WD 2005/ 064290 PCT/ 1L3004/ 001106 M CROMAVE

TRANSCEI VER UNI T FOR. DETECTI NG THE LEVEL OF WASTE I N
A FURNACE Technical Field The present invention
relates to a plant or apparatus for the conversion of
wast e, including the processing, treatnent or disposal
ovo amsa2%0l n  particul ar, the present inventi pgriae04/001106
directed to an inproved arrangenent for detecting and
nmonitoring the level of waste in such a plant or
apparatus. Back round The processing of waste

i ncl udi ng nmuni ci pal waste, nedical waste, toxic and
radi oacti ve WAHEROWAVETERANSOEIRER (BHINFORsed wast e
processing plants is well known. One problem comonly
encount BEERE CTINGTHE LB CELOFIWASSE N ATURNAGE

| evel of waste within the shaft furnace or processing
chanber of the plant, since detectors for this

pur pose need to work in a high tenperature

efé/éﬁﬁ’fm%tield"hi ch can al so be corrosive. Furthernore,
I nany cases, the detectors are inaccessible from

tside of .the . furnace. In s types of ants, the |
i BEGeRh ivERHs TSGR repmtor WaB iophSrsion of
feedi ng conduit extending into the chanber. There are
cergtai ingodioD sihee srocessam, | rpebaenb 106tisposalivehtwggs. In

to maintaining a "plug" of waste in the | ower part of
tguirsicular, the present 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 chambgr of the plant,
since detectors fo_r 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



conduit, such that the colum of waste extends from

inside of this conduit to the |lower part of the

chanber, where gasification and pyrolysis of the waste
gress. In particular, the waste co

%f(gzrdé}é} Gt%ggl cally outwardly fromthe bottom gﬁ%zgqmouoc

the conduit towards the inner walls of the processing

chanber. This provides a sub$tantially peripheral

space between the upper part of the chanber and the

colwdmitdgesute mavatdinirvgnd gplopbdbckagasin ehé |letvel part of this

provided in the chanber in comrunication with this

SRAAAit, Fheh thilt WHe SRS bBwdbthixferldigrsia riﬁ’éild& oP £1R¥ cB8Suit to
a barrler to the, product gases forned in

{)%gpg%ﬁrl{fﬁﬁg Chirber %’E%r%g sﬁlc 1¥10H1 d ﬁg%sao?%he waste

out ases
m ni.m zes any ot ent i.al haz d t hat
5 'BORGETERe. PhesgaLler iy Eﬁnvﬁiaaes fepically outwardly

at nosphere via the waste |nIet whi ch may be possible
dvem the thetiome rfgei sbdhancasiduit detwardsstthen innenswelsl, of the
due to the presence of this plug, the product gases
arreceskingneiaetberoTthisofroviies ehaistmtisdlysdriptidral space between
exclusively, via the outlet port. Accordingly, it is

RAE tipgel BhttyofitAB @hbARby hAd $HE BortREe5ule® WwHIDishala f.)ltb%{uct gas
hei ght of the waste within the feed condui't itsel

HowRY vk, rbeafiA G TeR i anediy g&ﬁa %@&ﬁﬁ%&ﬁﬁg swaéé“ The

l'evel tectors are even grea n rea

C ri.sin ndui t For . the ondui §
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reactor, which_is the usual Iocatlon for prior art

hemeed 1 Hee easibieation prreess, mabslsadisly manimiring anscewtflow of

within the shaft furnace or processing chanmber. Thus,
&hy gregutiarthd etaste tnlet HAtis nsnooizae ehp otantiidird or exploslon

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



conduit would be difficult to maintain and repl ace,
typically requiring dismantling of the upper part of
t he chanber and/or the feeding nechani sm
Furthernore, the thermal expansion of the feed tube
with respect to the ceranic lining of the chanber
al so presents a problemin that the electrica
connecti on between such detectors nmounted to the
conduit and the outside of the chanber needs to be
expandable. On the other hand, prior art detectors
that are nounted on the gutside of the processing
chanber would not be able to detect the | evel of

tRe,condui.l. itse A m.ccr.
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nmelt in a solidificati ter ol ed .col | ar,
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unsui t abl e for h tection.,in such processing
ﬂaﬁma@nﬁp&%g@ ﬁamﬁeh af the-grpopasing. chpymhen avayid Ag B
back ound SI nal s generated by the processes inside

aplg go vahof wasta Fithirthe pondaitdtsalf ) i cati on WO
03/ 078897 by the same applicant describes a contro

system for a waste processing apparatus. The contro

3a
A microwave transmitter receiver arrangement for detecting the level of

- wasts is generally known from JP 10307053 and JP 20310554, Other prior
art publications, such as US 3,456,715, US 6,310,574, US 5,703,289, US
5,507,181, US 4,566,321, and JP 57029913 relats to various level
monitoring systems which are boltable to a casing which contains the
material whose level is to be monmitored, US 3,456,715 velates to an
ultrasonic-based. system for dastectipg the level of melt in s solidification
water cooled collar. Ultrasonic bused systems, however, are ganerally-
upsuitable for height detection in such processing chambers because of the
influence of the ultrasonic l;a.ckgzwmd signals generated by the processes
inside the chamber,

International Patent Application WO 03/078887 by the same applicant

describes a contyol system for a waste processing apparatus. The control



systemis designed to control the feeding of waste
based on neasurenents of the |level of waste within
t he apparatus. None of these docunents is directed to
providing a solution to the problemof nonitoring the
hei ght of waste in a high tenperature environnment
within a WO 2005/ 064290 PCT/1L2004/001106 4 feed
conduit located inside a shaft furnace or processing
chanber. Further, none addresses the probl ens of
accessibility and mai ntenance of the detectors that
may be located in the pegipheral space, or of the
thermal expansion of the feed tube. It is therefore
' e ' rovi el _akt
S LSk 6 BLEFOAL HeERL il bl o Il 0E
N waste converting plant,
ﬂ%ggﬁ#gﬁ%ﬁ*?éﬁaﬁgﬁfgﬁﬁhggﬁguit t hereof , which overcones
the limtations of prior art detection apparatuses
and systens. It is another aimof the present
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that may be 1 ncorporated Tnto a nuniclpa

mgr esen’{l @%ﬁgﬁ?%@%iﬁaﬂg% 5%1!3 uch ar?vggpar gtvﬁg'%ﬁd

systemthat is relatively sinple nechanically and thus
econonmic to incorporate into a processing plant
design. It is another aimof the present invention to
provi de such an apparatus and systemincorporated as
an integral part of a plasma-torch based type waste




converter. WD 2005/064290 PCT/1L2004/001106 5 It is

al so an aimof the present invention to provide such

an apparatus and systemthat is readily retrofittable
Wgﬁdgﬂﬁﬁgct to at | east some existing pl asgﬁ/&ﬁﬁ&%mms
based waste converters. It is another aim of

present invention to provide such an apparatus and
system t he operation of whi c4h is substantially

unaf fected by the thernal expansion of the feed
@@dd’@nduwlﬂwt%s@%é@ at SafhBrapempeprocepsing chastser Fayther,
of the present invention to provide such an apparatus
antk siisters wHiec proklpmse o cressgdlityraimt anagdewance of the
replaced in a relatively easy nmanner w thout the need

A &ecidks WBAE idig bk Necdte@dnmehpaisiaral shhs, @haes thermal

itself. O her purposes and advantages of the present

é{})\éﬁl@{n }L}/Flféedamgar as the description proceeds.
nary of i i

nvention The present invention relates to
a mcrowave transceiver unit for use in a shaft
furnace having an external wall and an inner wall
spaced therefrom . said mcrowave transcei ver unit
Borpheeaiorg. ai pis of $Re pesrenbarentiondoparee & peight detection
m crowave radiation, nmountable to a suitable portal
prmaratisdand sgetieth fq:rrmpniiming thplaed 51 64ton RATlasma waste
L2004/ 001106
converting plant, particularly the feed conduit thereof, which overcomes the

limitations of prior art detection apparatuses and systems.

It 1s 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,



6 an el ongate body having a configuration adapted for
reversibly nmounting to said external wall through an
aperture provided in said external wall, said body

j axi al dinmension such that a first
gg%%&gg yOextends into said furnace frornsa?{d}{jm‘%04"00110‘S
aperture at least into proximty with said first
screen, such as to pernmit rebative novenent between
said body and said first screen neans; said body
dbrip aissi 21g aimh of Gy eedeh B SRENS BN/ greoidie Wull d¥eaRSaratus and
associated wth said first end and operatively

COBReE AR & Lo ARY rARGHIRAbI8 WIthQWBYE to0SNELAL isBfe existing
means and mi crowave detection neans; wherein during

;ﬂ&éﬁﬁjt&%hqf sald Pégorn%@t\é?s transceiver unit at | east
portion S S TP SEFEeR TS i n aligned relationship
with said mcrowave transm ssion/receiving neans and
wherein said screen is sufficiently large to maintain
an aligned rel ati onship between at |east a portion of
Jhizianother airg of doe Prgseht insepdion torevidg smick mavayeratus and
transm ssion/receiving neans for a range of
dystehackoepemton shiwdidh issubsaatinliwiddaffeetpleby the thermal
said mcrowave transm ssion/receiving neans. Such a
REENnBY of EHEFeES BonduilRAIH Fsped@Y ehe ORgHBLOr coupl ed

at a first end thereof to said transm ssion/receivVving
means, the second end of said conductor being
operatively connectable to any one of a m crowave

gener at,i on neagaland a ,mcrowave detecti an neans; -
18 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 itseif.

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;



an insulation | ayer substantially surrounding at | east
sai d conductor; WD 2005/064290 PCT/1L2004/001106 7 an
outer nmetallic |layer substantially surrounding said
| ayer. The screen neans and secon I

kEﬁH%ﬁhﬁ§pb made from any suitable dlelectgyﬁﬁzﬁﬁp°””6
material; the insulation |ayer may be substantially
tubul ar; The outer netalli ¢ |layer may be made from
steel . The body may have a substantially cylindrica
mxslengale dofhdeng Tronfiguraivay adantad dewrarersiblyi mowaling to
further conprise a sleeve nenber having: an externa
wonbkgunal wal tadapiiean foerisealproghyd imgaid egeardldvall, said
sleeve in said aperture in said wall of said furnace;

1 RfihBer Hah eﬁﬂéﬂ% ahé10 P A2 RA8H ch@Tof SEMEPSdPb¥tends

accommdat |hng sai d sealingly with respect

1.0, T
e Bﬁeg%qﬁr%'iﬂrggﬁff&%{*c a8 8 Bl AL satd st
wh d sl d d d _
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adapted for accommdatl on between said nutually

fivst bevget Izaeges for sealing sl eeve nenber with respect
to said body. The range of displacenents may be

20d tedat@thprdsih$ enicherasl texpansiionrativisgirdeamnessociated
wal | with respect to said outer wall. The body nay be

WitA AN edst EXP %aadpéréﬁway BERERALIER NS bk o€ ineRlidry¥wave
to permt displacenent of said first .

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
ﬁicrowave detection means;

an insulation layer substantially surrounding at least said conductor;



WO 2005/ 064290 PCT/1L2004/ 001106 8 screen neans with
respect to said mcrowave transm ssion/receiVving
means. The body may conprise displacenment nmeans in
obdddghogont act with one of said inner wal b~gRc 200%*'1%6
first screen neans to permt displacenent of sail

first screen neans with respect to said mcrowave
transm ssion/receiving neans. The di splacenent means
may conprise at |east one wheel mopunted for rotatlon
whiokteromptadlic layes ghbistpotiglly wapBPpAng-sadd predatignslgygr.
rotatable contact with at | east one of said inner
wal | and said first screen nmeans. At |east one
suitable rail nmay be provided on at | east one of said

RS iR ﬁleéﬂg and abGnh fdenSEEASNMARINRSME QS FRPandisable
to said at | east one wheel, wherein during operation

%helecr%%lg ar%r%rlliéeﬁ ey e{nsﬁmti%ﬁxgép iy b&as gsi%?& ‘Y?’el%!buﬁaﬁ". The

cONnt act W corresponding sard rail
The pre ventlon i s al,so, diregcted appar
PEIerTBITERR: Y heBrE b7 ATAEPE SO erPenobpparb i
said waste converting apparatus conprising a maste
prbdentinHy crhadtien! extarnabpreiilfast e inl et port at an
upper longitudinal end thereof and an externa

peripheral wall, and further conprising a waste
conduit in the formof an internal wall extending

A%k RRELRNVY REnfakdel ahhiy rhaPrusited domRisd Bt desd thember
chanber to a predetermined depth such as to forma

heral or other space between an outside of said
conduit and an inside of said external wall, said

FF‘&%&%I&%E g?n-fgéﬁjl‘% i3h g%ﬁgﬁngeﬁ éttaag%ng%y Fr)r"f}:gmr1t111g sai PeW%e % 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 -



| east one said m crowave transceiver according to the
i nvention, and WD 2005/ 064290 PCT/| L2004/ 001106 9
possi bly a regul ar mcrowave transcei ver, dependi ng on

tggfzc?ﬁg&gigguratl on of the inner wall, vvhere| pcf@zgﬁ@ﬁﬂos

P': the said mcrowave transceiver ubf
arranged i n opposed horizontal reI ationship with
respect to said upper | ongi fudi na end; said body of
each said m crowave transceiver un| t is sealingly
srrehmsdas auth nespesaiodsaap srieyave ve i ppgnisplosdiedelpipgapeans.
peripheral wall; said conduit conprises a pair of
Phe batis negn@n siggdiapkasdeft metns tn ebattingeerigactsaitt one of
portals being |located on said conduit at positions

sHghnhbatyaBagit 8@l frehistidenSEbRRN tdTBaNRit! Ssfllabanask of said

with a corresponding one of said mcrowave

%{s%ns%%génv %{eaﬂgl %rﬁ:holtes @t p@all m&%ngﬁ:%e t%ﬁle gl%lssmnfrecelvmg

ransceirver unit 1s opera IVG y connec

suita wave generati neans ot h
FeaRo D P AP et rser IRy By PEan ALdtaRs 8o hed Touated
sui tabl e m crowave detection nmeans, Preferably, the
fappatatios widnpedrseet taorid bedih Wakrepnispidofhieg) i in rotatable
m crowave transceiver units, wherein each said pair
tmthaoaithditdeast did dfeseddtindei ghll andl wnid faat derdeptdeants. At
said conduit, and preferably each said pair is |ocated

l@hsi?onéjélflfaﬂﬂ@ B&il W@ﬁro@i@a@%‘l 41 RAsMbAdoff RSP Btertwalland
| ongi tudi nal axis of said condw t. Adjacent said

r | Iy i .
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during operation 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 present invention is also directed to a systemfor
nmonitoring waste in a waste converting apparatus
conprising at | east one said apparatus, wherein WO

0 PCT/1L2004/ 001106 10 for each S
%ngigﬁééﬁlver units, one said transceiver ?C?ﬂfﬁ%ymnum

operatively connect ed to a suitable m crowave

generation nmeans, and wherein the other transceiver

unit of said pair is operatively connected to a

BHStRAD Raregilar onisven gt Benpaivarnfeperties spdherpniiguration of
preferably further conprises suitable control neans
tpdnati welly wonercledatlossidipdirm cr owave generation

means and to said mcrowave detection unit. The

Hee$ARt midYRBY @fh@c&%f eldisesrd arangBd A% Rked horizontal
nmoni toring the | evel waste in a shaft f'ur nace

ter spaced

{lﬁg J}%hg[pw%olﬁepﬁ ‘?Ag itﬁggipdr%\g}%a q&:lgé1 H{lﬁfl at one
| 0 a&)ag salg shaft furnace: an aPerture I n sai ci

| 198 £Rchpeitidir UFTPREYR] FRARSREINRY) |Udhg s  sealingly
coverl ng the same with suitable screen neans a first
agpmaidated By parideancr buirs fosaediy sadd éuwrrrg:rmn@l wall;
t hrough said aperture into.proximty with said screen
smdrendasitcomindsesa apaair of psetiatk comarisings s enikdr éedti ¥erten
nmeans is in sealing contact with said outer wall; and

REAN, @hipdt A8 BRI WeAtedWaVSid CanaiTt 86 pOHibRS BldH ﬂﬁt each
means substantially dianmetrically opposed to said

dalid Sfirst " SRS SHEQRL T ﬁcﬁhgﬁ&g WRANE: 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,

Preferably, the apparatus comprises more than one pair of said microwave
tiansceiver 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



transmtting suitable m crowave radi ati on via one of
first or second m crowave transm ssion/receivVving
nmeans and receiving a received radiation wth the

of said first or second m crowave
%J;%gsrh&ggf)on/ receiving neans; WO 2005/ 06429BCT/ILNG‘WOHG6

PCT/ 1L2004/ 001106 11 conparing the intensity of the
‘received radiation with thel@ransmtted radiation to
determ ne the |evel of waste in said shaft furnace. |
Becesdi rgid odiheofmitamsdeivehamitheonntwndi trpnefeiven gmt 1s
received radiation is below a predeterm ned threshold
%;%%&‘ﬁvél?_ BEhcbaddes es nduigblé halcroWeve exetleraiddn wastmes,i and
ubstantially below the level of said first mcrowave

\%vﬁc?rgeirggt g iofé}ne/r;tg%gs!c@vﬁg uﬁlﬁatg[ssaiﬂﬁﬁﬁﬁ 9k Yativdle Qotited to a

y received radiation’is at or above a

pr.edet erm ned threshol d . ue it is )| ' t :
R Ll T e e R A S
| evel of said first mcrowave fransm.ssion/receiVing,.
sstatde canlool Hieals PPeratively ARIIGEEdatOstE FRICHAN 7V BeREFHOn
m crowave transm ssion/receiving means may be

pleans dad tataid mmcewaenddteetdint waitnal |y  di spl aced from
the said first and second m crowave

transm ssion/receiving neans, and wherein a waste
flowrate in said.furnace is determ ned by

@ﬁ‘,tﬂ %‘g%e?{t:’lgv%lgtsoﬁ L% fgﬂtt@i\@la RRINGE Rt RenekAE tAk level of

ermne at one of said pairs of :
BBPECH hghAaEE TR g e he TR Rl el thact W8P paced
toliergfexl'ior%, comprising providing at least at one location on said shaft
fﬁrnace:-
an aperture in said outer wall;
an aperture in said inner wall and covering the same with suitable screen
means
a first suitable microwave transmissionfreceiving means through saidT
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;



m crowave transm ssion/receiving nmeans i s no | onger

- detecting waste thereat. The threshold val ue nmay be
controlled as desired, and nay be further adjusted
according to the general conposition of the waste
B’&zﬂﬁsmﬁi‘ﬁ?roduced into said furnace. WD 20057 9EH3Yy/001106
PCT/ 1L2004/ 001106 12 Thus, according to the

i nvention, the apparatus/systiem conpri ses at | east

one mcrowave transmtter and a m crowave detector
l.9rhethel the SHRIAP bRLLY HlaRETE thapkloh QRPOIRE transmitted

relationship on the upper part of the waste disposal

h SN E ansmtter tr LS Gl ves of a
S G B b e

m crowaves. \When waste is conprised in the upper part
of the chanber, intersecting the path of the

m crowaves, some of the microwaves are absorbed by the
veesenslingiel thihusethore wihehelisi inferdity bk saidcrdceivgdsiagindion is
by the receivers dimnishes accordingly. As the

dehsi typradeteambuyd tHrbshvad tvaluenittrhag bpaleteradink@ehat the level
chanber increases, so does the absorption of the

¥ C AR e NRbedankRERCaREw Atk t Reel Ndfengid Vil hitGowave
recei ved signal dimnish. By calibrating the density

%ag{sﬁxgigéiX%e %ﬂp%lemeiahs. i(?0 8?&{1?' %ﬁeﬁeﬂg%f{%ﬂg% of said

r or no re 1's waste at’’the

chanb ere the transmtter and receiyv a o
OB T PRUOR  nEhict {10Vt RBCEOUR b zepold value it is
constructed as replaceable units, each of which
detprised that the vehel westedsi swystaaniallynel ov abavd theplevel of
heat resistant material surrounding an innernost
seiddiirshaniercvarve icdmnisdibe/recving troogans.

According to .the method a second pair of said microwave
tranémission/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 iransmission/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.



has an antenna with a screen. The units are adapted
for nmounting through the outer wall of the reactor
via a suitable aperture, such that the screen can be

rought into abutting contact with a another_screen
?‘Wa?t"%mg"zﬁ?ovi ded in the inner tube of the rg(gyp&pqmouos
the inner tube representing the waste inlet system of

the reactor that extends inti2the reactor fromthe top
thereof. It is inportant to maintain a "plug" of

VEISL a%dxﬂjﬂgpt@ €hé MR tiowb ehe %ﬁgaidtﬁ§/s§§t§mv\@mpﬂses at least
2005/ 064290 PCT/ 1L.2004/ 001106 3 transmtter and

4 Gel 1¥1?£F§wg?é‘i LB PeI G Of iR f0lu ”Ei‘et\%t%gi oda® in
ube. etlr e

ansm er and recelver units can

renmoved. for .servicing, for . exanple, and,the
asagg@ag@sve%’ﬂm? OpBetEd Taie HOBHIR gk thinvpPgy Part of the
plug, _enabling virtually continuous operation of the
rt@%ﬁg@ disppehchempharaTha dnansmities trapsseits pricrewages of a desired
Figures - Figure 1 shows schematically the genera
|fagepueincn dndaithe eteeaivat srecaivem thephdatowseese Whes neaste is
processi ng apparatus conprising a |level nonitoring

SYaipRiBeaGROIHY (fpdrOphiteoff tHeSthLAPG IiARA e@ingt {2 path of the
present invention; - Figure 2 shows schematically a

' f Fi - X -
AFEEORRR, e BARENHy Pes Ll iBotbed b I Mdbto and thus
first e

Bﬁtgvl\ﬁ%gﬁtgg g)lf \;g? irg?ﬂ?{zeedgﬁ%ﬁle%‘; tBe récedvers 1110191:{ig[§e%t ac%f)rdingly:
As the density and amr;unt of waste in this part of the chamber increases, so
does the absorplion 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 fnetal casing, an inner ceramic or heat resistant
material surrounding an innermost metal wave conductor. The conductor
has an antenna with a sereen. 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 cdntact 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 fhereof. It is

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

it of the processing apparatus; LOUT.
%ezoos‘?o‘wng‘ hi pf%lg{i\%@éﬁomﬁ

schematically the general relations
the main elenents of another enbodi nent of the
transcei ver unit of the pré%ent i nvention; and WO
2005/ 064290 PCTI | L2004/ 001106 14 Figure 6 shows
seheamttee ahd yeceivers magritrtthd heighi of the colammn afithinybe tube.
and mai n el enents of another plasma waste processing

fPRALALYSIHHEOHNG SefGver kel camrid eeinbged yiok esarvicing, for
according to the second emnbodinment of the present

'?%%uﬁﬁ{ o, Q. R C@p?%g@ogﬁraﬁ%@ws% TR BIREENnit or a plug,

| aims, the contents of
h are t be read as inglud

BhSiE sy EHRRS, TRoEAETDAT tydisbieps With mipimal down
descri bed by way of exanple with reference to the
Simownpanying figures. The term mi crowave radiation
refers to electromagnetic radiation in the UHF
(U trahigh Frequency) range, i.e., about 300 MHz to
about 3000 MHz. The term "waste converting apparatus”

IRieLibtione bedgsuasy apparatus adapted for treating,
proceSS| ng or disposing of any waste material s,

g}hg 49 sﬂH% %’cﬂ@l‘na’ﬁ@&ﬁj‘? tﬂé\@gﬁerah pehehd Wast @lements

rial

of a typical waste plasma processing apparatus comprising a }.evel
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
méin clements of a first embodiment of the transceiver unit of the
present invention;

- Pigure 4 shows schematically a general relationship between two sets
of transceiver units of Figure 8 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



medi cal waste, sewage sludge waste (SSW, radioactive
waste and other types of waste, in particular by
nmeans of plasnma treatnment. Referring to Figure 1, a
,lasma waste processing/converting r
%Mphﬁgﬁ%ﬂ’de3|gnated by the nuneral (100), cgﬁgﬁfsé 3106
vertical furnace or processing chanber (10). The
processi ng chanber (10) is ti$ically in the formof a
vertical shaft, the upper portion (14) of which may be

of Fgans teagHo v 2BsmeichllPintraghbeiedatibw eihe &hneral layout
i ncreasi ng or decreasing cross WO 2005/ 064290

PCTL 182004/ @RMN6s o%‘r‘cuﬁ)%ﬁ&l %&%&@%3%%‘%1*9&'5&%% apparatus

t hereof. For exanpl e,
vaIPRE ortlon

parti na |

oyl PhPTERE 5 vt Pine =B RGekdinknfo oficoisatond
desi red shape and the cross-section being
subeERAtimaThy! the prasaRt InyepEipRat i vel y, t he
cross-section of the chanber (10) and particularly
t he upper part (14) is polygonal, preferably
rectangular, as illustrated in Figure 2. Typically, a
Pidcloairend KRt f eedi ng system (20) introduces
typically solid waste at the upper end of the chanber

() pMsBnPinWREES id ﬁbﬁﬁec{‘ﬁﬁ RRe CRRRE] ﬁie%n@éht@lovf WHEK are to

arrangenent (30). M xed waste Pay al so be feg :nto
ﬂ% SRRy LIRSS P, 0

tam treMnem |Wn1xd wast e feeding
%%ggw way o Sﬁ%mpéeewgﬁf Re agrTagHy AE GRETes.
or the i ke, and may further conprlse a shredder for
breaking up the waste into snaller pieces. The air
| ock arrangenent (30)
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 gludge waste (S8SW), 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,r 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-



may conprise an upper valve (32) and a | ower val ve
(34) defining a |loading chanber (36) therebetween.
The val ves (32), (34) are preferably gate val ves
it ed Iectrically, pneumatical ly or hydraullcal
%@W:Q d close independently as required?CEIL2004/001106
closeable hopper arrangenent (39) funnels typically
solid and/or m xed waste fromdthe feeding system (20)
into the [|oading chamber (36) when the upper valve

(s38Dioth SaloRE Nshea Reidhi et QWS P “RampB4) tHeS chAmbBe (10), and
closed position. Feeding of waste |nto the | oadi ng

\ch}a?isffgﬂl'aﬁ yat?e lﬁ%pyeg:p%gﬁé% rﬁn%E E&g%? ; eaC 5'%?11}18%/1%1 H frusta-

d t full t
PSSR SR A, thh OB S e
of the er val ve %32) The WO 2005/ 064290
Fseipﬁilam /@Ml’l% ernFsyely, ihe@osssectips oftide dhegalsr (10)

In the closed position, each of the valves (32), (34)
prolvpaiesutarhathe sppdr. path éid)rie quilygeaal, tmefelraMgrrevtalngelar as
(34) is then opened enabling the waste to be fed into

tingstRh ReEsskigdre b; amﬁﬁeamyl%) soMdt & meded! wysth Yeedihg by ReBr (20)
no air being drawn eremth. The openlng and cl osing

thzfoHﬁ%ééaﬂfygﬁgl (séé%)i wés%é) etﬁ(@:ght e Flggﬁ"bﬂﬂg c?lfani/}@t(?m via a

rom-t

-suitable,controller . 150

S AR b 50 2@#@%@%@% y "ML fraste
operati vel connected theret and to other con‘pogﬁgﬁﬂtq
dray o ipip e claﬁb%rn%ho ythough erpprsdly gaseany uid
(39) may conprise a disinfectant spraying system (not
‘Sreshe 1§ remioged forf dhe papiasaliveall0y vorhadrrubstantidlytreatment.
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 upper 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
(84) 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



spraying the sane with disinfectant, as required,

particularly when nedical waste is being processed by

plant (100). The processing chanber (10) conprises a
(17), herein defined as conprisi

zoneB%&Q?he chanber, wherein pyrolysis and pgﬂhﬂﬁmmﬁnm;

gasification takes place. The |ower part (17)

conprises a liquid product cb¥lection zone. (41),

typically in the formof a crucible, having at |east

Qiyshe® Whlvel (38Ph) theaShded dintithewldsBd @OEitRER, 8RYHEOS the valves (32),
collection reservoirs (60). The processing chanber

((%Q? f¥idddeln &9@5% We@%iﬁ%duﬂf@fov&%?%ai@e@ﬂg tem opened

eas one gas primrily el 1 ng
véj%ggct gagi eafsé F% %%E}%g fegﬁ)r?ﬁtaeh hn%% elz Io(ﬁg) Xﬁhtél relatively

upper end . of the processin anber orrprl
tidlegrmo g el reﬁ(v@g) %gﬁ &P%ngc?asi/ éeﬂag@ the valves
PCT/ 1L2004/ 001106 17 the processing chanber (10) is

t(3R), €3 ymdl ithe &xbding ¢f waste dramathe fe&%ex/ (20) mhay bairentoclked by
arrangenent (30) up to about the level of the prinmary

gas atitdhdd cdifiegller (DRE), othich flastrcahiprise of hiphaswentrollehgsd/or
(40) at the lower part (17) of the processing chanber

(a1 QhitakIe &)‘?%L%i‘ \e3hrof %?ét%ﬁf el Sivdly; t3RLEtER %Ef’éts and to

power , gas and water cool ant sources (45), and

pl tor ) the transfer or
ﬁ%ﬁe %Oéﬁglﬂ 168)rches (40) are nounted in

t he charrber (10) by means of suitably seal ed sleeves,
which facilitates replacing or servicing of the

torches (40). The torches (40) generate hot gases that
Hrtiomllye cihed happgiertingeryemtc A ymay aemanige ea | disinfectant
the bottom end of the colum

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



of waste. The torches (40) are distributed at the
bott om end of the chanber (10) such that in
operation, the plunes fromthe torches (40) heat the

B 40piRefop t he col um of waste, as honpbgeneougly as
poss&gkeéoto a high tenperature, typically PeipRosnotioe

order of about 1600C or nore. The torches (40)

generate at their downstreamddut put ends hot gas jets,

or plasma plunes, having an average tenperature of
dheuiro@B60E e ralraufl 07 GO Oicallh &l1bé atitle Manat iAStab a0 Ma the
the torches (40) ascends through the colum of waste,

afiflodlhsiEradgé @ BRE(IRY UbQo Ahadi 8M1eld F8he HRN k!
processi nggchan‘o{f9 10). Hot gases ge%gr at%&r %3 Otuﬁléat (50).
pl asma torches (40) support the tenperature level in
the chanber (10). This tenperature level is sufficient

| east at the l.ower part .of chanber (10) for
Bt R aLip il 1 r B g fore s il] o B pw ikt Gieaf the
that are channel ed off via outlet (50), and into a
IPrefeeingghambar (Y syre phatatively ¢onalecled toshitablaweaiic power,
and/ or slag, which may WD 2005/ 064290
BET /and 208tk 0001206 solBebd4 e nnddibeailhymartosdieti(A00HSkYbe of
coll ected at the |lower end of the chanmber (10) via

the tednsi@r or HoadtrabifePtFpddIThaBehched QUONErP m e
reservoirs (60). Typi CZ?I y, the nol tgnoarre{ aIm an&g(tlﬁrel the

ehagbes €058k ehibs %ﬁ%‘bf}t Yo &'ﬂeef*v%g d\kvﬁ?cilef%gélé?’?eﬁ gal’)lacing

reservolirs. Herelnafter, “unl ess ot herw's

‘ ferenge ., nuner 0), i ndi cates the s|ag
bE S O R PR AP Y i e N Grneaie heichmsas that are
|l e source to convert char, produced duringte
@dumn

i t
Bﬁrkﬁtggﬁoyn&fargwg@ﬁ#@%@ angle intedbe botigasend of)

c%'o 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



and H2, for exanple. The oxidizing fluid is introduced
to the lower part of the chanber (10) via one or nore
suitable inlet ports (70). "Oxidizing fluid® 1is

' en to include any gas or other fluid capable
g@%ﬁ%&%%hng at least in part char found orP‘ﬁT’Hﬁﬁ%@ﬁmﬁ

in the hotter, |ower parts of the processing chanber
of the waste processing appdPatus, and includes
oxygen, steam air, CO2 and any suitable m xture
baeedoflicallher tonterudualy cudlestedfaidbs 1¢wd) ernt ofpthecbssileg (10)
chanber (10), at least of the |ower part thereof, are
tbbsal drymivReeldd Qutlene (9%) ARd Gnsdliohabdre nicRk rasésiits (60).
materials, such as, for exanple, alumna,
L8~ St L it r - j .

IXHRLTP, Shy Bl ERER ' oRS) B FROEALAES eoparately in

hanber. 10 a engrally the.plant (10 as. a
ARERESH, b S cepRARGE, et G O Aregiled) Ipf geteponce
i nprove nmechanical integrity thereof and to enable the
prBesalBRYyindieethe JapBessaYdi®t i cal |y sealed with
respect to the external environment. WD 2005/ 064290
PCT/ 1L2004/ 001106 19 The plant (100) preferably
further conprises post processing neans (not shown)

OpetigihisVehM 6RRNBE Rdvided temJaSsuitibl€ko(Re) tov ténvarf @Bar,
line, wherein the gas products generated in the

ERRITREL .dﬁ%ﬁﬁ%h@is‘) 6€ 5%5‘? e sed, BARS seful RBsROShch as CO

processing reans “may in e any ‘apparat us or system

SRR L SIS G AR 3] B, SRSl o
%ll]eeghea%EeraH%) %daa(?rtleegr ];n%g:e tsﬂ,%:a{ol%rit:r.t?e?:rpo:e{so%%is"iOn}géi(%{ng fluid"
is herein taken fo 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,

COz 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 ﬁhole, 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,



product gases generated by the waste processing
chanber. In particular, the processing chanber (10)
further conprises a feeding conduit (19) extending

5&; g&ﬁ hamber fromthe waste inlet neans éo . The
feegméonzgit (19) is adapted for acconnndati% T%ﬁ%?”“""”

mai ntaining a "plug" of waste in the |ower part of .
this conduit. The colum of iaste (35) extends from
inside of this conduit (19) to the |Iower part (17) of

t he chanber (10) where gasification and pyrol ysis of

the waste is in progress. The conduit (19) is

4731 9?5{th£1!0@) tﬂ}@feﬁ"éa’flgl?‘ Rt V&hlgds st droe fsin%?%taﬂgt(not

Cross-section or ernatively of increasing

1.n [ 0SS-Secti | ong. the height theregof. »

AR SRR B BRERAT P Raop b iecBoR tna wi fpimerein
%él i ndrical or frusqia- coni cal _or indeed any ot her

&8s Prefusie seaprtet an the shamber (M aseinygeessed and cleaned.
substantially circular. Alternatively, the
Ahes sposb e Pranesongt meapondudst ipeBide may eppodtpgonal system
The conduit (19) has an external |ateral dinension -
toppiatitely cantbcastbtethe whitt proGessitpsdtamitiarl dfyths mphesitus, in
than the inner width of the upper part (14) of the

IRAEr the LRE ontiet Rl f i
FRBEARG: M 628 QLTSS Thintol ard eI GRBL MY tho!fikthel Widcodthhy of

30 I rdly..fromthe bottom edge of the

R e e R L S S

processi ng chanber. This provides a substantially

peri pheral space (62) between the upper part (14) of

the chanber and the conduit outer wall (63), and the

bR oRRIEICUlYs thet Pracessbny chgmben A0k durther heonuprisesen feeding
(10) such as to be in communication with this space
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,



(62). The plug of waste (64) within the conduit (19)

provides a barrier to the product gases fornmed in the

gasi fication process, substantially m nimzing any
the gases via the waste inlet sys

Wﬂei;og y mBnl m zing any potential fire or ex%& g‘ﬁ‘ommﬁ

hazard that may occur if the gases are released into

t he atnosphere, via the airl@dtk system (30). Instead,

the product gases are channel ed out of the chanber

sthb sttt icallulnyn €38 ey eliywatiddy flohetlibdiRémRAge df2RS conduit

According to the present invention, a waste nonitoring

Syheds (ROhnés Waﬂ?fsoii'lﬁ%@ 88 dyrod, 'sﬁ@ k¥a:ABEE 3?115_1 I Iﬁ)tmdes a

connected to the controller (150) or to a
I
ety S Bk oboBoEB T o
t bI det ect at 300
TR BUR G AapPRAdS (850 Ao Pé@séwogm g8 outlet (50) is
m crowave transceiver units (310), as described in
reedediin e chembembd) swch Badh beiin rowavenications setly glnis space

unit is typically for use in a shaft furnace having

d62)e The rinag ofvedalsteaid) sithiinnke covaddit 61 gR6vidbe hafah @8} to the
Each m crowave transceiver unit conprises first

PREREA WA Fortnk A SO FRE Bhisitiea i) POReLL O3
LD v e T R ongantlalﬂ' mbflmmmg

Ea%g%u%ﬂ%& %E Itlgy %éaetgas}éa RLO agl?edm & E{Q‘é%gé mdtl}e\g‘?by mmlmlzmg

con gura i0
nou ntln to tﬂe eﬁt rnaI wal | through an
Vi

i b
t&te}\ére{’%?@%]r S0P ok oFHl ﬁlﬂﬁt thaphmagoeRrukd the aages| ave

di mensj on such that first end of said body extends
released into the atmosphere, via the airlock system éO). 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



into the furnace fromthe aperture at |least into
proximty with the first screen, such as to permt
rel ati ve novenent between the body and the first

ns. The body conprising m crowave
?§£ﬁ§ﬂ$€§?on/receiving means associ at ed wi t RCEAY04/001106
first end and operatively connectable to any one of a
mi crowave generating means afdl ni crowave detection
nmeans. During operation of said mcrowave transceiver
unidrowévd eadiktianporotintable fto sakditslde gemtali mroiiiledl ingtledinner
relationship with said m crowave
twaANSARE S QOlY.eTeVbody HRANS c@m@um%ﬁlsmaigé@ f8F 18 G&sibly

is sufficiently large to maintain an aligne

rxﬁb@ﬁﬂil‘i’%%‘itﬂe hetaeen A gg@ggzﬁn.a%fg%@gpe Blowld il that wan,

Screen th respect to

tf,ansm ssi on/recei vi ng neans. for a range.of, .

A PabeRen fa A dimedeton Siehghab 2 i PR spis bodspextends
sai d-_ m crowave transm ssion/receiving neans. Thus,
ABfethe dgrnase dxomi e apentera-ph legstdnte mrexingty with the first
according to a first enbodiment of the present

isaveent Foth ag b hereiteeldtore mppanativset(@on)the bodprangdedie first
one pair of mcrowave transmtter/receiver or

tscARBMnideis] EhEChely URiiprisiher Ridtowvater fradsiSsddh/receiving
transcei ver units (310), which are nounted onto the

- . . C n
R e b R DR ok rerk B SRR Rta By one
| evel . The axes Wst) 2005/ 064%30 PCT/ 1 L2Q04/ 001106 2% .
(%és’j‘”"c??wf’"‘ﬁee SPPARLE VEPRE AP SIIEIH5 VY felgcypy dpeans. During
detecti or} apparatus (300) are coaxial, and preferably
ICREEF08S Sﬁﬁgml%?ﬁﬁﬁaffa dranpeelygy unit By 19ast sy prdione Ispifeycreen

of
is in aligned relationship with said microwave transmission/receiving means

and wherein said screen is sufficiently large to maintain an aligned
relationship bhetween 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 séid— 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 transmitterfreceiver  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



the conduit (19). As best illustrated in Figure 4, at
| east one apparatus (300) is preferably nounted at an
upper part or level (F) of the conduit (19) for

when the |level of waste reaches t
ﬁ@£%$?§? the nmonitoring system (200) typlpbﬁPﬁaMﬁbnﬂﬁ

conprises at | east one apparatus (300) at a level (E),
vertically displaced downwedZs wit h respect to | evel
(F) of the conduit (19), for detecting when the |evel
B85 Hadtthe teaciteiyer hings| (8@ in Pgifeardeeofionamparatus (300) are
referring to Figure 2, the axis of apparatus (300) at

lceyrgihl, ()l prefaablyl idtdrkectths pbagadlingll dxis €K Ghr setbhline) of
axis of the apparatus at |evel (E), when viewed along

' inal axis (101), the angul ar displ acenent
:Jdrig eI?(gl% hng'ei ng about 90. Additionally or

alternatively, nore than one pair of transceiver
units (310) may be provided at any horizontal |evel,
each pair bein i tabl dj spl aced -angul Wi th

Fess pestt ilngirgiatoin figwe Lot 15AanoBe AR S?éh@) preferably
Addltlonally or alternatively, pairs of transceiver
undursed 316 wpnertart pr bavie @) oftthengprduih&b)tino detecting when
along the axis (101) of the conduit (19). Level (F)
RRY 1aay af aghotsiched B4k eswit Sinhitarigg Xheunmors sfréigy sydtaint (200)
for waste in the chanber (10) and particularly in the

GORENN S ais%%mpm'eg ﬁt La\ebné gi) Mus % 00 af éqmlf{Eé vertically
repr esent a eve wast e \N| hin the conduit

%licl?_?ace\g; ;18wnwaro rﬁﬁli?r esgécgvgoﬁtlg‘éeycgg Wg ch)gx?gg 4?998 for
P I L
APt Shed BRE Jegilio ée#éfqp o GO LRy, 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 aiternatively, 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



Alternatively, level (E) could also represent the
level at which it is efficient to provide nore waste
to the chanmber (10), and thus, the volune in the

' 9) between level (E) and | evel (F) e
approilﬁ% ely equal to the volunme of waste Pﬁ?ﬁﬂﬁHVM“”
be accommmodat ed in | oadi ng chanber (36).
Al ternatively, or additional3d, the |ocations of the
apparatuses (300) at levels (F) and (E) may be chosen
tof poavitideassl tRMehdabHNBnd Ghtdleher fikNiotl ardBngdhéed (30).
flow rate of the waste through the chanber (10) by

giskic Q(t)i?glyt, N&el YE%&@%EOY&%E&%&%%%\@E%%? al imﬁﬁcﬂ\ﬂgig dtfifent

l'eve Wwaste I's at eve en It reac

18 BB LeT ey ot GR Ty eaat Do SIS, ) o™tk the

coor di nat e | oadi ng ?f t he | oadi n chanmber (36) from
cpadyid d g9 nbetependavel 48) and davel AFb aeAhBe gprigramataly equal to

from the | oading chanber (36) to the processing
¢chanblemd dyastPhbst maythe achemuiodatdd inHeadipgichenibey (36).
system (200) it is possible to detect when the |evel
of waste drops sufficiently (as a result of processing
in the chanber (10)) and thus the controller (150)

MYerRA QYIS ok NEIABERSTFA! the FQABBAL S thef Bgﬁéﬁgﬁ 'rf‘ﬁfO) at

batch of Waste to be fed to the processin

10 ma t | oadi ng, chanber 6) ... ferably,s ..
s U By Y LR RaS AR o ey ey sl telbrmining
conduit. (19). The._controller (150). then  closes | ower
¢RI 3FEURIEIgW Zpte %&é‘ﬁ SYasH ERToR, fl\rge eh%nﬁ% (h g reeqsing the
| oadi ng WD 2005/ 064290 PCT/1L2004/001106 24 chanber
(36 inferned beiveondde Wing Wheurlithg lsyadtdnweste)is atnlgvehdh to
cl oses upper
when it reaches level (I), for example. The controller (150) may also be
| operatively connected to valves (82), (84) 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



val ve (32), ready for the next cycle. According to the
present invention, the two transceiver units (310) in
each apparatus (300) are substantially identical, one

r unit (310) being wused for transmittin
?n‘g(g{rbgggév%gr adi ation, and is thus operativel yPCT/IL2004/001106
connected to a SU|tabIe m crowave generation means
(311), and the other transd@diver unit (310) being
used to detect the transmtted mcrowave radiation,
aRgmdee (3d)us Heperiohiydiia edingalyetbnt (26, daf ebbh QIbstdupper
(312), which converts m crowave energy received by
Qﬂnﬁl %?ag ver unit (310) to suitable

g?&?ﬁ??{g? S|gﬁg %EE ?%atlvely, the transmtting
and receiving transceiver units nmay be different one
fromthe other. The m crowave generating neans (311)

nd the detection unit 312% which form part of

§?Té1?fﬁ‘3 spthe p%ﬁﬁénbbre opetie EBM AEsseiveD upie (310> feach
controller 5150) i ndeed to any suitable data
apperadiis (¥KW) aae §pb%b;ana’n1:1y ddarttical, onednransciver unit (310) being
controller (150) receives signals obtained by the
theéd clor oraiintitiSd 2jnicodavei mdiatiby, conl rl shtibeoperatively
intensity of the mcrowave radiation transmtted by
e eogiﬂtanﬂe trﬁlefb%@oﬁ;evgéne%&ﬁ rhedd) (3130 dadd %1&.9 ®ther

conprises suitable progranm ng to determ ne whet

G, 00" e D e ) ok v
ordln éo th relative |nten3|%ies bet ween
sdiAtAR, FB Wt PRI PORBRFES A dlobeen V\Bt (312),
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which converts microwave 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 (812) 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.



Referring in particular to Figure 3, in the preferred
enbodi nent each transceiver unit (310) conprises an
el ongat e body (350) adapted for reversibly nmounting

| (11, 12) of the chanber (10) vi '
gggépﬁresb(375) The body (350) has an aX|a?P§#héﬁ§k§Hms
(L) along axis (355) such that a first end (355) of
t he body (350) extends into #he chanber (10) at | east
into proximty with the conduit (19), or alternatively
i Refaftitid iiAgpaizalac to ViFghrd e ot iprefesedWeldbollfnent each
descri bed further hereinbel ow. Typically, the body

(32 celver tﬂ%ﬁt ?g‘fd)ahér}igﬂ%é ngY ifeleatEr BSEBY E{ . AR ed for

apertures (375) each conprise a suitable slee e ne

SH ST o B 45 Vg L BLEUCPaashB R o Whitabte
aeEvaemEru T body TSR hesernpen] ety () slong axis (355

Furthernore, the sleeve nenber (376) also conprises
amich bt a dirstoond (3§8) af FrerbadydB50)sxbeladstinto tloy chamber (10) at
reversi bly accommodating the body (350) sealingly with
rlesgreirto t proiheitg| eithe thareobéunit (39R) or Bhiesnatiydly cial hjutting
the sl eeve nenber (376) has a cylindrical interna

Vé@h{:ac% Rath b GrRkl, FEREADLY deSeritiel RuiiRy h%i'éﬁnﬁ@ﬁv@fl‘y%)ﬂﬁlly,
body (350) and enabl es the body (350) to be inser

Eg%gé%%b?'fs SRR ERMIAER (00 5 “Tor oxamp e.

'Furthernnre the sl eeve nenber (376) conprises an
annul ar flange (396) which abuts against . the externa
wal | (12). The body (350) also conprises_a _flange
Preferably, the aa:@@stmas dRd5) 8%@) cemprisefa siiipble Fleews member

sufficient size and of appropriate shape such that
WB'Ed) Hetvéndan pxt358) cardighwation,itpseallpdnioxtérinel 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) co.rnprises an annular flange (396)
which abuts against the external wall (12). The body (850) 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
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(376) the flanges (394) and (396) are superposed over
a peripheral area circunscribing the outer netallic

hﬁ%ﬁ&ﬁégéﬁ) of the body (350). A gasket (ng%ﬁhémmmouoﬁ

provi etween the flanges (394), (396) in

peri pheral area such as to provide a seal between the
body (350) and the sleeve HEnber (376). The body

(350) conprises suitable m crowave

sleens masban(3 ) efhei figngeaBo4) assb(326) earenstperpasadl over a
first end (355) and operatively connectable to either

%‘I h Vst ONRVE-cHRREF BigNthdTeaRs ddllic 0siydro(318R of the body
crowave detecting unit (312). Thus, in the

B TS Tl B 1 A o
typi int f t be, .. made, f
BURpL A Sl 56 0P RIS & PRI elibas: il 0ay A Ang the

brass or alloys thereof, for exanple. At the
sleavsmenthiend? f@cei ving end (391) of the conductor
(390) an antenna (340) is conprised, integrally or
ot herwi se connected thereto in an electrically
conductive manner. Thus, the antenna (340) is also

TRE Mol ¢35 ANDaRiredes lsala¥lcoiidrb @ a s @ TRiBRIi Sdib@ke@ivitlh eneans
wave conductor (390), is typically frusto-conical in

form an it 0y e ' f i ' ; th
LGP0 EoALE ) phMpLAALAR, Bl pReiAt) b o
fromthe wave conductor, (.390). I n_such _an .arrange
EIGOF RpTAuteE e i gheo Hrg S APl e BRES e
bet ween about 20 and 30, for exanple. . The seggﬂg ep%
TB9s) inf theerefsmtric tesrbadimanhp fe atBiLioc BiaTEC EPRIRCEY (390)
t he

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).



m crowave generating neans (311) or the detection unit
(312). WD 2005/ 064290 PCT/1L2004/001106 27 The wave
conductor (390) is surrounded by a suitable insulation

Wﬁhs{&i’éeat preferably nade froma suitabl 9CJr/?L"¥004/001106

densi -insulating material, preferably a
ceram c material, including for ous ceram c.
Preferably, the insulation 2% tubular having a width

(W of about 15 to 20cm for exanple, in a radial
dihewtive npndirdore(@oenissiireoaoledrbyt do euiﬁab]ieriﬂs@l@ﬁidudﬁﬁﬁr (331),
(390) within the body (350), plus at least a portion

QretREbBNLENRA £o3d 0l - suﬂ’h%hp qdy 38ty f%a%hﬁéul%ﬁﬁgr I2€8rial,

an outer netallic |ayer (318), having a cylindrical

g)?r ﬁek%‘ly(g’]cg% 9CV§{5]t&9a1t I}%%}g%negr g&ﬁjl sl ‘% %fe?‘gﬁly, the

i nsu |on ayer an en porti
faC| the condui t d, ha .
(3350 ti55 5o R0t RV BTN R Fbeel {7 Ho2Pabelor Ny, in
antenna (340). A screen (370) covers_the w ndow

(@@al dirertion, rad extandmta cowai thalsnéirpseeducipr (3981 within the

whi |l e being substantially transparent to UHF

dlodg t(Ba0ypghetdtdeasidi mirtion of éhsanfenowi (846). adequat e
thermal insulation for the antenna (340). The
apparatus (300) further conprises another set of
screen nmeans (360), which are nounted to suitable

PELd B%)CT’Y g%%g)f Qﬂﬁ%' &i)?lg)nge teﬁ? ) E&dHeE%IMQLY?g;ﬁ;%&C]Haﬁng:a

porta are ar I'n the condult _
t th%lal%i()}e‘t&?# 3@?%}] é"oﬁ‘f’%’?gv\ﬁvg%s eerl Vc?r qlcstil g%%fo 2:9’, of the

' transm ssion/receiving neans, _are aligned wth

lipgdatign é@yqr, @R 1bhPandgeenpd portion (319) facing the condu1t (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 unit (310), and in pérticular the microwave
transmission/receiving means, are aligned with at least a portion of sereen
means (360) when these are mounted in the corresponding portals. The

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



nmeans (360) when these are nounted in the

correspondi ng portals. The portals (380), and the
screen neans (360), are sufficiently |large, at |east

[ /064290 PCTIL2004/001106 28 the

Hg)nz\é%"% |§al direction along the axis (101), PCTHEROpHRR 00
this alignment is nmaintained even as the conduit

expands and contracts therna23y under the influence

of tenperature changes within the chanber (10). At the
StiaEloh pitRdinah dirdstish aldd ey eiplfedDr euct bRatbidy alignment is
extends into said furnace at least into proximty

ok S o
AR SRSB4 A Sl e

screen ns .. ln the.e [ t jl]Mstrated in
ARG R B heg S0 pBey UBIIRE IRRL (1R, o2l G

screen nmeans (360) by a djsplacenent (d) sufficiently .
tb thepame fd@@p@&éeﬁﬁe#@t%# hzaigh el?eeéﬁe r@%ﬁse"(t%‘gﬁ mto said
with respect to said mcrowave transm ssion/receiving
ruzmace Subdnsh idtos prededtonwithdyaideseresn mgsmeotdcmhtaich as to

lcm for exanple, to allow also for possible radial

OperwAt delatixpansiemmerdf bdthveen eaitubbdy (3H0) Al tadtdomeen means
conduit (19) may be cylindrical or indeed any other

%B%?bhﬁ the N8RBod ARerdl ﬁ%ﬁaﬁ:@daﬁp\l{%guiéq%,S%&eﬁocgﬁq)%()) is
(36 preferably conprise an external surface (361),

f aci sceive ' e ' =
SHiePled e} PAOSFR Ao R lactR b dipRbolnas @ sutigisgtly to
of the screen (360), follows the sha of .t.he condujt .
eoptc AT RRiutTnCh P Hraeh doginy NOpDacHHE oG o said
portals (380) are each surrounded by a suitable frane
(BBByWa tratragsrastien/rereivies aneanst Syah a displacement (d) may be
approximately lem, 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 méans (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 3. 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

(865), providing a slot-like arrangement. Correspondingly, the end (819) of



of the transceiver unit (310), and the screen (360)
conprises flanges (365) which nate with said frane
(385), secured thereto via bracket (386) and bolts
%ﬁ? %. Advant ageousl y, surface (361) is displaced fr
PHYYHILs  (365), providing a slot-like ar?QHH@WEﬁ?”Oﬁ

Correspondi ngly, the end (319) of WD 2005/ 064290
PCT/1L2004{ 001106 29 the bd#y (350) conprises a
projection part containing at |east part of the

ARG (3300LoRAPRstdE $105REBN RAD Toh i Ring %%gge\ﬁaee of the

external dinensions such as to fit within t

5@%?%%?@0% e kier SEREE [0 ARLERP a‘e%%ngaﬁgﬁﬁﬂ psions
' . 350' ),
e At LA i TR ER AR St act w  h ei t her

the inner wall of conduit (19) or the screen neans
(360") to permt displacenent of said screen neans

(360") with respect to said m crowave

tRefarsrin s 3o OFigee 63, vimmgnmalasnative pabbdiudres , thiehbody, herein
di spl acenment nmeans conprises at |east one, and

Rlcefo@htdd Yo Bh PIRY efdr¥n® nurdra®r @509, %ﬁl@&'ﬁseé 3@1§gl)acement

nmounted for rotation with respect to said body (

eé\ Ae Lkt ! With Yl hi.g 1191%}1 & c‘bﬂdﬁitt(q 8Y or the
1Hf:%e conduﬁf@{n%é)% %g gﬂ)

the 'screen

Soitmopte Rt o sﬁr@it? igha ?&‘aﬁ@) f(@%%d g8 e aPiy with

to the wheels (365'), and during_ operation_of said
weanest 69 vaid Wigrpwayh drapraspsion/seBiying meeans. Ingartisplas, the
contact with corresponding rails, enabling the body
(B&04hdentent means nompbstesamtdadidtyom, atridopeafyrably lacpiuirelity of
conduit (19) is sliding displaced

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 (865') are in
rotatable contact with corresponding rails, enabling the body (850" 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).



with respect thereto in a direction substantially
along the axis (101). The clearance between the
wheel s and the rails (or the screen or conduit) is

%HI&%&&&%% to prevent interference between tﬂgﬁﬁfmgmﬂﬂﬂﬁ
|

conponents in directions other than along t

(101). WD 2005/ 064290 PCT/ 1L2004/ 001106 30 Referring

to Figure 2, where the upperdbart (14) of the chanber
(10) is typically, but not necessarily, of

Refetrany italFiyure el angué ahe aipiRgueare (3erbf ahe chlabtber (10) is
transcei ver unit (310) nmay be disposed with respect to

ttDBicHRP SutPddtinecbdlily UFhubi@hiialg @X88 (B Ru8re8&hion,

at an angle O with respect to the planes of synmetry

Th ngl- ran [ 0]
58 e RE RGP BRSPS PR tbopiek % B8 thoper vt
0.is ahout 10, but  this may vary according.to the
s%@c?‘ﬁ‘?% %l}haeteg@ afiep g’ﬁ}lfeoefaci!lh%y%&ﬂgﬁ? & Wft&i‘r Frepect to the
The apparatus (300) is thus retrofittable wth respect
trdawrss eft sirgmesst € 02pr'Dae gvilegd phathrangshfiom ebempr 0% éo about
conduit (19) by first providing suitable apertures

9ie hIrashapertodireent BiE)rated ik digutees, elraid érisvidolus ,10°, but
and providing portals such as portals (380) in the

GRRAHidy vdRehe@kiRle, 105 ehe APedBANTedSON A84i8n BFUHL Specific
onto the portals, and said body (350) is inserted via

capertures into alignnent with the screen neans

. In operation, for each pair of transceiver
units (310), one transceiver unit (310) transmts
m crowave energy via the screen nmeans (360) into the

haecgpparatus (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 (8380) in the conduit. Thereafter, screen means (3605
are mounted onto the portals, and said body (850) 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 (810), the receiving transceiver
unit (310) will receive substantially the full microwave energy transmitted
by the transmitting transceiver umit (810), and this is sensed by the

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



encl osed by the conduit (19). In the absence of waste
in the conduit at the horizontal |evel of the said
transcei ver units (310), the receiving transceiver

[ will receive substantially the fu
ﬁgEé%&%%éaenergy transmtted by the transm%?ﬂ‘w‘mm“06
transcei ver unit (310), and this is sensed by the
controller (150) via the sidgHals provided by the
detection unit (312). Wien WO 2005/ 064290
Rhdrel s 2084k OGPt ARL tha3doridiey gt tise lsasl f thd trbAsddiver unit (310),
conduit at the |level of the transceiver unit (310),
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e recelving transceiver unit 10) is reduced, and

this r.educti correl ated
é’éaﬁb%%ﬁ"ﬂ” b el Gefatdesh m%%?%*st gl B isprystated to the
rowave radlatlo thin é dUIt
W 8% Pgﬁnp?ﬁ%w%ow@ né%ty(‘i 6‘)&5 ﬁwﬁ%ﬁs@d the, microwave
recogni ze a threshold value of the decrease in
iratietiontwithin thecconiluitdh@ve radi ation that corresponds
to a particular volunme, mass and/or density of waste
at the level where the transceiver units (310) are
| ocated, this volune, nmass and/or density of waste

%ﬁk&l@uéﬂé edr&%uérqlsa(i}dﬂs%%graht}ﬁ&d thecdenpkal tﬂx%yﬁdld Qhlue

thé waste has reach is higher than, the | evel

Ut il e o

wast.e _may _have an effect .on reducti o
PRTEALRY yvoé‘“ﬁm?hé“qséc%‘? g dens séﬂf offasterd %AW%W%?T@ the

3150) preferably needs to be programed such as to
raytsceiger Snitsh 6318 eareglonatiede thiss Belufte raash angist density of
fully fills the conduit (19) at the

waste being sufficient to indicate that the general level of the waste has

reached, or is higher than, the level of the transceiver units (810). 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 ocbtained 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



|

| evel of the transceiver units (310), and cases where
the sane reduction in received intensity may be

obtai ned while the conduit (19) is not fully filled.

Far. ex | e, a large volune of substantially

ﬂ@ﬁ%ﬁ%ﬁgﬁﬁs | ow density/low mass waste may ?ﬁPPgWFFPFUG
the conduit (19) at the |level of the transceiver

units (310) while only redudd’hg the received radiation
intensity by a noderate anount. On the other hand a

ol ohévédnsesnatdrid] that vy eljdet gpwadénfiohy the average level of
non- honogeneous waste may conprise, for exanple, a

TRE Abadth! sed M6 200HYLEAGOLP Gletdwi¥R4H AR08 sedf £bm one
ot her dense material that may project upwards fromthe
WSA0G] Y8l .(Q{o) L %hé!\%%l%& %%sée%c% LAg gﬂtog & &{A?r. The
n crowave raditati‘on sent” Trom one ranscelver uni

(310) to,the other transceiv unj t (31Q), of pair. .
TResenge &k %\H@ba@r éﬁaiériffqﬂa SLQ ﬁ%J&? ] l?g &he H%‘%atlon received
intensity of the radiation received by the receiving
thyaifre crersiginguiriansqedvay) unip é3 Hippeihaps e thamemcelpgpl agin the
in the previous case of |ow density case, even though
torevigenedsel ofllewealensity ichee, wash ¢houdbethergenersldebeltdfehe waste
| evel of the transceiver units (310). A situation

God Ghot G8Y@ FRe 1BvdINT {IR! {rBhs&ane Wes €3 P0)P&A Bithdtion could
allowed to formfor the product gases into the

iy . o o

FRPELh ip RO p B ot MIRL R RRMOUIGG i b for thg prpguct
di at i [ . d suffjcientl t

EOMSARATIC TR (G TGh SHeHORAA R such ¢ hat ¢ he

threshol d value is reached when high density waste

fully fills the level of the conduit (19) at the

transcei ver units (310), then it may occur
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 of 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



that when the conduit (19) is fully filled with | ow
density waste, the controller (150) nmay be
correspondi ngly desensitized to the presence of this

s Is an unsatisfactory, situation, _sinc
g@%@&%ﬁ?&b (150) may continue to provide maEEEﬁH%?éﬂFmﬁ
already filled conduit (19), and perhaps clog the air
| ock system preventing prop& operation thereof.

However, and in practice, the type and density of
vapketepr detisthgdoft thd Restd| Alihérna1i08)y, ithe toppiwdlel W 1B@pinay be
within a known range, and thus the controller (150)
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to adapt the threshold value accordingly as each

éts introduced to the processing chanber. The
present invention is also directed to other types of

pl asma waste converting/ processing plants in which,
rather than having a conduit projecting into the

PrAC §38dchd i‘hk)@ﬂﬁ@ﬁ B8SadesGirbdied tol bihek efyRLE N pledma waste
Flgure 1, the plant conprlses a different arrangenent

SRR TR T o
S SE SUBEIEIL. S SPPRLALES A ML m
Cl? t L,I];;cigrslt ggmlpngrs]ee; avglf'flere(nt ar)ralgghearlrtlent for minimizing the risk of
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 cémprises 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 (68", similar to that described above with reference to the feed conduit,

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



projects thereinto fromonly part of the airlock
arrangenent (30'), such that the plug of waste (35')
i s bounded by part of the outer wall (11') and the

r (63') before fanning out to the ful
Bﬂggl?%%%’ the chanmber (10'). A space (62')YFEfigggo1ies
fornmed betmeen part of the outer wall (11') and the
inner wall (63') in which @4duct gases can escape
via outlet (50"). In such a case, it is only
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the outer wall (11') such that the transceiver unit
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Fovi det ap er ure tTorned on t

|nner iml t desc bed above
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At the sanme tine are ar transceiver (310") may be
vmﬂ@@maﬁ@%m@g@hpanu&u%@@4/001106 34 provided on the
outer wall (11) substantially diametrically opposite

to the location of the first transceiver (310).

Det erm nation of the |l evel of waste nay then be

dFhLRE MhaBebsast BRsatILRES Pﬁﬁﬂé{ﬁaﬂlﬂf hﬂaﬁﬁaﬁﬁﬁ HefetihBehe level of

flrst enbodi nent, nutatis nutandls Wil e the present
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Wil e the foregoing description describes in detai

only a few specific enbodinents of the invention, it
wi Il be understood by those skilled in the art that
tWikil¢ rbhenfdregpihg deseribiinnt éekcribes enodefad! thist eotfmer specific
variations in

emhodiments 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.



formand details may be possi ble w thout departing
fromthe scope and spirit of the invention herein
di sclosed. 35 Cdainms: 1. A microwave transceiver
unit for detecting the |evel of waste in a feeding
cohduit that extends into the vertical chanmber of a
shaft furnace said mcrowave transceiver unit
-conprising an el ongate body having a configuration
adapted for inserting through and reversibly nounting
in an aperture provided in the wall of said vertical
chanber, said el ongate dy conprising m crowave
transnission/receiving ans associated with its
rst end and operatively connectable to either
C‘ *Swave generating means or microwave detection
nmeans; characterized in that said mcrowave
transcei ver unit conprises: - a nmetallic wave

onduct or .cou tﬁ|£k§§ , ;
1'%% '?eé F\%&rflég means anegﬂtd?we SGCOE% a foeing
sai. ond . t tQ:
coRbh BRUSHAR i) b0 JoR Bl o R UAEE e e
i crowave detection nmean - an insulation |ayer
ﬁFﬁ%

MCTRATETE FEERSFFSF WB P j at | east said conductor;
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and reversibly mounting in an aperture provided in the wall of said

vertical chamber,

said elongate body comprisi.t':.g microwave transmission/receiving means

associated with its first end and operatively connsctable to either

microwave generating means or microwave detection means;
characterized in that said microwave transcejver unit comprises:

— a metallic wave conductor coupled at its first end to ssid
transmission/receiving means and the second end of said conductor
being operatively connectable to either said microwave generating
means or said microwave detection means;

-— an insulstion layer substantially surrounding at least said conductor;
and |

~— an outer metallic layer substantislly surrounding -said insulation

layer.



36 2. A mcrowave transceiver unit as clained in
claim1l, wherein the m crowave transm ssi onhecei vi ng
nmeans conprises an antenna operatively connected to
the wave conductor. 3. A microwave transceiver unit as
claimed in claim?2, wherein the antenna is
substantially frusto-conical having the |arger end
thereof as a transmtting/receiving face. 4. A
m crowave transceiver unit as clained in claim 2,
wherein the wave conductor and the antenna are
integrally joined. 5. n& rowave transceiver unit as
claimed in claim?2, wherein the wave conductor- and
the antenna are .made froman Wi tabl e Rrein di ng
2. a‘gym‘ﬁ’f?é’aﬁ? %F%Y%s?n’&t"eaeﬁg‘%%d;ﬂ%r d 1%33 or Eﬁaﬁl oys
thereof. 6. A mcrpwave transceiver unit _as ﬁ# [ed in
CRIFANRTS  SORBRPEONEC SN o BRI oA EE o AP RS
transm ssion/recejving face of the antenna, said
§¥W€€ﬁdﬁﬁﬁﬁ¥dﬁgﬁhgmb dﬁ@ﬁgFly transparent to

m crowave, electromagnetic radiation. 7. A m crowave
transceiver unit as clained in claim®6, wherein the

SR ESEPar e S L R Pl bt ©
Jaimed in.claiml, . i ' | at.i '
o G AR A BBl B 4

a%agslm%| negeém.cl%lcgw 1, wherein the outer

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

conductor and the antenna are integrally joined,

5. microwave transceiver unit as claimed in claim 2, wherein the wave
conductor and the antenna sre made from any suitable metal including

any ona of stainless steel, copper and brass or alleys thereof,

6. A microwave transceiver upit as claimed in claim 3, comprising a scresn
means covering the transmission/recsiving face of the antenpa, said
secreen means being substantially transparemt to microwave

electromagnetic radiation.

7. A microwave transceiver wnit as claimed in claim 6, wherein the screen

means are made from any suitabls dielectric material.



nmetallic |ayer is nmade fromsteel. 10. A mcrowave
transceiver unit as clained in claim1l wherein the
el ongate body has a substantially cylindrica
external profile. 11. A mcrowave transceiver unit as
clainmed in claimi1. conprising a sleeve nenber
havi ng. an external configuration adapted for
sealingly nounting said sleeve in the aperture in the
wal | of the vertical chanber; and an, interna
configuration adapted for reversibly accomodating the
body sealingly with respect thereto. 12. A m crowave
transceiver unit as claffred in claim11l, wherein the
s|l eeve nenber and the body .ea h c |se wtalgté

B.1 P aFRFERM AR aP? yFRIEaR i Re
nenber, and sai ar unt ed together. 18. A
e ey YF?%_ch%ﬁiﬁép ﬁﬁ? as clained in claimi12,
conprising a suitable sealing gasket adapted for
accommodat i on between the 38 nmutual Iy facing flanges

fo:ﬂlgg%g‘l'; t he, sl eeve # V\AéltaHresEect gt(}) t%&g’fe -

a feedi ng condud t t extends into the vertical
metadlifayer 4y mad %ﬁ%ﬂ‘t‘mf’ rnace, conprising: (a) Providing

one or nore pairs of mcrowave transceiver units

according to claim1, wherein: the el ongate body of

I&a.fh m cr owave trans e|v 4 g({umt

microwave transeceiver cldith 1 wherein the elongate

body has a substantially cylindrical external profile.

11. A microwave transceiver unit &s claimed in claim 1, comprising a sleeve

member having:
gn external copfizuration adapted for sealingly mounting said sleeve in
the aperh;ré in the wall of the vertical chamber; and

an internal configuration adapted for reversibly accommodating the body

sealingly with respect therato.

12.A microwave transceiver unit as claimed in claim 11, wherein the sleeve
member and the body each comprise suitable flanges which are mutually

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

13.A microwave trapsceiver unit as claimed in claim 12, comprising =

suitable sealing gasket adn.pteti for accommodation between the



inserted through and reversibly nounted in an aperture
provided in the wall of said vertical chanber, said
el ongate body has an axi al dinension such that the
first, end of said body extends into said vertica
chanber fromsaid aperture at least into proximty
with, but not in contact with a first screen
transparent to mcrowave radiation, which is nounted
over a suitable portal provided in the wall of said
feedi ng conduit; during operation of said mcrowave
transcei ver unit, at Ieggt a portion of said first
screen is in aligned relfationship with the mcrowave

B

screen is sufficiently large to maintain an aligned
r®44%t i onshi p between at |east a portion of said first
screen with respect to said 39 m crowave
transm ssi oahecei vi ng neans for a range of

di spl acenments of said first screen with respect to,
said mcrowave transni ssion/receiving neans; and the
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according to daim 1, wherein:

- the elongate body of each microwave fransceiver unit is
inserted through snd reversibly mounted in an aperture
provided in the wall of said vertical chamber;

-« said elongate body bas an axial dimension such that the first
end of said body extends into said vertical chamber from said
aperture at least into proximity with, but not in contact with a
first screen tramsparent to mimv;-ave radiation, which is
ﬁmumwdwwwa.mﬂmﬂapmmﬂxmmmkdintm;wﬁﬂufsdd
feeding conduit;

- during opsration of said microwave transceiver unit, at least a
portion of said first screen is in alipned relationship with the
microwave transmission/receiving means of each  of said
mictowave transceiver units and wherein said first screen is
suﬁkkmﬂylmmetonuﬁnuhlan;ﬂmmzdrdaﬁamﬂﬁplnnwean

gt lesst a portion of said first screen with respect to said



second m crowave tranam ssionlreceiving neans and
receiving a received radiation with the other one of
said first or second mcrowave transm ssion/receivVing
means; and (c) conparing the intensity of the received
radiation wwth the transmtted radiation to
determ ne the level of waste in said feeding conduit
by relating said conmparison of intensities to a
threshol d value. 15.A nethod for nonitoring waste as
claimed in claim14, conprising nore than one pair of
m crowave transceiver uripts, wherein each of said
pairs is located at a different height along the

5. i el b o 0 31 e
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second microwaeve transmission/receiving means and receiving a
roceived radiation with the other one of said first or second
microwave transmission/receiving means; and
(¢) comparing the intensity of the received radiation with the
transmitted - radiation to determine the level of waste in said
feeding conduit by relating said comparison of intensities to a

threshold value.

15.A method for monitoring waste as claimed in claim 14, comprising more
than one pair of microwave transceiver units, whersin each of said pairs

is located gt a different height along the depth of the conduit,

16.A method for monitoring waste as claimed in claim 14, comprising more
than one pair of microwave transceiver units, wherein each of said pairs
is located at a different angular disposition. with respect to a longitudinat

axis of the conduit.



first screen neans sufficiently to permt displacenent
of said first screen neans with respect to the

m crowave transm ssion/receiving neans. 20. A nethod as
clainmed in claim14, wherein the body conprises

di spl atenent nmeans in abutting contact with one of the
wall of the feeding conduit and the first screen
nmeans to permt displacenent of said first screen
means with respect to the m crowave

transm ssion/receiving neans. 21. A nethod as. clained
in claim20, wherein the _di splacenent neans conprises
at | east one wheel mount®d for rotation with respect
to the body, wherein said wheel is in rotatable
contact with at |east one of the wall of the feeding

condui.it .and the first screen ans. 4 22..A t hod as
1248, Pethedifor penitoRps ﬁ“‘@&%ﬁf‘f‘@? B dlgiin %%&h% aEHD) o
rail on at |easf .one l?f t he LI of thﬁ}feeditn a
c BRSBTS AT fip hegR eﬁai%@'ﬁ’ﬁ P JBFY SSPSRdi ng®t o
the at | east, &;ﬁﬁev\haeJt, wherei n during operation of
t HRREt BEP R said at | east one wheel is in

rotatable contact with a corresponding said rail.
23. The met hod of claim 14, wherein only a first pair

ﬁ@feﬁ#&“@ thsi %”ﬁ%% ﬁé%&%%i ke PE AP e R e
FirrRisged v i, e G, oo by, OF (ML BT

Ofm‘%ﬁ Iréjsptfat.lt q:é{:he Qva. of the vertical chamber.

19.A method as claimed in claimn 14, wherein the body is distanced from the
first screen means sufficiently to permit displacement of said first sersen

means with respect to the microwave transmission/receiving means.

20.A method a5 claimed in clasim 14, wherein the body comprises
displacement means in abutting contact with one of the wall of the
feeding conduit and the first screen means to permit displacement of said
first screen means with respect to the microwave transmission/receiving

means.

21.A method as claimed in claim 20, wherein the displacement means
comprises at leasi one wheel mounted for rotation with respect to the
body, wherein said whesl is in rotatable contact with at least one of the

wall of the feeding condvuit and the first sereon means.



24. The nmethod of 14, wherein only a first pair of
m crowave transceiver units is provided and when the
intensity of the received radiation is at or above
apredeterm ned threshold value it is determned that
thé level of waste is substantially at or above the
| evel of said first pair. 25. The nethod of claim 14,
“wherein it second pair of mcrowave transceiver units
is provided at a | ocation lIongitudinally displaced
fromthe first pair of mcrowave transceiver units,
and wherein a waste flgylrate in the furnace is
deternmined by determ niig the 42 tine interval
between the point at which it is determ ned that one
of said pairs of mcrowave transceiver units'is no

22,40 REfon 38 o ptRit eribiristn s et cpe mrtolln B o 1o
I er detectin te thereat,, 26, T nmet hod of claim
25, A5 cuteoe e il of s Shoghind aRtL AL et RGP B s
desired,. 24. .Th hod of .cl ai 6.. wh inth
CRPRRUAE 15 et 1605k 0%, wheal ~Iheein AdFing SBeoERR ofSite: o
onposi tion of -t h% ste hei ng A ntro%lced into the
celver unit, seid at least one wheel i5 in rotatable contact with a

corresponding said rail.

23.The method of claim 14, wherein only a first pair of microwave
transceiver umits is provided and when the intensity of the
received radiation is below a predetermined threshold value it is
determined that the level of wasts is substantially below the level

of said first pair.

24.The method of 14, wherein only a first pair of microwave
transceiver units is provided and when the intemsity of the
received radiation is at or above a.predetermined threshold value
it is detexmined that tha level of waste is substantially at or above

the level of said first pair.

25.The method of claim 14, wherein a second pair of microwave
transceiver units is provided at a location lengitudinally displaced
from the first pair of microwave transceiver units, and wherein a

waste flow rate in the furnace is determined by determining the
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time interval between the point at which it is determined that ope
of said pairs of microwave transeeiver units is no longer detecting
waste and the point at which the other pair of said microwave

transceiver units is no longer dotacting waste thersat.

26.The method of claim 14, wherein the threshold valua may be

controlled as degired.

27.The method of claim 26, wherein the threshold value is adjusted
- according to the general composition of the waste being introduced
into the frnace.





