TRANSCEI VERUNI T, APPARATUS, SYSTEMAND METHODFOR

DETECTI NGTHE LEVEL OF WASTEI N A FURNACE Techni ca
woielshefie present invention relates to a pl anPCDAL2004/001106

apparatus for the conversion of waste, including the

processi ng, treatnment or disposal of waste. In

particular, the present invention is directed to an

i nproved arrangenent for detecting and nonitoring the

| evel of waste in such a plant or apparatus.

Background The processing of waste including mnunicipal
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nmeans of plasnma-torch based waste processing plants is
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the shaft furnace or processing chanber of the plant,

since detectors for this purpose need to work in a

hi gh tenperature environment, which can al so be
Teehn3ehVFieldrthernore, in many cases, the detectors

are 1 naccessible fromoutside of the furnace. In sone

es of plants, tRhe prpcessing chanber, has an upper
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chanber. There are certai nadvantages to nmaintaining a
wapteugindpdinsst e rpronessiegertrpalmenf athidispessduiof, waste. In

such that the columm of waste extends frominside of
paRti1&P e JrebOnt invention is directed to an improved arrangement for

detecting and monitoring the level of waste in such a plant or apparatus.

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.

One problem commonly encountered in such plants is the detection of the
level of waste within the shaft furnace or processing chamber of the plant,
since detectors for this purpose need to work in a high temperature
environment, which can also be corrosive. Furthermore, in many cases, the

detectors are inaccessible from outside of the furnace.

In some types of plants, the processing chamber has an upper waste inlet

with a feeding conduit extending into the chamber. There are certain



the | ower part of the chanber, where gasification and
pyrolysis of the waste are in progress. In particular,
wao b®swete columm flares typically outwardly fPONI20@/001106
bott om edge of the conduit towards the inner walls of
the processing chanber. This,provides a substantially
peri pheral space between the“upper part of the chanber
and the conduit outer wall, and a product gas outl et
adveangages ded maintdising ab®lugn of owhsle et then lewen rayt sof this
space. The plug of waste within the conduit provides a

codlifit, &fuchGhihehplcotufh of adade feqteradl front tside of this conduit to
gaS| fication pr ocess, substantially mnimzing any
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re or exp 0si on
may occur if the gases are released into the

argt o ppoasessvim plaﬁ'@C\A}@ft she raste ophimn Hexesonielty prewardly
even if this conprises an air lock system Instead,

frebe the bbetopt esRiRcfothd NondplitiGowtalrés prladuahefa®alls of the
are channel ed out of the chanber, substantially
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hei ght of the waste within the feed conduit itself.
thaowenes baxtied the shembar b the copfleiwuies pallapad awreduct gas

| evel detectors are even greater in reactors

otetpid provgddsdich toandhhinber Rar caxagieatibherithnthis tspace. The
itself is |ess accessible than the outside of the
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W|th| n the shaft fur nace
formed in the gasification process, substantially minimizing any outflow of

the gases via the waste inlet. This minimizes any potential fire or explosion
hazard that may occur if the gases are released into the atmosphere via the
waste inlet, which may be possible even if this comprises an air lock system.
Instead, due to the presence of this plug, the product gases are channeled

out of the chamber, substantially exclusively, via the outlet port.

Accordingly, it is particularly important in such cases to monitor the height
of the waste within the feed conduit itself. However, the aforementioned
problems associated with level detectors are even greater in reactors
comprising such conduits. For example, the conduit itself is less accessible
than the outside of the reactor, which is the usual location for prior art
height indicators, since the conduit is fully located within the shaft furnace

or processing chamber. Thus, any regular detector that is connected to the



or processing chanber. Thus, any regular detector that

Is connected to theconduit would be difficult to
woraiosned2oo and repl ace, typically requiring di SPERTL20001106

of the upper part of the chanber and/or the feeding

mechani sm Furthernore, the thermal expansion of the

feed tube with respect to the ceramic lining of the

chanber also presents a problemin that the electrical . |
canshiecvooid et weifieududh Heirieiar snAvterlage t dypisally requiring

conduit and the outside of the chanber needs to be

diexRanuakl & th@fhﬁdﬂ& ptrbef theblampei andéo thiefeedirgs mechanism.
that are nmounted on the outside of the processing

chanber woul d not be able t t vghipo
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receiver arrangenment for detecting the |evel of ste .
carangeniringlof theahanbemalsp prosoress pEeRlcyPip @h%\@@m electrical
O her prior art publications, such as US 3,456, 715, US

cdhnebfioR bt widon 2uéB He2&Rord B obnded £d 8e coifldit 266, BRloutside of
and JP 57029913 relate to various |evel nonitoring

syste whi ¢ re boltahl et [ i Gh & j
oy Pal Pebdn B Publreple f tAE LAk HILE P S BBtectors
3,456, 715 rel ates_to an ultrasoni c-based system for
thidt et mmypnted orvbe @itsias of the Preeqssmg chamhss wark not be
cooled collar. Utrasonic based systens, however, are
allens'®@tbot theslevbladl wadterwhilgthe daidadt itgelfi n such
processi ng chanbers because of the influence of the
ul trasoni ¢ background signals generated by the
processes inside the chanber.

A microwave transmitter receiver arrangement for detecting the level of
waste is generally known from JP 10307053 and JP 20310554. Other prior
art publications, such as US 8,456,715, US 6,310,574, US 5,703,289, US
5,507,181, US 4,566,321, and JP 57029913 relate to various level
monitoring systems which are boltable to a casing which contains the
material whose level is to be monitored. US 3,456,715 relates to an
ultrasonic-based system for detecting the level of melt in a solidification
water cooled collar. Ultrasonic based systems, however, are generally
unsuitable for height detection in such processing chambers because of the
influence of the ultrasonic background signals generated by the processes

inside the chamber.

None of these documents is directed to providing a solution to the problem of

monitoring the height of waste in a high temperature environment within a



None of these docunents is directed to providing a
solution to the problem of nonitoring the hei ght of
wWOREEM64200 a hi gh t enperature environment w t hi PCRII2ew/001106
conduit located inside a shaft furnace or processing
chanber. Further, none addrgsses the problens of
accessibility and mai ntenance of the detectors that
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aimof the present invention to provide a height
nodet eddresseapiar ainoblams of) siceensilityroand omaigteance of the
| evel of waste in a plasna waste converting plant,
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imtations of prior art detection apparatuses an
sgstens. %t IS 9 ot her aim of the present invention to
expARRIPp et & efeeth aratus and systemthat may be
i ncorporated into a nunicipal solid waste processing
apparatus. It is another -aimof the present invention
to provide such an apparatus and systemthat is

It {Ehadrbipbashim! & Rcharbspidverditth tYsowaeBoRkight Aetection
i ncorporate into a processing plant design. It is
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part of a plasma-torch based type waste converter.|t

coneersingoplant apartatulahly {hedsedcohdvidniheseot avlpebwivdecomes the
such an apparatus and systemthat is readily

lindi@4ti9hd b1 BRbL oV HBLCESRPpatRtiitles la@dsdys@mB, exi sting

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

apparatus.

It is another aim of the present invention to provide such an apparatus and
system that is relatively simple mechanically and thus economic to

incorporate into a processing plant design.

It is another aim of the present invention to provide such an apparatus and
system incorporated as an integral part of a plasma-torch based type waste

converter.



pl asma-torch based waste converters. It is another aim
of the present invention to provide such an apparatus
wareseyedem t he operation of which is substantP&l/in2o04/001106
unaf fected by the thernmal expansion of the feed
conduit with respect to the chanber. It is another aim
of the present invention to %rovi de such an apparat us
and system whi ch may be accessed, maintained or
Irispilaced am &f the gireventyins@ayionsimperoviile Rodh arheppaedus and
for dismantling the feed nmechani smor the chanber

sydtRl thatCidesa Uy ResRSitaIe adMANERPBE 8 dthRaRE @981 existing
I nvention will appear as the description proceeds.

unma f._ I nyention The present invention relates to
Pésm%%‘ﬁﬁ&@s{%ﬁmsi%}’e{?ﬁﬁ- for use in a shaft
furnace having an external wall and an inner wall

spaced therefrom said nmicrowavetransceiver unit
conprising:- first screen nmeans transparent to

THisCLRNBYL alrddifathieOfhesBRY Mt £ Brétidd sltle apOabPdratus and
provided in said inner wall;an el ongate body having a

configuration.adapted. for reversibly muptin 0 sai
P B RaPRiRB B Ricke s, SEPRAPLY TRUB AR bY, G therma
-external wall, said body_ having an_axial dinmension
expasteiemaf the faedgondnit withseaspediogythexahemalsen.nt o sai d
furnace fromsaid aperture at least into proximty

with said first

It is another aim of the present invention to provide such an apparatus and
system which may be accessed, maintained or replaced in a relatively easy
manner without the need for dismantling the feed mechanism or the

chamber itself.

Other purposes and advantages of the present invention will appear as the

description proceeds.

Summary of Invention

The present invention relates to a microwave transceiver unit for use in a
shaft furnace having an external wall and an inner wall spaced therefrom,
said microwave transceiver unit comprising:-

first screen means transparent to microwave radiation, mountable to a

suitable portal provided in said inner wall;



screen, such as to permt relative novenent between
said body and said first screen neans; said body

W@ 0opi0642Ping i crowave transmi ssi on/recei vi ng NRENEL2004/001106
associated with said first end and operatively
connectable to any one of agm crowave generating nmeans
and m crowave detection neans; wherein during
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with said mcrowave transm ssion/receiving neans and
saidherteinalswiatl §uvegh drs apafifire ingavided| iar spidt extennak wial, said
an aligned relationship between at | east a portion of

bo&fih%vfiﬁ%%&l €128 FRmnk ! 83HEEhat @ SAitded 6f WAV Body extends
transmssion/receiving nmeans for a range of

. displacenents of sajd first screen.with respgct .t.0 .. .

intg R EROR RO R FRHL APSEIBR Tesarbing R OGAH gaid first
body may conprise:- a netallic wave conductor coupl ed

scraena sfich sts engermet eckative swivemandnketiveasinopidebedyiang said
nmeans, the second end of said conductor being

firQP&adh Wedahsconnect abl e to any one of a m crowave
generation neans and a mcrowave detection neans; an
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surroundi ng said insulation |ayer. The screen neans

witindaik fivsid esd raseh opexaitvelnycobaesiabte 1o amyapne fia gHrrwWave
generating means and microwave detection means;

wherein during operation of said microwave transceiver unit at least a
portion of said screen is in aligned relationship with said microwave
transmission/receiving means and wherein said screen is sufficiently large
to maintain an aligned relationship between at least a portion of said first
screen with respect to said microwave transmission/receiving means for a

range of displacements of said first screen with respect to said microwave

transmission/receiving means.

Such a body may comprise:-
a metallic wave conductor coupled at a first end thereof to said
transmission/receiving means, the second end of said conductor being
operatively connectable to any one of a microwave generation means and a
microwave detection means;

an insulation layer substantially surrounding at least said conductor;



dielectric material; the insulation | ayer nmay be
substantially tubular; The outer netallic |ayer may be
wore@s/0620m st eel . The body nmay have a subst ant PEi/in2004/001106
cylindrical external profile. The m crowave
transceiver unit may further; conprise a sleeve nenber
havi ng: - an external configuration adapted for
sealingly nounting said sleeve in said aperture i
anseiitgr waetallie lasar $ubghanidally awerodnding &7 ipsulation fayer.
configuration adapted for reversibly accommodati ng
said body sealingly with respect thereto. The sl eeve
menber and sai d body may each conprise suitable
flan ' f.aci j ]
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seal ing gasket may be provjded, adapted for.. )
dieleewerpentiorn; bet WaBHagRNdAFAY JARY P& a&%a%aélﬁg@%% The
seal ing sl eeve nenber with respect to said body. The
outangaeofllidi kpleacamntiss mayddefronr rssbat €lhe cbedse may have a
thermal expansion of said inner wall with respect to
' r ol Wi be di stanced from said
Suf%lg{fag%t?%gfg %ﬁ%g\%ls&gﬁﬁ?%cqﬂgﬁﬁ'y to permt displacenent
of said firstscreen neans with respect to said
m crowave transm ssion/receiving neans. The body may
conpri se di splacement nmeans in abutting contact with
Tienenfowaivd traneteived lumhdnsgi fiirfhars comprisenanslgage taember
permt displacenment of said

having:-
an external configuration adapted for sealingly mounting said sleeve in said
aperture in said wall of said furnace; and

an internal configuration adapted for reversibly accommodating said body

sealingly with respect thereto.

The sleeve member and said body may each comprise suitable flanges which
are mutually facing when said sleeve member and said body mounted
together. A suitable sealing gasket may be provided, adapted for
accommodation between said mutually facing flanges for sealing sleeve

member with respect to said body.

The range of displacements may be correlated to the thermal expansion of
said inner wall with respect to said outer wall. The body may be distanced

from said first screen means sufficiently to permit displacement of said first



first screen neans with respect to said mcrowave
transm ssi on/ recei ving neans. The di spl acenent neans
woreysoenpr i se at | east one wheel nounted for rPCHEIL2004/001106
with respect to said body, wherein said wheel is in
rotatable contact with at | gast one of said inner wall
and said first screen neans. At |east one suitable
rail may be_.provid g on. at .l east one_of .said i nner
SCIRgP [MERE B4/ TFIRSE b8 SREHIRY o e AP e SR g g s
at | east one wheel, wherein during operation of said
The fadyceiayeommiise dsplateaenteasans me tingi eontact with one of
rotatable contact with a corresponding said rail. The

saidl SRRt whVAM isaly kSsPb&ReRiheshsdo RraNt ARRARAMSENE Of said

nonitoring waste 1n a waste converting apparatus, said

' ste converting,apparatuys copprising._a waste. . ..

firgh Seiees: HEAGRaWHL, THEFPhdo S ARSPETPAREE Hareiygsigp/receiving
upper longitudinal end thereof and an external

mepesi Ther displeakmendndeans nisr cenppisesitngast wastveheel mounted
conduit in the formof an internal wall extending

forpﬁftia&'aﬁr Rt rQspdearbl ?e{iHYbJJgf? nyBédein | i@t whBéloissal dotatable
chanber to a predeterm ned depth such as to forma

corigh ED A doas PREPUSREt U Bl ERhar e s gpRThbans. At

apparatus conprising at |east one pair of mcrowave
leatst ans ceitadle vailtrsay bemyovisiedpraat lasss onermd seid shner wall and
m crowave transceiver according to the invention,

sai@NEPQSSirBEY RehRS %ﬁesgbﬁ&ﬁl\gﬁb’& shid@Bs aehateone delpedist@rein
on the configuration of the inner wall , wherein for

each said.pair : . . . . o
during operadu(Pn of said transceiver unit, said at least one wheel is in

rotatable contact with a corresponding said rail.

The present invention is also directed to an apparatus for monitoring waste
in a waste converting apparatus, said waste converting apparatus
comprising a waste processing chamber having a waste inlet port at an
upper longitudinal end thereof and an external peripheral wall, and further
comprising a waste conduit in the form of an internal wall extending
peripherally or partially from said inlet into said chamber to a
predetermined depth such as to form a peripheral or other space between an
outside of said conduit and an inside of said external wall, said apparatus
comprising at least one pair of microwave transceiver units, comprising at

least one said microwave transceiver according to the invention, and



the said mcrowave transceiver units are arranged in

opposed horizontal relationship with respect to said
waipwsned2omgi t udi nal end; said body of each sai BCT/IL2004/001106

m crowave transceiver unit is sealingly acconmodat edin

a said aperture forned in sgid outer peripheral wall;

said conduit conprises a pair of portals conprising a

~said first. screen ne , id tals bei I d
DOSSARIY & BFEIAT TRITRBATE (EARSCEUER ARRan BB, the Cqigyration of

screen neans is aligned with a correspondi ng one of
thesairdrnwall oweeetirafisceichemidippirts: of said pair; and one
said transceiver unit is operatively connectable to a

thed YhiRhRrdth ST OWRY S BBRST §hits geliﬂée apsngbheiP %?gsi(ﬁ idrizontal

transceiver unit 1s operatively connectable

sui tabl e i crowave detection,neanps,. Preferably, the
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m crowave transceiver units, wherein each said pair is

saidochedsd af @adhf fexidntmhwoyglaveal ivagseaver dapih o saskingly
conduit, and preferably each said pair is |located at a

acddnfhebenid RNYULRY 2 U, 0RS Idrhdl W d1d'REBLBEribBePal wall;
'ongi tudi nal axis of said conduit. Adjacent said pairs

: be .arranged in orthogonal, relationship wt.h ..
saiflotpubet s TaPTony 1 Gha Bortel DO Eera s ffg screen
present invention is also directed to a systemfor
meang; saidipnytaladesng tocatodoneatdnvrdyit g rospaors sisch that each
conprising at | east one said apparatus, whereinfor

saifafRsb A dedl fne@hst IANTEAIaGEIWHA! &S coPR8psAlTthg one of said
transceiver unit Is

microwave transceiver units of said pair; and

one said transceiver unit is operatively connectable to a suitable microwave

generating means. The other said transceiver unit is operatively connectable

to a suitable microwave detection means.

Preferably, the apparatus comprises more than one pair of said microwave
transceiver units, wherein each said pair is located at a different height
along said depth of said conduit, and preferably each said pair is located at a
different angular disposition with respect to a longitudinal axis of said
conduit. Adjacent said pairs may be arranged in orthogonal relationship

with respect to a longitudinal axis of said conduit.

The present invention is also directed to a system for monitoring waste in a

waste converting apparatus comprising at least one said apparatus, wherein



operatively connected to a suitable m crowave

generation nmeans, and wherein the other transceiver
wainios/oef296ai d pair is operatively connected tOPEI/IL2004/001106

sui tabl e m crowave detection unit. The system

preferably further conpriseg, suitable control neans

operatively connected to sai'd mcrowave generation

means and to said mcrowave detection unit. The. o .
for peeslensaidnedt | ¢ tapreserearaidits, 0 OB nEifodT#BFCCIVET unit 13

nonitoring the level of waste in a shaft furnace

opdi3¥ivRY adneskssdnab wekhitabte anidrowevewgbhesyiaredneans, and
therefrom conprising providing at | east at one

Whlgg(%g: tilr}%g@q%%rgtﬁérg%%?\?é‘rt TGS prirf @}fé%lﬁ?:i%glérd bhiSthed to a

, Uré’in said’ i nner wa

covering the same with suitable scree ns, a.fi .
suisableapieomaye cleioeiian aHshilg %Yﬁ/tP@c@F‘ir}lﬁ%&}ﬁgaﬁ@érrcs‘hpmes
through said aperture into proximty with said screen

suitBBRScort¥siNmichal opepativelyf canmiedtad tmsaids siiorowate geReration
nmeans is in sealing contact with said outer wall; and

rovi dji a.sec LG, v ansm ssi on/ recei vi
Me r?&ldsﬁ’g% 1grﬂl}cg{;%$%i%ae?%@lraﬁlc§i y opposed to sai dng
first transm ssion/receiving nmeans; transmtting
suitable mcrowave radiation via one of first or
second m crowave transm ssion/receiving nmeans and

ThieeFRiskh nderttseiatadreladéats anmethod for monitoring the level of
waste in a shaft furnace having an external wall and an inner wall spaced
therefrom, comprising providing at least at one location on said shaft
furnace:-

an aperture in said outer wall;

an aperture in said inner wall and covering the same with suitable screen
means

a first suitable microwave transmission/receiving means jthrough said
aperture into proximity with said screen means, such that a part of said
transmission/receiver means is in sealing contact with said outer wall; and
providing a second microwave transmission/receiving means substantially
diametrically opposed to said first transmission/receiving means;
transmitting suitable microwave radiation via one of first or second
microwave transmission/receiving means and receiving a received radiation
with the other one of said first or second microwave transmission/receiving

means;



with the other one of said first or second m crowave

transm ssi on/ recei ving neans; conparing the intensity
wo@Roosher2oecei ved radi ation with the transm tt epCT/IL2004/001106

radiation to determine the |evel of waste in said

shaft furnace. According to the nethod, when the

intensity of said received rddi ation i s bel ow a

predeterm ned threshold value it nay be determ ned
compparingetheistensityvasdt thd secaibed mmd\‘i/@ﬂioly wehowhe higansmitted

| evel of said first mcrowave transm ssion/receivVving

rdB26n t&‘él%‘t’&rrﬁﬁieythevlg%‘l dheadtatiansid ¥haft fsahgcd ecei ved

radiation is at or above a predeterm ned threshol d

value it is determined that the |evel of waste is

substantially at or above the |evel of said first

m crowave transm ssion/receiving neans. According to
Acdoeding hodha metlor when the wdedsity afosedereceived radiation is

transm ssion/recei ving nmeans may be provided at a

bd16® 3 peadéiepiihedtRaddhyldivaRlaredafibhensakbd that $he level
and second m crowave transm ssion/receiving neans, and

wher i n . fl ' id f i s . .
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the point at which it is determ ned that one of said .
trpasmgssadn/rper gy eneans K103wieotly e cBhon ngherelirtensigy nef said
| onger detecting waste and the point at which the next

reR@ivied 0fa Eati@nMis AV & Hokans Nhieslefdinhii®ed YhRGhBRBRGILS it is
no longer detecting waste thereat. The threshold value
der{g?{m?r?e et 91'1('9 ?éjve?sofdv?gétreei%’su %%alrfﬁgll}peat or above the level of

said first microwave transmission/receiving means.

According to . the method a second pair of said microwave
transmission/receiving means may be provided at a location longitudinally
displaced from the said first and second microwave transmission/receiving
means, and wherein a waste flow rate in said furnace is determined by
determining the time interval between the point at which it is determined
that one of said pairs of microwave transmission/receiving means is no
longer detecting waste and the point at which the next pair of said
microwave transmission/receiving means is no longer detecting waste
thereat. The threshold value may be controlled as desired, and may be
further adjusted according to the general composition of the waste being

introduced into said furnace.



further adjusted according to the general conposition

of the waste being introduced into said furnace. Thus,
wa@aewsndi2og to the invention, the apparatus/ sysSPERNIL2004/001106

conprises at |east one microwave transmtter and a

m crowave detector | ocated hg%substantially

dianetrically opposed rel ati'dhship on the upper part

of the waste di sposal chanber. The transmtter
Thuanserhording to dhavesention, tes appardiusiayshoy, canpriserat least

receiver receives the mcrowaves. \Wen waste is

ok O MRRicBRFatd LtRendRREEr PahE of WhRrekhadderdetector located in
I ntersecting the path of the m crowaves, sone of the

es.are absarbed b maste and, t hus the
s(hareRERLY SRR Deer g Brarony endt HeaHoRrt bart of the
di m ni shes accordingly. As the density and anount of
waalst disppsalhilsambet. ﬁte tiaasohtheb drangioiteaagowayesiobg desired
t he absorption of the m crowave energy increase, and

frof@endit €RBHT Yhef rédievdreaEaioss si@nahidowhlbsh WB¥n waste is
calibrati ng the density of received signal, it is

ossi bl e determ ne r, or,not. there.is ste
BRERE St hen SbRET S i i theghp RS et bR RS R e ot the
receiver are located. The transmtter and the receiver

migreweaRst semeed By maptosvass| areunbicgbeddrhthe wittehand thus
conprises an outer netal casing, an inner ceramc or

tHeeRlteh 5y ST ARE rFBEIORH &Rl r 150 YRelir6@iPysl MIRSMATISs ﬁ@b@(ﬂmgly
wave conductor. The conductor has an antenna with a

; nits a adatedfor t hrough t he
A ShE A%ty St pnRuRl e B0 RE i RATP HEAC BRI HlerelSes, so
such that the screen i _ _
does the absorption of the microwave energy increase, and the intensity of
the received signal diminish. By calibrating the density of received signal, it

is possible to determine whether or not there is waste at the height in the

chamber where the transmitter and receiver are located.

The transmitter and the receiver are constructed as replaceable units, each
of which comprises an outer metal casing, an inner ceramic or heat resistant
material surrounding an innermost metal wave conductor. The conductor
has an antenna with a screen. The units are adapted for mounting through
the outer wall of the reactor via a suitable aperture, such that the screen
can be brought into abutting contact with a another screen that is provided
in the inner tube of the reactor, the inner tube representing the waste inlet
system of the reactor that extends into the reactor from the top thereof. It is

important to maintain a "plug" of waste within the inner tube, and thus the



can be brought into abutting contact with a another
screen that is provided in the inner tube of the

WO e@shenrn9 t he i nner tube representing the wastRCT/Il2044/001106
system of the reactor that extends into the reactor
fromthe top thereof. It isqgnportant to maintain a
"plug" of waste within.the inner tube, and thus

thetransnmtter and receive i tor .the. hei ght .aof
tr v norkber v dh irecai T st m@@ltorﬁge th%ﬁ%‘frﬁl{‘tb&r ColHgT E’éﬂfi%ﬁthe tube.
units can be renoved for servicing, for exanple, and

TH @r2RRHGRET ahf] aReeiver eunltosean woe hreanovdverfonnsdrviging, for

pl ug, enabling VI rtually contl nuous operation of the
reag

exa a,u?g&" thgh g?{naéc?ra Ca ﬂ@eclo%ﬁ Wl’clpta'n%ﬂh&f uhitIbF @Splug,

mai n el ements of t I o o Iayout and
of a i ca st | a

enabhagan@aibhﬁﬁn@nﬁgﬁg oo H"Serr% ‘gfy %anmal down

according to the first enbodlnent of the present
timBvention; - Figure 2 shows schematically a section of

the apparatus of Figure 1 along X-X; Figure 3 shows

schematically the general relationship between the

main el ements of a first enbodi ment of the transceiver

Duni t of the _resrent invention; - Figure 4 shows

sm&mﬁlﬂ&&ﬁlﬁg&#@ner al relationship between two sets

. Figure 1 shows schematically the general layout and main elements
of a typical waste plasma processing apparatus comprising a level
monitoring system according to the first embodiment of the present
invention;

. Figure 2 shows schematically a section of the apparatus of Figure 1
along X-X;

Figure 3 shows schematically the general relationship between the
main elements of a first embodiment of the transceiver unit of the
present invention;

- Figure 4 shows schematically a general relationship between two sets
of transceiver units of Figure 3 at different heights with respect to the
conduit of the processing apparatus;

. Figure 5 shows schematically the general relationship between the
main elements of another embodiment of the transceiver unit of the

present invention; and



of transceiver units of Figure 3 at different heights
Wth respect to the conduit of the processing
wappaneos; - Figure 5 shows schematical ly thePQEIE20@001106
rel ati onship between the main el enents of another
enbodi nent of the transceiver unit of the present
i nvention; andFigure 6 showst%chemat i cal | y, In
fragnented view, the general |ayout and main el enents
- offign Aehoplsaashemeditadlyp in dexgnentedppenatths general layout
conprising a level nonitoring systemaccording to the
sea@nth AADOEWEAL & LG RT FRRRIa et &@es%%%ﬁéfa@us

of Invention The present invention is defined

clains, .the contents of which are to be.read a
| FOFRILIG A S dIRRLEIRE LFESE | REONHEE 1100 aieofecond
and will now be described by way of exanple with
r ebdrosinment of the peeeotpavsitionf i gures. The term
m crowave radi ation refers to el ectromagnetic
radiation in the UHF (U trahi gh Frequency) range,
i.e., about 300 Mz to about 3000 MHz. The term "waste
convertin ppar,at us" herein includes any appar at us
Diget Eef(%.]a‘gecnﬁl?ﬁg, processi ng or di sposing of any
waste materials, including nunicipal waste (MSW,
The psesasitdnwestien is nefisedikyt thesteémsnble cantends o€ which are to
sewage sl udge waste (SSW, radioactive waste and ot her

bét Y@ﬁf a@fitnmﬁea, withi®ahbi dib¢18§uiey oMBaNSpQifid t8eiPand will now
reat nent.

be described by way of example with reference to the accompanying figures.

The term microwave radiation refers to electromagnetic radiation in the
UHF (Ultrahigh Frequency) range, i.e., about 300 MHz to about 3000 MHz.
The term "waste converting apparatus" herein includes any apparatus
adapted for treating, processing or disposing of any waste materials,
including municipal waste (MSW), household waste, industrial waste,
medical waste, sewage sludge waste (SSW), radioactive waste and other

types of waste, in particular by means of plasma treatment.

Referring to Figure 1, a typical plasma waste processing/converting
apparatus or plant, designated by the numeral (100), comprises a vertical
furnace or processing chamber (10). The processing chamber (10) is typically
in the form of a vertical shaft, the upper portion (14) of which may be of

constant cross-section or alternatively of increasing or decreasing cross-



Referring to Figure 1, a typical plasma waste

processi ng/ converting apparatus or plant, designated
whyoosher2ounmer al (100), conprises a vertical furPCHO200W001106

processi ng chanber (10). The processing chanmber (10)

is typically in the form of ]?ﬁaverti cal shaft, the

upper portion (14) of which y be of constant

cross-section or alternatively of i ncr easi n

or
sagione adong) tdeobeighit itbareafodprt REam@lghth @h&:@@b@r Hdp), and
exanpl e, the chanber (10), and particularly the upper

pRRIAIL ]y TR BSpdr iR BYaR 188 i thy [fomdrdfeaky@idrical or frusta-
frustaconi cal or 1ndeed any ot her desired s¥1ape and

t he ,cross- tion ng,subs [ ircul ar. . .
CoRaly ﬂﬁtﬁl\fg?é a{l%e&illﬁas es%ectl on gf %ﬁft ﬁf)ogls Segen being

and particularly the upper part (14) is, polygonal,
syirséaeiiabyyciradeanglicanatively (thaspat-sertion P¥gbe echmmber (10)

Typically, a solid or m xed waste feeding system (20)

and haPHECRS ] M@é ﬁ@bé]y paed (ldl)\d@%bﬁfg&inaﬂ herefepdily esetadibular, as
t he chanber via a waste inlet neans conprising an

ey M Py Esi e oo
iquid waste_is rermved fromthe apparatus (10)
mqums typisedlamalisl wastaridhe Uppee eyl pathe chambest(@0) via a

feedi ng system (20) may conpri se any suitable conveyor

whBRNE1et rhéend ck@prizngs ey afuidchesrcogphnisat @oshMiddérwaste
for breaking up the waste into smaller pieces. The air

oA e ST AT A o

t her ebet ween., The val ves (O 4) are preferably
Wg%ﬁeelsvgepm@ged from the apparatus (10) without substantlal treatment.

The solid/mixed waste feeding system (20) may comprise any suitable
conveyor means or the like, and may further comprise a shredder for
breaking up the waste into smaller pieces. The air lock arrangement (30)
may comprise an ubper valve (32) and a lower valve (34) defining a loading
chamber (36) therebetween. The valves (32), (34) are preferably gate valves
operated electrically, pneumatically or hydraulically to open and close
independently as required. A closeable hopper 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 minimize the

possibility of any waste interfering with closure of the upper valve (32). The



operated electrically, pneumatically or hydraulically
to open and cl ose independently as required. A
w@bwsee2be hopper arrangenent (39) funnels typPCHIL2904/001106
solid and/or m xed waste fromthe feeding system (20)
into the | oadi ng chanber (3 when t he upper val ve
(32) is open, and the | ower lve (34) is in the
cl osed position. Feeding of waste into the | oading
uphenave (38) st Gsncaivsod. dortberlassd mesition rachedhestalves (32)
waste in the | oadi ng chanber (36) reaches a
(3%?1 eRtetidesiamesgirneantwhehowqohitlel, eapasidyvale (BUNigtled opened
thé possibility of any waste interfering with cl osure

of, .t he ;upper  val ve 2).. Theupper.valve (32).is then, ..
et REit B o NP bR R L Gy LB etasively
(32), (34) provides an air_ seal. Wen required, the
littéaer no Aiy deframyirawnttherevsistbndhe opaping gneirdosingoé the valves
be fed into the processing chanber (10) wth

(325) @ vedd thé fdddngof Reusdé Frddeithg FEHRMT20N a1 BMbé bontkbHed by
openi ng and cl osing of the valves (32), (34), and the

f eedi.ng, of e fir the,f eeder b
8 RRleBPlCep A BRI kR BERTPafiie §Rbufen gapiaplipg gudor
conprise a human controller and/or a suitable_ conputer
a@ﬁ?ak@e comREer Tt sXAEER, cpeneldvely eonnested dharete and to
ot her conponents of the plant (100). Optionally, the

othepRempdheatgefEy pla3?) 108y conprise a disinfect ant
sprayi ng system (not shown in Fig. 1) for periodically
or continuously spraying the sane with disinfectant,
as required, particularly when nedi cal waste is being

processed_by plant (100). ) o
Optionally, the hopper arrangement (39) may comprise a disinfectant

spraying system (not shown in Fig. 1) for periodically or continuously
spraying the same with disinfectant, as required, particularly when medical

waste is being processed by plant (100).

The processing chamber (10) comprises a lower part (17), herein defined as
comprising the hot zone of the chamber, wherein pyrolysis and gasification
takes place. The lower part (17) comprises a liquid product collection zone
(41), typically in the form of a crucible, having at least one outlet (65)
associated with one or more collection reservoirs (60). The processing
chamber (10) further comprises at the upper end thereof at least one gas
outlet (50), primarily for channeling product gases, generated from the
processing of waste, away from the processing chamber (10). The upper end

of the processing chamber (10) comprises the air lock arrangement (30) and



The processi ng chanber (10) conprises a | ower part
(17), herein defined as conprising the hot zone of the
w@e b@soer9o wher ei n pyrol ysis and gasification tB&EBE.2004/001106
pl ace. The |ower part (17) conprises a |liquid product
col l ection zone (41), typicqt)y in the formof a
cruci bl e, having at |east one outlet (65) associated
w th one or nore collection reservoirs (60). The .
ther preosssing dteember (1Qoiks fimiebr fidlefpvitbewaste mhatenipderia the
end thereof at |east one gas outlet (50), primarily

aiffrckGhieangémBat BOAYS to aBsE@Sthedlerel &t 1@ Iﬁlﬁﬁfﬁﬂyf%s outlet (50).
processi ng of waste, away fromthe processi ng chanber

(10). The upper end of the processing chanber (10)
conprises the air |ock arrangenent (30) andthe

processi ng chanber (10) is typically filled with waste
Onat @ iaaplugadity hef aladree kiozehem ftvent theolovigy werandir of the
the level of the primary gas outlet (50). One or a

piRlcHgahb chagfbapl(@ae)ard opehes elyBonddctédeo kaiwabldalettric power,
(17) of the processing chanber (10) are operatively

S B0BRA to BoBHE SRS B PRSP, BRL BN P e o

be of the transfer qgr non-transfer types. The torches,
theqtpansier burticdransiendyperanbbe to1ehasy (4Rlanke grounted in the
suitably seal ed sl eeves, which facilitates replacing

clarmber (i0g ibygmehnt bé stitabheseaddkleeths whichhfasil{t40s replacing
generate hot gases that are directed downwardly

. Lo f

ore3itiBhe bt She R (B0l MRk LA B B DEREA R b Baos that ave
the go_t tomend of t hﬁ chanmber (10) such that in

digprdpatdosmwaidy fypicaklyratom ansletiste ke bettom radtofithe column

of waste. The ‘torches (40) are distributed at the bottom end of the chamber
(10) such that in operation, the plumes from the torches (40) heat the
bottom of the column of waste, as homogeneously as possible, to a high
temperature, typically in the order of about 1600°C or more. The torches
(40) generate at their downstream output ends hot gas jets, or plasma
plumes, having an average temperature of about 2000°C to about 7000°C.
The heat emanating from the torches (40) ascends through the column of
waste, and thus a temperature gradient is set up in the processing chamber
(10). Hot gases generated by the plasma torches (40) support the
temperature level in the chamber (10). This temperature level is sufficient
at least at the lower part of the chamber (10) for continuously converting the
waste into product gases that are channeled off via outlet (50), and into a

liquid material (38) that may include molten metal and/or slag, which may



bottom of the columm of waste, as honbgeneously as

possible, to a high tenperature, typically in the
wo@e@enea2p0 about 16000C or nore. The torches (4BJT/1L2004/001106

generate at their downstream out put ends hot gas jets,

or plasma plumes, having ansgverage tenperature of

about 20000C to about 70000C. The heat enanating from

the torches (40) ascends_thrqugh.the columm 9o st

begrraiadicallnor @%%M@I&ﬁlg cglla%ﬁeérﬁgﬂhﬁh@ Qwer lﬁfﬁl%f t&’ﬁ\&%ameber (10)
processi ng chanber (10). Hot gases generated by the

vik| @sRrt Qg @a% A)t] sigp(B) t ahdeinte nper ar umere enegbrvairs (60).
the chanmber (10). This tenperature level is sufficient

Tyg%%altl yﬁa%}d tmtorl]teenI gﬁrﬂ?falpﬁ%xﬁ Phe ! E'l%g_c Q@Qb@&l%@aféﬁparately in

cont Ly colnvd }Pg e waste into product gases
hat are channel ed off via autlet (50), and..nto,a
dedicpipd neaewioisst Heyginafses, lﬁglﬁ% H@éfd@éﬁnﬁpﬁeﬁleﬁegéff reference
and/ or slag, which maybe periodically or continuously
naAklAqBeyimticdtee theowklg ssdredirt he chanber (10) via one
or nore slag outlets (65) and into one or nore
reservoirs (60). Typically, the nolten netal and the
iéag_ars coIIec}ed separately in dedicated reservoirs.
lereinafter, unless otherw se specifjed, the feference
Omdiepal B nandice Breddenererag s etebFobe i gt char,
fluid nmay be provided froma suitable source to
predavet tduehar pypslgdiscefioreriingvasteoliytoi wseful @gaganisich as CO
waste, into useful gases such as CO and H2, for

o I o PRI 2
oIS, LR By e ey o
sui tabl e inlet : .
the chamber I(1%) evia %%ret 6%1" 5(1%9‘23 suit%(ollg Iir%lle@ %o];{sutﬂ)). "Oxidizing fluid"
is herein taken to include any gas or other fluid capable of oxidizing at least
in part char found or produced in the hotter, lower parts of the processing

chamber of the waste processing apparatus, and includes oxygen, steam, air,

CO2 and any suitable mixture thereof.

The inner facing surfaces (11) of processing chamber (10), at least of the
lower part thereof, are typically made from one or more suitable refractory
materials, such as, for example, alumina, alumina-silica, magnesite,
chrome-magnesite, éhamotte, or firebrick. Typically, the processing chamber
(10), and generally the plant (100) as a whole, is covered by a metal layer
(12) or casing to improve mechanical integrity thereof and to enable the
processing chamber to be hermetically sealed with respect to the external

environment.



is herein taken to include any gas or other fluid

capabl e of oxidizing at least in part char found or
w@e@dnersh i n the hotter, |lower parts of the prPCEHR00MP01106

chanber of the waste processing apparatus, and

i ncl udes oxygen, steam air, CQ2and any suitable

m xture thereof. The inner ﬂé%lng surfaces (11) of

processi ng chanber (10), at |east of the |ower part

thereof, are typically made fromone or nore suitable

refractory materials, such as, for exanple, alum na,

Tﬁé Ltmaﬂ@ éobLCp%eféa@Bnﬁ%uftﬁer Cdahsmsém p&s Y@oesgﬁfg”%éeﬁ)s (not

|rebr|c Typi cal ly, the processing chanber

and gener a t he pl.ant, (,100 |s co
sty faeiatvely cpindapt go dactag Seel Tvori ﬁl%awhereln
integrity thereof and to enabl e the processing chanber
theogde phedwes igemergteslei Hub vhamberdpeare prodessed vadnedpaned.
environnment. The plant (100) preferably further

TROMRLLS €prRA8InR" ARESSE NehJEAMSIUNOL a S Owggaratus or system
operatively connected to the gas outl et (50) via a gas

op@maﬁﬁsi“’”eegf%e”ca%fﬂ%?ﬁea‘é’%s%%“p%tﬂ%e FERBLE Dk 8 epparatus, in

processing means i ncl ude any apparatus or system
paniedal Ve gasmﬁbedt reef, wind adaptedplos dbesfumtherhprasessing of

of the apparatus, in particular the gas outl et

prlodeee gésesag@neaﬁeéa By thekvddhe ﬁ%{fetsbﬁfg M06868i ng of

product gases generated by the waste processing
chanber. In particular, the processing chanber (10)
further conprises a feeding

In particular, the processing chamber (10) further comprises a feeding
conduit (19) extending into the chamber from the waste inlet means (30).
The feed conduit (19) is adapted for accommodating and maintaining a
"plug" of waste in the lower part of this conduit. The column of waste (35)
extends from inside of this conduit (19) to the lower part (17) of the chamber
(10) where gasification and pyrolysis of the waste is in progress. The conduit
(19) is typically in the form of a vertical shaft, of constant cross-section or
alternatively of increasing or decreasing cross-section along the height
thereof. For example, the conduit (19) may be in the form of a cylindrical or
frusta-conical or indeed any other desired shape, and the cross-section being
substantially circular. Alternatively, the cross-section of the conduit (19)
may be polygonal. The conduit (19) has an external lateral dimension —
typically a diameter — that is substantially smaller than the inner width of

the upper part (14) of the chamber in the vicinity of the conduit (19). Thus,



conduit (19) extending into the chanmber fromthe waste

inlet nmeans (30). The feed conduit (19) is adapted for
wa@ewensgat i ng and mai ntaining a "plug" of wasPET/in20041®1106

| oner part of this conduit. The colum of waste (35)

extends frominside of this nduit (19) to the | ower

part (17) of the chanber (1 where gasification and

pyr ol %/SI s of the waste is in progress. The condui't

t}(elws calypir 435 flarest ewiardhy Glonn the bottoan edgafof thefconduit

constant cross-section or alternatively of increasing

oW ardBCHIRAShAG GRS (BBCHT ¢Re aéx@e@ssm@ dreingihdr, Vel gxfovides a
For exanple, the conduit (19) may be in the formo a

cal_or.fr sta co al ndged any_ oth
erPBanEh Rt sRatt RbeE belier Snie e AR (10) of the
substantially circul ar. Alternatlvel t he
charober sadtthencasrduiheutemuallt (681,95 ndrk ge meoguety ganantlet (50) is
The conduit (19) has an external |ateral dinension -

lobxidCil the ehandERY 0) sudhal th DeSibsdmmiviratd tios Wl'tﬂl €his space
than the |nner W dth of the upper part (14) of the

(AT Dlrdioh Vesks o DT bGP RRTRH) Bl PR g Aot to the

edge of the condwt towards the inner walls (111 of
ltqdelcb 1Bo6es $orrged Ranther gasificatipn arperss, substesttially aninymizing
peri pheral space (62) between the upper part (14) of

aﬁ}hﬁuﬁmelth@@dsééWld?ﬂ{&thteoﬂﬂ@tf ﬁ ) theB By ﬁﬂﬁ@nmlzmg
product gas outlet (50) is Iocate e chanber (10)

S nlctlo ththlss
S R Y %Z%W&a%é%%?wF f ¥kases are
rovides a barrier to the product_ gases forned in the
reg@sﬁedu o bre priseesphiereunia dhei ainlacknsksienzi (8§). Instead, the

product gases are channeled out of the chamber substantially exclusively via

the outlet port (50).

According to the present invention, a waste monitoring system (200) is
provided and typically operatively connected to the controller (150) or to a
different data acquisition, display and/or control means. The monitoring
system (200) typically comprises one or more suitable detection apparatus
(300), each detection apparatus (300) comprises one pair of microwave

transceiver units (310), as described in more detail hereinbelow.

Each microwave transceiver unit is typically for use in a shaft furnace
having an external wall and an inner wall spaced therefrom. Each

microwave transceiver unit comprises first screen means transparent to



any outflow of the gases via the waste inlet system
(30), thereby mnim zing any potential fire or
wexpboei2on hazard that may occur if the gases BCEIL2004/001106
rel eased into the atnosphere, via the airlock system
(30). Instead, the product ses are channel ed out of
the chanber substantially exXclusively via the outl et
port (50). According to the present invention, a waste,
maeneMtayei raglislisne mqugebla ko gr vitalkle Rovdat ppecdeflyin the inner
operatively connected to the controller (150) or to a
wdilf hagent bedy.a Taedbodit has, a dosizayatiod/ adasit Fo# reversibly
nmeans. The nonitoring system (200) typically conprises
ane, or re suitable dgt '
ndUfulla B tp SbaRil SrBoRben ALRBLAVES priiidga B Mat wall
m crowave transceiver units 310%, as described in
Thenedicras anineiel dreervion mach that eoliksteend ghsaid bedy extends
unit is typically for use in a shaft furnace having an
By tigrenflrnideb | fraimd tlee dpepeirenat lespangd pRiefitommitiEatle first
m crowave transceiver unit conprises first screen
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body. The bodﬁ has a configuration adapted for . .
sqreqier H1650F- nbhAt PAGY t EOMBELSEXE cFRGIOWAYE T ARYBEIFiaR recelving
aperture provided in that wall. The body has an axi al

m@b A RSEeatadctithhedidalifst resid @ndl opérataiely Rodyeeibbntts any one
into the furnace fromthe aperture at |least into

oKt R BB MR A . D
operation of said microwave transceiver unit at least a portion of said screen
is in aligned relationship with said microwave transmission/receiving means
and wherein said screen is sufficiently large to maintain an aligned
relationship between at least a portion of said first screen with respect to
said microwave transmission/receiving means for a range of displacements

of said first screen with respect to said- microwave transmission/receiving

means.

Thus, referring in particular to Fig. 2 and Fig. 3, according to a first
embodiment of the present invention, each detection apparatus (300)
comprises one pair of  microwave transmitter/receiver  or
transmitter/detector units, herein referred to as transceiver units (310),
which are mounted onto the wall (11,12) of the chamber (10), in opposed

facing relationship and at substantially the same horizontal level. The axes



screen nmeans. The body conprising m crowave
transm ssi on/ recei ving neans associated with said

wo poosoeend and operatively connectabl e to any PCEIAN4A01106
m crowave generating nmeans and m crowave detection
nmeans. During operation of i d mcrowave transceiver
unit at least a portion of said screen is in aligned
relati onship with said mcrowave )

(36Pant Hhe SranHCPVEs Uiy (3B AW SRhdeterHor anpazatee(00) are
Is sufficiently large to maintain an aligned

cob®idl hadsfeferhblynkaoraict teasdngitywdingl arisofl03i(sk édrrtetline) of
screen with respect to said m crowave

transm . ssiQn/ recei ving means for a range of
thﬁf%ﬁ%gié@éﬁts of said first screen with respect to
Y

sai d- m crowave transm ssion/receiving neans. Thus,
referring in particular to Fig. 2 and Fig. 3,
according to a first enbodi nent of the present

A Meentillagtratal in dépaes idomtalepat ahosaB08Fuc ¢8PO) Fepreferably
one pair of mcrowave transmtter/receiver or

] r/ r ALY riQ :
RRRTE BErA R SGRA RELLE (89 P Bhting whon
wal I (11,12) of the chapbe 10), .in_opposed facin
theclexel ehwasie serrhss thimiavg télﬁ?lﬂ%ﬂi” theshnoRtiost s skitgm (200)
| evel . The axes(355) of the transceiver units (310) in
tydigilwedlsdebanirices wdpasadns apBadtuan80@oaixa déveldly, vertically
preferably intersect the |ongitudinal axis (101) (or
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r ef er abl
depcecting Wh%n the level of waste reaches this level. Preferably, and

referring to Figure 2, the axis of apparatus (300) at level (F) is angularly
displaced with respect to the axis of the apparatus at level (E), when viewed
along the longitudinal axis (101), the angular displacement preferably being
about 90°. Additionally or alternatively, more than one pair of transceiver
units (310) may be provided at any horizontal level, each pair being suitably
displaced -angularly with respect to other pairs.of transceiver unit (310).
Additionally or alternatively, pairs of transceiver units (310) may be

provided at more than two levels along the axis (101) of the conduit (19).

Level (F) may advantageously represent the maximum safety limit for waste
in the chamber (10) and particularly in the conduit (19), while level (E) may,
for example, represent a level of waste within the conduit (19) below which

the "plug" of waste within the conduit (19) may be too thin to prevent escape



nount ed at an upper part or level (F) of the conduit
(19) for detecting when the | evel of waste reaches
wa bios/obe2yel . Simlarly, the nonitoring system BCD0)2004/001106
typically also conprises at | east one apparatus (300)
at a level (E), vertically djsplaced dowwards w th
respect to level (F) of the“onduit (19), for
detecting when the [evel of waste reaches this |evel.
ofPpeddurcibgsesantieradheougnqaud irtghe air doek axirgngfment (30).
apparatus (300) at level (F) is angularly displaced

A%fﬁ‘at'i@eﬁ?eféve! QE} B&ll@.xél%o QbpidienarBariateiSatvhi&y ¢ is efficient
(E), wheh’ viewed al ong the Pongltudlnal axis (101

)
the angul ar dis e er y a .
o LBt SR AGIED L B B Yo R s gﬁﬁsa@ug%e in the
transcei ver units (310) may be provided at any
comaluiiz 6R)abe tivmenl level (h) pad devadi &g rgam%wpmxmaﬁ@wqual to
angularly with respect to other pairs .of transceiver

theN dlu 2 le)) wa Siddital @02y b¥ a@EordhiRlanad iy %éﬁm@ ahasldr (36).
transcei ver units (310) may be provided at nore than

two | evels along the axis (101) of the conduit (19).
Level (F) may advantageously represent the naxinmm
safety limt for waste in the chanber (10) and
Aberndtevdlay lop additinmadlyndiier lqcegionswaf the| apparatEpesidy00) at
for exanple, represent a |l evel of waste within the

le$EIRAW) tan(dl@) Rak N Mseh tbhsrovideugliitahl eVl tiensMortldtermining
t he condw may be too thin to prevent escapeof

lg ase€%8§1 rei{zvtgrgfeng}roblg t'hm \%ﬁl rEglOg b&l %eaFurmg the

represent. the level at which it |s efficient to
tipeoirit@evatobetweest ehe dimpevhemrber leyebpf vartetifuat laved (F) to
vol unme in the
when it reaches level (E), for example. The controller (150) may also be
operatively connected to valves (32), (34) to coordinate loading of the loading

chamber (36) from the feeding system (20), and unloading of the waste from

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

Thus, with the aid of the monitoring sysfem (200) it is possible to detect
when the level of waste drops sufficiently (as a result of processing in the
chamber (10)) and thus the controller (150) may provide the necessary
commands to enable another batch of waste to be fed to the processing
chamber (10) via the loading chamber (36), preferably such that a plug of
waste always remains within the conduit (19). The controller (150) then

closes lower valve (34) and opens upper valve (32) to enable the loading



conduit (19) between level (E) and level (F) may be

approxi mately equal to the volune of waste that may be
waewsismgat ed in | oadi ng chamber (36). Alternap@wal2994/001106

or additionally, the |ocations of the apparatuses

(300) at levels (F) and (E) may be chosen to provide

sui tabl e datuns for determ'%l ng an actual flow rate of

t he waste through the chanber (10) by neasuring the
chiteeri (361 to dle tseloader iadeeding SRkt (RE): Byethen clasgs awver

is at level (F) to when it reaches |level (E), for

vV TY) ereadiefos ARE ikl @Fcle150) may al so be operatively
conneCted to valves (32), (34) to coordinate |oading

of the | oading chanber (36) fromthe feeding system

(20), and unl oading of the waste fromthe | oading

chanber (36) to the processing chanber (10). Thu .
Aagotdinghie thel possemtidnientionr Fify b9 STaRFE0R) up%tSi@m) in each

possi bl e to detect when the | evel of waste drops

appichied eI00) Yarbasibatdesally idéntivadcass trunscaivehaith 4t@rbeing
10)) and thus the controller (150) may provide the

necessary. commnds t e r ch.of S ;
T RS B TRk BRARE BRI R hpetuvel
chanber (36), preferably such that a plu f st
coalnwelipd o maswidablet mwwec%@ﬁﬁxﬁﬁmm%e.an%hé 1&%@?@@&"‘*@?
(150) then closes |ower valve (34) and opens upper

triAsaevdr3 Anit Q3e0RMeng hesddadi detzbantier t{8fmitbedenicrowave
re-loaded via feeding system (20), and then cl oses

R0 Sl L O R0 L5 s o 10,
Wl(li%:}[logorivgr&agl?crowave energy received by the corresponding transceiver
unit (310) to suitable electrical signals. Alternatively, the transmitting and
receiving transceiver units may be different one from the other. The
microwave generating means (311) and the detection unit (312), which form
part of the system (200), are operatively connected to the controller (150), or
indeed to any suitable data acquisition, display and control means. The
controller (150) receives signals obtained by the detection unit (312) and
similarly controls the intensity of the microwave radiation transmitted by
the corresponding transceiver units (310), and further comprises suitable
programming to determine whether there exists waste at the level in which
the transceiver units (310) of the apparatus is located, according to the

relative intensities between the transmitted and received microwave

radiations.



apparatus (300) are substantially identical, one
transcei ver unit (310) being used for transmtting
wor@soeye radi ati on, and is thus operativel y PORI2004081106
to a suitable mcrowave generation neans (311), and
the other transceiver unit (;310) being used to detect
the transmtted m crowave r ation, and are thus
operatively connected to a detection unit 8312), whi ch
Retsmviengt dn npartiondae tendigyrer & ety dbe hpreferred embodiment each
correspondi ng transceiver unit (310) to suitable
tr@n8edivbL ahnii 9880)S .coMfr@sdRatdny allyngdtae HodgnIBELY | ddhpted for
and receiving transceiver units may be different one

fro he ot her. .Thg m cr, e enerat i an 311) ..
reyraiP o THRLLCRE IR T D a TS 18 PERR? sRAmIEAr T P suitable

systen15200), are operatively connected to the _
apenitires! (3515)( The)bodyr(3bAlbed arpasiey duengisie(ldarlang axis (355)

acqui sition, display and control means. The controller

suckPNatr £Eestvas] s338)afThe Mody (8E0Yxtehds detEEid EitamBet (10) at
(312) and simlarly controls the intensity of the

i CT. di,at i t i tt.ed t dj :
e EBUE G I, s 1 R P B TR0 e hbutting
sui tabl e programm ng to_determ ne whether there exists
condgelewiih é)heecqr@lmt, dswilhpe leperabed Andber hereiphplogv. Typically,

(310) of the apparatus is |ocated, according to the

tHeeb@ly (850) I8 elisdthheislhatyleriidane transmtted and
received m crowave radi ations.Referring in particular

to Figure 3, in the preferred enbodi nent each
transcei ver unit (310) conprises an el ongate body

(350). .adapted for ) i
Preferably, the apertures (375) each comprise a suitable sleeve member

(376) having an external configuration, typically an external surface (377) of
suitable shape and dimensions, that is adapted for sealingly mounting the
sleeve member (376) into the aperture (375). Furthermore, the sleeve
member (376) also comprises an internal configuration that is adapted for
reversibly accommodating the body (350) sealingly with respect to the sleeve
member (376). Thus, typically, the sleeve member (376) has a cylindrical
internal wall that is complimentary to the outer surface of the body (350),
and enables the body (350) to be inserted therethrough and to the required
position opposite the conduit, as illustrated in Figure 3, for example.
Furthermore, the sleeve member (376) comprises an annular flange (396)
which abuts against the external wall (12). The body (350) also comprises a
flange (394) on the second end (356) thereof, which is of sufficient size and of

appropriate shape such that when the body (350) is fully inserted in the



reversibly mounting to the wall (11, 12) of the
chanber (10) via suitable apertures (375). The body
W@ 3®8ps4296 an axi al dinmension (L) along axis (BGSB)L20wI01106
that a first end (355) of the body (350) extends into
the chanber (10) at least ipgo proxinity with the
conduit (19), or alternatively in abutting contact

with the conduit, as will be descri further
slda&eem@b&@\MSWpﬂt%lﬂa}l,geﬁh@%go@;ﬁ‘{ égg jpLe superposed over a

substantially cylindrical. Preferably, the apertures

pelipherakeasdn Q:@m&lhh@@ibang Whsablirsineéaldéicniayeer (3(8Y&f the body
havi ng an external configuration, typically an

t I . . ' . .
e ahdohe! S0 BB SRR B NRRRA TR0, (380) fn this

sl eeve nenber (376) into the aperture (375).
peFiphenal m%,su@hea%%ce@%wﬁ‘@n%éﬁg]( %%‘798&{ 3 {3004 apl the

internal configuration that is adapted for reversibly
slaseaneRgRl (8wt he body (350) sealingly with respect to

the sl eeve nenber (376). Thus, typically, the sleeve

menber (376) has a cylindrical internal wall that is

cogpl [ nglnt aryhtobtge outer surface of the body (350),

and enabl es the body (350) to be inserted therethrough
Thenbody (338 osepiipesds %thi)@FFTS}Yﬁé@i ROFRESSIGHYRREL VI means

illustrated in Figure 3, for exanple. Furthernore, the

asBb@BYR] Welhherid(fas6 endaBp6) ard operativelyaonbheatade (@oBher the
whi ch abuts agai nst the external wall (12). The body

m %@% vglgéﬂefq&ﬂ?%ﬁ%%s?@flgfegﬁ? ?ﬁ@fﬂic%wéxt@déﬁe%%g e (312).

ereo Icient size and o

Thus, in the preferred embodiment, a metallic wave conductor (390)
substantially aligned with the axis (355) is provided, typically in the form of
a metal tube, made from a suitable metal, preferably stainless steel, copper
or brass or alloys thereof, for example. At the transmitting/receiving end
(391) of the conductor (390) an antenna (340) is comprised, integrally or
otherwise connected thereto in an electrically conductive manner. Thus, the
antenna (340) is also metallic, and preferably of the same material as the
wave conductor (390), is typically frusto-conical in form and with its axis of
revolution aligned with axis (355) and having its larger end pointing away
from the wave conductor (390). In such an arrangement, the half angle o of
the cone may be advantageously between about 20° and 30°, for example.
The second end (392) of the conductor is adapted for connection to the

microwave generating means (311) or the detection unit (312).



appropriate shape such that when the body (350) is
fully inserted in thesleeve nenber (376) the flanges
w@ 3®@dpeand (396) are superposed over a peri phePEl/T2ne01106
circunscribing the outer netallic |ayer (318) of the
body (350). A gasket (393) i provided between the
flanges (394), (396) in this peripheral area such as
to provide a seal between the body (350) and the
The seare eanthmitor GE6) is Therovadyd (B58)UE insedation dayere(331),
m crowave transm ssion/receiving nmeans associated wth

pedbrh bl I sladRndrdn3Sh) sandbRPes@t deabity cheaetiabfinkOmaterial,
either the mcrowave generating neans (311) or to the

yave det ectin un| 1 ep
DT SRR el B i e s bl PHTORREES, the
substantial |y allgned Wth the axis (355) is provided,
insyfrteen i tubilandavorgm oridsh (8Dt abgs: 15rmo?é)cm dar gxample, in
suitable nmetal, preferably stainless steel, copper or

a Parass d@fec;ﬂioh?)ﬂ&dtebﬁéﬁ@é to beraXanpitire dndugor (390) within the
transmtting/receiving end (391) of the conductor

bR R e A b T A AR LR, |

conductive manner. Thus, the antenna (340) is also
nmetallic, and preferably of the sane material as the
wave conductor (390), is typically frusto-conical in

Therbndgn(Bse)t turtlhe admpmfes r8voutdy aretalligiekbrw31s)akasing a
(355) and having its larger end pointing away fromthe

n ) Ciy 2N, a I
e AFIEROPIHER o R g Bt e alle AT i PR ot the
20_and 30, for exanple
insulation layer (331), and an end portion (319) facing the conduit (19) and

having a window (332) opposite the transmitting/receiving face (341) of
antenna (340). A screen (370) covers the window (332), and is made from a
suitable material that, while being substantially transparent to UHF
electromagnetic radiation, also provides adequate thermal insulation for the

antenna (340).

The apparatus (300) further comprises another set of screen means (360),
which are mounted to suitable portals (380) provided in the conduit (19).
The portals (380) are arranged in the conduit (19) such that the axes (355) of
the transceiver wunit (310), and in particular the microwave
transmission/receiving means, are aligned with at least a portion of screen
means (360) when these are mounted in the corresponding portals. The

portals (380), and the screen means (360), are sufficiently large, at least in



The second end (392) of the conductor is adapted for
connection to the m crowave generating neans (311) or
w0 b®sdeect i on unit (312). The wave conductor (BODJL2064/001106
surrounded by a suitable insulation |ayer (331),
preferably made froma suit e low density
heat-insulating material, préterably a ceramc
material, including porous ceramc. Preferably, the ,
thenbnnigitudinal dinegiohaalonawhegesis wil@th sughothagbiiis algnmeent is
20cm for exanple, in a radial direction, and extends

me@n&aMEd VB LM okt eehahd4 39@)conitiduts thBemBUgYunder the
(350), plus at least a portion of the antenna (340).
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covering the outer cylindrical surface of the ) )
At bal sarhefimgy end( 83 Ffategdnberginkefare ot bady Fxgynds into said
facing the conduit (19) and having a w ndow (332)

faRBesidteldhle ihtapebkihitPghitacedidi sgebacebd41(B60j, such as to
antenna (340). A screen (370) covers the w ndow (332),

and..i s made from i e fal Is '
o@Bis ST oS PPaRap U LATT s EOAP (b0 kg Nkl ScPe Sheans
radi ati on, also provides adequate thermal insulation )
(3669 tlne that embedumany  ilimseratpdarnt Kieursos) Faudt hedy (350) is
conpri ses another set of screen neans (360), which are

diveakideddirb e Saiidt sbbén pesdral G60389)a fisplacedent(d)ifficiently to
conduit (19). The portals (380) are arranged in the

conduit h t 5 g .
w00 A e e A ek P b, roect 10 s
m cronwave
microwavevtransmission/receiving means. Such a displacement (d) may be

approximately lcm, for example, to allow also for possible radial outward

expansion of the conduit (19).

While the conduit (19) may be cylindrical or indeed any other suitable
shape, as discussed above, the screen means (360) preferably comprise an
external surface (361), facing the transceiver unit (310), that is substantially
planar. The inner facing surface (362) of the screen (360) follows the shape
of the conduit (19), as illustrated in Figure 8. In practice, the portals (380)
are each surrounded by a suitable frame (385) that extends in the direction
of the transceiver unit (310), and the screen (360) comprises flanges (365)
which mate with said frame (385), secured thereto via bracket (386) and
bolts (387). Advantageously, surface (361) is displaced from the flanges

(365), providing a slot-like arrangement. Correspondingly, the end (319) of



transm ssion/receiving nmeans, are aligned with at

| east a portion of screen neans (360) when these are
worpwsvertdo n t he correspondi ng portals. The porPEl/B.2004/001106

(380), and the screen neans (360), are sufficiently

| arge, at least inthe |ongitydinal direction along the

axis (101), such that this gnhnent i s maintained

even as the conduit expands and contracts thermally
thentbedy t(BE0) ndinpeisee afproEspenadpantecostiangng ati idrsn ndré of the

chanmber (10). At the sane tinme, and as stated

aRRBIaNERIP 8 teshedy B¥hLNUP70)NhAd IivinE W&t &limensions
east Into proximty with said screen neans (360),

such as.to.permt re i ve nmovenent between said body
S‘%‘%‘S?ﬁ goaﬁ%ﬂ“@ G r%%%ﬁkﬁﬂga?%ﬁmtl n the enbodi ment
illustrated in Figure 3, said body (350) is distanced

fromsaid screen neans (360) by a displacenent (d)
sufficiently to permt displacenment of said screen

RER2G®1o( 860 girb h5 T @8PRRT altOrriRivk BneBciidiedt, the body, herein
transm ssi on/ recei ving neans. Such a di spl acenent (cf)

may be .approxiqmtely lcm for exa , to allow als
AP iR A St s CTel) o tpRisBs  isbfacoment
(19). Wiile the conduit (19) nay be cylindrical or
mieadedd alnittiorcheanteat wabh eitbieaphe ianediveall 96 sandbv@ ) or the
the screen neans (360) preferably conprise an external

scEbEh A (S@BBD) thasdrtit tdieplhbansAELY S4idustirbert 33é0ns (IBB) with
I's substantially planar. The inner facing surface

R LR Bk AL, S, 51 Ml e
dits?)leacgglretn?cl %egggoc)omprises at least one, and preferably a plurality of
rollers or wheels (365") mounted for rotation with respect to said body (350).
The wheels are each in rotatable contact with either the conduit (19) or the
screen means (360). Preferably, suitable rails (370" are provided on the
conduit (19) and/or screen means (360") corresponding to the Wheels (365",
and during operation of said transceiver unit, the wheels (365") are in
rotatable contact with corresponding rails, enabling the body (350" to
remain substantially stationary while the conduit (19) is sliding displaced
with respect thereto in a direction substantially along the axis (101). The
clearance between the wheels and the rails (or the screen or conduit) is

sufficient to prevent interference between these components in directions

other than along the axis (101).



are each surrounded by a suitable frame (385) that
extends in the direction of the transceiver unit
W@ 3m8)pe429md t he screen (360) conprises fl angesPCBERP04/001106
which nmate with said frane (385), secured thereto via
bracket (386) and bolts (38% Advant ageousl y, surface
(361) is displaced fromthe anges (365), providing a
slot-like _arrangenent. Correspondingly, the end (319) .
R@ﬁem@gbtmﬁlg@l@o%, Sohere Ses upnsTopat {1dh ¢fathe chamber (10) is
containing at |east part of the antenna (340) and the

typida@Bi) bikaivs e3éfarilgndf badtaateilyerstdnilaeReisguare section,
such as to fit within the slot-like arrangenent.

Eeferrin 0. Fi o ). altar [ di
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(350"), conprises displacenment neans in abutting

(1dbught thett theeprpe (38 de areisachwal pnornglenduvith(tespeel to the
the screen neans (360') to permt displacenent of said

plagesef sypamsty30602). Whichahgep@ehay asge drsinCaBNRYO° to about
transm ssion/receiving neans. In particular, the

i spl ace . LS . t °
obs SR PPhaRaNE QRIS T MiplFER) (R 818 abopt 107, but
nmounted for rotation with respect to said body (350). .
thihenanewry aeerdbsh to theotBe@BE dneedit akd dgsign «ift g specific

the conduit (19) or the screen neans (360).
fuPheéerably, suitable rails (370') are provided on the
conduit (19) and/or screen neans (360') correspondi ng
to the wheels (365'), and during operation of said
transcei ver unit, the wheels (365') are in rotatable

contact with c rresgonding rails, enabling the body
T}}%%)WI‘P.BJ_S (300) is thus retrofittable with respect to existing waste

processing plants which comprise a conduit (19) by first providing suitable
apertures such as apertures (375) in the outer chamber walls, and providing
portals such as portals (380) in the conduit. Thereafter, screen means (360)
are mounted onto the portals, and said body (350) is inserted via the

apertures into alignment with the screen means (360).

In operation, for each pair of transceiver units (310), one transceiver unit
(310) transmits microwave energy via the screen means (360) into the space
enclosed by the conduit (19). In the absence of waste in the conduit at the
horizontal level of the said transceiver units (310), the receiving transceiver
unit (310) will receive substantially the full microwave energy transmitted
by the transmitting transceiver unit (310), and this is sensed by the

controller (150) via the signals provided by the detection unit (312). When



remai n substantially stationary while the conduit (19)
is sliding displaced with respect thereto in a
waleosns420m substantially along the axis (101).PdiE.2004/001106
cl earance between the wheels and the rails (or the
screen or conduit) is suffigj.ent to prevent
i nterference between these onents in directions
other than along the axis (101). Referring to Figure 2,
theme ie warde upiphin phe copduit of thelevehahthe tranycaiver unit (310),
typically, but not necessarily, of substantially
tHee Ghddit Rl ofT t1RURNiErositel aadidiien t red$es] Viey WRét receiving
(310) may be disposed with respect to the upper part
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angle g may range from about O to about 90. In the |
vanbedi eanpositions endt dansity migavaste, travargde by ithe améerowave
10, but this may vary according to the specific needs

ragtife SiigRiothd mdpecid)i ¢ furnace. The apparatus
(300) is thus retrofittable with respect to existing

wast e processing plants which conprise a conduit (19)
by first providing suitable apertures such as
apertures (375)_in the outer chanmber walls, and
Typicellyi the purtreller €L iarogyemamed togmprognize ethreshold value
conduit. Thereafter, screen nmeans (360) are nounted

ofoheQd dc6afonit Bltensidp @f $hé ehivasyatsbAiati®ni theercoetbsybads to a
the apertures into alignnment with the screen neans '

p%rﬁfct%ali %J%B?I%%g%}éé%p Z%ﬁ{é,ig(%”i ggﬁﬁaﬁ iac%f{ wiktd TANBELIYEN where the
transceiver units (310) are located, this volume, mass and/or density of
waste being sufficient to indicate that the general level of the waste has
reached, or is higher than, the level of the transceiver units (310). However,
since each of the parameters volume, mass and density of the waste may
have an effect on the reduction of intensity of the received radiation, the
controller (150) preferably needs to be programmed such as to distinguish
between genuine cases where the waste fully fills the conduit (19) at the
level of the transceiver units (310), and cases where the same reduction in
received intensity may be obtained while the conduit (19) is not fully filled.
For example, a large volume of substantially homogeneous low density/low
mass waste may fully fill the conduit (19) at the level of the transceiver
units (310) while only reducing the received radiation intensity by a

moderate amount. On the other hand a relatively smaller volume of high

density, non-homogeneous waste may comprise, for example, a metal girder



(310) transmts m crowave energy via the screen neans
(360) into the space enclosed by the conduit (19). In

wo b@sabeence of waste in the conduit at the hoPCmOIZO@M001106
| evel of the said transceiver units (310), the

receiving transceiver unit (5310) will receive
substantially the full m crowave energy transmtted by
the transmtting transceiver unit (310 and this is

onsetherlanpetmatetank that may (rsipet Wpya fg@@n esaverage level of
provi ded by the detection unit (312). Wenthere is

tha sttt 41id nntdheheopdth tofathd heickewveave afadidigon sent from one
transceiver unit (310), the i nt ensity of the m crowave
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red Isre ron is co ate
t he vol une, conp03|t|on and denS|ty of e traversed
puspeneR ohasly degisdemmazt veshicai thRi LAt §nRY ycgﬁ ragiagion received
Typically, the controller (150) is programred to

by ehogbtaieiny trungstivkd umt (1 ®f pefieametr daseame level as in the
intensity of the m crowave radiation that corresponds
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evel wher tfanscel ver uni
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the waste has reached, or is higher than the | evel of
déveéop iarthedovier cavet wheBla) pat&bﬁmaHOWediMCﬁ)rﬁaﬁr the product
t he pararreters vol ume, mass and density of the waste
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preferably needs to be progranned such as to
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If the threshold value of the reduction of received microwave radiation is
changed sufficiently so as to ensure compensation for the high density case,
such that the threshold value is reached when high density waste fully fills
the level of the conduit (19) at the transceiver units (310), then it may occur
that when the conduit (19) is fully filled with low density waste, the
controller (150) may be correspondingly desensitized to the presence o‘f this
waste. This is an unsatisfactory situation, since the controller (150) may
continue to provide waste to an already filled conduit (19), and perhaps clog

the air lock system, preventing proper operation thereof.

However, and in practice, the type and density of waste provided to the
plant (100) is typically kept within a known range, and thus the controller

(150) can be correspondingly programmed to take into consideration the



bet ween genui ne cases where the waste fully fills the
conduit (19) at the level of the transceiver units

W@ 38)pe420nd cases where the same reduction i n PEDHI20@d01106
intensity may be obtained while the conduit (19) is
not fully filled. For exanpl a |l arge vol une of
substanti ally honbgeneous | ow density/| ow mass waste

may fully fill the conduit (19). at the |evel_ of tbhe
expeshert slepsityueli the (vagp- Mtef(r@a%lﬂleib’»ra%e%@“@lﬁ?é (150) may be

received radiation intensity by a noderate anount. On
oprativbhiercohaneted telatduitible smehherfovotletwendhimg gie average

density, non-honogeneous waste nmay conprise, for

exanpl | Qi (eld trephal f
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waste and into the path of .the m ¢rowave radi atjon )
thyegholdy m&v@n@cqoréﬂgﬁﬁiaﬁe?a@h ibtat‘%PSi%))mPr@%Pﬁ% dehidye processing

transceiver unit (310) of a pair. The presence of such
climgbeder may reduce the intensity of the radiation

recei ved by the receiving transceiver unit (310),

perhaps to the sanme |evel as in the previous case of

Iom1degsity case, even though the general |evel of the

wast e does not reach the |.evel _of the transceiyve
Thai presest opventient thdlem dsenbed dfé’vé?Plé ads el Bi%sé?a waste

case where a path is allowed to formfor the product
c@iagetinkfProcédseng opldmitt {rd 9whielhi chtlsdrodhdnbéearingded.conduit

If the threshold value of the reduction of received
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that the threshol d i h i '
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product gases escaping via the air lock system. Thus, referring to Figure 6,
in a second embodiment of the apparatus and system of the present
invention, the upper part (14') of the plant comprises an inner wall (63') that
projects thereinto frbm only part of the airlock arrangement (30'), such that
the plug of waste (35"is bounded by part of the outer wall (11') and the inner
wall (63") before fanning out to the full breadth of the chamber (10'). A space
(62" is thus formed between part of the outer wall (11') and the inner wall
(63") in which product gases can escape via outlet (50"). In such a case, it is
only necessary to provide one said transceiver unit (310 at the outer wall
(11" such that the transceiver unit (310) extends into proximity with a
suitable screen means provided in a suitable aperture formed on the inner
wall (63", similar to that described above with reference to the feed conduit,

mutatis mutandis. At the same time a regular transceiver (310") may be



the level of the conduit (19) at the transceiver units
(310), then it may occur that when the conduit (19) is
wo 05966200 | ed with | ow density waste, the contP@I/II2n04/001106
(150) may be correspondingly desensitized to the
presence of this waste. Thi%ﬁis an unsatisfactory
situation, since the control*er (150) may continue to
provi de waste to an already filled conduit (19), and
prpeideapsn chegoutee vaall (1% lsudgtareilly diamatiiealpoppesite to the
operation thereof. However, and in practice, the type

lo?emioﬁi %Fsth%yfipsft %ﬁ%_@ei%zo‘(gﬁ(%d D&ethendfientof ((H20)evied of waste
ly ke Wi t

ypl ca pt In a known range, and thus the
control l.er 50).c be correspondi ngl rogra d 5
meS I ST 76 CROARGLCIBY CaS LTt oBroy g the first
waste. Alternatively, the controller (150) may be
erapediaténte hyutadisnactaddiso a suitabl e means for
determi ning the average density of each batch of waste

bei ng sent to the plant (100), and to adapt the
t hreshol d val ue accordingly as each batch is

Vol oo et ST Br s A g Rarersh s BBk e lovel of

wast e converting/processing plants in which, rather )
whbtan ihagi slgafs Gontheet opr ieediliengiti it alemeusafvt assiotlger high
chanber as described with reference to Figure 1, the

te%h}?é}tat his@ichdidcdhes £t xhhnile eReRétal Rirglbadifadikties.
the risk of" product gases escaping via the air lock
system Thus, referring to Figure 6, in a second

enbodi ment of the apparatus and system of the present

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

spirit of the invention herein disclosed.



i nvention, the upper part (14') of the plant conprises
an inner wall (63') that projects thereinto fromonly
wW@2005/00£29¢ he ai rl ock arrangenent (30'), such tPeL/IIE20e/001106
plug of waste (35" )is bounded by part of the outer
wall (H) and the inner wall 563 ) before fanning out
to the full breadth of the anber (10"). A space (62")
i's thus formed between part of the outer wall (H ) and
Claiangymer wall (63') in which product gases can escape
via outlet (50'). In such a case, it is only necessary
to provide one said transceiver unit (310 at the outer
wall (H ) such that the transceiver unit (310) extends

1 % 3nBBHaRh gl WUbBuREURCY, TRER° iRt Geyine an

simlar _to that described above with reference to the
f eateraehdwedl, andt 40y dnnet anall sspaged: Kherpdramt jsped amicrowave
regul ar transceiver (310") may beprovided on the outer

watd ndebiver st tembiaingt - di ametrical |y opposite to the
| ocation of the first transceiver (310). Determ nation

fflrgp E%Jeg}lle%leggs V@?#%Mttéaelﬁé&t%ﬂv%%%efﬂlgﬁ%ggnounttable to a

descr ove w espect

mutatis nmutandis. While the present invention is
paritesls Bertel Afpted in sRIHEMEEWals the | evel of waste
in a shaft furnace or the like, it is also useful in

otlheslohigte beatpkaing £ capfineaidroadastedhfoaselefsibly mounting
exanple in nmetallurgical facilities. Wile the

f Q5 %gﬁ g)gtéa?igaf{}s}aﬁ)ltﬁ %u ﬁtsa}(]i{ bﬁ&%&r? ng(%ﬁekl 18r%a])fd %XEMEII wall,

Specl nven

under st ood by those Skl led in the
said body having an axial dimension such that a first end of said body

extends into said furnace from said aperture at least into proximity with
said first screen, such as to permit relative movement between said body
and said first screen means;

said body comprising microwave transmission/receiving means
associated with said first end and operatively connectable to any one of a
microwave generating means and microwave detection means;

wherein during operation of said microwave transceiver unit at least a
portion of said screen is in aligned relationship with said microwave
transmission/receiving means and wherein said screen is sufficiently
large to maintain an aligned relationship between at least a portion of
said first screen with respect to said microwave transmission/receiving
means for a range of displacements of said first screen with respect to

said microwave transmission/receiving means.



art that the invention is not limted thereto and that
other variations in formand details nay be possible

wowdkoe9departing fromthe scope and spirit oPCT/2004/001106

invention herein disclosed.Cainms: - 1. A nmcrowave
transceiver unit for use in shaft furnace having an
external wall and an inner wall spaced therefrom said
m crowave transceiver unit conprising:- first screen
means transparent to m crowave radi ati on, nountable to
a suitable portal provided in said inner wall; an

2.elpongiatGw Bes tragsten@rausiedd glafmiedoim aldapt ed wWitdrein the body

3.

4.

reversi bly nounting to said external wall through an
aperture provided in said external wall, said body
h§9¥ﬁ6m§ﬁ'axial di mensi on such that a first end of

sai d body extends into said furnace from said apertﬁre

ae |ragkallip nF@aver 6RnaNeipr weowpledi @t ar dirstcpaénthergeh to the
as to permt relative novenent between said body and

s@tghdrissiorsedceBingempanssdhe deodyd canprdfsthrg conductor being
m crowave transm ssion/receiving neans associated with

S]?:Sbgrgﬂl\gesig c%ﬂﬂe@tré%léjﬁf Eﬂg'o &l of acﬁﬁgﬁ)%f%l %eaﬁeq'a@i%}ﬁ BB&ns and
0 m crowave “gener at ' ng neans and m crowave

detection neans; .wherein during operation of said
nRCRERAVE VErdeteti Breagsi t at | east a portion of said
screen is in aligned relationship with said mcrowave

an insulation layer substantially surrounding at least said conductor;

an outer metallic layer substantially surrounding said insulation layer.

A microwave transceiver unit as claimed in claim 2, wherein the
microwave transmission/receiving means comprises an antenna

operatively connected to the wave conductor.

A microwave transceiver unit as claimed in claim 3, wherein the antenna
is substantially frusto-conical having the larger end thereof as a

transmitting/receiving face.

A microwave transceiver unit as claimed in claim 3, wherein the wave

conductor and the antenna are integrally joined.



transm ssi on/recei ving nmeans and wherein said screen
is sufficiently large to maintain an aligned
w0 edoaveoshi p between at | east a portion of saPdI/iL206#001106
screen with respect to said m crowave
transm ssi on/receivi ng neangy;or a range of
di spl acenents of said first 'Screen with respect to
said m crowave transm ssion/receivjng neans.2. A,
6.ni miowmeget franseaiverrunihias elgiviedi Wedlaim &, avhenein the wave
wherein the body conprises: a netallic wave conductor

ceuRii€stontard the shtemth hheneade fon key suitable metal including
transm ssi on/recei ving neans, the second end of the

A e e e g A

means; an insulation |ayer substantially surrounding
at | east said conductor; an outer netallic |ayer
substantially surrounding said insulation |ayer. 3. A

7 MACHAWRWE e BrABEediVEeF uliy 4s daiebkaiinethinn 4¢ hatthe? comprising a
wherein the m crowave transm ssion/receiving neans

c I t el - 1t he %
g L S R
in claim3, wherein the antenna i s substanti ?I ly

f pnseRR®ostidasedond pyyecRampany deing SudskrRidnlly fransparent to
transmtting/receiving face. 5. A mcrowave

t hAoEGeh WL Elcdtiioin B atlcatategtibn. cl ai m 3, wherein the
wave A

8. A microwave transceiver unit as claimed in claim 7, wherein the first
screen means and the second screen means are made from any suitable

dielectric material.

9. A microwave transceiver unit as claimed in claim 2, wherein the

insulation layer is substantially tubular.

10. A microwave transceiver unit as claimed in claim 2 to 9, wherein the

outer metallic layer is made from steel.

11. A microwave transceiver unit as claimed in claim 1 wherein the body

has a substantially cylindrical external profile.



conductor and the antenna are integrally joined.6.

m crowave transceiver unit as clained in claim3,
wWob@se6429@ he wave conductor and the antenna arBCTHR@04/001106

fromany suitable nmetal including any one of stainless

steel, copper and brass or @ | oys thereof. 7. A

m crowave transceiver unit as clained in claimi4,

further conprising a second screen nmeans covering the |
12.rAneickewhva trastsspirengutihes chimedeinagioEnnkl, fygiher comprising

second screen neans being substantially transparent to

mMycdl eV el RetiipAagneti ¢ radi ation. 8. A mcrowave
transceiver unit as claimed in claim7, wherein the

e T o P2 4 e e BT PagiRge R sleeve in

m crowave transceiver unit as claipmed in claim 2,
wilee epertuie in fhaveall ehthefiamare; sbst antial 'y tubul ar.
10. A microwave transceiver unit as clainmed in claim?2

t @n9int¥diedl RbAfibhiea e eidapeddlidrireveesibly acomadedatiamthe body
steel. 11. A mcrowave transceiver unit as clainmed in

cl aim i has a substantially

cﬁ?‘rf‘ %éiy\é@ﬁhgr)??%%%gﬁl%g&)éﬂ le.12. A m crowave
transceiver unit as clained in claim1l, further
conprising a sleeve nenber having: an external
configuration adapted for sealingly nounting said

1S heievevave thmsepaicruigiti 2 tlhemed!in dbimhe2f wirkaes: thadleeve
member and the body each comprise suitable flanges which are mutually

facing when said sleeve member and said body are mounted together.

14.A microwave transceiver unit as claimed in claim 13, further comprising
a suitable sealing gasket adapted for accommodation between the
mutually facing flanges for sealing the sleeve member with respect to the

body.

15.A microwave transceiver unit as claimed in claim 1, wherein the range of
displacements is correlated to the thermal expansion of the inner wall

with respect to the outer wall.

16.A microwave transceiver unit as claimed in claim 1, wherein the body is

distanced from the first screen means sufficiently to permit displacement



an internal configuration adapted for reversibly

accommodati ng the body sealingly with respect thereto.
waosenowave transceiver unit as clainmed in cPE/m20@/001106

wherei n the sl eeve nenber and the body each conprise
suitable flanges which are qg}ually faci ng when said

sl eeve nenber and said body dre nounted together. 14. A

m crowave transceiver unit as clainmed in claim 13,

f of t heid cofixsti sporgen suiepals| ewdidnl irAgPefaskier  dllapt wdcrowave

for accommopdati on between the nutually facing flanges

f @fa:583iskive/Edeeiveheevsaenber with respect to the

body. 15. A microwave transceiver unit as clainmed in

claim1, wherein the range of displacenents is

correlated to the thermal expansion of the inner wal

W th respect to the outer wall. 16.A microwave
1T.Aamsiceaweve (rAnscaiver| wiieah claieiedi m ¢laighér svherehe the body

body is distanced fromthe first screen neans

SebipgiseptdiyplaceRenbinesh S abatEnt @bntt dvithrdle of the inner
screen neans with respect to the mcrowave

R Gt R AR LB RS, v Lol SEIR Mt ofsotd fvst

body conprises displacenent neans in abutting contact .
wiseteesnanesng eithniespeashl 1o dhd rHerawavn tsapempssierheceiving
to permt displacenment of said first screen neans with
reséeed to the mcrowave transm ssion/receiving

18.A microwave transceiver unit as claimed in claim 17, wherein the
displacement means comprises at least one wheel mounted for rotation
with respect to the body, wherein said wheel is in rotatable contact with

at least one of the inner wall and the first screen means.

19.A microwave transceiver unit as claimed in claim 18, further comprising
at least one suitable rail on at least one of the inner wall and the first
screen means corresponding to the at least one wheel, wherein during
operation of said transceiver unit, said at least one wheel is in rotatable

contact with a corresponding said rail.

20.Apparatus for monitoring waste in a waste converting apparatus, said
waste converting apparatus comprising a waste processing chamber

having a waste inlet port at an upper longitudinal end thereof and an



means. 18. A microwave transceiver unit as clained in
claim 17, wherein the displacenent neans conprises at

wo e@soene wheel nmounted for rotation wth respeniL20©/001106
t he body, wherein said wheel is in rotatable contact
with at | east one of the inqﬁj wal | and the first
screen nmeans. 19. A m crowave transceiver unit as
clainmed in claim18, further conprising at |east one
seiktemlad peripheralatwalbasmdorurétert sembyangwan iaprgnal wall
the first screen neans corresponding to the at | east
oRgtMBaL, fride s idnidut iing eRkY dhi@bedltosairtedetermined depth
transceiver unit, said at |east one wheel is in

rotatable contact with a corrags ' idrail.. . .
4230 6 SB35 il PsPREERASP DALY Boleh A dueside of e
converting apparatus, said waste converting apparatus )
c onternel melhandsar ipside f sAtnigashamaat AL G gxdevmpltwall, said
inlet port at an upper |ongitudinal end thereof and

aﬁ?bh@éﬂﬂ@l cgpripher at 1vadtl onapdid of bhiefovevP i SidegivaR units,
internal wall extending fromsaid inlet into said

chanber .t o redet er m.ned. S JqQr . .
PRI it PaRG St PR PRt a6yt W gimed 1n
internal wall and an insjide of at |east a part of said
extadmal wharein fenedchappir B2Ys conprising at | east one

pair of mcrowave transceiver units, conprising at

| east BReowalS tFhasEIPee u&ﬁ@niﬁ@ia&@ﬁngéﬂ} tinagppbdbsid drizontal

in claiml, wherein for each said pair

relationship with respect to said upper longitudinal end;

the body of each said microwave transceiver unit is sealingly
accommodated in an aperture formed in said outer peripheral wall;

the conduit comprises a pair of portals comprising a first screen means,
said portals being located on said conduit at positions such that each said
first screen means is aligned with a corresponding one of said microwave
transceiver units of said pair; and

one said transceiver unit is operatively connectable to a suitable
microwave generating means, the other said transceiver unit is

operatively connectable to a suitable microwave detection means.

21.Apparatus for monitoring waste as claimed in claim 20, wherein the
internal wall is a waste conduit in the form of an internal peripheral wall

extending from the inlet into the chamber to a predetermined depth such



said mcrowave transceiver units are arranged in
opposed horizontal relationship with respect to said
waippsened2omgi t udi nal end; the body of each sai dPCT/IL2004/001106
m crowave transceiver unit is sealingly acconmodat edin
an aperture fornmed in said outer peripheral wall; the
conduit conprises a pair of rtals conprising a first
screen neans, said portals being | ocated on sai
c auscei forax apeaziph E spach betreer s8hodigide pf the CQ@d‘é’énand an
means is aligned with a correspondi ng one of said
Mig&igvayY eht ansegl waill.units of said pair; and one said
transceiver unit is operatively connectable to a
sui tabl e m crowave generating neans, the other said
transceiver unit is operatively connectable to a
sui table m crowave detection neans. 21. Apparatus for
2 2minege b iy fnamonitesing wiantalas A laamerlrinog alipe), v heten at least
internal wall is a waste conduit in the formof an
i r(‘)h@f%tﬂk denidbehak trahbcetxdrenditsgohimisdshe reghiblr mitwwave
the nber to a predeterm ned depth suchas to forma
Q%r pace bet ween an outside of the conduit and
H% of "The external wall. 22. Apparatus for
nDnltorlng waste as clainmed in claim20, wherein at
| east one pair -of mcrowave transceiver units
conprises a regular mcrowave transceiver unit.
2327 ARRata iy hohiteeiig wastegaselsieedsnalainred, iconglrésing more
20, conprising nore

than one pair of microwave transceiver units, wherein each said pair is

located at a different height along the depth of the conduit.

24.Apparatus for monitoring waste as claimed in claim 20, comprising more
than one pair of microwave transceiver units, wherein each said pair.is
located at a different angular disposition with respect to a longitudinal

axis of the conduit.

25.Apparatus for monitoring waste as claimed in claim 24, wherein adjacent
pairs are arranged in orthogonal relationship with respect to a

longitudinal axis of the conduit.

26.System for monitoring waste in a waste converting apparatus comprising
at least one apparatus as claimed in claim 20, wherein for each pair of

transceiver units, one said transceiver unit is operatively connected to a



than one pair of mcrowave transceiver units, wherein
each said pair is located at a different height al ong

wo b@sdepvh of the conduit. 24. Apparatus for noPCT/OrR200801106
waste as clainmed in claim20, conprising nore than one
pai r of mcrowave transceivef, units, wherein each said
pair is located at a differ en2t angul ar di sposition

with respect to a |ongitudinal axi f the _condquit. )
25URePpE BHLORWRTe SORRTBSONIGeARSt @%E‘f?@ramﬁee Paleé”ltéﬁwcewer

24, wherein adjacent pairs are arranged in orthogonal

I elnat | sshid puit hisr eppeetivdle soripseged uii ralsudddlde oficrowave
the conduit. 26.System for nonitoring waste in a waste

c Liin pparatus conprising at |east one apparatus
as@é Cg%orlrle%nﬁh claim 20, wherein for each pair of

transcei ver units, one said transceiver unit is
operatively connected to asuitable mcrowave
generation nmeans, and wherein the other transceiver

2MI¥yisterh sadldirpad in ckhinpes duirttedryconopmisicigexhitabla control means
sui tabl e m crowave detection unit. 27.System as

glgﬁi{a?%?végg DG tof et DEEr SRR g%'h@ﬂa o LABLEs and to the

ans ‘operatively connected to the m crowave
generation nmeans and to the m crowave detection unit.
2 SRIATPRER VR e bestLoRgHRIE o | ng the level of waste in a
shaft furnace having an external wall and an inner
wal | spaced therefrom conpri sing:

28.A method for monitoring the level of waste in a shaft furnace having
an external wall and an inner wall spaced therefrom, comprising:
(a) providing at least at one location on said shaft furnace:

- an aperture in said outer wall;

- an aperture in said inner wall and covering the same
with suitable screen means; and

- a first suitable microwave transmission/receiving means
through said aperture into proximity with said screen
means, such that a part of said transmission/receiver
means is in sealing contact with said outer wall;

(b) providing a second microwave transmission/receiving means
substantially  diametrically  opposed to  said  first
transmission/receiving means;

(¢) transmitting suitable microwave radiation via one of said first

or second microwave transmission/receiving means and



(a) providing at | east at one |l ocation on said shaft
furnace: - an aperture in said outer wall; - an
wap®soe2e0 i n said inner wall and covering the BERBEL2084/(01106
sui tabl e screen nmeans; and - a first suitable
m crowave transnission/recetﬁjng means t hrough said
aperture into proximty wth said screen neans, such
that a part of said transm ssion/receiver neans is in
seal Tasglvebataaraceiechrashindonatish thaothey pye gf soidifing o
second m crowave transm ssion/receiving nmeans
subsgaphtiahicrodaasetdn faiskiondiieestng hoeed; dnid r st
transm ssion/receiving nmeans; (c) transmtting
Sujt abl icr V: [ati-on Vi o bd Tl r
si@o(ﬁosnﬁ'nmgfp%v\gﬁ\l/\g F é@%ﬂ sosf [ ](E)}}I r@%@% n%aér@élﬁg With e
andreceiving a received radiation with the other one
of srasmitted mdistienn® Attersviagdhe level of waste in said
transm ssi on/receiving nmeans; and (d)conparing the
i nt egigdft Yfuehatdh &y edlatingdsdidde@hparisvn tdf irttensities to a
transmtted radiation to determ ne the |evel of waste

in saj f rnace by relating said conparison of
i nt e%{sr%lﬁge@ {aolhg' t hreshol d val ue. 29. The net hod of

claim 28, wherein when the intensity of the

29.The method of claim 28, wherein when the intensity of the
received radiation is below a predetermined threshold value it is
determined that the level of waste is substantially below the level

of the first microwave transmission/receiving means.

30.The method of 28, wherein when the intensity of the received
radiation is at or above a predetermined threshold value it is
determined that the level of waste is substantially at or above the

level of the first microwave transmission/receiving means.

31.The method of claim 28, wherein a second pair of microwave
transmission/receiving means is provided at a location
longitudinally displaced from the first and second microwave
transmission/receiving means, and wherein a waste flow rate in
the furnace is determined by determining the time interval

between the point at which it is determined that one of said pairs



received radiation is below a predeterm ned threshol d
value it is determined that the I evel of waste is
wGaasvenvo al |y bel ow the level of the first mPCDWRIE/001106
transm ssi on/recei ving nmeans. 30. The net hod of 28,
wherein when the intensity gf the received radiation
is at or above a predeterm ned threshold value it is
determ ned that the.level .of waste i.s supst antd %I lt¥ngat
of RbeYw AR TPEFBISHILpReITINESCAPE 15 iR @RE8et detel
transm ssion/receiving neans. 31. The nmethod of claim
28asthend the ppagioad which tfie mextopaiveo!f said microwave
transm ssion/receiving nmeans is provided at a | ocation
lonai t udi-nal Ly .dj i Ite8lin AREh 6 €RBEbat.
rﬁr@%gwégs&ox?}rrg%es}%@gn%%ﬁ rgé%:gle\% %%&n%égﬁﬁmgnd wherein a
waste flowrate in the furnace is determ ned by
determining the tine interval between the point at
which it is determ ned that one of said pairsof
39MTRE OM@VBod réfnelai s 28n/wieareiw i thg h]embdcg wisdue ongsr be
detecting waste and the point at which the next pair
of ' LGr transm ssion/receiving nmeans i s no
I%%zcgér)ﬁ%%r?ggt%%\%}égwaste thereat. 32.The nethod of claim
28, wherein the threshold value may be controlled as
desired. 33.The nethod of claim 32, wherein the
threshol d value is adjusted according to the general :
3L ORROBIdthod off chie Bastvehdreimghienthusgbelsy value is adjusted

according to the general composition of the waste being introduced

into the furnace.

34.A microwave transceiver unit for use in a shaft furnace, substantially

as herein described with reference to the accompanying figures.

35.Apparatus for monitoring waste in a waste converting apparatus,

substantially as herein described with reference to the accompanying

figures.

36.System for monitoring waste in a waste converting apparatus,
substantially as herein described with reference to the accompanying

figures.



into the furnace, 34. A m crowave transceiver unit for
use in a shaft furnace, substantially as herein
waele®sned2edd with reference to the acconpanyi ng PCUR2061/001106
35. Apparatus for nonitoring waste in a waste
converting apparatus, subst qlt%ti ally as herein
described with reference to tThe acconpanying figures.
36. System for nonitoring waste in a waste cqnverting
3% dudor JupbBItaRNEalWastasihe? eFRSHe SKMVEEHNE pRparatus,
reference to the acconpanying figures. 37. Method for
MBAb&RMtRAIMNAS herdin deshBibed withveféienge appheatcdsmpanying
substantially as herein described with reference to

t legu%é:sqonpanyl ng figures.



