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METHOD AND APPARATUS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
present application clains priority to US provisional patent application
serial nunmber 60/378,357, filed May 8, 2002, and hereby incorporates the
subj ect mawoesicdd=cl osed therein. FlIELD OF THE | NVENTI ONe¢'DOQRB}0dé7H S

i nvention rel at es jgZhRDOIRSWASTECTREATMER T METHOD ARBSt rial or
hazar dous waste treatnment system BACKGROUND OF THE | NVENTI ON [ 0003]

Hazar dous waste affects human heaAPRARATUS toxicity, deflagrability,
corrosivity, reactivity, and infection in addition to being a source of
serious pollution. Hazardous wastes have been generally di sposed of by
| and di sposal, incineration and recycling. However, as incidents of

i nproper wasCROSS-REFERENCETD REAFEDARRIACATION®Xi ¢ subst ances from
incineration and landfills (e.g. dioxins fromincineration and toxic

| eachat e fr ofAU0ALTHe priesgnt Bpgficatiorpclains gupdty SelBovevisie pateaind ecol ogi cal

probl erts, - pull e MIRLEAPRTIGSIEE 69 EAREFASHAD, bAdhabel | on and more

stringent environ protection policies. 'These policies have led to
search for oinserroedtes tbestbject apiteiisslopedithesit. ef fective di sposal
alternatives. [0004] A nunber of nethods based on plasnma arc have been
proposed to destroy organic and inorgani c hazardous waste in all forms, to
convert hazardous wastes to a conbustible synthetic gas for electricity
generation, FHHP OF Uk INVENHON { he non- conbustible materials to a stable

gl ass which can . di sposed. of safel ‘lﬁ:[ﬁ ver hese .net hods are

consi dered i h%¥ -E'i”%ﬁ‘t"e o reﬁgq;eto%t@éﬂp V‘\’Kgaﬁig?ﬁ%mg’n% ‘gg‘é??&g Phg costs.

[ 0005] I n demagatoud wastdashiengdl agtem.ar c t echnol ogies, the plasma torch 2 1
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BACKGROUND OF THE INVENTION

[0003] Hazardous waste affects human health by its toxicityf deftagrability,
corrosivity, reactivity, and infection in addition to being a source of serious
pollution. Hazardous wastes have been generally disposed of by land
disposal, incineration and recycling. However, as incidents of improper waste
disposal, such as emissions of toxic substances from incineration and landfills
(e.g. dioxins from incineration and toxic leachate from landfilis) begin to
create serious health and ecological problems, public awareness has led to
increasing legislation and more stringent environmental protection policies.
These policies have led to search for other efficlent, reliable and cost effective
disposal alternatives.

[0004] A number of methods based on plasma arc have been proposed to
_destroy organic and inorganic hazardous waste in all forms, to convert
hazardous wastes to a combustible synthetic gas for electricity Qeneration,
and to vitrify all the non-combustible materials to a stab!_e glass which can be
disposed of safely. However, these methods are considered inefficient and
have very high capital and operating costs.

[0005] In general, ftwo basic plasma arc technologies, the plasma torch



-2- (transferred and non-transferred nodes) and the graphite el ectypdg 208
plasma arc (A C or D.C) systems, have been proposed to generate the
plasma arc for the hazardous waste destruction or conversi on processes.

[ 0006] Systens enploying a plasnma torch are generally not as energy

ef ficient @® ®hoe2 usi ng graphite el ectrodes due to hi ghectenesgysl oss to
the plasma torch cooling water. The eff.iciency of plasma torches is
usually less than 70% especially when the netal plasnma torch is placed and
oper at ed i ndtramsferrérband mﬁmﬁww@@desfam@é@rmhitplemtmde plashes are only

effective for,, g@t hB;eé}td TR, ARRS Qnﬁoﬂ@%ﬂd @énepétg%?és %é{ or i al

fabrication, ey ar‘e’not rac nom cal

mel ting. Furtfﬁfefﬂ"mﬁ\lﬂéardﬁ#ﬁewaﬁe ﬂeﬁﬂioﬂ%ﬁf congensivg ppicessas. wor k| ng gas, nitrogen
oxi des (NOx) and hydrogen cyanide (HCN) are produced due to the reactions
of the nitrod@R08lSYsRESHMPIGHNGsTBlasHA fUutheregescimlly Rotaseernsxg¥gen and t he

hydr ocar bons éﬂbséﬁt%s\qulsln@%a@ﬁr% e%ctrocﬂ*és%heﬁ@'ﬁ%éﬁéﬁ&&?%osfw th@er nore, the

st eam generat din trr’t wi |l condense on the sufface of the netal
shroud of théi' o 'Pﬂwa@bng'éﬁq%f@ﬁ?w of plasparionshag ie/usalty lesong with the

non- di ssoci attﬁ@h Vmsles emwnealtﬁemeltdl pﬁezma%rbh AflaceadREfePn the cold
wet net al shroug B destruction of the hazardous
I

wast es. “Wen 'BHge gtf’BY@tﬁ%eﬁ Qﬁ‘npeé v@asm@ Breherare agly effestiye fofmi nt enance,

wor kers are td@a%fhe&wbg@tﬁ‘ds;ieﬂaiatt{]lmat@?épﬁﬁﬂés%trfg%rﬁ’élﬁlcéﬁbﬁ andB{eflatéthg. [0007] The
lifetime of the el Fct odes ang t he st g_g Lity, erformance) of the plasm
arc gener at e 858 OPEINCRLET RlatsiaLfas g Fd%ﬁleﬁﬁor&t WB%'bﬁ‘élsé'seij nsi de the

vessel / r eact cas thd peisafaonv@king bes, onesgeh Iomﬁe@fN@b aﬁcﬂfﬁydrﬁge@rhcﬁﬁﬁiéens is nore
ol b or chel s PEOHPEL b Bk Rt asb el MR GaeB FeratdtiThy of the
internal conpakiegtgas wﬁhme;d»e/gmsanmmrmtdftobarbehemttm o@dseteacocat vity of the
corr o5t on are IR e O o e e erRS S W e qut r eront s
necessitate wxpenss orethawsuifhceeofithe metadsirotd whthe Ip[asnmrtemes the capital and
operating Coé&_'?s:equently, carbon black/soot along with the non-dissociated toxic

materials will deposit and accumulate on the cold wet metal shroud leading to

incomplete destruction of the hazardous wastes. When the plasma torch is

removed from the vessel for maintenance, workers are then subject to the

~ exposure to the toxic materials. -

[0007] The lifetime of the electrodes and the stability (performance) of the
plasma arc generated by plasma torches also depend on the atmosphére
inside the vessel/reactor. Therefore, the operation of plasma torch systems is
more complicated than that of graphite electrode plasma arc systems. Meatal
plasma torches require high-pressured cooling water for cooling of the internal
components. The chemistry and the electrical conductivity of the cooling
water must be monitored and adjusted in order to prevent chemical corrosion
and mineral depositions inside the torch, Those requirements necessitate
expensive auxiliary equipment which increases the capital and operating
costs.

[0008] Other systems employ graphite electrode electric plasma arc



[ 0008] Ot her systens enploy graphite electrode electric plasm ardf§ ﬂp%ﬁms
2006 WD 03/095072 PCT/ CA03/ 00670 -3- technol ogies. These systens can | ead
to either severe oxidation of the graphite el ectrodes or excessive
formati on of fine carbon bl ack/soot in the by- product gas stream A

conbi ned AwQ.o3assd7D. C. graphite el ectrodes system was develcapsshsioo provi de
electric are generation and joule resigtance heating in the bath

si mul t aneously. Ot her technol ogi es enploy concentric el ectrodes system and
singl e top Dtézshngiogiehi Thesd sstanedearbddioainonsysie oxiafion bpwefor el ting

and gasificatjon. r, the electrical nductivity of 1 ottom

el ectrode nusqkacb@ge E‘ge:gﬁ%@?gn%c?xa?ssmeﬁormaﬁ@% ofﬁwetq%bcg}lﬂ o[oébwr}%a %’ graphite
el ectrode sysgrauctgpestical. yA trebinehs.Geint T ejraphitatetoties betasl d

conduct | ve. Qs ByE RS BbiRio2eeBiBangierm it SR Bl ol bREbSt he k) net ¢
of carbon bl dctheftptnsimiubanacaslyy @tyer térihphlodies ienpldyicghcardnpelecttades cr acki ng
of hydrocarb i i I . i it . e, carbon

bl acki soot 1 ISP ShdE, haphRPUELRO SRS dohBlkuve BBHGHIT: (ot on
process and mglingRnd gasiigaipnprHayeves thenelectdeahnenduetivity f thegwittout i on control

system | ncreaghBge bRt bERLRRARR StiaTRn il B8 S;{%Yéte?%.cérﬁ pifasi de the
vessel /reactor or 1ncreasi ng t he operati ng tenperature a25| sts I n renovi ng

carbon bl ack.cladags systen eepedly Men dea bidinseelestrasle oiteespid t at es the use of a
| arger appar 3uis) flack® WK Bebt ARG i is h&korfiBR] Eondhiefi@ di nal ¥,

i
sone systens have been proposed which in an terburner or thernal
oxi di zer to iahloweiggwerai@epeacti on kinetics by the turbul ent environnent as
a secondary glas treatment process to ensure conplete conmbustion. However,

air and fuel 189%01lisag bpan foyad dhatiherdnpsicopcarjembiasit Braaomvaivancat for the

oxi dation pragasduringMigHeERpBihte cPackifg @PARIYcar¥iRlLAISI 4 SYRPUCh as nitrogen
oxi des may be produce t hese systenms ‘under such an oxi di zi ng

A n . )
at mosphere. TOEHI)Y GANHEHOT _drn%’éf%@\%mogd%ﬁé%%s RbKAYS Broshsedimthd net hod for

treating reducing plasma arc gasification process and must be removed prior o the
downstream air pollution control system. Increasing the residence time of the
by-products inside the vessel/reactor or increasing the operating temperature
assists in removing carbon black. However, increasing residence time
necessitates the use of a larger apparatus or reducing the throughput of feed
waste. Accordingly, some 'systems have been proposed which include an
afterburner or thermal oxidizer to increase the reaction kinefics by the
turbulent environment as a secondary gas freatment process to ensure
complete combustion. However, air and fuel are used in these methods to
generate the high heat for the oxidation process. Consequently, a secondary
waste stream such as nitrogen oxides may be produced in these systems
under such an oxidizing atmosphere.

[0010] £ would be advantageous fo have a system and method for treating
the off-gas from waste treatment systems that, at least in parf, address these
shortcomings. '



the off-gas fromwaste treatnent systens that, at least in part, address
these shortcomings. '2 1 J ~)L WO 03/095072 PCUCA03100670 -4- SUMVIRY 16
THE | NVENTI ON [ 0011] The present invention provides a systemfor treating
the off-gas froma waste treatnent system such as a graphite el ectrode

arc gasifigatds@ssosystem that reduces the carbon bl ack pgeg&Mdmdis the
off-gas while avoiding the productionqf nitrogen oxides and other

pol lutants. The systemincludes an afterburner using a plasma torch having
a nitrogen-fr 83YMMARY OF THE INVENTION in  one enbodi nent, is a carbon dioxide
and oxygen m xture. The plasma arc ionizes the working gas, thereby

creating at oni0@1ﬂ)}(Ty‘@eJiesenhlrwhntma$>rcsAcmslamysm fof pe@Mglthobir.gad hem Ll ack from

th | nventi on provides an
eppar at s for Mr e afe P SEh as b B R ket q FE denBroB pytEm The

apparat us | ncihablt@ﬂuaes the forzon dlagk breraemi nm;Her mﬂgaso.ﬁinefaharﬁihgﬁrs%aw ng ag ' ngtm
port for recepyhndiohhf nﬂﬂcoBen gﬁgesaih?l o%’?ergf)ﬁ rﬂ%rﬁtgﬁ@é? SYS?%W{C&C! powered p

torch proximate the input hin €R ecei ving a
wor ki ng gas, ®¥REbWBPKISIY @A Smiam{:mt!a\m@g anirogenifres whrkingrdaenwisicioh de and

I e o uReRLS AN, Rhtatbor ASIRNATIG, AN S Bh iRRel &t "o oY

converted to an, out ut as
[00131 I n anoPREes K@ﬂ&f g gR% ﬂpﬁr@@ecrreatrng\a@mrponyg@nowh:dreassastamrhed for

treating an ehovaRst hiIM adt@dhfint bRLEENt Ssystem The method includes the
steps of receiving the off-gas at an’input port of a refractory i ned

gas using a
E%/:l :OBSVreIr ggl pfﬁgg:n???;rge agF%drt g% %Trg{%erﬁhﬁgﬁ%pﬁwwdé%rﬁnzé\ﬂﬁgh n t[r %ﬁ‘gnber, t he

wor ki ng gas iHt o a‘fﬁ’%f’ fr@msnt syatepbnThe appacdusindudssgen, t her eby

t put gas from
he. chamber :@%ﬁtbwmmﬁ'ﬁfﬂgﬁéﬁiﬁgﬁ?@gtaﬁ%u@ééfﬁ*ﬁﬁ‘%%ﬁ%@ﬁr'%#fpr ovi des a

wast e treat %LHP"I’ Tt ek Pﬁ@owwﬁrnﬁﬁrn@a ineshtseximatedhevdnput t r eat nent
syst em i ncl udest within the chamber, the torch receiving a working gas, the working gas

- including a mixture of carbon dioxide and oxygen. The plasma torch heats
the chamber and the off-gas is thereby converted to an output gas, which is
gjected through the output port.

[0013]In another aspect, the present invention provides a method for treating
an off-gas from- a waste treatment system. The method includes the steps of
receiving the off-gas at an input port of a refractory-lined cylindrica chamber,
heating the chamber by ionizin'g a working gas using a DC powered plasma
torch proximate the input port within the chamber, the working gas including a
mixture of carbon dioxide and oxygen, thereby converting the off-gas to an
output gas, and outputting an output gas from the chamber.

[0014]In a further aspect, the present invention provides a waste treatment
system for treating hazardous wastes. The waste treatment system includes
a primary waste treatment stage that receives the hazardous waste and
produces a by-product off-gas, and a secondary waste treatment stage
coupled to the primary waste treatment stage and receiving the off-gas. The
secondary waste treatment stage includes a refractory-lined cylindrical
_chamber having an input port for receiving the off-gas and an output port, and



a primary waste treatnent stage that receives the hazardous waste q
produces a by-product off-gas, and a secondary waste treatnent stag JUL 2005
coupled to the primary waste treatnent stage and receiving the off-gas. The
secondary waste treatnment stage includes a refractory-lined cylindrical
chanmber hawg@eaard nput port for receiving the off-gas apgranefssput port,
and 2 1 J UL 2006 WD 03/095072 PCT/ CA03/ 00670 a DC powered plasma torch
proxi mate the input port within the chanber, the torch receiving a working

g?s, t he V\DII:] Idm@pgwsreidnﬁd;]amﬁmg:hmr@ﬁmﬁimt&? ]Emfput:mmﬂthin giemh'gdxeea,lmb oxygen. The

pl asma torc e r.and the.off-gas i.s _thereby converted to an

out put gas, &ﬁ?@ﬁ?ﬁe@@%é’?@%ﬂ#&ﬁamﬁw%%#Bﬁ?d’%w'x uf fgﬁ%‘)& her aspects

and f eat ur es difxidehendormygemt Theplastba torchiddats theohamberappiahe off-ges it hose

ordinarily skj I t [ f the, follaw n description of
Lol PN ]l Bot PG BockibinicBh A s B8RS o6

specific enb ron i nh conjunc acconpanyi ng

flgures. BRI fiiaRR BILON O TLEBRMIOGS.LANRL BRI AEERGR vi || now be

made, byway t he acconpanyi ng I ch” show an
enmbodi nent ofaPPREnpiodbess orfinadinskitas in driart Hpathieylew of feofolflqwing gure 1 shows a

di agr am of ad@@éﬁ;ﬁiohroee;sém%tep ks FGOI AR corlilifetiBh GREHe | NVeNtion;

[0018] Figure 2 shows a to an view bl ock diagram’of the waste treatnent

system and BIOAUPaBingLiiceres. shows a cross-sectional view of a cyclonic

oxi di zer, according to the present invention. [0020] Simlar nunerals are

used in different figures to denote simlar conponents. DESCRI PTI ON OF
irst made to Figure 1, which

SPECI FI C EMB r s f

shows a di ag%’%ﬁ%%\g@ﬁ&”ﬁ%ﬁf%ﬁ @ﬁ%m 100, according to the present
invention, a Lgure 2 i.ch, shows, a to | an, view bl ock di agram of the
wast e treat r’r&ﬂ?ﬂgg{?@ﬁQ%@’m nqy ge Mmede Wi}f)gf %ﬁm%&% SGPUPAYECel ect r ode

D. C. pl asma airewiggs whichrshorlah @mbédiment of the present invention, and in which: '

[0017}Figure 1 shows a diagram of a waste treatment system, according to
the present invention;

[0018] Figure 2 shows a top plan view block diagram of the waste treatment
- system; and

[0019] Figure 3 shows a cross-sectional view of a cyclonic oxidizer, according
to the present invention.

[0020] Similar numerals are used in different figures to denote similar
components, '

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0021 Reference is first made to Figure 1, which shows a diagram of a waste
treatment system 100, according to the present invention, and Figure 2, which
shows a top plan view block diagram of the waste treatment systerh 100. The
system 100 includes a graphite electrode D.C. plasma arc gasifier/melter 4
“and a plasma torch cyclonic oxidizer 3. Waste material is inserted into the
gasifier/melter 4, which melts the non-combustible materials and
disassociates the organic materials. The gasifier/melter 4 produces off-gas,



and a plasma torch cyclonic oxidizer 3. Waste material is inserted2 i1m18[ tzdag
gasifier/nelter 4, which nelts the non-conbustible materials and e

di sassoci ates the organic materials. The gasifier/nmelter 4 produces
off-gas, 2 1 JUL 2M6 WD 03/095072 PCT/ CA03/ 00670 -6- which is routed to
the cycl onino @wbghrzer 3. The cyclonic oxidizer 3 then treghgaothRPff-0as,
in accordance with the present invention. The gasifier/nmelter 4 my al so
be referred to as a gasification/vitrification chanber. [0022] Prior to

f eedi ng hazar #bigh isvastes to titeocychaicgndatder Be Tak egdloricexidiz4r.3 RES treats
gasifier/nmelt far. ' ifier/ ter 4 is preheated to a
t enper at ur e ag%voif éa%o%d%%@gﬁ%% ﬁﬁ?\té]teg)g?%ﬁagf’%@onm B HBSBLTS e nel ter 4.

The gasi fi er/ maly@alse be referedfto ag e orsifitdtinsditrifeatbn dransiedewal | s and t he roof

of the D.C arc gasifier/nelter 4 are water cooled to extend the
refractory |i E@Zg&floﬁimfeﬁﬂiﬂﬂ RgzardetratasiaintethesiraghitarctbdmbCalarcor r osi on by

the nelt. Thegaé‘a@rfnﬂﬁt’e%br%}é§ﬁ@dﬁbﬁ%¥ Sisiﬁ#{n?é?@' FidbrbAG P, and m ni m ze
/melter~4. The ref y

heat |osses fromthe gasifier _ efractory’is also chemcally
conpat i bl e t otoPReraibrgAboNe 150R Chvdaeltng spiap sfealdn decapsifitdoRBIAS shown in

Figure 2, twoThs gadtidindlcrstd RAGSORANES the
gasifier/nmelt . El ect reode cl an}g@q'16&'aaﬁggqé7aﬁé\wgﬁtahg%? @%ﬁ{ﬁttﬁé el ectrodes

r.4 2
and are conne@t‘%@“ﬁ gasifisymeltend fes walgpsnojeddo exlead theyefractbariife 16 i s

connected to #hemEighngehanRBCk6Li6¢ haPaR | nRgcted to the anode
of the power s%%gtlogbz. Tﬁg el erctlr ode cl féag%?%é%%ddalggare'@gpl ed to

el ectrode arn¥ SYSert sebresd contaip e melt arskipiniaize beat fasees e thyui di ng
system whi ch gasiRsinicher £! B e08@0g 1 Bsc Shemiéify BhPATRId 16 HTESRPAR Ve

el ectrode gui ﬁi n sgstem noves the el ectrode arns 15 so as to adjust the
position of t %?p'?’% L9R8 9RMe8eE] ectrodes relative to each other and rel ative

the rel ativelBRRAR LRarh Flel dBnerentt BEEFORs SoRTEE ¥OdNar o | ongt h.
An el ect r odercoéaf thegatifier/meltf 4i Elattede tiampb |16Wn§dj?%tdrfﬁélgra§hi_té hed ot aas
o boass nobipfirodds BHE M BhrRBRA IO, P pdwe?SuSEl) & ERS3dE oo 76091 9

is connected to the cathode, and electrode clamp 17 is connected fo the

ancde of the power supply 2. The electrode clamps 16 and 17 are coupled to

electrode arms 15 as part of an automatic responsive electrode guiding

system which moves the electrode arms 15, The automatic responsive

electrode guiding system moves the electrode arms 15 so0 as to adjust the

position of the two graphite electrodes relative to each other and relative to

the molten material at the hearth in the Qasifier/melter 4. Adjusting the

relative position of the graphite electrodes affects the arc length. An

electrode seal on the roof is used fo allow adjustment of the electrodes while

preventing ambient air from entering and by-product gas from escaping the

D.C. arc gasifier/melter 4. ‘

f0024] A view port 25 in the gasifier/melter 4 allows for the even insertion of
scrap steel. The anode electrode held by the electrode clamp 17 is buried in
the scrap steel, and the cathode electrode held by the electrode ctamp 16 is
positioned above the solid scrap steel. Then the cathode electrode is slowly
lowered until an electric arc is established between the cathode electrode and



D.C. arc gasifier/nelter 4. [0024]A view port 25 in the gasifier/nelter 4
allows for the even insertion of scrap steel. The anode electrodhihéndm&y
the electrode clanp 17 is buried in the scrap steel, and the cathode

el ectrode held by the electrode clanp 16 is positioned above the solid
scrap st eewo oBhesn7d he cat hode el ectrode is slowy | ower egdrbidosan
electric arc is established between the cathode el ectrode and ? 1 2006 WO
03/ 095072 PCT/ CA03/ 00670 -7- the scrap steel. The scrap steel begins to
melt to form thersstapetedbaline saramsteeidmgesdo ued tafromes hbBEDERth When t he scrap

ai sed To achiopruRanbRsHo- ek b 5088 SR D AR "

subner ged in bemsthyiiletaodaelectrpdoenased yoachinveOtng arcllergésaml f eedi ng

mechani sm f or fo the gasifier/melter
te 4o Ul Adhe BATRELONRRRU FIARER bRl 0 L1 fier/mel

4. I n anot her I ment I nst ea ectly rece|V|ng sol id hazardous

wastes, the gpfmiak] e/ HBbhefoohdiks J@Eﬁhé{%e%ﬁéﬂn wﬂfo%%@s froma main

chenmical or ihcineration processes mai N chem ca nci neration
process gener B3z&dqUsEPLd ‘B?/ﬁt?ﬁr@%@?ﬁamrﬂelfeéﬁe’W@fmﬁﬁ%’cﬁnﬁ@dﬁn%n t oxi ¢

stabl e sl ag imstdag ogélﬁécﬂy RIcERRYs8lid Hazatdidd lastes, ﬁw@%a@"ﬁ@ﬁrﬁ@lbrﬁ% iment, the
er

f eedi ng nechani sm i ncl udes a f;:onv or 20 and a gas-tight cha 22 whi ch
i s connected [RGeVREXGRYRPHLS fherp a‘ﬂch‘ﬁmﬁé's(’ft*‘?wat@é‘t%O@fS%par ates the

conveyor 20 amﬁemmcgﬁﬁncalbrghéln@hﬁéﬁpﬁbc@a% eﬁ@r@te% thRE BY-pRRREBGEERS- t i ght

door 24 separates (a(g & ht cha and the g S|f|er/rrelter 4.
[0027] Wastes ﬁdﬁd‘b@d F‘l”% W‘%{ets "E@ﬁ\ﬂéﬁ'ﬂ?r/@@tqr& the gas-tight chanber
22 t hrough th 2].. a . batch of wastes has been

del i ver eg f"c?g?ﬁag g bﬁ‘ﬂig\‘?ﬁ{e h%fﬁed'%@ea%%mwmﬁ udgsfe 21 is then

cl osed. The gamveymrgzrfl)tarﬂlwgds&rgh?&}dnﬁaefrhEWhXbﬁwm@cﬁaQ t6 gEove the air in the

gas-tight chanbe Y uum roI val ve 14 Then the vacuum
control val ve¥4%}" e‘"’“%e%‘ﬁ%s’géaahaﬂ a&eaf‘ﬁ%erpam Bé’OEWPFg(P h¢d283 i s opened
to back fill tigtd chambertd2ghtd &hatdrenoldd gm-tlé‘htclaﬁrbpﬂ'séﬁamteﬁmetg@s-pr event

by- product gaﬁgﬂtrcﬂgﬂwﬁgrraz%d the gasifier/melter 4.

[0027]Wastes may be delivered via the conveyor 20 to the gas-tight chamber
22 through the gas-tight gate 21. After a batch of wastes has been delivered
into the gas-tight chamber 22, the gas-tight gate 21 is then closed. The gas-
tight chamber 22 is then vacuumed to remove the air in the gas-tight chamber
22 by opening a vacuum control valve 14, Then the vacuum control valve 14
is closed and a carbon dioxide control valve 13 is opened to hack fill the gas-
tight chamber 22 with carbon dioxide to prevent by-product gas from coming
out of the D.C. arc gasifier/melter 4 when the water cooled gas-tight door 24
begins to open. The gas-tight chamber 22 includes a high temperature
resistance hydraulic ram 23 for propelling the wastes forward in the gas-t'ight
chamber 22. When the'gas-tight door 24 is fully opened, the ram 23 pushes
the wastes into the D.C. arc gasifier/melter 4 through a chute in the sidewall
or the roof. Once the wastes are pushed into the gasifier/melter 4, the ram 23
retracts to its original position in the gas-tight chamber 22. The water-cooled
gas-tight door 24 is then closed, the valve 13 is closed and the vacuum valve
14 is opened to remove the carbon dioxide in the gas-tight chamber 22 until



out of the D.C. arc gasifier/melter 4 when the water cool ed gas- tl.g t“ﬂo%ﬁ
24 begins to open. The gas-tight chanber 22 includes a high tenper e
resi stance hydraulic ram 23 for propelling the wastes forward in the
gas-tight chanber 22. Wen the gas-tight door 24 is fully opened, the ram
23 pushes wo heovaeret es into the D.C. are gasifier/nelter ewdamughs a chute
inthe sidewall or the roof. Once the8wastes are pushed into the
gasifier/melter 4, the ram23 retracts to its original pesition in the
gas-ti ght chdhegas-tant gatee hegios Lo operet regpive fuitogriwagtasiframa thes t hen cl osed,

the valve 13 dofydihpoe GRbIHES MaTHEBKALYRe sl hasgpened to remove the

carbon dioxide in the gas-tight cha 22 unti JUL 2003 WD 03/095072
PCT/ CA03/ 006i@oﬁdjmqmmtanafgtas@ﬁrsqua%ardlaﬁawaﬁeé Qh@ﬂsaemné%?egd Mgy further
wastes fromt he conveyor to conplete a feedin or the solid
wast es. [ 002@UNEsH t'i"PHﬁh @reérﬁatag W&Eaé‘l""éd‘ﬁ%sﬁ%?@t%%m'zﬂgé‘%@te is

metered and jpwsRREhvial romeghe ?ﬂdlt@iﬁ bamtsﬁmem bi QrI& daSifB@hatdtue Stesh e ance
atom zi ng nozzl in the si nbathlnthe D.C. arc

8 S antﬂ@ tﬁ1 §i &/ A% |
gasi fi er/ mel t4FC 25 aSPEIRHPRY Wrgistng ligdiopgeeg dae I g'eapsiBer ge t he

|'i quid/gas f cl.eansi,n 9 nsi de the ifier/melter 4,
t he wast es aﬁ@%k@?gd% gaaﬁﬁrféﬁtﬁlg%hwvaét lﬂ@aﬁ’“’&?%gﬁﬁ%"g@ﬁ‘ﬁ%‘ iHhe el ectric
arc gener at edwdaeatvmphérbencmefmd@nc glcegheratd bbbvasndhs bsthowd ten iron. The
organic matters,i ﬁ,lsomated ir atomc fornms. Due to

t
the extrene h.’eg%mp%ﬁggf’ﬂ r'Bo e@d?ﬂﬁ'r Sr?rQ%WFem?t&erormqﬁ?)Waﬁ HPoxi n/furan can
be conpl et el y:!lmoemmdttemelrﬁhmmcmmrmscmmwhdaémenmtmgmsm;mmtwdi ng netal s and

I I [ l'iquid sl
and metal ot PRETEAE o o MRS SR bl bR BBEC S onal 1yt om
the D.C. arc ryamomb@sﬁbmhtaéemlndb.}dmgamemisr@d@la%ps hie! reel@ addtrhixed dri | | .
Ther mocoupl €Swiftl fie Efﬂ éﬁ%eérgdﬁé%qlqu@' qa?’@"dlﬁ%taiﬁeg?nel t?e%trwa%e spa bottom to

nonitor the freebo racto era e refractory and
freeboard t erqmirmetnkags r¢m@ue|d qcoaaicmallwsm the D apogasifiet/ondthed by ectrodes i s
el ectrode, THPerERNER Rl B I HarhBunitl altale bt T
mai nt ai ned atSldW&I the raod and thiedbolfpmte othnder tha feetmlachamrd tedractory

temperature. If the refractory and freeboard temperatures begin to decrease,

the power to the electrodes is increased by increasing the current or the

voitage fo the cathode electrode. The pressure inside the D.C. arc

gasifier/meiter 4 is maintained at negative to avoid by-product gas release to

the ambient atmosphere by an exhaust fan of an air pollution control system

8.

[0030] Gas produced by the gasifier/melter 4 is treated in the cyclonic oxidizer
3. The cyclonic oxidizer 3 is coupled to the gasifier/melter 4 so as to receive
by-product gas produced by the gasifier/melter 4. The by-product gas
generated in the D.C, arc gasifier/melter 4, in one embodiment, may include
carbon monoxide, hydrogen, light hydrocarbons, carbon black and a smail
quantity of carbon dioxide. Carbon black/soot always presents a serious
operation problem in the downstream energy recovery and air pollution
control systems because of its fine particle size. Furthermore, the carbon
black/soot can act as a nucleation site for the reformation of the toxic organic



t he anbi ent at nosphere by an exhaust fan of an air pollution cont¢el ;jgystiem
8. [0030] Gas produced by the gasifier/nelter 4 is treated in the cyclonic
oxidizer 3. The cyclonic oxidizer 3 is coupled to the gasifier/nmelter 4 so
as to receive by-product gas produced by the gasifier/nelter 4. The

by- pr oduct wgasogenerated in the D.C. arc gasifier/neltepcticAoforane

enbodi ment, may include carbon nonoxide, hydrogen, |ight hydrocarbons,
carbon black and a small quantity of carbon dioxi de. Carbon bl ack/soot

al ways pr esentompausds.i Dhis offgpe eateisithe pycbdm@mummrtmngmmw alite/am ener gy
recovery and a e particle

si ze. Further \éé?&%{e%g elrj‘!%gﬁea%é 38@%5%‘?&‘@5}@%6‘?”"3@9 ﬁycﬁ?ﬂﬁ %@F%n site for
t he refor rrat i Drinohetdnhadorérd, tbe geahnic @0dzer IMDIBBHQAFDPRRAFEEZA03/ 00670

compounds. Tl i 8 3Ry SGE S MGGV G L BLASI Sy noenti al 1y at very

hi gh velocity, cr ea ing a ohi e een 1on W t he cyclonic
oxi di zer 3. dqwrlatiearerﬂﬂddl ment , the cycl oni c oxidizer 3 is disposed
approximately horizontally, with a slight downward sl ope from an upstream
end to a doviA83¥tl&efarenes *SOQ‘GME]GER@F@N@%MHE@ shows meessteeciorpir e 3, whi ch

shows a crosswa@efmer@aomxbﬁmzeis ta'&@or@?ﬁ{j gﬂr g;é%egpﬁ.hﬁé{uoﬁ Oasg.%ga hell ng to the

present invention, A sfraight vertic i ne S pipe 26 is
used to conne‘@!"“ctah@frléc@fy lined offpasipfectd ippipedio wnamther@ Gyl oni ¢ oxi di zer

3. The off- gag%sme%ea@raah@ﬁ,te%gawmcemeﬁ&cé BaSoft- aé'zah jdbtd 4.0 the bot t om
side of the cyclonic oxidizer near 1ts tre Testral

vertical off-kadushope tawepyaly it the WH@‘“&'@S@G‘F%WC@P@@W%@@@&{ lﬁie D C. arc

gasi fier/ nel t gfstrdadchdt h%e%migﬁme@m@xéfﬂga@gs.pé 26 ﬂumﬁﬁz‘é@ ind SrebdlRE OVE the
of f - gas streamflow into the cycloni c oxidizer 3. oxl di zation reaction

efficiency is YPF\@P@&?@dh%Q G-196° gqﬁf@f{gﬁlt?rrﬂ Bihie CM‘F‘R“‘%QW'E@&Q/\)@en t he

by- product gagrgangd uhﬂtcﬁ@&i@ofﬁb@é@t?e%% @Wﬁﬁﬂhé%ﬁcl&n@@ﬂ&hﬁweﬂwe by the vigor
of the cycloni¢ action wt izer 3. [0032] In another

Ccl oni OXI
Srbon mene - Cr e Eon Shadio o hientl s Sraaat by 14 Mishse nEsAUvaNEd 11 om s mai n
cheni cal reachét@Bervthe Hyepro@ic gaandinReREJtorhifed\tyghn and steam caused

by the vigor of the eyclonic action within the cyclonic oxidizer 3.

[0032}in another embodiment, the cyclonic oxidizer 3 treats off-gas

- generated from a main chemical reaction or incineration process, in which
case the off-gas is delivered directly fo the cyclonic oxidizer 3. In such a
case, the gasifier/melter 4 may be unnecessary.

[6033] The cyclonic oxidizer 3 includes a 1D.C. plasma toreh 18 located atits
upstream end. The plasma torch 18 preheats the cyclonic oxidizer to above
1300°C. The D.C. plasma torch 18 is powered from a D.C. power supply 1.
The D.C. power supply 1 for the plasma torch 18 is, in one embodiment,
separate from the D.C. power supply 2 for the gasifier/melter 4 so as to
ensure that the cyclonic oxidizer 3 continues to operate if the gasifier/melter 4
power supply 2 fails. The cyclonic oxidizer 3 is lined with refractory 32 and
thermocouples 27, 28 and 29 are installed along the inner refractory 32 face
to monitor the hot face temperatures. If the temperatures fall below 1350°C
during the treatment process, the power to the plasma torch 18 or the oxygen
injection is increased. Operation of the plasma torch 18 may be controlled by



case the off-gas is delivered directly to the cyclonic oxidizer 3'%@f(}ff’§bﬂﬁ
a case, the gasifier/nelter 4 may be unnecessary. [0033] The cycl orfi
oxidizer 3 includes a D.C. plasma torch 18 |ocated at its upstream end.

The plasma torch 18 preheats the cyclonic oxidizer to above 13000C. The

D. C, plasmydmnedl8 is powered froma D.C. power supplypdycadhfckd C. power
supply 1 for the plasma torch 18 is, iggone enbodi nent, separate fromthe
D.C. power supply 2 for the gasifier/nelter 4 so as to ensure that the

cycl oni ¢ oxi dapercess camitolleneFid. Q) mmrgat@feeabédaeocgaasnh‘elp%dewlter 4  power

ot coup, es oG bk B e Sih ok Sl het Subbihdte el B SRERA o7, 35
face to noni Sejmfhisefuﬁwhsfoaﬁmchcewﬁmmplemimg torttlhestepaier povidieg fal | bel ow
13500C duri nQor{t:% aéﬁaq@tar&&ld: aé)g"% ﬁ)eg}&vgrgmr to the plasma torch 18 or

t he oxygen injec ni's 1necr iPf the pl asma torch 18 may be

0 troll
TR ok G A A e R
m crocont r ol | 8¢ theyilasaes yorkingges @Qﬂwsﬁremaéiy mixesldn adynamistmigart i ons or
functions for Skﬁg?ké‘éﬁ%ﬁélbél? é:?‘ﬂﬂattésoche% @ggsja# fm‘fgésan re Qﬁdqécgw? LisSi gnal s,

il

according to the present ntion orch npl oys a
m xture of caﬂl@tﬁ@sd"'&%feﬁﬂo"ﬁﬁ@ asRyrged to e ecbpsa@mwwitm@s c’gmbtheThe gases

are initiall y?i%ﬁﬁg%ab Peq%nr@%@ﬁf”tﬁoﬁééﬁz'bod@ehh%e6 M@ﬂt&rﬁ'zﬁ’th’éﬁ%' ates the

conposition o as mxture and contr as m xture owr at e

according to m%ura&‘!%do 8p ériutolges 8ndlistRrefrsabhinil % han olygessenspLs .
requirenent. isﬁné?ur‘tfédqmdiﬁﬁﬂﬂc meEreS R?‘Mgﬁifbr@iﬁ%ﬁé)ﬁﬂén behtddi%h @B8SasM Xt ure is

15% to 25% by vol urre and is Bre erab gen sens i s included
in the dynam Bf§r@er NS Ue® OfiEa @fb?"o’é'%a@q(?@@ﬁ“@érﬂﬂ%@l@smhwﬂlﬂf@gm mi xt ure.

The use of caphods t‘HbQéfr'rdiﬂioﬁQQf Wﬁ%x%@s’éh@hﬁr@é&@cﬂéﬁﬁ%' e A@Sami@V Ol ds the

formati ons of nitrogen oxides an drogen cyanide.” The dynamc m xer 5
may receive cBWSF SIMS r&ﬁ%!b’%c?‘?t@h?'ﬂ‘?\%sB?'Bé%%ﬁmé%%FTP'@JGG [ 0035] When. t he

O e e e Bl S TR o R eiE b soh S Rglent U e exceeds
: temperature exceeds 5000°C, the carbon dioxide is dissociated to carbon

monoxide and atomic oxygen which is very reactive. Combining the presence
of reactive atomic oxygen and the enhanced turbulent environment inside the
cyclonic oxidizer 3, carbon black/soot and the fugitive toxic materials in the
by-product gas can be effectively converted and destroyed. The particulates
in the by-product gas are melted to form a molten layer retained on the
sidewall by the centrifugal force created by the cyclone action in the cyclonic
oxidizer 3. The molten material flows down to the lower-stream side bottom,
which is equipped with a spout 33 coupled to a container 34 to receive the
molten material. The molten materials then solidify in the container 34 and

are removed|and returned to the D.C. arc gasifier/melter 4 for slag
vitrification.

[0036] Oxygen and steam are metered and injected into the cyclonic oxidizer
3 as an oxidizing agent through control valves 10 and 11. The gases are

atomized by high temperature resistance atomizing nozzles 30 and 31. The
process controller 6 includes an on-line off-gas monitoring sensor to analyse



nonoxi de and atom c oxygen which is very reactive. Conbining the p@etsg@?ezﬁas
of reactive atom c oxygen and the enhanced turbul ent environnent insi the
cyclonic oxidizer 3, carbon black/soot and the fugitive toxic materials in
the by-product gas can be effectively converted and destroyed. The

parti cul at @ osidsebhe by-product gas are nelted to form apgglds@sodsdyer
retained on the sidewall by the centrifugal force created by the cycl one

action in the cyclonic oxidizer 3. The nolten naterial flows down to the
| ower - st r eam Hiedy-frotuad gps cathpasitionsoreaguigumechardeh hprsgeayt 33 coupled to a
cont ai ner 34 Iy T en mat erial s then
solidify in thge%j éﬁ?%ﬁéﬁaeidr%ﬂbdgﬁddsﬁ%r erﬁ é@n@%ﬁ%aﬁggiy?ﬁ {I5RE%8S5 the D.C. are
gasi fi er/ nel t eentwpliey agrldgsendstarpro¢asacpuim! sigfei36 fheontrenvaived 1Stamam ar e

metered and i Rj @Pécﬁ'ﬁd m(e%x;,é& ﬁ%lt%i:ﬁ &‘gi%&@ ARt 10w i%satuﬁ%&ﬁ%d'hz' ng agent

t hrough control val ves are
t enperat ure r¥apige éh%éyfé‘?wwlﬁ@" Jrepye fhs@)y@nwL@tLgaSTdmmpiqjelsadmss control | er

6 incl udes anwar bhdeabh dBREe W PickaL & UL 2006
WD 03/ 095072 PCT/ CAO3/ 00670 t he E° prod 8‘3%9’3??“3%@%32?@(%%0%%69 éa bon

monoxi de, hydPYEEPasingyis evsrnand Ohﬁaaf&é[ﬁ%ﬁ“ andtheiietal Fprgentratordeft a

anal ysed, thengm«h &BBarb6RNERDEATIBIn BoRdMidekb Yoss GRHS2Po RS O %fq}pntrol si gnal
to the contro 1 to control the ox¥l en an ea
I

i nj ecti ons. ?EH g \ﬂﬁﬁé’%\a@?ﬁf’g”\?éﬂnﬁ'eby -Madtd gas eaebe g bighsiualityxi di zer 3

converts the bympustidleasynthasc g&mf@% é’-lb@thb’itytgénemé@r WA teRERRBnHR)I de to
produce a clea

b st eam i ] eBLPBRAGH 4R Rog 7R ot SRR FIGR SBYOSHI TGNy or aoar bons. and
carbon nonoxi decressedead{ Wwhen 8@ copeantiidriofthgBarbbe alokiag isvisdislg 1wpst es, the
el sotr by P, o LA SR B BRI oo ot b cay hon-di oxCae 1o
Coeant ot on ST S8 Y T U o RORE SRl ey 1"
injection is peraraladdum hoogddniketidicer dig rapaerdity sfeguechingdrifeosensi bl e
heat in the by:pLOAHG WHESor sisam for improving the overall process efficiency. The

steam is recycled to the liquid/gas waste feeding system as the carrier gas

and the cyclonic oxidizer 3 as an oxidizing agent. The cooled gas is treated

by the air pollution control system 8 before the final product gas is stored as a

combustible synthetic gas that contains mainly hydrogen and carbon

monoxide, or the final product gas is compressed in a compressor 9 to

produce a liquefied carbon dioxide.

[0038] The present invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. Certain
adaptations and modifications of the invention will be obvious to those skilled
in the art. Therefore, the above discussed embodiments are considered to be
illustrative and not restrictive, the scope of the invention being indicated by
the appended claims rather than the foregoing description, and ali changes
which come within the meaning and range of equivalency of the claims are
therefore intended to be embraced therein.




generated fromthe cyclonic oxidizer 3 is recovered by a heat exchanger 7
to produce hot water or steamfor inproving the overall process &1 Jul 2005
efficiency. The steamis recycled to the Iiquid/gas waste feeding system
as the carrier gas and the cyclonic oxidizer 3 as an oxidizing agent. The
cooled gas is treated by the air pollution control system 8 before the
final product gas is stored as a conblstible synthetic gas that contains
mai nl y hydrogen and carbon nonoxi de, or the final product gas is conpressed
in a conpressor 9 to produce a liquefied carbon dioxide. [0038] The present
i nvention may be enbodied in other specific forns without departing from
the spirit or essential characteristics thereof. Certain adaptations and

nodi fi i f iqavention will be obvious to those skilled in the
art. T@Qfﬁ&?ﬁ'@gﬁa ove di scussed enbodi ments are considered to be
illustrative and not restrictive, the scope of the invention being

i ndi cated by the appended clains rather than the foregoing description,

and all chapnges whic 0 within the neani ng and range of equival ency of
T B R et A oL L P L i
VWHAT IS CLAIMED |S: 1 An aratus for treating an off-gas froma waste
treatment sys@dl faefgﬁbﬁm%ff Eﬁ&ndr'agirfé@nﬁ@raﬁymbi%bwpemrhg%rire%@meamer

having an i npuk.Qafdnd 8K olgr@bY¥HNEnd he off-gas and an output port; and a
DC powered plasma torch proximate the input port within said chanber, said

torch receivi ?gw ! i | iR G e r= s e of
carbon di oxi de%q?i% ox%‘gg!&m?etroz@ng?m&ﬁpg%?}ﬁﬁ{tcﬁ’?@ww&@? %Iasdgglaﬁ{ﬂg;anber and
t he of f-gas i sattheradbecevoy e moeking gaarsaidivonkingass indliding asmigture tofd

t hrough said qutput .part. 2. The apparatus claimed in claim1l, wherein said
m xt ure of ca%é@“ﬁ’g&pﬁ@”ﬁ d(VQSQ’ygen i ncl udes between 15% and 25% oxygen

by volune. 3. The apparatus, clainmed in. an recedi.n | ai m ., further
"ol udi ng. anBEFR RABIHATES iR heRt e P LA Peh G 1 ofoas BRI or
injecting atedsivaeddaywaeut@idyad, which is ejected through said output port.

2. The apparatus claimed in claim 1, wherein said mixture of carbon dioxide and

oxygen includes between 15% and 25% oxygen by volume.

3. The apparatus claimed in any preceding claim, further including an oxygen
injector in communication with said chamber for injecting atomized oxygen and a

steam injector in communication with said chamber for injecting atomized steam.

4. The apparatus claimed in claim 3, wherein said oxygen injector and said steam
injector include heat resistant atomizing nozzles in fluid communication with said
chamber.

5. The apparatus claimed in claim 3, further including a sensor coupled to said
output port for analyzing the content of said output gas, and a process controller
coupled to said sensor for receiving data from said sensor and coupled to said

injectors for controliing the injection of oxygen and steam.

6. The apparatus claimed in claim 5, further including a dynamic mixer coupled {o
said plasma torch and providing said working gas, said mixer receiving an



steaminjector in comunication with said chanber for injecting aﬁ?gjfm¢5m3
steam 4. The apparatus clained in claim3, wherein said oxygen i ctor
and said steam injector include heat resistant atom zing nozzles in fluid
conmmuni cation with said chanber. 5. The apparatus clained in claim3,
further including a sensor coupled to said output port for analyzing the
content of said output gas, and a protéss controller coupled to said
sensor for receiving data fromsaid sensor and coupled to said injectors
for controlling the injection of oxygen and steam 6. The apparatus cl ai ned
inclaim5, further including a dynam c m xer coupled to said plasm torch
and providing said working gas, said m xer receiving an 2 1 JUL 2006 13

oxygen gas i oxi.de. i j . xer mxes
oat o gas suOSRRE R AR AN 3 et At BRgB R SuBPY prRARSHR BB let

cont r ol | er. said.ga%tse pplgminatspordeaionehiiohsignais piroee edidngocdss adontiokier.ei n sai d
pl asma torch includes a plasna zone operating at a tenperature greater than

5000C. 78. Thke apparatidisaithed imeghyi preasying cetddivigrath 8aith plhsths ieichi ncl udi ng
tenperature,_ sensor§ within said chanber, and wherein the tenperature

wi thin sai d’”@ﬁl@ﬁﬁ@rpa?@aﬁﬁpﬁpﬁemgﬁt yeamesaturagreaigooan %9905 he appar at us
clainmed in any preceding claim wherein said chanber is disposed

hori zofit al | yhaREPAREILFIRIMSH i amaprserding slaimeBirter isdudiea ireprratuse

downstream %ﬁ%or@ﬂﬁpgﬂ %E@E%Peﬂ e uReRe téﬂgﬁ@?&e%’imﬁ AbMSerEndred in

claim9, wherein sa asma torch penetrates s upstreamend, said

i nput port isnokintkesedat grebtstr thampad30@d said inlet pipe penetrates said
sidewal | tangentially and proxi mate said upstreamend. 11. The apparatus
cl ai nefl. i n dhy appaedd dginsddinngnyreceding shim, whekeingagachangberlisides

nitrogen. 12. The aratus clajned in.a recedi cl ai wherein said
wor ki ng gasg's%ﬂ%q @‘?’%Oé@%!@rﬂqda‘fvb?re& S"i'fgrcgéﬁ%ﬁf 55??‘&&%%” %@h?’”‘i@ The
appar at us cHawngifedm el aaa 3 3ideMiar Bbfebedienvor Ki ng gas consi sts of carbon
di oxi de and oxygen.

10.  The apparatus claimed in claim 9, wherein said plasma torch penetrates said
upstream end, said input port includes an inlet pipe, and said inlet pipe

penetrates said sidewall tangentially and proximate said upstream end.

11.  The apparatus claimed in any preceding claim, wherein said working gas

excludes nitrogen.

12.  The apparatus claimed in any preceding claim, wherein said working gas
consists essentially of carbon dioxide and oxygen.

13.  The apparatus claimed in claim 12, wherein said working gas consists of carbon

dioxide and oxygen.

14. A method for treating an off-gas from a waste treatment system, comprising the
steps of:

receiving the off-gas at an input port of a refractory-lined cylindrical chamber;

heating said chamber by ionizing a working gas using a DC powered plasma
torch proximate the input port within said chamber, said working gas including



14. A nmethod for treating an off-gas froma waste treatnment systegm{ juyi 72005
conprising the steps of: receiving the off-gas at an input port of a
refractory-lined cylindrical chanber; heating said chanber by ionizing a
wor ki ng gas using a DC powered plasnma torch proximate the input port

wi thin said chanber, said working gas including 2 1 JuL 20M 14 a m xture
of carbon di oxi de and oxygen, therebyi4onverting said off-gas to an out put
gas; and outputting the output gas from said chanber. 15. The net hod
claimed in claim14, wherein said m xture of carbon dioxide and oxygen

i ncl udes between 15% and 25% oxygen by volune. 16. The method clainmed in
claim14 or 15, further including a step of injecting atom zed oxygen and

Fur ther i ncl o TS PR pRhs ahd 8o ELABY el i B Qafittngas

and control | i ngtmdigas] apeecti on of oxygen and steam based upon said step of
anal yzing. 18. The method claimed in claim17, further including a step of

m Xi ng an oxy@efpgisg theunppyt idréemcaidemmbexi de gas supply to create said
working gas in a dynamc mxer. 19. The nmethod clainmed in any one of

cl ai ms184 tDhd thethb@tRirmed i daidi e, Wheledbait MixtUrS of 8ABBGIERGkidd afd P asma
zone at an operating tenperature greater than 50000C. 20, The nethod

cl ai med i n @FMpehriaciHfes paiwaen1lh% @ndd25% exyemrst bY Hellifi.ng a step of
measuring the tenperature within said chanber, wherein said tenperature is
mai nt ail®ed &be gradaeeelajmethim@eiondst op 15, derindhsting b stered injectng of cl ai s

14 to 20, V“Qt%?rﬁk@d 8%%9%&%%8%‘&&%%5?%%%@#2&%rr‘}h‘t“h%g?n' 22. The net hod

claimed in any one Fein Sald working gas consists
essential |y 1 oxid 0 n, ..The nethod clai.nmed in claim
25 “wndFe nrGerEOT R OS LGB g SUHE el P ke S R isen.
content of said output gas and controlling said injection of oxygen and steam
based upon said step of analyzing.

18.  The method claimed in claim 17, further including a step of mixing an oxygen gas
supply and a carbon dioxide gas supply to create said working gas in a dynamic
mixer.

19.  The method claimed in any one of claims 14 to 18, wherein said step of ionizing

is conducted in a plasma zone at an operating temperature greater than 5000°C.

20.  The method claimed in any one of claims 14 to 19, further including a step of
measuring the temperature within said chamber, wherein said temperature is
maintained at greater than 1300°C.

21.  The method claimed in one of claims 14 to 20, wherein said working gas
excludes nitrogen.

22.  The method claimed in any one of claims 14 to 21, wherein said working gas

consists essentially of carbon dioxide and oxygen.

23.  The method claimed in claim 22, wherein said working gas consists of carbon
dioxide and oxygen.



i u L 2006 24. A waste treatnent systemfor treating hazardous wags{ejy; 2605
conprising: a primary waste treatnent stage, said primry waste treatnent
stage receiving the hazardous waste and produci ng a by-product off-gas; a
secondary waste treatnent stage coupled to said primary waste treatnent
stage and receiving said off-gas, said secondary waste treatnent stage
including: a refractory-Ilined cylindﬂﬁcal chanber having an input port for
tangentially receiving said off-gas and an out put port; and a DC powered

pl asma torch proxinmate the input port within said chanber, said torch
receiving a working gas, said working gas including a m xture of carbon

di oxi de and oxygen; wherein said plasma torch heats said chanber and said

of f-gag is AtJaséte%Za%&@@@s&&ﬁtféﬂr@étir@%%trdaﬁswawei &mbfsiglect ed through

sai d out put port. waste treatnent systemclainmed in claim 24,

et oo AV AR e dgong @ BeD omtiesyle veer, 1%

25% oxygen b treatment’systemc n claim24 or
25, wherei n sacdivpig tharhazandasis evaste andgnedstinge bymebddd offagas;
gasification/vitrification chanber and a conveyor system coupled to said
gasi fi cati on/ ¥ sbeoridaratvaste tedwtimest stagecuyipleal tgasid piimbty \Waste, tresdindntonveyor

system f eedi ng solid hazardous stes i.nto sajd asification/vitrification
chanber . 27, G RIHEoR DU SHEHRTGgS: S SR THED PASEHP DR Flaleal s 24 to
26, wherein s,abgdin?ﬁi mary waste treatnment systemincludes a
gasification/vitrification chanber and an inlet pipe coupled to said

gasi {1 cat | on/ vi L 14 ipick 9. ABARYMrcSRL Sarbbieha pipen iR ondot | qui d or

gaseous hazardous wastes into sai asification/vitrification chanber. 1
JUL 2(M5 16 28. Thegenrtilly recaivingwsatd ef-gnemndlaa et rori@pdone of claims 24
to 27, wherein said primary waste treatnment stage includes a graphite

el ectrode pl asma aa OC geawefederasrea tench proximate the input port within said

chamber, said torch receiving a working gas, said working gas

including a mixture of carbon dioxide and oxygen;

wherein said plasma torch heats said chamber and said off-gas is thereby

converted to an output gas, which is ejected through said output port.

25.  The waste treatment system claimed in claim 24, wherein said mixture of carbon

dioxide and oxygen includes between 15% and 25% oxygen by volume.

26.  The waste treatment system claimed in claim 24 or 25, wherein said primary
waste treatment stage includes a gasification/vitrification chamber and a
conveyor system coupled to said gasification/vitrification chamber through a gas-
tight door, said conveyor system feeding solid hazardous wastes into said

gasification/vitrification chamber.

27. The waste treatment system claimed in any one of claims 24 to 26, wherein said
primary waste treatment system includes a gasification/vitrification chamber and
an inlet pipe coupled to said gasification/vitrification chamber, said inlet pipe
feeding liquid or gaseous hazardous wastes into said gasification/vitrification

chamber.



29. The waste treatnent systemclainmed in claim28, wherein said ggpaphig 2008
el ectrode plasma arc gasifier/nelter includes a pair of spaced apart
graphite el ectrodes, each held by a respective electrode clanp attached to
a novabl e el ectrode arm wherein said electrode arns are operable to
adjust the relative distance between said pair of spaced apart graphite

el ectrodes or between said electrodes’@nd a nolten material wthin said
graphite el ectrode plasna arc gasifier/nelter, thereby adjusting the arc

| ength. 30, The waste treatnent systemclainmed in one of clains 24 to 29,
wherein said working gas excludes nitrogen. 31. The waste treatnent system
clainmed in any one of claims 24 to 30, wherein said mnrking gas consi sts

essent gﬁ”yT 5@9@ héhtisdEteAn af?ﬁ(é( ﬁlnanyggne gpaal\ﬁ?ss%z?t& n%’% tem

clainmed in c aim erein sai | ng ‘gas’ cONsi's xi de
and oxygen. pﬂmarmsmthmtmngamgemnmm@ algrdtpmluecgjewcmeobiaafnbmcrmnoxi de
produced by th aratus of any of clains 1-13, the nethod of any of
clainms 14- 2§833§?mp§8 system of any of clains 24-32.

29.  The waste treatment system claimed in claim 28, wherein said graphic electrode
plasma arc gasifier/melter includes a pair of spaced apart graphite efectrodes,
each held by a respective electrode clamp attached to a movable electrode arm,
wherein said electrode arms are operable to adjust the relative distance between
said pair of spaced apart graphite electrodes or between said electrodes and a
molten material within said graphite electrode plasma arc gasifier/melter, thereby

adjusting the arc length.

30.  The waste treatment system claimed in one of claims 24 to 29, wherein said

working gas excludes nitrogen.

31.  The waste treatment system claimed in any one of claims 24 to 30, wherein said

working gas consists essentially of carbon dioxide and oxygen.

32.  The waste treatment system claimed in claim 31, wherein said working gas

consists of carbon dioxide and oxygen.

33. A synthetic gas comprising hydrogen and carbon monoxide produced by the
apparatus of any of claims 1-13, the method of any of claims 14-23, or the system

of any of claims 24-32,



