WD 2006/ 053231 PCTI US2005/ 040960 REACTOR DESI GN TO REDUCE PARTI CLE

DEPQCSI TI O\I,Wﬂ SS ABATEMENT 5 The present applicati |
priority from 0&@5 atent Application Serial No. 10/987, Séfll]?{}?ﬁ%@mvenber

12, 2004, which is hereby incorporated by reference hereinin its entirety.
10 FI ELD OF. THE | NVENTI ON The present invention relates to inproved systens
and nethods for the abatenent of industrial effluent fluids, such as

ef fl uent gases produced m? BTOREPRYIGN A0 REDUTR PARTIOgEOr Ocesses, while
reduci ng the deposition of reaction products in the treatnment systens. 15

BACKGROUND COF THE | NVEREROX oNJ3 S B manuf act uri ng of
sem conductor materials, devices, products and nenory articles involve a

wi de variety of chem cal conpounds used and produced in the process
faciligy. These conpounds include inorganic and organic 20 conpounds,
breakdown products of photo-resist and other reagents, and a wi de variety of
ot her gases t hdihepaesentapplicationedlaims pmoriticfromdi.8. BatentiepndicatigeSerpl Woat ed from

t he proce P Chi i i nt o sphene. .Sem conduct or nuf act uri ng
pr ocessesﬁa{glglaggz’ f;llegﬁqvg e{)w?ﬁg%‘n% 1 W‘B‘forp%ﬁféét?y Hﬁﬁe%ﬁﬁf’g%ﬁ’& | ow
human t ol gspgRty.evel s. Such materials include gaseous 25 hydrides of

anti nony, arsenic, boron, germanium nitrogen, phosphorous, silicon,
sel enium silane, silane m xtures with phosphine, argon, hydrogen,

or ganqﬁi I 7 01}-‘] ' & ﬂal ogens, organonetal lics and other organic
conpounds: e, rine (F2) and other fluorinated conpounds,
are particul arIhe présell Riveatich RIRECotiprordispstsme and antiidds foe thel dbateghent
abaterment. The el ectronics industr 30 uses perfluorinated conpounds (PFCs)

in wafer of otndysrial effuerd (flyidse Adsefilyents passsd PpRsiiced o seBiRONgHetof o

etch thin fj E e [ . ngr | r - gl.pbal

war m ng arllﬁdd ntk" etuerFl gg? Fo%%:s:sgé, ﬁ}ri}ggs%rggcl{lg t&%r@’éﬁﬂ&g%c"?e{ﬁ‘}%gﬁ éédeu%qgs g?odr?]és) of
t hese gasreatmehneystamns. commonly used PFCs include, but are not limted to,
CF4, %FG, SF6, | WD 20061053231 PCT/ US20051040960

BACKGROUND OF THE INVENTION

The gaseous effluents from the manufacturing of semiconductor materials, devices,

products and memory articles involve a wide variety of chemical compounds used and
produced in the process facility. These compounds include inorganic and organic
20 compounds, breakdown products of photo-resist and other reagents, and a wide variety of
other gases that must be removed from the waste gas before being vented from the process
facility into the atmosphere.

( Semiconductor manufacturing processes utilize a variety of chemicals, many of
which have extremely low human tolerance levels. Such materials include gaseotis
25 hydrides of antimony, arsenic, boron, germanium, nitrogen, phosphorous, silicon,
selenivm, silane, silane mixtures with phosphine, argon, hydrogen, organosilanes,

halosilanes, halogens, organometallics and other organic compounds.
Halogens, e.g., fluorine (Fz) and other fluorinated compounds, are particularly
problematic among the various components requiring abatement. The electronics industry
30 uses perfluorinated compounds (PFCs) in wafer processing tools to remove residue from
deposition steps and to etch thin films. PFCs are recognized to be strong contributors to
global warming and the electronics industry is working to reduce the emissions of these
gases. The most commonly used PFCs include, but are not limited to, CF,, C;F¢, SFg,
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C3F8, CaHs, G H Oand NF3 . In practice; these -PFCs are dissociated in a
plasma to ighly reactive fluoride ions and fl uqgyl ' S,
whi ch do thesggéo?ﬁas?ﬂgl eaning and/or etching. The effl uenﬂ;éﬂg%]ﬁ)ﬁ%é@géo
processi ng operations include nostly fluorine, silicon tetrafluoride

(-Si.F4).,...hydr.ogen. flugride. .(FE)- carbanyl. fl ueri-de (COE2). CE4 and..5 C2F6. A
signifi ca#gﬁ"p%seg]‘@?btwg IS@?\ CIBana%{%r ﬂ}eﬁgg’;ﬁd;yar&%?s:sgég%e%:% aréﬁ%@%l%zof
these nmagerddrate highlpRedchite Ghblide nsGnd fhiorigaradicAl¥)i whick idotthélattnabilbardih®.
sem conductor rmanufacturing facilities utilize scrubbers or simlar neans

for treat ARHEr gichingei ThepHlugat fromy these; pracresing epsTatiensyingluge apesly fuqrings e
or e o : . .
unaccept apieon 1afBRAEISIER), HyRRen hditide (GfFY) CaBony MudHdICCOES, oy pad

process gasFd.o oxidize the toxic materials, converting themto |ess toxic

forms. Such systens _are al nost always over- designed jn terns of treatnent
capacity, and typeeificat pmbl%tofnhwmlﬁ@l%mril@%usg%%é&b@whaéﬁpovwomeae| ar ge
nunber of _m I §LT ' ut ] I act.

Chen cal FiRgEEs R, 8" UTRERCRAE WhQ., WRAL MAGaltp & .80 enifortitetor

t han conphmhefactwinguatilites atilézecdryuliietsoo similahemeand fardecatherpodfl theiarfyensuch

as carbon nonoxide (CO and, hydrocarbons.(HC), to the atnosphere., .

Fur t her noggs,esoﬁ)g teghnplogy 5WW&ﬁC§régﬁtl%ﬁgpf ﬁapqtqu ‘Felnlﬂéﬁ‘ig ?ﬁé%ﬁ‘?rﬁﬁt i s
the fog ”BB{h%Pw%E%nﬁEcg%t%létim aGigs. vapors, acid gases and NOx (NO,  NOG2) prior
to di scharge. urther i n‘Pt ation of conventional incinerators is their

inability 20 t ®meisohdiohftochisrgroblembisstoiibdinerhtecthe \prodess gasotef bxidizelthe tgxiocess

streamin order to render, the resultfagt mxture flammuabl e and conpletely
conbust | bPEICTEaly ORVETIG Hagh do dis CRISHOT. rATh EsEacHe ATROR YT HOLFT he

COMbUST | ORes; SALITAGEmIsYT tréhefhdhd c¥pdch ,td?ﬁl tgﬁléilfy G fot vk A AARS 16 QHEH?&éaP”

tenperatures; however, oxides, particu y 'silicon oxides fmay be"forned
and t hesewithi delargee mdmber of puiied ohentisicy 2Ereamb | withdutt pesing compldxomeactiverber .

Th i | ' f b | at i th dual
deposts ofrsmich] oot by TERReRT Tothert@r il sl Tednfan Shadids
cause cl og&mBastidn thérebyE AMdWiRE it reldaa&BEpollitdifts, 8Gvh BLERBSH mdhbKide i(@@? gaged
mai nt enance of the egw pment.” Dependi ng on the circunstances, the cleaning

oper at i onhpdrocarhen Jeteethe a reu & unthormrarecone ofitee problesrsmfgreatcencemt wi ce
a week. 30 lty.1s, well kno ) e s,that t.he destruction of h en
ey equr Tk ieR Finet Wt folmbfih, BF i b abidSaBFR falE bhiel eBit O PNBE
sone pri ONGR) priePtodischatye. A fiatie lisnitdivg of benvedtona ifdindatotLisandit abiity

conti nuous conbustion chanber nmade of ceramc naterials to oxidize the

ef f 1 udht @ mix suffisient pembustiblestuel with g nonflagmadle pregesystream in order to render
the resultant mixture flammable and completely combustible.

Oxygen or oxygen-enriched air may be added directly into the combustion
chamber for mixing with the waste gas to increase combustion temperatures, however,
oxides, particularly silicon oxides may be formed and these oxides tend to deposit on the

25 walls of the combustion chamber. The mass of silicon oxides formed can be relatively
large and the gradual deposition within the combustion chamber can induce poor
combustion or cause clogging of the combustion chamber, thereby necessitating increased
maintenance of the equipment. Depending on the circumstances, the cleaning operation of
the abatement apparatus may need to be performed once or twice a week.

30 It is well known in the arts that the destruction of a halogen gas requires high
temperature conditions. To handle the high temperatures, some prior art combustion
chambers have included a circumferentially continuous combustion chamber made of
ceramic materials to oxidize the effluent within the chamber (see, e.g., U.S. Patent No.
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2 WD 20061053231 PCTI US20051040960 6,494,711 in the name of Takenura et

at ., issuquge-z@%z&z%3 17, 2002). However, under the extrene tenperatures
needed to aB3r@%arPden gases, these circunferentially cdftiPRAEIOOMOANi ¢
conbusti on chanbers crack due to thermal shock and thus, the thermnal

i nsul ati.ng fynction.of the conbustion chanber fails._An alternative includes
the 5 conPASH7dY indhepune f &aﬁw&@l-oﬁs‘@d@ﬁcem’z &hs2 W)+ htowsveprunder |
wherein t he hEbMENlem ARG URAEEOIC ABRES hhBPer NodsBe MREA! cit htRs
however, the neta ?errl?et tuf)es 0 toe CDO s t?ergphys’ica%‘flyman crgrrogfvely
conpr om seontatuotheetanyh ¢comrhpstiait whammbers. gack die 60 Ghe6idl Ghockeatedd thus, the

efficiently decomose hal aqgen.gonpoynds such as 4. Accor di.ngl it would
be. advant S5EBAETELARG BISORAL i oGUaa oh ERamarer (8t AR o Graatiyg nchules the
deCO_”pS’S' Ebﬁ’&bl[&ﬁ &b&%&&siﬁ&ﬁéﬂﬁﬁtidﬁ {&30 Ei’éﬂém&@ﬁhﬁrﬂrﬂﬁ%ts wieréinWRS effludas t hat
provi des high tenperatures, through the introduction of hi ghly flammabl e

gases, t ogasesmnderge dostbastionainl the austal iatet tuhes ohpusyier,ithe meftalsinlet] twhss tof thet r eam

whil e si eously reducin deposi tion of .u nt.ed.teaction products

W th -t LT s PSR B saftbavaly, eopomited B ik P demeeBBodeE o
provi de ar]d@rPCoMBdet HREAS toleERGéntR AR haldheh coppoumiisuéR agaEguUnd to the
extrenme tenperatures and corrosive conditions needed to effectively abate

t he waste gas. ASoKiNRYY, FwpnMERTdERntFERoUp te prOYide] amiproved themmeal eeactas foet hods

and sygste or _prowvidipg. eontrol l.ed 2 ec i ti.on of S s li.quid
ryst i ol hmBpRtpH of HieBB b tna fCreaPnb ETRORRRNS PR iR I 1
reduci ng fighumihpdrat@resOfthiolgh Pt intraiadtonpoddhighly Ahmarble gdeOPOBSUrON
within the system The present invention further relates to an inproved
thermal r Sahstantiay spypletedacempesition gt said wastgrayermovhilegimyltangouply reducing
deconposi fLon.: . . 25 | tonid h t
mvent | ondeBftiftn, b GnBRRE AR 8E ThuB0° R he Mol IR wl "FuBRESHL
gas, the wealdrbt adeatigebus anprovidenan improsed thermall reactiont clambenithat cloephosi ng:
i) an_exterior wal] having a generally tubular formand a pl ra!iQ/ of
per f obat | SHecumbyto she eeFanGlemperatyresandeqrershie g fitioph aseded te rectivebt abste wal |
30 includgg Qhstd gast two sections along its length, and wherein adjacent

sections are I nt&rconnected by a coupling; ii) a reticulated ceramc
interior wall defining a thermal reaction chanber,
SUMMARY OF INVENTION

The present invention relates to methods and systems for providing controlled
20  decomposition of gaseous liquid crystal display (ECD) and semiconductor wastes in a
thermal reactor while reducing accumulation of the particulate products of said
decomposition within the system. The present invention further relates to an improved
\ thermal reactor design to reduce reactor chamber cracking during the decomposition of the
gaseous waste gases.
25 In one aspect, the present invention relates to a thermal reactor for removing
pollutant from waste gas, the thermal reactor comprising:
a) a thermal reaction unit comprising:
i) an exterior wall having a generally tubular form and a plurality of
perforations for passage of a fluid therethrough, wherein the exterior wall
30 includes at least two sections along its length, and wherein adjacent
sections are interconnected by a coupling; A
ii) a reticulated ceramic interior wall defining a thermal reaction chamber,
wherein the interior wall has a generally tubular form and concentric with
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wherei-n the interior wall has a generally tubular formand concentric with
3 WO 2006/ CI/ US2005/ 040960 the exterior wall wherej e interior
wall conprsgéglﬁifi/(-g%ast two ring sections in a stacked aﬁ#ﬁﬁé@ﬁg 10266, | i)
at |l east one waste gas inlet in fluid comunication with the thernal

reaction chanber for_introduci.ng.a.waste gas.therei.n:._and 5 iv) at | east one .
f uel : nlet in flui dﬂﬁ%ﬁﬁjﬁﬁpgé‘h?'gﬁ"%ﬁﬁ’ﬂ tﬁﬁgna?ﬂgrr W‘Iﬁl F@H@ﬁeéﬁtll\é%%rm@r NRg

i ntroducing a fuel tBalordRPR saewdAUSFiangémaitoduces tenperature that
deconposes said waste gas in the thermal reaction chanber; and v) nmeans for

directing a fluid tHhiibayleasthenepwpste gas inesinofluidneorasaupication wath| the thermahe
reticul ated ceram c _Lnt-eripr I osl.tion and 10

accurrul ati on of par tr%a(?hpgtcgarﬂﬁ%tﬂg?#ﬁﬁé‘?@ﬁg“}é‘% g%?'&xae%{é,ta ra guench. In yet
anot hes aspect, the iyy &sledst ohe e ihlenin' fliadcemnivhicationavitithe tBé@iad redcfibn
renovi ng pol lutant fromwaste gas, the thernmal reactor conprising: a) a
thermal reaction unichamberpfor éntragucing aj flielthataypoarqogrbustion predyeasgemperaiee al | y

tubular form ii) ar] i . i.ng: byl an f. and
concentric with t he@hﬂé@ie@érp@&;e%# %gggpﬁthgﬁ{ek%nlt%?t%%% év‘baaﬁbeidgﬁg]nes a
thermal reaction chaiyiaggans for difecting atfluid tlabagh derperiozatinaiof tiexterionwall at or

wthin the interior wall of the thernal_ reaction unit, wherein the
reticul ated ceranic 3pfathe whignlated Geramig Bferiopowald ctor Fedpesythe dspasitinh apdinber

iii) qf least one W%E&ﬁn@lﬁ@oﬁ&‘fnginiéﬂat@%ngrﬁ@ npeption with the thernal
reaction chanber for I ntroducl a waste gas thefein; and iv) at |east one
fuel inlet in fl)aiwhtergquenchi.cati on with the thermal reaction chanber for

i nt roduci ng a fuel that upon conpustion prodyces fenperatyre 25 that
decc()rrposes sai dn 8 (3oL 35pest; he WéesFﬂ‘eﬂ%Pt‘?‘éd'E{afﬁnt%ﬁi ifl,enaﬂdr%ytoa P&t er

guench. | : AFH, i ' tes to a nethod for
controll egerﬁ‘%‘;edé%hpg@gtl ti Oﬁﬁ&u%%g,@égﬁ%%ﬂu@gﬁg#%ﬁ%t e gas in a thernal
reactor, the na)hadermabrepetion wimt coadfprisjng: nt r oduci ng the waste gas to a

ther W?g reaction Ch?}”z?&xeéxtgr%roggp haifj};[ingI ae ggx}erﬁf;'etubular form;

ii) an interior wall having a generally tubular form and concentric with the

exterior wall, wherein the interior wall defines a thermal reaction chamber;

iii) a reticulated ceramic plate positioned at or within the interior wall of the

thermal reaction unit, wherein the reticulated ceramic plate seals one end of
20 the thermal reaction chamber;

iii) at least one waste gas inlet in fluid communication with the thermal

reaction chamber for introducing a waste gas therein; and

iv) at least one fuel inlet in fluid communication with the thermal reaction

chamber for introducing a fuel that upon combustion produces temperature
25 that decomposes said waste gas within the thermal reaction unit; and

b) a water quench.

In a further aspect, the present invention relates to a method for controlled
decomposition of gaseous pollutant in a waste gas in a thermal reactor, the method
comprising:

30 i) introducing the waste gas to a thermal reaction chamber through at least one
' waste gas inlet, wherein the thermal reaction chamber is defined by reticulated
ceramic walls; ‘
ii) introducing at least one combustible fuel to the thermal reaction chamber;
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waste gas inlet, wherein the thermal reaction chanber is defined by
reticul at edwd:%r%f’gﬂ rg’lnwal l's; 1i) introducing at | east one conbustible fuel
the ther mal WYEact PoR chanber; 4 WD 2006/ 053231 PCTI US20057 G HE#95/010960)
igniting the conmbustible fuel in the thermal reaction chanber to effect

formati on. of. reacti.on products.and heat. evol uti on, wherein the heat evol ved
deconposes the walibeiggiing the)camhustble fyelaiythe; Bieamals reaetipn phasplps toneffect

reticul ated ceram i : 4 hO @rpb&r

cont enpor aneousl g}'c\f,i'\nm;%j]ﬂ){;%ef ‘?%%E}Qﬁ’%‘%‘%?ﬁt Egdt eggﬁl%&)gi %‘?Je& uel E’ea\}\ﬁg?lé’ie% t he
addi tional fluid decomyposes thed wastegas;ont i nuous node at a force exceeding that
of the reaction prqducts appr.oaching.the retjicul ated .ceramc |.s of the
thermal reaction b‘aa’mféf‘ng W«%ﬂ@’@?;’i Hﬂ’idba‘l"?"}gg‘ @@p‘@gf‘ﬁ?‘@ﬂ GramELE2rL P 18R
products ther eon; naflafl Geaklioh | ke bbitempbAAIR]Y WARE (hORORILANEL S O a

wat er quench to capture t reaction products t O her aspects and
advant ages of t hecombestiblofuelyiwherdin threadditionl fluiddp imjected i @ nonthwouenode ng
di scl osure and appended cl ai 15 BRI EF DESCRI PTI ON OF THE. W NGS .Fi gure 1
s 5 out away Vi ol DFOEREXCIaTIAEI Bk B THTOR RO, PP RIS USPEUHATt e
| over quenching chaaigs wans ef theBeril tattiddMRRIbeP ﬂxelfétglﬁhﬁibztidédé}i&sition of

a

el evational view of the interior plate of the inlet adaptor according to
the invention. 20theirgagtionproducts thereom;andcut - away vi ew of the inlet adaptor

he i 0ent i on for Y HEWE e yreaGadcoR Bodlel ofd a @ Rneh & pREGRIBE o) - ©

reaction chanmber. rdab@&i produtts tieréiit away view of the inlet adaptor and the
thermal reaction unit according to the invention. 25 Fiﬁgure 6A is an

el evational vi elheraspeets andpdvanfaggs of the irventien will be sxase flly appatent emdheli ng
to the invent.ion. Figure | r{ial cut-away view of the ceramc ring.
Fi gure 6CﬁHSUI3g§§FE§aea&ﬂ?-ggév@)?&&ﬁgr\}vg of ceram c rings stacked upon one
another to define the thernmal reaction chanber of the present invention.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cut away view of the thermal reaction unit, the inlet adaptor and the

to

lower quenching chamber according to the invention
Figure 2 is an elevational view of the interior plate of the inlet adaptor according to
the invention.
20 Figure 3 is a partial cut-away view of the inlet adaptor according to the invention.
Figure 4 is a view of a center jet according to the invention for introducing a high
velocity air stream into the thermal reaction chamber.
Figure 5 is a cut away view of the inlet adaptor and the thermal reaction unit
according to the invention. |
25 Figure 6A is an elevational view of a ceramic ring of the thermal reaction unit
according to the invention.
Figure 6B is a partial cut-away view of the ceramic ring.
Figure 6C is a partial cut-away view of ceramic rings stacked upon one another to
define the thermal reaction chamber of the present invention.
20 Figure 7 is a view of the sections of the perforated metal shell according to the
invention.

Figure 8 is an exterior view of the thermal reaction unit according to the invention.



20 Figure 7 is a view of the sections of the perforated netal shell
accordi ng kyyention. Figure 8 is an exterior view I
reaction utr}lg?rzg{%éoglrd(}?{ng to the invention. 5 WO 2006/ 05323‘ﬁHT,{]§5%0§,@4‘35{63
PCT/ US2005/ 040960 Figure 9 is a partial cut-away view of the inlet

TIThstrat os. dopare pohsgariaL erhustlvieBh G i i AelsRobmsF Bachin bl 3ol ot or

of the priQobrdihg to theThenfien 108 il lustrates deposition of residue on the
interior plate of the inlet adaptor according tq the invention. Figure 11A
i || ustrates defimire 10 ibystratesdgpesitinn efiresifug en therinigapr Blatsrofithe inleiadaptor
reaction upit of tFe prior art. Figure 11B illustrates deposition of residue
on the in?€ COAM s of the thermal 10 reaction unit accor di ng to the
i nvents on. Fi gFigard 20B Sihiwaes depdsitio ofresidue/bethiedhtetibeplatel ¢fl the ieti ddaptoed
between the thermal reaction unit and the | ower quenching chanber according
to the i n9eserdipg to themyention.DESCRI PTI ON 15 The present invention relates to
nmet hods and sy r. Ldi t AL f
gases i n at nor e MACURSALS pRsRR EEkRHe AORETRRRCE VAl B it
product s ydattiomutibef thg prierart.The present invention further relates to an
| nproved thermal reactor, design to, reduce fhermal reaction unit cracki pg

gas

during the hi gKiguredpBr Husiratesiderosition; of eaidye aps the jeteriop dalls ofthe \faerma
to be;mba : J gp@ugi- erated by a sem conductor process
and/o}@sprée??tégswyﬁg?gé\?e@gg e |\lllg‘?egg&?'o and egressed fromthe sem conductor
process w t houFigwwéediic alpastial evawnnviedsofithe dhield positiortedebettween the thermal
"sepm conduct Qr process” .is intended to be broadly canstrued to include any
and| al | pRACUY PRigand thedoer BisBrIRg 6hambt apeRiding 13 fHEJBYSWORof e conduct or
products and/or LCD products, as well as all operations involving 25
treatment or processing of materials used in or produced by a sem conduct or

and/ or LCDETARLETRDESCRIBTIONI |ity, as well as all operations carried out in
connecfion with,the sem conductor and/or LCD manufacturing .facili not
Vol T ng act | VB ARG SFANY Felples AfpmElo and aus e dPt IRy HpectopolELs s
equi pment deddMgHsbnObf Gﬁﬁﬁhpghseg%' & Qhétmlal REsttor! White GPdichig QBcMulPR& BF1 on,
etch-cl eani ng 'of process tool chanbers, abatenent of toxic or

deposition products within the system. The present invention further relates to an

improved thermal reactor design to reduce thermal reaction unit cracking during the high
temperature decomposition of effluent gases.
20 Waste gas to be abated may include species generated by a semiconductor process
.and/or species that were delivered to and egressed from the semiconductor process without
chemical alteration. As used herein, the term “semiconductor process” is intended to be
( ; broadly construed to include any and all processing and unit operations in the manufacture
" of semiconductor products and/or LCD products, as well as all operations involving
25  treatment or processing of materials used in or produced by a semiconductor and/or LCD
manufacturing facility, as well as all operations carried out in connection with the
semiconductor and/or LCD manufacturing facility not involving active manufacturing
(examples include conditioning of process equipment, purging of chemical delivery lines
in preparation of operation, etch cleaning of process tool chambers, abatement of toxic or
30 hazardous gases from effluents produced by the semiconductor and/or LCD manufacturin_g
facility, etc.).
The improved thermal reaction system disclosed herein has a thermal reaction unit
30 and a lower quenching chamber 150 as shown in Fig. 1. The thermal reaction unit 30
6



30 hazardous gases fromeffluents produced by the sem conductor and/or LCD

manuf act uri cility, etc.). The inproved thermal reactjon system

di scl osed h‘gggloéf?%?sﬁa thermal reaction unit 30 and a | o™ ?i’(:"r*ff’”r?&

chanmber 150 as shown in Fig. 1. The thermal reaction unit 30 6 WO

2006/ 053231, PCTI US2005/.04096 i,ncludes. a.thermal reactian _chanmber 32, and

an inlet Hssesp thggma asiny ambey, .’ﬁpatag injgt a Ptorllgégﬁu‘g‘ﬂéa\ﬁ%!%Péte s8h | et

14, at | epabt GHeowistehad iﬂle‘i‘tlft,l%t’ le&PbhORR) Inletdl7, bﬁﬁf?{all‘?rh@i Joi Sndxiddht Blet 11,
e

burner jets 15, a center | 6 and an interior platé which I's positioned

at or w t hlrburnérgetsHds amenteriet i 6 and eminterior [date (12awhigh dopesitioned af or within

schematic,of ,the .nlet a t.or | ndependen f the ther reactiqQn. unit).
The il et UapPEs Ao RRRs (P 3RS BT dofr # Sthemale b R} sOhie
fuel r§ chiflipereli oif e itRerindP rea¥SdLiif)0 THe iRletl @ddptdtGhtladesothe fed)Rha Bkitant S -
When oxidant is used, the fuel and oxidant nay be pre-nmixed prior to

i nt r oduct B inlatsotar Providee andivel risctc gro mishuerise r the Fystesm Jdontthenslestregiioneetei n

i ncl ude, t nNogusl i m f.ed  t.0, , t , ral. ane,
PG and’ oS0yl binen fiGfng ¥ nagth 16 460 aneG B0 v b B oIBRY pRBCRETS
i ncl ude, Mtiodactorl infd thedhdrmal apieithamiben EEueld dontensplard hdiein Riclude B hreand
oxygen-enriched air. WAste gases to be abated conprise a _species sel|ected

from t he geblipiteddei bydragersfmethane, apmeal g3sspropars LRGHd eityhges, pefpuably BE3,
NF31 ] ) 5 N T | o F s [,.: V\F61
3 500 T ey Y R 30y 5 g rS,
and hal ostleamely aliS (CDA)ramdeosh@dnerrichedf ait. nEWaste qgakésotn be habaiedtednipoise wal | s

part | o 60 SPGIES ISR 60 e GERCasP i of FFe: CifsoSFochaimb el & SiFe may

be el ectr | 4 d t agirfakegOUEN S F&a})lpt I | ess
than 30, no ’eNE‘E:?E?’g%{}%’ Il%gg’ ?ﬁi’?% m)’stb elg%’g% égg’llgé ’ess’ ?Rg’nv%%’ gg’duci ng
t he nmechan{Gidy);, panginnasdsecendary amires, axganosilames, grganoncethllics andhalesilankat
adher to the_surfac 0 as | ,as Lnproving.the corggsion resistance of
the b face. || OfE SHCPARMEN iof dhe IHEnG: afs BreroravaoPf fircvr 2 g e
coated W hfayahe AIHPEPRPTBE tieOR¥HhY of pRiticRsAOPkR ih&driddlls &t the iRb@T F6p -
which will also act to reduce the anount of particulate matter adhered at

t he i nt eskxamplepd burfaceviphy beislestropolished tocrgdycecthe amé¢ahgniclmonghisiss GRrtp aor
pure Halar(r),l ayers,.are referred, . howsver  thes tenials . are .easily
Cer at ohed Vol kst Hifeco” ko Bieferdi s R 20 Mo BRI oS BB, AReBDIay | <
appl i ed aﬁleEQAHiMou%ﬁhéﬁtre&\E&sW&ﬁ&ﬁn of pieicelat! Rektdrahat RARBRS to tNetslrface
solvent to renove oils, etc. Then, the surface is bead-blasted to provide

t ext u2@ enwelas imprivingihegomesien resisenroaf the spiface. |Inythe alsgmativgothe pasesiorer |

e.g., Tef lw%i‘l((gt9 t'heamfe?}/r?ary l?ef coated with a fluoropolymer coating, for example Teflon® or

Halar®, which will also act to reduce the amount of particulate matter adhered at the
( interior wall as well as allow for easy cleaning. Pure Teflon® or pure Halar® layers are
preferred, however, these materials are easily scratched or abraded. As such, in practice,
25  the fluoropolymer coating is applied as follows. First the surface to be coated is cleaned
with a solvent to remove oils, etc. Then, the surface is bead-blasted to provide texture
thereto. Following texturization, a pure layer of fluoropolymer, e.g., Teflon®, a layer of
ceramic filled fluoropolymer, and another pure layer of fluoropolymer are deposited on the
surface in that order. The resultant fluoropolymer-containing layer is essentially scratch-
30 resistant.

In another embodiment of the invention, the waste gas inlet 14 tube is subjected to
thermophoresis, wherein the interior wall of the inlet is heated thereby reducing particle
adhesion thereto. Thermophoresis may be effected by actually heating the surface of the
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ceramic filled fluoropol yner, and another pure |ayer of fluoropolyner are
deposi ted & face in that order. The resultant _

f I uor opol yfr\ggiéo%%ﬁ]ﬂ ng layer is essentially scratch- 30 PELUSTORNP40960,
anot her enbodi nent of the invention, the waste gas inlet 14 tube is

subj.ected.to.. thermphoresis.,. wherei.n the.interior wall of the inlet is ... ..
heat od ¢ hUREHF Mell O aN SATIE dieater AERLEPAIVEYich BoLINIPEEH 2% FUFIORIDBAYE ho

ef fect ed R¥edGhkRbEyY 561200 1NPef BEinSHer JraAEs lﬁﬁcroédhegaﬂﬂm LR RE e, The
PCT/ U52005/ 040960 “interior wall with in on-Tiné heater or altenatively, a

hot ni t r ogdditignal advpntegd ehthedgttereis the atitogom epefowoninimizes the emenrtiefeting hot

nitrogen gas,flows t.hrough.t.he,inlet.. The di ti | advant of . t he
latter |s%*aﬁ'§ %???Sr%égehl tgg 'ﬁlFtQ%érrﬁ_&’Xmgmgﬁige éﬁ%@ﬂﬁy(? nﬁ?lﬁ%tl %rfg"gases
residesin the ipMophrttidler f&iaptors RavE ithded h@ita@wobid{ béram@é pAtsla M iterior
therein. 5 Prior art inlet adaptors have included linmted porosity ceramc
pl at es as Plateof thedplptadapisiraredisadvantage of theseHayted porosity inigronplatgs tnchides hese

Ui mi ted . . : : ol at i il
sai'd sur f SeReulRbor Bhrdlei Rl CSirPE vehiIRIF EaY B hiBtodt BRERGENET, 0,
error. Thelapfecddtedtion ey@nt iThe st Giveatibh esercomss thesd dxgdearttyges Byn@irg a

reticulated ceramc foamas the interior plate 12. Fig. 2 represents an
el evat i on&gticulated egramiciigamias the irterier plafedide M. 2 rapseseaisig elevatiomlatewef t s

14, bugnert| . . ] t t - di her aj and
the 801 che Fictioh plasd1 £ SRHinghe RkopoS 1 Suler 1ot £ USRfitks IR ASPY
reti culhat dﬁkcusseanhaeihaﬁm Zﬂlchalhe arefitulaedi teramic pfo?ms I2(‘Ji gﬁo&ﬁdimdrir?erg]ram ough.
As such, e invention conte ates, the passage o ui.ds t.hrough .t he -pores
of the i nﬁ@ppmmm athe f%lcvtﬁéerapmsr%uc ?@a&tf%?b%hanw&valstz ©b paticlisras
depositio ant. : : f | ' e 12
o0 the varRetisueloissih AP ifRhHE odlterh{MieS i REadd ofififigs rflghdhe Bkt |

pl at e 12. offthe fihteridr piaye itothe dberara) rgaction hehtaniber 33r &f esdalot \therdepesitiorefl to a

suitable pressure, which upon_diffusgion throygh the terial is. sufficient
o r obice PRIBIA Mo At {H6n orgace, P heoiisror BAF o 2n80d 38 PasrAfape yhemelct 1 ng
the abat egRfbn WhRBDPibkinde i e iRRFHBRDlatecBL! TH@ﬂﬁm%? rinclng&sﬁ? Zé‘a?%ﬁﬂ@ ated

herein for 20 passage through the pores of the interior plate ncl ude
ai r, CDA, profymbly pessudiestitos syitablexprgssure, svhicheupmdiffnsion thrangls theanagerialds , N2,

"2’ cont SRABIRS A9 g, educRion o4 ok et Mk ol e REERRBARY hougn
not wi shi Rgateehtroament B te aial Fabtiothaiba! Chasl’ dsfitémplaRl Kedif foPT 25
plate hel ps prevent particle buildup on the interior %I ate 1n _pa(t because
t he eRBos@dssagathupugh the pores of the interior plate 12 include air, CDA, oxygen-enriched air,
oxygen, ozone and inert gases, €.g., Ar, N, etc., and should be devoid of fuels. Further,
the fluid may be introduced in a continuous or a pulsating mode, preferably a continuous
( mode.
Although not wishing to be bound by theory, the reticulated ceramic foam interior
25  plate helps prevent particle buildup on the interior plate in part because the exposed planar
surface area is reduced thereby reducing the amount of surface available for build-up,
because the reticulation of the interior plate provides smaller attachment points for
growing particulate matter which will depart the interior plate upon attainment of a critical
mass and because the air passing through the pores of the interior plate forms a “boundary
30 layer,” keeping particles from migrating to the surface for deposition thereon.

Ceramic foam bodies have an open cell structure characterized by a plurality of
interconnected voids surrounded by a web of ceramic structure. They exhibit excellent
physical properties such as high strength, low thermal mass, high thermal shock resistance,
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surface area is reduced thereby reducing the amount of surface available for
bui | d- up, gﬁfﬂwég:%Fe reticulation of the interior plate FrOVIdeS snal

at t achnent ¥ growi ng particul ate matter which w ?THQHQP@“Pﬂb
interior plate upon attainnment of a critical mass and because the air
pa55|ng throu h. the pores of .the interior, plate forns_a "boundary _30

| ayer, h yasistanee 40 rcogesian gt Alevatpd: "tl??éat%?ﬁf aPeeferablyd dkm ypids case

t her eon. t g, by a
plural ty‘?@@ﬁ%ﬁt%%*%onﬁgﬁbﬁﬁgvo. GARERA I y AL HE RSB RbER s
They exhi bt easﬂyedlffaﬁﬁ thxphg]slthalmatenmermhescamfc &sanhn i pdiest sieonid Mot Ireavt

t hermal mass, h thermal shock si st a 6/ 053231
PCT/ uszoommgb wiHd PR i &g E{fh’ﬁetetq F"rggb! aﬁfaa e bplogen species. The

tenper at urdg ame’ J‘G&ﬁ%‘&kéﬁ by fnch lglfedﬂmﬁfn‘i mat u{lg”ﬂﬁx%r% u’i‘f@ asda tsf‘e‘i‘ram HQ ‘?“t

the maferia e VoI ds Care a slze asl
di ffuse t hn@dtgrsutllnas @eDgrsilidon chbde endasilicort nm:ddgqnlcfesabighhnghck praity rahnmha

appreci abl y W|th PFC s, ip the eff t to form tile hal ogen
speci es. Thaterals,f- &WISEmPgé ét’WFE?‘“PW&% E@@rﬁb%m eé?‘?léﬁg‘ ési um
oxi de, refffo L snﬁ'&fbleB n%'ﬁéﬁfes% cﬁ&oérﬁ%;a-&aﬂeucaﬁmw mféﬁag%dsydriacon

nitride, pre erab gher purity alumna “nmaterials, e.g., spinel
yttria- domablhdedrnmamaﬂﬂmmml(E’ZAl\)'b%e pre@ﬁstxablo)‘]peram foamabadies r[s(mlh\iat}dn es

arecram odieg formed fr .t ri a-doped alumna materials and yttria-
st abi I1%ed ‘ZE‘? ﬁ% %[‘gﬁ?%%“‘?{azﬁ)ﬁ aIrﬁe preparation of ceranmic foam bodies is
vel | within 10p4 hﬁth'éﬂf&@u@@?ﬁh@!ﬁc bTuh@»%? onlthd ir@&drrplét@ €2 aer fluid TRtef pstdpBvay educg

particle build-up on the interior e 12, a i nl et passageway nay
| ncor por atmay berinsotpeated frtte the @ptelﬂictdﬁ of itk injet @ﬂamqam (ree for qamplef Fjgs dx arrpl e

Fi 5 f f.ih h |
erbodi ment> 84 1 ot RiBSepiet Of FE Senthict i IR CHab ), Rnghtbpatui f HRfKeRleh o
i ncl udi ng jat Pé isCillubtiated in Oy, FRRAIH Qestet jebrchitling 2 fﬂlok mjea%trﬁaraﬁald futei 10t

fl ame prot ectlve EI ate 22 and a fasteni ng means ., threading
conpl ddentgiloy porss ﬁ;eadOhgamﬁ pratectiva|phate aapﬂ@rfasmgebsamﬂé egnttteading and

the inlet t n nQg.h n

| eak-ti ght ofm}g%"g‘{t e plﬁ%g‘{lgjoﬁ %Er%tf Lc{aﬁe te%’p\égrbyj C%Bé j@t g‘}ad hie m}eéni te
t he burnerada ﬁrrih tefco méﬂtaﬂy@hwi @ith onda6tEeY intallealcapitehshidn. t Ti gkt er
jet 16 is a ol e 25 through which a stream of hlgh velocity 20 fluid

may be int aémj@fethetcentpmeééé i§ Hf’(eé to ignite ke buinerigtscks ofithe inletndaptop. Throughe g
0. 5) bhhauole BOlcoHc R 19, B RONTSS RoldACRRKn d Ludsh LERUALIGLRS! the

hi gh velocity arr ers aerodynamcs an S gaseous an

parti @0l atfeuid mayohstemmduéedt ﬂoanjebemmathertbaﬂial mctncdnahémbertm(aeds: d Eigcsnt er

of the chanber therehy keepjng the rticulate
Although not vwéinng topbe und byp eory, i{ is thougﬁt ﬁxat the hlgrE velocity air alters

the aerodynamics and pulls gaseous and/or particulate components of the thermal reaction
chamber towards the center of the chamber thereby keeping the particulate matter from
getting close to the top plate and the chamber walls proximate to the top platé. The high
25  velocity fluid may include any gas sufficient to reduce deposition on the interior walls of
the thermal reaction unit while not detrimentally affecting the abatement treatment in tﬁe
thermal reaction chamber. Further, the fluid may be introduced in a continuous or a
pulsating mode, preferably a continuous mode. Gases contemplated herein include air,
CDA, oxygen-enriched air, oxygen, ozone and inert gases, e.g., Ar, Ny, etc. Preferably,
30 the gas is CDA and may be oxygen-enriched. In another embodiment, the high velocity

fluid is heated prior to introduction into the thermal reaction chamber.
In yet another embodiment, the thermal reaction unit includes a porous ceramic
cylinder design defining the thermal reaction chamber 32. High velocity air may be
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getting close to the top plate and the chanmber walls proxinmate to the top

pl ate. The ‘ngzlta?lﬁgédﬁl ocity fluid may include any gas suf f%ﬁ/ﬁ%&%/ﬁﬁ)g duce

deposition on e interior walls of the thermal reaction ot
detrinmentally affecting the abatenment treatnent in the thermal reaction

chanmber... Further, _ the.fluid nmay. be.introduced i.n._g.conti,nuous..or.a ... .
pul sat i ngdﬁ?ﬁ%‘f t]BPlégq'érﬂéﬁ)lllj’breé g‘ll?’?ithl rFﬁuf n ‘I@its gg t8o‘1’i!t186lfjfgijp£f%ﬂlyhé"rdé‘fs?1

i ncl ude at:&nicle%duﬁ&igﬁé‘hﬁéﬂ&r%g of e thephy:d PEctiof GAR. ThE cbragiit cJRERE of € 0. ,
Ar, N2, etc. Preferably, 30 the gas is CDA and may be oxygen-enriched. In

anot her ettisopriesant inventien Hinglhdesedt deast ywo foeramic iringh stacked Ypow one gnpher,dduct i on

i he th N ' | her. e i.ment. |
Feact | on EHTPIFASTgeled g o Most Pl TraBl g e Rl el duleist™
thermed 1 gGititaB 16 ABGRAWeRR: ringsOacked apbh ¥ndhfothdy 106 uilieldotDat Mededd

PCT/ US2005/ 040960 directed through the pores of the thermal reaction unit
30 to at [wegtismetlimitedytorciruleeringhpern sei butomay alsp intludeeingseleanmpopolyganal of

the thermal f.eaction unj e ceram.c i r . t present invention
i ncl udes § elﬁ‘@ﬁ%ﬂl Sﬁ%' gjé%%m];kgy ’ﬁen%%@saf%g%lgaaq@pgha%n@ fgﬁ%’[ her, for exanple
as i1 ustrat edFigurd6Q-is @parthddicat-gwef eiedbdfithe cbRnfie clifider dydign d€thd presendes at

| east 5 about two to about tyventty ri ngs stacked upon_one another. It is
under st ooinventen shewving the stackingyof the indévidual epramic fipge 36 baying acpmplimeatary e

but a 4L 0G €.Li Ng . or_.el | jnt.i.c .

Pr ef er abl %ﬁgtlh‘g Jbll ggds? ngﬁ é%\éhgr'\eél?gﬁ? %Pz{cgg&tj{lg%ar?'g r1"@&#\j aﬁlegﬁdreeﬁ%gglgls r%acB%?t I al
cut-away vhauberf 32.her1§mnpﬁérmoey béraghéy ridgs4@nis desiphel b0 @aseomimotiae etht i ialet
shoyvi ng the stacking of the individual ceram c _rings, 36 having

conbl | nenadanjor. 118 i Roted thas therjaint designgs nowHmited 10 1aPejouts BRRAE alserineluds ngs
compl i e _. . 3 & _
Goe! Onod Pt M TAREIAS BRITRA"and tond oo PREORD Rink® (AEkird Bfscalind ©

desi gn i snreahs,| ¢.gi IGRIAFOIL®@por othei &ighutenipeyatadesmaierialsy gositibmede benveenithé s,
butt jpoints, lap joints and, tongue, and grqQove. joints. .Gasketing or sealing
meansiS e. gackedaiipes Y Fyntsmmd;gerﬁw rFSPth/r it theestpekied rqegamaic o R

bet ween t | | ' | [

ot acked chraet FHACAEH, Ui Sethati MIMKRT clfink] et RRRR B LRI 1 e
st acked cpreamntinfrared vadiaton frpm escaping Fbnthe thermalaeaqtioa\chambemf r ar ed
radiation fro escg‘%if;‘g. fromthe thermal reacti ?& chapber. Each,cerami c ring
may be a ci rcuffPeh 19 {IngoMay nbo A LREPIHFEN3lly, CERUNUONE (Ceramiq, diNg Ohpy be

at | east 5%5@@)?,?82){ thRadt 18RY nbﬁ sle&id?ﬁ%ﬁ%ﬁ& HR"jotnld

_hefpﬁt&ake 20 ther amic
Int

ring. Figure 6A I trates the latter e I'ment’, wher | e ceramc ring
36 i n20 udesrami¢ ringt EigungafA idustrates thd faten dmbodimwamtdwbercinathe weammicamgd®é and
when the fi

mc'il?cfes %rﬁjrst arcuate section 38 and a second arcuate section 40, and when the first and
second arcuate sections are coupled together, a ring is formed that defines a portion of the

( thermal reaction chamber 32. The ceramic rings are preferably formed of the same
materials as the ceramic foam bodies discussed previously, e.g., YZA.

25 The advantage of having a thermal reaction chamber defined by individual stacked
ceramic rings includes the reduction of cracking of the ceramic rings of the chamber due
to thermal shock and concomitantly a reduction of equipment costs. For example, if one
ceramic ring cracks, the damaged ring may be readily replaced for a fraction of the cost
and the thermal reactor placed back online irhmediately.

30 The ceramic rings of the invention must be held to another to form the thermal
reaction unit 30 whereby high velocity air may be directed through the pores of the
ceramic rings of the thermal reaction unit to at least partially reduce particle buildup at the
interior walls of the thermal reaction unit. Towards that end, a perforated metal shell may
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second arcuate sections are coupled together, a ring is fornmed that defines

a portion O{votﬂﬁﬁo ?ﬁr mal reaction chamber 32. The cerani CP#’E%%’“QQ&%O

preferably torne the sane naterials as the ceramc foa
di scussed previously, e.g., YZA. 25 The advantage of having a thermnal

reaction chanber defined by individual cked .. ceram.c rings ipcludes, the

reduction Bf’sec‘fﬁ’c‘?&cﬁff @‘F Sf%ﬁ“@%‘i’%ﬂ’dccpqﬁs r?ﬁzheo& 'F'I"ﬂj rE‘FFé‘ﬁBé’lmtcﬂ% P{‘F ¢95ohg|

shock andtl&oﬂGWBﬁMlinﬁeJt@de?%@ﬂgm{he%ﬂbl&”ﬁ%mGQﬁilﬁs otﬁaé tﬁ‘éfﬁﬁp!r@acubﬁ one

ceram c ring cracks, the danmaged ring be readil Elace for a fraction
¢

of the cosuit. igureteillusieatanan pmh@dlmnpo%&:e@etfa@kedmﬂetahé hirb@iofithel preseB0 The

ceramcan t ent e held to noth m t he ther mal
Fenct on IteRiSty WiREr LOYE Mol <ol B cBS satis Sonetp RRpF tetar' B i $98 por s
of thes celgand Eirdulsylintet 6€a P EoMI cymlzﬁﬂ tHeintetAlshRll ih€ladds d2aédst ald Y
reduce particle buildup at the |nter|or wal I's of the thermal reaction unit.

Towar ds t Aéachehie, segtipns: } Gt thab mapeheaioingd dpgetharyto makenp 2o0gangsd Agmm of the
PCT/ USZOO / Qc? Q‘g’lm&) uﬁg g %%ﬂ%)?} rgﬁlon% aﬁlﬁeﬁlgﬁl%réat%s 15&,“9@ cIJ%IBPaﬁ)&e al r

t her nal on un| as wel he“f I'ow of axi al

t hr ough t Bﬁteﬁﬁb@yﬁim nwiich aipoa@blislingf pﬁtflﬁesisbl%rdiﬁ{her&aﬁﬁicm’mgsuﬂhtieb% HotHihe
i llustrates an enbodi nent of the perforated netal shell 110 of the present

i nvent i onthepREsdPOng ABOtARR- al shel | has the same general form of the stacked

ceramjg rings, 19eCmdry) sﬁFl‘f' 119Uhay acﬁélrfopﬂﬁ tgﬁ&erﬁ Qﬂéﬁégg’}%&fﬁfm %y@gﬁ the

netal shell includes at [east two *attac e sectlon
j oi ned t oditdited tdwands e top dfithe glwmahteatmmumt d e thecportion clasyt tontherinled he

tvvo attachabl e sections, 112 include ribs 114, e.g ext ensi ons
1 < Ao € atan e Goam b Geml gerctife bty P NBEChabE 15 RUSd] ng
the ringsnqt e t ern
wher eby pr7 a;ﬂ ng Iﬂqﬁéb?gérg?tg& % ?@éag%d IZRE l(.)li/vg:%g t éﬂﬁgg@gd(u%}%eﬁt grmr%iali

reacti on ASi deﬁmdgz.erem,Hme;foratmm’i’ méb saprestnt adyearrayl aft opeaitwps tthmougly thet inetal t he
rmal reacti.on, unit t he '

and 8] 1 Ahelf ek ip GPheqmmih b Surkal AT R oF 6 Wl anel sy

the met al i ghd flow St S84 8RedA&d Sik ﬂuougefﬁeqs&éam&ndfr&yalrserﬂﬁ}ese %n@medar r ay
of openings through the rretal 15 shell "that” do not conprom se the integrity

and str en@bhexﬁmplhethmefbraslhes m,ay\bhlhlobséasmg |crrgulat,tm>tlygohel 1 edliptisfal shapa$ |y
directed ait h .1 he,porous . interi ntr

exanpl o, Bhin B 57V e g ogations iy e St e S RD B il 1 She

el |'i pti cakmbbamesnt, e pdiforior! 4reHodds! 126" Er’i"@na‘h%téxoraﬁﬁltﬁs%)eﬂ%)‘atm pdtietp Of
various |lengths and widths. In one enbodi nent the perforations are holes

1/ 16" 20 n tovards dhe tamdft the thernalr gagtinn pait thag Al hole per square inch, while the
perforation pattern towards the bottom of the thermal reaction unit has 0.5 holes per square

inch (in other words 2 holes per 4 square inches). Preferably, the perforation area is about
( 0.1 % to 1 % of the area of the metal shell. The metal shell is constructed from corrosion-
resistant metals including, but not limited to: stainless steel; austenitic nickel-chromium-
25  iron alloys such as Inconel® 600, 601, 617, 625, 625 LCF, 706, 718, 718 SPF, X-750,
MA754, 783, 792, and HX; and other nickel-based alloys such as Hastelloy B, B2, C, C22,

C276, C2000, G, G2, G3 and G30.
Referring to Figure 8, the thermal reaction unit of the invention is illustrated. The
ceramic rings 36 are stacked upon one another, at least one layer of a fibrous blanket is
30 wrapped around the exterior of the stacked ceramic rings and then the sections 112 of the
metal shell 110 are positioned around the fibrous blanket and tightly attached together by
coupling the ribs 114. The fibrous blanket can be any fibrous inorganic material having a
low thermal conductivity, high temperature capability and an ability to deal with tﬁe
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20 towards the top of the thermal reaction unit has | hole per square inch,
while the perforation pattern towards the bottomof the thermal reaction
unit has 0.WORBI&S33dr square inch (in other words 2 hol RCHES2045/8§06r e
inches). Preferably, the perforation area is about 0.1 %to | %of the area
of the nmetal shell. The netal shell is constructed from corrosion- resistant
net al’s i ntlepmalngxpatision oodffitient mesthatch ofsthemtal shelt nadthe cepartieitinigsc Fibrous

S U AR R ATk i
ni ckel - bagRdl ahd Siker Sictiads chiaphisint QrurBnumMsilifatesC2fh theCAkRnativeDBR fibrous2, G3

and G30. Referring to Figure 8, the thermal reaction unit of the invention
i s il ust blanket maghbe a soft earamicrslerys. 36 are stacked upon one another, at |east

ot acked cer am I AGLE A Bwt e, Sl ARE TRt GHB, dRFofaL k0w 497,
posi ti onegerdratitnts dfthe frickdl @HEll, thé fikRjus Dbkt gt thy raticubtdbeeritiatifgrofhle

coupling the ribs 114, The fibrous bl anket can be any fibrous inorganic
mat eri al Rylindey Ahe flad exnsrigasesoprassurg diopyfromjthimextenorephihg thermahrsgrtion y and

e et

expansion coe crent msna nme ramc z

Fi brous béiapletérablftaboutad.1 @eiiocIR Ipsi, eTheRiidi may b intddacedointa eentinabud oma t ed
to, spinel fibers, glass wool and other paterials conprising alum num

si | i c3Q espulsgfingmoge;: prefraablyea copfenuons e topredpste thenssgingulation of tthe dfuighi ¢

sl eeve. 5_Jn. J ' 4 [ ' . ' d
Chrough ¢ PARPRFALER! reaio charble, e U b asbPebiiP Hablah Hdas SHSRHEET
reti cul at dheowittdnities thermysl redctivhehampér] wilerein the gades arelreeirpalaicdnreesitsinghessur e

drop fromthe exterior of the thermgl reaction unit to the interior. of the
ther mal r Ex@afigh of farger W%Cﬁ%ﬁg@?@ﬂﬂém%wé qsebabebtyacgcﬂﬁwwg@ withly |
pref er abl y.aRa4br OTHe Fﬁid thiy %c?udieésdngrg'eg?%u ciefl 18 POMuBE db st the'ifttefior

continuous or a 10 pulsating no erably a continuous node to reduce
t he rkfi r eallsaof the cefantib einigh swhille not tHétrimentallytaffifectiveg the @absteiment tréambntrin the

shoul d be ,appreci ated that an.i ncreased,residence. tJ within th her nal
Coact | on REHBGTEACITLF BATPeF hORMS GOnBRPIALEE OB T (oD e OB 6T SICHES A,

formati onoRfoehab Mk aR@iderCaasad gg}%_ EN,adticand an increased probability of
deposition@vﬁethi n the reactor. he’flz’uigl may include any gas sufficient to

reduce deposi t iTorinweduch dluidtethieowallssofithe Itiermial tehctianewnnitiar passage tivougle torot
detrimentglly affecti.n he, ab nt.treatnent i.n th t.hermal , reacti on
chamber . Bebeal st shabfd Jhs ouire (AT Ras UL A0iiE Bt PRRRAR g on
ozonez@ndohtee kiairés Gfeel Qedditor dhell d(se€l &g., Fig. 1), whereby an annular space 62 is

created between the interior wall of the outer reactor shell 60 and the exterior wall of the

thermal reaction unit 30. Fluids to be introduced through the walls of the thermal reaction
( unit may be introduced at ports 64 positioned on the outer reactor shell 60.
Referring to Fig. 1, the interior plate 12 of the inlet adaptor 10 is positioned at or
25  within the thermal reaction chamber 32 of the thermal reaction unit 30. To ensure that
gases within the thermal reaction unit do not leak from the region where the inlet adaptor
contacts the thermal reaction unit, a gasket or seal 42 is preferably positioned between the
top ceramic ring 40 and the top plate 18 (see, e.g., Fig. 9). The gasket or seal 42 may be
GRAFOIL® or some other high temperature material that will prevent leakage of blow-off
30 air through the top plate/thermal reaction unit joint, i.e., to maintain a backpressure behind
the ceramic rings for gas distribution.
Figs. 10A and 10B show the buildup of particulate matter on a prior art interior
plate and an interior plate according to the present invention, respectively. It can be seen
12



To introduce fluid to the walls of the thermal reaction unit for passage

through to rmal reaction chanber 32, the entire thernmal reaction
unit 30 is \g&?ck:l‘ﬁg%%%ﬁq?hl n an 20 outer stainless steel redttYPSWAYP109¢0

(see, e.g., Fig. 1), whereby an annul ar space 62 is created between the

interior wall of.fhe outer reactqr.shell 60 and the exterior wall of the
ther mal r 8@t the Yutldyn ondhe interiqrplaty ogé}\q PRESGY dRwsdtion r(ge.\gng pretigielated foam ¢ he

thermal r i it : L 0L T t 6 |t t out er
eactor ST G fRES crRULRE Aclh ACRG, 3 rRULRAEAT YGRS Pt ARHC)
adapt or 1CGmaapnsiftanorthel pireiand 2igvivekicity t fieidt égressidn feac ttho centerjépris 32 of
the thermal ,reaction,uniit 30. To ensur.e that ases within the ther

reaction UWPHaRR lﬁdfdlfcéglfeg?éﬂ%t? the ‘P@BPBHB%anr g’etpﬁ’é’r iafty dhichys feyprd ‘gfﬁothP acts
the ther mylovkERfprb RN discldseddnkgh, or seal 42 is preferably positioned
between the top ceramc ring 40 and the top plate 18 (see, e.g., Fig. 9).

The gasket or dJdgs. UA rmad bEB iltmtR@ plie) adrtheonal wattéon Minith and nthe rthemmad
material that. will. prevent |eakage of. bl qw—off 39.air tlgrou h the P,

ol at ef t herFARUIOPCEL fesrdife to; B esent inventicy. rapRtively. . Thsak e cteet thetiihe ng
the ceramuyildhp DY pafliculRe Hatdr! o el Mberioriidls dOhea R rABreabeon LhR dfuht dup

of particulate matter on a prior art interior plate and an interior lﬂ)ate
accor di ng presenhinvpnrtianeistsubsteutiallyoduced sglative toepryor art themmaloweactionrunitiwa

2006/ Q53231 .PCI/ US2005/ 04Q96 at .t he buil on the i riqr.nlate,of the
or eser® | ruhE e opRanie g Tiened Aeabaheth e Brdiat O pdrbhteieFofunatind
fromthe pafegidr wall of kit iheifsl e8¢t hitC redted by dtledst 80%, peérenadly ftdedst om

t he, pores and high velocity fluid egression fromthe center jet) is

sublst ant | a10% anémare areferahly; atdeass 80%e relafiver odriop|agt wnitst oxidigingransquivalent whi ch

I's devoid a%oﬁ?gfeflﬁ &?\ék I nprovenents di sclosed herein. Figs. 11A and 11B
Il lustrate prior Art r'mal reaction units and the thermal reaction.unit

according to tIpRowisteant of nthenthietinal keastiac tohumbyr. i ta ovateoquesshing mddans he
buil dup of particulate matter on the interior walls of the thermal reaction

unit dP trRositigned dmithe derer Awsnchingsehembend pAIte yapue dhel PRBIcHIats, Batter Hhat or
oL T TS o BT DS AR A G0
thermal resatti ontaimiad disslosediuc ed-peydiag U.8aBatetOApplivadbe M| 10/249,703aiat the 70%
e val entHems R iebn oat 1 tertnigad “CRORIRCESUROICR (OMAEES WAHCCHG
Chante | SyP IS AR AR SoPMaIL THERSL il Ry iRUERLED
20 by reference in the entirety. Referring to Fig. 1, the water for the water curtain is
introduced at inlet 152 and water curtain 156 is formed, whereby the water curtain absorbs
the heat of the combustion and decomposition reactions occurring in the thermal reaction
{ unit 30, eliminates build-up of particulate matter on the walls of the lower quenching
chamber 150, and absorbs water soluble gaseous products of the decomposition and
25  combustion reactions, e.g., CO,, HF, etc.
To ensure that the bottom-most ceramic ring does not get wet, a shield 202 (see,
e.g., Fig. 12) may be positioned between the bottom-most ceramic ring 198 and the water
curtain in the lower chamber 150. Preferably, the shield is L-shaped and assumes the
three-dimensional form of the bottom-most ceramic ring, e.g., a circular ring, so that water
30 does not come in contact with the bottom-most ceramic ring. The shield may be
constructed from any material that is water- and corrosion-resistant and thermally stable
including, but not limited to: stainless steel; austenitic nickel-chromium- iron alloys such

as Inconel® 600, 601, 617, 625, 625 LCF, 706, 718, 718 SPF, X-750, MA754, 783, 792,
13



egresses fromthe thermal reaction chanber. The water quenching nmeans may

I ncl ude a t fain as disclosed in co-pending U S Patent I | cat I on
No. 10/ 249,%32%M&3§1’é name of Genn Tomet al., entitled FEHISHO e ng
System Conprising a Water Curtain for Preventi ng Sol i ds Deposition on

ent 1 oLy, SREFRF A e niskgT based gy DALY Eiie Co it G276, 63000, 6,

mtroduce@;zat;yzmd% oL52 and water curtain 156 i s forned, wher eby the water
curtain absorb e heat of the combustion and decorrp03|t|on reactions
occurring in tHhe prMcqwfﬂuMgaswmntm@Q thegnalakactionathembeni3l froupatdeast one

t | at tt f the | h 150,
bsor bs. ek PLstist @ BciltadBpBa ik angrh fuiSaTams G FRR he Jemial
combusgi OPea"cﬁ@iQEhaﬁﬁ‘&r 32 fdom affest dile bufilet Eet-'ig MR\t Nhak otflﬂﬁ Qe Gt 1'@¥§t

ceranic ring does not get wet, a shield see, e.g., Fig. 12) ‘may be
posi t i onedsdsetoagnitet the bmnt:nmtSrdét of:ehtamlct A apgorlwaamg thhvenahalteeq:tlomunttal n

o I T

ring, so FdlitaieedeRbmpOsiios of ﬂf&efﬂﬂ% %dﬂescthﬂi Q&tpr&!ehh“ﬁthﬂl b@tthém’rdm?édctl@ﬁr am c
ring. The shield may be constructed fromany material that is water- and

cor rosi onchambest dhis akseopaspiblentiat %ﬁmﬁt effluent gapgs undergy, coptbustien/oxidatierein the:

R o it

WO 2006/ Oﬁﬁa?ﬁanMSM/m@ﬁx@Qo aBogt $l4tm apretbrably lightye knﬂ:latxhaqmdnal ¢. gys
such as Hastel | KB B2, C22, C276, C20001 G @&, &3 and G30. In

practi ce, aboyt|Q, Uﬂg@sab@u%?%ﬂtm he thermal reaction chanber 32 fromat |east

one inlet pro . I
enter the ther\fn;(a) Sg'gi%[]eetgg@f’én cé(a?r’geré"%é’ ‘%'rggm a?t#%?g%&kgﬁé ulrg?fg# t}%riﬁe&'
The pi | ot 150 avhereih atvdtercantadn 1@ na¥tbei wedisecodlahé walls of tHedobaf cigimbeetadd 15 of
the inlet adaptor, creatjng . thermal reaction unit _ tenper at itgn a range

t

1; r om Abouintseiepasition af | patiptateTRattey @n thenpaliat Ji dg Conigaplated that some
ecomost phftulite miferd WAB sHARIE Baldi oAb roli 28 Hont e/l shlasmmgrgr fe

reaction SO poss sone effluent” gases un
conbust i owateri miaamorﬁﬁ nFmﬁmr Hownpstesaamn oéttmfwathectfmm ,/aowateinsygraying tmeaas 134e

D o abdtay b ReshorsAcrnahs KT grenon s SHuRBR A, Poob . s s 2040
atm to abeuho @8 pahmulaE@hJaﬁgf Al S8 SRaBE [asdy/ C&mmgttwgas dhameilowient

gases pass to t | ower ¢
20 the use of lower temperature materials downstream of the water spraying means thereby

reducing material costs. Gases passing through the lower quenching chamber may be
released to the atmosphere or alternatively may be directed to additional treatment units
including, but not limited to, liquid/liquid scrubbing, physical and/or chemical adsorption,
coal traps, electrostatic precipitators, and cyclones. Following passage through the

25 thermal reaction unit and the lower quenching chamber, the concentration of the effluent
gases is preferably below detection limits, e.g., less than 1 ppm. Specifically, the
apparatus and method described herein removes greater than 90% of the toxic effluent
components that enter the abatement apparatus, preferably greater than 98%, most
preferably greater than 99.9%.

30 In an alternative embodiment, an “air knife” is positioned within the thermal
reaction unit. Referring to Fig. 12, fluid may be intermittently injected into the air knife
inlet 206, which is situated between the bottom-most ceramic ring 198 and the water
quenching means in the lower quenching chamber 150. The air knife inlet 206 may be

14



150 wherein a water curtain 156 nmay be used to cool
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detri nment al | ffect.ing the deconposition treatnent..i aid unit. Gases
conteggl at‘@ﬂx’gg\‘i‘tﬁ‘i?ﬂﬁ}g improyed t ERe ﬁﬁséﬁ%‘H“HTT?bq%iygen, ozone and
inert gases €. PestgdN. NP, Of]6w rhte/slRPErfai’ OMpyePaien IS 1 PTer MBREM,TY
i njected through tﬁe airlknife inlet 2068 and exits a vety thin slit 2
that is pogition€Feparallfel to 2.8@ interlior wal30 of thelthermf9.3%acti o
chanmber 32. Thu(::, gases afe%iimﬂt ed—upwar-ds—a-org-therwal—dhe
direction df the & ows in Fi g. %) ‘toj{force a deposited 55\?rr9tq Qul at &
matter fromthe §;face (fT Thejpgerior WalT. I3 EXanpl €~ 59990,

SFs 5.00 40 99.6 %

CF, 0.25 86 99.5 %

CF,4 0.25 83 99.5 %

4
n

Table 1: Results of abatement experiments using the embodiments described herein.

Although the invention has been variously described herein with reference to

illustrative embodiments and features, it will be appreciated that the embodiments and

20

features described hereinabove are not intended to limit the invention, and that other

variations, modifications and other embodiments will readily suggest themselves to those

of ordinary skill in the art, based on the disclosure herein. The invention therefore is to be

broadly construed, consistent with the claims hereafter set forth.

15



To denonstrate the abatenent effectiveness of the inproved thermal reactor
descri bed herein, a series of experinents were perforned to quantify the
ef ficiency WP 200005884 ent using said thermal reactor. |t cACTHES28H0#09¢at
greater than 99% of the test gases 15 were abated using the inproved
thermal reactor, as shown in Table 1. Test gas Flow rate/sl mFuel /sl mDRE, %
C2F6 2. 00 THE BNYENAI AEMBDJS: 45 > 99.9 % NF3 2.00 33 > 99.9 % SF6 5.00
40 99,6% CF4 0.25 86 99.5 % CF4 0.25 83 99.5 % Table 1: Results of
abat enent experinents using the enbodi nents described herein. Al though the
i nvention has heen watheats lryactRI6F tepaalitiepaivtantifio waite gad)eke thermal
Il lustrative enbodinents. and features, it will be appreciated that the
enbodi nenfeacRGoOPP#Bgt ur es descri bed herei nabove are not intended to limt
t he i nyention, and . vari at i .nodi fications and ot her
enbod?élrrents Wil | retg | y%stt}ggté%'}'ﬂ{lhgén@ﬁn' to those -of ordinary skill in
the art, based on the di $pdmedieriorivealEhavinglhpluralite of paforbthaisgbopssage dfa be
broadly cqonstrued, caonsistent with the clainms hereafter set forth. 15 WO
2006/ 0532 8idthereticoughs/ 040960 THE | NVENTION CLAIMED I'S: |. A thernal
react or for Lenoving ol iy dbtodk/cBkie il SR Aifhid 2 HiBhal fEARHCT .
conprising: 5 a thermal reéaction unit conprising: 1)”an exterror wall having
a pl ural i thamberp@héreinathe dnearidrovalpasspripes af least tWwo ving sedtipneilha stagited 1) a
porous. ceram c interior wall defining a thermal reaction chanber, wherein
the it er PBROEFILConpri ses at | east two ring sections in a stacked i0
arrangement. ii1) at |eagh) fiash6itd Gadifigad iflePln il cohithfEEH Biftedk On wi th
the thermal reaction chanber fsor I ntroduci ng a waste gas therern; and iv)
at | east theemalrehctionlohamber for inttbdocimganvaste gashereinhande t hermal  reaction
chanber for introducing &gkl Gle &3finftt Ao SRR Mahe Bkates! ©
reaction chamber for introducing a fuel for use during decomposition of said waste gas in

15  the thermal reaction chamber; and
v) means for directing a fluid through the one or more perforations
of the exterior wall and the porous ceramic interior wall to reduce the deposition and
accumulation of particulate matter thereon; and
a water quench unit coupled to the thermal reaction unit and adapted

- 20 receive a gas stream from the thermal reaction unit.

2. The thermal reactor of claim 1, wherein the thermal reactor is adapted to
remove at least one pollutant species selected from the group consisting of CF4, C,Fs, SFs,
CiFs, SiF4, BF3, NF3, BH;, B;Hg, BsHg, NH3, PH;, SiHs, SeH,, Fa, Cl,, HCl, HF, HBr,
25  WFs, Hy, Al(CH3);, primary and secondary amines, organosilanes, organometallics, and

halosilanes.

3. The thermal reactor of claim 1, coupled in waste gas receiving relationship
to a process facility selected from the group consisting of a semiconductor manufacturing

30 process facility and a liquid crystal display (LCD) process facility.

4. The thermal reactor of claim 1, wherein the porous ceramic interior wall
has a generally tubular form,
16



15 the thermal reaction chanber; and v) neans for directing a fluid through
t he one or r rations of the exterior wall and th ceram c
interior wa 2?%6%%%%8% t he deposition and accunul ation g’ﬁg@%ﬁ%&%ﬁg e
matter thereon; and a water quench unit coupled to the thermal reaction unit
and adapted 2.0 receive a gas streamfromthe thermal reaction unit. 2. The
thermal reactor of claiml1l, wherein the thernal reactor is adapted to
renove at |eastk one 8S . Sgel nsi sting of
Cra, - Czro, Srod Canhr ariYeaRlPGhGianeE a8 G RLIal haRERRETE o T
SeH2, F2, céihprisdsi@lshapdselddiid, fré@h tMFgroupionsistioCaBydindoicalpolyganal apdcondary

am nes, orﬁ_anoslir#lanes, organonetal lics, and - hal osilanes. 3. The thernal
react or Phsg 4PeScoupled in waste gas receiving relationship to a
procesg facility selected fromthe group consisting of a sem conductor

manuf acturing 30 process facility and a liquid crystal display (LCD)
process facili®y. 4Th¥termhbreactor ofclaimod, wicreh shenganeraliydueular foa por ous
ceram c interi.or vva.Id.h s, a generally tubular form 16 WD 2006/ 053231

PCT/ US2005PBRBEEE Y5 fﬁ?i“ﬁ?& mal reactor of claim4, wherein the generally
tubul ar form conprises a shape selected fromthe group consisting of
cylindrical, polygonal and elliptical shapes. 5 6. The thermal reactor of
cl ai m 4, wherei’n t hdhgthremal tegctonpitlaim 4.0vherein gagh ofthe atleastitvadingcal shape.
7. Thg thergal react oge.ofs %ai m 4, wherein each of the at least two ring 10
secti %s ArL'O8F A4l e nmsﬁ peé. 8. The thermal reactor of claim1l, wherein
the exterior wall conprises corrosion-resistant and thermally stable netal.

15 §. The thermal reactor of claima8, wherein the netal exterior wall
conprises a ndt eri dhe tharmal ractor eh¢laime 1 gvkarpin demexsteriorwalbeomprisen| ess st eel |
austeniti ] | - ] ' and ot her nickel -based al | oys. 10.
The thern%?m?sgéﬂeg%%?%#g%%hil&ﬁg%%ﬁalt he netal exterior wall has 20
perforations that provide a pressure drop across the thermal reaction unit
of greater than . . ) o
15 9. The thermal reactor of claim 8, wherein the metal exterior wall comprises a
material selected from the group consisting of stainless steel, austenitic nickel-chromjum-

iron alloys and other nickel-based alloys.

10.  The thermal reactor of claim 1, wherein the metal exterior wall has
20  perforations that provide a pressure drop across the thermal reaction unit of greater than

about 0.1 psi.

L 11.  The thermal reactor of claim 1, wherein the total number of perforations in
proximity to the waste gas inlet and the fuel inlet is greater than the total number of

25  perforations in proximity to the water quench unit.

12. The thermal reactor of claim 1, wherein the thermal reaction unit is adapted
so that more fluid flows through the porous ceramic interior wall in proximity to the waste
gas inlet and the fuel inlet than in proximity to the water quench unit.

30
13.  The thermal reactor of claim 1, wherein the exterior wall includes at least

two coupled sections.
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about 0.1 psi. 11. The thermal reactor of claim1l, wherein the total nunber
of perforations in roximty to the waste gas |nI et and the fuel inlet is
greater thaXOM®AEHM nunber of 25 perforations in proxi REYUSHOIMI%Mat er
guench unit. 12. The thermal reactor of claim1, wherein the thernal
reaction unit is adapted so that nore fluid flows t hrough the porous
ceranmic interi df walTheitherprabsaantor f elaim hefufdien conipgising hﬁglouamtqrwé f uel

i nl et ftha is m%etar%g%rﬁ e b9 ;‘Q‘ewma\,\gﬁhg, oA g{slal lﬁQﬂ(‘}lBWaThe t hernmal reactor

of claim erelrn e ex erior vvo coupl ed
secti ons. 17 WO 2006/ 053231 PCT/ US2005/ 040960 14. The thernal reactor of

e | \:}:ﬁd the. pasous Tebs ?qa%t:e? prlaimih, wh elnﬁpﬁﬁégn%?én@ig&%ﬂf%? X%Frai m
g1 oup ZonEr A SEREEHEATRC B coR SRl SR ine? ABE S HR Ay O AR aRBLRT ' 16

The t her mailicateact or of claim1, V\/nerel n the porous ceramc interior vvaII
conprises material selected fromthe group consisting of alunmna materials,
nmagnesi um 10 oxide, refractory metal oxides, silicon carbide, silicon
nitride, and ytgri a-gRgdmal Pégbﬁ?of&?fn?ﬁ'@h&eln]tﬁg pdfdfs LOSRABIndRAW A Of
claim 16, wherein the ytiria-doped al um ha materi onpri ses

yttria-st abnnpnzadnatcmkmleatedlﬁnm the.gradp dahsisting of dlemind mateaelsomag:iesumm m 1,
wherein the. r|or wal ri.ses at.le t . ng ,sSections.
1o THE ¢ ASidsnicTeGey bt pRRRERES cAtbideerTon BEGHE. pd TR dEpRPHERGL | ons
are 20 ceiuurdrentarily jointed for connection of adjacent stacked rings.

20. The thermal reactor of claim 19, wherein the ring sections are
corrblimsntarily joi nt ed vvith at Ieast one joi nt selected fromthe group

consi sting of o] Ied ut i nt l.ap jQints and
t ongue- gand-gro ve j (;h}?lqgé ref tor ﬁ@ ?'Béﬁ g\i&n%ﬁo%quqlwgﬁ Ure ‘Her
conpri si ngompkisél yteidPRAbilited zirconia alumlna.

15

18.  The thermal reactor of claim 1, wherein the interior wall comprises at least

about twenty ring sections.

19. The thermal reactor of claim 1, wherein the at least two ring sections are

20  complimentarily jointed for comnection of adjacent stacked rings.

20. The thermal reactor of claim 19, wherein the ring sections are
( complimentarily jointed with at least one joint selected from the group consisting of ship-

lap joints, beveled joints, butt joints, lap joints and tongue-and-groove joints.

25
21.  The thermal reactor of claim 1, further comprising a fuel supply for
delivering fuel to the at least one fuel inlet, wherein the fuel supply comprises fluid
selected from the group consisting of methane, hydrogen, natural gas, propane, LPG and
city gas.
30

22.  The thermal reactor of claim 1, further comprising at least one oxidant inlet
in fluid communication with the thermal reaction chamber for introducing oxidant to blend
with the fuel.

18



delivering fuel to the at |east one fuel inlet, wherein the fuel supply
conprises fluj ected fromthe group consisting of nethane, hydrogen
nat ur al gas%%%ggggﬁgﬁ LPG and city gas. 30 22. The t her mePCHESRI0P40840 ¢| ai m
1, further conprising at |east one oxidant inlet in fluid conmunication
with the thermal reaction chanber for introducing oxidant to blend wth the
fuel. 18 WD 2006/ 053231 PCT/ US2005/ 040960 23. The thermal reactor of claim

22, further compr siytg Al kABR: oPURR Yo BARATERIBG AR buigly e 2t

| east one oxidant inlet, wherein said oxl t sup nprises oxi dant
sel ect ed fdeliveringeoxidantfo the asleastiong oridanti inlet,oxyeyein saidzoxndant supplyecomprises hed
air 5 and clean dr it (CDA). 24. The thermal reactor of claim1, wherein
t he means aP@P‘“@PY%é%ICFe?g{r?’P%HémPHFWmSW ASRXYGFNRFPRS XY B SERRd 2t ¢t he
exterior vuahllapdrf fe(@OAguUs ceramc interior wall is adapted to supply a
fluid that conprises g spécies selected fromthe group 10 consisting of an
inert gas, air, CDA, oxygen-enriched air, oxygen, ozone, argon and
nitrogen. 25. e thermal reactor of claiml,.wherein the.water ench unit
Corpr Pees at Pdast abgmes sass et Ha & Witk HErERns fof S0 o *The

thermal r emotgh tefonelornibrd perfblafisisbfitheedtfifsrvadl] 4iake E_@ﬂ)ub' QéfanfitnkdiRr
conprises a porous ceramc plate positioned at or within the interior wall

of the t hevakeis adzpted:to supplyreaiitd that sompusesaspeciehselgstadoiiemdbe growp pl at e

encl os”?s one .end(g.f Sa%f t her reaction ﬁ%ﬁﬁber. 20 27. The thermal
react 87 offBHHR 2R 1BUt BHePTcorpy PEETY HESENY 36 O% 8P 2 PP ARG t hr ough
t he porougitesgeam ¢ pl ate to reduce deposition and accumul ation of

parg‘i culate matter thereon. 25 28. The thernmal reactor of claim 26, further
conprising a center jet in fluid conmunication with the thermal reaction
chanmber, whereiyz th ' IS¢ L0 {11 ste
gas inlet and the a?fq%ggésrﬁ{a&%cgg%ohéf&l?}# g%h%%\yt%gv?ge} Eﬁ%xﬂc& Jggtﬁ‘%énrp?{ggst%ai S

adapt ed t Qedsnbneosfucwatbr Qlitanehmdwater §pray.d i nto the thermal reacti on chanber
t hr oug?? t he

26.  The thermal reactor of claim 1, wherein the thermal reaction unit further
comprises a porous ceramiic plate positioned at or within the interior wall of the thermal
reaction chamber, and wherein the porous ceramic plate encloses one end of said thermal

reaction chamber.

20
27.  The thermal reactor of claim 26, further comprising means for directing
fluid through the porous ceramic plate to reduce deposition and accumulation of
{ particulate matter thereon.
25 28.  The thermal reactor of claim 26, further comprising a center jet in fluid

communication with the thermal reaction chamber, wherein the center jet is in proximity
to the at least one waste gas inlet and the at least one fuel inlet, and wherein the center jet
is adapted to introduce high velocity fluid into the thermal reaction chamber thfough the
center jet during decomposition of the waste gas to inhibit deposition and accumulation of
30 particulate matter on the interior wall and porous ceramic plate of the thermal reaction |

chamber proximate to the center jet.
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center jet during deconposition of the waste gas to inhibit deposition and
accunul at i rticulate matter on the interior wall I 0

ceram c pl ;{?(e)‘}g?c?t{% ie%qt hermal reaction chanber proxi mate tpﬁﬂ%ﬁ@’éﬁdg@ jet.
19 WO 2006/ 053231 PCTf US2005/ 040960 29. The thermal reactor of claim 28,

wher.ei.n..center _jet is. adapted to introduce. high velocity fluid selected from
the group cons?é-ti nﬁ‘ﬁﬁ‘%‘ﬁa* TRagter @&%ﬁ“ ,w"'@{?/q-{,’ CUgiehis adapted froimtrgduce
OXygen, OfaR&elddftg i iedid O he grdup Lonsldimigldfah Tirt SRGE DAL offd2hM !
further corprisi ng alvvat er resi sta%rt16 gh?el d _gbet wéen %ﬁe t'her rra?ﬁkgggctl on
unit and tirechad iy oxpgenocdroneiargor3dnd nitrtegenher mal reactor of claim 1, wherein
the thernmal reaction unit is adapted to operate at an internal tenperature
from about 500C to about 2000C. 10 32. The thermal reactor of claima1l,

furthey conprispny ghe HérMhl fesa6E @Fclﬁﬂﬁi,!ﬁmﬂi@ébﬂ%ri@&g%ﬂét feSR@hPshislae! |
interior wall, wherein an annul ar space is fornmed between the outer reactor

shel | i nt betivgen thel thermadi reantioreynit andbthe wepter qyenehigit her mal reaction unit. 15
33. The thernmal reactor of claim32, further conprising at |east one port
formed w'thin the outer reactor shell and adapted to allow fluid to be

fl owed into thg1annghathermpbelctansi dlaihOLgbherél® thitOthetial ¢edclith @nit i &labid Wal |
and into the thermal reaction chanber. 34. The thermal reactor of claim1,

wher ei n t ffeongrate aban intareal ipmpasatysesfrom|about¥°C pmabayut 2ROEE: or wal |, and
whereld‘n the interior wall is coated with at |east one |layer of a coating
material conprising a fluoropolynmer. 35. The thermal reactor of claiml,

wherein the poB2us The dier@al reactor of claim |, futherRbMPLSIng anjutet bbRtE@helpr am ¢
intgeri or wall. 25 36. The thermal reactor of claim35 wherein_the
ret i cul at BRViRRamawter reacter shell intggior wallwhereidanannular space & formed betwsan thee

group consj.st i |- L Fag=Te ok i efractory netal
oxi des, S§+tl§xgigﬁ&gg%lbe?ldg%§?r{ﬂ§tgﬁ5 Hl?éte}feéle, aﬂg’?'%h?ﬁ‘%gﬁaé%‘%é‘?ﬁm na
materials. 30 37. A thermal reactor for renoving pollutant fromwaste gas,

the thermal reactor, conprising: a therpml reaction unit, conprising:
15 g? . l:l‘he thrgprmal reagor of ctlanm yf} further compgsing at leastrg?xe portr}grmed
within the outer reactor shell and adapted to allow fluid to be flowed into the annular

space and through the porous ceramic interior wall and into the thermal reaction chamber.

34.  The thermal reactor of claim 1, wherein the at least one waste gas inlet has
20  an interior wall, and wherein the interior wall is coated with at least one layer of a coating

material comprising a fluoropolymer.

(~ 3s. The thermal reactor of claim 1, wherein the porous ceramic interior wall

comprises a reticulated ceramic interior wall.

25 _

36.  The thermal reactor of claim 35 wherein the reticulated ceramic interior
wall comprises material selected from the group consisting of alumina materials,
magnesium oxide, refractory metal oxides, silicon carbide, silicon nitride, and yttria-doped
alumina materials.

30

37. A thermal reactor for removing pollutant from waste gas, the thermal
reactor comprising:
a thermal reaction unit comprising:
20



20 WD 2006/ 153231 PCT/ US2005/ 040960 i) an exterior wall having a generally

tubul ar for [y interior wall having a generally tubwé?‘r d
RSS! ( . . . . %@{AH}-

concentric V\AZ?'??)/{S e]ext erior wall, wherein the interior URRLHS @gma

thermal reaction chanber; iii) a porous ceramc plate positioned at or

within the interior wall _ 5 of the therpal reactio nitf, wherein the porous
ceram c plate encl oses orﬂlea‘b"rﬂer&ﬂ“'“i'ﬂ@‘a"fr}g@rgﬁqer 1@!&@‘?"}[{@ OHRamber: iii) at

| east one waste gas inl etjyi;p igtg%&gp% ﬁgédgﬁ%“%mgﬁ m agnlaecroﬂggn%‘qceacti on

chanber for introducing a’waste gas t V) ast one fuel inlet
in fluid soththeextatioowalhi whereih ¢het interionwall definescactheomal etrstibe chéroberi nt r oduci ng

a fuel for use during deco; osition of atid ste gas. . 'tﬁ}i&nthet r mal
reaction unit; and a wat é‘r‘rgﬁ(érﬂﬁﬁceﬁ?ﬁ‘fc @%GB%‘ o?eéjafql‘?éwt"\ﬁl& IINEREEVRY unit.
38. The t BeiHtRherfaf feaBlioPlini€ vHerRid the PYIGsUefhntib PIROERYSses Bh&BAFothat € 15

conprises a reticulated ceramc plate. 39. The thermal reactor of claim 38,
wher ei n t Hermek feactiomtobdmber;ani ¢ plate conprises material selected fromthe

group consisting of alum.na . materials, magnesi um..oxide, .refracto nmet al
oxi des, silicon carbi de, ’& z}t{f%agﬁoqﬁ th%lgesgaﬁg‘wlpiCBWé‘ifgngthg 20

mat eri al s thefdal reBQidniipaner for fRidAucinl aGhatepa8ervieami N the yttria-doped
alumna material conprises yttria-stabilized zirconia alumna. 25 41. The

t Eer mal reactor of clai migmtleasteneduekivlebin Suid gomeumication wiﬂrtbettheﬂgall fluid
of Cplfy i B BPLOHIRE FaTRo RIS, b SGUE Sl G ASRESULLARS B WASEAY! = O

abat ement wathiitheehéraabtbacti®t uni§@ndanuf act uri ng process conprising: a thermal
reagti on unit having: an interior porous wall that definpes a central

chanber, the interi @watgygusnsh wait soundsd-tadbe thermal reactgramits y of stacked porous
sections; 21 WO 2006/ 053231 PGI/ US2005/ 040960 at | east one waste gas inlet
in fluid communi cation with the central

38.  The thermal reactor of claim 37, wherein the porous ceramic plate

15 comprises a reticulated ceramic plate.

39.  The thermal reactor of claim 38, wherein the reticulated ceramic plate
comprises material selected from the group consisting of alumina materials, magnesium
oxide, refractory metal oxides, silicon carbide, silicon nitride, and yttria-doped alumina

20  materials.

40.  The thermal reactor of claim 39, wherein the yttria-doped alumina material

comprises yttria-stabilized zirconia alumina.

25 41.  The thermal reactor of claim 37, further comprising means for directing
fluid through the porous ceramic plate to reduce the deposition and accumulation of

particulate matter thereon.

42.  An apparatus for use during the abatement of a semiconductor
30  manufacturing process comprising:
a thermal reaction unit having:
an interior porous wall that defines a central chamber, the interior
porous wall formed from a plurality of stacked porous sections;

21



chanber and adapted to introduce a gaseous waste streamto the central
chanber; a | chani sm positioned within the central A

adapt ed to&dégédﬁ@gsszg?t he gaseous waste streamw thin the @W&Hﬁ%er,
thereby 5 form ng reaction products; and a fluid delivery system adapted to

rovi.de a.fluid to .the.central . chamber.through the interior.pgrous wall at
g s\lj:‘fi ci ent u:‘orce to refl @stagﬁgytﬁg%mﬁ)efq m ﬁggc“tq%{”b‘f:%ﬁ%?c‘?"éﬁgw%ﬂ" nner

surface OfhahttRr bl @ddg d 1BQhERMFcY A Ighsedlis Waste 6@EUM @ theltentbAlcharhBerd3. The
apparatus of claim42, wherein the interior porous wall has a generally

tubul ar form 44. The appahieamabmeghapisai pasitionedivdthin thecgntralchampber andacked

porous secili re arcuyate in shape. 15 . he at us aim42,
wherein t?‘f%p féﬁﬁggf:%orm%ogpgﬁesg%?qs & msrtfegg‘s@mTﬁeeﬁeﬁlgg%lﬂ%ef\%éﬁ%y st acked
por ouss sefdrinitpsreadfon prbuctgiRad at us of claim 42, wherein the stacked porous
sections are 20 conplinentarily jointed for connection of adjacent porous
sections. 47. The appar atddiddelivens sysem adapteddp pravddaa Buiddpdbe ¢ratralis section
is conplj i | DLE i S o) t he group
consi st ri et et 86 BliodiiorSyhall S3%0chEnd Bl FEMEEbESLCIIABE 12 970

t ongue- angagticnoprodyars o an inter diifacd bEtheineriat perood wall af the42ntratrshamber. each

st acked porous section conprises a porous ceramc. 49. The apparatus of
claim42, wherein each stacked porous section conprises 30 a reticulated
ceramg. 22 Wu2006 %é&} / 80, . . im49
wher gil(lf’:l each s?%ckeggép Ougtﬁ’%fé%@%ﬁ@%gﬁ%?ﬁg&e lﬁn%rlg}?gfﬁggﬁ ([alc eg g? Irl%r?r%llfhe
group conmbalar fgmof al um na materials, magnesi um oxi de, refractory netal
oxi des, silicon carbide, silicon nitride, and yttria-doped al um na
materials. 5 51. The apparatus of claim42, wherein the thermal reaction
chanber is adagjed $fe bhHrallP6clbit'hsl Pt ehdl OUHD stabiEed go6ilsi REGRRTAS vl |
in proximty to the waste gas Inlet ‘than in proximty to an outllet of the
t her mal raaudte onshapét. 52. The apparatus of claim42 further conprising a
fi rstlsexteri or wall that

45.  The apparatus of claim 42, wherein the interior porous wall comprises at

least about twenty stacked porous sections.

46. The apparatus of claim 42, wherein the stacked porous sections are

20 complimentarily jointed for connection of adjacent porous sections.

47.  The apparatus of claim 46, wherein each stacked porous section is
( complimentarily jointed with at least one joint selected from the group cdnsisting of ship-
lap joints, beveled joints, butt joints, lap joints and tongue-and-groove joints.
25 '
48.  The apparatus of claim 42, wherein each stacked porous section comprises

a porous ceramic.

49.  The apparatus of claim 42, wherein each stacked porous section comprises

30 areticulated ceramic.
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10 surrounds the interior porous wall, the first exterior wall having a
plurality of qE)lerforati-ons for passage of fluid through the first exterior

wal | to t heWi%8P¥3hor ous wal |. 53. The apparatus of cl aPEI/ES200AE960 n t he

first exterior wall conprises corrosion-resistant and thermally stable
metal. 15 54. The apparatus of claim53, wherein the first exterior wall
conprises a neleri aﬁ%@é@ﬂé@fﬂmﬁﬁ@e@?@&ﬁc}bﬂh‘%ﬁegPPF@‘SéFCt@éﬁOmPé@SS st eel ,
austeniti We ] j J 5 oys. 20
55 The appariierecitl i e diblfdiels i o tmiba ki AbE hareBRBtOBUE DV, |

t hat sur r gefrattotyhmethl oxddesesiliesn carbide] siliconchitride, anddt ydtriasdoped alumina wakdriatnd
that defines an interior space between the second exterior wall and the
first exterior wall; wherein the fluid delivery systemis adapted to provide

a fluid to the gentrple apﬁéra RATREim 4D gMngir{ﬁ\@ tﬁéﬁﬁl@f}egétidhodmﬂr%ei"@lahe\gﬁ){? and

providing fluid to the interior space between the second exterior
the first sextbamaere flvad flows Girodghetha pseniatposoustwall ini proximifydo theewastogaxinkt ng: a

second reagction chanper couple o,the thermal reaction unit and having: 30
a gas flo ?fh’é'rFHB’I‘"'qu'@Iaﬂioﬁaﬁ%q(iﬁ%ﬁ?h&%?ldﬁac\ﬂoflﬂ“lthe central chanber, the gas
fl ow chanber having an inlet and outlet for passing the gaseous waste
stream and reaction products through the gas fl ow chanber; and 23 WO

2006/ 053231 PCH2JS2008120p40860f claimadhrther dompriging\asfirshexterigrtwadl that gener at e
a flow,ng |iqui iLlmon an interior.surface of,the gas fl.ow chapber so as
fo redos sHbtidhhé IRt rdbeis bR ge b S B e Sy Lo LR R oni er  or
surface offof psaesoffflauteEOeNIBE firde eRtérior\WaR BPthedhtdSorl gorossswaldur i ng t he
abatenent of a sem conductor nmanufacturing process conprising: a upper

reacti on chanber having: an interior porous wall that defines a central

chaet 1% 11ty AORRS ! RS AT R Wt SlpPRACc”

repl aceabl e porGus sec error-wa urrounds and

supports tdagrosioaaksstapeing Weermag blablesméhl. t he interior porous wall and that
includes a plurality of perforations that allow passage of fluid through

the filPst exterior wall to the interior porous wall; |
54.  The apparatus of claim 53, wherein the first exterior wall comprises a

material selected from the group consisting of stainless steel, austenitic nickel-chromium-

iron alloys and other nickel-based alloys.

20 55.  The apparatus of claim 52 further comprising:
a second exterior wall that surrounds the first exterior wall and the ipterior
porous wall and that defines an interior space between the second exterior wall and the
* first exterior wall;
wherein the fluid delivery system is adapted to provide a fluid to the central
25 chamber through the interior porous wall by providing fluid to the interior space between

the second exterior wall and the first exterior wall.

56.  The apparatus of claim 42 further comprising:
a second reaction chamber coupled to the thermal reaction unit and having:
30 a gas flow chamber in fluid communication with the central
chamber, the gas flow chamber having an inlet and outlet for passing the gaseous waste

stream and reaction products through the gas flow chamber; and

23



a second exterior wall that surrounds the first exterior wall and the

interior aa%?%&@&g#&and that defines an interior space be];&{e\l{gg%oégggg&cond

exterior the first exterior wall; at |east one I nl et
in fluid communi cation with the central chanber and adapted to introduce a
gaseous waste streamto the. central. chanber; at least one fuel inlet in

fluid communication with aWeaerdglivery Sys@ﬁh’?’f{é@?egé §enal tag'go‘i"@gihﬂt‘ feen f uel

to the ce rixﬁgré B of 418 gis hh@raﬂﬁéﬁb@i%%% %eaaéﬁdsamdmwakmﬂmsét?ﬁaes;ent ral

chanber an apted to deconpose the gaseous waste streamwthin

central clpartiselate satids enythe intenior serface af thegas flowdehamberand a flui d delivery
system adapted to provide a fluid to the central chanber through the
interior porous wall at a sufficient force to reduce deposition of 25

reacti gn produglys O Riphafdtel fof ud dGthglhe hbierh&itdflaGemikyndusoral | of the
central chanmber; and a |ower reaction chanber coupled to the upper reaction

chanber amanufegturing: pracegasompasinghanmber in fluid communication with the
central 30 chanber, .the gas flow cha r. having an inlet and outlet for
passi ng the gaseous W&eg[ea ?%&Mﬁg}?%é%ti on products through the gas flow

chanber; and 24 WO 2006/ Qm3R@fioPparotsSaal) tad 4Rk a caniall cham®et, ithinlerivy St em
adapted to generate a flowing liquid filmon an interior surface of the gas

f1 ow chaniperous yvaliforraed Eamcaplyeabiby of stepked. faplaecabla PAIPROIPCHENS; par t i cul at e
solidgqon the interior s C em of
cl ai m§g7 further conpri s?ﬁ:\%’@gﬁ(t% rté’?@otgggsgy S%Sp@{%sﬁ%gmgg%gﬁc@ogxg% i nlet

end of t hgedtions bAthedh@ribeporotdwall ahd thaoincludeoa plupdlity of peidpiaciond thatlw a
fl u'Ld through the_interior porous plate to the central chanber -so as to
reduce depasres ehilyd through the first exteror vl tg thesinterior peTays Walli f ace of the

interior porous plate. 1Qa sr%@on Tgr;(gc ﬂ%a?llrgl]‘lrﬁf uﬁ%ﬁi\dgtﬁz ﬁfréirek{}ﬁ'br W‘)’pﬁ{é& glggg at

| east one inlet adapted to 1In uce a gas stream as

stream tr aveficr forouws Wik angthat defires b imeridrapicerbetweer the s¢cond extegiactvalbn
chanber. 60, Thfe system of claim57 further conprising a drainage tank
coupl 48 t @nd the firseexteanwWalkact i on chanber havi ng headspace adapted to

receive a gaseous waste ski&Bre'viRe gas inlet in fluid communication with the central

chamber and adapted to introduce a gaseous waste stream to the central chamber;
at least one fuel inlet in fluid communication with the central
chamber and adapted to introduce fuel to the central chamber;

20 a thermal mechanism positioned within the central chamber and
adapted to decompose the gaseous waste stream within the central chamber, thereby
forming reaction products; and

( a fluid delivery system adapted to provide a fluid to the central
chamber through the interior porous wall at a sufficient force to reduce deposition of

25  reaction products on an inner surface of the interior porous wall of the central chamber;
and

a lower reaction chamber coupled to the upper reaction chamber and
having:
a gas flow chamber in fluid communication with the central
30 chamber, the gas flow chamber having an inlet and outlet for passing the gaseous waste

stream and reaction products through the gas flow chamber; and

24



the | ower reaction chanber, 61. The system of claim®60 further conprising at
| east one swoug)pjvp% ylnit adapted to receive the gaseous waste streamfrom
t he headspacCe © &*r ai nage tank. 20 62. A replacenent B%T@S?f@?/"ﬂg@ in an
abat enent system conprising: a stackable and repl aceabl e porous chanber

section having a plurality of  features that allow the porous. ch er
section to be stacked wi t%wﬁ?hg?hvﬁa'r%ﬁ?nb?‘éﬁﬁ to gg’&f?‘i"&r@"%gé@“%g}ﬁf‘b?% a
porous walgh jhfdAbr gﬁ?ace S8R gﬁ?ﬂb&vaéhaﬁbé’:%%s tb dues Bepbsitiditnd AcAGHAERGHE | ON

of gaseous waste froma sem conductor manufacturing process, the porous
chanber sgatticuatsolids@nshé interiozisurfarerof $he gastftovathamberr ansfer of fluid from
outside the porous chanber section through the porous chanmber section and
into the central chanber during a deconposition process performed within

the cegtral chaggoer B HStetnCof @RS fumyﬂmmﬁsmgdxﬂﬁfe&ioe,?omswﬁm@ oward an
interior surface of the porous chanber section. ~ 30 63. The repl acenent part

of cl ai m &acloggseandnlet endboftbe gensral shamker, he interoer porensmiate @dapied ta paseip at ed

ceram c. . 20064 053231 PCT/ US2005/ 04096 4. The repl acenqent . part, of
o m 63 iy BrRoe b8 T i (R shfipperodes 1R ReBFEER BBt  om
the group éﬁﬁnﬁmq&é inagteO6n @ MiferivR sFACRIOf MeSintefide oS Platedxi de, refractory

netal oxides, silicon carbide, silicon nitride, and yttria-doped al umna

materials. 5 65. The replacenent part of claim 62, wherein the porous

chanb sectiongd s | J A PYA Yol £, CQn Lon, W th ot her porous
chanbgp secti onnssd.' 661.;}9 gegg(;g}ltcg%gn%ﬁnﬁuﬁiﬁg%%%c#" (':rfgaa}quné]"gg,me g\r{\%@ arPttf%g’ por ous
chanber sdaroduteiffid fola gRpeam@e tidrdab ¥tréam trhesls Homhthaupp&asictionehambert

sel ected fromthe group consisting of ship- lap joints, beveled joints, butt
joints, Iéﬁﬂ}"o‘PPﬂeEre&ﬁ@P‘tﬁﬁga?@f-and-gr oove joints. 67. A replacenent part for
use in an abatenment systemconprising: a shield configured to: 15 be
posi ti oned between a quench unit and a porous wall that defines a central

chanber for use(durifg systemngfadait Sihfucthelgamgristngradimage tmkaospled twthduct or
manuf act ur.i n rocess; an . .
N lg N lé)w T gactfonscixam%erdhavmg headspace adapted to receive a gaseous waste stream from

the lower reaction chamber,

61.  The system of claim 60 further comprising at least one scrubbing unit
adapted to receive the gaseous waste stream from the headspace of the drainage tank.
20
62. A replacement part for use in an abatement system comprising:

a stackable and replaceable porous chamber section having a plurality of
features that allow the porous chamber section to be stacked with other porous chamber
sections so as to form a porous wall that defines a central chamber for use during

25  decomposition of gaseous waste from a semiconductor manufacturing process, the porous
chamber section having sufficient porosity to allow transfer of fluid from outside the
porous chamber section through the porous chamber section and into the central chamber
during a decomposition process performed within the central chamber so as to reduce
movement of reaction products toward an interior surface of the porous chamber section.

30

63.  The replacement part of claim 62, wherein the porous chamber section

comprises a reticulated ceramic.

25



prevent the porous wall of the central chanber fromgetting wet during
operation ch unit. 20 68.. The repl acenent par | ai m 67
wherein shiqé?g&l%g’g#f;ghaped. 69. The repl acenent part of cltpgquﬁ]%‘)"wg%& n the
shield is configured to assune a three-di mensional formof a bottom portion
of the porous wall. _25 70. The replacement pari_of _claim69 wherein. the
porous wall in -udeﬁﬁreigﬂe{"ﬁmi’ﬁfg?faé@% E’B?rFH’g'?‘SHBrQHﬁé amperssgtiothiel d is a

ri ng that ' i Al st
O oy AEPAER 4 SHLE O Bond 08 gy BRGNPl DB AL OPS)

ceramic ring. 30 7 e replacenent p: al
conpr i sesoxidegefradtaty metal exidesy silicomrarbidegrilicon nitride; and ytirimfdopdalwhings st eel
austenitic nickel-chromumiron alloys and other nickel-based alloys. 26
maiteriats.
5
65.  The replacement part of claim 62, wherein the porous chamber section is

complimentarily jointed for connection with other porous chamber sections.

66.  The replacement part of claim 65, wherein the porous chamber section is
10  complimentarily jointed with at least one joint selected from the group consisting of ship-

lap joints, beveled joints, butt joints, lap joints and tongue-and-groove joints.

67. A replacement part for use in an abatement system comprising:
a shield configured to:

15 be positioned between a quench unit and a porous wall that defines
a central chamber for use during decomposition of gaseous waste from a semiconductor
manufacturing process; and

prevent the porous wall of the central chamber from getting wet during

operation of the Cjuench unit.

20
68..  The replacement part of claim 67 wherein shield is L-shaped.
( 69.  The replacement part of claim 67 wherein the shield is configured to
assume a three-dimensional form of a bottom portion of the porous wall.
25
70.  The replacement part of claim 69 wherein the porous wall includes a
bottom-most ceramic ring and wherein the shield is a ring that prevents water from
coming into contact with the bottom-most ceramic ring.
30 71.  The replacement part of claim 67 wherein the shield comprises a material

selected from the group consisting of stainless steel, austenitic nickel-chromium-iron

alloys and other nickel-based alloys.
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