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REACTOR DESI GN TO REDUCE PARTI CLE DEPGSI TI ON DURI NG

PROCESS ABATEMENT The present application clains
w@eooens2yl from U. S. Patent Application Serial MNOT/US2005/040960

10/ 987,921, filed Novenber 12, 2004, which is hereby

i ncorporated by reference herein in its entirety.

FI ELD OF THE | NVENTI ON The present invention rel ates

to i nproved systens and net hods for the abatenment of
i ndustrial BEAGCEOR DEIGHTORIIPUGE PARTIEH gases

produced | u sses,
whi | e redu@ﬁ—@ RINGTPRY %1{}‘3 9\E%ﬁ@ﬁducts in
the treatnment systens. BACKGROUND OF THE | NVENTI ON The
gaseous effluents fromthe manufacturing of
sem conductor materials, devices, products and nmenory
ar | f ]
o1 BBl M A1 S, O, SRR SRR S
10/9809PR l.métBmehb@ d2j mgwhlch isheteloy paoiporatahtporefatence herein in
br eakdown products of photo-resist and other reagents,
its ep{Hetya wi de vari ety of other gases that nust be renoved
fromthe waste gas before being vented fromthe
process facility into the atnosphere. Seni conduct or

FIELD O BAEUNVEN O esses utilize a variety of
h | s h h
¢ orBh Bfksd By iR rellth i B Fe Yol F Y EMo B B the abatement

of indehtisleeffMienanflbideN¥uctar &€ Riffuenp Og38s Qedmtﬂl umm semiconductor
ni trogen, phosphorous silicon, selenium si
mangfabRag nPrRewsses Whitn reshisghthee denpstion, Oﬂy%ﬁcag% nproducts in the
I, anes hal osi | anes, hal ogens, organonetallics
Uemglgﬁgg ar organic conpounds Hal ogens, e.g., fluorine
(F2) and ot her fluorinated conpounds, are particularly
vari ous conponents requiring
M 5ACS | ndustry uses
pe'ﬁxl& E%ebﬁ‘sa&?l%l%’ EBQH‘HQ %&Eﬁ@&&mg D WEHhRbndIcRH 8 SrHds, devices,
tools"to renove residue fromdeposition steps and to
prodetts fant heméiyl articlePiGoler @ wide vgriety edf ahomigal sompagnds used and

conirih tors to rn1n and.t he e ectr
prociil dt A eSosot PGSR o TR BMaRllion PR FdPRC Bug organic
comPASHIS; br&l@lomsﬂroﬁm‘@%hbtmm BirCsthentdapélits, apdta wide Varlety of
not limted to F6, SF6, C3F8, C4H8, C4AHBO and
othengamses that prusichs r@@ovechﬁrga the-wasts eas beforedeing wentgdy{rem the process
te highly reactive fluoride ions and
ﬁcﬂﬁ&%@?ﬁﬁ%ﬂpggﬁggﬁs, whi ch do the actual cleaning
Semiconductor manufacturing processes utilize a variety of chemicals, many of

which have extremely low human tolerance levels. Such materials include gaseoﬁs
hydrides of antimony, arsenic, boron, germanium, nitrogen, phosphorous, silicon,
selenium, silane, silane mixtures with phosphine, argon, hydrogen, organosilanes,
halosilanes, halogens, organometallics and other organic compounds.

Halogens, e.g., fluorine (F,) and other fluorinated compounds, are particularly
problematic among the various components requiring abatement. The electronics industry
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 electronigs industry is working to reduce the emissions of these
gases. The most commonly used PFCs include, but are not limited to, CF4, CoFg, SFs,
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and/ or etching. The effluent fromthese processing
operations include nostly fluorine, silicon
wao etorasd2eor i de (Si F4), hydrogen fluoride (HF),PCEHURINY040960
fluoride (COF2), CF4 and C2F6. A significant problem
of the sem conductor industry has been the renoval of
C,F;t (BHE OB had NH;I oIn phetied, fthesenPFCu arestisssimed Whial glasma to
virtually all U S, sem conductor uf aﬁt rj n% )
genera highi feactinei Tuoridedens, BELALOI aRich el hisHsste getual cleaning
-ment—af [ f T=X% | :
sndidy SONIE L T B, B o SRERE opb ARORD FRNGR sty fluorine,
silicore ramaflogridd (SiFQx hgdrogemfloeridd §idF)radoept Abbmde (COF,), CF, and
impurities. One solution to this problemis to
CoFéi ncinerate the process gas to oxidize the toxic

B &l drificant PRBYEE b 13 sbRARBHEtbSin8ustXiaS bE&H fHe rebed) of these
systens are al nost al ways overdesigned in terns of

materinlsafioentthe sgffieint ygasantteanypi c A Hile distualy #hvE.-S hgemiconductor
ili.ty to.safely d ith a . £ )
mangisptind 53 e wFRbb b slrid S S Etautiop UL Bhr effuent

gase§ BEtRRholb gy kpldyed il tHese eRMNitRIS Astadaphble iofl edradwing all toxic or
typically achieve | ess than conpl ete conmbustion
othexvrisg wipgceptablernpRjritiée: r el ease of pollutants, such as

g?ﬁ)gg 3%1%819 )f(#::f}rﬁ% %%@lerﬁlqg tch}ﬂéfn%fﬁ% %%Pgﬁgégas t® fokﬁ?ze tthe toxic

ere. ernore, one o0 ns of grea
mategials¢c eomvertinge fHelmuentess t@dt femts. i Sudthsystemsraiei dmostf alaays over-
.mst, acid_vapors, aci.d gases.and NOx, (NO . pbrio
desighsd g A PG ECRReT FPRED P BP0 LY/ eGP salely dea
with! RCLAR! RlAb& b rhiked IchleMdddlyl kfrdamtsO withbus pbéihg 1 &dplex reactive
conbustible fuel with a nonflanmabl e process streamin
chengraleniskso Furthesrconmentiomgliincinsraters ypiealyf pehiemgbless theg complete

B e

hydrBtasbéig (AIG)Nottheatnasplerg aBuiltifermd ey, 6AS ef the fubidrhoof great concern

_ tenperatures, however, oxides, particularly silicon

in efflupridteatrasnt pethe dprmaiion ] ackbastacidepore Asidigsehepdi Px (NO,

NO:PBribi 8 dibhhite s hlihof AERUEM OFbcnDBIRAR! inMeralS S MLir inability
Icon oxi des formed can be relatively large and the

to mix auffielendemasistible fueli with a nbhBaromable prowess steambierordento render

i ndquce poor conbustion or .cause cl ogqi ng of the
the rE%}ﬁIﬁHts‘PF e dlg ca cﬂ‘é’i“@&f}gﬁ@eg&’é‘?ﬁg‘f'i ng i ncreased

MBOXY BAARE €08l REri&tdl RiFERby HEREME Qdte@ly M the combustion
ci rcunst ances, the cl eani ng operation of the abatenent

chanalpp fommisingayitn geed waste tges je ifiaease donybustiasy tempiegasurgs, however,
r

week. .1t dis.well known i h t 1:h -
oxidE Seiselary B oA ol B koS b e b RP e dgppitom the
wall§ @ éhe tiibustid® chanbdre Themaboof sikcqeodtey fBmed @aR be relatively
prior art conbustion . . .

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.

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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chanbers have included a circunferentially continuous
conmbusti on chamber nade of ceramc naterials to
woziodiozr3t he ef fluent within the chanber (see,PEr/gs2005/040960
U.S. Patent No.6,494,71 1 in the nane of Takenura et
al ., issued Decenber 17, 2002). However, under the
6,49871 I eirihel RARES AT akeRuird €8l e dssued Beaémbdial 700600 )0 A96%ever, under
these circunferentially continuous ceram c conbustion .
the exzemertemperatiesinsedesl ttpenbrig hateger gawst fbgse eipeumferentially
th Lasyl ati f ' t '
contp {61 Braly X5 {p Bl UGN, Bl 8 KO TUIRL] QRock" P Ghus, the
therrlel dasgdaiigt funtd cixofthe icomb(sHon) chambtefalls ofArt dlermtiverincludes the
art, wherein the effluent gases underga conbustion. in
contiogd HEFCAPPGSHicBoMdAIoR (CRIRNG Stems ol dhe,BRaT aftrBgrei fye &ffluent
gase®linddio ELIhSstdhGn REY RlefRlihi¥ RBES, HOWeOS! UR! Metal inlet tubes of the
conprom sed at the high tenperatures, e.g.,
CDO4 260 @hyselly andedwbsivelefcbmpremistd adetbonipgh etempeaguaes, e.g.,

- 0 su as 4 ccor di ngl it woul d be
<1200 RS S o rsianiy QG Boibacd sty Bftbg CPe
f opctdiBingRG aNPOEd bk QBvataddbatolprbViae BRithyrol s itktadaltreactor for
contam nants in a waste gas that provides hi

the deeprppositian efshighlythergally Hesistantconaarnasts §ra wa%ﬁ ggs that provides
., f g .sub ial |
high g FFRRLEs PTG 1k JASULEASH o RIS Ao AP B68s, o ensure
subsgintizily eomepletel decormpesitiogoftkapbwadte stneani whileaimtw@tineously reducing
reaction products within the the | reaction unit. .
depogition ey umyaniegoRagtiafe PEGYST 4B b herigal feagon, it Further, i
wouldTh Qm%aggﬂs%l prb@ae tah Athprb\RADBEmid 38aclBf ThiXber that does not
succunb t0 the extrene tenperatures and corrosive
succumhdo theomgremedamperatiresf dnd coipsivy cemstitienst ieededhiotedfeghively abate
th SUVMARY OF | NVENTI ON The present invention relates to
B HSs and systens for providing controlled
deconposition of gaseous liquid crystal display (LCD)

and seni conductor wastes in a thermal reactor while
SUMMARY 64 MEMIIQN | on of the particul ate products of

sai .1 e it hi ysie ecfr :
o2 SRR A0 SR 38 conrone
decongmeition afegrsepust liquicd dryseal rdéspidyo (LCDpabd sernicandiatgr wastes in a

during the deconposition of the gaseous waste gases. .
theri] SHE Gt UL THEEr BCRRIUIFRe L, B PATAUBL uBoduers of said

dec&xﬂﬁ%ﬁi@h WRRAHRE sf<Bm " SRVArBEnP HvieiiG furfHeP RIN@S & afldmhproved
the thermal reactor conprising: a) a thermal reaction

thermali reactongmsigaita geducy reaptog hambes cragking dusing thy decomposition of the
asegen‘%rsgl I%t9 tubular formand a plurality of perforations
EASCPY} WHUS8AGE of a fluid therethrough, wherein the

ex{eloh®raspédt,| 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
includes at least two sections along its length, and wherein adjacent
sections are interconnected by a coupling; ‘
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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TemQVaReehq

includes at |east two sections along its length, and
wherei n adj acent sections are interconnected by a

w@omplosizgr ii) a reticulated ceram c interior Bed/S2005/040960

defining a thermal reaction chanber, wherein the

interior wall has a generally tubular form and

concent thie Cextéridit Wall, ewh@einotheviatdrior Wl ebmptifes itnlesstitono ring
wal | conprises at |least two ring sections in a stacked

ar r angefRsHens inja sfacked pEANEEMERle wast e gas inlet in

fluid ComRLERGLhO halle! fhslifiRs b HIRLOARRGIL A8 WIATHRE thermal
for introducing a waste gas therein; and 1v) at | east

one f ueteaétidnathaimbef fonirdrocloemg @iveaste gas threin; arnde t her nal

reaction chanmber for .introduci ng a fuel that .upon .
conbust MBA %\aﬁto‘ﬂ’(? el ISFFE) & gf‘@r %?Iﬂ'é?mceﬂé’élo‘ﬁ@b g?gtg?g?a& reaction
wast e gasnder tf(;}q.n{r&ﬁfcﬂ% a ik eHat QPorL EAABIRkon ?Hﬁiub’é_s temperature

means for directing a uid thr ough the perforations

of the thwt decomposgsishidavaste gas in theitbermal eagcder ehamber; and

interior,wall to .reduce kh Ry . '

nccumt 9 PERsb? e PG FERRE A RRrdRRons of dhs grigrior val

wat er qaehele rdtituldd agremierintaspentall toheeduceskatdeposition and

invention relates to a thermal reactor for renoving

pol | ut apgeumuiHoRS partigalate mafter thegeopapnd eact or '

co LS04 a thermal reaction unit conprising: i)

ang%(%véirepg?e%] | having a generally tubular form ii)

anli ryeemhothemvabpect)athie ngreseng enesngiiohyrefasdsuit@ra thermmlangictor fo

concenfric Wwth the exterior wall, wherein the .
%\‘%"Fﬂ wass ﬁjﬁ%ﬁ’&t{‘ﬂa}a}rﬁﬂa?‘roé&%‘{‘Pfdﬂn%hanbgr; i)

a bel iheHhAeA168 LARTEm }iﬁh% positioned at or within

the interior wall of the thermal reaction unit,

wher ei ni)tanextesior viall dpeing eengraldy pibatas fresl s one end of

t he ther.oml . react| cha s L S .

gas i i 0ot HERGMATRSARNT Banerily ot (R hERAGHRRL Sih the

react i osxteR& W&l Wikkein fHeriagtior wall defi@stachgaml tdaeti@i ¢hiamber;
and iv) at least one fuel inlet in fluid, communicatiaq
wi th t hD@arferisated egamicoplate papgiened aor Nﬁ@rb@a@iﬂﬁrgorawalp of the

fuel 1 NP0 AORTR! WRGRIAE HARBIARIREIAL Yife Lifone end of
deconposes saild waste gas within the thermal reaction
uni t; athe thyrmml veaton chaerbets.
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
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:

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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In a further aspect, the present invention relates to

a nethod for controlled deconposition of gaseous
w@oiobosaet in a waste gas in a thermal react orPCT/lig2005/040960

met hod conprising: i) introducing the waste gas to a

thermal reaction chanber through at | east one waste ,

gas iif)) GhitindhalecédmblifbleNREN® tHeeBbhANreabsidBhanier to effect

defined by reticulated ceramic walls; ii) introducing

at | derstationeforondsiont profects ard heas avelutionematein drwchaapgvolved

chamber:iii) jgnitjing the conbustible fuel in the

thern%ﬁfdr?%oﬁ ﬂhgﬁ”’ag#a%ﬁ’er to effect formation of

r eactiv)oihjdvtiag widgticand flaRAthrewd thei @Niculaledr @ramichwalieatto the

evol ved deconposes the waste gas; iy) i.njecting

addi thesmal reactipa ehambggcoplsRPPEERY AN dhs £pMmbusiing of the
into .t - .

7t BN B (RGeS AERUTus moc
t he addifoicerexcedding that of ilrj readtmn prodects epproanhings theodeculated

at a force exceeding that of the reactign duct .
appr SECHIR @’fiﬁﬁ Q?gatﬂgrm feagtian, Fwt@r &;}Jﬁr&g 1181[13)[1% dc'eposmon of
t her nR! reh @ profuENRBRSh; dnaer eby i nhi bi ti ng deposition

of the reaction products thereon; and v) flow ng the

st r eathflofving gt streampeiogaction praductsiniaeavatefueysaph (@ capture the
capture it he rdezé\tctd'l(%ninpr oducts therein. O her aspects
and 58%?58?8@%&1 Sf "tHE i nvention will be more full y

apP@ic Bépetfs Qi tabl Gardp®s on thedhwmtios Wik bamtbra flnappdrent from the

cl aims BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
ensupgrdigglespraandgpgended€laimer mal reaction unit, the inlet

adaptor and the | ower gquenchi ng chanmber according to

the invention Figure 2 is an elevational view of the
BRIERDHSGRIPHI@NOBHTHEHIR AWINGS dapt or according to the

inyention. Figure 3 is rtial cut-away view of the

| nfieire, e shCaasoriar Ry the tepdl rorliop Ry the gl ddapigicand the
lowed QUéRrRf chﬁm%@ﬁéc‘ébrdirﬁ‘%ftoﬁlﬁ&%/@'ﬂuﬂﬁl to the invention for

Introducing a high velocity air streaminto the _

t hBigued 2 isemctl¢vationd] aidye of thEiinferier Mate ©f thedplet adapjoracesyding to
th .ofe %i?e inl et adaptor and the thermal reaction unit

C1EPBing to the invention.
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.

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.

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.
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Figure 6A is an elevational view of a ceramc ring of
the thermal reaction unit according to the invention.
woe@ans326B i s a partial cut-away view of the CRCEHDBIN05/040960

ring. Figure 6Cis a partial cut-away view of ceramc

rings stacked upon one another to define the thernal

r eRighiieOn isCh paEdiaY cuafawalpeigw @S etiet inlen adayitdthernkdl geriotiorl unit joint

a_ view of the sections of the perforated netal shell
accoglingtodheipvedtiathe i nvention. Figure 8 is an exterior

vi gw of . Fon: 4ni j

A 10 bRl R Y RRiddplob (REGRH BRC DRI adaptor
of the ptiet aradapt or / t hermal reaction unit joint according to

the invention. Figure 10A.il|ustrates depositi of

- oXieitfel (i uEatp FRBPSIPN 5 Hsidug 0 ARGITISHIE 1l oG figyadaptor
accoldi P thOfnv@htion. Fi gure 10B illustrates deposition of

residue on the interior plate of the inlet adaptor

acBiguthi hbA tibustratesi depesitipw of residuer en thx intgripstwaliseef the thermal

deposjtipn of residue on the interior walls of the
reac?%gm?ftﬁ%gré?ri unit of the prior art. Figure HB

i | Fusstd aiRS11GRRGS] ddposition of @sdidiuco®ithd figerlortwedllsosf the thermal

wal I's of the thermal reaction unit according to the »
reaction et 3ceprding tgiheinyontiof. 3 partial cut-away view of the

Shi o ol . . .

B P B pAREEARENAT ok oF 1" SilTR poFRBRLd A the thermal
reactichvatiit arainthe RiveAlqL&EhDEIGRINBE LoNoiTlive tortksawentianvent i on

rel ates to nethods and systens for providing

control | ed deconposition of effluent gases in a
DETAEEMPHESEREAONNI | € reduci ng accumnul ati on of

deposition products within the system The present A

i nFhatpresant nvehtéon redates & matherdy dndpsystests fdieprauiding controlled

react.or sign to reduce.t her,mal reagtio ' .
decopRNORGTGERY EweS i GrtelRcRarhr SHecRlOn acqumprion of
depdftionUpidu@aseishin Vst §/s@af tThdpraabrtt BEletiyn ifintleriGelates to an
_ species generated by a sem conductor process and/ or X
impreped: thesmelirsectoredesigadpirgdics dharmah racigyt waik egcking gufipg the high

temp%giﬁé&ﬁ%?%ﬁ&%q?cﬁ% &%?ﬁ&en%gggg_ut chemical alteration. As

term " Sem conduct or process"” is
i neasceghstto bbabited adlyindodesépevies gemeratad by desemigondwedor process

all progessin nd ynit erations jn the nuf acture .
-and/or specF:Jles that weregdeﬁvere to ando ggresse& Prom the semlcorliﬁilllc or 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
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
hazardous gases from effluents produced by the semiconductor and/or LCD manufacturing
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
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of sem conductor products and/or LCD products, as well

as all operations involving treatnment or processing of
woredoensaBs used in or produced by a seni conducP@I/US2005/040960

and/ or LCD manufacturing facility, as well as al

operations carried out in connection with the

inclugedrh GRAEMGES oA REAMRber3CDantPdt indet bidptard] f iaclubinig)a topplate 18, at
i nvol vi ng active manuf act ur i n%és‘exarrpl es i nclude

least @aa dastecgnis n@lebH p@ﬁ Inagtsaneeiyel; lp 1, onsignglichef l63st ORe Axidant inlet
11,b érx&g )[5, % D& er ?ﬁaafnaltnk gfatéjpf%ﬁdhqg oﬁh?ﬁbd at. or within
cleaning o 00

pro ess abatenent o
the thernid zazddion schgabes 32 r(ssa atbd |Flugn3 dopn adbasaticoyf tﬁeelnlet adaptor
nd/ or LCD

indemng]m}t 0 *ﬁgh%ﬁm GoRop BHhm E S Wl dapo Ey&f@% etk pridant

gas [HEST B PRYIR hNGEMMch SACKHIQAreUR th3Qyatd forl MéCdestruction of
quenchi hg chanber 150 as shown in Fig. 1. The thermal

contareigentsonWihai toxBhanhtd ustdsthe fuak andiloxidenic map rbecmnmécd prior to

mtrogltldt OéldgEO%B?] egﬁéltrggcgig fx?ﬂl&r ﬁellé!?{)rqtgmgsa‘tieocgl}]egélg lu ¢, but are

not limited td, 7hyd@PdenO AtkHane ahath@B $hs, Oft6pan] URE and iy ghﬂ, preferably
burner jets 15, a center jet 16 and an_ interior plate

naturpp giehi Qhidrats ,s@%qempbﬁf@dwa%m é‘PCIWeb Brhare hignitedepneifygen, ozone, air,

s B8R SRR DA 0, 8 0 AR Lo

specreea;elebtad fromn tthe gr'Bhp condistingacfa@F 9rC,FpacSRsd €sF ¢, KaHg,ueiHzO, SiF,,

BE ke 5o gy 38 Gm i e SGe Fack Foblcyf TS Hbr, WF, 1,

Al(C3N BABAMRL serﬁiﬁr%Q@J‘brgaﬁoM&%gs ok ome@lllicdNshd halosilanes.

oxXldant rmy be pre-m xed prior to intfoduction into
t hin oh@cmhbdlmatof the ok rthem@lrlgrmls@fphgw@lte gas inlet 14

may ﬁg{ ﬁ%ﬂe‘g {E)Cllg?me he ggm{y of %{Hgllegn i e Cﬁn erf;lf) yaﬁ%?? the inlet. For
exanilef £5@klcy niat by alectmhs}@al tdaredlﬁ:ectﬁélh%ﬁmhﬂéaﬂi dou.i‘gelhadsl’(Ra) to a

i nclude, but are limted to, en, ozone, air

valug|jess hiap 30mpye I&ﬁ@f%'@é%théﬁrl?’cfﬁ pgﬁf?rabwgﬁtSéh@h%eBef%mg the

R

as wBIF3s iPidyinBhBe cdBRistn B&dnceNf3he Rice Sinthe aBeidfivd; 2he interior

d 1, HF, HBr, WFG , AlL(CH3)3, pripary an
wall Qb Sl ma berbated, yilh SorvormRAygt foniBiental Sable Trion® or
Hala?®! QhidtAR4I8 alsbMacPRE r&dtie dhéBhiounf of PartcAMRNnafE: adhbRd at the
interior walls of the waste gas inlet 14 nay be

interidrtwalbes well redllew fohensuicleaningy Rotre Jaflen® joe puseoldalpe layers are
pref%ii;ie ég\%rae\é\g{h?sge p%l tieglglg &Ire%n lea?s}lg 3cr%[ch?€ g)pgrr!érg %cg %gl II&IC $h practice,

the fleiigpuIgSsr (dahg iDapbliéadlabiolldes FikaRhaSurfad® e be coated 1s cleaned
preferably | ess than 17 nost preferabl%@l ess tha

WlthRééIQlE?‘ﬁg‘Otrﬁl@oh%éﬁ%rﬁt%alT ey hp sedacer is heaesblasted tﬁr%‘a‘ﬁfle texture
therc%. R3(1b e Bk GriRIdnSh malta &dcﬁeﬂlﬁﬁ%ﬁo(?){ e%urf&ﬁ)(ﬁ@a§ layer of
wel I "as I fprovi ng theéPCorrosion re anéeof

ceramigr ﬁﬁlﬁbﬂudmpdlhmea lathéamabér\pare laper dfftuerdpotymer are deposited on the
surface in that order. The resultant fluoropolymer-containing layer is essentially scratch-
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
7
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wal |l of the inlet may be coated with a fl uoropol yner

coating, for exanple Teflon(r) or Halar(r), which wll
w@b®e/058281 t 0 reduce the anount of particul at e PEL/US005/040960

adhered at the interior wall as well as allow for easy

cl eaning. Pure Teflon(r) or pure Halar(r) layers are

interfk Y81 WRH an"SHBNE heatdrht StefRti@Ely b hotlhRrogas lghy mjectlon may be
scratched or abraded. As such, I n practice

useds wierebp SOy HA% Lopsatmingtei of b@}pmrr@aerhgaﬁ SPWévl;brough thg inlefe The
i 85 R BeFAERIALN, BB Ky of
wastp paseb esidedn thy ialet fietebyaninfmizingwhe godsibilityraf natleation therein.

pure | ayer of fluqropol r,. €., Teflon a layer, .
of PRk et erlanted Meve awﬁﬂsﬂ §)ﬁ’é?°8 PRIRS Y e % plaffsa@s i interior
platelt cﬁ‘g{%«{ 31?{53 515{8{1 Omls\sa%t Cf 6RO BintiRd RFostthGneHES RGRs iddludes

e resultant fluoropol ymer-containing
the alcayemlatii@ efs;mmlesabm yaig surfitce hevegiugtlptgadingrfo anlet prst clogging and

f th t
flamf Rl By o Thearairt Her P PEoRes sl A et by using o
retichiAfe@ldemivdddm Qf tHei@teriok platd B2. hEigt 2deprbonahyn é’l@sdilﬂl@hzﬂgllew of .
particle adhesion thereto. Thernophoresis ma

the letrerletple@ 13y inséuding the inlsbpotirgl 4, BEmsnidtatd aofen ¥er1et port 16 (to be
d1scus ed Hefdi e{flaq{elr%\//\%lnh w el I?et%ﬂla?&l’ lc%ﬁﬁllpef&lﬁlr 2" of the bnterlor plate.

ferhative I'trogen injection may be .
Impcm?@dy, Vthc&h&h;iul?rﬁdl@ﬁaim@dbarﬂ] G(lt hasofa hdtrahiiyt rodgporeg adisposed

flows through the inJet. The addjti onal ant age of
therqthrgugtyt £ pushs theHaventiop sgatTMplatest the RAITRER G PG the pores
of R RHEHor0 la{e' fBetH’é‘aﬁfe?mQa?e%&ld'neéhﬁﬁoér ma ke rédﬂc@tthE hRbs&ion of

mnimzinhg the possibility of nucleation therein.
partiPulater mati¢r atnlhetsuafaafptOiﬁrtlse hvetemori nl@teub%@ndutlw tveadls of the thermal

reacti cgr}r lgxgsl g% ggctexgx?lg‘ge%o 3{1 Sg)%tspgstég ?%‘f q'ih alphalflc Hc?ef artlyhgeas that is
pref&%l?%‘résﬁuﬁi@:ﬁ&é 'a%hltﬁﬂléignﬁa‘ésdrél %Mdﬁ%p&ﬁ&lfﬁl@ibﬂﬁhﬂo&gh €He hterial is
icles on said surface, eventually leading to inlet

sufﬁp@nt toctedaes drposMianfanaihe inferieicplp VRl Bet detrimeniplly éff?ctmg the
ver a

e 0 oS8R B 205 Lol i o

passigegthralighehe peentos tieninadrivy plato h2 includevain fCIDAgoxypesehoched air,

plate 12, |nclud|ng the inlet port ., burner et
oxyges, O%Pnéé‘ﬁ Rt} GA5h g B 1‘?  Gtopnd Sodddectey, atkpt-fS urther,
the ﬂP Hend flb@ilealifd GRAHABUS of 93 Aln® tnddB Eprefth 1Y Qrcontlnuous

Inportantly, the reticul'ated ceramc foam 2
modhas a plurallty of pores dlsposed t her et hr ough. As

nve n,conte he passage_of .f
© hrASghER e YisPiat % pE BRUTRY DR, alcPaNFEH Brdimi, it heeror
platd 8364 prevert panieRy butldup On RinERiot PRtRRAS ek Alve dlie exposed planar
particulate matter at the surface of the interio

surfase area 1spregdherd: therahyl teducing theeampeit i sqr@ﬁ%tawﬂﬁbéﬁq fqr &pld-up,
becaBEeO)ﬁlxe”%tﬁ:uia?lohh&i hlﬂ:t 'ﬁ{tér%r glfa%t glb(fvgdes Theafek LHtQ E}é(ntapomts for

["ud pressurize
grovag paitxbelammasan Nﬂnch/\hllbdi‘epanolne dllta‘rfdn plavcrupdr zntmghnd:rh ef a critical
mat eri al ﬁ%sufflcle reduce

masy gcthecaysehedie PaFiE R 48 RtrRoh GF weré?rﬂ@%tﬁ rflwgl% gpoundary

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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abatenment treatnment in the thermal reaction chanber.
Gases contenpl ated herein for passage through the
w@oooedsnBli the interior plate 12 include air, QBEAT/US2005/040960
oxygen-enriched air, oxygen, ozone and inert gases,
e.g., Ar, N2, etc., and should be devoid of fuels.

and Ei‘é‘ht R:@fs}ant:eh ) féoH‘oEioﬂ’aé{ &6y altddt Ee%fié@cﬂﬁireh N Pre€@MlyNURUSo0ids are

or a pulsating node, preferably conti nuous node
umfoﬁdndmdusgi’mumdtthmughﬂlﬁ @het watgralssd rﬁ}eﬁ ids #reof g sizelat permits fluids

o e 8L BT mbRER | 1B ol N4, BRGHE s

appré&ﬁalyamms PECH analie sffluRC® wrﬁahigemy @dlmttdhilbgérﬁbyemes The
reduci ng the anpunt of surface ava| | abl e for, build-up,
cerapisciaamebadies may includst 3lyningrmatagal P,rfpégf}eé‘ru“b%l@é refractory metal

oxld%;jl %\éh dg Slrémaélfut%{ %‘? Eﬂ@ thc{%) gﬁﬁ&’e, rp?éfe&%% gﬁer gunty alumina

cul‘ate epart the iI'nterio
matepiaBl e.gy mpmeatahdlyummrdoped alunina triacealalsrel®sapefdadpube ceramic

e.air passing through e pores, of t e interjar
foampp%élés PGy GrEamgic &é?f;} d E‘y@r yhtrigedonsd rfg“‘BH’rat Mafepals g pytri-
stablﬂk&f ﬂfc'oﬁgl atlﬁmtrﬁgm Y A48 phcPardiBRQE céraic f0ART Bies is well within
Ceram c f oam bodi es "'have an open cell structure

the kmhwl@igt efthpefdslbl}e@nﬁhmral ity of inter connect ed voi ds

ig%lffré}?ﬁ?d %ﬁ’é% P%%Bf% &rugsgl‘%{ ?glée ISHEC olfg)tla%ﬁ ! X 11?1% algéageway

may |b@\&hdo‘f'1§frﬂi%ﬂ I8 356 cdniedhett IvesiThd inddi@dkptoe b0 eséameexamﬁle Figs. 1,
hi gh resistance to corrosion at el evated tenperatur
3 an@ﬁefp@plamwentpﬁ thoasnies e i theripiebadap(oryi 4nrempdispent of the center

jet I{SI]E ?H&H%h ih Iﬁf% g ) c%hteiailgluill(!'igﬁh}{?ugglo?axﬁeafolgl%ﬁﬂlﬁﬁd tube 24,

tha rmts S to ea oug
pilotrmirer%ala pilbh@lame rpamecnvfeqﬂmte 2@dindsa falstening medns28aeig., threading

preci abl h PF effl form hi ghI .
comvlsmaflﬁa% t%ﬁ%@fﬁ% §B§3F é@le e “ﬁm‘ftcbyf ‘g‘SrﬁeBE‘?ﬁl s rh%ﬁ}*e inlet
1. 0T

ﬂamnidflthect@ptep n%flérlabseyl thll@m‘@rthp bulmteyjeﬁ Lﬁwfrfhe niﬁ@teadaalos Through

n alu . at er| : .
e Gl 51O o PO b UL S S
fluid MayBE 1ﬁtf&lﬁibé’d to in@bcd a8 theaghiiihid) &ea[mbﬁ rchahberéﬁ’B.‘i(see e.g., Fig. 5).
yttriastabilized zirconia-alunn

Althpuglppetavishing 6e be beurd by thsan, blod |ﬂ&0§1gh§th%rhe Wli Helacipnar alters
the zlr%e(giyngrqg:%‘ gﬁ flﬁ? g v§ ddRs ryaﬁhtuba?e @(Hl?on-gﬂtsfdf rtfié@férmal reaction

ce par -up o e I nter
charhbedtitowardk ehe paﬁ&ag"ema}chamberb‘fhereby dnep[mngttmjpantltzuiatehaatter from

eSSt 1) B g0 P bbby RSO0 K0 0, L0 SRTPE, iy

velok#e ﬂhf?ll Iﬁﬁy ARARI QMY - r_ga@‘@ut? eRadidRakceodepbiifiof 9AUBE int&lor Malls of

IS Illustrated in , said center jet including a
the thietnael reastien tuni rwlnbmq“t dedimantalyaffecing ghe éﬁ@tetﬂsenjz Geatgent in the

therr%gf régctgénagﬁﬂﬁléeé deﬁt Iﬁ/? 81' attluld 2rr?Tayap)g 1 rocia %EC? h 9 ERA0Sus 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,
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
9
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conpl enentary to threading on the inlet adaptor,
whereby the center jet and the inlet adaptor may be
waeoeovplosszent arily mated with one anot her in a | eekuUs20g5040960
fashion. The pilot flame of the center jet 16 is used
to ignite the burner jets 15 of the inlet adaptor.
directedl @¥EUEht 18 $REY 6f 11 tHehfalCRAti®In heit 3060l & Rad10FRtdIBY Reduce
25 through which a stream of high velocity fluid may
partite bpidupoeiuthednterior wpliscef thethstmalareadtion . rldsceragnc cylinder of
chanber 32 (seg, Ei.g. - Al 1 ho, ]l
the iFGRAEarifer B RionSaflrostid, cotlmic Mngt U ol g e, for
exampid acilluytrated iraFige66. tNieregreforhphgnhicseranit qylintier igelndesuat least
and/ or particul ate conponents of the therma| rea thl orf1
about, F D0 AT PES SBENFEAIPOBONE REOWRE b of Uadpestaes that the term
el i |
rm%" ﬁg RbNBmEOS 1P Bk #Lr%ts ?ﬁgﬁ% Hat nfafy‘%ﬁ@ogiﬁt:ltukl@ ginEd 66 §n}Ih polygonal

top plate an er walls proximaté to the
or elliptirapstape.. PiElfierably gthe viegoatetggndrhlly thbuky in ferlude any gas
sufficient to reduce depositign on the j.nterjar Ll s
of PEHE Cnés AL G et £F T PES ey dsBip 4F iy present
inve{dnehbivily thB 8tadliak SFBRLindik RRLI®Mmicingh 86 hBeihgal complimentary
reacti on chanber. Further, the fluid may _be introduced

shipilap jointodesigniowherein thepstreksdi erjamisdengypdefieg 4 yhegmal reaction
anti,NuUQus . COF I at ed: LN .

PSSR e B EIPTY L0065 OSSR e i

adap@s d6is mt€l thatithe jbidt dedign isRice flimisdal tp,lap frdntgdsit imy GB& include

and may be oxygen-enriched. |In apother enbodinent, the .
bevelgdgRinie |ba8i1991¥ lap igints AR tinge BRY 8FO'8 JPIRESY SaRke ignor Sealing
intg t e T tyi: 5
meaﬁesf cbe @?{éﬂj{ﬂ?ﬁ or hcgl?éf igR &4 e nldterih®l [RSHONES between the

reaction unit includes a
stackedrings secamenspletet i heden, dwscigily df fthenistagkedheeraimisy nings are butt

L MR R S 1 S
prevéit ih@a8d rddddtionFtdny e§cﬁ§i‘ﬂ% Grop@fteithdrtabibat tichambehe
interior walls of the thermal reaction unit. The

ceEagh serapit ndeg ey thee ap pisebpierantioht GOHHNPOUS| Gefamictring or

| 0 ; : . _ _
5l P, TP, SRR P00 SRR, 1406
ceramlteriogr dgge 6W lNeedted el ladeserabodimast; whbmit tHencersmic ring 36

. about_twenty rings_stacked upon one another. It is
inclidibla fisst Gorualarectioh as ead mseqanggreyate segtion #iidndqviey the first and

secofil 51&:%1]% rseétidgl? %reoéacfupfeiﬁg?géggerp@iﬁng i SRrinBE tHA Befirled Qﬁpo?tfion of the

any pol ygon or e | shape. Preterably, the
thermalnmpactiome chpmilsar a32. y Thebedramici ringsoare piefagably 6@néd of the same
artial cut-a iew qf the ceram.c cylinder design
matcalsiasdhe Cornit ot bories dreunslPRYEHE SEaddihg of the
| NghY h@Hintage ST ARVIAg hithamaBRabiddh dambef 8fitled My hdikidual stacked
ship-lap joint design, wherein the stacked ceramc
ceramiqyjrgsdiatiudes thegedusiipref cragkiagiod the eraamicr rimgs of the chamber due

o WURRALSRSL oLy SRR PERRAA, i
ceramsc fifg ctdcks, tthel dimadediringomay He beddilyaygplatabfar cframien of the cost
and the thermal reactor placed back online iﬁlmediately.

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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bevel ed joints, butt joints, lap joints and tongue and
groove joints. Gasketing or sealing neans, e.g.,
W@BRE126r ) or ot her high tenperature materi al BCT/US2005/040960
positi oned between the stacked rings is contenplated
herein, especially if the stacked ceramc rings are

be udelttd eh@s@i&%ta&é@%%ﬂl@d Hngs d¥athé eHefhdl @@éti&ﬁ&ﬁuﬁ isewell as control
stacked ceram c rings overlap, e.g., shi

the flomeob axiallndiraeted airdhrongh dhe poroHs dxerigsi W@l?sf ?fo‘il?ﬁtth@'mal reaction

unit. tF%hFEﬁ# llﬁlﬁ?r {es 91 eﬁn)%'atﬁ%nt oF AR E%e(ff‘orrﬁga ?ne&dl @ﬂelﬁYO RE R present
eren y contl nuous ceramc ri

1nver&idnewhalteln/ﬂn|eynetﬂ&jﬁelb hasmthe lseas geﬂiemi fean t0|f d‘(ﬁ:&stftclkad ceramlc rings,

be .j oj ned together to p era :
c.2. BRICHIAG SYNCRST AONERPIGY Taiote tme@n@ﬁ@ Rl & Teakt two
attacﬁ A &iohk qu Iat B HESoind {o'g’éﬁﬁEr ﬁf ﬁl'dﬁé ﬁp S&E Eé&@al%rm of the

a second arcuat’e section 40, when thé first
cerammdcyslmdend Thectvat eu&éubkmstlmselh%uupﬂlw tibydil hee.g.,aclampable

dthat eflnesa orti the th | .
exteighf} 3 B Pl BUE R e op iR el Fpdy Ry otaine
therfn@é&ﬁ@heoénoﬁfée sane rraterl al s as the ceram ¢ foam

bodi es di scussed previously, g YZA. The advant age

of Theaviatg shelln&lGrdias rae perforated Mlﬁeqba/n@a faggbly more air is
dlreclté?fjfoWag&a{he§ r a?ﬁe t‘flgﬁr?zﬂl ?aﬁ:li:lbﬂ gﬁilt' Q l{ﬂ@ Bmttilé}ﬁ ctl%sgr to the inlet

eduction  of rain rin
adapttiiiaﬂ’p&llan thecbdtont hﬁuhﬂﬂiermhhekctmnmmtoa gQonhe lamiet yhanber (see Figs.
reduction of equi ts. For exanpl

7 and §)-alh e iRrmave e PeraEe RRRR A rheﬁm@%ghq%gm mytal shell
As dEﬁl%cﬁH&gmf @ﬁerﬁ)rﬁticﬁﬁ’t b9 rEpreldn€a §1tra)|¢3‘8‘[3I Oﬁrhe ndsNBFfoi@h the metal

reactor  aced back online |nne ceramc
shellrthatgdo udt qompromme e imbe gnitts andaﬁrdmeﬂmﬁ td.ie aamﬂrsélﬁll,t whifcoensuring

e, t her.nal i Qn.u wher eb o]}
tat fpd oy. SRRy St 0 drghrtogd pbpoie oy P iR R o Rhfotea
For &anip€ th\pérfBrhtidiRandy B hdley havir @Iicu'ld@apdlyglﬂfal bﬁélllp}tlcal shapes
reduce particle buildup at the interior walls of the

or int the ra#aman%éher perieratiens mrayhe glitstoh varigpglengthy apd gyidiheq In one
embgrcﬁ}n%ht Stpg tpﬁ Bﬁs Feegoﬁi? 17EC aﬁﬁedl%ﬁgteﬁt ?rﬁfﬁ‘fé ﬁ&fcﬂ‘gﬁ(ﬁ pattern
e as 'we

ermal reaction uni as contr
towahhﬁ t}fel ap of thitikdringl deacaoi anhltahzls ﬂhhcdelgitrtdqaaqeomhl,swhile the
ct ion unjt '

B e b B PSS 80 P AL
inch %ﬁ%tﬁer%d@ﬁ hol8 pBf £3§Uke indN&N PRYFeradyeMBipRribRGioREedlis about

he same general formof thé stacked ceramc
0.1 %utcmgé% oé tlg areagofcthe oetad shaly| Thmctabmebl lp@blysggﬂtad from corrosion-

rsisft e s i B0 Do G skl Suse s ARGt

iron ABKRs SRt RENOSE®AB00] 601N 117, 6DS @zesrchcm@Imgels SPReX-750,
two attachabl e sections 112 include ribs 114

MA 540 08, iR apnskasharnickonhiseH allpwsue ap Flarfglipe, B2, C, €22,
C27@f@2§)%r§ s, &R ﬁ@@_m c rings thereby holding the
er.

gs to’one ano
Refemng 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
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 the

11



10

15

20

25

30

The netal shell 110 has a perforated pattern whereby
preferably nore air is directed towards the top of the
WO b@sosd23r eaction unit, e.g., the portion cl oSEET/US20051@40960

i nl et adaptor 10, than the bottom of the therma
reaction unit, e.g., the |lower chanber (see Figs. 7

thern@d) @xﬁénmo‘nrbokfﬁinéﬂt ingkmatch o€ thet hetalpghiefl @mdttl@fdcefiamtoe[ﬁﬂgsl Fibrous
t he same t hroughout the nmetal shel

d
blankebredtsiial <oBiemTeied becein IR RESERRE ARjicRis. st fibers, glass
open t
oo FEAIEE AU Pl e, 1l e s
blanl&lnﬁialy bewsofteepimsivsieage.t hat the flow of axially

dlrected air h. t he, porou nt e .
ol mtetich, T s dxialReah Bl alathsiag s fisPieh the
perfd?ﬁt 43 %f the mktafibhell ?ﬁieyfﬂﬁsﬁs{ bl@fkehhd Mol re@dulHBARE&AMRS rihgh of the

e alternative, the perforations my be slits of
cylinder. i Blmsﬂu@r@qphsem@l a\Mressure drcvmfremethe eistsdiorehthe theranal reaction

erforatio are h Ies 1/ 16" e
wnit B B orai TPl e aap B Dt BB s PRainiEjo sbout 030
psi, prefeedtlPabsttiol1 Psso b.hgdie The Mlusdimay Qae iifedducedninl & cotthuous or a

perforation pattern towards the botton1of the thernm
pulsat@acmpdm pipferablng epntinpeisemode to sefnge dhe gegirculagiogiafethe fluid

e URL, f I
k2 A e 1A Wb residens
time twithimreHeatheratad kdactidihehamdiea | wisneih Ithd gaseoars treaicubated, resnits in the
corrosjonresistant netals includin but. not Llimted ...

formggon 8 L BB Ies e MAcxah pish POk RT R Bhe LR fion within
the @Adt&y ST lﬁzuﬁl!ﬁdq‘ﬁa fﬁ@ﬁlﬁ@ |aﬁ§ habQltficieRtlio Bdice &35810@12 on lt-lg:l:nterlor

706, 718, 718 SPF, X-7 MA754, 783, 792, and HX; and
wallpofiae ceiatie Hinpawbie apt dﬁymnsru@lllv affectiag ttleﬂ ahﬂsﬁr@m Beatment in the

oer3 4005 TR oL e

oxygde§i, éﬂohé‘&ﬁdﬁfeﬁ%aséﬁhegCWraNl @td i ngs 36 are st aCked upon
one anot her, | east one | ayer of a fibrous bl anke
i s Tarippsbige @weﬂmt he pyealls of dhe ermpgl reacdion upridar PRsspggthrough to

the t[lélﬂgﬂ; réfloh Q %nlge!?%Zs gfet ng?eﬁ}%flrﬁalqg%ﬁ‘tﬁﬁ IR i Séﬁ@és]ed 1’9119111‘1 an

fe positroned arouh Fods bl anket and ti ght
outeﬂkﬁamb&mdtdebg@bfmrshbiy 60qsqd, ieryy, Filge 1), |\b1$erdlj;4an Theular space 62 is

i ous b] anket can, b fibrous,i terlal
created BeRipea OS] OEBRGUEE FOELRF Sl G TP0 et Vel of the
therthARBRIHoh uvitod Amdekd bd inYroHﬁbeQQﬁlou e Wahl%tdﬁﬁé"ﬂkrmal reaction

expansion coefficient msmatch of the netal shell and

unit trtae be emtmduced atr@sts 6Ft|pbsmgsecmratﬂ1k etteregagtor alpell 60.
%)eglgh?r ggtleaérl atg & btuthe Lilef ocfap or %tlg goglﬁoned at or

er na

wﬂhﬁpméfthéﬂrrﬂﬂl r@dcﬂﬁh RUANBér 32X af 8% . thérmal heacdbh annaao V8o ehfige that
fibrous bl anket may be a soft ceram.c sleev

gasepvayn the thermad Eo RS daﬁphleply frgrthe spgipp W %ﬁfﬂ {he inlet adaptor
conf PRHE A LS 158 Y BBl e
top ¢eramye rofg 4(hand 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
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
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cylinder. The fluid experiences a pressure drop from
the exterior of the thermal reaction unit to the
w0 mioensxsl of the thermal reaction unit in a raP@QEUS2005040960
about 0.05 psi to about 0.30 psi, preferably about 0.1
psi to 0.2 psi. The fluid may be introduced in a

that GRMBUilAUP Wn BE idtetH platel TahePesentPineéioal(hiviag a reticulated foam
conti nuous node to reduce the recircul ation of the

plater withatlwids pranating fremr thel Poreack irefitutatethiserami¢ cylipdss) with fluid
PRL &Ciiat r
emafigBPRORTUR' Bl Rl Righ MGG A ERICFRE Tl The Motk Teo) i
substaataliy tddat&drelative ub ttBe intertoneldto ofrdtel prioradrt, Ivdrigiers devoid of the
articul ate .and an increased probability of
nove@ ?’PBWSW%?A heteinr eactor. The fluid may include
anygg: a&imusﬁd qil BNilukPaté §HHE rl RSk kRO UhltS and the thermal
interior walls of the ceram c rings while not
reactjiet unﬂmat@rkiirgg wf fhecpresegt um@na@atresmntlvtheaﬂt mentbeu geen Hhat the
buil her icul3 %ty CEI? 1 é{&ergﬁ?rs\?vgl&(yg élﬁerTPh gfj reaaﬁ (l)rli'I g.lglrt tof the

pres&ﬂﬁﬁﬁentlsn Gs subStantiBy redti€ed rERutive s BEIDIES ftlllehﬂndl fe@ctidiﬁumt walls.
wal I's of the thermal reaction unit for passage th

Usingghe peparaiay and methad desswibedh hessinys thpramaeuang Oéﬁ%m%laterlféﬁﬂﬁ’all’ at the
(0] 0

e GATHIE P dhertil {ofF ARER: Wb b2t RUG 005 FLAKER ot leas

70%camduhare pfecablpat least@0&@treldtibetorpdor drhenitnoxdizorg améduivalent
of t he outer reactor shell 60 and the exterior wall of

amoppfofie B3 eaction unit 30. Fluids to be introduced ‘
thiughutdse yelhs tﬁ’efrmtah Geddtieh "BlanftRACH | @Nwhie} tqudBdhiRE means
i ntroduced at ports 64 positioned on the outer reactor

positiored| 1n6fhe lléefee rqumm@mg) clringper 11,50t t9ecapturerthe rpaplcaltlaée mtter that

he p ned at rels Wt hi
carefve i URaRrT ACtRan e s” ohe, WO Pl st iy hetude o
watdd Huktaidlas diScletdlihecol featlingdd Ss Patehh Applibeeion1€6.M80/249,703 in the
reaction unit do not |eak fromthe regi on where the

namg off &tlenpdBpmott abopntiileds Gap Ereqsaving Sy yteB &t omprisig ¢ Wafer Curtain
for qux%hﬁh 95 hﬁseﬁh%(és?t 4361 orpfggrﬁli W1 ?éo "’ %h Q%%?Qne&ﬁorated
ce an see, €.g.,

am¢c ri etopp at e
by foegencg)m fﬁbeeng]aﬁket Referrirepto F2. rrhythbewmﬂxﬁm ther yvater curtain is

BTG 1) B SRS A T BB e AR s

the ﬁe%@ﬁf {He oHbubtidrPAMM decbm‘f)osm&@ réi@ﬁ(’iﬁs%c@uﬁln%elﬁ Ky ﬁﬁﬁﬂilehactmn
behind the ceramc rings for gas distribution. Figs.

unit BOA elimdnat@Bbuilbup ofiabiisulagumatier parth¢ ovallated thatlo‘erﬁr guenching
art _.interior and an | ter|
charfodto - 9F L 5P e SHELR, BB FoRIoY G L iR, Bcfrppyiton and
combadlicagefeiond, kat, Cbg Hiyeeledup on the interior pl ate of
the present invention (having a reticulated foam pl ate
wi tTie msuﬁed hatrthia ROHAR-1PY FFiaREc POEcloes 7O gativeah askigld 202 (see,

o ST b BRI Ht o ST BB A S 8y e
curtaif 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
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
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substantially reduced relative to the interior plate
of the prior art, which is devoid of the novel
wo erosReent s di scl osed herein. Figs. H A and PCBUS2005/040960
illustrate prior art thermal reaction units and the
thernmal reaction unit according to the present
and HIRY 8fY bBBr nicRARRASID MR)yY sudH asclsbtdipy BB, th&221 0a76, C2000, G,
bui |l dup of particulate matter on the interior walls of
G2, @hend féPmal reaction unit of the present invention is
subst,anidealiehe |¥Gal RaBldnXhafibbr 32
SRRl el bieCE i ehfal Raldnthatblr, STRORRY Least one
inletdgscideden theisetnaddpie Eoyoandt thef fupHexidan | raixéurd ented upe ahermal
the interior walls of the thermal_reagtion unit is . .
reactjsciiiaBehy2 fom atdest W}Gm’b“rré?te{ggbn}?_ pifot ﬂéﬁl&@?%o)sealﬂ?awt 161s
used "R fonktk ecflg RRAheY Bfs 1£23h80Rket aBhRbY, V&?étfﬁ]gpﬂhbﬂﬁalafehction unit
e

uni t's oxi di zi ng "an equi val ent anount o fl uent gas.
tempEatarss rieanTage them tdbenmaP0Ce b abart 2008 B er Thes highntemperatures

SRR B3I A5l D L AL et cion
chanf@f e RS € §sb HOEIB1E ehat BehEBfflueaBEdst OindehgEribusTi® oxidhtisn in the

quenchi ng nmeans may include a water, curtain as )
presefice Of ieclyel/oxidant pukyran glhs, psesspe \é"rﬁ}t“nAb‘iﬂhieE‘&%li IgRptiQ chamber is

: 03 i n t oy ' )
in o HUGE rd Mol G ol SSHB BeTO Gl s PRl i, .
abouP0®8arhitt gbdn0i99utleposi tion on Interior Walls
Thereof ," which (s hereby.incorpgqrated by reference in
thgoliqwﬁngésgﬂmlmftMQOH&%@%ﬁ&.& e Ggse syl 1opfpchamber
150 WREREn £ Watddiclrthin 158tHAABE e dab cobl B wabld otk WAef Ehamber and
curtain 156 is forned,” whereby the water curtain
inhikibslepdritiarhef tpaeticubste tmhastes ombthst wWeHs.anl idecantgreplpted othat some
reactions occurring.,in the thermal r ti [ e
partEfia R &R B A sHf vl edsel e B HPovfifish o ey he
wate@uithig 156\Wat g bedeitishgart bERke vatkbQurtdnth aaResPayingintdans 154
sol ubl e gaseous products of the deconpositiogn and

may dsrigiionesh witha thegwer guggchingehamper 134 (0 con) tah ey gream, and

¢ . , q .

i GOS0 AIMTIRY SR 005 SRS e B i s o

the petofdewert fempeitiro maveritls dewastieamr ofnthe Y@Beraapchyinpemeansethereby
curtain.in the lower chamber 150. Preferably, the

redugie dpaferial qostnaateshissIag é‘emﬁjéh it i G i SPopege may be

releds®d B He dthSshRld SMRRItIVeR AFY Gbe!diRkBied Qo AdditidnAll tiéathédt units
ring, so that water does not come in contact with the

inclusiing, dut notdimisest tanliquidiliqyid sthbbistg, phybieshgndfer chemical adsorption,
constructed fromany material fhat i .er -

coal R0 ST LT SRR B Rueloh. s EeRF el ghroueh he

thermblt reB&fon wrd# 4rRI0the Qowér @ientiffg chireldr; thaushedhitiation of the effluent

ni ckel -chrom um jiron al] oys such .
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%.

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
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as Inconel (r) 600, 601, 617, 625, 625 LCF, 706, 718,
718 SPF, X-750, MA754, 783, 792,and HX; and ot her
woemkeszbased al | oys such as Hastell oy B, B2, ET/0C2®05/040960
C276, C2000, G &, &B and G30. In practice, effluent
gases enter the thermal reaction chanber 32 from at
incofpBftdd @Ne thélskield20Y iwigch ipfevieh® watee tfromel agtidig 16k batiem-most
the fuel /oxidant m xture enter the th rH‘aJ reacti.on
cerami¢afing rl 98 st despiibad hagwabgyge Bhe sy k‘}lg‘t yil mpydngpde,any gas
suffi 1&:% rgéuctetlﬁggﬁﬂéx?B?]Jﬂfe_t 1nfe§10¥ HS B tHeQthé Sl tr@ach@x? unit while not
rner jets of the inlet a aptor creating thernal
detrlfneamlly cuffennng thee dpemngtositios nremtraemtamgwld noih abeses GDEO@lated

to ab 20000C. The, high tenperatures facil
includg afinp b ORBFFIGHTERE Bi-RaErTh OGRS e Ben g e et In

oper¥idmbhk s hftefnNBERR) injRAM thRRgk BRIHIEKnifd ihlct 30&hSDexits a very thin
possibl e that sone effl uent gases undergo

slit ?@éntb@tss ipositionddoaraltsh t4 thetintsripr weld 9 éheotﬂlem?é reaction chamber 32.

el / oxi m xt y T I

s, S ¥ R e B AL LT o I AR Fie. 12
to foedeQisly depayitat p@ﬂﬁﬁﬁfeﬂ’ﬁbt}lerﬂdnghfelsyrf&&r&tﬂmmrﬂimr ivall. e. g. ,

about O 98 atmto about 0.99 atm Follow ng

deconposi tion/ conbusti on, the effluent gases pass to
Exahdfe | ower chanber 150 V\herel n a water curtain 156 may

sed to cool the walls of the | ower chanber and
i nibbddmaispatei theoabavdmeuar ¢ffectivatess miit the rimpmovede thesthals reactor

desciibed R o BB ALAEPHE BS Teshaoa AT DlR WE BLAPSEiigney of

abat&ﬁérﬁ%s&@%af&ﬂh@rfna@ HatRt.Nttadbe fehttha iereh@MiBin BB 0 theltéit gases
ter curtain, a water spraying neans 154 may be

werqcnbgtetduusnedhwmmned ﬂienmaiwtqziu@rﬁanﬁgn dablader 150 to
= he—gas—st f merenove rticutate lo T
Zre a@r sal b? g%%?l Copl i ngFlt“ﬁnggas St ream%

for ¢, jre use |of | owelpot enper pt ure nederials dommsig%gﬁ%
of the water QnraVInn means! thereby reducing material
cost%st Gases passi i A§0t hr ough the | $%er quemchi ng 999 %
chang nmay be—rel ed—to he—atn pnere T

al t lISLE%H i velly may ggadl rected to ag%l ti onal treat9r?e9n
uni tggd ncludi ng, beonot limted tgo |iquid/ liqudslé %

scrubbi ng, hysical and/or them cal adsorptlioncoal
trap€F4 el ect/r ost at p@5pr eci p| tator s86and cycl ones¥9:5 %

Fot ng—pPassSagc uugn the—tther —T1eacyrorm u

and {j#é | ower quenghl ng chapber, tne concentratl?)k’?lgo?
Tablehe ReéItsuFAbateine@exberimemt asiap ﬂié dasodinn elté @stiibad herein.
limts, e.g., less than 1 ppm Specifically, the

appar at us and nmet hod described herein renoves greater

t han 90% of the toxic effluent conponents that enter

t hé\l‘dnbagle entinveppen diasideep rvafievdy ncgsgﬂ@dt kereinhwith gggence to

illusgg ive Qm% 1¥nae?1{ Yardl Ee%{u%s, tl#@fﬂl %g a%p/?ecmted that the embodiments and

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.
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In an alternative enbodi nent, an "air knife" is
positioned within the thermal reaction unit. Referring
w0 200608823112, fluid may be intermttently injecredusdT040960
the air knife inlet 206, which is situated between the
bottom nost ceram c ring 198 and the water quenching
THETSA/ENTION 0 AInWD 1stuenchi ng chanber 150. The air -
knife inlet 206 may bei ncorporated into the shield 202
whi ch prevents water fromwetting the bottom nost
cefamc
o 1 praal AR rEALYAE RoltRER RAR N iy el
reactdep@fiprisigy on the interior walls of the t her mal

reaction unit whi)Je not detrinentally affecting the
deconpod B! FEALRPMBHCOMBISREY unit. Gases
cont enpl at ed;)lfekitiSr ¥all hatihBa pﬂﬁﬁl@?%f@@ffbﬁﬁ@ﬁ’s ﬁk bassage ofa
oxygen, ozone and inert gases, e.g., :
ﬂuldctbecmtough, gas is i nterm ttently i nj ect ed thr ough the
air knife inlet 206 an S. a VerYethin slit 4.
that is positi %R%rauf)gerrgﬁnrc lf’{ep(?r {Nﬁg dxﬁ’tlmg |a(§$env{1/aa} feagijon
chanttiee WiReéiffhe MmBRE Wall copriberat Bedst thdleng @BS&ES ink8tacked
di rect ed upwards along the wall (in the direction of
arrangg@menkrows in Fig. 12) to force any deposited
particul ate f :}n!ﬁﬁ %h th
el | Exarpl DD 7b s SR et AR cdrhFubiPAR) O the
thermailfreadtion ehaﬁlsercﬁar intredudipg & waste tghetherdin; raaéct or

descri bed her a ser.ies of. i ments were

performed to'% @E\]ﬁi“? fope "@Ptflfl?r“g‘ﬁf: BHnigpqRepith the thermal -
reactic QnitRt ﬁ)rtntt%dﬁ@i raeﬁEIt fof usel durh@ r&ie@(ﬁnﬁc%@t[bnt dTahid waste gas in

greater than 99% o he test gasés were abated using
thethtrmaiquacmdiam’oer,rmﬂ reactor, as shovvn in Table 1.

Table 1: Results of. aba ment ts.usin
enbodi ment s d glg?rfsbfgﬁ lﬁeecflelgﬁ fl Af?( @ﬁﬂ Ly ?rnr{/lglt?t&%oratlons
of thle agtebioLWaN ahd HeJoyordasaib ﬂﬂeﬂi’tﬁrvﬁalr\to%dd&e mea‘ &dpesicien had
|ustrative enbodi nents and features, it will be

uap&ﬂewﬂﬁméﬂwﬂhﬁﬂnWW§t@ﬁﬁ@ﬁ@ﬁ%nts and feat ures
describ d
mvent B A AR Rt feRE RAcGh philhd didfe
receBie@ gab becanefroodthedrimalvichdtionemiti | y suggest t hensel ves
to those of ordinary skill in the art, based on the
di scl osure herein. The invention therefore is to be
br gadl y The ﬁ%%h‘ﬁ‘éact&%fsdltﬁﬁleﬁ twhekdih tHehﬁelﬁtaNdiEtor is adapted to
hereafter set forth. THE | NVENTI ON CLAI MED
removeet haabt anegollotant speciee sledtedyirpl thegraup commﬂnm tCE agfeid’s, SFe,

cor 8 B O B, BOMRRDE! P, Sy I, LSO o,

WF I 81(CHY); OfrirRas faad @édoﬂﬂ&yfaﬁﬁn@a&%a@@s1l@f1esaoifghhld)rdetalhcs and
Pl t tlter et hr ough;
alosilanes.

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

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.
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i) a porous ceramc interior wall defining a thernal

reacti on chanber, wherein the interior wall conprises
W@R00b®58281 t WO ri ng sections in a stacked arranPEneEsips/040960

iii) at |least one waste gas inlet in fluid

conmuni cation with the thermal reaction chanber for

i ntroducing a waste gas therein; and iv) at |east one

fuel inlet in fluid conmunication with the thermal

refct i ofhctharmdmedotor of elain duwherginathe generaldy tupylar umi ng

deconmposi tion of. sajd waste i t her nal
comrBER s R haRR o 5 msenna e SO eopring
elliptiédl Ghigls.t he one or nore perforations of the exterior
wal | and the porous ceramic interior wall to reduce
t he deposition and accumnul ati on of particulate matter
t hgr eon; : Lto:
e e A S G
comprisesathkndrival shape.r eaction unit. 2. The thernal reactor
of claiml1, wherein the thermal reactor is adapted to
renove at | east one pollutant species selected from
the groype GRARAISEARG dHicldihd, wWhéfeth each®f tifefrFoastiwrkin
BF3, NF3, BH3, B2H6, B5H9, NH3, PH3, SiH4, SeH2, F2,
sectiGhPqre piCuatehiF shag@r , W6, H2, A1(CH3)3, prinmary and
secondary am nes, organosil anes, organonetallics, and
hal osi | anes. 3. The thermal reactor of claiml,
cogpl edThethapailGegas dfetfinVi, Mdiefedtl fhieieRfSibI Prall @omprises
process facility selected fromthe group consisting of
corregianerepicntind thermaly stable Wetehg process facility and a
liquid crystal display (LCD) process facility. 4. The
thermal reactor of claim1, wherein the porous ceramc
i nPer i oTheviekmblasaaogeuéaiml 8, wheteinthamdtaraxtesior Wad comprises a

t her nal actor of clai.m4, .wherein the general .
matqrGbtAlsrted oh o Opp CUIEMERS HETLSP St MRk shepum-
iron‘ﬁﬂ&%‘a%ﬁ'oﬂ%r%fck@b‘tds@&iﬁllé‘}%l , polygonal and elliptical

shapes. 6. The thermal ‘reactor of claim4, wherein the

general ly tubular form conprises a cylindrical shape.

7. . The er.mal reactor. of clai.m4, wh in f. the

at 1Pe astrﬂ? \g&?n?lﬂr{ﬁa‘g%rc?fi Cgaﬁglclarwéwﬁerl%hhgtnggti%nex%e%%% S\faﬂ hab
perforations that provide a pressure drop across the thermal reaction unit of greater than

about 0.1 psi.

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

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.

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

two coupled sections.
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8. The thermal reactor of claiml1l, wherein the
exterior wall conprises corrosion-resistant and
wo b@eosd2By stable netal. 9. The thermal react oPCD1S2005/040960

claim8, wherein the netal exterior wall conprises a
material selected fromthe group consisting of
St @4.nl eThe BleRRAl redttistofRBlaimd, Airthee torapring afibfowe nadtdriay S
and ot her ni ckel - based aIons 10. The thernmal reactor

dispesed bptayesn the extestoswalland thesporPussseraipicanteria] Walhas
perforations that provide a pressure drop across the
thermal reaction unit of greater than about 0.1 psi.
1115.The Théthermal reseamrtodiclaih lel wheneiln thetibrasis matéreal tcottnatises

numnb erforations.i.n proxi to, the st.e
mat ] o4 &1 HOHP PRI Ing OF Bl TS Rk TR Ao
silicsinber of perforations in proximty to the water

gquench unit. 12. The thernmal reactor of claim1,
mherein the thernal reaction unit is adapted so that

LlLb gg? reétic{ilcgro l‘f’%paulnqe vﬁlgxte(?ryﬁmem%;c?ﬂ"cgr&h{i% filt . r?Jr wall

e Naste gas |
compmeg&ndtéim sélécted Huinrthé yroup cbﬁ@stﬂ@tcﬂ" rlupnien alatedials) magﬁesmm
The thermal reactor_of claiml, wherein the exter
oxidgaefragipgy mefakoxdes) gligqn Q%d%éﬂtﬂoéd“@éﬁaﬁné Jerigflopadygumina
nmu%ﬁ rmal reactor of claim1, further conprising a
rous material disposed between the exterior wall
and the porous ceramic interior wall. 15. The therma

Con | sabe HerBpi TRt HiB s PRt e g BB OREhY Fioina yateral

com 1se§?‘ttﬁ§lstafbil%ﬂ Sircdliagiami@o! and al um num silicate.
6. The thermal reactor of claim1l, wherein the porous

ceramic interior wall conprises material selected from

th ?é gro A T olfreﬁ&gr oqfcl }nuln%%réfr?fh%rlht%hgr wgﬁ g&ﬁﬁﬁ%@at least

oXi rac fret al

ab()lﬁlt\lvblﬁﬂlﬂinglséd’tioﬁie, and yttria-doped alum na materi al s.
17. The thermal reactor of claim 16, wherein the
yttria-doped alum na material conprises

ytypi a- ?m%gﬁgiébwlﬁ laltvﬂ'i&eﬁﬁthe]a% 1ea§_tht€vo rt}{ag"é@tllons are

reactor o rern Interior wal

compbmpntaghgontted foastnnattonrt oftadgacent stacked 5Bgs. | ons. 19. The
thermal reactor of claim1, wherein the at | east two
ring sections are

20.  The thermal reactor of claim 19, wherein the ring sections are
complifnentarily 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.

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.

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
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conplinmentarily jointed for connection of adjacent
stacked rings. 20. The thermal reactor of claim19,
wob@s®e5323t he ring sections are conplinmentaril yP¢DUSL00E040960
with at |east one joint selected fromthe group
consi sting of shiplap joints, beveled joints, butt
joints, lap joints and tongue-and-groove joints. 21.
The thermal reactor of claiml, further conprising a
f ud}. suphe thermeal repstareé elai 22 rtherocampsisiig anexddang pepply for
. fuel i.nlet, wh in. the. . i ' .
celivelifi gy Baino GAG o i de Pl s Perlo SORERE sl Cbmprises
an oX1y#t egleted frainuhalerapongistingestair, bi@geanczoot toxygasenrhed air
The thernal_ reactor of claim1, further conprising at
and qleancdry gHdCB®)dant inlet in fluid comunication with
the thermal reaction chanber for introducing oxidant
to blend with the fuel.23. The thermal reactor of
cl 24.m 2Phe thermaleeactarmficlaginrlg whareoxihd areans fosdirgcting fluid

thrm%flléi)%gxaei grgpgr)éé%?fg%ﬁl%g%étgtg? g)tctgg S a\%/%ﬂé 812 %1% )1(3|8§)|%g tgﬁritarrrllli(? 1tn’terior

wall $€ddapte8 9 SuDW 4 RAICAhAURNRIRE Sipebids Sledtd fro@XtiEfdup
ozone, oxygén-enriched air and clean dry air (CDA).

consphing Than inkEgaslain CRY, OKygen-enrighed air, aAEek0A0RSh areea 4Rd

nitrof or directing fluid through the one or nore
5 rforations of the exterior wall and the porous
ceramc interior wall is adapted to supply a fluid

that conprises a species.selected fromthe grou .
C_o%%i st E:E%th@{m%{ﬁeqcﬂgrqfc Iow €elrdg£\’waég{w§xﬁc_helme§ compyises at
leastﬁg& 'ofg)&)ﬁgé?QurtQiﬁ%ﬁgwal?é}Q%ﬁIand nitrogen. 25. The

ermal reactor of clai . wherein the water quench
unit conprises at |east one of a water curtain and

water spray. 26. The thermal reactgor of claimil, .

V\,hég'ei n%ﬁ ﬁle_frﬂgrr FRAOTf 3&‘%211’1 whren &ﬁlﬂ%ﬁg\al rc%‘%% ynitfugther
compPre9 dpofstss RBTatni® bRt RPNt AN dvitin Be iMietiBi Wall Bthe thermal

Interior wall of the thermal reaction chanber, and

reactigreshamber, lad pidhersin thedorais sersnie platariclpsesonsfadof gaid thermal
' mal reacti on chanmber. 27. The thermal reactor
reac%@{%]a%{lﬁ%{%, further conprising neans for directing
fluid through the porous ceramic plate to reduce
degositi on and accunul aﬁi,o%of articulate natt
th c

r.. .
f-eon The hermpplaeqqienapgfaim SHCHEOTRPIATRG %?nsftgF fipesting
fluidCRARGH i shruCRBIFIE plefl td RdddeWePosition and accumulation of

particulate matter thereon.

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
particulate matter on the interior wall and porous ceramic plate of the thermal reaction

chamber proximate to the center jet.
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conmuni cation with the thermal reaction chanber,

wherein the center jet is in proximty to the at |east
woo@ensEse gas i nlet and the at | east one fuel PETIU81005/040960

and wherein the center jet is adapted to introduce

hi gh velocity fluid into the thermal reaction chanber

t OUIhTRdBe@®d) r&ictdr Y cRkh RBOwRasrRARt jot @ adaptet R@introduce

waste gas to inhibit deposition and accunul ation of :

high pelotity {Ihidtselentgt feom the group qonsistingef aneinert 4a4 agor Bds oxygen-

.ceramc plate of the therpal reaction chanber
a“mEW%QFﬁKVEmFSZ?%%a%%ﬂ@@?%ng?%Q. The thermal reactor of

claim 28, wherein center jet is adapted to introduce

hi?h velocity fluid selected fromthe group consistigg

of 3&in i ‘Rleg thermal reagtor of el ToRAFHEReRTRPTTRER Hiafer resijAgs slield
betwg%lpﬁ]lg ’tlle?ﬁl?f)ﬁtaﬁqul Wit 7nQ9E watePquehg uhfier mal reactor of

cllaiml, turther conprising a water resistant shield

between the thermal reaction unit and the water quench

niy. 3 he thermal .reactor,of.claim1l, wherein.t.he

thébima Hhedemaictition e Budabaain e JRspal BAgon il i Sdapted
to opePHEAAR! infeRilP RinedtBrel fAMBAR YD0R0BREo LR 0Dt  20000C.

32. The thermal reactor of claim1, further conprising

an outer reactor shell having an outer reactor shel

interio [l . wher el n_an oI

be{’ %senrr{l%@egmlé‘?acrt%é)ctco ﬁmzl he h%?% e]i?rl(f Sgrrlé %F@Efz}% Ct? ]hseheu
havigXaeuter renétbt shefl ihtetort Wall, ellerdir an hmarspade is 3@&meltbetween the

thermal reactor of claim32, further conprising at.
outer wagior el IpfeHor Vel ArcthGiertsriar walk obtheheriBhERBHOHHI |

and adapted to allow fluid to be flowed into the

annul ar space and through the porous ceramc interior

waB3. an@h¢ tHeemalreadtdrenfrobdimri@afirihoncanemsieg at 18a$t offthgort formed

..thermal reactaor  of .cl.ai , erei,n the at .Least one °
Wlthmgf QuighEsaptar shellfind agipte uattogy e be Bpired s e e
spack BAETHQIghWA¢ borofis 6QaMRANWHbI WALl ah@afd tHeNBerhAY fdac@®bn éhamber.

coating material conprising a fluoropolyner. 35. The

thermal reactor of claim1, wherein the porous ceramc

i nterio | | _conpris a_reticul .G J.nt et
wer . sméBiclm R o S MR T R Sl e s
an idt@idredliabetiwhereanthe iriteYicrval is\eedtbd odar leastoneddyer b coating
sel ected fromthe group consisting of alum na
matqrigt eQMpsing #HYHOBPMEHXi de, refractory netal oxi des,
silicon carbide, silicon nitride, and yttri a-doped
alumna materials. 37. A thermal reactor for renoving :
poBb.ut aithe theanmalasdter gfadaimt lhevhetean thelpor@scemmic interior wall
conprislng: e
comprises a reticulated ceramic interior wall.

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.

37. A thermal reactor for removing pollutant from waste gas, the thermal
reactor comprising:
a thermal reaction unit comprising:
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a thermal reaction unit conprising:i) an exterior wall

having a generally tubular fornm ii) an interior wall
whambnspg2al general |y tubul ar form and concent ri BCTH$1005/040960

the exterior wall, wherein the interior wall defines a

thermal reaction chanber; iii) a porous ceramc plate

positioned afy aRlextéetibPivBll hiMng Rigefidrally Bhlar &frmf he

thermal reacfion unit, wherein the porous ceramc .

pl at e encl osiésaminterionalithaying aiggaerally tubalas foranand concentric

o e ST O AR e

i ntroduci ng ii)wastcisgagniib placd pusitined avor withih egsintecinewall
fuel inlet in fluid communication with the thernal
of the gheemplggactioaily Wherein the PRRQUE PEEMIE RIatE englgses o cad,pf g
£ | of said waste gas within the thernal
then{r?@gg@gﬁdﬁm ;r’ and a water quench unit coupled to the
t her mal r eaciinmt leastione 3Biste Paeirtl¢tan fmld somapumwcativh witlaihm

37, wherejn the poroys.ceranm.c plate.conprises a
thermalreactipn e ?inl&eé&%‘ﬁ‘l“ Ofycinga Wage g @eﬁeﬂbla | reactor of

clai m 38, Whgyaf Radclfe FiRd ifiet idtRcH Gt dhiGatRInalih the thermal
conprises matérial selected fromthe group consjsting

reactidn chambenfor mnttasiuriag 9, fuekdgnessi during deeranpasitfonpd saidyvaste gas
withmetila& oxides t siulngtcgrpd carbide, silicon nitride, and

i}]t F.‘hf‘a%lp%%" AW hd hmterial's. 40. The ther mal

r eact or a @fatet lgaenth3Mit coliplee itathe hikerivial reactottagied al umi na

materi al conprises yttria-stabilized zirconia alum na.

4 1. The thermal reactor of claim37, further

COBPI 1 Sirhg tﬂgﬁﬁﬁlsrfzic%r AR g/hgl{g:}ﬂ file %deﬁg @8raliieplate

porous ceramc plate to reduce the deposition and
comprises puétatulaved adframpmrptlateul ate matter thereon. 42. An

apparatus for use during the abatenent of a

sem conduct or manufacturing process conprising: a

t hgg Ml TheaRbhAteatiblofRBMnEB; whBrelinthe frdtRil A Qekfmivldte

that defines a central chanber, the interior porous
compyagels nfagarink sel¢qtedhiramphe group conwiftingtod @luaing sratagigls, magnesium

..sectiqns; at. | east . .k i.0 4 L .

oxidf Selraripdiabhiat Heon " BEbi e Ao Bl d it doped apina
matdrialst oduce a gaseous waste streamto the central

chanber;

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

comprises yttria-stabilized zirconia alumina.

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
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;
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a thermal nechani sm positioned within the centra

chanber and adapted to deconpose the gaseous waste
w@Reoeas2si t hin the central chanber, thereby forP@T/N§2005/040960

reacti on products; and a fluid delivery system adapted

to provide a fluid to the central chanber through the

i nterior porgusasnehd wate gasSitfet incflidd comaruntcation wittlukecentral

deposition of reaction products on an jnner urque of

chambgeandadaptedrto isrosuse EREOWT Waskestecam oghe egpsizbeiembes
The apparatu l.ai m 4 rel 1€ i
w1 hoe o oRBhmft Bkt PR wR LPL AT IR i
adaptedd t6 dedompbde thehgasaius veaeistrodm tWithis thecksithlpbamber, thereby

sections ar a(Cﬁfte i n shape. 45. The apparatus of

formpiegeagtion prodistse APl t he i nterior porous wal | conprises
at | east abopfyidRkYryShaEedaped &/srotRie k! 8 to the certhi?
apparatus of claim42’ wherein the stacked porous

changhec throwgh the énterdorgiorensnwadk at laysuffisient &etcé tor redenerieposivon of

react?fg{ p%&ﬁl@%l%grg glglg{lglﬁrs %&%IS?? géthﬁ i’l}?tférlh -I;hpg)é%a SP\AZz{r%Pt fts{ﬁe géntlcall gljlarlri]lber. |

conplinmentarily jointed with at | east one joint
sel ected fromthe group consisting of shiplap ioints,
betd| edT}l@apﬁaga}tu qlalptf}Qny\ghpreprhﬁle JIEHPSPIPYS wall has a generally
Eg&e-and-groove joints. 48. The apparatus of claim
umukg, lerei n each stacked porous section conprises a
porous ceram c. 49. The apparatus of claim42, wherein

each stacked porous sectjon conprises a reticul ated .
cofidni o TpaPPRHAS OITER 475 WOETER) HicH o e aiaskest ROTOH pections are
arcusit ackpde porous section conprises material sel ected

fromthe group consisting of alumna materials,
magnesi um oxi de, refractory nmetal oxides, silicon

carbide,.silicon nitr.id nd.vttria-.doped al um na .
by | oS hepefath B iR iRy e BbaB Tk Opricgs
leasttadBBitWlenty@@kb®Poroiasdeaond. s adapted so that nore fluid
flows through the interior porous wall in proximty to
the waste gas inlet than in proximty to an outlet of
t hg .t he ' LA . : L m
42t B et SO ifein BOSERERRALHS LR &t
complimneémanilggointed font@mecionpdradjasentglotqustsb@ions.r st ext eri or
wal |l having a plurality of perforations for passage of
fluid through the first exterior wall to the interior

pogpus wal hpparatus of claim 46, wherein each stacked porous section is

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.

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

a reticulated ceramic.
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53. The apparatus of claim52, wherein the first
exterior wall conprises corrosion-resistant and
wo bmsosd2Bly st able nmetal. 54. The apparatus of BCEUS2083040960

wherein the first exterior wall conprises a materi al
selected fromthe group consisting of stainless steel,
ausg eni Th€appafdt® ofimmMounherein cath stycked pdrouk Bertion comprises
ni ckel - based al |l oys. 55.. The apparatus of claim 52

matefig} sefrsteddenmp thesgrpgp consising A B maeriolsy Tpagngsium oxide,

fi

refra By S SO el b BUE BIH A I, Al 1Rl Al materials

the second exterior mall and the first exterior wall;

e|n he fluid mis a e
[ o The Fhrprais of i’ P Rl o tb‘ﬁ’gﬁt‘ﬁ‘a’t“il?gr is adapted
SO th‘aﬂh@fe‘ Alid PBHA lt'l%o%?l the Weﬁé@ﬂr&ls@alf InWrBxibftytth €he waste gas inlet
I nterior space ween the 'second exterior wall and

than frhprofkimigy toeant antlebef thathermalgeaction vagpar at us of cl ai m 42
further conprising: a second reaction chanber coupl ed
to the thermal -reaction unit and having: a gas flow

chgprber Thélappavitas sfuaTMCRitthercomprisingheficeeatterddr wall that
chanber, the gas flow chanber having an inl et

surryels the iptsropRereRsvall e @rei‘s%eréorw&%{ s il Gof perforations
I anda
o EREL ORI e B W esnelhnorpagictal ono
quuid filmon an interior surface of the gas flow

0 as to uce_deposi.ti,o nd, accunyl ati an of
??b TBE et S 1o e 1 TSR RE MRS
corrctslld?l\ﬂfeﬁﬂﬁﬂpﬁ{d thérfnal WRtBRPAE@E Us for use during the
abat enent of a sem conductor manufacturing process
conpr|3|ng a upper reaction chanber having: an
rio orou t
gf i nt i‘p? s\gﬁflsclalml ?3_3( qlr%%eé% st e%@er{o?kvaﬁ%%%ﬁ%es a

mate$iaﬁ§d¥@5ﬂed fr &R |tlt%3@‘abb CorBistiap of Staﬁﬂes@ ﬁ&el ausf[erﬁtsd nlekdle:hrcmilum-
wal | that surrounds and supports the st acked por ous

iron gleys;agd other nickel-pasedalleys. por ous wal | and that incl udes
a plurality of perforations that allow passage of
fluid through the first exterior wall to the interior
posdus Wat hppasatsecioniaime52 furthor comaprisiighat surrounds t he

first exteri qr wal | the interi or QUS
t hat def iSﬁ.‘é)gl EXteTIAY ggl:i] t §"Hﬁ%@d5 g)(e%%‘étﬁextteﬁ]é)r éwmﬁaﬁa ?he Interior

poro8¥WalllaRf th¥@béfines 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
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:
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
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and the first exterior wall; at |east one waste gas

inlet in fluid communication with the central chanber
waemeasEpt ed to i ntroduce a gaseous waste str eBOm/US20051@10960

central chanber; at |east one fuel inlet in fluid

communi cation with the central chanber and adapted to

i ntroduce fuglyated dbliRere §Yttdn? hd4paiNt @enerateta BSWRE liquid film on

_mechani sm posi tioned within the central chanber and
an ingatiop sedace of thecgasflovechambey s asdaseduss depasttianaandgicewnyation of
.the central,.ch er e ] ction
partifI5s SER Hing AORS e GO AR e MG PlBtBEL1 08
provide a fluid to the central chanber through the
interior porous wall at a sufficient force to reduce

depbsi t ABRPBITaluE 4o yse AU G APIICHANER] 4 SSRUFOSHFPEce of
man{d‘&@tuhﬂé g{dcggs 0%9{(!’2%?735%' | of the central chanber; and a

ower action er coupled to the upper reaction
chanber a apperheacting chamlgpadavingw chanber in fluid

communi cation with the centr.al anber, .t s flow .
chanber havi AYTEHIQTPOERUS :XWﬁJl tE‘f}.tq%EPesf ao?e“bfag‘g}aﬁg’ef ’ ﬁiée mterior

porodSHAR YSrmtRStdin 8 (phaalty AT dtabIRRAC tdpRidedB1OPoOUS sdckibM¥igh t he
gas flow chanber; anda water delivery system adapted

to generate afitstewiengr welthagsyrrqurds andsippaxte thestacked porous
surface. of .th s i 10
e S S A g o

passhdeeofififi @ thir@ughsthé figst extefiot Wall gathe idtenorgioasdserall;58. The
system of claim57 further conprising. an interjor
porous pl at e2s¢fend gxierigswall that F‘HTQ%’PH%HHI}HFt iRa1og gysflag the

interﬁ}gu:ggﬁ{s Watllkbgnﬁit?%qehﬁés dahHer ?da@é BetddapPtRd el hdRasSioR wall

hr ou e Interior porous plate to the central
and thedimtextesior #allf 0 reduce deposition of particul ate

matter on an jnterior surface of .the interior porous
plate. 5. TAUCRYSPERPEF 2y o Pol sopiicaRpRTiL] (g contral

charf¥er 8@ 8dapRiitoliftkSducad 3nicdds (vaste BirdamklticiBe bénttall chainBergas
stream as the gas streamtravels fromthe upper

reacti on chagbleastione fuedinlehir fluidecpmmuenicatioanydt thegentral

The system pf .cl aj u i Sing a drai nage
charty® o7y B0 G Rt R A b B SRR, 02, 60 g

headspace adaplicefhal Peclaadnvpositiopad edthin thastsrd ichaaber and

adapfterdotg] dtegoemll)gsvevetlrle éaeséaglgsl vsePsteCsrgraegrtr)levE/i'thin 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
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

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
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6 1. The system of claim®60 further conprising at
| east one scrubbing unit adapted to receive the
w@amensi3nast e stream fromthe headspace of t hBCT/US2005/040960
drai nage tank. 62. A replacenent part for use in an
abat enent system conprising: a stackable and
repl aceabl e poatddeldveydBtens addptedrto pandrag aal@livg dilghidyfilm on
_of features that allow the porous ch%nber,section to .
an infgsios suréace @ e 8vs Slomeshapdrbifsasdh asiyer derasttionrpndageugaulation of
partib b8 RS inBHidr iRt S1hd RN CRMEA!  chanber for
use during deconposition of gaseous waste from a
sem conduct or manufacturing process, the porous

chamber _section vin ufficient .porosity to al

Cr Shet eTRGHSIIpEEF oS BUtiet SRR INE BARE i A that
enclREE bk Mletlehd BHER LhGaIRALABS, HRINELASr FR6UI Slite AQEbtEdioPass a

the central chanber during a deconposition process

fluidglroigh thednigriphperouhplacda theadensilokpmberss asdo restueedeposition of
.qvenent of reaction pHro ts.towar interior
e R L T

repl acenent part of claim62, wherein the porous
chanber section conprises a reticul ated cera,m'c.gg.g
Thé9-r eplThe eyftam obelpim 67 fysthsr pomBrisipeatdpast PRI pdapted to
introﬁﬂ@e@?ﬁﬁ 0% %5% &féaﬁ%ﬂﬁ% %&%tr@% fab ek fﬁ%ﬁ{ ﬁl@tuggexf E&ohRBamber
group consisting of alum na materials, nmaghesi um
to thekovdke reacebn abdmober. net al oxi des, silicon car bi de,
silicon nitride, and yttria-doped alum na materi al s.
65. The repl acenent part of claim®62, wherein the
PogQUS FHABREm SLEhinPH7 FifttHeP BRhpriding Altdinagk Ykl @dplk@tio the
connection W th other porous chanber sections. 66. The
lower egictior cimbep Aaving heaslspaonadaptediipaicedive @ Basepuy wagie stream from
thlcharrbecr.se tiﬁq is conplinmentarily jointed with at
© P@ggFa3H@‘%8P'?'selected fromthe group consisting of
shiplap joints, beveled joints, butt joints, |ap
joints and tongue-and-groqve joints. 67. A replacenent
paft. f ol he gstemy obelauy é& BHERE cQ)REURE 8RS PRS $rgubbing unit
ol d e . _ o
sdapfl §ree¥th BUEE: e HiaBO Rl DR dl LB e
for use during deconposition of gaseous waste from a

senj conduct or nmanufacturin rocess: and prevent the

obbus. AeFPIAGTER Gag i eIt BhaReT: GG SPEPHE et

during QREERIJIOIEHeplaBRbEUSRER dhainber £8tiord H&Ving a plurality of

repl acenent part of claim®67 wherein shield is
featuressthajpdldw 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
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.

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

comprises a reticulated ceramic.
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69. The repl acenent part of claim67 wherein the
shield is configured to assune a three-di nensi onal

wo eooasf23a bott om portion of the porous wall. FOr/UI1Ne5/040960
repl acenent part of claim69 wherein the porous wall
i ncludes a bottom nost ceram c ring and wherein the
shggl d TRe fepldcB@ehtiatt dTcRYAM3SVIVERER the foaousCehAinber sddtion
contact with the bottomnost ceramc ring. 7 1. The | .

comprissh smatsriahselgried from the gionp ensifiiag of Alumiaa Bategialy, magnesium

oxidg,gr%‘{ié.stcsr?ﬁréé{%@%éc?ersi & icontda g%sglf&)ﬁ mt}iﬁétalgg YtHa-doped alumina

ainl'ess s austeni
matefiialskel - chrom umiron al |l oys and ot her nickel - based
al | oys.
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
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:
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 quench unit.

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.

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.
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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