1365- 250PCT CARBON CONVERSI ON SYSTEM W TH | NTEGRATED PROCESSI NG ZONES FI ELD
OF THE I NVENTION This invention pertains to the field of carbonaceous

f eedst ockwgoasitfioesasi on and in particular, to a secondar PCpraxesgisng3syst em
with integrated proacessing zones for the conversion of a carbonaceous
feedstock into a“syngas and a slag product. BACKGROUND OF THE | NVENTI ON
Gasification is a process that enables the conversion of carbonaceous

f eedst ock, such as nunickfal solid wagteggwﬁgﬁyo[ coal . into a conbustible
gas. The gas caRABBONEON'ERILLY AYSTEMeIT FAENREGRALER IFOGESSINasi ¢ raw
material to produce chem cals and |iqu@nfyel s. CGenerally, the gasification
process consists of feeding carbonaceous feedstock into a heated chanber
(the gasifier) along with a controlled and/or limted anount of oxygen and
optionally steam As the feedst, i 5. heat ) is the first
constituent to evolve. As the @@ﬁg@ﬁg%J %I§$“?¥ﬁﬁﬁﬁy f eedst ock i ncreases,
pyrol ysis takes place. During pyrolysis the feedstock is thermally
deconposed t oThelieaseohpdtagen, the dichbnf nohaxicdas faeibtaneasifiarisy aphénol s,

and light volati.l ,hyqroqarpon ases while the feedstock .is con¥er£ed to
Char ] pdl‘tlLU ar, t0 a secondary processing system with 1ntegrdtec processing zones 10or the

conversion of a carbonaceous feedstock into a syngas and a slag product.

BACKGROUND OF THE INVENTION

Gasification is a process that enables the conversion of carbonaceous feedstock, such
as municipal solid waste (MSW) or coal, into a combustible gas. The gas can be used
to generate electricity, steam or as a basic raw material to produce chemicals and

liquid fuels.

Generally, the gasification process consists of feeding carbonaceous feedstock into a
heated chamber (the gasifier) along with a controlled and/or limited amount of oxygen

and optionally steam.

As the feedstock is heated, water is the first constituent to evolve. As the temperature
of the dry feedstock increases, pyrolysis takes place. During pyrolysis the feedstock
is thermally decomposed to release hydrogen, carbon monoxide, methane, tars,

phenols, and light volatile hydrocarbon gases while the feedstock is converted to char.

Char comprises the residual solids consisting of organic and inorganic materials.
After pyrolysis, the char has a higher concentration of carbon than the dry feedstock
and may serve as a source of activated carbon. In gasifiers operating at a high
temperature (> 1,200 °C) or in systems with a high temperature zone, inorganic

mineral matter is fused or vitrified to form a molten glass-like substance called slag.

This background information is provided for the purpose of making known

information believed by the applicant to be of possible relevance to the present



Char conprises the residual solids consisting of organic and inorganic
materials. After pyrolysis, the char has a higher concentration of carbon
t han t he woyofigee®sock and may serve as a source of actipcatedonasbos. | n
gasifiers opepggkﬂg At a hi gh tenperature (> 1,200 C) or in systems with a
hi gh tenperature zone, inorganic m neral matter is fused or vitrified to
forma nolten glass-like substance called slag. This background i nformation
is provided fofetda. B RESLIAS fm&myklngwadum %Jmmeqramaﬁleuqmqn yr t he
applicant to be of possible relevance'to the present 1365-2

i nvention. Noth§dics P@Hﬁ@§mﬁ@bé§§&ﬁﬁ$V“Fﬁﬂ@ﬁﬂ@dﬂmd@@£@ﬁ@@ﬁﬁmbe const r ued,
that any of the preceding information constitutes prior art against the
present invention. SUVWARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a CasbhbaMvVIGRWOFSTIOP ISysNamONor t he conversion of a
car bonaceous feedstock into a syngas and slag product. In accordance with

an aspect of the pres i nvention, nversi on
System for 1t nArGBRGETSTOROH B8 PBdnacuouds  Eadbp SR s SaTgy FEAL and

sl ag product, cédverscarld@barConveius fast@ks hie M seaap inddlangirodic). 1a dmdr(ﬂfﬁit@/
processing unit for conversion of carbonaceous. f egﬁtoc into qﬁfrlnar

of f-gas and a“fPaB&¥EES! {EUSTYK LMD R OEHET 2 THEM 5P YS! Pr&cessi ng

unit conprisi Rg thWBorRErsTHRIE JPEAERSELAYCEQRRE,in@ d dhesalndtdansbalct, syst em
one or nore feedstock inputs, wherein the primary processing unit is

operativel y aS8BeR SOBYETHPR RY R LTI SA NS 2ASHage PIOGesring §nih &4 tCOpYFIyipR

processi ng zopesartbhicko® KREQAAANNo P Gf@SSY NEr-HNI hnAdaptebisd P rERcsive the
processed feedstock conprising char fromthe prinmary processing unit and

convert the pFOBREHEACHBEHS HEKIY ALSCAINE OIS HEEVArY BOS R BIfdary
off-gas; (111 )oRMPlatdrdl9ralte ¢ eﬂt@ﬁ{ Ahd Xlehqléreaf%&‘fl%gﬁtlﬁﬂu &h'@re‘hh&eﬁr)gl pdary

pr ocessi ng unit corrpr| Sl ng on nore sources of | asma [t ng unit
configured topvmr%mgyn@hexswhvﬁynésmmaéwahaanmgm@naﬂbydﬁeﬁ@mam@t@thelt|ng

uni t gas; (i V%)ro@essﬁt(} Coﬁ’al ”%L&Qfd% ]grg&:s[lﬁif 951%11&%(1{}? rQLeﬁvegtﬁé I‘o%e@efyngas

the reformul atin nit risin e separa ors adapt ed
to reduce parﬁmdwwanenmcadgdmréanNpmmngasnmaﬂma@nedmiummmememangyatources

configured to(p vi.de ene{gy | east, a 9 f or mul atl? unit;
2d ock 1n 0 a SOk eSLdue dnd econddr %d% 111 meltmg uhit O eldtl\{
and (v) a con{r em conf'i o redh a 4or nore oBera i‘ng

par anmet ers of aishedté}ambmntheemoaday mmcSy»stgeumn DEa‘ﬁ@RhigTMa\brCEoﬂSHEumw NGS
plasma, the melting unit configured to vitrify the solid residue and optionally generate
a melting unit gas; (iv) a reformulating unit for reformulating off-gas to a syngas, the
reformulating unit comprising one or more particle separators adapted to reduce
particulate load in an input gas, and one or more energy sources configured to provide
energy to at least a part of the reformulating unit; and (v) a control system configured

to regulate one or more operating parameters of the Carbon Conversion System.

DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more apparent in the following

detailed description in which reference is made to the appended drawings.

Figure 1A an illustrative embodiment of the Carbon Conversion System is presented,
wherein the system comprises four functional units including a primary processing

unitl, a secondary processing unit 2, a melting unit 3 and a gas reformulating unit 4.



These and other features of the invention wll beconme nore apparent in the
follow ng detailed description in which reference is nade to the appended
dr awi ngs.wbi2gurwesdd an il |l ustrative enbodi ment of the Cachaa2@armsersi on
Systemis pre;&ggﬁg wherein the system conprises four functional units
including a primary proce55|ng unitl , a secondary processing unit 2, a
melting unit 3 and a gas reformulating unit 4. 1365-250PCT As |IIustrated
the primry phe¢ER&hag tmsrtm; b%c&@ﬂg%ﬁﬁﬁds tRnthel t%@ﬁé‘l@@'&rd)(ryﬁfr&%@s\%ﬁl ng unit
2 which in turn in connected ¥o the nmelting unit 3. as ‘reformul ating
unit 4 is opebif P VI ig SHndttwdedid | leeapplting utinég Eh@ acarrgffg oppYaENsindg unit 1,
secondary proge n n t | ock
fIOM/d|agran1§h§6%ﬂg@%n%hggiﬁh?%%E%ngkfﬁg%gr|ﬁépgmwggggggl%gfﬁﬁﬁgm?looo)
Wit h feedstockﬂmﬁpuEUOQQQmjmemhénsem@ﬁddﬂyupﬂﬁdesbbn@ﬂgwnmemQGmwmamd
melting unit I g unit
(1300) “wi th ¢ He? cobg il oE R SPHLER et el S P EChE, o, CF
shown) . Fi gur és stBndaryl }Procaat%seng)hmc kI YOl punddmagmanmitdé D) | widgplarea bovet i on of
E)]t]et ELaZg ?g C??)nhlgha?t%dﬁ ref{)rmL{ tt%l\é%l&%?lg(ib?\\/wal‘%ﬁ%euc clor Sce‘%l;%gr%ogl;yé Stl%fm))( 1400)

i nventi on. Ophmcbpiaslmc&loagegmmnhﬂwm)aﬁglmewﬁ to In%b)o;k flewutmgwﬁmtm@i@)O) and
particul ate r ycIe é g are al so 6Q§ @ S .a schema
representatlo aPcaliop PE AN Blawpy e VﬂB?“% E’ ﬁﬁ%ﬂ ?p%wbﬁﬁﬁmﬁhrbon
Conver si on Sysem det@gdsire@rrul@igniaity 1 0P aessiotgehiidmdnlO80)e WvédiodDVI Ng

grate (1003) and feedstock i nput % conbi ned vertically oriented
secondary pro@@g%l?dﬁgldéﬁ&i‘%Fﬁ‘f)ﬂg“]{]r{|1%51 1@6‘()’?”\5&%%5@)aﬁ“@d'ft‘l“%]f‘éé(rf% and
axi al cycl oni ¢i28epas at@shosyst em (1401) of the gas refornmulating unit. The
pl asma sources are not shown in this schematic. Figuress 3A and 3B are

schematic representations of one enmbodi ment of the Carbon Conyersion System
detailing the Y ous® f‘[}ﬁE‘f“i“o’F?aTe*%’m“PE ge AGTProwion! gy %rfalereﬁ%wat heat in

the formof het th@lmdrm}S@&)veRmnmtewn@aﬁni Q Iﬁirﬁdr}hgﬁkes@?ﬁﬁ hangeooo) ¥5@0) (al so
referred to as a recuperator) overs sensi bl e heat from hot syngas

(1501) exitingOrHe Has <ﬂ%<f%rwﬂ|f§%<1*%k uwfrttt (19H00y coRhingh VFﬁ%PIUdége"ée‘kycl oni ¢

separ at or systQphdab# PlocessAddaddr ABRHE M Rid t120@ RfPisRBtowel (105202)d h@aPr ovi de
hot air (1503) to the primary processing unit (1000), the air boxes (1503)

of a conbi nedCY@q waRRPT oYaht ¢l secbh gdrylopndedssinlg Hisclagtsergeuni t

(1200) and the.9as065H08 MUl @tdhg.unit (1300) with axial cyclone (1401).
Figure 3A illustrates one enbodi nent in which the recuperator (1500) is not

directly associated with the gas refornulating unit %1300) Figure 3B
i | lustrates oHEUESDSAi WaRB drh ahpmalt S EEapet a8 empadipeyt af shedfae | y

connected to PR GRS §>§fe9{c'i@941ﬁ¥g' ROvILE flad @D units and flow of ¢ gas and recycled
heat in the form of hot air (1503) from a syngas-to-air heat exchanger (1500) (also
referred to as a recuperator) that recovers sensible heat from hot syngas (1501)
exiting the gas reformulating unit (1300), which includes a cyclonic separator system
(1401), and transfers it to ambient air (1502) to provide hot air (1503) to the primary
processing unit (1000), the air boxes (1503) of a combined vertically oriented
secondary processing and melting unit (1200) and the gas reformulating unit (1300)
with axial cyclone (1401). Figure 3A illustrates one embodiment in which the
recuperator (1500) is not directly associated with the gas reformulating unit (1300).
Figure 3B illustrates one embodiment in which the recuperator (1500) is directly

connected to the gas reformulating unit (1300).



1365- 250PCT Figure 4 is a block flow diagramdetailing novenent of materi al
and gas through one enbodi nent of the Carbon Conversion System and

downst r eawogysir®e®si ncl udi ng recuperator (1500). Carbonaceauofiesadss ock
(1002) enters }699 )PH mary processing unit (1000) where any noisture from
the carbonacedUs teedst ock is removed and vol atil e conmponents of the
feedstock are volatilized by heating via hot air (1505) thereby providing a
processed fee@@u?@‘15(41@&?&)fl(ﬁ9m&51§|d@1911§1t3%oveﬁuﬂﬁ oBRERAGALY R @R/SISHIRY unit
(1201) receives the processed feedstock fromthe primary processing unit
(1000) and cofwbedigeriid (i bedss Pnfaads Sydkm tapd dopagicduesyflePoa)cluhit an

of f-gas (1205}, JRGoM80R! FarbshaORLE REA K (RIBYL g 8LRL A uifi 1 500) or
a multi-fuel elj?};rll-erom g dr?l " heats a |(en yolr cgﬁgﬁrlgﬁr 1502 ‘an 1504).
Gas (1204 / 1208) \fvlflfvjmm}h@oqsmmrrﬁm tpr ocessicngs lgpdstock 1060 vahadseboirdar y
processi ng uni ) t | 38 I as
reformul ati ng (}Jnrllé%'%%% OEZ u{f:‘ee&t(’”l drg)s(lglﬁglpite?cullge? é 91%}(0 %égor ét%g tﬂ%}&
treatment ( 13011))/1(111@5? pessad edlsroekl 1EWd) pampirisogl chte T@aﬁc«(nﬂd@an)”oqessnwbj ect
transi ts a rootparaldr S Uby e s e R S PEES0LE B BMpt s ona
reuse. The comhc’edmw[},gaepr(o&a@ell)feustwbtd onraldhy (1206) shed offgasl( EOGedThen a

tored | n appPOg APe PANE T IR e or b WEE BsPruRe Thod halrny, °°

bl ock flow di agitanmmbbaws: ¢R¢iarqUbE uan184)tOe paod i cdebst gowahd @Flm(aﬂy402)
back into the system Flﬂ ﬁe 5is a plock flow di a&(ﬁim det ai | i ng. npvenent
of material aR@CGELet R0 é’ Dot ERYBAITRIRESSIPS (hHE Ea Yo EoMrer STV Syst em

and downst r eagapsisdr @ M8)0) dih@e Bhsaekorihiliawh HiRoH 280 uSH OS2 Apdr8EuNaE ®ad prior
recirculation of the particulate matter (1402) back into the system Figure

6 is a block RN EYHENH JF0bn&terpodimeditcedpartipBateld 61400 VENET Bh Syst em
detai I i ng opt Lauak t}eamn addit Lyess Qilﬁﬁfl)exwhgcmelmgdnwd@edtbleﬁt anRildof
limted to steam air, . N2, ‘ozone, catal yst | uxi ng agents, water,
adsorbents, aFfgubfirg 6é9(80fﬁleilmm}tﬂble = r%f@d‘?‘?‘i‘f/é%ﬂ? TGRS Theiredede a
singl e type of,add}itshVei Qi RhighctiYReSeala BAFILENESm THE cBSlfi ke s)
may b i bt £ S K P R B B R g S N g
(and in multi pysent OOAO) @mecwd hi polahgl gméyubc stosdah apprioprjate Tinks pioDkar y
processi ng un ( n i 4 (1400),
1365- 250PCT ah%‘” ‘%gq‘gé‘k%‘% éégggggg%ggﬁa ‘?giégq@w*\rlv‘le&%%&%%} 3 el

Feedst ock (1063)mulmpma;temﬂ@Qesmmltbdeadssmemk (1003), and a particul ate
reduced off-gas (1403) are al so shown. Figures 7A to 7F show a schematic
representatio QY [ t version
System Each ge%a‘f g%se ?%ure éél “%%%fgtdgﬂ%p% er grﬁlfgﬂ%?ﬁéﬁ?gtdﬁggdsotbgﬁf@&

t orches (1301pmbwdinem of e @alsow@dlryemléitybtng anidbw (L300 )sy whing thneridbctkdes a
cyclonic separato 0 recu t.or ove leat from
hot syngas (1@8‘1) “ah(%dd“ &r‘)&ﬁs“f tngte e g ‘Sf]“? Qm“ﬁ% 5? @g&érbs%l de hot air
(1505) for theéecwanérous functi onal unlts of the Conversion System Figure 7A
shows two plasna torches placed in turns which are co-current to the flow.
Fi gure 7B sho a che I t t Iength
of the gas reP?o%'UEr}%\,I%altE) i n{§1rréak h vdﬁ}dé?:‘fﬂrg G eﬁn%%ﬁ Q{ Ol}ﬁ &gt&‘% Egl%l 'cfnon Fi gure
7C shows two ﬁj/%ﬁﬂethmnﬁhﬁs)npﬂ 1ap:t&dddlt1vetshd3()(f4l) MILhtllnlﬂuuleolﬁuttal“eewgaEmted to

reformul ating unit:; one. su t.he. dlretlo t he ot her
Count or - cur r oattm e, S BRERT LR A5G akds PRra0 BReet it g b cn
are counter- CUfp[lentEdUDddd’tﬁfefAn@W miy Yuicee dEirghomse bwvaldplvasmanupeipss pl aced
together in the raig length of t as refornu t|n nit which go
agai nst the g&% f%‘{ﬁ* hltr*@c‘l‘ﬂgwe(*i:f‘b‘?j% ‘%ﬁ“&"ﬂd\‘}\rsmlt" By g"hg‘é’“?d] VXt ey t t he
| ast turn of thei@aspiebacaubat 1nrrgulupmeuogd@&ewﬁhiﬁm%¢dllngll&1hﬁd1dﬂnrt)ecmeon of

gas flow, the other countercurr
primary processing unit (1()()()) gas reformulating unit (1300) with cyclone (1400),



Figures 8A to 8G show a schematic representation of a top down view of
various enbodi nents the Conversion System Each separate figure shows a

di f f er entwonnantwesdson of plasma torches within the gas Prefrararnizsing unit.

Fi gure 8A iII?§§53%g§ enbodi nents in which the plasma treatnent zone of the
gas reformulating unit is vertical. Part (i) shows a configuration in which
the plasnma torches are aligned to pronote the swirl of gases. Part (ii)
shows a confi gy eftel Q@oﬂdﬂry"‘@:'o@élumacfnﬁa(l?@f)ch@%e?aﬂ@d alﬁe&n%ékt@o@r) appie the

m xi ng of gases 8’ 0‘Mgalnst he gas swirl). Figure 8B shows two pl asna
t orches pl aceémﬁ%*% EPtoak £ WOehandq anwbéq guico afitaer (40P rentisari@vehe second
co-current to the flow Figure 8C shows two plasma torches placed in turns
with the firsyidagism Q@7FU;B(5\ﬁr&tscﬁ&ﬁhtﬂh@pr@@:ﬁfaﬂgn EOHMLIEHIEENT faPodde
syngas flow Flgure 8D shows two plasma torches placed within close
proximty to eaepligetectithe (ravegaen Pefepnbibdy Papgratenfigunidpss fhdfteigst t or ches
are placed i noxtlé{{tﬂﬁ)n\@ftpﬁsﬁih%)rzﬂeg%h()tP bvﬁgmq}?e (Hrr&%%ul@ﬂ{& &nhte(ﬁ(%é%v
counter-current to the syngas flow. Figure 8E shows two pl asna
t or ches pl acethclwidehit nydpos eenpraoxi (i), t4 resgediatot Hiet0) ﬁx@\hfes gragible heat
reformul ating 1(”?1' Hot ¥ ggse(ég(hﬁ dIKY\le‘R%II’SCII;[]Q)SdH%S]t er ?ICS%Q) tlhgr(;vlilc{e%t F]@()B)he first
bei ng counter-curre the second co-current to't syngas ow.” Figure
8F shows two ﬁ}rahmdm@ﬁ(fhmwmlamad W\AtmmCm\@lsumeSpthmﬁ;my T skeachtvat her in
e gas 1 el o THUA)LRRa Pl PRI T B PO, Ml 18 b 3R, e e
t he second COplaunar amhe's pldche tgyhgam the Gmhlglﬁl lgyatie oB@leSMVnsfotmmqnigamm

torches placed thin close mity t.o e ot her i

ot of mil ot g BiPeR AR Ba” Bk tiPwR R PR ek R Lt wo
torches are phlrdad s@ dfhat g gisheﬁbrrﬁu’lan‘&d]n&m&m suppore@ae the alil@fonai das flow,

per pendi cul ar to the ) as flaow Figures 9A to 91 show a schenmatic
representatloﬂ“’é‘l‘‘i‘;l“"ﬂ"ﬁ%gB‘(}\fﬂn\)‘i‘%‘\W}'e PRV BYSPIAOGThe R i WA YWV er si on

System Each sepaiméeubiegub ereshovgigurd i7f:f @b entwOflh@ntdich@pletd pliaspm
torches within the gas reformulating unit. These figures. illustrate

numer ous exenpl BFyUREHbIcAZR ke é‘%i’a‘iefoéﬁf“é“% upyf é(vé‘ilﬁli‘gé‘)r g HG $28diMol ogi es
such as pl asmBid@behefoure AR YSHS 16d3R%hes MALOARNMACTLYV &LRT & afd gas
back-draft tubes. Wiere one orientation is shown with one device, anot her
coul d be pl acedommylging yitaose smpgiig 9a dseig plwsapflasmie ehehednisraced

W thin close pgaximty to each other in the gas refornulating unit to
maxi m ze plasnma m xi ng with syngas where the two torches are placed so that
they are adjacent to each other, the first co-current and the second

count er - cur r eFigures $hé FEOROWE HhPBAUTBCRIAREIPNGT BIte fewl BreehdsvapPiced
within close prexiimbiy ho E@RCHsBhNSstdn) ENG 9@arfeiRumulidiisng #Atint O
maxi m ze plasma m xing Wwth gas where the two torchés are placed so that
they are perpenditdwhaf phonewedhcowiin thengs paeimugatiog dou.c lignendA tlystfes gas
flow Figure @&}R&hamd hRmF@?mmg GG TR AGE D hd QésnreﬁJrﬁﬁﬁnﬁPJ Qasw@ ty to
each ot her t as re ornu to maxim ze sm mXxing wt
syngas mhere Wh@cﬂmbﬂtb)dh@@caﬂemgmaaednswhmhamaphﬂyiar@mp@mpémdwtuiar to
each ot her an unt er r W, 1., .G 9D shows
The gas ref or Mt g CEh RO T GEM SOfSURANR i Bl e o
shows t he gaSamemgmmub@hnmgedmnmxmgbhgaeh&ﬁ&b@emm&c&k@aigmﬂadﬁgpkéﬁha torch

installed. Figure 9F t he as ref or unit with a cat st bed
et all e bot SEER P aBREY T eBRRh ThRs Tkt B e galhd e e g on
wi th a cat al ysdcohech-cliydr ogan flact Figatenscan@;vspdw@smrﬁdab&heq pistealih eans Fi gure

911 shows an eng ﬁ men % where a nﬁ is created before tﬂ gas
enters the cy&l'dri'c!'™1 3882 280BET ts"él d %u*%f’“ ﬁ?ﬁlﬁ?é“@‘i‘“éﬁéb&*y&&@* oW
refornul ati ngFigié 8Bishbwaragikmia OwhéuReel mathal died drétimidRy et i ng.
Figure 10 shows a tjg down vi ew of one enbodi nent of the Conversion System

This figure sHEWES&IgHRIEIMVRRT H Wi Oraiey He PO M Rrgepial Siedistand

expanded sect bQRe WL GRADHISESscb R BLASRTRI 6 RS yndR Bl OFEhRE SBREw | gned
such that they face each other, yet are off-set fo pronote m xing and avoid

unnecessary wear.
5



Figures 11A to 11F show a side view of various enbodi ments of the Carbon
Conversion Systemdetailing placenent of plasma with the gas reformulating
uni t. Fi geoeotlilwe®Rows pl asnma torches positioned at theprcyaaaniiwserpar at or
out put . Partlpggg%gchollected by the cyclonic separator are channeled to
the carbon recovery unit for further processing. Figure 11B shows plasma
torches positioned wthin the cyclonic separator. Optional processing

pat hways for gal leahadopakt i fukat @3hiar QoehaMRinityt Ro tdaen hatghgd el BRS.

Figure 11C shows a plasma torch positioned at the bottom of the cyclonic
separ at or ai nEdoplaing WwEnvkere (er texiordhedpicerltced dn driypt ivdthpthadire keowar ds t he
gas with the |gasl. I8 Jﬁ%d 9{613 sRahl! LS%'U@&H@H&:Q nng'fg)W S %’Lﬂ'pSFQ s Rl Asma
torches positioned wt e cyclonic separa efore the end of the
drop tube as pbﬂh@ﬁﬂ@@uséL@hwm@nwﬁx¢ngmmmpthempammmcmnéighhéﬁvym@uuer gas
VO ex WD ! B RALLIGHLANE L] Rt DART.NOL e FLOUESHAE SORNS.AyP) aSTE
torch at the otton1o Ep onlt separator aimnme e ce ter vortex to
di rect catalynhm»phhshaﬁboWangsomhe<gasmMMMHhtheph@astuuﬂEUQﬁmohmpa¥ticuIar
matter. The addition o ace aro rticul ate
Tt tor”capt ur S0 b RS SGy PSS 8 SOt MR R B e B B S e e "1
shows a pIasnaﬂmpmcm:@mrﬁhmumﬂmgmnnnfmhhemmymkmnmpmsepahaymmsamﬂedMUp t he
center vortex to direct at #ﬁ § tomard t he g % t he | east
amount of par tYCUIEEL HBELE &he d‘Eﬁ‘i WS CUPOTE" HFITHE " RE PP d%ma tor ch
all ows parti cwngheflomt t er captured by the cyclonic separator to exit nore
freely but with the catch hopper off to the side for easier torch placenent

with less int rfer shows an enbodi nent ,of the rbon
Conver o on & ElEreaE f OB M, & PRl R R S0 R ER 1% R e TP e
separ at or . Fb@U@E&e&BAfhmaIBEMﬂhbMSWﬁahEEMGfL@M&KNH@MB‘mﬁwomemﬂﬁbﬂﬁlnEnt
of the Carbon Cbnver5|0§ gTYster%\/\here t he cycl oni separat%ré are
external to tRESEHIEN| Ohpladih Prebeserivy diceay FdOEBRBESY YN SPstelif e gure

13A shows a vankirgal nEMeEbeNi &xcaPR@ at&hibihakRAS) aWihife a ihoplaziant adfingas
refornulating unit (1300) and a vertical recuperator (1500) which heats

anbi ent air ( Esbhwjosiesyack f*g‘tlf*é“s‘ﬁ’i&h%* FHEYYRd Yo B)“Hﬁ?ﬂeatdﬂh‘@“‘iﬁhﬁ‘td R2¢800) over
top of the regfarQfibek M hBE LIRLYeRIBE &SHbRY Wit dne (AQQ0 ) n ARG cBuIGB0BI0ed
vertically oriented secondary processing and nelting unit (1200), but it
coul d be pl ac&ithplgied &iguie Iprsherar (v Ploves sirelys ahiced Bithinvlose peyimigalo
orientation. EQ%<Rk§QﬁWﬁ?km@kﬁkﬁ%mhﬁgHH@R@%anh%a%ﬂhﬁa?ﬂ?ﬁgkﬂﬁﬁgnﬁaﬁ'”1295
the hot air piping to the primary processing unit (1000) and the conbi ned
vertical ly orvanedlr swcorterye pleoclesshaighearige adiceitng carhi ethqr1Ro6yst @t hout

t he need of a rato p Vview
of the enbodlﬁ%%&go?ib%‘%ug%féﬁfgﬁHﬂgmgifHgégggq% aﬁ%é“@ﬁf?%’ d%@klonlc
separators arswdwxpummiwnmnhhnaddmhmanmoﬁdpba@nmtbcapiaﬁnmUheaiuthernatlve
and hot air (1505 ize Fll udrr%lxn W1§h NS ﬁerx]eeth%nt\g/(qltorches Brewl‘?cvevdqg tl;[drt“t?heerrb()di ment
of Figure 13A"Wher'e iof’ -gas feavesthe primary processing unit and™
secondary propepsuMghmnjmmandmngSmﬂnﬂemtannmtma@phmﬁkm/ﬁepmwaﬁeh@ﬁg
Figure 13D the nl dle to Iﬁ h qnbodlnent of ﬁ re 13A where solid
residue i s seht® ™ e Nert ‘b‘ehn\’“& ”Fo‘r‘”feu RSN BP0 desEFhg it 8 1a§™ Thi's
enbodi ment al s@orshiomEe hewd higkikhot p&isﬂhd Inrﬁxﬁﬂd/ﬁd stiat Raerbdicttomi@tiadsareof t he
primary processing unit and to the air in the secondar rocessi ng
unit. Figure mlze“ids*oah%mﬁ&mebpep@wléfs@ﬁf LB 26 E"éfgf”éﬁfo%}‘i“éw GehgRaie

enbodi ment  of #les G bEBuLEOITY SicwisQRe QStRMaet R hiingith ReydeYd NG oL@t e
(1003), and the horizontally oriented gas refornulatlnq unit with two

pl asma t or che&Eigh FgupdEcyey vhr €as spratagpe prigyi 2 efggeractyapyicher
details an oppmaﬂkor&ﬁ@mﬁe@fregm@r9p~0¢hocve%p@drsé}&f@rmﬁa{ Q)mtom; atdhmgky
associated with the gas refornmulating unit. Figures 15 to 19 show vari ous
confi gurati onb%@%tﬁlﬂf‘é hegrase nlagpninsthst digusy dehi et & Fivgneine e aiivls zones.
Figure 20 s @ SGREML! £ hGRCSEAALLADIARLADLA Re e Iﬂgﬁmﬂs WCESSi ng
unit of one embodiment of t Conver si n System s oW n

refractory- | i pabodtinambelerg |drp1fpardt plumf gedshied Kefaip e, gdsatngaralthet exafnsfcer
system and optional baffle (1010). Also shown is an optional breaker
device (1006) for breaking up feedstock @s it enters, an optional
guillotine (1008), a hydraulically operated reciprocator (1012), a spring
| oaded scraper plate (1011) and a brush (1014). A, B, and C indicate
process additive inputs.



1365- 250PCT Figure 21 is a schematic representation detailing the primry
processing unit of one enbodi nent of the Carbon Conversion Systemwth

hori zont avoanri/foes®d. Fi gure 22 is a schematic represent aCtiram2datEii2sng t he
primary proce§§%ggw it of one enbodi nent of the Conversion System show ng
the refractory-Ti'ned chanber (in part), feedstock input, lateral transfer
system and optional baffle (1010). Al so shown is an optional breaker

devi ce (1006) dﬁfdt&rﬁ%{ﬂe@ WBw @Q«éﬂ&&&&% tini€ Wi @lShacRUMo QAL ORRhlled
guillotine (1008 ydraulical I'y operated reciprocator (1012), a spring

| oaded scr apeforpma@éed(rwm and a brush (1014). Perforated baffles (1022),
f eedst ock height (1017) and reactant material height (1002) are al so shown.

Figure 23 is g@ighpbe0Bhdws £ &R &santiali @ond@hdbliRar bh@e RToh 0@V BLA&GRSSI NY
unit of one enbodi nent of the Conversion System show ng the

refractory-1i ABY fesvemtiors(q avpefepulaisedsit oelk Disjpaic €RoBIPY 2nd srrandid

transfer system;,a0diRRbhR0# H@ﬂfn t@rcl(e]soi'-@torcﬁ‘!: SQe SHAWA b & B0 ARLQnal
br eaker device 6) for breaking up feedstock as it enters, an opti onal

guillotine (19@%)0&63 yhiyade aliis¢idapiopnosperaizadd pegdd priseetboy W@?L‘OlZ) a spring
| oaded scraper plate (1011) and a brush (1014). One or nore of the

perforated bagfdes iﬂzQ?t@)llW okl QVsﬁ&iedlew'& t«l}lo%s %m%&lih{&ﬁmof thbecpssdf orated
baffl es (1022) are suspended usi ngjﬁc ains to allow for baffle novenent.

Feedst ock hei §heve(sion 7ysteandeipdiag ranemeratoémiaama tiéilghe o odmusiecanso shown.
Figure 24 is %@g@%ﬁt Llﬁmﬂ ds‘?ﬁd %éﬁe’s SSehad Li ng I:)Qﬁm?coq LEHGE L@ Of a

step in one e i ment  of nver5| on System havi ng a st epped
floor pri narmeloldetssuﬂlgctath theTiyeloaik tegranaer ang caaydedstoghe edibakrepmeal  (1019)

and cerami c b ﬁ’i?ﬁx%ﬁ%@ém@&%n? %re 1:1§“H<§(§s ;';&95 tl}(;ggéséoslqﬂlhlg{ \Izv%n%e ai r

and/ or steam are shown S supplied to
t he pl enuns fcoioéc hegadeor. s@paenal E;a@hsﬁnigepathwuﬁ éxqmoptip:edl wiutibulatenerz| e

(1021). The step i S..cqver efract o ur cherratlc
Feprebent aci o hat 817 MGG el tnbodlRise TS SERE My E B Ruid iy Wit
(1000) of t heb@amboﬂhéj@mr@ﬁcswpmtSy slfmamup sivawhgvdrke 6 e;ﬁmaccttﬂytye }blumﬂ
chanber (in partd% eedst. CE Lenput

. eral .transf SYSLH

opt i onal - bar K& hgos ™ SATeh KRB whory AP aRAr By ek a1 Daby L  {Foos) for

breaki ng up fegdst pedicasd wkB@She2SRQBGIT separator but before the end of the drop tube as
to not cause undue mixing of the particulate heavy outer gas vortex with the
particulate light inner vortex. Figure 11E shows a plasma torch at the bottom of the
cyclonic separator aimed up the center vortex to direct catalytic plasma towards the
gas with the least amount of particular matter. The addition of space around the
plasma torch allows particulate matter captured by the cyclonic separator to exit more
freely. Figure 11F shows a plasma torch at the bottom of the cyclonic separator
aimed up the center vortex to direct catalytic plasma towards the gas with the least
amount of particulate matter. The addition of space around the plasma torch allows
particulate matter captured by the cyclonic separator to exit more freely but with the

catch hopper off to the side for easier torch placement with less interference.

Figure 12 shows an embodiment of the Carbon Conversion System where plasma is

provided at the exit of the cyclone separator.

Figures 13A to 13D illustrate various views of one embodiment of the Carbon

Conversion System where the cyclonic separator(s) are external to the shell housing



it enters, an optional guillotine (1008), a hydraulically operated

reci procator (1012), a spring | oaded scraper plate (1011) and a brush
(1014). RAvouna/1B6895s a detail ed side view of one enbodi memtcaabiirdser2Bat er a
transfer systggg%}gx\tng cl ockwi se operation. The floor of primry
processi ng uni't own (1029) Figure 27 is a detailed view of one
enbodi nent of the lateral transfer system show ng countercl ockw se

operation. Detidosv@fioRRe&reg r@ﬁBA sREwd e @llal é’}%l(ﬁﬁ/cssre m&#ﬁé@@ vafh& shown.
Figure 28 shows a top view of the lateral transfeer sy s own in Figures

26 and 27. Fi §eii4estaDgna refagnpgpeiupit (50P hing ddﬁélcehﬁwww%)e}wac%bwa»per
system ( 1037) _dlfrlglentdﬁla 1'56%92“11@ g@@tsﬁ ' f%l% Qsl MP&%;‘BH& luﬁ],t l('pﬂ)bp()\tep%o 51’ mary

processing unit. Figure e side view i ng process additive
inputs A B atd ©t & @@IPHGGWQPIPMSSU& meit (108 ynd a wobadrvegicilly pnendidde wal |

(1038) and a b@églq glp}l EPO%!% SM]L, ﬁgrlﬁ%lglq% Iu‘r??'('?f(ﬁ) U(I)rlt Q%@g%)plﬁleg"%%d@% shows

the front view an tail ves nma old a reclprocating
ram (1035), apdmarhe)r%ssaparmtmrap ectioicyl ofit@3@)n. Tﬁppﬁdcﬂmwlnt yf, the lreugcataper

]g é?BZ)ea: Isnge\?\: Is e bgclill en m1n le s t}le ?%dl{&pnbw | %rlmdr%aroc%sunk um?él?‘)g { OEKSt em
(1047) in t heamr thﬁabmbmemwasnsallygorwmteﬂ sed%ingum)raﬁsss’rgoaml rh@lldﬁsauﬂut ¢l Zp(l)s her

t 1044 h t 1049
oo et aa) ool e e B e BBt S RSB IR St AR S hove

the ramin " hﬂﬁ&:'fnbl@@l&leht Eigeddhevipanetlt- ;sROWsmSthé Clibuf eﬁqtﬁﬁ@celpdrmmved and
the cold scraper stopped. Bottom panel shows the hot scragpg} r enpvi ng

clinker. Figufié mie W?tﬁéller‘é‘f‘é'é’“é’m 8¢ 05 PlayRshgah aliggpatiye p 4 de¥si ng

unit with redrigagt e3C adistthe/@8id1ckOP viRANE heShMoRinaint &AL 1FRLehedOoffo 30
degree slant. Bottom ganel shows a slant of |ess than 20 degrees and
i Rgm

optional ly sté&#nics¥os iy giPEehan G tbaxd HiToRhE PRRSPE WBitedf s BX f t he
top. 1365- 250RGHal cyclonic separator(s). Figure 13D the middle top view of the embodiment of

Figure 13A where solid residue is sent to the melting unit for final processing into
slag. This embodiment also shows how the hot air is added to the bottom grate of the

primary processing unit and to the air boxes in the secondary processing unit.

Figure 14 is a schematic representation of a top view of one embodiment of the
Carbon Conversion System detailing the moving grate (1003), and the horizontally
oriented gas reformulating unit with two plasma torches (1301) and cyclonic
separator (1401). Figure 14 further details an optional heat exchanger or recuperator

(1500) operatively associated with the gas reformulating unit.

Figures 15 to 19 show various configurations of the Carbon Conversion System

detailing the various zones.

Figure 20 is a schematic representation detailing the primary processing unit of one
embodiment of the Conversion System, showing the refractory-lined chamber (in
part), feedstock input, lateral transfer system, and optional baffle (1010). Also shown
is an optional breaker device (1006) for breaking up feedstock as it enters, an optional
guillotine (1008), a hydraulically operated reciprocator (1012), a spring loaded

scraper plate (1011) and a brush (1014). A, B, and C indicate process additive inputs.



Figure 32 illustrates construction of steps in one enbodi nrent of the
primary processing unit. The alternating layers of thick nmetal (1019) and
ceram c bverkii(ihe®8) are shown. Plenuns for the introdueciramzefi/&anr3and/ or
steam are shoyp.as . pperforated lines (A B and C. Air is supplied to the
pl enuns from a ﬁeader space. Each plenumis equipped with a nozzle (1021).
The step is covered by refractory (1018). The position of nozzles in one
layer may be sfagoef &d, (abaldMept @nlal6n BASiihE B p%m;gogr%t&%ng Onit BEodaYer
bel ow or above.” A single layer may include air and/or steam inputs.

| ndi vi dual | ay@pedimgy Ob@e@&@n&@naﬂsnplh@%éerwrthHorﬂoa@édl( 9d5), as a
conposite of separate bars (1054) or as a conposite of separate bars with

i nsul ation beppgaed2l hey RALSaLOR3dentalibYHEEIRS tHel sy ploeSsiaRanietbeg nent of
the lateral transfer system conprising cast refractory blocks (1810) with

air injectioncthedigh Ahhn GRardsieySeserophiedte e siracteenmedichiabeadin Air is
connected to hﬂ% REQEKR it hdt&dlea‘dnbf'eﬁsy%{e%' &lcﬁﬁﬁoﬁl%@rﬂﬂe*@ﬁ%? AR siidvanged
fittings. Each block is nounted on a single free rotating axis (1815) and
is driven by & aepaeat brepheddeide G0 &frbreapeep fedgbikiyg limajerben pplgvilded to
each bl ock. | us ter 1t fer
system Figur é&gé{ﬁ ?‘lg)ts)!tg)r adté (ﬁ%ﬁ%d@ﬂnggﬁﬂf‘gﬁ’% @Edtﬁlf (ﬁ)étb falrdalslgj}Ji I]Fa%)g?& system
and air injecsirgrr P]dﬂi thl 19 de¢lrb®disméml4) aPerfarrpdeafflon(102D523dstegk thaighied
slightly abov ans, don order to raise the "hot
zone" where pglrotll a‘}nd L oNBUST ondlg%lé}tﬂt?%b(ii'ﬁm D Sfl10“(11.1048) sit on refractory
(1018) and is insul ated from hot air introduction. Also shown is the air

i nj ection headigur¢ 2955) schndatichrepreoptatiay detaibfig Solpridhaneiodeseing 116)556§ oneFi gur e
36 illustrat e%m@&?&?hr@frﬁlé &w&ﬂ&] %g&@%n?l%v\%lw thg l%hgltgrxtlfngﬂ Lﬁﬂ%'b er al
transfer systemo processi n unit ) alrr

(1057), air pa&s)a@ecstQLRGhﬁﬁ) ( 1()aﬁ)dldten8 ltriamfmomst(rﬁ(lﬁie))ptuﬁmglwfﬁe aviol IMSI rat es
one enbodi ment of the co i teral transfer system
of “the pri mar s Brasaei RGPt P b SRR G0 | AR

materi al al ongpttdmel giiiflbténe (\Iames a(holLa)icaniyt dspemu&iaﬁelmpdmm l(iam2y, aisprifd ow t o
the target The dru re capped th ends c ramc
Gaskercq i ar Budtseog de o S aeEarbad £ A waer bt S R PR ¢ he
drum s pressur@2boudgariyied 30ahid 9ABEAHmbax, ak lpenortied barientival) .expansian. The
druns are driven by a central drjive shaft connected to the rest of the drum

by the vanes. "tRarliual 2ldri Pedatisympesrov ddody 'aetim' v o) radirrat e

repl acenent . mdQQd}q{@gwn%]@()gd@éngMQ{;vg (1516). Air enters the primary
processing unit via perforations in the drums surfaces ~Steps between

successi ve pairs of drums increase material tunblin ure 38 illustrates
one enbodi menf &8¢ £hés AirNeHIAEE FIPBRIET P SYFEE M RGOS tuieﬁ“%é?lot‘} HAS PSSy st em

of the pri marympsReesSsNtheUbol€loaidding dyhemr RVeng( 104G peditlobi PRy ect 1y
on top of the air boxes (1057). The perforated surface of the air box is
shown as dashe@c¢ssigg unit. The alternating layers of thick metal (1019) and ceramic blank
(1020) are shown. Plenums for the introduction of air and/or steam are shown as
perforated lines (A, B and C). Air is supplied to the plenums from a header space.

Each plenum is equipped with a nozzle (1021). The step is covered by refractory

(1018).

Figure 25 is a schematic representation detailing one embodiment of the primary
processing unit (1000) of the Carbon Conversion System, showing the refractory-
lined chamber (in part), feedstock input, lateral transfer system, and an optional baffle

(1010). Also shown is an optional breaker device (1006) for breaking up feedstock as



Figure 39 illustrates one enbodi ment of the air distribution and ram

| ateral transfer systemof the primary processing unit. In this enbodi nent,
t o reducewaanpagesost he air boxes (1030) are construct edpas/(eparEies very
heavy duty, ?%%goptfces of steel which only inject hot air in areas where
uni nterrupted I hdered flow occurs. Air injection is raised slightly
above the ranms (1048), and is through air box holes (1060) with one or nore
jets, space p@refiekt alnaatlongtlrlﬁnﬁe &1@%8) htlrduli @Ry Sfefaagity &%/m(&&mlz) Between
the air box and the refractory Pac ing 1nsulation (1062) is provided. The
air box is fuMﬂH@ﬂWHP%VKﬁ@dPMFﬁHW1h§HMdFP ori1Q1H059). Al so shown is the air

i nj ection header (1055) and a seal (1064). Figure 40 illustrates various
enbodi ment s Ofigaké 26 N £ALLANY SHSHEN®f AP HBSIiFBS: of TR LRIHGRNVRS RAGR, the
air boxes are constructed as separate, very heavy duty, solid pieces of
steel which offtoyvinmjledevissoperaiion iThe Hpead pmewe)rwﬁmtsewtumf@&p(ﬁ?ﬂ% nder ed
flow occurs. Air injection is raised slightly above the rans (1048) and is
t hrough rai sedhidupP27W t:h dQREdOVic WSO hEEiSiboBRAR € fPAE Mhibial MPnsfdhG slcANS

(1048) sit on refractory (1018). Between the air box and the refractory,
packi ng i nsul &tavépe Ml@@%)‘@t@l%ﬁ@é@}ﬁf&@d Defils ohppe gapedimaent g thadrvprysi¥ided wi t h
insul ation (1083)y.,fpnshown is the air injection header (1055), a seal
(1064) and spaC|ng (1066). The top of reactant material is shown by |ine
(1056) . Flgure 41 illustrates one enbodi ment of a ramlateral transfer
system of t he FIUred$ yrPrsocieB sicngoluh taiqraldpoyfeasiam shayn & Figuiesod)andhd st eam
(1067) injecthben. The addition of steam can be used to control the
tenperature and pronote steamgasification. In 1365-250PCT this

enbodi nment , stean1|s |ped in below the air to further buffer the rams from
the hot zone. Figyses; gt apd 2eB atlupenicesiodimet §‘PfoWﬁ“B@P‘ SyHem (1958)°r Fi gure

42 illustrategepne \A@ﬂﬁ%@énﬂﬁ@hn?& Bl &mih @ﬁeeﬂ)'lfﬂmr @d&@fsﬁlrg s tiggmefaoishe
primary processing unit (1000) detallln air H% and st eam (1067)

i nj ection, anthahdhaiide viy eleteiling pﬁéﬁﬁevdc '6‘1955’)‘“ anglefeli 4 sceme GPilleteam can

be used to coplyg JtheplelRes @Jd!e'Ra%na(ﬁngﬁrdﬂm%tt?yd%ﬁ@ﬁ"ygﬁy%}dtéd%&lbx%@dtoxl n this
enbodi nent , the stean1|s Erenlxe the air beforé it is injected into

the bed. The tiép+biFiguradd nbowbéflplalvmivsmslh@wﬁ By afdlifiges(maageld. (1032), a
reciprocating ram (1035), and the scraper trajectory (1039). Optionally, the scraper
(1037) is heated.

Figure 30 illustrates one embodiment for a scraper system for dealing with potential
clinker (1046) build up and sticky feedstock (1047) in the primary processing unit.
Figure 30 shows hydraulic pusher system (1044) guides (1042). Also shown is the
stage above (1049) and current stage (1041). Optionally, the scraper is heated. Top
panel shows the ram in “home” position. Middle panel shows sticky feedstock
removed and the cold scraper stopped. Bottom panel shows the hot scraper removing

clinker.

Figure 31 illustrates slanted stages in the primary processing unit with redirected
additives. Top panel shows an approximate 20 to 30 degree slant. Bottom panel
shows a slant of less than 20 degrees and optionally steam shooting from the airbox

on the ram for clearing off the top.
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Figure 43 illustrates a nulti-stage ram system of one enbodi nent of the
primary processing unit. Figure 44 is an isonetric view of the conplete

grate of Wogorie1od®s Figure 45 illustrates a single stagecofcAzha/sonpl et e
grate shown IL%EbgMEFS 43 and 44. Figure 46 is a side view of the single
stage shown in Figure 45. Figure 47 illustrates a conbi ned secondary

processing and nmelting unit of one enbodi ment of the Carbon Conversion
System in pagfgurdepajihlfiesPesksudiOh GUXkps ﬁmn@lémeam{e%%%f and pli3d), a slag
outlet (130), and a zone-specific heating system (i.e. a systemthat can
est abl i sh t woPIOEpRpEE atiir eTlieoﬂlé%l)dt‘éér’@fer*stnéﬂ%fnmaﬁd]r Ut%%) (‘%Bsf)‘dlahdblﬁﬂkasrra
torch (140). |pbhis EHPOIPIERRhs &M QALIBRN diSarfos Qlebdl [i€lhRGE Qry done
(145) with a Eﬁhﬁg?lf o? condu?tsr?enﬂ?)nﬁuntedl “1“’§58 §Lape§ﬁnnunt|ng
bricks (150) pertfarkied lingsels Zowwl C). égi breupiiled te dlhei pleruafsr faon erhpadtovpaces si zed

vl | of the chatbas i pr AT RGPS MEEEh LR (RE et ween

20 to 100 nn1(Mﬂ&)amepemkmeémoum%Umpnwhy$h$wﬂeﬁnag@elthmﬁe)m@pbﬁmmla bed

and pr ovi de fO{ 1) zzlfe]: ll'{s On ygxfb qeat e%o%ler al‘ll € B «ﬁrmd incluy le delr ar gi}ssfteeci% of
pl asma heat t0 tHé £ EYERPETRIT § e € YIS BER T 8C81%E ure 47A is a

partial | ongi tlipdlsnalhch‘ﬁémﬂ Ilo(yﬁls\tmezvbe rradg s @ sthgB doBd atagy (dQSS)s&ci ¢(ml‘]ﬁ)ls1te\/| ew of
t he enmbodi nent .il | ustrat n Figure 47A at |ev /Cis a top
View of the. | HpsarHBAE 4 Brportirig iatiguet T e e MR g 2 o
detailing var bausiogpews of an inpedinment in the inter- 1365-250PCT zonal
regi on of one enbodi nent of the Carbon Conversion Systen1 The i npedi nent
conprises a series

rerconn ted refractor cks The bricks
e mounted ofnmTh st RELF D EabsT B SCRh PN St E b sy
bet ween adj acedfitactoryi Bllésks (TBH))SAM&Qdl@ﬂﬁ)bc&bn(tﬁfﬁ)ﬁgh thrh asln’&ulbasl‘@hne(c%ﬁ)) and
auxiliary burner port (239) are also s 49 is an | ustration of
an i npedi nent {H? f‘?ﬁéd?m@f IsAonactcH dgit eﬂﬁw &h@%ﬁ%&%ﬁﬁ%‘ﬁi* *&F‘ {“h*é* 4t bon
Conver si on Sy situg mmgn | $hagbiacigisahemteling QLiatle (GO MPAingeKisa 1SEY) I8 iOf
substantial l'y par al | refractoré lined tubes (345) mounted within a

mount i ng ri ngdiEBEy 2 *‘?’Predt? dyhaulissBatholYaceePospE Ay Rabrovidet © peh Bogap (355)
bet ween adj acent tubes. Optionally, a plurality of alumna or ceramc balls

bet ween 20 t OFiW@e BAMIiuktris@REE@PodiASH 00N 142 tAhstthgstempedi ment to form a
bed and provide for diffusion and to pronote the transfer of plasna heat to

the ash to ini tla h%lpe " he a hilntpfshag g & |nHer- gnal %lon

sone enbodi me {%‘re t ”é‘i”re“’ Werglofifegt ¢He® BEEEAGRYS Proteld i hgusORs: t hr ough

perforations imtihembRP@ents ki figeioaf(1092¢ isubst anghtal dysvpaieatansl (10ehHr act ory

lin 45) .
I ne tubes (STE?s is done in order to raise the “hot zone” where partial combustion occurs. The

rams (1048) sit on refractory (1018) and is insulated from hot air introduction. Also

shown is the air injection header (1055) and the top layer of solid residue (1056).

Figure 36 illustrates embodiments of the combined air distribution and lateral
transfer system of the primary processing unit detailing the air box (1057), air

passages (1058), and insulation (1059).

Figure 37 illustrates one embodiment of the combined air distribution and lateral
transfer system of the primary processing unit. The drums rotate continuously to
move material along the grate. Vanes (1510) within each drum limit air flow to the
target region. The drums are capped on both ends with thick ceramic gasketed plates

(1512) which are bolted to the outer drum to maintain the drum’s pressure boundary
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Figure 50 illustrates one enbodi nent of a conbi ned secondary processing and
melting unit, in part. Heated air is introduced into the secondary

pr ocessi ngounil'rllomma air boxes (135). The air feed to thecaicA2bose128s
control | abl e y(yl{)gig for regul ation of the conversion process. Optionally,
steam may be |nj ‘ected into the secondary processing unit via the steam
injection ports (not shown). The inter-zonal region conprises a physical

i mpedi ment  (14p)dw d%’éxélﬁmf hephliow ofnen@uigkiad dfitam hjegél%padaé ¥haft
processing unit to the nelting unit. A plurality of alumna or ceramc

bal Is (165) betwedrd @ghg @*%@@h@rﬁﬂ‘mr‘i’Y(ﬂlileaWé?“er1n<|“1é1$‘t‘dlélﬁ1V@*dEd>bl?e rrededdfyr act or y
dome 10 for m g.Reth Aaf R QhAEEAT MhS RSP0 *aﬁaxt P18 Adnhidio R oot e
the transfer of plasm eat tot to 1nitial mel t eas into slag
in the inter-zomaly pregisong tmhevwmetfpmgmumnt the odrpmis sseg‘d@@ar i Siaxss pawean
including a p , 0 accommpdate a burner (139)
to pre-heat t%]%%é(}ﬁ‘ %519{%%%& m&egnglﬁlgg{nglﬁ% process additives including
hot air and carbon and/or bag ash. The nelting unit is equipped with a

pl asma torch Fized 3§nlélkl$taiﬁge(m€i ehboglimaeny ritf edie airr diggipgtian (b andSlldgrabut | et
(130) is also, 365 Fj 5 e Vi ew
detailing the r%g?%y%&l ﬁf [Pr Fﬁ dlﬂ(%‘lé'ggn %Ah (lgtdﬁlllgotgéﬁéﬁog}(54gp ?gtﬁlé of one
enbodi ment of dirévély Cardporf tRonvterxss (dﬁ5”8y§ﬂlemlqub¢|dlrmge @fxtyfgenbmd/sl@wvnal r

i nputs (0), car(ds%:dhlguts (Q, ports for plasma torches (P) and a gas

bur ner port (é) re 51Bis a partial |ongitudinal view of the

enbodi nent shown in Figure 51A. A slag weir (33) and a quench water bath
(78) are al soF'giumvﬁS’ ilEisgu¢%01‘@2mts>clmlqnapﬁ ﬁhaldirlcmg}itltiumiamhrdnsé@nfilcmai;fexvi ew of

one enbodi nen o] I uni t
with a pl asmatt%ﬁS &gg? ’%% ?g:‘] m?g“ e R %éhﬁéﬁ%&%g%l%% Ble rlﬁa%?g\n%ds aesdcl) shown.
Fi gure 53 il | tistes at0886) «Uneo@mmdi mnparmé vehehe@ay don s(ﬂnhmeuswosteésmn@m in

Faci i tate of SRS o: oo Sk BCRRAp R GRp P Phpar 8ot SR T EBiR B gur e’
54 is a parti &|rd1|s@h‘gightmﬂiimﬁé teaahs 00ad), midewilodugh abawkihord (Hecondanye

processing and nmelting unit (.in rt) o e‘.enbo 1i men Car bon
Conver si on oy St BRiFdst Pttt G Achor |40 sy SPem e rray o e i g Wat er
spray and dr agir ¢baiand tlh‘dﬁﬁix@do@l rpddksngl mtwadiac@dod)nt @révids enendabyx is
processing unit via an air % The interzonal region conprises
physi cal i npedirhenrroyidebyity H'S‘dthti“ﬂ‘él Ke Alennym ivdicers lélle“f‘)r“(;ﬁi“{eh Oé@condary
processing unifd 4 @atessyel ting unit. The nmelting unit is equipped with a
plasma torch (140) and a tangentially nounted air nozzle (141). A sl ag
outlet (130) is al 3@ ihown Figure 55 is a partial |on |tud| nal - tional
view of a conblget ¢ dushar V“ﬁf‘bE‘BE‘§1“H8]thH6°“Fr§1J‘%‘|t‘H© SUHTES (PP Hew}*t) of one

enbodi ment of ;ddi@ ®anphen momy 8bsdsofe Systrermdal aipaing veRenakvy dagxesid 135) .
The inter-zonal T%gl on conprises a physical inpedinent (145) to %w de the

f1 ow of mat er P&fes otﬁ?lt%fg%@ﬁ&awyﬁmrabé%«gu‘ﬂﬁleuh]intterttwt%‘h@ﬂwiet%‘ ¥™uni t .

The nel ting upidy<ATPhiSESH KahisQUSidRAY LBoveNkd Pﬂﬁsn(ﬁ()ﬁs)Q1|11é91{f§1r&&5f%"§s&prt a
burner port to accommodate a burner (139) to eat t he chanber, and

ports for variaasvipr eecess meadiats. v»@swu Werlnuwigw b gEma (1 048h ditcar tsbictand/ or bag
ash. The nel ttl@)@S)umﬁet\!v&neﬁhglﬂp%gx Vgntlhth@ r@h?&&? %&"’kﬁh Knlﬁllgt)m %62 18

tangentially nmounted air nozzle (141). and pl urallty of
al umi na or cepanided.bdh¢ sir pA6B5)furslree pajvgbd g\h(hvmsuldtmn (1()59) Also shown is the

air injection header (1055), a seal (1064) and spacing (1066). The top of reactant

material is shown by line (1056).

Figure 41 illustrates one embodiment of a ram lateral transfer system of the primary
processing unit (1000) detailing air (1502) and steam (1067) injection. The addition

of steam can be used to control the temperature and promote steam gasification. In
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1365- 250PCT Figure 56 is a cross-sectional view through the air box of the
enbodi nent shown in Figure 55. Figure 57 is a cross-sectional view through
the tangewoizailedoscated air inputs and plasma torch of pChesenadiIzent
shown in Figu ?5? igure 58 is a cross-sectional view at the burner |evel
of the enbodi feht Shown in Figure 55. Figure 59 illustrates alternative
views of the conbined secondary processing and nelting unit of Figures 55
to 58. A sl agt&@%ﬁdagneﬁ]y&&eem it b id BAb WG, Waﬁlﬁﬁer%laff@iyth@-@ﬂnsdﬁ@g gehain is
al so shown. Figure 60 details various views of a conbined secondary
processi ng andot7ens iTheytopmif reactapt ety isohowmby bifidtrent of the Carbon
Conversion Systemdetailing the slag outlet (430), and a zone-specific
heating syst emduke 82 i1RsSHSEENehidBlinfaNbaShANLE &N R L RRRE bAthE HRmEA/NES)
conprising an air inlets and plasma torch (440) and optional tapping spout
(446) . 1n thi groepbigaivrert (00 Headive orddpy>) pie cessi o Donisctiop. axhtheatl y

| ocated and t eg%ln‘?gedgéx (B3sh 1 PG ZRRBNIOP sk AGALEAL fOVR Db PRLLRART Y Of

t he chanber. The fl oor of the chanber is sloped such that the secondary
processi ng zoned prgmafﬁs»‘tt@rdeaxﬁ%tﬁlﬁdtmehsllhagenzl@denetnhéliieewmprsmmnxw@ with the

uni - di recti 0”5’1’115 pIRYERN, e%feﬂﬁ‘&)%é Bld. ﬁ%f?é&@r%ﬁt %&Q&ﬁ is ISt Woygones are
separated by the inter- Zonal region. T € i nter-zonal region conprises a
physi cal i npediOdent to regulate the flow of materi al fron1the secondary
processing zone to the slag zone. In the instant enbodi nent, the physical

i npedi nent co ‘ i - n I r

substantially g$§g m?%%%gg?@§§§ ?%%ﬁ %ﬁa#5¥§¥§ H%?%E%M'ﬁh%gghﬁggied air
is introducedpnntemghemsecondary processi ng zone through the perforations
in the pipes to the center of the pile of processed feedstock thereby
converting anhaeaks Ndn imERNRANO e LAHHIRL 0GRS T dhdreqdist ock. The air i's
heated slightly as it cones fromthe bottom while cooling the pipes.
Through air inlets (441) in the slag zone, air is injected outside the row
of pipes and EiwedS Hlystess strks ssise f ths gomalels gofe tvenph Bleareddynhdt so as
to keep the slag fromfreezing. The sloped bottom of the slag zone serves
to drain the reskdueishanRndsy s ghdeqdfe hben ch@aaideraswhere the plasma torch
is located such that the residue is melted into nolten slag. 1365-250PCT
Figure 61 details v ous vi ews of i ned secondar rocessi ng and

el t1 g uni © FIETH A7 TSRS it CORGET HEATREY TEHENCr Hon Mg s oSyt em
detailing a skt@godmbicel hD8Dbon abfkcZARESBRACIIA et MRALINGDSY Shefk{lye. a
system that can establish two tenperature zones) conprising an air inlets
(not shown) aRdMgl dsfant ¥t tlséaeyﬂet Thi®)i 4t @rzopesipsritic dsiey worpri-¢ds a
physi cal i npedisp@Nthat Gar @sﬁ%h@ﬁ Bvd RephlaQMe 9bnelBERErRIne ahMit B& 11NST ANt

enbodi nent, the physical edi ment conprises a cogwheel - shaped done (545).
Figure 62 det aiapsa {agh JaQ)- \r/? g epbodimepnicrigied Bewnt arylid reoeessi ¢cand

mel ting uni € (18, RahL)piBhione SIRACK N ncAhied BE CREOGRACORYENRL PRy St em
The fl oor of the slag zone conprises a rotating sl énted refractory table.
The rotation @ﬁoimemtmb$eom@ﬁwﬁmcﬂmﬁbdueeﬁaﬁevem@@uaﬁﬁﬁnU@ﬂhMHenﬁnhten
slag. Opti onablype 06, HERLREANL BFLRARR RlUhe iy w8l GSAETGIRA! LS 1O
facilitate pla eat trans . oor of the slag zone can be el evated
and retract edplurainy dthéurpmmoecsasdmg bzlbr(é@) bEtyeen é@ t(ﬁkﬁoomy-nh ilnedtet ol @ t op is
gﬂm :g ?T'(r;t gr go(pé) %e Créoréq 2; Ofga; a%echl}Tltﬂrg\g(ﬁl nf%r dl?fd 51 n 0 d%)ﬁahgr%r}cel %tomt he
i nt er-zonal regmmn:&mdnmhexoﬁpbenamanwenmeaqimnmuahﬂrmﬁtmemmtedoeMgan

el evati ng tabke on églls ta faC|IHtafe cl ean uﬁ %% I|t of .ceram c
bal |'s (848) pFBMEE &6% thi PEPARSPEFISF 5T AehiC Weal 'BUBHT {To A Trﬁi “FOIVEh sl ag
i s cool ed by aiewaifelie SghodymdnpDIsexdd inMecirb@7slagvaut-netrig&3®yCand dphe
solidified slag falls onto a drag chain for renoval. The slag outlet (830),
pl asma torch (gﬁbfdﬁd@pF EiHE MPPPBARE)Yedss al so det ai | ed.

Figure 48 is an illustration detailing various views of an impediment in the inter-
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Figure 63 details various views of a conmbi ned secondary processing and
nmelting unit (in part) of one enbodi nent of the Carbon Conversion System
The i npedvoenti/esypri ses a rotating refractory cone (92PrTrnti@ddons a
drive pedestalwggﬁ%gg a drive shaft (933) linked to an external notor
(942). The | oVt ion of the rotating refractory conprises a well (978)
in which slag accunulates prior to exiting the chanber. The i npedi nent /

sl ag-floor asggfbleyiohSr beadhbi A&k @pm@l@ldﬁooflrc%m&h&] BN, zmhnp@ﬁgief?@ and
the carbon-convertér zone and is nounted on an el evatlng table on rails to
facilitate cl 8dAPHAL 2 saOst Pomerqopnecad| relsirtagy Agckisd 24vollee bigks arapapwreds pr ay
upon exiting bhg it LULh&h A e, s hddhblad ék%etv@éel]%(qu&]@b@bkdrag
chain for renoval asma torch ? and propane or natural ur ner
(937) are al sEEh@Ieltdalopéfd.(23(2!)3615&2439@ (212101;@nrcbdtgzﬂhcmbannbxspmaﬂ38)19%\/41@\/\5 of a
conbi ned secog%g&y processing and nelting unit (in part) of one enbodi nent
of the Carbon Conversion System plasma torch (640), carbon and/or bag ash
inputs (642) and hot air inlets (641). Figures 65A to 65C detail various
views of a coklisuneddsiecondhiryation odews imppdanaht el the rm@eluiﬁ)in@l (eizionpar oe of one
enbodi nment of b i e i ¥ t+hpl ot gas
generators (H %l&gﬁts&péhgg&gﬁﬁ (ge V?éﬁkeg%ﬁgryéggﬁg?ll e OM th%c a%ber and
avoi d cold spo@sm%hemeﬁnhEOBL@gwmmﬂhd@sdkldﬁﬁymeHésétﬁMgUB@@ showedow t he
Focus t he. mel (kg + Do P tuinult der it BB T e S e TP b8 ™
transiting mabﬁmeapmayemEMQHré@n6ﬁmytmpﬁﬁmqshnMnmmmmﬁugmmmemﬁsbﬁwanconblned

secondary pro S and neltln uni t of .one nbo i ment .of the
e ARG [t I P A DO R A T AN
is a 3D il ustirationanddo ﬁr&ﬁotﬁﬂietttdﬂgexuﬁlpﬂdsmﬂlbht|ﬁDtthe gasmgﬁnarm@r th¢ 2262)
using a torch 1303). a d havi n ti onal |nIets for O|IdS 3(gﬁgases in the

mel ting unit. é]r“é in the FRigTE4Op e‘”e IRP-efn *%re'@%%ége% oL 41T igdebH? HE HoG

itself. Figur eeio&faﬁy aete6fie abre ShidemaysMagWisOtn tthe Jppwekusfanbetnshow ng
the HGG A slag quench unit 259% and plasna torch support (1305) are al so
shown. Fi gures8! ?“%HH¢%@HﬂPF Futiee WheshdERB)syst em t hat can be used in a
conbi ned secondary processing and nelting unit of one enbodi nent of the

Car bon Conver gigae Sysiti@siacthine dthKodan@l oy sa @opbiasdmBedofdN prck3Qd)e sur rounded
by pneumatic solid input (1264) which is then surrounded by a warm gas

i nput (1266) gﬁaméulpﬁule@wﬁoﬁeﬁ%fkdl( Tzetgﬁduc%ﬂole%%P?cyndd@&gmrmu& dRNVE g 1 or

ni trogen or apybbyRe1 D). a8s afrhal ol 4 RRedseAnidlBRSIbIVGALHOR hIRGIUI NY
C2, 03, syngas, or other oxygenated gas or conbinations thereof. In one

embodi ment,  t e tkafmvgasn PO HPLoBBCS TR anga Pinigaseh i dic wamndspt i onal |y

have vanes (1 Q)Zé%%lﬁlQrtmﬁV\’h[ Itﬂengedhhﬁlﬁgﬁén pbytPliR% npov@ iBF ChheSHRPO6 Hal (”E,;IL"‘I?\QIS) and
sl ag quench (1259) are also shown. Figure 69A illustrates the refractory

|l ayers and HGML262) Bevicupininidancobibivhdd walohddiyy pof seessi Apnamd mel ting
uni t of one eUé%Bﬁld?F&%geQimé Dl“?lt 8%?91@1&2 AN bfﬁpdlity of alumina or ceramic balls

(165) between 20 to 100 mm in diameter rest on top of the refractory dome to form a
bed and provide for diffusion of heated air and to promote the transfer of plasma heat
to the ash to initially melt the ash into slag in the inter-zonal region. The melting unit
comprises various ports including a plasma torch port, a burner port to accommodate
a burner (139) to pre-heat the chamber, and ports for various process additives
including hot air and carbon and/or bag ash. The melting unit is equipped with a
plasma torch (140) and tangentially mounted air nozzle (141). Slag outlet (130) is

also shown.
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System In this enbodinent, the outer wall (1272) is generally made of
nmetal or 1365-250PCT conposite material that would be used in construction
(cenent).wiﬁhellillmwlsati on (1059) is designed to buffer tireTrR20EMSORY and
outer wal l g% npgrature expansi on changes. The | ow tenperature
refractory (1 % I'S designed to reduce the tenperature between the outer
wal | and the slagging chanmber environnment. The high tenperature refractory
(1269) is desm%ﬂ%@sm g thsit andot heidd tE@itihe ak fRRAREHRAL MERS: QhictdhendTel ting
zone (1271) and the degradation due to slag contact. Figure 69B is a
rotated crossCEBRYIHYCHIZOR giume coBadimeni deeCarbray Conypiaion Feseypiichiag gas
bypass |ines (1268),q RO d<fochilf? ﬂ% 200N 1ordil2 (b Rgdigent o
bed support (1%? a ﬁl S(\mordt Os]p eLrSe(gg ptf267 13adre gmso é)ovvn 'LFI gures
70A and 70B shwwelawrtl (ﬁt)eli*lgatel %/IH ipearsd! b)}ngﬂtlmimdtvg@pértm onbddmamehavrbodi nent
of the Carbon I§i\0 S e e Conversion
System In th(lanq:‘;i lﬁésstglfs‘a?%ixL {Nrg%% 1%?&15:\4‘%&\?%%&%4@ (572%2% alf(ggho%gnk w th gas
flow arrows is shown fromthe angle of gas comng fromthe pri margl

processi ng untiguand2 seconddrigngpdodssiimgaluvipy of and pmkadigett opthecyatbani ¢
separator tub S N em and
where the ashe%vx}c])ﬁ Eonbgl};s{ ogé/tldlé ?‘%ﬁgqﬁ%lg& mﬁggvgh H{;%Zﬂda 8%%%%&2(62%( %gure
70A. Gas wi t hqparch vewgh bfitles786 &wg)sh@mers t he cycl onic separator and gas
with reduced particulate (1300) |oad exits. Parti culates (1402) are

col tected T or pRRtl 80 LU LnBERRERT I CASL AR, st@ml?y%{%ﬁftﬁey val ve
(1408). Figure 71 OWS vari ous upper eve Igurations o asma in the
gas refornul aichgeumitt furthyr Ringsives Gerrer aBo1s fQI]IB@Ss)\deap@)l ae rfanlge@ fag al |

poi nt towards enter. . Pl r 1308) pointing in random
orientation .W%Sﬁ%eé%[démg%%dgﬂ é’gg){&ggﬁld\%eq%é%g ng. C) Plasma Cenerators
(1308) pointing opposite each other and a bit offset to pronote turbul ence.
Arrows i ndi cafgupe dtesaddtiongivdmahrrdfiorl pef ojasomihgbsestigiary frgeessing
refinement tu ) [ 7 S

t ur bul ence zoggs%%g@ pit Hg%d@flafnééd%g dz)'r%grrhﬁ %ﬁﬁ%ﬁlﬁjﬁ) g?\(léll\l% 2l ntgrﬁlt of the
gas refor mul atletmgnginistag Lﬁolglgrsesté'@@l shomgdudexanpkesprof dltduhhanncqueWer ators
including a passiv ctive tati.ng shaf t
(1519) andt1a0d Chaflehd vl i ReonB ikt Qb Sebiohen bt P HLS,
varying fl ow ehst ragaini @JITIIp@li&l;Q))hyucﬂiBﬁ@eﬂﬁlﬁﬁcm45) to guide the flow of material

from the secondary processing unit to the melting unit. The melting unit is equipped
with a plasma torch (140) and a tangentially mounted air nozzle (141). A slag outlet

(130) is also shown.

Figure 55 is a partial longitudinal-sectional view of a combined secondary processing
and melting unit (in part) of one embodiment of the Carbon Conversion System
detailing the air boxes (135). The inter-zonal region comprises a physical
impediment (145) to guide the flow of material from the secondary processing unit to
the melting unit. The melting unit comprises various ports including a plasma torch
port, a burner port to accommodate a burner (139) to pre-heat the chamber, and ports
for various process additives including hot air and carbon and/or bag ash. The melting
unit is equipped with a plasma torch (140) and tangentially mounted air nozzle (141).

A slag outlet (130) and plurality of alumina or ceramic balls (165) are also shown.
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Figure 73 shows the gas (1317) to be refornulated entering tangentially
into the gas reformulating unit creating a swirl which is treated by the
pl asma t ovohes/@esdst he gas nmani pul ator in one enbodi mentrCofCAzhA/(GaR3
refornulatinngQ%&me@sidue (1318) is also shown. Figures 74 shows
exenpl ary neans for generating turbul ence. Active grid (1310) i ncl udes

notors (1320) and an open area (1321). A sheer generator (1323) with

vari abl e obst pugtd 98 if Lfroghealongenal atb @R gl boesr Bl eaksimanessw #319) and
open areas (1321). Figure 75 is a diagramillustrating air-flow out of a

Type A nozzl eFignrgdt e 76 is a diagramillustrating air-flow out of a Type B
nozzle. Figure 77 is a flow diagramillustrating one enbodi nent of the

Car bon Conver gigae YS! WM L igndl WRUIHENGE (BERREaNy (o324 hirdghad hidng
optional input additives (1004) which include, but are not limted to

steam air, ORlSINDLOGhAb e cnpbatiaepsthown|inkighee gent s, water, adsorbents, and
hi gh carbon inputs. Each additive arrow may indicate a single type of

addi tive or mutduk@k® idypes-Rbu@ddiith \iee bIRR: addi & ML Sdodi@YntRBo MUt ted in
m xed formor though separate additive input devices (and in nultiple

| ocations wit Kig¥r@5%yi ven functional unit). The primary unit (1000), the gas
reformulating unit (1300) wth cyclone (1400), and the secondary processing

unit (1201) argudetaiiligdacbardsainekviédO02)hei RBIned REQHESES §flodeapdShiRrk
(1003), a particul ate reduce off-gas gé4gg% are al so showm. Figure 78 is a
f1 ow di agr am feltipgtpsof Hg%%ﬁ%aﬁ%w icRRtRE YftemHé! CAPbERn TS Yon
System w t h a fuihubienes .9s80gkat or (1324). Figure 79 is a schematic
illustrating the bottom part of the secondary processing unit where
ash/ sl ag/ char | eaves and enters the nelting unit of one enbodi nent of the
Car bon Conver §183He & datah varps a1 af@@iﬂ@ﬁ&@f&%@) PrPFOWRE HEMRCIANE Y ed

sl ope and intapthag) BBbhdé BGbMnkar JBe aadsf @Svedich e ddfiile 1Rl g4t rode

(1274), burner 12733, ate (1276) and filled / netal renoval $1275) are
shown. 1365-92 #30). and a zone-specific heating system (i.e. a system that can establish two

temperature zones) comprising an air inlets and plasma torch (440) and optional
tapping spout (446). In this embodiment, the secondary processing zone is centrally
located and the slag or melting zone is located towards the periphery of the chamber.
The floor of the chamber is sloped such that the secondary processing zone is
upstream of the slag zone thereby promoting uni-directional movement of material
between these zones. The two zones are separated by the inter-zonal region. The
inter-zonal region comprises a physical impediment to regulate the flow of material
from the secondary processing zone to the slag zone. In the instant embodiment, the
physical impediment comprises a series of substantially vertically-oriented,
substantially parallel refractory-lined perforated pipes (445). Heated air is introduced
into the secondary processing zone through the perforations in the pipes to the center
of the pile of processed feedstock thereby converting and heating the carbon in the
processed feedstock. The air is heated slightly as it comes tfrom the bottom, while
cooling the pipes. Through air inlets (441) in the slag zone, air is injected outside the
row of pipes and serves to keep the outer surface of the pipes very hot so as to keep
the slag from freezing. The sloped bottom of the slag zone serves to drain the residue
towards the side of the chamber where the plasma torch is located such that the

residue is melted into molten slag.
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Figure 80 is a schematic illustrating the bottom part of the secondary
processing unit where ash/slag/char | eaves and enters the nelting unit of
one enbodwvoent1/wéssshe Carbon Conversion System This noecli@donmiseizag uni t
design is such that fhe melting unit footprint of the nelting unit is

bi gger than t hEETcunt erence of the secondary processing unit. In this
enbodi nent, the bottom slag pour plug is shown as bei ng repl aceable and the
done has annumghré wgéidl(smaﬂ&lmemalgoﬁefaé@ted)&fdrﬂ%&w M'rﬁéluﬁgséhts'f in
controlling the slag flow to ensure reduced fl ow al ong % | s of the

mel ting unit. (APS® SHeamsmpedipge of thersiragy epvapontupen cte&izlmg)d slﬁ Yures 81A
and 81B are a sghefpt LGolbLust naldNg e Bot t o Rant wal Lhessarandary
processi ng un|t ahere a?h% ag ctég F%ﬁveg andqgnter% t he St?tlﬁn unit of
one embodi mentengkratiie z@arlsomplony e si ovetSot owdetai flisng t@ﬂqb(szhO&ieTlneap hol e.
The solid resi down a. C: | ance
ocat i on (1275 gaat Fe 1 Rel P RuCHIEAER QREIBYIITR, ALEDNS 1)

el ectrode (12¥4)he ibuamembOdigies) thdplivhicel {@dident edmprbex esodvtisORhapnid fil | ed
/ et al rennvql é%%ég) are shown. An alternative entry point for TAT is at
(1278). A bafft'e 0) controls the flow of material and includes a shaft
(1280) to adjust baffle height and a baffle support link (1061). Figure 81B
is a view dovvﬁlgUkle@)ﬂqwlvaririmstViiﬁevssifagqnbmbd feL2BB)y. prﬁegunéedlﬁlzndélmaliuﬁts t he

bl ocks t hat the s t ap--hol t hi n ni t

enmbodi nent of lf]ﬁdH)?%{r bon (ﬁr\}lglr%solfcgﬁr)le @’r%\étm Eonwll“n“on érTy'Ete ﬁlg? ﬂ(r)l%rt()fct)}hea? parts
are the plastz@mreﬁmnséﬁayomamdsmh&&raukamﬁeﬂMsrﬁg nmmmnhﬁl@eﬁﬂQB&X)and t he
weir (1290) fp[,sla 128 he u cks are for
suppor ¢ and abedudeoR o Runfubds he Slot DBkt Julkitthy MRS Y 1280)
M ddl e panel ﬁhﬁm@/@hﬁﬁhn@bﬁgtSﬁ&ﬂEﬂtphMﬁMhﬁﬁU&ﬁﬁkﬂH&fﬁbkbfﬂ@suaumeal|

Figure 83 details the varioys toqgls required to_conplete th
mai nt enance oht *Pffegg\'d&é‘ e getfisieg T gﬁd}me%& @é%br?’ﬂfe‘ggﬁﬁor#|1§6$ &4, plug

gui des (1296) t@rlenﬂaﬂw of a hhcmshtiﬂ r(rmr) apdsﬁteveryas)hﬁ&a:ﬂw aiett@halr mb@fiddact ory,
and ot her tools are made out igh tenperature resistant netal and may

al so have ref PREYdPYcolls Mgs ﬂa?l‘”df“é?m‘i’lﬁsltlIr%ﬂdilbr%‘e%hdé%f‘amn‘@? tiRGZoNgy ppor t

bl ock tongs ( 32860)andMeasttof-co@feHRCIRE ¥nEK R el D3 A bievRBRt XY PRNS [ANce
(1292) with lance outlet (1293), weir tongs g1299) and tray guide (1298)
are shown. 13651D8odem @mighmiirgyy P sauyrie hilisd 34 Heranades otimssy st mmean be
servi ced by | gogi @gu&{dﬂgl GRRhIL EKfla A @é&@ﬁﬁﬁﬂﬁ%%&ﬂg%‘ Yo iee T 3y
(1142), tray guide ( hi nged open door , bl ock
(1106) set asi®de) dlidathfc@hglfledeld(; i@@©yt0fdrchdSllfagremmé "Ble(ﬁdLM)leta{&@)A (1100)
are shown. Ha I ) ocks with centerline hole
init to allo&ﬁ o?gg%%%ﬁédn?nﬂ%?ﬁ%ﬁ§ @8&&?%8%g) i ndicates refractory

bl ocks which are conpletely solid along the cross section. Figure 85

det ai | s enbodFigune 63 dftaipy|vageusoticvdi ff kepahined iaeze@ldrmpcreau@spa@emlsng Wil ed in
wi th permanen y e only.
Fi gure 86 sho&/g%hoa/%%%gé f%ir?{%g(?ll}nglﬁt (\)/\f/a %]&?@Ogne enb &% %nt 0 tedrrle tt:ang uni t
coul d be repakereptiseOptatamaldfyactorherne € mopatd on aéquwﬂmﬂémma udtivd it
wears out. Th e i S u g pl at 1110) to
squeeze plastﬁ@ﬁrgﬁkﬁgﬁéhqo‘T‘38?8$1ﬁ§ hgé'b)n Tkmﬁﬁ%%#ﬁbf)fglhgr g£1n t he
pl astic refra&mmmpmfAMnmnﬁea\pﬂpeﬂssan&hﬁdJ&mmmumhbmngkmrmgeunngtmio be

nelted into t met al ) to create new - hol or the side
pour i ng. A pl LB st PEnK Wb hREE SaReR bR S Bk be
pushed into nmebdai I‘hgldﬂnintl thendagfon@on tedteAkdnowng isagotimted brom eldhe@n@labst dnc

refractory wall nced sl a hol e (128 also shown. Figure
87 shows an efByods h’éﬂ‘t‘d%ﬂé‘f"e@% Q&?H‘E&Y( T?Elief)‘l‘iés“ 68%!%‘?! \%b REFh A H P He
tenperature atxitife theeilde sQlct bt tHehwligiiiag sAEEsIN ntd ne®ZE chdim férhiemotdigur e,
the embodinent is that the burner is hand-held and runs on conpressed gas
(1118). Opti oR&PRY lorg{@4Yantharopine asnpiyrh & et (v’ sirgalsofeltikd: mel ting unit
and is a small multi-fuel burner optionally running on syngas. The burner
is inserted into the refractory block with a burner hole (1119). The burner
hol e i ncl udes a rubber stopper (1120). Exhaust (1116) is back to the
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Fi gure 88 shows an enbodi nent where the side pour tap-hole plug of the
melting unit has piping (1124) installed to allow for a cooling nmediumto
be used iwoandenetss extend the lifetinme of the tap-hol ePamaCAzeivos012s0l i ng
medi uns can b?%?%%mc ter, steam thermal fluid, etc. A continuous water
line (1124) is a ed to the weir. A protective insulating blanket is

pl aced between the pipe and the groove of the refractory block (not shown).
\é\at er c?glllz ngﬁl{t@s‘t @&%ﬁﬁlvgrl&tt]s]vge%%s dJra L§B91W@d wttntud%?;;rb%ﬂ%tt tftgg%@totgté{r ect to

rain. ows water |ines u ug (soli - pi ece
attached to réﬁwabpfeonﬁeqmwmméot théd?drbw %rlwg%@mﬁzzymuﬁd%@eﬁptcgdéﬂéa to
cecondary pr ogage R b R M ) nent of the Carbon
Conversion System in part, detailing the transferred arc torch (1277).
Figure 90 ill E@F%@go Py dpigi! griaue vientsedfal cambipr wpondyat Repseciad gl i n t he
'Fl)'rhl rm-{ ?/ p[ OC?%ltﬂg uHRkih pldﬂ)t &lne %?ﬁ@ﬂhgﬁmt tlQ:fC(;rQ(% @ﬁ{vaQ{%n@?Wﬁfe%tu%?etﬁyst em

e illustrated mbving grate is formed by over ing cartrid

Figure 91 is amhandieplehelse coiceaprofHEHe) tﬁnmew@mgrtgq @Hmtrdlntegmpelegm theFi gur e
i gures 90 angore! AP IRl GBLNHERAR: EEORURAE B IBR 080 B, ¢ e
structure of ﬂhéﬂ&@ﬂbnmdgen&huasmpp@wsW¢bmebmnp&nenMElmHengumt0ﬂheus
cartridge is attached to t [ Yo PLOGESSL NG ML L, Vi
connect ton pi QteaG0s) g Wkt ek BRI LT RTRE Mot tB1s) 1o
facilitate thepreorrect insertion of the cartridge into the chanber wall and
installation notches (2020) to allow for the insertion of tools to

. . A h TiqQls views 2 conibined “second; essINg And

cartridge is aBacidd RTeATAPTRERL ool e SRt B Lt e
fromthick canbbma$heem;mntwkmemmhaheenmﬂmBﬂﬁmbml@@eeﬁmmE@ﬁeeaqmpaur box.
The air is su ie air,boxes via a single air manifold
(5038) " comneot b Therechfifiop ity S¥Ry € tha 0% B flelot b Feudids ook up
fl ange (2045)wmhtmhawceﬁﬁemkummxnhamed.mhﬁ (1av®ral Havapsipeaont oiperient s of
t he cartridge cIu e am Ie fln carri rapt( 050 The .i ndi vi dual
ram fingers co Fldg L%?e‘g’r“& ‘é‘Bhf‘P‘@ ’cf‘tr%mé‘ﬁ‘éfé?g% P ShE e d26%%) or

C shaped engageneGs Rteﬁrrm,mes( 861 8nd leecairedideetiye epwi srdihvilgwal clahbeoxes
and the outside air boxes and the cartrldge framewor k respectively, where
the correspondiNGaREHEFCpottasmmpiigent HeSPame Pomarerch sppPoft € HE) a5 box.
Figure 93 illystates an alternative view of the individual cartridge of
Figure 92 showing air supply to the individual air boxes via a single air

mani f ol d (203§’2gu%gsn2'? dnc? Slu?tpatea Ia{; Igbaesy t%9n4(t) at can be used in a combined
secondary processing and melting unit of one embodiment of the Carbon Conversion
System. This HGG employs a plasma torch (1303) surrounded by pneumatic solid
input (1264) which is then surrounded by a warm gas input (1266) and outputs hot
gas (1263). Optionally, gas inputs are air or nitrogen or any type of gas that could be
used in gasification including CO,, Os, syngas, or other oxygenated gas or
combinations thereof. In one embodiment, the warm gas is about ~600°C. The warm
gas outlet can optionally have vanes (1207) for swirling the gas. A plasma torch

support (1305) and slag quench (1259) are also shown.

Figure 69A illustrates the refractory layers and HGG (1262) set-up in a combined
secondary processing and melting unit of one embodiment of the Carbon Conversion

System. In this embodiment, the outer wall (1272) is generally made of metal or
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Figure 94 illustrates an alternative view of the individual cartridge of
Figure 92. 1365-250PCT Figure 95 illustrates an alternative view of the

i ndi vi duavocartrmsgdge of Figure 92. Figure 96 illustrategcaldernasine vi ews
of the indivi %@5 ggzctrldge of Figure 92. Figure 97 illustrates a conbi ned
secondary processing and nelting unit of one enbodinent of the Carbon
Conversion System in part, detailing a port for auxiliary burner (139), a

slag outl et (é&@l)om@mta@idaw V\Iogfcpbe 'ufbldeltn é(ﬂaétgt)cﬂmln r@cetnkyn@ efRogisMeRly, the
i npedinent is a solid refractory d ?:% llap urality of conduits
KeTjWt

(151) nount ed<1@§9mdw§ﬁ&p@dfenﬁ@ﬁ@fi ongmbrui tiHen feApeialFORRRN Y @gi on.
Figures 98 to, lldqgffsd?ﬂeafolw t&rhﬁemtm%ergﬂ,ﬂ%ﬂgg]@%@tlbae&&fé@w Qm%‘-%‘ﬁ?eot?ﬁlgérxmre

processi ng and ting unit” of ure ure 101 eta profil es
for the prinmabstwpeoibe ssiengalbamidithe ﬁaégmnsethmm\ eghiowsneoh eltertivgddiemeerntuesf t he

si de pour t apxé?xdktgaj(?'i%é)qs d&g%n%:él ggwﬂﬁxk$lcl% L(I;lﬂdlhi e S%{!}Hles % th%\i}%eé%%f ractory

sections (as per ram c paper ar
shown. Fi gur eZQGZBZ”Slh@wd; tMakgmdaiwmedd) Rieptentaf. Iﬁqwrt 69$|amjhecitsd d:esspour

bl ced on movanl e SuBsHR Sl Bl R PRl i ek ol ERa mita st ng
a rail syst enshownlis ghclas tayoMee))i ffhonmeamnvwrtmxlaupsmmhazﬁsaama badfstipport

spheres (1267) are also shown.

Figures 70A and 70B show an internally located cyclonic separator in one
embodiment of the Carbon Conversion System located within the shell of the
Conversion System. In the illustrated embodiment, a cyclonic separator bank with
gas flow arrows is shown from the angle of gas coming from the primary processing
unit and secondary processing unit. A first set of cyclonic separator tubes are cut
away to show gas flow lines though the system and where the ash would be
depositing. Figure 70B shows a 3D image of Figure 70A. Gas with particulates
(1409) enters the cyclonic separator and gas with reduced particulate (1300) load
exits. Particulates (1402) are collected for optional further processing. Also shown is

a butterfly valve (1408).

Figure 71 shows various upper level configurations of plasma in the gas
reformulating unit. A) Plasma Generators (1308) are arranged to all point towards a
center. B) Plasma Generators (1308) pointing in random orientation in order to
promote effective mixing. C) Plasma Generators (1308) pointing opposite each other
and a bit offset to promote turbulence. Arrows indicate process additives and/or off

gas. Also shown is a refinement tube (1309).

Figures 72A and 72C show the inclusion of turbulence zones (1316) for enhanced
reformulation in one embodiment of the gas reformulating unit. Figure 72C shows
examples of turbulence generators including a passive grid (1313), an active grid
(1310) with rotating shaft (1314) and fixed shaft (1311), and sheer generator (1312)

with linear varying flow obstruction (1312).
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Figure 103 illustrates a conbi ned secondary processing and nelting unit of
one enbodi nent of the Carbon Conversion System in part, detailing where
ash/ sl ag/wbanillwesses and enters the nelting unit (1250) PCFi@uoa/ 0504 and
104B are a SC%%EE%*{%I|| ustrating the bottom part of a conbi ned secondary
processi ng an I'ng unit of one enbodi nent of the Carbon Conversion
System in part, detailing where ash/slag/char |eaves and enters the

nelting unit efsupnes Wdﬁé@qmﬂm the @amglate@@méﬁﬁérdg&n§m§t /m &I@EQJ l'ing
t he side tap- hé The solid residue (1206) flows down a curved slop having

a potential | éﬁﬁ@éiu lagsatippreginzpoyvid AduGhrt geaterbbyni plapga nehes andhige gas
transferred tgr 1&11(1%)?? (%nie eﬁlbﬁ&ﬁﬂ’eg tﬂé"gdzdl‘éf()rn?{ilzgtnl‘irunﬁ1%@@%‘18 (tl)@lfﬁﬁ'&ll £.1§1010) ,

air input (1502 netal renoval (1275) are s
alternative estowp. point for TAT is at (1278). A baffle (1010) controls the
flow of material. When the door (1128) is open, slabs of refractory (1018)

can be slid i%§esz’ﬁpa%s'é}eﬂ1§ld@ﬁfngﬁk f@ﬁiéde%ﬂh@'u%&lendéh&&%pg& ﬁltﬁ())( 1130)

are thinner. The bl ocks ort the baf . Support grooves (1029)
are provided fn@lrudtrh@Omrb(cllég())oandsruabselmrecr é1f°r2ébt éryleelFs@gnrdé)rl((bﬂrzE)rvsttha vi ew

down the pi pev;rr%gg@ 5@311&1099%})@9441“ g llegﬂfoﬁ 1&8&135%&@.&@& Gﬁe’l‘é‘t(iﬁ9 4](’1"% élatl ng a

burner in one enbodi nent emed "above
show ng burneanOSBZMonlng Refractory (1018), slag pooI (1258), el ectrode
(1274) and burner (1273). Figure 106 illustrates one enbodi nent of a

mel ting unit. Fiég%péWS islr%@% m u?t?ﬂﬂg df?rfﬁ)u/ (fu%' ﬁ ehﬁpﬁozle%pe (1131), view port
and scrape (11 opti ona urner “exhaust (1145), IFB (1138), steel shel

(1134), oxygen Iance (1133), optional small burner (1273) to keep slag end
hot and wat er Fiendhisprimeim Blusrane-lom upies Tow B 1zglst r at es one
enbodi mrent of a nelting unit. Input (1252), plasma torch (1303), hot face

(1131), view pRiute ONEL SA6RRGIetI AR raR@SRE ¥RLANAER JrHRL8ArboPPbi@R@L bur ner
exhaust (1145), IFB (1138), steel shell (1134), oxygen | ance (1133),

opti onal smal PYHUP e _tﬂﬁvr@)mt sereEwy (47 24g defting optianl inpat wldityae MORHY 1136)
are shown. Fi dulch 1;'1g§dé, lb‘u't"%rter ﬁ;tQ%i%etoes@led@@z, QIfz, @zoﬂ?,l Ltd'tdn)gt,uﬂrxtmé

agents, water, adsorbents, and high carbon inputs. Each additive arrow may indicate
a single type of additive or multiple types of additives. The additive(s) may be
inputted in mixed form or though separate additive input devices (and in multiple
locations within a given functional unit). The primary unit (1000), the gas
reformulating unit (1300) with cyclone (1400), and the secondary processing unit
(1201) are detailed. Feedstock (1002) input, processed feedstock (1003), a particulate

reduce off-gas (1403) are also shown.

Figure 78 is a flow diagram illustrating various embodiment of the Carbon

Conversion System with a turbulence generator (1324).

Figure 79 is a schematic illustrating the bottom part of the secondary processing unit
where ash/slag/char leaves and enters the melting unit of one embodiment of the
Carbon Conversion System. The solid residue (1206) flows down a curved slope and
into the melting unit. The transferred torch (1277), electrode (1274), burner (1273),

gate (1276) and filled / metal removal (1275) are shown.
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Figure 109 illustrates various enbodi nents of tap hole concepts. A

encl osed i nduction heaters (1137) surround a 'tube' exiting the refractory
and i ncr exseotihwegdsnper at ure of the surroundi ng refract ecy/cAazhiigsaed2Bows t he
slag (1139) tgﬁggjg)yy}hough the "tube' and pour (1140) out of the nelting
unit (1250). en enough sl ag has been rermved t he i nduction heaters are
turned off, and the slag solidifies in the tube . During the pour, the
llevel of the +€80 ﬁldasghé&dtle(?ltlusﬁfjit &V&ﬁéibstgmf@ﬁm tw@c&&@r@m&t@n&w so

t hat gases in the chanber and the at rmsgq ere do not m X he oxygen

| ance (1133) eergsulsipgchasdeares anthentersithg eretiing Wit ef enef grakadynpgnt ﬁééhee (1141)
al I ow ng ol ey ?L a@)n(/gll'l%g)s RQmP Ot (njoglﬂ”gﬁ rﬁéﬁing The ¢ LLIQWIL §u<§1t 8P

throwi ng some refractory er into the e or pus g a plece o ceramc
bl anket into tislingolng., fODJm'rlntngf thhemgony unihes bigge| thof theharcppferane of &y i s not
allowed to re e and the
at mospher e do@e(\tt}n&d%?l}&)&%)uggu V\lg Ielrglcsoeérllb%gnﬁﬁh?tthegﬁ%% slfllslg(ﬂg \}l)ghalggl?(;vvl
(partially) tesexpospateaplelod ée deéd» dpadkr ninys &sadeaduietd dnd/@ refrgpryhe fl ow
?gggr %E)E%Th?lé” rrbL gg\tq]\hm (1,1]1%([9[@111&%65 tf ogvvtloregp 1rrr€':3r%tduce? f],tpr\)\/te(,iil(gtLr{P% gfhoef} theI
because it |SrraltslgmmtthAls@omlwnsumfz&m&iedB)l aA tnehal277wedge” (1138) is pushed
in an out of tap hole to control fl ow of slag. The vvedge can be quickly put
back into thegch v m.gr oppi ng too far.
E) S ag pour SPB",U?‘: A f’i%‘vglt\ﬁ)dre a s EerrrmH 1ﬁuwtrdlm§[ Hleeb E%mtpﬁr of C[ihe ﬁe@i)nd%r

mai nt ai ni ng th@césemel umxf vdhhxe malagahﬂumdvdshmdl emerls tthé rhdsiemt axprthofl enexit. F)

Sane net hod in xcept. t he sl ours a. ver al.. hol e made in
The o r act or S EHES L e o EisR o e PRt Sy Re B Sl
pl ugged. G Sta@uPOLRNG) Ouks doweapanat uro@e aovihg alpbedi{lheat ectadon ciaghed)

insert in the sjde refractory of the c er wth a stoppe eneral ly
conical in nat“&f{ o jhe 1 H%d‘}/ﬁga?’ﬁstfd“t* gediqreh { ](}t}z)oﬁfercg&g’s{l&égt E%mf‘l ow of
sl ag out of thershanperi01b), slta)gesp(qsmzs daunmlel&emml @Erﬁ)\lfjilt()mmtireuh@wfli nal
exit is a weir block which is replaceab or cool ed as

needed (not sKOWHS! ndtr—*iegeuﬁé@mmﬁ),& Tind M@@WM @slfdrf%ﬁt @0\1/%08&1%18 thediavt ¢l ¢

out si de Vi ews pfferi@NGdqANQRL TR F P8GR RARN: KoY 8L ARd RatrRNMu I Aidkd Ng a
hori zontal | y-oriented prinmary processing unit (4000) with noving grate

(4002), a conbithbdlizgre Shisyior dent darpedondar Yappetesstng (4201) and
melting unit (4250) with inter-zonal region and plasma torch (4301), and a
gas reforml akigage BDidwaiV hdbeYGl R InfakS @ Fpefrea,mrm}{ AAO Q) thin 8 mBlNG usipanber
(4302) and two plasma torches (4301) ures 111A and 111B ilTustrate

vari ous enmbodPretitledgpent ﬁfethéfc‘mm%mg@pa? Ayt ofhetEaga e emal PAIE &t ng uni t
in which ref OEH@HIQEQ%IC%W%JI %m{he&}éﬁ&&ldslﬁaﬁku 'hGlTeQIEEW? afhy @Heoxﬂé%r t@ygy onot e

m xi ng and the cyclonic effect. A cyclone tube (1406), cyclone tube insert
(1407), ni nor “itbakapéor(slg11336) rideyet etithgabizdxicks ermzfqrzs)lpp@uepﬁouctw end i nner
tube (1413), nt \Y Fi gure
112 il lustrat g{gﬁgggfe&{e}g eree(\??% o éﬁ%ﬁ%ﬁ&ﬁgg?@o% HHQ 1%ar )f)}(l)drﬁ s*l on

Syst em det ai | mg:rraormramzmntcarlnhlyng)umemléd primary processing uni t (4000)
with a noving grate (4002) and associated feeding system (4001), a conbined
vertically orkfakeds SEGRNURML REORSSSH Miub 2 RHorAd: AR hifindHiL b (#250)
with inter-zonal region and plasma torch (not shown), a gas

ref or mul at i ngsidaiap it & dyeh end de%selpjairlatl*ogur(:ﬂoﬂ)m éaldf:*efl‘lﬁ%)nige chdmbler (not
shown) and pl r ef or mul g{gr; Ses
cyclonic sepafﬁgm erﬁ}\%l ‘%}r}ﬁ?s S%%Qelineml Fref:}ﬁlg% t%ngin %dls %%%D dﬁé&% fie throat
of the cycl onenpatagtre aandtantrmethlemalmceranathnvaerefxaxcta’wcoanngi andhgiigelatinetocycl one
chanber . avoid melting. Support block tongs (1297), plastic refractory skewer (1294), bent
oxygen lance (1292) with lance outlet (1293), weir tongs (1299) and tray guide

(1298) are shown.
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Figure 113 illustrates an isonetric view of the enbodi nent shown in Figure
112. Figure 114 illustrates a side of the enbodi nent shown in Figure 112,

wi th a cuwo=howiosgyst he i nternals of the vessel s (chanbersy/icAIguwse3 115A
and 115B |Ilu§%gg%$cgne enbodi ment of the cyclonic separator of the gas

ref ormul ati ng "uni igure 115A shows a front view with the torches
positioned at the inlet throat of the cyclone. Figure 115A shows a top-down

view of the cy 9@@4\4\@1&4}4{@% digk and sys@én@h% bé ‘é‘éﬂ?ﬂé&ﬁb§ QMY (B cRdrgur es
116A to 116D illustrate alternative views of enbodi mrent shown i'n Figure

115 wi t h i nt ePikér derigndes! sumkeguydk mﬂmo@@ §”mdémd¢ WIS Fihg\geéd oner6B shows
an isonetric FfquoorF('lﬁw’) ﬁﬁ%léﬂfm(}@ n%'d‘é%evl ﬁ\é&ﬂia@'@929%}1&02%'5&%&“ the

exit with refinin refor tion pi pe to recuperator.
Figure 116D sﬁd\l\é()la dsql delBwepdrahl datchmet(het3) n1deltdte@1i”eftdh@r>clyle¢1©nfeth Figure

117 111 ustrat gg té;f‘%aﬁlgé n%PctgtdﬂL\Wo Ol ¢ éﬂtl«ﬁ]QmBr HIR e R E(?l%gﬁl%lk@@s WL oRf one

enbodi nent of th nver si on stemfromt and detal'ling the
bottom grate pmskiwmd1ngc@ﬁMeaUhomaMDm;mgenﬁgﬁamm Figure 118 illustrates
the horizontally oriented primary processing unit of Figure 117 in an

L?gvn\zi){ IeC \Ié: Sgl élg@ f%glxéhls gl%‘?{b [Eglﬁls IOﬂEE&S LP d%f%%?ent I@lr Qa9 éﬂ Ylﬁ!:cp fie s

tfate two nore isonetric views of the
hori zont al | y enthenatedeppiaser pirprtoyeskiOpgshuns pvesfiangneha fdveodnlyent of t he
Car bon Conversion System of Figure 117. Figure 119A shows the start of the

chanber wher eg \%ﬁ ke wﬂ%o@vfthé"%ﬁwr %n%‘? %h‘é Sinbdd fngé{{t%f ﬂhjegr&llhﬁg L(?:xh&%l Qof the

feeding inlet shows sone of e internals of
Figure 120 il b@ﬁpmaetde@pam@ilmeths/re@wr oftch he' phornggntetl! liywors ent B rpwarrrary

processing U”biu ucshf):rlogtwﬁ u:sLH‘IZ t% ﬁtﬁmg\t&%ldt@sl Qng(g tg sa\{é&%“ppdgtmp te%qgto l ows

for internals, I"'ow controlling
baffl e. (1 112) together. A plungex (1 | 15) packs in the plastic refractory. An inner pipe 1s

pushed into the melting unit (to be melted into the slag/metal pool) to create a new
tap-hole for the side pouring. A plug (1113) unscrews so that aluminum plate and
pipe can be pushed into melting unit interior to allow slag to flow. The plastic

refractory wall with a lanced slag pour hole (1289) is also shown.

Figure 87 shows an embodiment where a burner (1117) is used to maintain the
temperature at the weir so that the slag doesn’t freeze. In this figure, the embodiment
is that the burner is hand-held and runs on compressed gas (1118). Optionally, the
burner is attached to the side of the melting unit and is a small multi-fuel burner
optionally running on syngas. The burner is inserted into the refractory block with a
burner hole (1119). The burner hole includes a rubber stopper (1120). Exhaust
(1116) is back to the system.

Figure 88 shows an embodiment where the side pour tap-hole plug of the melting
unit has piping (1124) installed to allow for a cooling medium to be used in order to
extend the lifetime of the tap-hole and weir. Cooling mediums can be air, water,
steam, thermal fluid, etc. A continuous water line (1124) is attached to the weir. A
protective insulating blanket is placed between the pipe and the groove of the
refractory block (not shown). Water cooling with recycle (1123) is shown with

optional by-pass direct to drain. (1121) shows water lines through the plug (solid
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1365- 250PCT Figure 121 illustrates a front view of the horizontally
oriented primary processing unit of Figure 117 with a cut to show the

i nsi de ofwoheilictoesyber which illustrates the separati on perweeniitdseizgas zone
at the top an?%&%@mkfvels and drop at the bottom of the chanber. Figure 122
illustrates a conbi hed secondary processing and nelting unit, in part, of
one enbodi nent of the Carbon Conversion System detailing a cogwheel done
and ceram c b?ietes atd e @G thORblet BES). Cuthe AP FhAWS (118) 3i dEn@gkdbRt t om
pour options for the slag renoval fromthe chanber. Figure 123 illustrates
of one enbodi AERErAET slidhidoCav polioTaieef8ison System detailing the primary
processing unit (1000) with feedstock input (1001), baffle (1010) and
noving grate ¢LAPS)8Y BuGRIRI NECnBIREP RABYarP HREESTHNShdAREI B! dnkNGr by t

(1200) with plasna source é1303) and burner (1273) and slag outlet (1252),
and the gas rembpdibmtal dlp Gben Camaoyonpysknt e Py clering Beparkrse &y st em
(1401) and plg§ggl§pyrce (1303) and particul ate collection (1402). Figure
124 illustrates control of the Carbon Conversion System of Figure 123
whereby the flow of air is control by flow control valves (1700) and the
pressure in tHigurs 48 ijlestaensdionye arakelsidraatienpiten o) in(tle grimgpr essur e
sensor) t 0 COPIIOE‘&lsinE Rt 9{(91%%?n%o@h{entQJfWar&ﬂ\c@)?ﬁversﬁh@B’gt@m.l%ﬁe llﬂtlLtPﬁéJ ates
one enbodi nent of the control of the Carbon Conversion System of Figure 123
wher eby t he pawiviggmton fered paaydrppleg epmidgesd 2080 pressure in the hydraulic
lines (1704) to the rack and pinion system (1151). Overall control of al
rans is by theidueodf Rlan a¥ShaMe vENETR th¥vihNodelor ¥RehreYe! € W th ot her rams.
Each ram (1035) can, however, function independently if such an operation
was desired by, using various sensing elenents such as a level switch (1701)
above the rant[&Use ?ﬁ&li“ét&%eé ap fyachvid il Sargidee (R OUPEPTHRR/BO Yo fated! Wiames 40 i s
tripped, and QﬂpbﬂaUQSmW@%QméQﬁﬁ@k&l@@%ﬁﬂwMﬂﬂhUﬁpkﬂﬁkgﬁﬁyﬁhmgh§5a@%e of the
rack & pinion systen) and/or a tenperature thermal couple (1702)

(tenperat ure SEHIER JIHIPBRHT £ GPEPIIREE Erwtcan-t Rl caftrdecad pttasgsd jogha el plot  and
that the mat eEHeaILrirh'ﬁy 9%@3&&%&' e VAL &ﬁlﬁééﬂ@ﬁ”})l:ﬂ@%ﬂfﬂ\ﬁ?.ngﬁheanrﬁﬂrigl&a;npﬂln@s ram
should clear that level (and also reduce the air flowto that air box
(1150)). 1368L@HBPCIUifEsgEPES) 119 dagilithigsthe apieest grertiensd dicrentrided @ mlher ol of

t he Carbon Conpyversi Qr . € - Fi i) i | : . gas- phase
terper at ur e songurs 4 753y FIHRThANES GER Sy, e R B o

adj ust the cofrcrlivdte taringblossindl rengrvdies! thocaptdeen Tiee dihkoxopehatdrodgofs & he
conver si on prQcess

composite of multiple smaller air boxes (2025) constructed from thick carbon steel
with air holes (2030) in the top of each air box. The air is supplied to the individual
air boxes via a single air manifold (2035) connected to an air pipe (2040) which
connects to a hot air hook up flange (2045) in the connection plate. The lateral
transfer components of the cartridge include a multiple-finger carrier ram (2050).
The individual ram fingers comprise a groove configured to engage I-shaped (2075)
or C-shaped engagement elements (2078) located between individual air boxes and

the outside air boxes and the cartridge framework respectively, where the

corresponding anchor bottom holds the rams to the top of the air box.

Figure 93 illustrates an alternative view of the individual cartridge of Figure 92
showing air supply to the individual air boxes via a single air manifold (2035)

connected to an air pipe (2040).

Figure 94 illustrates an alternative view of the individual cartridge of Figure 92.
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Figure 127 illustrates a top view of the donme and nelting unit in one
enbodi nent of the Carbon Conversion System which incorporates cooling

t echnol ogyo 2bni/tobdgs exanpl e, the dome is made out of sieCTaper1/050123

wat er - cool ed PIsE5ES %hlch woul d nmake up its core and have a refractory
cover (not shomng ?aced on top and refractory coating on any exposed sides
and bottomto nake up the conplete done. Figure 128 illustrates a side view

of a round waljdade ﬁ@hmtﬂ&sqnIdrterhﬁw@r\}%m&dmmm%nﬁm oERidapngLonver si on
Syst em whi ch i ncor por at es coo ing technology. Here the chanber is partially

cool ed by water-cool ed cop inserts that surround the gutside of the
vessel and pehBuUrafeiliuy é“%dit%‘PdtrvéyéerW*é’F thedpdindyad £yrtgdss of EiBBH2 at a hei ght
around where the slag pool would form Figure 129 illustrates a partially

transparent i gpiwe 97CilMitRWs of caémbigetdecobddry Hragssiil iddngetingniar ofobndFi gur e
128, with cooling inserts prominently not transparent. A burner port
(5005), pl asnempEtEmtssie <? Mb§0nvwat0ér5-vef861r é’dpdé*oﬂ‘ifélﬂm?r ﬁ@@?tfor(%%ﬁy for

donme cool i ng, H@hOoV &), &Qldlafahdetq&ai)eﬂlcingcagldtt@fgggn&etnzx1()5912% eMBd@hedn/ out
(5025), water-cool ed copper insert for slag tap hole coolin wat er
cool ed i nsert edfPediEg plod *OFléf“?f&tSf%Y QO%K [45¢ 3athi thgluraioss) wnﬁmﬂlﬁgh ece
refractory do%uﬁt@c@g)ggveﬂe sha;ﬁ:@%h@nﬁ KrRRY B th@hker SHRMRoidnl gures 130A to 130C
illustrate copper cooling pieces inisonmetric views of a round wal |l ed
melting unit in one embodi ment of the Carbon Conversion System which

i ncor por at es E8yresnty edOfnstad de inmediticat af3bacaRfed shondapripissEng iy of the
top of the dogriMelgiivepP@LhRMcOopper el ements. Figure 130B shows an

i sonetric view of the bottom of the done water-cool ed copper el enents.
Figure 130C shows an isonetric view of the top of the water-cool ed copper

el ements desi §Hage 1 g Hqoparofidr T e Sy P’ﬁ’ée*é‘lnéﬁmbool 1365- 250PCT
Figures 131A to 131C illustrate copper cooling pieces in isonetric views of
a round wal | edfigieé 1021g shifwstonk renoein@ADOUhERAIE pofir fap@oeabbmB riadimeedsi on

Syst em whi ch |nc8rpor tes cool i ng technol ogy. Figure 131A is a transparent
showi ng i nt er ARINdaStdGU08F &1 Wt EFTGPI| SRS EhBUHEhENROppRFMICH T e 131B
I S a non-trangRaseMnkshew (NG owat BigWhREIRBARENO L &ided Bmb&IiAkkd6hRsy 1o hol d
it to the refractor¥ (if casting of refractory i s chosen over bricks).

Fi gure 131C shywle ddcraur s-hoffercliagien -Rbisoriends EFapesempaihin thejchipleraa2
iITustrates asﬁJV\Q%ld\(b@Mﬁ BBV%IJK%bﬁerltNFUMEN i QR ﬁ@f@aq{ MR noRLd L'islﬂﬁz Car bon
Conversi on System whi ch incorporates cooling technology where t he slag

mel ting zone hd9YﬁPatUﬁdkwéf@hﬁdH@Jﬂéﬁﬂ@ﬁgumaﬂmnﬁﬂdé&ure Wat er - cool ed
copper inserts for refractory wall cooling (5035), burner ports (5045), a

secondary proggssé 103 YiistrakedhelohdaRd (LR @)ny ;ﬁo&l@mﬂ HeilhePRAit ol SR45) , a
wat er cool er copper insert for slag tapholé (5030) with inner and outer

pi eces, and acwatdmpeebredebrarrerversnodoyedr @ sHodanilimg yigesshiskgikhpo 133E
illustrate Vakh@ﬂ%n&hﬁ&@d%ﬂm%ﬁ%dﬁ%dtﬂ@ unit of Figure 132. Figure 133A
shows one potential set-up of water-cool ed cooper inserts around the

chanmber (chanmber shell and refractory not shown). The grooves hol d pour
casted ref ractiuye 4044 aphdddB vaterchpnptist Blugrang thel atiem( Bope)a geipbined

t her n‘DCOUpl €s 8&59(%? pr%£§51§@91‘{mmelﬂl Hlﬁl?of%%nﬁ)@@i%n% tﬁé E%&?‘bbl‘{\%xsmn

wat er - cool ed hal f dome enbodi ment {(rather than six pie shaped pieces).

Fi gure 133C shpwgnan nagonstiing whire wslflagchss lqageserridgiane Aie . metiigg vt <1133D
shows an iso t : [

channel i n°t necagethat e chE@NCRAE L o SORALDGR BPHAE D P D080y
shalIOM/coollﬂgmcwadmek§m95ﬂ8@)dOWhern@&@hﬁbB§MY®@26yﬁamdl%mveﬁmdwm
inlet/outlet o shal | 9 ed,at, | owner
t enper at ures gﬁgﬁ)%“ﬁﬁﬁ a0 %%8 %Hglcﬁg%ﬁe j%ﬂ%bﬁpéhpna f%%aﬁ Wﬁ H cool i ng
channel to usbmh@(bé%bdbﬁﬂethﬂﬁnmcomphen@ﬁﬁdmhﬁmeGMapkmnwsﬁ(ﬂéﬁ@ematures
Fi gure 133E sh

cooper insert’ cm% gn g%nﬁ atgggﬁﬁﬁffﬁéﬁﬁ H‘“&ﬁ?§>ﬁe?zﬂgg%gﬁ%“wwgﬁg%%?00|Ed

flow of material. When the door (1128) is open, slabs of refractory (1018) can be slid
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Fi gures 134A and 134B illustrate various enbodi nents of the Carbon
Conversion System Figure 134A shows an enbodi nent where a plasma torch is
| ocat ed awot2he/108®5- 250PCT t hroat of the cycl one but i spraricvadspEREti ally

co-currently.Lg%.%%g 134B shows one enbodi nent where a plasma torch is
| ocated at the roat of the cyclone but is oriented perpendicular to the
current. Figures 135A and 135B il lustrate various enbodi nents of the Carbon

Conver si on Sy gMidjih GUfR A34A ShRWSp anpenhed] mRNhimker end RRcRl a9THy tor ches
are | ocated between the primary processing unit and secondary processing

unit and the eypePBike baitde wapnett feovey ¢l BAL Ak Providedy hep thetdogkh @r Sabheh

Conver si on Sy s8R/ € 104348, S ROWE, W 2giLTRNE; he invention where
t he pl asna torchesmgrgMFocatéddinsi e tﬁ%& ycﬁgne and wher e t he cyclone is
internal to the Conversion System Figure 136 illustrates one enbodi nent of
the Carbon CoNigsrei®hs sysheaniinHbptingabamsr @ qgsmppagas of dicdhdsng Hibet ween

the primary p A N8N EEm (A0 B erSRCADHAS Y RREQS i wpt (1201)
and the cycloagﬁﬁﬁhey arelfgintedlgklgaéh-éﬁﬁér %ﬁ% g%f—%@?%gﬂ%&gﬁé
ac

(general |y at pp@ak>8x cleeipder EWgsynddwrmenat27¢hei r pl umes do not destroy the
other. This causes plasma to be partially added co-current and counter

current bef or gid,pe 18R31uE & Re LR MHENAUTE: miliQUERS 143 280d ph3{Bidrdd UStrate
enbodi ments (in part) of the Carbon Conversion System where the plasm
torch (1303) {S0p) helddcd (hlilhevigvepot myl wrdpenl IShawbemal 1go@)cxhyne lider e t he
torch is co-c t , ri . L . [ (1400),
and the otherﬂﬁiegg§%g$§gﬁ?{¥@@%%ggﬁ%ggﬁm%gﬁ3'f?gg%%gﬁgﬁk H%%gkgpfg)plune
woul d ent er t keepolpgleothbyt.andEwiater quenele ¢ Ligér @t orown1500) is shown. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Definitions

Figure 107 illustrates one embodiment of a melting unit. Input (1252), plasma torch
(1303), hot face (1131), view port and scrape (1135), passive grate (1313), optional
burner exhaust (1145), IFB (1138), steel shell (1134), oxygen lance (1133), optional

small burner (1273) to keep slag end hot and water quench (1136) are shown.
Figure 108 illustrates one embodiment of a melting unit.

Figure 109 illustrates various embodiments of tap hole concepts. A) enclosed
induction heaters (1137) surround a ‘tube’ exiting the refractory and increase the
temperature of the surrounding refractory; this allows the slag (1139) to flow though
the ‘tube” and pour (1140) out of the melting unit (1250). When enough slag has been
removed, the induction heaters are turned off, and the slag solidifies in the ‘tube’.
During the pour, the level of the molten slag is not allowed to reach the top of the
tube, so that gases in the chamber and the atmosphere do not mix. B) The oxygen
lance (1133) is used to “burn” a hole into the soft refractory paste (1141) allowing
molten slag (1139) to pour (1140) out. The flow is stopped by throwing some
refractory powder into the hole or pushing a piece of ceramic blanket into the hole.
During the pour the level of the molten slag is not allowed to reach the top of the
hole, so that gases in the chamber and the atmosphere do not mix. C) A water cooled
plug (1142) is moved out (partially) to expose tap hole. Moved back in as required to

stop the flow before the hole opens up the vessel environment to the atmosphere
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As used herein, the term"about” refers to an approxi mately +1-10%
variation froma given value. It is to be understood that such a variation
i s al wayswonolwdesdsi n any gi ven val ue provi ded herein, wogtdeoiimsonset it is
specifically .%§?%$§ to. As used herein, the term"off-gas" neans
general ly, a gas ‘generated during the ga5|f|cat|on process, prior to
cooling, cl eaning or polishing. 1365-250PCT As used herein, the term
‘syngas” rrean&nqw nasiahhas. m@r,m@& r&f: Qttrwlt@t&dpmé%et%odu hes §inbotht he term
"cycl one", "cyclonic separator” ] ég oni ¢ separator systent are used
i nter changeabF‘Splhé‘ﬁ‘éﬁn ﬁcmetdlesveégze:l@h Is QY EEG HeAbAH S fanchds engagtrol
separator, -cyghon Gl a3eLans. &ﬂ%eﬁWcEl}y hHRER AN e BhARC: GRS of RERLAG
technology that wor ks on th e princip &0 particle vs. gas inertia and the
centrifugal fdﬁ@€Vdﬁhsmﬂmmsmaumﬂésk&d@%mn@aoothexmmgou%@bHwbé@hmpmét and
scientific te , ' dgy st ood
By one. of _or di Ay Sl il NGl i AR oBRTINS AP CRTTRAK, AT
OVERVI EW OF TEEHCARB©NIEGNMERSHENﬂaysmENHEWQdhmvemtw@nu@mowndeE1atmarbon
%P\e/e;?):']gg SyStfle(i(mm?Ya«%{]Hnd dlg(..%blsgusaf?r gg%ll:l]%g(gqile dgcfiloelf ?actsr?‘:l{lggec ?grg?(%%p?dtlng one or
conver si on ofommJhmnﬁcmou3mﬁeﬂd$KMmkdumkoomymgaStanmeskhgeﬁih&ymt@&esses
that occur wthi eacg zone of the syst oﬂt Hﬁ ! exanpl e, by
t he confi gur af]i‘ otV Bk O {§18CGHY 85 d“blf}“‘ dbgt‘ﬁ‘é‘ fh‘B“*cEcS‘??dF’il I Bhs t hat
occur Wi thin eaghl/zopeeBWg stig@andir i dsiym)tmem Shag gobs @tomteaxkrottybhe
i nvention, a conversion or process is ed" xanpl e, the
efficiency of ﬂtf’ﬁémt%&ﬁt\}ér‘é‘iet{r?ﬁ‘ﬁ}c(d%‘s@* et ‘“bP%Eg’t”éir%‘ &?ﬁ*ateaﬂf‘éters
when the cost ;moagseehated with the conversion/process neet predetern ned
criteria, mhen the content of the syngas produced is within predeterm ned
par aneters, a cgﬁﬂlnatlﬁﬁ ﬁhereof Syngas. produced by the rbon
Conver si on Sy teurgsciAge 1P6 I RYS VRors SeRRBIC I Yay gngierasodigyst

turbines, chemea@irbdi OslesiANSystebderGRld §haxnﬁ>ntdhe;ohb1k&1 prTrh@ryf@wesst apnct i onal
units conprlsed by the Carbon Conversion System are: primary processing
unit, a seconddt y*PPoeddsrRgrartc @4nlt gt tvelghdIYaorg%]éedr EEdHN ati ng

unit. The syshemRERY @R QRAMEYink REH W80 PHNE intichl refiOh d&xﬁm}h@mrm ts
that assist wth the overaII carbon conversion process or that facilitate

downst r eam pr 588 plﬁb& &b r@fﬁgmgg,tht@a@lt with cyclonic separator (4400), refining chamber
(4302) and two plasma torches (4301).

Figures 111A and 111B illustrate various embodiments of the cyclonic separator of
the gas reformulating unit in which reformulated syngas is recycled back into the
cyclone to promote mixing and the cyclonic effect. A cyclone tube (1406), cyclone
tube insert (1407), minor leakage (1411), recycled gas exit (1412), support for inner

tube (1413), support for insert (1414), syngas out (1507) is shown.

Figure 112 illustrates a side view of one embodiment of the Carbon Conversion
System detailing a horizontally-oriented primary processing unit (4000) with a
moving grate (4002) and associated feeding system (4001), a combined vertically
oriented secondary processing (4201) and melting unit (4250) with inter-zonal region
and plasma torch (not shown), and a gas reformulating unit with cyclonic separator
(4400), a refining chamber (not shown) and plasma torches (4301). The gas

reformulating unit comprises cyclonic separator with plasma torches positioned on
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The primary processing unit is configured to provide at |east a drying zone
to renove noisture fromthe carbonaceous feedstock and a volatilization
zone to wsbabiliog®s1365- 250PCT car bonaceous conponent s eCTid»ofi@sds ock

t her eby generg%ggg @Tprocessed feedstock and a primary off-gas. The primary
processi ng uni't opflonally conprises direct or indirect secondary feedstock
additive capabilities in order to adjust the carbon content of the primary
feedstock. Thecsgeandahy DAGEEHRL A8 WNiHe HOARGISRSPAS GhsidDMmE FABRS
configured to receive processed feedstock and convert it into a solid

resi due and ac¥e¥shdary off-gas. The melting unit is configured to
efficiently vitrify the solid residue and optionally generate a nelting
unit gas. Thergase 16 il dMledtbh ROMER: tvieGOSTREd SRHIARGT HowkBh Bighphiep. f or
refornul ating gas generated within one or nore of the other functional
units. The contr ol stem conprises sensing elenments _for nitoring and

obt ai ni ng dat slguéfgé%iﬂh@tfﬁw AtF 194 rar ek siipWinith Figyse g@%t%‘maam
response el engtusnd @F iRGhUSE (HGvRRES @hdmgrgondi tions within the system The
control systemfunctions to maintain a certain range of variability in the

product syngas, The faqur f tjonal units conprised by the Carbo

Conver si on Syz‘t%lﬁffsn’alégb@éldpﬁg@ilh@&dﬁsonaiegﬁﬂpglﬂggi?ﬁ F &Y ?ﬂé‘ct*eé’drd{%n’gé}?et ment s
or two or noreaobfoiMetatil drse. NEYureel 19K QMbWed 8 \devs itghie ©RAPAFIBALL
Various enbodi nents of the invention provide for a Carbon Cgonversion System

in which the Pt dHEed ShEF cuiites Figure A1t phane 4jtor-eewbHAB L By cyclone
conpart ment s, wangarkRend Ve rShRRd BYstew i n whi ch sonme of the units are
di screte interconnected units while others are provided as a single

conpartment, and a Carbon Conversion Systemin which the four functional
units are proVisyEss 1A (S ilhgR dlleynisatlichisite Viepsid BF So0afipes; Sied that a
gi ven functi opgluréinity WIBYin&PfP deBfs. "BLErel DA ARy sCORRPANIE NEiguNERB
functional units are provided as discrete conpartnments, the rnter-unit
junctions bet Weeh a8 dtielisoiay-ubigte HAE seoHf § gt wev alonaecittvithghe exit

di fferences iQ;hherGROAtdRNBHYNI&LmOBI & RACAPURL tech SerABE AR R _
differences in the construction of each unit, such that the Units function
as an i nt egr atledvsaygleamw Fotllebiodhpintet of thecyohner - unit j unctions may be
configured to account for different thermal expansion coefficients of

i ndi vi dual un-!?;g'ﬁr@-rl(ib Oi_[lusttﬂtegath@t}@i”iﬂ_nﬁalf&o&Iién'ﬂz_lda{)rilfﬂ!n?\’\fprgéesgmé Qlﬁ]ita(gf L ough
the system The invention also providesS for inter-dnit junctions that are
configured tocapodmpenthe i GabanoCpavesaai Pysite fsamaharidd anddetapnaded, if

necessary, an 0 EQredlo LW RS O 5-250PCT units. In one
B5@%m b ﬁJeL o tﬁ%gﬁ%&lé 9u§1@eeﬁzé§(9.

enbodi nent, one or no unctionhal units conprised by the Carbon

Conversion System are provided as discrete conpartnents.
Figure 118 illustrates the horizontally oriented primary processing unit of Figure 117

in an isometric view. In this view, the inlet to the throat to the cyclone is viewable.

Figures 119A and 119B illustrate two more isometric views of the horizontally
oriented primary processing unit of one embodiment of the Carbon Conversion
System of Figure 117. Figure 119A shows the start of the chamber where the
feeding of material occurs. Figure 119B is a cut of the feeding inlet wall, which

shows some of the internals of the chamber.

Figure 120 illustrates a side view of the horizontally oriented primary processing unit
of Figure 117 where a cut along the viewing plane allows for internals, such as the

moving grate system and gas flow controlling baffle.

27



When one or nore of the functional units are provided as a single
conpartnent, the conpartnent may be configured to provide discrete

sect i ons,wohwohioss®y have di fferent shapes and/ or orient aCraap1visofzzeach
section corre;ggggegp to a functional unit. Alternatively, one or nore
units may be prOV|ded as a single conpartment having a substantially

uni form configuration. In one enbodiment, the secondary processing unit and

nel ting unitsphufe REOUIE8HAS fBnSIRGI £ tHé)fH}?zbﬁtgﬁ)PBrledt&l A8 QUL ftﬁvnt the
secondary processing unit and nelting units are provided as a single

conpar t nent wHER! Figugeohf; vl et %lpwow deidgio§ greethamBactlignidlustegiss the

cor r espondi ng Lq.{ifienaEEANAALY zeﬁeome%téga HAL k@06, hdnd fMRliling uni t.
Each functional unit conpri se Conversi on System conpri ses
one or nore zomeder.in the context of the |nvent|on a zone is aregion in
whi ch a particul ar process predom nantly takes place By way of exanpl e,
the volatili Z@tgtut)@lzpmstuaes Nl HREDNBIP SRR SN d'rl[“rﬁelthl% uit! ﬁ%dﬁn i thin
the unit where the volatilization process” predom nates. For the purposes of
clarity, the veg¢obslipones tedhmpbosednisypianheyseys ldming e cdgsleel tlfede and
separately. | en

interrel ated \%\?? }thq? Il?%fa%gydnm%ongggds}hgﬂggletsspg%ﬁd g‘%g)%lh&g &?tﬂ)g'og({/rg}% emis
not |imted todagomprildimgthdickantete, physically separated zones, although
this remains an alternative option. In various enbodi nents, therefore the
zones wil | beP@E‘@l ill 1&&%5%?91@%%%11%@& tﬂ§C§rl681hCoﬁ%¥su91 deegﬂﬁ)t

overl ap by various degrees, coext ensive or i screte. e

two or nore zdﬁe}ymaot% Pplte%etgtumtn(lé()({jl\Vlelhqumtwck mmwwﬂy lbéflfd(létlf)] gt ed
substantially th t [ t ntially
per pendi cul ar n?)@irn ra%% g)lt()83)f gtl)ljnngl &ta ;(e?(%d@@ }%rﬁéséngo {nd rggtulil {111t1t|7§b§&§§75 i

t her eof . V%ilgmmhesmmneslar% dﬂsbmnbed2ﬁéremhsaQCdndINQZﬂm ambtmwgmess t hat
t akes place pr one S that this is
ot Vi b 01 g BRTRHARE el PRt BT Sietnl \PreRour i TLdbEBH 28fer oi on
process, othe&nmkqeaﬁseﬁjmﬁmxmhﬁeﬂkakﬁ(phaae to a |l esser extent in that
zone. Conditions within each zone conprised by the Carbon Conversion System
are managed by. t he n Pro es takin i one are
opt i mred 130886 ie8 S HOAET oP TR ChBhRth BHESE Ll o Ohe
control systenmmasymeHm“adabyukhEnﬂdhﬁkgumﬂmbbhﬂwi(rhb)mmjmemnmmhenh t he
zone is Iocate}g1 q$ t.he ﬁosit&ﬁgghquf heat or nerg¥ ources
addi tive inl et mﬁﬁh*et“heé % k&SR FME G U (S hPaSECSE MR BEPI 2ihg t he
predom nant ppecessirbakiengioptace in a given zone in that unit. In general

t he carbon conversion process is carried out by the Carbon Conversion
System as foI st ock heat ed i r ceSS|ng unit
o atemper at BT IS IHFET Yo subSoRER ShunrobBoc (el CRERR I ocesses
bei ng t he remsyadm of Figlaye 125 ivberaty o ipsiitsieoff thomni helefee@thstl 6¢ reande mapi d and
efficient volatilization ar bonaceous .conponen m t he fe dst ock. The
resul ting pro%é@g‘d&f‘e@ﬁ?@@ﬁ) O GAR TR RgR S yseﬁhtﬁﬁb @u%]ﬂé{:‘t‘té‘d tlgthi gher
tenmperatures (fharis exanptRrondouh, L0RAGYR aabeutyd200Eotten rinhe Esecandar y
processing unit, thereby achieving any additional carbon conversion
required to cbifhesa- éaww sﬁ“B‘rt"Odfmt'erl?é“‘i?t]%}ééfs%\éh N RPYEEIE RVap glegifddhf - gas
and ash or soliifs veSdduensifsBleREns QLddad b @uewIEIPMANE s6REARIRLY (10
processing unit is vitrified to slag in the nelting unit. Gas generated in
any of the prinisl (yr decesn shguld srwe Herary! wreadess sinngd.amd barkwrelst g iuni ts i s
refornul ated ﬁsrlleral}b% Wen {h@ftrg(fépdlsét%lé‘]& th{ﬂlaI:k &mﬁ()lg%fitehs QJ/QPJ t@ﬁqba‘&mté“' t
conprises at |east one energy source (for exanple,” a source of plasnma or
heat) and opt itsradl[cpupnél 7OF) toneergaietseeion \sledamﬁ@rlshc(d@ubh the aig ek oni ¢
separators). (Xher dﬁéi‘%PYh Sﬂ&t@‘%ﬁ% Sothie ﬁl%éﬁr ARt tﬁ e d%tghf?g ahl ¢ tfdft“?he ra
reformulating unit, inc de or exanple hermal e ng, asma pl une,
hydr ogen burndnmkhé¢edmrbwﬂbedmb0hahe¢dwdnadmabﬂwnmramdﬂﬂﬁb)I|ke. The hot
syngas product of the Carbon Conversion System nay optionally be subjected
to a cooling step prior to further cleaning and conditioning. In one

enbodi ment of the invention, the Carbon Conversion System conprises a heat
recovery unit for cooling the hot syngasgproduced fromthe carbon
conversion process. In one enbodi nent, the heat recovery unit is a
recuperator. In such an enbodi nent, the recuperator can conprise a heat
exchanger for transferring the sensible heat to a fluid for use el sewhere.
In one enbodi nent, the heat recovery unit is a syngas-to-air heat exchanger
(al so known generally as a recuperator) that recovers sensible heat from
the hot syngas and transfers it to anbient air to provide heated air. In
thls enbodlnent the heated alr |s optlonally passed |nto the prlnary

o o o o e o



heat recovery steam generator to generate steam which can be used, for
exanple, to drive a steamturbine, or as a process additive in the Carbon
Conver si oNOSQyHI®E8951 N one enbodi ment of the invention, wrhed2rtamio123

Conver si on Sy.%gg&ﬁ? rises a syngasto-air heat exchanger that recovers
sensi bl e heat Tromthe hot syngas and recycles it to the primary processing
unit and/or the secondary processing unit. Wth reference to Figure | A an
illTustrative 9@9@&2@1@@{9&@&&@ er%%smian&m\sﬁmw%&ﬁgﬁn@b@em&sgmeﬁﬂ
wherein the systenlcoqgrlses our functional units includ |n? pri mary
processi ng unpt Figure 132dgndag plageowe osicagpist tenmeragireseisping T (i) thBﬁhand a
gas reformul akﬂﬁéﬂ bls!rus!:d $y S Lénlulo}‘?}&@}n‘? o dHﬁ@[ mﬁé'gﬁﬁm RHAGESH BQety t 1 18
connected to the secondary processing unit ich in turn in connected to
the nelting unpmn@eﬂWhem@aSHﬁ@ﬁUmnwha@mmguunlt 4 is operatively connected
wi th each of the primary processing unit 1, secondary processing unit 2 and
the nelting Uﬁigfuré*uﬂ%&&@@s qgoﬁjﬁe&/t&?t}%m%'dﬂg%ltfﬁtg uhf16n %Md%yg sion
System the operative connection between the gas refornulating unit and any
one of the ot Her Cathped dnyergion onalenunihicd glomphiles aroobme dohvepsi-on Byst em can
be_envi si oned. a4 lNSC b OPGHAT LU FRNUGELLON. EFieds Il GGLqRPRIAL T ve
connecti on. ar bon nversi on emis shown I n Figure
1B. In this enbmdunﬁnamlMM@cﬁmﬁbamVGmwmeW@tdWM8y$Leﬁioonmrnmbsﬁaunu1t|-zone
refractory-lin chanber nore i nput(s for rece|V|ng
car bonaceous To0aCt ok e Sy na% TRy PG QEM TR Ut ca ol ¢ Fhputs,
an optional particle separator (such as cyclonic separator (1400)), and
sources of pl Hizwee R2Hdillostragds assrk vadw ef matind evatlal melking sl inbneegibddieciint o sl ag
and to refor f n S|on
Syst em as Sth\A# %}af‘ncdgb% @Jllvi,gﬁgos%rﬁsxgs aﬂLU&BhteQ Lo{nﬁ% tga{n%f?) é}}!‘?ﬁ
secondary proc@s@mnq;unuMy@mﬂemby“amvemMWhakawowmemuedmgﬁm¢Mdamyude
processi ng uni 120 a. gas

Pt or mil aci ng Pt T3P s SR B et bERat Bt phaB8S e nefsP G
refornulatlng“maktmﬁmnnﬁmsﬁsnaﬁpmasna source or its eqU|vaIent and an
optional cyclonic separator (1400). Wen a cycl one separator i's present,
ggﬁl i/gl teEte gg‘? d(;rurf]; QE?TUleL}‘S %tlgsg ULPnrtldllg%dnTpéirneIng 14833%%;01?{% E)ff Od[rhr(r)lilmc{fl slz?gr

1365- 250PCT ou&hmgcﬁ&ﬂ&ibffmumonniamb@dmﬂgnh&nb@nmpamﬂynmemynmsamCMated

with a slag af, anuliza & sten1(1251§ <$Enera the ca ver si on
br oceas. (al'so B e FaaUTY: REver Rrds orgali P Bae i hpyT BaTaae By he
Car bon Conver ghaa cSyleooan enosdbgiadi dedid aippert (@0@(@ shegeyounans)y,
drying, volatlzatlon nd char-to- (or “car.bon onver si on Sta I
Drying of the“Wt €M% LOPW]‘emﬁ”r@P?@tf&’bﬁ%f“pthﬁfge %P@B%s\@t?'swa%eg}.nﬁa 'hi ch
occurs mai nl yshetweenriddtyandl dQGe (S9%8 Mekighidckig@id®@p BRd SONMB with
carbon-to-ash conversion fmmay al so take place at these |ower tenperatures.

conduits (5072) are shown.

Figures 130A to 130C illustrate copper cooling pieces in isometric views of a round

walled melting unit in one embodiment of the Carbon Conversion System, which

incorporates cooling technology. Figure 130A shows an isometric view of the top of

the dome water-cooled copper elements. Figure 130B shows an isometric view of the

bottom of the dome water-cooled copper elements. Figure 130C shows an isometric

view of the top of the water-cooled copper elements designed to cool the walls around

the slag pool.
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Stage Il: Volatilization of the Material The second stage of the process
is volatilization, which occurs mainly between 400C and 700C. A smal

degree (twenammssyder) of the drying operation as well asTAABIIMSCRBdArY
processi ng (c.%gz&) ff gas) will also take place at this tenperature.
Stage I11: nversion The third stage of the process is that of
carbon conversion, which takes place at a tenperature range of between 600C

and 1000C. A Ff},ﬁlrés Beareqs{¢ fﬂﬁlsﬁﬁ@%ﬁ]ﬂ%%h% pl\é@éseﬁl hsbhx%é‘fd\@é%vs%f' dro@lso take
pl ace at this tﬁggerature After this sta products are a

nma
subst ant i al | y“ebtbogling awitgp|qng efﬂé@ﬂwet egﬁﬁ)Ceh@P épnve@a@l Spig? ngdi¢hhe
above- descri b%m%%%%émnweg%flgl‘ééy tﬁghfbcfﬁﬁsﬁdmﬁspweﬁf sclilog/fng lnt%m‘JP ds{ ed

syngas products, fera to maximze the conversid
car bonaceous ﬁ@e@s@@nKWHmemtbhehdesumed‘Qaweeﬁﬁﬂb%@dumﬂ@nﬂ$het@@Mbem

Conversi on Sygfm \;vlbe?g% halo& PLO }{ %ﬁ?ch@d %%%Rmt t8rth§?éﬁl%fso? ﬁ“&%ﬁ&”&‘ ally

conpl ete conversion o e aval e carbon in into a syngas,
whil e al so proﬁmdwngufdxm®hewxénmk9ryumﬁeﬂhECsymgas<andfamshagrpmmdUct In
various enbodiments, the Carbon Conversion Systemalso provides for the
addi tion of heate d &'t and/ or process additives, such as steam and/ or
carbon rich gas and/or carbon, to facilitate the conversion of the carbon
to the desireﬂhswﬂgﬁbmpﬁoﬁu@bnkfhww@armdnn£DMVmﬂ$b@mb@ymtmnﬁdkS&wpnovides
pl asma or equ o . facilitate the co onvernsi.on.o resi dua
o gan ¢ mat Sy Tt oy S8kt k8, SRR RSO0 8Py SheifukSe. o
slag and to p@thhx&ﬁdN@Msmemmrnmwametheumﬁf gm8emhekebmpmnodummﬁq~the
desi red syngas The Car bon.. Co si.on ste cilitates the productlon of
Syngas by’ prodTAINY b CoPrean ik dghst s SgLbah ¢ 8N ERquBRe R Wiorot s on
of feedstock dﬂgﬁ@g(ﬁﬁ@fapmhhzaﬁﬂﬂmnt@aﬁbonwﬁenmeksuqmmandnaﬁfﬂgaep
refornulatlon rticular, e primry chsein n|t g @ ned
primarily to ?1§ 5D pultete e hratlBrEe riLE The o E%@id 0% bﬁffonents
of the feedsteagkn The secondary processing unit is deS|gned to renove any
remai ning volatiles fromthe processed feedstock and to get val ue out of

the | eftover carbon th har by providin ex | e. addi.tio air,

nt ence heat FRBR Koo baF al B e Ay e ! T °F 48 GardEl g | hai

pronotes the FR@eYeB3A Ghovaasldqdiential set-up of water-cooled cooper inserts around the
chamber (chamber shell and refractory not shown). The grooves hold pour casted
refractory to copper. Water inlets and outlets (5025) and thermocouples (5026) are
shown. Figure 133B shows an alternative water-cooled half dome embodiment
(rather than six pie shaped pieces). Figure 133C shows an isometric view of a solid
embodiment. Figure 133D shows an isometric view of it transparent, showing a
potential piping channel in the cooper where water would pass. Deep cooling channel
(5080), shallow cooling channels (5082), thermocouples (5026) and water inlet/outlet
(5025) are shown. Shallow cooling channels are used at lower temperatures than the
deep cooling channels. Determination of which cooling channel to use is based on
thermocouple and internal process temperatures. Figure 133E shows a transparent
isometric view of a side wall water-cooled cooper insert piece for a slag melting zone

with a rectangular shape.

Figures 134A and 134B illustrate various embodiments of the Carbon Conversion

System. Figure 134A shows an embodiment where a plasma torch is located at the



As a result, the two processing units produce two distinct streans of

of f-gas. The primary processing unit provides a high heating val ue gas ful
of vol atiwezoivmsss vapour and ot her hydrogen conpounds PChitazea®sohne
secondary pro%ﬁﬁi%pgTunit produces an off-gas which is mainly CO and CQ2,

w th some H2, "heavy carbon conpounds and carbon soot. The gas refornul ating
unit with its optional particle separator provides for the renoval or

reduction of pasdiiofueatBor@bt8Y ofithiddSuds Rndrths. rﬁrf&renﬁuktshws &fc the gas
into syngas. Inclusion of a particle separator can he g to reduce clogging
f

and wear on dewhetimednvViiaptem ora@disclecaitte andgahiople defleepiclpngbut is
particul ate, gngn&ﬁgﬂﬁg&ga%wgggthg@ddomnstrean1particulate cl eani ng where
condensabl e tars may 'be present. Referring to Figure 4 and 5 which show

bl ock flow diagrans detailing novenent of material and gas through one
enbodi ment of FigyeeschiSho#nd g3ttt By remrBeImEeS theeattbay Se@isiamel udi ng
recuperator (§ QQﬁnF%éﬁPﬁﬂ%PﬁBH§z&%ﬁﬁ%&ﬂ%%t@ﬁgggm:BH&§J§H&Q§aQﬁb&E&W
processing unit (1000) of the Carbon Conversion System where any noisture
from t he car bbeiaeeols pfisarisproeksipg unigmsl edoniayy Motcating enic anpdaeri¢tiancof t he

f eedst ock are, i1 X i ' i & Whi

provi ded by ré%ﬁgg%gf%%8%%%%6?%g%hgqﬁék$Ff h%?%]ﬁ%%§$§%ﬁ%ggﬁg?ﬁg¥yleat

anbi ent or cokldbvaime Chbodmanct IBOdy erttioe veioe the p\irdd mgehas pederededsideeedst ock
(1003) conprising.char. The 1365: 250PCT secondary progessing unit (1201)
receives the %“rec% ‘elg‘éeedd“‘fwglérci’st%%%ﬁ?”f]? 6%%1‘%?%]6?{8??6?%‘%‘%‘6%08§é§%ﬁ“hg uni t (1000)
and converts the processed feedstock to a residue (1206) and an off-gas
(1205). In th¥igur¢ 13t itatteds enbodbademdnt ofydis CadbR0 4 onvel OBy y sfemowherhéhepr | mar y
processi ng uni 0 f secar SSI it (120 t t he
cyclonic sepa?%t%%)?%%ngaﬁggtﬁgggg%nﬁéggﬁﬁﬁhggﬁﬁgﬁgﬁi%g&éﬁpggﬁ§£§%?f-gas
parti cul at e | s&dndary pocdseing efiiof 1201 )atnil ore (Y280 JTheOhie-pgansedwit tdrhraelou ded
particulate load (1403) is subject to refornulation. Hot s ac 501)
X1 1 ng the r aRor e wsaiat BFuadRy SRS SRORUbE it sob Hiish B ehsi bl o
heat is recovemed Thrcagpt planal orteysaially hédedao!cadesyindasunfel 0dnt ibsfore
optionally poh}ghed or clegned in downstream gas conditioning (1600).

d eaned and/ of"°E8t FUHEHCGESNay be stored in appropriate tanks (1601) prior
to use in engines (1602). Residue (1206) fromthe secondary processing unit
and opti onal | ¥igoaest 1304l aiklel 37B40Q)rafercorhotim@ncy@l pai) of siepairddoCofvb4ds) i s

nelted in the_nelting unit to pr a hot sl roduct (1255 t he
Tl eation of an e O BeprabieR” EOG £ et RaB iR R BRPY 4ot s ag
product (1255)nd sh@pthcanah lsyognammilid gediodr i@t hehwisexhandlcedoy(1a005] ag

handl i ng syste 1256) .to provide a cool ed sla oduct (1257). Heat is
provided to t ] é’F‘ QY'Y brie- ey tﬁ%&%@%l&fﬁrﬁ‘&f&ctﬁ%@bha&ﬁaP reatisld Fary

mul ti-fuel buRekc6d3F s o WA sePtd Bahl y use syngas or an alternative
fuel (1254). Referring to Figure 6 process additives are optionally added
to the systemat various stages to facilitate the processes occurring
therein and/or to facily rsj fodh in the feedstock
(1002) to the desired s@%gégL%ﬁgﬂﬁggﬁﬁﬁiggg%g'3@%ﬁ¥f€§fﬂ?§oo4), such as
hi gh carbon suppl enmentary feedstock, steam and/or carbon rich gas and/or
carbon, can b®cfinidendk to the feedstock prior to initiating the process,
during specific stages of the processes (i.e. by the addition in specific
units), at thasivstddrefacehdbetmedmuiinefess torantapprvkigaptothiii% vafativhé&ogpeci fi c
uni ts. The CaI‘YIQOﬁ’I vzg?lgv ri‘siooti)’]e msycets?orgdfthl'rtt%h‘ r acgrl' {oinsle%l\x(/)anse il?Cliude rine’l(])f a
control systeﬁ1?o regul at e operaflon of ‘the®Carbon CONVeEr sion y'S éﬁ] and
opti onal assogivait eduaumbtided ecdinidiirtheaorsioag igwadititdiy irdmrredtot  and/ or a heat
recycling unit for reclaimng heat fromthe syngas. 1365-250PCT

As used herein, the term "off-gas" means generally, a gas generated during the

gasification process, prior to cooling, cleaning or polishing.
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FEEDSTOCK Feedst ocks suitable for use with the present Carbon Conversion
System i ncl ude various carbon-containing materials. Exanples of suitable

f eedst ockwonol widegosbut are not limted to, hazardous angCmaxha2&801d8US

wast e naterlaLQEQ%@g}udlng muni ci pal solid wastes (MSW; wastes produced by
i ndustrial acfiVi bi onedi cal wastes; carbonaceous material inappropriate
for recycling, including non- recyclable pl astics; sewage sludge; coal;

heavy oils; p@ELQIGHRIE eeQernPls{MAB Nine NS B Yeal i ﬁh%&d@@h%%@ refinery
wast es; hydrocarbon contam nated solids; biomass; agricultural wastes;

nun|C|paI solid waste; hazardous waste and |ndustr|al wast e. Exanpl es of

bi omass usef us fBFd §esing iheaterBn CYHEICUdeeYCotic SPEARBT 214 TRYFIERICt BPAKASt
wood; fresh m@m”rﬁwmsm{emmdfeaw thereMEEELAR| §cBRD, YRR RAQCERIIRAY; Ppaper
mll residues;” straw, grass, and nanure. The present system can be adapted
or modified atw8RHIrng Wi vactoagad seirbhbes a1l pHY fatspioeKkedhering el | i zed.
For exanpl e, W@ﬂﬁoHH&H&%k&%s%f&hQﬁ@Cs9@&998&%Rﬂ%@&%nﬁﬁ&ﬂ%&&9§mmkm? Car bon
Conversion System can be configured to include a secondary processing unit
having a | arger size than would be required for a systemutilizing a | ower
carbon cont entnfeeedrdingd rtherpjiseeplhigelngeaf gnd sgivatildc grmelgd hgek M/ hAGITRS gh
level s of V0|ﬂkhhﬁ;QQGH&H&Q§uh&nHB&Jb%%ﬂzoﬁ&%n&%f@@?n?ﬁ@%§{§ﬂ@Hc#Mﬁ@e”‘Can
be configured to include a primary processing unit that is larger in size
t han that requivedinibelong. f eedst ock having a | ower volatile content. The
present Carbon Conversion System can al so be adapted to utilize various

m xtures of primary feedstock with one or nore secondary feedstocks. In
thi s context, OXERUEBREZHG CRREYSE QVIERSYNS st ock that functions as a
process addltlve to adjust the carbon content of the primary feedstock in
order to mai NTaé MvanC@dNSsbsilens Yaitdntd@vékioal Sysyngasingubputuncldtl exanpl e,

where the systen1ut|I|zes a | ower carbon content primary feedstock, such as
bi omass or MSEChAMHICGRPERHON Ydrdhdatsy Yrads thscpits adpegaled guppigpize

plastics, cangRevphvbdetdiASfdabbgleHaRalodiAeasSeadel Lihy erde@ricageease the
proportion of carbon in the feedstock. Alternatively, where a high carbon

f eedst ock (sulHt a&cugFaihyn pachizeae of ithearyylepeedsheoerimired. ifer egmplemby dbed t hat

a 1365- 250PC&MH%M%m&€fQQH(ﬁ%%ﬂﬂﬂﬁawjB?%Qﬁ&g&KmQ%H&hm§§tHhQHR§%%&ﬁ@“ be
provided to of fsét the high carbon content as nay be required. Wien nore

than one feedstcdcknt gsing ialdogied, sytth. freBdspickisointy nbfémttfbhﬁmewwli or to
their int rOdU@to'g 0 5 %ﬁﬂmﬁz'a@ RET r%x%@gﬂﬁééﬁggl{gﬂ & tﬁé‘é&v%oﬁl/pﬁﬁ@lms

f eedst ock i nl ey nmay each be introduce eparately to'the primary
processi ng uanhmhrmﬁqmﬂdeﬁﬂcawedmﬁeedswb@k ihal etosts Thexﬂeédswohkthay be

pr e- processed L&]V&Ql%%’?)?&%g J meﬁoﬁreﬁéﬁmﬁ & Lr tg?d eﬂstthg C&n OP EhdPLAGESS ed

into small er pieces or exanpl e passage o he fee ock 't h ough a
shredder or obhﬂnuﬂuﬁtwm@nQEvk&mmﬁmduhemkmmcewomcpmbmmmnoﬂmnmteSp@sses),

and/ or I t y 19) ue 1 gls d %ﬂo gerrv%veo ﬁ % 11 edeg Cl abl 8 In f&g%
exanpl e, by passi ﬁé *h ed8t ok THI otgn "4 “Hhghet i € separ atere;
eddy-current sepasatad tyrbiviesh tiadhiicug pSdie@en, fudicellkandfie: 1tie. the i ke.

The four functional units comprised by the Carbon Conversion System are: a primary
processing unit, a secondary processing unit, a melting unit and a gas reformulating
unit. The system may optionally include other units, for example, units that assist
with the overall carbon conversion process or that facilitate downstream processing of

the syngas.

The primary processing unit is configured to provide at least a drying zone to remove

moisture from the carbonaceous feedstock and a volatilization zone to volatilize



I n enbodi ments where the primary feedstock is MSW the feedstock may be
preprocessed by sorting to renove white goods, mattresses, propane bottles,
and ot herwptemnmgiossvat are eit her hazardous or have |itt| eCeEmargaiise 23
potential, byL%EEﬁQQ%”g to reduce the size of the material, by separating
ferrous netal removal of nonferrous materials, by reanaI of inorganics
and plastics, or various conbinations of the fore90|ng THE PRI MARY
PROCESSI NG UNLJb%L&}HEL%QNs GOMVERSL G §1¥§Bﬁ%@;ﬁm@rdl Weysearf%%%& ng unit
of the Carbon Conversion System provides for at |east the drying of the

car bonaceous PEbYPIBER AFEat hehs/pliARLY | NreestinUBE OR P HIBh eSS digighehent s in
the feedst ockfierehnploXlagk ARLOCEIGRTifSHR! RO RATPEABLNGERRT

whi ch i s subsequent urther processed In the secondary processing unit.
The primary pebdessinay fenistock dirpricvadiroprecosingoniecdeEgst oelorimyputgcand i s
operatively a%(?l]q(ihl%h%g ré’é’.’ew 9&%5595 LGS QY ¢ 0%%819& 1[186"} c]%’l%l’i’h&e dntdh(?
secondary processing The I mary processing unit SO CO Ises a

| at er al transﬁ@pn$wﬁbéﬂmﬁofﬂwuvdng>maﬁe$maﬁnmhmOMQﬁhmhmbummmw mahbmheaceous
feedstock ent eerusdue 1d mllg yenemt g} ur ﬁeiSI r:t%eur(]iis tref\(/)rmuldtrﬂn um? or
nore feedstoc |npuf 31 frove hro h'theuni't ring proc Ces SSi ng by
the | ateral tt@ﬁﬁmexomymﬁemr&omaﬁdrkhﬁmsmomnd&nyn@ﬁ@¢e&@nm@mumnmnebﬁ one
enbodi ment of th vent i the primary processing unit conprises a
modul ar | at er 4 %Féﬁ' %?“Evg?en1 The nodul ar lateral transfer system
conprises one or nore nodul es, wherein each nodule has the ability to
deliver air aﬁﬂéomnpﬂegesscaddﬁ%hma&htcﬂémeniﬁvehmﬁméﬁemmﬁd&hﬁhgs&ﬁprocess

gas") in addition to noving the mater t hrough t rimar rocessi ng
an ) n tne Cavdik eBRvLRSpuinelEr SHhEs i SRURE, HE SPRATR HeBEISRR! ocess
is facilitateddjbyingeguantd a(bﬂdycmx; Gmmtn tmg sflttyth Nghhe vohabli dyszat fuanioant car bon
conversion. This is accoqp %U? |ally andi ng the gasification
process such PREYAIYR ORI R yaight ﬁyﬂb ?Bfﬂ ?éﬂgﬁ?ature range prior to
noving the material to another zone and allow ng volatilization to occur at

anot her tenpefat Uoe fuatigeal Uiie pigerssed the&tsioackomersidiefystdnamsfyebs ed into
t he secondary roc unit to allow for char-to-ash ¢ nver5|on 0 occur

ssi n
at another te ﬁ?‘é‘ ‘rg‘%fﬁé‘g?“‘ﬂ“ﬁ'é” IR 5P SR A URCE e SAPY PR two or

nmore zones | npmmd@dn al £MpEE abupLmadnd \REBeLSEbAIEAHd Mabe MRyntoa prdigrrendent | y
controll ed and optlonally optimzed to pronote drying and/or
vol atilizati oA. Fﬁo%ﬁgméﬁbﬁﬂlﬁﬁﬁﬁlI?H%mﬂ?tWhﬁ‘”pPHE%§§iﬁ iy 415 ovi ded

with three orfi&nRiQreSHpdehedQNEarbon Conversion System in which some of the
units are discrete interconnected units while others are provided as a single
compartment, and a Carbon Conversion System in which the four functional units are
provided in a single compartment. It is also envisioned that a given functional unit

may comprise more than one compartment.

When functional units are provided as discrete compartments, the inter-unit junctions
between contiguous units are configured to account for differences in the conditions
under which each unit is operating and differences in the construction of each unit,
such that the units function as an integrated system. For example, the inter-unit
junctions may be configured to account for different thermal expansion coefficients of
individual units and/or to maintain a continual flow of material through the system.
The invention also provides for inter-unit junctions that are configured to allow the

units to be easily be separated and replaced, if necessary, and/or to allow access to the

jo8;
jo8;



During processing, feedstock is introduced into the primary processing unit
proximal to a first end (hereafter referred to as the "feed end"), through
t he feedswockivmes(s) and is transported fromthe feedpemaAzbiitdser2ani t
towards the j%Qgg&Bg?mjth t he secondary processing unit. As the feed
mat eri al progresses through the primary processing unit, it loses its nass
vol unme and pile height decreases as its volatile fraction is volatilized
and the resul {ind 1$0hé dni¥BliRkh@lonE QRIS o G NAL LI LRANSRONLE&H bl and he
secondary processing unit for further processing. |n one enbodinent, the
primary proce§gibagCanyersionadysignstre ppaded pobrcriacimigracpisural ity of fl oor
| evel s or steps. Optionally, each floor level is sloped. In one enbodi nent,
the floor |evelhehdnsbPRSR HahMRRRIEROUDraRdviAROM 4 1ifo1dR@8MESENent, the
1365- 250PCT I n one enbodi nent, the primary processing unit has a stepped
floor with a pPopaineny gy b soriguede(cs proveedisiely eeliqms githeh2may theee st ep
riser height fof%%l?ﬁ?db&ezllﬁ/(g%ﬁ@l@t%ﬁ@, Ryel el C%Hgslpgf:ldin@)té ARgdid
slanting floor sections can be used with due regard to the possibility of
air bl ockage bmtohlgpatively! pehgt ene upite may ibearrgvigedosegsitgde gerpartnient one
embodi ment, t e, pr i, BEY. REAC S FLAY Hi¥idurddoR0tn gﬁ‘é eﬂuﬂo@}ﬁ%@'tﬂe % QRGFl t her
towards the secoridary processing unit 'or towards the fteed end. tional ly,
t he i ndi vi duabrostseipg imityarblemelfing wob iad: ponsikd ustd engle boxwdrivensir vat i on or
| ayered const Iér‘f’l%&iir%@ﬁt tlﬁgléec%)l(c%r;qjl r%éesgipg Lnilinglidvring 11%IIY unslgs%ges 08 ec{)aes aCLaHSQ e OF nay
be a | ayered construction. D %yered constriuct ion enbodi ment s, ¥
i ndi vi dual st epspamayenbehichineadfibnedt@btoeidnaliscreg: feay@ersoef conetpmhdian
ceramic. Referrin ép Fiqure 24, in one enbodi mnent each step is a | ayered
construction 88&%?” ?%8“%??@?H5%?%§“Fﬁ?gfI?éﬁ%ﬁunqayers and cerani ¢ bl anket
| ayers. The tread of the step is covered with a refractory |ayer. Each
met al | ayer céngrfuse®nal wérdoepriedd ipl énishondanhersiquiSpped cainptisea onozz| e
through whi ch alr. and/on, steam sap. e hnlested norizomally inta the
interior of t RS CHANDAY PEAOPERSOL T BNFUE At “Pdad<rghed VardeiPtisihng j et
penetration depths prdiomzlagdy okesviasicgi Bg wdly afreta@ipse, atcevopititivitde dohcinahd ow f or
| ow, nmedium or _high penetrat.ion as. need.to ensure U ifornlcoverage.

primary processing unit 1s a region within the unit where the volatilization process

predominates. For the purposes of clarity, the various zones comprised by the system

are described separately. It is understood, however, that these zones are generally

interrelated within the Carbon Conversion System, and that the system is not limited

to comprising discrete, physically separated zones, although this remains an

alternative option. In various embodiments, therefore, the zones will be more or less

separated and, as such, may be contiguous, may overlap by various degrees, may be

coextensive or may be discrete. Where two or more zones are present in a given unit,

they may be distributed substantially parallel to the longitudinal axis of the unit,

substantially perpendicular to the longitudinal axis of the unit, or a combination

thereof. While the zones are described herein according to the process that takes place

predominantly in that zone, it is to be understood that this is not limiting and that, due

to the nature of the overall carbon conversion process, other processes may also take

place to a lesser extent in that zone.

Conditions within each zone comprised by the Carbon Conversion System are

managed by the control system. Processes taking place within a zone are optimized



I n one enbodi nent, novenment over the steps is facilitated by the | ateral
transfer systemw th each step optionally being serviced by an

i ndependewol2giiciontosol | ed | ateral transfer unit. For steppEARbOmso123
enbodi nent s, .Qg ﬂygper of drops and di nensions can be selected to cover

| engt h and re5|dence time requirenents. In one enbodinment, initially big
drops and relatively shorter reciprocating di stance may be used, gradually

ending W th sgRbleBrcoffr@Rs BOdoRANERs h@upvidinstBReS (GOl sspremdi By ho top of
the materi al belng close to 60 degrees fromhorizontal initially and 30

degrees at theordgdptiomhiethepepinhehighthc eanr ibéocgied dor ednpls Fhetivaitiondequat e
m xing wit hOU ed%?%&&'slo%@est Ui t1'v5'9111l31§ %ﬁhk&vm%-, peﬁqﬁfé L?rétOPQTdssﬂt ape

enmbodi ment , e primary processing unit has a slo l oor. In one
enbodlnent, thenpwmgdﬁyrgKGUQQSWHg%uwkmemkmpmawudédumxnﬁhMmmérnal baffl es.
Lateral Transfer Systemof the Primary Processing Unit In one enbodinent,

the primry phPQ&r%?d'l Nge Wibbn g&%ﬂlﬂ%eﬁOL%S Rtenal Jut %Wtﬁee&dr%bﬁt%mexsl&]
accordance with this enbodinent, the lateral transfer system conprises one

or nore later §y%t€tm aihsff)é@WUrﬁhesf.eeq%hékllﬁmew:diualthq atigpy| PIOFeRIgE emitydi ¢ s
conpri se a m}’égﬂ%ldﬁll@%”éneﬂﬁ? 1&qHid lodt §¢)<(?{5‘3@)gh%e tﬂuhlng&!]l‘v‘e’lies%'eﬁm‘%ﬂé or

means. |t wou € apparent to a wor € art that the movi ng
el enent can bemaqukppemymmmhmapmpmmniéWGIQM1d@ﬁQDQagemBnmdemwneﬁmgntThe

novi ng elenent can g various. configura ns Iy ng q% imted
olrit %Zfi 10n of Ldl‘ ondceous conmonen s 10m e stoek. e resul 1ng
to, a shelf / ramor ‘carrier ra OW, SCrew e ene t,

grates, convepmme@mjﬁmmmkk “mhﬁ1mam&ma&m~unmbudedaosn@@lanm&nnm%s(ﬁw
mil tiple-fi ngg{an!p?emabout 1000°C to about 1200°C) in the secondary processing unit, thereby
achieving any additional carbon conversion required to complete conversion of the
processed feedstock to an off-gas and ash or solid residue. Ash or solid residue from
the secondary processing unit is vitrified to slag in the melting unit. Gas generated in
any of the primary processing, secondary processing and/or melting units is
reformulated in the gas reformulating unit. The gas reformulating unit comprises at
least one energy source (for example, a source of plasma or heat) and optionally one
or more particle separators (such as cyclonic separators). Other energy sources
suitable for inclusion in the reformulating unit, include, for example, thermal heating,

plasma plume, hydrogen burners, electron beam, lasers, radiation, and the like.

The hot syngas product of the Carbon Conversion System may optionally be
subjected to a cooling step prior to further cleaning and conditioning. In one
embodiment of the invention, the Carbon Conversion System comprises a heat
recovery unit for cooling the hot syngas produced from the carbon conversion
process. In one embodiment, the heat recovery unit is a recuperator. In such an
embodiment, the recuperator can comprise a heat exchanger for transferring the
sensible heat to a fluid for use elsewhere. In one embodiment, the heat recovery unit
is a syngas-to-air heat exchanger (also known generally as a recuperator) that recovers
sensible heat from the hot syngas and transfers it to ambient air to provide heated air.
In this embodiment, the heated air is optionally passed into the primary processing

unit and/or the secondary processing unit. The recuperator may optionally include a
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In one enbodi nent, the rans are short ranms which can be fully retracted
with each stroke. In one enbodi nent, the primary processing unit is

confi gur eslot2o112al0bsy for the use of a single ramor nultippireA2bngsoizsam | n
one enbodi rrenggﬁ%omu pl e-finger ramis used when mninmuminterference
with gas flows is déesirable during operation of the ranms. In the

mul tiple-finger ramdesigns, the nultiple-finger rammay be a unitary

structure or ﬁeﬁ&w&yn@m e iGNt Qlaﬁexﬁt@metiﬂnngﬁﬂiﬁ La{ge fi’sreg %h@gﬂp% & ram
body, with individual ramfingers optional bei ngj ferent W dths
Op

dependi ng on Hoat plesn Lrbige.gaps B@f%@rﬁdt“ﬁ‘ée m Hg & rC%lh@%lﬁmSﬁtwehh nger
ram desi gn i s sel 8cligckat 8¢ @Y mv%n%rtfqé @H @B%% \%ﬁméne@%{eﬂﬂé ang%t&u Ghedsr om

bridging. In one enbodi nent ein IVI gers are ut 2°to about 3
i nches wi de, ghoubea0es hugenbayteovels ﬁ@hlbﬂdﬂhe@kﬁwﬁﬂ‘? ot gagasredweepleabout 0.5

to about 2 '”%%@%;&%%F Shreiit ﬁ%?ﬂ{e Jbﬁ da}réﬁl%cgrﬁ)l\{]& i &l ement is

"T-shaped". I certain |ch the system
operates at very high tenperatures, coollng can optionally be provided for
t he novi ng el &rnetrence b nxglrfrréérfsl iayrapee ebediment ctﬁrtherrﬁyrbbleqom:emﬂpmr at ed

into the novi o I’ Sﬂ@‘??enteh, \d J‘Sn‘%ﬁ@ﬁgﬂ glELQ) %%ésr}gurafuylamnglr n?j;b flLblll{L?«-Fl i ng

within the ra can e prov Uch cooling cou

(for exanpl e, pammVQHommMngmdtncukmﬂ@ﬁpﬂms%detmhéZmanﬂumasmeBhndn@n$outS|de
of the Chanbel}eformuldtmg unit 4. As illustrated, the primary processing unit 1 is connected to the
secondary processing unit 2 which in turn in connected to the melting unit 3. The gas
reformulating unit 4 is operatively connected with each of the primary processing unit
1, secondary processing unit 2 and the melting unit 3. Depending on the embodiment
of the Carbon Conversion System, the operative connection between the gas
reformulating unit and any one of the other three functional units of the carbon

conversion system can be envisioned as an indirect operative connection or a direct

operative connection.

One embodiment of a Carbon Conversion System is shown in Figure 1B. In this
embodiment, the Carbon Conversion System comprises a multi-zone refractory-lined
chamber having one or more input(s) (1001) for receiving carbonaceous feedstock, a
syngas outlet, a slag outlet, heated air inputs, an optional particle separator (such as
cyclonic separator (1400)), and sources of plasma and/or plasma alternative to melt

solid residue into slag and to reformulate the off-gas.

One embodiment of the Carbon Conversion System as shown in Figure 1C comprises
a horizontally oriented primary secondary processing unit (1000), a vertically oriented
secondary processing unit (1201) with associated melting unit (1250), a gas
reformulating unit (1300) and optional recuperator (1500). The gas reformulating unit
comprises a plasma source or its equivalent and an optional cyclonic separator (1400).
When a cyclone separator is present, gas in the gas reformulating unit can be subject

to reformulation or equivalent before, after or during cyclonic separation. The slag



I n one enbodi nent, the noving el ement conprises a plow having folding arns
whi ch can be withdrawn when the plowis retracted. In one enbodi nent, the
novi ng elwoent1/wesypri ses a conveyor. I n one enbodi nent, pChaAromiosgi2el enent
conprises a b;%&lg%c;lighted chai n conveyor. In one enbodi ment, a series of
t oot hed wheel s aie used. Referring to Figures 25, 26, 27 and 28, the tooth
wheel |ateral transfer units allows nmaterial novenent above a thin |ayer of
solid residueyfinat|236tis saSe LRBMIALASL isToheMitdheaNOtiak LRGE L 0N 2N zaN | NY

cl ockwi se operation naterial is prodded al ong. During countéer clockw se
oper ati on mat &wiedl 1L8Dpushed back and of f the chamber floor and then
allowed to drop thereby allowing gravity and nonentumto nove the materi al
forward and dewReralfy, S8 db AN pARRLGHRS dTBYed Bl herdd®la@WedsMcRidH zed by
raising the floor around the slots slightly). This can optionally be

col | ected andcfrae! BEclR hatlarism Geirgrsipnovessl ¢y tenjubdividsd 18 aps 8lagashr ough
the use of sScpaws) dAnd&LRGIRLALA Mhat BEahIGULALLNGnASoh.ayer (If ash is
hot, it would be hecessary to avoid contact with air). In one enbodi nent,

t he drive conponents for the noving elements are |ocated external to the
el ement s andngﬁﬁibp@ﬂﬁﬁéﬁﬂﬁlﬂgéléreaseless bearings. The moving el enent is
const r ucted ofphigt.g rs'ta%!e o?Uhd ?MC@SS“@ rd_r)i'lﬁée, V@ﬁiclh'ogchlr;[ GIAREY BLieEn _2§l¢C Bnd
materials are well-known to those skilled in the art and can include

st ai nl ess st e@f0°CpriJoghesyodiilization apjl [sene eabon-i9arsh cavepigr vredtedkaplape or
fully protectggh&@qgmgg%gég%g&y. The noving el ements may optionally be of a
cast or solid construction. Optionally the noving elenents are sized to
ensure aggloneration of a variety ofsizes and/or shapes can be effectively
nmoved. 1365- 2ROPET vihgigHioder elkameni.g for the noving el ements can be

|l ocated in the ITnterior of the primary processing unit or be internally
mount ed. Al t et hatacord yageroheeguecge ieMepgiedon ahichect e apol yeni48P° G o t he
primary procegg fAgednid R4 %r@%&&%rr%!ﬁlﬂferwg %Qﬂing operation as well as some

secondary processing (char to off-gas) will also take place at this temperature.

Stage I1I: Carbon Conversion

The third stage of the process is that of carbon conversion, which takes place at a
temperature range of between 600°C and 1000°C. A small degree (the remainder) of
volatilization will also take place at this temperature.  After this stage, the major

products are a substantially carbon-tree solid residue (ash) and off-gas.

During the above-described process, in order to increase the yield of the desired
syngas products, it is preferable to maximize the conversion of the carbonaceous
feedstock into the desired gaseous products. The Carbon Conversion System
therefore provides a system for ensuring substantially complete conversion of the
available carbon in the feedstock into a syngas, while also providing for the recovery
of the syngas and a slag product. In various embodiments, the Carbon Conversion
System also provides for the addition of heated air and/or process additives, such as
steam and/or carbon rich gas and/or carbon, to facilitate the conversion of the carbon
to the desired syngas product. The Carbon Conversion System also provides plasma

or equivalent to facilitate the complete conversion of the residual inorganic materials



I n enbodi nents in which the guide elenents are interior or internally
nmounted, the lateral transfer system can be designed to prevent janm ng or
debri s envoapnernssdsi n enbodi ments in which the guide el ecgriAaRoariso126cat ed
exterior to t?ng%%gpry processing unit or are externally nounted, the
primary processing unit includes at |east one seal abl e openi ng through

whi ch the noving el enent can enter the primary processing unit. The guide

el ement can ipel ke RN Vi Hl desighansbsidhosabedidulianshigayal I's of
the primary processing unit, guide tracks or rails, guide trough or guide

chai ns. The gthettdy erngagjaadadesisdbercss-can optional ly include one or nore
wheels or rollers sized to novably engage the guide elenent. In one

enbodi ment, the gui de engagenent nenber is a sILdinP menber canprising a
shoe adapted t8¢ gP‘iba‘é CanGRgon hetenbligtikicsrhe Hadylipy el tngiidy Rptifidadtt y, the
shoe further GPAPHiSRSdA k@Gt sORRntL PIACRRRIE rBabcKO@Uing | 1M ation,

enbodi ment, the gui de engagenent el enment can be integral to the nmoving

el enment. For eXBprpiasversineard gff-gesaelofmylneompvi ng el enent may be specifically
adapted to engage the guide elenment. In one enbodinment, the floor of the
primary processpdigediit theiphiglabdBcdstiag fit andesidied pBMng ©ligmeetfedddogont act
with the floor of the primary processing unit is specifically shaped to
engage the tratkyolaizcoHs enbydritEntcoMPRENSarer feedeiath onlhst sicR-aRbvi ng

el eITEI’lf[ is pr Q%Q@ggmﬂlt%s Qi%uélﬂ@ tQQizlﬂg)veaﬁnymhﬁﬂil{gh%lm%j ﬂgm_ech@mtess&pt ers
the primary processing unit, wth alignment elements ensuring that the
movi ng el emenfeciigodkednd targgualng puladli Gaddtoger edrhont inptbe chiydpyepvidingriPhat i ng

the need for ggi@laeﬁsﬁdgt\%glglg{%ﬁﬁlﬁelﬂy hé?'d(? ﬁ%%ﬁé‘@%%ﬁﬁed gnl@gfﬁg%nﬁ%g‘l' r%c'ﬂ% e the

al i gnment el ement | ai ns driven synchronou y a conmmon shaft. The
chai ns are optiinomzi pyprioredithe rdesabiyyt adpest abl e to facilitate proper
al i gnnent. 1365-250PCT In one enbodi nent, the lateral transfer system can

be a novable %_rs]edl lfe!s‘ulf,)ltﬁci {VQJ. moi:&si\q@iuﬁﬁs %Elﬁ"dfe! @JO é.li§ting{ @tgéams Qﬁm)tﬁi—yasn@ﬂeed
through the primary processing unit by sitting on top of the shelf /
platform A fpactiyoproghsimnteit ipsivideay aikk dedimgpadiveghs byl tahevolasitedi weteedge of
the novabl e Sb:%otul‘ dml a(;tlgequ{pdrogen compounds, whereas the secondary processing unit
produces an off-gas which is mainly CO and CO,, with some H,, heavy carbon

compounds and carbon soot.

The gas reformulating unit with its optional particle separator provides for the
removal or reduction of particulate matter in the gas and the reformaultion of the gas
into syngas. Inclusion of a particle separator can help to reduce clogging and wear on
downstream equipment, reduce the negative effects of particulate, and reduce the need

for downstream particulate cleaning where condensable tars may be present.

Referring to Figure 4 and 5§ which show block flow diagrams detailing movement of
material and gas through one embodiment of the Carbon Conversion System and
downstream systems including recuperator (1500), carbonaceous feedstock (1002)
enters the primary processing unit (1000) of the Carbon Conversion System where
any moisture from the carbonaceous feedstock is removed and volatile components of
the feedstock are volatilized by heating via hot air (1505) which may be provided by
recuperator (1500) or a multi-fuel burner (1253) that heat ambient or cold air (1502

and 1504) thereby providing a processed feedstock (1003) comprising char. The



In one enbodi nent, the lateral transfer systemcan be a carrier ramin
which material is predom nantly noved through the primary processing unit
by sitti myoanittiopsssf the carrier ram A fraction of matecralA2omysed2so be
pushed by the ] g%ﬂw}[; edge of the carrier ram In one enbodi nent, the
lateral transf&f system can be a pusher ramin which material is

predom nantly pushed through the primary processing unit. Optionally, the

ram hei ght i Ss&HK{%?aB&)L@LlW utnlf'@lﬁ)@%c@%s th@Ffd)@ami REadhe it %Ipaihmw be

noved. |In one enbo he | ateral transfer system can be a set of
conveyor scremcesape |Ué3’rﬁél(?0§)) apcheons gty arocacedelrgdstrk e reeduei(R2G6hend | oor of

the primry py 198&3:314 NosNiy tﬁe']ﬁ&s%?ééd%hq‘o%ﬂn@& E%t(%dﬂ,a/'lzbﬁefﬂ#% ! e:j)?lfljn oW thout

interfering With ar intfoduction. In one enbodi nent transfer
systemis a rmwwgmgrtamte(l()%mm tegoipliopetoceshiag | witerldd 1t ears fler cgyatiem can

be provided b Ye tp%?or?f4(ﬂ%ﬁh£“3£@;re§on%ﬂ ti q&r {nmsto%&ﬁ LETR. ﬁ[‘gdr’u?ulEtQ b ?)Ingle d by

one or nore actuators di vi dual Tateral transfe tionally
by powered by tdetiroatagon (’rﬁl()d))r @ﬁegdhawé Ilemdllel\lllpdmalllldtadmﬂla(tlé(ﬂ39 losutgmemr nor e

l ater al tr anSf ?ormu dIUE)g Ir_T%th nEdOS [ bCX(ltll Iﬂ'ﬁ)g l”e%Ol”lTrUtl ng ZOl]e pdn%%% d

actuators. Various cont ani cal turni eVvitces known
in the art whrechpecaor @Bmm\d&xeamub&tl&acsnédwéxemﬁortdpaohatarsal The amﬁé@r

system can be used Lé rog t he % ran fer stem Nonﬁ!l
oo oo 1 ot die el S0t PR Osebie roRbEbRs SHRTGH UyRRETE bRt e e
motors run on(isHeRMleai®d Qidfor [pdlished @AY b EoredOh QpSofritte @Rksdileselpriand m cro
turbi nes. I n one enbodi men% the notor is an electric variable speed notor
whi ch drives ¥ %6ibrmegit pé Dshaft sel ect abl y in the forward or reverse
directions. Optionally, a slip

Residue (1206) from the secondary processing unit and optionally particulate (1402)

from the cyclonic separator (1400) is melted in the melting unit to produce a hot slag
product (1255) by the application of heat from a plasma source (1301) or equivalent.
The hot slag product (1255) is optionally granulized or otherwise handled by a slag
handling system (1256) to provide a cooled slag product (1257). Heat is provided to
the slag zone by a plasma source (1301) and an auxiliary multi-fuel burner (1253),

which can optionally use syngas or an alternative fuel (1254).

Referring to Figure 6 process additives are optionally added to the system at various
stages to facilitate the processes occurring therein and/or to facilitate the conversion
of the carbon in the feedstock (1002) to the desired syngas product. Process additives
(1004), such as high carbon supplementary feedstock, steam and/or carbon rich gas
and/or carbon, can be added to the feedstock prior to initiating the process, during
specific stages of the processes (i.e. by the addition in specific units), at the interface

between units or to the products of the specific units.

The Carbon Conversion System further comprises one or more of a control system to
regulate operation of the Carbon Conversion System, and optional associated units
including a slag granulation unit and/or a heat recycling unit for reclaiming heat from

the syngas.



1365- 250PCT clutch coul d be provi ded between the notor and the notor output
shaft. The notor may further conprise a gear box. Mvenent of the | ateral
transfer wop2oamoess be ef fected by a suitable drive systemcaA2ori/saaspl e, a
hydraul i c Sy53$25ﬂ$¥PFGU|IC ranms, chain and sprocket drive, or a rack and
pi nion drive ese net hods of translatlng the notor rotary notion into

| i near notion have the advantage that they can be applied in a synchronized
manner at eaclpshdecpf a unit to assist in keeping the unit aligned and
thus mnimzing the possibility of the nmechanismjaming. In one

enbodi nent, the use of two chains per ramkeep the rans angularly aligned
wi t hout the nEgdsiPgr Bialle dPoHsitiBeke Hr%elefngdféwbgﬁpvﬁéﬁ?n Styﬁéml %i‘flé?f‘al

transfer syste@mdudehyoLsoRN8nOMmalRhE. PASWIBRLIrGuRIbE RBS&ckIma@RR, sithadi nent ,
the lateral transfer systemincludes one or nore hydraulic pistons. The

external |y nofifit @8itigbio ihersdays apdmpemhertdoupfvasieniigiiady dnclidinhsarcinghit is

optional ly hOHﬁﬁdeﬂe Hw§ﬁ?e%bﬁgqpRﬂﬁsh@&l%u@@ﬂ hedRly Serhegd.anghasure or
casing. The enclosure ma urt her rise a renovable cover to allow for

mai nt enance. Pﬁb@Wée(@ﬁﬁ@mllﬁ’emﬁppf@MEﬁe_e e rsding. malpdigvenaedivlighlemlasiser nal
pressure than gt ge L AL &L '&8£1 RJav%Qﬁﬁg{ehHi@gM CBEQ%%%%P%&W }eﬁné}‘k%lg{udls“t ernal
or exa e, byt

pressure may be eve use of nit
Pr ocessi ng UmetflnHeia'wnsngs Swgt(gumbon contaminated solids; biomass; dél’l(,ulturdl wastes;

municipal solid waste; hazardous waste and industrial waste. Examples of biomass
useful for gasification include, but are not limited to, waste wood; fresh wood;
remains from fruit, vegetable and grain processing; paper mill residues; straw; grass,

and manure.

The present system can be adapted or modified according to the requirements of the
feedstock being utilized. For example, when utilizing a higher carbon content
feedstock, the Carbon Conversion System can be configured to include a secondary
processing unit having a larger size than would be required for a system utilizing a
lower carbon content feedstock. Alternatively, where a feedstock having high levels
of volatile compounds is utilized, the Carbon Conversion System can be configured to
include a primary processing unit that is larger in size than that required for a

feedstock having a lower volatile content.

The present Carbon Conversion System can also be adapted to utilize various
mixtures of primary feedstock with one or more secondary feedstocks. In this
context, a secondary feedstock is a feedstock that functions as a process additive to
adjust the carbon content of the primary feedstock in order to maintain a consistency
in the final syngas output. For example, where the system utilizes a lower carbon
content primary feedstock, such as biomass or MSW, a high carbon secondary
feedstock, such as coal or plastics, can be provided as a high carbon process additive
to increase the proportion of carbon in the feedstock. Alternatively, where a high

carbon feedstock (such as coal) is the primary feedstock, it is contemplated that a
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The gasification process requires heat. Heat addition can occur directly by
partial oxidation of the feedstock or indirectly by the use of one or nore
heat sourweo0kimoes»sin the art. In one enbodi nent of thePCmx@2diINI9128he
primary proce§%%gg let conprises, or is operatively associated with, one
or nore heat sources. Various suitable heat sources are known in the art
and include, but are not limted to, sources of hot air, sources of steam
sources of pl ﬁﬁr@aw%l)@%&h@ﬁ& fRAALA! BuctPRdbibRGssh kiebe b‘ﬁﬁ&deml@ﬁsél{]@é)' ied to
one 1365-250PCT or nore defined regions of the primary processing unit,

for exanple, h@heueot ¢aagmt gfmphke tadiitedor a | ower portion of the unit, or to
the entire primary processing unit. Positioning of the heat source(s) can
assi st in optwiegimge 8 RE QLASSES:s iakiAgmR! fatoW st ybd AgnRRddNBIY
processing unit. For exanple, positioning the heat source(s) to deliver
heat to the dfirmgrodseeondal tesriEey PHCepiEmEtHgughheclryIngedrekeds: I n one
embodi ment , tB@d@?@ﬁgﬁ&Mﬁ@@1ﬁﬁ&mQ§1&hm%&ha&ﬂmgpﬁﬂhqﬁbﬁm@ﬁﬁgLﬁgkm%hllcan be
suppl i ed fron1 for exanple, air boxes, ai'r heaters ‘or heat exchangers or
recuper at or s, dediatagffecgiioehinigte known in the art. In one enbodi ment, hot air
is provided to each level by independent air feed and distribution systens.
Optional ly, hefe %Hsté@%%eﬁfr@}ﬂo@@s@ecﬂ@El!:c%@sq;}aﬁnyexa?ﬁ%fet e @davioQr m&y be

conbi nation thereof. Appro e air di stribution systens are
known in the apeesapidininehyge Pyepadet eagiple. bppesagop! dadhedstoglp trengd| a f r om
whi ch hot ai r y6aMcPASSind RLAMENAE! LRAGLHANS: il Avd Bembl9AleOf afRGh SLep | evel
to that step evel or J%al?hge%en %nfﬁy]confﬁo %edmsﬁggdggédfﬂﬁ %aéﬁ step

| evel . | n onebemrbwdispdne rereachmftiber otheyedcyblaldesorfer oxanmie. ebygpooweshe unni ng
the |l ength of i 3 . The t hot
air and/ or stggggbd:ﬁHﬁh%§&£%§%§§g§%g’P%M&fU§% tfﬁ%%g¥f§#§§%ﬁagﬁgtﬁﬁ

| ower third t énikadrfthdloef acilitate the uniformdistribution of hot air or
steam over the length of the step. Alternatively, the sparger pipes can be

perforated t Oﬂ@%ﬂﬁocﬂﬂ% E %ex%ﬂh%ﬁgﬁh@%%dst&? i9 \ﬁ”ﬁi%dflegﬁwiﬁouty ehgrgber of

perforation is S|gne to pro at circulation throug
mat eri al . processed by sorting to remove white goods, mattresses, propane bottles, and other

items that are either hazardous or have little energetic potential, by shredding to
reduce the size of the material, by separating ferrous metal, by removal of nonferrous
materials, by removal of inorganics and plastics, or various combinations of the

foregoing.

THE PRIMARY PROCESSING UNIT OF THE CARBON CONVERSION SYSTEM

The primary processing unit of the Carbon Conversion System provides for at least
the drying of the carbonaceous feedstock and the volatilization of carbonaceous
components in the feedstock thereby providing a processed feedstock comprising

char, which is subsequently further processed in the secondary processing unit.

The primary processing unit comprises one or more feedstock inputs and is
operatively associated with one or more sources of heat and with the secondary
processing unit. The primary processing unit also comprises a lateral transfer system

for moving material through the unit. Carboneaceous feedstock enters the primary
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In one enbodi nent, the airflow systemis integrated into a cast and noul ded
insert. In enbodinents in which the individual steps are cast, plenuns may
be cast iwbaotihwe®sep. Air to the plenuns nay be provi destiaaamizonsoas air
syst em whi ch ?%RQ%%EF hot air to a header space. Optionally, multiple

pl enuns nmay be provided for air introduction thereby enabling injection of
different anounts of air through different |ocations to achieve uniform

1365- 250PCT  apghc&Qmt il vedindiohe @ fofd REGERR inguls 8A6s GIRAFIHIRRY thaknil east
three plenuns are provided per step. In one enbodi nent, uniforn

uni nt er r upt edflurijigoBeeerig W halarerd g pyeryted PWHY e gecondaty g ngANif-s
achi eved by injecting at predesigned (and different) velocities and jet

penetration deptRenMBlimea@nd MOMHLATHE pAUEY pRIce QRSN EhPReDY nRRY kAT NY
el se. Low, nedium or high flow through varying nozzle dianeters allows for

| ow, medi um okiditlgFnplenaxsicat ilan Blukedted testdvEicvasarish @ac Rhmere
uni fornly. modules, wherein each module has the ability to deliver air and/or process additives

(collectively referred to as “process gas™) in addition to moving the material through

the primary processing unit.

In the Carbon Conversion System as a whole, the gasification process is facilitated by
sequentially promoting drying, volatilization and carbon conversion. This is
accomplished by spatially expanding the gasification process such that drying occurs
at a certain temperature range prior to moving the material to another zone and
allowing volatilization to occur at another temperature range. The processed feedstock
is then transferred into the secondary processing unit to allow for char-to-ash

conversion to occur at another temperature range.

The primary processing unit comprises two or more zones in which temperature and
process additives may be independently controlled and optionally optimized to
promote drying and/or volatilization. In one embodiment, the primary processing unit

is provided with three or more processing zones.

During processing, feedstock is introduced into the primary processing unit proximal
to a first end (hereafter referred to as the “feed end”), through the feedstock input(s)
and is transported from the feed end of the unit towards the junction with the
secondary processing unit. As the feed material progresses through the primary
processing unit, it loses its mass volume and pile height decreases as its volatile
fraction is volatilized and the resulting solid material comprising char is transported to

the secondary processing unit for further processing.

In one embodiment, the primary processing unit has a stepped floor having a plurality
of floor levels or steps. Optionally, each floor level is sloped. In one embodiment, the

floor level is sloped between about 5 and about 10 degrees.
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I n one enbodi nent, the hot air may be noist hot air. In one enbodinent, the
heat source can be circulating hot sand. In one enbodi nent, the heat source
can be arwelettmsssal heater or el ectrical heating el eneRCIiCA2m105€123

enbodi nment , hg%jg%;cis provi ded t hrough ai rboxes. In one enbodi nent, hot
recycled syngas i's provided through airboxes. Optionally, the airboxes are
cast and noul ded unitary inserts. In one enbodi nent, to reduce warpage the

ai rboxes may BeoeQRHhlHEhE thedSinBBPRbALEne VBT Yas R&RYYedd oY wih AlphFalR) 6€es of
steel which only inject hot air in areas where uninterrupted/ unhindered

fl ow occurs. Fpoolseclenfdeliingne Figioe 28 thej vigreeitdrdisighs progresaely |degpsey above
the floor of t{he, &hamgr by the use of raised injection ports. Primary
Processing Unit Process Additive Inputs Process additives may optionally be
added to the primary processing unit to facilitate efficient conversion of
f eedst ock i nt @rBeFallyadantippEperseeiiongcapberned widiils weard Hpiie gocRHitaskiist in

optim zing t h%lo@ﬁa@&%ﬁ&@é b alléf:lﬂﬂenpltlﬂzcﬁin‘{grgf {S'Iiogesgingmm.i mary processing unit.
For exanple, positioning additive Inputs to deliver steamand/or air to the

vol atilization zone can assist in optimzing the volatilization process.
1365- 250PCT In one embodiment, the primary processing unit floor has an overall slope either

towards the secondary processing unit or towards the feed end.

Optionally, the individual steps may be of a solid construction, boxed construction or
layered construction. For example, the individual steps may be cast or may be a
layered construction. In layered construction embodiments, the individual steps may

be formed from alternating layers of metal and ceramic.

Referring to Figure 24, in one embodiment each step is a layered construction
comprising alternating thick metal layers and ceramic blanket layers. The tread of the
step is covered with a refractory layer. Each metal layer comprises a series of
plenums, each equipped with a nozzle through which air and/or steam can be injected
horizontally into the interior of the chamber. Air is injected at predesigned velocities
and jet penetration depths. Nozzles of varying diameters are provided to allow for

low, medium or high penetration as need to ensure uniform coverage.

In one embodiment, movement over the steps is facilitated by the lateral transfer
system with each step optionally being serviced by an independently controlled lateral

transfer unit.

For stepped floor embodiments, the number of drops and dimensions can be selected
to cover length and residence time requirements. In one embodiment, initially big
drops and relatively shorter reciprocating distance may be used, gradually ending with
smaller drops and same travel distance (corresponding to top of the material being
close to 60 degrees from horizontal initially and 30 degrees at the end). The drop
height can be selected such that adequate mixing without uncontrolled tumbling is

achieved.



Steam i nput can be used, for exanple, to ensure sufficient free oxygen and
hydrogen to naxi m ze the conversion of deconposed el enents of the input

f eedst ockwoOnv/ww6§95gas and/ or non- hazar dous conpounds. ACT/dA2putose2s be
used, for exagggimpgp assi st in processing chem stry bal ancing to maxi m ze
secondary processing to a fuel gas (mnimze free carbon) and to maintain
the processing tenperatures while mnim zing the cost of input heat.
Optional ly, ofh&f cafdiiitde¥ethePaha rH&a@QnéQﬁﬂHﬁQ%QMﬁe@%&S' ons. In one
enbodi ment, addition of process additives is nonitored to ensure that the
amount of oxygen present in the unit is limted. Creating an oxygen-starved
envi ronment cHOKENPOLIFERY B PRMAPREOFST RN o PV idsh dd8ireBildatidxans and
furans. The primary processing unit, therefore, can include one or nore
process additive inputs. These jnclude inputs. f Steaminjection and/or
BT eot s onuier B ifian of B KMzt SRS ol cxarml =t o di rect
steaminto high tenperature regions. The air inputs can be |ocated, for
exanpl e, in ahdo@rovindindne the prmiry ppoeedgsimigeouprisest :olaeng waasténdybtemover age

of process additives into the processi zone. | n. one enbodi nent, the
brocess addi t V& PRBES P T sREFIECEr o R e Wb F OB En P mar y
processi ng uUniiore lakroneneBbodisn®hd indih@uap l:0aaSsana@ddivhity @npipetasmboeat ed
proximal to the floor are half-pipe air s ?%8ers trenched in%orthe
refractory fl B6PEMSHEA HIGnSHLP ’ér"%dl}%ﬂ}“%‘g@ Y gheeo sy pt arrarent

repl acement, &erViveikBd salleddithd @At than hehinb @inf dMnfdnzicAg Hentiifpea enge Wi th
the lateral transfer of reactant nmaterial. The nunber, dianeter and

pl acement of fPRECRIjC Hileegeissmenelansspar gers can be varied according to
systemrequirenents or |ateral transfer systemdesign. In one enbodi nent,
the process addé hovgiepwhscarekd agahetonfutahensfih@edin@fout A& 1pkiteaab ya
processing unit. Such process additive inputs are designed to mnim ze

pl uggi ng by f e /PAUCIBUIEEE AR PT HEIEGHPD PEOY - WFEH AMeat CEEHnEHY 0 %br event
pl uggi ng. Opt Leaal The rahh€inRhAERSSHRAdiati MendlfeLtifes &ni Ncl ude a pattern of
hol es t hrough which process additives can be added. Various patterns of
hol es can be used dependi ng. on systemrequirenents or |ateral transfer
syst em desi gn." P %%H&?%]@qf‘%@"ﬁa&r‘f SR B U ?’ﬁnﬁt?lfréEY rof3gisd YEHPET f act or s
to consi der i rglkgde avoi ding high velocity which would fluidize the bed,
avoi ding holes too close to primary processing unit walls and ends so that

channeling of air along refractory wall is avoided, and ensuring spacing
bet ween hol es W¥ eﬁﬁ’oﬂ’%ﬁét’ t A TEPPTBY Y B CH lgﬁﬁﬁitﬁg‘t‘o‘”f &é&’e §$ Pﬁp‘bl e size
(2") to ensurengieeapbabEpkimeti as.

In one embodiment, a multiple-finger ram is used when minimum interference with

gas flows is desirable during operation of the rams.

In the multiple-finger ram designs, the multiple-finger ram may be a unitary structure
or a structure in which the ram fingers are attached to a ram body, with individual ram
fingers optionally being of different widths depending on location. The gap between
the fingers in the multiple-finger ram design is selected to avoid particulates of

reactant material from bridging.

In one embodiment, the individual fingers are about 2 to about 3 inches wide, about

0.5 to about 1 inch thick with a gap between about 0.5 to about 2 inches wide.

In one embodiment, the moving element is “T-shaped”.
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I n one enbodi nent, airhole pattern is arranged such that operation of the
| ateral transfer unit does interfere with the air passing through the

ai r hol es.wOnooneeswabodi nent in which a nmultiple-finger PramdAaouasad23t he
pattern of th(;%g%{qu}es is such that when heated the airholes are between
the fingers (in e gaps) and are in arrow pattern with an offset to each
other. Alternatively, the airhole pattern can al so be hybrid where sone
hol es are not ;£ oM@ e dmBOHMOLDEH SR R ONEERdopes &Nt MRS nedreR i atudsbut i on
of air is maximzed (ie, areas of floor ‘'wth no air input at all are

m ni mi zed) . | AOVHE CahPRHIABNPE ProHEehiY ther MOWnE AlgMmests fGalipg MepRssMhee even

di stribution of.RpLAges b%ql‘?éofﬂ YRS D¥She thol Ak IRnRYY. Flﬁ&% ARt f\ifP ni el
di sruption or resistance to _a_tera]l material transfer. In one enbodi nent,
the process adui piwhelliqoplinswilriovicdemdirfshalsen begvewietlo Siietycdotipeitoudd be
add! t IVes. ! nbf %ﬁ%k&%&&lﬁpl%,n&y\é}l &ﬁerﬂ&kuﬂté’d i'n?ldéjﬁlgq' Qr Q%ﬁtfx&#gu Gagper
addi tional air7oxygen injection 1nputs may opti onal y be provided. dul ar
Lat eral Transfherch8yistrem The nodul ar |ateral transfer system conprises one
or nore nodul es, wherein each nodul e conprises the ability to deliver

process gas i fh @n@%h%'o%gh? 5@%&&\/@%&1@3@1& %ﬁl’ﬁﬁrﬁ@t a Big%/q{dk/lgb f(;lli'ililg ngxtl Ml& pgi mary

processing unit. esi'gn enabl es the erator to renove an

repl ace a noduodnebeofithdirevrsyishelm plowey etryctsiubst antial ly mnim zing the
downtinme of the unit required during servicing. Each nodule is configured

for interchangafid dfnoaihdnh twﬁo{?ﬂh%g% nPlRGRSS! z?%)rnv b?.:ln{%ﬁ&_@ﬁﬂ&ﬂ?x@g; the

unit conprises one or nore | nsert ocatlons ositioning o
the moving element comprises a belt or flighted chain conveyor.

In one embodiment, a series of toothed wheels are used. Referring to Figures 25, 26,
27 and 28, the tooth wheel lateral transfer units allows material movement above a
thin layer of solid residue that acts as insulator from the hot reaction zone. During
clockwise operation material is prodded along. During counter clockwise operation
material is pushed back and off the chamber floor and then allowed to drop thereby

allowing gravity and momentum to move the material forward and down.

A small amount of ash/char may fall below (minimized by raising the floor around the
slots slightly). This can optionally be collected and fed back into primary processing
unit (for example, through the use of screws) to help maintain the insulating ash layer

(if ash is hot, it would be necessary to avoid contact with air).

In one embodiment, the drive components for the moving elements are located

external to the elements and may optionally use greaseless bearings.

The moving element is constructed of material suitable for use at high temperature.
Such materials are well-known to those skilled in the art and can include stainless
steel, mild steel, or mild steel partially protected with or fully protected with
refractory. The moving elements may optionally be of a cast or solid construction.
Optionally the moving elements are sized to ensure agglomeration of a variety ofsizes

and/or shapes can be effectively moved.
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1365- 250PCT nodul e, wherein associated with each of the insertion |ocations
is an operative coupling systemconfigured to provide the nodule with

oper at i vewoanneiwssssn to systens and/ or supplies that enablreAzha/osodal e to
performits d;ﬁggﬁgc;unctionality. For exanple, the operative coupling
system can i ncl'ude one or a conbination of connections including a power
supply connection, a process additive supply connection, an air supply
connection, aTgt Rk SHARLY HPRREGHIIRN cletefQONLE Ok 1S4ELIEM EOMNET): | RNhe @
syngas supply connection and the |ike. Accordln? to enmbodi nents, each

i nsertion | ocAtimgi REPces i P ordreyinisrabe swupigd-uMilemgtys b ahecghdd emends t o

provi de a SpeelfiGuCAIRRAL @ GRARSELLARAn WA RRY, Rufigpendent on

t he operation of the unit and/or the dul'efor insertion at that insertion
| ocation. In some enbodi ments, a conplete set of connections is provided at
an insertion [beabidynentadvhine hes@idsatpmyns 1R aaerie¢on deempbn groeriad. ibe
dependent on iatf@alcfﬂﬂ;félgs?gt%%Q@b@cﬁesfgh&l mwkﬁjgrnﬁing'(ﬁ déﬂ}ﬁ%ﬁﬁ%e‘nnp 0 that
specific insertion |locafion. As noted above, "'each nodule 1s configured to
deliver process gas in addition to noving the nmateri al throu%h the primry
processi ng unit SMReEBEHD Al IWhiche s WS dEIFBEE b AfST fosded §XtRBRIuCetnf AEieTas)
transfer SyStEH%M@%Qhmh%nQQ@%h&ME@PnkaHRWﬁeEﬂﬁmﬂﬁﬁ%&k@hg%ﬁ@ﬁhﬁmﬁk%§t_

| ocation to, or towards, a second location. Each nodul e further conprises
one or nore mbdiilage peadidsepeyrs tigpgl yhish sheemgyingplementrran epiebePsingas suppl y
systemis configuigd ke at least in part provide a process gas to the

mat eri al. For exanpfe, a process gas can be air, a process additive gas,
steam syngas or the like. According to enbodi nents, a nodule further
conprises a nbHULEISHPOY casiisitdhongir g1 glideorpgiirle¢itadon dgpplsrtallbet h t he
modul € | at er ain.LiaRs! Ehe YS! M. il LA, BPAHL GuRE BEASS SR SHRRLY System
The support system can additionally conprise™a nechanismfor the

i nterconnection with the primar processinp.unit to which the nodule is to
be operati vel yhegfitkeetsagmappmeaRehpiieortiops e idnins mr fore Mhtcsr @ dnlivect i on
can be configyred t@%@\qbﬁre@tdgéj%éjraﬁlciesaé‘lﬂﬁlt. WHEr L n@rﬁ@)@lidﬁ@l@,ha‘@! Sulhd S

configured to substantially mate with the configuration of the inhsertion

| ocation of t heagerngnamgmbreios eskdipgmamper, coOMprignoe Hwe adyuarpb elidet hengribe hani sm
for interconn o gan, [ , |.d | I g, , ion
system whi ch %gy(}:lozr;:[f ?gu%@% ?@a{o%@ﬁ‘?}ﬁéﬁ? Pa{f%enﬁltr e ggﬁ’ YELIQB%F rllégd(g%? H% he
nmodul e wi t h r eppeetbleeear hal. i nsertion | ocation, upon placenent thereat.

1365- 250PCT According to sonme enbodi ments, upon insertion of a nodule into
an | nserftl on ![l‘pgﬁet !3199()(% 1ft,h§1_enfuwg9& dé@:‘h%ﬁtea@l'n&g Llﬂﬂlbte’in{egﬁl Rpgllélrﬁ \hl?g
substantially automatically interconnected to the operative coup?lng system
associ at ed w tlmtiie FanéxampRothe sekampl the mdvengoyrameat inve be ogplicaly aymedem can
e 50, COnT L uLRtheSiah. LNALALASLE 1| SxABIAN ALY P QIR AL afTent of
one or nore of power, process gas supplies or others, upon PnSertion of the
nodul e. Accor diingictudessioargs embibdinmentgs:lemant er gonwestth die et wedr painmmodul e and
the operative cqupJLngtsysteplﬂf,ﬁheiynigrg§ﬂHLnEs active coupling
therebetmeen.pfﬁ?ﬁgigﬁppépaéédl é‘@%uﬁﬁpﬁﬁﬁcanrcé”provided by the
connection of mating pipes or electrical connections. In sone enbodi ments,

i nt er connect i dnorsenviedmeat. twdukre! badionhé teperatd alenovupirpnidedsydy @rthe he
primary process)ng Wilklnl $o8 ¢ ORLAALIANOh AMAOTBLLE, ARG 85h LG EQHP! i nO.
According to Bibodinent s M4 nodul€"i’s con?Pgurg&”forT%deraf franster of

mat eri al wi t helamtite epsurinmriyat pho cessigngerittis and dryelagupibyedost @i rimand/ or

ot her process ad%itgvesf ﬁgcorqug‘to enbgd[neptﬁ, a_ nodul e i s configured
as a mul ti-f ulEEPERAM W ELT O Perdd PRIt 1E AR KB M HUREE: for insertion
into the wall of the primary processing unit. Optionally, the cartridge is
confi gured foin p@pingbadepdnagberelininmandelemalt udes @asgysitiee §yochrbheiskyapi d
connection of cartridge .components t.o uni.t .or, system nent s including
for exanple, ROEM? 1y oHIEn g hrtiSay duf iy SiliplPEdb TR Pl es,
control systemignarde.the |ike. According to sonme enbodi nents, a nodul e
includes a nodule |ateral transfer system and one or nore process gas
supply systens configured to supply air. In this enbodi nent the process gas
supply systemis configured as one or npge air boxes. According to sone
enbodi ments, a nodul e includes a nodule lateral transfer systemand a
process gas supply systemconfigured to supply one or nore process

addi tives. According to sone enbodi nents, a nodul e includes a nodul e

| ateral transfer system and a process gas supply system configured to
supply one or nore process additives and air. According to enbodi nents, the
wal | of the primary processing unit is adapted to



receive the individual nodules at insertion |ocations configured as slots
or openings being provided in the wall for the insertion of the nodul es.
Accor di ngvoaoi2bss9250PCT enbodi ments, when nore than onecwmhzba/isei280 be
inserted the B%%gﬁ¢¥ processing unit wall can include nmultiple slots or
openi ngs. Optiona i ndi vidual slots or openings in the wall may be
configured to accept nore than one nodule. In sone enbodi nents, the primary
processing uniyf oﬂeser%afrh&'e' rigd] a8 hrah f1at s RdindGEMe CAbLbIcAges /?Lﬁohﬁ] $erted
from opposite sides of the unit. Accordrng to sone enbodi nen shoul d a
slot or openi Wgichimairial ¥ ecdpminanipmoyesdhiongh ihp erimageresenomibymsing e, a
plug or other ofieansr g AER) oAty PALICH! Bteit FhayOfis bOpurkd pif: val |
may be provrdgd ﬁgccorﬁﬁn ) e é%neﬁtg up&%‘%ns?g Tat?g ) eyoﬁe or
mor e nodul es k@@nxeﬁﬁkédgﬂmpebk%hﬁ%ﬂﬂ&ppm of the primary processrng unit.
Accordi ng to sone enbodi nents, wherein the floor is configured as a stepped
floor, each 0511QQmﬂBQMkﬁ§dkﬂm%ﬁ?ﬁmgﬁﬁ%Qqéﬁng&Jﬁ&&&Qrhﬂn?&ﬁ%ﬁn&&nHTOV'de a
srngle step of the stepped floor. In some enbodi nents, when installed,

i ndi vi dual nodutre®nikingh nzrved deefchdur pamas pc(atet%rnxdg]etsbyaw@lnsapet@mféhfed in
part . By the eantr LA0eARAKE, bt maRHENhAL, RN BT RINR (A0 dinfl vi dual
cartridge is expose to the interior o processing unit.

sl ot in whichctrher hiopnost cartridge is |nserted |s specrflcally confrgured
such that only a portion of the cartridge i s exposed to the interior of the
uni t. The carif QG HGN dSEAl Ll LR BuslaPRRAALAGK WARM RREL P! 1y
forma sl oped steppe oor e novenen material while at

l east in partBhﬂwﬁmhngmunpﬂedebgedﬂﬂEUEHWQYPﬂnewH@unm1|®QMMﬁ@p®Wﬁhmg to
embodi nent s, ﬁS@Lt'l@%b@lﬁBﬁ TR, dBQdPﬁqQH&p‘?ﬁmﬁr B@H"%ﬁ t!TBQHrlo@ér and/or between a
modul e and t he pri otessing uni t h ing neans is
configured to prevent egress of naterlal and/ or gases into and/or out of
the unit and/ & obetmeehmawdiicelsicrahdrosiei nyicocgohe aewbotcaenya, scewrodul e
can be seal edogﬂm% lgctﬁey VQ}Q)I’ J:rg@s cﬁﬂ}%ex @ﬁllhrleeﬂéo?% fHa rlﬁﬁéhpr@(,sesmlggnmh

t enperature resistant silicone, nperature resistan kets or- ot her

sui tabl e sealﬂmqbaemmmegnﬂccdndeQKWGJmemtembbdnmwnhsunﬁheuMEmhod of
sealing the one or nore nodules is selected in order to enable ease of
O oni o PAHIGHABANGR A LANBL P IR O e ERRLERE moaul o According to
sone enbodi nents, a no e I's reversi Ty ace by one or nore of a

vari ety of fasteners for exanple bolts, screws. CPtlonaIIy a nodul e can
be Power to propel the lateral transfer system can be provided by one or more motors

and drive systems and is controlled by one or more actuators.

The individual lateral transfer units may optionally by powered by dedicated motor
and have individual actuators or one or more lateral transfer units may be powered by

a single motor and shared actuators.

Various controllable motors or mechanical turning devices known in the art which can
provide accurate control of the lateral transfer system can be used to propel the lateral
transfer system. Non-limiting examples include electric motors, motors run on syngas
or other gases, motors run on steam, motors run on gasoline, motors run on diesel and

micro turbines.

In one embodiment, the motor is an electric variable speed motor which drives a

motor output shaft selectably in the forward or reverse directions. Optionally, a slip
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held in a desired location within the wall of the primary processing unit
due to 1365-250PCT friction. According to sone enbodi nents, an insertion
| ocati on we=xoriimts®d with the wall of the prinmary proces®cmgAzmitoseces

i ncl ude one or.. dﬁﬁcpf insert / position alignment means, connection plates
and seals. According to sone enbodi nents, the primary processing unit can
be configured to receive a single format of a nodule, or nmultiple different
formats of a m@ulggum%erw&u&e% BRBYeeRehOfodahd 8 rididetiRRdhgonflgHE®E | ONS
and may be specifically adapted for the intended use and/or position wthin
the primary proE&gsiechenunice 2 ¢idbo¥- t he configuration of the unit itself.
According to enbodinents, a nodule is configured to provide latera

transfer of NRiREak itk MilatsioF i WWL&QB@@@&%QIW aUidblemsletsOssHABE Y air
and/ or one or nore other process additives. Accord to these enbodi nents,
the nodul e fuptdEie. @dwpiap ey sgms Dypetic mpnambigrd wrovgvé@le\fﬁ eohficared to
provide the SLEUGIINE Shest HRHIBY Mhﬁm%%nﬂﬁhén@§w§ﬂ£§9&ﬁm£9ﬁoHQ%PH%B&l'atera'
transfer systemand the air and/or process additive supply system The
modul e may fuhtgehe ébﬂﬁﬁ%ﬂstédtah@eam ibagrrivd/ibp sewhiveed oxngy gt @wh pige of
facilitate th | Cartr and its
securing in pg§P¥?%%“%n&f%gm?%g%anﬁg%&gfgggﬁ#slgﬂggg%gﬁﬂgpg%hgﬁgéglnents,

t he support f maaewoniaomitghe nmodul e may be constructed of a variety of
materials including mld steel, high carbon steel, heat treated steel, an
al l oy or ot he'in F@ﬁﬁﬁlmém&"q}le 8 el (Lf t% C@lgln ﬁ d‘t mI e At rdﬁl@%hﬁh:ﬂ'p; al 931} he
environment in iC to operate. tion, the su ramewor k
may be conflgmmédnﬁmnﬁatﬁﬁpﬁabQHKn@talIatlon and reanaI for exanpl e, by

i ncludi ng notches or attachnment sites for tools used in the installation
and removal pLPERSSmpbfnATEETRAM ARRLS o bl hALEL Ane faRSHepRHIHEM
associated with the nodule is configured go nove over top of a base
portion of thehWDduIe. I'n thls enbodi nent, air and/or process additives can
enter at the base portion of the nodule or at the bottomof the pile of
material wher ﬁ{ She e%o@iﬂéﬁt errlﬁtéxgﬂrﬁtfel; Q@teﬁﬂgéﬂl&s AL BBm&e B I‘dLIIIQr])ISQ(gnst he
process gas supply system The process ‘gas supply systemtherefore
functions as both a process gas supply systemand a reactant pile support
or unit floor TH teﬁteff‘b‘él&t‘ﬁﬁ‘fm%ﬁ)@"rﬂio&“l berAgonredl dbs dderak Handyr FEds of t he
process gas 5H?RJn)ﬁléM&L&mn%%%é%%dt BderFy JNEEL) Qhe@lendiB@ st I’d%l(l& €he the
supply surface) by the lateral transfer "1365-250PCT system According to
embodi ment s, ekdospieoRBsIrE OB Y regigh e eoves Lo H@w@prr@ulﬁerna@é dp opthe
process gas supplimS¥ShERIdNL ﬁmw R AGEAf it NG REAGRS SicBBS be a
si de surface, d’ngTace('g bﬁ? end %uffacgl3¥ tﬁéQ@l ke. fccd? Ing to
enbodi ment s, Ph@dlc’quegﬂmlféatﬂllblﬁlgﬁel tiiengriocewys ngashesagpiohad. syrsxemplesby at

| east in partﬂmqu8ﬁ£§£m y the configuration of the lateral transfer system
of the nodul e

Primary Processing Unit Heating System

The gasification process requires heat. Heat addition can occur directly by partial
oxidation of the feedstock or indirectly by the use of one or more heat sources known

in the art.

In one embodiment of the invention, the primary processing unit comprises, or is
operatively associated with, one or more heat sources. Various suitable heat sources
are known in the art and include, but are not limited to, sources of hot air, sources of

steam, sources of plasma, electrical heaters, and the like. Heat maybe supplied to one
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In sone enbodi nents, an individual cartridge conprises both
support/connection el enents and functional elenents. The support/connection
el enent s woebudeesdse nodul e structure and one or nore ceomaRbOspi2at es
specifically 9%93%@ ed for sealing connection to the shell of the primary
processi ng uni't ractory may be provided between the nodule structure
and connection plate to reduce heat | oss and heat transfer to the
connection pl gt foreQEiGed Rﬁ%t @fithetaal%mgoﬁ,%&uﬂwmbefoﬁ BGpRd (M Nhor of
appropriate fasteners. Th € nodul e striucture includes allgnnent guides to
facilitate th&ecyirect pHyepaiignobthet Wét wHdeltee PHi® PIREYARIOCCOMZtWE. pri mary
processi ng unitahth Nt GNGS LGl k)0 FuQ%is iR E kRS Bt hOProlssdsaQiRe

facilitate the ?nse#?@gh ané rgnéQQIHdShtl ﬂﬁﬂ ﬁ%t' ﬁh%%sLaféFg@ Tr ansf er
Syst em Each nwdbinethe onpriys procasinpdulteldratxemale. peammfingy the yhstteypuwhischo i s
configured to [o towards a
second IocatlgﬂR¥ é%g§&ﬁ53§m%§§§68 g%%ﬁt§%ﬁhﬁhgﬁ%%g?%ﬁék§$hl transfer
system conpri ses one or nore noving el enents and one or nore driving

el ements. Thell anceembodimensthe hex yetteencopbd onldtipg ihnchinddse gai o g b
alignnment ele o [ f pvenent of the
one or mor o mourhg! AP EEmRE AN e 2 sG SR Bk 37 TRKEIERL o

| at er al transﬁ%piw@shaﬁ&hmwmhehemncludes two or nore gui de engagenent

el enents which are configured to nmesh with the guide el ements, and provide
a substanti al by fovablenlit ﬁ&%‘?x”ﬂﬁ%\h &)@Eﬁ?é’v%i"‘@ﬁﬂmeéé‘.g& f0Y: f@fhhd tating
retention of the one or nore noving elenents in a desi orientation while
enabling the dé@ﬁmé@lﬁ@@n@eCmﬁmwﬁ%éWEnwHﬂhéﬁ@&ﬁkkﬂhognmeﬂam@ddmﬁenmd t he
lateral transf dt [Qc onfj gur ed
such that the %ﬁgﬁ%ﬁ%%ﬁ%&ﬂ AWPQERt?d§%§c§q§f§¥@@ﬁ¥n %%3 ?gﬁélhgtggstem
nove acr oss tMQasmmpmykSQpﬁaceudﬁmthﬁwmmdcssskgabh@upﬁhylqumeum1WMssuch

1365- 250PCT e r e nts ca |nclude but
i s not |imteg’b G %e‘ 101*“ jin P f?%’?rﬁ %‘iﬁgﬁg ?ea mﬁ?‘? o ?aﬁl\ bI'§Ww or t he

i ke. Accordlngemmdemweoﬁnbmdsmﬁgﬁ§mr&hes@p&w@f nore novi ng el enents can be
configured as a single ran1or a nultiple finger ran1 In sone enbodi nent s

t he ITDVl ng el %n.elpetesm&)ﬁleme% }QHOOF eve one or Ol”e U’ OVSS Tunmyng the ng I Iguf ed as
short rams whichcan are on? gured IT racted ﬁf1 stroke.

In sone enbodnﬂamh& qwhiCHmnmthdaeau@ma)mnomnmeaamvnngmeMﬁm&mmanmmnf|gured

as a nul ti Ie ram de t he [ t] fin . be a unitar
S racture by ST BEL b T E R e DT i Sl 9D o 3TN TR B, L
body, with i ndmvdrﬂhuahnustam]folt RgefiSorapiainofnal thy 1beting od stehp. fAlerRAtelW tBlE hs

dependi ng on | ocati on.
P g sparger pipes can be perforated towards the top of the pipes.

In one embodiment, the number of perforation is designed to promote heat circulation

throughout the material.
In one embodiment, the airflow system is integrated into a cast and moulded insert.

In embodiments in which the individual steps are cast, plenums may be cast into the
step. Air to the plenums may be provides from a hot air system which supplies hot air

to a header space.

Optionally, multiple plenums may be provided for air introduction thereby enabling

injection of different amounts of air through different locations to achieve uniform

49



In sonme enbodi ments, which include one or nore noving el enents confi gured
as a nultiple-finger ram there is a separation space between each of the
mul tipl e Wongewwegss the nultiple finger ram This separ aCiram2spasei2eéan be
configured '”.%E o allow for expansion of the respective nmultiple
fingers durlng opera ion of the primary processing unit. For exanple, the
separation space may be determ ned at |east in part based on the nmaxi num
operating te”@ﬁf@&Hﬁﬁe@iuﬁlV%nB&hﬁHVYnQ%@Q%%%&ﬂ%nuﬂhhaﬁﬁQﬁ@éQkHGthn§0”E
enbodi nents, a noving elenent is configured as a "T-shaped” noving el enent.
In sone enbodpﬁﬁﬁ@@Pﬂﬁﬁ@ | ateral transfer system and the process gas supply
system of a nodule are configured such that the noving elenent is inserted

or enbedded wit Bhd b6 FERP M tSHY fiRGRrRfpiddN @n Y REASS afafstSbRRh Ywidost em  In
such enbodi nents, the one or nore noving el ements can be configured as, but

not limted t8uidgasey svichiPedentinicss drordsrianadterd didicsngnelcitigs é‘é&hk?éyor
el enent or thﬁmkh&%mcé&%@&@ﬂQQ&}Qoﬁ@PQQhﬂ#BI@nﬂ&ﬂ%n%?%nﬂﬁm@@ﬁ@ movi ng
el ements are constructed of material suitable for use at high tenperature.
Such materials are well-known to those skilled in the art and can incl ude
stai nl ess st ebPV Wedigmor Bigh flogythipuplyvayige nogsde diraetey 2o Bt W& twd "t or
fully protect gldhﬂﬂ'l f)&e{rﬁf(ﬁl%qlégd}fd & LOLQQN«JS!Skd?ed nld?e u@fem@®.  More nmoving
el enents may optlona y be of a cast or solid construction. Optionally the
one or nore noving elenments are sized and/or configured to ensure a variety
of sized or 1363rZ5OPEMCEhESdg Apgroberari Mhagan be ef fectively noved. For
exanpl e, as the reactant material changes in shape and/or properties, the
one or nore NVéRGndbENRAL thedb@ s6@BE tgWeedcll@indvesahile reactant nmateri al
regardl ess of these changes. According to enbodinents t he nodul e | ateral
transfer syst n1|nclu es oqg pr nore EU|de eH whi chlare posi.ti oned
such that they' 8¢ e"é%&eé]& o tHhe At r ot et %?‘I“?%a‘?ff HrEeeE Ry unit.
I n sone enbodiiersvis, the one or nore guiding elements are positioned such
that they are at least in part isolated fromthe interior of the primry
processi ng unit nbodi nents .i n whj i de e enent re e posed to
Phe  incer vor Bt v BRRREY D5 b ST b0 FHeS Far ar e iaiefaf 180 ot em
can be design&ﬂyﬂajgm@menqn¢ﬁmmnmgm@ﬁdd@bbtsxﬁmhmgpﬂenbﬂmﬂﬁcmédmngmio sone
enbodi nents a el enent can be configured as one or nore gui de channels
| ocated in th&lgdaiumhwxg“%% the cartridge, one or nore guide tracks or one
or nore rails, one or nore guide troughs, one or nore guide chains or the
i ke. Accordi ElgoﬂeOenSbbﬂ’&neﬁmbﬂ(ﬂécﬂed’]WSrpdid’l@e aDblixle € nlagtbe cahsutician sf @pagyst em
i ncl udes one or ui de engagenent nbers whi ch are canfi ured to
novabl y engagém%ﬂ?ﬂv%ﬁéw *dﬁggﬁ‘ﬁfmtﬁﬁ gUiele OB et 20T 417 dD e oY 'Hor e
gui de engagenemhmnqﬁagmamgaﬁupm@bbyuhnclude one or nore wheels or rollers
sized to novably engage the guide element. In some embodi ments, the guide
S_Pgﬁge{rﬁgt | gﬁg{)(}?f{eoe}ln%galérallhgxt) nggra]g_ie%r(rggl{ 1S l”dl[g)l S lLllltpygd bove QIO?IOOI” O aldm%88| : de

by the use of raised injection ports.

Primary Processing Unit Process Additive Inputs

Process additives may optionally be added to the primary processing unit to facilitate
efficient conversion of feedstock into off-gas. Positioning of the additive inputs can
assist in optimizing the processes taking place within the primary processing unit. For
example, positioning additive inputs to deliver steam and/or air to the volatilization

zone can assist in optimizing the volatilization process.
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In sonme enbodi ments, the one or nore gui de engagenent el enents can be
integral to or integrally formed with a noving el enent. For exanple, the
surface olVoaonmowssyg el enent may be specifically adapt edpCo/Gngagsoest h one
or nore of th?%??ﬁme nore guide elenents. In sone enbodi nents, the supply
surface of the process gas supply systemincludes tracks and the one or
nore noving elenents in contact wwth the supply surface are specifically
shaped to engggem lhﬁuttlawteed %P%&%p&QtJ&s@@b%kﬁﬁM&yoxtyQ& At iRked r ansfer
system of a nodul e includes a nultiple-finger carrier ram engagenent

el ements and atmveney§héwﬁweh@p@tdeammweh $W@eﬂ§t@tepﬁﬂtﬁhhebnﬁ%05 ram
body via pins.Qr, §RpHLARL.RBH pWthﬁhA iffu® T HeIHEL Y Bl Rurt 350 29QRGT
substantially not tighten on t e 1 ndivi I nger. he ra y IS
connected to aﬂev%me<éh@agedethpLapenmheverhehd@eSWPQbahgebcté@kgator

oper a.t Ive eng?rﬂ%m:ﬁ% fx@é 5 Efll) E)lktntlo dll tglh tﬁp\f&@snllt &Qﬁéxggks V\!h[ﬂe $n%%izing

enbodi nent s, I'hdi'vi dual  ram ingers are cont to engage AT or

| - shaped engagenesitof elperteat whi ch hol ds t he rantflngers in proximty to the
surface of the air box such that the rams substantially scrape the air box
surface during, g in avoiding clinker
build up. Accopggﬁgyﬁgﬂggﬁé gﬁgggﬁggghgghﬁﬁghxnﬁLtha ram finger is bent
down to ensure that the tip contacts the top of the air box in the event

t hat the rel ali vec pobatingrs aghtiqnhel Prgmsarqlddlamsblexn@htaﬁgemohmelre flet thcanpl e,
to thermal expangiiof 8Ly LANLERRE LPINOuRNE B! € GOIPARER Sen- ke
configuration of a ramfT er my a essen detrinerta ects on the
process due t@“@wnmhmke@hﬁehngeemvéﬁédmeMUh@nWanwﬂth@xabmnMﬁﬁhwcontinue to
flow t hrough the gap between the ramand air box. According to enbodi nents,
each of the mofulfh.hnFlbdenk i Akt COTRARGRIS REGERRRAY Yok Clifife!
novenment of the more hovi ng el ements associ at ed h t he nodul e

| at er al transﬁ@phsyetenmmﬁenmewéwphenanﬂﬂmmemdenpmmeﬁmoeéHWhﬁ@mumeua chain
drive, spr OCk@«En &rfo\é‘ﬁél f{)ra&lﬁ gf%dt&éhl%' pﬂeﬂh 15(? h%]h tQ&Eﬁ?dtugrrleugnscOﬁReoﬂent
configuration as wou d be Tea ity under st ood. ' Accor

enbodi nent s, irdpetsdrinve bomﬂbﬁen@Mﬁmkthmmn¢enpnd$@sp@meyQHDMﬁmm>amtuators,
punps el ectri gl?‘slm rﬁ%flc vexdovéo proc ss %}F tlvae["m (;Tihus%(&stspngo neer ate the drive
conponent. Accor 6" Some’’e ment s hé FSron of operative power
for the respectlve drlve conponent is prOV|ded by the primary processing
unit itself, hheme@ﬂmﬂhh@nﬂbqukmedad@évaﬁ@WeagomematQNXb@ﬂen&bhbmupbn
operative |nt§&c%gﬁecg%u%“] unlte nodul e with the primary processing unit.
Optionally, in dc r%p atT on whi ch i ncl udes mul ti pl e nodul es, operative
power for the each of the nodul e | ateral transfer systens can be provi ded
by one or nDrél@ekeﬁmémwnbdwnegﬁvhmdﬁhbQuw&dﬂ@mXHrhemMHeﬂEfhmyawéMK
reduction in cl.at f I h ive
conponent doe§$ ? ﬁ2§§ %&1§91¥%?§3%§g§d8fk%$§%ﬁpg @ Lebn& e&Q%‘%ollrnents,
power for novimgactlivee @@r&ac@memmlsevmtg srgmedliépa@ioh swhik: mlmmlzmg interference

with the lateral transfer of reactant material. The number, diameter and placement of
the air holes in the air spargers can be varied according to system requirements or

lateral transfer system design.

In one embodiment, the process additive inputs are located in the floor of the primary
processing unit. Such process additive inputs are designed to minimize plugging by
fine particulates or be equipped with an attachment to prevent plugging. Optionally,
the process additive inputs can include a pattern of holes through which process
additives can be added. Various patterns of holes can be used depending on system

requirements or lateral transfer system design. In choosing the pattern of the airholes,
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provi ded by a hydraulic piston. For exanple, power to propel the one or
nore 1365- 250PCT noving el enents is supplied by a hydraulic piston which
drives on®0an1mos®spi ni ons on a shaft via a rotary actuacorcAaeeli@gsoably in
the forward or..Leyverse direction allowi ng for extension and retraction of
the one or nore noving elenents at a desired rate. In some enbodi nents, two
pinions are used and engage respective parallel racks operatively connected
to the one or p e (JTRYIsREr GlRIBNNSidiACHOE dbRinf YhRATRoRITAGN;NE HeShedPOSi ti ON
sensors can be positioned to detect and transmt position infornation

regar di ng t heayhdngpolgpioe clpps/ foringine meatssing gnit Rallcywtandt sosthaitcamneNagiul e
Process Gas SHPQ}' Xlo§¥$@fﬁmoﬁa%ll@%ﬁ\edf Wit &Qum&os &hég wga?h(ﬁés R & modul e
process gas supply systens,” wherein a process gas supply systemis
configured tonate tf@asmpnonmp@ix ther oyiridd fgeppotielsssizgga€’t & ehverenacentitdd in t he
primary procesgsipng unit. For exanple, a process gas can be air, a process
additive gas, steam syngas or the like. According to enbodi nents, process
gas is provided to the interior of the primary processing unit through or
at the suppl yIsand apeodimsigc iialhaddl palitcin it h@alrg@diuu@ trhepprisvedsthgdsieslippl y
system may be, coRfi gyt g&&%ﬁ?&%h% ﬁh{?s@ ro‘?:%h ﬁleg\%@%“at' on of air and/or
one or nore process a tives either throug are ets or dedicated
inlets. According to enbodinents, the process gas supply system conprises a
del i very syst &ngnevgehodingnt levidel P V@}tsplesfy@ieemnwayh%b ﬂ@mﬂﬁ@g@f g¢ 41olpy ovi de a
distribut ed SUPRLY ufl whed AR RCHIEH, SHARIWecRTncHifzcRNA A AR R ©
process additives. For exanp e a distributed suppl’y configuration can

i nclude a suppmyNQuﬁﬁmwﬁhwhwﬁhﬁn@eﬁéwﬂwraﬂé@n@m@boﬁwnméebraﬁge&meﬁﬂof

holes. A nor ebé B%Mﬁieﬂheﬁyg(prhé/ h&gs Qlje no?‘&)q/e ed gg%th%f (HQ gvep&io gtﬁ%%bﬁ%@é1t I ves
may be provided 27

i njection of ansmbamﬂ of aone rouxmmeé (m @mssﬁafﬁm’ twﬂeson& pmov hideld aat a

| ocation which.i.s ra sed slightly above the supply surface. This

posi ti oni ng oPn?ﬁ%R‘iovision of the air and/or one or nore process
additives can be prOV|ded by the use of raised inputs. In sone enbodi nents,
t he supply subf avecralgsiovérat bel pwitdrin of helepfodess Hasveupplipution of process

additives over a large surface area with minimal disruption or resistance to lateral

material transfer.

In one embodiment, the process additive inputs provide diffuse, low velocity input of

additives.

In embodiments in which hot air is used to heat the chamber additional air/foxygen

injection inputs may optionally be provided.

Modular Lateral Transfer System

The modular lateral transfer system comprises one or more modules, wherein each
module comprises the ability to deliver process gas in addition to moving the reactant
material through the primary processing unit. The modular design enables the
operator to remove and replace a module of the system, thereby substantially

minimizing the downtime of the unit required during servicing.

Each module is configured for interchangability with the primary processing unit.

Accordingly, the unit comprises one or more insertion locations for positioning of a
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systemincludes a plurality of perforations. According to some enbodi nents,
t he 1365- 250PCT nunber of perforations can be optim zed to provide heat

ci rcul at iwo 20twiwegghout the nmaterial. I n some enbodi nent eCTICR0AHINSORBPPl Y tO
a single nndukgig@¥\pe i ndependently controlled or the air pipes to two or
nore nodul es nay De connected to a single manifold such that the air supply
to the two or nore nodul es is dependently controlled. In sone enbodi nents
wherein the prREASS wHASInSMRRiMed Ysthetch ! HOERANA BLai¥RE 8 ARZALEHve t he
nozzl es can be configured as | ow, nmediumor high fl ow nozzles. This can be
enabl ed by vafSuPHBE npEoD ecodiigned & $rails danmeduiowithopperasixe craficivh & hi gh
penet rati on of,ddig RRFEHHIGAROELDR BURRLLED pdilh ORLIGHTALIGIG! L he
process gas supply systemcan be configured to cover the reactant terial

| ocati on are Hor exagmld dharbgerativa cooplngesdioni sraninsludh ohe opatwebnstias gbci at ed
with the proc .S Y. SYS I rr. such t hat . at | of the
| at er al trans?@ﬁmﬁﬁﬁ% 1§g%¥%n¥ F&g%gmﬁﬂgh&ﬁﬁgggpb%eggmggsd%@%&i%@gﬁhrough

t he hol es. | ncooreicanodir vepiilys cotgetipatitseram ofpplyologsectiacid canbksystdne even
di stribution 99;11110519 1105 SITIDyI‘dg %Qr ?C%gnsnegtdoclili z}nidvt gli?é %ch r(a}{levrtoaenll %[@%n?&“r face
area with m nina dﬁsruﬁﬁion IgrY resitstance to Tat éra nﬁter|§1 ransfer. In
enbodi nent s whehenswrtaniedatibpbiecht iprigiery pradesdine wsedinds coh@eun@iviopgovedeearent |,

the pattern of pgg ho#es.isfcpnfL ur ed, such hggt when h ated"thqghgles are
between the fIRGRFSOPPRHEC GAPEFTOP RSB R STHeREHE 87 TERECHAMEY Ran be
confi gured i nugna@yéraré Paddi€rdn imketion anthef ihsedont 10c@iag hI0idARremboBin®@RE

enbodi nents, the hole pattern can al sqQ be hybrid where so hol es are not
covered and of HPRICEE ¥ SURIENLNS SURAY FaL! B S B bR e Prbtess gas
i's substanti aldeye dmRXALALEAN bE d@)en@éheﬁﬁth@fcmfflg@ﬂftio%f e SHRSIE AR [sahdededO
process gas input at all are substantially mnimzed). In sone enbodi nents,
the process g#¥° ihApRedipheRriiologti®Puse, | ow vel ocity input of process gas.
In some enbodi ment, diffuse, low velocity input is provided for the process
addi tives. |nasaedesddodi demnhsodulehie RBhRERSS (Jaqive PREYss SHS tie muditéd Rer

conprises air boxes, _ _ _ _ .
moving the material through the primary processing unit. Accordingly, each module
comprises a module lateral transfer system which is configured to move the material
from a first location to, or towards, a second location. Each module further comprises
one or more module process gas supply systems, wherein a process gas supply system
is configured to at least in part provide a process gas to the material. For example, a

process gas can be air, a process additive gas, steam, syngas or the like.

According to embodiments, a module further comprises a module support system
which is configured to support both the module lateral transfer system and the module
process gas supply system. The support system can additionally comprise a
mechanism for the interconnection with the primary processing unit to which the
module is to be operatively connected. For example, the mechanism for
interconnection can be configured based on structural shape, wherein the mechanism
is configured to substantially mate with the configuration of the insertion location of
the primary processing unit. In another example, the mechanism for interconnection
can be configured to provide a locking or retention system which is configured to
forcibly maintain the positioning of the module with respect to the insertion location,

upon placement thereat.



mani f ol ds and pi pi ng as necessary. In sone enbodi nents, hot air is provided
t hrough 1365-250PCT ai rboxes. I n one enbodi nent, recycled hot syngas is
provi ded wbnougioc®sr boxes. Optionally, the airboxes areprcagtAzandsomsl ded
unitary inserz%EQ;@ngunctional el ements include one or nore air box
conponents and one or nore |lateral transfer conponents. In sone

enbodi nents, the air box conponent may include nultiple smaller air boxes
or a single |ac88diakfo®e REJIRRAH, YupbREn@konbOX §Smad & $RECIT insaliby
configured to reduce distortion, to reduce the risk of stress-related
failure or bukhidigofothetianagy pragexing| yits dhremedfedy mentagtiallynaitomdicoiltual ai r
boxes ar e Consffiiheded LOMd Bk AR S LR, L DBARTE RTRALLARNT Sor, €O
reduce warpage the alrboxes y be cohstructed as separate, very heavy
duty, solid precede dhe gpaevewoiplmgonbymi ejnelpt scheenfigivedjsnclatheapgewher @

uni nt errupt ed/ ,unhi nde Jlow, r iments,. the. rial

for the perfoﬁgggg&? 5hgﬁg%éd§’lt‘£0§P$4@5§§%§#§ﬂ§%95ﬁ3§§’%ﬁgﬁﬁﬁﬁgﬁﬁ t he
corrosi on resbgtancgonequétiemesi shd omodie overaldingsyst gme |dmbodeneper f or at ed
top sheet is En lrg(;[ningc Jo geEieréllsz} irrf()]:lu niai?l tfl&i: l(D)Ser' I?v% c:s(;[ur Hl(]:‘t ls‘lrs elm %F%O{ngit menber s
to prevent bendi ng or buckling nmay bé provi ded, forpe%aﬁﬁ e. In sone
enbodi nent s, aqnir@nceérscdupéngahemBatyedar doessintply, uetive catplinpeabad providaf t he

pi |l e of naterhal throu%h atrrholes prﬁﬁeffp{ations in the tgﬁ)qf each air
box. If the i RAIRS GUAUADAUMEL"S HRF LY T rIIE BINBCAPPS bxEE™ AP IR “he
supplied to theertdmdleatiod Utwe@hra HOAES aMd @hcdosrgt &oaplingnBkeinothd gannected to
an air pipe which connects to a hot. air hook up flange in the connection
plate. A hot &FSHY8KRM4p arqoﬁ“%ﬁ’ét‘?‘b‘)fci‘ﬁf‘)inﬁiﬁafﬂi‘%c dapt’ed"to facilitate rapid
connection to a hot air supply. In sone enbodi nents, in order to avoid

bl ockage of t hecadihgholeedodichiga prodciess ictgfigudddr foh @li@alSiragfer f tii€erial
perforated tops of the air boxes is selected such that it creates a
Pestriction add"Phiis BB Y SRBre ¢ o't atitod's WREH Holg. o f PUBT S¥85Pe drop
can be suffich@nfiveb.0 REQURALo RPRBLAIGLAS, £ MOMIe N @htifged hea Ral@sincdhifl hol es
can be tapered outwards towards the upper face to preclude particles

becomi ng st uck“#RIE horsiliclly gaeiersh, o feciipy etihthorvallhel It dFdlant r anst er
units nmay di shedgasinanyiimedgldndly, RhOedkiiige tNEMRLRE for rapid replacement and
includes a system for the rapid connection of cartridge components to unit or system

components including for example, hot air supplies, process additive supplies, power

supplies, control system, and the like.

According to some embodiments, a module includes a module lateral transfer system
and one or more process gas supply systems configured to supply air. In this
embodiment the process gas supply system is configured as one or more air boxes.
According to some embodiments, a module includes a module lateral transfer system
and a process gas supply system configured to supply one or more process additives.
According to some embodiments, a module includes a module lateral transfer system
and a process gas supply system configured to supply one or more process additives

and air.

According to embodiments, the wall of the primary processing unit is adapted to
receive the individual modules at insertion locations configured as slots or openings

being provided in the wall for the insertion of the modules. According to
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1365- 250PCT I n one enbodi nent, referring to Figures 93 to 98, when
installed, individual cartridges are covered, in part, by the cartridge
above it,weurohi/mwb®s only a portion of an individual cartPcrageoil®serposed to
the interior 9%55);C;hanber. The slot in which the top nost cartridge is
inserted is specitically configured such that only a portion of the
cartridge is exposed to the interior of the chanber. The cartridges, when
installed, fopmb&iistRRREENhACIhANM e FRIRRL kOBal]sYiel APsHmhA fra&dlihd at e
novenent of material but limt unprocessed material fromtunbling.
Referring to Fgivd am ingladopwlteoldisngneneniags.i deitgpdiyalindudyal iste 0 2000)
conprises bot ) Lon S, f i , The
Suppor £/ connecty o ol teanta nel G he Car ey doa gt o BT et on
pl ate (2005) speedifpgalthypreond ipgeeetefort iseaiflighgd comnbdtidppent gartrikeshel | of
the chamber. Ei%fiﬁs%ﬁ&Pﬁé’m%gﬁésné AW dgf?x niPeAg%%}’dg%%Qee& ShnbfE s&gﬁ& ridge
structure and connecti on ate to reduce heat 10ss and heat transfer to the
connecti on pl atlet oQpering madinttee wall het re@nierthadigestionayt abeodiéc uiped onsihag
appropri ate f?nsetne%n rsesa'lil-vr &t Ca%'ééuﬂrg]ggorss ! u.C]t ' a i A E)her i/illelrcPSt rated

embodi ment, i Aci Udes af%gnﬂ%n gui es‘%ﬁbﬂ% o Tacrii'tate the correct
insertion of the cartridge into the chanber wall and notches (2020) to

al | ow for theAcngding itoambidimand, sippoinkabditiantthe end trempmgerdulegtiorand leahoval  of
the cartridge, The functignal. el enents, nghude ong, on, meLe Aikahox:
conponents and one or nore ﬂﬁier%P(fransfer'conponentsﬁ Feedstoc fhput(s)
of the Pri mar yh&coces 8bngs tmifiguted aonateppdiditharenath of the nprdukaisycopfigeassi ng
unit includes,ope.o% nor feedstqu,iﬂ gts‘%gnfi8U{ d to acconmpdate
various feedsf'ScRE T4 %@“&PPF‘)@}‘&&S“}& e& PAPCHRPACYSYi stics, each of which
feeds directly or indirectly into the primary processing unit. The

f eedst ock i nplt ¢@)e emlodoptiitondleh yindydledpodiatduviehyddssonriatedonfigdred/as i ous
feeder systens that deliver the feedstock| to, the feedstock input(s) and
her eby” | nt o EHEGR e Fhetdonil e o likizn Phe hriiary Blobeltihg un
conpri ses nor ef ihamnivinel teedst dckxpordub,the atdiiof @€ det @akary ppidtssimayunie

operatively associatedq.with the sane feeder system. or the feedstqck inputs
oy be oper at THony gt i BTG AR TP RTIeny B TEauern ey SREtet Tahi ch ey
be the sane type aoford@esane sysldemMadxpbRY tdehedhkfi@r @Mhe tiyipeShoOtarfiagder
systens. 1365-250PCT | n one enbodinent, the primary processing unit may be
operativel y a®9stingtled wpitha atepak Aerjuind oriudhdpper sored SCPRFETHGF i1

assi sted ram glNidib s ven@edi MRdnal dhdateledRYn PRk 1aRald YnphgeldgthahdRd i n the
feed chute to act as a heat barrier between the primary processing unit and
t he feedhoppefomP®Plingswitches on the feeder control the I ength of the ram
stroke so that the anount of material fed into the primary processing unit

with each strakenr@ap ibensQnhé®, kading hitaanaihes peiadbd® e, mddieesRuloRr Y
processing unit may be designed to accommobdate the feeding of boxes, the

formin whi chPHBSHT t arodyicotfeldine Arimapperogese Yne- phevindes sFeinepPeeedsi ng. A
r e_Ct angul ar d@éﬁﬁg@req QP pre Ak Egr@éslolf gk dndfoh gas@@?ﬁﬁﬁanrdf%r B& Jred dnlﬂtagd/t)h_e
primary feed hopper where the hydraulic ramcan input the feedstock into
the prinmary ppPovegsinadlgpnitccording to some embodiments, a module can be sealed in place

using high temperature sealant such as high temperature resistant silicone,
temperature resistant gaskets or other suitable sealing device. According to some
embodiments, the method of sealing the one or more modules is selected in order to

enable ease of removal of a module and insertion of a new or repaired module.

According to some embodiments, a module is reversibly fixed in place by one or
more of a variety of fasteners, for example bolts, screws. Optionally, a module can be

held in a desired location within the wall of the primary processing unit due to
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In yet anot her enbodi ment, an auger can be operatively associated with the
primary processing unit to provide a granular waste material feed. For
exanpl e, w0 20ug@ss9sBy be inserted hydraulically into thecuA2o11@50mes
exanpl es of f?%ggg peystens that may be operatively associated with the
primary processing unit include, but are not limted to, rotary val ve and
top gravity feed feeder systems. In addition, liquids and gases can be fed

into the pri mMiYioR! AcEsdinb % YWhthd m%b&wn&lﬁn%9%4@&105?15&%@dxsb@lm&i%ﬂtﬂeedl cated
ports. A conditioning process for waste material in the feed system may

al so be utili el Prihorrimgrbpiomysifednt cap Heclplc prgr 9 pPicelsEdey/ RAYEON | n- one

enbodi nment , dﬂhﬂkﬁﬁ%é Q(gﬁmgﬁ&jﬂ§kpﬁdqglgncontrolIed air seepage (through
wast e feeder apparatus) can be acconp1|s%ed by substantial conpression of

the feed such that the conpressed feed acts as a good, consistent plug
agai nst ext endicvadigg fo s@ppageodingEy thiPrimyy| Mecesed ningap BFecopfievrded. | n

embodi ment s 'Rx&hé%hn&ﬂ?ﬁﬂﬁQQﬁﬁﬁﬁﬁﬁﬁéknH§m§m¥%Hﬁﬂ&ﬁhb&ﬁﬁwbﬂPHBd&QeAPr'”Hry
processing unit may bé provided to break | oose the conpacted naterial .

Accordingly, medgnencertsodiveemis tidve apd Fordieyrappisced ghaygheurpediliedhrpdiges a
conmpaction sy ére[Hé in !ﬁecﬁ'ﬁ%a\!% ﬁ%ﬁﬁu\@e%LJdrggb{thN%HNL@m the

1365- 250PCT T e secondary proce S|ng uni t Conver'si on System
provi des for rergualiondf haynitigseHi ni ng vol atiles in the processed feedstock
received fromthe primary processing unit and for the conversion of char

into an of f-gag. i lﬂl? té%?d%@ AN Ph QSRR RgcdﬁﬂL&reél o ! a&%”ﬁ%%ct%h@ ofM th the

primary processing U I's operatively associ at ting
unit. In one enﬁodﬁwﬁmnHEUW@MSEWOﬁdan&umr@ﬁe@snmg/@mﬁﬁkvsn@@nnmguéﬁs Wit h

and posi ti Oneﬁro@?@vgdl beqbr%llcgljdﬂg ﬁ%etse ellqg'(()jﬁ’l%gnqg Q&”%‘de% M}th{a %o%é)?g?()dl ment,

the inter-unit junc e sec processi ng un
melting unit pmpwtdexsnea/obamr $ystent MEigmﬁéW@pt(s/mEOh@ d&qcusucoh tlesmaditle af r om

passing into t hﬁ as support gor%o%nge Lateral transfer system and the air and/or process additive
supply system. The module may further comprise a sealing and/or connection system
to facilitate the installation of the cartridge into the chamber walls and its securing in

position and/or insulation elements.

According to embodiments, the support framework of the module may be constructed
of a variety of materials including mild steel, high carbon steel, heat treated steel, an
alloy or other material that will be at least in part resistant to the environment in
which it is to operate. In addition, the support framework may be configured to
facilitate installation and removal, for example, by including notches or attachment

sites for tools used in the installation and removal process.

In some embodiments, the lateral transfer system associated with the module is
configured to move over the top of a base portion of the module. In this embodiment,
air and/or process additives can enter at the base portion of the module or at the
bottom of the pile of material wherein the base portion of the module forms a portion
of the process gas supply system. The process gas supply system therefore functions
as both a process gas supply system and a reactant pile support or unit floor with
reactant material being moved across the surface of the process gas supply system

exposed to the interior of the unit (i.e. the supply surface) by the lateral transfer
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I n one enbodi nent, the secondary processing unit is oriented such that its
| ongitudinal axis is substantially perpendicular to the |ongitudinal axis
of the prwoeny/pss¥sessing unit. For exanple, the primarpcpraeesgsmg3unit is
oriented such that it is substantially horizontal to the ground and the
secondary processing unit is oriented such that it is substantially
vertical to the ground. In accordance with this enbodi nent, the nelting
unit may be pogidid oR&d:he @Wrﬁb@@m&%‘ﬁoﬂﬂ@%fde&prgg@eu%ﬁlyrlgrt&k@11 the|t5b Aice

enbodi nent, the secondary processing unit is separated fromthe nelting
uni t by the i At @F PrspaIZay sPoygem| f:emnpbbwefd%m%tthwﬁpnawlydyclzﬁmw%es an

| mpedi ment. f 0Gy f8thii ShERE Alpild LA R ESTRCTRDb R FRABEG:ALNPGhmeen the
two units and, In sone e Iments, nmay al so prOV|d~ he 1 nit

mel ting of thQMﬁ@smdwabfﬁub@paﬁipaiwabawbpm pr@desphnamnah@wpébyohe . ash)
Lo oI ten Sty SAECAAIYREACESSh OBl S0, brovides for the

addi tion of heated air tionalty process additives such as steam
and/ or carbon rich gas and/or carbon, to facilitate the renoval of any
remai ni ng vol &t sees cheldimets camnsigdlush corideR ecommribnbatl spprfordgagnectipie
melting unit g r.oyi a e nt, to
facilitate thgkggmp‘@?éqgéﬁggré?%%gpfe%%gmkggpéﬁggﬁﬁHéﬁ&gﬁﬁkﬁﬂg?gﬁkg S
(such as ash)nwdmg‘aumnmrmkied:yubgﬁanwemmﬁmsmag% ihehuﬂbeﬂnﬁgmaﬂibeglon or
erticiontly t rahdt PRERERRALe Sectbt PRy R EIRL PR B GI O B om the
1365- 250PCT npthmgbum&enO&rmhmkanMMngnunmhmﬁnmlpb&sedaMQibamMnopmiona

el Cing uni ¢ BBODOTAT R RO FRRI T AT oOba B BbA T B o Dr CoHE! S Sl ag by

sequentially pmﬁmnmkﬂgqaemoﬂ&amyﬂpk@@ﬁsabmghmedMQﬁhkmngumtuﬁﬁﬁhdwah:
substantially carbon-free solids. i s acc i shed by allow.n

secondary prot¥&st Hyetig st “é’f‘“‘ﬁ le@r &ha.w”t ghnBisr IAE FoG @*éngpw%%n% 0

exposi ng t he h&sheduahiicstHs tRNhdealonYor €O Madiii@e ti8ahdetidnQind rdthGRBST the
tenperature ran e The secondary processing unit and nelting unit thus
minimze or eMOfilAate the anount of carbon trapped in the nelt. In one
enbodi ment, the carbon conversion process is acconplished by providing the

appropriate I ql f o en. t Jhe solid residue conprising char and
raising the t : id re5|due to the |evel reqU|red to
convert carbogain RF& gplid‘5e5| ﬂedtQﬂx ‘9 . g h g,@ th SO|Id
residue to t hE“dPBETYS CTERVTY ORRBHG B PR IS SxBrBATY gy BELss; ﬂé UnRrt
the material from a first location to or towards a second IOLdUOl]. According to
embodiments, the module lateral transfer system comprises one or more moving
elements and one or more driving elements. The lateral transfer system optionally
includes guiding or alignment elements which can provide for the guiding of the
movement of the one or more moving elements. According to some embodiments,
the module lateral transfer system further includes two or more guide engagement
elements which are configured to mesh with the guide elements, and provide a
substantially movable interconnection therebetween, thereby facilitating retention of

the one or more moving elements in a desired orientation while enabling the desired

degree of movement thereof.

In some embodiment, the lateral transfer system and the process gas supply system
are configured such that the one or more moving elements of the lateral transfer

system move across the supply surface of the process gas supply system. In such
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The nolten slag, at a tenperature of, for exanple, about 1200C to about
1800C. may continuously be output fromthe nelting unit and thereafter
cool ed t owbanme®sl i d sl ag material. Such sl ag materi alpCrsgazba/osoended
for landfill g%§99§g% or may further be broken into aggregates for
conventional Uuses ternatively, the nolten slag can be poured into
containers to formingots, bricks tiles or simlar construction naterial.

The resul tingeshagmbRt ehd fle dAordngRiREIUSEE @5 lmﬁupmtqnﬁ&tlﬁﬁyedqsnrnt ing
material in concrete, in the production of a lightweig egate or

m neral wool , shei £ RlaifpmnuTiaker ure. efriepam ghlagwor be hikﬁ tfh‘éod elOpifent of
packagi ng net %b@uﬁemé%%ﬁw%&e b6 e TRheh@Q.HH éonﬁEa{le@ sSQuh%lQ'rHQ% or be

operatively associated with a cool'i ing unit for cool Ing t ten s| ag to
its solid formmulipde-Gogskiang unit is provided as appropriate to afford the
cool ed slag product in the desired format. Secondary Processing Unit The

carbon conver i Qi RERRSenkSh@GHOMR!iad HY Siiedlc0qs tH&, LETRehaLWEe of the
processed feedstock conprising char to the level re uired to convert carbon

in the 1365- 280RAOFdpy coessans Paslstpek twiiguef fio jadulbyrearpot g e
processed fee%§h90k1$8m£é%n%8$ﬁkﬁﬁ ﬁﬂ%'%aﬂﬁfﬂtm%fmfﬁ%m§%ﬁﬁﬂﬂa&¥m8ﬁocess'”

unit (which ma |nc e appropriate evel anm .
The secondaryc®ﬁ@uegabn@nmmﬂthngﬁemvdsupndﬁﬂSQQHEﬁHedghmok&Cbﬂpnmswmg char

f rom t he prl rrq LtL EI;%ICES%U{'Z leuiil’]“\’l\:/hlalngle l”dl’l‘lI flql]&%lq%clitd(,%t(¥9 d l”dl%r%)ot he rEIE| t I ng
unit. In one & € secondary process uni i "Cormuni cat i on

wth the nelt lmigwdml tanMiirezearpiioadly bziogaf dlffengnmdﬂns derhéing Emhﬁdtlon.

In some embodiments, which include one or more moving elements configured as a
multiple-finger ram, there is a separation space between each of the multiple fingers
of the multiple finger ram. This separation space can be configured in order to allow
for expansion of the respective multiple fingers during operation of the primary
processing unit. For example, the separation space may be determined at least in part

based on the maximum operating temperature of the primary processing unit.

According to some embodiments, a moving element is configured as a “T-shaped”

moving element.

In some embodiments, the lateral transfer system and the process gas supply system
of a module are configured such that the moving element is inserted or embedded
within the supply surface of the process gas supply system. In such embodiments, the
one or more moving elements can be configured as, but not limited to, a screw

element, one or more wheel elements, a conveyor element or the like.

According to embodiments, the one or more moving elements are constructed of
material suitable for use at high temperature. Such materials are well-known to those
skilled in the art and can include stainless steel, mild steel, or mild steel partially
protected with or fully protected with refractory or the like. The one or more moving
elements may optionally be of a cast or solid construction. Optionally the one or

more moving elements are sized and/or configured to ensure a variety of sized or
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The secondary processing unit is provided with heat from an appropriate
source to provide the required tenperature for converting any remnaining

vol ati | eswendiicasdysn to a off-gas. The unit is al so desipgmadh2dn/08nRBr €

hi ghly eff|C|?Q% ?EB sure of the residue to the heat to mnimze the anmount
of sensible hea is lost via the off-gas. Therefore, the position and
orientation of the heat source are additional factors to be considered in

the design of g, Br@d %@«g%@@{uyn REP & S&TedGveiNintovePecRdA PRI QGRS B NI t
Heati ng System The carbon conversi on process requires eat. Heat addition

can occur di r &wieriyl gyngearin shipeoyiligaprapartiss. thhens el [narer BeYiHYElCESAPrTSi ng
char (i.e. byg&h&u%é% %M%Q@%&Méh ?Ieé%%%e hdle LG@! T 1 nputs with

carbon and volatiles present in the so resi due conprising char) or
indirectly by the use of one or nore heat sources known in the art. In one
enbodi nent, tHecHdat ¢ egbrdiventt. shemaduds taarpdragieenecadingdadyone ion noke

processed f eegtﬁhggllém'eﬁs Whﬁ%'d@ﬁe&)s(t%qled QRR tthdrt)%{egfb?é 4)(){)))5693(0 hRaheHodliThe Wi ch
may be delivered to the secondary processing unit through, for exanple, the

use of heat ed painaryiprigegsssng unfthén frote eprodueantshde Suppl herd gidoweldgmtsexanpl e,
air boxes, s}}gﬁ%c‘? (L?LhQ{i] tqgegtdrg XtclE‘%Pg]e}Sd% 15&' d %m"\’ﬁé gﬂexﬁ)l} Bt hl@%%dk t h.e

art. In one e into the secondary processing unit
by air feed andceissgrniputi on systemw th inputs proximal to the junction
with the nelting unit, for exanple, in sone enbodi nents proxinmal to the

inter-zonal r ﬁgénngd%enlﬁnlk %\rhl(,%qgéa&ul sl ﬁé @xp%LJd tI) @r{%qntgln& oq bRt FH%O ion

systens are known in e art d1nc e alr "1365-250PCT boxe m whi ch
hot air can paSSW$Mgoughﬂ®éw£@kaﬁm@msyﬁﬁnuhebwakhemﬂtphEﬂ@nmmHmmn&pa air

nozzl r r . . .
0 es or spglgk gﬁtrapment. According to some embodiments a guide element can be
configured as one or more guide channels located in the side walls of the cartridge,
one or more guide tracks or one or more rails, one or more guide troughs, one or more

guide chains or the like.

According to some embodiments, the module lateral transfer system includes one or
more guide engagement members which are configured to movably engage with one
or more of the guide elements. The one or more guide engagement members
optionally include one or more wheels or rollers sized to movably engage the guide
element. In some embodiments, the guide engagement member is a sliding member

comprising a shoe adapted to slide along the length of a guide track.

In some embodiments, the one or more guide engagement elements can be integral to
or integrally formed with a moving element. For example, the surface of a moving
element may be specifically adapted to engage with one or more of the one or more
guide elements. In some embodiments, the supply surface of the process gas supply
system includes tracks and the one or more moving elements in contact with the

supply surface are specifically shaped to engage the tracks.

According to embodiments, the lateral transfer system of a module includes a
multiple-finger carrier ram, engagement elements and drive system. Individual ram

fingers are attached to a ram body via pins or shoulder bolts, which are configured to
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Addi ti onal or supplenental heating as nmay be required can be provided by
one or nore heating neans known in the art including, but not limted to, a
gas burnewp20iwvwesdat i ng hot sand, an el ectrical heater ®ecTalAetiviscab

heati ng el ene }6§2505,§T0ne enbodi nent, the additional heat source can be
circul ating hot” San I n one enbodi ment, the additional heat source can be
an electrical heater or electrical heating el enments. Secondary Processing

Unit Process Afdiahéid€ donBYkeEn Bﬁqg@ﬁlalvaﬂﬂl Ehéé@s T YafMoliPRaldned& @dded to
the secondary procesSing unit to facilitate efficient conversion of

processed feedstorieagmnt Paicriaicdvdes meigligfrackyder orsradimengigancdanthbe used,
for exanple, f &%%%@h&lft 'trfé&e%ﬁt uf %&I?e %Mﬁﬂeﬁn%ehﬁ{%ﬂgmd& nﬁ@?&' J ze the

conver si on of econpose enments of the |nput processe f eedstock
conpri si ng chagnfignted tofdngggasa dndy drhapoh chgzamdd udenowpdurdsoldAite fanput  can

be used, for gxanple ro&f?mgﬁt%' L shifad r&%ﬁé%h x sﬂa?}{“xh%{'{ B%‘ afit. tﬂm%)iﬁ Pod t

maxi m ze secondary p ocessing to a m ni mze ree carb

mai nt ai n the &papenhmlpbmwstmm@rmgﬂmmc@mlﬁmr&smmrﬂeet trenebyriidinggn hvaligost of
i nput heat. Lhnq( it ]l[doun oxygen and/ or ozone may optionally be inputted

t hrough process addi'ti Ve ports into the secondary processing unit.
Optionally, other additives nmay be used to optim ze the carbon conversion
process and t hereiliyg inpmeventedingsisors.enOpt @ omafihge; isctmnbdrvir iochsigagatan be

used as a progess L%QS&E he% ﬁg Se%&”%%ﬁé’ @B&ﬁ;ﬁ%ﬁé AL tlonhefrt éPd;ne can
i ncl ude one or pro tive in u?s. ese 1 nclude 1 np or steam
i njecti on andhat dlleIX dhmméeatuleofmr ardnge, toahdmmml- ¢Xpeibi@as. cohhiatish @&mn nput S can

be |l ocated to di rect Ostnetaml}lrltc% ngm erature re ns, asnddl At o [1e
of f-gas mass |05t “BYRBIM o TIPS OBYFE 4Gt t HE' By r‘ré?‘@ ‘g? oCeSSiRG At . The
air effects on the process due to air holes being covered by the ram, the air will continue

to flow through the gap between the ram and air box.

According to embodiments, each of the modules include the drive components
necessary to effect movement of the one or more moving elements associated with the
module lateral transfer system. For example a drive component can include a chain
drive, sprocket drives, rack and pinion drive or other drive component configuration
as would be readily understood. According to some embodiments, the drive
component further comprises one or more actuators, pumps electrical motors or other
mechanism used to operate the drive component. According to some embodiments,
the provision of operative power for the respective drive component is provided by
the primary processing unit itself, wherein this required operative power can be
enable upon operative interconnection of the module with the primary processing unit.
Optionally, in a configuration which includes multiple modules, operative power for
the each of the module lateral transfer systems can be provided by one or more
selected modules. In this manner, the there may be a reduction in costs associated
with some of the modules as the operative component does not have to be integrated

therein.

According to embodiments, power for moving the one or more moving elements is

provided by a hydraulic piston. For example, power to propel the one or more
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1365- 250PCT i nputs can be located in and around the unit to ensure ful
coverage of process additives into the secondary processing unit. In one
enbodi menwp 20higiopsvscess additive i nputs are | ocated prorcmslA200/05e3

i nter-zonal r;gkg@ of inter-zone. In one enbodiment, the process additive
i nputs provide di Fuse, | ow velocity input of additives. In enbodinents in
which hot air is used to heat the secondary processing unit additional

ai r/oxygen i NjRcti QRnleARYS SuppBYd BPL h@RAIH s Rhiel uded. onk Bt BloreZORBhs Regi on
or Inter-Zone In one enbodi nent of the invention, the junction between the
secondary pro€esshagviyairetayrgtupiee saisrabing timiorward opsngpgdireston dlpres/i de an
! nter-zonal r 9100, Q6n él{éltr@&ﬁ&&'{'@f tfhle 811@8%5@%1 vvglérgenttsh«!t% d%ﬂ’%%@re f , the
inter-zonal region or inter-zone functions to sﬁbstant|ally spati a

segr egat e t hesaec ondadipepisotes pimgnsunict uskd omdt dreagee Faspevg veirpiatallaln ghcks
optional Iy pr 8% r:ﬂgf%l f(QJnn&Qe% lon{hrel(ﬁ‘lle 5}E]1r1§)} nlgO\RFIQ, te{%ﬁqe[lt%m Q&%kdlﬁ@k%%lﬁ@t erial
(e.g. ash) of econahry processing by e FeCtIVE|y transferrirng heat to the
resi dual sol i dmhati@ental pandn seppor t& bheosieact ant denat end atanpnik gosinort he
secondary pr O&s grSiaHgn }Jerlziirtdin y heeonie I?)t renlz)rzeorrqg\!il Ieﬁ%g{t‘% Sn iCQ)El G A0% further
provi des a con Uit or éonnééflon efween the two unit's. ?hé‘lnter-zone
optionally conprises an inpedinent that |imts or regul ates the novenent of

material bet Wgg, LS 8GORAILYy RLQGESSI Ng and nelting units, fopr exanple,
by partially GT_TﬁféTﬁTTTQﬁTPélﬁgfégding the inter-zone thereby inpeding
excessive m gpali ARaQE RO YRLEEY GATP ok HRiulNGolRL Las W1y TRRAIMENt MRy
optionally conpgése(ﬂeat trans?e} el ement s. Inuéhgnenb%ﬁ?ﬁgﬁ?{qﬁﬁe%

i nt er-zone mayhbeinsulysteangdsabppyy oot iguouguwditd at et melattipngyideri procebn

anot her enbodi nen LAt er-zon y..be. pr.ovi | [, OV,
restriction béﬁgtg}le %T}i}g”‘ll\}\%)%ﬁ r??l& g Fy I%rg Le\?\/lg?%?%?o%og%gdn@%ﬁ ?’aal I;rillglcs? E}:%X Sggn B
enbodi nent, aait.dgmetesafddbive dgedeamtsendaabr trayikerai nt ai n t he secondary

processing unit material bed fromfalling into the nelting unit.

Al ternativel yAC@)r&gg ftJ) %m%é’im@f?tjs,dprg)&%s ré@xt g ]grg‘l/id&?‘ﬁ)kth]; riﬂ)@}i&n&e{hg r;')gnﬁd%?

melting unit.
processing unit through or at the supply surface associated with the module. The

process gas supply system may be configured to provide air only or a combination of
air and/or one or more process additives either through shared inlets or dedicated

inlets.

According to embodiments, the process gas supply system comprises a delivery
system, wherein the delivery system may be configured to provide a distributed
supply or a more focused supply of air and/or one or more process additives. For
example a distributed supply configuration can include a supply surface which is
perforated or comprises a series of holes. A more focused supply of air and/or one or
more process additives may be provided by the use one or more nozzles. In some
embodiments, the injection of air and/or one or more process additives is provided at
a location which is raised slightly above the supply surface. This positioning of the
provision of the air and/or one or more process additives can be provided by the use

of raised inputs.

In some embodiments, the supply surface associated with the process gas supply

system includes a plurality of perforations. According to some embodiments, the
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1365- 250PCT I n one enbodinment, a solid plate baffle is used in the
i nter-zonal region of the carbon Conversion System In accordance with this
enbodi mrenwp 20hieiobasf | e nay optionally be noveabl e. | n oreTeamzodiosens, a
baffl e conpr|§%990§£pbs of refractory material is used in the inter- zonal
region of the ¢&rBon’ Conver si on System | n one enbodinent, the nelting unit
is off-set. In enbodinents of the invention in which the |nter-zone
conprises an LiR&dioreRiforatib}R da%@%ﬁﬂ%%d kS pRfit iHakr @R ufaBod IHdenli hegul at e
t he novenent of material between e secondary processing and nelting
units, for exﬁwﬁﬂé by either partially or intermttently occluding the
inter-zonal region. The inpedinment is nmounted within the inter-zonal region
or inter-zonenaRhhe 3mbB@nRhisVaki ﬂlusupcpnaﬂﬁ§ s@t{gléj%ﬁidgl@smd}':‘gé iRXPERIeRuly t he
i npedi nent may be a flat structure, it g donme shaped, pyram da
shaped, cogwhe@I8pthpedhceticPiPA EOveiht“i vereymegulsnmax 8F cPoIFciet e 4 wisddi ment
may conprise, .f,Qf 18X ltﬁdt e gi'iraE FPﬁlyat(p k" &ld Y Rdre Srg&ﬁﬂlieasps c‘?ep@ﬁdéﬁ@ ity of
tubes, or a conbi nation thereof € shape and size of the inpedi nEnt may
in part be di eontofet.-by shape and orientation of the chamber. In one
enbodi nment, the inpedinent is configured to provide one or nore conduits
sized to “'“EnEJM%é&ﬁ&%&ﬁm@@%§€h4LePﬁkMﬁ%ﬂshﬂ%bsgﬁ@BQQ&Mmﬂﬂﬂe%§%kﬂ9 zone
and the slag zone. In one enbodi nent i npedi'mént conprises a series of
i nt er connect edogieh dhsnegrlea ey Opeﬁg:wwdl@fv cenldin pshigietigeancziedj dbentn bri cks.
I'n anot her e”’B@‘éh 0f by gh‘?m'g Ol R e GOTRE c'éfr‘%ngw%}“i% ' Jné(dlﬂg Jruhgs
arranged to provi e con tmeen adj acent tubes. In’accordancewith
thi s enbodi rremnetrtitlnm @t prlopgsy gaof beingbaigplimaly Hes omiligmuedh sfubspaxtss ghy y
perpendicular ngi oriented
substantially gﬁ %1 %16%96?ﬁ4m?0n P?%d£% ‘mgkfhmégd WQLMH?%?Qggne The
i npedi nent andmanmbnecessary nmounti ng el enents nust be able to effectively
operate in the harsh conditions of the carbon recovery zone and in
particular mu t r t he
Prpei ment 1o thshe ool TREL S Ehlids LETRRELME Sy pUREAL LAY
t enper at ur e. QEMKemakthnDheaumﬁeawdmnmlnuy&menmé@%amm@myvmmmedxamss
manuf act ur ed fggs pd%%lll& éhroug heah tleosr %n S(}r%ggr}lg(?c%lgglt-s, the pattern of holes facilitates

the even distribution of one or more process additives or air over a large surface area

with minimal disruption or resistance to lateral material transfer.

In embodiments wherein a multiple-finger ram is used as the moving element, the
pattern of the holes is configured such that when heated the holes are between the
fingers (in the gaps). In some embodiments, the holes can be configured in an arrow
pattern with an offset to each other. In some embodiments, the hole pattern can also
be hybrid where some holes are not covered and others are covered, such that even
distribution of process gas is substantially maximized (i.e. areas of floor with

substantially no process gas input at all are substantially minimized).

In some embodiments, the process gas inputs provide diffuse, low velocity input of
process gas. In some embodiment, diffuse, low velocity input is provided for the

process additives.

In some embodiments, the process gas supply system further comprises air boxes,

manifolds and piping as necessary. In some embodiments, hot air is provided through
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I n one enbodi ment, cooling such as water cooling may be provided within the
i npedi ment. I n one enbodi nent, the inpedi nent conprises water cool ed copper
wi t h ref nasiot2ortylob89si ng at top and/or bottom (for exanpl ecTabiigiord as
illustrated i?mEEﬁMEFS 127, 129, 130 and 133A). In one enbodi nent, the

i npedi nent conprises a plurality of spheres, such as, for exanple, ceramc
balls. In the enbodi nent, the inpedi nent conprises a cogwheel - shaped

refractory doRBpoxkd) RN ABRAL pec i@ hPSHERER prbRd §Rbdel Ligbkact ory
dome nount ed by wedge-shaped nounting bricks in the inter-zonal region. The
sol i d refract Opyordire tesaighored agyeht hdtmeHdadeuniguyy igaps- bethte&tictemnal out si de

edge of the dopR.A0GANE dnBREMmoML: b%} cmﬁoﬁ%ﬂé’@@% QPEAOQﬂﬂJtéﬁM’m&]Q%r
refractory done Further conprises a plurality o hol es. The hol es may be
vertical orientepbncpin one enbodi nent, an optional plurality of alum na or

ceram c balls between 20 to 100mmin dianeter rest on top of the inpedi nent

to forma bedh@s%epé.n%\éhgﬁen{so{he qirfbt)k'\%j)rgﬂolf%t_ rng’aitn@lgkl@-ﬁn[llti%fédsn{aﬂerpli%mgse the
transfer of plasma heat to the ash to initially melt the ash into slag. In

thi s enbodi ment a sala hegeagh bpre| tptippallyr B girt Rpxphere; wweaficatlynenfigeed ¢n
through the CPe’EIQéQ & RORMD gegﬂceptyle ht‘l@ot‘ s@@&%ﬂﬁﬂ%ﬁ&‘éﬂoﬂ t{ﬁ%ﬁmtgh)? & ilIB()Qg unit.
In one embodi ment, the I'mpedi nent conprises a solid refractory brick grate.
The refract or in brma kmgedaments, sthpehvided awi tchegap scobetuged rirann ehitindarberdual
bri cks to all ou,fr GOMMBLEALLON, BERUEEN L hey sesadary, REoges sl ag uni t and
the nmelting untt" vi'a the Tnter-zonal regiront In one e odr ment,  the
i npedi ment conphiaseyedy lgnat dust salct pic@s menukhehicheh!yf ingny hef siadi areys | | ned
t ubes nount ed pﬁthinta no pt'ng rha . I n one enbodi ment, the inpedi nent
conprises a r O SR HOUI g grETE gﬁf?%ﬁ%lly, the inter-zonal region may
further conprise heat transfer or diffusion

In some embodiments, the material for the perforated top plate of the air boxes is an

alloy that meets the corrosion resistance requirements for the overall system. If the
perforated top sheet is relatively thin stiffening ribs and structural support members to

prevent bending or buckling may be provided, for example.

In some embodiments, air enters the primary processing unit at the bottom of the pile
of material through air holes or perforations in the top of each air box. If the
individual modules include multiple air boxes, air may be supplied to the individual
air boxes via a single air manifold connected to an air pipe which connects to a hot air
hook up flange in the connection plate. A hot air hook up flange is optionally adapted

to facilitate rapid connection to a hot air supply.

In some embodiments, in order to avoid blockage of the air holes during processing,
air hole size in the perforated tops of the air boxes is selected such that it creates a
restriction and thus a pressure drop across each hole. This pressure drop can be
sufficient to prevent particles from entering the holes. The holes can be tapered
outwards towards the upper face to preclude particles becoming stuck in a hole. In
addition, the movement of the lateral transfer units may dislodge any material

blocking the holes.



elenents to facilitate the transfer of heat to the ash
el ements are known in the art and i nclude, but are not

Heat transfer
limted to, balls,

pebbl es, Woi2okigo6®ad simlar 1365- 250PCT structures nargfraoriegdof28om an
appropriate 639&@%@ such as ceramic, alumna, refractory and the like. In
e he

one enbodi nent’,

at transfer elenent conprises plurality of alumna or

ceram c balls between 20 to 100mmin dianeter rest on top of the
i mpl enentto fafmha hedagnd:, Prervinde (§ digded fodsicons ofynheatedeal rnd@?]kﬂlar 0
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de
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eati ng source can be aced in

pl asma heat in l'asnma torc

I ng

e%“iﬁstﬁfe‘df ces of
p

t he i nter-zon&rmregémpad dnd/ ar agt oftieeal yedapad &r facipracmssdnmyt ofintteyial but

inter-zonal r E%‘itougprlogésggdfrgz%gﬂa??rg){n IL‘lmgltingt. he inter-zonal

region / nelting

unit interface.

Referring to Figure 97, in one embodiment, an individual cartridge (2000) comprises
both support/connection elements and functional elements. The support/connection
elements include the cartridge structure and connection plate (2005) specifically

configured for sealing connection to the shell of the chamber. Refractory (not shown)

may be provided between the cartridge structure and connection plate to reduce heat

loss and heat transfer to the connection plate. Once inserted, the cartridges may be
secured using appropriate fasteners. The cartridge structure, in the illustrated
embodiment, includes alignment guides (2015) to facilitate the correct insertion of the
cartridge into the chamber wall and notches (2020) to allow for the insertion of tools
to facilitate the insertion and removal of the cartridge. The functional elements

include one or more air box components and one or more lateral transfer components.

Feedstock Input(s) of the Primary Processing Unit

In one embodiment, the primary processing unit includes one or more feedstock
inputs configured to accommodate various feedstocks having different physical
characteristics, each of which feeds directly or indirectly into the primary processing
unit. The feedstock input(s) may optionally be operatively associated with various
feeder systems that deliver the feedstock(s) to the feedstock input(s) and thereby into
the primary processing unit. When the primary processing unit comprises more than
one feedstock input, each feedstock input may be operatively associated with the
same feeder system, or the feedstock inputs may be operatively associated with a
plurality of feeder systems, which may be the same type of feeder system or may be

different types of feeder systems.
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Optionally, any carbon remaining in the ash is converted to an off-gas by
the application of plasna heat in inter-zonal region or inter-zone.

Accor di ngW9,2011m@6g98t er - zonal regi on can include access POTICA281128¢1280
accomopdat e vz;kgﬂéc;ources of heat. Melting Unit The nelting process is
acconplished by raising the tenperature of the residual substantially
carbon-free solid material (ash) to the level required to nelt the

renai ni ng resiiR AMIRERUER PMtd ProtB&inBBhit | hﬂg bl eg)e,t;du\AédytJMldmem&ﬁ&ondar y
processing unit/nelting unit junction, of in embodiments in which

system conpr i s€gngHa fptdlpprsnend vhydiicraes g chiaay llzél#reemwh%zﬁ 208 mdy _
combi nati ons B}})} n@ﬁ’}f be in ﬁll&pﬁt ﬁcflﬁg o 9&5&6 31| Mdhrep%ewe% ﬁlgﬁ)g:pﬁir}pr ovi ded

by one or nore heat” sources. eat ma rect
indirectly appnm@dmgwanh@b&eﬁﬁéhsm@rLemewwnmssm1meﬁnémewhm@ﬁh%hnghpﬁe heat

i's provided b Yhe QN6 @0k B HJe%ﬁ%ﬁhﬁ%ate?BWe& &0 th-g%?lrrﬂ%rocel'glﬁéﬁl%s\giﬁlcr

each stroke can be controlled.

In another embodiment, the primary processing unit may be designed to accommodate
the feeding of boxes, the form in which hospital biomedical type waste is provided for
processing. A rectangular double door port will permit the boxes to be fed into the
primary feed hopper where the hydraulic ram can input the feedstock into the primary

processing unit.

In yet another embodiment, an auger can be operatively associated with the primary
processing unit to provide a granular waste material feed. For example, an auger may

be inserted hydraulically into the unit.

Other examples of feeder systems that may be operatively associated with the primary
processing unit include, but are not limited to, rotary valve and top gravity feed feeder
systems. In addition, liquids and gases can be fed into the primary processing unit

simultaneously through their own dedicated ports.

A conditioning process for waste material in the feed system may also be utilized

prior to being fed to the primary processing unit.

In one embodiment, minimisation or exclusion of uncontrolled air seepage (through
waste feeder apparatus) can be accomplished by substantial compression of the feed
such that the compressed feed acts as a good, consistent plug against extensive air
seepage. Also guillotine seals may be provided. In embodiments in which the feed
material is a vertical drop into the primary processing unit may be provided to break
loose the compacted material. Accordingly, in one embodiment the primary

processing unit comprises a compaction system.

THE SECONDARY PROCESSING UNIT & MELTING UNIT
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will also serve to convert any snmall anmounts of carbon remaining in the
residue after the secondary processing by the heated air inputs. In

enbodi merwe 20m/Mmbs96h the primary heat source is one or mworE€AbEHsE2BEat
sour ces, addi Ha?gs%cpr suppl emental heating may be provided if required by
one or nore heating neans known in the art including, but not limted to,

i nduction heating or joule heating. The nelting unit is provided with a
heat source thgt s@@ﬁilz%yt;k}@cersﬁ%”uﬁﬁdoﬁ eﬁpemwr&nfvecmheﬁmeng pldVRIe@sHr
(directly or indirectly) to |levels required to melt an eni ze the

resi dual sol i #Myapployhdensing velatilst ay et praceseadpepditask eeepiifeflj fgereribe to 1 ow
out. Optional Ly drgwo&e;]l%qmtrﬁﬁ%mw&)mM%f ARk S FARYR! E[ﬁgsctngnd%ﬂ/ of f - g
("melting unit ga e nelting unit 1s also designedto ensure
efficient heaprowsalmsf'ent benmeemmthedmwat\m@omeceﬁ@w proreseiranpiite anches pI asrra
gases, and the ‘ﬁﬁ}egud%sogfdte%ll\)\qglthé%e ghm ze the anount of sensible heat
that is |ost. ere ore, the eat source used, as well as the
position and orientation of the heat source are additional factors to be
consi der ed i nlit i cebwidgnenpftha speondetyt praggsand pnit Noeaotiguait ivitl vedkpasploasd of
suitable nelti I gns.a i &

wor ker skill ea&geqﬁgegﬁg u\gmﬂ ! ‘{Lgor?{e%gg? gldt%l {n%lﬁblagnl:]{g eslﬁ"mﬁggﬁ\;}%%et t he
requi renent s hotech albovcemslatre mdxse)»npzomm bidethamblwmuludt bewdmmﬂmalss gdt by the
present Invent}e(\?gnt soh]lgs such ask g] mt dss%lgai t%c%h SleLLGh tbo ensure that the
residue resi dénce time i’s su et} e resi due up to an adequate
tenperature to fully rrel t and hom)genl ze the residual inorganic materials.
Optional |y, the amel ¢ibgliomitt thes sgpooddrd eposistime amrte seouoited jspclwhihathits he
;rerglc)grrereﬁtcf:u ngtu?ﬁ d\f\hJ(I (ies S@l?%tﬂ‘gldﬂf ?élggldti)YIb&“ Q)ethg g(?‘lrlt&cﬂliglc 1£%%the p@ﬂ :}&5

m xi ng of thepsaod:qsmaaund ledxe:nplnamerprlaiasy piucasngg mmelsrmﬁmltedg»uq:h ooesss

T ont s USRS o RO BHSBHBLE ] o S bR b e
the nelting umich &t Qorii i@b%ﬁdldﬂjd&hxtidahttoitﬂlel gomalpemledui)awedmmhenel ag
outl et and/or t pave ped roo to.faci hltate esca%)e of nolten sl ag.

I n one embodi HERTS m?‘ﬁet ?TE‘F PRYMGAFY OF Bo*éﬂé)é]F% B H5rCEORtTY RISES "SI Put  of
the nolten slag material. Continuous slag renoval allows the conditioning
process to belcaterdngohdinld6 Dh2&0R Ay processing unit is separated from the melting unit

by the inter-zonal region or inter-zone that optionally comprises an impediment for
restricting or limiting the movement of material between the two units and, in some
embodiments, may also provide for the initial melting of the residual substantially

carbon free solid material (i.e. ash) into molten slag.

The secondary processing unit also provides for the addition of heated air, and
optionally process additives such as steam and/or carbon rich gas and/or carbon, to
facilitate the removal of any remaining volatiles and the conversion of the carbon to
off-gas. The melting unit also provides heat, for example plasma heat or equivalent,
to facilitate the complete conversion of the residual inorganic materials (such as ash)

into a vitrified substance or slag.

The inter-zonal region or inter-zone may further comprise additional heat transfer

element for efficiently transferring heat. The molten slag material is output from the
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out on a continual basis, wherein the residue for nelting may be
continuously input and processed, w thout interruption. Continuous slag
exhaust oa0 2ba/@mes¥seved usi ng vari ous configurations or pdEMiAzed/dsosN i N
the art. For ?%ggﬁ%gT the nelthing unit can be configured such that it
presents an inpedinent to the egress of the nolten slag fromthe unit,
which is breached when the volume of nolten slag reaches a certain |level.

I n one enbodi fRNe uGRBE IhAHRUS ShRUnEXNAUSho LS oML EYEA oBYn USbRGef HESEr VOI T
bounded on one syée by a weir that allows the slag pool to accumul ate until
it exceeds a €eMi&in |evel, at which point the nolten slag runs over the
weir and out of the chamber. In one enbodiment, continuous slag exhaust is
achi eved via and QUBRLAL MO& sGRNGTiOlnhieshikiRaRt@do R PQ TR e MRESbddcfoid he si de
refractory of the unit. In this enbodinent, flow of slag out of the unit is
control | ed andf 6-28t appeer by ieycrtiady appeetingrsegindyyy trsodshorkandheclind @ of t he
sl ag through tRehiNgelniaRH b hLEOU YhRIi ghe b RPRGER DU L BSyiRe 8Ae At
condition the ash, and particularly to nelt any netals” that nmay be Present,
the wal | and Ploggwing rotdgeurnas| 4 Ferguny intperrbiyye ote aniel Ity eleosingnidd rovidual a
refractory mategrj.al th i 4 - j.ected Very..s re -ppegat.| I
demands. The Estg){seéig%‘}l%n@%?ma%%r ggﬁ g(?ed %‘ngr }mglllpse E‘?%? lt% ﬁzge de@fgg%&gé&ﬁﬂe
melting unit pocemide vaccoddiglgng eniathoumbeimigf orcelinieste dhe suamt as carthen
operating tenperature that will be achieved during typical residue

condi ti oni ng pr%%esses, resistance to thermal shock, and resistance to
abrasion and erosion/corrosion due to the nolten slag and/or hot gases that
are gener at edIrderre angpottheenfrgha ¢anypnprooeegen piphes porcosiplyshaf byt previdaigehd al  may
be consi dered, . chposi ri or, tk L NG uni.t . [
appropriate el e&??‘%gﬁ%d&g%ggéﬁf%%%%gggr%g§$ﬂg&%%?%¥hgb%ﬁf?qﬁﬁgggP%o

i ncl ude one oreneragirpof the sobd asclormo det leveh ddjutred matonstir uabar al thelselient s or
i nstrunents that optionally be required. In one enbodinent the port
my be a vi enor b Tt SGaR ey e L e PoBES SRt PRl B Lo
mai nt ai n oper aicondatypibcassisg wil.i ty of aspects of the ash processing,

i ncluding nonitoring of the slag outlet for formation of bl ockages. The
chanber may also include service ports.to allow.fo 0 into
the chamber {o7e "R RE B BR AR bRy PRl 1 SR S fISETE: kowe
in the art anchaganntimoluyée seghabbe thomicltngl est ofl Marifeusoded esforiim one

enbodi ment, the melting ynit is configured to provide an ypper curved slope
onaa lover sotid B prgsds vish as B0 T ghetiRaSbf Gt IR VBRI Cpe
al l ows solid rmiher beebrolted ihitb ayerd@itR fbindo@vdniiendl g 0ABea4tivelR, @E niohen s t i ng

unit. High tquegature ,are‘generateé in this sectjon by the action of the
one or nore hEHt PSAAMELINP SOBRINGS 11 IQEREN$ WY AHIEEY HEH A AR OGB! s| ag
from the secopdariyl. PreGesRindgladMderANhaphiBgbd Gseti QURV@HIdnicAm Agnetidisd em  Hot
gas is also generated in the igloo section, which in certain enbodi nents,
can be used t &akfial hgoprgge.dpiretefisHOB P! hbghbveight dearegne os BEsHE Aopl in
processi ng unife-mMIBBR! @358, LIALChas @ vibphdnt 8Ch L R RMe R, foOr exanpl e,
transferred arc and/or non-transferred arc, or other high enthal py plasm
pl une generating device. Wen a transferred arc plasma torch is enpl oyed,
it may conpri $ECUANEYeBE MBI HINAY bP uders BSAPEBHYClY Hesosiriad Wldot .~ The
el ectrode can QfindRfe R ebolf ahb RS 1S W 1@ ot erdeabsling i i3 RLeE,
graphite. In one enbodi nent, additional heat is provided to the igloo
section by a ButhPewPriaite efferd dis weledslag piofe s Beadestapd ©rgpes known in the
art (including, for exanple, burners that utilize solid carbon fuels, char,
soot, carbon black, and the lLike). In one enbodinent, a nulti-fuel burner
desi gned to nofsPRAMYY Ig8esssing UsH ai r/ syngas is enpl oyed as a secondary heat
source. Allowing a slag pool to accunulate in the bottom of the igloo
section can h&hg ci®ohosmgsinZgrotde iSh@gmpipo iyt mBimgané dmpel-gurtpf ahdret al

| ayer at the boptpntpf the pool... The slag is removed from the igloo
section, for BYAMPI ,ee‘ﬂ)‘;?mgdﬁmpﬁgl“%ﬁ?dfttﬂé Sicde BRUERO KRBt Rd el ti ng
unit. The base of the unit can be configured to provide slag tap holes,

whi ch can be used to renove build up of netal within the pool. Mlten netal
can, for exanple, be sold to a recycler @gnd/or refiner. In the event the
bottom of the pool is not sufficiently nolten due to the distance fromthe
heat source(s), lancing or application of a burner can be enpl oyed through
the tap holes to assist the netal extraction process. Alternatively, a

hi gher than normal plasma heat can be used to speed up the netal extraction
process. In one enbodinent, the nelting unit is configured to provide an
upper curved sl ope



and a lower "igloo- section and further conprises a "gate- between the
curved section 1365-250PCT and the igloo section to control the flow (and
pr essur e)wof20t1@es96t gases to the secondary processi ng eartCA2Qarosonal |y,

t he bottom of ks _950§g;ondary processing unit or the inter-zonal region, when
present, is configured to provide a "done" that helps to prevent the
material bed in the secondary processing unit fromfalling into the nelting
unit. Al ternabivgkd RedHdRRBS o Qfr-BK b Gepb IRt BE ?%kes@&pﬂe&ls%k%%-sp%d onal |y,
the nelting unit can be water cooled to cool the refractory thereby

prol ongi ng t henvijopaegsfof thiesee efdpycroseysizhenit (EVEf Breinede apirppiatalexdel . The
concept is th@lthegyaf;qggly'hé}lg)rts{égmg_efractory bel ow the nelting tenperature of
slag the inside of the Vessel can becone coated with a thin |ayer of slag.
In addition if there is a crack in the refractory or sonme of it spalls off,
the sl ag that Tehtesprdagy prpcespng Uidugca s PEetsehiEedf efsamativinechah fomHke
refractory WeBfimhS ﬁx%@ééﬁﬁg uBi halit ed 'Corlnﬂulgira%i(ﬁmgﬁhtﬁ@%ltin&hﬁlitﬂeN bRg unit
conpri ses water-cool ed copper 1nserts around the outside of the unit to
provi de a cookinhgfdifgmcthi svondapy preevridan@eisw tdmmmiicationtydditheemelling Wt copper
pi eces are optjonally,Gaste bhnSeloRat hways (such as, for exanple,

channel s or pipes) and Wi th connectors for the water pi pes to interface
with. Water is punped through the copper pieces and thernocouples w thin
the nmetal (al dhgsewerdiry hecerasupitas pioyidefh evithglcn) Fgmumi 4ppropriate pewde by t he
control soft : v, .. A ) - c.at . {tional
ool 1 ng may BB ek bRt M O LENE Y G RyRE TR SO,

regul at e and/ eptfstappThdenif is also dfsigleddo ostredfight heffiogh] exposufort thsxwmdhe, t he
outl et may conpri.se. 2r. W th C [.NGe nne water. The f| ow of
slag is thus g%ﬁer%dfgﬁgﬁv%eﬁ? e‘ﬁjg)(lglrlggfug%%gg %%&ﬁ@éﬁspm@rﬁ&de%&ﬁ qu

Al ternati vel yThaehwat ére-mponbedndbumgeion obhebeat sogiee ieechddnioalttheorout bet .  Heat
Sour ce of thej\/Eliti Q% tlf{nilt .Th tma] ti ng uni t enpl Qys one or nore heat i ng
sources to coRVBIEH ALPS SR H dbS SO F S RiesH 5y fthe secondary processi ng
processes. The heat sources nmay be novable, fixed or a conbination thereof.

Secondary Processing Unit Heating System

The carbon conversion process requires heat. Heat addition can occur directly by
partial oxidation of the solid residue comprising char (i.e. by the exothermic reaction
of oxygen in the air inputs with carbon and volatiles present in the solid residue
comprising char) or indirectly by the use of one or more heat sources known in the

art.

In one embodiment, the heat required to convert the unreacted carbon in the processed
feedstock is provided (at least partially) by heated air, which may be delivered to the

secondary processing unit through, for example, the use of heated air inputs.

The hot air can be supplied from, for example, air boxes, air heaters or heat

exchangers, all of which are known in the art.

In one embodiment, hot air is fed into the secondary processing unit by air feed and
distribution system with inputs proximal to the junction with the melting unit, for
example, in some embodiments proximal to the inter-zonal region or inter-zone.

Appropriate air feed and distribution systems are known in the art and include air
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1365- 250PCT I n one enbodi nent, the heat source(s) are plasm heat
source(s). In accordance with this enbodi nent, the plasma heat sources nmay
conpri se wowvart/ws39sof commerci ally avail abl e pl asna t or ehecA2hAt0sERevi de
sui tably high_%ggyﬁgpture gases for sustained periods at the point of

appl i cation. {3 genéral, such plasma torches are available in sizes from
about 100 kWto over 6 MNVin output power. The plasma torch can enpl oy one
or a conbi nat Lo efonsSWhitRRbEIMRIL K NA KBRS SerfdEXRMP L He AfalHintaliCorWes ki ng
gases include, but are not limted to, air, argon, helium neon, hydrogen,
met hane, armmoAit 807284PbBW SBnoxi de, oxygen, nitrogen, and carbon dioxide. In
one enbodi nent of the present invention, the plasna heating neans is
continuously Q@pgiighd NG s§Ehl@Terid RLAGUEENR bEMRBHAL Uhehd RoBI&ESS ofd oAbOUL
900C to about 1800C as required for converting the residue material to the
inert slag pr8@ificheatipg meppskpoygpicthe 4 molvgise. Bft 1ot darKdtve g1 BYhs:
technol ogi es @irr&lla?ti'ﬂgTh@tbslaﬁd,faﬁ’@le&'tﬁ@al'h@at&rhﬁ clBkibdINGaHRiclemeiQr €xanpl e, it is
understood that transferred arc and non-transferred arc torches (both AC
and DC), using appropriately selected el ectrode materials, my be enpl oyed.
It is al so unde?stcabadimsat tenddiepial 8ea) susispir b pradvas bofrertks (1 CP) may

al so be enployed. Selection of an appropriate plasnma heat source is within
the ordinary skdel snmfiinfeniveick@bitoRalthBg saiite cah® MSRcBical HeaRsbens@stanr
torches instead of non-transferred arc torches may inprove the efficiency
of the resi duB¥BAECEFYM ng process due to their higher electrical to
thermal efficiency, as well as the higher heat transfer efficiency between
t he hot plas :noaiespang‘th- maf eri a oeiqo mel ted because the arc passes
directly thr ot tREeHetPiisy 3 B %rc torches are used, it is
necessary to ensure that the nelting unit is electrically isolated since
the nelting uBidcewutdditivehebdy wwtiohalbe beladddd tcalel yecomhnepteedssing dilie tpower
supply. In ong‘ nbod%npnth neLtiqg.unlt,qgng{isgs transferred arc torches
to inprove en %g&}‘“?ﬁ T FPRSTO8 A O R P O R RIPRT Y o Y ROt BFER acr oss
t he gas gap t gtehiienslt agh ROGkd abdetamptehe @k@etiidrnl Peatxggemdndtiiaropgat t om of
the pool. As the electrical arc travels across the gas it creates pl une
of plasma (si P& BE HEHETPAA 4@@?%@8«3%%%% e UGS SIS b Rk ar
travel acrosscshigistleadanaeloff-ER&nHOOhonShh86IbEBbuld€ A iB IPHCan GAUSAS t he
arc to heat up the slag pool. 1365-250PCT In one enbodi nent, the one or
nore heat souf‘&e@‘a%lﬁp?‘? SeI%y 1P rDAPFSFENS BRFTHIEY PHARHE 1oPERIMUA eqyondiry

posi tioned inpthesiiel bi Ddudinéd @RRYE L Aee LhAaBnPAM @Nhih@indine egHigdint owar ds
t he pool/elecFrode, OptionalTy, the torch is no nore than 15 froma
vertical ori eftoagdia ensrates whikoei mertng the ol ehinpdenpeln ddgioandtyetms a
rectangul ar confibOlLRL AR ofdfuhOBE fdufed RS A0p A0k ARl HORS b tnd ©

achi eve a nore vertical operating position.

secondary processing unit.

Optionally, other additives may be used to optimize the carbon conversion process

and thereby improve emissions.
Optionally, carbon-rich gas can be used as a process additive.

The secondary processing unit, therefore, can include one or more process additive
inputs. These include inputs for steam injection and/or air injection and/or carbon-rich
gas. The steam inputs can be located to direct steam into high temperature regions and

into the off-gas mass just prior to its exit from the primary processing unit. The air
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I n one enbodi nent, the one or nore heat sources conprise a DC
non-transferred arc plasnma torch. In one enbodi nent, the one or nore heat
sour ces cwopniigweAsgr aphite plasma torch. I n one enbodi FEMCA20TI50NE Or
nore plasm hgg%z)ggfces are positioned to optim ze the conversion of the
residue material "to 1nert slag. The position of the plasm heat source(s)
is selected according to the design of the nelting unit. For exanple, where

a single plasfRuleat ROMEAE] i BIMRIRYEThe LRE PlAti® rlEabveSRUT GerriRYs be
mounted in the top of the unit and disposed in a position relative to the

sl ag pool col hédifyengiatheperendivy PORTONZEME unit to ensure sufficient heat
exposure to nelt the residue material and force the slag to flow. In one

enbodi ment, t ieoRlAHIBREA heSPO GoUSIvA IBLAIMBR ot ICHoMBRL b &R ihér-odNt ed i n
the top of the unit. Al plasnma heat sources are controllable for power and

optional |y (wHé&re AHUIo8S-heat sources are used) position. In one
enbodi nent, the plasnma heat rate is varied to accommodate varying residue

input rate. TheoR! @pdBinhaaind @b& sCaidk SHubepri¥ald @aul 1RECANMMAdheoraryi ng
residue nelting tenperature properties. The plasma heat sources nay be

operated on a2dmic nuous or non-continuous basis at the discretion of the
operator to accommobdate varying residue input rate and nelting tenperature

properties. Opt k@Badin¥ats iReyi& hbgir UNiuked BY hER (BEUEJRREMY Wrdddssthedeiil ect or

to deflect or direct the plasma heat. Process Additives of Melting unit
1365- 250PCT  additional air/oxygen injection inputs may optionally be provided.

Inter-Zonal Region or Inter-Zone

In one embodiment of the invention, the junction between the secondary processing
unit and the melting unit is configured to provide an inter-zonal region or inter-zone.
In accordance with this embodiment, the inter-zonal region or inter-zone functions to
substantially spatially segregate the secondary processing unit from the melting unit
and optionally provides for the initial melting of the residual solid material (e.g. ash)
of secondary processing by effectively transferring heat to the residual solid material
and supports the reactant material pile in the secondary processing unit. The inter-
zonal region or inter-zone further provides a conduit or connection between the two
units. The inter-zone optionally comprises an impediment that limits or regulates the
movement of material between the secondary processing and melting units, fopr
example, by partially or intermittently occluding the inter-zone thereby impeding
excessive migration of unconverted carbon into the melt. The impediment may

optionally comprise heat transfer elements.

In one embodiment, the inter-zone may be substantially contiguous with the melting
unit. In another embodiment, the inter-zone may be provided by a narrowing or
restriction between the two units, or within one unit. In such an embodiment, a
“dome” of bridged material may maintain the secondary processing unit material bed
from falling into the melting unit. Alternatively, a baffle may hold the material back

from entering the melting unit.
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Process additives may optionally be added to the nelting unit to facilitate
to the conversion of ash to slag and optionally nelting unit gas. Exanples
of proceswoadditssses t hat may be enpl oyed i ncl ude, but a&ce/aabviivism28ed t o,
steam air, C%%QQQ ﬁpd/or carbon-rich gas and/ or oxygen-rich gas and/or bag
ash. Accordi ngly, fhe melting unit may be equi pped with various inputs
and/or the nelting unit may further conprise a nunber of ports for these
inputs. Slag UéRWNHRHINMAL LisPel iidethaiflres BRUGA MO iMALIonGIQBRbA SESe CNBoPr NDr e
sl ag outputs. A slag output includes an outlet through which nolten slag is
exhaust ed. ThEoBEYi@t Sysent Jpisgerdapcsd phttles capodmepfede e pax PRty t he
melting unit to. fackl.dtate the gravity flow of the nolten slag pool out of
the unit. A slag output may al so optionally include a slag cooling
subsystemto facilitate the cooling of the nolten slag to its solid form as
descri bed bel SweneTeiabadingrana 8ifHlg cemnrigae slkby alcteliactpiy @ateymty Hitdus thanner

t hr oughout th%tér%hal@éﬁi(ﬂ;df{?}% QfboR' RGeS SbMNGyschiie mol ten slag can be cool ed
and collected in a variety of ways that mn¥| be apparent to a person
skilled in the art to forma dense, non-I|leachable, solid slag. Continuous
extraction enbbdlcrERedingpie hsapalingngrit 9ffs¢li t abl e for systens that are
designed to operate on a continuous basis. In one enbodi nent, the slag

out put nmeans & sabSIART S&e aneh@eh BOChiLIN theSHRSE Y S HALes GAapAgmtie nol ten
slag to provide a sqolid slag product. In one enbodinment, the nmolten slag is
poured i nto at§uEReHm@RitisFoBsprrd (rhgiRitefulBa s PIGTcHed BHeE PFREht
system for cog@lei Qgofdl8 PlR&sARhnAaMSIHAY Unbis,t Br &:li%?l@,r bl N @e:IpANMI e 81
suitable for commercial uses, such as for the manufacture of concrete or
for road bui | dittigteTRBoshdaTe thatnkerragal 52 provi de a seal to the
environment in the formof a shroud that extends fromthe base of the slag
chanber down iTh¢ gnpgnaielshiolaliivithiNek eRYr-RheMELLRG:r RidPabid 81 RA 8YeNt i ng
out si de gases fromentering the residue conditioning chanber. The solid

sl ag product MiPUbshapene dstiehy SRt PREPRathsrmpedimeynay Reohlldybrcteyserdm

Al ternatively,the &IhAIHGAQL HPAIHPSHHEEMITRYGRRREN $&. AIMALE PRI @Y. I N
one enbodi ment of the slag codling subsystem the nolten slag i's dropped
into a thick whliiedthstiep¢dipent ahycompaion&r ekanplegalritpg Pliligme sehebodd nent |
the molten sl gﬂlrdli:?‘y {)F&llg%s\é%gé%gzng@(i%%\l{{h'égm'ql% thp\é a%g%lz@q)f%edingedﬁﬁeln{ ca sand

or into noulds to “prov
may in part be dictated by shape and orientation of the chamber. In one embodiment,

the impediment is configured to provide one or more conduits sized to limit the flow

of material between the secondary processing zone and the slag zone.

In one embodiment, the impediment comprises a series of interconnected bricks
arranged to provide conduits between adjacent bricks. In another embodiment, the
impediment comprises a plurality of tubes arranged to provide conduits between
adjacent tubes. In accordance with this embodiment, the plurality of tubes may be
oriented substantially perpendicular to the longitudinal axis of the inter-zone or may

be oriented substantially horizontally to the longitudinal axis to the inter-zone.

The impediment and any necessary mounting elements must be able to effectively
operate in the harsh conditions of the carbon recovery zone and in particular must be
able to operate at high temperatures. Accordingly, the impediment is constructed of
materials designed to withstand high temperature. Optionally, the impediment may

be refractory-lined or manufactured from solid refractory.
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solid slag suitable for small scale processing or for testing certain
paranet ers whenever such testing is perfornmed. The snmall noul ds can be
control cowol2ed/ioss9a preheated oven. I n one enbodi nent ofcriea2siiagorsol i ng
subsystem thiﬁg%ékééwulag is converted to a comercial product such as

gl ass wool . LATI NG UNIT The refornul ating unit conpri ses one or
nore zones for reformulating gas generated within one or nore of the other
functional unif gne QRBo@MADBOIGRENDY 8O GeSodliAe REQTRE %ravhedreﬂ‘tmﬁ m ating
process, optionally one or nore partlcle separators and optionally one or
nmore process Horfdiape I apgnshodipent.Hesianpedipisdl GREmtisesofalerisaolpdheanes bith i n

whi ch the ref QiiaubAL iR, URl by GAIRF 1:5RSn ARE QbR CoRBtdChEIRGPRLALPT S, the
particle separators may ' part o e refori [ating zone. Syngas exiting
t he refornulafmnngﬁlﬂ2?wﬁD@alYﬁﬁdonprlses most |y nitrogen, carbon nonoxide
and hydrogen, with nmuch |ower anpunts of methane and other fuel gases,
little if anyppxy0efnonchVaE Mm?é@lln!mtacwﬂtei PFlthﬁ[}soia%exré@rstuU? yl ahes. The
reformul ating unit nmay opti onal be operatively associated wth a heat
exchanger or exewpecator.baln one enbodi ment, the refornulating unit is
operatively associated with a heat exchanger or recuperator via a conduit
which forms pafde @lﬁib&nﬁeﬁtetff@ [n%&ldﬁltlénpg)lgﬁﬁ@s a Jﬁ@vh&@ nﬁl}}')'e@ r&ﬁ&ogfe{loﬁfenf i gured
such that all parts of the conduit are orlented at an angle fromthe

hori zontal to_prevent build up of any residual partjiculate matter on the
wal I's of the &bfRfuimbodpagntthy éne‘éﬁe%m é‘)lldn‘”eBﬁ‘é"rér‘r*SHHl%WEed Havedeeul at e

matter entrai geded Pobfife Mtk IAShd Dudr-SORY &idn, MHRI 03 T RGra ¥yt PEnUiS Gz T @
particle separator. In one enbodi nent, the off-gas fromthe carbon recovery

zone and of f - &b U Gieraine epp baveesp (at otddasdsg oLt topagadibe impoighotahey cl oni ¢
separator to redice (t)}@tﬁ)ngﬁ}; ttﬂeclléhﬁtt&% dgfﬁg 'fm fHar §(9$1%§Snp@q}d fsholets he,cycl oni ¢

separator also pronotes mXing of f-gases from I mary processing
unit and the berbony bewoiel yricatde thereby i nprovi ng gas hoanenelty
1365- 250PCT Particulates within the off-gas may include carbon cont ai ni ng

particul ate nmpf Bl?er en\{%d%n? ap @951‘14@ Bﬁlr«hﬁfy Be.RheGags %Q‘Jmﬁculﬂllh%&v\’egn bH&
secondary processing unit/melting unit or collected for processing and/ or
di sposal el sewWfspw in diameter rest on top of the impediment to form a bed and provide for

diffusion of heated air and to promote the transfer of plasma heat to the ash to initially
melt the ash into slag. In this embodiment, as the ash melts it transits the inter-zonal

region through the conduits provided by the impediment and into the melting unit.

In one embodiment, the impediment comprises a solid refractory brick grate. The
refractory brick grate is provided with gaps between the individual bricks to allow for
communication between the secondary processing unit and the melting unit via the

inter-zonal region.

In one embodiment, the impediment comprises a grate structure manufactured from

refractory-lined tubes mounted within a mounting ring.
In one embodiment, the impediment comprises a rotating moving grate.

Optionally, the inter-zonal region may further comprise heat transfer or diffusion
elements to facilitate the transfer of heat to the ash. Heat transfer elements are known

in the art and include, but are not limited to, balls, pebbles, bricks, and similar
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The use of a particle separator for renoval or reduction of particul ates
fromthe gas streambefore it enters the reformulating zone can, for

exanpl e, weaurieiossyser f erence by particul ates in the ref@ecmdabigorsep,
reduce wear 096Eg§mgffornulating unit walls and instrunents, reduce

sl aggi ng of sol’; particles in the gas streamduring refornul ation,
facilitate catalyst use in refornulation (when inplenmented), allow for

hi gher gas fl owguhbOHGRtERGPTHMBLY BPdhSLe SREQNAALYLPIOLESSL NYuitat S,
and/or allow for the addition of fluxing agents into the secondary
processi ng unfafragiReragyhediksnot i ng sl ag generation with |ower nelting point
and allow for the addition of small particle size catalysts or buffer
material (suchy age le®Bdifr@he, tiRensLAUGEEOBeREnHERPrRed PRrSWNBRSJumiPRF Opri at e
particle separators are known in the art. Non-limting exanples of cyclonic
separat ors i nefridE, babupetaece 29de 190mm iiediameier syl tep eiubeingyePwHP corgepar at or s
and nul titube,gyeligniGdSEPAIFRLIBH Bf hédWREKRE (Sbhb&dnd Pk o s,
appreciate the factors that shoul d be considered when choosing an
appropri at e p#rth ethdo geiydmettdle ash s dag.act ors i ncl ude capture efficiency,
pressure drop, availability, conplexity of the unit, need for redundancy
and heat | 0SSegtionh§, &l #SHeAMEDMIPE! o RbmPALl hCh & 8ERAT ALRAES. | S determ ned
on a per systembasis and is generally a conprom se between nean particle
size of particulate, desired renoval efficiency, pressure drop and

equi prent  cosPPUPTIEnEe BN RFEINt S IPEHHYE TheDT PERPRST WiHEBY eAFOAtI ng and
premat ure weaheRf A3plBehel DRLW sul PRk e sRERANARI S0 & Ar RARK, Af
particle separators or nultiple detached particle separators, the Carbon
Conver si on Syskeelhrd dedesplgrigen! hentidaslsmenisnuorirnclydagicsicwe] gaswr xegasuch

that particul g ed SudSafNaf padhohdd RehefBeLIRRIRDE cyclones as possi bl e.
I n one enbodi nent, a bank of cyclonic separators 1s enployed in the Carbon
Conversion System which includes a |larger inlet plenumin order to

honogeni ze t hdha 868N250PETcHl 8t Pyt indhe srerpardiredipaerd/of 4tHhh sachedagas
before the CYBJOQ&'?inQ%Hi!ﬁ/ I &0%H rr%i(%viﬁ{érfgées}nﬁbp 'a'ttt_hQ Hlté?fzogéﬂ%é?&t Mﬁ(ﬁﬂngea(:h
cyclone. In sone enbodi nents, the Carbon Conversion SystemTconprises a
plurality of oyiingniaee.separators, for exanple as a bank or as multiple

i ndi vidual cyclonic separators. In accordance with this enbodiment, the
system may beo%Q&Ta'uQ,U El%d cSHGH rérﬁ‘:ﬁﬁin?arﬁ hneYgh an G2 RPATALAT ofE-31 Q§ the
individually turned of f and/or gas flow can be diverted therefrom The
particl e separetlisttenphylapaa het Bripgl-zqnal epioh er BepaPt or s or ext er na

particle separators. The primary considerations when deciding on internal

or external pagtdghs ty,s%QQHﬁﬁﬂfnﬁﬁkegioﬂQJah'dﬁ:l&f@ﬁcces@%@@s Afed B REEAADEL: and

heat | osses through the additional shell surface area.
various sources of heat.

Melting Unit

The melting process is accomplished by raising the temperature of the residual
substantially carbon-free solid material (ash) to the level required to melt the
remaining residue and occurs within the melting unit, within the secondary processing
unit/melting unit junction, or in embodiments in which the system comprises an inter-

zone, within the inter-zone, or various combinations thereof.

The heat required for the melting process is provided by one or more heat sources.
This heat may be directly applied or indirectly applied via heat transfer elements. In

one embodiment, the heat is provided by one or more plasma heat sources. The heat
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In sone enbodi nments in which the particle separator is external, the
refractory and/or insulating material of the Carbon Conversion Systemis
speci fi cavbyeondapsosed to reduce heat | oss due to the increasga2n/SunBace

ar ea. Cptiona.%¥2ﬂ@gp|t|onal safety and failsafe systens may be included in
the Carbon Cofiversion System when external cyclonic separators are included
to reduce the risk of external wall breach resulting in hot gas / air

interaction. Vhemsd evCRrBRRCROEES RBunY 8t EMHATRLIhHESH %eﬁle#di@'dft%b’ of
particle separators, they may bé arranged in serial or parallel, or when

nmore than t\/\oﬂﬁa‘fet@@P“é Reprarag by shapenieshil dypes, Ihemigalibows Tonbish dhon _
System may coppfl,§6,e& SARRIakd @nm&fe th'rfé{neso&%@@fdé&a%ﬂ gf hg;ﬁ%%énw series
ara odl t, t

and particle Separators arrange I'n one e _ e Carbon
Conver si on Systaing conpeipsesded 1praqmardybyand @ nsee berdiag ynopay kiowingn glespar at or i n

series whi ch ﬁl%ﬂ}dﬁ%tmll LMnﬁl‘?e“i‘%é{ ‘?mﬂl%{l&l ﬁe‘dhﬁ‘é&ﬁomé ReRg enmbodiment, the

Car bon Conversion nd a sécondary cyclonlc
separator in series. v%en proylded |n serles it is envisaged that the
primary parti dhemséparaior puivided metfrovieal amg‘@rthepanqet%ctm sekedigthpeiaare

secondary par Edr%eﬁnie[f?@ LAt Qfred lolr nfd‘?;%@’)ﬁ u?[’é%lL ?J uR@J Fo' Gl A omJanééJCh

enbodi nents, optional particul ates m t he particle Separator
may be recycléd1ba¢kﬂh@%buxMEV@e@ond&mwh@hace®smwgum8@ShQQGPGTkunpm/nelt|ng

uni t whi | e paplp 101 d gtdenz Ldl‘bgilin reitmden%lﬁ%ﬁlo dar 1$ Q(@n\;[ext&l 18] dneJT)P‘ L«iast(orll‘flel?inge unit
optionally coltec ara er processing ne”
enmbodi nent s, EME)CHmbmmuG@nmensumm $%gmeMn@&npn¢$Q$btmﬁm@mthmnenmwkionic

separators inb%eélqi thgspng,eEpodjnqngs,lahe . rS|o ste
conpri ses t wo oF SHbV8 "B SPBRTTE: K pAIERS @R%“Ba%ﬁ%ﬁ 1‘81 %\b@ﬂ‘&%a‘i §}5
enbodi nment s mmﬁmHmknmamyo@mdf&ﬁgemdamyhmafkkcrsm&ﬁ@ar@éaﬂﬁ<ﬁha£s@mtmary
particle separator be internal and sec articl rat or
external . In gird: r?%’% SPETROSIIP R And f%&ﬁo‘tﬁﬁfg%g%ﬁ)( O Syst %‘ﬁ‘]‘tloél IdadieP fured to
provi de conmbi BedoRfderegas e ddsmdrige REIGNBLYiLP NIREESItRG ewﬁhﬁlesa(ﬂdsutthﬁe
secondary processing unit and the nelting unit to the partic
separator(s). melting unit designs are provided in the Figures, however, a worker skllled in the art

will appreciate that other designs that meet the requirements noted above are also

possible and would be encompassed by the present invention.

The melting unit is also designed to ensure that the residue residence time is sufficient
to bring the residue up to an adequate temperature to fully melt and homogenize the

residual inorganic materials.

Optionally, the melting unit is provided with a reservoir in which the residue
accumulates while being heated by the heat source(s). In one embodiment, the
melting unit comprises a reservoir, which also allows mixing of the solid and molten
materials during the melting process. Sufficient residence time and adequate mixing

facilitates complete melting and a desired composition for the resulting slag.

In certain embodiments, the melting unit is configured such that it is tapered towards

the slag outlet and/or to have a sloped floor to facilitate escape of molten slag.

In one embodiment, the melting unit is designed for continuous output of the molten

slag material. Continuous slag removal allows the conditioning process to be carried
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I n one enbodi nent, the Carbon Conversion Systemis configured such that a
first particle separator, or set or bank of particle separators, is
oper at i vewg 20613106898t ed with the primary processi ng unit pamecA2086350n4d
particle separﬁggﬁ cpr set or bank of particle separators, is operatively
associated wif e secondary processing unit and nelting unit, and the two
of f-gas steans are conbined after passing though the separate parti cle
separat or (s) . ofiSont NEHIBIQ LY RHerddt R ENRL 6 Rafihb %ly%e:%n@t{doﬁ@§ ipc t he
secondary processing unit/nmelting unit, the i ndi vidual particle separators
or particle sephpracsredpaikaent dnprpson; Soptimeroral ngars canbs eihjsaedasing
particul ate | %ﬂ)u@@aﬁ&n@m&t&rdea&és%om irf (1€a1k §SPECHIVE ! g3 S uifgAms. 1N
one enbodi nment on Conversion System conprises mu e cyclonic
separ at or s i nbseeifeggrewiutih thor ltvmr¢shmutdllam9eilmv|tnghecg:gwgmfcheselphfrlmlws in
parallel) to LIRMAYGnk ey RALINARLALEWL 3L RNLETANRlen S (0. CTROG ENt,

t he Carbon Conversion Systemis configured such that thé prinary processing
unit and secohdary processing unit/nmelting unit are each operatively
associated with their own independent cyclonic separator(s) where raw
off-gas exitspg | r stn.oa i oni c
separator systoanarsontfh SoRERRat RS SRRl BER Ty Bt R bl

enbodi nent, t heo@asidxory cO@ﬂvéTdSalkwsS}fsﬂ@rpooprlp¢tsdetonlei1®Wexnmled paias of
cycl oni c Sepa{e%glortfwhlcl{flc(tllll | rmOlt%l\]“Sﬂg r&]s%vexrr%r Xwecyd%d%m St RERAY, al;[e(r)r In .

di schargi ng gas i a secon I'C Separ C Ph%accordance Wit h

t hi s enbodi nmente etiba@lioéift; gasnpas sezg dxhiwet tsh&hﬂwecmnya eypkanirc cegpdedt or

where the bul k of 'the rai ne articul ate re.c The utI t of
the ori mary - orenp el DR aPRiG R Tl FrePObtRhur o8, Brbk ¢

separ at or car klyg ogr dfhee omsts cohmeley asd/zedojgad ukiay lh ateppervdiiptily tes:mapeh@apt ure
in the primary cy (%I onhg seﬁgﬁ tor Subsequent to capture, the particul ates
can opti onal | YoBE! the ke Jup ‘b&p*%\t conbi nati on of gravity and |ow velocity
gas flowto the secondary processing unit/nmelting unit for further
processing. | buene tenbodhirgntmpdratates mhedeheo eylahmmi e s€panatpaniciularlexd er nal ,

t he Carbon Conv rsion §¥sﬁem|s confl hat. P rt| uI ates fromthe
cycl onic sepaf“ﬁ LGy PRE e b dhayelh H‘E%ﬁ“y ?6”(? S‘E‘i‘ Gttt ’inhg“n&n‘?“fy t hr ough

a line, and tbgimhfy gemw ith raediie@sty paditri L Whatwall ladbjent £ s vdri8evere
refornul ating zone through a_separate |ine or condujt. Refornulating
Zone(s) The ré?%ftHAE}Pla?qnh’g‘j“uanPe e%%ﬁlppéésipam%ﬁ% msHerizlsnfies thendeipgn < ”E“he gas
reformul ati ngpRrimgess: takfge Rtac@ng Tha hehern atkng Zenesmy dpeaphovi ded
in the formof a chanber, a tube, a pipe or other suitably configured
compar t ment  t KAPCPHBY e sWilinba peiHeysH ditriee oy pigalt srideg spickistingn PBESt e one or
nore energy SQuUltas: &)Qhérnﬁl afokx., %@qgsut:{hcg"uﬂ%rdu&l Rioamtis/t M siogTaas mul ati ng
process. The refornul ati n? zone may be distributed over nore than one
conpar t ment cowprélsadlagyndheholefugriidt atd srgeiaivi duang theeyeliin eeasai whe

enbodi nents | B(S:r] %{gﬁoftt}ﬂg n%'ﬂe%dﬁﬁldg%gb %019@({8;&1(:&/1‘?811 L%ngrn% %énﬂf*&ﬂﬁe%aﬂmﬂ ating
zone receives' of gas fromt and secondary processing units and
t he mel ting uniit., Venes gypréifrare rexdenpd celdlkmo‘tvtnelth@unm of heat) fromthe one or
nore energy sources, and optionally process additives fromthe one or nore
process addi tipye n{e'ﬂl%gt Lﬁm ol LAB! iR BRELAY oS BFe &?m' (3CAHABmo i 2@iorfdP!
limted to, sources pl asma, thermal heating, plasma plunme, hydrogen
burners, el ectrwrgealmentaser snstrruadltatthdnmdan@btmheH}d ibk erelmireglonrein one

enbodi ments, ¢ af oMM ORrOFEYHE CORGHET ARE b¥uMahf iRAILL GUUIALE 080
television to maintain operator full visibility of aspects of the ash processing,
including monitoring of the slag outlet for formation of blockages. The chamber may

also include service ports to allow for entry or access into the chamber for
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reduction. | n such enbodi nents, the reformulating zone includes the particle
1365- 250PCT separator and an energy source, such as a plasma torch, is
provi ded woakivmbssso an inlet or outlet of the particlepseganations)i2er

wi thin the padi[%%ogusepar ator. The reformulating unit may optionally
conprise an a 4dit1°0hal source of heat that provi des heat to the off-gas
entering the refornulation zone prior to contact wwth the one or nore

ener gy Sour Cefninldi@nde@h@Fdpi abidMPotO R khswRRE hORRhAYcHREE Jeiscaldiy pidapt ed
to pronote turbul ence, mxing and/or swirling and may optionally include

means to pr onb‘t’lé*?ﬁ%flﬁg sghdl turbul ence. The reformul ating zone may take on
a variety of configurations, so |long as appropriate m xing or turbul ence

occurs and a ﬂﬁ&lé&ﬁb&l%n@Qﬁ@%eﬁﬁlg‘ﬁnit$s m@&@a ReFtoviE®hin %fsﬁémh@ed tidge
refornul ating zone can be oriented substanti al Ig/ vertically, substantially

hori zontal |y @&bd algisr scrgn gpi@rpdipersani e rasige)- dhe cangd Hopoalpvarakidr

rati os. In ong, erbodin@&Nownlifts te8LBh Tiah bide ZRMGe it 31ish fefHp9fiturduul ar or
venturi shaped zone conprising a first (upstream “end and a second

(downstream) eengragsddnitys geiienkyede p¢iion OéGbsmmm@;ﬁlhydt\ﬁ@mm%dauchpbsmmm or a
substanti al | y, Agf.l ZQPEﬁéad&o%cf/&OHag I3 o E}ﬁ %ﬂpgﬂgggm%ﬁ]teemﬁtez ﬁr i qLing

zone i s confi gure ve a I eng ter n accor dance
with this enbmﬂnqveqhtﬁont ﬂne %a*t@a H@t ganfi alen@enfmzfted hethenglpgyecslomr whadwlni I

i ncl ude a subst ab rt @ ross: $eCH) ional ea.9 tﬂ pr mul at i ng
cer dln cm Od en S %dl L sec t.() dl( 1n e (,OI]VSI S1 TP]d elldl mnt %SSLO]I](d
or C Ced at

zone thus maxim zing proces es can

several | ocat pm)n&smgoungt tWhmp@tdhm@ftotLhes ‘Eﬁeomhzlen thene neij/‘bbdi fmnstx,am'phe

ref ormul ati ng, zone i.s pethat can. be incor rated into the
reiie

Gar bon Conver SR &)t B R" oap T aude B e & PURE SO AP ¢ he
ref ormul at i ngg@eneing e PtcoWHdad ttansfarrddiditbarms ha@ad ceprpad, iinmeat conprich may
optionally ConPéllecstreodg r\}v?thglr(orng)trt}?e 1%%2%) the slag pool. The electrode can be made out of
various suitable materials, for example, graphite. In one embodiment, additional heat
is provided to the igloo section by a burner, which can be of various suitable types
known in the art (including, for example, burners that utilize solid carbon fuels, char,
soot, carbon black, and the like). In one embodiment, a multi-fuel burner designed to
normally operate on air/syngas is employed as a secondary heat source. Allowing a
slag pool to accumulate in the bottom of the igloo section can help to homogenize the
slag composition and build up a metal layer at the bottom of the pool. The slag is
removed from the igloo section, for example, by pouring out the side or the bottom of
the melting unit. The base of the unit can be configured to provide slag tap holes,
which can be used to remove build up of metal within the pool. Molten metal can, for
example, be sold to a recycler and/or refiner. In the event the bottom of the pool is not
sufficiently molten due to the distance from the heat source(s), lancing or application
of a burner can be employed through the tap holes to assist the metal extraction

process. Alternatively, a higher than normal plasma heat can be used to speed up the

metal extraction process.

In one embodiment, the melting unit is configured to provide an upper curved slope

and a lower “igloo” section and further comprises a “gate” between the curved section
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Optionally, the conpartnent providing the reformulati ng zone can incl ude
i nternal conponents, such as baffles, to pronote back m xi ng and turbul ence
of the gawoiznitrteesssef or nul ati ng zone. 1365-250PCT The r eCormubatisogs zone
may be operati ?Eym sociated with a recuperator or heat exchanger. In such
enbodi nent s, K&+ Ve ormul ating zone is configured such that the recuperator
can be positioned close to the areas where hot air is needed thereby saving

on insul ated RiPIHRGiR LRSS cdiftrol MR 166 URKS @Pe@ﬁué}soﬂ’\@l!zlho@%ds@t bNge hot air
to the secondarwaroce55|ng/neltlng unit. I n one enbodinent, the Carbon

Conver si on Sy &tcerdarspieghfipgiied to provide a by-pass to the reformnul ating
zone. I n one enbodinent, the reformulating zone is provided in a

compar t ment t @atiodasly! ﬁ@%ﬁ%%fQBe deloagha bR essHICEDY 0rSOMiGESE 20 region,
reformul ating unit conprises one or nore energy sources for provi di ng

energy to the“hetpewilatqongeuehe nevigy detomeo thet bkt te prenent thef sgitpiial &ed on

process. In opeyg @QQUW q}rocegstﬂﬁ &iBf Q[)Wdﬁih& o %l%nﬁleftlﬂg lyd ER1dnGiely [ore
sources of plasma. The one or nore plasnma Sources may be chosen from a

variety of typ@gmqN%b@@ﬁdghﬁvwlﬁwhﬂkﬂhﬂied to non-transferred and
transferred arc, alternating current (AC) and direct current (DC), plasma

torches, hight%ﬂ&ﬂM?”Q% h@gH@RMRQAHUQSQﬁmQ%MMQ?QO%BQ IRdEEhdy$! %ecQupl ed
pl asma t or che arc generating systens, the arc is initiated

between a cath aalﬁdhfahfeafﬁdh@rehsemévmlidothereﬁor@aﬁhe &pb‘”ﬁdﬁﬁebt Ehgptanser isour ce
is withint het}ﬁkf) l(ﬁ)hﬂé uft r@ﬁgclf&& b!ellaw tH@m@ftltng temperature of slag the inside of the

vessel can become coated with a thin layer of slag. In addition if there is a crack in the
refractory or some of it spalls off, the slag that enters will cool due to the lower

temperature and the refractory wear is reduced or halted.

In one embodiment, the melting unit comprises water-cooled copper inserts around
the outside of the unit to provide a cooling function. In accordance with this
embodiment, the copper pieces are optionally cast with set pathways (such as, for
example, channels or pipes) and with connectors for the water pipes to interface with.
Water is pumped through the copper pieces and thermocouples within the metal
(along with thermocouples in the melting unit) are used by the control software to

vary the flow of water and the temperature.

Additional cooling may be provided around the slag outlet of the melting unit to
regulate and/or stop the flow of slag out of the outlet. For example, the outlet may
comprise copper with cooling channels for water. The flow of slag is thus controlled
by the temperature of the copper piece. Alternatively, a water-cooled plunger can be

inserted into the outlet.

Heat Source of the Meltine Unit

The melting unit employs one or more heating sources to convert the ash material
produced by the secondary processing processes. The heat sources may be movable,

fixed or a combination thereof.
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The transferred arc and non-transferred arc (both AC and DC) torches can
enpl oy appropriately selected electrode materials. Materials suitable for
el ect r odesotzhat10689¢ known in the art include copper, tumrgsi@Roaidsops,

haf ni um et c. Ing2§$g;trode lifetime depends on various factors such as the
arc-wor ki ng areas on the electrodes, which in turn depends on the design of
the plasnma torch and the spatial arrangenent of the el ectrodes. Snal
arc-working aneas Geainihl Ynd\Rar st he ;ﬁls%tHthds%ﬁub(n) & 8h0fdafide LiTE
period, unless the el ectrodes are designed be cool ed by thermonic

em ssi on. Thethd epbqdhaes. trl?ﬁy@lob@déﬁﬁﬁtﬁoallcﬁymaﬂm@tﬂaﬁlo\ew@tymfdewyﬂy
variations in t I sed as
{he. ol ectroded anr T dur o raree SRSl b e et o A e o
gases can be pgedsastha poat of eppligasnf dn gohagmaich plashe gorichms|adinvagatatn not
limted to ai e g an ni.a.. bon
nonoxi de, oxygg%%"air”98 ngekoqggrggﬁ&d?gﬁﬁ%gl&E%Hg%and ?Ei@pn¥ é&%%%%{er gas
may be neutrabmpbgdwchwvecombmmmdabfvmwahdwm$nghgsen &asedkomfbhédﬂe
requirenents Of rktnhe 285 I]LFUd gﬂ'f' d?et Inc())tnl RIECE dll’apl‘ 01;[ %h{lonhezat dr Ot enti al
of the gas. sél’ectd oh ot a at'@ ' Cart i é nd un ¥ hg t he
nmeans of intrﬁdﬂmmngmhhemcanmmemogaﬂklnn@mhhamgka&machmbﬁhmm&m ﬂmpaﬁt its

efficiency is e ordi nar rker skilled in t art. In
a1 cul o, acHBORP et Shiser snPlstd A Db gae ki eaul ¢ 1 n
a non-uni f or rfbpduﬁﬁﬁao ak tHliBodLWb tlerita@nch eebd oz ah@s 90(°a © AR ue MuDel Bent , t he
gas refornul ati ng s stem conprises one or nore non-transferred, reverse

pol arity DC pfeadive! Pbramedng g ropiic Siis { iodpf inert Hae geductef or mul ati ng syst em
conprises one or nore water cool ed, copper el ectrode, NTAT DC pl asna
torches. In omemeanﬁhnﬁnmn@iotMennﬁvephhﬁnmdhmemga&mrahaﬂaﬂha&iﬂgmsystem

corrpr| Ses one O . nore as torches t orches m t her
si ngl e- phase Hw%uwm ar ﬁﬁw@ﬁ e (lsgindey *tﬁﬂ%géf tragfqrigd Ao la{ne%mvfg??%t. ons

in arc stabil hfcYorcResIbRhage . ACDP), asimB db@bgﬂhtaﬁifel&eecp&%ﬁ)ﬂgmﬁiteh@l@tﬂné[y froma
conventi onal ut|I|ty network or from a_generat or ngten1 H gher phase AC
)

systenms (e.g. P6PAAEE) Ih*ayl%ar%*wdd%amu s{&velyeonpld PP} s PACIEID W8 ches or

other hybrid deyiveesnpisie09 QuciBRbr lah Mph@Hril® PIKHRLOGEN \RENRT Sithih ager s,
el ectron beam guns, or ot her sources of i oni zed gases. Miltiple phase AC

pl asma t or che§rdieperkaisof anever iRt osses in the power supply. In
addition, the rapid novenent of the arc along the el ectrodes due to

rail-gun effeghe GRVLIMARMETed i lofIREOMEHad &idiohlifahFtitdONc Rfcebtal Aepowd | oad
bet ween the el ectrodes. This redistribution of the thermal | oad along with

any cool i ng nBerhfisiy ¢idpe rerelug|copdiriogas progevsolis o HeelpBighest elepdtcat fal s f or

el ectrodes haWenﬂdlaefﬁ@Jnﬁ&' Yebwi . Quwhdg| vlh!:rngedp(?ﬂdﬁ';[fexbéfhu@l'l&hbett\b%lnﬁlz hot
conductivity, such as copper alloys. fﬁe pl asma source fay conprise a

variety of conkeneiealt ynairainadiae bphasivticd braameshe Watpapreodirekelysiovgbl y hi gh
flame tenper amérrgét.f Wheﬁeuézhlél}en@(g aRet()}cggssar@ttlséclb?t 1991'6&:&54% to ensure that the
melting unit is electrically isolated since the melting unit outer shell will be

electrically connected to the power supply.

In one embodiment, melting unit comprises transferred arc torches to improve energy
(heat) transfer as the arc travels from the torch across the gas gap to the slag pool and
to the electrode located at the bottom of the pool. As the electrical arc travels across
the gas it creates a plume of plasma (similar to a non-transferred arc) but in addition
as the arc travel across the slag pool, the pool’s electrical resistance causes the arc to

heat up the slag pool.
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1365- 250PCT application. In general, such plasnma torches are available in
sizes fromabout 100 kWto over 6 MNVWin output power. In one enbodi nent,

t he pl asmsiot2oricinesss two 300 kKW pl asma t orches each oper &cirnan2ati/oshes
(partial) cangkg% {FqU|red I n one enbodi nent of the invention, the energy
sources for the're ornulatlng zone conprise a hydrogen burner mhereln
oxygen and hydrogen are reacted to formultrahigh tenperature steam
(>1200C). At hheﬁeeenmoahnetl@rm@uﬂet urrﬁ&e hbh oSt eamnipRYe §~'>&h§sttexle@ R0pl QR zed
form whi ch enhances the gas refornul ati on process. Hydroge burners may be
operated in cbﬁﬁbﬁ@%hdhﬁMW@Wﬁﬂhéhféﬁ&ﬁg}%&ﬂﬁ%@gwsuéhp cﬁﬂdSﬂWﬁ@ﬁches
Activated hydiagen GPESIRRCEIL! Ufthile AERRM L findaBhf 191 ARGTSIORPT the
reactive species and extensive steam cracking, f I'ead to a hi gh
conver si on of otigngationi tlh adnegambetiment| pwevhiche ge mattungeutindns ac haangdlani t h

pl asma. Th.e hxgﬁ%gldﬂmﬁ Qhe tt(n’gh tl]sygl 919&8 p l‘f{)}p%{: t}{p‘é/mlb & Y %&e@e qe% Yvertical

el ectrolysis ygen source re oxygen or air er sources
for hydrogen amdﬂomygenmnay al so be used as mould be readily known to a
wor ker skilled in the art. The design of the burner may utilize standard
model i ng t ool % & eQEm Q%e%t %S(gg QQ%O?Q%‘[‘%&&(‘:&:Q“% xflsleudl Ing%H%&%re(dqr: The
burner may al so b ted and sized to fit Pe ui renents the
refornulatlngpbys&@mﬂmaklng i nto account various factors i ncl udi ng but not
limted to the quantity of gases for refornul ati on, chanber geonetry etc.

| n one embodi RESH. Afbolifienl MEGAE bORoreHlG HNALQARD by D€ ARG 86, 8
cylindrical nozz d& W th upper an ower ¢ vers couple toits upper
and | ower ends respectively and defining a predeterm ned annular space S in
the body. A gsorsugiphofingingehg enecyyrinee tdme Ged sejrgesvit POsioneh & PSS uch
that the pipesohelibfeng QUURTAR 1 NI 9m. Tn@pubb%rof%vgssmedpe
integrated with t body into a single structure Is provided wth a
heat transfersm@mﬁﬂhawkﬁ@daumhhmkwebedeuﬁmﬁebem@mﬁ@nmeaﬁyedms@epdﬁmon of
heat. A plur al I élxle 9191211%(1{ 0] L!%fll e\éh{hg El (Silln§ %'é'ﬁﬁ%a@)ﬁ% BIGNLFQd Slhe

at nosphere, i S throug f he ea% transte an exposin
depressi on foﬂwed)dnhthmtupbhﬁmswnﬁaqeuumememﬁeunhednmpmﬂcaMEUWgmhmeach of
talhre nggleg ?rhrb.[)tt(ﬂﬁ()ft tﬁle un%torr%nsum Sg\%%l(,l&llle{led €X t%?tﬁésjiogrﬁlzﬂlt Bﬁefr%srlc[l.{lednﬁen«?dpe(d S(r)]ntell:]at
surface of t héor&ptaeeldtmo Howdén bﬂmeerﬁhmumﬁ tf plhynalr logesvougass t plaamdesih ed
direction in the space. Hh@her mor e, t he upper end of the 1365-250PCT
annul ar space "&!¢ ﬂ%ﬁm§ﬂ SIS YW h the | ower ends of the nozzle
orifices, is configured as a donme shape, thus defining a vaulted guide to
gui de hydrogenﬂgﬁ$mtbmahenmﬁ$hhcesmbﬁwﬂbﬁgenmbuambomkmmerameuahmadﬂamer

t enperature and. usual rogen W th S0 .use.
oxyben. hydr ogBiit STl Wi bR eFreistofilept MRSl 1 BhisSinc ur e,
Thi s hi gher teapemaﬂueem@a@r@b&ﬁu@@ﬁrnnremeadumab&namdgmomsquaﬁHQUso wil |
make the gas hi reactjive w drocar bon vapor and nmethane. In one
enbodi nent of “‘t‘% “{Oﬂgéﬁi‘riyb’ﬁ,res&“ﬁm%&éﬁnmﬁ?tﬁ‘érpr Ef7és as a source of high
tenperature chem cal radicals which can accelerate the reformul ati on of
gaseous hydr ota¢ plasisa hdat @usyngas be Dheathy dn ageminduun@mohsoapenat ediswi t h - an
oxidizing agent, wth aLr and oxygen being two. co n.choi ces. A worker
skilled in th&egi¥rsiep P Hﬁd’@?‘é‘t‘)é# d‘fﬁ‘BmP%‘ﬁ%ﬁrwéb%‘SH‘EH%Fﬁt%‘P““H%IPb%gen and
t he oxi di zi ngtageniturs pgpétied. 1 n addition to generating high-tenperature
radi cal s, the hydrogen burner also generates a controllabl e anmount of
tS ge:mm ;gﬁlacta lg:pﬁﬂlalﬂy,dt%g gn%RinLLLIlll’l{tl%ll’gf b%aéam?)gedp\% ad gﬂector to gef{elctc(;r%?r%étet e sim | ar
plasma heat.

Process Additives of Melting unit
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El ectron beam guns may al so function as a source of energy for the
reformul ating zone. El ectron Beam Guns produce el ectron beans with

subst ant ivabI2g11pesdsse ki netic energi es either by em ssi enTrehaniserrs such
as thernlonlclwpgﬂ&€ at hode and col d em ssion; by focusing using pure

el ectrostatic or 'w magnetic fields and by a nunber of el ectrodes.

El ectron beam guns can be used to ionize particles by adding or renoving
el ectrons fromd.hg AURMs AYWRHK&T S Kaeud@ai kN ieh@erdhd oW lid ri@@ge !y dhow t hat
such el ectron ionization processes” have been used in nass spectronetry to
i oni ze gaseousopaptictlessh Phdagasd gasonstly andiene Bt Faark gomss aF edrpeadi | y
known in the t m C:.e on gun
S Tormed of Seeral barDan Sop e RIEhl AR Rl g b Pl RS EEH O
create a stream/of cabaatahogss andar toxggam iohi @secmlémb@g asle| evtcrddady. whd ch
enerate an e el . ) nder ;
gnd one or nnbgﬁ%ﬁg %%g ggfét (%qﬂﬂ}$ %ghﬁggéﬁgyéhgn ﬂgﬁﬂpglﬁggﬁg}the

el ectrons. Foroharsgemumbtitcdgertdiof freseenpes bet ween t he cat hode and anode,

the el ectrons 1365-250PCT undergo hi gher acceleration. A repulsive ring

pl aced betmeegmgQ%tgpgggeﬁ?gukne cat hode focuses the el ectrons onto a snal
spot on th t may be designed to be a hole, in which
case the el ect,Op.REATKI 5 a;?lst' &Peto‘?%o?@ éfr&tﬁtﬁé‘%hh&gmﬁpﬁ%ﬁ?&@s %p&ﬁ!@t cal | ed

a collector. lonizing radi may al so Tunction as a source energy for
t he refornulaﬂnmghzﬁm@nnMGmPZKngeﬂadﬁaiVBN(NéﬁesspU@Hhkgmb®Msmepgemr

particles or p@ro%fomé fiidd o u'nf?'&& f?’dglllgdg? %%WVR% leR'o‘?%é Soleh Mo 3?8{3'1 (ﬁ"[ (e

ability is a I'on o I'vi dual packet otons for

el ect r omagnet ite maM|alﬂmppmpm:mmpdhadmaMmelmEmEn@khgcmbhmpmﬁmyngqmadlatlon
are energetic _bet article ns, article The ability of
el ect romagnet { q?ﬁ%ﬁ?f?%ﬂ”"“? ?355 ‘ﬁ?@bPWEIQ% %‘varles across the

el ectromagnetic spectrum X-rays and ganna rays will ionize al nost any

nmol ecul e or aﬂbﬂnmﬁarﬂuimmavkwm@Mﬁhhghmethsmmnkzénmgmyuamdhﬁdamdml

mol ecul es; nea{ r%éetsgi{al'yl ﬂie mo erlll slae c,dnl%e Loolecgdnddnollf:(.ted andl \;d% yerf)(fv

nol ecul es. ApprBpri’ate sour'ces oft i%0nt 2" ion are n'the art.
The external @mebgymm&mdﬁddmas&ughmuhmnhemneﬁﬁnmuiamkanumHQQESﬁamaMJaIso be

reduced by harnes any heat ge ated b rocess.. The sensibl e heat
bresent th tnetgocon it e PEPSI Rt St i D anD SEGTR b agtlr B 4 ng
heat exchanged&ignanth dpRexcheddhonenhange the external efficiency of the
process.

In one embodiment, the slag output means also comprises a slag cooling subsystem
for cooling the molten slag to provide a solid slag product. In one embodiment, the
molten slag is poured into a quench water bath. The water bath provides an efficient
system for cooling the slag and causing it to shatter into granules suitable for
commercial uses, such as for the manufacture of concrete or for road building. The
water bath may also provide a seal to the environment in the form of a shroud that
extends from the base of the slag chamber down into the water bath, thereby
providing a barrier preventing outside gases from entering the residue conditioning
chamber. The solid slag product may be removed from the water bath by a conveyor

system. Alternatively, the slag cooling subsystem may comprise a water spray.

In one embodiment of the slag cooling subsystem, the molten slag is dropped into a
thick walled steel catch container for cooling. In one embodiment, the molten slag is

received in an environmentally sealed bed of silica sand or into moulds to provide
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O her energi zing sources based on thermal energy or lasers may al so be
used, as would be evident to a worker skilled in the art. Pronoting M xing
and/ or Tuwbubanwesdsn Ref orrul ati ng zone I n sone enbodi MPOTACA2011050123
refornulatinnggf&mgprther conpri ses neans designed and configured to
substantial |l y 'enhance the m xi ng and/or turbul ence of the gases provided to
the refornmul ati ng zone. In one enbodinent, the reformulating unit conprises

process additiyg Linéetifabid her LAgALiAn RALRRSbE IIONIAENLfedihe JaRskies of
whi ch are arranged to increase turbulence and nixing within the

ref or mul at i ng“aerEer jush seseng wbprifomeed. | Theranatlepgidrutaat bengPninl eodeshidrd ses one
or nore baffl §h&g?ﬁthred 1365- 250PCT to induce turbul ence and thus m xing
within the refornmulating zone. Different baffle arrangenents are known in
the art and include but are not limted to cross bar baffles, bridge wall
baf fl es, chok& pierRinlivdimgng oaihe algenalitessungterhehel pRlen sBigris cedveried/ a1 so be

located at or fgREcLhGolil Licdls 9AS et to ensure that the initial gas is
of nmore uni form conposition and/or tenperature, and properly mxed with the

process additives. Referring to Figures 77A-B, turbul ence may be created

ei ther prior y9r@iréét@uriNag @pergy sources. Figure 78C shows three
exenpl ary enbodi nents of nmeans for creating turbulence: (i) passive grid;

(i) an acti ven@rdiéhmtaihk zhidGorpiisel aitd dign&habies r@ndfothilhingdo:s Re@fated
generator. Figures 79 and 80 show additional exenplary enbodi ments of neans
for generati n!thidr 5 enwere ¢ihthe Rhes ABEPHE Atits t HE PoBPi BRIPIg oYt Ko ener gy

sources contr bl@fﬂo@ﬁs tHe OrefoliGu i ﬂgceﬁg,i (ﬂftioflﬁlyo(gnev‘é)rt rlflbl@ ﬁa@@clé’ eefpgfdmi'l @_ﬁd ng
zone. In one enbodi nent, two plasnma torches are positioned tangentially to

create the safRiogily pncdirmese Propss addigicrinpid fothowyapgedinanput ghedpvention one
embodi ment  of ;f hG.f Hl\é?&tnlnqnatingmit Q!)lﬂﬁ 1SS Bl‘y(}%h&ﬁe ?ﬁrﬁleQéﬂdPh&Q%r%trm% arrft rec

| ocations along the circunference of the refornulating zone conpartnent.

separators may form part of the reformulating zone. Syngas exiting the reformulating
unit typically comprises mostly nitrogen, carbon monoxide and hydrogen, with much
lower amounts of methane and other fuel gases, little if any oxygen, and very small

amounts of tars and particulates.

The reformulating unit may optionally be operatively associated with a heat
exchanger or recuperator. In one embodiment, the reformulating unit is operatively
associated with a heat exchanger or recuperator via a conduit which forms part of the
reformulating zone. The conduit can be configured such that all parts of the conduit
are oriented at an angle from the horizontal to prevent build up of any residual

particulate matter on the walls of the conduit.

Particle Separators

In one embodiment, particulate matter entrained in the off-gas is removed / minimized
by the use of a particle separator. In one embodiment, the off-gas from the carbon
recovery zone and off-gas from the primary processing unit passes through a cyclonic
separator to reduce the particulate load. In some embodiments, the cyclonic separator
also promotes mixing of the off-gases from the primary processing unit and the

carbon recovery zone thereby improving gas homogeneity.
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The arrangenent of the process additive inputs is based on a variety of
factors including but not limted to the design of the refornmulating zone
conpar t mewo,20tihwesdesi red flow, jet velocity, penetrati oRCRAA20MOSOQ3

Vari ous arranggggﬂ&?Tof the process additive ports and ports for the energy
sources are contenplated herein. For exanple, the oxygen inputs or ports,
steaminputs or ports and ports for the energy sources nmay be arranged in

| ayers ar oundpfhieuisi:d & Hivh &fcene e MaytifGudeeb @ RUbRLihing pA 0BG aE RIRATWIBNt .
allowing for tangential and |layered injection. In one enbodi ment, there is
provi ded ni necaxyRyenalsoker Rrefesjedgbithes in heamerndaiyProdssére VyBeENaPHUAY t he
C|rcunferenceQQEC&@gH%@LQ&H%bgabp&ﬂ;gg%hggﬁggrtnent. I n one enbodi nent
there is provided two steam’input ports arranged in two |ayers around the
circunference of the reformul ati ng zone conpartnment and di anetrically

posi tioned. | Ahepsodfinpiide jiRaiar deraempyal #hdrdgetianafgericisafropothe £aar e
arranged in | ayelSpertB8YeiBY ;}Qel”e%ﬁlélggl%dz&lg Cgl?;)%lmz)éﬁlpﬁeh?edmsé(fnlfbgfe?eﬁltee(:t s. In
one enbodi nent of the invention, the air and/or oxygen input ports are
positioned 1B8BBapsdPCTINtthhpénmuklipy step.hedicaMegwimge rdhermugnieg uhigyells i nput
ports to pr emdl)l((1 tiltu]s%"uglgﬁt’s, E’&irugeh sﬁ%gﬁwl & YRid %d iRL ARt @ ié’é" Etl’ aqptdh&[ﬂg in the
gas. The upper level air input ports can accelerate the Swirl motlon

t her eby al | owraligmalatien.casibalcataiahgt verin exfopatiateniwhen bepldeangddopeldwaind

per sisted. | nhlag &O!dg?lp)\gv? lr\ll(giutglrt1 h%n%meagbz%lqli/orrmsggo’nl'trhero%gsssiltvounﬁse d%%ra zgl oc\j)v enters
tangentially 1Ato ¥ he réfornufaﬁ?ng Zone resuf%yﬁg I'n Forndtion of swrls.
The enbodi nenforaihs oadliions ofarlugixe ngleats yinga shemagtiopdirat ppscesdap edit athereby

posi tioned to_enhance, t he exposure of the.gas .streamw th the ener

Source. I n onBBRUGG HEREn iR T hASter BIARE BrteF THELE ot e4fPE' B mposed

of four jets whilcharwtlt kizpeanyxs bheuf@asesrantsesi ngdichdfr nief edurubabi HeS zone.

The ot her upper two |levels of air nozzles provide main nonmentum and oxygen

to mx gases 48 REStYthe gases to the tenperature required. The

arrangenments of steaminputs or ports is flexible in nunber, |evels,

ori entations approangt epartithe sgxygen aandhern St abdnattn Ploi-1jparits chaypled sd be

posi tioned such that theﬁ_iglfc% oxygen. and ste into the refornul ating
Sglr] 1 80 ]tl

zone conpartnﬁﬁ%mﬁi“ﬁﬁﬂﬁ T gﬁﬁ@?? F*ﬁ&ﬁétgﬁ‘vﬁ@n?éﬂﬁﬁﬁﬂFé? ng zone
conmpar t ment  WhiuGhutRrc9omhie Sepakiiidv | & MeekedkkiRedivitld drngodd afphei@asesactofhe angl e
is chosen to achi eve enough Letwﬁenetrathn based on conpartment di anmeter
and desi gned Hif ShoiliPe poRYdergdowneth ahapsing cint JPProprateaRiiicde ReRF AT {ietet ween
about 500 andfaéfyrs include capture efficiency, pressure drop, availability, complexity of the unit,

need for redundancy and heat losses. The size and number of particle separators is

determined on a per system basis and is generally a compromise between mean

particle size of particulate, desired removal efficiency, pressure drop and equipment

cost.

In one embodiment, to reduce the risk of uneven loading and premature wear of select
individual particle separators in a bank of particle separators or multiple detached
particle separators, the Carbon Conversion System is designed to ensure incoming gas
is well mixed such that particulate is as evenly distributed between the cyclones as

possible.

In one embodiment, a bank of cyclonic separators is employed in the Carbon

Conversion System which includes a larger inlet plenum in order to homogenize the
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The air input ports maybe arranged so that they are in the sane plane, or
arranged in sequential planes. In one enbodinent the air input ports are
arranged wo 2oovess9and upper |evels. I n one enbodi nent, PrhEA2arieséner air

i nput ports a36% H)wer | evel and another six air |nput ports at upper

| evel in whic ree input ports are slightly higher than the other three
to create cross-jet mxing effects. Optionally, air can be blown into the
ref or nul at i ngyZENELS&PIPRLLLRAL ROGVIR! b 8ot NAL L&Lh&leaﬂ)cﬁlkct[)ee%tﬁg deif Ot Ation
or cyclonic novenent of the gases passing through the conpartnent. The gas
ener gi zi ng sodpiibgtiqneofgas pataermeagtoryeles) may be angled to provide further
rotation of the stream In one enbodi ment of the invention, the air and/or
oxygen and/ or InsTs@rﬁéne'rrﬂ)gﬂ'ﬁr&nts1%@56321%91?@)11@&%5'ﬁ@teh}' g@nﬁrﬁ@?%r A8 of

resi stance atomn zi ng nozzles or jets ropriate air nozzles are known in
the art and caﬁlql’r*fcl*ﬁt?@t‘ébn'ffﬁr@idﬁlpieyd‘aviagflméfbplé ap ypEspls yadivilyal peclenpe A
nozzl es and typg:.B,0922}&fiahtd WAk HA éﬂbddﬂmﬂt%é SysBh miP8e DOAZLRS By be of
a single type or different types. The type of nozzl es may be chosen based
on functional thaeeashreyrlenc sepdrgpr esvalpindivaluplyp inidngz 2hdol gasfigny edabgi ng t he
direction of a;vgngdlt g}@fl(F]gr creating the desired swirls and a type B nozzle
is for creating high velocity of air flowto achieve certain penetrations,
and maxi mum m Xi ng. The nozzles can be designed to direct the air at a

desi red angl eTh¢ ppagisé efrﬁ@wirrrémy be hategial pagick saparapws|of | ertrsehl t inedht i al | y.
In one enbOdI U%Qltdtors qul{?lgxdhéns 'n%\éﬁ np}Sn!ﬂﬂé/{lﬂg)rgxtg%f d%(,q)g at the
tip of the input nozze,tusa owm ng the inlet pipes an gestobe
square with t kwagharberxludé posvrresenbodniernice ofid hdaglosyey eimpidinthe edetionl nor e
air jets (e.g, e%ls[lrf§(,\éndfed jets) are positioned at or near the initial gas
inlet to injel% amount of air into the initial gas and create a
swirling m)tlon inthe initial gas stream by taking advantage of the
injected air's w@lecmribtosiimeﬁhe'n mihrdbehe prfticdé sepswior Is gxesrml.dhavebectdegsingined t o
provi .de subst ﬂﬂ&lldﬁ’l %dt%'()%@(ﬁi%oql Colaaa?lgn térﬁ'?& ﬂ&%h&ﬂ?&l%‘t&i tr)lézi\ﬁlceand exi t
velocity, so t e j et can penetrate 11 ter o e refornul ating
zone conpart mbet JosOptd tgm}azl inflpoe esslrf&dqjmt(;.v@glondlly, additional safety and failsafe

systems may be included in the Carbon Conversion System when external cyclonic
separators are included to reduce the risk of external wall breach resulting in hot gas /

air interaction.

When the Carbon Conversion System comprises a plurality of particle separators, they
may be arranged in serial or parallel, or when more than two particle separators are
employed, the Carbon Conversion System may comprise a combination of particle

separators arranged in series and particle separators arranged in parallel.

In one embodiment, the Carbon Conversion System comprises a primary and a
secondary particle separator in series which sequentially remove particulates. In one
embodiment, the Carbon Conversion System comprises a primary and a secondary
cyclonic separator in series. When provided in series, it is envisaged that the primary
particle separator will remove larger particulates and the secondary particle separator
will remove smaller particulates. In such embodiments, optionally particulates from

the primary particle separator may be recycled back into the secondary processing



The refornmulating unit may optionally conprise one or nore process additive
ports configured to provide process additives, such as oxygen sources,

car bon diwwi2da/106898er hydr ocar bons or additional gases, PCO/CA2@11/050123
refornulatingL%ggﬁmC;Xygen sources known in the art include but are not
limted to oxygen, oxygen-enriched air, air, oxidizing nmedium steam and

ot her oxygen sources as would be readily understood by a worker skilled in

the art. In opgygeRadi MBNtwhilk NEarfi@AAEMEoAL 1Y sbi¥nliarG OPRIdIS €8 p ARG Qe NOT €
port(s) for air and/or ogygen I nputs and optionally one or nore ports for

st eam i nput s. oMtealbpedlisried scagdicty f6mm bfther eessn&ddi ti ves such as air, steam
and ot her gases, nmay al so be achieved without inlets dedicated to their

injection. InppRemendhadunmats, efe B oh NVERLIRA, Sihe ROREESS @Adbt nes may be
added into the off-gas source. Process 1365-250PCT additives may al so be
added to the FEIGYMEPHEIORGN 2Bife t hrough the energy sources, for exanple
when the energy sources are plasma torches. Optionally, ports or inlets may

be provided s@, that SWIFRENROLLITERIHORICEHB)IchYSBtandafdssedBober more
re-circulated into the refornul ati ng zone for further processing. Such

ports or inl et¥lepssepaaopdaPdddt vari ous angl es and/or |ocations to
pronote turbulent mxing of the materials within the refornul ating zone.

One or nore pohtisna@@ninbembdAGheHhe &ithOpdhirOWnide &S Uik RNE Rlusic R sePhRGRS She
tenperatures, pressures, gas conposition and other conditions of interest.

primary particle separator may be internal and secondary particle separator external.
In one embodiment, the Carbon Conversion System is configured to provide
combined off-gases from the primary processing unit and the secondary processing

unit and the melting unit to the particle separator(s).

In one embodiment, the Carbon Conversion System is configured such that a first
particle separator, or set or bank of particle separators, is operatively associated with
the primary processing unit and a second particle separator, or set or bank of particle
separators, is operatively associated with the secondary processing unit and melting
unit, and the two off-gas steams are combined after passing though the separate
particle separator(s). As the majority of problematic particulates arises in the
secondary processing unit/melting unit, the individual particle separators or particle
separator banks can be sized according to anticipated particulate load and

characteristics of the respective off-gas streams.

In one embodiment, the Carbon Conversion System comprises multiple cyclonic
separators in series (with or without also having cyclonic separators in parallel) to

improve the overall particulate removal.

In one embodiment, the Carbon Conversion System is configured such that the
primary processing unit and secondary processing unit/melting unit are each
operatively associated with their own independent cyclonic separator(s) where raw
off-gas exits each cyclonic separator to be combined in a final cyclonic separator

system before the reformulating zone.
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Optionally, plugs, covers, valves and/or gates are provided to seal one or
nore of the ports or inlets in the reforrmulating unit. Appropriate plugs,
covers, wWabwves/mpsd50r gates are known in the art and camrcrm200esofese t hat
are manual |y nggﬁ&gp or automatic. The ports may further include
appropriate seals such as sealing glands. Optional Catalysts The

refornul ating zone may optionally include one or nore catalysts. As is
known in the gffne @}n&ﬂt@énys{ﬁe CMB@@%%&&?SWML%I)@@@bmmbrerp%a%f on by

| essening the tinme needed to reach equilibrium The use of appropriate
catal ysts i n E¥é&ONEfPRItratcReiyPFbAR IRy Prléucvceycﬂ% wparly disehasisg Laqui r ed
for the refor i AllBReRy OGRTR RbuRloh diithifld et CchiGRthlnpakays. The
preci se pat hway of fered by a catalyst Wil epend on the cata yst “used. The
feasi bility obasshanigsee pimaateallyxet spimtor whor thel i eighz onegied partigénier al |
depends on th i ABS t C St TRY 1 by

poi soni ng' ?k L$*$§$'§% Omghf?o%gﬁ%IfL%lg%%g¥a ;%IC ég%gﬁﬁglﬁﬁggﬂaue to
inmpurities i ns&chalagsasycldnn wpeatenbogingehd most finhly-sized @atticdates tvhigh escape
{ ﬁr_ g;[]n(;: gt :_ ggl(:ﬁizpr ure ll‘f glg%y‘llgl?lgffc%‘onic se%(}édt%\g&'cg{]]uel% Oe(,%t Iu}/eek% pd%cu d?eé lgi(élg SPeragy
| ocati on upstbﬁammmyuﬂmMNﬁﬂﬁéaynmbmbManﬁnémgyngemrb@b&ﬁmnpgaqﬂownmwube in

the path of the egs%%¥ saur % %y In.op e%bo iment, a catalyst is included
that is positiohed” b*%“%lﬁ‘a Briigs Pt of FETSHEPYY* &bur ces.  1365- 250PCT The

refornmulating unit may be configured to allow for easy replacenent of the
catal yst( s) ﬁm<ﬂhemn@i@nmmlmthmghzﬁmeqmﬁmk:em&nmﬁen e&kahysms Gapoibe
provided in the ern1gf a bed]go % hqgﬁa,%}j,inqx an|§ The sliding
mechani sm al | oWB* 8" @RLY" Pebval “antt"r ' L EHENe 61" 51 Y8 Bed. The
catal ytic capabirhitd yecohdahgrosehiag it neainaluigtihioig a ahes and epeasit gonwiithe

tammaUMeofOEHM|m1 he appro te operatin erature ranges for
various cat al JFapeee al?%“‘l&‘ulﬁﬁ‘?/vlo“i% e ity ‘Ee?o“‘l‘le‘PPéefZB‘? % g SWATe Hag © or

i ncor porate adaquate cooling nechanisns to ensure that the catal ysts are

mai ntained within their optinmal operating tenperature ranges. Additives

such as stea ter,. ai oxygen or recircul ated refornul ated gas nay be

added to helghF&?W@ @gg%“ﬁébrease the tenperature near the catalyst(s) A

wor ker skil | eghl n the art will understand that the sgemfl c g}d {AI ve chosen
e

to control thd"s STYERLTTE N I PEEpeh @bt RS pBS IR OF Y KEBAFLI s and
t he gas terrpep@t@masmsrpmdaatrhé egloafulathiyezdne ragubargréydaf int e ©ahalryst
surface and good contagt bet ween t he Ig ge g$ ﬂﬂ$ nol ecul es and t he
surface will FHEHEaseUPhe BBHOF PRI tYPreopREBF BT G REoPIRArY ¥t
ol ecul es, sughpr@sriatd2ar@N@r &P lication of the one or more energy sources to the off-gases in
order to promote the reformulating process. The reformulating zone may be
distributed over more than one compartment comprised by the reformulating unit and
may in certain embodiments include the one or more particle separators. The
reformulating zone receives off-gas from the primary and secondary processing units
and the melting unit, energy (for example in the form of heat) from the one or more
energy sources, and optionally process additives from the one or more process
additive inputs. Suitable energy sources include, but are not limited to, sources of
plasma, thermal heating, plasma plume, hydrogen burners, electron beam, lasers,

radiation, and the like.

In some embodiments, reformulation occurs concurrently with particulate load

reduction. In such embodiments, the reformulating zone includes the particle
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Catal ysts that may be used include but are not limted to olivine, calcined
olivine, dolomte, nickel oxide, zinc oxide and char. The presence of

oxi des ofwbnon/mmiisnagnesi umin olivine gives it the abipcirtca20n/osef20r mul at e
| onger hydr OC%I {) g{)l ecules. A worker skilled in the art will understand
to choose cata S that do not degrade quickly in the gas environnent of
the system Both nonnetallic and netallic catal ysts may be used for

enhanci ng t hedef@):mHh ak 'eg&gpﬂ&ﬁ&sﬁmhmlcpﬁﬂdin@astokrﬁ g%@h@&ﬂ Qi @{g] the
nost widely used nonnetal lic catalysts for refornulation olf) gases from

bi omass gasi f it PloRvist odfedsesirtiqheyperierr &l atihielly pHEKperwsiverahte are
consi dered di 5pQsARLS uﬁmg ¥hhdha ] EOfhRBGN uddi i BbuRRER nARLRH oG ©
operated with steam Al optimal” tenperature range Is ween about
800C and aboutc®0@@e O'fﬁedsc€a1t%ﬂnyttha:reéumtlwtny z@rrdprich go pbﬂy@qtcﬁath the opept i es of
dol om te degr ﬂ%?e %S&ng& tenperatures. 1365-250PCT Dolomte is a calcium
magnesi um or e vmt e general chem cal fornmula CaMg(CO3)2 that contains
-20% MO, -30% CaO, and -45% CO2 on a wei ght basis, with other m nor

m neral i npurifh¢ egorngadtvignant on cofiorddl omidiecailhvidhnes ldecamposditbiorceof t he
carbonate mn n omte

cal ci nation o@gﬁl}&s dgti/&{‘qa\ﬁ?l A& ‘ﬂldqﬁ% B%pogn?% l}lr\gggean " %DHR) lll}g)rtﬁ i/ng}gﬁé‘&r ?ﬂ &r med at
800C- 900C. Therlgd¢recenat i on tenperat ure of dolomte, therefore, restricts
the effective use of thi s catalyst to these relatively high tenperatures.
divine, anot y c [ ral.ha S d

catal ytic act ?@% trgﬁ’g% & Zt% HL% f rI}na c\?{r?g g%%g%@%tlgﬁ Cﬂ %/({ 2%% s

typi cal | y nor epprapiast mtm&rprdaﬁb@len@docmloﬂ%@mi talesi@dhresidanat ahngtis amgtieadi al s
that may be u de b edq .t r.b C lomtic
| i mest one andl%glfil (e nlz{lcglrebyefjf r?{ug‘m@ﬁ? Z(Jéﬁardn e (9“6?] ?ea{sg&%tdﬁmﬁ‘? bfm “?QI ower

t enper at ur es. substagimelyewbieditabndr ofgulaie anqh\he\m:ta emnle mhe mfelbxmtm -ditinpigr zone 1S
operatively |Il’t1ked to the primary processing unit, and at |east part of the
char created (% °hoved to the refornul ati ng zone for use as a catalyst. For
enbodi nents utilizing char as catalyst, the catalyst bed is typically

pl aced bef or elit hee enkrdyyergole a*ef@g)mlatﬁggngms iQatstreight tubular or venturi shaped

zone comprising a first (upstream) end and a second (downstream) end and is oriented

in a substantially vertical position or a substantially horizontal position.

In one embodiment, the reformulating zone is configured to have a large length to
diameter ratio. In accordance with this embodiment, the area of influence of the
energy source will include a substantial part of the cross-sectional area of the
reformulating zone thus maximizing the reformulating process. Torches can be placed

at several locations along the path of the flow.

In one embodiment, the reformulating zone is provided as a pipe that can be

incorporated into the Carbon Conversion System in various orientations.

In one embodiment, the reformulating zone is provided in a tubular shaped

compartment which may optionally comprise one or more bends.

Optionally, the compartment providing the reformulating zone can include internal
components, such as baftles, to promote back mixing and turbulence of the gas in the

reformulating zone.
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The refornulating unit conprises one or nore syngas outlets or ports to
pass the syngas fromthe reformulating zone to downstream processing or

st orage. wop20oneioesybodi ment, the refornulati ng unit conpPCIEA20N0ONR3 NOr e
outlets for the syngas located at or near the downstreamend of the
refornul ati ng zone. The outlet(s) may conprise an opening or,
alternatively, may conprise a device to control the flow of the syngas out

of the refor mghatdhgnAane- zoncl: rﬂnd@n& @ﬁ@ﬂgblgeﬁtoclﬁﬁiewﬁh't | RLufe PR biSgS: t he
open second (downstream end the reforful ati ng zone. In one enbodi nent,

the outlet coRphI¥Es blnweldb?mhw@elapébﬁ e MplgEag édleumcmﬁ!éuw‘ osddhadbond
(downst r eam ?engpeq)jtmlc}lﬁ bk E(f)s%(ﬂi@él Qﬁ)Lentg tl?eoﬂfa]x Wh%l%Qﬁt %IBQ gleh @he% pdi ment ,

the outlet conprises an opening In the wa e reformulati g zone near
the second (downswukednjipiead! WWPTIONAbe HEATCIRBCYCIWNGISMEANS Hdeatr trethe be

recovered fro ed for various purposes, including but
not limted tg&%ﬂﬁ %Q&§3h39%¥§§833 additives (e.g. air, stean) for the

process and/or generating electricity in conbined cycle systens. The
recovered el ebtieginbpdigignt. be (sl Gooverripy 8y tidve isgasliguafdio pidvade 0y -ppsocess,
thereby al | eviail ng,theugxpsase of local electricity consunption.

In one embodiment, the reformulating zone is provided in a compartment that is

removable or detachable.

Energy Sources

The reformulating unit comprises one or more energy sources for providing energy to

the reformulating zone in order to promote the reformulation process.
In one embodiment, the reformulating zone includes one or more sources of plasma.

The one or more plasma sources may be chosen from a variety of types including but
not limited to non-transferred and transferred arc, alternating current (AC) and direct
current (DC), plasma torches, high-frequency induction plasma devices and
inductively coupled plasma torches (ICP). In all arc generating systems, the arc is
initiated between a cathode and an anode. Selection of an appropriate plasma source

is within the skills of a worker in the art.

The transferred arc and non-transferred arc (both AC and DC) torches can employ
appropriately selected electrode materials. Materials suitable for electrodes that are
known in the art include copper, tungsten alloys, hafnium etc. The electrode lifetime
depends on various factors such as the arc-working areas on the electrodes, which in
turn depends on the design of the plasma torch and the spatial arrangement of the
electrodes. Small arc-working areas generally wear out the electrodes in a shorter
time period, unless the electrodes are designed to be cooled by thermionic emission.
The electrodes may be spatially adjustable to reduce any variations in the gaps there

between, wherein the variations are caused as the electrodes wear down during their
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I n one enbodi nent of the invention, the heat recovered fromthe syngas is
supplied to the secondary processing unit and/or nelting unit. The heat
exchangerworyiibwesyper at ed in conjunction with a control peystaemimsoizenal |y
configured toLgLQ%g3;e energy consunption and nmaxi m ze energy
production/recovery, for enhanced efficiency. In one enbodi nent of the

i nvention, a gas-to-fluid heat exchanger is to transfer the heat fromthe
syngas to a flpkfetesulting in a heated fluid and a cool ed gas. The heat
exchanger conprises nmeans (e.g. conduit systens) for transfer of the syngas
and fluid to and fromthe heat exchanger. Suitable fluids include but are
not limted t& WFFLY ReEs CapPf Usedras AEfIHE Laytps PEYRA (YeheiRd ylindB Mot ar bon
di oxi de. The gREYid aifYSdoRMEelVBY n@RE hahaddny meMRhO¥mARdRiaOkarbd GofRdel at or s
(e.g. blowers) appropriately located to nmanage the flow rates of the syngas
and the fIuidPXWﬁ@§éﬁ%§ﬁdﬁﬂ%ﬁS¢§Péﬁébﬁaymb§3 e s ffhedrnigrozapingiy ez uhidat
losses to enhang&ikhs: aMRUALe Qfia SENSHRIE bheat of hAL EuifcfRNeraRhE ff om the
syngas. Heat |oss may be mnim zed, for exanple, through the use of

i nsul ati ng baraforapdntian quedst hed damdwizagon potvprdlseingiei gisul aelerignnedt eri al s as

are known in . Qr. . [ rk - L L€, uits.
T onn oo WAPEle SMAOE, B FSAUSIA BT RGBTSR Ly hs oA
gas-to-air heédtr gxohangércan whegceitn etfrenheat witlen tthamdfneryr dallsf sfomvbtker syngas
to air to produce a heated air.  |n one enbodinment. of t i nvention, the
gas-to- 11 ut o R el holh Arleo ™ BUESERRR R ot PYELL T
gener at or, whenel in a4 hve-ungatm plasrha ginst evirleltht ol awdd smet.0 produce heated wat er

or steam

In one embodiment, the gas reformulating system comprises one or more non-
transferred, reverse polarity DC plasma torches. In one embodiment, the gas
reformulating system comprises one or more water cooled, copper electrode, NTAT
DC plasma torches. In one embodiment of the invention, the gas reformulating

system comprises one or more AC plasma torches.

AC plasma torches may be either single-phase or multiple phase (e.g. 3-phase), with
associated variations in arc stability. A 3-phase AC plasma torch may be powered
directly from a conventional utility network or from a generator system. Higher phase
AC systems (e.g. 6-phase) may also be used, as well as hybrid AC/DC torches or
other hybrid devices using but not limited to hydrogen burners, lasers, electron beam

guns, or other sources of ionized gases.

Multiple phase AC plasma torches generally have lower losses in the power supply.
In addition, the rapid movement of the arc along the electrodes due to rail-gun effect
can result in improved redistribution of the thermal load between the electrodes. This
redistribution of the thermal load along with any cooling mechanisms for the
electrodes, allows the use of materials for electrodes having a relatively low melting

point but high thermal conductivity, such as copper alloys.

The plasma source may comprise a variety of commercially available plasma torches

that provide suitably high flame temperatures for sustained periods at the point of
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Different classes of heat exchangers may be used including shell and tube
heat exchangers, both of straight, single-pass design and of U tube,

mul ti pl e wassidessogn, as well as plate-type heat exchangergA2theseeBecti on
of appropriatﬁwggg% Fxchangers is within the know edge of a worker of

ordi nary skil fe art. Due to the significant difference in the air

i nput tenperature and hot syngas, each tube in the gas-to-air heat

exchanger opt ,gytahdon. M@gede RV Q¥RANSEON 2RI OWEel f}oﬁ\é@bﬁi 1y pw
rupture. Tube rupture may occur where a single tube becones

therefore no fongep MWPaRESPCRNCE-abit Gewmbhdiniat. fegdasph t@fh@%tttﬁrbéggﬁ% I n
those enbodi ”Eﬂhﬁd WAGES edfd?spe%dm%{ﬁé% Hral c%PQJ tg%q%ﬁreéi han the syngas

pressure, tube rupture presents a aza ue to problens resulting
fromair entering gas m xture. After heat is recovered in the gas-to-fluid
heat exchangel ORchenINeY o8 ysgiaseniay: B¢ FRAreY: SR Mot B IHDEHIHBEIZORDr t he

systems furth @6m;§l{1%%¥y[h%§éﬂ burfer&Gifek QN 09}&8@ Qnda% &QB LA @1 SUBHEDI Blraf UT t her
cooling of the syngas prior to condltlonlng is within the know edge of a

wor ker ski | | edighnerppesateye tsteamp{>bH " @nbdidhers igh t?méelht@te%,styﬁgta@n pEs$Est t hr ough
the gas-to-aif, lhe%hzgd‘rﬁ%%%h eﬂlﬁd&éso UG 3 d?f%ﬁhh& k}%g&gohﬁ@&%“&%ﬁn and

heat ed exchange-air e alr 1nput to t e exchanger e supplied by
a process alrHbyémemmdﬁhenpamUmaMhdeomhedﬂs¥ngasuundehg®e$ﬁmddmquuench

step, where t d a.cont,r t  of ter .results
i n furt her cob tl\é{ﬁjed ﬁrP/dOOLen_IbReLleS 1nT1u&)e lheqjeflgiot (g} l”dald (??%18101] (0] eﬁ%éedég el eved

using a wet, QWymoamhy@mndesmmhmngkmgsmﬂmbfWheh%ﬁﬂuamdmﬂmymeomhuﬁghsystens

may be di rect . or i ndirect . ropriate coolin stems are known in the art
and as such a‘“%?ﬁ@?“§%ﬂ“?ggﬂghgﬁﬁgmgfgn?ﬁd %&ﬁ%w “the requirenents of the

system woul d be able to select an appropriate system In one enbodi nent,

the cooling s?h@bnkmsnabmmthwbokmd@ngysmgﬂﬁc%hemmeyekmmmyhg §ys@e@$man be
direct or indirect. cool é% syste %Illﬁ i I qoollng, a
circul ating c?)oulmleandXNaetpeueox & 'S Qﬁs d‘é‘c?* i¢ ‘Oé%‘ “ Oxy%%] mﬁ‘/et from

t he syngas. Theuhﬁa$\mﬁkExpethdeWnt®ex@&Mﬁspharmtbymevab@ﬂamynﬁth&rough

one or nore coolin 1365- 250P t Al ter atlv , to facilitate water
conservati on, gWH@ Bpligeaygasdgm gﬁe H§%’eén@n¥ th'n H“F%“Wﬁ@n§§EW£n1in

cl osed | oop. dynamics (CFD). The burner may also be adapted and sized to fit the requirements of
the gas reformulating system taking into account various factors including but not

limited to the quantity of gases for reformulation, chamber geometry etc.

In one embodiment of the invention, the hydrogen burner comprises a cylindrical
nozzle body, with upper and lower covers coupled to its upper and lower ends
respectively and defining a predetermined annular space S in the body. A gas supply
pipe is connected to a sidewall of the body such that the pipe is inclined downwards
therefrom. The upper cover may be integrated with the body into a single structure,
and is provided with a heat transfer part having a thickness sufficient for easy
dissipation of heat. A plurality of nozzle orifices, which discharge hydrogen to the
atmosphere, is formed through the heat transfer part with an exposing depression
formed on the upper surface thereof to communicate with each of the nozzle orifices.
An airflow chamber is also defined in the body so that air passes through the chamber.
A guide protrusion is formed on the inner surface of the space to guide the current of

hydrogen gas to a desired direction in the space. Furthermore, the upper end of the

89



I n one enbodi nent, the cooling systemis a dry cooling system The dry
cooling systemcan be direct or indirect. In one enbodinent, the dry
cool i ng swetzerwiosssa draft dry cooling system Although, pdriCAzonlaSOQZ3W |
add nodestly 3855Q$c ost of the facility, it may be preferred in areas with
alimted water supply. In one enbodi ment, the syngas cooler is a radiant
gas cooler. Various radiant gas coolers are known in the art and include
those di scl osgghyi sfﬂge Rat.@nth d%m?xlldnﬁ@{ek %thNﬁe lo%\@@ggélsjigﬁﬂg noz%l’@:%r%e?@i ent No.
5,233,943. The syngas may al so be cool ed direct water evaporation in an
evapor at or suédnfiggreduencleer, %hWeﬂ@xﬂ?hmméﬁ%&eér&éldéﬁo £hde Sydgzes $1mY° al so be
reduced by reggifgulating, through appropriately located inlets, cooled
syngas to the gas refornulating unit for mxing with newy produced syngas.
CONTROL SYSTEM A control system may be provided to control one or nore
processes i npHgtieatebl s Opmid? a2 loyer feRwesise aif wHaomiXoheragen Hihair
functional uniths di$ QLQ%@d '85?%%11 'Eydx%@éy Rfx e R GeuGORL { %mﬁidn‘ﬂ?%m%x or e
process devi ces ‘contenpl at ed herein affecting such processes. I n
general , the tomweyapire. é&w@aﬁmmp@nataW@WOﬁfmf? odicglapdipns] ibelad wihd/ or
regi onal pr 00%?@&1 g?x @&ﬁ?md&n@ Wn ;O%X;%BE%OI WRGhdRheuni t or conmponent
t hereof, and/or to one or processes inplemented wthin
a systen1 such as a gaS|f|cat|on system within or in cooperation with
whi ch the var oo eppsidnens f sheomveryen hinehedearpumey styacsoper saueed, ofdneh t her eby
adj usts vari oys, g%ﬂﬁé Qher{?{a‘ RQE Swﬁla{?'éﬁp cRpaRe Ie@orﬁlfu d‘ﬁ&ﬁ off SBus
processes for a I ned resu Various sensing elenments and sponse
el ements may bhbweiﬂ@menb@%)dlgs% rledTyéd)aﬁlhbmughsupelathféwaibrqtl p@ﬂdlzett agysit em
A O ore o IR SRNLRL B[ HOPLAGARE HOLLS. o Qlokdd ELAL G LoAne o
nore conponents t'h ereo d to acquire “vari o ocess, reac
and/ or producnmkhamaah@KiSWt@smoamdcﬁmymeguuﬁﬂdhgenéwa@emanxdgmednmne one
or nore adjust nts 2 i.ev resul t,
and T espont by T @ e e AARGET IR iRt SRR AR “ER GBI S ocesses
via one or nnt@n@ﬂﬂﬂ&@hh&@]@'@mmceﬁspﬂﬂuamgﬁngmﬂb@ﬁﬂekahbeuhﬁ@ﬁﬁnWMDI
system conprises. one or.more conputing platforms that are configured to
recei ve one of"'§ FnHﬁT%mgfﬁﬁéP@“PﬁH? dative of one or more characteristics
related to the operation of the overall system or one or nore of the
functi onal unEkﬁummb&mogmmAn@hamaﬁneﬁémﬁ4msman:b@mkngibamkweﬁmmumﬁagor nor e
process i npl enent % nt e,s%ﬁten1 one, or unct onal Eits‘or
bot h; one or AdFe ‘?%88’8 HR{HE REIT SR PEYRe WIHP i r“?é‘ NREEIBREF " Uni t's or
bot h; Oor one oifier ey EthetibPdingsige M Aineshsbynch he tepsibein) @fot&@@odl’f arliodofd
functional units or Eoth As woul d be readily understood, an | P%t can be
consi dered at A% 8%ePallPeusys teine| Byel legirosiptie (¥ ito peaenchi fieldegay
Furt hernore, ameubpeitctaan. be indicative of sonething, for exanple, a gas,
solid, semsolid, liquid or other product or conbination thereof, being
transferred b fmeen functlonab units within %{ raII s sten1or an out put
can be i ndi cafiSEObPCALREY iR gC P74t “§“7§xﬁ“{‘?‘ﬁf’g Ve %é){ é PYR LBt e. The
control systemomStht Widnhera et guiied it ehedgt &M ARIIPN@ oA thiDSeh RIOEAS S
control paraneters, at least in part derived fromthe one or nore input
signal's in coHP{#AEeN RCENEE i“i“‘i?r?éelb?*eﬁﬁ’r‘@d%éPﬁ‘F‘B‘Ineq%iﬁ?ﬁ%m%f’r“é%Wf Pyticlethenes.
Each of the one or nore control |oop or control schenes provide a | evel of
par anet er i zat ThOd&fgnd ofleisétfoathehi@\wahs 4t r@pey Rldvaninahe irheF&ysh@peor DONe or

nore of the functional units. The rocess control paraneteri whi ch are
generated by ERETEBHE rBIMeps é‘ﬁ’r“‘a’ah“‘ht‘* st nseyart PHE (B0 d6ht r of

one or nore refRRRSEehieh YTRALSE Whiehe ar @reeRNdfl Getteds bR AdinMstie cafRicar nore

aspects of operation of the systemor one or nore of the functional units.
electrodes which generafe an electric field to focus the beam, such as a Wehnelt
cylinder; and one or more anode electrodes which accelerate and further focus the

electrons. For larger voltage differences between the cathode and anode, the electrons
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In sonme enbodi nents, the control system conprises, for exanple, one or nore
sensing elenents for sensing one or nore characteristics related to the
system owe2ori/mwes9e functional units, process(es) inplemremcdotinsorsn,

i nput (s) provﬁ%gg ;pfrefor and/or output(s) generated thereby. One or nore
conput i ng plaf Of e ar e comuni catively linked to these sensing el enents
for accessing a characteristic value representative of the sensed
characteristi g{&}ao ﬁ@ge, cgeélélgwlﬁd At fepm@p'c}rn@ fihed dRaragtgr hiddk ey ahde(s)
with a predeternlne ran such val ues defined to characterise these
characteri sti ggheds f%ﬁ%@%&gfr éle#tmm sepactal sependhs ywde Arrdynen! pevmax bfeam
results, and

1355- 250PCT 1 o a5 o1 i e
range. A pIur&kpmymmﬂe¢éb@en@éxé*enents may thus be operatively linked to
one or nore process devices operable to affect the system and/ or one or

mor e funCt'Onﬁhdﬁl&ﬁmu&{ﬂ§@§§yﬁhﬂﬂﬂ&n%Qg&QéoﬂHkQ&%bﬁBQm%&ﬁﬁﬁ@Mg%ﬂkUSt the
sensed characteristic, and communicatively linked to the conputing
platforn(s) f bmlzaz@bréélgilmgrefehetoélmhbuwcbep? pabdss @ortveothalyan ameeen @M and

oper a.t ing t he &81%&?1@ Oﬁﬁﬁlg)dblll 1@9{%9&‘3&?8&& Ql‘?err%@ftt 111@&?(915% C t 0 sone
enbodi ment s, e overa rises four FUnctlonal uni its,
wher ei n each dﬂwﬁmefbunbtm@mamaunrﬂbﬂ@mhptnbesxbm@norEnmnmezoﬁegnmm@ this

enbodi nment , ant r al stem ured t aptur.e i nformation
relating to ongkgonmeenml%%ﬁ?cﬁ?ﬁ*&?ﬂgg Tel m¥h@ﬁ?8dﬁle ‘overal |l system and
if required determ ne one or nore nodifications to the operational
condi tions ofTbﬁénbveﬁak*ﬁgy&mQWJmﬁMD@démomaideMemonrmﬂ@ﬂkéypébvivesdesired
one or nore Zﬁ{éeae U%mdggeh'm eétﬂ?n f OX e}g dlﬁogﬁﬂ& I Q/rl?'llOllilgy Eﬁﬁos{ An hl S

f e devel 0 1

manner, the contro an rOVI crea
mRi Nt enance onw&dmustmsmn‘MﬂumheoprMaUmanMKcomdyamomgndmumndEB mmrensure

the required ope rQvi
funct  anal - unfDgvoks L SaBBER FRE B af EaPo BB oot P e®hobr ar)
systen1togeth&mmmgﬁmmmﬁuh@umwmnnﬁmnﬁ;functlonal units in association with
the structural configurations thereof i ncluding additive input |ocations
desi red ones i THAY Sa0R 8RSk B NS F S s Saers o |
enbodi nent s, eﬁBMn@$mgh9yﬁmu@emwmmMthépmaﬁkoﬁhﬂmUﬂMbﬁaﬁ@ﬁpmnme&e@as
associ at ed contr.ol ubﬁ%stﬁ mherelqﬁthese cont%rl SHFS%SIQWE ar e
communi cat i vel§ ¥ Hked CURRMSAYS i B sapVicd dare Spd FaT T BH b A EEEN'S t hese
cont rol Subsy&kﬁﬂﬁmbﬂm&&mh&a&ﬁckﬂgpﬁﬁkﬂﬁﬁﬂiiO||ed by a gl obal control
system thereby providing a neans for enabling nodification of an
oper ati onal E@bacterlstlc in ﬁ% rsttfunftlonal Ini t, based, at Heast in
part on a charatt éFf'sYl"¢ ‘Getet *ﬁ%d)“ AP 800Nt 5 FA St e bndiilodnl unit .
I n this mannekouldhe cgidobab a corker Qlilleslysthemtcan enabl e an alignnent with
desired functionality of the overall systen1 In sone enbodi nents, the
control systeglls co fl ured to glde H?? ti.ne control of the

hyr $ AR

oper ati onal ¢ g?lﬁiéo FI rb?‘ nﬁe & lf%trﬂn?sﬁ%'feem In somne

embodi ment s, }1365 250quTmetnrtLe e 9B muldtuésltlmtrrf]urtﬁexCL%E{QI geldrl{?eqin;[ ces§§1 Iougc j ust
intime contro perationa i'cation
system (,Ollflétlled to SUbStdntldHy enhance the mixing and/or turbulence of the gases

provided to the reformulating zone.

In one embodiment, the reformulating unit comprises process additive inlets, the
location and positioning of the nozzles of which are arranged to increase turbulence

and mixing within the reformulating zone.

In one embodiment, the reformulating unit comprises one or more baffles configured
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In sonme enbodi nents, the control systemis configured to provide a
conbination of just in tinme control and real tinme control of the

oper at i onab 20ondsg9sons of the entire gasification systerCTERMIEXEMMBE, a
conflguratlonLg% &Pg control systemincludes a global control system and
one or nore con subsystens each of which are configured for control of
a portion of the entire gasification system for exanple a functional unit,
or a particul afma&@%uﬂome@wpﬁa fhG Whi @ o foliRGE thO R@brniilithe zMe. tikredehKirid N this
exanpl e, one or nore of the control Subsystens can bée configured to provide
subst anti al | yair&gPmeRtpee é‘éﬁ‘t“i* 81 thp fut pibingladp it ot figed foomads bamnbafticsr
particul ar ZOpRalen B P! Gk @Find BOSE LR bnd @PHL NEBRE i ey GORE OT |
systemis con provide |U intinme overall control of the entire
gasi fication gystt%ém Ol’|11€dlvﬁl¢ initiye an@am Foyengwrd éhras theoditinhgts 1t dlemeronvhifgur at i on
and operati °”é‘$médsmoﬂgm9 r (6 SR LR o %ﬁ%m&%ﬂpﬁe gxfo‘i’é’s A88kilQ a plurality
of configuration ese con |gurat|o can d dent on for

exanpl e, the conpl exi of the desired control, level of desired control,
accept abi | i tyRﬁ?Err@@stOd%gmmé Tota3. orrbpignes lpmob@sgfet@d sEhagprive td or e thy t he
gasification ne i nor e

B ocesses and lre T T o S e M e

f eedback, feed@@mwﬂndM&ndiompm%BGMEM|vedoammmahubﬁﬂthecSWSMQm}mémembr nor e
23232:_ glng:’] g?l(lgg(i’; %8%r0%§%3§)§ ’FlI uﬁ@%’l ow aHEhPlOl]d exeimop (Er?%m%%)dlments of
efficiency ofnmm&fbrgmmmempmﬂmEm&es |nplenented in relatlon thereto. For

i nstance, various process characteristics nay be eval uated and controll ably
adj usted to i e S i t ot
limted to, ﬁI !)!h% od m&l?qhg{jgsq ?gn% Ofod!l\@glgeil ){ng\r(]lrcegcé‘{) ﬂqu% test t{xeg‘([;ngxn% he
characteristlpsmﬁbotWﬁmgymgaﬁxmehgnaheathngevabmbmeMeWnaﬂamun@prneSsure,

; lO:')WSUgﬁnIC)ﬁZIr tgl \tltédrneggdingés)ntld d) (tr%éé %188%m ?Wl{l deregtm%s S air dl}dv(%gox?%eé] lnpaL Lle \({J\?d
the outputs. Ha ﬁﬁmﬁmeﬂmmdmmﬁmuﬁth@@mkhmmoquaﬂﬂhmrmh9a4aklﬁﬁnaﬂ¢ﬁstnents
to various control. paranet whi ch.ma % ut are not limted to,
heat source pOWBFUCAdTH O%él?eecf“i‘&?“é%%g{ t)fgt 5“’ ‘6‘3&5‘ JERE “YKiURRTET St eam
etc.), feedstock feed rate(s) (e.g. one or 1365-250PCT nore distinct and/or
m xed feeds),T@aanamﬂhmnts@ﬂkembpﬁeasmnefhkmMImegakabmm5wﬁeggofbkamers,
relief and/or.cr q) val ves, 1@ can be Executed
in a manner wHEMERY Bhaby™m 1r‘é’ ‘E? 68%%‘%09 @Fe’{? 88“L8ﬁt5’téazé)f]%fi"§‘l"ir8%e‘]ér

assessed and aa,@heaﬁ m&b q&cwl@jlt@gpélﬁtrﬁiﬁﬁll gl andior \dewes bifrgaemsReel fheat | ons.
In a system and/ or ope or onal units utilizin ure feed-forward
control, chang®&sey Al %‘\?ﬁ?‘ﬁ\?ﬁ?éﬁ rt %?‘%.?tééd‘ot‘rbe“t‘ﬁ%“%%“ﬂpé‘%?‘g??d‘?%r one or
nore functional units in the formof a nmeasured di sturbance, results in a
response t hat FoSepngiddehid neden limputoot past steamSysitem andd aid pores Qi (hor e
functional units utilizing feedback control enabl e the nalntenance of a

desired stat e®F&t RAUESsE dndlEPeshd? dpysrbreowtntei SFAMIGRIEs O Hier ef or e,

dependi ng on tdi&mnluevial z6fe agsp@eM:, fiok e EDARLdNtNGarAraRd@IRlesd. zat | on of
t he operation of the system and/or one or nore functional units, feedback

control may n&fe ﬁ‘ﬁb‘é‘“ﬁ“ﬁé (Mstrels R3PVidedaBing jORy2SHr WHICES PBTS FEEHFS AW EE

control. AccorgbRairdRdenbedlikRtctee beal- feRiiahdns ofle AlmmaheRe 1l ORl Y
effective when'the followi ng prerequisites are net: the disturbance nust be

measur abl e, t Rebedimenifthest s idgi $v e plER WU RPTE EARSE UV OJRY S Hsowydhem nust
be known and Ell}]ceurﬁféxgﬁel R tB@l‘e?&”nIu@drtmE aned&ﬁﬁﬂéh%ﬁcﬁldtc@arﬁ‘étlf@d@% }Jot}l't:“lm%t put is

| onger than the tine it takes feed-forward control to affect the
out put . In embodiments where the air dnd/or oxygen input ports are arranged in layers, they

may be arranged to maximize the mixing effects.

In one embodiment of the invention, the air and/or oxygen input ports are positioned
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Feed-forward control can respond quicker to known and neasurabl e ki nds of
di sturbances, however it nmay be an inappropriate control nmechani sm shoul d
novel di swonrbanwessbe sonmewhat consistent. |In contrast, pCeEsa2baasoent r ol
can provide a_%gy&% if control of one or nore deV|at|ons from desired
system and/ or heti onal unit behavi or. However, feedback control requires
one or nore neasured variables (output) fromthe systemor one or nore
functi onal untdh@entugw %@tdngwln&hﬁe Bt Hhanee pbiy terp@&ﬁlxm s eltchfivad

devi ation. Upon identification of a deviation a feedback control system can
provi de for atpodHpiagat o masiop e thseayhe vppridaiEt aif inppi pYSER perglesiier at i on
of the syst emyand}@moABPulenRfyihe DGL MRk RbAS fcAIRE dbRIFRYSna
operation of Jﬁe éysfen15n§?g9 oﬁeyor ﬁﬁ?et?gnc ?B%eflﬁnlté %ﬁgg )
desired | evel perFgledf orward and feedback control are not nutually exclusive.
In sonme enbodi nents, the control systemincludes both feedforward and

f eedback ContBP&LGQQ&eQM&ﬂ%k%H%omﬁQBtQ%Qﬂphﬁm:&&@Qﬂﬁ&%@&ﬂxﬁﬁn&ﬁgbt&ﬁn be
used to provide a relatively quick response 1365- PCT adj ustnents
necessary basedoronlagipeepifa igsulthpundornzmidn ahsvaiddi tThe nlebocfneedbiéeel@hewm ol
system can pr § J . r.error
correction bag%égq)gdr§lrﬁerﬂnﬁ%ci%{)resrhg ne%ﬁ;pgﬁ gél}tegenfg lmn%%%%pg()%ré ? il % forwar d
system Accor diqag with @eﬁml@n‘tmdienent s, t he i ntegration of bot h f eedf orward
and feedback control can provide a means for a relatively quick initial
response and Q%te%&)ﬁﬁ ehBhdeYioh 64 lr!a%ﬂb&%% L{?gﬁ&@l}i 1.0R se&? be‘i jelswiRae
enbodi nent s, e overa system can cont Back contro
and each of t rwell preeniothe rppyee efitaneg fhomefbrouniting zoan Tthe Od@ntllvml hedleugs ng

f eedback or f 0 lection N ack or
f eedf or war d cgﬁg;%%yﬁ%gn&aahmq#m?%ﬂh?gm??g%%%Fgﬁﬁ?ggg%%w]E%tﬁéﬁdgggged
based on the Hev(ellnp@iitumphlmsﬂt i Betdrengafentshe swadelnpingr gortpar Bexdtleri zat i on
of the operatlenwg t mnﬁun mj,lfhe respective functional unit. The
nore conpl et e"t'Hé H%&$1P the"“YF& 1ikely that feedforward may be
applicable to a respective functlonal unit. In some enbodi nents, the

oper at i onal c6h¢pmﬁﬁohn¢h9s®mnﬁmne;nﬁsnhecwmﬂ@1WBh@haUnkhsthh@rkaded by
|b(r)ls/2nI Iegﬁbafrga)gfr]ggn ;11lecgge Hil %O t((gl%ﬁ(%or U?«itlé]é ﬁ(r)]ne Lomgdl%mm%bﬁe(ilhdnL?F to th% ]}11]?81”101” stem
and/ or one or Wﬁﬂﬁ)ethfellEfOmeO-ﬁtaig Zand t@npdhmeﬁmmdcpnom;es arrbileedbac kwlrhmnt r ol

t he val ue of a.control contr . varia noni t.ored v

hppr opr i ate. sEhdn e endhe melean. iy Beofie s s f atnot g it dhge. A
control si gnaLom@nde:hemamaeldddaas:edn@lrmﬁ inputGoOMifRi M R emhd held mey val ues
and provided control in order to reduce the deviation. It wll
be appreC|ateH“Y%§F@§]é6ﬂ hﬁi Hﬁl f eedback or responsive control system
may further be adapted to conprise an adaptive and/or predictive conmponent,
wher ei n r espofseait mpat girkaiyde adidgtdro Maythbeatah tiersade pRnaccanrdasden W t h
nodel ed and/ or prev sly nonitored reactions to grOV|de a regvylve

response to a’ ﬁgehpklﬂ%fr HE 8y RGN e R PR ot RHEFAIM BVEF dbbot s i n

conpensat ory aggek @Rels FOI oideNSitatient, ACaUArE @6hr AR pbieSit ol 16@Er 16@d anr ovi ded
for a given systemconfiguration may be used cooperatively to adjust a

response to adRyjly é’rﬁ‘“a“”n‘HV"BIP%T HeBe leyrhrarhigh ﬂetei IEPLBQPﬁ‘gdféeh%’é‘d he%lebe

within a gi vemahaRaene (R0 BRreaRlctdtler ¥atiHEFQFs. Whi ch previ ous responses
have been nonitored and adjusted to provide a desired result. Such adaptive

and/ or predictive
Optionally, air can be blown into the reformulating zone compartment angularly so
that the air creates a rotation or cyclonic movement of the gases passing through the
compartment. The gas energizing sources (e.g. plasma torches) may be angled to

provide further rotation of the stream.

In one embodiment of the invention, the air and/or oxygen and/or steam inputs
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1365- 250PCT control schemes are well known in the art, and as such, are not
considered to depart fromthe general scope and nature of the present
di scl osurwo 2 ttessvat i vel y, or in addition thereto, the eomcAabiiggerem may
be confi gur edljt692m;g+tor operation of the various conponents of a the
system and/ or ‘oné orf nore funcational units for assuring proper operation,
and optionally, for ensuring that the process(es) inplenented thereby are
W thin regul at&ﬁ%@hﬁﬂﬂ@ern%dm@%&l%ﬁ@ SIRDHAr RS 1808} Yeis. | MPpEHRLLdance with
one enbodi nent, the control systemmay further be used in nonitoring and
control | i ng t Rereo kngwa gy e apdrgracbclede conensyalivetvidid Bpesore drihdror e
functional unijs £oficl B GRCB oINS HYSLEMAPHAPE SPIEHOfo P! fuf HOGH Onal
units may be operated such at an energetic Inpact ere I S reduced, or
agai n m ni m zedgle type oedifepinelypby Toptyneiod npgyleomey de Lhweboféd phémpln@@bsses
| mpl ement ed tt%gt[l%%{em@‘}ora&%h@ b, %e”&rn%%é 09of Qﬁangj‘%‘&lﬁpe%?&h ofOLr ﬁ&?
(e.g. waste he 3 genérate t hese processes. ternative
addi tion ther étroredtlh@thedntlredlswsissmémtmm/B bezzronflorgueadidg b@ha/djoulsy 01%1d1r
COITpOSI tl on aﬂd/ ?O dc?nev l'gi are%%ttl” ons dn(? d)(l U% leenrrper at ur e pr essur e f l OW
etc.) of a syngas genera ated Vi'a"the> eont'rof dmprécess(es) such that such
characteristics are not only sui tabl e for downstream use, but also
subst anti al | y Toptozriez eth baodesghéd oidemtt tlamﬁl’ ora dptredraiglaisie.onFembedimnpl e, in
an embodi ment t\é’hderet;[ biree S(%’n[%md tdngel ﬂ n (ginrel é:/r{qb menga lL.Uﬂig WKyi iQf i& gi ven
type for the produéetlon ectTreit y the”'Char act er i st 1cs o the 's yngas
may be adj ust ednesmtlbythham hhleﬁamhml&cttpeoﬂ tht inpst avzelebest alimtiched it opt i mal
i nput characteristi r guch hntg one enbodi ment, the control
syst em may bep@Sh‘ﬂ‘gﬁ‘P%ed (e frﬁs e‘rh\?@rli’ process such that |initations or
performance gui delines with regards to reactant and/or product residence
times in vari dusncompahenitsyf e imichton escpectmdreo awvgets dqag. provesges aof t he
ek IR R e
subsequent dogmsimie:mwcr melﬁ&ersoudnnnalchjnntmbms strhﬁn oonikig adsysh@minky, in
various enbodi nents, ,be ada terg for the.se t| al d/ or si mul t aneous
control of valVSid 4spdePstor T8¢ GUPaH B BE %@” AN é“‘bgﬁt FHEssO M 1 eal
time manner. 138Gn2HBQRGKIAGEONH Rged on ertiediaAlTIow 4R &ONEIGLyY, Sy BlaeM
conprises one or. nore control |oops _enabling the determ nation of one or
nore adj ust meHEdelCan Baciie & tP%“t“FF‘éOB%‘@F%fP‘i NS GPne GQBPAYEEEM and/ or one or
nore functional units, in order to achieve one or a conbination of desired
results. A conlpn@haxlmo@sgzgadilﬁeesr epresentative of the overall functionality
of the system the overall functionality of a functional unit, the
functional i t yTaé rdorstReiapanenty @ho@llfyujaﬁiphml@{e &thdre pRoce@ndidiiat ipofs t her eof
or a subconponent thereof. In sone e nbodi ments, the control st em i ncl udes
a plurality ofYSHERJP MEBHs Prapmerdii Bachciors PRECE SREFo Cﬁfaa%é‘quge
associ at ed W biheahdsdafRds bexrliticahl fMACt aRabofiul@ingt e SYSY QM soanes or nore
functional units or subconponents thereof. Each of the pl uraTlty of control
| oops can be &&¥TyHethea"t il dpt AiceoArlEmipdi (R Qv Ry oRyRearaBfhsd (e %ont r of
system to det gl e k&N sf%%tdﬁ@bthleﬂ%gélﬁsohgeseéstMﬁd RerethRSIndetst o
evaluated first or even considered to be the nost inportant to neet” the
requi rement s thereskillphinghd ayeln e cpbedineet e sefoppBatipie i cpropriss opont r ol
| oops can th_e(ne%epgwb%r FirMTRAS ol enGRAR! LflohRGAOBIS B mSXSAE b0
determ ne which of the plurality of control lToops to attenpt to satisfy,
shoul d t here beargowhisi cti ng outcones of one or nore processes of the system
and/ or functional units associated with two or nore of the plurality of
control | oopsqye optional addition of process additives such as air, steam and other gases, may also
be achieved without inlets dedicated to their injection. In one embodiment of the

invention, the process additives may be added into the off-gas source. Process
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Accordi ng to sone enbodi nents of the present technol ogy, the control | oops
can be configured as a plurality of nested control |oops, wherein each
control |woponofioesdparti cul ar nest of control |oops can PpeTasxIgET 23

wei ghti ng facgggZ)}g; exanpl e a higher weighting factor can represent a

hi gher |nportance meeting the paraneterization associated with that
particular control loop. In addition for exanple, a weighting function for
a particul ar ¢aRtveQal aQp be aied ePBRIGDIM PN NENOMrJNPK he CRAFY LALORS, for
associated with the systemand/or functional units, wherein this dependency
can result i nCEMHRIVPINGAL FISFRYOPUAR WS PltEPr OBMCt he | nportance |evel of the
control |oop, thereby resulting in an adjustnent of the heirarchy of the
control |00psoplitha8¢NE6R or tif1&s GRAL O r@y&um Y sGRAPHLS @ne@ﬂiﬁé amg

control systemarchitecture suitable Por he application at or

exanpl e, the &@riaFrd may, 8¢ aerriayatedo g i@eﬂ”@&)r@u%@ﬂ%mn@a@r W@@htpﬂawz@d
control systemyc1a,dfStfihRUt @ GQWRd@h(§X§ﬁ&ﬂhm9ks%m%&ﬁﬁm%ﬁQPQTpﬁﬂﬂH!nat'0”
thereof. A centra?lze control systemw Il genérally conprise a central
control | er corfpudent suxipgolcibermaisiiglatathinthhrefampltsg raveal and/ or renot e
sensing devices and response el ements configured to respectively sense
various charagheht %Mé?ﬁor{seddﬁ\{)@%d&dédtt&"%ll&@%ea&i At PEOFERSs te%’fb@mﬁ@éipond
thereto via one or nore controllable process devices adapted to directly or
indirectly af peetirashens eonpessionedd pihecesdilionssitmgerastcent ral i zed architecture,
nost conputatlons are inplemented centrally via a centralized processor or
processors, h()l{dlﬂ?t plmsgov@ifs {hesnREes SALYardROIVRS & *Rdnelr aRfd Wake for
|nplenent|ng contro process is Tocated in a sane |ocation. A

di stributed cofty ol méeys tnetil?f: \Kﬁffprmléeth@r I yAPRAPIIS BIUEWE OB BT e dPGPF i but ed
controllers which d;%a%m%ch &Qmmw@}n intfubid d‘i&é%ﬁtdré’?nﬁﬁﬂ?y' Ok AQH of €Sponse
el enments for nmonitoring |local and/or regional characteristics, and respond
thereto via I@@amdan&memone@ﬂbﬁmmmpndaéssmd@vm@e@WCQﬂﬁwgﬁﬂe@eLmdaffect a

| ocal process or subprocess. Conmmunication may also take place between

di stributed cepibRlil@lisiyMia vari ous network configurations, wherein a
characteristic sense V|a a first controller my be communicated to a
second cont r olph eferd RlultiES RARS S IPESRAY incRRLRL B HMERadlSt 2k [GSBRRSE NMay
have an inpact on the characterlstlc Sensed at the first |ocation. For
exanpl e, a chirauter ¢ty lofcagesdbanse rabanripynghscartyn be lsersredhytine

downst r eam no sie j ar amet er
associ at ed mnpﬁﬁgihpg?ylﬁ%ﬁﬁﬂmo'atﬁngé%f%ﬁgﬁﬁggc p?g%%o%?%%ﬁkup by an
upst ream cont rolel ery tkeduca di stneidyuteeds arghictlelor uhe, relvontipoin harxewwabye and/ or
software is a St t C L.l er.

nodul arly conk?ﬁﬁ@e’l%gﬁ rd%Ug?hgﬁQQGBQﬂ%égfﬂ§§%PWd(ﬁgg%ﬂngaé‘ﬁgénproller
or various codgendbnvie auodyt asedc diie rfalsibichefmes uyapt bzealyﬁ:phemmekdumn
respective Co%nr 9'11' eés Aiet enrdi;]atl Itﬁéerllﬁ t § Qe G rllrlﬁésoo P/F a or eslu dl vi ded
into separat e”Yt & SN €51V 8P o igﬁzl&é rdgisRar né% 5Pt

cont rol subsysyqnﬁ@nﬁutheaﬂmak@mu&Eﬁhmﬂﬁu@aubﬂcaﬂhbmmasgmwemmpmﬁeess or
series of interrelated processes to take place and be controlled locally
with mininmal #t%taction with other local control subsystems. A gl obal
master control systemcould then communicate with each respective |oca
control subsyﬁtemaEmb@hmamhﬁnﬁeem&aﬁylamjuﬂ@ﬂﬁmﬁmgbnndo@a@mpsaae&ges for a
gl obal result 250P

Whl(,ﬁ ctfectivel qowexs the energy threshold required for reformulation. The
catalyst may be positioned at a location upstream or downstream of the energy

source(s), or it may be in the path of the energy source(s). In one embodiment, a

catalyst is included that is positioned before and/or after the energy sources.
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Accordi ng to enbodi nents, a |local control systemis associated with each of
the functional units and configured to control, in response to inputs from
wi t hi n t wofanewssdsal unit and/ or from outside the funcPrco@20uniso23t he
processes bei ng. pe ;{prned in the sane functional unit. A global control
systemis operaflve y coupled to each of the functional unit controllers,
thereby providing a means for providing a |evel of overall management of
system oper at irh refd QAR §fH nﬁy%emnaturuﬂeo aneaeﬂals ehnvepmaﬁenmy (Hse any
of the above architectureées, or any othéer architecture commonly known in the
art, which ar eldpnei Hethe sfpmnulsingizons. nFar seageipeeb ysedwebeamawﬁ%&mrthe of the
present di scl aspr g, BRI b ARAGARCE i P ORESHASC A Al S Sheoh &gt ed
within the context of the present 1nvention nmay ontro ed |n

dedi cat ed IocahyenmnwbnﬁenﬂM£mﬁnmﬁdpnm@haﬂmexternaI connunlcatlon to any
central and/or renote control systemused for related upstream or

downst ream pr HESRHPlc L‘Q(Bﬁﬂht?%? {He GAPLEI L(ﬁll}tfs%m?-glk(Y@ép\él’lci 5@ ?é?xﬂ)ter«ﬂlle system
may conprise a subconponent of a regional” and/or global control system

desi gned to copfperoat i Vid ypreemiaicoppesiting geropradtugnidngss gl slyaius pﬂ@tyetssire For

P nCe 2R Al CRELLE' TRY SERM IO EnfRLONGL BUGH MGk LRl

modul es interacti vel y control various sub-conponent

provi di ng fornmnmmnnnmdubamtbonhummﬁﬁuw@msmaﬁnmﬂedédlmeMOPBQMOWQMUaDd/or

gl obal contr O}em Sy LllC(lJ”g]lt Lol fcﬁ?&v%ms ner ?t TX Wdt r rseosx Oe'illeoro eurculﬁe?ent ral,
net wor ked and/Gr" i bt e rocessors, one for e Xb for recei ving
current sensedmmhmmaﬁt@mwm@ﬂesmﬂmbmﬂkmenuaﬁe@u&x&&nsmaqnakmmmnmeatamd one

Var i ous. resportyBbmanteere BRATaR RorTamige R b FRAE Wfihe

control systeamnayuakﬁ@om@npmueeudnaﬂonqﬁnmenHeqakmamdfoecﬁﬁn®¢£Manputer
readabl e nmedi a ( tﬁA renovabl e nedi a, |ocal and/or network access
medi a, etc.) ﬁﬁthgBNPWQHl YS9 vari ous predetermined and/ or readj usted
control paraneters, set or preferred system and process characteristic
operating ranqasuugy&henmnmakmmwhngﬁandmmdnbn@bmﬁﬂﬂkmaﬁeth@p@kahmeal dat a,

and the |ike. tlonaII utin | at f or.ns. na o have access,

o ther i rect MRy Par s SALPY e o byRoue detere Bt BES TR at  on

data and/ or sypieicRatic@MEHBLNOEDI M zation and nodel i ng neans. Al so, the

conput i ng platforns may be equipped with one or nDre optional gr aphi cal

user interfac ﬁ +nput er| herakﬁﬂfor Ci g ﬁ ng nanagerlal

access to the 83 trd “é?@i 9@%% %dﬁaﬁé i Bt H]ﬁce“”%ﬁdeIEatlon

adapt ation toamemsylatlennomduhe@ oRidel/20d cBGUI Dlﬁ&ﬂi’@:seneé of )deaSoﬁl\@J)ﬂ 2B

vari ous optional out put er| pher al s Eor connunl atig%: at a agd ormati on
t lO(.(é‘

wi t h external "§8UrcEs '{ e” Hmenédé?n“ 8t iRy cBnird¥tIeR, 1eeh ). The
processing sysioeuiandaanyk@RB1ES inttheus Wit PIREEHE ik ehodY St e Gad d@)mprl se
excl usively hardware_ or any conbination of hardware, firmvare and software.
Any of the suBegrdscaikivig theyest ehiopamtEbMsrY$@any conbi nati on of one or
nore proportional (P), integral (I) or differential (D) controllers, for
exanmpl e, a P- gamticahkllic a0 nlet gk ts@hay B Red EathhkIngrhe RfJRuGanT rol I er,
a PID controller etc. It will be apparent to a person skilled in the art
that the i deaPrcsdi REIOB e BMsIcHSE] fB‘”r‘i% aggfthepmopt W’a‘ﬁ'd Preé st licrdalygpends on
the dynam cs apde@gh@¥idn feeaQfs 68 tRAfdss QfsifidABok BRCEQN TREVSESSla@felyt he

gasi fication systemand the range of operating conditions that the

conbi nati on i §erpiandeddt erecemmsideled dprpstthe HyklH cElignydsl Aight Ph# of t he
conbi nation canbighd §6 oplhieWivlith REAPRALEAL obGnA taaﬁaanre%ueh@@etweﬁ he art
t hat these conblnatlons can be inplenented in an anal og hardw red form

whi ch can conhhn@éd?pymdumpmdmO%Ql5h@endvmgmeWEnemi§wImheuﬂ@huenﬁ$Oa
characterlsthlom < G9 np%cfhlﬁelm eham peC|f|ed value to influence a
respective controf - eren 3 KEAn adequate adj ustnent, via response

el enents, to reduce the difference between the observed and the specified
value. It will further be apparent to a person skilled in the art that the
conbi nati ons can be inplenented in a mxed digital hardware software
environment. Relevant effects of the additionally discretionary sanpling,
data acquisition, and digital processinggare well known to a person skilled
inthe art. P, |, D conbination control can be inplenented in feed forward
and feedback control schenes. Control Elenents Sensing el enents
contenplated within the present context, as defined and descri bed above,
can include, but are not limted to, elenents that nonitor gas chem ca
conposition, flow rate and tenperature of the syngas, nonitor tenperature,
nonitor the pressure, nonitor opacity of the gas and vari ous paraneters
relatlng to the energy source (for exanple ~powver and p05|t|on) According

N Y o o I T



1365- 250PCT factors not limted to the operating scenario (pyrolytic or
with adequate 02/ Air), on the processing tenperature, the noisture content
and the HROCQw@Mss9s of the initial gas. Gasification teehmaagiiwsogsanerally
yield a synga§w$2ﬁ?§ H2: CO ratio varies fromas high as about 6:1 to as | ow
as about e downstream application dictating the optiml H2:CO
ratio. In one enbodinent, the resulting H2: COratio ranges fromabout 1.1

and about 1.2pldhiRN& edmz@réim%mfeh@mr %ﬁeulv&lthnghé%e@dr aa'hblgms fdpnlal -
Taki ng into account one or nore OT e above act OI‘S accor

enmbodi ment s, Eh¥%68hﬁﬁbﬂL@VSWEH%%@@&ﬂhrég%ﬂhﬁ)é@hpﬁ???Fbﬁneﬂ@ﬁgéb§yngas
over a range % th REARP ‘nl? ? nl_' F%(@mp%llgleqSCBXH]Q?JHL{)% do{g}gﬂl 1?\/019\%L %Q&)%pga déﬁe en

appl i ed gas energi zi ng process a ives
(e.g. air, oxygém<4d@nh@mpn@tbanmnmmmgéﬁyuaﬂthMg@(§yh959mpbnpmsomn®n to be

optim zed for ecific downstream application. one_enbodi

nunber of opef‘gﬂl waww:—ﬁ@@@ B G u f"é‘r‘I*)}‘*B‘fl YRt 5@) oni tor ed
to determ ne vhetheke tendds tﬁ%e@ﬁtﬂﬁ|0@-Ubl@ﬁnt§)’tﬁ§x@mré SesORES @b leffgawembé n the
optimal set point. The paraneters being nonitored may include, but are not

limted to, tﬁfethéhé‘i‘ﬁyé‘a‘P theomisSiely Bigh [{TR5W 1t e and tenperature of the
syngas, the tenperature at various points within the system the pressure

of the systenpiiaing, MdthcOHSuRRY amhﬂ{gsmﬁlehahiurkgs& @IS gaBcNalcQicaing
sources (e.g. power and position of plasma torches) and the data are used

to deternine PRHEY Bahelegidcipy %)éonalﬁ? &vaﬂ’&lhéﬁfﬁl“‘ﬂ% PR RSt B FHFIEFEL er s.
The Conpositigaogand Opacity of the Syngas The syngas can be sanpl ed and
anal yzed usi ng nmethods well known to the skilled technician. One nethod
that can be used to determ ne the chem cal copposition of the syngas is
through gas chihatBgraphir tecytdnal Ysrsd agms Wt gi MidIEH © Hadei%hal yses
can be | ocat eghckuomeR@UEmdstfe SYEIiBBN Lhﬂﬂm@mglc?nbodl ment, the gas
conposition is measur ed using a Fourier Tran orm I nfrared (FTIR) Anal yser,

whi ch neasures_the infrared spectrum of the gas. Accordin 0. enbodi nent s,
the contorl ?Effémleare* R Eﬂ%&?ntpsma%ff*e e EF O B0 TRERRor 00

littl e oxygenieSeiasiate rdhetiD@p&Xingasislet @8 MARGN AL pisdeb Mgl unit, and at
least part of the char created is moved to the reformulating zone for use as a catalyst.
For embodiments utilizing char as catalyst, the catalyst bed is typically placed before

the energy source(s).
Syngas Outlet
The reformulating unit comprises one or more syngas outlets or ports to pass the

syngas from the reformulating zone to downstream processing or storage.

In one embodiment, the reformulating unit comprises one or more outlets for the
syngas located at or near the downstream end of the reformulating zone. The outlet(s)
may comprise an opening or, alternatively, may comprise a device to control the flow

of the syngas out of the reformulating zone.

In one embodiment, the outlet comprises the open second (downstream) end of the

reformulating zone.

In one embodiment, the outlet comprises one or more openings located in the closed

second (downstream) end of the reformulating zone.
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1365- 250PCT the process accordingly. In one enbodi ment, an anal yzer or
sensor in the carbon nonoxi de stream detects the presence and concentration
of car borwoi2oxi/es9sr ot her suitabl e reference oxygen ri eboTraerivahi2dl n one
enbodi nment , O?%QEQW£P measured directly. In one enbodi ment of the

i nvention, a thernogravinetric analyzer (TGA) may be used. In one

enbodi nent, the sensors anal yze the conposition of the syngas for carbon

nonoxi de, hydpp@enmidMHRE akbaRR athrkar BoheRihOXi B wlases: Ribrkhbgislat a
anal yzed, a controller sends a signal to the oxygen and/or steaminlets to

control the afdgreaghe SxYyyeAodmdEdR) dleam i njected into the chanber and/ or
a signal to the gas energizing source(s). In one enbodi nent, one or nore

opti onal opacighy;oRRNHERF B @iNGMER ed within the systemto provide
real -ti me feedback of opacity, thereby providing an optional mechani smfor

aut omati on of process additive input rate primarily steam to nmintain
the level of PFartTRUMAEE I BEssht BT hakicthin sMricsnasPecs dHehEs at i on.
The Tenper at ub@ @t 1iMAFd QUScaiACAE pARSssiaBdiBYSL @M il si@in LIEPOMipiRBYs anlBer € 1S
provi ded neans to nonitor the tenperature of the syngas and the tenperature
at sites | ocat@WrARE Slrghisly 1t remiyat aire WhePei dhsuedeVerad slcarisitaeyubi ed on a
conti nuous baﬁkﬁmoNgéﬂﬁmEQErﬁ%ﬁﬁﬂﬁﬁmEﬁx&&edk%ﬁ?%ﬂéﬁﬁﬁ@th&eﬁﬁﬁwQﬂ@&H?r1 for
exanpl e, may be | ocated on the outside wall of the chanber, or inside the
refractory at cledacitognsymri@he and bottom of the chanber. Additionally,
sensors for nonitoring the exit tenperature of the syngas are provided. In

an enbodi nent j, §,henpRaNEf SThOBLHBHI (ROhdNR 5 @FREFR HE8yi 8 RraMiided, by
t hermocoupl es installed at |ocations in the systemas required. The
Pressure of 39@'[ ggondary processing unit and/or melting unit. The heat exchanger may be

operated in conjunction with a control system optionally configured to minimize
energy consumption and maximize energy production/recovery, for enhanced

efficiency.

In one embodiment of the invention, a gas-to-fluid heat exchanger is to transfer the
heat from the syngas to a fluid resulting in a heated fluid and a cooled gas. The heat
exchanger comprises means (e.g. conduit systems) for transfer of the syngas and fluid
to and from the heat exchanger. Suitable fluids include but are not limited to air,

water, oil, or another gas such as nitrogen or carbon dioxide.

The conduit systems may optionally employ one or more regulators (e.g. blowers)
appropriately located to manage the flow rates of the syngas and the fluid. These
conduit systems may be designed to minimize heat losses to enhance the amount of
sensible heat that is recoverable from the syngas. Heat loss may be minimized, for
example, through the use of insulating barriers around the conduits, comprising
insulating materials as are known in the art and/or by reducing the surface area of the

conduits.

In one embodiment of the invention, the gas-to-fluid heat exchanger is a gas-to-air
heat exchanger, wherein the heat is transferred from the syngas to air to produce a

heated air. In one embodiment of the invention, the gas-to-fluid heat exchanger is a

98



In one enbodi ment, there is provided neans to nonitor the pressure wthin

t he chanber, wherein such data are acquired on a continuous, real tine
basi s. | rwa22uriobsss enbodi ment, these pressure nonitori RGTIEA2NE/GOIZPI i Se
pressure sensors, such as 1365- 250PCT pressure transducers or pressure taps
| ocat ed anywheére on the drying / volatilization unit, for exanple on a
vertical wall of the drying / volatilization unit. The Rate of Gas Flow 1In

an enbodi ment pedi R&LSerl StRMOYNEGE: MRANSIN iR ARAIE RlinstddRd fib QWidrab §rQfucSyngas
at sites |l ocated throughout the system wherein such data are acquired on a

conti nuous baB¢acd ERIEY s&thons in the gas flow may be the result of
non- honbgeneous conditions (e.g. torch nmal function or out for el ectrode

change or ot hekfrSMRRM besCHUMRIRREN B WRCTBORd ASIu@nt BARPLAS YuH¥ERSUT €
fluctuations in gas flow may be corrected by feedback control of bl ower

speed, feed r&rdangsts. hethef Patightsdederaas yefigbayt ¢ci-tubsi pultipleaiyy deaitd: t or ch

power. If flugtyalhoiseitbedas khonede BleStiectdhe rSYSHEMIEY: BEnSTL jdown
until the problemis solVved.
within the knowledge of a worker of ordinary skill in the art.

Due to the significant difference in the air input temperature and hot syngas, each tube
in the gas-to-air heat exchanger optionally has individual expansion bellows to avoid
tube rupture. Tube rupture may occur where a single tube becomes plugged and
therefore no longer expands/contracts with the rest of the tube bundle. In those
embodiments where the air pressure is greater than the syngas pressure, tube rupture

presents a high hazard due to problems resulting from air entering gas mixture.

After heat is recovered in the gas-to-fluid heat exchanger, the cooled syngas may still
contain too much heat for the systems further downstream. Selection of an
appropriate system for further cooling of the syngas prior to conditioning is within the

knowledge of a worker skilled in the art.

In one embodiment, the hot syngas passes through the gas-to-air heat exchanger to
produce a partially cooled syngas and heated exchange-air. The air input to the heat
exchanger may be supplied by a process air blower. The partially cooled syngas
undergoes a dry quench step, where the addition of a controlled amount of atomized

water results in further cooled syngas.

The cooling of the syngas may also be achieved using a wet, dry or hybrid cooling
system. The wet and dry cooling systems may be direct or indirect. Appropriate
cooling systems are known in the art and as such a worker skilled in the art in view of

the requirements of the system would be able to select an appropriate system.

In one embodiment, the cooling system is a wet cooling system. The wet cooling
system can be direct or indirect. In cooling systems that utilize indirect wet cooling, a
circulating cooling water system is provided which absorbs the heat from the syngas.

The heat is expelled to the atmosphere by evaporation through one or more cooling
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Addi tion of Process Additives In an enbodi nent, the control system

conpri ses response elenents to adjust the reactants, including any process
addi ti veswotoivmssge t he chem cal reformul ati ng of initipalr/@asiitisoryngas.
For exanpl e, R&Q?ﬁéETaddltlves may be fed into the chanber to facilitate
the efficient ornmulating of an initial gas of a certain chem cal
conposition into a syngas of a different desired chem cal conposition. In

one enbodi NeNtoweld AREnSRAS OIS RO A IEXCRARSv LA, bcﬁ@wemﬁé)@ld HnlifiRePYyngas,
t he steam and/or oxygen injection is decreased. Response el ements

cont enpl at ed W4 ivedpethssesemin doad Ep, as defined and described above,
can include, but are not limted to, various control elenents operatively

coupl ed to pracgsSahl@het, de\bsas Gophi Qur &d boaf eeh. aTel ¥§nBriRcess by
adj ustment of a given control paraneter related thereto. For instance,

process devi cegtegpends|daedior Hidgeghd gleestreimegnthexty ¢roling netest is gulrat

response el eMBAL SHolifBY ey ulglgiougytdx? Bolft whi Fad %d&s@yQLQH@@&SE J At
regul at e oxygen source% i nputs”and” t he gas energi zi ng source(s).

Adj usti ng Gas fastéy. gtlrzwd@ mrefelrgl iperags wRbwdimiedwateTopely)  1365- 250PCT The gas
energizing field may be altered. In one embodinent, the plasma torch heat

i's controlledyf ghdEhyRihde &1@%’?2'4900016@' tr‘a&%&ltqfds %bélex‘ Ny Qidg.fhanher al so
bears part of the torch heat ad by releasing torch heat energy wth

combust i on of ceyeigas kndyje if qh@wt pua aclgfle hpwcbsdosed i YsPagjt igppbditipg Neeep
torch power iBgd §H55@blngg%&ggwggsigqg§ I n one enbodi nent, the plasnma

torch power is adjust ed to stabilizeé the syngas exit tenperatures at the
design set point. In one enbodinent, the design set point is above 1000C to
promote ful | dBEbmsESIEY o BF cothsl adiscchnales@@POROT Mangaaporator such as

quencher.

The exit temperature of the syngas may also be reduced by re-circulating, through
appropriately located inlets, cooled syngas to the gas reformulating unit for mixing

with newly produced syngas.

CONTROL SYSTEM

A control system may be provided to control one or more processes implemented in,
and/or by, the system and/or one or more functional units disclosed herein, and/or
provide control of one or more process devices contemplated herein for affecting such
processes. In general, the control system may operatively control various local and/or
regional processes related to a given system, function unit or component thereof,
and/or related to one or more global processes implemented within a system, such as a
gasification system, within or in cooperation with which the various embodiments of
the invention may be operated, and thereby adjusts various control parameters thereof
adapted to affect these processes for a defined result. Various sensing elements and
response elements may therefore be distributed throughout the controlled system
and/or one or more controlled functional units, or in relation to one or more
components thereof, and used to acquire various process, reactant and/or product

characteristics, and if required generate or determine one or more adjustments
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Adjusting Pressure within the SystemIn one enbodi nent, the control system
conpri ses a response elenent for controlling the internal pressure of the
chanber. Wwo20neioesybodi ment, the internal pressure is naiPoraiAred/&012a
negative pres?ﬁgg( ET , a pressure slightly bel ow at nbspheric pressure.
For exanpl e, e pressure of the chanber may be mai ntained at about 1-3
nmbar vacuum | n one enbodi nent, the pressure of the systemis naintained at

a positive presRuEige tﬁah@mgﬁId@@éd%mdanaﬁabombﬁlmrﬁ@%aﬂggﬁdggesq%ﬁé ol l'ing
the internal pressure is provided by an induction blower in gaseous

communi cat i onOwWNPls of I OGaENRAPEIHIIME I G BpEt@Rriroliphle irordeicdoVsps- bl ower t hus
enpl oyed maintains the systemat a negative pressure. In systems in which

positive presglt&e}s$ HRLAMRAI BREN BEmPOWBHe bSmeRNIBRES: baroRRralewat | ower
RPM t han the negative pressure case or a conpressor may be used. According

t o enbodi ment §OnTighred é@ FrEpIE® OReORA IO} BigRALY BiCH e €88 A BOs hBEITisT at ed

throughout thg,syslam O}Bc}?ﬁuﬁgﬁ% mer}llrk%st'ellﬂd&c(gﬂqu A OWe the WihdiioR§ 1AM Ust ed
according to whether the pressure in the systemis increasing (whereby the

fan will incréasel.if chpewestiorandedndesivagh (atoe mebyprodees fzptenydnidd vader ease i n
speed) . Accor?i{e’lgst&ﬂ &@%‘?%&?ﬂh%mondh iR HEM R0 Bl ShREH. ;ﬂﬂ:ﬁ{ slight

negative pressure relative to at eric pressure to revent gases being
expel | ed |ntoothgremvmﬁnhmentmlWWsondmﬁg(t@methMHﬂBnmshgpn@sgmbﬁtban be

ZE ag;)la:aégdbg?lo\a’gel USt(!Eﬂ% mqre ?LX]Ltgondl unltgs or b%?uo%-r\f/oulg\ég l”ed%lly Pnc%xstooqagu{ onal l'y,

contr ol overrUQGSLanweaﬂmuS@sdLMemreﬁmﬂbuyaﬂmdawWahvefmnsbmadmnChad the

:gcgaggggtsl on Vr%le\xlrgor%eglyc)gt%utt 8111 be 111¥11Ldt1\%sgfdsomeqnn for €x ra¥np?ont &d% solid,

semisolid, liquid or other product or combination thereof, being transferred between
functional units within the overall system or an output can be indicative of something
that is exiting the system for example. The control system is further configured to
determine one or more process control parameters, at least in part derived from the
one or more input signals in conjunction with one or more control loops or control
schemes. Each of the one or more control loop or control schemes provide a level of
parameterization of a desired level of operation of the system or one or more of the
functional units. The process control parameters which are generated by the control
system, can at least in part be used to control one or more response elements which
are configured to adjuste one or more aspects of operation of the system or one or

more of the functional units.

In some embodiments, the control system comprises, for example, one or more
sensing elements for sensing one or more characteristics related to the system, one or
more functional units, process{es) implemented therein, input(s) provided therefor,
and/or output(s) generated thereby. One or more computing platforms are
communicatively linked to these sensing elements for accessing a characteristic value
representative of the sensed characteristic(s), and configured to compare the
characteristic value(s) with a predetermined range of such values defined to
characterise these characteristics as suitable for selected operational and/or

downstream results, and compute one or more process control parameters conducive
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Exanpl e Control Concepts According to enbodi nents, the plurality of contro
| oops can be configured such that they represent one or nore control

vari abl esweeabuctesdsf rom t he group conpri sing: syngas LH¥YcCtlaszo(iMioths) ,

Lower Fbatlngl ?Eﬂﬁcr LHV (MJ/ nB), Syngas flow (nB/hr), Feed rate (kg/hr)
whi ch may be ¢ndldeted it a speci fied throughput is desired, Syngas
conposition (COCX ratio, CH4, H2) and Slag Flow (kg/hr). Furthernore, the
plurality of Wﬂ&lﬁl%hllllh@@@%h&%&bﬁc coRt gured puehahiad rdabeya rpﬁpmys@ﬁt one
or nore mani pul ated vari abl es sel ected fromthe group conprisin Ram cycl e
ti me (seconds)esPoadrelemaniel mypday be Pppyeldsyy Apked Bp gue whinghe datseisnélNisee one or
more of CRV aj, W@ BRIACM@EALE: B mofONFRIAAPLRL) (AR ri{"ng
chanber air n%fﬂﬂ§t d?a' ﬁ%&gr dlscﬁarbe pré)ssuretll PRef 1 h % Chanber
Torch power ( kl‘iAié(I)re@lrtplda(in)d thexghy ddiRets ihdusnivdd| ¢haracteosteh dpcbw@rmr(um%lll‘e@d:x rical),
Sol i d Resi due ter hur 0 r i an

opt i mal ran1n8y%8n%s§gﬁﬁﬂ§$“9 %ﬁ&fé§¥£d§v¥gé%géfﬁe§8%§mggqﬁﬂﬁ§$a% Lsted by
t he control systeaer($)anddebratingnhe grhespdayrcalsh hlyicofrdmmhle@hfvnhoops can be
configured such that they represent one or nore constraints selected from
Lhe aroun COMRLISRD: o dnP UphBIRALAN 88Oy ERINELLRL 488 NSRS,

t emper at ur es C f as tenperatures , System pr essure
drop (syngas bln@twerdl moltsmvhm:cun e@htof thfcé&smbncd@smwnmriefssm esl)mreApmeSf [row
control valve l§ dlrgé)l t%e LOllt {()syste s o 18;%:( lre in ormd (S)nnree dtl ]L ef I ni ng
chanber), Nblf nver CRV
Upper Chanberokﬁmemo@amymmmdusshﬂde&msﬂﬂumehhyEManubﬁr@nmyddémmmnﬂlng to
sonme enbodi nent s theul L % p % ig o, ze

el ectricity pP‘bed?fcfP?r%H“O‘%KhFé‘H“ SBQ‘éé‘H’ide%Pé} gugy> weh% ‘tyhslﬁ“ l?ﬂ‘ “flux of
energy to theuﬁa@hk@ngtmep&mvmmbﬁhduhe<ﬁyﬂ@a&oms ﬁupmhbedm‘ksrsuhkmslent to
keep each engine op rati at full | oad. as ener X . i s the syngas
f1ow mul tipli Qakww HESs gﬁﬁﬁkmﬁéﬁ{ |ﬂ??g“‘%}ﬁ?l e P B &%@ ﬁ grsioppent

ef ficiency andk@ion, ﬂﬁﬁﬁf{\lﬁhd@g)rtdhfu%kipwth%bératﬂﬂ@b&&idiﬂbﬁs fol &1dertt0 chGire
substantial l'y maxi m zed, t hereby ensuri %ﬁthat the engi nes 1365-250PCT
remain at ful fe|Tegred R8¢ of BOFg“ 16" BRI Hdnt acht HelPe [ & (W5 FF et hods
to increase symgasof bLRWpld, erBaslifg 8bddidonO¥sme BRGLIOLy sicRLH &SI NG Red rate.
Increasing air flows beyond a certain optimum can bedin to reduce the

heati ng val uefour Remems\upkigaLliuABY i GSrAsBEPD Wih thfestgeiara Fenfigpptippsykereot,
Therefore, t hﬁ{cﬁldln\% d@ﬁltl@@gﬂpﬁpmﬂloﬁs fdrQhQe %QM@Y&nﬁﬁ&hm@/&%lﬂmt@l‘{xn@@d hi gh
LHV. The control system can be configured to eval uate d syngas fl ow,
and mani pul at end/¢renedi§eatinn @hdeolesionlezooes wihie efiﬂn@fttlh@rﬁ(air %mms fiassowl at ed
air flows to % timze. In sonme enbodiments, if conversion is poor due to
reduced in-feed energy quality, extra in-feed noisture, varying anbi ent
conditions (shell losses fromw nd/air), the control systemcan be

confi gured todudjpest chdedimeatsesachoolehsylosr hen@ndimsionyr enita] sapsisdsuinl y

| oaded. Wen f (0} I Y r
configured to §§gﬂé?&gpk§ Q&E%g%gfuﬁhﬁe%é%&%ﬂJgféﬁgﬁgl%ﬁgr mL?%%QEHV

f1 ux) opt|nlzéd@dhwiaﬁdnhimdwuméemmmamembadl@emad}msmédﬂbyﬁm&hbQUbating t he
ramcycle ti ve

hrough the sy TR RS Rsb Rty P AMRES PR ERABLNE
According to mmbrﬁrdummnﬁ an bbﬁ&ate)nakcemmonasitrcan Hl‘fﬁsttﬁh‘lﬁtloﬂdﬂ mnt btm:é aabhdtity to

adj ust some of ani pul at ed var.i bles For bottom grate can
nave t her mocoft] 88 4 Har i et Fre B R Ph g SRR BpsoPiebRhe STHEE Ton
captured fromizheseahé bebimonuplsgsers am bablksadlihinsSe @ dasrediuicidhgiat i on of

| evel of reactjon thr ughout the various stages of the grate, and
additional ly Ht@???“ﬁf”’ﬁghtlfy any potential hot spots or |ocations of
potential over conversion. A primary purpose of these thernocouples is to
pr ot ect againﬁiwﬁkGﬁﬁﬂﬂm@anmEOmH@M@&&ndesmgmukﬂﬁ@ﬁﬁﬁkﬁﬁeﬁﬁnh@%ﬁﬂﬁbfthey
are al so be ual y contr ol systemto identif o}ential dqggees of
conversi on. e ope dtlond conditions of tHe enlire gasification system. In some emboditnents,
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Accordi ng to enbodi nents, the gas phase tenperatures, |ocated above the
bottom grate and the pile of converting naterial can be used to indicate

| ocal i zedwbap1igpetss from conbustion. Both the air box tecparazbuvssizand the
gas phase terrpj%% {Oﬂ&es are used by the control systemto nodulate air flow
rates to each o e bottomgrate air zones, which can inpact the degree of
conversion; thereby substantially directly 1365 250PCT i npacting the syngas
flux. Accordipg &)gtr&nig@«éfnnﬁQ&)ﬁfm&&fe{oep@me b QIR fige W HESSHE @FBAtShabei Ng
made t hroughout the réfining chanber, wheréin these neasurenents can be
used to adj ustomiitons ploie priresasiikedey dbiag- t o enbodi ments, these tenperat ure
measurenments can only be used for adjusting lowrates in the refining
chanber air fPWmelHEbdigsRRNaR dofubiedyiitinng catfoufel QWpfRtRS: dotnbHRE0n 8N

t enper at ures however they can al so bé used to control syngas flow and LHV.

I n some enbodityehtigne eprof afq rrinhgme isantind of therneraaipnl egndidgpsise thiseding o
protect agai n§ii@XG&edlsReh. I 8 8GHDTe dQ@%&%t&)ﬁW%@Edﬁ%ﬁgys@%)!ﬁhestJ"ey may
al so be used by the control systemto nodulate refining air flow rates.
Accordi ng to elwbddimint systathend efrienpignoshamber wbnpemat tickesf avkiciarer m ned
at ol ocatt ons OGNSR Gl BE. bRLERSP Al DlSLRPLIRLL 96 SanpRe, used by
the control systémto nodul ate e torc § erature control
at that point funstuanl mpt,lonupantludmr imtWeendrrleﬂatrrﬁlmglomlrunftJ @rvthldmd tlmﬂnh power .

According to errbo ment s, egog of th nt.ral P(Sbte ASukd & sto
) md) e one or mor the COontro SF sgstems (,rl (t()l] lgursc tO I‘OVI(S
torch power i S ni'm ze power consu I ntzi onver si on

and tar destr udislaonmlly'lszenmfeoroegrolsyM@aﬁsmmdsndtnoon u(lﬁl@r wcwla*tzlooe mGH4 H2)

nodel s and te r re no 0 used by the co ntr.o

Cobet anetan |y PBBE S PR, B TR SRR R ko e S RS PP RESI Aot ner
limtation tOtitnhe)vaxldl‘l chhieow of alicesntian dastfratdegdemat B Wifl ok rexidgingersasd cycI e
time or travel rs&l is rel a{ed to vessel(ﬁfp essur§ dr ops.  For ﬁg

syngas flow gdHEMACPHRUEON At angsilignal Srdagefr e erigLs s Ko Re oVt "tp)rocess
al so increasey glfirablfesecaiesstss, dﬁ@pﬁesg%nﬁmdtmlgh,m \@S@@%ﬁdeﬁDUh dof each
their pressure or vacuum design ratin or the syngas bl ower, which is a
mai n nmover foFXdTHE é%g)&gﬂexeféﬁf By dedgc |‘P§mde]§Y€‘ér‘ff é%wa%wlv%n*aw&)@a&w hi gh

current on it R8T he Bfc dilifort QRCSREESLin ASERHEENSY the hfiSLGOR sRIBQdhdrENt S,
these pressure drop constraints can limt the increase in feedrate and air

flowrates. Actwmidiiglorpodiomeorsrt o aent Biorcteqcesch anddhe Bieect ri cal parasitic
power optim zation control that runs independently of the syngas fl ux

optim zation gPBh¢ @lb6dimediNing PHiASistdidn PRWEIes OPFde Db ZRL FRMoBRNY r@hber can
be configured to reduce t he process air bl ower discharge pressure as |ow as

possi bl e to nPHigivecantal ofjthe PrieMerncrs e adanal ugsprasppemputs and/or

outputs related to the conversion of carbonaceous feedstock into a gas, so to promote
an efficiency of one or more processes implemented in relation thereto. For instance,
various process characteristics may be evaluated and controllably adjusted to
influence these processes, which may include, but are not limited to, the heating value
and/or composition of the feedstock, the characteristics of the syngas (e.g. heating
value, temperature, pressure, flow, composition, carbon content, etc.), the degree of
variation allowed for such characteristics, and the cost of the inputs versus the value

of the outputs.

In some embodiments, continuous and/or real-time adjustments to various control
parameters, which may include, but are not limited to, heat source power, additive

feed rate(s) (e.g. oxygen, oxidants, steam, efc.), feedstock feed rate(s) (e.g. one or
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- thereby reducing plant power parasitic. According to enbodi nents, there
are constraints on how |low the air bl ower discharge pressure can be

| ower ed, wibaepaietdsese constraints can include the air fPcowacontosei23val ve
posi tions, fornggggpie | ocated at bottom grate, refining chanber, CRV
According to € Irents, air FCVs (flow control valves) are typically
mai nt ai ned a set val ve opening that allows for a desired |evel of flow

control. AccopfigstRt Qﬁ@&dﬂn%mf@eds)ag[ﬂ@hl{ﬂ/& ?:térglprm@@/ﬂb@ feB@aiMelgs the
bed height level control. Bed height "i s nainfained mani pul ati ng CRV

process air fPweanﬁhwdﬁwﬂﬁ@f‘ﬂfvld}’vphjldfea{ @c.), A@dm@emneh»q alecyed Uinul at es
in the CRV, aif,,fdo0 &@6 %n & h¥ R rgﬂk@( h1I9&h e&ﬁﬁgtePlquOM%EesL&i affcording

to enbodi nents, the iri te I's a secondary control knob used to
control bed héiogiﬁledagorctlngotpdwgiezsmhiéelt)Wﬁitll@me%P@rﬁctih@l%I ower SRM and aids in
heati ng/ converting the |l ower portion of the CRV bed height. According to

embodi ment's, [LSRANSE ahPordide i@ FABo AN HniRUIE e fufd f%gd fal&dadhyst ment s
are noni t or ed by a syngas anal yzer. For exanple, a goal is to optim ze

syngas fl ux whliiaghkesiig thlermw&amm%r%értechy)rtg%lsvwenowdfqr wee symgaduisiand ngitval ue.
F I i
or exanpl e, ﬂ'll &E(H)‘lgrholt pﬁqe Hl'regl clﬂgtkl%g{l_w% Lﬂ s ifi [p% nsd Y S y’é deQl'éd mPﬂi COaICrOZ

flow, if too much air Is a ohersnas rameters
rati o, carboncomtag, aHste@HA/omeone go rpfastfuatt@pall wmtmlﬂlzmgs”ﬁfrd@ekkl evgbl |n

SUCh a case, gllldrble tﬁ‘grr}lgltn{eﬁdnceyo? Qeurec g 7 a m dpld/] r one ore Ul]%thl]dF

nmai nt ai ned, howev tance e can in order to
conpensat e. ORiTilsONAThekd bt HEdRp PRDCESS ﬂhl@ [Ehe sly ragasaeyt loteahe rra«pdeiumgebgo

further processing bef.ore.heing utili ed in a downstream i cati.on,
Sored of 1 apdigprsgher BE gt ot B2 Surdh Rl ER SR APRLUE R
condi ti oned, awrdbk chetotmanna Haod Ak fgel @ARlbilifypodahk yf fesfngasl @xirdls t he

refornmulation unit at a high terrperature for exanple, a terrperature of
approxi mat el y as. i . to any
Furthor pr ocbdSTRgnE RS BrBRaR AT By g WA FEAHn T r emove
addi tional i rfflﬂk’owtnlgq&exedﬁﬁflteem&n’ﬁétethe Hh&ul&yi&gﬁﬁsﬂbamdaauﬁﬂﬁSl&ﬁeffebll’(ﬁugfh a gas
condi tioning %P(tSuE edqlcel tr(]) t%\'h output ot} the system must be known and the time it takes for the
disturbance to affect the output is longer than the time it takes the feed-forward

control to affect the output.

Feed-forward control can respond quicker to known and measurable kinds of
disturbances, however it may be an inappropriate control mechanism should novel
disturbances be somewhat consistent. In contrast, feed-back control can provide a
level if control of one or more deviations from desired system and/ or functional unit
behavior. However, feedback control requires one or more measured variables
(output) from the system or one or more functional units to react to the disturbance in
order to identify a deviation. Upon identification of a deviation a feedback control
system can provide for a modification to one or more characteristics of the operation
of the system and/or one or more functional units in order to move operation of the

system and/or one or more functional units back to a desired level.

Feedforward and feedback control are not mutually exclusive. In some embodiments,
the control system includes both feedforward and feedback control configurations.

For example, feedforward control can be used to provide a relatively quick response
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1365- 250PCT syngas is treated to renove remaining particulate matter, acid
gases (HCl1l, H2S) and/or heavy netals. Exanples of suitable treatnents
i ncl ude, wonomx@asgse, venturi scrubbers, HCl scrubbers tProTrGATOM&SRBd
gases, H2S SCH%?_Q hepto renove hydrogen sulfide, electro-filters and fabric
baghouse filters tor final renoval of particul ates, and a carbon beds for
removal of any remaining tars and heavy netals. The syngas nay al so be
passed t hr oughyigsRefodenriaat bARI ehaphatc m%m, {RsindfRGRniI REIANd stirape of
which i s designed to encourage nmixing of the refornmulated gas to attenuate
fl uct uati ons Pyiterhenghiaridet Beistipesad henesiof SSTRUTFURENCE CTIHECTARBEN
CONVERS! ON_SYBTEMI M, T2 R el hofusuh it 1L BO e ROILBE S0y 2! RIARAPY | ses
one or nore conpartnents each conprising one or nore o the functional
units of the sysmemmicdmagkatpliecernhen dlownth faadiorvanand (reilbask comp icsed by
the Carbon Cog%%fcléla%eaﬁy%r%megﬁy 19 ﬁuigﬁ %hﬂ?gspgkie qh& g&bg{dgtdhtﬂitllgrrgaﬁgﬁg ted
conpartnents or two Oor nore o the units may be provi ded as single
conpartnment. Wharranonag etrban one unit is provided in a single conpartnent,
the conpartment may conprise discrete sections or may be substantially
uni formin st EIP%"EJ %Bbddﬂnén? r ttﬁel Qve?zﬁp sgg{eqiepdtnsoe Jorﬂﬁél?edc&ﬂ‘% e&ﬁﬁ&g SonidY be .
referred to as "chanmbers. " The various conpartnents are“designed to provide
a seal ed, insuiatetd dpbcend or npreotesEinaguiofs feddstootillddnisogsipedfask and t o
al low for the passags 0fu 8y HARSL QI ONNRLL RAMPLORESS. USRS FORLLIY OF
refining or other an or processing of ash into slag. e ave5|gn of the
conpart nment s fefehéatfshet fhectopdainfts canrbe gaiermeinehitseddn hbh & vprdcgssesatiaki ng
place in the upjts. Tﬂeydes{i, n. may.optionally. pr i?e ‘&or cess t.o the
Pnterior of t e eRINETEAREPY SRUEgEY R Tt Rebe fstion alifnEeRse and
repai r. The campasiaeit. (She My @pipictnak Inodbiing, | tangec: i@l aai feedfatward he
replacenent of the individual units or zones. For use in thel. Car bo
Conver si on Sy8¥éni® R EBnpart HeRtd i Hend efttactioryFi e 4R e be
manuf act ured whdrktioiil EdrploB of ayers @bren®t gki @h&ioas afie BPROHARE] BY otfor
exanpl e, the quter Ia}/er or shell, is typically steel. Mreover, it my be
beneficial t oS5k aw Srdopyrdegol nsul at i ng | ayers between the inner
refractory |ayer and the outer steel shell to reduce the tenperature of the
steel casing. IAvNSHbREh&aG HoaE thvan@innchodd3BaHARORGTrd hehalher msurd ace may
al so be provided to reduce the tenperature of the steel casing. Optionally,
a ceram c bl aH&E&t" HgyYHen gukyy oge onRofedrnigha pnit\anen r oom f or expansi on of
the refractory without cracking is required, a conpressible material, such
as a ceram c Il ankedve, GaBeddackys@froagaiviist of hengbelransh@lor contlevirnsul at i ng
materials are sel ected to provide a . shell tenperat ure hi gh‘_enqc))u%h to avoid
acid gas condgﬁg‘é‘frf’ Pff“i 0 YREWTIRN SeREp clruenipSeipappredh e Wetiish Y PgR' as to
conproni se t henbatLesiutoy sighal iN@@ulRY bak&l dn-the deviation between the two values

and provided to a control element in order to reduce the deviation. It will be

appreciated that a conventional feedback or responsive control system may further be

adapted to comprise an adaptive and/or predictive component, wherein response to a

given condition may be tailored in accordance with modeled and/or previously

monitored reactions to provide a reactive response to a sensed characteristic while

limiting potential overshoots in compensatory action. For instance, acquired and/or

historical data provided for a given system configuration may be used cooperatively

to adjust a response to a system and/or process characteristic being sensed to be

within a given range from an optimal value for which previous responses have been

monitored and adjusted to provide a desired result. Such adaptive and/or predictive
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The refractory protects the conpartnent from high tenperatures and

corrosi ve gases and mnim zes unnecessary |oss of heat. The refractory

mat eri al warobieroesssonventi onal refractory nmaterial wel | Pkmmarotimnsofzese
skilled in th¢36§15}01,92nd which is suitable for use for a high tenperature
e.g., a tenperature of about 1100C to 1800C), un-pressurized reaction. Wien
choosing a refractory systemfactors to be considered include internal
tenmperature, @(lﬂ{tl%is L QBine £50SVAnBRE i€ BelBS hQNas SQ@§|d'reeﬁlotQ€§stldered to depart
conservation/limtation of tenperature of the external vessel; desired life
of the refracfiomyhe moahicere 6K napwt Jphd prewnt dfdestrcory material i ncl ude hi gh
tenperature fired ceramcs, i.e., alumnum oxide, alumnumnitride,

al um num si | i aab&aBRIOGr M Jdmn@ﬁ thefdi6, GRNGIATLPHASANAL e BhASReF@MAHIeS and

hi gh al umina brick containing principally, silica, "alum na, chrom a and
titania. To pPRRHE of e rr@r)um%mé@rrtbﬁfrrf@rfwélrlrdaéfpr/@neg%s@%mtfrréd%wbartrrent
can optionall Mnlpsefopés Bn%ﬂlf)%pé}roptﬂlé 1y ol %ﬁgon\ﬁ/ll& rforaelﬂ[n(?lﬁgeﬁl ﬂﬁﬁ@ %@QE&PG Such
menbranes are known in e art as such, a worker skil gln the art
woul d readi | yirjderapitesd theehyian iithip regn@yrt@rmida@cédwhﬁr aﬁ@stdwgédipblm t he

requi renents of the systemand, for exanple, include Sauereisen Hi gh
Tenperat ure Mamir@n@nNOwAR-onk rlen%@m?empqgé WBitol &Gemr@hy @LGH{@F Ye @RI @yed in

t he Carbon Conversion Systemis a nultilayer design wth a high density

| ayer on the mesitgiengt andreogiraing phe WF@WIlrléﬁpemdur@f tha i aeh and/oepesipbn and
corr osi on. m%kedi%n&ﬂ)%dﬂ'uﬂﬂ" %pﬁlls Mcenﬁrteesﬁlt@rlﬂ d'né/o one 08\‘% rg%ﬂl%utr)x(ﬂ ’Pﬁ&e” al
wth | ower resistance properties i'nsul ation factor. Optional ly,
out si de t his hayér opsmated weh yhat gverdegesé trypdmamﬁoareducrmh @raigah nwm!trrhzeeler y high
i nsul ation fagt.or. n t

abr asi on of er%cgsexg)'%Bl gAﬁg@%@&SME e Q)? &?{‘@ﬁg ﬂ# Ol‘Jmesrq};r?p g%el ‘F?Ql?eg%gr B
refractory aregameby ncnowng ithe tehepeartibn of 365y Qcﬁﬁmﬁnelhwormeneemuy esd | t he

mul tilayer refractor ses. an i.nt nted chr om
i ddl e A um i Ly S “ARENR o s o kBh R ot ShkFrS Epiihan riRHEr
refractory i nd higust ndbmpehitadn momesmazndmrdegnans (d’TE.yteﬂﬁﬁerStp&C prer,smm ywadapt ed

for the environnent within th rticu are he conpartnent. For

evanpl e, the. 61D he s S DB TIPS ar sty SRR R or ki ng
tenperature i srehioghgy @,mddmea@idrownqrhmme Huehk@aibonpiatl optigizBeldr eN@icuni t may
be adapted to wi thstand hi gher tenperatures and be designed to limt slag
penetration i ARKOT PRIMAE1HS Ap Fya e ri8 P er%rﬂe*éen&&rhr'&sﬁh%ﬁ%r% thisefdpf act ory.

The wal | of thgvigenpPalt NBRIineCan 0RNVERANGHd Yol NEOTRQALE DEPRQESHf ahe t he
refractory lining or refractory anchorés tAﬁ propriate refractory supports
Juid

and anchors af®rdHERRCS H hheyngis maphea @K%éhﬁérf@%eoﬂ@rcéterlrrg% c&hbist i ons,

it is anticipafgfed J&Qﬁtptlﬁihlem;gtﬁfcﬁﬁ&tt&fsﬁcsr@rysuEEgﬁ*Ln‘IeQ peri odi c nmai nt enance.
Accordingly, in one enbodinent, flanged chanbers are utilized in the Carbon
Conversion System In one enmbodi ment, the chanber is suspended froma
support st rucfiupi® GeRodingnatthe Hé“ﬂob%ére”b@r‘?f PoACERHCH do A8 PetlVEAMRIYCPT om t he

upper portiongt fhaciihdid@ie (Hah (ﬁlﬂ@iﬂ@egulgﬁh& WOQmettO F}é(QYJnged&l/t)pr
removing the | ower portion w thout disturbing any connections between the

chanmber upper Plﬁ)dif“ttlr @Wlea?fdt“@ﬁ‘sltnr‘é‘ﬂm‘“o?ond@ﬂﬁé“t (<] deirpdrie WRIZOUS fPreciieses ystem
To gain a bet {,ef,. URGQI ﬁrroéélg LRAGn& Bn&/&%\ﬁhﬂl\{z%ﬁ by Iaorc!:‘?(%f)l% bed, ﬁbt%dﬁf ocets he

foll ow ng exanples are set forth be understood that these exarrpl es
are intended tae gesbe ideroiléd wstorsabsitangalbmbaidh menersmet stvequenvémtisornand ar e
not i ntended E)lg)césisggi_t the scope of the invention in any way.

In addition, the control system may, in various embodiments, be adapted for the
sequential and/or simultaneous control of various aspects of a given process in a

continuous and/or real time manner.
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EXAMPLES Exanple 1 Referring to Figures 110A to G in one enbodi nent, the
Conversion System conprises a horizontally-oriented prinmary processing unit
(4000) wiwb 2mviongysgr ate (4002), a conbi ned vertical ly ecramed/secendary
processi ng (4?9%%” Hp melting unit (4250) with inter-zonal region and

pl asma torch i i? and gas refornulating unit 1365-250PCT with cyclonic
separator (4400), refining chanber (4302) and two plasma torches (4301).
Hori zontal | y- Q.igmhed E’&lbmﬁmﬂtm&ﬁ%ngﬁm dompFh& Ja@rdrzqmaé abdnyt Rlopent ed
primary processing unit is refractory-lined é) has a feedstock input with
hydraul i ¢ punpra@hee B rdeGaRrnatarif o8 05 BPLF c@él%wt%afeé)éwdpér the Oa¢letl<a1dbo

provi ded. Ref 6f flng.f i & &%Jeofugﬁ%mﬂ Dfshay wd@]nw e Rl B e

primary processing unit has a ste oor with a plural ty of oor

| evel s. Each id)rolmndtioevéIdewgdsrbwﬂied Pt eonfrat jdop tcan e m@n@mveoﬁ thegetraht
material thr OHQ\LU(?HQE{ u@f ttheWIs staé:hlllt &%“Uw «!IPQUIQIIOHQW %‘Ees§‘?%tlf)1?d‘?Ol§1§t°‘%§e .
| ndi vi dual f1I oor al's corr spond to a co | ateral trans and air

i nput cartrldgemswmhqthaaSQXphmpamtwydomn@hm@emuanmwnmgﬁn@ﬂomﬁyﬁﬁnrn1the
noving grate. s&mnuﬁqghs of the primary processing unit are provided
wi t h openi ng i'nsertion of the individual cartridges. Adjacent
cartridges are |nserted fromopposite sides of the unit. Wen installed,

i ndi vi dual caht sordgesibadigcgoy 8reedhntioh pﬁnmimbykshepmaﬂﬁybﬂgemabdvenit,_such
'([)Pat hgn{,l%l ? p%%xef)n”ed& ofatﬂe i:un(tiur ed}l)'lsglb dicsgglétrgcll gvgtg a dl%mree)s(igofeFof fénctlodﬁltl Q erior
cartridges intsi {yuemobn@ oanmﬁmgugmahmts( deQ%)omIArnenmdharmﬁuafEdchaﬁttha dge

L;E) l%l

(2000) conprises port/co nectlo s and .functi ona enent s.

The suppor 1/ cBIRARE poir P e SRR BT e SRF bRraRE i PRRLUCPROESHET) "am
connection pIa@ﬁmiQ@@Eﬁms@eﬁhmtQakhyomQHWKQUfednm@ﬂmSﬁammﬂgn&@mmaﬁaion to

t he shell rlnar ro eSSI unit. Refractory (not. shown

provi ded bet é*h ﬁ‘ée“c‘é’fltl §" E)Eet AR AR RS theoapieatan (¢ ?36‘%) to

reduce heat | g8 1@radofhmatmhyaﬂ&fe%umybheom)mnﬁg{ L&ﬂh@’e@tﬁ- ovidh@endansert ed,
the cartridges are secured using appropriate fasteners e cartridge
i ncl udes al i gﬁ%ﬁ«eblﬂaﬂ&é@nf(%ommf(bdéft%{an}ei whigheolt the PlugiineditcontHddears h of the

cartridge intQudhR 1&BARREEhINR the@ doRGk@d &id ks RPLENESMORARDesde@ ol | oW
for the insertion of tools to facilitate fhe insertion and renoval of the

cartridge fr Oﬁhets}yete@rcinﬁﬁ),r fmp,ﬂ@l@églg;thgssgﬁpt?q with two or more of the plurality of

control loops.

According to some embodiments of the present technology, the control loops can be
configured as a plurality of nested control loops, wherein each control loop of a
particular nest of control loops can be assigned a weighting factor, for example a
higher weighting factor can represent a higher importance for meeting the
parameterization associated with that particular control loop. In addition for example,
a weighting function for a particular control loop can dependent on one or more
conditions associated with the system and/or functional units, wherein this
dependency can result in a modification or adjustment of the importance level of the

control loop, thereby resulting in an adjustment of the heirarchy of the control loops.

In general, the control system may comprise any type of control system architecture
suitable for the application at hand. For example, the control system may comprise a

substantially centralized control system, a distributed control system, or a
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The functional elenments of the cartridge include air box conponents and

| ateral transfer conponents. The air box of the cartridge is a conposite of
mul tipl e woablewessr boxes (2025) constructed from thi clecrarzon/soeel .

1365- 250PCT A|6 9&%@;5 the primary processing unit at the bottomof the
pile of react an f erial through air holes (2030) or perforations in the
top of each air box (2025). The air is supplied to the individual air boxes
via a single %rﬁblﬁﬁﬁhft%x%f( A03Rkal GONB&ELE Gy stedn @R @él{exo@l'yQ%mf{)a%Qlelm1 ch
connects to a hot air ok up flange (2045) in the connection plate. The
connection pl &tneroflgly twéwieﬁcwu@é@ninmam SfVI‘fhonltqblérlﬁ‘B’éG‘ﬂé’loésfe‘(@@&@“m&’rhe

| ateral transﬁ&angﬁrpfegﬁ;\téel%m& DEnRRL (GG NEL MR ARl Ss b hipger
carrier ram (2050) enment ts and §r|v system vi dual ram
fingers (2051ﬁ*aw@¢aﬂhagh@@HVbWQUbanmdddwomk056%)vmamppngum&ushBUMder bolts
(2060), which

connected to ggg??géwgﬁgggZ%Q%Qm%$§Whlﬁg%ggyﬁhhf%Qgﬁﬁ?méygm%ﬁghggg%iIa
racks (2070). cﬁh@huﬁdumhduaheranhfumg$HBU@BOE&9lmphpmh@@ @ngnlhowea a
configured to Snxgﬁ rocess ha ed (%200“75%2 h tlildthr%(l)sft enlgpesscir ?r@%”ﬁ/oe' ements
(2078) | ocat ed”'b é) ndi vi duararr "voxes and lh e a r ‘Boxes and

t he cartridgemﬁﬁﬁﬂfﬁ@hhﬂme&pmgtmueﬂyfmahEmengag&ﬁmnha@hﬁmennsnwhlch hol d
the rans in proximty to the surface of the air box such that the rans

o1 nicer  bui 1 s TSy AF e TR h e Rt Bra e B e SR ed by
hydraul i ¢ pi st@nro(la@&@bmh BndyeéJLy cqrmnmmeua I\ahuhstem&te@ eemsmgl Jl'lelntesp<mse/\er to
propel the ram pi.st on. (2080 ich drives two

pi ni ons (2o855’136“%‘“5?‘2"%‘%“?0‘(%@631 %r Ef“rOBt‘ J’f}” t8‘t‘{§‘éi s (%@b‘)th%%‘l‘)evéi ably in
the forward ofocilemelsaegdbfifGiréc@n avieewcngfiduedd @xifeash aocadpebee Bt draabi on of
the rams at a controlled rate. P05|t|op SEQ rs trapsm t ranhpﬁsjtlpn

i nf or mati on t BFRE EBRITBIAPsPEMAIPWE PP §%ﬁ@§§){ﬂ%ﬁf‘g‘awtﬁ "a1el racks
(2070) on t hevgiduV acRRgageMR Mt salBertR0b&racleaniy Raddver tifealcbytrdet ent ed
Secondary Processing and Melting Unit Referring to Figure 114, the conbi ned
vertical iy or M8hPeaOBBEBRUH! P PrevdsenEiar ErtPaye tirdt indergin el fisa]

ext ensi on of Iéﬂ?‘mﬂé' r}Mv@EQQﬁﬁcﬁ"t B8 (MNitarRRA s GiNes (R AResReshnf ¢8dst ock
directly there fro he conbined vertically oriented secondary processing

and mel ting uptaMAls asdgiegatisd by damsirerie sy nggnaiy oF sPrEebY undTvVsegiton i nt o

Spoggggr . S eCORAR N RERS SR bRAGulRBEI oMt aPghct¥lalsocil g wWiRGANdAr Y

drying / volatilization unit that is controlled by an upstream controller. In a distributed
architecture, control hardware and/or software is also distributed between controllers,
wherein a same but modularly configured control scheme may be implemented on
each controller, or various cooperative modular control schemes may be implemented

on respective controllers.

Alternatively, the control system may be subdivided into separate yet
communicatively linked local, regional and/or global control subsystems. Such an
architecture could allow a given process, or series of interrelated processes to take
place and be controlled locally with minimal interaction with other local control
subsystems. A global master control system could then communicate with each
respective local control subsystem to direct necessary adjustments to local processes

for a global result.
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1365-250PCT unit is maintained at a tenperature of about 950C to about
1100C and the nelting unit is naintained at a tenperature of about 1350C to
about 1608Q.20Tihwesdenbi ned vertically oriented conversi orCarah2c0al05012g uni t
conprises a r;%%gﬁ%g;y lined vertically-oriented chanber with a sl ag
outlet, and heating system conprising air boxes and plasma torch. Referring
to Flgure 114, heated air is introduced into the secondary processing unit

via eight air Abax&sg (t&%%))dlh@ﬁ@t £dodal OXdumRls stt&nthgss@aw&%@laémnﬁ wf this
unit. The air feed %o the air box is controf | abl e al omnng for regulation

of the conver 8ingiengt geigsand qopéicaied tp]conrelatie r4sRONEDAE ryuedoByVilHe theed/ ai r
ratio and Ope%gﬁgh&& LEMRRIR YRS L{%Q@entg@fung%ﬂdpﬁlﬂ kg rﬂr&%@s@%m?%rﬁlw ect ed

into the secon processi ng unit via the steam ection Referri ng
to Figures 11 thﬂ@hnlez@ncttohel wigc anglelray c@n@éess@nnlg Ouwmveﬂm@plgd taocachef

narrowed int eEher%p&J()nﬁr u Ltng’()%?.ro "l‘cnl tth&%%,n@%wd-ll-qed H%Il § fof ?ﬁ% dnligegllé{gl af

inter-unit conprises a physi ca nt td support reactant pile in
t he secondaryopndbmssgﬂ@muniBmandngumde t he f|OM/Of material fromthe
secondary processing unit to the nelting unit. Referring to Figures 129 and

130, six CODD?B% é%nirgg ng@%l o?qhe r gﬁn\;eg rtnh)eus% dlilg gg%f) d@(g/e dﬂ?ﬂﬁ Jttﬂ'gsnt)r The

copper inserts are gr ooves casted
refractory COVEWmhﬁhﬁﬂa@nmﬁyomoaangowsnfmﬁwhewhphemumeddmﬂlmﬁy\eﬁmosed

si des and bottomtaq u conp ete da IS nDunted in
the | nt er - Zonhr: Lenem{mscoéae Pnd nﬁme (éfs 5 %riesenpehs{,losur? Eg g]gtd](ﬁ)é (,f}s pr OVI dl ng

a plurality otmﬁmﬁdﬂmh@1mpknkmamsﬁem1dk:nmm@muﬂhhamdmgase&mhmnwa@mm
secondary proce neltln um na or

OSSR AN ol SR TR LB B AT A SRR b R e

refractory StﬁMﬁhﬂMﬁlhﬂkﬁQﬁﬂb@mﬁﬁmﬂsihaﬁ&u&lﬂﬁhﬂﬁmothﬁﬁﬁﬂbNﬁdWﬂdM&nprOVide
for diffusion of heated air q@ romote the transfer of heat Lorthg ash to
initially mel POERESashct APRYIcY %{g‘g 4] RESPPEO R Mt WP R SUPegi on.
Referring to Ebgpines: 428 r8A6hal 29d/of @EdhIEEoRHOWISidie Al ighedt ﬁ&do?én@ﬁvel}onm
region is the nelting unit. The nelting unit is a refractor i ned
structure hav f.(H‘tjl’Oéd f”wnﬁquél/or-ghg)dl process. For instance, a modular LOI]UO system may

be designed such that control modules interactively control various sub-components
of a system, while providing for inter-modular communications as needed for regional

and/or global control.

The control system generally comprises one or more central, networked and/or
distributed processors, one or more inputs for receiving current sensed characteristics
from the various sensing elements, and one or more outputs for communicating new
or updated control parameters to the various response elements. The one or more
computing platforms of the control system may also comprise one or more local
and/or remote computer readable media (e.g. ROM, RAM, removable media, local
and/or network access media, etc.) for storing therein various predetermined and/or
readjusted control parameters, set or preferred system and process characteristic
operating ranges, system monitoring and control software, operational data, and the
like. Optionally, the computing platforms may also have access, either directly or via
various data storage devices, to process simulation data and/or system parameter
optimization and modeling means. Also, the computing platforms may be equipped

with one or more optional graphical user interfaces and input peripherals for
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melting unit is flanged into at two sections (upper Melter and | ower
Melter) to 1365-250PCT facilitate replacenent of | ower/tap-hole section.
The nel tiwQ 20nitoefoart her conprises a transferred arc pl asmca2oriaisg12a mai n
process burneL% Qﬂ&tpnal secondary burner(s) in weir overflow, | ancing
ports, view por and instrunentation. The plasma torch and a
propane-fired burner provi de the hot gases which nelt material above the

i mpedi ment i nhvRE @zgmdlﬁlga%lcd@&ése% ﬁqea&m{raesyb@ﬁlt QMah Lﬁ)@ﬁdérehﬁdhﬁgmht@'t and
is renoved via a tap ho If the tap hol e becones sealed with cool sl ag,
the tap hole n@d\f\édwemtdagm By e %bwgéwdvlaheléi/oqulpagn@leaﬁuﬁ%atviﬂbn% and
cool i ng systeqis QREs R iehy pASHEGAEELotintdichiie: HAR A8 ifromlen Bt | ng
unit has mater-co%?@glcoﬁﬁg? Pn?@rtg é}ogngh he ghts? de to Eooﬁn he
refractory thextebyl spriotgngi mgdanhacivioflecaphedtihe prisfer.attlory and therefore the
entire vessel. The copper pieces are casted with set pathways (channels,

pi pe) and wit hh@%ﬂﬂ@&hﬁr s%stfeﬁ)ir dl{dhﬁl}M@ﬁeer RleP&S- ptr&e'ssmge[)fséﬂ:fﬁ LVMn JZ')mpy“éé er is
punped through the copper pieces and thernocouples within the netal (along
wi th t her nocoeplleselyrhardierared ey wgmbimiion dherdygedfipyvarhencohvest Agystem t o
vary the fl ow,aof enner. cqol ovi ded
around t he slah(8 B@%&gaaﬁggeﬁpg?%eagkf?%gégthe scﬁhﬂﬂﬁh% eobgqﬁaﬁgﬂéf
copper with Cpmmvm@nﬂhGMneh$Jﬂoﬂ)mhehﬁatmhﬂaﬁd @meom¢ow&0ﬁmsma@ ias P-
controlled by the,te P ter ni ca
pl unger whi onep S AP Fhdhedlies, “‘FI s nafiaty gbﬁg‘édﬁff"d ﬁ’lm & Oelﬁ;"a%t e@@) t he
rate of sl ag p@mnmngtmih&n@asbﬁalmnﬁuhaﬂmngmUNuﬁchomaeﬁthMn@kmooFPgures 114

to 116, the gas, efor unit is connec dto rocessing
imi tand r econe TR M b SRR PO IS S kBsbhe it BF i aPERE
conbi ned secopdﬁmy<pnﬁ£aseﬁagomn¢¢aﬁhmung:unLéofEhadgmﬁg@emﬂmnuhﬁhhmg uni t

conprises two plasna torches cycl one and extended refaqrnul ati ng, chanber.
The two pl asndp %Pﬁﬁ@sl*a}l]éenﬂﬁ)‘%ﬁ‘h%’ﬁ%ﬂ Rdte PRRESE BF OHE e 8ﬂ3h€‘pri or to

particul ate resmdiadton controller. It will be apparent to a person skilled in the art that these
combinations can be implemented in an analog hardwired form which can
continuously monitor, via sensing elements, the value of a characteristic and compare
it with a specified value to influence a respective control element to make an adequate
adjustment, via response elements, to reduce the difference between the observed and
the specified value. It will further be apparent to a person skilled in the art that the
combinations can be implemented in a mixed digital hardware software environment.
Relevant effects of the additionally discretionary sampling, data acquisition, and
digital processing are well known to a person skilled in the art. P, I, D combination

control can be implemented in feed forward and feedback control schemes.

Control Elements

Sensing elements contemplated within the present context, as defined and described
above, can include, but are not limited to, elements that monitor gas chemical
composition, flow rate and temperature of the syngas, monitor temperature, monitor
the pressure, monitor opacity of the gas and various parameters relating to the energy

source (for example, power and position).

According to embodiments, a resulting H>:CO ratio in syngas is dependant on various
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The plasma torches of the gas refornmulating unit are transferred arc
torches, generally in the range of 100kw 1MV dependi ng on the size of the
system Bxohloplmssya torch is nmounted on a slidi ng necharcImAzhatose2sa nove
the torch int? ggg #t of the gas refornulating unit. The torch is seal ed
to the gas refor ating unit by nmeans of a sealing gland. This gland is
seal ed agai nst a gate valve, which is, in turn, nounted on 1365-250PCT and
seal ed to theg\gssebilink @drtgmv(ﬁjeadnh@rsmma tpykatyRUb! ©h Quuat ogm? on
reformul ati ng chanber by the slide nechanism ¥n|t|a novenent of the slide
di sabl es the HieghosgoiinasePediEh tbw)@rst%pwtsntfdmﬂ thegHat'() jplie pbsesinitithe gat e
val ve shuts aulomatiicaliby iRflod g0 AP a"GhiACHR: PAYO LAS Watkve and
the coolant circulation 1s stoppe he’ Roses and [e are sconnect ed
fromthe torcﬁonmhénglandxms6ﬂe®ea§edcﬁwbwﬁﬂhb“gﬁﬂbedaWw@fan@pﬂh@ﬁ@brch is
o0 ey Dy BaROlR! oy RERIRSATEM, Oh @l AGllild, AR HBLDGLIAS, Kiyer se of
t he above proce ure; t 'S e mechani'sm can be adj us erm-t

vari ation of hhg@ﬂhseamnmhlde@amnmi2themmamdhmnﬁhedgaﬂmhvgﬂhéXDsﬁmperated
mechani cal |y $q.that operation is automatic. A pneumatic actuator is used
to autonatlcal1y withdraw the torch in the event of cooling systemfailure.
Conpressed air for operating the actuator is supplied froma dedicated air
reservoir so ﬂh@napmM$xomEOatway@faﬁawh@bheheveannmﬁﬁeoemémﬁmQM&eh@ctrica
pOV\Br fal l ure, OI]TI”O?S ITE alur tes erL\(/)IOHI OSllp(gl]Og% S 1] dS O\Iferl‘ d Qilil&t OF g%%lb? Val ve.
An electrlcalf nte %édicover I'$lUsed a t her afei £t eatfuire %
preventi ng aCbBQE)t@mEh@‘thhnwdktmgamtdﬁﬁhmmapm&ﬂtmﬂﬁﬁmgﬁmgﬁﬁﬂé(EgStart

Sl ag Pour Proc ,du,ret gge}% 19, 0f Q&evrgtl ondland/ or ‘it{grl pgl eu%tgit
Normal Iy a teRperatth 9r 8‘% % | 4TS 105 by &Y e “HRIY 1 WY eNPERAL ur e
w || be adequali@®@vih@syngiddoaipesitibietopowptidlit otmatispatficydop@arealeapblssgon.once 1 ow
starts). Wth reference to the Figure 87, the follow ng procedure is for
abnormal or upset con qlons Place.Metal Tray with Fireblanke § under
openi ng 1D SomE AMBLARNR, a ' Humb&C Se operational pdrameters may be regularly or
continuously monitored to determine whether the Gas Reformulating System is
operating within the optimal set point. The parameters being monitored may include,
but are not limited to, the chemical composition, flow rate and temperature of the
syngas, the temperature at various points within the system, the pressure of the
system, and various parameters relating to the gas energizing sources (e.g. power and

position of plasma torches) and the data are used to determine if there needs to be an

adjustment to the system parameters.

The Composition and Opacity of the Syneas

The syngas can be sampled and analyzed using methods well known to the skilled
technician. One method that can be used to determine the chemical composition of
the syngas is through gas chromatography (GC) analysis. Sample points for these
analyses can be located throughout the system. In one embodiment, the gas
composition is measured using a Fourier Transform Infrared (FTIR) Analyser, which

measures the infrared spectrum of the gas.

According to embodiments, the contorl system can be configured to determine

whether too much or too little oxygen is present in the syngas stream and adjusting
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Open Packi ng Plug using Double H nged System Renove Support Block with
Tongs and plane on Tray. Place Lance CGui de on edge of Plug Entrance (bottom
of gui de wbi2o)/10ks@ace Weir & frozen slag in Zone A unti PCpEaA208I0E0T2S.
iii1)Determ ned% ’%;% |ng unit B. is entirely fluid (will self-enpty after
step 6). If 76%&’ as frozen slag - use the bent |ance and | ance out any
slag at the top of and behind the weir. 1365-250PCT Renove Lance and Lance

Gui des and pl %eprg&sst 5@5“111%59 ng ﬁka&ﬁﬂoam!fé%t rACLRYeiOf &nsenahe Phbgh | ance
hole at the bottomof the weir. If Slag does not flow over weir repeat

steps 4-9. |f mMoRatideggeammdsicciyghi prosenpved eprgenteiion Wi exboeilioxide wgthand

replace wth Qﬁi@(‘b}é%fereme oxybbh kicRERKALE SHPRRIdmiBLRAGRKL oxyedh! & InlealdiOB €
Packi ng Pl ug. Exanp

dlrectly

In one embodiment of the invention, a thermogravimetric analyzer (TGA) may be

used.

In one embodiment, the sensors analyze the composition of the syngas for carbon
monoxide, hydrogen, hydrocarbons and carbon dioxide. Based on the data analyzed,
a controller sends a signal to the oxygen and/or steam inlets to control the amount of
oxygen and/or steam injected into the chamber and/or a signal to the gas energizing

source(s).

In one embodiment, one or more optional opacity monitors are installed within the
system to provide real-time feedback of opacity, thereby providing an optional
mechanism for automation of process additive input rates, primarily steam, to

maintain the level of particulate matter below the maximum allowable concentration.

The Temperature at Various Locations in System

In an embodiment, there is provided means to monitor the temperature of the syngas
and the temperature at sites located throughout the system, wherein such data are
acquired on a continuous basis. Means for monitoring the temperature in the
chamber, for example, may be located on the outside wall of the chamber, or inside
the refractory at the top, middie and bottom of the chamber. Additionally, sensors for

monitoring the exit temperature of the syngas are provided.

In an embodiment, the means for monitoring the temperature is provided by

thermocouples installed at locations in the system as required.

The Pressure of System

In one embodiment, there is provided means to monitor the pressure within the
chamber, wherein such data are acquired on a continuous, real time basis. In a further

embodiment, these pressure monitoring means comprise pressure sensors such as
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Thi s exanpl e provi des one enbodi mrent of the Carbon Conversion System and
process used to convert municipal solid waste (MSW to: 1) an energetic
syngas, wNDchi®we®absequent!|ly cl eaned and cool ed t o beceos/dAzel /0503

i nt er nal conb%%g%ggcfngine generators; and 2) bottom ash, from which
carbon is extracted and which is vitrified to an essentially non-I|eachabl e
aggregate. The unit processes involved include material preparation,
conversi on of ,Ma\Wd Q. RAKESE: IpresSHOURS IRALI AANIRGALE iheaREn ) aRIiNA AN
cooling of the syngas so that it is suitable for fueling internal

conbusti on engiihéer exirplePp alveped pulad thsrln oy YdatliggEinved- directly from
garbage trucks. It is not sorted, except for renoving white goods,
mattresses, prRPRRAEPOLIFEes, and other itens that are either hazardous or
have little energetic potential. In this enbodi nent, the Conversion System
can treat MSWof 11000 MJ/tonpe or nmore, with a noisture content of 25% -
45% Mat eri al MpepRhodingh Hedn 8irse ddegimeaiy logaeutos ficdipdi Ml 4 YHEUHCEY he
material to alo%iité@t}ﬁgugg(')'ut 'ﬁﬂeﬂ@&em,—r\hl‘l&eih §thQialaQtY’@:Qq@iYedf & QUEnITRYL Bsis.
separation using comrercially avail able nmagnetic separators. |If warranted

by the waste content and econom cs, ngnferrous terials may he renoved by
conmerci al eddy<uaiMeAt ¢ e%’é?lﬁf”d?’%y, b%ﬁﬁe|f&*@tﬁ%elggﬁ%lggeni%s‘f%%@we-g-

torch malfunction or out for electrode change or other support equipment

malfunction). As a temporary measure fluctuations in gas flow may be corrected by
feedback control of blower speed, feed rates of material, secondary feedstock, air,
steam, and torch power. If fluctuations in gas flow persist, the system may be shut

down until the problem is solved.

Addition of Process Additives

In an embodiment, the control system comprises response elements to adjust the
reactants, including any process additives, to manage the chemical reformulating of
initial gas to syngas. For example, process additives may be fed into the chamber to
facilitate the efficient reformulating of an initial gas of a certain chemical composition

into a syngas of a different desired chemical composition.

In one embodiment, if the sensors detect excess carbon dioxide in the syngas, the

steam and/or oxygen injection is decreased.

Response elements contemplated within the present context, as defined and described
above, can include, but are not limited to, various control elements operatively
coupled to process-related devices configured to affect a given process by adjustment
of a given control parameter related thereto. For instance, process devices operable
within the present context via one or more response elements, may include, but are
not limited to elements that regulate oxygen source(s) inputs and the gas energizing

source(s).

Adjusting Gas energizing field (e.g. Power to a Torch)




and plastics may be renoved with vibrating screens, an air knife, or other
mechani cal nmeans. Sorted and sized MSWis kept in sufficient quantity in

t he feed woeparmstgosn area to ensure a steady supply of matraraedi/ose2she
conver si on pr?%e§§ FM|Ie limting the quantity of material to that
specified by eenvironnmental permt. The inventory of prepared materi al
is mxed regularly in order to average out the conposition of the materi al
and facilitat @h@LQ%ﬁ&%lzﬁ&rﬂeﬁcﬂIﬂay Thger®t ef b elBRRALRALHON & BBrch Sedi@Pt under
negative air pressure to avoid the buildup of odors. Conversion of MSW to
Ener getic Syngeéroaﬁht%tg!g? dgatas i\ dlat qtglrmteﬁ&rcéemhﬁswsweebh%@fé@ from
the material RLEPRLALLEBy A& O0eh hERUhAO: dRKIGRHWARE Br (HORL IAR e L O
provide a netered gupp Y I%VO ﬁ g%on ébnv%rs?on>%3stentdklle

mai nt ai ni ng anitfawfrttrwghstm@ea%ustaﬁe kwtbeh pOsnvVie psilghleSystagng fasedi ng devi ce
consists of a reciprocating hydraulic ramthat pushes MSWinto the primry
processi ng unigt ot NEQUG & SHRD s BRHAN pPRSS 298wl BNSIiSAnd0k S68] - The
ramis triangular in cross-section, and incorporates a shearing device to
resi st bridgi mpeeser 4t ﬁletcheupteéeelnt:eln@ﬁe snbadugsntghe dasicokyt nesttevdbals. The
Car bon Conver [ rocesses as

fol | ows: Inltﬁéﬁﬂaﬁy B%ka l®§8 %gﬁﬁgg%?%ﬂu§$ﬁ?§§+gﬁ§% %eved ina primry
processing unit at tenperatures up to 800 'V using preheated air. The
preheat ed ai r Adgisg Ass e de 2 SKWIt hr ough smal | holes in a reciprocating
hori zontal grate that i's d|V|ded into multiple cascaded sections. The
quantity of aifodeSen@Rainial, lgdcod@ol Rateml dofptied i Rald Amae FsSnkEss the
MBW pi |l e, and the at nosphere above the pile is substoichiometric. Process
t enper at ur es, edagmebpessurgpl Berdighar, 1ai mefandwdipsnurtes ingirpal thstypee at ur e,
nunber, | ocat il 3 (b AL Ehre Qlucl. S SR NALRR tBloh dRbIHERCH-LOR.

process. The horizontal grate sections are
For example, the pressure of the chamber may be maintained at about 1-3 mbar

vacuum. In one embodiment, the pressure of the system is maintained at a positive

pressure.

An exemplary embodiment of such means for controlling the internal pressure is
provided by an induction blower in gaseous communication with the Gas
Reformulating System. The induction blower thus employed maintains the system at
a negative pressure. In systems in which positive pressure is maintained the blower is
commanded to operate at lower RPM than the negative pressure case or a compressor

may be used.

According to embodiments, in response to data acquired by pressure sensors located
throughout the system, the speed of the induction blower will be adjusted according to
whether the pressure in the system is increasing (whereby the fan will increase in

speed) or decreasing (whereby the fan will decrease in speed).

According to embodiments, the system may be maintained under slight negative
pressure relative to atmospheric pressure to prevent gases being expelled into the

environment.

According to embodiments, pressure can be stabilized by adjusting the syngas
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1365- 250PCT hydraulically using a rack and pinion system wth independent
controls provided for each section. As the MSWis dried and volatilized in
t he pri mawg 2priolee®si ng unit, it gives off raw syngas, amdTicaearsensed to a
char/ ash nlxt%%gzﬂ}pf oxygen-starved environnent prevents the formation of
di oxi ns and furans, a common problemw th incinerators. Cooling of the

hori zontal grate is done using preheated process air. Because the cooling

air is at neaployebOQpecd; td})%oﬁlﬁi%l an spdedt NRIAN @t bloSeMB FiHBhdm CpRLEigUr ed to
mnimze distortion. |Individual "grate sections are nodular, in order to

m nini ze the fiFdHENPequicreday spniili Negnanes! 2dgaktbn rREedyEnyvaBstipgmdash from
the primry pb%e%é&éaguugﬂoﬁl \Jdlsve?é%ﬁ%@ qgnwose*aeth@ﬁgﬁqs Lgﬁtﬂh?e lvdliéle end of

the primary processing unit, where it drops into condary processing
unit. The ash builds in a vertlcal pile on a cooled refractory barrier
bet ween the séﬁ@ﬁ@éﬁ¥m§ﬂ§@é§§ﬁng unit and the nelting unit. Preheated air
at approximately 600 'V is blown fromnear the bottomof the pile and

travel s upwar dscdriin@ugbmbddimehie tHegﬂ@rElhtgrd)f Wit %Fb&n HeSoR¥@bheRubh that heat i ng
the ash to its melting point (1200-140 : e generating carbon

nonoxi de gas. MFHdCRIFIcat ﬁl& @*hmored?%ﬁe’t é%rldb5| relegtedhdromy SR uRt ehedisingi r

nozzl e nunberslﬁhgﬁfnﬁ®qXH@ﬁﬂﬁ Q%déﬁﬁ&@ﬁgehﬂ%erjﬁﬁ &ﬁhnﬁVS%ﬁﬁsHkﬁP the
ash gets to the “bot t om of arrier, 1t is depl ete of carbon and has

mel ted. The nEhd/bd. Hed lfdteo(A%/lby W@rﬂévlinwy be rcomiiddied Hot spanilistl thiseglpivl és t hr ough
holes in the H@s‘if&i, %ﬂ% @Qoﬁl?&n?o%t Y- C'éﬁr Fa‘tn@r cHaaty 5 @rar §1t§ R&e @g/ﬁﬂndary

processing unit fro the ting unit. bon nbnoxi de gas exits the top of
the secondarprmwwegsimQPUWﬂﬁyph@mwwﬁempﬁnmh¢ymﬁnowéssﬂh@duhnvfat%about 800

'C. Solid Resi queug !)llerf{ljl p]ﬁ;ﬁf%éao?dr%bt ?eqec%e%lh%$l£%§ lt?p ?0%%9[19 %ﬁ%?}gﬁes sing

unit is nalntalned¥;t su eat from
fuel gas and anthmomhnmmmatumempﬂdkmavphmﬁmnwthhm&1MLmé@bmdxomnehb mel t

P00 T, T RS L O B & S 3t
enbedded CQpp&ﬁ3/bﬂ),O(AkrSbloWEhedl@ﬂidtgenpraS,hrel Bnﬂﬁppadflﬁlnlgmmhﬁexs irckeh glowkhe

mel ting unit (kWeletrical), Solid Residue Melter torch power (kWelectrical), Solid Residue Melter
burner power (kWthermal). In some embodiments, an optimal ram motion sequence
is selected via testing, and is not adjusted by the control system. In addition, the
plurality of control loops can be configured such that they represent one or more
constraints selected from the group comprising: Air box temperatures (°C), Converter
gas phase temperatures (°C), Refining chamber gas temperatures (°C), System
pressure drop (syngas blower motor current, vessel design pressures), Air flow control
valve (FCVs) position (%), (CRV, bottom grate air zones & refining chamber), Melt
Chamber Temperature (°C), Primary Converter Level (cm), CRV Upper Chamber

Level (cm) and Solid Residue Melter Level (cm).

According to some embodiments, the ultimate goal for the facility is to maximize
electricity production, which can be achieved by ensuring that the flux of energy to
the each engine to which the syngas is supplied, is sufficient to keep each engine
operating at full load. Syngas energy flux is the syngas flow multiplied by the syngas
heating value. Improving conversion efficiency and/or increasing throughput will

enable the flux to be substantially maximized, thereby ensuring that the engines
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1365- 250PCT and pours out in an anorphous structure that is essentially
nonl eachabl e, and is suitable for construction aggregate. The taphole
serves aswe2prigmwsssse boundary to separate the nelting urct/dazonvoshes

out side. The %Eﬁg ﬁSh may be fractured into small particles by
overquenchlng I ¢ hi gh pressure water jets, or it may be air cool ed,
fol l owed by nmechani cal crushing and sizing. Syngas Refornul ati ng Syngas
generated in theiPsirBiovd processing unit and the secondary processing unit
is heated at the entrance to a refornul ating zone using directed turbul ent

air jets to cause starved conbustion. Fromthere, the heated syngas passes
t hrough the pParREENSHO LREOHMEBRIDESr FRAYO M Megiodh s INCEAe SYSAY fiP¥her heat

the syngas toifRatihyail#00s, dl\/i/oﬁﬂéie(;sglgt}l@&ﬂk}teu@nclré&‘:'iggﬁllf'@lb{;\l's bydrhegash@ns into
their conponent speci es through the activit el ectron-driven chemistry

resul ting frofPYhen gep ibggindpaeduss thenhgayag ;yrﬂ)a/ié maeisPy AeLatiTHE 18prEgAs thhen

noves thr OUQho@exﬂpEﬁMMexﬂhHeﬁge td?é?e R dnMRfidhu R LCESS L@ hiE both B AMO
chanbers in series, nane A hot gas cycl one used to renove particul ate

matter, and 2)mdb\h1§thHj/asTéq patgk sgtepocapdwveyiighied wyqyghagtetIldlY had pewaper at or
vessel . The Vﬂtwnﬁﬁl @Bm})tlﬂ Qf?et s}g@ﬁl gr)(i%rgﬂg O@%ré lﬁﬁlch&;’dl gAR RL(R ahe%lr ﬁ'hem cal

additive, and | ow fficient resi dence to complete t
reactions reqtiowet dpgmiefi ne the syngas. The hot gas cyclone is of
refractory-lined construction and of sufficient size to allow for

consi der abl e ﬁ@[(}lﬁecérﬁb&l%élﬁis ch%v!exisl% Vf‘@})é)(ﬁ dWQ'té) ?edﬂ@édnl 14136!& Q}gxg?dcglg{ﬁﬁs

efficiency. T hot gas pl pe has no zontal sectlons,
prevent bui | depreof-fpal mpsuwkatverying ambient conditions (shell losses fxom wind/air), the

control system can be configured toadjust feed rates to ensure the engines are always
fully loaded. When feed rate is adjusted, the control system can be further configured
to adjust air flows to keep the conversion (thereby the LHV flux) optimized. In
addition, feed rate can be adjusted by manipulating the ram cycle time or ram travel
speed, which will displace more material through the system thereby increasing

throughput and syngas generation.

According to embodiment, there are constraints that limit the ability to adjust some of
the manipulated variables. For example, the bottom grate can have thermocouples
installed in each -cartridge, wherein the information captured from these
thermocouples can be used to serve as an indication of level of reaction throughout
the various stages of the grate, and additionally notify or identify any potential hot
spots or locations of potential over conversion. A primary purpose of these
thermocouples is to protect against exceeding bottom grate design temperatures,
however they are also be used by the control system to identify potential degrees of

conversion.

According to embodiments, the gas phase temperatures, located above the bottom
grate and the pile of converting material can be used to indicate localized hot spots
from combustion. Both the air box temperatures and the gas phase temperatures are
used by the control system to modulate air flow rates to each of the bottom grate air

zones, which can impact the degree of conversion; thereby substantially directly
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Syngas exiting the hot gas pipe consists nostly of nitrogen, carbon

nonoxi de and hydrogen, with nmuch | ower anounts of nethane and ot her fuel
gases, nowvoxygemnesdand very small anounts of tars and parCraaA2atiesoi2€ eani ng
and Cooling 0236;\%))9@; 1365- 250PCT Syngas exits the hot gas pipe at a
tenperature of approximtely 1050 "C. It is cooled in an air/gas
recuperator and then noves on through a Gas Quality O eaning Suite (GQCS),
where it is fgﬁlgabgﬁgtggﬁl@gsfa&d cl eaned. The heat renoved fromthe syngas in
the recuperator is used to heat process air for use in the primary
processing unit, secondary processing unit, and gas reformulating unit. The
GQCS consi st sA6fr¢igs ionﬁm}éﬂ‘gmé!“éar‘heﬁeg 3 IGMYEHPT MR UHEY bemg| Mdded by an
HC1 scrubber {pol85MMUBe AFihHhodRHE6or, RAerbR P& MRRSIMdR FfMRVRNAIREEN

sul fide, a baghouse for final renoval of particulate, and a carbon bed for

removal of anyif fleneiET ngCaHB BrichHeduRARSHRE ! [SMPPAF e B HEBCHN R S

removed from {,0g,Qa8eS4iM N6 %Gk BRGK:LiR: ERfthel NS RN, MRAY rREQLESS NY
unit. Waste water from'the scrubbing process is cleaned to surface

di scharge st ardaidsaiugbwgasonmesesi @l leppavaidsalslveveredhnshibgho ikalseditng an
equal i zation A?.‘f%ﬁl% lsﬁn% AL aU" LAReT ’Inag)‘ﬁf?e”%gﬂoc%feﬂ@t 'th%n{eﬁﬁﬂ'lrgbapdnﬁ)%ps’ and

_ £ ; ,
resin beds. oug e i nvention has been described w reference to
certai n speci fanpeptiodiambatissd w ardi@usganpdefceaig whsctodyeleeof tewipklatupe,

apparent to t E(?\;eeve{s Ielﬁlmea%‘l a:lsi?) geh%eg"%t .tvg (,tOI?] rc%llts gt%%atg)tn!lo%ghi{erbl%mlﬁlgglr ()IWr it and
scope of the i1 nvention. such nodificati ons as woul € apparent to one
skilled in thetart are intended to be included within the scope of the

foll owi ng clains.

According to embodiments, the refining chamber temperatures are determined at
locations downstream of the torches, and this information can be used by the control
system to modulate the torch power. Syngas temperature control at that point is an
optimization between refining air flow and torch power. According to embodiments,
a goal of the control system as it relates to torch power is to minimize power
consumption while optimizing conversion and tar destruction. Therefore, syngas
composition (CO:CO2 ratio, CH4, H2) models and temperature models are also used

by the control system to substantially optimize the torch power.

According to embodiments, another limitation to the air flow rates and the feed rate
(for example ram cycle time or travel speed) is related to vessel pressure drops. For
example, as syngas flow generation is increased, pressure drops throughout the
process also increase. If these pressure drops get too high, vessels could reach their
pressure or vacuum design ratings, or the syngas blower, which is a main mover for
the syngas, can exceed its design capacity and reach high current on its motor, or its
top speed. Accordingly, in some embodiments, these pressure drop constraints can

limit the increase in feedrate and air flowrates.

According to some embodiments, there is an electrical parasitic power optimization
control that runs independently of the syngas flux optimization controller. This
parasitic power optimization controller can be configured to reduce the process air

blower discharge pressure as low as possible to minimize the air blower horse power
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1365- 250PCT WE CLAIM 1. A Carbon Conversion Systemfor the conversion of a
car bonaceous feedstock into a syngas and slag product, the Carbon

Conver si oNOSQyHt®Es9sONPri sing: (i) a primary processi ngpramidA2darosersver si on
of carbonaceo%%ngﬁgftock into a primary off-gas and a processed feedstock
conpri sing char € primary processing unit conprising two or nore
processing zones, a lateral transfer system one or nore feedstock inputs,

wherein the prigakyy P&Q&ﬁ§§ilﬂ1@ p%@bx plu%slf?cperA?&bMﬁkYtoa&ﬁ&ﬁihﬁélﬁs Wt hydheat i ng
nmeans for delivering heat to the processing zones; (ii) a secondary

processi ng unwn%adaﬁstc@dh%l%&@uc\yreblpw dirdess guersfre sas bo dkvasshpyicsithg char
fromthe pringLy. &)ﬁl&?ﬁ?&hﬁﬁn’:&ﬂ&ét{l@@ﬁj fl%@rl}/)ﬁt{r(?l)vtdgf@ M@@ﬁ%?@dﬁﬁ@ﬂﬂ&k into a
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r ef or mul at i ngleotifof glas cbor@d. syngas, the refornulatlng unit conprising one or
nore particle separators adapted to reduce particulate load in an input
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typlcdlly 1ncredsed to Lonvext it. According to embodiments, the burner firing rate is
a secondary control knob used to control bed height as it provides heat flux from the

lower SRM and aids in heating/converting the lower portion of the CRV bed height.

According to embodiments, response to air flow rate and burner firing rate
adjustments are monitored by a syngas analyzer. For example, a goal is to optimize
syngas flux which is indicative of syngas flow time syngas heating value. For
example, although the pile height level control may call for more air flow, if too much
air is added, the LHV or other syngas parameters (CO:CO, ratio, carbon rate, H,,
CH,) may go past a optimum or desired level. In such a case, air cannot always be cut
back since pile height must be maintained, however in this instance feed rate can be

cut back, in order to compensate.

OPTIONAL FURTHER PROCESSING

The syngas stream may undergo further processing before being utilized in a
downstream application, stored or flared off. For example, the reformulated gas may

cooled, conditioned, and/or held in a holding tank.

Typically, syngas exits the reformulation unit at a high temperature, for example, a
temperature of approximately 1050 °C. In one embodiment, the syngas is cooled prior to any

further processing.

In one embodiment, the syngas is conditioned to remove additional impurities. For

example, the syngas can be passed through a gas conditioning system in which the
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3. The Carbon Conversion Systemof claiml or 2, wherein the one or nore
particle separators conprise one or nore cyclonic separators. 4. The Carbon
Conver si GMOSyBlt/mﬂs%f claim 3, wherein the one or nore cyclram201198pr28at or s
are arranged i {;#Tes. 1365- 250PCT 5. The Carbon Conversion System of
claim 3, \/\herel nPhe' one or nore cyclonic separators are arranged in
parallel. 6. The Carbon Conversion Systemof any one of clains 1 to 5,

wherein the pwlﬂﬁsr])(t@ﬁt@&@ﬁ%&gz T hinf Wh A Bk e GO, | 'a@i@%as@@ﬁ{@lr HFS)rdﬁd/Qf ocess
additive inputs. 7. The Carbon Conversion System of one of ains 1 to 5,

wherein the ph¢aysr weﬁabod‘@@mpﬁg Qinlst“tﬂfbl?r tisaimepb nieiudes fa godullar vingtier al
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and suppl yi ng process gas : Conversion System of "any one of
claims 1 to 7sultifeekito-files %b@h@almgh@rseé@%|f<irrg‘nuhlletnoa41d>f phriecyiebt amd uni t

are connected, yig, d?‘l%‘ed'sﬂ}r‘?émf\ﬁ?d‘@r'tangﬁegﬁz@ﬂngW@»%ﬁ'h@»& it er - zonal regi on
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time and shape of which is designed to encourage mixing of the reformulated gas to

attenuate fluctuations in the characteristics thereof.

STRUCTURE OF THE CARBON CONVERSION SYSTEM UNITS

Typically, the Carbon Conversion System comprises one or more compartments each
comprising one or more of the functional units of the system. For example, the four
functional units comprised by the Carbon Conversion System may be provided as
discrete interconnected compartments or two or more of the units may be provided as
a single compartment. When more than one unit is provided in a single compartment,
the compartment may comprise discrete sections or may be substantially uniform in
structure. In certain embodiments, these compartments may be referred to as
“chambers.” The various compartments are designed to provide a sealed, insulated
space for processing of feedstock into syngas and to allow for the passage of syngas
to downstream process such as cooling or refining or other and for processing of ash
into slag. The design of the compartments reflects the specific requirements of the
processes taking place in the units. The design may optionally provide for access to
the interior of the Carbon Conversion System for inspection, maintenance and repair.
The compartment(s) may optionally be flanged to facilitate the replacement of the

individual units or zones.

For use in the Carbon Conversion System, the compartments may be refractory-lined
and may be manufactured with multiple layers of materials as are appropriate. For
example, the outer layer, or shell, is typically steel. Moreover, it may be beneficial to
provide one or more insulating layers between the inner refractory layer and the outer

steel shell to reduce the temperature of the steel casing.  An insulating board around
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10. The Carbon Conversion System of claim8, wherein the inpedinent is
arranged substantially perpendicular to the |ongitudinal axis of the
i nter-zomsiD 20aigioesys 11. The Carbon Conversi on System ofPcargazon#sef23cl ai s
1to 10, mher?%gg&@gTrefornulatlon zone conprises one or nore plasma
torches.
the outer surface may also be provided to reduce the temperature of the steel casing.
Optionally, a ceramic blanket may be used as an insulator. When room for expansion
of the refractory without cracking is required, a compressible material, such as a
ceramic blanket, can be used against the steel shell. The insulating materials are
selected to provide a shell temperature high enough to avoid acid gas condensation if
such an issue is relevant, but not so high as to compromise the integrity of the outer

shell.

The refractory protects the compartment from high temperatures and corrosive gases
and minimizes unnecessary loss of heat. The refractory material can be a
conventional refractory material well-known to those skilled in the art and which is
suitable for use for a high temperature e.g., a temperature of about 1100°C to 1800°C),
un-pressurized reaction. When choosing a refractory system factors to be considered
include internal temperature, abrasion; erosion and corrosion; desired heat
conservation/limitation of temperature of the external vessel; desired life of the
refractory. Examples of appropriate refractory material include high temperature
fired ceramics, i.e., aluminum oxide, aluminum nitride, aluminum silicate boron
nitride, zirconium phosphate, glass ceramics and high alumina brick containing
principally, silica, alumina, chromia and titania. To provide further protection from
corrosive gases the compartment can optionally be partially or fully lined with a
protective membrane. Such membranes are known in the art and, as such, a worker
skilled in the art would readily be able to identify appropriate membranes based on
the requirements of the system and, for example, include Sauereisen High

Temperature Membrane No 49.

In one embodiment, the refractory employed in the Carbon Conversion System is a
multilayer design with a high density layer on the inside to resist the high
temperature, abrasion, erosion and corrosion. Outside the high density material is a
lower density material with lower resistance properties but higher insulation factor.
Optionally, outside this layer is a very low density foam board material with very high
insulation factor and can be used because it will not be exposed to abrasion of erosion.

Appropriate materials for use in a multilayer refractory are well known in the art.
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In one embodiment, the multilayer refractory comprises an internally oriented

chromia layer; a middle alumina layer and an outer insulboard layer.

Optionally, the refractory in the individual zones and regions may be specifically
adapted for the environment within that particular area of the compartment. For
example, the melting unit may have a thicker refractory where the working
temperature is higher. In addition, the refractory of the melting unit may be adapted
to withstand higher temperatures and be designed to limit slag penetration into the

refractory thereby reduce corrosion of the refractory.

The wall of the compartment can optionally incorporate supports for the refractory
lining or refractory anchors. Appropriate refractory supports and anchors are known

in the art.

Due to the severe operating conditions, it is anticipated that the refractory may require
periodic maintenance. Accordingly, in one embodiment, flanged chambers are
utilized in the Carbon Conversion System. In one embodiment, the chamber is
suspended from a support structure such that the lower portion can be dropped away
from the upper portion to facilitate maintenance. This embodiment provides for
removing the lower portion without disturbing any connections between the chamber

upper portion and upstream or downstream components of the system.

To gain a better understanding of the invention described herein, the following
examples are set forth. It will be understood that these examples are intended to
describe illustrative embodiments of the invention and are not intended to limit the

scope of the invention in any way.

EXAMPLES

Example 1

Referring to Figures 110A to G, in one embodiment, the Conversion System
comprises a horizontally-oriented primary processing unit (4000) with moving grate
(4002), a combined vertically oriented secondary processing (4201) and melting unit

(4250) with inter-zonal region and plasma torch (4301), and gas reformulating unit
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with cyclonic separator (4400), refining chamber (4302) and two plasma torches

(4301).

Horizontally-Oriented Primary Processing Unit

The horizontally-oriented primary processing unit is refractory-lined and has a
feedstock input with hydraulic pump and airlock, various service and access ports are
also provided. Referring to Figures 117 to 120, the horizontally-oriented primary
processing unit has a stepped floor with a plurality of floor levels. Each floor level is
sloped to facilitate movement of reactant material through the unit without tumbling
of unprocessed feedstock. Individual floor levels correspond to a combined lateral
transfer and air input cartridge such that a plurality of these cartridge (2000) form the

moving grate.

The side walls of the primary processing unit are provided with opening for the
insertion of the individual cartridges. Adjacent cartridges are inserted from opposite
sides of the unit. When installed, individual cartridges are covered, in part, by the
cartridge above it, such that only a portion of an individual cartridge is exposed to the

interior of the unit.

Referring to Figures 90 to 96, a series of individual cartridges in situ forms a moving
grate (4002). An individual cartridge (2000) comprises both support/connection
elements and functional elements. The support/connection elements include the
cartridge framework (2010) and connection plate (2005) specifically configured for
sealing connection to the shell of the primary processing unit. Refractory (not shown)
is provided between the cartridge structure and connection plate (2005) to reduce heat
loss and heat transfer to the connection plate. Once inserted, the cartridges are
secured using appropriate fasteners. The cartridge includes alignment guides (2015)
to facilitate the correct insertion of the cartridge into the chamber wall and installation
notches (2020) to allow for the insertion of tools to facilitate the insertion and removal

of the cartridge from the primary processing unit.

The functional elements of the cartridge include air box components and lateral
transfer components. The air box of the cartridge is a composite of multiple smaller

air boxes (2025) constructed from thick carbon steel.
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Air enters the primary processing unit at the bottom of the pile of reactant material
through air holes (2030) or perforations in the top of each air box (2025). The air is
supplied to the individual air boxes via a single air manifold (2035) connected to an
air pipe (2040) which connects to a hot air hook up flange (2045) in the connection

plate. The connection plate further includes inputs for thermocouples (2046).

The lateral transfer components of the cartridge include a multiple-finger carrier ram
(2050), engagement elements and drive system. Individual ram fingers (2051) are
attached to a ram body (2055) via pins or shoulder bolts (2060), which do not tighten
on the individual finger. The ram body is connected to a drive engagement plate

(2065) that includes two parallel racks (2070).

The individual ram fingers (2051) comprise a groove configured to engage a T-shaped
(2075) or half T-shaped engagement elements (2078) located between individual air
boxes and the outside air boxes and the cartridge framework respectively. The
engagement elements which hold the rams in proximity to the surface of the air box
such that the rams scrape the air box surface during back and forth movement thereby

avoiding clinker build up.

Power for moving the multiple-finger ram is provided by a hydraulic piston (2080).
Briefly, in the illustrated embodiment, power to propel the ram is supplied by a
hydraulic piston (2080) which drives two pinions (2085) on a shaft (2086) via a rotary
actuator (2090) selectably in the forward or reverse direction allowing for extension
and retraction of the rams at a controlled rate. Position sensors transmit ram position
information to the control system. Two pinions (2085) engage parallel racks (2070)

on the drive engagement plate (2065).

Combined Vertically Oriented Secondary Processing and Melting Unit

Referring to Figure 114, the combined vertically oriented secondary process and
melting unit is a vertical extension of the primary processing unit and receives
processed feedstock directly there from. The combined vertically oriented secondary
processing and melting unit is segregated by an inter-zonal or inter-unit region into an

upper secondary processing unit and lower melting unit. The secondary processing
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unit is maintained at a temperature of about 950°C to about 1100°C and the melting

unit is maintained at a temperature of about 1350°C to about 1600°C.

The combined vertically oriented conversion and melting unit comprises a refractory-
lined vertically-oriented chamber with a slag outlet, and heating system comprising

air boxes and plasma torch.

Referring to Figure 114, heated air is introduced into the secondary processing unit
via eight air boxes (4402) located proximal to the downstream end of this unit. The
air feed to the air box is controllable allowing for regulation of the conversion
process. The air flow rate is controlled by the feed/air ratio and operating temperature
change. Optionally, steam may be injected into the secondary processing unit via the

steam injection ports.

Referring to Figures 114 and 129, the secondary processing unit tapers to the
narrowed inter-zonal or inter-unit region.  The inter-zonal region or inter-unit
comprises a physical impediment to support the reactant pile in the secondary
processing unit and guide the flow of material from the secondary processing unit to
the melting unit. Referring to Figures 129 and 130, six copper water-cooled pieces
form the core of the impediment. The copper inserts (5015) are provided with
grooves (5020) to hold casted refractory cover. Refractory coating is further provided
on any exposed sides and bottom to make up the complete dome. The impediment is
mounted in the inter-zonal region and comprises a plurality of holes thereby providing
a plurality of conduits for transfer of material and gases between secondary

processing unit and the melting unit.

A plurality of alumina or ceramic balls, between 20 to 100 mm in diameter, rest on
top of the refractory structure to form a bed. These alumina or ceramic balls provide
for diffusion of heated air and promote the transfer of heat to the ash to initially melt

the ash into slag in the inter-zonal or inter-unit region.

Referring to Figures 128 and 129, located downstream of the inter-zonal region is the
melting unit. The melting unit is a refractory-lined structure having a tap hole. The

melting unit is flanged into at two sections (upper Melter and lower Melter) to
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facilitate replacement of lower/tap-hole section. The melting unit further comprises a
transferred arc plasma torch, a main process burner, optional secondary burner(s) in

weir overflow, lancing ports, view ports, and instrumentation.

The plasma torch and a propane-fired burner provide the hot gases which melt
material above the impediment into slag. Slag collects at the bottom of the melting
unit and is removed via a tap hole. If the tap hole becomes sealed with cool slag, the
tap hole is re-opened using an oxygen lance. A slag granulation and cooling system is

operatively associated with the tap hole.

The melting unit has water-cooled copper inserts around the outside to cool the refractory
thereby prolonging the life of the refractory and therefore the entire vessel. The copper pieces
are casted with set pathways (channels, pipe) and with connectors for the water pipes to
interface with. Water is pumped through the copper pieces and thermocouples within the
metal (along with thermocouples in the melting unit) are used by the control system to vary

the tlow of water and the temperature.

Additional cooling is provided around the slag pour, whereby the exit of the slag tap-
hole is made of copper with cooling channels for the water and the flow of slag is
controlled by the temperature of the copper piece. A water-cooled conical plunger

which is inserted into tap-hole is used to regulate and stop the rate of slag pouring.

The Gas Reformulating Unit:

Referring to Figures 114 to 116, the gas reformulating unit is connected to the
primary processing unit and receives gas from both the primary processing unit and
the combined secondary processing and melting unit. The gas reformulating unit
comprises two plasma torches, a cyclone and extended reformulating chamber. The
two plasma torches are positioned in the throat of the cyclone prior to particulate

removal.

The plasma torches of the gas reformulating unit are transferred arc torches, generally
in the range of 100kw-1MW depending on the size of the system. Each plasma torch
is mounted on a sliding mechanism that can move the torch into and out of the gas
reformulating unit. The torch is sealed to the gas reformulating unit by means of a

sealing gland. This gland is sealed against a gate valve, which is, in turn, mounted on
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and sealed to the vessel. To remove a torch, it is pulled out of the reformulating
chamber by the slide mechanism. Initial movement of the slide disables the high
voltage torch power supply for safety purposes. The gate valve shuts automatically
when the torch has retracted past the valve and the coolant circulation is stopped. The
hoses and cable are disconnected from the torch, the gland is released from the gate

valve and the torch is lifted away by a hoist.

Replacement of a torch is done using the reverse of the above procedure; the slide
mechanism can be adjusted to permit variation of the insertion depth of the torch. The
gate valve is operated mechanically so that operation is automatic. A pneumatic
actuator is used to automatically withdraw the torch in the event of cooling system
failure. Compressed air for operating the actuator is supplied from a dedicated air
reservoir so that power is always available even in the event of electrical power
failure. The same air reservoir provides the air for the gate valve. An electrically
interlocked cover is used a further safety feature by preventing access to the high

voltage torch connections.

Example 2

Start Slag Pour Procedure (Beginning of Operation and/or after plugging)

Normally a temperature differential of 100°C over the melting temperature will be
adequate to initiate the pour automatically (can be lower once flow starts). With

reference to the Figure 87, the following procedure is for abnormal or upset

conditions:
1) Place Metal Tray with Fireblanket under opening.
it) Open Packing Plug using Double Hinged System. Remove Support Block

with Tongs and plane on Tray. Place Lance Guide on edge of Plug
Entrance (bottom of guide slit). Lance Weir & frozen slag in Zone A until

pour starts.

ii1) Determine if Melting unit B, is entirely fluid (will self-empty after step 6).
If Zone B has frozen slag — use the bent lance and lance out any slag at the

top of and behind the weir.
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iv) Remove Lance and Lance Guides and place on tray.
V) Using Plastic Refractory on a skewer plug lance hole at the bottom of the

weir. If Slag does not flow over weir repeat steps 4-9.

vi) If that does not work, remove old weir with weir tongs and replace with

new weir.
vii)  Replace Support Block

viii)  Close Packing Plug.

Example 3

This example provides one embodiment of the Carbon Conversion System and

process used to convert municipal solid waste (MSW) to:

1) an energetic syngas, which is subsequently cleaned and cooled to become

fuel for internal combustion engine generators; and

2) bottom ash, from which carbon is extracted and which 1s vitrified to an

essentially non-leachable aggregate.

The unit processes involved include material preparation, conversion of MSW to
energetic syngas and aggregate, and cleaning and cooling of the syngas so that it is

suitable for fueling internal combustion engines.

Material preparation

MSW is received directly from garbage trucks. It is not sorted, except for removing
white goods, mattresses, propane bottles, and other items that are either hazardous or
have little energetic potential. In this embodiment, the Conversion System can treat

MSW of 11000 MJ/tonne or more, with a moisture content of 25% - 45%.

Material preparation consists of two-pass shredding to reduce the material to a size of
2” minus. This is followed by ferrous metal separation using commercially available
magnetic separators. If warranted by the waste content and economics, nonferrous

materials may be removed by commercial eddy-current separators, while inorganics
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and plastics may be removed with vibrating screens, an air knife, or other mechanical

means.

Sorted and sized MSW is kept in sufficient quantity in the feed preparation area to
ensure a steady supply of material to the conversion process, while limiting the
quantity of material to that specified by the environmental permit. The inventory of
prepared material is mixed regularly in order to average out the composition of the

material and facilitate process control.

The material preparation area is kept under negative air pressure to avoid the buildup

of odors.

Conversion of MSW to Energetic Syngas and Aggregate
MSW feeding

Prepared MSW is conveyed from the material preparation area to a feeding device
whose function is to provide a metered supply of MSW to the Carbon Conversion
System while maintaining an airtight seal. The Carbon Conversion System feeding
device consists of a reciprocating hydraulic ram that pushes MSW into the primary
processing unit through a small enough passage to ensure a good seal. The ram is
triangular in cross-section, and incorporates a shearing device to resist bridging, even

in the presence of stringy or sticky materials.

The Carbon Conversion System is separated into several sub-processes as follows:

Initial Drying and Volatilization

This is achieved in a primary processing unit at temperatures up to 800 °C using
preheated air. The preheated air is blown under the MSW through small holes in a
reciprocating horizontal grate that is divided into multiple cascaded sections. The
quantity of air is controlled so that limited oxidation occurs under the MSW pile, and
the atmosphere above the pile is substoichiometric. Process temperatures, feed rates,
pile height, air flow volume, air temperature, number, location, and diameter of

discharge holes all influence the process. The horizontal grate sections are driven
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hydraulically using a rack and pinion system, with independent controls provided for

each section.

As the MSW is dried and volatilized in the primary processing unit, it gives off raw
syngas, and is converted to a char/ash mixture. The oxygen-starved environment
prevents the formation of dioxins and furans, a common problem with incinerators.
Cooling of the horizontal grate is done using preheated process air. Because the
cooling air is at nearly 600 °C, the design of the grate is uniquely configured to
minimize distortion. Individual grate sections are modular, in order to minimize the

time required for maintenance.

Carbon Recovery

Bottom ash from the primary processing unit is conveyed by the bottom grate to the
end of the primary processing unit, where it drops into a secondary processing unit.
The ash builds in a vertical pile on a cooled refractory barrier between the secondary
processing unit and the melting unit. Preheated air at approximately 600 °C is blown
from near the bottom of the pile and travels upwards through it. The reaction with
carbon is exothermic, heating the ash to its melting point (1200-1400 °C), while
generating carbon monoxide gas. The pile height, diameter, air flows, temperatures,
air nozzle number, size, and location influence performance. By the time the ash gets

to the bottom of the barrier, it is depleted of carbon and has melted.

The melted ash flows by gravity from the bottom of the pile through holes in the
water-cooled refractory barrier that separate the secondary processing unit from the
melting unit. Carbon monoxide gas exits the top of the secondary processing unit

into the primary processing unit at about 800 °C.

Solid Residue Vitrification

Melted ash from the secondary processing unit is maintained at superheat in the
melting unit using bulk heat from fuel gas and a high temperature plasma plume that
is directed on the melt pool. The melting unit geometry is designed to minimize
erosion of the refractory, while the bottom and tide line are actively water cooled with

embedded copper blocks. The molten ash is tapped from the side of the melting unit
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and pours out in an amorphous structure that is essentially nonleachable, and is
suitable for construction aggregate. The taphole serves as a pressure boundary to

separate the melting unit from the outside.

The melted ash may be fractured into small particles by overquenching it with high
pressure water jets, or it may be air cooled, followed by mechanical crushing and

sizing.

Svneas Reformulating

Syngas generated in the primary processing unit and the secondary processing unit is
heated at the entrance to a reformulating zone using directed turbulent air jets to cause
starved combustion. From there, the heated syngas passes through the plumes of two
plasma torches. The torches serve to further heat the syngas to nearly 1100 °C, and to
break up long chain hydrocarbons into their component species through the activity of
electron-driven chemistry resulting from the active species in the plasma plume. The
syngas then moves through a passage exiting the primary processing unit into two

chambers in series, namely:

1) A hot gas cyclone used to remove particulate matter, and
2) A hot gas pipe used to convey the syngas to the recuperator vessel.

The volumes of the hot gas cyclone and the hot gas pipe are additive, and allow for
sufficient residence time to complete the chemical reactions required to refine the
syngas. The hot gas cyclone is of refractory-lined construction and of sufficient size
to allow for considerable particle buildup on its walls while maintaining process
efficiency. The hot gas pipe has no horizontal sections, in order to prevent buildup of

particulate.

Syngas exiting the hot gas pipe consists mostly of nitrogen, carbon monoxide and
hydrogen, with much lower amounts of methane and other fuel gases, no oxygen, and

very small amounts of tars and particulates.

Cleaning and Cooling of Syngas
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Syngas exits the hot gas pipe at a temperature of approximately 1050 °C. Itis cooled
in an air/gas recuperator and then moves on through a Gas Quality Cleaning Suite
(GQCS), where it is further cooled and cleaned. The heat removed from the syngas
in the recuperator is used to heat process air for use in the primary processing unit,

secondary processing unit, and gas reformulating unit.

The GQCS consists of cooling and cleaning in a venturi scrubber, followed by an HCI
scrubber to remove acid gases, an H,S scrubber to remove hydrogen sulfide, a
baghouse for final removal of particulate, and a carbon bed for removal of any
remaining tars and heavy metals. Particulate and tars removed from the gases are

recycled back to feed the primary processing unit.

Waste water from the scrubbing process is cleaned to surface discharge standards
using commercially available technology including an equalization vessel, an air

stripper, advanced oxidation, carbon beds, and resin beds.

Although the invention has been described with reference to certain specific
embodiments, various modifications thereof will be apparent to those skilled in the art
without departing from the spirit and scope of the invention. All such modifications as
would be apparent to one skilled in the art are intended to be included within the

scope of the following claims.
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WE CLAIM:

1. A Carbon Conversion System for the conversion of a carbonaceous feedstock into a

syngas and slag product, the Carbon Conversion System comprising:

(i) a primary processing unit for conversion of carbonaceous feedstock into a primary
off-gas and a processed feedstock comprising char, the primary processing unit
comprising two or more processing zones, a lateral transfer system, one or more
feedstock inputs, wherein the primary processing unit is operatively associated with

heating means for delivering heat to the processing zones;

(i1) a secondary processing unit adapted to receive the processed feedstock comprising
char from the primary processing unit and convert the processed feedstock into a solid

residue and a secondary off-gas;

(ii1)) a melting unit operatively associated with the secondary processing unit
comprising one or more sources of plasma, the melting unit configured to vitrify the

solid residue and optionally generate a melting unit gas;

(iv) a reformulating unit for reformulating off-gas to a syngas, the reformulating unit
comprising one or more particle separators adapted to reduce particulate load in an
input gas, and one or more energy sources configured to provide energy to at least a

part of the reformulating unit; and

(v) a control system configured to regulate one or more operating parameters of the

Carbon Conversion System.

2. The Carbon Conversion System of claim 1, wherein the lateral transfer system is a

moving grate.

3. The Carbon Conversion System of claim 1 or 2, wherein the one or more particle

separators comprise one or more cyclonic separators.

4. The Carbon Conversion System of claim 3, wherein the one or more cyclonic

separators are arranged in series.
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5. The Carbon Conversion System of claim 3, wherein the one or more cyclonic

separators are arranged in parallel.

6. The Carbon Conversion System of any one of claims 1 to 5, wherein the primary

processing unit further comprises one or more process additive inputs.

7. The Carbon Conversion System of one of claims 1 to 5, wherein the primary
processing unit further comprises a modular lateral transfer system for moving the

material through the primary processing unit and supplying process gas.

8. The Carbon Conversion System of any one of claims 1 to 7, wherein the secondary
processing unit and the melting unit are connected via an inter-zonal region, wherein
the inter-zonal region comprises an impediment to limit the flow of material between

the secondary processing unit and the melting unit.

9. The Carbon Conversion System of claim 8, wherein the impediment is arranged

substantially parallel to the longitudinal axis of the inter-zonal region.

10. The Carbon Conversion System of claim 8, wherein the impediment is arranged

substantially perpendicular to the longitudinal axis of the inter-zonal region.

11. The Carbon Conversion System of any one of claims 1 to 10, wherein the

reformulation zone comprises one or more plasma torches.



