative enbodi nent to that of
Fi gure 5wom/@us2784 PCT/1L01/ 00466 -10- Disclosure of PawamiioosséThe
present invention is defined by the clains, the contents of which are to be
read as included within the disclosure-10f the specification, and will now
be descijbeﬁ bé\M?i(ﬁ ﬁxanple with reference to the acconpanying Figures.
The pres ¢ s to a liquid waste processing device for a
plasma torch based waste processing apparatus. Such a liquid waste

pr ocessi
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at | east one gas outlet nmeans at an upper . | ongitudi nal part of the
chanber. Inits sinplest form the liquid waste processing device

conprises: at least one liquid waste inlet for providing liquid
communi cati on between said chanber and a supply of |iquid waste, said at
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apparatus, 1s for use with a waste converting apparatus having a waste

converting chamber adapted for accommodating a column of waste (which may
include solid waste), at least one first plasma torch means for generating a hot
gas jet at an output end thereof and for directing said jet towards a bottom
longitudinal pért of the chamber and at least one gas outlet means at an upper
longitudinal part of the chamber. In its simplest form, the liquid waste

processing device comprises:-

at least one liquid waste inlet for providing liquid communication between said
chamber and a supply of liquid waste, said at least one liquid inlet being
longitudinally disposed intermediate said output end of said at least one first
plasma torch means and said at least one gas outlet means, wherein said liquid
mnlet is associated with at least one plasma torch means such that during
operétion of said device liquid waste flowing from the inlet into said chamber
is directed at a high temperature zone provided by the at least one plasma torch

means that is associated with said at least one liquid inlet.



means that is associated with said at least one liquid inlet. WO 01/92784
PCT/1L01/ 00466 -11.. Referring to the Figures, Figures 2 and 4

respecti weby1/9i7Bustrate a first and a second enbodi rent PETAILa/opteesent
invention. The plasma waste processing apparatus, designated by the

numer al (100) conpri ses a processing ghanber (10) typ| cally in the form
of a ver .Shaft V\/m ch_solid or m xed waste ed| ng system 20)
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independently as required. A closeable hop arrangement (39) funnels typically

solid and/or mixed waste from the feeding system (20) into the loading
chamber (36) when the upper valve (32) is open, and the lower valve (34) is in
the closed position. Feeding of waste into the loading chamber (36) typically
continues until the level of waste in the loading chamber (36) reaches a
predetermined point below full capacity, to minimise the possibility of any
waste interfering with closure of the upper valve (32). The upper valve (32) is
then closed. In the closed position, each of the valves (32), (34) provides an air
seal. When required, the lower valve (34) is then opened enabling the
substantially air-free waste to be fed into the processing éhamber (10) The
opening and closing of the valves (32), (34), and the feeding of waste from the
feeder (20) may be manually controlled and/or computer controlled, and may
include suitable sensors for sensing the level of waste in the loading chamber
(36) as well as in 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).



I ncl ude suitable sensors for sensing the |l evel of waste in the | oading
chanber (36) as well as in the processing chanber (10). Optionally, the
hop arrangene2184 (39) nay conprise a disinfectant sprayi npCeygti@met3' 1) for
periodically or. continuously spraying the sanme with disinfectant, as
required, particularly mhen nedlcal wagte is being processed by apparatus

(100). 01/ 92784 PCT, 1L -12_Th proceSS| ng chanber ((10) is
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level sensor detects when the level of waste drops sufficiently (as a result of

p—

processing in the chamber (10)) to enable another batch of waste to be fed to

the processing chamber (10) via the loading chamber (36).

One or a plurality of plasma torches (40) at the lower end of the proéessing
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 replacing or sérvicing of the
torches (40). The torches (40) generate hot gases that aré directed downwardly
at an angle into the bottom end of the column of waste. The torches (40) are
distributed at the bottom end of the chamber (10) such that m operation, the
plumes from the torches (40) heat the bc;ttom of the column of waste, as
homogeneously as possible, to a high temperature, typically in the order of
about 1600°C or more. The torches (40) generate at their downstream output

ends hot gas jets, or plasma plumes, having an average temperature of about



torches (40). The torches (40) generate hot gases that are directed
downwardly at an angle into the bottomend of the columm of waste. The
torches Wao)p1/ga784 di stributed at the bottom end of the cherab@01(008p such
that in operation, the plunmes fromthe torches (40) heat the bottom of the
col um of waste, as hormgeneously as {ossible, to a high tenperature,
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liquid droplets (including pitch), as well as any undesired gases (such as
HCl; H2S, HF, for exanple) fromthe product gas stream | eaving the chanber

(10) via outlet (50). Particulate matter may include organi c and inorganic
conponents. Pitch may be contained in the gas stream /| eaving outlet (50)

In gas orOkid#thg 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) méy further comprise a scrubber system (80) 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 HCL, HS,
HF, for example) from 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 elaborated upon heremn. The scrubber (80)‘ is
operatively connected downstream thereof to a suitable gas processing means
(90) such as a gas turbine power plant or a manufacturing plant, for example,
for 'economica]ly utilising the cleaned product gases, typically comprising at
this stage Hy, CO, CHy, CO, and N,. The scrubber (80) further comprises a

- reservoir (85) for collecting particulate matter, pitch and liquid matter removed



form Scrubbers capable of perform ng such tasks are well known in the art
and do not require to be further el aborated upon herein. The scrubber (80)
is operavovedysconnect ed downstreamthereof to a suitabl BCHEI1PIEEESSI NQ
means (90) such as a gas turbine power plant or a manufacturing plant, for
exanple, for economcally utilising the cleaned product gases, typically

conprising at . this stage H2, ) ,, CO2_and N2.. The scrubber (80).
further &Wpribeegas Proigts, B %)wcm ele oP Ik tNARGCPaFS iTeatieh @nﬁlaﬁﬂmd
pitch and |iquj.d mgtter.r ved 01/92784 PCT/1L01/.00466 -14 formthe
gas pr odm%tﬁe%b@ﬂ‘% Pilshareusie furhet p&ﬁea%s@gz@@tmﬂﬁog@sc ed herain er
(includig% pitch) require further processing, as will be described herein
bel ow. R kﬁ?ing to Figures 2 and 3, in the first enbodi nent of the present
i nvention, the device for processing liquid waste, generally designated at
(200), conprises .a liquid feed system (220) having at |east one inlet

(230) to the processing chanber (10) operatively connected to a liquid
waste reservoir (240) via suitable punp nmeans (not shown); The liquid feed
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the a plurality of reservoirs (240), each independently providing liquid waste to the

chamber (10) via one or more inlets (230) associated with each reservoir (240).
Multiple TeSEIVOirs (240) may be required, for example, when dealing with a
range of liquid waste, including some liquids which may be explosive when
brought together, and are thus are fed separately (and possibly at different
~ times) to the chamber (10).‘ The position of the inlet (230) within the
processing chamber (10) is an important parameter, and injection of liquid
waste into the chamber must be avoided at locations between the output end of
the plasma torches (40) and the liquid material (38) at the bottom of fhe
chamber, and at the upper end of the chamber (10) in which the temperatures
are not éufﬁcient to process the waste into product gases but only serve to
vaporise the liquid waste. Rather, the liquid waste inlet (230) is positionéd
longitudinally intermediate the plasma torches (40) and the top end of the
waste column (35), preferably close to at least the output ends of the plasma
torches (40). In particular, the‘ liquid waste inlet (230) is disposed within the
chamber (10} such that liquid waste flowing from the inlet (230) into the
‘chamber (10) is directed at a high temperature zone (260) of waste column
(35), and the liquid waste inlet (230) is typically associated with a plasma torch



chanber, and at the upper end of the chanber (10) in which the tenperatures
are not sufficient to process the waste into product gases but only serve
to vapowa@e1/931e4 | i quid waste. Rather, the liquid waste | PCRILODBBY i S
positioned longitudinally internediate the plasma torches (40) and the top
end of the waste colum (35) preferabls-y close to at | east the out put ends
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profile from the plasma torch (40) at the height of the location of the liquid
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waste inlet (230) such as to provide sufficiently high temperature to process the
liquid waste. Typically, said predetermined arc is about £30°from a centerline
of said at least one plasma torch (40). Of course, if the liquid inlet (230) is
located too high above the plasma torch (40), or beyond arc (290), the
temperature of the zone into which the liquid waste is fed mto the chamber (10)
may not be sufficient for the liquid waste to be fully converted, and is instead
vaporised or partially vaporised and removed from the chamber (10) via outlet
(50). If there are a piurality of liquid waste inlets (230), each one thereof
should be directed towards a high temperature zone provided by the same, or
alternatively different, primary plasma torches (40).

In this embodiment, liquid and particulate matter collected in reservoir (85)
from scrubber (80) is re-channeled into the chamber (10) via a shared or

alternatively separate liquid waste inlet (230). To assist the feeding of



| ocated too high above the plasma torch (40), or beyond arc (290), the
tenperature of the zone into which the liquid waste is fed into the chanber
(10) rmaywoot/oties sufficient for the liquid waste to be fubCyHgomuesst ed, and
is instead vaporised or partially vaporised and renoved fromthe chanber
(10) via outlet (50). If there are a fpburality of |IC]UId waste inlets

(230), each. e t-her eof be di re ted to t.e ture zone
provi dedPB*Fﬂ‘E S Htier o S‘ugoﬁérd]ﬁ% PO F@%{/szgﬁi?@@& hes
(40). In this enbodinent, liquid and particul ate rratter collected in

reser voi AS@EEATIEr om scrubber (80) is re-channeled into the chanber (10)
via a shared or alternatively separate liquid waste inlet (230). To assi st
the feeding of WO 01/92784 PCT/1L01/ 00466 -16 particulate natter, a
suitable |liquid may be provided to the reservoir (85) to act as a carrier.
Referring to Figure 4, in the second enbodi nent of the present invention,
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independently providing liquid waste to the chamber (10) via one or more
inlets (330) associated with each reservoir {340). As before, multiple reservoirs
may be required, for example, when dealing with a range of liquid waste,

- including some liquids which may be explosive when brought together, and are
thus are fed separately (and possibly at different times) to the chamber (10).
The position of the inlet (330) within the processing chamber (10) is an
important parameter, and injection of liquid waste into the chamber must be
avoided at locations between the output ends of the plasma torches (40) and
the liquid material (38) at the bottom of the chamber (10), and at the upper end
of the chamber (10) in which the temperatures are not sufficient to process the
liquid waste into product gases but oniy serve to Vaporise the liquid waste.
Thus the liquid waste inlet (330) is positioned longitudinally intermediate the
plasma torches (40) (in particular the output end thereof) and the top end of the
waste column (35) (in particular the gas outlets (50)).

As with the first embodiment, the liquid waste inlet (330) is associated with a

plasma torch means in order that liquid waste flowing from the inlet (330) into



i nportant paraneter, and injection of liquid waste into the chanber nust be
avoi ded at | ocations between the output ends of the plasma torches (40) and
the |iquivdona®®sd al (38) at the bottom of the chanber (10pCT/@md/osd66t he

upper end of the chanmber (10) in which the tenperatures are not sufficient
to process the liquid waste into produ(z{ gases but only serve to vapor| se
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As illustrated in Figures 4 and 5, the high temperature zone (360) may be at
least partially comprised within a mixing chamber (370) laterally extending
from the processing chamber (10). This arrangement provides for the mixing of
the liquid waste provided via inlet (330) with the hot gas jet or plasma plume
provided by the secondary plasma torch (48), enabling the liquid waste to be
contained and processed before entering the main waste column (3 5) n
processing chamber (10). Such an arrangement is thérefore particularly useful
when the device (300) needs to be situated nearer the top of the chamber (10),
where the temperature of the waste column (35) is substantially reduced, and in
which contact with this part of the waste column (35) could substantially
reduce the temperature around the inlet (330) such that at least some of the
liquid waste could vaporise rather than be converted by the plasma torch (48).



the liquid waste provided via inlet (330) with the hot gas jet or plasm

pl umre provided by the secondary plasnma torch (48), enabling the liquid
wast e t oweo1/gxst ai ned and processed before entering the pal/mLoadasice col unm
(35) in processing chanber (10). Such an arrangenent is therefore
particularly useful when the device (300) needs to be situated nearer the
top of trzj chanber 21 where the tepperatu, of the waste colurm 35) IS
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liquid inlets (330), any desired numerical combination of these two components

-

may be coupled together to provide one or more high temperature zone (360)
serviced by one or more secondary plasma torches (48) and one or more liquid
inlets (330), as needed. Of course, any such coupling would need to ensure
that, taking consideration of the longitudinal location thereof, thé plasma
torches (48) provide sufficient energy to maintain the corresponding high
temperature zones (360) at a sufficiently high temperature to ensure complete
conversion of the liquid waste provided by the corresponding liquid inlets

(330).

As with the first embodiment, liquid and particulate matter collected in
reservoir (85) from scrubber (80) is re-channeled into the chamber (10) via a
shared or separate liquid waste inlet (330). To assist the feeding of particulate
matter, a suitable liquid may beu provided to the reservoir (85) to act as a

carrier.



that, taking consideration of the |ongitudinal |ocation thereof, the plasm
torches (48) provide sufficient energy to maintain the correspondi ng high

t enper at weormies (360) at a sufficiently high tenperat urBCT/OL0B08466€
conplete conversion of the liquid waste provided by the correspondi ng
liquid inlets. (330) As with the firs4- enbodinment, liquid and particulate
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possi bl e wi thout departing fromthe scope and spirit of the 1invention
herei n di scl osed. WO 01/92784 PCT/ 1L01/ 00466

While in the foregoing descriptien describes in detail only a few specific
embodiments of the invention, it will be understood by those skilled in the art
that the invention is not limited thereto and that other variations in form and
details may be possible without departing from the scope and spirit of the

invention herein disclosed.



-20- Cainms 1. A device for converting liquid waste within a waste
converting apparatus, the waste converting apparatus having a waste
converti mgoohgat®eer adapted for acconmpdati ng a col um of P@ESLR/00&6 | east
one first plasma torch neans for generating a hot gas jet at an output end
t hereof and for directing said jet towmrds a bottomlongitudinal part of

t he charrzﬁr,and at | east one gas outlet nmeans at an upper | ongitudinal
part of anber, said device conprising: at- |east one liquid waste
inlet for providing |iquid comruni cati on between said chanber and a supply
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cl ose promé&gﬁn gﬁ reto. 4. A device according to claim3, wherein said arc
I s about 30 tenterline of said at |east one plasma torch neans.

at .least one liquid waste inlet for providiﬁg liquid communication
between said chamber and a supply of liquid waste, said at least one liquid
inlet being longitudinally disposed intermediate said output end of said at
least one first plasma torch means and said at least one gas outlet means,
wherein said liquid inlet 1s associated with at least one plasma torch means
such that during operation of said device liquid waste flowing from the inlet
into said chamber is directed at a high temperature zone provided by the-at
least one plasma torch means that is associated with said at least one liquid
1nlet.
2. A device according to claim' 1, wherein said at least one plasma torch

means that is associated with said at least one liquid inlet is at least one of

said first plasma torch means. -

3. A device according to claim 2, wherein said at least one liquid inlet is
located within a predetermined arc above said at least one first plasma torch

means in close proximity thereto.

4. A device according to claim 3, wherein said arc is about +30°from a

centerline of said at least one plasma torch means.



WO 01/92784 PCT/1L01/00466 -21 5. A device according to claim1, wherein
said at | east one plasnma torch neans that is associated wth said at | east
one | i quivdobnpxEB4 conpri ses a correspondi ng at | east one BeTad/opleasma
torch neans. 6. A device according to claim5, wherein said at | east one
quui d inlet and said at |east one seaopnd plasma torch rreans are di sposed

Xin anber in ni.cat i t h. sai nber . deV| ce
accordl n %o ‘@Q%@com@,gg?u ﬁt“f%ﬁ%‘ﬂl 8 @Pé@?&i PHPeE S LACR  one
second pl asnma tor neans ar 0 n said 8. A device
accor di ng t@eép%utﬁ‘?t? 15 \ e PEd ei W’&i‘aﬂ?al he‘%ﬁze‘m‘? 34%”3 el CARPTSSS R at
| east one pl asma ans are copl,ana A device according to claim
8, wherein $P&° %?gn @ﬁ%ﬁ%i%@&oggfﬁa%a Qrely megns. | i quid inlet and said
at | east one second pl asma torch nmeans is substantially perpendicular to a
| ongi t uditna. device adcosding whelabmrs, Wherehp paidedtugastosnehquel inletoanwhsiid
conprising: (a) a waste converting chanber adapted for acconmodating a
colum of awledst ofdyeaind psmatorchimsdnspi@sdmposedin awaixsng ohamber in
generating a hot gas jet at an output end thereof and for directing said
j et towar dscamhuiticatiommgil saidnelamlpart of the chanber; (c) at |east one
gas outlet means at an upper longitudinal part of the chanber, said device
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communi cati Gfle second plasma torch means are located within said chamber.

8. A device according to claim 7, wherein said at least one liquid inlet and said

at least one plasma torch means are coplanar.

9. A device according to claim 8, wherein the plane of containing said at least
one liquid inlet and said at least one second plasma torch means is

substantially perpendicular to a longitudinal axis of said chamber.
10. Apparatus for converting waste comprising;:-

(2) a waste converting chamber adapted for accommodating a column of

waste;

(b) at least one first 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;

(c) at least one gas outlet means at an upper longitudinal part of the

chamber,

said device further comprising a device for converting liquid waste, said device

comprising:-

(d) at least one liqﬁid waste inlet for providing liquid communication

between said chamber and a supply of liquid waste, said at least one liquid



bet ween said chanber and a supply of liquid waste, said at |east one |liquid
WO 01/92784 PCT/ 1L01/00466 -22 inlet being longitudinally disposed

i nternediveder/sasd at | east one first plasna torch neans pOUIaioMeat | east
one gas outlet neans, wherein said liquid inlet is associated wth at

| east one plasma torch neans such that-22duri ng operati on of said device
liquid waste.flowi.ng fromthe jnlet into.said ,chanber, i irected at a

i ot emoor S5 DA dCBEUVITE by RRSts, T ERTedERE SHaShaloRsh CHGTIRNG t hat
is associated with said at least gne liquid inlet. .11. An apparatus .
nocor i ng. tBIASA HIEB, eABS Al Sauahea bide B OBfISS TeahD LR RSId ha
is associated wt aid at least gne liquid inlet is at,|east on f said
first plas q&"ﬁr E‘ﬁe ﬁé?o%é.ed;ﬁ“ﬁb&érlsg Ogﬁdﬁﬁﬁpﬂgtqrgldpﬁ?% fﬁ?ﬁva%@ ein
said at |eagt .one liquid i-nle is located within.a predetern ned arc,above
said at | eadirighonertod of Saifh devie iR SRete Mk RERE MGt Bieafe " T
An appar at us, acgor di t.0 .cl.ai 2, Wherein said arc.s.abgout 30from a
centerline SIPaIQQFH lsaagp(éf%gt ato%g}%T g\%ﬁertag‘ﬂxg%%aﬂgq\gééa bXﬁf%ﬁp%iFﬁ%_%ne
according tg,clal rein.saj t, lLeas I . . ns that
e assoc: at SRR it Babif BRoRltel TR sARCa BN Pre LBUE e
correspondi ng at | east one second plasma torch neans. 15. An apparatus

according to claim 14, wherein said at |least one liquid inlet and said at
| east one second plasma torch nmeans are disposed in a mxing chanber in

one : ! o ) A
Comru Ca PN hEpdad: SEPSRRRe B Cviaih FORRIEIYS SEAcKdag bR B,
means are | Rﬁ@hgﬂg%ﬁﬁt M 18 aels@oﬁ%?éﬂ)gﬁth s3it afMeRPRAALYSIRRAS fll BOidRt ¢l ai m

16, wherein sal east one [iquidinlet
one of said first plasma torch means.

12. An apparatus according to claim 11, wherein said at least one liquid inlet
is located within a predetermined arc above said at least one first plasma

torch means in close proximity thereto.

13. An apparatus according to claim 12, wherein said arc is about £30°from

a centerline of said at least one plasma torch means.

14. An apparatus according to claim 10, wherein said at least one plasma
torch means that is associated with said at least one liquid inlet Jcomprises a

corresponding at least one second plasma torch means..

15. An apparatus according to claim 14, wherein said at léast one liquid inlet
and said at least one second plasma torch means are disposed in a mixing

chamber in communication with said chamber.

16. An apparatus according to claim 14, wherein said at least one liquid inlet

and said one second plasma torch means are located within said chamber.

17. An apparatus according to claim 16, wherein said at least one liquid inlet

and said at least one plasma torch means are coplanar.



and said at |east one plasnma torch nmeans are coplanar. WO 01/92784

PCT/ 1L01/ 00466 -23 18. An apparatus according to claim 17, wherein the

pl ane of wont/gd78é ng said at |east one liquid inlet and seCTIat/ohsast one
second plasma torch nmeans is substantially perpendicular to a |ongitudinal
axis of said chanber. 19. An apparatusgp@according to claim 10, further
conprisiq%gma te input neans. associated wiith said upper part of said
chanber, 120. asae s aecasdipgdpmlaim 4 7¢ wheseimothe\plane o coatainmgssaidi nput
means conprises an air .| ock nmeans .conprising a | oadi ng chanber for

i sol ating aat f?@éﬁ@ﬂ% m@w@&aﬁ iﬁ@!gcﬁﬁ@@ﬁt@%ﬁ@%ﬁ ma toch means an

i nside of said, -.chanber and _from an outside of said chanmber. 21. An
appar at us Substentindi Bepeadisular t%i@%glﬁl abaxig sl said g Bns further
conprises suitable disinfection neans for selectively delivering a
quantity 19f sAint appgratiusiatiesdiapt td ¢lain | KRS furfierodbfiprions i waste! ifAitd air
| ock means. 22. An apparatus according to claim10, further conpri'sing a

sui tabl e colehas hksutiardwitheaid appecpan®dHald ehambeguct s during operation
of said apparatus. 23. An apparatus according to claim?22, further

sai @ éii 2201 o Aardlf, o haiglad -?léézl%% 39 i el %ﬁ%ﬁ@ TS Bt e
operat i val y bRt &t ol 150 RedBLPofiensd b MABHED RnBiheF fon FFO1RGRE
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" chamber and from an outside of said chamber.

—

:C

21. An apparatus according to claim 20, wherein said waste input means
further comprises suitable disinfection means for selectively delivering a
quantity of suitable disinfectant to at least an outer portion of said air lock

means.

22. An apparatus according to claim 10, further comprising a suitable
collection means for collecting molten products during operation of said

apparatus;

23. An apparatus according to claim 22, further comprising at least one
outlet port for delivering molten products from said collection means to an

outside of said apparatus.

24.  An apparatus according to claim 10, wherein said at least one gas outlet
means is operatively connected to a scrubber means for removing at least
one of particulate matter, liquid matter or unwanted gases entrained with
product gas streamm leaving said chamber via said at least one gas outlet

means.



means. WO 01/92784 PCT/1L01/ 00466 -24 25. An apparatus according to claim
24, wherein said scrubber neans conprises a reservoir neans for collecting
at | east vomel/ef78sai d particulate nmatter or |liquid natterPeenundMieby said
scrubber. 26. An apparatus according to claim25, wherein said reservoir
nmeans is operatively connect ed to sai-d4-at | east one liquid waste i nlet
nmeans fo redirectin an of sa articulate matter of quid matter
in said I’2|5e eg-‘é‘oiap ?&agﬂ m@ éﬂaﬁ%é‘ﬁ 247 "WRRTEIB sk &Q%r Eﬁ‘eﬁﬁlsto any
one of clains 10 to 26 wherel n sa st.e ac dat ed nber

aid
conpri ses. SOTPRUAES AorcsshO R nGpaFal cotekEng af AR SR Sf A28 PATHERER sai d
waste to be cco dat e n.sad anmber, fur er conpri ses I|qU| d waste.
29. An appaf?lﬁi ﬁgo%‘ip}@ﬁt@eﬂ}ﬂy glnhl%ygqudcchp ®I10 to 26, wherein said
wast e accommodated in said chanber conprises liquid waste. 30. An apparatus
accor di ng@6t o Ahaappaatusmreceiding aodclaimulfl, walsdrein canpressrvoat nleaastisone of

volatile liquid waste or organic liquid waste. '
operatively connected to said at least one liquid waste inlet means for

redirecting any one of said particulate matter of liquid matter in said

reservoir means to said chamber.

27. An apparatus according to any one of claims 10 to 26, wherein said

waste accommodated in said chamber comprises solid waste.

28. An apparatus according to claim 27, wherem said waste to be

accommodated in said chamber further comprises liquid waste.

29. An apparatus according to any one of claims 10 to 26, wherein said

waste accommodated in said chamber comprises liquid waste.

30. An apparatus according to claim 10, wherein said liquid waste

comprises at least one of volatile liquid waste or organic liquid waste. |



