WD 2006/ 053231 PCT/ US2005/ 040960 REACTOR DESI GN TO REDUCE PARTI CLE
DEPQCSI TI ON DURI NG PROCESS ABATEMENT 5 The present application clains
priority fromU S. Patent Application Serial No. 10/987,921, filed Novenber
12, 2004, ' | s..hereby incorporated by reference herein in its entirety.
10 FI ELD G\—W#E&dlogﬁé’l\m ON The present invention rel at es FCEUSAYBHPEY syst ens
and nethods for the abatenent of industrial effluent fluids, such as

ef fl uent gases produced in sem conductor manufacturing processes, while
reduci ng the deposition of reaction products in the treatnent systens. 15
BACKGROUND OF THE | NVENTE T&%Qﬁgﬁ@yg ﬁ{ﬂﬁ@ggt@ﬂ@g@ the manufacturing of
sem conductor material s, devicesS, products and nenory articles involve a

wi de variety of cheni QEPQIITIONDURMNGEROGESS ARWIIRMENTN t he process
facility. These conpounds include inorganic and organi c 20 conpounds,
breakdown products of photo-resist and other reagents, and a w de variety of
ot her gases that nust be renoved fromthe waste gas before being vented from
the process facility into the atnosphere. Sem conductor manufacturing
processes uti | Theprasephapplicationfclaime prierity Sromli$y Pasent Applicationdedalda.r emel y | ow
human t ol .Such Lals .l ' of

ant i mony, 10PRERRL RIGSeysRAEL 220 Wi it PR ReIRRER By sderehiitieleifh

sel eni um itsehtety, sSilane m xtures with phosphi ne, argon, hydrogen,
organosi | anes, hal osil anes, hal ogens, organonetallics and other organic
conpounds. Hal ogens, e.g., fluorine (F2) and other fluorinated conpounds, are

parti qyl aFpLD PFORIEMVENTAORNY the various conponents requiring abatenent.

The el ectronics rndusfry 30 uses perfluorinated conpounds (PFCs) in wafer
processi ng t oolhe prsend inyertiqnore|athy 4o improvefesysismsiand methods ferrthe abatemenh t hin
films. PF ne. Lec ize be stro tri hu . g ¥ﬁw i ng and
t he el ectrggnlﬂg’gs#agdgs F%/t ?lslﬁﬁbrﬁilfﬁlg&t %m‘%gﬂc%as%hégé%wédgi%né&@?&? esg1 gases.
The nost eenufactuying Seckefies;s while | redigingbthe ad¢pesition dfi readtind produdti-4n th2F6, SF6,
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treatment systems.

15
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 gaseoﬁs
25 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
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,4, C;F¢, SFs,
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C3Fs, C4H8, C4HgO and NF;. In practice, these PFCs are dissociated in a
plasma to generate highly reactive fluoride ions and fluorine radicals,

whi ch do the actual cleaning and/or etching. The effluent fromthese
processi ng operations include nostly fluorine, silicon tetrafluoride (SiF4),
hydr ogen fl WH%8%%5¢:#E) | carbonyl fluoride (COF2), CF4 anBCT/ES095i30960,
significant problem of the sem conductor industry has been the renoval of
these materials fromthe effluent gas streans, Wiile virtually all U S

semi conductds Cellgn GHe® and M3 alt practiess thpse BELe a8 disspraated & agilamaqto neans
for treat fhibihel H&te iofPSRISAudk ALRIY, lagdiselédhidehese
faciliti eg&?\graﬁo?élggééagﬁ{éé gf rer%gvi ng alr I Btgéicﬁ%lt%r hqqlodog‘{ﬁggrw seléd&h ccept abl e
i mpur i t i esand@ueetchaigut Thmefflwenthirem phesbpeooessing operations énchide mbstlypflustiess gas to

oxi di ze the,.toxic . materi.als onvertin mtp | t. OXi rpg. Such

syst ens ar%h%ﬂnntﬁg?ﬂugf'%)@%@v@y&mﬁ@s h&?fé% (Hﬁ’t 'éﬁ’rﬁ%“ygilsuf)?‘geam%@’ gg‘p ity, and
typi caldy dg,not have the ability to safely deal wth a |arge nunber of

m xed chem stry streans w t hout posing conplex reactive 15 chem cal risks.

Further, convenh Sighificant peoblesn af the semiggndugiar jndystry basdepnthe remayval ebthgteet e

combusti on I ] he, I e | J: t
nonoxi de (%g)gﬁgalgg% rﬁyglrg\g%{gqu%ﬁéngas( Ig—#gﬂﬁt oostkﬁgga‘t#r%dggh?rl e.g%sc' S?ﬁ%oggﬁnégé}g, one of
t he probl emsnufictrirgafacitibescwtilize scrubbdr brsintilat meansnfon treatmenthef their efftluentn of aci d

m st, acid vapars, ,acjd gases and, NOx. (. . lor. to dis rge. A
Further | | BSPaRRhorPlozs SORRDeS et Harsis P bl RE o Al FoE 90 o i
sufficimntommm&hﬁaﬁlgﬁhpmﬁea a nonfl ammabl e process streamin order to
render the resultant m xture flamable and conpletely conbustible. Oxygen or

oxygen- enri chedOrfl solyiiop tpdhis paebienaiis tocingiperatet the prasess 59 i oxidize thnidXiser ~ f or

m xing Wt : ' &ﬁg‘o ' r € oweyer,
oxi des, pa&?%@%ﬁ’ﬁ&%??&%ﬁ%%ﬁ %zcg&ﬁgy 'e%lrlﬁg%&gggﬁt eg‘f'at %Y(v? eeé%%lend to
deposit onddsipre®in temisl of treétntentcapacity,iaid typicalhadromt haviehtbe akitity tofsafslyldealon oxi des

formed can rel ativel arge,and t he gradual..deposi.tion thin the
conbust | onVERdhiREe (AFoE, 8f TR Ghemisti SREARS SIoCh FOREE OB PRIV he
combusis onchehadabeisks. t RefiRhyconvetionhll mtind@tor 6/pRABYE dchitil REL AN ¢BmPletet he
equi pnent. Depending on the circunstances, the cleaning operation of the

abat ement  egspasten Senehy alipvang th releassef Pelluians, sieheassprbopimaposiddeR a1t i s
wel | knowngy i né‘g%és), &{F@L ﬁgﬂrﬁﬁ&étﬁ&ﬁlﬁgﬁ ¢ Qe 3f iR e St pr bt Hollckin® hi gh

tenperature conditi e the t'enperatudres, s prior art

combust i onin affieanb gratmianie thenformatiod oéfaciidm_l:isl};rﬁéd aapdrs |akigd gawtdn_leQns(M@nbust i on

chartber o Rlor i Bbal o0 doeati SRl i by charber
20  to mix sufficient combustible fuel with a nonflammable process stream 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 2006/ 053231 PCT/ US2005/ 040960 6,494,711 in the nane of Takenura et al.,
| ssued Decenber 17, 2002). However, under the extrene tenperatures needed to
abat e hal ogen gases, these circunferentially continuous ceram c conbustion
chanmbers crack due to thermal shock and thus, the thermal insulating
function of Wh#0gesitAlsti on chanber fails. An alternativePCTobuosmodshe 5
control | ed deconposition/oxidation (CDO systens of the prior art, wherein
the effluent gases undergo conbustion in the netal inlet tubes, however, the
met al i nl e6,494;bdsinahe hitee ofCDiRemuzd et gL yssuatalDecgmbend1 T, @002)s | Newegves,amderoni sed at

the high t rrperatur e. 1260 eeded to efficient deconpose
hal ogen co E%’?P“é"é'%ﬂzd‘e %@cgﬁ’ d?q’ﬁfj’l ;bafg’g?n vidthisd tﬁ%“’aﬁ\‘/"&mtjﬁ’é%ﬁ@

provi de a%dnﬂﬁ&&&%ér%@f&&ibuétﬁﬁ%}%ﬁegr cradi dub Qo H8EAHPARbIK QY @iushu&hl y
thermally resistant contamnants in a waste gas that provides high

t enper at urthgrmal fnsylaging funstiomet el a@mb@ﬁ&oefchm@ﬁ ifailsf | Ampliasnasivg drcdudes the ensur e
bst t
substarg i a‘l.cln?%g fd*gécgﬁx W@a%#toh 5 &8{19 Pf“’ga% rp%gg;aﬁe@mrm & effluen

si mul t @aneous ep03| dnwan on products Wltt hin the
t hermal . rgmed undargmrnotnbuk‘twmhetha mietal mAmthlmbsbbovmw:amheagetauﬂﬂ&taulm@fnltbe an

| mpr oved tggr mal re n g@anber.t at does. eﬁ SE.Cﬁunb to the extrerre
t enper at ur Sh(?""'C(I)’ 56 ¥ 290 FRITQSI VS Hs CPIIRREYS o RIBM, EMPCIIPNESy €-Bhe wast e
gas. SUMVARY6OFC- hmesaédibeﬁmeaagg&comwml@an '&&hﬁélﬁﬁs srhaETRRds and

systens for providing control deconposition of gaseous | |qU| d crystal
di spl ay (LCD) aferoriingly.dhwoeld be adeantagsousiio arovideeniamproved thegpalupackes fereduci ng

accunujqti r n the
cyst om0 e BeortRReBELE hillheimalip il Conudiings AFF RARE Bl BB ", L0C, o
design to hlgHutempeMMsprthmhgfrhm intr@dukiiory of ulipghily ﬂhnmdlﬁleogqsersltbl em;um‘ t he
gaseous wa one as t he present nyen tes to a
thernal r ﬁ@ft@.ﬁnilgrcom KRMPOHY "Lﬂtléﬂ'fi *ﬁﬁﬁ"ﬂ%‘gt"é’l'}ﬁ {“ﬂgo'{s & eact or
conpr i si Ngdepdsition 'oh QhWRkted ?e’t@ﬁéerrdd{ié& Wi tHeSthEx@ial Iréacﬁan Qi emlﬁmwad | having
a general ly tubular formand a urality of perforations for passage of a

fluid ther @pWddgcdvanipgepus to mm@deﬂvempmvewermalaeaqme|0baé§eratbat| dogs 10 o
sectiops alapgyy, &fthg %?:g{n}:lac u@ggre@@e%faﬁh oA ACERbitioR e{ep hs f&fe&wew fafionnect ed

by a coupling; ceramc Interror wa I'ning a thermal
reaction cﬁmmene,gas.

SUMMARY OF INVENTION
The present invention relates to methods and systems for providing controlled
20  decomposition of gaseous liquid crystal display (LCD) 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; '
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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wherein the interior wall has a generally tubular formand concentric with 3
3 WD 2006/ 053231 PCT/ US2005/ 040960 the exterior wall, wherein the interior
wal | conprises at least two ring sections in a stacked arrangenent; iii) at

| east one waste gas inlet in fluid communication with the thermal reaction
chanber for Wn2ooeelizilng a waste gas therein; and 5 iv) apCt/escbs/ansof uel
inlet in fluid communication with the thermal reaction chanber for

i ntroduci ng a fuel that upon conbustion produces tenperature that deconposes
sai d waste gas in thke eheficrivall,eahéreianthe Hatehier wal ndmp}is¢seatnisast awo dingect i ng a
fluid through the perforations oé the exterior wall and the reticul ated
ceramic interior walSFCURs Fastecked AEANGEMEY (i on and 10 accunul ation of

particulate matter tReheRRt RBWaSte ghsWAlkCin AMANGhmUnicari6h wAROME Yer@alPect , the
present invention relates to a thermal reactor for renoving pollutant from
wast e gas, the ther fedctior chamber fosipgroducing)a wayte gag thesieimaknd eacti on unit conpri
si ng: 1) an exter.|Q havi . . 0, b I nterior
wal | h;é/;i ng a genere{ H;;I%L{)J eaﬁglfl(%l%h]ﬂlan Hgéﬁh{éﬂé{cﬁf@ym ktlﬂetthgﬁnaie%’gﬁ?lor wal |,
wher ei n the interiorchibdr foeintrodwing 4 fuel thal upos @oinbastion [pasdueds; températhrea

reticulated ceramc plate positigned at or within the interior Il of 'the
t hermal reaction uni@?‘%ﬂ?ﬂ@?ﬁsﬁﬂaﬂs@tﬁaém'ﬁfgﬁnﬁ FEAsHen aé&"@“é@ I's one end of
20 the thermnal FeaCtd)%baﬁPﬁim%étidg'd fluid throR@S the PRECMASICOMARS ettdtidtwalin f 1 ui d
communi cation with the thermal reéaction chamber for introducing a waste gas
therein; and iv) at andabe reticnlatede cerpmiceintgriorfwall do gednee rthe slepasitioni and t he
thermal,reaction c¢ r e nt.r | | _t;hat upon conbustion
producgg terrperaturg%g@gdl?%g‘[Ofgg%lgﬁlggggﬁgggfggﬁh% e gas within the thernal
reaction unit; Wacwdrqueneht er quench. In a further aspect, the present
I nvention relates to a nethod f]%re controll ed dacorrposition of &as ous

r

pol lutant in a Ra¥stedipther jaspect, the  present daveption relgtes Yo%, hermal, FRAFtoE ifery -

removing pollutant from waste gas, the thermal reactor comprising:

a) a thermal reaction unit comprising:
15 i) an exterior wall having a generally tubular 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 methqd
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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30 i) introducing the waste gas to a thermal reaction chanber through at

| east one waste gas inlet, wherein the thermal reaction chanber is defined
by reticulated ceramc walls; ii) introducing at |east one conbustible fuel
to the therpal_reaction chanber; 4 WO 2006/053231 PCTI US2005/ 040960 iii)
igniting th&EYAHESEbl e fuel in the thermal reaction chBEHES200HMBYP ect
formation of reaction products and heat evol ution, wherein the heat evol ved
deconposes the waste gas; iv) injecting additional fluid through the

reticul ated ceraniiiy igritihg thencambustible Suelhiar the | thermat r¢agtior: banher to effect

cont enpor aneous!l y:.w th t ust i ushi. bl e f uel rein the
Sadi t1 bnar 1 o e “egf%’g&%gg‘ bl ?C}Irﬁlulgéég "‘r’r‘ﬁuo'(&i)i‘fag?l S{heﬁelf&%%afea“é@ﬁe&i ng that
of the reaction pdagpbses#Rprastecddsng the reticulated ceramc walls of the
thermal reaction chanber thereby, inhibiti deposjtion of, the reaction
product s t her eon; Varipieqtng, addittqsa} ﬂg‘dt W@%F%@%ﬁ&lﬂdm@a@t’%ﬁ ﬁ?lgdﬁ‘& theinto a
water cgiench to CainlSrehfifon HRbE Qntbrn Iy NGIR| e c%ﬁgﬁnggae%s and

advant ages of the invention w e nore fully apparent fromt ensui ng

di scl osure and appambistible fudlnsheréin MRl &ditoE8 I igkcef imHEoRMWSNESleFi gure 1
Is a cut away view of the the | reactio nit he 1n nd the

| ower quenc hiyng C\F,i\‘aa FEFC SIS "&grnﬁ‘ tf’gﬁ'?ﬁ%acli}ﬂ@glr'ﬂd}"g a&’ rﬁﬁérhz&gz%lggagﬁfaéﬁ%evat I onal
view of the inter ceimielvdls ofthet thérmaheattichChpinbér thereby thhibdtirigodepbdition sfvent i on.

20 Figure 3 is a partial cut-away view,of the inlet adaptor according to the
i nvention. Figur eAecho%PR?Fin@Freamééﬁter jet according to the invention for
ntrodygi ng a i 90) fA%Hg Ghd drehl of e RBM\Prdtets ifH8 d WA TlenkIP & Lapfite ARATDET

Figure 5 is a cut away view of the Inlet adaptor and the thernmal reaction

unit according t teactiom produstsithesein. 25 Figure 6A is an el evational view of a
ceramc ring of,the thernmal .reacti it - accardi |0V, lLan. Figure
6B is a parti al 0 G ZEsé‘\alcvg AR iag\‘/'vano&e? ﬁgthg rHrvé;trr'ﬁmc ‘P"?‘nb%."r‘]‘%%@%’{app%t?eﬁtsﬁ%t‘ B%rt I al
cut - away Vvemsuingiiscleswreand appegdediaaked upon one anot her to

15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cut away view of the thermal reaction unit, the inlet adaptor and the
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 S 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.
30 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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define the thermal reaction chanber of the present invention. 30 Figure 7 is
a view of the sections of the perforated netal shell according to the

i nvention. Figure 8 is an exterior view of the thermal reaction unit
according to the invention. 5 WD 2006/053231 PCT/ US2005/ 040960 Figure 9 is
a partial cO¥O2meYsaN3tew of the inlet adaptor/thermal reaBCTWR200504096G00i nt
according to the invention. Figure QA illustrates deposition of residue on
the interior plate of the inlet adaptor of the prior art. 5 Figure 10B

i | lustrates depPigurei9i aofartiat sutaveayoriew lo€ thierihlet adaptopitizermalodeadtioa unitljeint adapt or
according to \t'lﬁ‘f I nvention. Figure 11 A illustrates deposition of residue on
the interi 8FCOWE © RFIMYHWORher nal  reaction unit of the prior art. Figure 1IB
iITustrates deppgifei10R iAhistfafes deiRitON of RBidud bR HeGhteHEY Plste Of the M@etdaeptoR! 10
reaction unit according to the invention. Figure 12 is a partial cut-away

vi ew of thefbhPEIIRrROSi tioned between the thermal reaction unit and the

| ower quenchi ngg. r. r.dL og: ol 1.0n.: : | ON 15
The pr egent [ nvlél | gﬁﬁr'g&g@egq{a@g lrtr%é)ﬁ ﬁ%ﬂ%d&%ﬁﬁ%ﬁ@%ﬁ?bgﬁgﬁﬁn tggnt rol | ed
deconposi t axordidg tefthd ineetitiogases in .a thermal reactor while reducing

accurul ati on of _ depositjon products wi.thip the system The present jnvention
further rel at esF8BregltA Flhﬁﬁmg%geﬂoﬁ'é‘fs’%f residye Qg thy duterior Yvﬁl?Sr %‘g@&éﬁ"trﬁ’é" mal
reaction Uplabrdi @fddre fHdra9 the high tenperature deconposition of effluent
gases. 20 Waste gas to be abated may include species generated bK a
seni conduct or pFigaeesklB dhatrases depositier of mesidugeancthg dhterier walls of Hadhamebssed
fromthg sem.g JC rocess W& hout chemcal alteration. As used herein,
t he ter1§n " g%%%ua%?%gﬂﬁ?%ggég%%@‘i ntended to be broadly construed to

i ncl ude any andFighte 1 io@qmstiahqutaawhywiéw of fhershieldpesitioned betweamtheahdrmab  of
sem conduct or . products, and/ or L roducts, gs well .as all operations

i nvol vi ng 2gc ‘H’t‘tr?é'ﬂlmegf’wﬁ?%’é% ngdmﬁl#ew&f@’ IngtQ thdmvenfion. o pr oduced by a
sem conductor and/or LCD manufacturing facility, as well as all operations
carried out in connection wth the sem conductor and/or LCD manufacturing
faci | ity n@ELAMLEDDESCRIPTIQN manufacturing (exanpl es include conditioning

of proggss equi pReBlesedthelinffn Hiated FMnfitlodd Thlt 55témb '#3F Broviding controlled

decomposition of effluent gases in a thermal reactor while reducing accumulation of

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 aiteration. 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 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
6



In preparation of operation, etch cleaning of process tool chanbers,

abatenent of toxic or 30 hazardous gases fromeffluents produced by the

sem conductor and/or LCD nmanufacturing facility, etc.). The inproved thernal
reacti on systemdi scl osed herein has a thermal reaction unit 30 and a | ower

guenchi ng chd®2106/08®1as shown in Fig. 1. The thermal reakCTUM005#49680 6 WO
2006/ 053231 PCT/ U52005/ 040960 includes a thermal reaction chanber 32, and an
inl et adaptor 10 including a top plate 18, at |east one waste gas inlet 14,

at | east onincluded a iheinedt réhétionnghambercdd2, yndodn ihletisdapton @0 inchalingta topplate 1814t bur ner

jets 15, a genter jet 16, and, an,interior, .pla 12 ich, i osi tioned at or
Wi thin theFePﬂé’Pﬁﬁ‘{aS‘Féa%’c"?%ﬂ“caﬁé‘??ﬁ'e?ﬂe e'(‘g‘é'ef"g|°880‘l\giﬂ§ .a%afr%c?ﬁe SXERANEY ¢ of
the inlet agppudier fetd rsjan%ﬁtéﬁjef 10hnd LfinteSF pRte 126@KiER @ positiohdd at BRvithid et

adaptor includes the fuel and oxidant gas i1nlets to provide a fuel rich gas

mxture to thecthermal seaction chaseber 33t (sercel Higf3 foron sewmatiy of theyiplas adaptemant i s
used, the f ' \ | t: ' 11O : 4,Af O t he
thormal | T et s od: St RlriRieationlnfy AR Rl Bhor el b O el D |
limted to, gasythiagao, provtdé anéuel michugal mipagre tor teasystem_ B theddesirtigtionast
preferably 10 natural S. I dants .cqntenpl ated herein include, hut are
limted to, ‘YRR o7 ,0%’? 18 Eﬁegaﬂ"edﬁﬁl ﬂ}adr O’f‘@ﬁi)maé'n BeBRd BRPE thed air .
Wast e gasesihuedifion hith it tRGHRAI fed@iofl ch&RRE] Boel$ Edrtdniflsted hé@tBintilGuds! Bt Rre

consi sting of CF4, C2F6, SF6, C3Fs, C4Hs, C4H&O, Si F4, BF3, NF3, BH3, B2146,

BSHO, NH3, peidlimitgdgp, hgdnqgen, mpethagepnatpge) gas-propapy, LRGr@nd aity gag| grefesply

pri mary;and ardy. : % L: |} :

hal osi | éﬁes.n % P% odnxe1 e%oglte rlﬁ oé %lhg&%éﬁtﬁgﬁtﬁiﬁof %%F?’?r}gnm?élar’s of the
wast e gas i olest diylair (EDA)eand| dygederdriched dixc eWalte gabdsi 10i bey altedocompriseess f or
the interior_wall f,.the inlet. For. .ex e rface .

el ect ropol i SHFEHS P%‘“%%‘hﬁ&@ th’ﬁ@“?’r'@c"‘l‘fﬁﬂf‘tg’zﬁl O}r@fgﬁﬁgssgf’léf'?t(gﬁé B@QPUQIFI‘ESS t han
30, nore prBFEraBY, BH,e B3H{, By, INH,, PR, SSRTSRMRDEY IS IECK MF) HBr, Rerlu¢,ng the
mechani cal roughness reduces the anpunt of particulate matter_ that adheres to
the surf aceAi@?‘hbs pRimary a8d seepRdapy #BInEs: ergaBesilangsopreanometalligicanddnlosines.yr f ace.
In the ternati ¥emnel | 1@ + Of s ] a

fl uor opg#ymar coteélt ?rﬁg, dg?ﬁ@ggp eeméeiqog’n?%?&(%?w ﬁ%lllsg%{trh %a\%ﬁ?géﬁ%\l}mwl *l{'al SO
act to reduorythealtareduotredute ther affinity of particles for thelintariod wells ofi¢he inlet.eFoor wal |

[ | | f [ . +.P Tef | . Hal I
e br et or PP RER ey o€ EltGtoririth So Il e meraniPlnfndiied RALPIALG ° ac
such, in praslueé ks thad30,woré preCorstdpleydthin CHAidsOprefeabhplebs theh 4SRéducingule Fi r st

the surface to be coated is cleaned wth a,%i)lvent to renove oils, etc.
Then, the serhassal wughness tsduces ghe amoupt of\haghisulats mates that adheres to the surface

20  as well as improving the corrosion resistance of the surface. In the alternative, the interior

wall of the inlet may be 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 practicé,
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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thereto. Follow ng texturization, a pure |ayer of fluoropolyner, e.g.,
Teflon(r), a layer of ceramc filled fluoropolyner, and another pure |ayer

of fluoropolynmer are deposited on the surface in that order. The resultant
fl uoropol yner-containing |layer is essentially scratch- 30 resistant. In

anot her enbdU? AWALSBH t he invention, the waste gas inl et PEUSERO0402605 i ect ed
to thernophoresis, wherein the interior wall of the inlet is heated thereby
reduci ng particle adhesion thereto. Thernophoresis may be effected by

actual | y héseriosgvalliwitl an ogdiae deatener a“F“\PbV%bO*B;’QfE‘EEQ&mF@?ﬂEJS%@GHP%Y4@60
interior | Qiap ! 1 N&dcl Ak O gas

I njecti onm@rr%é;/i’ \goggﬁggggq%ahlé?grbgﬁg%g?L)(f)g&Lﬁggggnn%ufg@%?uﬂgﬂ Ot?]lf ?ﬂglgtéeﬁﬁengas flows
t hr ough t hedditibnai advihtage afithetlattanas thechitogengaes fbwtrimithizes the anpunthef time r ogen
gas flow m nim zes the.apount of tine. wast ases..reside j.n the.inlet

Cher cby i PR B985 EHE e anes Brrety Brimirieal ORI PERTeabSnabigin. arc i i ot
adaptors have i pgbrideidlet hddptapshave isehided lieifited pbrosity edr@ficdiatés R thainRkibpr pl ate
of the inlet adaptor. A disadvantage of these . limted porosity interior

pl at es i ncPlatreef the inlet adaptary Aedisastyarspge s these limited porgsityintegior plates includas ual | y

| eadi ng t oy ' HﬁLlﬁP ' t

I nvention %@Fg%mn@%fﬁgggﬂglleggaéggtsgg%cgf‘%; usl nfgb&ang %"%8?‘5@@5&%@‘3‘% c foam
as the i nt damerdesbtivineertd?, Thegpres2nt mperdiva mvercames theseadisadvahtagaseby wingld) t he

interi | at ,_includi he inl ts 14, b jets. 15 . ter jet
por ¢ 16, (1 suatecctarie i 8 be Fugrio ploehf B rerrioelf e bRV ispalid BB 20 o
the intleri ée iptedibeplate l12PRAEIAINE lthe inlch BorksS14, buinat R4 150 aenter jEORM W (1bBs a

plurality of pores disposed _ therethrough. As such, the invention
cont enpl at dcussed g Jofnd |the getiquitest Geramite fonedl off thendnteripreplptsr pl ate
to the the Cly a Edmler i dygepdsh |t 10 ; ticulate
matter at Eﬁ@%%‘??’até%eog?@ el ﬁféﬁ%?foé{ﬁa?g }fIZS gngﬁ?ﬁ@vgl Irisgfécg)f &1'?%039({ her mal
reacti on umherettBough. oks suehethe nvehtéon qontemiplatespheapassape of Thids tthraugh theiporencl ude
any gas that is. preferahly. pressurized to a . sui | e .pressure, .whi ch upon
Tt St on Oh eI TR ey B FF R Kifon Proet 3208 Sl lePryiit BF e
interias plpaitieuldfsi hgttenQit thee ktrfage rifahé ¥nteddreglate NP A theawallseothe thérgal ment i n
the thernmal reaction chapber. Gases contenpl at ea herein faor 20 passage

8

through t h&easdemunibi0 progimatg & the intesioginiate 52 ARS Hud may inclagpany,gasdb tenr i ched
arr, Oxygéﬁfem?@%sﬁi‘fge?ﬁﬁz{ %ul%gl?/ essite IvhicH ipon B AuGSF throu@fi SheSRti4 i€ devoi d

of fuels. urt.he e |ntroduce_ In a continuous or a
pul sati ng seificienpiogkdycaisieposatianoont the intesor plate evhilal noh detmimentadly wife¢tingght 0 be

bound by t Qﬁﬁ&}{entt@e%uﬁe% iir(f ea‘.h%grnglerrfzgcrﬁioﬁ cfhgr%mari. n gsreis Ocrontemplated herein for
20  passage through the pores of the interior plate 12 include air, CDA, oxygen-enriched air,
oxygen, ozone and inert gases, e.g., Ar, Nz, 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,

8
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25 plate hel ps prevent particle buildup on the interior plate in part because

t he exposed planar surface area is reduced thereby reducing the anmount of
surface avail able for build-up, because the reticulation of the interior

pl ate provides snaller attachnent points for growing particulate matter

which will depaws/osidass i nterior plate upon attai nnment of a&ctmstiosedossonass and
because the air passing through the pores of the interior plate forns a
"boundary 30 layer," keeping particles frommgrating to the surface for

deposi ti Onaﬁd"ﬁfgﬁoﬁmsﬁi‘éeam Gort@RM ROEleRted) Ryifherifurey) € IPréferablys iikid! Gbids Qre
characterized by a plurality of _interconnected voids surrounded by a web of

ceranic st Ruifermedistrifuied ghronghput thematerigland thaKpidsags of# dpscthat pesmidy flfdss hi gh
SLrenoUh 0w ARetsl. 85 HeOhaher ™he Al i3hebRIEEshods YO 2000103251

PCT/ US2005 resistance to corrosion eva enper at ur es.
Pr ef er abl y appréctablpiwith BF€’s iuntht effident b $drmi blghbrdvdlhtlleuglugum spevdesmaller i al and

the voids are of _a e that, mtsflwds to easily se through the
mter o SRR R0t BN A i TR s EDE T i BRI PEC < i

t he ef f | uegkidePsucRaSZROH 1o @ArBide lafid Bilic&1D RifrideD pef@ably Tl Pp&fy @infind 0am
bodi es may include alumna materials, magnesium oxide, refractory netal

oxi des suckatesials; o, sein¢l; arshyttria-dapad ahmn%mmesalﬁ Aviest ipsrferably othe camsmyc hi gher
purity al ug cﬂ?s}}ﬁé'c@ﬁﬁnc Socﬂ s fo?xﬂ%cpg]u 5'aﬁmﬂﬁegﬁ%te?14aﬂ%ﬁ mierials.

Most prefera ramc oam I es are eramc Ies for from
yttria- dopeﬂbﬁlmdmmammlmma(\élﬂhdfhﬁtpwpamuosbﬁd:nré.mmefohm bodiemis svel vatima ( YZA) .

The pr i.on of ceramc. fo odies is well within 10 the know edge of
t hose SE ﬁ'& Hi)efig%oé{.ﬁ?ses!%leimt?lﬁgq reduce particle build-up on the interior
plate 12, a fl UTQﬁhﬂk?kd SERVBR1d- Jﬁ&mh@mtdmebmer@t g duidhet 5}553& géRat er j et
16 of the I nl et adapt or qslsee for exa | e Flg 3 and for placenent

of the cenféy qee@comrat%mr etcera@raﬁtlérgf rr%Br{seeéPr exgmpledriged. jet 16

| | ustrat
mani fol d ¢ gegd 340 SasbmetofB Confdt ik tleihiel QapiY, 1h Anbldfbnr FUELEREE) g &
f ast eni ng jerdlss ian,strﬂecgm Figh#,csaill cegter jod rinpihetingnd pilgt injectidn manifoi@] tube 2¢he inl et
adapt o

b t and t dapt taril
ot od WPt 1PN G PIonfapd BieCee e padnd orfeTeRE Ferirs BRa o bt ne

center jet cdfplemmentatiot Brdadingtdh thdniet! adkkor] e.ihsreaﬁ uca‘ cénlw gbﬂ?hﬁ! thedaRt or .
Through the center of the centerhgaet 16 is a bore-hole 25 through which a

stream of Rfzptoryeayde;complemeniagiymatad with one ancihins drg leal-tigh faghion. nFG PilRE t her mal
reaction Ctﬁ%ﬂi@%ﬁﬂ\%%eﬁt%ne t @Isglsedhégl teﬁ?u: burhbd Q@‘i@% BRliniot é‘cﬁg y% bound by
g aer 0dyha

theory, it 1's thought t velocity ¥y aters m cs and
pul I s gas edwsceawdbbthemntbr Ftllatiea boepoielfl thrafghtwiech astreant of bigh tvelority
20  fluid may be introduced to inject into the thermal reaction chamber 32 (see, e.g., Fig. 5).
Although not wishing to be bound by theory, it is thought that the high 1velocity 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 the
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, N, 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
9



chanber towards the center of the chanber thereby keeping the particul ate
matter from getting close to the top plate and the chanber walls proxi mate
to the top plate. The high 25 velocity fluid may include any gas sufficient
to reduce deposition on the interior walls of the thermal reaction unit
whi | e not dé’?‘??%ﬂ?&?‘l y affecting the abatement treat nenPCIHSIRE4098er ma|
reaction chanber. Further, the fluid may be introduced in a continuous or a

pul sating nmode referably a continuous node. Gases contenpl ated herein
i ncl ude ai directedphrough ythe porsh of thee ghemnal re@@t@géﬁ‘lt 3 tmat laast pasually r}dg@s e g.,

a[ﬁ)t her en%md‘ﬁé %f&uﬁ 4 yth‘:f'nl%(’? nop Fﬂgf&t%}é 1 Perc}@p;&rél or t%@ roduct i on

i nto the tiherpieknti@eention rincldit&ahe teastl woymamnotdge rstaekddomonm anbﬂher tforer mal
reaction unit inclydes [0 ram c | i.nder desi defj the t her mal
reaction cHEMPL: asjbustya H“%éﬂ g@l f@m&lﬂmfﬁ’&g%’bg‘e Rl of %8@? g
PCT1US2005,R408&0to a%bﬁﬁweﬁg rirf3s %a&dtdisen Bﬁé %m@‘r 18 uhB@StHEd tHaede ttérﬁnn uni t 30

to at | east partlally reduCe “particle dup on the interior walls of the
t her mal r e&ing” dhneldimitedth girewarmings pey b, rbdtemabﬁlso M?@-‘dprf@ﬁé af anyhpadygonain

I ncl udes a n other, for exanple as
I 1lustrat eér %lﬁaﬁ%lgsm\%cﬁﬁﬁr%&pre{ﬁﬁa%%gg&?ﬁl ceramﬂgorgﬂgl | nder I ncl udes at

| east 5 about tF&gux‘eascalbalﬂanta\h/eﬁtta)wmylvlmoBtha(bkﬁmcugtﬁi\derrtEs@n@f herpredeht is
understood, that the term "rjing" is not limted.,to circular rings per se, but

may al so i HYPRHAE SpRYige t@rs@mgﬁéﬂvgeﬂwdww@w ripgs Vg R FOmPPREPENab| y, the
rings gge aﬁﬂ@ipaj&m dediz] Whe}eih fmér Beackell OéFniP GrirlgS defib@thd Wermblll reakfon Vi ew of
the ceranic cylinder design of the present invention show ng the stacking of
t he indi vi chamiber d2anfhe uppRImOSGCeRmic rringa 4@ dsndlesigred: t@r gecommodate phe aplef oi nt

desi gn, n chanber
32, The upBapiDs! S aple T ine kit 3P iRl 45 1 Gals R R o T601LGE,

adapt or. | beviekdrjoibsgbiith iiints, HEp jmtmhndi&mg@manclsgmmtc joints. t @akketing ﬁtpse;tldngwt s but

O ove | oi FELS: @tol G RRDTAD RceirrbJEh fshiReshig gaiRetkpebitBpry POest M8 i gn

t enper a8 ur g8l Sirgdis comeﬁ.brateqm%ilml@eewmf ¥ethd Sstackas k&dmid BESs bR butt
contenpl ated herein, especially if the stacked ceramic rings are butt

j oi nted. Pjoited. aRyefprably, he J@lmtﬁ@hmwtfeﬁawécmra@krms euerlam ©8+ Phpdapoiter | ap,
e.g., ship {hred: f g fromthe thernmal
reaction cﬁlleggn gégér}{afﬁérg %@h@gnﬁ%@d%gmgggdr%%%er en%g gl |y continuous
ceramc ring or Eachl tﬁama:t irmgl pay Ny abeiraumfereatidllyt mtmamlsl oeramichaingnety be

j oi ned together.to nmake u he 20 ceramic r ure 6A illustrates the
| tier onmBUTRHE: ThRS e 1Atk ok pertipts (hei o e Joined Wgbtner to make up Hhe

20 ceramic ring. Figure 6A illustrates the latter embodiment, wherein the ceramic ring 36

includes a first 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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includes a first arcuate section 38 and a second arcuate section 40, and when
the first and second arcuate sections are coupled together, a ring is forned
that defines a portion of the thermal reaction chanber 32. The ceram c rings
are preferably formed of the same materials as the ceram c foam bodies
di scussed praybesshysse. 9., YZA. 25 The advantage of havi pgraisiddsndigdo
reacti on chanber defined by individual stacked ceramc rings includes the
reduction of cracking of the ceramc rings of t he chamber due to thermal
shock and CB@G&H‘ti@ﬁEaL%th@ 5{&9&&3&%& % a.clcif’a%h ﬁélf%oéo% wpl T ONE
cerami c ring cracks, the damage rlng e rea rep ace or & fraction
of the cost thedftnw Dﬁw(ialhedlma:ltedraaﬂirtmxghphapmdubaxtdnooMallnef ithenthelinza] e¢agtior80 The

ceranmi c rings, of. the,i.nventi on dt ther .tq.f t he t her nal
reaction unﬁ?‘t 3%‘ eq’r&B‘X? ‘ﬂ?sg‘ﬂ‘% %’E’P?’@ E%Pe Qﬁﬁﬁ’ %%P%PF‘?LS}"@J‘?W%‘EF@ ¥ pores
of the cer givestion, WBérefthé hetal Eh%llfmb the@aGé péerd] form dfthe btatl@d Skramay ﬁrhg%| ly
reduce particle bui | dup ,at the interior walls of the_ thermal reactl on unit.

Towar ds # hat-Bedd¢irculapeylinderercpelygonnl wiiader, srd the mta}\ehiibmm'ﬁ a4 loast qwo
PCT/ US2005/ Q4QB%0e ‘ﬁoh'ssﬁjz @ @??%@ﬁ 1B§Ifto%£tﬁ§#<£m e & deh&lgSonh Jrfife t her mal

reaction unit as we as contr Irected alr through

t he porous kceramici qrhndm | Theftwb hattathablensectionsakt2i nmludamhs 1A, g, ecla’mpdbllfust rat es
an enbodi nment, of t pe rat ed tal shell 110 t he present ntlon
Sher a1 nt ne Ctigraigns 4 Whis 3o Eodfig yEREsare 7T R, stetin dng Sbiebs 1oL TH

rings, 5 e. ¢herings € drieléhathecy! i nder or a polygonal cylinder, and the net aI
shell includes at |east two attachabl e sections 112 that may be jqined

t oget hed®t o nakeThdp metal shelthdlf) hasr peiferated patterm, whereb quf?ra@iv mqr§eaif \iH
attachabl e 8&9&%«%&&&%& E)i)l 3d6e tHeRRal idttioR ullit, e gf il ién cl Ed;ﬁigqmt 114,

whi ch upon coupling put pressure on the ceram<c t ere I ng the
rings to onedmtlﬁeﬂlanﬁ(abﬁtenméﬂmlthstml teactib@ ulnitse. a,qherldwahmbqnézet:&lgs wher eby

it o g . ToRE Sholn BEAEREE: BEg eﬂm 7% i 88 sty GO RARE PR BEl! om of

the thernal Arseﬁﬁhedolﬁbruﬂl‘t rf@raﬁons”t t@ﬁyaﬁb@rot(cﬁﬁﬁngs Sough themetaB) . 1 n
t he alternatlve the perforated attern I's the_sane throughout the netal
shel I . gaslli thatd Ormtépmpromger%sr&%gr@mmd srepgthef thes matal %hw Hh‘r‘f‘a?“%“&)penl ngs

of ﬁ%hré[‘il E11R] ok of Pfiahy, Wahedir Bugh U pOPSudsoR ol il ilooRlihed: Lo o' "

through the Fpotcmrplq, thegrerforatinad gy bmboleschayingt airshlag gholyghual oeﬁﬁxmm& shaphse
PerTor e ons W e aB A AL YRR e Bl Lo RS

wi dths. | n embodiment, the perforations are holes 1/16" in diameter, and the perforation pattern

20 towards the top of the thermal reaction unit has 1 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,

MAT754, 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 the

11



enbodi nent, the perforations are holes 1/16" in diameter, and the perforation
pattern 20 towards the top of the thermal reaction unit has 1 hol e per square
inch, while the perforation pattern towards the bottom of the thernmal
reaction unit has 0.5 holes per square inch (in other words 2 holes per 4
squar e i nch&¥Q2006P3YH, aply, the perforation area i s abouPCT/HSAWOPPWO| o4 of
the area of the netal shell. The netal shell is constructed from corrosion-

resistant netals incl udi&g,_ but not limted to: stainless steel; austenitic
ni ckel - chr hemahezmnsipp goeffieiontanismateh oE theactal shell andsthg cemgmic rimgs7 Filgows 625

LCF, 706, ; : 7 . ; o
ni ckel - bas'tza%ﬁ(zflt o?/esrégg% tgﬁéélggggf% g‘élugzs?%gt &%?m(l:gtg@dwé 7‘2 gg%b,élasé X, &
and G30. Rebelrandnghdrandierigls eoBprisinpealuinenmesbilicatesc t Inothe aitemative, theefibronsent i on i s

illustrategd. The era?r:é(c ri ngs 36 are stacked upon one another, at |east one
| ayer of a Bi3% Op f ANk EFPE S8 wr apped around the exterior of the stacked

ceram cs5rings amdprddfee, t EdSH6W ¥Naxihlly d chfrdmbl! imkdhded] Howhe thrRosi tioned
around the fibrous blanket and tightly attached together by coupling the
ribs 114. mrforations et@emeaﬂwb&tll,é@ilbeu%bly*ﬂ #ydghe ratigulpied srramistingsiodthenavi ng a

| ow t her ma AT i L. ] Ld. L&Y t O deal
with the ﬁ%ﬁ%qSﬁ%ﬂ%@%&%ﬁ%ﬁ@%ﬁ%&%@@#&%P*S*%p‘gﬁg.@@’#ﬂ%‘ée ficient
m smat ch ofnit teeherinteaior sftht theamal redetion enitin acrangafjem about0dlipsi folaboktd30nat eri al
contenpl ated hereipn i,nc es, i.shot, limted. to, spinel fibers, glass
wool and oPﬂe?m{?E?bgvr‘fbé?PLb{gé’ﬁb‘Pitbﬁ Y gﬂﬁh"’rﬁfﬂﬁ’%% 1"%'89‘%95.8 iR A CPPHIUGES Medat i ve,
the fi Ipg oupulsdtingnk&de, erllfly & 8&HtinuGR" MBdeC toStedBYE the retifculitidf tdf aRe fluldui d f 1 ow
is axially and controllably introduced through the perforations of the netal

shel |, t heWithisrtbethepmal eastiomehambee It should beprpaeciateditvpican; inprgased fesidgace
cylinder. FBEWilniHl o RIERAREI ERACE cfmfilcl Sl e Yhscs R/ eliRIe RELR inghe L N

thernal reaction e Interigr o ermal reaction unit In a
range fr onforpation 6 lafgeppartitwate lnvatkrial aldDan jnsreasedrpedtmbility of dépositiod withisi to 0. 2

psi. The fluid may.be J niroduc in a conti.nyous Or 10..pul sati.ng .node,

P e er bl y i 1Ry 106 St e tefide afy Bu DRACR 38 Fedife, BombR i oF e BRGPE wi ¢ ni n
t he t hes malvall€efihé Odtarfiftaiigs whilk hosSderithehtdlR AARPHCha bRdehéR tre@ehtifitigAas ed
residence tinme within the thermal reaction chanmber, wherein the gases are

reci rcul at rmal geastion chambase Gasey pentemplated inchidgeair, (PA, ongar-eigied pital and an
I ncreased Bﬁ%@&@zb@é%dﬁﬁerﬁ@a@&%gé% Nﬁ tRin the reactor. The fluid may
as su

I ncl ude any ficient-to réeduce deposition on the interior 15 walls of
the ceram c ri nfsintlodice fhod taithe vwaks of tHel therarfal mactiongunithfor phrsagertbrough teeat ment

io)r(] y;gﬁ- earlﬁ%@%mrgﬁ%?étio%nch%gm the Gnif th&RH £ g Egt 50 elflgaes i\'v[iﬂxin% ’
20  outer stainless steel reactor shell 60 (see, e.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



oxygen, ozone and inert gases, e.g., Ar, N2, etc. To introduce fluid to the
walls of the thermal reaction unit for passage through to the thermal
reaction chanber 32, the entire thermal reaction unit 30 is encased within an
20 outer stainless steel reactor shell 60 (see, e.g., Fig. 1), whereby an
annul ar spacW®20é/es3zxeat ed between the interior wall of PEEUSMO405@aCt Or
shell 60 and the exterior wall of the thermal reaction unit 30. Fluids to be
i ntroduced through the walls of the thermal reaction wunit may be introduced
at ports 64thaothethuddgdowithet ineriotiplate ofahe presens lmdlebtid(haRaf ar retiqdated fdamg. 1,

the interior, plat 2,0f the inplet _ adaptor 10 i, positi.one t or 5 within
t he ![ her mlal plragaﬂ"ﬁc#i“% if&i‘f‘ﬂ@timggg'oﬁ’f the | ROTES, & F‘I‘If’"@gcctelfaglh‘clfﬁ IPQ%O".‘“&I'&% \émur eI
that gasesemhdafihi ftdre théPora! andeRigh i vlociti fluid Gghédbioh ERdin fth ehtBe jetE & ON

where the inlet adaptor contacts the thermal reaction unit, a gasket or seal
42 is pref epdstaptigdlyseduced selatinet tadhmintasier plagpofctbe arpart, whijchis deveidtafdhe op
plate 18¢(s I O 1 gasket or seal 42 may be GRAFAOL(r) or
sonme ot hser ﬁ%}iﬁ?ﬁe}%egfréggudrl%]oﬁﬁ%g%?gi that will prevent |eakage of blow off 30
air through the Figp plAataadtH& ithistrate geior art theintal | readtion unite.andtthe nhdrmabi N a

backpressure behind the ceramic rings for gas distribytion. Figs. |, OA and |
OB show t he™3EHATGHRY! Bfcopling {Q g#a?’é“ﬁﬁﬂ"&?“%‘n reSpPRRivEly- aﬂtcai‘ esr"i”githat fi&te and

an interior bifidip i@ Shdier bh b IRGRRtwdlRVSNhe QRermaf $d¥86G4H Ut Yof thd can be
seen 12 WD 2006/ 053231 PCT/ U520051040960 that the buildup on-the interior

pl at e of t hprepentinvantiomis snbstantiall eedheed ralatien fodrioaretdhdraahreagtiontumitwalls. f | ui d
emanati pg f e , i ; ] i : M |

emanat i rlig f E%ﬁ##eapgg{a@ aﬁ%g{ eﬁfo&@é%c&%%&é?{xy&%ﬁ:g%éilgrogggtﬁigiri]‘faﬁe&gj riihlwnéeI t}éee nt er
jet) is sulbmérimtwalls lof theetiommed reaetiai unieistreduché by rat drastai0%| meferably dtherspri or

art, which is devoid of t 5 novel inprovenents disclosed herein. Figs. |
" and 116 {PYARDH e PRy 4F ot PR EACRTIOh 30 AP LS OXRANE RS SHOAISR]
reaction unhhodtePEMuBS ga® the present invention, respectively. It can be

seen that the buildup of particulate matter on the interior walls of the
t hermal reacti onDawpstream phdhe ghermeh reactiom rehpmheri & dupgtenrquenshing megug ed

relativest o i tath ' i I 1 ' tus and
met hod gscpﬁ%ﬂéﬁ{eﬁgﬁet{i%}&% e ugFrlr%ﬁI?é h}g#"%grlg?\gglcaﬁgebﬁ‘ﬁ up éé@?ﬁgapial% erior
wal | s of thegteises fradn the detmalreactionh chambeedThe dvatey qaénchingahean® aypneiderabl y at

st TO% S TR B LSRN 1 ALy SRk At Sl o R L
reaction chagebf Giena TWat & al g efitledi “Gals PRRBSing System Comprising a Water Curtain
for Preventing Solids Deposition on Interior Walls Thereof,” which is hereby incorporated
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



15 positioned in the | ower quenching chanber 150 to capture the particul ate
matter that egresses fromthe thermal reaction chanber. The water quenching
means may include a water curtain as disclosed in co-pending U S. Patent
Application No. 10/249,703 in the name of Aenn Tomet al., entitled "Gas
Processi ng ¥R¥WPBIHprising a Water Curtain for PrevenPCHES2081/944260
Deposition on Interior Walls Thereof,"” which is hereby incorporated 20 by
reference in the entirety. Referring to Fig. 1, the water for the water
curtain i sand HXy andiather nigkel-based allays sughcps\iastetoy: By Bai ¢ G825 G226,fGA0RRAS, wher eby
t he water @gréﬁméﬁorbs the heat of the conmbustion and deconposition
reactions occurring 1'n the thermal reaction wunit 30, elimnates build-up of
parti cul at e natlnhgractioe,telfituenadses eftertthe theomsd reagtiom cheinxtgr 32 fmmbatrieakbone and

absor bs wai er sol.ybl ¢ gasepus products .of the, deconposition apd 25 '
conbust i on’ “ééﬁ?‘i"g‘ﬁ‘s}“ g‘.eg‘.“f,%t &%’.tor » "é‘f’ct}'e 'fBS/é’ﬁgcﬁPth'f’%ﬁrf TR o thShehost
ceram Cs I'l RActAQhamBdr 32Gron\&l leasforid bilthe? jet13, (€ Bilot fanfd of thel ented fek 188y be
positi oned between the bottom nost ceramc ring 198 and the water curtain in

the | ower u§¢dnieignitsthe bura¢rejetshly of tthe inlpl adaptars creatings fheemalngadtivsunis t he

t hr ee- di nepsj r t bgt r aAlhinefl N g .. A Ci | ar
ring, so t%grlpg@aﬂ{r%s{ ﬂﬁgrgﬁcggsﬁﬁ%t&ggﬁe%ﬁsﬁ)on gg?b%) Fh ?-R%%E%lt Eeg‘ccr?oh{sr yceram’ C
ring. The fhhilitdtel decmynpbsitiorc ofthe refithieatigdseothatisrg prastmtrwitin theatheriml vattionr and

corrosion-resistant and th |1y stagble inclydin ut. not. . lim.ted to:
Soai meas et W inatiirpast Bledfiatine e e wnded S BiioViuiedalun B oner (1)
600, 60d. prbdencOébthe Gilokidint miRfire. /R préshire Sthin the (RPmalMOdctidn cHdidber (92, 13
WO 20061053231 PCT/ US20051040960 and HX; and ot her nickel -based al | oys such
as Hast el | #y2 gnggfromcabagp 9,5 @ay®, abophd@imprefeqgbly slightiy submospharipreskt i ce,

effluent g t | reaction chanber 32 fromat |east one inlet
provi ded i %ﬁcﬁﬁ%@?% e*o %gléttp(‘{t%b;@o, and the fuel/oxidant m xture enter the
thermal 5 reacFéllwiedderbmpositibnidoatbustion) tha sffluentgaeesrpasy tojtied lodver chambepi | ot

flame of t center jet 16 is ysed to ignite the r j ets , 15 of the inlet
adaptor, ol ShmprEa kR e TR el % i Syl thefoief et sy abou
500C t g5 abgnibit? @eHdsition NT PirSculdte TRfeRlonl @€ waIRCi Il isatentélRplee Qhatt oxie of the
ef fl uent gases that are present within the thernmal reaction chanber. It is

al so possi Brdculpamattenandoyatenrolublegesessman broregoved fromsthe sy Sepmasingthd n the 10
presence of,, WE&u{dﬁFhéé?Xhﬂﬁ{é}d ﬁ-ofmwgle@ﬁa@ea%m'sgmgﬁg nidifd (%Y
er 1s .5 a bbu

reaction cha I'n a range from about Mto a atm preferably
slightly smagtbeyesitienddcwitlin ghe, lowab quenching 8haber {160 advoodl the 94 siteam, and

remove the particulate matter and water soluble gases. Cooling the gas stream allows for

P

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



e o

"~ Fol | owi ng deconposition/conbustion, the effluent gases pass to the |ower
chanber 150 wherein a water curtain 156 may be used to cool the walls of the
| ower chanber and 15 inhibit deposition of particulate matter on the walls.
It is contenplated that sone particulate nmatter and water sol ubl e gases nmay
be renoved frnwonddeesysas stream using the water curtain 1p@1/uS2uos@beo
downstream of the water curtain, a water spraying neans 154 nay be
positioned within the | ower quenching chanber 150 to cool the gas stream and

remove the Rpbipofdidddinto MR 518E1d002 WhicR 'préhtsbivte) fomS wetiag | thé Gotb-rg@s St ream
allows for 20 the use of |ower tenperature_materia wnstream of the water

he ! s, d !
sprayi ng nme&¢aMihEREIHS ap dgsribed) hessinabever Thepl sﬂ,@g ABaysinglide B8Ry 88 t he
| ower quenchjdag: frard tﬂF% . ar_al ively
may be di regdtlfggleﬁ(;@ggﬁ{cf_i gﬁﬁ)tn roégjtlfrent lrjhfi%l.&sbﬁtlhgc ud%?ﬁﬁﬁtmgﬁlﬁ{eiqﬁlited to,
| i qui d/ | i quidetrisentalipiaffgetinghthe i deadmposdionr treateenitdal saidsmit. ptGases, contamgglated aps,
el ectros%at LC.precipitators, an cl ones. Foll og;i.n jassage t?gﬁugh t he 25
thermal Peall4ds AintPAaRYYEEENT iR Eh PR AR BFhebe E¥affon of
the ef f1 uenbper@@sie gas is indérihi@indb injedded Bwugle R Kaiife linled 206,an@ egits a Ve thid han 1
ppm Specifically, the _apparatus and nethod descri bed herein renpves greater
t han 90% of Shithd4thatiis Pesitiqngd parallel sathsriaterier wathof thetthermakreaction chamber 32.
appar at us, ) . r H:ﬂ,g : 99. 9%
30 In an al ltqglrﬁgﬁg%lﬁsé%e& egg?ﬁg‘g%{agglggéger%gﬁ?gﬁ%&Eﬁﬁfﬁ%ne ﬁh&?ﬁl@? he
thermal  r eéeforerany depositébpasticulatgmattertfrogn the Aurfidewf theristyridrevdlnt ermittent |y
injected,into the air knife inlet 206, which is situated between the
bottom nbst ceramic ring 198 and the water quenching nmeans in the | ower
guenchi ng clmg%k 150. The air knife inlet 206 may be 14 a WD 20061053231
PCTI US2005/ 04 incorporated into the shield 202 which prevents water from
wetting the bott &fnSpronstraie thejabatemeny effpstivencsfc 6F rﬂi“’oéﬂp'ﬁé?cgiﬂ??&‘ﬂ@)‘\/&ac‘%e air

knife fluid j de [ Ci i1 LR e
ot er i or vl T Aok ety a3eHeoexpBinchs ok pbifr 45 RuGRY 1he ERRIcARy o

af fecting t labatcleerd mping sdid thermalaeactoenit cambe sel that greateGhaw 89% ofithertest gasesl 5

i ncl ude ;air, CD, xygen-enrich airn, o en, 0zo i nert gases, e.g.,
Ar, N2, lgtc.wef%é%a§gé¥lggira’gr‘}fnpﬁoé"ggﬂ?"f‘ﬂtr%afcﬁ’%sé;mmminﬁﬁbgegﬁed t hrough the air
knife inlet 206 gestgaxi tsia Vidwratddlm S| it 2QgUéikat 1S posiprREMgd paral l el
to the interitor—wall of the thermal reaction chanher 32 Thus - _gases lare

directed upwards &hBng the wal | 200 the fdirecti®h of tHe arPd®d%n Fid. 12)
to force any dep()‘{isi;sed I Thtﬂ‘?{tdﬁ et ter—f rurn,ishbr Surflace” (;fgg‘tg'u%i mteri or
wal | . ) )

NF3 2.00 33 T >999%
SFe 5.00 40 99.6 %
CF4 0.25 86 99.5 %
CF4 0.25 83 99.5 %

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



10 Exanple To denobnstrate the abatement effectiveness of the inproved
thermal reactor described herein, a series of experinents were perforned to
guantify the efficiency of abatenment using said thermal reactor. It can be
seen that greater than 99% of the test gases 15 were abated using the

i nproved thermal reactor, as shown in Table 1. Test gas Flow rate/slm

Fuel /sImDRE, % C2F6 2.00 50 > 99.9 % C3F8 2.00 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:
Resul ts of abatenent experinments using the enbodi nents described herein.

Al t hough the invention has been variously described herein with reference to
i |l ustratgivgnvebodi nents and features, it will be appreciated that the
enbodi nents and 20 features descri bed herei nabove are not intended to limt
the invention, and that other variations, nodifications and ot her

enbodi nerts @i thermalaatsmaniggastor fardpaeringsraligtant o wasteqzas the fregral | in

the art, bas i d erein. The invention therefore is to be
8 at%ﬂwt Fedbta dgﬁb'r’\;msff? ,

broadl y construed, consiste the clains hereafter set forth. 15 CLAI M5
1 A thermal abat eawmdrmradagdationfumit coenisingy pol | utant from waste gas, the

thermal abatenent reactor, conprjsing: a ther reaction unit conprising: an
exterior wall having aa'bf’ﬁ‘ieﬂf)f WQI'ZLPV%% UP'@?‘?@S‘?Q@FE%&@@@%@&%@ ui d
therethrough; a por guyy eféftdughnteri or wall defining a thermal reaction

chanber, wherein the interior wall conprises at least two ring sections in a
st acked arrangenent; aa@ pbexustcesamicvatarior yad definieg 4 thefinal rwacthomoindroben, on wi t h

e et ST ) OB SRS R ten s ond =
stacked arrangement;
at least one waste gas inlet in fluid communication with the
thermal reaction chamber for introducing a waste gas therein; and
at least one fuel inlet in fluid communication with the thermai
reaction chamber for introducing a fuel for use during decomposition
of said waste gas in the thermal reaction chamber; and
means for directing a fiuid through the one or more perforations of
the exterior wall and the porous ceramic interior wall to reduce the
deposition and accumuiation of particulate matter thereon; and
a water quench unit coupled to the thermal reaction unit and adapted to
receive a gas stream from the thermal reaction unit;
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.

2. The thermal abatement 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.
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reacti on chanber for introducing a fuel for use during deconposition of said
waste gas in the thermal reaction chanber; and neans for directing a fluid

t hrough the one or nore perforations of the exterior wall and the porous
ceramic interior wall to reduce the deposition and accunul ation of
particul ate matter thereon; and a water quench unit coupled to the thernal
reaction unit and adapted to receive a gas streamfromthe thermal reaction
unit; wherein the total nunmber of perforations in proximty to the waste gas
inlet and the fuel inlet is greater than the total nunber of perforations in
proxi m tYs 00 1A AR AarINeREN rbBbtbr ofcialfs WEMIneRBl BRRof fafihas of claim
1, coupled in waste gas receiving relatiohship to a process tacility

sel ect ed fropetfbmtigns tipatpoodds i prgsafre @rors ecnoss tithu thieomahesaefiac Lnit ohg pr ocess
facility and a l.iquid cr | display (LCD) process facility. 16 3. The

t her mal abat@ﬁﬁﬂ?g$éaé§@ﬁ?@3‘Fﬂain11, wherein the netal exterior wail has
perforations that provide a pressure drop across the thernal reaction unit of
greater than Tabakérnthl hbBtdmert-reddter bhabimH  @hatepii theaastrebct®dn Ghigism 1,
wherein the thermal reaction unit is adapted so that nore fluid flows

t hr ough t he Bdrpied socthahinere Avidiflowrs theaughithe perass earemia iterins Walldee gas inl et
and the fuel ol i r.Qxi. o f : o ni he

t her mal abat gh‘%}!ﬁ'ﬁtyﬁeé;@{éo\&g%tg @ééﬁkﬁ% %na \f/'\}?e#rag{ i manaﬁupﬁggﬁl t%h? ?(r?gt;él;secti ons
are conpl i meguentt unit.oi nted for connection of adjacent stacked rings. 6. The
t hermal abatenment reactor of claiml1, wherein the thermal reaction unit
further conpri s a porous ceranic te posjtioned at or within the interior
wal | of Ehe ThRaerd ABRIAMER ERctAn Bl Hoim . Wheied! e SIdet WA OSesoes pi at e
encl oses one ofnoMbiidRhthrly 18I fdr LBRhbARNCTAHRRIent Stackbe ribger mal abat enent
reactor of claim®6, further conprising neans for directing fluid through the
porous ceram c plate to reduce deposition and accumnul ation of particul ate

mat t er t Her edhe tBermal @betement| reagiat ehelaim  ewbewin de tbeemah reactian umier
e M9 U Boriifiseb B Al coPIEMULS BLLABnA Lo Mfinh S THbrid: St | o

chanmber, wher
of the thermal reaction chamber, and wherein the porous ceramic plate

encloses one end of said thermal reaction chamber.

7. The thermal abatement reactor of claim 6, further comprising means for
directing fiuid through the porous ceramic piate to reduce deposition and

accumulation of particulate matter thereon.

8. The thermal abatement reactor of claim 6, 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 through 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.

9. The thermal abatement reactor of claim 1, further comprising a water resistant

shield between the thermal reaction unit and the water quench unit.

17



proximty to the at | east one waste gas inlet and the at | east one fuel
inlet, and wherein the center jet is adapted to introduce high velocity
fluid into the thermal reaction chanber through the center jet during
deconposition of the waste gas to inhibit deposition and accunul ati on of
particulate matter on the interior wall and porous ceramc plate of the
thermal reaction chanber proximate to the center jet. 9. The thermal

abat enent reactor of claiml1, further conprising a water resistant shield
between the thermal reaction unit and the water quench unit. 17 10. The

t hermal abgtement, reactor of claiml, furthe onprisi.ng an outer reactor
shel | havi hy a B&U?%?*%rag’&é‘%’a?“‘sfﬁéﬁmPEF'@WBrF%Kﬁnengomé'ﬁ'gﬂr?”aﬂﬂﬁmﬂc space
is formed betswerRalifg ApUSREr fedRfdrGhel MRbfior WHIR IWHFeinadn ariifartdpRicexd eri or
wal | of the thermal reaction unit. 11. The thernmal abatenent reactor of

claim 1, wher doimechbetieendhe putpideagiot shejdsterionwall angddhe extetioewalof g | | and
wherein the iqttlma?rre 'loh dn‘?‘t coated with at | east one |ayer of a coating
material conpriding a fluoropolyner. 12. The thermal abatenent reactor of
claim1l, wherein the porous ceramic interior wall conprises a reticul ated
ceram c i nteriThe thairhal abaterAehiveactlr obblatre tenheraatieoat IBast orenwastegyasol | ut ant
fromwaste gas,, the thernal atenent reactor co ising: a.thermal reaction
uni t conpr i o nel B @R PR S AnCHIART R (66 BHEHGH Waly Sofoaes Mish 2 6hRb 0y
passage of a |afdticf alddRNiRY S REEM; comnRRIRYS AIGSIRBIymdrnt er i or wal | defining a
thermal reaction chanber,” wherein the interior wall conprises at |east two
ring sections in a stacked arrangenent; at |east one waste gas inlet in
fluid conmisi cdw tharmgltabatemaent neaetpaiof clala tli whetgiaeporoys ceramigdiieriag a

the thermal 1 it rosiPest s ARl R e ot ' or “use Guring

deconposition of said waste gas in the thermal reaction chanber; and neans
for directihg AtHermatiabdtemephréautordoeremovimy polptarhitdrarh wesse gés, theheeriabr i or

wal | and the pa ra(t)eurﬁer(fter:agg?o(r: ci)r%tpﬁ;iingzr wal | to reduce the
a thermal reaction unit comprising:
an exterior wall having a piurality of perforations for passage of a
fluid therethrough;
a porous ceramic interior wall defining a thermal reaction chamber,
wherein the interior wall comprises at least two ring sections in a
stacked arrangement;
at least one waste gas inlet in fluid communication with the
thermal reaction chamber for introducing a waste gas therein; and
at least one fuel inlet in fluid communication with the thermal
reaction chamber for introducing a fuel for use during decomposition
of said waste gas in the thermal reaction chamber; and
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;
a water quench unit coupled to the thermal reaction unit and adapted to
receive a gas stream from the thermal reaction unit; and
a fibrous material disposed between the exterior wall and the porous

ceramic interior walil.
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deposition and accunul ati on of particulate matter thereon; a water quench
unit coupled to the thermal reaction unit and adapted to receive a gas
streamfromthe thermal reaction unit; and a fibrous material disposed

bet ween the exterior wall and the porous ceramc interior wall. 18 14. The
t hermal abatenent reactor of 13, wherein the fibrous material conprises
material selected fromthe group consisting of spinal fibers, glass wool and
alum numsilicate. 15. The thermal abatenent reactor of claim 13, coupled in
waste gas receiving relationship to a process facility selected fromthe

group congj s ) and a
liquid cﬁ?stgreg angfb?ﬁé&@’}g?@%géfs am%g%%éTgr&‘[ﬁh%gfeﬁ é‘tglllnbIlI %%terrent
react or of cheatenid3elestet Fom thberow ed>n3ﬁ¢trxgrof@|pmmhbeﬂsaglaspwdcmaad| ons t hat
provi de a pre sure drop.across the thermal reaction unit of greater than
about 0.1 psnaunl”?”m'lﬂlépqt?rer mal abatenent reactor of claim 13, wherein the
thermal reaction unit is adapted so that nore fluid flows through the porous

ceran c i1¥, emhgrthdrial albaterﬁémea&tbyoﬁ@aw¢3vaﬁ8p¢e<ﬂ@s~a§tb@tasaeéemhg fuel inlet
than in proxinmty to the water quench unit The thernmal abaténent

reactor of clrelatiensdip ttha pegoess facilily seiegtad frem the gepupseansisiing ddae
| Th
Chermal abat SHNIYSHAIEER sleyrSQIARE SRS Pladify ARFRBIEESE s wetd

further conppreessdaglityous ceramnm c plate positioned at or within the interior
wal | of the thermal reaction chanber, and wherein the por ous ceram c plate
reaction hermahhabatement

encl oses e al d t her.mal
react or I@P%‘T@“a ReNtIBATPr gfﬂaa%ﬁn\gﬂb@fn th@l ’P@@ﬂ Pﬁ@”'f’f Yed P8Rr ough
the por OUS c ﬁB?aQuoHﬁ?ﬁ:ﬁ drwaé%%ésélﬁgﬁbé ?%s@'ﬂ‘i’e tt%%'ém!a%hbx%n%f

particul ate tter thereon. 21. 'The ther abat enent reactor of claim19,
further conpgreatenthancaboutd.fjesi. in fluid communication with the thernal
reaction chanber, wherein the center jet is in proximty to the at |east one

wast e gaSﬁ nIT'F:te tﬁ@rqnél g%a%[mér?ta}ggctgngf élgl:ﬁll 151 ﬁéreln ﬂ\% thermal reaction unit is

adapted so that more fluid flows through the porous ceramic interior wali in
proximity to the waste gas inlet and the fuel inlet than in proximity to the water

quench unit.

18.  The thermal abatement reactor of claim 13, wherein the at least two ring

sections are complimentarily jointed for connection of adjacent stacked rings.

19.  The thermal abatement reactor of claim 13, wherein the thermal reaction unit
further comprises a porous ceramic 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. The thermal abatement reactor of claim 19, further comprising means for
directing fluid through the porous ceramic plate to reduce deposition and

accumulation of particulate matter thereon.

21.  The thermal abatement reactor of claim 19, 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,
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and wherein the center jet is adapted to introduce high velocity fluid into
the thermal reaction chanber through the center jet during deconposition of
the waste gas to inhibit deposition and accunul ation of particulate nmatter
on the interior wall and porous ceramic plate of the thermal reaction
chanmber proximate to the center jet. 22. The thernmal abatenent reactor of
claim13, further conprising a water resistant shield between the thermal
reaction unit and the water quench unit. 23. The thermal abatenent reactor
of claim 13, further conprising an outer reactor shell having an outer

reactor shell jnterl I r.el : qf'@g LS ~isd QI ween t he
out er reactor dgﬁe@fér?htﬁ{r@iégpté\’l@ﬁ 'ggﬁae@ﬁggéqﬁtﬁlﬁcgr Y%IBB'T“; ﬁﬂ?ﬂ?ﬁﬁé mal
reaction unit .théHnal Téactioheshamiberltidioagr tite cestet jat dofing HacompSsitigief tien t he at
| east one waste ?as inlet has an interior wall, and wherein the interior

wal | is coat ed'3qt® Aagto nbit depgsitionand acgumplation eiRarieiiale At RbiNesi ng a
f 1 uor opol ymer .inigger wa@aha%)ﬁus AhahFBate 6ARE T |r§é&i‘oﬁ‘c¥émd@?ere! n the
porous ceram c I nterior conprises a reticulated ceramc I nterior wall.
20 proximate to the center jet.

22.  The thermal abatement reactor of claim 13, further comprising a water

resistant shield between the thermal reaction unit and the water quench unit.

23,  The thermal abatement reactor of claim 13, further comprising an outer reactor
shell having an outer reactor shell interior wall, wherein an annuiar space is
formed between the outer reactor shell interior wall and the exterior wall of the

thermal reaction unit.

24.  The thermal abatement reactor of claim 13, wherein the at least one waste gas
inlet has an interior wall, and wherein the interior wall is coated with at least

one layer of a coating material comprising a fluoropolymer.

25. The thermal abatement reactor of claim 13, wherein the porous ceramic

interior wall comprises a reticulated ceramic interior wall.
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