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AN | MPROVED PLASMA TORCH FOR USE | N A WASTE PROCESSI NG
CHAMBER Fi el d of the Invention The present invention

WO edoaties9s o an appar atus for processi ng wast e. PETIL2006/000513

particul ar the present invention relates to an

I mproved plasma torch that is used in applications
such as waste processing pl.gnts. Background of the

I nvention The processing of waste including nunicipa
wast e, nedi cal waste, toxic and radi oactive waste by
means of plasma torch based waste processing plants is
well known. Due to the high tenperatures generated in

processin lants b Q [ .hg

reancant Bl GlEh PSR dokER IR UEh S RS

whi ch can have detppaemi<dinat ((I3AMDAR: he conponents

of the plant. One area that requires cooling is the

opening in the plant chanber wall that is | ocated

typically at the |ower part thereof to facilitate

installation and renoval of the plasma torch. A gap

separates the outer surface of the plasma torch that

is inserted through the opening, fromthe surrounding

dieldaf theInvention, der to prevent heat danmage to the

QYL I t ,

hegtbﬂggﬁggﬁﬁﬁﬁﬁﬁr%ﬂ&%s e ga?)lI r%ﬂ*?%gl%gﬁ%%g%l%@me In

@hﬂndaﬂar thee matent invehtich sdaisdoian inypdeal plpspadoraethat is

on out si,de surfa n proximty to

%‘5 %%I#b catigpg ﬁu‘i}h%& Wf"gtelpr’fg?eﬁﬂnggﬁ?lhtst he

openlng After several hours of running tine of the

orOCGSSIno plant the_inner surface of the |ower part
‘ Anverdiom tenperatures of up to 1800 -

tor 311 k§% r om fg&ss Eépr oun P% gfﬁ%:‘ﬁéﬁgg‘?’%tgsi"wﬁﬁ%%&gatOXIC and

trhdiopttasnwasio hymedsaufipdadrive tdrelbased waste processing plants is

well known.

Due to the high temperatures generated in processing plants by plasma
torches, various cooling means are necessary to prevent localized
overheating which can have detrimental effects on the components of the
plant. One area that requires cooling is the opening in the plant chamber
wall that is located typically at the lower part thereof to facilitate
installation and removal of the plasma torch. A gap separates the outer
surface of the plasma torch that is inserted through the opening, from the
surrounding chamber wall. In order to prevent heat damage to the outside
metal shell of the chamber wall, caused by heat radiating through the gap
from inside the chamber, a water cooled shield is typically provided on the
outside surface of the chamber in proximity to the plasma torch that is

installed in the opening.
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that radiates fromthe chanber wall. This causes the
tenperature of the outer wall of the plasma torch to

WO e®e/11478 ch decreases the efficiency of the pPODER806/000513

Additionally, this can result in shortening the life
of the plasma torch. The plasma torch is usually
cooled by a suitable |iquidjscoolant such as water in
order to prevent damage to the plasma torch. This

ol ant mysi be capabl.e of. re i ng _heat. buil d-up, not
AR el hol, 6 PIRARE fin{eoHP YhR $0ERL R bl fnd Bhper
a6rfacd 658tHd lovferagt af tigclhdabart heysiehélo tardpagtaRandfarp to
wal |l as well. The size of the gap is _one of the

1800 ord 0P K d despiteriba gapHbah feRvateYY thecRlpsmgsioadh fioghthe
%Hﬁ"oﬁﬁ&ﬁx é.{a'?lgoe(ihﬁﬁ?,e?le lﬁﬂ;’“ﬁf Q?T% élﬁ@mﬁ%réﬂ LOWhS €8S heat
0 the“"cha e

eat to radiate out , thereby reducing
the fehdtes dsge $he robentbee vellhnflbis cassendhe temppretors phkhe

da e to,.the outside ., of the cha r. In addition to
PRE ATl A BRE RSG5l o7 QR BRE epirapt Do tnciency Of the
Qﬁé&ﬂge@md@ﬂioﬁdlﬁr, LRIP@AtdA0R B ERAtaNES tb@ﬁﬂ@ e th&®lasma
i nsi de of the chanmber and the cool ed outside of the

srsho efbanplasmanigretnis winadly coplefidiea shitehle lruwd pgolant such
I [

B eRler (LR e PSR O L P blR (R B8 Sollim Pt
bbatagablesof dremsovimg .hedl thdldyhp anot oslyt he 4 emstilt of normal
expensi ve, gas, t hat. may be used to produce t hi gh .
Simtin, o B rorehebiione & e uiag! SrBaRR i dhe Fifounding
tBhAbbVY &N shedit, 1ife for the plasma torch due to high
tenperature oxidation of the nmetal conponents of the

torch. When air is utilized as the plasma form ng gas
h t or oh. ; el 9 I
e 5 BB L o ARSI Wil il
2méé yrom the gestessihg chanibbrit edubidgphe diapt alipess kss dredt to
ecreases its abjli to yield hi gh. cal orific val ue.
Tﬁé.a&r aué,ofsﬁé‘aﬁ%@tb%m@ﬁ_r%l%a?fﬁy%ﬁéhaﬂﬁaanlaﬁses from the
QKLAILEE, NGk YR adIBYRYIERT dahDGE ol tHeSolrERIR! SMBHel ChdifhdsS €In

I
steamas the plasma formng gas in the plasna torch,
mﬂéitgiremthegwgﬁhe(vfaﬂh]eﬁa[pe dreat losses are further dependent on the

temperature difference between the inside of the chamber and the cooled

outside of the chamber wall and the outer surface of the plasma torch.

Another problem related to the operation of a plasma torch is caused when
the plasma forming gas that is used is air. Although air is the least
expensive gas that may be used to produce the high temperature plasma jet,
the use of air leads to a relatively short life for the plasma torch due to high

temperature oxidation of the metal components of the torch.

When air is utilized as the plasma forming gas of the plasma torch, large
quantities of hot oxidizing gas enter the chamber. However, air is composed
of mostly nitrogen, which dilutes the product gasses and decreases its

ability to yield a high calorific value. Therefore, steam is often used as an
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wW@x00dilz4708) or gani ¢ materi al

| ow tenperatures to the chanber. If the tenperature of
the oxidizing agent that is provided to assist in

of the treated wasPEI/IR006/000513
low, it may lead to cooling the |ocation near the
inlet of the oxidizing agent, and to the appearance of
abnormalities in the novenent. of the waste through the
chanber. These abnornmalities nmay further lead to

| ar.ger prohlens in e | ower. part. of the chanber ch
a3 ReL s £rn ERis e cune s TrablPRelie e R s
VS BRGItay fRnihd gasdh tRE plhel talch, ff ywehin Rsgapeedllyefsl at
in the shaft, such _as bridging, i.e. a blockage in the
lasy Freperatyiep dgthe ¢hambsdcurs as a result of the
creation of solid material in the chanmber. US

5, 695,662 discloses a plasma arc torch that is

ift thé Zeohperatord of et oxidizalg sigeht dbat s piropted de adsist in

steel., thin.pl ates ,of, gal vani zed { al tc. t he.
@i g STt 8 e Resl s Jar. f oy PR ifine
theldmtibR helP R inlst sPHRSHEMiZMpAsShtOBh tb HBe hPpdrance of
This is undesirabl e because it can _destabjlize the

abrornealifigsniy the meveperieok the waste drough the ehampaguddese
Cf o of ; .
b Bidon bl TuBREE 1 RLaRATpRRRACH e LEIRAE6E the
]?hgagbar smcftgafmxgesiﬂ?yofgm apipetaine aaxd((jimnbash]ghiﬂnelzrééooesﬂm of
orma co ayer o as at 1s,.us a ' . to.

o matie U HAISHG oo eth i BRahUAs 5 EiF T SHaN RS PAFECHE- 2
bckhse WRKPIGSE of LopnisR aldtedR@drd RS bekslRIGH the creation of
Addi tTonal Iy, using an oxygen rich secondary gas

rolkd oradetiabindhe shaméeni eci ng capabilities of the torch
by allowi ng a cleaner and deeper penetration into the
nmetal than torches utilizing other gas m xtures. The

I8 6698106 2gklsclbses antlagda aed tath thet isppdizedrid caf shded metal

L0 EEe AU e PR Lot LhE i
%ge,f\}"gﬁngﬂ%@g{l%éltﬂﬁg&f ﬁoé%ﬁ?ﬁ%ﬁl'ﬁé‘iﬁé)gw ER@ush SWe’ oRBn metal is
splashed upward onto the torch. This is undesirable because it can
destabilize the arc, causing it to gouge the nozzle, which can reduce the life
of the nozzle, or even destroy it. Therefore, US 5,695,662 provides a high
velocity flow of an oxygen rich secondary gas mixture around the nozzle to
form a cold layer of gas that is used as a shield to protect the nozzle and
other torch components adjacent to the workpiece from splattered molten
metal. Additionally, using an oxygen rich secondary gas mixture improves
the piecing capabilities of the torch by allowing a cleaner and deeper
penetration into the metal than torches utilizing other gas mixtures. The
secondary gas is introduced at the upper end of the torch, travels through
the torch body toward the nozzle, passes through a ring having an array of
off-center slits, thereby introducing a swirling movement to the flow, and
exits the torch in a swirling flow immediately adjacent to the plasma arc.

However, since the plasma cutter is generally not situated in an enclosed,
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exits the torch in a swirling flow inmredi ately
adj acent to the plasma arc. However, since the plasma

W@ ioba14793 general |y not situated in an encl osSBCI/AL2006/000513

Aheat radiating environment, the detrinental effect

caused by external heat radiating on the outer surface

of the plasma torch is not present. Therefore, US

5,695, 662 does not relate to prOV|d|ng nmeans for

ooI|n the Ion i tudj ter ce of

PR RS cona nagttiite (SboTenf ehact piivef o SR heat

E‘Qdﬁhﬁﬂg JnGALRRES JuRthca R tha\Blas@@Xbadh 8/ hasseROdTBSrefore,
i nactive gas is supplied_in the annul ar space

Eﬂé& M68h, 668 dloennpiorpdatiedd papnddingemeanssior saplingvhedgagitudinal
8&{&%@@3& g? ?[%Sg{abtoga{ ween the cathode rod and a

Iece o Clt. An active gas is supplied in
the annul ar space between the first and second annul ar

[ t abl.i shi I d.of th ti
PRSs 1o BB fHo%e & HgRanahp GRab Pe AR S8R of g™
Bo 243 &§§u1a'ﬁ aRMids0 Sﬁﬁ%nﬁ&tn‘eh Bad 97 ShSplRREd Mie aﬁﬁulali‘ &pace
second annul ar body decrease if the flow rate of the

|babme|nvéheg aathiode d@drmé@ fastoanaules rhodyn esteblishing an arc

4 1
X)SJC TR Hﬁw tgoﬁ% F?u | na i P ﬂ:;%% eor%%lsl%}rafgé: g)eo t he @?ﬁvﬁgas is
tsﬁpp‘lli]echtn thd anmuildr ephce Betlvadieshd firstonld sgohd fannukaz*l dies,

e, seco annul ar polin ter, t
*ﬁ%ﬁ}ﬁéﬂlgt gaaocomossg 50%4‘31‘84%"%8’63%45% %?ageﬁsmat a high
%Qxﬁﬁ@rﬁﬁ)‘éé NG &¥fin %q:B'U@l?) FYNTBB! h¥at lggk%s'd%ttﬁé Mkzle aperture

passage between tRe cat hode and anode is shaped to
iofi ¢hes decoandr st ulac bodyn de¢renseaifcidieclew aeta hbtheoinaghivefzas is

PR ORHE i BB, 288 Bttt o an

esthbd Of icodlingStHeOlonpit i€iase otitte sAirtack off ghd plastid Ebrch at all,

allomnng a | ower anperage age atlo f r ive
sodetnly Aplates fﬁf@Oﬁﬁ% ﬂ:h%m%qi%o{ g‘”f%‘ﬁ’%’é fEBRlar Hogene

?ﬁﬁgppkﬁlggg ARG ekstosUr rounded by a coaxi al cyllnder

ornms a cool i ng chanber

US 5,514,848 discloses a plasma torch having cylindrical symmetry. The
internal passage between the cathode and anode is shaped to include a
restriction that accelerates the follow of the plasma gas introduced at the
cathode end. According to the inventors the result of the restriction is to
increase the arc length, while allowing a lower amperage to voltage ratio for
a given power input. The part of the torch between the cathode assembly
and anode is surrounded by a coaxial cylinder that forms a cooling chamber
through which a cooling fluid, which enters the chamber via an inlet at the
bottom (anode) end of the torch and exits through an outlet at the top
(cathode), is circulated.

It is therefore an aim of the present invention to provide a plasma torch

arrangement that overcomes the limitations of prior art arrangements.
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t hrough which a cooling fluid, which enters the
chanber via an inlet at the bottom (anode) end of the

wa e0oeh14o3l exits through an outlet at the top PCT/IL2006/000513

(cathode), is circulated. It is therefore an ai m of
the present invention to provide a plasnma torch
arrangenment that overcones the Iimtations of prior
art arrangenents.It is another aimof the present
invention to provide such an arrangenent that

i ntroduces a preheated oxidizing nmediumto the

P RCE55thBY 2 GhIMRBE pelseat PAASIRNRSH8vide 0ueB Hgriahaéthent
It is another aimof the present invention tq provide

thashingredacesan gechaated pridizmsmedies thdhe Preseswns chamber of
| asma_wasie pr ' pl ant. O her purposes and
gd@'%?%83§&%¥8¥%%ﬁ%$]gg%t invention will appear as the

description proceeds. Summary of the Invention The
resent inventi&g relates to a p{asna. orch for

lnserpathar eHPAfdhe FRCHEANTRPHOR 1nRFA SHP 4 geengement
PhAGE SR g N R es e pBRRTCw RtE ?@&iﬂ%ﬁﬂg eaber
conprising at least one liquid outlet at the | ower

part thereof, for renoving nolten material therefrom

| asma torgh ,conpri si ab hayi| gqr ,
DiRebp O5Re* 30 Ge5RTRH R ol il 332, MRh e il thal sl ehe
dbs@ygionproséedshe hi gh tenperature plasma jet exits
and a heat protecting ring, both |ocated at the front
end; the plasma torch characterized by conprising a
@%ﬂﬁhﬁhm§$fﬁﬁéﬁﬂléﬂt an upper end and a | ower end,
the sl eeve surrounding at | east the portion of the
Aliteepresentf aventibatrelaes deat phsima toreh dpe risegtion phyosigh an

shPraganihy PRL G &804S WGTeTRE Gy T Asje processing

icRa Rk £ dotaprigtighatt Restopeniiggid cutlamt ke Svwelpintehardofiefor
processi ng_chanber wall and the coaxial sleeve,. .
WRBIOEEE pRlen material therefrom, the plasma torch comprising a body

having a front end, a rear end, a longitudinal outer surface, an outlet
through which the high temperature plasma jet exits and a heat protecting
ring, both located at the front end; the plasma torch characterized by
comprising a coaxial sleeve having an upper end and a lower end, the sleeve
surrounding at least the portion of the outer surface that is located in the
opening, thereby forming an insulating chamber between the outer surface

and the sleeve.

When the plasma torch is inserted through the opening, a gap exists
between the processing chamber wall and the coaxial sleeve, whereby the
coaxial sleeve and the insulating chamber shield the outer surface of the
plasma torch from a significant amount of the heat that radiates from the
processing chamber wall and from inside the processing chamber. At least a

portion of the coaxial sleeve that is located in the opening is porous or
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coaxi al sleeve and the insulating chanber shield the
outer surface of the plasma torch froma significant
radi ates fromthe proPEFHI20¢5/000513
chanber wall and frominside the processing chamnber.
At least a portion of the coaxial sleeve that is

| ocated in the opening is pgrous orperneable to a heat
exchanging fluid, the torch conprising an inlet for

i ntroducing the heat exch hng fLUid j e :

PHIBFERLS G %ﬁ’f%@?‘&‘%lﬁg ?ﬁ%d,p s Fr(gr ¢ oérog#}llséﬁ ger Lnlet, ,for
andovreny fiedhe a8 xeblan@inoflfldingo tls instiatihigaheniderough

the inlet into the insulating chanber, the heat
exchangi ng fluid passes through the porous or

permeabl e portion out or the insulating chanber,

NS Be 3NSOhPItAEELNRAbpdBRLd, T A allR% héaneddh@nging fluid is
processi ng chanber M@I? and frominside the processing
ctfaodeoed Ahepughr the niglethdnieh gbe binsuhriing aehaylierorkbenbeat
| asna. t oRC nd_o . I

BoApPRebC I e Yol s pBRfs oL AR RAERAAE But or the

el dtiont clengbandtlidreby eassoelidg theat j ihiati padittes dpper the

end of, the coaxi al _sl eeve thereto.. According to ope
BEYEETng thanges; valy Bﬁ? i ‘@wnpfnse tB%tI@fPCf%%ﬁ\ﬂ%aeﬁmBF% higpd
tg%f&%fg%é ?ﬁrﬁﬁgﬁ%ﬁ%eﬁﬁgwg& Idorh BNEH BB @ dhd Hi: IfINEEap.

e coaxial sleeve is in contact with the heat
protecting ring, and the upper end of the coaxia
sl eeve is sealed to the non-recessed portion of the

e r.f . ] ] '
Tk Hisate' Qe coRFHER oh UG, Litibe SHrl e A TR oen
ahi¢ erorsusidaadothet fear temds Hoo joihimgt the apperd emd sHdbe mgaxial
ekgnen%, nd the |ower end of the sleeve is sealed to
BHEVAL ?E§¥otecting ring by a method chosen fromthe
group consisting of: soldering; welding; use of a

gl ass wool seal. According to one aspect, the | ower

end of the coaxial sleeve is .in ntact wth, not . .
SUapRng & PReatResh ablerskatmoRgoR Pﬁé}e et é\b@faqer@%e torch is
I}E@etsgfﬁf hagdip gn‘gvhi‘ﬂ, dyidrel LA 1RAN ARl dYtHRADEEM] REINE.E in
the sl'eeve and thering. '

contact with the heat protecting ring, and the upper end of the coaxial
sleeve is sealed to the non-recessed portion of the outer surface, thereby

forming the insulating chamber.

The upper end of the coaxial sleeve is sealed to the outer surface of the torch
or to the annular spacing element, and the lower end of the sleeve is sealed
to the heat protecting ring by a method chosen from the group consisting of:

soldering; welding; use of a glass wool seal.

According to one aspect, the lower end of the coaxial sleeve is in contact

with, but not sealed to the heat protecting ring, whereby the heat
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Optionally, the heat protecting ring is water cool ed.
The ratio of the outer dianeter of the coaxi al sl eeve

wao o00bhet7dhner di anmeter of the insulating chanbeeT/2006/000513

said torch that is surrounded by said sleeve is
preferably in the range of 1.01 - 1.5. The inlet for

i ntroduci ng heat exchanging7f.luid to the sl eeve may be
situated at the portion of the sleeve that extends out

f .the. c iV .l €
SApREp T RERCh: 1kt PERRRyERtes bR f JUAUSURPRd Bl
iptienany, thelheat phaedtineeting iowetesesolbée body of the
torch fromthe outer surface. The heat exchangi ng

fluid may be any suitable fluid that is capabl e of
absorbi ng heat and carrying it away fromthe torch and

quk rfio h eh&later Riaheteabl the doagial eRbve ke tiangingg didmiidr of
is an oxygen_ rich gas and nmapy_be chosen fr£n1the

h 3
tominsiiatang shambew 506 sad torchyihgh s sexypunded By masd % gyep 1s
gﬁggﬁﬂéyiiﬁﬁgfyﬁggbyiOﬁthggtio of the cross-sectional

e gap

rea of 't at the front end of the torch to the
cross-sectional area of the outlet of the torch is in
the range of 0.5 -20. Preferably, the torch utilizes
fithie i plge forr intivdgemgdeap bastemgingr flnidgo ghs sleped maglieysituated

t he coaxial sleeve is de of a hi tenperatu .
PEEhe PPTRP Bk e ?eveﬁéengﬁxtﬁpéwvﬂg%eoﬁﬁr@e%si@f?rﬁlatwely’
¢he il NLOSReS BBl hod§CbRRAE ;toRd )% theMotlrUs®l. TFurther
thereof. Preferably, the ratio of the dianmeter of the
alteprativelyl dhe tinlet gravergest she thody efhtheritpichafrom the outer
perpendi cul ar di stance fromthe gap at the front end

SH e plasma torch to a horizontal plane including

the central axis of an outlet for discharging |liquid
slag located at the | ower part of the waste processing

aenltl)ge{t {a)%c arngnegr ﬁgg ma{]y E)Q eanryaggﬁaﬁfe Bﬁi%ztﬁa(%' 1% capable of

absorbing heat and carrying it away from the torch and out of the gap.

Preferably, the heat exchanging fluid is an oxygen rich gas and may be
chosen from the group consisting of: steam; air; oxygen; COg; or a mixture

thereof.

Preferably, the ratio of the cross-sectional area of the gap at the front end of
the torch to the cross-sectional area of the outlet of the torch is in the range

of 0.5 —20.

Preferably, the torch utilizes nitrogen rich gas as plasma forming gas.
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Brief Description of the Figures - Fig. 1 shows,
schematically, the general |ayout and nain el ements of
wa@2aogpieoad waste pl asma processi ng appar at us OPCT/H2006/000513

prior art. - Fig. 2 shows, schematically, a
| ongi tudi nal cross section view of a typical prior art
plasma torch. - Fig. 3 showg,_ schematically, a

Iongitudinal cross section view of one enbodi ment of

torch the pres |n erted
ERRRRRTg fotRal IR Barpanolad sRbe SR A e Eotine
mdﬂaﬂal bR WROm ﬁfehgi@ﬁb |c§ﬂé1§ﬁ(mg af: keiglebsislicBR |ceﬁn@1§5alloys
section VIGM/Of anot her enbodi nent of the pIasna torch

efmixheregheradt i nvention, inserted in an opening in
t he | ower part of a processing chanber. - Fig. 5
shows, schematically, exanples of dinensions of the

pIasna torch arrangenent of the present invention.
Decfairaldy tbegetippf tlondieinetércofithe oatpuscerErif dHe ptasma togeh to

HES BhintRRE PoRR kAT bR T e PERT REUHE Rt bnd of the
PLRSaS firtly tOh Hiirisposil @gﬁr@f 1n@mﬂlﬂgaﬁieecelimtta¢ k& o, an outlet for

|nclud|ng nunrcrpal wast e househol d wast e
Fitﬁ§b§¥%1¥1&| Ligpid istag krsatedant &b%ﬂ@rerse%tge ’é}euwsét%%qcessmg

%% g;%fgqggll%\éﬁ thes ﬁgﬁa&q}@ hgrg types of waste, in

ans of plasma treatnent. The term
porous or "perneable" as used herein includes any
menbrane or material having pores, openings, holes or

ﬂﬂléﬁlzesbn'righimﬁofﬂﬁe Pizuwmst ed or penetrated by fluids.
The_pr i nt ention_is directe Iasna t.orch

arr St elt@l%&@dtheogerrréaﬁ%u P fpgn lgmgnts of a
%ﬁﬁﬁl R }ﬂﬁémafp%cegé(iﬁgﬁbﬁardtﬁ§ bigHeFicrhatt

furnaces for processi ng neta for processi ng waste.

RefElrgr R rs@owe, sr-:rhgmailca]éy tay loingihdislad srass weehian pedcessbmical
plan rlor ar%spllgs gorc

— Fig. 3 shows, schematically, a longitudinal cross section view of one
embodiment of the plasma torch of the present invention, inserted in an
opening in the lower part of a processing chamber.

— Fig. 4 shows, schematically, a longitudinal cross section view of another
embodiment of the plasma torch of the present invention, inserted in an
opening in the lower part of a processing chamber.

~ Fig. 5 shows, schematically, examples of dimensions of the plasma torch

arrangement of the present invention.

Detailed Description of the Preferred Embodiments

The term "waste converting/processing apparatus/plant" herein includes any
apparatus adapted for treating, processing or disposing of any waste
materials, including municipal waste (MSW), household waste, industrial
waste, medical waste, sewage sludge waste (SSW), radioactive waste and

other types of waste, in particular, by means of plasma treatment.
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the nuneral (100), conprises a processing chanber
(10). Typically, the waste is | oaded into a | oading

webaaher93 32) at the upper part of the verti caPCEHN2N16/000513

of the chanber (10) and passes through an arrangenent

of shutters (24), which prevent air fromentering the
chanber (10). The processing chanber (10) al so
conprises a drying zone (15) situated in proximty to

t he | oadi ng chanber (32) where the noisture content of
the waste is reduced and partial softening of some of
g‘ﬁg 483 v Forod 'e&hg;e%@abl " QY QLY BbRid HBudedBInySink Hbk 86k or
ownstream o drying zone (15), where, dependin
ontapelr having rooesd iopeoimgs.aheles e skt avitcloran ibeeparmeated or
the St ds in the zone (26), varying quantities
B(angflj}ystg 5 pyrolytic oil and char are formed; a
gasi fication zone (28) where interaction of char with
oxygen, steam or occurs; a nhelting _zone (38),

Thé rreherr yaApkon dﬁﬁ%?ﬁ@?ﬂds top Naswe toreh FETanggmsRt dhat is
LEAP For B REIRAR ﬁféel? an ré@ssmggﬂfl&ﬁm 7B 8 AL, 1(nclu)d1ng s}aaft

accunul at es"at t he chanber’
fisrnpess fod lpn:@debsmga megahdi ﬁou puxzkessingwasted t hr ough at

| east one liquid outlet (20) associated with one or
nore collection reservoirs (not shown). Oxidizing

MREREI! toe. heaftegicsl ?ﬁ@ﬂﬂwb&etﬁﬁcﬁaﬁﬂgfﬂlﬁﬁt ,idesighapsl by
(28) through inl et (16). The processin harrber %&)

the trvenensd rigP %e@rr&tnaehea uppesssingdchara Parof L0y Tivacedls, the
one. g t

SREEE IR o ' Phding haflRADRE) B MBSPLA T he vertical
@haﬁbﬁrthém:)ammar(no)c ahd plagsdsnthirbeghrehtdmangeomet( @ghutters

(Er Kiipelanicht el catsBiede epeBsstithe ol umi na

al um na- si I i ca, nagnesite, chronenmagnesite, cham)tte
or firebrick. Tyg(l3 cal | y t he processing chamber
e Ig@n@asmg gharhber(19htalgo1Gmyprises A dRERS Z0Pe Q@v@ﬁé@&ed in

bhoQgl 1 (R HpieE 35T, PSR PECABRED
(vﬂaQs}e 1 réuché rangt paaladl woteaingbfvdotte sicidpewastedakhe place; a

%ﬁc?l;gl%l zone (26) situated downstream of the drying zone (15), where,
depending on operating conditions and the amount of time that the waste
spends in the zone (26), varying quantities of pyrolytic gas, pyrolytic oil and
char are formed; a gasification zone (28) where interaction of char with
oxygen, steam or CO: occurs; a melting zone (38), where inorganic
components of waste are melted by at least one plasma torch (40). Molten
material accumulates at the lower part of the chamber (10), and is
periodically or continuously removed through at least one liquid outlet (20)
associated with one or more collection reservoirs (not shown). Oxidizing
material may be fed directly to the gasification zone (28) through inlet (16).

The processing chamber (10) further comprises at the upper end thereof at

least one gas outlet (18), for channeling away product gasses.
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environment. An opening (11) exists in the | ower part
of the processing chanber (10) |leading into nelting

wQoe/1{438) for introducing plasma torch (40). AEEIL2006/000513

di anmeter of the opening (11) is greater than the outer
di ameter of the plasma torch (40), thereby resulting
in a gap (36) between the p’@sna torch (40) and the
processi ng chanber (10) wal In order to prevent heat

Shoqua: fgeatier (09! Haes B eRa ey PRIy the

Hé?hﬂ% Rohd QhS)f 19 %ﬂéﬂﬁ QidelewRhosEsS 8f NRorehalTRle dBhetory

an upper shi el S ty?lcally wat er cooled is
praserigisd swekt ss ﬂxr etxlampM ebgsmang ica, paggnesite, chrome-

surroundi to

PR B B SRR b pRE RS €
aﬁg )gegé‘raﬂnrlnhlﬁ lasnaloop bggm}ﬁﬂ?{ rsrco(/fjh@)i Hyng imeabl shdib@ 2) or
cylindrical symetry, an [ h .
BeFLBE {0 1%%@&?‘&?601}8@96% 1&‘#&3@ {ﬁ%%aoft %fgf ‘Eogleftﬂ & 2 ?’g&@ﬁsmg

Qﬁgl%ll Ze E)S%t ba! bé(rrﬁé];“{caﬁ 0%@&1@@%&1:9”%5;%@9% PRY &&ernal

I'n accordance w h the description of the
phesemmnentiventi on, nutatis nutandis. A prior art
el ectric arc plasma torch (40), is shown schematically
in longitudinal cross-sectional viewin Fig. 2. A

@lrﬁ%ﬁ@mhgf@l) edds S the SpwbeParhiot Rhe grvassiag dle&ﬁ]wlc €10)
energﬁﬁto melt and vitrify inorganic conpon

\k%%h@g intrl redliingoranet (RS) tiegrinkrodusingi Plashe fqFs dém? heThe
zi%ﬁg%? (ﬁg];}?egg'ﬁji%gkg(éq is ’%rP%i%? NBhahofih o A9) dllaﬁv}@t&g of the

rica pi cal Ty conprises a central
@ﬂmme korchZ}0)s tharabe desmltihg mn thgapt (66):hetlm)dy tha@jasma torch

(et Bk Poseping e hrddOunalate SRGaGS Praarias dgmae
ab tAPRRSLIHE BAREE sﬁé‘i@)(m)(ﬂ&)he ®locddameckianiigdr (102)1ue to heat

separated from each other by an el ectric insulator

(radiptingrtbapech thegan E6) dromaingide e \M@?S%lﬁéé:bamﬁvsr (10), an
r HRY t

ShESL B8, IR ARy E RRER Bt it o

(p43)eseing dhaenteat(ho)geuatounfimguppkin elode pru@imity to the plasma

torch (40), and covering part of the surrounding metal shell (12).

A conventional plasma torch (40) typically has cylindrical symmetry, and
shall be described as such herein, however, it is understood that a plasma
torch (40) of essentially any cross sectional shape may be utilized in

accordance with the description of the present invention, mutatis mutandis.

A prior art electric arc plasma torch (40), is shown schematically in
longitudinal cross-sectional view in Fig. 2. A plasma torch (40) is a system
which serves as a source of energy to melt and vitrify inorganic components
of waste, and controls the thermal conditions inside the processing chamber
(10). A plasma torch (40) having cylindrical symmetry typically comprises a
central channel (42) situated within the torch body (40) having an outlet (70)
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thereof. A gas inlet pipe (60) for introducing the
plasma formng gas to the channel (42) is situated in

w@e@xilm79y to the upper end (48) thereof. The BCBUL20060000513

field between the cathode and anode in channel (42)
ionizes the atons of the plasma form ng gas and
generates a plasma or high_jgnperature and high
velocity jet flowi ng toward and out of the outlet

b s omt sk A6 shR ety F 2 RS TRBEF Bl Al Rnogs, pre
SiteMMRdi gt dppBsitd EndL@e), (A8 of Bt ElairmeltdDy, eephoutbdditns each
that are well known in the art. An annular passage

c8wy hysan electricimsalater (b Dhd  Rlegte aycss)form f) m%ﬁese

5%?9%@1‘0(’1@') F’Jlggvmta Hﬂ)ru%g 1)40%012%(30@%\9!1% nﬂle"‘ﬁ{dﬂ% ik |s‘?ﬁ)’t‘ﬁtéd" at

e annul ar sag he torch
it hiWehreaa)ﬂsMGpofchlmewhgnn@ie(Aa) and thikedthodé aty tlneoun:peg ergl, (48)

BB oheed 1S o TPL bR BHENTR ol Pl esn o e

EhAiai (i §itu§t[e@.3§13§ﬁixh1ﬁib§| toViRWup frasHth (48)r Harddt4 OThe
is shown installed in the | ower part of a processing
eleahtie field bptwepmethy gathede amsh a(lqdm}n CHAPReIsER) domizes the
1 e 5) 4T t 4
arorat 8 S Ble e e G Phod BherbRR TRl U Mieh
(:éxﬁi)elaalﬂdrepa)ﬁd highheslodity jehdlooing itovgaxdldnd oainaf itheeautM r(70).

Abthovah e Hs Pl rlape T e Enpbtie o AR HEC £ rine o
GhA0Frons fHékl Yark N6t t@EwhhiRUEKE tiairefemdd cad Lhatdheémany

front end (143) is essentially planar with the inner
eadiodimenfisithearerwyll srowhdn thavert. phn pnpplar passageway (50) is

%fﬁc o ﬁ%@”q%eé‘ q{ﬁ%g??xgeé(&@r ou d ﬁ{ (ﬁ-&bl}/ Sl!lr¥'acet (Q?) $AhE tﬂomh (40).

such t
tdvelihg ondtee Mdwisldh3)heexhwulds paﬂ%a(getzviag? (ﬁﬁ) to n@lzt:ha d:orch (40)
(38). According.to a preferred enbodi nent, at |east a
ﬂY}PFhé‘ﬁafé"’qu \ipg PRETAEART ace (141) of t he torch (140)

that is situated in the opening (11) is recessed

Referring to Fig. 3, a preferred embodiment of the plasma torch (140)
arrangement of the present invention is illustrated in a longitudinal cross-
sectional view. Plasma torch (140) is shown installed in the lower part of a

processing chamber (10).

The plasma torch (140) comprises a front end (143) and a rear end (145).
The front end (143) is directed toward the inside of the processing chamber
(10) and positioned in the opening (11), and the rear end (145) protrudes
outside of the chamber (10). According to a preferred embodiment, when the
torch (140) is fully inserted through the opening (11) the front end (143) is
essentially planar with the inner facing surface (14) of the lower part of the
processing chamber (10). Alternatively, the torch (140) may be inserted
through the opening such that the front end (143) extends into the melting
zone (38).
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radially inward, thereby formng at |east a recessed
portion (41') of the outer surface (141) of the torch

W@ 000)11419%i ng a smal | er di aneter than the restPOl/I20&/000513

torch (140). Fig. 3 shows a recessed portion (41'),
extending longitudinally fromnear the front end (143)
of the torch (140) to a porjjon of the torch (140)
that protrudes outside the é%anber (10). A heat
protecting ring elenment (21) surrounds, and is
integrally joined with the front end (143) of the

neEsRidglia pré‘f‘@ﬁ‘eﬂ Refpdafelty bt a3t aSpoetich of etk bytea surface
coaxi al sl eeve thereby formng an i nsug ati ngr
1dbdsitgpessed

EHrisdr thespreh A§l4®)eﬂ§dtt i pibhatednin by ogpnipge
?écﬁ%& 6’3‘%‘;‘1 ttﬁ lﬂfﬁrﬂﬂ dg 14 Jﬂ@ aRREdssOd p&ﬂﬁ)nmﬂ BPthe outer

orc SSIt ate I'n t he openi ng
thgfapy O]GIEB; of hle d:dimht(éﬂcO)(haObmg\ml $malercdiapretere am‘ the rest of

porous me terial. Pref bl t st.th

B ¢ 1oorh oftiDhe. o A1 oV TSSFeRnap e | ok aaqiine
186 QReMIRY fr()lgﬂlﬂedr%h%t QhdaA1M)IHT the BReh A140) Qo a portion of
resi sti ng4rmt erial, for exanple, a nickel allo

;t,h@ltcrncbé ®tibab prefanded eutsideciheathanger {1Q) iligat pappecting
trﬂ?gre men Esgfrggn&.]% a%ﬁqgm g%m@g{déﬁ%tﬂfthé ﬂ%nt end (143)

ion, rotecting ring
of el tdrck Z]lz)O)J m}@gfeaésisyd portiauimsnddsed fhyontoseial (1de8)(52),

oo o ity caaper 05, BBR peptiuh ot the
S{)Q}Hﬁl ﬁ?gve( (%&?):h%ﬂ:&ﬁﬂs%@ (}ﬁit?g of dftSplashB&of®K48) that is

eeve IS nounted aroun he outer surface (141)
situnbesl mdﬁ:cropbemae(éﬂa) ofltbe pregespingtchambay (40 mplbisspmprised

and th t (19 A d
5 BbiF cu marma R uhefal T oast ‘the portion of the
cgzim al sl elevg é52) that is located in the opening

i s seale t .
Fiebenblys eoiast dhe RoRiom bk St Seed CIAREY i agpte in
acgg Eﬁﬁ?t(ﬂ’)e iEHRel PRt hidth€eRpslat@Rt ésidthey shaevial, for

i's located in theopening (11) is in contact
wxatnpﬂélea nixde] pHoy, etaindepsrdter), edraminmateuipl, a5 cerpbination

thereof.

According to another embodiment of the invention, shown in Fig. 4, heat
protecting ring element (21) integrally surrounds the front end (143) of the
outer surface (141) of the torch (140), and annular spacing element (19), is
located between the front end (143) and the rear end (145). The coaxial
sleeve (52) is mounted around the outer surface (141) of the torch between

the heat protecting ring element (21) and the spacing element (19).

According to a preferred embodiment, at least the portion of the coaxial
sleeve (52) that is located in the opening (11) is sealed by a high temperature
resistant material (62), such as a glass wool seal. According to an

alternative embodiment, the portion of the sleeve (52) that is located in the
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seal ed thereto, such that sonme heat exchanging fluid
may fl ow between the sleeve (52) and the heat

w@e@bectrdng ring el ement (21). At |east the upper/1120eh/000513

of the sleeve (52) is sealed to the annul ar spacing
el ement (19) by soldering or welding. Optionally, the
annul ar spaci ng el enent (19%3nay be water cooled. A
heat exchanging fluid is introduced into the

i nsul at h 4 b

TR G L B A G
Leasd tﬁeﬂ@% ts'u@H tRAt &dee ﬁbﬁﬁ@@hﬁﬁgﬁﬂg A4 Qhay ﬂb@ heaben the
exchan | ui d passes through the gorous

pleere )@nécﬂﬂ@ mﬁt probsctisg It%e@mté Ds |Aete1%st(t99)uppﬁt gnd

e I( I
gsor giee{ehg)z% a?%& 2 ?1{358%% at e%écsﬁg;gle e sﬁét r ou%%lii%réng
pr oeeldiigng O;dtmmnhﬂy, ﬂieO}mm]alr, spehBrze Bl meah PN udyebe water
fr@g&the pl asma torch, and decreasi ng heat | oss.

or'ding to some enbodi ments, the heat exchanging
fluid additionally flows through the snmall space that

se arates the slees¥@é(ﬁ&wfron1the heat protectin
@e;]teqxeh@mmg Fyd ittty :i:fblfttﬁ ¢he bl aing phagpb Eﬁfe(gfl) such
X
%g%t) a S@ﬁtﬁnﬁ%h%ﬁ %ngfdof }{gzgt\%}rcég%é 131%41&111?‘;8'&1&' cRHld% g?east
Ianpeft&ﬁi sf whé tplﬁhﬁa viasdhe (b4t aThe dhdat eemhangmgnﬂuldu p8sses
R ob I 0e bl o Do s o huh T o PS8 98 Sho)

LRy %‘ab ©8) whalethd alidArat l@ﬁétoﬂéﬁ‘tizﬂﬁ &K}:%rl‘}beﬁ{e heat that is

exchanging fluid into the insul atlng chanber %]i
gshdteddran the squurxdmng)fprpmssmaﬁ ambst d0k &) thereby

t hat H‘.ﬁ}golé?%dtg@mctﬂt W?r cxj]tla]: %0 ?&? fdg&%gg g(exgg)bssl n%ccordlng

ftb lstbﬂlelh @nbd&lﬁlledw; Gﬁe hoeatt éb&haﬁgiﬂgaﬂmlﬂgacmhmmz&ly ﬂ@d@ through
hrough an inlet that trave fth I

ity Sl spce thahseraEatep s gt‘ 651%1% 3?4% 3l DYt ting

(e%é'g ‘é’\{ﬂl ¢h Foﬁot&?‘r?%dtﬁeoébsfo?ﬁlﬁlﬂnﬁ gf bB&, IREMAhE BEHB@SireO fluid

chan
flows into the melting zone (38) at the lower part of the processing chamber

(10), interacts with the waste contained therein, continues up the vertical

shaft, and exits through gas outlet (18) (see Fig. 1).

In one embodiment of the present invention, inlet (58) for introducing the
heat exchanging fluid into the insulating chamber (54) is situated at the
portion of the coaxial sleeve (52) that protrudes outward from the furnace
(100). In another embodiment (not shown) the heat exchanging fluid is
introduced to the insulating chamber (54) through an inlet that traverses
the body of the plasma torch (140) from the upper end (145), similar to inlet
(160) which is used for feeding the operating gas to the central channel
(142). Alternatively, the inlet traverses the body of the plasma torch (140)

from the outer surface (141) above the sleeve. The heat exchanging fluid is
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(142). Alternatively, the inlet traverses the body of
the plasma torch (140) fromthe outer surface (141)
The heat exchanging fluid PCT/IL2006/000513
i sintroduced to the insulating chanber (54) at any

| ocation in the chanber (54). It has been found by the

i nventors that, depending on, t he heat exchangi ng

fluid, flowrate and on the %hermal requi renents of

the plant (100), fhe optinal io of the.outer

i anG @R ot thenioin %ga&‘aélil%vé’%‘} 53 lOPEON fpe chamber
gg@[reter of the insulating chanber (54) of the plasma

torch (140) that is surrounded by the sleeve (52) is
preferably in the range of 1.01 - 1.5. It is inportant

note that eparatijn h . rf .
16 B2 beah 00ndcly PO BhiE shalb BB itipE il e of chdntleine
@ﬁl@d,hi ﬂbWSﬂa@ﬂé@x_d((j &2 )the ﬁb‘h@i‘mﬂ\i lt'dimﬁ:t'erhemgs ad Uithie nga)ﬂt l@(;ﬂ), the
exchangi ng uid to the insulating c er 4), e
rebigel (tpiig) of e AUSET AFIPYRT r?éttéaa 3530%’9@5 ?@%&e %’i?‘atto the Sner
e f i h 40) that i
S Gieritr P Teb YRR VRIRibel 1 Pl PO RRh (140 that s
issrimpdsd by dbe eletvai(5d) iswerefarablydpdbe sande alldsdk bildy
heat and carrying it away fromthe plasma torch and
out of gap (36). Preferably, an oxygen rich gas, e.g.

gt eaipatdnt t0)068ethat Bolsephraint tHeluker fiafeefl(141)f e thrch
for reasons that will be discussed herein below One

KR40 B Fhet chamber dOUgwdhibndhe aspbyloere (39 Rgen githout
. | BS . 1t.0r. . i
(e R B B T D P R RS O b St
X0 Fisoghsoamaokimatatyes0%|lessnhedieradiciad fobdhe vhgmber (10)
actually lead to congestion of the apparatus and an

i ‘ease in the viscosity of the nolten material in

the | ower chanber, as well as bridging in the shaft,
since the oxidizing flow typical I¥ bei ng at, a nuch,
I'Bvee heate epehraasing rtheh ds “usedt e they prepenbfinygndion is any

Bs{ugi%%?ﬁsljt]gﬁ t%laf? {g)c%.li) af)l%Q:)f ’abg&%h?g fi’éa%%d%farfﬁﬁg Wt & #rBm the

plasma torch and out of gap (36). Preferably, an oxygen rich gas, e.g. steam,

air, oxygen, COz2 or a mixture thereof, is used, for reasons that will be

discussed herein below.

One problem that was discussed herein above relating to the operation of a
plasma torch based processing plant (100) is that the oxidizing agent that is
provided for oxidizing organic material in the plant (100) may actually lead
to congestion of the apparatus and an increase in the viscosity of the molten
material in the lower chamber, as well as bridging in the shaft, since the
oxidizing flow, typically being at a much lower temperature than that of the
inside of the processing chamber (10), cools areas of the waste in proximity
to the flow. This problem can be reduced by preheating the oxidizing agent

before it comes in contact with the waste in the processing chamber (10).
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to the flow This problemcan be reduced by preheating
t he oxi di zi ng agent before it cones in contact with

WO b®eassde i n the processing chanber (10). Therr¢DIR2006/000513

the present invention it is preferred that the heat
exchanging fluid is conprised of a fluid that can aid
in oxidizing the organic copponents of waste in the
processi ng chanber (10). After the heat exchangi ng

fluid passes th h th I 52), j;nt g, t .
hegelotengs RRRIPHRSHLGSEBEOR dciedtietrs Ak it e el Ehbaneing
ﬁﬁic&is%nﬁﬁﬁ%d(o@ el tﬁﬂeca%r £898 SkiNkiak %H@ 8¥gahiBdondon@dnts

er tenperature than when it entered the sl eeve
06 W)Q,S’cef iro\bhe ppocebsng ichamband1®xi Afer hhobght exehaggingfluid

bcrantrauet e o B 0 8189, EATR0q) (el fRbium absorvs

@@(ﬁﬁﬁh{dﬂ@é&uénﬁémgﬂﬁnﬁéﬂ&ﬁlggmga@%) of ks prdchssiyg elsenber (10) at
i nvention provi des a nethod an |

priewost semesaian Hising ¥ e G S68T6n (o HBaras  the
F}cgcat e L ﬂggg%}g Igl?e Baded sf. hQVI‘Mé fﬂ H?J géé’iﬁ@itlc(nl@ne, the

in the g i catioh zone (28
heat esshaggivigarthed a00) ths hoastei rre§¢tg Wlﬂ) th‘anmboweous

I t.ed h

Sub TR rohile 160k, R APSPAT Sl Ll T ks ana
flsﬁﬁﬁt&ﬁs e sehyAiresrehdiedioxidisioi d¥ehy td thet mcésst@chamber
40) reduces the need for_introducing |arge

eptié thoveedofer addinggthsgaizemindtd Ao éaqeﬁll’éttﬁ% 854 cation
395, 3050 PP R4 00 FOEcl S92 o, o
almhea&td, thé bt emimmgmgr Bdidctheg dlére adecas ae meilz;mg agent

est rid t
FRRP Bl ubt wof HePntetring At @% A Gioinp P By, the torch
((izﬂ(g) reldficddehd HEA 1ﬁ£1@aﬁﬁn§ QhFfden@meastst dfathel @olisgidizing
its operation. Althou gases such .as hydro%@qb“rata

mgenbﬂ@ouah §bm Al (160, Hardsa ﬁ%?l pes theeridiging agent

SEPE L TARER IR, HRiEh0 B AR ey APLeARE $BRcantly
Q@&ﬁ@ngeﬁeb&mmﬁnnebﬁaﬂgeﬁmnsﬂmdbsdgmglnhheahe&ul
lifetime of the torch (140) due to high tenperature
oxi dation of the netal conponents

One of the factors that influence the life of a plasma torch (140) is the type of
plasma forming gas that is used for its operation. Although gases such as
hydrogen, methane, argon and others may be used, air is the least expensive
plasma forming gas that may be used. Unfortunately, the significant
amount of oxygen contained therein leads to shortening the useful lifetime of
the torch (140) due to high temperature oxidation of the metal components
of the torch (140). A nitrogen rich gas, for example, will, as a result of the
lower concentration of oxygen, reduce the rate of oxidation, and therefore, a

longer life of the torch (140) will result.

According to one embodiment, separate supplies of nitrogen rich gas and

oxygen rich gas are provided, wherein the nitrogen rich gas is fed into the
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wo@00gem79¥ educe the rate of oxidation

of the torch (140). A nitrogen rich gas, for exanple,
will, as a result of the |Iower concentration of

and t hepef/tre)6/@os513
longer life of the torch (140) will result. According
to one enbodi nent, separate supplies of nitrogen rich
gas and oxygen rich gas are provided, wherein the
nitrogen rich gas is fed i nt  thepl asma torch (140)

through inlet (160) and utilized as..its plas formn
phemantirch HoAGxSgeneh iRt §H0) {and wilizadt ab iffepiasma forming
L nsul at. ' :

85 e B SRATRER s i Bt A e yn R (B tHRuch
ilét G6) any semies itk dhe héattdyehamsing dlusd) rab aleecrilief) ahwivet he
chanber (10) may be damaged due to the high
tenperatures that are attained by the high tenperature

H*h@%g_ﬁ'aj:t%E% 3 ridofRhE hdide sEhoa@n) FaBE chdf®Rr Ki0)asay be
it exits the plasma torch (140). Therefore, it woul

d
uﬁn@esd réu dotiher bislhc semperaturpsethatupe attaipgd Ry fhe high
e _present, inventi [ ks~ b ' - .
HiEo8isBaE blasPhoth (8D GHERIN RERed 260 27 HFloh 19 exite
&?@t;ﬁaﬁﬁbetrhorﬂmlw)s L’[&iaar«tﬂoiﬁet, itt wbeldl be sddsivable he regees the

0 e hi t er j.et (,39), i. 1.l be, .
STSEERSRE (idr G Tl hhe URIFBFE HBLE B e B oG by
I&Hﬂ%tfn%'mr &odl &fRhaHRBL k&thandtg Mild, akg8CRAtdB&he chamber

surtface of the nolten material and will nelt inorganic,
¢tHpendntlsatot is krsswhen dhe spepdhelsthediigh femperatues E%&ﬁtﬁeﬁ

fLaid will fl | , _
(A e tshl, oo R S5 BRET CRUEL PRl by e i

it@%&éb]?itgf’% plaﬁﬁld fé‘ﬂldBwswﬁlﬂ aescH b strfaca dhehehemlten material

radi at e the mplten material . Al though .i ncrea

tope E}ﬂéfs@e SROTEHNA CAPBANIYLS ¢ eﬂ’ﬁaﬁ’aft%%‘nfieﬂ’l?ﬁ%ﬁlttﬁg heat
Udwasiol t £ I of 189 , re®ract

FREBEAL 0 A S, O SoBd SLETEY of ) skt

angtenipl,diesebymideasipantally beulasore thednoessyéapeddd) fromy the

Sieeh e iy ertor ey BPBIEC Chat - dependi ng on ¢ ne

heat exchanging fluid used and on

Although increasing the cross-sectional area of the gap (36) reduces the
speed of the fluid as it enters the chamber (10), a larger gap (36) allows
greater heat losses. Therefore, a compromise must be made between the
desired cooling effect and the need to prevent heat losses. It has been found
by the inventors that, depending on the heat exchanging fluid used and on
thermal requirements of the plant (100), the optimal ratio of the cross-
sectional area of the gap (36) at the front end (143) of the plasma torch (140)
to the cross-sectional area of the outlet (170) of the channel (142) of the
plasma torch (140) is preferably in the range of 0.5 — 20.

Referring to Fig. 5, it has been further found by the inventors that,
depending on the heat exchanging fluid used and on thermal requirements

of the plant (100), the optimal ratio of the diameter of the outlet (170) of the



thermal requirenents of the plant (100), the opti nal
rati o of the crosssectional area of the gap (36) at
wao b@ofit4oms end (143) of the plasma torch (140)PCDIN206/000513
cross-sectional area of the outlet (170) of the
channel (142) of the plasma torch (140) is preferably
in the range of 0.5-20. Refgfring to Fig. 5, it has
been further found by the inventors that, depending on

POGuRS Chgh S BT Rl IR BRSSP PERR g p
e a5 %ﬁm:?m’“ﬁta‘i"*%f’xtﬂﬁJ‘“““’)m?”"zta“m e
peyding thasenizsh ey aide qui rPélﬂﬁgéé(ba‘O?&&Pg Rt h“ﬁ‘ag?‘”eer
bgubi\Rel AARRL (PARSRHLING! B AGeL be 0REN 03 BilRing

| ocated at the | ower
paiks tratib Wlﬂﬂa)mahmib@loh(lg of the; nmﬂbb}E tahheati exchheging fijad ghat

Utilizin th| i,0.W || prevent cooling

glf’wtsﬁlétontgletlo‘ﬁ? RAL O rtg?)hg fluid that flows
into the | ower part of the charrber (10). The plasma
torch of the present invention has been described with
82 AR5 Emh Qotdheofhe GRESIMUNPEn RS hes blerddgdiibe@ uish respect
desi'gn of a processing plant, the features of the
m skermroceseing of waste 5 eswticiley alesicaroicnRTessesing piant, the

ted I
BB ¥ aRhiel PAR P i ghetel HRenBER chlibp e Apted
nPutaeis hﬁaitaeldls Ko atHair gbphmtnmsamdr;efommgmhmrher degiighed in

A

understood by those skilled in the art that t he

iMBAtgheNfdr8gdifE ddsBlip@en tdwetabes an dddthﬂt oﬂyherfew specific
variations in formand details bI e%lmlﬁgout

@@rﬁmdtmﬁ@tsmfdhﬁtlﬁ*éer&wét HHY be etstS? An the
QS{ ‘13:}1 ?1% ‘?1@1% Qs 31 dtBLirhited tmlef’e%ﬁaanﬁofﬁﬁ Jtﬁér variations in

nser rough an opening I n a waste
ﬁﬁmeﬁsi dgtaﬂsamayrbe pasiblprevbsst dgp&uhmgbépnhahﬂ meoret and
| east e.liquid.utle e |ower part thereof, for

t t.h
SEHBY PG 1BYAP R & Fal Sseéﬂr



10

15

20

25

30

pl asma torch conprising a body having a front end, a
rear end, a |longitudinal outer surface, an outlet

wao booengitoshi ch the high tenperature plasma | et PERII2906/000513

and a heat protecting ring, both | ocated at said front
end; said plasma torch characterized by conprising a
coaxi al sleeve having an uppgr end and a | ower end,
said sl eeve surrounding at |east the portion of said
surface of said torch that is located in said
opening in said wall, thereby formng an insul ating
chanber between said outer surface of said torch and
fLhe\ plasera tarch dowinstriicn throhglewe: ongreneih the Wadaafta aste

part of sai rtion,of L.d C ' -
Do ool ot S HioaShie CHRHR 1y 148 ope Hiquid
of |c>|$1a1ed dtotleh @t phst tmladife(foir remaithgo peihiengmiatersali daid
wa i S porqQus or pernea 0 a heat, exch in

f 1 lesmafioach GPERTEHHD A EP%gﬁ@ﬂlﬁ%!% %Pl d%ﬂ’&i%’&’ &
S a'lﬁ%%@@rji Qf(&n;@‘][:' giutgeel hHilodtlePtiroSeh SHiAS thehicRGemperature
cha r. 3 A plasma torch according to claimi1,
wharlasma \jbie pxismiatdpd Asatapraeding singndeth deratas: atigaid: frent

openi.ng, . ap _exi sts petween the pr ' e

vvalqnda%@“?ﬁga%%%ﬁh §F%rea\9 SHAR eg% bcf&ég?sgﬁg %a)%l a bleove

s| agxen@Bd dgiRridhduddl hnewehaniesaid kielvd submuadimr at least

surface of said plasma torch froma sj igi unt
g

) . .cant_.a :
of thRepariian eiheaid QiiPpUEase Gnsh i dosaEBR Paid
el i hsid . . .

o s 1 A RN S SBh( BhORES SA N AR Sbaumber betwecn
pl asmidh cubdeic kuifsceo p saide threla rednhen veeat swtadsaplgbaig sleeve;

fluig is introduced through,the..inlet intg th
i nsUPrEtthg? c#ﬁ'ﬁ'ﬁé’r ,pagtaiog %‘é%tpog%ﬂa%%ls%{g& o Sgggeesthat
t hr QughuidieatPesausid boReINERdl @ optrtduefhco ut said t9adtothat is
i nsul ati ng chanber, therebhy absorbing heat th

| ) . t
_radlpaf!’féé %%ﬂ%ﬂt%%ﬁo@b%ﬁnﬁj@ﬁérﬁ%?%ﬁF Ipeéﬁ‘&g}P]Fofnﬁ’] a heat
i ns : .0C [ ’ i j :
abs%)gggggﬁg af%mg\/\%ﬁ/é kd}Eh %Qﬁl%gfng A0Fh16AHo% Yh1?9d §@hE said heat
exchanging fluid into said insulating chamber.

2. A plasma torch according to claim 1, wherein when said plasma torch is
inserted through the opening, a gap exists between the processing
chamber wall and the coaxial sleeve, whereby said coaxial sleeve and the
insulating chamber shield the outer surface of said plasma torch from a
significant amount of the heat that radiates from the processing chamber

wall and from inside said processing chamber.

3. A plasma torch according to claim 2, wherein when said plasma torch is
operated, and when heat exchanging fluid is introduced through the inlet
into the insulating chamber, said heat exchanging fluid passes through
the porous or permeable portion out of said insulating chamber, thereby
absorbing heat that radiates from the processing chamber wall and from
inside said processing chamber, and carrying said absorbed heat away

from said plasma torch and out of said gap.
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fromsaid plasma torch and out of said gap.4. A plasnma

torch according to claim1, wherein an annul ar spacing
web@ien9d s | ocated between said front end andPGHIIZ006/000513

rear end, for joining the upper end of the coaxi al

sl eeve thereto. 5. A plasma torch according to claim

4, wherein at least a portign of the outer surface of

said torch is recessed radially inward, wherein the

| ower .end of the coaxial, sleeve is,in.contact wth the

ok MROPRCEETY TR AN TREL ubpdReBsil an piat spading

CORkdrAdntSiA6¢Red DebiRRNCshid Bronh @ndhd &68S588flepd fot §oining

of the outer_ surface, thereby formng the insulating

chéh@éPPeIBQHdGPfthﬁ%Wlﬁb?l@Weéi‘é%ﬂt@i ng to claimb5,

wherein the ugper end of the coaxial sleeve is sealed

o A hiasoa torch iacterdinsto shim 4.ovheresn at deatiea apwitangpf the

spacing. eke . t 3 ' '

coanud A R BEo BT RN B BB Tovver

fr ;@gidtdf&,hg lcosttial lesvesisi ingcontact avitls chalheatngrotdeting ring, and

wel ding; c. use aof a glass wool seal. 7. A plasnma :

{ orthh URbeB PR ﬁg s1ig cepdiphigevaraeal f@ﬁéﬂﬂ&%@fﬁ%%ﬁ‘ad gprtion

t N rRAXh Rk sBHBEY hibl Torkif¥ itk inbuldtile BRImBQal ed to
the heat protecting ring, thereby form ng a space

ot , . b . . _
o BRRBR L UBLERS PhisS) (k82 dSale i
pas$evet isr suadgdl saitlie spaee sudfacen of |saithrdonchr eth tadberajimgar
to claim wher ei n .t heat .pr.otectjng tin
cosreiEe iRl L PR 000 GG HeB% L PR 18 B heat
Whesr8idatihBeingdhy # ntfthédehdauh Eondl tid@ioRp cohsikligg epaxi al

sl eeve to the inner diameter of the insulating chanber

of saigldd@hgh that is surrounded by said sleeve is
preferably In

b. welding;
c. use of a glass wool seal.

7. A plasma torch according to claim 6, wherein the lower end of the coaxial
sleeve is in proximity, but not sealed to the heat protecting ring, thereby
forming a space between said lower end of said sleeve and said ring,
whereby the heat exchanging fluid at least partially passes through said

space.

8. A plasma torch according to claim 1, wherein the heat protecting ring is

water cooled.

9. A plasma torch according to claim 1, wherein the ratio of the outer
diameter of the coaxial sleeve to the inner diameter of the insulating
chamber of said torch that is surrounded by said sleeve is preferably in

the range of 1.01 — 1.5.
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the range of 1.01 -1.5.10. A plasma torch according to
claiml1l, wherein the inlet is situated at the portion
wo@Roobhet783 eeve that extends out of the chanberpPCWiL2806/000513

pl asma torch according to claim1, wherein the inlet

traverses the body of said torch fromthe rear end.

12. A plasma torch accordingygo claim1l, wherein the

inlet traverses the body of said torch fromthe outer

r | _t.or

34 By ot oS 0l nf £ O DA Ploipoted ot the

f | wiodtidin af theslevpahheexibnddsdrdfithg chaaberand carr y| ng

it awnay fromsaid torch and out of the gap. 14.A

pl asma torch according to claim13, wherein the heat

exchanging fluid is an oxygen rich gas and may be

qudsprasﬁfaom&h@ccgfcﬁn@ t6 oSl Wigreihtha inlet eaWerdes the body
xture thereof. 15. A plasm

. OXy C e, .
toroéﬁa%c@éqlﬁﬁﬁé%éréwa‘? wherein the ratio of the

crosssectional area of the gap at the front end of
said torch to the crosssectional area of the outlet of
said torch is preferably in the range of 0.5 -

18. nrjisaenierelopehrdios ée elaig 1 ovherreinphe inlgh érreérierseg &heybody
;g;&%a}ﬁiﬂoﬁ}%% he'o Jrfa%g gas as plasma form ng

hema torch accor ing to claim.1, wherein
the coaxial sleeve is made of a high tenperature
resisting material chosen fromthe group consisting

qEA %1as8nt1aa Itor}cﬁsa%cosi'dleng to claim 1, wherein the heat exchanging fluid

is any suitable fluid that is capable of absorbing heat and carrying it

away from said torch and out of the gap.

14.A plasma torch according to claim 18, wherein the heat exchanging fluid

is an oxygen rich gas and may be chosen from the group consisting of:
a. steam;
b. air;
C. oxygen;
d. COg;
e. A mixture thereof.

15.A plasma torch according to claim 2, wherein the ratio of the cross-
sectional area of the gap at the front end of said torch to the cross-
sectional area of the outlet of said torch is preferably in the range of 0.5 —

20.

16. A plasma torch according to claim 1, wherein said torch utilizes nitrogen

rich gas as plasma forming gas.
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b. ceramc; c. alloys; d. a mxture thereof. 18. A

pl asma torch according to claim2, wherein the ratio
wo@Roobhet7gd anet er of the plasma torch outl et torP€TBE.2006/000513

m ni mal perpendi cul ar di stance fromthe gap at the

front end of said plasma torch to a horizontal plane

including the central axis.ef.the liquid outlet

| ocated at the | ower part of the waste processing

chanber is preferably in the range of 0.02 - 0.3.

17.A plasma torch according to claim 1, wherein the coaxial sleeve is made

of a high temperature resisting material chosen from the group

consisting of:
a. stainless steel;
b. ceramic;
c. alloys;
d. a mixture thereof.

18. A plasma torch according to claim 2, wherein the ratio of the
diameter of the plasma torch outlet to the minimal perpendicular
distance from the gap at the front end of said plasma torch to a
horizontal plane including the central axis of the liquid outlet located

at the lower part of the waste processing chamber is preferably in the
range of 0.02 — 0.3.



