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WASTE PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON Field of the Invention
[ 0001] This invention relates to a nethod and a system for the di sposal of
waste and/or hazardous materials waste. DESCRI PTION OF THE PRI OR ART

[ 00021 A nal"@r20YO#5#em f aci ng nodern society is the di8p¥ei004@PoIEhyi c wast e
and/or hazardous- materials in a manner which mnimzes harnful effects on
the environment. Such a disposal systemlis one which is capabl e of
reduci ng such toxic and/ or hazardous waste to conpounds which are suitable
for environnmental disposal Such SU|tab|I|ty |s of course, defined in
terms of acceptable |eveMULIAPIOFLASWA RA TR & 2¥ by a variety of
regul atory agenci es. [00031 TTﬁ%ﬁﬂi@gﬂﬁbéESSﬂﬁ§§¥Siﬂﬂf wast e di sposal has
taken the formof direct buria an or sinple thermal processing
of the waste, followed by burial of t he solid residue, and release to the
at nosphere of the volatile residue. None of these approaches have proven
accept abl e, dueg, .t erials which are released to the
envi ronnent tihﬁﬁFggﬁﬂﬁﬁﬁhﬂﬁgﬁ@ﬂgQQEﬁﬁ%b|e sources of pollution. [00041
Anot her nornalEMMwﬁﬂnmwﬁnmna systentfor the disposal of waste and/ or

hazar dous mat ey, S | hﬁﬁﬁﬁ Pmst'?ned space
in an appar at uéﬁ(ﬁ%}; the assul %hl%é%ﬁ %he tel eraﬁ’ﬁ*r:hg t F’n the reactor
vessel of the grd@dszrdegs st | | be uniform This assunption is
wi t hout knomﬂedge of potential cold spots which can develop within the
reactor vessel t he I’OCGSSI n ) stem Such systens nornmally gasify all
.of the input vvé’sEts oK d t hey do not guarantee that all
'such gaseous qdmmpnts amjospﬂablaﬁtmﬁgmd&hmcte@tmﬂaea@tsmbabmmﬂ/monrrent
whi ch is necessar t ot al..an AV Struct i f. the nore
hazar dous of tm ﬁ%fnoafmﬁn?ﬁm&gw&zw FLal fl'g‘:‘?sA sdlilng mﬁgna source
whi ch is provi MWM&M&@MWG&M@WME@WMWMMM@ syst em
can create patRaqclQs chﬁdstvhfchtef e BrkntRlihert) abRall SRELRILHPRSA! Of the
5 rave éﬁi beln

processi ng system wher gaseous ements can t rse Wt
subj ected to t [§eurse, defined mterms of acceptable levels of pollution, and is determined by a variety of

A ZAA R

regulatory agencies,

[0003] Traditionally, hazardous waste disposal has taken the form of direct burial in
Iandiiils, or simple thermal processing of the waste, followed by burial of the solid residue,
and release to the atmosphere of the volatile residue. None of these approaches have
proven acceptable, due to the fact that the materials which are released to the environment
tend to remain as unacceptable sources of pollution.

'[00041 Another normat approach for a system for the disposal of waste and/or
hazardous materials is to apply a single heat source into a confined space in an apparatus
on the assumption that the temperature within the reactor vessel of the processing system
will be uniform. This assumption is without knowledge of potential cold spots which can
develop within the reactor vessel of the processing system. Such systems normally gasify
all of the input waste constituents; however, they do not guarantee that all such gaseous
elements are subjected to the total temperature environment which is necessary to ensure
total and effective destruction of the more hazardous of the waste and/or hazardous
materials. A single heat source which is provided at the center of the reactor vessel
processing system can create paths close to the refractory wall of the reactor vessel of the
processing system whereby gaseous elements can traverse without being subjected to the




WO 2004/ 072547 PCT/ CA2004/ 000183 2 required tenperature/residence tine
conbi nation for conpl ete breakdown. Al so, the generation of gaseous
el enents within the reactor vessel fromthe gasification process can very

dramatically alter the gas flow pattern within the reactor vessel. This can
result in é’é’s’@‘&ﬂ?%zsﬁ’azardous conpounds bei ng exhaust ed® VAWML Act or
vessel and/or not fully processed waste constituents being transferred to

sl ag. Downstream conbusti on does not acifeve the full tenperature
capability of certain processing systens, i.e., plasma processing systens.
Ther ef ore, hazardous gaseous conpounds_ bei ng exhausted fromthe reactor
vessel of the PPy epRerAtas/residence tus gombination Xor spmpliete brspkdpwn. Alsg. theyr ough gas

handling” and @ﬁﬂbﬁ@%@%&%ﬂbf%ﬁ%d%ﬁ&@ﬁﬂ&ﬂ&iﬁ&eﬁ%ﬁ he

at nosphere. roces | an resul n sone or all of
this hazardous it %ﬁﬁﬁhﬁ?"ﬁ °T"Ha'j{éﬂ’ew@ﬁ‘£€“§‘?°f°§?""ss ng‘sg‘imaf&s"}té“ ext ract ed
fromthe react (msemélszatdousTdnmouIﬂglbengaxhath&otdmsdtmg veszal ewlts notefllyhat e
toxicity Iim't Eﬁ@é{u ng

conti nued speci‘a &geéll Spo or sto gélgé]?eeﬁﬁl FEITENL S, Ef’%?%%&
processi ng systaéﬁﬂeﬂ@mmfﬁpwehﬂlmw ggesyingyzsiamsdeu plasmat eri al s
attenpt to Oveméﬁng%éﬁsiﬁ&éﬁ)ﬁ,%ﬁ&%sw bind@béing exRmsiSPRdni@e ¢ NE

overall reactor vesse nper at ure usi asnma ar ener at or hus
ensuring that W“WW“L%@CN@WQS%Wées@E’EGW ?ﬁb@w@wﬁwﬁ%act or
vessel pr ocess|aﬂgpadaﬂﬂbekmﬁm$uﬂmmﬂge:&mmaﬁwmsph¢amfmhpﬂ@ﬁmom tion
of all waste constlt ent.s h| S a

h solves the r.obl e
i nsufficient e%ats)tesﬁlrego sonénsﬁ%lgge Song tha%mdg?ﬁ S “f"gl THE™MAE E]heskﬁﬂ%?at ure
which is necemmmmm@mmrmmmmmmeﬂmmm in so

doing, it alsogk Lﬁﬁsmqt hazhfdGils SRk £ v{é@g ﬂtﬁ’?ratory life,

generator electro e er osi on ecrease reactor
i ncreased heat @%@MW&%’E@’%I ectrici ty consunption, increased

cool i ng | oad fqgosshe ga@tﬂaﬁﬁdéeg éswage&ﬁﬂbrﬁ%ﬁwslmaﬁhhon of

pol I utant el enents, arti < arI eav a .The re uI tant hi gher
t enper at ure pr GHTREE t"g‘g' %BRFF‘V““ callydpctsasing the oysrall seagton, -

gener at or pomrvmammwwgmmbwﬁmmmmmeﬁﬁmr dous
poLl oS SB35 54 BSR4 bk Sod SRS AR o> o
appr oaches hav@degnaie thpryshdedempositipneaf all msted:onqumgmm Ghip fipproankisebes thal wast e
products. The pakpiortdshtiod bpbsirdorsah wis cishitlen® b 89 5En BMpHaRQ which ONS -
is necessary to achieve good thermal decomposition. However, in so doing, it also creates
other problems, including increased plasma generator elecirode erosion, decreased reactor
vessel refractory life, increased heat losses, increased electricity consumption, increased
cooling load for the gas handling system and increased volatilization of pollutant elements,
particularly heavy metals, The resultant higher temperature product gas on exit is not only
wasteful of plasma arc generator power, but is also very conducive to increased hazardous
pollutants. Such problems aggregate dramatically to reduce overall system processing
efficiency and cost effectiveness.
{0006] A number of approaches have thus been developed for disposing of
industrial waste products. The patent literature is replete with alleged such solutions.
[0007] U.S. Patent No. 3,766,866, issued October 23, 1973 fo Kirum, taught a
thermal waste converter with primary and secondary chambers for the pyrolysis and
combustion of waste material. Thus, this patent provided apparatus for the recycling of




[0007] U.S. Patent No. 3,766, 866, issued COctober 23, 1973 to Krum taught a
thermal waste converter with prinmary and secondary chanbers for the
pyrolysis and conbustion of waste material. Thus, this patent provided
apparatus for the recycling of WO 2004/ 072547 PCT/CA2004/0001 3 3 wast e
materi al haVPAP¥47354% ol yzi ng chanber for the gasificati I BPHR¥e materi al
including an inlet for the waste and an outlet for the gas produced
therefrom An independent secondary chafber had an inlet for gas fromthe
pyrol yzi ng chanber and an outlet for gases of conbustion. Means connected
the outlet of the pyrolyzing chanber to the in]et of the seCQ ga g
chanber. Meanswelitematwiakhaving & pyrelysngphamber fopihe easilicyiop of yas to the

secondary cha f&@waermaah&ﬂe thedtaﬁtmim huliﬂdepinmﬂbust i bl e gas

which is produce |n the p zjin ha er duce the s I|d residue in
the secondary &sseRds¥ h&’xﬁﬂ"ié%ﬁ %6 %@fﬁ agi] ZE No.

4,438, 706, | Ssgﬁésdyadimstﬂﬁ MéaﬁBébnh&teBdﬁayﬂetrﬁﬂm@yMnemhmteMM@Qf destr oy

or chos: Thi o phounte e FHatfiaroly G it RO AR PR, |

conbi nati on wi téeondary chaibeli. Aibnupersiy 8w sechudarytchanbetiwrmed € gagiwlighiposi t i on
of certain typg:%d&{ed \Lﬁgrlﬁﬁ%@ﬂagﬁlerto WG Ehitfe ARe BldndarpBfimbdie Wast e
orm rodu

material in va ced a ong wth oxygen downstream of the
plasma arc gen&rzmPien cypisipR it was heated by the torch gas. The nethod

i ncl uded transigisi Ng PUSSPRent N6. Q438 Pb62BEwRd March 17,0840 Boduyrhrofided apl asna
reactor. The nmethod included intr ducr n v r pr eheat ed
‘oxygen into t [Eenpbiodestopa %tf'ﬁ'%?tﬁig&p adsqisrrc’gmg eprlr%?lqu finally
i ncl uded di schw@mmMa@MWdWMwM&Wh@@mnm of the
pl asma reactor, o asite to @]H Qe %%lnw Qugias washi ng
equi pnent . [00 %?P enttf? tﬁe{}ﬁe"lﬁg@ at ent p?@&o‘d&gﬁf ﬁéﬂﬁ’r ssued Cct ober
30, 1984, di sclmmed mmmwwmmwmwwmwwwr&ﬂﬁm ly to
deconpose wast %%&%H@ans&%ﬁ atcendrdlor! }ARref iOWATMRted D tedorBigab.i Cl es
wer e mtroduce?’1 streamo ﬁﬁﬂe arc toe%vm fdulln SbS)the torch as a
result of par t iTe methefintluied wansteping plasmajntg 4 plagrea %3@3?6 P air, were
m xed with the gk Qh@m&tmﬁrmdnﬂfwﬁmdmb@mmefvmf aidlpeehvaaltoaygeatcheat ed by

oxi dat 1 on of “t At L e erRen e pHgl 95 Aped Bl bt S msii b COCP P

for producing éprdilh@ibﬂﬂ&ﬂﬁt&hﬁhm ﬁ'am the end of the plasma reactor, opposite to the location of
the torch, into gas washing equipment.
[0009] Faldt, et al, U.S. Patent No. 4,479,443, issued October 30, 1984, disclosed

' the use of an arc discharge plasma torch thermaily to decompose waste material. Waste

material in the form of solid particles were introduced downstream of the arc to avoid
fouling of the torch as a result of particle adherence. Oxidizing agents, ¢.g., oxygen and air,
were mixed with the waste either before, during or afier the waste was heated by the torch
gas. Sufficient oxidizing agents were required for the complete oxidation of the waste
material. The apparatus included a plasma generator for producing a high temppratﬁre
plasma in which all molecules of the plasma reach at least a desired minimum temperature.
The apparatus included means for feeding hazardous waste to and through the plasma
generator. The apparatus included means for feeding sufficient oxidizing agents to the
hazardous waste to permit the complete decomposition of the hazardous waste to stable
products. The apparatus included means for controlling the temperature of the plasma and
the flow of hazardous waste through the plasma generator so that the hazardous waste can




plasma in which all nolecules of the plasma reach at | east a desired
m ni mum tenperature. The apparatus included neans for feeding hazardous
waste to and through the plasma generator. The apparatus included neans

for feeding sufficient oxidizing agents to the hazardg 0 permt
t he conpl et ¥OdM¥EMS5Ysi ti on of the hazardous waste to g‘i&fz‘?%’s“{??"& ucts. The

apparatus included neans for controlling the tenperature of the plasnma and
the flow of hazardous waste through the @i asma generator so that the
hazardous waste can WO 2004/ 072547 PCT/ CA2004/ 000183 4 reach a

suff|C|entIy hlght erature for suff|C|ent P od of tlrretherrrallyto
deconpose %ﬂié]ilﬁﬁ’r”%l’eﬁ“ﬁ%l # Fubinire °‘f Gfecpposy U s,
Pat ent No. 6 GQAmﬁth;ytdmuma] @eer 30, 1984 di scl osed t he use of a DC

wer o made for AU ng &Egﬁo@yﬁéﬂéﬁr A e A T S

pr event interftmmmarhpIMbmnmﬁutth@yrajyncgmmpmuoonfwethMSna are. A

reaction chanb EB| *94 m }Mﬂgam&‘ Gt and
particul ate rrat%{eg'r V\}:IOI?C &qugﬁ%hag and neut ra | ze fr1 an al kal i ne
spray. A mchawmﬁwmmg@meﬂ%féw?é@éﬂga%@@cmﬂm are

wi t hdrawn usi nqomﬁxﬁmwa@ﬁsem&mﬁﬁ@gmﬁ@mﬂﬁ&m WhidiS§ueEchaur ner
having a tenperature_i exceﬁs of 5 pparat ys i ncluded a

reaction vessel@ERY Sp; r‘FEclﬁﬂ%cﬂé 35 4P FRPCRATRRE et or v
| i ned reaction mmﬁmmumtmmh@mmmammmmmm

i ncl uded means for insertin ter| al t0 I arc
in the co-1li nedr v,{?%&’é“%ﬁg%@t ' & G ortr'%‘(3 cg%‘?%%ﬂ Cééga
substantial ly wmmﬁmmmmm@mmmmmu ned

P(ra?rg\lj?;; 'Itﬂet Pgﬁoﬁ%%g&%t sm%g?]gfe?%%\%ra?mll Chan et aI uU. S fIC:)%;tent

No. 4,886, 001, nit%lge‘ehne spagepto bo pigmized wiionized undensubsientinlly pygplytic

ltoyr olhyt i cal I)é %ﬁﬁmpﬂdrﬂ&nﬁ&%ﬁnmt@fac@mﬁ%dmﬂﬁ&etaaudntasdmbdﬁf tthl@ lolt a;ggo
orch to produce a pl.asma, havin era erature_of at |eas

C for destroylﬂgfr‘ﬁ'g) 4%’%9‘5 §£‘§ ?Gglg? 'ﬁ M5 xture of gases
and solid part |[001|lpte Cth,etﬂUS]PmmamﬂﬁmedlsMeﬂﬂDefmﬁaSZII@BQ iprividediuci ng

t he waste mater] al

reconbi nati on c?ﬂ%\aﬁ%ﬂs yﬁlgaﬁ‘\‘él PG eparm?ﬁﬁ%gp?#‘&maﬁ gﬂ%nia gases
and solid part|tqrdimmd@mlmmgmopmmmdm&m&@?@@sr for
providing a parglidliny2Giith b wakte FRieHA1% BRY » SRy Rglos SRIAR pafiiRilab Ne sol i d

particul ate.

The torch was combined with means for introducing the waste material in an atomized
state. The apparatus included a recombination chamber for receiving and separating the
mixture of gases and solid particulate. The apparatus included a solid separator for
providing a partial vacuum for removing any carryover gases from the solid particulate.
[0012] o 1].8. Patent No. 5,256,854, issued February 22, 1994 to Bromberg et al,
taught a method and apparatus for simnltaneously bombarding foxic gases with high energy
electron irradiation and rf inductive fiélds to desiroy vaporized toxic materials, Thus, this
patent provided a two-chamber system for destroying toxic waste comprising a first
chamber adapted to heat and vaporize the toxic waste and a second chamber adapted to
receive gases from the first chamber. The second chamber was used to break down toxic
molecules in the gases via a tumable combination of simultaneous and continuous inductive
heating and electron beam irradiation at no less than atmospheric pressure and at
temperatures lower than those required to destroy toxic waste by inductive heating alone.




[0012] U.S. Patent No. 5,256,854, issued February 22, 1994 to Bronberg et
al, taught a nethod and apparatus for sinultaneously bonbardi ng toxic
gases with high energy electron irradiation and rf inductive fields to
destroy vaporized toxic materials. Thus, this patent provided a

t wo- chanber WOR8M@#S#or destroyi ng toxi c waste conpri si‘?ﬂ’%‘zf"?“f"g"@"?’ chanber
adapted to heat and vaporize the toxic waste and a second chanber adapted
to receive gases fromthe first chanber.5 The second chanber was used to
break down toxic nolecules in the gases via a tunable conbination of

si mul t aneous and conti nuous inductive heating and el ectron beam

i rradi ation at €3] ess U%R@F%%&P@%Wégm@n@%@WM&MQt es | ower

than those redqyh mBkitdy dapkd mmmemaﬁbﬁ ésﬁgas% one. WO
2004/ 072547 PCT/ %@004/09 18 ?ﬁgﬁjogﬁg] U. Pat nt No 5. 288 969 i ssued
February 22, 108% w F‘?dapl asnma

torch technol ogomamewﬁtamedmoaéﬁaeq@daermeappmeﬁ.snm&dfa@émetoh@asdalﬁbleeﬂt i on of
hazar dous wast hi s .pat.ent provi arat u ch included a
source of vvastgmlge %CHP%S%%I’%S%‘C sseﬁee%fjf%%ﬁ {e'g?sé%ﬁr\ém*‘ﬁ ﬁ'&ﬁ' a source
of gas ‘capabl emm@&mmmmm@smmmmwmmmmmmm to a

hi gh tenperat ugg hld%ﬁﬁ ama?yfﬁ‘q{i'ﬂ% g@é I ng the
waste material wth the gas. The a parat us include re ctor The

appar atus i ncl @H@ﬁiwﬁﬁ:“dﬂ%@bﬁﬂ vghithrgeactos chagher; Fheappepatus icludede vvaste
material and t beigin nchdsTui@hcitidddhd QR iR reatldRERMber with Sle@RBER Shelepf Uded

excitation nea 1S for excit th as e reactor chanber wth

‘el ect romagnet i F"’é’?ﬂ 81“‘5‘?%@% E‘%ﬂﬁ?hﬁﬂflﬁf pn meapscomprsed 30dHs | wher ei n
the excitati onpmwcnm@msMuﬁEmmgmﬁmMMeWsmmcI uded
timng neans f ?EIEE%!F! free.ele raise erature
| evel in the rgiéc or nb%fgh\t‘lggregmgru |bce|(1;}éur'1 '@meﬂt% dlg%ogétieg{emf e waste
mat eri al . [ 001aptedplS. Patent No. 5,541, 386, issued July 30, 1996, to Mii et
al, provided aggyst em ardpAEE RS J405sd. Eﬁm@'.’l@%%%%l\)ﬁ\@

[ ncI udi ng water, volatile_ conponents trifiable corrp%gﬂent S. The wast e

material was h&atem@ad petodion e disosal of wrste istiel incinding watew volatigcompprents he at ed
in a high tenpeﬁmﬁﬁmaromaneh@ mamdﬁw%gwmﬂd&y&ubﬂsmﬁamthen was

o
t he focus poi nthen whsefed mﬂurfbdmgdﬁﬁefa:pﬂnmﬁﬁmr&etbﬂwmmﬁda arajed; viehe vol atile
conponents ar ef&%ﬁ%ﬁi@%ﬁlﬁa%&l%ﬁﬂevﬁiﬁaﬂe components. At the focus point, the

vitrifiable components were melted, and the volatile components are volatized, The melted

components were received in a quench chamber where they solidified on a quench roller

and were broken into chips and delivered to a receiving area. Heat from the qunench

chamber was transferred to the dehydrator and high temperature dryer. The hydrocarbon

liquids and volatized components were fed to a secondary plasma reactor where they were

disassociated into their elemental components. The effluent from the secondary plasma

reactor was scrubbed to remove hydrogen sulfide and halogens, and residual components,

together with excess water vapor, were extracted in an absorber and fed back for further

processing in the secondary plasma reactor.

[0615] U.S. Patent No. 5,779,991, issued July 14, 1998 to Jenkins, taught an

apparatus for destroying hazardous compounds in a gas stream using a cylindrical labyrinth

passage wherein a pluralify of electric fields were used for generating and sustaining a

plasma or corona discharge through different zones within the gas labyrinth. Thus, this




conponents were received in a quench chanber where they solidified on a
quench roller and were broken into chips and delivered to a receiving
area. Heat fromthe quench chanber was transferred to the dehydrator and
hi gh tenperature dryer. The hydrocarbon |[|iquids and volatized conponents
vere fed t VQ2U40BAary pl asma reactor where they wer &CTHARY At ed into
their el emental conponents. The effluent fromthe secondary plasma reactor
was scrubbed to renove hydrogen sul fi de &nd hal ogens, and residual
conponents, together with excess water vapor, were extracted in an
absorber and fed back for further _processing in the secondary plasna

reactor. [ 0015pategt moviflegaapabilpwastedncinertoy sykhich ingladed geparape first andisoepgd gQes; e ki ns,
taught an | apgafeﬁsr%lnégﬁ@@ﬁﬂ@éd&u&ﬁ&ﬁ@@b@d%@fﬂ@;@d@mm@% ream
using a cylindrical |abyri ssage ein.a plurality.of .electis
fields were us&Ht%gP Fi*?ﬁ@%@%%?&?ﬂ‘a’ﬂﬁwgﬁﬁ'ﬁ@@%p@%na

di schar ge t hr ougims firktditing e firsplivecelesirddeiata firktelecirical brkgy ddveltfbr gefdnaing, t hi s WO

2004/ 072547 P 4 | . L ogd t
VAR AR AP, o PO ol ok RLcBRURIA, ORI B o7 21

whi ch i ncl uded "separ I'rst "and second zones, i ing a
first live el ewhenshbewastsdasway fowingthequeivthe Gistees pasege Themetdla@estincl udi ng a

first conpart ”ﬁﬁﬁa%ﬂin&ﬁﬁﬁ%@nﬁﬂ%lﬁ%ﬁ?éﬂwndﬁ@el&%@héﬁo%&hﬁdé Al ner at or
i ncluded neans for exciting the first |ive electrodg agla first electrical

g
energy |evel f &rRoegRatSqm the secongcomparimentand definng, Fithspif sagpnd comparimept, 3| ectri ¢
field and for groEer@lpRGgecoRindbioRing with (he dovaskam@As of thd @ phiiAssHiRs (The gas Was

T ncluded a secORHTTE RATHA HREE BaY e TERe et B cdStPEd A e MIe and
‘spaced apart f elechitahenerge tewel dor gerepting, with the sevondcbofnparinregt, 2 yicend eleatricifidécond
conpartment, a q'Q?ﬁE | | ' gﬁéﬁﬁ% am end of
the first gas 53%@%3@%. ﬂgﬁ%@%ﬁ%ﬁgas[ _|ﬂ%#?%ﬁ@?%&mﬁﬁg?u .n% ns for
exciting the sé&tidbireondigespagspeecthearpbilewaste mcinergtonincluded mepgsdon eenesrpiipgy | evel for

generating, W fidlelRfiriS BAPHIWER TR 3chRBIVE cletrod®miad Mk M 86d didcrodeit®! d  capabl e
of sustaining the plasma_ in the waste gas, when_ the “%§ e@%gaa&?s fl ow ng
|

through said BO¥Hgageeplemeatary saurceqfglegiigl preraybetyesn tlertcuded
nmeans for genetfials fogsudtaining ihe glaghattvebicthé fiel aild e beveRivobdde second |ive

our ce of ol ectiflal oS ARBENGaeR st shes ePOR AR BE PR &Y o) o
f or sust ai ni ngnohie gldsme-hwmedetsiealisposalsestdn wisth witizbdtah ercs@dpicima Ealewlogy 00161
;’- S. Patent Noy fepbstibe fhifkerial Rt Phe/olidble réztor HOd aratiidHR cbmfilsinglem ¢ AUGN

upper end for introduction of waste material and a lower end, said rotatable kiln mounted

on a movable vehicle. It included a breech disposed adjacent the lower end of the kiln, at

least one of the breech and lower end forming an outlet for discharge of pyrolytically

treated waste material. It includes at least two plasma guns attached to the breech and

disposed so as to direct an arc into the kiln. It included at least two target electrodes spaced

from the plasma guns and attached to at least one of the breech an the kiln. At least one of

the plasma guns and at least one of the target electrodes was movable.

[0017] - U.S. Patent No. 6,552,295, issued April 22, 2003, to Markunas et al

provided a method and apparatus for plasma waste disposal of hazardous waste material,

whete the hazardous material was volatilized under vacuum inside a containment chamber

to produce a pre-processed gas as input to a plasma furnace including a plasma-forming

region in which a plasma-forming magnetic field was produced. The pre-processed gas was

passed at low pressure and without circumvention through the plasma-forming region and




nobi | e pl asma-based waste di sposal system which utilized an arc-torch

pl asma technol ogy to dispose of industrial waste. The portable reactor

i ncluded a rotatable kiln conprising an wupper end for introduction of
waste material and a |l ower end, said rotatable kiln nounted on a novable
vehicle. |tWPAMHIHEY a breech di sposed adj acent the | RAECAAMYOMIE] he kil n,
at |east one of the breech and |lower end form ng an outlet for discharge
of pyrolytically treated waste material 7t includes at |east two plasma
guns attached to the breech and disposed so as to direct an arc into the
kiln. It included_at_ |east two target el ectrodes spaced fromthe plasnma

guns and at t acHetfieglyspergized o anjpguctielycaupiod nlase statp such dahiarandonpwastee ast  one

of the pl asnmargtifs ifdhiledin thedaShrosedd ﬁsv&fé@o&?éﬂ%ﬁis@bﬁﬁﬁﬁ%ﬁﬁt%ﬁhmvabl €.
[00171 U. S. Pagen ' |1 .22, 2003, to Markunas et al

No. 6. 552, 295  |ssue r )
provi ded a met 88*“%%?&%“&%%%?’#%@%&%3‘%%%%&ﬁmwaous
wast e mat eri al snoulrhandevas dimedvioned stich that theteavas Ad bypass by whig habdrddslwikder vacuum
i nside a cont aj : re-processed .gas, as i nput to a
pl asma furnace | ncI u F’Eg‘% of as%-%?ﬁhﬁﬁlﬁ&tﬁ% lla%[rlla'fl‘c)ﬁnmvﬁe% ih‘b‘fﬁﬁ?ﬁa-form ng
magnetic fi el ditfigse Wsgavretby ahigh figgusnqymowe suply aywsttingpowepst s Sewdaradntal 0w
pressure and Wikdneidy. Thb cSHmited hakgh &@%%&EM L.on and WO
2004/ 072547 PCT/ 611@04/ 0018_2 Sl% vva,shgi rectplt)?&.ene lzed to agofng%{)
i nduct i vel y- cotfir “E‘F'ﬁér%@?%’?@“%@hﬁ?%%mﬂ&w@%&&dm@@e@@%t ant's
I ncl uded i n t hampt gower.ocessed gas were conpletely dissociated in transit
through the Plasma-formng region. Preferably, the plasnma-form ng region
‘was shaped as a vacuum annulus and was di nensi oned such that there was no
‘bypass by whi cBUMBARY OFSTHIREVENTIONCt ants in the pre-processed gas can

circunvent thegpighsne- f@e BldGn mw&?ﬁﬁéﬁ%ﬁ%ﬁﬁﬁngﬁﬁ@%%ﬁéw by a

hi gh frequency_ power supply outputting p uency.

The power suppftym & ¥ritesiof ghartepsings Qriechoseendng werults frpra thie et igdleamisiens ¢ 0
lndanent al 11 spgensy g ey oohiodicen SHMPRE Eping R RERRERL [oota] The
prior art pl as‘ﬂlg(’w&a‘ﬁ@(fgwﬁﬂ'gﬁﬂf’ll Bfthedre plestredes andubssamenteaiccopgrionafed  f r om
a variety of stheat.Ghns, thy sastéMsteribhwistit@dhcedddwisttdatoDl fhe Sdahd Rash¥ebegl hat the
beoause suoh AP EloI o TiEbain: PorPRLES B brotHuY Erles UBt Phdos and
subsequent er rthe Wasteayntariak fesnitingfin incomplete decomposition.

[0019) Further, the performance of the plasma arc is highly sensitive to the flow

rate of the waste and carrier gas. Thus, the flow rates must be confined within narrow

limits, leading to difficulties in controlling and maintaining system performance, Arc

electrode erosion with use firther complicated the maintenance, operation, stability and

safety of the system. Small scale operation of DC arc plasmas was also very mefficient due

in part to the minimum gas flow rate and electric power requnirements needed to strike

initiate and sustain the arc, Scaling the prior art sysiems for operation at different waste

throughput levels and with a variety of waste materials has proven to be difficult, requiring

major system configuration changes which are expensive to accomplish.

[0020] Additionally, the need for organic, oxidizing, and/or reducing agents to be

confined with the waste material in the prior art systems often resulted in highly ‘

undesirable compounds in the waste residue.




the arc. Thus, the waste material was introduced downstream of the are and
was indirectly heated by the torch gas. This techni que shortened the high
tenperature residence time of the waste material, resulting in inconplete
deconposition. [0019) Further, the performance of the Iasrra I is highly
sensitive t¥ORMWAIRFEw rate OF the waste and carrier gfp e "ﬁshe flow
rates nust be confined within narrow limts, leading to dlfflcultles I n
controlling and mai ntai ni ng system perfoBnmance. Are electrode erosion with
use further conplicated the maintenance, oper ation, stability and safety

of the system Small scal e operation of arc &?srras s al.so very
i nefficient dul®02iin par@s%nﬁé"#ﬁ Fhﬁﬂﬂ‘?rﬁﬁéysﬂ"g Ve Rroxided aeonsisient 1 i ¢ power

requirenents nﬁﬁﬂ&ﬁbﬁ&iﬁaﬁg es hridl fbrir bfhagdrabus wasteatb Bomgpvends which Seral | ng t he

prior art syste eratl at.different waste throughput |evels and
with a varietyS¥pb ‘%\ﬁéf“@g e@‘?’f‘{riﬁpgsahas proven to be difficult, requiring

maj or system cqmﬁ:!]gur atIltﬁlﬂ:emﬁmgerﬂajenfnfamoa&spmtpﬁmreﬁaltmm%WM%h

[0020] Additiopa M,&g mﬁgﬁéw%&%ng
agents to be f%ﬁeﬁﬁkﬁs \A%ste mat er | ﬁo in pri.or eart systens
of ten resultedmmm@mmmnd%wﬂww elW&H@W@PP@@Wﬂue WO
2004/ 072547 PCE, ],fg [0021] In sunmary, none of the prior art

systens have provi a consi stent nmet hod of educing all types and forns
of hazardous waste to conpounds which were suitable for environnental

di sposal . [ 0022rArEMENTSOF EHBNIRVENTHDN ect of a broad aspect of the present
I nvention to agddress t orteo wast e

. processi ng sys?‘g’ and ﬁ’éﬁﬁ%@ﬂ%ﬁc’%ﬁ“’ u%gﬂt%'&?ﬁ{ogéllgst?suc on of all
“hazar dous consthetdnpo:hl&fwhatdm%ahmﬁ@mm@nﬂﬁﬁmpmmchpﬂ@wﬁmhﬂ and a

| ong refractor I;%}ﬂ; ?]ﬁmé thial thé R PacRinPidd
enbodi nent of %‘?‘i’e pvr%%sent vention provides an apparatus ]‘oga t he di sposal
of waste and/ oreaplanvessshforproducing » hipktemipgsurs plasma prosessing 2oug Fhich fas a

refractory-|i ngghsahtGiinoriy ﬂ?ﬁﬁhp&&&e@ﬁ@@ﬂﬁ%ﬂt&etdﬂﬁhdﬂﬁﬁ&hﬂbmmer ating
nmeans within the refractor ned .reactar , vess for%{‘g’rod%1 a hi

t enperature pl &BHH Wﬁﬂﬁ@“ﬁﬂ“@ﬁ’ﬂ%‘éﬂeﬁat eatfi5ng %%t m hi gh
t enperature ac rg&mt&hﬁdmﬂ‘oﬂeﬁefabnbhﬁmh@ég&m Ehw@pm'am%mﬁudneﬁtst react or

o ara’ P ooy S E ol HE AR nf 45 mateiith, At BBRAS 1 O7
temperature plasma processing zone. The apparatus includes second feeding means for
feeding sufficient process additive agents to the high temperature plasma processing zone
to cause the complete decomposition of the waste and/or hazardous materials and the
formation of stable, non-hazardous materials. The apparatus includes controlling means for
controfling the plasma arc generating means and the flow of the waste and/or hazardous
materials through the high temperature plasma processing zone to assure that all the waste
and/or hazardous material reachss a sufficiently high temperature, and for a sufficient
period of time, thermally to fully decompose the waste and/or hazardous materials into
very small ions. Adequate process additives are made available to establish the optimum
chemical equilibrium that will convert the decomposition products into stable non-
hazardous final products. The apparatus includes gas removal means for removing product
gas from the reactor vessel. The apparains includes monitoring means for monitoring the
gas stream to determine the amoumnt of particulate matter in the product gas siream. The
apparatus includes solids removing means for removing solid stable non-hazardous fina
product in a lava like state from the apparatus.




generator, and at | east one novabl e plasma arc generator. The apparatus

I ncludes first feeding neans for feeding the waste and/ or hazardous
materials to, and through, the high tenperature plasm processing zone.
The apparatus includes second feeding neans for feeding suffici ent process
addi tive ag®R&*'%t"he hi gh tenperature plasna processll’(tgféc‘yg%@"‘" ¥ cause
the conpl ete deconposition of the waste and/ or hazardous materials and the
formati on of stable, non-hazardous materi%als. The apparatus includes
controlling neans for controlling the plasma arc generating means and the

fl ow of thevva and/ or haz rdous ter | s throuhthe hlghte erature
pl asma proceSS| 4 0ne t'l 'ﬁl‘ tg on pegvides amethod K3 s

material r eaChdﬁacﬁpﬁdd]fcfflwﬁﬂmﬂloyhdﬁm@dmshﬁﬁﬁﬂf &hmahodamwldéw:ow ficient

per 100 O 1T BB Bk ki it ARl SR R e 22 001
available to es@hﬂhyéhedmwpﬁs&mﬁmgngmghtsqmﬂﬁmphmpmwﬁsmgmnb convert
the deconposi t igRiiRd4al Ssubdidng L,ﬁﬁil,@. %ﬂﬁ@gﬂ.},%s% ts. The
apparatus includes gas renova ar%gans or_removi ng _product asg%rgmthe
react or vessel theHefagiopatiogd ?rﬁwﬂdywmlmﬁwgﬂwwemd@wu ng the
gas streamto itdhdinRap adﬁﬁm Mcﬁlﬁﬂﬂi&ﬂd@ﬂie&i&emwpﬁs&ame product gas

stream The ar at ds r f solid
st abl e non- haz&?’l?ff?fguﬁ’ﬂl’éﬁm‘y aﬁ‘lfﬁ %p‘§“fq'§i§' ‘ﬁﬁ“ﬂ%‘ ]f‘ga"fi[%%

appar at us. WO 2fidek &b&ﬂﬂﬂﬂoﬁﬂﬁ%&gb&mﬁﬁﬁ&ébﬁﬁnﬁ&%ﬁﬁghﬁ@ﬂ
enbodi nent * of (o) the di sposal of
;wast e and/ or hgggr ﬁlzlg‘ﬂrrlwgadteéegraégtFUefy #ﬁééﬁg%%ﬁ%oﬁﬁégﬁés pr%e\‘/“ﬁ’&. ng a P
refractory-| i neddidxplagentsto thehich emperapreplasrsasiroogssing zoyieforgomplstebr at i ng means
Wi thin the refa&@%@;@gtﬁemm{mm@mﬂmmowﬂwﬁeagnﬁaz%&n

tenperature plasma processing zone therein has a
substanti al | y- FRIEFE- @WW%W&Y@%@@@WWWﬂWW@%W of the

refractory- |Inaﬁr6ﬁa@hﬂmewﬂﬁﬁbess&y{hwmﬁmah@§ﬂ&nﬂﬁ£§ﬁﬁfefﬁ rreans whi ch

I ncl udes at ast o ared posjtio | as arc ner t | east
one novabl e pl §g£??ﬂ ’}&t{g 'I‘sp %#'W'B‘Pﬁ&‘%m%g‘b@ “‘#"% %Fef erably
conti nuously, sgadeoudpmdub‘ts.)TheImeliwdciwhﬂ&tmomgdb!ﬂrstahhnm—hhuﬂmﬂﬁhﬂpmam to, and
t hrough, the hlﬁg% rE;Qét(g.ﬁ,g&.proces& ng zone. The nethod i ncl udes
sel ectively, era y ontlnuous y, feeding sufficient process additive
agents to the high tenperature plasnma processing zone, for conpletely

deconposi ng t heymAnt PEATORES ORA%A AAHEVITBINGT i al s and to form stabl e,

non- hazar dous .
[0025] By a first feature of the apparatus embodiment of the present invention the

at least one fixed position plasma arc generator is a plurality of, e.g., twd, fixed position
plasma arc generators, which are disposed within the ﬁﬁam—linad reactor vessel from
opposite sides thereof, with angular displacement relative to each other in order for their
plasma plumes to intersect at a focal point which is near the center of the waste and/or
hazardous material input into the apparatus. '

[o026} By a second feature of the apparatus embodiment of the present invention,
the at least one movable plasma arc generator is a single moveable plasma arc generator
which is mounted at the top of the refractory-lined reactor vessel and which has three
degrees of freedom to permit aiming towards the focal point of the plasma arc plumes from
the fixed position plasma arc generators or towards the molten slag pool.

[0027] By a third feature of the apparatus embodiment of the present invention, the
first feeding means comprises a plurality of waste and/or hazardous material feed ports,




materials. The nethod includes renoving, preferably continuously, gaseous
products from the refractory lined reactor vessel. The nethod incl udes
nonitoring, preferably continuously, the gaseous products to determ ne the

anount of particulate material in the gaseous products. The net hod
i ncl udes r eWOPHPTEE] i d st abl e non-hazardous final proBtREAZPYENE he

refractory-lined reactor vessel OTHER FEATURES OF THE | NVENTI ON [ 0025] By a
first feature of the apparatus enbodi neni0of the present invention the at

| east one fixed position plasma arc generator is a plurality of, e.g., two,
fixed position plasma arc generators, which are disposed within the

refract ory-| i neechobwiichyis canfigered tofyed dircclytowards the focel paintofdhealsma g ¢ h angul ar
di spl acenent r%ﬁéy&ﬂ,@%ﬂ%ﬁmg@éﬁfo@ or their plasma plunmes to
intersect at a _focal point whjch is_near the center qf the ste and/ or
hazar dous nat ed9028l i nquPW@ﬁW&ﬁﬁﬁ?WeTl@B?ﬁ‘t‘gy’@m@gﬁﬁﬁg?%ature of
t he apparatus espacieiovl meds ifdehduolid emiovilmeantarayorts whittearadiathetdeally one
novabl e pl asnma arc. gener, r..is a single noveabl e plasma arc generator
whi ch is nount é’al’“é’fgf’ﬁ%%‘?%?ﬂ%g‘?%ﬂf‘?act ory-lined reactor vessel and which
has three degréns] of f Bgedfnfeatorepéthppnpaaiustmipdimeniotths pravat nwabon, hei nt  of
the plasma are f'ﬁfﬂﬂﬁ &E&miﬂhﬁ&%@s SRR &A% S OF -

$§J§fua&r& 1e£§€'frbe o 6 924 : fo ;

e

towards the nolte g poal. By a thir eature of the_ apparatus

embodi nent of m&ﬁffé@@ﬁﬁoﬁfm Hlaswa agcplumes frora the fxed pesiicn RSB, | ses a

plurality of Wogidnddish oh tHRdpRIREIR foRidR foall inlbCR llsitlides a MRMARRGR 72547
PCT/ CA2004/ 000183 1Q each of, which is configured to feed directly towards
the focal poi ntp°’51°°vf"‘f’|‘ég’€‘f%§ﬁﬁt”é‘fac plumes fromthe fixed position plasm

‘ar c gener at or s.[030028] By a sixthdeatrdofileappaatisefobsdireennpfthe mésers invedtionliteeent  of

t he present iny ion . r . | val means
are ports whichar %Féﬁé‘ﬁﬁs%gﬁ%ﬂ%‘%gﬁﬁ%‘?%@%‘dﬂ’%’?&hﬁgﬂ)mans.
[0029] By a fi farquhd therefrasteryditedirtpstonysssel at us enbodi rent of the present
invention, the jp@ppPar at Bs ekt AidredF b Sbatam® BRbdaficht Jf@e phd¥t iniaBiG, | 0N Of

steamtowards a point which is just past the intersection focal point of
the plasma ar c B SsReEoTal BIRING FRINISSs & gasAytst condpit phighis gonfigyred 9@rpdpceds, s on

the opposite sieiRvdidciotthegat e@dudive fiitairbdrhe lidso fall Ghdk RS thareadtaraddstlnj ect i on
port covering trgtger Gn beec):(alrr}ed%lrlteo?‘ﬂle reactor vessel by the exiting gas stream.
[0032] By an eighth feature of the apparatus embodiment of the present invention, a
lower section of the refractory-lined reactor vessel is flanged to enable connection of a
removable bottom element to the remainder of the refractory-lined reactor vessel to
facilitate opening.
[0033] By a ninth feature of the apparatus embodiment of the present inveation, the
refractory lining comprises materials similar to A.P. Green G261.1, G23LL G20LI and
Insulblok 19. _
[0034] By a tenth feature of the apparatus embodiment of the present invention, a
lower section of the refractory-lined reactor vessel consists of a hot face refractory, the hot
face refractory comprising materials similar to RADEX COMPAC-FLO V2353 or DIDIER
RK30.
[0035) By an eleventh feature of the apparatus embodiment of the present
invention, the apparatus inclades optional water cooling means for the lower séction of the

re -lined reactor vessel.




[0030] By a sixth feature of the apparatus enbodi nent of the present

I nvention, the feeding neans conprises a plurality of air inlet ports

di sposed in spaced-apart relation around the refractory-1lined reactor
vessel [0031] By a seventh feature of the apparatus enbodi ment of the
present i nVeRXPYP7254% he gas renoval nmeans conprises a YaECHIHOY8L ondui t
which is configured to produce an exit velocity of the gas conducive for
airborne solids to fall back i'nto the redttor vessel rather than be
carried out of the reactor vessel by the exiting gas stream [0032] By an
eighth feature .of the a ggaratus enbodi nent of the present invention, a

| oner section d¥83fhe r Py ateckih W&W@M@B@@Oﬁbﬂfmg@@% enabl e

connection of  ghe ARG Rlefhs RRIHG BerRbie WRiok ark BonRed tﬁﬁaéxﬁﬂﬁrthe‘b?a _
refractory- Ilned reactor vessel to facilitate opening. [003 y a ninth

feature of the nbodi nent of the present invention, the
refractory i ni{mg‘fporrprBﬁﬂW@ﬁhﬁe&f&bﬂﬁphﬁﬁméﬁbo&ﬁenﬁfﬂﬁ@rMLl &3L1,

&0LlI and Ins of .the a al at us
enbodi ment of t e pr ese |nvenflor?’ﬁ"'§38{%1t‘“§"c{e el|’yon PIERESH BHEES APt or y
| i ned reactor w@@bﬁlmﬁzn@ﬂmowaéwwmﬁagmw%ﬂa&cepwemshot face

refractory co j38) N9 £olidetith ol G :.. AR e b odent & Ygo3 or DI DIER
RK30. [0035] rrgy alln el en\'%nth feature of he appar at us erﬁ%ﬁl nent of the

present |nventmvmoﬁwe'ﬁﬂﬁaﬁmﬂéﬁm@BQSFMIPYWWWF%Q means for
the | ower sect icoufighed folintdied kogat ve bitssicblle feidR biGhe s6@BRe! . WO 2004/ 072547

PCT/ CA2004/ 000 11 [Q03 fth featu e of the apparatus
-enbodi ment  of 'g[ﬁéglpreseﬂir E’}Wétﬁtf ﬂleﬁgpafﬁ‘}ﬁl ?Fgléen‘g&mﬁcﬂvﬁ‘ﬂ’@% sensors
‘whi ch are conf itguppaiiselseiatiederh rmdvklﬂemmlbmerdxthmuﬁeeemm i@ readtoream

[0037] By a thigsgenth feature of the apparatus enbodi nent of the present
I nvention, the sensors are naintained essentially- dep03|t free by a

ni trogen purge [@4@rent Bymsixeenthdeatureef the appatatesembpdineng of the pressod imventiving r ogen

across the facenQtrdis- B reRict vesdl B3flindRtaa fourteenth feat re of the
apparat us embodj mfnt of th present I nvention, the sensors are nmaintained

essenti al | y- deptfétk freBy eatige atthespethgd emodigent of the present invention, the

method includes dlsposmg the at least one movable plasma arc generator in close proximity
to the ports which feed the waste and/or hazardous materials to, and through, the high
temperature plasma processing zone.

[eo42] By a second feature of the method embodiment of the present imvention, the
method finther includes injecting steam towards the high temperature plasma zone and
towards the gas exit area.

" [0043] By a third feature of the method embodiment of the present invention, the
method comprises disposing air inlet ports in spaced-apart relation around the refractory-
iined cylindrical vessel and selectively feeding the process additive agents into the high
temperature plasma processing zone through the inlet ports
[0044] By a fourth feature of the method embodiment of the present invention, the
method further comprises creating an exit velocity of the gaseous products which is
conducive for airborne solids to fall back into the reactor vessel as opposed to being carried
out of the reactor vessel by the exiting gas stream.

[0045] By a fifth feature of the method embodiment of the present invention, the

method includes the option of cooling a lower section of the refractory-lined cylindrical
vessel. '




configured to maintain a negative pressure in the region of the sensors.
[0039] By a fifteenth feature of the apparatus enbodi nent of the present

i nvention, the apparatus also includes a renovabl e preheat burner within
the refractory-lined reactor vessel. [0040] By a sixteeq%p feature of the
appar at us eWB3MMME” of the present invention, the refra 8¥§@F ned
reactor vessel is cylindrical. [0041] By a first feature of the nethod
enbodi nent of the present invention, thel2nethod includes disposing the at
| east one novabl e plasnma arc generator in close proximty to the ports

whi ch feed the te angéon zard? S terials to, and through, the high
t enper ature pl pr oc %Wﬁg%@.g‘fﬁffwmg‘@é’g@ﬁww Tot®t he

met hod enbodi maiethodinclhie monivsifgsf the Ppactis ppattucts edetemihin@ e bpadityhefthe Ncl udes

I nj ecting steamn [ th% hi.gh nperature plasma zone and towards the
gas exit area. g}fs%%ﬁmgﬁog%?bg |l’? gsature of the method enbodi ment of the
present invent {471 t he Bywesementh featurp of theomethiidembediment offthe firestnt invension,shei n
spaced-apart r | RGO mﬁﬂc-fgljét'@gg Mrsenshr | ' ; el and
sel ectively feg%?%% t he procgss addi ivéﬁgwgﬁ%g Fﬁ?%y%ﬁ%éﬁkgﬁhgygﬁgerature
pl asma pr ocessPrifowingstent singroeemasrossihefacqiitiesapgompniBy a fourth feature
of the nethod @wasidi menBy &f cidhlhFediir& SR métibaRmbbdiRent btk pré¥Biit BRehtbA deher

conprises creati n,exit velocity of the gaseous products ichis
Confuctve f or - oS RS St thitanine e dpags SRS FRtBREST S cel o
opposed to bei mgintining amelgativd yiresaire ih e reghmaif the sanemsel by the exiting gas
stream [ 0045] fift 0 EH@ . | f_ IL.he.present

Jd nvention, theﬁﬁﬂgt hod ?%%ﬁlﬁ}hgs °f£ﬂ1t8;hﬂ%|t‘1§ 0 q’(%eg&?ﬁlge?gegﬁgf)%éernh&s}bc i on of

t he refract orymethad firthsricomptisesdlzel first gtep efpreheariay the finaaetived cHaMiahedSl/ 000183

12 [0046] By appmkdnd of fiehiVable Bimdr BRtefiEt hod embodi ment of the present
I nvention, the " nethod includes nonitoring of the gaseous products by

determ ning the opacity of the gaseous products by opacity sensors. [0047]

By a seventh fgmmunaungbugmmjufgnn@gbgﬂmqmngqhyﬁhe, present invention
Lhe oL nod UG COTRE RS IRMbn iy L1 BR3E RS, b, SHE " °
position plasma arc generators for primary processing and a single movable plasma arc
generator for secondary or processing assistance and/or for final conditioning of the slag
prior to exit from the apparatus, i.e., reactor vessel. As will be described hereinafter, the
present invention provides conirol of reactor ves_sel geometry to ensure maximum
processing efficiency. Positioning and operation of the plasma arc generators provides for a
high temperature processing zone where it is optimally required, as well as to provide
adequate heat concentration to melt and force the slag to flow, in addition to achieving the
lowest possible product gas temperature at the product gas exit port.
[0051] ~ Most complete breakdown of waste and/or hazardous materials is achieved
if a high temperature processing zone is maintained as a solid wall across the entire
periphery of the reactor vessel to ensure that all input waste and/or hazardous materials are
forced to go throngh it. In aspects of the present invention, the fixed position plasma arc
generators for primary processing are provided in the reactor vessel at opposite sides of the
reactor vessel with angular displacement relative to each other and aimed to permit their
plasma plumes o intersect at a focal point and provide fullest temperature coverage of the
hazardous waste feeder opening into the reactor vessel. The focal point of the plasma arc
plumes from these plasma arc generators is preferably fixed near the center of the input




by flowing a stream of nitrogen across the face of the sensor el enents.
[0048] By an eighth feature of the nethod enbodi nent of the present

i nvention, the nethod further conprises maintaining the opacity sensors
essentially deposit free by mnmmintaining a negative pressure in the region
of the senRP0PBHI9] By a ninth feature of the net hOFTEABUHMMRt of the
present invention, the mnethod further conprises the first step of
preheating the refractory-lined cylindrildal vessel by neans of a renovabl e
burner system GCENERALIZED DESCRI PTI ON OF THE | NVENTI ON [ 0050] The present

i nvention preferably entails the use of nultiple, e. two, fixed

: 9. o, 1

posi tion pl asm%@%m@a%%%@my@mw%m%gfmmﬂmw e novabl e
Pl Pl condi t cabdiits plobSsiRpRADSl 16t RLEAANAPINS KB 154 AEARS SOGLOT T Of

i nal conditioping o e s riQr to exi rom arat.uys, is.,
react or vessel&e@“’(ﬁ@rﬂﬁs 32‘8?‘5 © Plasma;ATT SPRTHOT Y E‘g‘gﬁtﬁd“f%ention
provi des cont r @b ofhe rema@ tvessel wRbREsessepatg@depiced of fiesidhl te pdiiit kimingof iy ocessi ng
efficiency . Pgsitionin operat.ion of tQrs
ot ovi des Tor e gty b aE PGB A hBRelln oo RAZ R B ARUELBAA |
required, as wpisitionglasms aprsewiraies togdwife secendayaer astntrd gricessing dould tienesit and
force the slagydQ ifhiso plmft itlide! &%ﬁlﬁn@tﬁ@hﬁé’ﬂ:@ﬁa&ﬂ%ﬁla@%&ﬁ&%l%tﬂ@&? bl e

product gas tenperatidre at the product gas exlt por Most™ conpl et e

br eakdown of wekfmert sl songitioning: SerendaRPEIceing assistange fom hsdnoveable plasmy h
tenperature pr%Mﬂﬁ%&ﬁﬁb@@hﬁ@oﬂ&wﬁnﬁ?ﬂo&&sﬂ@bﬁpﬁ&@&&ﬁ he entire
peri phery of the rg&gtor vessel to.ensur.e that all. |?§l§t wast e agnd/ or
hazar dous mat efespeted hanges i erpigal gompofifion phgragteristics of the pwtwasteand{of o 1 osent
i nvention, t hehdzanied mpedalt Sigyropdidoming isesentiajpreasure that theklag exiiporremainpr ocessi ng
are provided i r r . O ' |- f r r vessel
w t h angul ar d%e%@ngﬁﬁ@%%%%ﬁ@fg%mﬁ@ﬁ@%@ﬁ%@hﬁa‘%ﬁ m%iﬂﬁég&to%m%g%%gt their
pl asma pl umes aspoisivledp guapt against theposiilitythit samecinpmpletslyt priesessed tagesial maynper at ur e
coverage of thﬁadv%ﬁ&ﬂ%%s%?&&ofﬁ&@f&ol rqggﬂglgnﬁ?'sﬁé%%%mr@%ﬁ;axesse'-

The focal point of the plasnmd arc plunes | “hese pl asma "arc generators
i s preferably $PKagsgHEype eneritcd On ¢ sputigyons bagis at{hs discrapipmof ghe/apratay 7

PCT/ CA2004/ 000fbask] 13 v bdactorhasiyl phsitalesih dharateisicilofiefmidd by@ ensure the
mai nt enance of _the Q timal high tenperature processing zone as well as to
preol tory

I nduce advant a patterns around the entire reactor vessel.
The nmoveabl e plgggia ar GgRN&E Helfical onBbsftoli GARL Vs Bofitlzdrdbul Hferial
stream to be processed. The internal configuration and size of the reactor vessel are
dictated by the operational characteristics through analyses of the input waste stream to be
processed.

[0054] Secondly, the plasma arc generators. The plasma arc generators must be
positioned within the reactor vessel at the desired depth in order to concentrate the high
temperature processing zone where it will be most effective, while at the same time
minimizing plasma arc generaior heat loses.

[0055] Thirdly, the position and orientation of the plasma arc generators. The
plasma arc generators must be positioned, and their plasma heat must be directed, in sach a
way as to ensure an adequate travel path for all gaseous molecules produced. This is to
maintain a sufficient residence time in the high temperature processing zone to guarantee
their full decomposition, and conversion into the smallest and most non-polinting
molecales,




top of the reactor vessel and possesses three degrees of freedomto permt
aimng of its plasnma arc plune at, or around, the intersection of the

pl asma arc plunes fromthe faced position plasm are generators to provi de
secondary, or assisted processing should the need arise. |t nma | so

permt ai m W§2HBY plune towards the slag pool at, OFCIATAFMED 1§%e sl ag
exit port for slag conditioning. Secondary processing assistance fromthe
noveabl e plasna arc generator is advant &eous through periods of |owering
processing tenperature due to unexpected changes in the chem cal
conposition cha‘h5 teri stlcs gélethe I nput waste and/or hazardous materi al .

Sl ag conditi onif s es¥ Rogitign, etigntatipnyand npmber of thepresessadditive r enmi ns
open through t hgectianurisThe frocss ANitived adubi®e ififet Olerd ey 4ill chfieMadi N the sl ag

as hormgeneouseﬁacis 53%3%‘#‘% g‘? uard .a gé{r}%}l{% possibility that sone

I nconpl etel y- processe ly make its way out of the
react or vessel |ng S S0 e ffokd s %Q s may be
operated on a contl nuous basi s at t ﬁycre%lggn pe‘{p%f{%l [ 0052]
The reactor ve®edforgnd s %WOWéﬁQﬁﬂmmqnﬁﬂwbat@ﬂu@tmmmeby a

number of fact @b ardlTabitiandiPQBBhshink i Ubsited AdWPark AETPebRle EREIRAGH fhd 9510“ the
wast e and/ or hgﬁardous mat eri.al gtreamto he rocessed The 1 ntern

confi guration Hiedest possible caepropyise gfa

oper at i onal chmnq:emmramﬂle;!?,e b&yﬁg@t&wpﬂ&h&@ﬁﬁesﬁﬁgidﬂe higﬂlwﬂipefdﬁﬁats& streamto
be processed. !”|Eg8 Ia ma_arc generat.or sma arc
generators nus é%%‘%e%’l ohg %?i%ﬁ@?’“ F‘f‘?ff ﬁ%lp‘lf ired
.depth in orderpmtmmw@rmmwmmmmmmmmmﬂmone wher e

't will be noSkagldaGhind 5‘5 vebgthe same tine Tninifflizin o plasm
arc generator heat Ioses [00 °thh| rdly, the position and orientation of

the plasma arc gﬂn&i’ﬂﬂ&&ﬁtﬁpomﬂiﬂﬁﬂi&'ﬁ&gﬁlo@de?to%@lﬂ@ife%nﬁﬁ&aﬁ&%?g&ﬂ Gral@S1 L1 oned,
and their plasma heat nust be directed, in such a way as to ensure an

adequate travel pRatfull ieltingand hapapedaatomnfideclabadd pr oduced. This is to
maintain a sufficient residence time in the high tenperature processing
zone to guarant ed- Hipigyzatin pf F"hm@m"tlon and conversion into the

smal | est and non mol ecul es. WD 2004/ 072547

PCT/ CA2004/ 000 14 [@W@E’ Prpdes o ApPesg side wauntedplasing e geveratarid nunber

of the pr OceSSwﬂhichnterhl& angular displacement and a combined plasma arc plume fixed focal point
close to the center of the input waste and/or hazardous material stream. The angular
displacement provides for turbulence within the input waste and the generated product gas
substantially to assist in the efficiency of processing. The fixed focal point generates a total
Wall of high temperature processing zone through which all elements of the input waste are
forced to pass.

=,

[0059] The embodiment includes a top mounted plasma arc generator with three
degrees of freedom fo permit the plasma arc plume from this generator to be directed to
supply plasma heat in support of the side mounted processing plasma arc generators, or to
be directed to be concentrated on the slag pool at and around the slag exit port. This plasma
arc generator is mounted at the rear of the reactor vesse!, diametrically opposite to the
incoming waste front and in close proximity to the by-product exit ports to ensure the
maintenance of the full required processing temperature for both of the process by-
products.




I njection ports. The process additives nust be injected where they wl|
ensure nost efficient reaction to achieve the desired conversion result

[ 00571 The waste feed |ocation, the plasnma arc generators insertion depth,
their position and orientation, and the position, orientation and nunber
of the proc¥83004@%5Y7i ve ports are all inportant in eRAHAPLING he
desired flow and tenperature distribution features that are critical in
mnimzing refractory erosion.with the b¥st possible conprom se of a
tenperature profile, i.e. very high tenperature processing zone, high
tenperature sla mel ti ng/ tappi ng zone and_nedium tenperature gas exit This

general i zed ded®%pt i onThsrembprdimentinglydes o plurplity/of ingwt vegis fepdparia ralsrint ed by an
by ect v of 1 oy htiiel dicidics Py ke iits WAk UARoM oo bl GER

obj ective of 1. fu econposi t.L on o e waste in.order to achi eve

o st on oPtisblerd EER i e e G E A OB S Bt he -
slag, and 3. nplamb g fioh thosiis idinttiiismk as@enerdtd$)58] The enbodi ment

i ncl udes two opposing side nmounted plasnma are generators wth center |ine
angul ar di spl afi®tnt anthezmboditent indlugdss slapexitpor anl productigaxadletcomiait poi nt

close to the Caghliofl obddicd il el At fo ANM B mBARHAh IAH ok R bith st T €M
The angul ar di spl acehent provides for turbulence within the |ni)ut wast e

and the gener afdd ad $A8e9Es Pragess by Prdugsier payimym prgcessing edficigngy fo P ci ency of
processing. Theodsfii@! dds@ectibn. IRk Bds oBfI CUnAKIES vertidally Silsitiondd hd iOdonfidrdd for
tenperature processjn ?’égnedthr%u%gbv\hl cﬁqs%lﬁugl gmené}g of the.input waste
are forced toaﬁ?;fs"?”? eqndugive Torapshosne solids 1o Yl Pepk o the readtor YE§HAY 9 pl asma
are generat or wpiokedttd beheg canlied)owe efthofeadior oesdd with the priting gas.t he pl asma arc pl une
fromthis generator to be directed to supply plasnma heat in support of the
si de nount ed plWedssi ngTisi cmbediment inclydes @ phiralityss.s.omw to three process pdditivedipato be
concentrat ed OBokdt6r sithShiRAM, thile pRRChefE iriiichNRoShad %o BrtbisicRRinto thd N1 S Pl asma

arc generator is nmounted at the rear _of the réactor vessel, dianetrically
opposite to thmmmr%%mﬁmmtaﬂ’apml‘&sw@w%www%ﬁ%e

by- product exi thep@kfobvesgel. ensue the mai ntenance of the full required
processi ng tenperature for both of the process by- products. WO 2004/ 072547
PCT/ CA2004/ 0001®83] 15 [ UigGfhbodinent dwlodul ia plardlity] e upde Sivepprpdessragdditiveinmk | nput

waste feed por Eﬁn-stth aﬁ%j%ﬁoﬁ, these ports being strategically located in and around the reactor
vessel to ensure fisll coverage of process additives into the processing zone.

[0064] The embodiment includes a flanged lower section of the reactor vessel
which is connected to a flanged main section of the reactor vessel to facilitate opening of
the reactor vessel for refractory inspection and repair as the need might arise.

[0D65] The embodiment includes a layer of up to seventeen inches, or more, of
specially selected refractory lining throughout the entire reactor vessel to ensure maximum
retention of processing heat while being impervious to chemical reaction from the input
waste stream and processing intermediate chemical constituents.

[0066) The embodiment includes a plurality, e.g., up to four, CCTV poris to
maintain operator full visibility of all aspects of processing. '

[0067] The type and quantity of the process additives are very carefully selected to
optimize input waste hazardous constituent destruction while maintaining adherence to
regulatory authority emission limits and minimizing operating costs. Steam input ensures
sufficient free oxygen and hydrogen to maximize the conversion of decomposed elements




any physical characteristics of the input waste and/or hazardous waste
materials, each of which feed directly into the high tenperature
processi ng zone focal area as created by the plasma arc plunes fromthe

si de nount ed plasna arc generators. 100611 The enbodi nent includes sl ag
exit port angd W8ttt gas outlet conduit dianetrical IRFEBEEHNEY o t he
feed ports to ensure the maxi num path possible for both the solid and
gaseous process by-products for maxi mum pfocessing efficiency for hazardous
constituent destruction. This gas outlet conduit is vertically positioned
and is conflgur?ﬁ%for a gas, exit yelocity conducive for airborne solids to

fall back into? s pnder nogiazandans coPYRLS A pptassis iyt of t he
react or vessel pm&ﬁngémmﬁwﬁmangnmmmbﬂ%&&mﬂbﬁve&mﬂw&ﬂﬂ%sm%ﬁ& a

plurality, e. 9 car hedhRGEs S addi tive inpu orts, for steam
i nj ection, theseb&'gm%Ej [n%'mng EOPATEG POLTTRE o vfthgegf“?"é‘@f‘g eaminto the
hi gh tenper at ur@%emMmmsmﬂemmanmWfMMmsmblﬁlmdmﬂ pri or

to its exit fr%nrnglhgcaﬁ@ﬁéd%lmty rHERERE TR plobSlaides 2

plurality, e flve rocess ad |ve | nput ~ ports arr
i nj ection, t he?@e W“P@fB'él“W@ﬁeré'gfeﬁﬂy P?abh%@éﬂswmmmndﬁfdm

reactor  vessekeldteigighiéch piadhh aré ﬁ%ﬁ%hﬂéenﬁﬁﬂﬁﬁ:%%v&ﬂﬂﬂr&cbéé%esnﬂlto the

processi ng zone. [ 00 he enb dlnent i-ncl udes a fl ower section of
t he reactor ve‘é’%pé‘{’ WIJOE ﬁ@@?@ﬁ“@@%@é‘?@@ﬁ“ﬁ‘ﬁ‘%ﬂ%@ﬁ“ﬁbﬁn bf the

react or vessel mmmwmgmﬁtmofmmmessel for reffactory
i nspection and r galr as the need mght arise. [0065] The enbodi nent
‘includes a | ay868f up ¥basbespdonnd dmough whesycars of plasme gasifibatios pecéssing thats el ect ed

refractory Ii nﬂ@gmgmwm% Méﬂ%émﬂa?»%%ﬁ ¢ %gﬁgﬁlgiemgam mum

retention of processing heat mhlle bei ng ImMpervious to C reaction

from the i nput “mifHuTate ef poliufing glaments. Béb%tsﬁ@dmﬂm@am@m@m drich
constituents. hddio fheir e RBORhdIR Fbssdl BAd B the itk igite) I hk blenfodtid t O four,

CCTV ports to i.ntai.n er ator, ful V|S|b|I|t of aII as ects of
processi ng. S%N%m'ﬂ ‘@"Bﬂé“ %m EX §hes are very

careful l'y sel e@u@mmprmstmmmmbmmgmmmmm

destruction while. nBl atal r au em ssi on
limts and m n*’ér{?m ng ope@g?gmgg%gglg{a%@%é‘hrﬁ%%m é ?@Wai cient free
oxygen and hydbasejian for an sesspiabie fencetimtionin oesordpnsn wish regdagtoyrpubedly el enents WO
2004/ 072547 PClhaOaiatXBd Bdation of processing. Thereafier, real-time feedback of opacity

within the product gas piping provides a mechanism for automation of process additive
input rates, primarily steam, to maintain the level of particulate matter below the maximum
allowable concentration.

[0069] In order to optimize the operation of the opacity monitors, it is desirable to
mainfain sensor elements which are free of deposits therein to ensure accuracy of readings.
The prevention of deposition on the sensor elements is achieved by either of two methods:’
firstly, the provision of a small amount of nitrogen across the face of each element to
prevent airborne particles from setling; secondly, the maintenance of a slightly negative
pressure in thxs portion of the gas handling system to ensure airbome particles are drawn
past the sensor elements. Typically, nitrogen is used nnless it will be detrimental to the
chemical composition of the gas stream depending on the waste stream being processed
and the potential use to be made of the gas on exit.




16 of the input waste into fuel gas and/or non-hazardous conpounds. Air

I nput assists in processing chem stry bal ancing to maxi m ze carbon
conversion to a fuel gas (mnimze free carbon) and to naintain the

opti mum processing tenperatures while mnaimzing the relatively high cost
pl asma are Wﬂﬁﬁf’f‘mﬁ’éﬁ’t The quantity of both additives §F"tUYIMIEHed and
very rigidly controlled as identified by the outputs for the waste stream
bei ng processed. The anmount of air injebtion is very carefully established
to ensure a maxi mumtrade-off for relatively high cost plasma are input

heat while ensuring the_overal rocess, does not . approach any of the
undesirabl e prg@zgs chaﬁ&%ﬁbﬁ%%%&ﬁf%‘ﬂwﬁq“ﬂ%wﬂ% and

whi | e neeti ng astdonuftie@eactogprvides Grrite sase nf indpadtida aiiyemir of herchagal; lisingea.

[0068] It has f hr NV [ {,. Dl sification

processi ng tha%%ﬁfﬁeg&%u%'%whtﬂ&%%&ﬁg? ersg‘r%ﬁgf’%g“ 31‘5%‘?& as stream
has a direct remctimenpiongfomearahibdetesioiation st it aug withstaed higher tnperatugsent s.
Pol | utant s tenﬁoﬁg‘eq,gggﬁ‘ﬁa'rl‘,igg? §eh&&kbx§raﬁ‘d %ﬁﬁuouﬁmn%tac‘? ﬁ@t %%ﬁ%tt heir exit

fromthe reactor_ vessel rough the exhaust pipin I een found
that m ni ni zi ngoltelagnihemitaeiery inhe lowernseptipn iethqreiproidpsignefbio gensisikafa g al so
m'hni nizes t?ﬁ dﬁﬁﬂw%ﬂﬁw%ﬁﬁa{)@mﬂi@?hﬁﬂ&ﬂy%ﬂﬁ&&fmﬁé@wmuﬁi r&ei erm ni ng
changes in the amount o articulate nmatter i eamis to

noni tor the gagx@téeé?ﬁegﬁcé P %ﬁﬂgé@t%ﬁng’ﬁmﬁe%‘iwﬁgé%?&a?@é'&ept abl e
concentration iiffematcbotdfaraTefravdnnior the lowat section aatt Ha aratlé with RADREX COMPaTs Wi t hi n

the location o @rvagfssi ng. Thereafter, real-tinme feedback of opacity
within the product "gas piping provides a nechani smfor autonmation of

process additi}mmi NPUt miofiefboinkdiR i oéveP $eBiR may A1s6BH Wikt bdbidahe | evel  of
particul ate matter bel ow the maxi rum all owabl e Concentration. [0069] In

order to opti nPerablydtrgpehhecmisrshef}, to nrevensghanng] deferinration of the refrgctoryjesi rabl e to
ggi:ﬂﬁ ZLS 21‘en?gaoii narsmmc'?'tﬁwefeve fﬁl'ain of depo it:bhﬁ on t%e sengi?rihsglrgrrents
i s achi eved byp@f?ﬁ%faﬂwﬁo\%e%‘i"ﬂgh%wwg%@ﬁ OHF%EWWF’%?'&HP@VM% snal |
anmount of nitrﬁgdﬁm;&rwﬁu@ﬂdmmmﬂatembesﬂgmfmﬂadmmﬂjngm&m@mbﬂhorne

particles fromgsettling. secondly, the maintenance of a slightly negative
pressure in this portion of the gas handling systemto ensure airborne.

particles are gy PamboddentRERRMbe AoRHRA iFoued P Hbd oferatliuhl” 00EN 1S Used

unless it will be detrinental to the chem cal "conposition of the gas
st ream dependi fIragHrTtsH TadqrvessThpIoEIs Fhangeagdgable to pppnroptimpldecdnt | al  use

to be nade of tdnginf@Svasiosieh themical characteristic changes or constrictions in the product gas
handling system due to the build up of solid deposits; reactor vessel and product gas
temperature changes attributable to a non-optimal feed rate or input waste stream chemical
characteristic changes; and product Igas opacity reading increases attributable to non-
optimal processing and/or input waste stream chemiical characteristic changes.
[0073] Other embodiments of the present invention may include varying numbers
of plasma arc generators, steam injection ports, air injection ports and CCTV ports
depending on the waste stream under consideration and the desired operational
characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074} Embodiments of the present invention will now be described, by way of
example only, with reference to the attached Figures, wherein:




WO 2004/ 072547 PCT/ CA2004/ 000183 17 [0070] The flanged | ower section which
is connected to the flanged main upper section of the reactor provides for
the ease of inspection and repair of the refractory lining as the need

m ght arise. The refractory lining in the bottom section of the reactor
vessel is WORWYRBFI prone to wear and deterioration SCHEEMOHOMIRS:

W t hstand hi gher tenperatures fromthe operating plasnma arc generators and
it is continuously in contact with the ht8 nolten slag. The refractory in
the |l ower section is, therefore designed to consist of a nore durable "hot
face" refractory than the refractory on the reactor vessel walls and top.

For exanple, the riB6rkise epniraldmmeitudinal gosp-secionof the pelpetarythived reastor wessebplD) ER

RK30 brick, anqlmémodﬂeﬁtfoggﬂggw{d}g{ep}@&gﬁvgng{,ﬂ;actory for the | ower section
can be made with RADEX COWPAC- FLO V253. [.0071] In other enbodinents, the

| ower section may a&HIGQ ibesitedng Feacisdhentl, viewuf éleesfabloty-linkd @atgit vésket oD Ut er
shell, to prev abnormal . det egi orati.on he refractory Ilining. A
duplicate | omﬁé‘éﬂﬁ%ﬁ%ﬁ%% eg'ééﬁngr?g'tlgg%r%éd to facilitate faster return
of the processing #acith piaﬁgi@i?%ftﬁ&f fheddietof REQUERIRE! dn@dS Of

Vi

refractory repair or to pr for alternate construction to accommodate
LF))r ocessing of Imore Eig!ﬁ@d%i&gelarﬂlﬂidnﬂﬁcﬁéﬁhﬁhmw (?‘onée%ﬂié&miéﬁ' %fﬁ%[@héi@fi”s- [0072]
rocess control_nmay _be.auto 0 u ree operatio

characteristi c® Ww&g@@%@- eﬂ?ﬁ%@ﬁ‘f"@"@f’?ﬁ%&%@f’f?ﬂ@%t able to a
non- opti mal f e@cksent iatemtion; nput waste stream chemi cal characteristic changes
or constrictions in the product gas handling systemdue to the build up of

solid deposits; reddfotisqbledediagsamshpwingthie pvesdlpreapigstion pEohermigal progesges

‘attributable t QinfilaBOH icORihd'® thefpRBeh nddBio®r | NPUt waste stream chem cal
characteristic changes; and product gas opacity readi ng increases

attributabl e to norFIGOgi h high-lepé! H6w Sl 3fovaitthodhedniofl prockya silndlaret Blewkiia chem cal
characteristic cha gﬁﬁ. é Q73] Ot her enbodi nents of the present invention
may i ncl ude va%}“ﬁg i) of plasma arc generators, steaminjection

ports, air injecti “9‘%‘”%1' %np : q,’i.%gz&l t‘é‘ﬁ@aﬁ:ﬁ]r tream
under considerati o?}gﬁﬁé%ﬁq esir Qs%é‘%lg%tlhgﬁ%@ char a@%éitllﬁestl S. BRI EF
DESCRI PTI ON OF and-iynpipmpdebsimplationsp-corting e fhapresest ipventioneandr esent i nventi on

i 11 no i f
W now be descri bﬁg’ 8 1153 X@Iegel flow chart showing the dynamic model simulator block in
figure 7 in more detail.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0075} One embodiment of an aspect of the preseﬁt invention includes three plasma
arc generators mounted in a cylindrical, refractory-lined reactor vessel with sloping top, as
depicted in FIG. 1, FIG. 2 and FIG. 3, and as will be described in detail hereinafter. As
seen therein, the cylindrical vessel 10 comprises a shell 12 in two sections, upper section
16 and lower section 18, each of which is lined with a refractory material 14U in upper
section 16 and 14L in lower section 18. Examples of suitable refractory materials include
ceramic blanket, insulating firebrick and high alumina hot face brick, possibly with smaller
amounts of chromium oxide, zirconium oxide or magnesium oxide,

{0076] As previously discussed, the lower section 18 of the vessel 10 is subject to
more degrading environments and so the refractory material 14L is a much more robust




exanple only, with reference to the attached Figures, wherein: WO

2004/ 072547 PCT/ CA2004/000183 18 FIG 1 is a central |ongitudinal
cross-section of the refractory-lined reactor vessel of one enbodi nent of
an aspect of the present invention; FIG 2 is a side and rear isonetric

vi ew of t heWP@IMAESHry-1ined reactor vessel of FIG 1,PGF4A08E%9%Y y showi ng
the inlet and outlet ports; FIG 3 is a top plan view of the
refractory-lined reactor vessel of FIG Band FIG 4 is a side el evational
schematic view of one enbodi mrent of an opacity nonitor formng a part of

the refractory-1ine vessel of embodinents of aspects of the present
i nvention; FI Grefigetpy mgtegipl gemplenofisugi maaespbystrefartorymaipddly inabidg HEPEER! i on of

chem cal procemoﬂmgnekm@}@gcmomg_present invention; FIG 6 is
a high-level flow chart showi ng the chem cal process simulator bl ock in

figure 5 in nof@7det ai | TheFkdsel 13 is ppovidel ith K sdiitl wastelind OF Riziribie WiakkGali@ over al |

t d | di t
the-pr ecent i P26 EREHAN SaecAlbart b eSc AR arBiat hlepl Bl ififng t b
dynami ¢ nodel WMZamWﬁﬂlé@kﬂmpmﬁd@mmammmmwdml PTI ON OF
PREFERRED ENVBOR|Mchilor, hQQZs'é& 16 Gr P B, a%rp%s ﬁnbgum egézﬁg&g,tlga%lin%r esent

i nvention includes three asma are gener yl''ndri cal ,
refractory- |.n&?¢@ﬁ&%mv%ﬁ§h sl opi ng top, as depicted in FIG 1,

FIG 2 and FIG and gs, w.l.| be descri i n det herei nafter. As - seen
therein, the cwﬁﬂdrl c al e g po ‘g rp“é‘%g' d‘f‘?‘“{ﬁ\“"t%"gé@f‘l ons,
upper section allﬁﬂwmttsBa\%esesmnﬂetmrtsBBareemﬁgmﬂyMtﬁhombihmﬁbmﬂhfa

refractory mat ﬁfeaa.gkroqaéy ﬁxjac%s?n(ﬁzggety'l‘ ] l%ﬁ Se@itlon 18.

Exanpl es of suit ere rac ory erla
insul ating fi renmw,laﬂusqnbgﬁmgnum%atemwemwmsmprm@gmmsmmh smal | er

revi ousl y S?Lgﬁgﬁﬂ?‘f% il WL il RARES R Mot 00 T
nore degr adi ng IS PERCFIES Zme for gaximpum percesging effigiencyand blapkets the producs nuch
nore robust WOgR0# it bt the Péadiof ARG A Bl conversion of any remaining un-

reacted carbon with the additional result that the endothermic reaction cools the product

gas to the desired level just prior to its exit from the reactor vessel. In addition, a plurality,

in this embodiment, four, CCTV inspection ports 34, are provided. These CCTV inspection

ports 34 are strategically located to ensure that the operator has complete and continuous

visibility of all aspects of the processing.

[0079] Two sets of plasma arc generators are provided. The firss set is a fixed set
of, in this embodiment, two, diametrically-opposed, side-mounted, fixed plasma arc
generators 36 with center line angular displacement so as to point their plasma arc plumes
to a focal point. The second set is a single top mounted plasma arc generator 38 with three
degrees of fieedom of movement, as shown by the arrows,

[6080] The cylindrical vessel 10 is provided with a sloping top 40. This sloping top
40 is provided to ensure that the top mounted plasma arc generator 38 can deliver its heat
fully and efficiently to the required areas by means of the plasma arc generator within the
reactor vessel. As shown, a zone 42 constitutes the extremely high temperature processing
Zone.




19 refractory material. Exanples of such nore robust refractorymaterials
i nclude DIDIER DI DOFLO 89CR and RADEX COWVPAC- FLO V253. [00771 The vessel
10 is provided with a solid waste and/or hazardous nmaterial inlet feed

port 20, and with two spaced-apart |iquid waste and/or_hazardous materi al

feed inlet WAME™T The vessel 10 is al so provided wh§HCA2004/000183
refractory-lined gas outlet conduit 24. Furthernore, the vessel 10 is

provided with a slag pool collection zon@026, and, leading therefrom a
sl ag extraction port 28. [0078] Further inlet ports incI ude a plurality, in

this enbodi ment, five, aced-a art air | et rt These a I nl et
ports 30 are stifg8ik kgi caﬁ‘%?mlhﬂ E{PF sﬁelié ﬁ“ﬂb‘lﬁ the fact 1*‘if’ie air
process addi ti i ibked phrelSoftitacactof vessel idyde eGaiad frbﬁmr&ﬂﬁndﬂmﬂtﬁmmctor
efficiency. Al so r.al |nth| n thr steaml ection
ports 32 are prvo ?130 lnﬁy tb%ﬁlﬁm &:(ﬁll ﬁﬂﬁ%eﬁﬂ}s "rg?rlp é€ cally
| ocated to ensu:rcaudedmntenalﬂﬁhsazdneﬂzm@mfﬂpwm@smsaudbepmatetbtoammwb t he

processi ng zon %ﬁ% chsm ng efficiency, and bl ankets the product
gas at its exit rom reactor vessel to achieve total conversion of any

remai ni ng un- rggsef ed CandRRodvisiel 1O s@petiddionfak 48 esul t that the '
endot herm ¢ reaction cools the product gas to the desired |evel just prior

toits exit frqmsshe reashmm\maeﬁebﬂeegdmgﬁmmsmmcdnymtzmm thi S

enbodi nment , Y Sy d

I nspection &F“e%ra@e&%aﬁ%epg?‘%gﬂy ho"é'% e su?ggr?%qﬁg&fw oper at or
has conpl ete ammﬁemhrdwmmﬂmdymvm% mgofshﬂrﬁpmmqbﬂnmm ng.
[0079] Two set spéify a&b%ﬂ?gﬂ@ﬁ Ere%@@éoﬁfe@%?SSaA?thQEﬁféing@ﬂsoﬁﬁ@ pfaaé{y%ﬁonﬁﬁi I's a

fixed set off |n t hi s enbodi nment di anetri cal | y- oppose
si de- mount ed, 3 »@é@lﬁ?ﬁgnﬁ%ﬁl@eﬂ@é%@rdaﬁwg%efmmgﬁn@éﬁw GRATtiCHISNs ar

di spl acenent  sGroafdep@diting bithe inkitd faced bABEBpadityGnddithi seror dietheits 54941s56p0i nt . The
second set is a single top nounted plasma are generator 38 with three

degrees of fredoiid) of nakenmivtly, onin cosjonetiodhiertwith, aslightiynegali GBS durd Aome

cylindrical ve )l ng top
40 is provi ded%?%aggligﬁe#@)ﬁﬁgﬁpﬂﬁ%pﬁe&n@an{ﬁgﬂ%tgﬁ%d%%sm%%&r%tr%{;%? 38 can
deliver its hemqf@q@a%$n@ffﬁh@ﬁﬁqﬁ4|ayd5@ the required areas by nmeans of

the plasma arc generator within the reactor vessel. As shown, a zone 42
constitutes the extrenely high tenperature processing zone. WO 2004/ 072547

PCT/ CA2004/ 000 R A TION OF PREFERRED EMBODIMENT

[0085] The operation of the plasma gasification reactor 10 commences with a fossil
fuel burner being inserted into the preheat burner port 46 in reactor vessel 10. After a
maximum temperature (e.g., 900°C) has been achieved in vessel 10 with this burner, the
burner is removed, the port 46, which permits entry of the preheat burner, is sealed and
plasma arc generators 36 and 38 are inserted and turned on to bring the total reactor vessel
temperature to the desired operation temperature (e.g., 1100°C or 1200°C depending on the
waste stream being processed). At this time, a predetermined flow of process additive
steam is established through steam ports 32 and a predetermined flow of process additive
air is established through air ports 30. The predetermined positions of the steams ports 32
and the air ports 30 are as determined by the temperature and flow dynamic model (to be
described hereinafter). Thereafter, the predetermined flow of both steam and air process
additives is as determined by the chemical stimulator (to be described hereinafier) for the
type of waste and/or hazardous material to be processed. Feeding of waste and/or




20 [0081] Two other desirable features of the reactor vessel 10 include:
the fact that the lower part 18 of the reactor vessel may be separated
fromthe remai nder of the reactor vessel 10. This is achieved by neans of
attachnment flanges 44. A preheat burner port 46 is provided to enable the
zone 42 i nsWeaop726He react or vessel to be preheat ed tEETLANMPOWESe jniti al
operating tenperature. [0082] The reactor vessel 10 is supported on rails
48. [0083] As seen in FIG 4, the outlet2igas energing fromgas outl et
conduit 24 is passed through product gas piping 50, which nounts the
opacity.nmonitor 52. The opacity nonitor 52 includes a transmtter 54 and a

recei ver 56. Pbezaidoyssnagstialinte vestobl (g tampampmenenddirquep solid vaste PastZd@REAT noni t or
52 are Water-Cﬁéﬂh@dastﬁméﬁz-degendﬁgsnﬁé%@m&edﬁ/&hmmusmmmgoni tor 52,

are nitrogen purge el énents e

to direct a_flow of nitr.ogen to
ai rborne part i EpstedJnPu FaTH BW%WW&W?@W glgeﬁ!femf? pacity

moni t or sensor ipeERRipiocading Ache 4Hto folHiBelien Adlid @rodadt knda pyoductizannTheonj unct i on

therewi.th, a slightly negative essure z 4 0.t he

b1 pi g 50 to kaEienolRRREl iFeblont 84 fofiiaihs sREpdtTsndBor ile Whallhid "7

of the opacity reilesmti itk extactedidd vaseill (BiroughBER AT aCien@Prt PRERERRACIENVBODI VENT

j [0085] The - alyl : ' bl ' nces
@g@{g&ghg%gg&g% Fkﬁtgz‘k! it BPbokbblsiviial o Hiplt GG S/of-RazbrAETE

with a fossil _ ] inserted 1nto the preheat burner port 46 in
react or vessel mhrialpnteips adequap FRermhof Sy faodueing eonptifuegts or ibesp b infemiteAle

Zghi %?dhi n vegs t%m&?tﬁ&%&v?ts?&&&l(bﬂfoﬂg{ga%bﬁﬁtoub&lﬁ_tmr'[ﬂc?refe%@md y dilncteh(e port

, ich permts entry g e preheat burner, is seale asma are
.generators 36 gﬁ%@%ﬂﬁ&g&ﬂg@lﬁl@@ﬂﬁf?&%ﬁﬁ%&eﬁlﬁyﬂ%ﬂsﬂgmﬁ'&? al reactor
‘'vessel t enper @todése additive hfeciagionell, mpte fiat dinprotessadditivetinjeatioq porig 30, ald GOC or
1200C dependin n .waste str aJo i e, a

pr edet er m ned ??%’W%%P%@é%’gp% 3?%%%13‘?%"3&%&%&@?%&@%@%%%&35& st eam
ports 32 and a npwibedef greavisradditiveliupnt prkts sidistated by thedimperatare agd flow dynamicab| i shed
thr ough i 1 POl el htaldfro BE GUEHES FEkdhR Ak Ridkiin thi\Gpridl pAcRR L S 32

and the air ports are-as y the tenperature and fl ow dynam c
nmodel (to be @BBEHKIHEY hereinafter). Thereafter, the predeternined flow of

D a0 BT RS b e Bl s Bl S5 2
hazar dous mat ehighlteniperatnes ppocessing 2ed 42 baass the gnidvé peniplneofshedéfoctoipdin®D 04/ 072547
PCT/ CAZ 004/ 000 ]i‘esa%tor vessel 10 between the input waste ports 20, 22, and the processing by-product outlet

conduit 24 for the product gas and slag extraction port 28 for the molten slag. Fixed plasma

arc generators 36 have a combined plasma arc plume focal point to ensure that the profile

of the high temperature processing zone 42 remains complete and optimal. Plasma ar¢

generator 38 has three degrees of freedom to permit it to add high temperature processing

assistance anywhere it is required within vesse! 10, ranging from heat assistance fo the

processing zone profile 42 created by plasma arc generators 36, to ensuring that the slag in

the slag pool collection area 26 is fully processed and slag exit port 28 is kept open dusing

all slag extraction periods.

[0087] The product gas on exit from reactor vessel 10 through outlet conduit 24
proceeds through product gas piping 50 and passes through opacity monitor 52. The
opacity monitor 52 provides a measure of the amount of airbome particulates in the product
' gas by communication between opacity monitor transmitter 54 and opacity monitor
receiver 56. Sections 58 of the piping which houses the opacity monitor 52 which contact




21 hazardous material into vessel 10 is then comenced through solid waste
port 20 and/or |liquid waste ports 22 depending on the type of waste and/or
hazardous material being processed. |Input waste and/or hazardous nateri al

I s deconpos % ithin the extrenely high tenperature processing zone 42 to
forma rmltg' zg%fq%f%roduct and a product gas. The nol$EHEY®HDHr oduct,
referred to as slag, flows to the sl'ag pool collection area 26 where it
resides until it is extracted fromvesseP210 through slag extraction port
28. Slag extraction through slag extraction port 28 can be conti nuous when

the i nput waste and/ oy hazardoys naferi al contﬂé{!ns adequat e apounts of

sl ag produci ng % Jé‘ﬁ‘@ﬂilgf’“éﬁ 2 PRIFLI5E- PRIERTORISE oS oPREE MepTuct gas
exits vessel 1@ahsmittifiangapaciptmbitior eaivdtifa ardrbt ovekiatpd. Blittipegflr@Ebodi ment  of
the refractory_ljned, pl asiLficatjon reactor vessel. 10 contains up to
three steam p ogeen%sdegﬁﬁlgg%\fg"?’ﬁf’ré’ﬂ’ﬂ S 8&35&5‘%?“@8"?*’6‘%‘?%0%n process
addi ti ve i nj ectiapmitgosensr J0qr on the oparity tonifoorereeGCENsor 5 wbich would fnpedes 34.

Q her enbodi meghsind M6is df‘%usﬁ’ Eﬁ?ﬁuﬁg%ﬁs&%’ t-“mgg : rocess

addi tive input Ia%%lrdfrs IS |ct%}gfglgy%§ the tenper at_ﬁ?’e an ’5?@%,\,!1\/93 nam ¢ nodel
simul ator (to Bueesc@cs gkl npgativeiPrsfurenra 64 samhedraintzived feprenentiaibartre opt i cal
operational  cpaticied i depdstific bGHBE thd pi@e) nidhitet BBnsiitier GRS B Meopatily PT OVi de

a consolidated front of an extrenely “high tenperatyre processing zone 42
or o0s t he- ent MBI eEFiR Bt 5 ThA oding FOrE ooy oo pL s Roed 6 S0RRUel 10
bet ween t he i npensolefis p@cgsorontsol Biiposd Proassslcdnltel iperectedthtongh ddiustiiemtdct out | et
conduit 24 for “}g extraction . port 28 for the nolten
.slag. Fixed pl a‘smﬂ&g%%%é%?%%%ﬁg%%a ave eg%’onl‘?%'imnedw%‘fha'gﬂﬁn’arc pl une
focal point toWh&WMMW%@Mmmaw@hﬁﬁmmm.a@r ocessi ng

zone 42 1 el Ny GRaRl @ o Bl Bl ThBSRR o o p9SBRIALAL A8 edBel " o0

degrees of freedgmto permt it to add t enperat ure procesSsi ng
assi st ance anyRidrdessdlopgis aquired within vessel 10, ranging from heat

assi stance to procgssing zane profile 42 created by plasma are

gener at or s 36,E'P'gslensur gP éﬁh‘?éﬁﬂ“ﬁ‘ﬂ“ﬁ“ﬁmq’ﬁ@dﬁﬂﬁmﬂﬁ i atalti on area
26 is fully pregpedsafgronessingwithin wxsel 10piroagh L TiVIndpegtibn peeB4.during all sl ag
extraction periods. [0087[ The product gas on exit fromreactor vessel 10

through out | et [®¥8%dui t Ispection arsrentir of fhe tagbr yorsdldeftactoyydining i1 47 argl 13D amnd
passes throughy ﬁ?&'ﬁﬁdmﬁy%m&ﬁzglﬁb?sec@&%'&%ﬁ%&%ﬁl% el 1895, 2
nmeasure of the anoupt. of ajrborne particulates 1n the product gas” by
conmuni cati on BETREEHS OISR PT IR 4%or transnitter 54 and opacity monitor

{60901 In order to more effectively assist in final design to ensure optimum reactor
vessel geometry, the physical characteristics and chemical composition of the input waste,
and the required throughput of the system. are taken into consideration.

{0091] Thus, according to aspects of the present invention, processing control is
exercised through continuous reactor vessel pressure and temperature monitoring plus
contimuous product gas flow rate and opacity monitoring,

(0092} A detailed assessment of the required processing characteristics for most
optimum destruction of the waste and/or hazardous material stream being processed
inchudes the following, the detailed assessment of which is provided by the proprietary
chemical simulator:

optimal operating characteristics including processing temperature required;




recei ver 56. Sections 58 of the piping which houses the opacity nonitor 52
whi ch contact WO 2004/ 072547 PCT/ CA2004/ 000183 22 the hot product gas

pi ping 50 are cooled, e.g., water cooled to ensure opacity nonitor
transmtter 54 and opacity nonitor receiver 56 are not overheated. N trogen
purge 60 pvewWeRsdeposition of any airborne particl EETAMAWIE) j hg on
the opacity nonitor transmtter sensor 54 or on the opacity nonitor

recei ver sensor 56, which would inpede 2pacity nonitor sensitivity and,
hence accuracy. Alternatively, instead of the nitrogen purges 60, a
slightly negative pressure area 64 can-be nmaintained to prevent airborne
particles from deposi t Pragechsps gyaptity and qugityghamptenstipgipglading theamqeitpf t er  sensor
52 or the opackgdeygy withiniap be fobiBbbl&froai #NSOr 56. The reading from opacity
nonitor 52 is passed to a control console for process control purposes.
Process control is effthetiethidahsompapition df dinients vhich fnakesipdigprddug\gas, at e t hr ough
st eam process, additive injection ports 32, which, in turn, sinmultaneously
affects the air input thgentiy ofprecessradditvs rageirsids o .8.cstepm fanesteomplsiet s 30. Any
changes in st egivetkioRbf caldbPoatab@iAirbkidSmtithect i on into the process al so
affect the generated product gas flow rate. [0088] The -operator of the
system nmai ntai ns full medmeRnbfinvisaiisSinHeprddudtighsy of all aspects of
processing within vessel 10 through CCTV inspection ports 34. [0089]

| nspection and repair thfoughpst ackiemble witl the paticulas washestroany uddervionsidefiatioh; and 141
as required is facilitated by renpving | ower section 18 of refractory:
lined reactor vessel 1tptabgysierndenign charactristics Helading eptimym designferdowest costp0o01 | n
corder to nore gff ectively assist in final design to ensure optinumreactor
‘vessel geonetry, the physical characteristics and chem cal conposition of
the input waste, and bhgrodeguécoechblehr oughput of the systemare taken into
consideration. [0091] Thus, according to aspects of the present invention,
processi ng confdo8dl i s EiGes isias elicatornlioyrdiegsam ofitharhemicd arocess simalaior| pressure

and temeratur&mi%g%wﬁ% “ I vhd3td QbR achE iR Inp@ @ Spdrdi@ thebilife aNd

opacity nonitoring. ed assessnent of "the required processing

charact eri st i c P for gprimizatignmd sypempuipnt champeterizatins. dnput /et MosHsd/ or hazar dous

mat erial st r eaghddRicAgicPé be $aRelat WillFi MBS cleliftal ppdde® \WniBitor thaualpt ai | ed

assessnment of which i rovided by th roprietar chem.cal, si nul at or:
processr}ng f ctsoin order to e at ellanosp eﬂjic?ent an eﬁecgve sal process for

the particular waste stream under consideration. The chemical process simulator also serves
as a continuous monitoring tool to determine operational characteristics changes which
may be required by virtue of changes in the chemical composition of the input waste and/or
hazardous material stream.

[0094] FIG 6 is a high-level flow chart of the chemical process simulator of figure

5 showing its computational aspecis. In general, the simulator consists of three main
computational blocks:

@ An Ideal Reaction Model which calculates the ideal, steady state
equilibrium composition of the product gas, by minimizing the Gibbs free energy of the
product chemical species in adiabatic, isobaric equilibrium.

The principle of obtaining equilibrium reaction products for simple chemical systems by
Gibbs free energy minimization is well established and is often taught in introductory
chemistry courses. In the late 1960's, researchers at NASA developed a general Gibbs
minimization approach applicable to ﬁﬁding the equilibrium composition of arbitrarily




optimal operating characteristics including processing tenperature

requi red; WD 2004/ 072547 PCT/ CA2004/ 000183 23 product gas quantity and
quality characteristics including the anount of energy mhich nay be
recoverable fron1|t t he chem cal conposition of el enent make up the
pr oduct gas 0 287 'ﬁﬁ’antlty of process additives requi rl?a% A@""dmm“?t eam for
nost conplete conversion of carbon to a carbon nonoxi de fuel gas; the
anount of noisture in the product gas; t2 oughput achievable with the
particul ar waste stream under consideration; total system design

characteri.stics including optinum desi gn for I owesi cost ; products
recover abl e. [@’@%}’“ﬁﬂ}s@l the nggd te Wit peulibgyD F’Eg?‘“&f’n“’(ﬂp“gmg%‘hem cal
process simul atp Gm@ﬂ@“hﬂ@!%%%@d@ﬂdh&ymﬂ%ﬂhﬂ%@fﬂﬂﬁﬂﬁ
characterlzatlo i.n oeator i nter L€ n zation and
syst em out put Mg@'ﬁﬂ?ﬁ Wﬁ‘&“’h’i%? gg}ggs? mﬁé%% ¢t stics can
be varied at vaIubheuﬁothH 1 9od). cTﬂpublahuqnmn@smrmdMemtbwefermcvl ‘Bhgadealze

processi ng i npag %%ﬁﬁg ective
di sposal process d@c’g par'%ngﬁ]ﬁgaa)‘ﬁ\?\%é’t&eb&gt rmég&m under ‘consi der atiéon The
cheni cal procemmmpmmombwhgeﬂwoﬁg'md%mﬂwwmﬁwng tool to
det erm ne Operfi)}ddﬁﬁ’@bﬂﬁ)??{eéﬁﬁ&éy'a?&b&ﬁmﬁth&m%dﬂaaﬁﬂe TR habR i tRAYN&D Dy

virtue of changes 1 n the chem cal conpas), of tP nput wast e ang/ or
hazar dous mat erPrhe epimum ptal Gbis ATpe erersy.dwi Sﬁ“‘#ﬁ‘ﬁﬂmy % fo R RORGPlE O ¢ he
chemni cal pr oces5nseivitioh 8f @iss Bf baldnging fe clandaRbinputoanid batpaetp Gawtizonal aspect s.
In general, the,.sinulator consists of three main conputational blocks: (i)
An 1deal React iBH™f#8el which cal cul ates the i deal , steady state

‘equi | i brium corifjosj ti onAcﬁarhoh@epnsmdledegar@chbglmﬂntmmamwgOfﬂoet(@hﬂbs free

energy of the qw l'ibrium
F@?) %mogﬂleﬁﬁ@%um reactlon pro u?éoltoéi% Eanbye

The principle o ni ng ‘equil or sinple
chem cal syst emgmwng@mgtcpmme%? Wﬂlﬁ‘iﬂﬁ#ﬁﬂ”‘?&t ion is well established and

is often taught in introducto chem try rses. Int Iate 1960’ s,
researchers at tﬁ éﬂ‘&@ Livegas-phaseeth

Consequently, since solid carbon has been observed to fonm during operation of a plasma
gasification process, a separate model was developed to calculate C(s) formation rates.
Curves that predict the amount of C(s) subliming from a three phase gaseous system were
obtained from the book by Kyle, B. G., Chemical and Process Thermodynamics, 2% ed.,
Prentice Hall, New Jersey, 1992, which is incorporated herein by reference. These curves
were converted into a numerical finction that predicts the amount of solid carbon that will
form at a given Temperature, molar % of Hydrogen, and molar % of oxygen in the system.
Using this finction, the software calculates the amount of C(s) that is formed - this amount
is sent directly to the recombination section of the code, and is subtracted from the
elemental composition of the reactants. This revised elemental composition is used in the
subsequent non-ideal reaction model.

As a user-selectable option, this model is also used to recursiveljlr solve for the amount of
water that must be added to the system in order to eliminate the formation of solid Carbon.
Water is used for this application, becanse it contains both Hydrogen and Oxygen.
Increasing either relative to the amount of Carbon in the system decreases the formation of
C(s). Consequently, moisture is extremely effective in limiting the amount of C(s) formed,




m ni m zati on approach applicable to finding the equilibrium conposition of
arbitrarily WO 2004/ 072547 PCT/ CA2004/ 000183 24 | arge systens w thout the
need to wite equilibriumreactions is explained in a publication by
Gordon, S., and B.J. MBride: Conputer Programfor the Cal cul ation of

Conpl ex  Ch¥Ri2YU{O784 i | i bri um Conpositions with Appl i CaVFAYINISS Apal ysi s,
NASA Reference Publication 1311(1994). This publication is incorporated
herein by reference. The ideal reaction2hodel operates using this
approach, which a solution matrix is populated with the el enental

conposi tion of ctdon product. under consideration, along with each
product’s G bbSSS%(r%Qde nesrdé . @“ﬁ%%fﬁ?gﬁﬂ%&@ﬂ‘@@ EhieEsmarde. The matrix
i's then sol vedHyfiogent he m ni num total G bbs free energy, (while .
si mul t aneousl y yadbaic! iOselek Waled f nservation .of mass by
bal anci ng the el emnt@“ﬁ%ﬁ%@%gﬁ%&?%ﬁq@mg{y&ﬁ HSAE Toq”ﬁ?‘?‘\%%’?‘on. (ii)
A Car bon Depos Pt the fidmagerst elemgnfat eompasivanl However, hesaweradditionglfwaenis hdoed ol i d
Carbon C(s)) f%ﬁ@@h@%@@%%ﬁ&@%@ﬁ&&@ﬂﬁﬁ&&%&e soot

|

formati on by corqgari ng, t he input composition vs. equil'brium curves. As
i npl ement ed,  t ATCTCERSS o eamommt of water falculatethin g1y seps Sheameypiof paierse equi | i bri ae.
Consequent | y, edloutated fscilsb eetaimed iReduis, sboaiT @RbEsuREed With 18 1R dEhd Rgp@Per at i on

of a plasma 991?&@41 'Lﬁ%'ﬁ'a%rb ess separate nodel was devel oped to
orma wm&%@

calculate C(s) f ron rates. es that predict the anount of C(s)
subl i m ng fron{# three 4HNewidea RemtiosModet titich dvetrrinesalid ioam@df hethast he book by

Kyle, B. G, Chefletdnd dilfteldddf RISmid R L £S5, . Prentice Hall,
‘New Jersey, 1992, which |ﬁ_s incorporatﬁlé %éor?gﬁg}]&%lfsrgagﬁugﬁgeg%@"fhﬁwgg ®curves
were conver t ed®Rppkpt Sechomip thesystent by rcperigentallyaderived satios t Ehitapproximatesthe of sol i d
carbon that wi febult of fén¥omt defonioMifish oFSIHB-RhaA IS carBiR B ?{Hn%f;l lﬁé,ﬁq en, and
nmol ar % of oxy nig‘?‘ih system b)r’] this?alinctiopr? t he ocﬁ‘\%are
cal cul at es theél‘glﬁ'gf} eﬁ&“@%‘g sel“FPa"Fgﬁ ém(WF@Yé%%W@ﬁQ@mﬂnﬂi rectly
to the recombi befire these sremnirent with dlitecleailtal sprRsl BeeadbPthasiBubrian t he
el emental conmppsid N ants. Jhis revised el enental .conposition
is used in the su%@%ﬁien%gﬁwﬁggéﬂ%ég%ﬁaﬁ fion regefor, fracen odct abl e
opti on, ht hi s n@@?élly(ﬁ@;lzizf@rewﬁdOMOfth@mjnsibaledayﬁon@ievﬂ?efowthéyh&oaﬂmufm of
water that nusthelgecid dhBsch | g%’[%ﬁ jninate t. ormation
of solid Carbon. ~ \Vater is ?Js_edagor tEI syg‘gp |(£i:maé‘|%ot§?pl Jf%ﬁ%e‘gs‘ cont ai ns
bot h Hydr ogen SH8O%eH gEthe material.

[0095] The products of non-ideal reactions are subtracted from the elemental

composition available for ideal reactions. These products are passed to the recombination

stage of the software, whereas the balance of the elemental composition is passed to the

ideal reaction model. Thus, the sofiware computes the total inputs on an elemental basis;

splits the inpat between the three computational models; combines the results from the

three computational models; tabulates the results; and stores the results in a database.

[0096) Referring to the individual blocks within FIG, 6:
[0097] Input Parameters 101: Includes the waste composition (elemental molar %,

moisture content and heating value) and flow rate, the processing temperature and additives

including the capability to specify air from several avemues, oxygen, water, steam and the
range of iteration of any of the process inpats;

[0098] Decompogition Constituents 102: Each input to the plasma gasification
reactor is converted into elemental molar flows. The total molar flow of each element is




I ncreasing either relative to the anbunt of Carbon in the system decreases
the formation of C(s). Consequently, noisture is extrenely effective in
limting the amount of C(s) forned, WO 2004/ 072547 PCT/ CA2004/ 000183 25
since it decreases the anmount of Carbon in the systemrelative to both
Oxygen and WRZBMEFSH. \Wen this option is selected, tHETEAMIHOBE C(s)
formed is always zero, so it has no effect on the subsequent el enental
conposition. However, because additional 2evater is added to the reaction,
Hydrogen and Oxygen are added to the net el enental conposition in
accordance to the anmount of water calculated in this stedD The anmount of
wat er so cal cusednetic prmasy wisableforthe Beeeiprngiplogsioylatiopgogtingy desaribeds y pe
outputted withtheuiest of the results once calculations have been

conpl eted. (i ||) A Non-i deal Reaction Mdel which determ nes the amount of
met hane, acet Jo0®p andCdichysttion ®odéld03:iThe idedt readlion modek canoaly ofivd daephaseal as
cal cul ated by nmultiplying the anount of Carbon in the system by

experi ment al | y rehetidng. el separate canpuiliom blpghisthérefote dupleipated (as dedoribed faibayen - t ot al
deconposi tion of |ong-chain hydrocarbons or polyners ractlce such
mol ecul es deco@mnmeWMﬁmﬂsgthﬂ@&eW@i&m

hydr ocarbons) before these in tamreact w th other.  chem cal s_peC| es.
Because of t he topesiermythisgrleplation ean altgaatively by used g 2 geeursislooR o ieeie? within a
pl asma gasification reactor, a small fraCttSOqu& t hese hydrocarbons are

carried out of aP’HE“‘BFWYEPEF&thPQ%WWWE PP t hey are consuned. The
specific ratio sen de nd| ng th r oxi mat e
_physi cal conpquﬁ‘pﬁon o] 3%% u'g‘t(‘)i fo &b(%

H *" AP n-i deal
‘reactions are dntdomplaietreacliohs. cﬂimﬁslhhydeicaxbmsmlfonmdmppmmmmmth@/mduamfe for

| deal reaction EH% Sﬁﬁaﬁﬁéﬁdg%r‘ﬂ?‘%ﬁ%ﬂﬁe&ﬁ“& $sE FRANR Rk @ passit 20€ Of

t he software, reas e errent corrp05|t|on I's passed to
the ideal reacsmltkﬁmrommmnofﬁéwm@%mﬁoﬁém?’@t@mﬁlnputs on

an el enent al bmeﬁcmoﬁﬁlmtn&uﬁa&tumﬂhpﬁﬁ%ws&mk@ﬁebﬁwwmmahonal
nodel s; conmbines the results fromthe  three conpu atlonawgg)del S;

tabul ates the r@ghbeaalyzeduilicigndy o sliqw thegusy. Consegpently, values [ 0096]
Referring to thepdif@htaychih |51nﬂhiﬁﬁdté1amfafehbdﬂlﬂh§moﬁel FRMAW uskdiptifesdPar anet er s

101: I ncludes the vvaste ﬂ’é mant |sture cont ent
and heating val ™t W%&?dﬁofnethea “b“ff‘f’é"é’gsé or?ﬁ a%é%glf Pl reaslions it ves
stage. Thecompmmds formed in this siage are passed to the recombination stage, where
they are agglomerated with the remainder of the results;

[00101] Ideal Reaction Mode] 105: Calculates the compounds formed under ideal,
steady-state conditions;

{00102) Results Combiner 106: Combines the resolts from the C-Deposition Model
103, the Non-Ideal Reaction Model 104 and the Ideal Reaction Model 105; and

[00103) Tabulator & Formatter 107: Tabulates a calculated data in a format
convenient for export fo most other software. In practice, data is exported to a Microsoft
Excel worksheet, where the mass of each product, volume %, sensible heats, gas heating
valus, eleciricity heat input requirement and the selection of the plasma gasification
process optimal operating point based on specific energy and environmental considerations

are determined. The optimal operating point is the minimum processing energy required to
meet environmental emission reguirements.




i ncluding the capability to specify air fromseveral avenues, oxygen,

wat er, steamand the range of iteration of any of the process inputs;

[ 0098] Deconposition Constituents 102: Each input to the plasna
gasification reactor is converted into el enental nDIar1%%3 e tota

mol ar f1 ow WO BYUORSE enent is WO 2004/ 072547 PCT/ CA20047"db1Y or used as
the primary variable for the three principle calculation routines described
previously; [0099] C- Deposition Mddel 1037 The ideal reaction nodel can
only sol ve gas-phase reactions. A separate conputational block is

110 LR Rt Bt S I AR, 2
of soli rbo rmthis
cal cul ati on camaaih’eémbpmmbisammdelhhngwﬂﬂhenmlementémpfﬂmsmm ne the
amount of water, ng % {%%@ﬁ! ]

Non- | deal Reactlon%#’? K@ ates F‘Ee co‘ggoundp %%eegl L

i nconpl et e r eacllpwprediction pfihepmdudt g3s comporsisat esppatqtenpepatspindspasifigseof o t he

amount of  Car G dtnlcfs. BY 8RO yslelh wA RslfReted b dRRNindiRS drih8 OF daftoh 0S- These
rati os are sel ected based . on the &om mat e conposition _qof the waste, and

the current op%ﬁ“ﬁﬁ%@?‘!@&?ﬂmd s grerey balqpaeivas dexelened fosihe PlasBayf £ i i ent
in this appli cahdifvat %mewrﬁﬁwwm@m&m@wm be

anal yzed suffic allqw.their use tl ues derived
experimental |y ﬂff‘@‘ﬁl‘ém ‘ﬂé‘fhgr“i' agf- %‘w%&%&mﬁ%%"% . Elenents used
I n these reactcashomcanenmseraisr acted from the el enent al corrposi tion avail able
for the ideal reactions stage. The corrpounds formed in this stage are

passed to the rlB¥8%bi naFprpresubyigaces, glemental copopitien, andibamedypeaic BQPHHEh t he

remai nder of thg &M Lmﬁﬁ%&&dmbs@%@wm'aﬂrﬁwﬁw%mﬁamul ates the
conmpounds forned under, i deal Steﬂfdlélg te conditions 00102] Results

Conbi ner 106: BRI AELhE S wipqa ! fmues. &%ﬁgﬁwﬂhi%era 103, the
Non- | deal ReaCtmﬁmshbdﬁm&%chfdﬁ&dlﬁﬁﬁ{SMpMME% and [00103]

Tabul ator & For 07: Tabul.at ul: at r mat

conveni ent for g%ﬂ’%’%b ?‘mg’f eﬁmg%lﬁ%%é’ﬁ ?ﬁ E%J%P‘“@’é‘ ?glgtwggfs exported

to a M crosoft makcelahustaisolbs kiwin, Tygically tidis determinedin thedaborapnosbomb vol une %

sensi bl e heats @{h% ggn E%&Lﬁt@%pb&ﬂé%ﬁ%és&emm and
as gasifica

the selection o
from literature.

{00106] The plasma arc generator power requirement is calculated based on plasma
reactor vessel inputs and outputs, and plasma gasification conditions. Energy in to the
plasma reactor vessel is the sum of the energy supplied by the plasma arc generator and the
total enthalpy of the input waste into the plasma reactor vessel. Energy out is the sum of the
total enthalpy of output elements from the plasma reactor vessel and the heat loss through
the plasma reactor vessel walls. The total power required from the plasma arc generator is
the difference of the two, accounting for efficiency of the plastma arc generator itself

[00107) The chemical process simulator provides performance data on the plasma
gasification of wastes since its development integrated the existing extensive practical
database results. The complete simulator is in two discrete modules, the mass/elemental
balance of the system is derived using the previously described sofiware, whereas results
tabulated, and the energy balance of the system is derived using an Excel(™) worksheet.
The results worksheet is maintained as a separate module for three main reasons:




process optiml operating point based on specific energy and environnent al
considerations are determ ned. The optinmal operating point is the m ninmm
processing energy required to neet environnental emn ssion requirenments. WO
2004/ 072547 PCT/ CA2004/ 000183 27 [001041 Through the devel opnent of the
chem cal prY@a¥4OBFty| ator, the first step was the d&FSEOHHMANEr a
process nodel along with the inplenentation of the software and the

t her no- chem cal dat abase using the princ2®le of mnimzation of Gbb's free
energy to allow prediction of the product gas conponents at a specific
tenperature and specific set of input paraneters. A CGH O systemwas

i npl ement ed t o(@et er ni Fasilitatiog redused deyelopmentive: deposition. A cal cul ation

nmet hod for the energy bal ance was, devel gpedq for the as asi fi.cation
process to det &nine twweﬁﬁwm%%%wgém%ﬁﬁﬁgﬁat or for
gasification of nmuni ciwitloutIhd rieed fopsubgantibltaltexaion bfithesclbetuesnd| at ed to incl ude
ot her carbonaceous materials. [00105] For pure substances, el enental

conposi tion, ag ther nadijitating dataporphility integlocumrentsispreadshicsis prosentptinss 8 However
most waste materials %J:@{ﬂ@% Hating RS REE Tor bd¥ing e tapabliBiestitd aRf t €N
mul de. |

have unknown chem cal T : ) tHese cases the nolar ~ conposition of
the waste is detern netdmplaterispifs mass conposition which is readily

obtai ned by | aligyadiory skl worksiiedaloikaey therindgynainiR DEbPértlesivetht reddvardt or mat i on

of the waste mt%_wt al so he kg{))wn. icalllﬁ%i this.is termned in

t he | abor at ory 8% g 3oByte samapons. LPsiE CAASPIS WS

material, it i shedfASth@amsdyinihie ditsbafe ascinthdwith the dlkal epction owthdd deserthedir e.

[00106] The plaspa arc gener.at | : il | based on

‘pl asma  react oW@erﬁ%%ueflgﬁngwg%ﬁ?%nuﬁs, Hgl%t?{mg{ﬁgg%r%dgay icggd??’on

condi ti ons. EndlogputenProgrm foeCalpllationef Gomplex Ghemyiea Equilitnigm Compaesitioptsmdt he

ener gy suppl i e%ﬁgﬁ%&&%llﬂkﬁééﬁm%ﬁm@%%ﬁtﬁb&agl fich, NRSA RERfefde PARIcR@RINPY Of the
e el.

i nput waste int asma reactor Vess nergy_out is the sumof the

total enthal py 1811 &me j6: wdipmeanqrate-hereinbyselarensy. Thesgthegmo | and the
heat | 0ss thr oygdpertibdtee 1RbR GFBthér HRh biridaNSReBRodyHilit Salculblishs tofeRtmifome r
required fromthe plas arc E%Fner. tar is. the, dif ererh%gng{)f tlhe %jfo
account i ng for Ofmlf quesgy bajangg o eg“ﬂgcég?f’aw%ﬁ"&“’ FEhee YPPERE8107] The
chemi cal pr ocedgatséiqiiddasd aiveieuiceles per f or mance data on the plasma

gasification of wastes since its devel opnent integrated the existing
ext ensi ve pract[f189] Recognizing that the reactor vessel is not at a uniform temperature, the

simulator calculates gas composition and flow rates across a range of several different
temperatures. A gas composition is then interpolated on the spreadsheet for the desired

. vessel temperature, by giving each of the different simulated temperature scenatios a
weight according to a Poisson probability with a mean value equal to the average reactor
vessel temperatare. The sum of the weight-reduced scenarios is ther normalized, providing
the “average” result. Itis this “average” result that is, in tum, nsed to calculate the energy
balance of the system.,
[oo1106]) A further refinement is that the CHO boundary system is now
mathematically modeled within the simulator. Thus, the simulator can now antomatically
calculate the amount of C(s) generated for a given scenario. Because C(s) formation is
detrimental to the cleanliness of the product gas, a routine was developed to automatically
adjust the steam injection rate to the minimum level required to completely eliminate the
formation of this carbon. It has beeln found that this approac?: gives gas compositions




dat abase results. The conplete simulator is in two discrete nodules, the
mass/ el emental bal ance of the systemis derived using the previously
descri bed software, whereas results tabulated, and the energy bal ance of
the systemis derived using an Excel (TM wor ksheet wor ksheet

i s maint ai &Y 24é0%%eparate nodule for three main reasgﬁééﬁw %5’4/ 072547
PCT/ CA2004/ 000183 28 (a) Facilitating reduced devel opnent tinme; (b)
Facilitating the ability to rapidly nake22hanges to the thernodynan ¢ nodel
wi t hout the need for substantial alteration of the software and (c)
Facilitating d ortablllt into docunent s/ spre /presentatlons as
supported by E;%’éqr %‘P‘?“Hﬂ‘%lt‘%ﬁ ﬁ&“ﬁé’@ﬁ@@?""%’g&? vang Al o¥8 es into
the simulator alcbﬁﬁn‘éon[oﬂi&é%ﬂhs?dih:ﬁmﬁipﬁebhwﬂesheet caI cuI ates thernodynam c
properties of the relevant. corrpounds u5| ng Shomate equatl ons. Constants
for these equations wereon 9bgimplaied heerusaial ResulstordSVini ¢ dat abase
associ ated W t i the T-a&ary FEACTT O F"Fét nouTaes E Reﬂ Erew OUSt g; as
provided in thg publication by Bonnie J. dn,
Conput er. Progr pm for Cal cl aMmﬁﬁed@‘:mﬂﬂmpl x Chernviedl Equi lji biDatam

Conposi tions ap: AspHeat+oers: Hs-e-s—iartrak—an--Ragradr-bese+Hpt | on,

NASA Ref erence %ﬂﬂﬁ’ tioh 1311, |IXFEY9d6: which ?"E“qbﬁccrﬁ‘fﬂ‘%'ﬁ‘éc her ei n

by reference. Il'ﬁmmtwterm)ﬁryssdm pEgiper tf iVeseldixe [usdbtit t ggetBxar Wit h
. : I o

standard t her Jd_yllalll e—eatettat+o ay

bal ance of the]gas®ficatipn *¥8&giion, and|by infeqjence, te net -

suppl enent al reat—Tegur T Ed—todrive-the—process— 061691 Recogtt-gi ng t hat

the reactor vepselClls not [at &1 for?r-ﬁiqémper@mnlﬂe, tMepmdi muPR6%r

cal cul at es gasfconposrrrofangd. fIPw ratres{across ramge-qf—severyl

different tenperatdites. A gag'llcénrposptl?%m i s then interpql at 8446 t he
%7 giving eacn.ofi the

spreadsheet for th esire ¥§?§e= &rrg; arure, q T .
different sinulate enpef at ur ¢ena i%la wei ght accordi ngotzaﬁ’e Poi sson
Pemperat ur e, "The ot of t he GBIGAT- 2%?,%@@ SEERER] oc P&l en TP i zed,

providing the]"ay, age esu B age" gl t is, in
turn, used to kalculate the eéllélr/q\ Fg/ﬁ( Le o?‘\é?ﬁ'e svg‘trzerﬁ [08??@] A
further refinepentchs thal theyGhD boundar Y SN$h&T s now

H, 36.43% 40.40% 36.76% ;- 42.49% 37.74%
HCI 947 ppm -| 934 ppm . -
H0O 9.64% - 13.30% - -
HS 3 ppm - - - -
H:S 971 ppm -1 959 ppm - .
Nz 19.08% 21.16% 18.47% 21.35% 21.22%
NH; 29 ppm - 18 ppm - -
&) 3.39% 3.76% - - 0.40%

{00111) In order to develop a more reliable and detailed estinzate of operating coss,
the chemical process simulator also calculates power consumption for the parasitic loads

* associated with a plasma gasification system, as well as the electrical power generated bya
steam turbine, combined cycle gas turbine and a gas engine facility. Performance data for




mat hematically nodelled within the sinmulator. Thus, the sinmulator can now
automatically calculate the anount of C(s) generated for a given scenario.
Because C(s) formation is detrinmental to the cleanliness of the product
gas, a routine was devel oped to automatically adjust the steaminjection
rate to theWRi2AMRTRH1 evel required to conpletely elinmi M ARHEI$Lr nat i on
of this'carbon. It has been found that this approach gives gas conpositions
WO 2004/ 072547 PCT/ CA2004/ 000183 29 cl o3®r to experinmental data than a
strict one-tenperature nodel. The follow ng table shows a conparison of

the results for nunicipal solid waste: Conparison of Sinulated and
Experi nment al REY{yqual egyipmegtis by defaulicpogied frogp  baspling faciity desieny Howpeegisincdbdi f i ed

Si mul at or  Mbde kheRaitwatioly @siéErbmica 6n Deprdalas:, P forasanbd AR fui osition
Vessel Exit Exif Vosseh b BXLBGL C o i D O 506 30
ppm 34 ppm 2.78‘3}“5‘0@15 : 5/""50 CPREMBEOPR o, C21i 4 0.17%0.18% - - 0.22% CO
22. 46% 24. 91% MOIDR% 28AsuR Of the eehaCeP capabllity ofThelchSmibal p¥esy siddldnBo 33% COS
21 ppm - 21 PPQiacad 9% . % 42.49% 37. 74% HCl 947 ppm -
934 ppm H20 9%%8 o%gh%g?gm -o(f_ﬁgmé ppr%ﬁgan-zgs(ws-’%ﬁfgs 1mﬁ$fﬁlxge5g§eﬁ[bm N2
19. 08% 21. 16% eBmisdsEnargdyyavingseun S kiglon agpsnauset-Selepedrange, @8 3. 39% 3. 76%
- - 0.40% 1001 dlehsigthédciifio 4t e MSIeREl Fhs BMpBsifichsh@fvier SidfhcBlifl 1iad estimate
of operatl ng COSdtS, . . . . . .

code was designed with versatility in mind. It gives e)_mcﬂy what is required by RCL

designers (and stri¢tly no more than that so the speed is not jeopardised). PLUS, it allows

very fast iterations for selection of RCL’s definition o “optimal” operating point. This is

where our code and established platforms such as ASPEN and HYSYS differ.

[00113] Because of the efficiencies associated with the use and generation of
electricity, for combustible wastes it will inevitably be more energy efficient to increase the
amount of air allowed into the reactor vessel. Addition of sufficient amounts of air will
usually reduce the supplemental plasma heat required to maintain the reaction at steady
state to or below zero. Reduction of the plasma heat below zero (which for these purposes
means that the reactor temperature is increasing) is usually accomplished by increasing the
air flow to near stoichiometric rates for combustion. The inherent cleankiness and
enhanced process control associated with pyrolysis/gasification reactions generally dictate
the selection of operating parameters that do not permit such an excess of air, but require
the addition of supplemental heat. '

[00114] Thus, for the purposes of designing a baseline gasification system for a
given waste, a methodology was developed for the selection of a minimum power
requirement for a given waste input. Optimization of the process is carried out with
regards to air emissions, energy efficiency, capital costs, and operating costs, Since the
largest variable in capital costs is the size of the plasma torch and power supply, and
operating costs are also linked directly to torch power, erergy efficiency and air emissions
become the main optimization criteria. Pollutant formation is affected by operating
temperature, and iuput composition. Since the waste stream is not variable, the input
composition is changed only by variations in air and steam inputs. Power consumption is
similarly affected by these parameters,




the chem cal process sinulator also cal cul ates power consunption for the
parasitic | oads associated with a plasma gasification system as well as
the electrical power generated by a steamturbine, conbined cycle gas
turbine and a gas engine facility. Performance data for WO 2004/ 072547

PCT/ CA2004/ 90318872580 i ndi vi dual equi pnent is, by def HAHHCA28MEPME from a
baseline facility design. However, since the calculations are performed on
a spreadsheet, equi pnment performance canszgui ckly be adjusted to reflect
different configurations. [00112] Asa result of the enhanced capability of
the chem cal process sinulator to generate data for ranges of input

condi ti ons and[mllllﬂ/s i&ﬂm@sﬁhdﬂetﬁwmﬂﬁwbmﬁeom@ahmmﬁﬁ sed
scenario by vary Lt?) LRSS, afis HSRH 58l BvsGf vaRQAE. then
e err

choosi ng the scenarl 0 WI he pr gas conpaosi.tion_and power
charact eri st i cseducpifherpergtingpowerdo prerwréhw@wthﬁwwm It gives

exactly what i SadfiGar 56sh Wi rddGle Wﬁdﬁ@gﬁ@ﬁgﬂ&ﬁdwﬁﬂt han t hat
so the speed is_not Jeopardl S?DS%S al | .ows veré That iteyrations for
[

sel ection of Rejdigongis compprablg ﬁ%grewa dition Hogeyer, esplisiingn Ipgored § o here
our code and egfoaidtpsmeslinghaid or s such as ASPEN and HYSYS differ. [00113]
Because of the efficiencies associated with the use and generation of
electricity, f@ﬂltﬁjnbusﬁetﬁhsniﬁdstoe@s simulggiot models iefledt of neneidepbreactionfer gy

efficient to i a cfdﬁﬁ GorlthEobi@aat or vessel .
Addi ti on of su?ﬁcr ent armunts 0 I%ﬁo \illfrlfnlmfl‘:k usual r?aduce t he suppl enent al
pl asnma heat redﬂ‘i’l#@@mWWWdQ%@FWOH%m§F@&H?° elfosthe to or bel ow
-zero. Reducti ofgfbtidnld®sdot m&ﬂ;wﬁeﬁii@%ﬁa{r@r{o\mxmﬁoﬁxﬁﬁm me.ﬁmiaﬂtoposes

‘means that the react or te erature. S _inc I n ua conpl i shed
by i ncreasing {THEMZHE 6"%@’8@@& E’iﬁ%ﬁ’ﬁ“gg {Lﬁg% @ﬁ“@%nbust i on.
The i nherent Clrmwsmmndsfmmm@olpﬁmm&ydmatbmﬂ wiigsionormbliych Wi t h

pyr ol yS|s/gaS|f|cat|on ctd on . Lctate t he sel ection of
operating par ar%rfg‘crsnfp S‘n fqﬁ’o@%gﬁﬁl\&@éﬁc% an excess of air, but requi re
the addition ofyg o‘ilk’ﬂp' en?ﬁ@&hmﬂﬂwﬁgﬁ&%}auxmmm@eﬁe&&om

desi gni ng a basel gasification systemfor gl ven waste, a net hodol ogy

was devel oped ﬂéﬂlﬁﬁqﬁ@%@F@éﬁ?eﬁﬁméfc%WWﬁWPm"ﬁ‘%WWWBr a given
wast e input. Q%ﬁcﬁure&tat%ts&mwmm&me&mmacﬁﬁrerqmdym mhem@ﬁrans to

air em ssions, ener ffr enc ital costs n costs. Since
the |argest vaFeEs a'f?r{‘?é’ﬁ?'t'sé f"cd% %ceslswhg{lggc%r ’& Sma torch and
power supply, &boslogeneous waste (e.g. multi-waste streams) Because a number of “what if’ scenarios

have been developed ahead of time using process simulation, the control system can

extrapolate the current waste composition from the tafl-gas composition, and adjust the

process chemistry to an “ideal” operating point. Again, the versatility of the RCL code and

the relative ease and speed of data acquisition and manipuiation makes this possible.

[00118} The temperature and flow dynamic mode! simulator provides isometric

printouts of temperature distribution and gas flow characteristics thronghout any cross

section of the reactor vessel. These features provide an essential tool for optimization of the

reactor vessel design to ensure there are no gas paths within the reactor vessel which would

permit gaseous elements to exit the vessel without being subjected to the full required

processing temperature and residence time as well as to confirm that refractory erosion, kot

spots and cold spots are avoided. The printout from this simulator dictates the optimum

physical positioning of input additive ports and monitors the overall impact of the input

process additives flow as identified by the chemical simulator. The influence of physical




operating costs are also linked directly to torch power, energy efficiency
and air em ssions becone the main optim zation criteria. Poll utant
formation is affected by operating tenperature, and input conposition.
Since the waste streamis not variable, the input conposition is changed
only by varwaedd®s4’n air and steam inputs. Power condiGH§iA090483 sinjfarly
af fected by these paraneters. WO 2004/ 072547 PCT/ CA2004/ 000183 31 [00115]
Consequently, in order to optim ze a scepario, the Operating tenperature is
selected with regards to minimzation of pollutants, and air and steam
flows are varied to reduce the operating power to the m ni num power
scenario. |t wpRitibochanket bethestdrirks ecvipled witithe processingxdditiveow wies ¢anbeduce t he
operati ng power

the effect | | SHEAsGaMbe . addition of a
conpar abl e rras%sgecﬁ?eagwFméﬁeaghmalgglglgttoﬁ%ﬂ,ﬁﬂm%ser, r%%u ts in an inproved
product gas heppigy Valme. 7 & Medhiton MowdifintcHiheoRémeifie il Wow dymamidTodel s
the effects of non-ideal reactions, duﬁgélo | c\(;ggl te reacti.orlll?s and
reaction ki net medel simplatgeshgwiag finfn et gpragle esﬁ@%”?ﬁ"?w n
experi ment al ppResintGRTveiRRIEN i dplimizhtionahdystem ohtpwidssign chavabedrizdtions. t he
formati on of soot (carbon bl.ack), which is a precursor to dioxin formation.
In addition tofoomohi m ZFIGE isk ogh lavel flowneheit of the tempirating gnd flosr dysamieomodebr i ng

regime also si g%jﬂyo' &E&{ué- ' iRk fefoRoe ¥ FIGR, fhe ARERALPGKED

pol yaromati c hy rchr on ?SWC 'S Ormally a serious gorrplication of
typi cal gasifi blackioheflowchastiess olloy§117] The chemical process sinul ator
allows for rapid generation and exploratigon of different erating
scenari os. Conwéfaént I yY%ﬁHQewalg‘cgﬁatrﬂf@eéﬁé?%Flﬁaﬂ?ﬁgmfﬁsp whi ch
‘there are no t gaificitida reabion whselto eegeths taiphttiomhddaminguividich the dehaicati ned. The
chem cal process, sippulator s a u ﬂl%i? devel op process control |ogic
for extrerrgly WS‘ﬂmot%uW%%agﬁ%mﬁg% éw%g.g. mul ti-waste streans). Because a
nurber of = whajegrds) SCRAAGR 11 3R rEARKE] RRGHoREAGakbi® suiST N

process sinulation, the control systemcan extrapolafe the gur ent waste

conposi tion fr 8kthe priution demaimand 1o,eaverate the spmputatignal meshes Meshes cap pgyge

chem stry to agp virifi¢any (ke &b &eﬂﬁigﬂéryoﬂﬁ@ieﬁbtortv%elwmaﬁﬂehésioﬂm‘ the RCL
né.

code and the relatiyve ,g%%ﬁ a sg{elg of gﬁ%ﬂ@@eﬁ g’#?‘%‘#‘gn aﬁd"é‘[?}%%‘orl ation
e -

makes this pos&efic@abese
si mul at or proviofihsrebdtepritéut;,c printouts of tenperature distribution and gas

fl ow characteristics throughout any cross .
[00123] Initial Condition 113: The assumed initial condition includes all the

quantities, such as velocity, temperature, efc., to be calculated. The initial values of these

quantities ave required in order o initiate the iteration process;

[00124] Boundary Conditions 114: Input data defining conditions of operation,
including the flow rate, composition and temperature from the plasma arc generators, the
air jets, the steam jets, are required by the CFD code (Fluent) to define the adequate
boundary condit]ions which simulate the operation condition of the plasma gasification

reactor vessel as close as possible;

[o0125] Input 115 (the number of species and reactions to be included in the
simulation): This is to control the level of sophistication to model the chemical reactions.
The inclusion of major species is important to get the temperature and density correct.
Inclusion of minor species is essential o predict pollutant emissions;




section of the reactor vessel. These features provide an essential tool for
optim zation of the reactor vessel design to ensure there are no gas paths
within the reactor vessel which would permt gaseous elenents to exit the
vessel w thout being subjected to the full required processing tenperature
and resi der¥@2¢AE54s well as to confirmthat refract 6’@’%’%@‘%’?\?3 hot

spots and cold spots are avoided. The printout fromthis sinulator dictates
the opti num physical positioning of inp3& additive ports and.nonitors the
overall inpact of the input process additives flow as identified by the
chem cal simulator. The influence of physical WO 2004/ 072547

PCT/ CA2004/ 000 1894261 32 Mode! Selention hifr{iesselsrtion nEmedelsdp siulpto ishilegcagndh t he
processi ng addipfrbit donfuétiomt Blent derd\Briod SaehAdal WRYdMs foldlidietmBilehet Ne NDSt
opti mum position n be determned. [00119] FIG 7 is an explicatory flow
di agram of the3 £OMSUy £ | ow dynami ¢ nodel sinulator showing its
functionality w vari e ' ' J nput oper at or
interactive i n\sﬂl?:ﬁshfor @g |ﬁ1¥\éz%§x on@%@“&é@é%‘%ﬁ‘?’&%ﬂpﬁ?&g% Bhicrdled”
char act eri zat i ensthe bquadenyaaf inialzogditiens areidpiipied,|tee Beent dodeis exsawted wfil 4 fre

tenperature anQefidePUntBAG Gindf B8R satishlaMHleRbd¥is SRAMAIY nbid-finemQPREH 2L | ONal
aspects. Wth reference to FIG 8, the function of each- ock 1n the flow
chart is as foFstfofemgtiops descrihingdhs conyergpee pfmass, romepityny engiey.pbsP§EFhet ri cal
di rensions of G plasma gasification reactor vessel to create the

conput ati onal domain on which the nunerical results of the mathemati cal
nodel are cal ci00a28d; [Ré&iaBEHostRrereSnybld Gaktites Bapldc goldodisplagthel uent, it is

.necessary to r %g@ . ; | Bi ] i nerate the
conput at i onal H[nglsl es. k}gs e@@#@é@%ﬁ%%&%ﬁ%@t%ﬁgnﬁgﬁ ane

t hrough the pefileghery of the reactor vessel and the fineness of the mesh
can be selected dgqtl)endi ng on the %eometri cal _di nensions and t he ogperational

needs of the H@%lts pFirowpatiops fid dynamic (LTI approa Wireyis e basisvhe assuned
initial conditiFentifgveneiRefibiodl il e evalibtiva hid inpfoverida 6F nd pShOGifidstion
Tper U | o Re e R L SR U B eS8 | 001
Boundary Condi teclmirpredi the ateapofifiowteat telesfr, mndicpmibostitl Hows) Thesd tedpignatatean,
L0 9,1, Skt o S AR W Sl T2
(Fluent) to defixing apﬁgeagmgfg@jp the plasma gasification reactor vessel are numerically simulated

in order to evalnate operational performance of the reactor vessel. Inlet conditions

inclading velocity and enthalpy of the plasma arc generators, air and steam jets are

specified as inputs; Adiabatic heat transfer conditions are assumed at the reactor vessel

walls. Continuons feed of solid waste is simulated by a low-temperature and low-velocity

gas stream flowing into the reactor vessel. The solid waste removat region is simulated

with a fixed temperature zone at the desired level. Zero-gradient is assumed for all

variables at the reactor vessel exit. '

[00130] The energy conservation equation is solved simultaneously with the .
momentum and turbulence equations. Every effort is made to simulate both the velocity
and the temperature profiles as close to reality as possible. The results obtained provide
qualitative to semi-quantitative information on both flow and temperature fields in the
reactor vessel. These velocity and temperature distributions provide direction to improve
the desigr and operation of the plasma gasification reactor.




boundary conditions which sinulate the operation condition of the plasma
gasification reactor vessel as close as possible; [00125] Input 115 (the
nunber of species and reactions to be included in the sinulation): This is
to control the |level of sophistication to nodel the chem cal reactions.

The incl usi B0 280/0738#70r species is inportant to get thfPGHEAEMHAU% and
density correct. Inclusion of mnor species is essential to predict

pol | utant em ssions; WD 2004/ 072547 PCT/ @A2004/ 000183 33 [00126] Model

Sel ection 116 (user selection of nodels to simnulate turbul ence and

turbul ent conbustion): Eluent offers various mathematical nodels to

simul ate turbulltMéd ~ anlovmodeling af the agi yeseel is performedte ensnre peyper sEisis of
Execution 117: prieesinplis abdidlenkustithd® RindticREFEdRaFe mdf Serffftak! 8iiRshonas dedghe

boundary and initial ¢ itions are defined,-.t | uent. code i s executed
until a pre- dé’fq"ﬁ‘%d“g% et © 'W%WWQ%%W@GWW%H@WS

essential |y a nigvchénicasimulsiidny ssrwell bis toagiast érattion (petatreprafiswitibheg t he

convergence of L es: 00128] Results
Post - Pr ocessi né@%@” @nergg%ﬁg%m%{iggﬁ?%oﬁagP%pﬁg}e%wgy %gce]aﬁurreri cal
resul ts for an&pirating chamgietistisyatite refractory. sufasp eanacadily itcddeatifid. st or ed as nor nal
data files. [0&)1 9] The caonmputational fluid dynamic (CI D), approach, which
is the basis oft0018flyent Yelpdty godiemperafure mgsh ey primjouts are sertiflizgd ¥ on  and

i nprovenent  of amﬂhmﬁtﬁgfﬁpmg&ﬁﬁfdrgﬁkﬁdaﬁedml&%&&mf Mﬁfﬁﬁ'thaﬂ@ﬁﬂn_ﬂﬂl&pecﬁ! D per mts
i nnovati ve conput.er i ng and. nuperical, a S| s. techni gues in the
areas of flow, ebzftad{}% #3?&“%%8%%% Wﬁ%gﬁl@éﬂ“ﬁ?ﬁ%‘dﬁgs are a
-powerful tool taw inprove the design and operation of various industrial
‘systenms. Turbulent mXxing and heat transfer in the plasma gasification
reactor vessel @re nundhs Rausicalshapepnd/ax sizg of thereantaaresselo eval uat e oper at i onal
performance of the reagtor vessel.. ,lnlet condjtions including velocity and
ent hal py of th&pi asmaa'ﬁ]frp s@“@ﬁ&‘iaﬁ?’{s?)’s‘fm‘g?‘}‘m rOPESL RVl Sf e plasma gigci fj ed as
I nputs. Adi abati c heatgeneratngd)er conditions are assuned at the reactor
vessel walls. Continuous feed of solid waste is sinmulated by a

| ow-t enper at ur é&eland | othephysizel logationgy endéoriodentatibh ofithangrious pmeeshadditivact or
vessel. The solid wast .enoval region is sinulated with a fixed
tenperature zone at the desired | evel. Zero-gradient is assumed for all

(d) The dimensions of the process additive ports to effect changes in process
additive inlet velocity; or
(e) The input level(s) of the various process additive agents.

[60133] The simulator can then be rerun and the new results assessed for operational
improvements. Such iterations can be repeated any number of times until an optimal
scenario of operations is found for the waste stream being considered. The benefit of such a
procedure is self evident since the optimal operating scenario can be identified very rapidly
and then the operating system can be commenced with the maximum probability of
success.

[60134] Input and/or process characteristics can be varied at will within the chemical
sinmlator to visualize processing impacts in order to arrive at the most efficient and
effective disposal process for the particalar waste stream under consideration. The

chemical simulator also serves as a continuous monitoring tool to determine operational
characteristics changes which may be required by virtue of changes in the chemical
composition of the input waste and/or hazardous material stream.




vari abl es at the reactor vessel exit. 100130] The energy conservation
equation is solved sinultaneously with the . nonmentum and turbul ence
equations. Every effort is nade to sinulate both the velocity and the
tenperature profiles as close to reality as possible. The results obtained
provide qu¥P2¥40THE to seni-quantitative information A" @Bt Y S and
tenperature fields in the reactor vessel These velocity and tenperature
distributions provide direction to inpro¥e the design and operation of the
pl asma gasification reactor. WO 2004/072547 PCT/ CA2004/000183 34 [00131]

FI ow nodel ing of the reactor vessel Is perforned. to ensure proper m xing of

process input s 00438 t o Bredamneraireand fpy dyagicy raroides “%icant. In
the normal desi Hﬁoutspé RS Sturd diribution dnfl @i oo isrrondisdcs thgonglictt angefbssy ecur si vel y

to finme-tune t ekl |c effec the ch m cal l.at | | as to
adj ust the read¥figHe %\Y&ﬁﬁeﬁwb‘?’ |aﬁefsﬁ"n§itgn‘1?‘lr$%lo @%‘rﬂm‘a’i?yﬂ

nmodel i ng resul tréhctaf&swlc&ﬁgﬂﬁ%ﬂe@@%&ﬂgaswhsmmermmw‘swlnw@lﬂ
operating charact Eﬁ’?&te ?.n?g be

i denti fi ed. Qﬁ@%@%%%@gw %?{gfta{?yteb%#é e print gut S are
scrutini zed f orpromepmmwm;dreeﬁdeamm uﬁ'sasmon‘@ﬁbth@mﬁm@@%we
stream Any leﬁf" Sgolg) Imlavﬁme%mﬁﬁtrﬁohﬁhﬁgﬂhﬁ@is&&aﬁﬂﬁm@ nunber of

oper at i onal I mensi onal design changes, su hy5| cal
shape and/ or s@iémé‘fpoﬁll’fé““lgé’ﬁ’@?‘ﬁla dj@e paits an Wﬁ?&ﬁ%ﬂ@ﬁgﬁﬁg ctjof 5 n(s),

OLI ent altllon a?@f%smd/ﬂmi&ﬂiﬁw?ymhawﬁmth mc’[‘hsgﬁlueicabfphﬁ(s%aé (c) The
physi cal |ocation an orient ati e v itive
per; (d) The diPf® C‘B‘H@E’S %r %‘gmglgﬂcf’ “?‘”‘\?se‘“"”% ‘ﬁ%%ﬁﬂg%g#%?ﬂﬁchanges in
process add|tlasmsedﬂemmadﬂywltﬂewosmph@m)lpﬁmnsmmdﬁm@b@s) of the various

process additive agents. [001331 The sinulator can then be remm and the new
resul ts assessd@ft op&ﬂldﬂhewa{@ﬂmi%m?#ém%de%ﬂ%@@@?%@ﬁs‘h@% be

repeat ed any n'-b@tiﬁ‘ders&t}d gymmgdl,ﬁmamﬁgt SRERANIfGmabd 8RA mdyibens | S
found for the waste stream beln consi dered enefi
procedure is sdmade ereindine suchepan ?WJ"‘B’df Pre @?Q&Wﬁ“&@&ﬁﬁf‘%ﬁgcan be
i denti fied ver YykudéatHeyctor vessel can be multi-sided with low profile sides and corresponding
multi-sloping top sections converging to the gas exit port and with the plasma arc
generators being inserted into the vessel through the top sloping sections. In a further
embodiment of this multi-sided reactor vessel, the corresponding multi-sloping top section
may converge to the gas exit in the center profile of the reactor vessel.
[00137] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention, and without departing from the spirit and scope
thereof, can make varions changes and modifications of the invention to adapt it to various
usages and conditions. Consequently, such changes and modifications are properly,
equitably, and “intended” to be, within the full range of equivalence of the following
claims.




and then the operating system can be comenced with the maxi num probability
of success. [001341 | nput and/or process characteristics can be varied at
will within the chem cal sinmulator to visualize processing inpacts in
order to arrive at the nost efficient and effective disposal process for
the particular waste stream under consgjderation. The chenical sinulator

al so serves as a continuous nonitoring tool to determ ne operational
characteristics changes which may be required by virtue of changes in the
chem calLaGORRSSEd }On of the input waste and/or hazardous material stream
WO 2004/ 072547 PCT/ CA2004/ 000183 35 [001351 The tenperature and fl ow
dynam ¢ nodel sinulator provides isonetric printouts of tenperature

di strihuti onpapfadas b QW&ERHAE Waktt 8hd/6PhakRIoQY SHRKAISADY préRRBeas38gt | on of
t he reactor vessel. These features provide an essential tool for

opt i m iiensolad product, ¢asmuisig: vessel design to ensure there are no gas paths
within the Y ' would permt gaseous elenents to exit the
vessel vvitht%g‘?ﬁ%g(fr%gﬁgﬁ ja%t\é?{é%&filb the full required processing tenperature
and resi dentweo br meredsedelokitias plasma anf ganeratdraforpedduanigarhigleteamiccmyre hot

spots and col d spots.are avoi de The printout fromthis sinulatgr dictates
he. opPlEIEA e i 56 3 PR et grbas ot i ard Sociane SRRRRed e Bies ¢ he
over al edsBIP@6th oppositd Sides Hebeof PHAGRAESaPdidblhd MBSt FolAWe 3S cacli@kdrish agltddy the
chem cal simulator. The influence of physical position changes of these
ports E*Wﬁlﬂé‘drlﬂ?%ﬂﬂﬁ@ﬁ@l%@eéé‘é%i:rﬁ‘?}t&w&?]\mnﬁl ow rates can be assessed very

readily and I it ) ile the
nvent  on N3 adS PlosBh CUALART bl AR TrE s s IEHELATLE perhfl bty of
under stizgdotapld plasmn &k gtneedon for sdlectvely frbwtinggedondiyproachangyesprocesfiogm and

det ai | ma%be n@de there'L_‘n. One such change in formis that for ease of
fabri cATITARCe MRS VPiSEhy cylindrical reactor vessel can be multi-sided

with | ow pr g@firdt Cectlirdasc-an fordosdigs he ReisRGind B4 hidardous Riakgial OiRtoS@s VERES
converging to the gas exit port and with the plasnma arc generators being
i nserted i nk&ERd ferdgancaps fos fepdingyaroessp addibiyy sagnisdetoitbhiecsselh a furt her
enbodi ment. QEa&J%hl%vMédng $rdgd of rQ&ucYg%Sﬁ({;]m thdes&p dn@Spondi ng

mul ti-sloping top section nmy converge To the gas exit in the center
profile of #begreemuilorcanets efit of[tlxbBd profueh norhthefvesseyoi ng descri pti on, one
skilled in the art can easily ascertain the essential characteristics of
this invention, and without departing fromthe spirit and scope

2. The apparatus as claimed in claim 1, wherein the slag removal means comprises an exit
port and wherein the movable plasma arc generator is movable to selectively provide secondary
processing or high temperature processing assistance proximal to the exit port to facilitate exit of

the solid product from the vessel.

3. The apparatus as claimed in claim 1 or 2, further comprising a slag collection area within
the vessel, wherein the movable plasma arc generator is movable to selectively provide

secondary processing or high temperature processing assistance to the slag collection area.

4, The apparatus as claimed in claim 1, wherein the focal point is near the center of material

input from the first feeding means.




t hereof ; can make various changes and nodifications of the invention to
adapt it to various wusages and conditions. Consequently, such changes and
nodi fications are properly, equitably, and "intended" to be, within the
full range of equivalence of the following clains. 36 Wat is clained is:
1. An apparatus for conversion of waste and/or hazardous naterials to a
product gas and nolten solid product, conprising: a refractory-Iined
reactor vessel; two or nore fixed-position plasma arc generators for
producisng aii aYa%Q%E BiHELin FRLRCE SR HO Hf%vémlé Efaéhlé he RSt <:ant e
fixed-position plasma arc generators disposed within the” vessel from
opposi sdedivdbzimerbionpfdswha feca pgint arealgil bp ﬂ@dewémpsmeﬂt plasmearcgeraathrsenier so
as to  calse ﬂéhﬁ?nmgwgﬁn arc plunmes to intersect at a focal point; a
nnvable pl asma enerator having three degrees of freedomto permt
aimng of the anabIe pl asma arc generator for selectlvely provi di ng
secondary processing or processing assistance within the vessel; a first

f eedi n§ mean8e pparFiaw SR med dn avsine of sBms | ad.avleaeia thatist fesfemeess t he

vessel com?n&%%gﬂﬁah %@%&e%%?héﬂ?d&u@ﬁ{yté?ﬁl RL@pESs additive agents into
t he vesse as noval neans for exit of the product gas fromthe

vessel ; and a slag renoval neans for exit of the solid product fromthe
vessel ratus .as,cl ai ned i.n, cl aim wherei n the renova
one Zomor THSRRREH Raiflg fo APt Pl ROt aen B ke iz Lorer at or
i's nmovaldhes dnmEBke6id otghote PHAY idehSRERAGROYstedd ARBGHSIRGDr ord pEils fopRer at ur e
processi.ng. aSS|stance proximal to the exit port to facilitate exit of the

sol i d HHEA9ETffom t he vessel. 3. The apparatus as claimed in claim1l or 2,
further conprising a slag collection area within the vessel, wherein the
novabl e pl asma arc generator is novable to selectively provide secondary
proces8i ng ®he hp;gtatmgaasméaimtdlireclpinmd:,ashﬁreig saiﬂ%iasteamyal meaxtsh:emkia@ acgak| ect i on

area. 4.. Th ara wherein the. foc 0|nt is
Son ¢ fait bt raP RGO kel P YT Gicefly SR Meoel B8 Padivion b 5 Sthe
appa[)agéiﬁis% 1 E’dcmﬁo itht wdsad] father tHIEBdafridd Gt BPIRRIeSsePlval il BoBud@gaer at or
can be

. The apparatus as claimed in any one of claims 1 to 8, further comprising a monitoring

means for monitoring the product gas to determine the amount of particulate matter in the

product gas and to regulate gas exit velocity.

10.  The apparatus as claimed in claim 1, wherein a lower section of the vessel is flanged to

facilitate removal of the lower section.

11.  The apparatus as claimed in claim 1, wherein the refractory lining comprises a material
selected from the group consisting of ceramic blanket, insulating firebrick, and high alumina
hot face brick, optionally containing small amounts of chromium oxide, zirconium oxide or

magnesium oxide.

12.  The apparatus as claimed in claim 1, further comprising water-cooling means for a

lower section of the vessel.




selectively ained towards the focal point created by the fixed-position

pl asma are generators and towards the slag renoval neans. 6. The apparat us
as claimed in any one of clainms 1 to 5, wherein the first feedi ng neans
conprises a plurality of waste and/or hazardous material feed ports. 7. The
apparatus as clainmed in any one of clgins 1 to 6, wherein the second
feeding neans conprises one or nore ports for the injection of steam
and/ or one or nore ports for the injection of air. 8. The apparatus as

cl ai megzin ‘Ph@é}ipaﬁatus"é(@%faﬁhéh i%%laﬂnﬂ?ﬁwﬂh@x%ﬂrisfﬁ?aﬁémgwﬁw SRRt Burf@s  exit
port that is configured for an exit velocity of the product gas conducive
for gawitborthevessdlids to fall back into the vessel rather than be carried
out of the vessel with the product gas. 9. The apparatus as clained in any
one of clains 1 to 8, further conprising a nonitoring neans for nonitoring
t he pr odluct Thasppacataetseldiimae it deinahdurtherabmpaising awbatrel ment éor dontrdltieg
product gas and _.to regqulate gas exjt velocity. 10. The apparatus as cl ai ned
" cl aPPR & MO S PIaTI 6 ETERpothe JF L FRARESDGH, (e SPaoaH e EdnoRSci | | t at e
r emovahnPiheloherehBImegt i on. 11. The apparatus as clained in claiml,
wherein the refractory lining conprises a material selected fromthe group
consisting of ceram c blanket, insulating firebrick, and high alumna hot
face bisck, TRPAIANAI X FORERITIAh P deif FRUADS R S AITH AP Kififises a
zi rconi um oxi de“or magnesi um oxl d€. i e appar §t us as clarnmed 1n claim
1, f ur tdeens foompnitsinegoneair erore oba pregsurewitbinftbe vessell ovwmpesaativothiothet he

vessel . 3 3. The apparatus. as clained,in claimJ1, further conprising a
rem)vafﬂ‘jfséeelp‘:rl éeﬁr@ﬁa“b"ﬁro pr%llj"tcﬁlg?’?’ 258881 f’tctfﬁpmf%‘g &Ppar atus as cl ai med
inclaiml, further conprising a control neans for controlling one or nore
of the plasma arc (t:;enerat_ors, the first feeding neans, the second feeding
means !@nd Thieanpaestysagslamedirgiaim 9.5vhergin thegporpEONing means cHNPRSES P 1 ai m 1,
wher ei Hm;éﬁ&)a kdQ5ing means further conprises a neans for nonitoring one
or nore of "a pressure within the vessel, a tenperature within the vessel,
a tenperature of the product gas, and a gas flow of the product gas. 16.
The appar at ¢t fbafahllethihld &l iR Fo, WS @hibrisQemARMHiAing HRGNIBRRRrE OMPI 1 ses
opacity sensors essentially-deposit free by flowing a stream of nitrogen across the face of the

sensors or by maintaining a negative pressure on a region of the sensors.

18. Use of the apparatus as claimed in any one of claims 1 to 17 for the conversion of waste

and/or hazardous materials into product gas and molten solid product.

19. A method for the conversion of waste and/or hazardous materials into a product gas and
molten solid product, comprising:

providing a refractory-lined reactor vessel with plasma-generating means and
producing a high temperature plasma processing zone therein, the plasma generating means
comprising two or more fixed-position plasma arc generators disposed within the vessel from
opposite sides thereof with angular displacement relative to each other so as to cause their
plasma arc plumes to intersect at a focal point, and a movable plasma arc generator having
three degrees of freedom to permit aiming of the movable plasma arc generator for selectively
providing secondary processing or processing assistance within the vessel;

feeding the waste and/or hazardous materials into the vessel;




nore opacity sensors. 17. The apparatus as clainmed in claim16, which
conprises nmaintaining the one or nore opacity sensors essentially-deposit
free by flowing a stream of nitrogen across the face of the sensors or by
mai ntai ni ng a negative pressure on a region of the sensors. 18. Use of the
apparatus as clainmed in any one of clgns 1 to 17 for the conversion of
waste and/or hazardous materials into product gas and nolten solid
product. 19. A nmethod for the conversion of waste and/or hazardous
material s i ple@ing pRERIULIdi1BRS:Ig8N intdRletv@Bsego0! | d product, conpri sing:
providing a refractory-lined reactor vessel w th plasnma-generating neans

and pr oductempvinghg pradaptrss ooy e yesslangr ocessi ng zone therein, the

pl asma gene i i wo or nore fixed-position plasma are
ARG RAE AR L0

generators e vessel from opposite sides thereof with
angul ar di splacenment relative to each other so as to cause their plasm

arc pl s to intersect at a .facal .point, and a, nopvabl e plasma arc

gener agg‘rE hi@‘irﬁ 0‘{45 F’@@’%é‘bﬂ@’é’sﬁo‘f’m ‘é’gﬁ’ﬁ‘ﬁ?gﬁp‘ﬁ&gﬁ%‘qmﬁ’i "0t%%¥ he novabl e
pl as M@t ftEs8 pRkintito SiRloBmblc\pBHYof tRIVRYEIGLNGnSRGAIHREIMAROSRES Ng OF
processi ng assi stance within the vessel; feeding the waste and/or hazardous

mat er i afdéorihpraglopspatgrialssiato thezgsself eedi ng process additive agents into the
vessel ; renoving the product gas fromthe vessel; and renoving the solid
product fromthe vessel. 20. The method as clained in claim219, which
conpri 8ks disposheiys thenaduveiimd 9phisxssimtha pocess adi@iva bgantsicompriso sme grmaxg Mty to

one or re rt.s of the vessel.for. continuously feeding the waste and/or
hazard85§mﬁﬁ¥§@F§F§”FHP PRoR&s &M 21. The nethod as claimed in claim19,
wherein the process additive agents conprise one or nore of process

additive steam and process additive air. 22. The nethod as clainmed in claim
19, wh@?.ei nThevecthpslss elaimed inglaimd 2 ar kst thewase anlos hazeidpus materialsgemprise ror e of

solid wﬁﬁﬁ%xfggfdﬂdﬁaﬁ%aﬁ%@¥ﬁaw . The nmethod as clainmed in claim19,

further conprising noni e product gas to determ ne the amount of
particulate matter in the product gas and to regul ate gas exit velocity.
24. The nmethod as clained.in .claim?23, whjch conprises re&ulating gas exit

vel oci £ t ollanethodis glaimied i daim] P, fyrthen conapsising moptoring fhe PEIR 235§ 0 t he vessel
as 0pPQ§&EFhirdehlBionsk F Bkl Mitter Mfthe PARIMERS 1A to regulate gas exit velocity.

24.  The method as claimed in claim 23, which comprises regulating gas exit velocity to be
conducive for airborne solids to fall back into the vessel as opposed to being carried out of the vessel
with the product gas.

25.  The method as claimed in claim 19, which comprises including the first step of

preheating the vessel.

26. A refractory-lined reactor vessel for the conversion of waste and/or hazardous materials
to a product gas and molten solid product, comprising:

two or more fixed-position plasma arc generators for producing a high temperature
processing zone within the vessel, the fixed-position plasma arc generators disposed within the
vessel from opposite sides thereof with angular displacement relative to each other so as to cause

their plasma arc plumes to intersect at a focal point;




wi th the product gas. 25. The nmethod as clained in claim219, which
conprises including the first step of preheating the vessel. 26. A
refractory-lined reactor vessel for the conversion of waste and/or
hazardous materials to a product gas and nolten solid product, conprising:
two or nore fixed-position plasma areggenerators for producing a high
tenperature processing zone within the vessel, the fixed-position plasna
arc generators disposed within the vessel fromopposite sides thereof with
angul ar di SQhﬁﬁr%f@@Iasz'h@bﬁtgeﬂéatbphsﬁﬁfg%@e%%reésfbf@&e&&n EAMeRit aliBb of RleasSa
arc plumes to intersect at a focal point; 40 a novable plasnma are

gener ativablaplapga arsrasacratey fos sd edivelymeendding highgempsratugd proerysios assiganegvabl e
pl asma 8¢ . . iLvely providing high tenperature processing
assi stgﬁgce(eéogor é@%‘ggﬁﬂiéqﬁlﬂ%‘?g%ﬁ%é%ﬁg within the vessel; wherein the vessel

i s confi gur edlefetn thegedselds umsipered hefeotiviraasie aalis mirdsusahaerialofivoma affirstst
feedin ans and process, additive_agents from.a second feedi ng nmeans; and
wher ei FEcURE WeeaS end Reaerey andiisraeely BATOECO UL BRREdor more of t he

product gaswhB@in thdQesséllchilbHEighried for removal of one or more of the product gas and
the solid product.




