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[0001] This invention relates to a nethod and a system
for the disposal of waste and/or hazardous materials
wast e. DESCRI PTION OF THE PRI OR ART [ 0002] A mmjor
probl em faci ng nodern soci ety is the di sposal of toxic
wast e and/or _ } b R .ch
m ni mi zes hat¥HEh . : ch a
di sposal systemis m@%@mwﬂﬂmﬁq redu0| ng
such toxic and/or hazardous waste to conpounds which
are suitable for envi ronnmental di sposal. Such
suitability is, course, defined in ternms of

accept abl e Ievel s of pollution, and is determ ned by a
v aPAGIKGRD Umgmm;ﬁ@w ORos. [0003] Traditionally,

haﬁﬁiﬁmem;l@?,pl sposal has taken the form of direct
burtal in I1ls, or sinple thermal processing of

t hi90RHst e, flbisiimxpationplatas to amedpd anda systemcfor e dispesal of waste
ang, §/&! ggﬁ@oﬁ%a{eggls%ﬁgsphere of the volatile residue.
None ofh t e

ese approaches have proven acceptabl e, due
to the fact that the materials which are released to

th i n as unaccept abl e
soﬁgggjs poI | on]ﬁku;:gbﬁiﬁiaAnot her normal approach
f of0082]syst erA magnr plbblenil feqosabdend soviesyt B tlmnifdposal of toxic waste and/or

R sSeon S R Rtz BOR St SO ESment

aS swmt disposd batent i end ehipk fsabpuble Gﬁréchdcmgtsm toagidiér hazardous

\5/12%8 of ﬂltpg‘gﬂ rgﬁga?elsawéaem wi | un| forﬁ]antaglhtyls of

S p&ilﬁseV\nﬂHﬂile ﬁﬁ&msdﬁ‘d&ieﬂﬁbl%év@ls Bf pdIRitibR AR i%rdetéﬁﬁﬁz@(ll b4 variety of
the processing system Such systens nornally gasify

aITegBlPt%ePﬂ?)“ut wast e constituents; however, they do

Ofoo@3ar ant e, didihii@ hhzaPdtub waRS 8RtRal 185 %ﬂ@rmh% f&ﬁnebf direct burial in
ubjected to the total tenperature environnment which

| s an@@sgréﬂyplg @e@fg prosessingof the avgste chHewad; bydurial of the solid residue,
degfd deféﬁée%‘ R Tatch gli\eqp{iﬁhg ?t?lg Pﬁﬁﬁiu@ NdnBor H@%ﬁgﬁ)@m& have

hazardous Nt er eat source
p r preveieatceptable, duate rﬁhﬂeﬁactdhattthﬁanatm whiclvars seldased to the environment

close to the
%r acto eﬂlgmsdx ?Jltla%&lfp?@% S%Eug:g%: od?) ﬂ%@sel of the
p r [B604]si n g Ansthennonel apbsoaciafoe o systont ﬁxrﬂmtdsspoah of waste and/or
tr Raaadts I\I/lmattGItl]éiSu 1Is tobaeplppyga smgtfé Eea% seoclllrcte mto a Gonfined 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
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tenperature/residence tine conbination for conplete
whe@akdsen. Al so, the generation of gaseous ePEIEAL®4/000183

within the reactor vessel fromthe gasification

process can very dramatically.alter the gas flow

pattern within the reactor vessel. This can result in

gaseous hazardous conpounds bei ng exhausted fromthe

re I r Jy. oces te
coRGhRt ERpa Ry ds 0 cottiinkion MR ERRE ARRb B oo, e
C ophwesition nf ghses Rletent eithinvke tebeorf webdel fremier gasification process can

capability ertain processing.systens, i.e...plas .
o S0 sttty oS b S BNIRERE DS e yhsed i B8
C o pesiRtiazddus gophads betk dxhawntddrom hRaEIRE vased 38d/obdot fully
t he processierr}‘glﬂ%s}{ste result in abrorrml conpl exi t

t hPOERHPIES® ens beipg drapferacktp sleg Dowstrean rambustion does not
P Ohdhitva feShuld Rinipra@if b sdpabiBe df ‘éeﬁaﬂ@p@&&@iﬁ? t?y%_fe%ls, MNOplasma

fully processed waste in slag can resu in sone or
al Progessing pystesy Hheaefors, hagardpusgasqoupsemapqvgds beingrxhayisted from the

af f&ktor {31 of @O Rfo'ées%asg @?s@én?fésﬁlfﬁ%ﬁd?ﬁlgg cg)g@'tiégﬁy Hﬁ&%ﬁ!gtail handling

This may nean that the sl ag exceeds t OXICi
| | aRdpotetally exessvp pollvinigheaing exbausted 49 the atnesphase (Not fully processed
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o ekl ispRRBE P BARRR: mBlorfl:Bh AR iy hg stag afer
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ov C 1 S tcom ramatical l.y increasing.
o nEAES Rl GRE RN EGRLE e PladbR IR PR GRS
ar disppsalenr afooags requireiser#nisur i ng t hat the m ni mum

te at ur e countered thro out the reactor ,vessel .
o TREEET 1 R R IO dop el whel s Wi o teries
deatempo & dvefudn@ithat khoreemhgCBNdhinktically creddihgtha BidrabActor

sol ve§ t he tl?rmbl enl%of i nsufficient exp.osglre of .sone

w5 SRRETATTE B PIAHA F1E SFICEOTE AP GRETDE S ip apinioiogs
nerapedtite éRoatbic HRoPAOE thd@ANIB veSlerRoRRsihd Efdfhber is sufficient for
However, in sqo doing, i1t_also creates other problens,

i nedegentn gerpal decommesigometall wrstecongigients| s appaeach solves the

er fidbRA of HRGIRARLLPOARE bQome WASHE bnstiffeh@ e @ Yigh'tdfperature which
I ncreased heat | osSes, increased electricity

c ol SaeAsIaNOte, achigve gaed dhprmelsispompypsition.digwaver, Inesogleing, it also creates
bandl i . . i :
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| | i ' ffici d
O RTINS SR b
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products. The patent |literature is replete with
D) g end dox BRe s
[0006] A number of approaches have thus been developed for disposing of

industrial waste products. The patent literature is replete with alleged such solutions.
[6007] U.S. Patent No. 3,766,866, issued October 23, 1973 to Krum, 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



[00071 U. S. Patent No. 3,766, 866, issued Cctober 23,
1973 to Krum taught a thermal waste converter with

w@eioamras4and secondary chanmbers for the pyrol yRCECan®4/000183

conbustion of waste material . Thus, this patent

provi ded apparatus for the recgcl ing of WD 2004/ 072547
PCT/ CA2004/ 000183 3 waste nmaterial having a

pyrol yzi ng chanber for the gasifi cation of waste

mat eri al I. Iud|n an inle r the
o e on e O 0SB CRNT oA sy inctuding
S emaneefoy the h@ﬁt@ ehd fpshtiRhfor tHe@hs ﬁmﬂu@&ﬂlefdfmm Wﬂ&ndependent

pyrol yz' n Chag?é gf?g e tl ted)&?qr o gt?lhgandanouﬂetfor

pygaeés\/&lc&gblghmang ébrfn@&ed mla Biitle® Bfthé PfroBeRg eﬂaﬁber to the inlet of
anbe Means directed solid resid %sfromt e

pyth@wzmhgy drphereMeges dieeted selidgpudiey remshgRprolyaing chagber to the
euﬂﬁ 6’6?‘r/¥ bExlﬂ@x”fB e RLEHIGT cﬁﬁﬂ%’r‘ %ﬁl‘n@(!l SorBRR LM E&srw}nch is

is pro In t yronZ|ng chanmber to reduce t
s aprpdnce B thQIEYTDbmeEI @@@mcrad e gissnlibresidpgingheiecensiary chamber

Co‘%d‘lh‘ﬁdjgﬂcﬁ%%g&sl U.S. Patent No. 4,438,706, issued

to Boday, provided an attenpt to
deiﬂﬂﬂéﬂy was UeS. Pateet Naul 4,438,704, isiuedMarah 7 £984 tp Bojlaya provided an

O 0P 0o AL MR PR i

vv| folchesa ﬂ‘hxsmtdnm@t thg @sd of RC am:kieschdng'r plasoiagonch & combination with

deco sition tain t S

¢ GREEgARE pal & me oot Rl Gsealnthbion BT hpfor vhit

f omfteM@ SThetbich gaowdd aitl iilghe Whdtdimarsiig) émnvaporfusin ved inttuced along
t he Iasma arc ene to where it vvag heat e

t GF EhOGE dOVTHE LD HOE PPET HAEEHeF P g T Sy torch gs.

I Nt ﬁe@é@ﬁﬂﬁd&&f&ﬁ‘eﬁhgﬂh@mﬁ o @ plasimPloddiR ond @RIIf@plasma
The nethod included introduci ng organi c waste vapo

antgagipie Abamegodinglded mﬁp@wlq%gwﬁwtervepm aqd @rege@tﬂ[)wwgen into
W B tdrBiefol i Ation WiE (IEiINGH. Thdaédhod Atd@ll wkeMed dlschar%l]ng end

di scharging end products of the interaction fromt
enprogycts ofdhqintsmetion Semtlhsy cndof fsplasma regctopoppeiiate ba lasation of

thﬁett&&ﬂi}g g%tv%sﬁﬁg’\%@ﬁﬂéxﬂg equi pnent. [00091 Fal dt,

4,479, 443, issued Cctober 30,
19m09]d| sc| Faldd et alhe. SugeeIefNoaﬁ 439 443 issuddPgebepPASIPBA, disclosed

B0 1 Lo AGSATBRIS MBS TG ol s

| nmatedalom the dmmxsﬁsohhpamﬂes \here mtmdmcred doengreath ofitheng: tofavoid

rc resu cI e a .ence. OXidizin .
- ot SlnéGrd 4§ 5i5uh ofaiRE) panbicied OETGRESenHe £ Bh and air
vvas;texe nﬁxddlmth ﬂie adtecitidibéfog, mrnngfot siter tifvevaseestas heatsd by the torch

heat e the. torch as. Suffi ent ox d| zi.ng. a ts
s Surhtien dickate b Bainsriied e, iglglion 4f e areste
Medn@fehiall TheldpBarafp ﬂfcﬁﬁw@a pmiwgi@eraa)r wdrmcﬂg R t@fperature

for producing.a high tenperature
plasena mnw ch%ll molecules of tr];E 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 nol ecules of the plasma reach at
| east a desired m ninmumtenperature. The apparatus

w0 pkotsd mreans for feedi ng hazardous waste t oP@NEA2004/000183
through the plasma generator. The apparatus incl uded
means for feeding sufficient oayd|2|ng agents to the
hazardous waste to permt the conpl ete deconposition
of the hazardous waste to stable products. The

R L R A Y ——

vvasmmletblymughbléﬁﬂalphmam generator so that the

A FRAER-S SR ueE 15 RRH Nkl fgdd a (osssed olgoer 30, o, isctosed

Sufh%Iu% s DOerd pl’aim@fbuﬂﬂeﬂﬁ)r tﬂé%fﬁl&tic)de&(ﬁn @ﬁrﬁﬂﬁ@te Provisions
Ietel to stable final products, 0101 Barton, et

werg made Sy feqdingngpstegnaseripl dopmsirpary 9@&6 axctelssiEpdes ¢p prevent
1 9%rfeﬂén§§{>vﬁ§ 8 forbBonSi€zeRérafor ¥F (R NadlaASETR RS ChdrMer

the pyroll%/tl c deconposition of waste. Provisions were
coamen ragased &0 ermbing gas apbpmteulasemaied, wikeh igggenched

eI ﬁﬁfﬂeﬁgﬁﬁe& Qiith En?)ﬂﬁﬁﬁne sbx% A fn%&%ﬂﬁ:ﬁ s\@fui)gertwtégu%ﬂ ng?:{phx%ﬂ: gases,

ggneratlon of | asa arc. reaction c
f oW megmhﬁ@wmé pn wé@usj day Th@ammS echugled a plagma burner having

\F/Jviaé Lén%h% gxfrg ’éﬂ@‘ bds§bes MH @1 Thé c‘i’udea gg%a%%ﬁ &e%éeﬁ (Z.ongxected to

ne sp ra anlca Scru er was us
t othe plaamabemerand bawngmerﬁhctaryehmd tdadticnvehambérifor raceiving the plasma

h a@? gﬁ{e agf}%}atu;_ Ié?lg € eq%f% ¥t )1(%88 u de gtg %%ﬁ@ﬁ%ﬁ%ﬁﬁl&e&e plasma arc
a pm&h@tmhnaamibumbdd space wdetatomnzedemd ddnid nde tsetsstantallyt pyolytic

pl as ,bur and aV| arerator Ilndreact on
oh  theatigromtine i fometngd piadlers i jhe magip ghgber. The

i nqipuﬁkﬁﬂ mﬁaans af Ovitlek ﬁsemom the G Ib&%ctéjthélﬁﬁ&ﬁly
e co-linear el ectrode spac
t ot Tar oni T8 AteT igh Patett i 586 D Besshe asemper 137 989, provided
p%@hﬁﬂtﬂs For pydtptichilpdeompekitd Pt BAGTHD 'TTl%(Apﬂ)d%tﬁ’s mcluded a plasma

reconbi ned products in the reaction chanber.
a p%%t? RECdnERcd Rlaraun having gu pRrating terppasaive of at ln@t 5000° C for

r e@éﬁ 8l scﬂﬁtﬁﬂlb?‘é %va§t@ ﬁfa%%ﬂmfoﬁrp%% a%%! Sglgd particulate.

atent No. 4, , 001, issued Decenb
pr Bhﬂ tgech wag ﬁ«pmbla%@th weang forgiyaduciag the Vﬂi@@@lm}al mgm atomized
{8 ARGy n OBl S Pl 3 s e e

at leéla:s of mwnd:solaiparm@ter d%¢ agpamtisahaiideda solfd apwamt ﬁ)r

ol Bt ety Rl o BN B R B soppartictae

| niPtYuci ng U hiPawasKe SRACASH aissued Febtuay 025 1064 to Bioatberg et al,

S R o B B BB RS s i ey
s odléatrop mdfla:ioh aﬁderf mﬁ(ijl&tlﬁﬂbﬂis&b usmlop ghposieeh tf@xi% @daktdials, Thus, this
se tor r.ovi dli n a I al, vacuum 1 or renDV|ng
ar@?“@gl’?’“&s@? %‘gg'@glbﬁfr SHetiE desp FONINEIQRICvastp seraprising 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 tunable 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.



[00121 U. S. Patent No. 5,256,854, issued February 22,
1994 to Bronberg et al, taught a nethod and apparat us

WO 20049725w1 t aneousl y bonbardi ng toxi c gases w tPCTICaE004/000183

energy electron irradiation and rf inductive fields
to destroy vaporized toxic materials. Thus, this
patent provi ded a two-chanber system for destroying
toxic waste conprising a first chanber adapted to

" o PSR NG A28 o AR g 2 RR ARREN, ranen
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| r scmebcaif waste afatcfial ﬂo@&?rdcbs’séd &hﬁ”ﬁﬁﬁfaﬁisl ificlidde@ 2$thir€e @Ms capable of
te eraltures | ower than those rgﬂ%lred to destroy
W’ﬂg&é‘{: glepyons iR plasmaw 1] tap §ted tenppsraws 4 iy apparatus

P%M&%ﬂ@ﬁ@é&&n Forl Qb n ﬁa (FOA B he gas, Th -
5, 288, 969, issued lgebruary f%e ) to Wng eetgagl © apparatus

t altgited aqactorshambere e @a@m@chﬂedpm@?@ﬁﬁortv@p@nmng the combination
t eshﬁ@bv%e/m%ﬁm%a A dgas tHRER %f}sarck& cﬁ&xﬁlﬁé UFRS; %é}étus HBGded

di sl ocation of hazardous waste. [ P
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r eagtenal. chanber. The appar at us |ncI uded neans for

arl@0Hfl et SR i Peer el Al DGR S prongded o

i nsybﬁanieﬂd nedndifat the disposalnd waste naweihlt mﬂﬁdﬁlﬁﬁa@ﬁ Solaflle ch@ponents
reator anber V\Atggllectroma eti.c energ forma

ﬁﬁ F GYPRReRts-hegyagie L waghepted @2 4 ydrator to remove the

e X\@atér@bvh@lﬁemﬁ@t& i6 @ Riphit&@sbratite Rﬁ/er #® ﬁﬁ&%ethslﬂl%earbaﬂ‘ﬁ‘qmds and
i ncl uded tim ng nmeans for nmintaining the

ap aratu
gn @P%%@ footiis Togps pojat of a primaty Rlasmgarasian mherelasia are jeth avere
r %Sﬁs@d oft fREEcelo?h p@([)l%f meﬁﬁﬁsﬁle Ldonb s HiROGLR Lpgglé the

the waste nmateri al Pat'ent No. 5,541
i setdigbly gpppapnts yeowmelied, anditheyolatile cqmponeateare aolatizest Blm melied
angniRhaRdwd et ;ﬁﬁ@ |
i ncl ng)gl ng wat eerc;ﬁ@d {il‘ e&ch%%% ne n%% tﬂgﬁsgﬁ % g PR g‘fﬁmh roller
C Oﬂﬂddﬁéﬂ?@kﬁﬂ'ﬂh@ olips ped dedivened td a xeegiving altee.cHeanfram the quench
d Lk t n at
hi g g)errpelpraiaL t Slférrg }rgﬁlee rdgﬁ%dr%@paglrd i z%ﬁ é‘?g ar‘%%%’eﬁe hydrocarbon
| i lepuiddand wolatizet hempmtsfv&cb fedta mﬂctﬁnﬂaqa)lanjaﬁéacﬂfr where they were
pr JRI ctor .where
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processmg in the secondary plasma reactor.
[0015] 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 plurality 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

WO pioa/0zdseps and delivered to a receiving area. PCEEAN2004/000183
fromthe quench chanber was transferred to the
dehydrat or and hi gh t enper at ur & dryer. The hydrocarbon
i quids and vol ati zed conponents were fed to a
secondary pl asma reactor where they were
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of sustaining,the piasmag prtwescthe, Hrstand theseseid 2088 havi ng

a potend | i ves ghest NBds7I0AH Rehet PHLifE 2005, t§Eél&1%ﬁ‘et al, taught a
apart fromthe second corrpartment and defining,

s amgbilenlav-hasadyasterdisposal systeswhisliutized prarsereh plasma technology
C Owéﬂoﬁfﬂkﬁlsﬁﬂﬂ »basw‘ &né f'1ERBr&ehdell 2k a%lk gfhﬁ &ﬁ;ﬁmmg an

passages. bile waste 1 ncinerator Inc
f oppRex enid ﬂ‘orugtroqh@tlgle eﬁw@td hgterial peda lovgrenst sa@d statahielkiln mounted

el s&agiome FARIOY lﬁaya%h atle 8{§€Js?& 5(@961@' 1 éﬁvJepgndb(ffthekﬂn at

secon art nment, secon capa
of lessmnaofﬂmgreedhem;} ﬂwrand foriming anaste ﬂgahschzhgmoﬁ pyeolytically

T I T e T T —
f odlsgsabswdsnm direet ait fnc irdo eleddln i iicfuided 4t 1dagt twe edrgdtRctrodes spaced

se ond, | |1\i/e el egt r %ﬁfﬁ?hgﬁg het&%b&@glb@é@%g}é@?ﬁ#]@gﬁmswm of

?nﬂfe@asﬁ&gmaﬁd hﬂ&sf il)ﬂesdfﬂ&k{)ldrg‘éﬁélévﬁdﬁ@v?@ﬁﬂdvﬁb]eg i el ds

0 taining the gla etween the first and th

se@gi Szone.JrPg[ Bﬁ L?Sgg PEERET Alﬂﬂlzzéze}é% %W’k‘mas et al

| Spreeided R fethod dnd APAdAtustier PreskAGfakte Aspddal of1RYABSusIvaste material,

where 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 plasma technology to dispose of

w0 pabydt2s#al waste. The portabl e reactor incl udedr/aA2004/000183
rotatable kiln conprising an upper end for
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[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.
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downstream of the arc and was indirectly heated by
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tenperature residence tine of the waste nmaterial,
resulting in inconplete deconpgsition. [0019] Further,
the performance of the plasma arc is highly sensitive
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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 apparatus includes monitoring means for monitoring the
gas stream to determine the amount of particulate matter in the product gas stream. The
apparatus includes solids removing means for removing solid stable non-hazardous final

product in a lava like state from the apparatus.
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teMMFEAMmemvENQIéNne therein which has a
substanti al [ y-uni form h gg tenperature across the
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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 nmethod includes renoving, preferably
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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 V253 or DIDIER
RK30.

[0035] By an eleventh feature of the apparatus embodiment of the present
invention, the apparatus includes optional water cooling means for the lower séction of the

refractory-lined reactor vessel.
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of the present invention, the feeding neans conprises
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lined 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 aitborne 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. [00391 By a fifteenth feature
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[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 through 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 to 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
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pl Bi&she &y plumg af, OF 3fopRd. i inteisection aF _@w@}aﬂaa arcbupagdrom the fixed
asphsion Hema B/ geherhtdfs th At de GO AT, U la Bkt prodassiny R6uld the need
prior to exit fromthe apparatus, 1.e., reactor

e
ve¥e| It magalsp pyrmg @iiag of ftyaleme tmardsdlia dag poohdd, orgr@md,he slag
| N%81YorGBr gionaRISniAL MeboHdah pro @Al lssiUaRE HonPREO MRV Eable plasma

t o ensure maxi mum processi ng .eécf%l ciency. Positioning

an¥fc SpReFaieT ippfivantagions Preushmennds of lawering prosesping teniperature due to
fo i S . i.r i

el B SRR ER gRAR B B st o
hebazardowsanateniaht Slagconditioping iscssbntial ta enstieaha Idgglagexit pomremains

in L 1] Levi the | ROSSI bl roduct

go R Brblylnd i i Bkl poBRER RPN e PhgG8 Bmogencous
Nb@tpogsi?iptogwrh%g@ktdgw\ms?bﬂh}ﬁhﬁﬁoma ihcompleaehaprdcassed material may
may er | i s.achi eve i.f a hi tepperature

or ety SRES WEY il st ssel e dag aiactipn, Alplasma arc

t R@neﬂafo:rsr may feeoperatedon a(k{;)ntiiilﬁ)uﬁ B@’Efsga@ the\d@efetibn b?th@ BfdAter.

t i nput waste and/ or zardous materials are
ORS¢ o' ot et st PhsRisaLGR Bk e TG 4% dmined by a

| nividitel OMfactbRenalieked position plasma arc generators

for primary processing are provided in the reactor

vemsss] at opRasi the chémies cBipbditton JTBRGHARle MBS BlzaMlohd material
ag%%lar i spl acenent. rel ative to each other and ai ned
t

@R 9 be pragssied. ‘Shesatehaheonfiguration qudisize of the reactos vessel are
POdibated Byl tHelop¥rafiéhal takREdist&MREHMN dﬁ?ﬂ? & QF Bledft Rhstd ffeam to be
hazar dous waste feeder opening into %e reactor
veleessedThe focal point of the plasma arc plunes from
these plasma arc generators is preferably fixed near
t h@0nt er Stcopgly. the plasmaygc zemugtor. By plasma arc generators must be

POsi0RQ0HIRORE 83ictot Fe4 3t fie addey fi&?ﬁ ina(krﬁ%. 8 @ﬁnﬁ gﬂnﬂ% {4 high
so as to ensure the nmaintenance o e optimal hig
t eiRPBPAITATEOGsptEERonP Where dirvell bs mued difeetivet whilawd tieesame time
a%ﬁi%ggﬁan?% %ﬁegzyyoﬂ%{}?gég‘s around the entire

ssel .

react or e noveabl € pl asma arc generator is
Prebssabl y FR & dddito%nd orientation of the plasma arc generators. The

plasma arc generators must be positioned, and their plasma heat must be directed, in such 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-polluting

molecules.



top of the reactor vessel and possesses three degrees

of freedomto permt aimng of its plasnma arc plune
W@RQo407253T ound, the intersection of the plasnaP@r/CA2004/000183

plumes fromthe fixed position plasma arc generators

to provi de secondary, or assis&gd processi ng shoul d

the need arise. It may also permt aimng of its

pl ume towards the slag pool at, or around, the sl ag

ex| rt f C j t1oning. Secondar r ocessi .
as qug ance from ?’%%e ﬁ%&@gb‘?’%ﬂ%ﬁ% W@Cn“é?” d %fetﬁee?rgfe&? a‘P five
adingestiogpatss Thdproceghaddéiveoniast bk idjesteirwhege heyoeRisskigmost

te ratu due to nexpect ed changes in the chem cal
co%glfﬁrle%cﬁim& aarcgi’t?f’% gf%@é COpversie rg ut waste and/ or
ha ous eri gl ag.conditioning is essentjal_t .
en@ r%zl that tHe' a@? £e§§alle(3?g?01b g%"tptlars’é’ﬁﬁ{qggoener \SEHnerHog sigpth, their
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e a onogene . a ossi bl e to guard agai nst
e AR TRl i e ISt Boeon s imati oo faurcs
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reactor vessel during slag extraction. Al [ asma arc

ge BRI SPRilS. ise Ve Bighi@rpesHiurg Peasawsing zouss high demepegature slag
t h@ekih§&hpink 96hetnd bRGiuNEMBLAHure d005¢ Jl'hl-gré@ner 2564 Bscriprion of the
vessel physical design characteristics are éet erm ne’éf:l
byPrasenhignénsion gry petepeasentediaras epbofli@sawhish inglutles the following

C hRiuFed bwith QRR S At o ﬂ,gg‘fe(;fhe wast e and/ or hazar dous

material streamto be processed. The internal

confijg %ﬁﬁé&ﬁw%ﬁoﬁgﬁﬁe \%stﬁt iﬁ?ﬁ({e? ?oce{cﬁirevé/ I?Eﬁ[gjz Uncof é)ﬁﬂutants;

di ctated by the operationa aracteristics rou

anal ys g At nd AAMeeIBRIcR oF e SAP g e processed.

[ 00541 Secondly, the plasma arc g&herators. The pl asnma
arc geqﬁﬁﬂi%ﬁnwé&a‘;ﬁge&g%gi oned within the reactor

vessel at the desired depth in order to concentrate

t hyodioh  t SRDERRIdEAG: | i dtpidirla D

rmhg_t Aective,  ohT t BloRES R PpG i i d piina arc fenerators
pl idheenter ngungelandisademant dnd 8 eembinedplodmarine plitng fixed focal point
PQghd! | ' 18, Dl arc generat ors.

R abde P heblertr Tl WAl Bl o BUS Wi el il i e

t hisplacpinerspeoviirtsa formurbuleive vdihirethe mput wastend hespensvated pfoduct gas

t e te trav ath f | 1. gaseous
ol B AR REE iceh B & B she Moo 08T P cecartates a o
r ewdllddihigh tempeeatie ptdvessiiggiond Brqugh dhichall RleRRS SF 1 ifAPRaste are
tc}gg?joanat ee their full deconposition, and conversion

i nPo-t he'Siral | est and nost non- pol luti ng nol ecul es.

V\ﬁo 4/ 072547 PCT/ 004/(1000183 14 [ 0056] Fourthly,

t HEOBdsi ti o GPROSHRSNE MHdes AfoR MioyRicd Blespgarc genssateravith three

adidptebs/@f freedom to permit the plasma arc plume from this generator to be directed to

£
X

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 vessel, diametrically opposite to the
mcoming waste front and in close proximity to the by-product exit potts 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 will ensure nost efficient

WO e@eN723w7 t 0 achi eve the desired conversi on reBCi/CA2004/000183
[0057] The waste feed |ocation, the plasma arc
generators insertion depth, th%r position and
orientation, and the position, orientation and nunber
of the process additive ports are all inportant in
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Meplasnigirt plaies GodaResiddouid pliniaQRP&halatere gas exit.

This generalized description of the present invention

mafo0sy repr ghe medi@yntaﬁbhﬁﬁb slak a&mom/umuqfoduepgay geket EdiRuit
foll owin f eature th the overall objective of 1.
F DR BB on s oot iPatt 0P e paahing poth paratikelor both the

M glidiaddfsedusProdesy ﬁrl-ﬁr@difcﬁr, for Iﬁamﬁéﬁh'pr&%&s’iﬂg%ﬁéﬁéy ffor hazardous

honogeni zati on of t slag; and 3. mnimzation

ex FRPSEReR datructinne This garmtipt cpn@n@w@apai@mosmqu@aw cppitgured for
OPPBicRA vab&E, (HREM RIoPAiASHR s8ids 19 ?ﬂﬁfa@ﬁ n‘fn 3 ghlaf vessel as

center |ine angular displacenent and

ar ePDepadiip being edriebewtiof fsireactor m:sg@evxﬂadhct mtmmts er of

the i nput waste and/or hazardous material stream The
E?Qﬁ?dr di Ip¢ ambedimentppchidesie plutabity, £.gr, bp kasthree, ppeesd additive input

Srtsgﬁxﬁteaapﬁﬁ @té&gglglgé;t%rg %&ﬁ% Q}a‘?%fl&ﬁ? go%gtted gf(ﬁrect steam into the
p r lugletemipergturaprocdsing gorfe@pd intpthic prodgetrgas akassgus ptiot talits exit from

V\%L} top{, gelten'perature processi ng zone through which
emen s of the input vvaste are forced to pass.

Th t ..
ar@ag"éner Zt g?p\g\nﬂt’@l%r Ié%ﬂ eg ees ng’ Pl%go%‘f‘?f ?rgcﬁé?qﬁ‘?ve input
t heorfs Ifaszinanﬁctmnpthamoﬁs bemg strasegiratiptoatted irf andfound the reactor
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e Tehepf snel R Rt inbirob gy SIS a A ek PER BRS¢ o
th f t he full d
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prspddﬂly&elek{ﬁl ?@ﬁéﬂo@rﬂﬁﬁfg HdafFHIRAIRPLR? veshd tb BRGRImaximum

The enbo urality of input waste
f erg@n%, grqcsssglgt ?t v e bemg mpervious 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 ports 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
wa@leeoeotdsy7 i nto the high tenperature processi ngP@DO&2004/000183

focal area as created by the plasma arc plunes from

the side nmounted plasma arc geperators. [0061] The

enbodi nent includes slag exit port and product gas

outl et conduit dianmetrically opp03| te to the feed

po I OSSIb|e or, bot t he .
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cial ly sel ec refract throu
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Pr @eteisidnd ithiddhe 10bitlof o ﬁto@&sﬂngpﬂfei@aﬂéisreﬁpuﬁ@fe%%@k of opacity
reactl n fromthe input  waste stream and processing

iPERAUC478 RIPEG Providrs @i meghanisn for gufewptionef process additive

en@ |r5084) brilBGly YEES, B nitidthid ke 1¥vel frtic

gﬁhorttg to 5,nral ntai n operaﬁ?ﬁe ?f Vi S|I%9f| t!f/%g ¢ maximum
al ‘Pﬂoﬁ@ Ple cprcepfratignocessi ng. [ 0067] The type and
quantlty of the process additives are very carefully
sel086ed t o In grger tjopémiza fretopprationcofithe epagityimonitors, it is desirable to
c Qﬂ&hﬂaﬁi’s%ﬁgor Ql@ﬁ&ﬂtk‘ﬁ'ﬁfcﬁ’ Bre ik lof d%@kﬁttﬂér&h g«g er%qlté%c@lﬂgcg otheadmgs
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e o Ol R AT b s Bt Peistoment

16prevent airborne particles from settling; secondly, the mamtenance of a slightly negative

pressure in thljs portion of the gas handling system to ensure airborne particles are drawn
past the sensor elements. Typically, nitrogen is used unless 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.



of the input waste into fuel gas and/or non hazardous

conpounds. Air input assists in processing chemstry
whadoanriswy to nmaxi m ze carbon conversion to a PUERCAYMS/000183

(mnimze free carbon) and to naintain the optinmm

processing tenperatures while {§nimzing the

relatively high cost plasma arc input heat. The

quant ity of both additives is established and very
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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:



17 [00701 The flanged | ower section which is connected

to the flanged main upper section of the reactor
w@eaniotsg? f or the ease of inspection and repai PCDEARIN€/000183

refractory lining as the need mi ght arise. The

refractory lining in the bottomn,section of the reactor

vessel is nmuch nore prone to ar and deterioration

since it nmust wthstand higher tenperatures fromthe

oper at i l.asma ar.c generators and Lt i s contjnyousl

h e cont B8 D iR Sad it RaedPa gt the b ry-lined Graptof vessel of
I nohdrembodiieent SLa1 dspett bbthe plegdnt fnvémiolesi gned to consi st

of a nore durable "hot face" refractory than the

refr alct BIGy ﬁ dsa iid!@aﬂd&@ﬂtﬁ%eﬁ&?&@* 017’(:|ﬂé feﬁaiatﬁﬂ/-ﬁﬂéﬂ reaEtgf vessel of
ex e, t efractory on the walls and top can be
mg@&pﬁﬁﬁ%&%’@g iplet and, outletPOTS; i f f er ent " hot

face" r ctor or .the. ] ower section can be de

wi t h R/ﬁéxgmﬁ Han ey Qféges‘.%g?‘é?ﬂ of Fragiphgesel of FIG. 1; and

enbodi . the lower section nma | so he water )

cool ed ?ﬁl&paésfaeﬁ“geo‘?l?"af‘ﬂ‘? f"?fe"‘?}% Pg‘i’ne flimeptiof an opacity

pr evoaitér forliies pdrt herdfactdiyline vedsell dFembEdiiReis Of ¥pects of the
e

i ni n%J,A duplicate | ower section may also b
coRSETLIVERioRy facilitate faster return of the

processj facility to operational status through

per | odsf:]gg 5 s lagl %i‘@a‘F g te oygalpergymigntion phghiemical process

al bigfuRdbRadcOffidd td hd RBschGnRmfGiMOdat e processing of

nore demandi ng and/ or corrosive input waste streans.

[ 00721 G606 @sshi SR EIHow Bhiirt Bfovahd MEBhGcd BFREGRinMBatbGlock in
three qperational characteristics, nanmely: reactor

veligar Sprwesglettilchanges attributable to a non-opti mal

feed. rate, input waste stream chem cal characteristic ‘
changest16r 7 isgrileck flaw dagramshewing the ouerell orgaizativared Hierigmperature

SY gcdYabiR el GiSutitibd éi:cb’rﬁi#gfto BRlprllo GRARGE and @201 OF
te anges

vessel” and product gas erature c

attributigbf g Jlﬁg@le@&'ﬂo@%%owﬁfgeiﬂe H%aﬁ]iplglggé] Bfrd%ﬂdélﬁ@tsotl&k in

stream chem cal ~ characteristic changes;

galewpaél moredstgdli ng i ncreases attributable to non-

opti mal processing and/or input waste stream chem cal
characteristic changes. [0073] O her enbodi nents of

the present invention may include varying nunbers of

p| RESGRAPTIQN Ff BREFERREI:EMBOPBYENIS ports, air

injection ports and CCTV ports depending on the waste

st 108%%h undeOng gmbpdisrenttafen aspeet of the riessitrinbntpreineluileriree plasma

RS b B SRS AT T DS

b edepéctashin GEg 1, BIG. Reapd H1G. 3o aathgs|vell be Hsscribddtin detedl ereinaféer. As

L Ogdefy ﬂxeﬁe‘iﬂ, ﬁfé@?ﬂmﬁc&%egs%l lm%{p%js&: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.

[6076] 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
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central |ongitudinal cross-section of the
w0 edopataser y- | i ned reactor vessel of one enbodP@EOA20#/000183
an aspect of the present invention; FIG 2 is a side
and rear isonetric view of the éefractory l'i ned
reactor vessel of FIG 1, partl cularly show ng the
inlet and outlet ports; FIG 3 is a top plan VI ew of
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i-ncl udes three plasma arc generators nmount
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|mbm@eﬁanaspedtsopmebﬂﬁem§sel 10 is subject to nore
degradi ng environnents and so the refractory materi al

]F-’ 40079 Sozug{gg g?istg ef il 16&1&3&0 Werd 410 frovftibd. The first set is a fixed set
C?n?%nzls eméodlment, two, L?lametncally-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 freedom of movement, as shown by the arrows.

[0080] 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.



refractory material. Exanples of such nore robust

refractory materials include DI DI ER DI DOFLO 89CR and
WORIDEN7BEVPAC- FLO V253. [ 00771 The vessel 10 iBCT/CA2004/000183

provided with a solid waste and/or hazardous mnateri al

inlet feed port 20, and with %(yvo spaced- apart liquid

wast e and/ or hazardous nmaterial feed inlet ports 22.

The vessel 10 is also provided with a refractory-1Iined

a tlet it 24, rthe v [, 104
gr gl\(l)lg ed Wit clﬁwo other gasugglg lfeuaguri:ﬁ (gfqﬁe r%%ctér v%%seggﬁﬁglﬁée tHeFact that
| ethdiloveer pmin éS of the Macier sdsecd may be sapharaced ffom the Eﬁnan[ldé%'ﬁhe reactor

Furth ort i ncl ud luraglit inth

G Rt T alaEved o affcBinf Mgk g’ & et prner port 46

Thﬁﬁﬁld@d fo dnable theOhé 52 BBid@6EthS FadbP MsSa td be prélfeate@ € 4 Suitable
that the input of the air process additive

PRETALIE "émeﬁt\ére’procesa ng zone for maximum
eff| ency. Al so, l.i t enbodi nent , |
thiﬂé’éh st eaﬁﬁhieﬁ?ae@n %ﬁeliaﬁﬁ%u © Péreﬁﬂ&\% ded These
i njection 2 are strate aII ated t
onll0P ¢ nat ASTESh RS %ﬁ@&wﬁrga%eg%r 'ﬁq i34 i

t hBaspddaRRSSh HAd¥R BSs fifihg SBWHGAThAMRGES §1§a@ﬂy #bhitdr152"EAé opacity
and bl ankets the product gas at_its exit fromthe

r eBORiE ¢ duclydes g aamﬁteééé a%@ HeeivegmpePatipns Qfﬁheaﬂyng which houses
r efRig ?hd')'[? mitfiitof £RGE GdiehaddhaN atdst At BRx@GEH dild®BPthe opacity monitor

resul at the endothermc reaction cools the produc
g a82. g nitfegcn dyigeslements &) ¢ digqct @ﬂw of pigrogensio kgert aitbpyaparticulates

5s%g\6§§1§eelln cé’:ﬁqg'd{e (BJ.ltldf Jr)élemehﬂ sty Qh& 56.
ng o’gl%?}g four, ﬁ/qn 5

|nspec pOrts
Pr pyoksied. T
st tggl cal Pgt% ocate 1o e@ﬁ%%ﬁg‘%@ﬁ %ﬁg Sgative pressure zone

cofrpinay be satdp dthe piping b8 to kiepialsborne paruﬂesaﬂ'mm glqmemng on fhe inside

N B OR35S0 oo A RRARy 51 55 OF Pl asma arc

genera ors ar provi rst set is a fixed set
of, in this enbodi nent, two, dianetrically-opposed,
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rr;) %@gug PEOSESS s 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 steam 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 hereinafter) for the

type of waste and/or hazardous material to be processed. Feeding of waste and/or



[0081] Two other desirable features of the reactor
vessel 10 include: the fact that the [ower part 18 of

w0 bw40eadt or vessel nay be separated from the Peranzden00183
of the reactor vessel 10. This is achieved by neans
of attachment flanges 44. A preheat burner port 46 is
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[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 airborne 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



hazardous material into vessel 10 is then comenced

t hrough solid waste port 20 and/or |iquid waste ports
wQ20depswdi ng on the type of waste and/ or hazap@dDas2004/000183

material being processed. Input waste and/or
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gas piping 50 are cooled, e.g., water cooled to ensure
wo@paeitas4moni tor transmtter 54 and opacity nRCI/CAR004/000183

receiver 56 are not overheated. Nitrogen purge 60

prevents deposition of any airkprne particles from

settling on the opacity nonitor transmtter sensor 54

or on the opacity nonitor receiver sensor 56, which
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wa and/ on Ot ' [ r
0040 DG T B it of e SAEMIR Réboll B BROLEY figure
wh ghewirg ifyeouipyiationsy asppess. n gqnefab tthe yymuletoe ponsists of three main

Si e;ﬁ,‘l'ia‘?fohal%ﬂ}ckﬁal operating characteristics including
processi ng tenperature required,

@) An Ideal Reaction Model which calculates the ideal, steady state
equilibrinm 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
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guantity and quality characteristics including the
wa@ewmynt2sef  energy which may be recoverabl e frBOT/CA2004/000183
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ar @sxt_n% %é {h\{lction, 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

clemental 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 recursively 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, because 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,
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W thout the need to wite equilibriumreactions is
wezpharased in a publication by Gordon, S., aneCBCA2004/000183

McBride: Conmputer Programfor the Cal cul ati on of

Compl ex Chem cal Equilibrium Gonpositions with

Applications; |I. Analysis. NASA Reference Publication

1311 (1994). This publication is incorporated herein
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T%gB§551 tur ?H]grml ar . % of Hydrogen, and nol ar % of

oxygen 11 9 n%%}%q m Using this function, the
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df9Pdases dmmt PaamgiersdQ1oincludes 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 avenues, oxygen, water, stcam and the
range of iteration of any of the process inputs;

[0098] Decomposition Constituents 102: Each input to the plasma gasification

reactor is converted into elemental molar flows. The total molar flow of each element is
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Carbon in the systemrelative to both oxygen and
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the individual blocks within FIG 6: [00971 | nput
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(el @TaRINdn-1IR) Readtfon l\mﬁf‘f@ﬂﬁd GRYHER Reididn RAREI 103: an

value) and flow rate, the processing tenperature an

admoiesjes iTaplisei 8 Fohhfter FPARLbtYs z{lpcaﬁ)'ﬁﬁfé.df%ta% b format
from several avenues, oxygen, water, steam and the
convenient for export to most other software. In practice, data is exported to a Microsoft

Excel worksheet, where the mass of each product, volume %, sensible heats, gas heating
value, electricity 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 requirements.
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[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 software, 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:
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mathematically modelled within the simulator. Thus, the simulator can now automatically

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 been found that this approach gives gas compositions
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[00111]

In order to develop a more reliable and detailed estimate of operating costs,

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 by a

steam turbine, combined cycle gas turbine and a gas engine facility. Performance data for




cal cul ate the amount of C(s) generated for a given
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el ectrical power generat
amount of air allowed mto the reactor vessel Addmon 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 ﬂbw to near stoichiometric rates for combustion. The inherent cleanliness 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, energy efficiency and air emissions
become the main optimization criteria. Pollytant formation is affected by operating
temperature, and input 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.



steam turbi ne, conbined cycle gas turbine and a gas

engine facility. Performance data for WO 2004/ 072547
WOERDAQAB®04/ 000183 30 i ndi vi dual equi pnent i SPCHYA2004/000183

default, scaled froma baseline facility design.
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spreadsheet, equi pnment perfor ce can quickly be

adjusted to reflect different configurations. [001121
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processing temperature and residence time as well as to confirm that refractory erosion, hot
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
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signifrcantly reduces the Tormation of tars and other
pogasticatinmtreastonyvgsselctactrateshe qompytatipeal dempgg|onyhich the numerical

er.l | i pcal o gasification

Tebiitd B i gbe%%@]hﬁﬁ]oghca%éf ibufited

S
processes. em cal process simul ator

al for i ratd at | .

o LB " SR B AUBLT S Moo i s
ecunthasautipatomaimapdge generatothe nomputationaktheshes. Meshes gan be selected
techni.c hurdl es e untered ¢ | ckl

oD Pl Pioa® B GIRR R Rp SERe Rl LR Yot fagpess of the
usmeashican Heseddcogd depadiagsonaingaonietricalglimedsions axd the vpdrytional needs
non:,, ho eneous waste (e.g. nulti-waste streans).
Beg%%ﬁ?g@ rPE?ﬁjé)é‘ﬁ of "what if' scenarios have been

de ed ahe f . ti 1S4, N rocess,simil at.ion, t

colfBLEf°, AR Ginatial 145 TR B B hfioR adios i e
Cofattids| @moh iy velddith Seihpirhtu@asc crieaichilated, Tirrisktialdjalies of these
t he rocess chemistry to .an_ "i.deal" operating point.

Agﬁ‘faﬁgt“isﬁée o8 {iR Prdegtodpitiain thedieratiop giocessy  t he
re [ ve ease anpd eed of ta acqui si.tion and .
el oot Chifitons 14 Hipu 35 B SChaRions of operation,

t efipgRd@p u{eeﬂ(ﬁfhdtd‘, téripadition Hil@teﬂi?éiﬁfuresﬁéﬂd klﬁanMsni_a Vel @ators, the
isonetric printouts aof tenperature distribution and

gadT Ffsolie sivan aeis. @ reqyieed by Hheddihende (Bgnttfoslegne e adqagpfe

of bdunBary @8dins WRRHQImuldiB AR@pEEBEHER it %Y{hg?la%ﬁa gasification
essential tool for optimzation of the reactor vessel

deksnefor Yessebaictlose ag pessiblear e no gas paths within the

react or vessel which would ) i
[00125] Input 115 (the number of species and reactions to be included in the

[=g]

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 to predict pollutant emissions;



permt gaseous elenents to exit the vessel w thout
bei ng subjected to the full required processing

W eeoperasur e and residence tinme as well as to PONCARIEH/000183
that refractory erosion, hot spots and cold spots are
avoi ded. The printout fromthi s sinmul ator dictates the
opti mum physi.cal positioning o’? i nput additive ports’
and nmonitors the overall inpact of the input process

addist hmes fy tif i .t he. cheni cal

S| ﬁqjﬂltl%efﬁor. Mﬁaex’l ?ﬁ‘?f“ﬂ@ﬁé lé (%S? 5 %%énc(glﬁﬂfﬁyﬁ%weme and
PCurd&® 0ah i3 63 3Fludit offess ivhiian neiengasal afodtls esgmplatettérbulence
coup] e ith the.processing additive flow rates can be :
asﬁi@%&%&%’n@é’é‘%l y and the nost optimum positions

ca det erim ned. 0119] FLG 7 is an explicatory

fl MQZY lagr arﬁﬂbqn?gﬂ%e‘[ g’?ﬁ’é@%’a}g u‘i@ncgﬁ]!&e GARREAORAL eghes are generated
noee] the boandatyand stiaMcoiglifiidns afedetiddotalFldeyt s¥de s executed until a pre-

var,i abl.e waste characteri.zation inputs, _qperataqr

| nefiet Comygraehg ierogs wijttich Hindoghisanisndy e dierselver of
degystm éﬂ%qﬁﬁﬁ)hﬁﬂéséﬁﬁih%ﬂ!@ convef¥eAQf nfabSCnfonlefituth, BAGE, and species;
| evel flow chart of the tenperature and fl ow dynam c
mod8¥  sinulator showi ng its conputational aspects.

Wth reference to FIG 8, the function of each block

i n[4M&Blt | ow RemulfsiPosisPragesting | BiGenqraes graphicpletsd display the

Ce giRdric] réskits fdrARMYsiCindVibaGaniE Uehé‘r@tlejl AR RrOd'Ss Rfmal data
the plasma gasification reactor vessel to create the
coﬁ%ﬁ&t ational domain on which the nunerical results

of the mathematical nodel are cal cul ated; [00122] Run

GaH91291112: Therewputptiohal fitd fyngevie (CFD) approassc whish sythe lnsis of
I UPLSRNR ht\lﬁlé'%secfﬁf tool4l? tﬂe@%lﬁ&ﬂoﬁtah@ Hn;%g\';%ﬁeﬂt @Q%wt@gasma gasification

generate t comput at 1 onal neshes. shes
s efeaetpeessebdesigng.t CFD pgrmits innpvative carhpubergiodeiog pmd iymineicy! analysis

of e fineness._.of -t he... mesh, .

o it itadeE fhPhrel Y, AR hlifer daREDFRERE ANE ThREniques are
di pewssfubtes] @nuviptove ﬂrepkesig:lt amingperatiow dbvariotis ihlgﬁuiaiéswteh&. Turbulent
prjntout 123] JInitial Condition 113: The assune .

P o g ek Rt el e ZaReating oagili vl Predmeiealy simulated
asinvadaeo é\lxaluateaj]?ﬁﬁaﬁall pérforfhice.of tHe rbft@ degHl Bld gond-ﬁ’ﬂﬁns

i nit val ues ese uantities are required in

or g VPR, ﬂﬁé"n{t‘%@y p{ b BRmHars BERGEALQTS, gityipd siepm jets are
Bospiecified asGape. tAdubsticHedt trdndREEordfions S8%bldtindd at the reactor vessel
con t¢ons of operation, Jincluding the flow rate,

co S

g
PRBHOUS R frvpld westk i8 simpulsiad: iyes lpWAemperetpie and low-velocity
gegRishésM ﬁ@WﬁlE glt%[ﬁ:ig redcfr $esis:%1.hﬁle%ﬁ)ﬁ?{§h§é§fe§mva rﬁgeion is simulated

r
required by t code uent) efine t

ad®tiuafized tgyneratarezoae aidhe desived lnril cFeresgradient is asshed for all

OP@hAblOR thORMld vabkePdxid Ne Pl asma gasification
reactor vessel as close as possible;

[00130] The energy conservation equation is solved simultaneously with the .

o~
Jod

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 design and operation of the plasma gasification reactor.



[00125] Input 115 (the nunber of species and reactions
to be included in the sinmulation): This is to contro

wo be4loeset of sophistication to nodel the chemPCHICA2004/000183
reactions. The inclusion of major species is
inportant to get the tenperatugg and density correct.
I ncl usion of mnor species is essential to predict

- pol lutant em ssions; WO 2004/ 072547 PCT/ CA2004/ 000183
33 26] | ' i on.of .y
molURATS) (R odBp BN Aeek i YA pAfEREd oWUlsitl proper mising of
C optegess inpis; and|to emsuregthdtdiinstiv efféota rse neitsippifictitc & thewdeat design

t o,.si.qul .and turbul en Q0 stion, . . .
1B s s PR n B shed - BRI RRC Becneti ofecs in
cothechemica smulatioahesvdiras t@adjet tieechctian@mpbatuBoprotR Mithin the
and initi condi.tions, are .defiped, .the. Fl uent .code is

o mtPles’ lopiROdihe P03 s sed s r Aty fesign e il

s abperitinghardhieristiorg threREH birddck YarPreAdIR Helil@@itied Ol Ver

of system of equations describing the convergence of

gaﬂml;l?m me nt\lﬂl}?cit? aed @mpel?ffge ﬁ@éngcﬁr@m? priBts En%%&&l]ﬁzet:d for
esu Jost - Processi : nerates graphic plots
t oa?fF%‘%‘rlg'y ﬂ%efatmﬁ'ﬁrgqf ir%'gﬁﬂ’e?%%‘lmsge SFS?m-a‘gtan lpssithangpgmal aspects
Vi Gdttelad ddessol thréeh @ mider SFdbarafichab il & Yirdds R Rl
files. [00129] % conput at i oﬁal fluid dyngm' C (é%%?{aﬁgessudl
apffr oach, which is the basis of Fluent, is a very
usggul tool__in the evaluation and inprovenment of new
pl @nma gasilif ehysighshapeandios sizg akthe reagtes vageal, CFD
pe@n' ts inn v&;yi ve conputer nodelling and nuneri cal
angaly |
1%

DO

-

sis teepnsisaldecatinn(e), erigyiation apd/ox peygr lavelés) of the plasma arc
transfer, usting flows. These techniques are a
powerful tool to inprove the design and operation of
vagd ous T ndugptisiahi 1848bATPand bk bALHAIRh of HeXhAG it G liive
transfer in the plasma gasification reactor vessel are
nurerical | 9o%% nul ated in order to eval uate
operati onal performance of the reactor vessel. Net
coldi t i ons The dimepsionspf theinsedess,additivre pertsialeffyct shanghsin process

pl asma ar Ca&ﬁﬁ\r%riﬂkﬂ'feﬁ)cg?ic{g and steamjets are
specified as inputs. Adi’abatic heat transfer

corgli ti ons 1gg ﬁnpﬁﬁ%wggf?@ﬁe @ﬁ%ugﬁﬁﬁgésggdd?ftﬁ%sﬁggrg% Wg' I's.

Conti nuous feed of waste 1S sinulate

! 0[00133?;‘2 er atrhs §maRthr |c§1}’\fh¥1?h@l%é%ﬁ3élng %Sheévtrgs%?tmgséﬁg&ﬁ 38 operational

into t reactor vessel. The wast e renova

r egiPEIYemsSnts;Siral Heraldpns wim be rgpdatededy nemire oftimesurtid meoptimal

t heeflssioF Vel rQ- | ' suned f I

var ? abl ((e) S S%tdupﬁglsrf%é?ttgrr tg%/ ngéstg %Heé%? |Snte. %[Caﬁsi%ﬁdo -thegi)eneﬁt ofsucha
ergeepduic snwlievidentsince theaptimal dpsrating soenharil dah bt AleeOftEl Wry rapidly
Wi tﬁeﬁ?he operating system can be commenced with the maximum probability of

Success.

[00134] Input and/or process characteristics can be varied at will within the chemical
simulator to visualize processing impacts in order to arrive at the most efficient and
effective disposal process for the particular 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.



nmoment um and turbul ence equations. Every effort is
made to sinulate both the velocity and the

wao esoperasure profiles as close to reality as pPGECAR®4/000183
The results obtained provide qualitative to
sem -quantitative information both fl ow and
tenperature fields in the reactor vessel. These
velocity and tenperature distributions provide
di on t Qql
ot KBT9107 ;e B WP 04, B0 35t Pl e
PCﬁ'ﬁﬁA&ﬁ)Gﬂtbﬁﬁﬁﬂtﬂﬁ: dlﬁébdtﬁﬁhﬁdgasmmhmadmhsmg thobughbvet any cross

S8l ot i R0l enl Thol TR e R R T Rl hoonithigalion of the
n OfeaFt?ﬂﬂ%sidl d@f[ng to bﬂhugd“llﬁere afd TR gasl phOwithip ﬂm&&&&)rl vessel which would
results from.fl ow nodel.in e. use cur e )

f i Rt gaseops lemsnisiors té‘%"f‘%&sﬁg‘”’iﬂ}?“t ?%‘%%Pﬁ@ iy the 1 required

Si prokasking® BmpRfatie hid l%ﬁdéﬂée e WS tvell Ao lcOMEr tﬁﬁl refractory erosion, hot
tenperature profile within the simulator.

rm eRots ang cpldsppts aregveided. dhe pamigut frpmy s S§3E1‘11F‘§¥ ﬁla@feé the optimum

h;&&aﬁsoeﬁs %Bfmﬁnﬁ%ﬂéﬁnb@ﬂorfsrbﬁ& BohRérk fel Reraflh %d&ﬁofthe input
ractor% surface can readily be identified

Ve Progess 9d s flewse dentified byadhnchsmigel simulgtar, n%@fgueaewf physical
schudidkdy f
R L e A O

c ansseasedacay eadibycand iveomoh optimemrpesitians carplesr cmtelmmﬂ

and/ or di nensi onal design changes such as: (a) The

phy@0l136| shadpkilethelinyentionhes befen shehomsadasanibed esd Blustratds) it should
Th I A

| e\S/e ﬁ{@éfs'to%? b?f Itl?o%@%lgfsf%ﬁ éhrecag{ that é\;ﬁgélgrg 6@?}% %ﬁl f&%ﬂﬁ{d detail may be
p h;zmd@ﬁtlerehn Oat suuh (cbangaimifoon 1sd.hatefmt aabd nﬁfalmicatldne theaiesmmbed

0 dditive ort
P SiEaGed bt Vool BR tetpbabed Wi i Ble ks Bid coponding
ag diuttl-slepingop secviehOiniat zin@ to the paslexé poﬂraug gzétli ﬂ$l hpaz&)na@fc
the varl ous proce Itiv e
& RS Do bR s et AR T ol ebriabs. I a furher
as sRbsderdt OF tHRilALsided Mdactol MREQUMBOBHcSpondihGulti-sloping top section
iterations can be repeated any punher of tines un{) %

an@p EoYaIEe tQthe gas ¢4 l’éfh%ﬁ‘ét?fa&ff’@% the TeastoRyesser t he
wagdoas At r earprbgl 'tﬁ&'ofé%&‘ﬁg deschption] B RERE L t.the & catlilyPascertain the

procedure is self evident since the optimal operating

s c evsertiabcharagtepatics gEthis ipyeaton; end, withgyit denarting fepm the ﬁplﬂh@d scope
OPBeflof Roh SHRS \%ﬁbﬁ&a&a}fges GRITBAGEA NS bFhE RS erdRY 1Bt it to various

probabl’l' Tty of succe
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.



[ 001341 I nput and/or process characteristics can be
varied at will within the chem cal sinmulator to
WO r®4yAarisze processing inpacts in order to arriPRET/an2a0e00183
most efficient and effective disposal process for the
particul ar waste stream under g@nsi deration. The
chem cal sinulator also serves™as a continuous
nmonitoring tool to determ ne operational
chgracteri.stics changes which may be required by
vi ‘Scﬁrlalg‘ﬁgr‘Fges in the chenical conposition of the
I nput wast esredpgaratus ez digposal whtvasié ald/arhagsadous Whterials,
2004/ 072547 PCT/ CA2004/ 000183 35 [00135] The
t effJEF 8% r e and fl ow dynami ¢ nodel sinul ator provides

i sonetric apefdtiayiliSedieadteRedeBt Ure di stribution and
gas flow characteristics throughqut any cro secti

of the readldsmapeRssying MmepsHitya a1 %eé@cfﬁw&meaieagwr Vessel for
€S BRRhdiRe a higRtenlpBfanRPbladthZFtbt&8inOhonk Mbich R silbistad@3§Rniform

degi:ggn to ensuré there are no gas _paths within the .

r ebigh nmppestue porodsitheenfienpesiphqsi phield rgfadeonidingd eeint vesseb said
ex fasﬂlglgen\éﬁl' %bleﬂﬂstcgﬁyﬁsiﬁ’fét@&sﬁdﬁ@fﬁ@&-ﬁé&iﬁdﬂ ffalaft denerator, and
require processi ng tenperature and residence ti as

we ht leagb oneaneviablf iplasmna Regtgenesdtotict ory erosi on, hot spots

and cold s ' . eldl [ .

si mul at or % %:ttSf ae x{i‘%agé ??3? ?eﬁdé E?‘“g hr;;‘,f/lgs}lE g@o%%gé}?{)%rﬁ art]%nals to, and
of thiroyght sasiddglt femperpord plasaracprosditgorose;t he over al |

[ t of the. i t ddi tJ fl .. )
dont i f1 ed SBSPPRedngairaRs for Toefing syficient procers idiivg agengyto said
phiitgh canhperanas plasranprobessige sorefto tass the pabistantiallysqingpieten t h
o RREo P ol M R Sa BE Stenon
dehgiardodshlatefifl)136] Wi le the invention has been so

shown, described and illustrated, .jt should _be
under st ood SyirelHegsmeans fon ceaﬁ&fﬁn&ﬁéréﬁsmataﬁaﬁra@t&ﬂmﬁgf @k the flow

Chan@ePwast dn@fofh@fiolS httelialTBi¥oudR saill BB b fird-plds8 processing
such change in formis that for ease of fabrication,

t hEongdR ensupsethiat ol paif wapte @ad/or learrdons naseripbreaghes a pefficiently high
MUk i€ GorY ﬁﬁdi&%ﬁg&[&fdfh&e%&ﬁguﬁeQles&n!ti;{ﬁygém%&@%nd/or

I'-sloping top sections converging to gas exl

mul ti-
pohazagdeys matenals prd goinzerhthemrigto sajd nieblg non-bazgedonsfinal products;

pohezaziegs . . _
ecti ons.  1RSsnRTaREREHor o AbAIS) S G By iped

r e egatior vesesd with a ghhexitoetaciy parddeimgtorgastiornesdobids todall ook into the

secti conver. 10 the Seexit jn the ¢ er..

or SpEREvestP s PN 9 Bohd iy SRR FR Saplol st il hbing s
f or egoi monitheiRg mepis formonitoeing kaild badutirgas foaletrhine die amount of
easi |l.y ,ascertain.the ssentj al .characteristics of

¢ npeiydE el Sid Bgp e Ra T imis ST A TS T 1 ¢

and scogig reinb@ing fleansdarredkiag vidble AbiS-hAAARIMIE Sa@ft6im said apparatus.
nodi fications of the invention to adapt it to various
usages and conditions. Consequently, such changes and

nodi fi cati orhe appdRatis ARPAik¥d in claim 1, wherein said at least one fixed position

plasma arc generator comprises a pair of fixed-position plasma arc generators which are

disposed within said refractory-lined reactor vessel from opposite sides thereof with

angular displacement relative to each other so as to cause their plasma arc plumes to



equi tably, and "intended" to be, within the full range
of equival ence of the followng clains. WO

wWQoMoh@A2647 PCT/ CA2004/ 000183 36 What is clBCTrea2:G03/000183
1. An apparatus for the disposal of waste and/or
hazardous materials, conprisipg: a refractory-1lined
reactor vessel; plasma-generating neans within said
refractory-lined reactor vessel for producing a high
tenper at ur as Locessl.ng. zon I .
SRRt 2ol AR URS R R ARt M o g o Bhapppgous material

entopae peri phery of said refractory-1ined reactor

vessel, said plasma-generating nmeans conprising at

| east one fixed-position plasna arc generator, and at

| east one rmi¢appaearil RIFEmEd & cURAQl Whadéin sdidl bslbast 6@ho@ble
means for feeding said vvas{e and o[ hazar dous

maPlainagre gensratorcAmPpHsEs g syele moyehle plagha arg geusratoy which is mounted at

Pl 8RABp M RRSESFdcREy-iErcadtGGREE] dna9BiseBedMARAesi0és of freedom to
feeding sufficient process additive aggpts to said

hi Bermitavipiag saviards spidfeemhpeiptsaenied byghy isfreseetéoncefplasme pes plumes
su Eﬁﬁﬁﬁ%ﬁfﬂdhﬁﬁﬁ@ﬁ'ﬁﬂaﬁﬁ?ﬂc %@ﬂé%@ hd 10RBraQ theSBlePodPst ()Elllear aslag

and/ or azardous hmateri a [

] s and conversion Into stable

nofXit paazar dous materials; controlling means for

controlling said plasma generating neans and the fl ow

of said waste and/ or hazardous materials through said

hi gh t enperBeupparphosaipedinatsnlgwharein eaid ot leass omefixed-position

th [ ] i .and/ or zard ri.al reaches.

" Bl dre Bl RS A 0l oPRERLSIQHRy BRGRY B oefeiflfi Shich are
pedispabed fvithin sEd rdfenctony-linedireacthe sresspldenm s@piosite/sids ehereof with
and/ o hazar dous, materi al s, and convert, theminto said

ot ST ASRASERERRIALC 1icA OISR R fouchusy shei RASRAATS HEBRSt

f ofntdresaDatiarfocappaiakusticlOis fedrilbeart 6f thewishCand/or hhzandshis material
reactor vessel with a gﬁs exit velocjity conducive to
gaDBBh srahereg sl 4t lggstqne movable plasima arg gensratQrLomprises a
as sinpIp @R eblé Pladhei 116 pEiRfdtbrSehiiis mdintbd & theRELOSaiY REB&bry-lined
with the exiting gas; nonitoring neans for nonitoring

s afe@ctpr vratet andpossessss Huedagregeof firedemiq prrmégfaiming towards said focal
PapbinfibAl Loy TR infseborS@ipthshh %‘iﬁﬁm&%ﬂ?ﬂgﬁ&&g@sﬂ{oﬂplasma arc
sald gas exi't velocity; and slag renoving nmeans for
r e BeNerateys sndtowardp the-slag paeldd oxnesf aiglag exirnostai d
apparatus. 2. The apparatus as clained in claiml,
wherein said at |east one fixed position

5. . The apparatus as claimed in claim 1, wherein said first feeding means

comprises a plurality of waste and/or hazardous material feed ports, each of which is

configured to feed directly towards said focal point.

6. The apparatus as claimed in claim 1, wherein said gas removal means and
said solids removal means are outlet ports which are diametrically opposite to said first

feeding means.

7. The apparatus as claimed in claim 1, wherein said at least one movable
plasma arc generator comprises a single movable plasma arc generator which is mounted at

the top of said refractory-lined reactor vessel and possesses three degrees of freedom to



pl asma arc generator conprises a pair of
fixed-position plasma arc generators which are

waele®posxsd7 wit hin said refractory-1ined react orPUE€a2104/000183
from opposite sides thereof with angular displacenent
relative to each other so as tg,cause their plasma arc
pl umes to WO 2004/ 072547 PCT/ 004/ 000183 37
intersect at a focal point which is near the center of

2 i BN sl TR BN b el Sl g gmoval

onmenm\aabd k4id sqlida s val e e arefoatletporowhich aesliamesdidatly epposite to

nov e plasm arc rator which is mounted at the ..

OB ISt Ao Bt cing a1 Do oREru oy BB B generitot s disposed
POESA&R ProihiteR saidgores of freedomto pernit aining
towards said focal point created by the intersection

of plasma arc plumes fromthe fixed-position plasma

arg gener at'ﬂfe%¥)ﬁaﬁ‘&u§ AWBHHSI inlfid 128 cIRER)L afibasPbnd \RAY fofthe

slag exit port. 4. The apparatus as clainmed in claim

1, injgedipw phsteps igwards F%&caﬁ}%ﬂtfi xed- position plasma

arc generator conprises a pair of fixed-position

pl asma arc generators which are disposed within said

‘1 ePr act or y-Thenpphratesastclaimedimslaim fl ; whereip paid ifeedingimpans comprises a
th £ Wt L di | ' .

ot Fiafty S broc it R BLAF ERRL HEbARL Rt 188 Hound sad

i ntefrastegt-linet reacfoogesselpoi nt which is near the center of

t he waste and/or hazardous material input, and

further wherein said at | east one novabl e plasma arc

gener at or CORpPpRASs & cldiedinelaim\awheaeiplsaid @as @moval means

generator which. i nt ed_.at e top of said . .

7o Piisgh 3 oo nort Bk Psong ek oY an G iasiS obwid s sanducive for
degisbeme edlids teRl OBIK iftoRBE fhdtoyciicNBitiePiNah B caraédot Otk reactor
poi nt created by the intersection of plasma arc pl unes

f r B7eoeLpE the exie sBLiHefBnpl asma arc  generators and

towards the slag pool at or near a slag exit port. 5.

The apparatus as clained in claiml1, wherein said )

fidbt feediThganpasys aschwped welnin 1owherein adgwessecign pésaid
andlaaboRRRRE I Rr TBEE finetPRYadRhkSemSAF LGBetoR.

conf i ggr ed to feéd d(lgr ect Igy to&cg?tgs %né(?‘% Jf;fosggm%%ri%g%ﬁ.‘ﬁ

6. The apparatus as clained in claiml1l, wherein said

gas, r enoval I, 6. .1.ds 3 .
outer por t Happiin BOR ot iutflin I b FER LBl B Bl comprses
f i materialf sipdianiy cemanicblanket, Tivelatugpinebridks arichigh alinmnird hotface brick,

cl qj er.ein id at, | east one vable. plasm arc .
o bt A B ey B BB PR B30 i

geneidat or which is nmounted at

13. The apparatus as claimed in claim 1, wherein a lower section of said
refractory-lined reactor vessel consists of a hot face refractory, said hot face refractory
comprising materials similar to DIDIER DIDOFLO 89CR(™), and RADEX COMPAC-
FLO V253(™),

14, The apparatus as claimed in claim 1, including water cooling means for a

lower section of said refractory-lined reactor vessel.



the top of said refractory-lined reactor vessel and

possesses three degrees of freedomto WO 2004/ 072547
wOeONALAZO04/ 000183 38 permt ai m ng towards sECTHCA2®a00183

poi nt and towards slag pool, wherein said gas renoval

means and said solids renoval ans are outlet ports

which are dianetrically opposite to said first

feedi ng neans, and further wherein said novabl e plasna

arc generator is disposed in close proximty to said

ports. 8. The apparatus as clained in claiml,

i nts.udi ng dfthelap@situsaelapmed infctuim t heheréin s@d monitorifg means includes

steamto ds sald fpcal point. 9. .The apparatus as

o1 SRS WD g gORred {f piefThing Hie pPhcity & S Fidbigns Stroat.
conprises a plurality of air process additive inlet

ports dispqged in spaced-apart . relation ground said, .

r eH_%‘act ory- ﬁggprqtgg%tcg’l,\mvggggpm?mher% &a1d, Sansors prgdnajntained

c| adsBRfly-Depfols B By m%ﬁl%%?%nﬁnﬂ@ﬁﬁgﬁ@@%mﬁﬂéﬁl flow of nitrogen
conprises_a gas _exit port ich is configured for an

ex pqrossdheface of said senspy- gas conducive for gasborne

solids to fall back into the reactor vessel rather

than be carried out of the reactor vessel by the
exl?i ng gasthswappasstus asrlainyerbinginin A awhesein said fepisers dreimpintained
ol aimm.: . ey . . -

¢ Fa WARRE L, & ol GF bl Klblve pressuro in therogion of
f adid sensare renoval of said | ower section. 12. The
apparatus as clainmed in claiml1l, wherein said

refractory lining conprises materials simlar to

cet&ni c bl dlileapparatwsasichimetbinfclair by alskincladidg b reghovable preheat

A ol S R

magnesi um oxi de. 13. The apparatus as clained in

claim1, rein a | ower sectjon_of, said, . ‘
reftact or %ﬁg@%ﬁ@}mqﬁgg dowhsrein said refigetqplined sgactor
r efdsat isuyMadrical d hot face refractory conprising

materials simlar to DI D ER D DOFLO 89CR(TM ~ and

RADEX COWPAC- FLO V253(TM . 14. The apparatus as

clggmed in £k for ﬂie"lﬁ%)%gdl BEWAR Sid/dt A ak ¥s FRARSIS| Qnprising:

a lower section of said refractory-lined reactor i
- vessel . Worroudinggeiactondinedadogncd 0Ge®s vessd with plasme-generating

apﬁ@i@%ﬁiﬁsﬁi&%ﬂcﬁgﬂih@e@ﬁ&&me&d $a% &luing 3t temperature plasma

monitoring means inc
processing zone therein which has a substantially-uniform high temperature processing

zone across the entire periphery of said refractory-lined reactor vessel, by using plasma-
generating means comprising at least one fixed-position plasma arc generator, and at least
one movable plasma arc generator;

feeding solid and/or liquid said waste and/or hazardous materials to, and
through, said high temperature plasma processing zone;

selectively feeding sufficient process additive agents to said high temperature
plasma processing zone, for completely decomposing said waste and/or hazardous
materials and converting them into stable, non-hazardous gases and slag materials;

removing gaseous products from said high temperature plasma zone;



sensors which are configured to determ ne the opacity
of said exit gas stream 16. The apparatus as cl ai ned
w0 pooghozoswt 1, wherein said sensors are mai nt ai NBGT/CA2004/000183
essential l y-deposit free by nitrogen purge el enent
configured to provide a flow of,nitrogen across the
face of said sensors. 17. The apparatus as clained in
claim1, wherein said sensors are naintained
essentlally de I nts for ' i d.ng. a
megati ve prRSREE fuid fEouR by ekl dRRAALOF icRace
ThﬁmammhnamdgmﬁaEQMahneﬂ inclaiml, also including a
renovabl e preheat urn MAthI |d r ctory.-lined ..
reactor e SeBpving gatla i tazpiabih fhal Suf e B sp ity tied
1, ronber fdskelsaadd refractory-lined reactor vessel is
cyllndrlcal 20. A nmethod for the disposal, of waste
and/ or hazdFHGHgsﬁﬁF@?PﬁFgmq@mﬁﬁ?¥mﬂﬁapﬂﬂPQ¥?ﬂpﬂb a
refractory-lined cylindrical reactor vessel wth
pl asma- generating mnmeans mnthln said refractory-1Ilined

r edtt or vesB®WImeHng as claimed ip glagn RY.grhiehsopwrisgs disposingsaphmovable

gﬁﬁﬁﬂl{!%eﬂe?ﬁ@rs H‘&é&'pﬁbﬂ}‘ﬂitf{b &t continuously feeding said waste
stant | -uni formh gﬁ erature processing

grdxagg@oqsmtgmls. tp.cang drpyghesajd ligh temipgrature plasma processing zone.
ref ractory-lined reactor vessel, by using plasna-
generating means conprising at | east one
fi %&d- posi tThemgthadsivelabmasl igela'mn 20.ovhichadher indelas injectimgsteam

7 BERAS AR RS sRERE) Moy R BB BN L

through sai d hi gh terrperature pl asma processi ng zone;

se ctlvely i Cie ogess additiyve agents

o285 o i eheassdhs Blfimedh im0, S oRPRies ARl b Ses

co a@d:&teqioyts ﬁﬁ@@éﬁd%hﬂﬁ &lz&ﬁh drd&ﬁ@ baid f:l’.lﬁdétgfy 11naa aylfhatial reactor vessel
mat e S nve t|n minto stabl

nofd %?fes &s%oge é%%&f[ BB Pl e lélr%swdrfg@of@ma@mﬂue plasma
gapRRESInR ZOk oS mwigaaésgiaﬁlm ggperature plasma

zone; WD 2004/ 072547 PCT/ CA2004/ 000183 40 nonitoring

sai d gaseous products to deterni ne the anmount of

papgi cul at emerﬁ&ﬁcfdla@uahﬁbﬁahﬁuﬂ%%&& FpELS kbl an% gas exit

renovi ng st abl e non-hazardous fi nal g pr oduct

s avelogityftp Be cedycive fos dirbaresolids tofald b,feqk intg ﬂw Teatfaropsselgns opposed
St A caRied OBt AL MR RBGH efifingeaRr OdUCt gas exit.

25. The method of claim 20, which includes cooling a lower section of said

_ refractory-lined cylindrical reactor vessel.

26. The method as claimed in claim 20, wherein said monitoring comprises

determining the opacity of said gaseous products by opacity sensors.

27. The method as claimed in claim 20, which comprises maintaining said
opacity sensors essentially deposit free by flowing a stream of nitrogen across the face of

said sensors.



21. The nethod as clainmed in claim20, which conprises

di sposi ng said novable plasna arc generators in close
w@e@ionmsty to ports for continuously feedi ng SBETICA2B4/000183

and/ or hazardous materials to, and through, said high

tenperature plasma processing %ﬁne. 22. The nethod as

clainmed in claim 20, which further includes injecting

steam process additive towards said high tenperature

pl asma progessi zone. 23. The hod as .cl ai dn. .

Gl 820, e ity ag Prisd el ot o bufes Bl g
PObpaRity FenSdiaeRehtiappddposiefred byoRaiftaiingch wgittie pedssuae dwthy region of
Iig@f cylindrical reactor vessel and selectively

f ¥t ¥§5%%i d process additive agents into said high

tenperature plasma processing zone through said
process additive ports, 24. The_nethod as cl aine

. 24. T d i
cl 3%-m 20, whiearethadimp Flared h glgim 29, WirhgQEpdses ncluding the fist step
vep bﬁeﬁﬁﬁ%’tﬁp FofaBBHMGIeH Gy liriticA rERRI HEss8 By ntband oF alr@hbvable
back into e reactor vessel as opposed "to being
cabwmerd out of the reactor vessel with exiting gas.
25. The nethod of claim 20, which includes cooling a
| ower section of said refractory-lined cylindrica
reactor vessel. 26. The nethod as clainmed in claim 20,
wherein. said nonitoring conprises determning the
opacity of said gaseous products by opacity sensors.
27. The nethod as clainmed in claim20, which conprises
mai ntai ning said opacity sensors essentially deposit
free by flowng a stream of nitrogen across the face
of said sensors. WD 2004/ 072547 PCT/ CA2004/ 000183 41
28. The nethod as clainmed in claim20, which conprises
mai ntai ning said opacity sensors essentially deposit
free by nmaintaining a negative pressure on the region
of said sensors. 29. The nmethod as clainmed in claim
20, which conprises including the first step of
preheating the refractory-lined cylindrical reactor
vessel by neans of a renovable burner.



