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METHODS AND APPARATUS FOR PROCESS ABATEMENT The
present application clains priority fromUuU. S
w@e@silsioonal Pat ent Application Serial No. 60/BODUSM06/023061

filed June 13, 2005 (Attorney Docket No. 10324/L) ,

which is hereby incorporated by reference herein in

its entirety. FIELD OF THE | NVENTI ON The present

i nvenMETHODS aiNgs AFERRAAIUSy RGR SEROCESRI KB OTENENT ce

manuf acturing, and nore particularly to nethods and

apparatus for abating sem conductor device

manuf a S PRI 3 c BAGKCROUND, E

Fluoro?grbéﬂgachlorof Iuorocarbon h§ﬁ?%¥§%%§¥ bH&ﬁ»b >
ProwﬁﬂﬂanaﬂLRHﬁeni(ﬁpﬂkﬁ¢ﬁ¢@9@a%%%l@¢éN®se@0/ﬁ90034@orﬁ%hed

sundiF, YR Dol P, THOY AL ELPL, LY 8 ey

incoﬁmmﬁeﬁy aF f d 141 e t}oefwmnsn aels h@zzm;d@uy. to the
environment. In addition, they may al so strongly
absorb infrared radi ati on and have hi gh gl obal warm ng
Fapech@l |y notorious are persistent
i P@ds or perf | uoroconmpounds (PFCs)
whi ch diree |omepdntv ed)vatiede at ¢ jase aby enevapbunts t hat
have. | ifetimes, often ceedi ng t housands of ars., .
semiERRES I B of° FCK BT e Ko Ko T8¢ AT Bop et (RRIFLY £
me thidafadda@et hane (o2R3at Doy f sdmDEosyet obut aseicE
F8), dif luoromethane (CH2F2), perf | uorocycl obutene
manWﬁéqﬂﬁﬁlng;ﬁﬁ%ﬁPmQRﬁopropane (C 3F8), trifluoronethane
(CHF3), sul fur hexafluoride (SF6), nitrogen
trifluoride (NF3) , carbonyl fluoride (COF2) and the
BACNGHO&NDNQErmﬁErﬁﬁﬁﬂwﬁiaNgas is nmol ecular fluorine, F .

Ext end osure to e as 1 C
bahar atdsRPSEsel © A ot o oed BP B bRt oF S Pagcennd
othelr0 MAfbAig¥d Cccfr@lfam‘hlrﬁj eyd 985 | yre ehfbdenhs 6pntarnédlas a

F2 have been . .
byproduct during, the manufacture of active and passive

electronic circuitry in process chambers. These gases are
toxic to humans and hazardous to the environment. In
addition, they may also strongly absorb infrared radiation
and have high global warming potentials. Especially
notorious are persistent fluorinated compounds or
perfluorocompounds (PECs) which are long-lived, chemically
stable compounds that have lifetimes often exceeding
thousands of years. Some examples of PFCs are carbon
tetrafluoride (CF4), hexafluorocethane (CyF¢),
perfluorocyclobutane (C4Fg), difluoromethane (CHzF;),
perfluorocyclobutene (C4F¢), perafluoropropane (CsFg),
trifluoromethane (CHF3), sulfur hexafluoride (SFg), nitrogen
trifluoride (NF3), carbonyl fluoride (COF2) and the like.
Another hazardous gas is molecular fluorine, Fj.

Extended exposure to as little as 1 ppm of F; can be
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exhaust ed through exhaust stacks that are sufficiently
tall that the concentration of F2 in the air that
waleweasidsl1 to the ground i s bel ow regul atory | eR€1/5S2006/023061
However, this technique is less than ideal from an
haza%HXh?O”HﬁHtﬁ' fé@ﬂg??i@ﬁltagg BE%Q%HG@ﬁSbEaglgu%%o@o non-
manu écturlné standpoint in tha e vol une
toxitlﬁormaateﬁrgasopsmgesséflmhﬂﬂxgenmwmaxnﬂﬁg|E§ hiaviet &cten
by the _height o f t exha st ck._Thus
exhaddcefop R EoHghn e i asbrok o Ao IS A K Ly tall
thatl @HHC@ohBSnB%@&QﬁU%fg% Qﬁntﬁet a@rf takktl ueBtends to the
especially effluents containing F2, that may be

groupgd| éasbElPNokrprbRESEYCRaTisdss.  S\IWANRY OF MHHE technlque
is 1%%%’5‘&%9\'152&1? E%Bﬁﬁt 35 REGL %fa“?%qe fslec.‘rétsr{a%ba a{rfé

enent “apparatus I's provi
alsoappaeaﬁmsbﬂecﬁudﬁSa(mhnamaEUutﬂngnsuﬂndpdmhnnxniﬂhnt the
ecelvg%an effluent stream from a_sem conduct or_devi ce

voluRgnff altHPFRGRERINEES, PESFeS SRS P atdin T b er 6ni t

llml@gapb?dth@ h@Q@hVeth%h%f%MW@Hsﬁ“éﬁ&Hﬁfr(ﬂﬁdéﬁi1t is
oxi dation unit; and &3) a catalysis unit adapted to

desirabépveot havef fbnene tuisr eas med;rhqdﬁe tatstcagategduce the
hazaBGRHROGEUDbhe LD BeSeGoad AzRect Ol dha vanii o, &

Second apparatus i's ﬁrov secon
contahat egert, appsr abass backelleaséd) fabmoyirdatisen chbirbers .

adapted to receive an effluent streamfrom a

sem conduct or devi ce manufacturing chanber and to

sumMBR&t 8rt hgpetfi/Rftofgt ream (2) a first water scrubber
ive the effluent streamfromthe

oxi dat Lonaufii tsandspecscrdb tiise igffanfemn star dams(3) a
abatéﬁ%ﬁ $§5§ tégrggbﬁ%o%gbg ada%&Fdﬁlrgfc teﬁen
uen I‘ ro |

eam r'st "wat er "scru and

appakatsaer ihclbeaeef fill peah &&ﬁdamuo®4hnaﬂﬂﬁdﬁgﬁﬁd5ﬂﬂﬂﬂecelve
ted to receive the effluent streamfromthe second

ada
an e%%E?HECFEBE@W GRPT &ndePdaraddating S irehmaRiemhuring
chambe};a (bhi pdeyaker,seewbRer Wit unit adapted to receive

the effluent stream from the oxidation unit; and (3) a
catalysis unit adapted to receive the effluent stream from
the first water scrubber unit.

In a second aspect of the invention, a second
abatement apparatus is provided. The second abatement
apparatus includes (1) an oxidation unit adapted to receive
an effluent stream from a semiconductor device manufacturing
chamber and to abate the effluent stream; (2) a first water
scrubber unit adapted to receive the effluent stream from
the oxidation unit and to scrub the effluent stream; (3) a
second water scrubber unit adapted to receive the effluent
stream from the first water scrubber unit and to scrub the
effluent stream; (4) a catalysis unit adapted to receive the

effluent stream from the second water scrubber unit and to
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adapted to receive the effluent streamfromthe
catal ysis unit and to scrub the effluent stream and

w@ 8)ocasfoourt h wat er scrubber unit adapted to rBCERUSB06/023061
the effluent streamfromthe third water scrubber unit

abat@thEoe%%ﬁﬁ%n%h%tQEEEHeQE%SBr%ﬁHE&'%é%éf“§é§&5ﬂ§?tuﬁqt
the i nvention, a nmethod is provided for abating a
adapgasedus reasties ttheamifdil vansesitecenadudimam dehd cmtalysis

| factur| tem_ Th hod i nc 1
anity GO0 FEnGrHD Sheoud NASte SEEPER ) bat R

wateFAERAUPHERS R 1%t heRPted &b @%l-datkon HhameriedB)st ream
scrubbi ng the gaseous waste stream after abating the

fromgideo s iwgls e tetr sgmubkethandki @aadi de crarferthq 4Hffluent
stred ating the gaseous waste streamin a catal yst
chanber; and (5) scrubbing the gaseous waste stream
after ahati ngitdie agasedus fnwatke istieeaihd tahencaiad yiss
chanber. In a fourth aspect of the invention, a method
provilgepy d¢id é‘gaftéhngf Gr FRRGOHR YBACENEMT A tma The

semi®hled tiorclyedes o hhnRFavidirAg g2 shishHn abatrimeit gyt em
havi ng an oxi dati on chanber and at | east one scrubber;
inclg@espr(dvi diewglaisgcone gbseomsnwasyst emhdeaving(d abating

cat al ysi ha r._and.at _| east .qn cryhber: angd,(3)
the i Pé%r%ﬁ%tfgg% e lgn nsé%&ﬁ tgﬁh é#%ﬁ?“%?st SO
scruddihg ftoremgassiongl &aahat efreabmuaift dm aditchh@ testeaseous
streamis abated wi,thin the first abatenent system and
wastengh tGefhilh the S8L6AFI8PaCERBRE Sy st¥emadinetbudie

gase%h%e%a%%%e%E§e%h3iﬁr%ng%giygEh%ﬁaﬁﬁﬁhHr%ﬁuﬁnﬁnaspeCtS
of the present invention will becone nore fully
scrulpppadenhef gemerhs Wolsltewstgednt aiffted ddsdring itdre gdmeous

e RBRIEA SL AL AU e Segapany 10 O an g, O EF

di agr amnot &olirttst agxedpl afythe invention, a method is
provided for forming an abatement system. The method
includes (1) providing a first abatement system having an
oxidation chamber and at least one scrubber; (2) providing a
second abatement system having a catalysis chamber and at
least one scrubber; and (3) configuring the first and sgcond
abatement systems so as to form a single abatement unit in
which a waste stream is abated within the first abatement
system and then within the second abatement system.
Numerous other aspects are provided.

Other features and aspects of the present

invention will become more fully apparent from the following
detailed description, the appended claims and the

accompanying drawings.

BRIELF DESCRIPTION OF THE DRAWINGS
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processi ng system provided in accordance with the
present invention. FIG 2 is a schematic diagram of a
wo poosti3xenpl ary enbodi ment of the abatenent sPET/E82006/023061

FIG 1 in accordance with the present invention. FIG

3 is agside r.SReGt.i I;ew ate S

of Flcf%f'i%p%ﬁi%h%% §%€§%§|9?%8EE§C%ga%k%EQEtbééﬁﬁgiary
processed gs G yaseto ppooiiddel der wiccerdecesswiahathespresent
. oxi,dati on scrubber side of the oxidation systemin
inventifhidance with the present invention. FIG 4 is a

schena@t@.dbaqgaql@Eh@mg%qen@ia§%aﬁla&yae&ﬁggkhgﬁgmgﬁary
the abatement systemof FIG 1 in accordance with the
embogigeant ofnfast pORLePEGL Byissen 9EhERE:i ¢ dhagcanrdingrs

wichQFEVEQEQg tquggkqgggﬁof t he abatement system of FIG

ccordanCe w't e present invention. FIG 6
i Il ust Fates 3aischeratiec peirepeatiaef viel agpahat udatement

heati_ng_a catal yst bed provided in accordance with the
SYSthFeSént Heny nPoRDIERGE RS FPFégVFéFeQaSkQéﬁénﬁﬁﬁcb@?@w

movedf s8 secendpapRanat e fokehgatbag accat abust oBedation
rovided i n accordance with the present i nvention.

scrupper gide| @st thceoxadethenmasiystemewnofcgordande with the

ar - heating a catal yst bed provided in
presgggoﬁggﬁggg%ﬁfh the present invention. FIG 9

i I'l ust Fates 4aischerahetaviewddbgaamouft B appandt us for

heatin cat al yst bed provided in accordance with the
exemB$é§¥ngmgﬁ9éWFPgnPfFFéF #harsmgnscR¥FRENC Odi AgPamiofn

acco@Ba@¥empkanY tGEOBS cBeaE exGBARgen.that may be used for
t he heat exchanger

FIG. 5 is a schematic diagram of an alternative
embodiment of the abatement system of FIG. 4 in accordance
with the present invention.

FIG. 6 illustrates a schematic view of a first
apparatus for heating a catalyst bed provided in accordance
with the present invention.

FIG. 7 illustrates a schematic view of a second
apparatus for heating a catalyst bed provided in accordance
with the present invention.

FIG. 8 illustrates a schematic view of a third
apparatus for heating a catalyst bed provided in accordance
with the present invention.

FIG. 9 illustrates a schematic view of a fourth
apparatus for heating a catalyst bed provided in accordance
with the present invention.

FIG. 10 is a schematic diagram of an exemplary
cross heat exchanger that may be used for the heat exchanger

of the catalyst backpack and/or for the heat exchanger of
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of the catal yst backpack and/or for the heat exchanger
of t he oxidation systemof FIGS. 4-5 in accordance with
w0 b@oppsdsent i nventi on. DETAI LED DESCRI PTI ON TPET/US2006/023061
present invention provides nethods and apparatus for
[ e UG Oz 1deVi e Jranuf;
the %QéhaQQO%Igb%ﬁhglgﬁgsg%% |‘r%]:vent|rillonézﬁ“lt§}iI e enp oygg
presahat e nyemnfdiwor.oconpounds ( PFCs), hazardous air
pol lutants (HAPs), volatile organic conpounds (VOCs)
or other simlar materials generated during

DETASE/pC ordugirerr @svi ce nmanuf acturi ng processes and/ or
during creaning of sem conductor device manufacturing

equi pnEhe Presead pﬁ@@@%@é&laﬁdﬁpﬂkﬁhawﬁéwskassﬁhrated
R ey T

equiphaafa CWBr(HBBﬁMDk,, @hmmsmhemnyeaﬂ@dhaﬁﬁﬂjbeI ow
ressire CVD (LPCVD) metal CVD (

emp 10 Foa P EGEGWER L TS CORBAMAT Sy r G é)ég.rngla(@rﬁsous air

polluBhakt ,(Haks,) | rafoqraecl%ermlg%mcemg Gl dr esent
|nvent|on may 'be enpl oyed to abat FCs generated
otheetursnrﬂgltahrerr@tt@amad@ @TGD@I@WB%MM slemigiea dyc tear e
t \ 0 at e r.oved by
dev1§%b hﬁgczcluec Ff'%ro@: at| o%m?%er rf'gerl“% ctlyesrg?lsl% g)fb

semiwahepcsemudpwﬂgmteeﬁmmﬂamwuxingﬂﬂdmu@mywﬁmsuﬁh @3 My
provi de 99% abat enent efficiency on nearly al

proc?éﬁteéoﬁdﬁt/todr GREEGES BP5OGdaES Wﬁézlhudﬁlﬁ&“}ﬁl:@slhaﬂ&tﬁsi

chem@B4 1VEES o rERRQYSTRALS QlpEdYe)i NIRRT KON, TR
retrofitfted to existing products such as t

depogéntrol | &d gdecemsdsivt ipdr samad COY datDPéWD()GD@)ubsyst em
atmo%é% r%glﬁv% éh%%ﬁECQ%%§ %!V@%!on M%&%ﬁﬂ)CDBetal CVD

noIo gy of dsé or exanp
(MCVOY st emcimy ebpe taediiln @do\mtlhh aatdier e radadt @rreiie ssyYslgem

such
(RTP), implant, etc. 1In one exemplary embodiment, the

present invention may be employed to abate PFCs generated
during the cleaning of a CVD chamber.

In one or more embodiments of the invention,
abatement is improved by combining electric oxidation,
thermal catalysis and water scrubbing technologies. Such a
combination may provide 99% abatement efficiency on nearly
all semiconductor gaseous byproducts including PFCs, HAPs
and VOCs.

Embodiments of the invention may be retrofitted to
existing products, such as the controlled decomposition and
oxidation (CDO) system available from the Ecosys division of
Metron Technology of San Jose, CA. For example, the CDO
system may be combined with a thermal abatement system such
as the Trinity system available from Guild Associates of

Dublin, OH.
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as the Trinity system available from Qi ld Associ ates

of Dublin, OH Because water and electricity are
weapboaywdl f or abat ement, no conbusti ble or fl aP@EDEM®06/023061

fuel such as nethane or hydrogen is required.

Exenpl ar 0q] of t 1NV j r [

ol on oGRS deek, el ik Ay A udiEd AL

abateahkergt ino doagarnitflea dd ridianesdriid due lpraacgs A ngnethane
system 1Q0 provi,ded in accordance with the present

or hydredEions Wadtik&%rence to FIG 1 , the processing

syst emgLQGH1RGHUAEH RGNt ST JHLGESA NG 3P & 102
coupl ed to an abatement system 104. The abatenent

desogyidreembEdon sridduplede ntemcen tex FEH. 106 Q-e. g., house
exhaust)... The ,one qr..nore .progessi t0ql s-.102 na
i ncl udteE?IGf'ot1 elxsar‘?plsec,he zuocr Ctr:iLoar J:!ae C JL‘oc af J:esrzts,egemplary
procdeRaAsid iso tehamoer Hroariddie in keedoardase iwith the
sem conduct.or device manufacturing.__The abatenent ,
presendt dMVEL 1pky b@%l%%n&eaﬁ%ﬁ & & silngl @ HRIESsing
systehemlry i9ic1teRls e MY WM JHRERSS ihaRes AW/ Yupied
tools . As shown in FIG 1 , "'the abatenent system 10
to annelbedement owisdam dif ohamber B8 eseni e stem hed onies

r re _praocess tools. 102, a post _oxi dat i scrubber
Coup%fﬁlngguﬁlneg)%g%ﬁ%ceqoo% dget‘igdrf chat eere)%ﬁél,socg ‘catal ysi s
chanberrnkl 2reou et ted dite3esinoXxicdaly ar s edaipbiatc thide,

and a post catalysis scrubber 114 coupled to the
for exeaRSirs OWafefROLR? e4fd (e mBatsus tderys 1 BRhphaRPers,

or t%%bQQ&gpﬁk&'%@éEY%‘Qgﬂ¥gdﬂﬁhé%yyﬂﬁaﬁfggiméﬁﬁﬁacturin .

oxi dati1on scrubber 110, catal ysis chanmber 112 and pos
The ehrdleysing sysiiserl 0¥l e adesyrlidied! el abatia lp single
refer eratiaon, one

o R e s &7 hte O S G By o Dlees A/ oF
tooltsqol (s) 102 and are passed to

As shown in FIG. 1, the abatement system 104
includes an oxidation chamber 108 coupled to the one or more
process tools 102, a post oxidation scrubber 110 coupled to
the oxidation chamber 108, a catalysis chamber 112 coupled
to the post oxidation scrubber 110 and a post catalysis
scrubber 114 coupled to the catalysis chamber 112 and the
exhaust 106. Exemplary embodiments of the oxidation chamber
108, post oxidation scrubber 110, catalysis chamber 112 and
post catalysis scrubber 114 are described below with
reference to FIGS. 2-5.

In operation, one or more gaseous waste streams
are produced by the processing tool(s) 102 and are passed to
the oxidation chamber 108. For example, the gaseous waste
streams may be generated from an etching, deposition,
cleaning or other semiconductor device manufacturing process

performed within the processing tool(s) 102. Within the
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t he oxi dation chanber 108. For exanple, the gaseous
waste streans nay be generated from an etching,
waleeasion, cl eaning or other sem conductor deeT/T82006/023061
manuf acturi ng process performed within the processing
; 1 {38) clBf e W ihin 1 h I I 0 anpe ;
OXlCIragglgéer?]t? suc%]y\llais61 yd%oggﬁégl?{.é’ c%ﬁ%ﬁn‘g‘g &Y%%ggggh S
comlgiassd usl tasé £clst g esevandwa hee r esnbdmnand xhar eessltant
. Jheated to an appropriate tenperature and converted to
mi KRR, S (1Rt 2] € | OF rPPEPP BXaRpI BeTRSEatize and
conBHAGENEOTH ahdt &0 BaSt ABYe beo sANDI REE WhERp BT €R9RAT ogen-
such as hydrogen to produce an acid gas (e.g., HF for
conlfgiyoihegaHanay dee ctdmpined wiwhi ehreagenheaupb as

emy bing. wthin th ost ,axkdation .
nyaLBIEY S, B D I s 1 B0t P g
for agidl oG8 mpywibiects i ma | athyn abat ednoxe@nplasyropagegt ®ithin

i ncl ude, for, exangl hyd{ggen,%{tj drocar bons such as
s

. €, :
the RAHarfei9h opames chidehe al nmal kARG, PY¥Fpphoric

mat PVLRN, MBEETYAPRSes ahePhod . sehleLs1ycabstym
conmpounds, am nes, m xtures of these gases, |iquids

and/ or Bunpkarandeadent s kenchiddoufbr oekernpieagentdsogen,

e used. .Exempl ar enperatures for abatenent
nya R o e D e S e Bt € P Eahe ™ 550 st -
ammdrieat abl e, fatygen angerér onapbout aboOhodD, 950h8Cs, calcium
al t hough ot her tenperature_ranges nmay be used, Wthin
COMRHI ys t AT et i SeF bRt HADSS sHPFES by bt BULEE s2BR/ OF

soli¥d datdon & fi ke S gthc\!@@a &tked ré‘&djgﬁtyﬁqféf?trbe used.

particul ates nmay be renoved from a gaSeous waste
Exemgtlragam t fFrare exanpt e, foheabebenenn ahdfdyocomespsion of
chlorine with hydrogen within th xi dati on_chanber
gas Mo Gt o JRe S eho et f O hed T RARC nfoBe
abouteranded i nater scthbbingothd hi ethber POste OXbAGES ORay
scrubber 110. After being scrubbed wthin the post
be uSG%ati on scrubber 110, a gaseous waste stream enters

the cat@ly$i$ the post oxidation scrubber 110, solid
byproducts of oxidation (e.g., S8i02, W03, etc.), acids
and/or particulates may be removed from a gaseous waste
stream. For example, the reaction of fluorine or chlorine
with hydrogen within the oxidation chamber 108 may produce
acid gas such as HF or HCLl that may be removed via water
scrubbing within the post oxidation scrubber 110.

After being scrubbed within the post oxidation
scrubber 110, a gaseous waste stream enters the catalysis
chamber 112. Within the catalysis chamber 112, additional
abatement of the gaseous waste stream occurs. For example,
PFCs, as well as residual halogens (e.g., fluorine), HAPs
and/or VOCs, are abated via a reaction between the gaseous
waste stream and a catalyst present in the catalysis chamber

112. (Water vapor present within the gaseous waste stream
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chanber 112. Wthin the catal ysis chanber 112,

addi tional abatenent of the gaseous waste stream
woee@dnsvifor exanpl e, PFCs, as well as resi duaPCT/US2006/023061

hal ogens (e g , fluorine), HAPs and/or VOCs, are

from %g‘s%do %acédﬂfb@ae} A;f %@%I Lo fég {%@&%nt

a Cat present
proce¥at es ‘d&B@frlﬂj‘eE;Seﬁirtlhémlbeltdim )gaseous vvaste

he abAFenE TS Wi (Lt PO (U TRV DLLBWISYA

lnclﬁaeeéa&alt%wﬂ% Csailaéayéé ocmr@@wallﬁem t@&&yﬂsn afor
catal ytic surface that catalyzes a reaction for

reducdddcithg e diadelrtodss g@@n’é%htehﬂ Bn 9& S§asEo R Sstet ream.
The %%th% 1-£h% é:%itaf%é/ Hﬁaglat%gf sy f ol giz.(?ungwl:?re %ade

ruc ure ma rom Ytic na erla or SUppor
fronf Iclaela)lydtml ttec coaitadl vt s@mmgfa)afnmlpediiemedor
coat i n%fon a wall or conponent of the catalytic

catadygfber 2 T groady ghpIRe L Jt%fe%a%@t?%a%wa%san‘&@rll

or c%%ﬁl%le%% o4 aeesAfa 13 SUPRU IS £ UCT P & COIPrésing &,
honeyconb menber with the catal yst enbedded therein to

the t:@rtmlarthpgﬁumfraf@&ﬁe IEgrse aC Qrabies e ovier fagris t i oughumpdth
fl.o f.ro nl
Struggt {%% heé czﬁsaﬁ ys neé{]co%e\r’ﬁ’eﬂk} p‘llﬁftlléa%ﬁ% %thfyst

embe@déﬁathérﬁmmlkb(ﬂhrﬁ(ﬂ Kﬁgﬂﬂﬁﬁxfébétdi@dLmémber over and
conprising a ceramc materlal such as cordjerite,

throgeBoghighufiita-SHiuent mATIRS, 25i 1T cotPéarbree, an inlet
to afl bLEQBLNLLT iR, ZRQIIS, Alhldie 1120U!Mal Bl eal B c

may conprise a coating of materials, such as ZrqgZ,
surfp2eBs, mAyqReoonco Myim s agst ef ar@@evlcamdr@tct@npmw@@ a

al I,C surfaces nmay..al sa be | egnated wth
Ceramlf%afngicl cxtr?et’alssu(:hsuc asly e,r%de,’ Fé]i%réu aﬁllhfﬂgﬁg si\llca’

mullbbe, \Aé,ll‘s{conLa:ao:rblczm";blsrnaMms Aheriedd, ofe®lheg, and
materi al s known to enhance catal ytic act|V| Ly. After a
thel§a§88&¥a\}x§§ltt€"storre§iﬁyl R ke %a‘i%&l“iﬂsr?% %ﬁgﬁ%@%r{qlzsf

sucht B§ ga8goUR] YESt &%, 3MeRLehS thik sP@H these and other
oxides. The catalytic surfaces may also be impregnated with
catalytic metals, such as Pt, Pd, Rh, Cu, Ni, Co, Ag, Mo, W,
V, La or combinations thereof or other materials known to
enhance catalytic activity.

After a gaseous waste stream leaves the catalysis
chamber 112, the gaseous waste stream enters the post
catalysis scrubber 114. Within the post catalysis scrubber
114, soluble byproducts of catalysis, acids, and the like
are removed from the gaseous waste stream(s). Thereafter,
any resultant gaseous waste stream is supplied to the
exhaust 106. (Note that the exhaust 106 may include
additional abatement and/or scrubbing as needed.)

FIG. 2 is a schematic diagram of a first exemplary

embodiment of the abatement system 104 of FIG. 1, referred

8
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catal ysis scrubber 114. Wthin the post catal ysis

scrubber 114, soluble byproducts of catalysis, acids,
wa@pnaei1Bw1l i ke are renmoved fromthe gaseous wasPET/US2006/023061

stream(s) . Thereafter, any resultant gaseous waste

to aﬁtrSQQEb%Géu%QEt%le étqﬁlgﬁﬁﬁgﬁéflg@iFﬁhgg e&@%% tQ% FIG.

aust ncl ude ad a enen
2, therabbtegeas Bgedem POEl Gs %1mihaﬁnﬁuﬂﬂﬁé(ahhﬁgméﬁﬂof

t lary enbodi t of the abat enent system
systBpui Bl pRCETR. L) aRae FoHLGoRs T G It GhateH 1108,
the Ebgk 8x1d¥%§6nr§E§E%B§@ i@OFl%hezoaﬂéfﬁéﬂE“éﬂgﬂHer 112

Ksten1204 is simlar to the abatenent "system 104 of
and ¢ eip@SﬁnaataéVadéssphébb%mdéﬂﬂon dleaiebiar 108y Ele 2,

a C ber 11 cat chanber 112
the BRSE eSSy SR aard E5  EPtmssl Byt P e I
ox1d2t;ohheyabaheHEBt SMSteﬂhaﬂﬁdbs'b&ﬂﬁﬂiﬂ@hldﬂdmﬁdﬁtlﬁm

an oxi dation systen1206 t hat includes oxidation
and pREMHEKL¥88:aRdSFEEPOEXi éé@. ) o1&y @5t bl Snigstem or

“cats@yehx%gcﬁ stem opg” qe&akyah%m@%@%fal&al%ﬂﬁét&?gmber
#

i ncludes catal ysis chanber 112 and post catal ysis
112 spdubber Qanylysnﬁ @neubbemoﬂé4énbod|nents t he

abat e nt stem 204 % ge f or med %% OflttlQ%Zthe

contro ecgn%8§FtF% ﬁgeg%ldatlon

204 ﬁuglbabEerﬁéanbyheeEeasystdhgl$h@ndahﬂﬂamyyu
Technology of San Jo a thermal _abat enent

decogpgphie ﬁnﬁsowaéa‘frﬁpﬁ. Kngysﬁéﬁ]%.qvwlébrl@orﬁm Ithe
Ecos§§39§b%%§§nogfDMQkan SEbnHo®oghalents MO0 seb. 261 w234, 2

, 284 descri be exenplary oxidation systens
thermhétahayem@ntesvatemtedcnnah &hguﬁtaMMiyﬂﬁyﬂQmms

. uc ose de crlb in.U S Pate
avad P O R E R 598 B TP BB S etk G5 Fatent
Nos.hereby,Bz¢oaﬁarated3b28ueﬁ@é@@@@eh@m@mpﬂatyldkldatlon

entiretg for all purposes . The above descri bed CDO
systg@gtgﬂg say Bfeteirpfitted with a suitable catalysis

system, such as those described in U.S. Patent Nos.
6,468,490 and 6,824,748. Each of these patents is hereby
incorporated by reference herein in its entirety for all
purposes.

The above described CDO system is an electric
oxidation furnace that removes flammables, pyrophorics, HAPs
and/or VOCs from a gaseous waste stream (e.g., using
hydrogen or another suitable reagent). A post oxidation
scrubber within the CDO system removes oxidation byproducts,
acids and other particulates. A catalytic backpack system
coupled to an oxidation system (such as the CDO system) may
be used to abate PFCs and additional HAPs or VOCs not abated
by the oxidation system, remove acids and soluble byproducts
of catalysis, etc., through the catalyst chamber and

scrubber of the catalytic backpack system (e.g., via co-
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oxi dation furnace that renoves fl ammabl es,
pyrophorics, HAPs and/or VOCs from a gaseous waste
W@ Rieassofe. g., using hydrogen or anot her suit abtBUS2006/023061
reagent) . A post oxidation scrubber within the CDO
curr%%%t%%bp%&D%%% %é'ﬁ%h%%%nQy% QAYCLS;ELYS andTﬂ%h
articul'ates. AC iC back ack system ouple
addlanommudmmmomnﬁyynenm©@memea$ pmepebcusysbénthmayahalysis
used 't o abat,e PFCs _and addltlon Ps, or . VOCs not
SYStABTEd 1 NG LGRS O oy SERm P BPET A SaA o
11 fe%Qkieblog @%@r@@%qbqlo%b@%%%bxﬁl%yseb& ast Beeugh pkhe
cat al yst chanber and scrubber of the catal ytic
furtpgek psdiewsyst em (e. g., via cocurrent and/or
counter L CURr I [ al hLti.onal HAP
VoL vent e, SFPBALTERY, 2 SEpSE0 B8 o o
intem&pc&n@ms&emambwyben@meaidedhalhamdwtﬂéhcamdﬂgmlc

lifetine of the over ement system as descrlbed
bac kPG PLSE GRPIER LoE TPl B P B HERCR & TEERTT a6

3Rd IR (s9Ck 03y 8he sberpiLayi ded @%%Eh % 8tem 100
proccatalytlcsgackpack aﬁm%% connunlcgteg with 6 Q =

to e@ﬁU@@tmémlgvgté@pzdﬁysﬁﬁmce@@apéol(§pr1@zaandepuﬁb§ of
cont%% %%%§§hﬁ%b%%§a%g‘lggdégr E%ﬁﬁagkn& grerure to

ste & “Cofit"
the Hbﬁt%m@mKOEyaméhoﬂomegb|ahetlahgtpmbGQSHreonstbeupled
o tgbat nt S sten1104 so that any process tools coupl ed

§ £hé “aB&femedt §Vs€éﬁﬁé%ﬁ@??eﬁ@evﬁélégﬁpﬁﬁl§H§ BQethe

abatkfehle saRakament nS¥skeRhnbnokhefareeRbofti Rehts, an
enbodi ménts, an existing water train of the oxidation

ex18§}@@eWﬁ#@y ﬁéaenpbﬁyé@ebyxnﬁetaanabystembaekpaeke@@éoyed
sc el | e, .the catalytic backpack
by t%%y cr& e.\%rtq %\I%qul?a& § sdrlbed gouclhovy HZ% Fg mple,

ar ge rearrB

the wa$é&ytt@ aasugpcafmhbed@sbdakgenlihambeWasta s@feams,
odi_ments, such as when a catal ytic backpack_ is

Suchcaapﬁ@Q 5 42850 576t BnPUEBr 0FcEAEI PRL§aG OPnEnamber .

under | yinngop¥i dabbanmeneteMsiBY B LAAHCEdCRYabhe:c
resence
backgack is coupled to a CDO system, serviceability of the

underlying oxidation system may be reduced by the presence
of the catalytic backpack. For example, the CDO system
typically is serviced from the post oxidation scrubber side
of the CDO unit. Accordingly, it may be desirable to
install the catalytic backpack in a manner that allows easy
removal and/or adjustment of the position of the catalytic
backpack during oxidation system servicing. For example,
FIG. 3 is a side perspective view of the abatement system
204 in which the catalytic backpack 208 has been moved so as
to provide service access to a post oxidafion scrubber side
302 of the oxidation system 206. The catalytic backpack 208
may be, for example, provided with wheels 304, coasters,

rollers, rails, etc., that allow the catalytic backpack 208
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of the catal ytic backpack. For exanple, the CDO sy

stemtypically is serviced fromthe post oxidation
wa@eroghbmnl si de of the CDO unit. Accordingly, iPCTEH§200€023061

desirable to install the catal ytic backpack in a

to bgaaﬁlggﬂa%'d 3 #%Wiv%a% ft%@%?c'ld%‘&‘i QJ sg@it.‘éﬁlt ARt A4f
the SIrtion of the catalytic backp uring
indio&tddtbgnaxyshenB@@an@Bng AE@mo@xaﬁmbeelEb@wlaaﬂs a

si de spec V|e ,0f the abat nent system 204
cab L RECARGHE Fo RUAITHG. BACKIEE D08 s SHEEH FovEd 16v0 88
sucthaEéQ¥&d61§ &éb%%e%%c%%st%% @ak@3 tQé'%@Ek@%c%CQOQber
side 302 of the oxidation system 206. The catal ytic

relapawRpaek t2e8 craylalsd onf o s&LENBI04, - pf@ww@@sal wiisklakenest
(ar=§RapBP2gteihe LALILS: o BabSoaBl oot A LW NG,

cata i ¢ "backpack splace ative
OdeQKhdﬁtBQIt%mSQQ%I%Qﬁo&% ifrdntatedecly aerWQ_aaadaaaan

Appropriate electrical cabling and/ qr_ pl unbin
champRyy dDés P b @ C&&GEd Hro tar SWsfoP*ddek Par seambber 110,

fronfli gekacement ok %E%aqg%%%ykh%mgégkﬁéQka%@S shekabi¥@skoto
t he oxi dation system orward di spl acenment (arrow

the BOS} obtehgsdat sloyubbesadlgack 208 relative to the
Oxi daticon sYsLem206,3L0us Lhant A6ess L Lhe

oxi dati on ‘cha € acc

exempXbdgt eabosid meblebltbe ﬁbamémQQQesyst@nmh®4caEaFysle,
chanber 112 and side access tq the post cat al ysis
refeggpgpber 2f12P2EEBENE Sy S4B Alfatfc éﬁagﬂan18 €a

abat8fefRds gé%@ﬁﬂ@bﬂ enbadirent: et the abatepent system or
104 of FIG , referred to as abatenent system 404 in

FIG.FR@ and, imhéudﬁat@nenu1§y§uQN1¢®4te9 $06i cauptledt he a

b St of ., Fl and i ncludes an oxidation
cata? %% %oﬁ%FEECk agkcépglytlc system or backpack

408 Tmanbmdahtdbns¢§@e@m4@66|m@bmdassaanomudabtmbn
anber 410 coupled to . a fi (mater scrubber 412. A
Cham@@éoﬁéo(ﬁﬁPEF?dsEPuBbéﬂr§I4 W§t@6upP€6uP86Fhé ir s

secofBr WRREEr) scrubber 414 is coupled to the first scrubber
412 and the catalytic backpack 408 (as described below).

The catalytic backpack 408 includes a catalyst
chamber 416 coupled to the second scrubber 414 of the
oxidation system 406 via a first conduit 418 that travels
through a first heater 420 and a first heat exchanger 422
(as shown). The catalytic chamber 416 is also coupled to a
third (water) scrubber 424 via a second conduit 426 that
travels through the first heat exchanger 422. A fourth
(water) scrubber 428 is coupled to the third scrubber 424
and to a blower 430. The blower 430 may be, for example,
coupled to the house exhaust (e.g., exhaust 106 in FIG. 1).
An eductor or similar device for creating a draw or flow
through the abatement system 404 may be employed in place of
the blower 430.
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412 and the catal ytic backpack 408 (as descri bed
bel ow) . The catal yti c backpack 408 i ncl udes a

wae 2108111 chanber 416 coupled to the second scPtbDs2006/023061
414 of the oxidation system406 via a first conduit

418 th tr IS .t hr (JAZEN t et 0
first ﬁ‘télgt Og(;%g?g:ﬁggr %ﬁ‘%‘ b%arfs 431‘;)6\/m%%. %[ﬁﬁzelsztcat a ﬁ%lecr 412
and chansercoatb sicxublbear dddplded ino iatiohiar dumpat @ank) 432 via

. ber, 424 vi d it, 426 that travels
o TiSEEUAREN U200 9 Soh0nd R A0 S A
empl%6 URRebwh28 rias nRIEd 1RWRR 1 hiihd 3@ WhlRId it ranE

to a bl ower 430. The bl ower 430 may be, for exanple,
FIG.cduplteg téitke sivawdbdeax Hddsante fur thx Isaustobros 428 of

El . t I, Sy.1i.l ar. Vi for cr i.hg a
the Gabarbhic BatRi s b S ha i i el B2
secoenpdeyed ilongl dG& aehd ke thliowerkr430. THee0Xi3dgt | on

chanber 410, the first scrubber 412 and the second
resP?E%&HﬁéV'4l4 drain into a sunp (tank) 432 via a first

drain hi@%m@3ﬁum5hﬁ4@aﬁ%lﬁbh%l%@p%BaQ%e4%%ﬂ&pM@ﬁp%%£.may
its own drain/sunp. However, in the enbodi nent of FIG
be employke tthi Pdmpcvalsher T4 dn¢ ot 4 3Scr(gblger, 428 aof

nous B ke SEA T no- 436 Sand R AP AR B nade,

recimeaﬁetébvehw.sAp@UH@dpM%pa4é@oﬂ3n@0@@b$dcho4%@6(%ump, a
., 432 and may be enployed to punp waste fromthe sunp
liquagdhvpgtgx des Céli?@l?_séeétowét Rér dfaP)-da tihgre ChrrRIRT Hd 0/
the §Hﬁﬁié§25€§ﬁbg%erQQr%E|%h%dOQE@a%Egﬂl%%%t%%.%O%O%kHUQO
section 442 (e.g., a liquid vortex described bel o of
the fpatérildacirohbelmanBér of10het vetirdivtiial beckpalodr 44982 vife a

rect B B LORSHSNCACS, DU U8 I, ol SSLAOA
Suchpuspi4édlanddawaeeir aalyabed cvatied kiaead46coidcCiheat
exchgggggcﬂh%tg% g?%g&aga%eegagg%%%d %&%e%n%%%%%%yhe%gesh
water may be éupplied to the scrubbers 412, 424. Likewise,
fresh (as shown) or recirculated water may be supplied to
the final scrubbers 414, 428 of the oxidation system 406 and
catalytic backpack 408, respectively.

In the embodiment of FIG. 4, the oxidation cha
chamber 410 includes a thermal oxidation reactor 450, to
which is joined an inlet assembly 452 for delivery of
process gases and ancillary fluids to the reactor 450. The
thermal oxidation reactor 450 includes an exterior wall 454
and an interior wall 456 enclosing an annular or otherwise
shaped heating element 458. The interior wall 456 encloses
a central flow passage 460 of the reactor. The heating
element 458 may be, for example, electrically heated to

provide a hot surface at the interior wall 456, for elevated

temperature treatment of the effluent being treated. The
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exchanger 448 or simlar nechanism Alternatively,

fresh water may be supplied to the scrubbers 412, 424.
whrdems®el fresh (as shown) or recircul at ed WaP€r/URBYP6/R23061

e supplied to the final scrubbers 414, 428 of the

lnne‘}xka‘%%tl' P 6Sysotrem @%%Ian,d mgx - .%gcr%acgg%a%y‘l%itable

respectivel'y e €nbo
mate@&adatsmmhcba ehanmmwekkﬂlﬂcqcludqs a Trhenmall® meicdat manoy) .

react or_ 45 to s JOIned an inlet a nbl 452
for del |h\?e a% c‘ﬁq'ar‘z\iL

1120sRee8e0Y o Hhe atm%rlr@étx%ﬂaﬂy %Jt’é%@ttﬁflif'r59n I

i ncl udes an exterior wall 454 and an interior wal

altegneltdgiedy e afhdrar sovlteitHer wivie shdpedhes iafy
. Th |nt rigr._wall_ 45 nclo es tra
altegpg\%ﬁpassg'gjee% (%Tu eﬂraéﬂaectbgrseO? S'LI r?dae lzz%en

(e.gd58 umAN hexicemn exanpl exielietdy ixal Inydx&ﬁjad d10 methane
S tgrowde a hot surface at the interior wall, 456, for
a

Ceviditad rt &feriattiice <Ry d:fratnr?é)"'é?afqlly@nto’ﬁéqlﬁg?rs'
etc. tr@%%e%h ﬂ"H%id%%ér‘%§§ o5 ééﬂga’lnlgﬁ&kgﬁl QTR

any suitable material, "such as a nickel --al | oy
mann@ee?,g sudbneendly (erl)ecr‘f:actaadalalﬂe@jL)stﬁm:et H@ra'baln%xuldeﬁnaﬁed

. 450 h [l
rea SRS o AT A A DS Ao oo

solisuicablue tiype. Exanpl es of alternative types i ncl ude
fl ame- based thermal oxjdizers (e.g., usin oxy en as
an oxi di"fe Fh§ﬁawﬂydP%Eﬂ%?%91QHﬂqﬁ%ﬁ¥%ﬁs4 e

equ:Lg) =2l Wl'tclﬁ XA AS S, dfARRId R & B¢ ‘gl'?d%\frﬁ etT:he The

ermal oxidi zer may be heated In any sui t abl'e manner,
thergoclhugd ehyi selvestd itcalmanediost drive teawtd naf;uienfafartdee

r.adi ati on, iation onvectlve heat
neat B AR DTG LS HEhle Gne o
suite@aet engh2Q mrks&u%ﬂc@p%l\/&’dﬂbrﬁlﬁ.%tﬂcma thermal

t her rocoupl e (not shown) The thernocouple is used to

eNerFYNiCOS: e SenPSatifi ™t t fRiich thermal energy

controller may in turn be arranged to responsively modulate
the electrical heating energy to the annular heating element
458, and thereby achieve a desired temperature of the hot
wall surface of interior wall 456. In such manner, the wall
surface can be maintained at a desired temperature level
appropriate for the thermal oxidation treatment of the
effluent flowed through the thermal oxidizer unit (in the
direction indicated by arrow F in Figure 4).

The thermal oxidation reactor 450 in the
embodiment shown is adapted to receive clean dry air (CDA)
at a CDA inlet 462 from a CDA supply line (not shown). The
CDA supply line may be joined in supply relationship to a
suitable source of clean dry air. The thus-introduced air
flows into the annular space between outer wall 454 and

inner wall 456 of the thermal oxidizer unit, and is heated
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heati ng el enent 458. The thernocouple may be arranged
in suitable signal transm ssion relationship to a

w0 b@eedorener gy controller (not shown) . Such POEUAENNG/023061
energy controller may in turn be arranged to

) ivel t L C eatin to
vo o BATIIE ol B LF Poqeatt SRR e e SERh ey 1 0
elendmsi rdB t erfpenal tdet died bed haot r wahén sma § ateowf through

cdnterior wall 456. In such manner,,the wall.surface
o1 T e TS Bt (BRIl TPt BrbRSE reL obap Lo the
centdRRr ordptEs § Qi gd "esd her nethe OxéslatdoN treat BRDS Rinhbe,
effluent flowed through the thermal oxidizer unit (in

the el dHtedtdbrPe nided eeo byl arv b Fehe ¢f§lvens yas Fne
. OX] [ O r_4 ' ogh shown
forrt M MR QR0HC LRI dD Tl Rebre SIRPERIRRG) DR
oxidatiein 462 fhreonmeaGfr sApPl y Alvecfiaotvehpwidr. The CDA
supply Iine be,joined in supply.relatjonship to a
add%ﬁﬁéﬁﬁ%%V%@ W%% O LAl oY %iggd%ﬂethEQ@ih?%gEuced
assedidly | QYB, I8 Gdden&nnih 8FoSPEEE PEEYEes: pULR! ¥8! Support
454 "and i nner wall 456 of the thernmal oxidizer unit,

the gnldat hemt el ot horai Labltbet éhpematlucxiide tdom argaciiath 450.

t he heat,i n I . e calr e .
f|OM/t2%%3%ﬁ§dfl ?%é%ég? %%?g%ﬁfﬁ%?fsﬁ%gg}%%ﬁ %ﬂég 189 is

Jjoingtero Weid Abnflimg osdédieicendi42l (41l ow, pasgagecd6nodt). 1In
the reactor. In this manner, the oxidant nmay be added

somg SHASENFUH Ghel R F1%6HROGHEY afRC FHrin 4h2 oxFBli 25BRE OF
wate®f Tddian) aas, Mt Wee ForohheriR, 19X 9oty 08N sB8plied
_reactor 450. Alternatively (or additionally) , the
withoxiadam hinarbe sfdsintad thet ¢ nl Bredssendb it A52uchsas
recnyQ%(yédruJééjFf%%é!&ﬂg Stiﬁ@“&a#@rs %P%?tnéggle serve
oxi datioh reacti'ons in the ernal “oxidatf on reactor
to phalriAte iitrsl dioverqesth tdeol heg med oxé dhZere 80l tedb0gih s
joined to the cooljng section 442 (e.%b, a quench
SLIER B35 YIF SOnEBhOUI FEREBAT9%  FEOR oS g eBBe § opreidizer
unit?4ht AL I@®bfng section 442. Additionally or
alternatively, the cooling section 442 may include a liquid
vortex (not shown) for cooling the exiting gas stream, such
as the liquid vortex described in previously incorporated
U.S. Patent No. 6,261,542.

The cooling section 442 includes a transverse
section 464 which extends to the first scrubber 412. The
transverse section 464 in turn is joined to a sump section
466 of the cooling section 442. The sump section 466 at its
lower end is coupled to a slope drain/vapor barrier 468. A
conductivity liquid level sensor/chamber purge assembly (not
shown) may be joined to the sump section 466, and coupled to
a CDA branch line which provides clean dry air to the

assembly.
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wat er spray nozzles (not shown) may be provided,
supplied with water by an associ ated water feed

W@ oovd3911 such as recircul ated water |ine 446.Pdmes2006/023061
wat er spray nozzles serve to provide initial quench

cool i to the hot efflu : t
o i SEhargbd P gh THY” ¢ Par gy P BECe AP PRt 5 ehe
cool%ﬁ?ﬂééﬂﬁﬁﬁwt4@@tﬂ§2©iﬁgﬂéﬁibﬁah:ygwerthdrnétbvebypbber
' e cooling section may. i ncl iquid t
demi gt Ehiowr) 4 oF Jé%meﬁgbwﬁh@x%&?ﬁg 839' S¢ranf, sseakpers

412, 8P4 he M%UéQ{y@BéEXdQﬁ%EEPe@owmﬁf @voouskybe filled,
incorporated U'S. Patent No. 6,261,542. The coolin

in tiseclowar 448cbndbuges o ltiman's\eEnsw igur t § mt 4oy ﬁhzcghereof,

, extends to the first scrubber 4 Th :
WLt ectq Y | SCEUPRLPE PEPRGA% & 14" suth s SeP N LREE 5P
of thderLooti figrgsebion1442s The sulpmaearioon s4@guatppietds with

| oner end is coupled to a sl ope drain/vapqr barrier
a waues. spravmieetiei ty4| fqbi aTFeFELNgeRSEM Fréh%é’lfr ﬁgﬁege

shoun) haBY i Re Lol ReAnke (e reWR S §alcham
upfl4 ,&g%%f%Q%% eg to%a CDk bragch IPnermhich prgiides ?
water| @aumwkiyd By rovert hbeapsehtihy. Al 2i.t sPugpecuErent: pater

s sectjon. 466 of th | i i
erou B SEELL 901 408 Lok 55000, AR ERL PO SHERY TP 24
is sh9FIELq byi thewhtest bgndesegond asedubhes 412e 4Uk, The

scrubber dem ster colum 470 may be filled, in the
althoeslerfsesndakyrcoali R§/ $6€4bbi ng section 412 thereof,

Mﬁth_aTﬁgcgﬁﬁggy 8QE§QHiB% RACKIANG 472 criMdPRAR may be
portion of 8 fIrst scrubber 412 of the col urm 470 i's
equigeed pngi_edhv\h%hapowau:feaispir ap o A7t to7 Hhfich dff etudgd a
scrubbi ng. of the oW n ffluent.. ' :
VapoEoﬁ%f%? u%f%ﬁtp?ogﬁé OWE)%H & gﬁﬁﬁngfbggﬁzé%ﬁé?é n

the P8CkhNI4%472. AnCex8HuEENt evleta thirew salnsermaliov el s araay
be used. The water spray nozzle 474 is suppli%%)mﬁti
be me@apkedbynr BREr BEPSLeROKELON [Gfhépgirst scrubber 412,

to provide temperature monitoring capability for the column‘
470.

The second scrubber 414 of the scrubber demister
column 470 is likewise filled with a secondary scrubbing
packing 480 and is equipped with a water spray nozzle 482
coupled to a fresh water feed line 483. 1In some embodiments,
the fresh water feed line 483 may include a valve (not
shown) therein that may be actuated as necessary to provide
additional scrubbing capability for treatment of a specific
effluent gas stream. In an alternative embodiment, the
second scrubber 414 may be recirculated water.

The second scrubber 414 of the scrubber demister
column 470 may be coupled to an exhaust temperature sensor
(not shown), for monitoring the temperature of the effluent

gas stream. A pressure display (not shown) also may be
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al t hough fresh water may be used. The upper portion of
the first scrubber 412 nmay be equi pped with a vapor

WO edocassoport 476 to which is coupled a vapor reCT/882006/023061
line (not shown) , for venting overpressure in the

coupﬁ.%ldu% %ﬁg sBRg éhgg§hb§©%r5_cpquqt Y ﬂ@e%rlﬂ@eﬁlé%%er er

be nount on t per portion of rst scru
columhz47©ofpmombd&tbeapgr@E@Beuwenmuaﬁﬁng1ﬂapahm1mmw £4700.
the col.um 470. The , second sirubbe 414 of th

sor ubbdl GEHEs PEPCGITGRT 5476 1FEN tsite M1AY ke vi tRpLied

to tIRCepAamy IG0YbRI BY, PFelk Bd 1480 ANG A S 1RIW PPN tét feam
wat er spray nozzl'é 482 coupled to a fresh water feed

being ddsgd3rgea Sewa éhbodbpent snd v falssitavader $ded A
reséﬂl%%eéS%lg%yoEg%h%%e %o%agﬁ%w& OEuﬁﬂaae ag@ﬁ%&'&b*i@%l

t'uat’éd "as necessary provi I ona
valv@cﬂnbhlB@owapahpbmt¢ah0bftmaatnnmﬁfuﬁe;an&gpd@élmsed to

eff.lu stre In _an al ern tive enbodi rent, the
s 1 eGedaiia s EPabBAr 4 14 OHng o6 Dhedor AN G Aiat S Thettie
colus®cand scrubber 414 of the scrubber dem ster columm

470 may be coupled to an exhaust tenperature sensor

(not sAb@n)inletomswermlor 48g thea td@;ﬁjéfr%mrcef #Fre¢Rss

gase%]c falnlfﬂeg‘hc a%érl ?g@tlds RELESTHUr & ' ayO)glC%Ell% V\f?%]actor

t 1€ s&cond Scru ber
450 &ewubbebrdemgsﬁebscehumm 47%Q thop raid=0rdayy Niesisur e
hin the colum 4 In sone enbodlnents clean dry

cond&lﬂ:snﬁ)&%énguﬁ&q é&cﬁévtlﬁ@ ESPGRT 4 R aélﬁt 9gPrirom-one
or mididellir@Rells Eﬂ%m%%f%uen@h%tb%%@é§§'&hénfﬁﬂﬁﬁ§ﬁ%héﬁ£%@

the upper end of the colum 470. A restricted flow
484 @nidf |4@é taow @ffédm)enén@lr@peasf leealracerit rasts viathe et

e MERLESATIL 02 1L ] ST REEEDIS fones
conduhe sc alhynbed ¢onstheacitekbetviass el 30145r2>ﬁ® ramteilll/aalfy ofuid
addi%&%%eiines, such as fluid line 488, for addition of
ancillary process fluids to the main effluent stream being
flowed through the process gas inlet conduits 484 and 486.

The inlet assembly 452 may also include a shroud
gas feed line 490 and a hydrogen or reagent source feed line
492. The reagent source feed line 492 is joined to a
reagent source gas supply, such as a water and/or CDA supply.
The shroud gas may be a purge gas for the thermal oxidation
reactor 450, or the inlet or associated piping and channels
of the effluent abatement system. Illustrative shroud or
purge gas species include nitrogen, helium, argon, etc.

In some embodiments, water vapor (steam) is
introduced as a hydrogen source gas to the thermal oxidation
reactor 450. The water vapor 1s utilized at an elevated
temperature appropriate to the thermal oxidation process

being carried out in the thermal oxidation reactor 450
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gases and ancillary fluids to the thermal oxidation
reactor 450 nmay be arranged as shown, with process gas

WO pdoet139ondui ts 484 and 48 6 receiving processPERNSN86/023061
gas fromone or nore process chanbers. The process gas

and/o@l%%ec%%q%b%% & %ﬁ%ﬁ@ %§6bgkﬁgég&%&%ﬁnﬁanﬁgeﬁzgégent

xhaust gas~-into t er mal ation reactor
gas. Théseapmmaea$1@asumnteﬂ9doﬁéubts aaychéeronsbrubeed

,th one or nore ancillary fluyid addition |ines, _ such
suppfi o GRG Y AR S rog i oror SHYEEPUR SEStnSPPraFy SHGBees 2
watell Uiige @ the Rl cehbleedt shhezacheindqlf Fawedity, a

through the process gas inlet conduits 484 and 48

munlmh@aﬂnpétl@ﬁ@@ﬁﬁuyl4wztﬁﬁysapﬁéyun@muaéealgheoud gas

racekfS145 490,900 e L8050 BT SERED, a0 cecLedy -

steamolaneeageats&@ﬂb@ﬁdg&ﬁosumphmfa&muhla@ dgavafleryand/ or
CDA su . The shroud gas nmay be r s for the
anotigg, Fg| r&%u&&tWSEeFeXEP £-4503 8r S ?HEE %Pég%

alte@8806kat ed B&@k@gean@ogaaenebg gﬁpbmg ghll ueRbrise a
abat ement syStem” |l lustrative shroud or purge gas

chemgpadi asachélud@eniseloden, rreciting aegosntemeternadenmto
wa st a d a
formhggrogen g%r. %%& %?8&%%% dkgcagé 8 %8Sge%% such

ource gas oXi i on rPéact or
as méﬁﬁan@hepwapahevapatumslugablzedcat aayebevahedoduced to
erature a%pro priate t%Pthe t her mal _oxi dati on

t
the EES eS8 Lp&rAGTLarr V8ASEht TP PAS1PACPRAI F8RFEAPPONILR an

indepgagkak 1 5@%@@6@ﬁcbaeo§§599%n Eoﬁpongﬂt%xggbﬂgcéﬁﬁégglng
In the effluent gas. A vaporlzatlon uni t (e.g., a

gas Reghepp ARy, b@xygspbleaygﬁﬁhemateheﬂr@mwa sapnabl er the

fe a water _line Lo the_s onduct or
llkeﬁa%gfggggﬁgﬁg gac li goraaﬁunigFSall8r Pﬁ8§§? i"a
wat er ﬂuppkyvapbrtmay|bbeemﬂﬂb?éﬁath@kwvlaehydé@g@ﬂe of
source ga rise a steamline in

I my ¢o
hydr?@ﬁpcéﬂdﬁgﬁ %B#aSF&PﬁEQOFaEFPFFQrOﬁ59no?ﬁérr§68Fé@n
withOthwahgh o48R0konAtstdenth! bef URENBEFIuent gas such as

fluorine and fluorinated species, bromine, iodine and
chlorine, and to corresponding other halogen-containing
compounds, complexes and radicals. For example, fluorine
gas 1s readily converted by reaction with steam, to yield
hydrogen fluoride, which is easily removed from the effluent
gas in a scrubbing step. The scrubbing step also removes
various other acid gas components of the effluent, to
produce a halogen-reduced/acid gas-reduced effluent.
Fluorine or other halogens in the effluent gas
flowed into an effluent abatement system of the type shown
in FIG. 4, with steam injection at the inlet of the reactor,
will be abated in the upper section of the reactor 450 (e.g.,
before the halogens have a chance to attack the thermal

section). In some embodiments, water vapor may be injected
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alternative, a hydrogen source gas supply may conprise
a chem cal reaction vessel for reacting reagent
woraioensais t o formwater vapor. For exanpl e, BCT/US2006/023061

hydr ocar bon reagent, such as net hane, propane, natura
betwggi’tﬁgcstrg%%.%% g@g%%%%csgst%nhh%h%hﬁmn @ 4%§a%El%%e

vessel for mXxing and reaction wth anindependently
therimaflr oduced iox dantctoe. d50 ao oxypgertcahicailineg ¢a89 from

such as air, oxygen, oxygen-enriched air, ozone, or
attaF#e like, to produce water vapor as a reaction

produckxeiidh @k 2RGbdTBenRe etR! eved Je@ iROWrde@hd inlet

source of hydrogen in the thernmal oxidation reactor
assenbdy #1672 p&gcteestiben the PEEVdgESs lyoAscorpenasedf Ut e
patcfiif hBENt c93%.1940h a3 luqningqand Hlugrl nated specige,

romné, 1odiné and chl'driné, "and t'o correspondi ng

desighBemalabegem<edant ai ni ng conpounds, conpl exes and

radi cals. For exanple, fluorine gas is readily

conver BBy AL YabeMBR TRCUE SSt €87 T8 Wiss @Thyategeyaror
or chl Ui thy&\@b%Qn' So6ask! yergomved £roar;8enebbbuening

gas in a scrubbing step. Thé scrubbing step al so
950°Eenbied aei duvest hempraciedugas despersing ¢het lforrosion

effl,uent rodu a, hal ogen-red [acid
rategabt B0 2btPeRt Plehfe "H i PReor JFRGF RaBREAL TR
rangtbemelf beenkegas fl owed into an effluent abatenent

systemof the type shown in FIG 4 , with steam

i nj ect FBn24t LERET AP&L SBPCChBEREactde, Ol thenaBapsa™
406 kB EheiyppercSenkl 0RightliRe LEAELAr 33R (8 1nbefore

t he hal ogens have a chance to attack the thernal
prevgeusilgnincorpogetredehSdi Retieat Wat.e6,¢&36L28day abd

LpnLec n,th tream _of process.gas and the
oper PR T T s Rl - DYTaE: PonCr BAC 0P VA5G Po 215
may peetect the liner 450 from attack. Exenplary
M .
enbodi nents for the design of the inlet assenbly 452

are deSEFPBed PRSHPEVI YasSIy PREGAPoNatedBNSOXPaL&RE
withMaSth6, 881 da240anenamhe3d. 484, Ehherasuit akhe inlist

scrubbed via the first and second scrubbers 412, 414. The
gaseous waste stream then travels to the catalytic chamber
416 via the conduit 418.

An additional benefit of the first and second
scrubbers 412, 414 is that the gaseous waste stream is
prescrubbed before entering the catalyst chamber 416. Such
prescrubbing removes gaseous or particulate components of
the gaseous waste stream that can damage the catalytic
chamber 416 or make it less effective. For example, when
SiFs is present in the gaseous waste stream, the SiF; can
potentially deactivate the catalyst or form deposits on the
catalyst by breaking up in the presence of moisture and
depositing silicon. SiF,; vapor is often generated, for

example, during etching and cleaning processes. Scrubbing a
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desi gns may be used. Exenplary tenperatures for the

use of water vapor or CH4 as a hydrogen source reagent
wae@ochatdneen 650 0C and 950C, with the | ower PCT/US2006/023061

tenperatures decreasing the corrosion rate and F2

t n t Li ner L e ature (r.an y
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by
descri hed .in _preyvjous i ncor porated .U S. Patent .
prod3i55, 3352 AR Gpbrar LosiAATIRAR Y Haer BROCHReprodicts
are ﬁbE@abb%&l§y%%ﬁ%&a®h§0f&%M;%%%dgaé%b@%_@a%%%e%%§e%@§te
stream has been oxi di zed withinthe oxidation chanber

The Fiomayhdewsdseodtiedaini saderulbbed thica SiRe Ppysbeangmoved
crubbers 412, 414. The gaseous waste stream
by f?ﬁ%%@ P§Vels to the catal ytic chanber 416 via the
condui Thél8atAlyaddi thendle rodnef ik yofintchedl rstcaard ytic

seco scrubbers 412, 414 is that the gaseoys waste

ST TCraAts LU BReCeL BT hE GFECETOR: (g LROSEITS JoE
haza¢halBega4lGonBush BHESCLHUERRING WRARRKESLERSGQUS e

articul ate conponents of the gaseous waste stream

Catagﬁéﬂ0céﬁréaﬁﬁgé9ﬁh@a@ab§byﬁp¢ ekarbde, 4 86 S updke sl made
from{ﬁé%a%&%ﬁ%tﬁg%egggﬁ %§a%$5$ﬁrwg§% g'%ih%&&;%i%&%eﬁn

eous waste Streéa e can po tially
catadgacti wabedt be catal pst perl lkas) depasicbatand e a wall

catal yst by breaking_ up.in the presence of noisture
Or CORE°BERGSP iﬁaesFPF%&ﬁElsiﬁ@avgﬁar4#§;of€@ﬁ GEREPACed the
catafl 9k 18xanRlrecedbyNgofbehisRY sakd aclaanirng RLRERSSES.
Scrubbi ng awaste streamw th a scrubbing fluid, for
strueksitpl ecwatraes ingedubeseykhembomeanerolviShF4hien ceffelyst

ennclBEHSFALERIN L8, gL BUGUGLES.02 A0 Lbe T0R: anc
throughovabke themetli¢ ugasepusswaste str€avws from an inlet
to an outlet of the catalyst chamber 416. The catalytic
surface 496 may be on, for example, a structure comprising a
ceramic material, such as cordierite, Al,03, alumina-silica,
mullite, silicon carbide, silicon nitride, zeolite, and
their equivalents; or may comprise a coating of materials,
such as 2rQ0,;, Al,03, TiO, or qombinations of these and other
oxides. The catalytic surface may alsoc be impregnated with
catalytic metals, such as Pt, Pd, Rh, Cu, Ni, Co, Ag, Mo, W,
V, La or combinations thereof or other materials known to
enhance catalytic activity.

As the gaseous waste stream travel from the second
scrubber 414 to the catalytic chamber 416, first cross heat
exchanger 422 and/or heater 420 (e.g., an electric, gas or
other heater) heats the gas stream to a temperature
sufficient to promote the catalytic reaction and abate the

hazardous gases in the catalytic chamber 416. Heat may
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The HF may be dissolved in water and the SiQ2 may be
removed by filtering. The catalytic chanmber 416 may

Wo p@bas1n catal ytic surface 495 that catal yzeBCHUS2006/023061
reaction for reducing the hazardous gas content in a

, asequs ste stream. The catal yt] f
imprqfE 5 RPN EEH TG e T T coral JtiE Y che
catalNpHer i Aleribe SAPPOSS | dg o fioes yeidani aleducat@dyst, om in
bed of foamor pellets, or a coatigg on a wall or
1
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area nenber over and th h which th
any SURBTE GREOTS NP areF nFBEiTaoeh BUFI Becer ot AE0caFaTy et
prod¢haqoer 4. olhsueabal yhéccsuainse éR&mbey beecofiorfose

‘ exanple, a structure conprising a ceramc nmaterijal,
in h@gﬁiﬂ@sth©r@aé¢©ﬂé,W¢§Q€B§téﬁﬁﬁiH§l§glPEBPt Pl%gé,

i Licaon carbi sihicR1QLLTL gahiteroandnthelp
cata%%ﬂ?vow%% s? g?6nayﬁ%%ng%$gg aﬂggg%i%g of ?mteriéals,sS
heatS@ﬁ@h@@gngEz2Ah2€Bde§bfﬂbed betbivnutcbnsederenesetand

ot her oxides . The catalytic surface may also be
FIGSi nbrEgnated with catalytic netals, such as Pt, Pd, Rh,

Cu, hﬁAsC@ta@Qd,NQ,%M%eoﬁé,wb@t@rsﬁﬁﬁbmnﬁhbeﬁs thepegh
or other materials known to enhance catal ytic

the agtalytyc Ahambhe éé§eégsaﬁé§?ehéﬁﬁé§ﬁPﬁré@é?sfFBnFPﬁe
gas %Efg%gcfgﬁfbﬁﬁé 4l4.Losthggat al yehecghagher a$ied waste

Ss heat exchanger 422 and/ or heat er 420
streé®. gay absel pet cboledabedpret hér ibeataupbldagsdt he gas
streamto a tenperature sufficient.to pr t
exhagatafyt i €N 83EFi 61 aﬁamSBgﬁe Ph&ORAFEPAS ggﬁgééganas a
coldtﬂgtéét@h%hbﬁiﬁ@agggﬁeﬁlﬁnoHe@hoW&yiﬁhh@vepkb@s cold
abat enent efficiency and extend the |ife of the

watecatal gepl FhRpebateregast s6FePBs&aFhAR &FEUCYFS0 0ERS

abat8l égs stream is then introduced into the third scrubber
424 where the acidic materials in the abated gaseous waste
stream are dissolved in a solvent, such as for example water,
to form an acidic solution that is more easily exhausted or
disposed.

During fluorine abatement, HF is produced in the
catalytic chamber 416. The presence of HF in the gaseous
waste stream may pose safety concerns and handling
difficulties because HF is toxic and should not come into
contact with skin. Additionally, HF is highly corrosive,
particularly at elevated temperatures and in the presence of
moisture and oxygen. Nickel-based alloys, for example
Tnconel® 600 or 625 (TM), provide excellent corrosion

resistance in a catalytic abatement environment and may be
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the range from about 500C to about 300 OC may be used,

as may other tenperature ranges. The first cross
whe@bassoexchanger 422 nmay conpri se any suitabl BCT/DSRS6/023061

heat er exchanger for recovering heat produced at the

reli WRHts of1 e cal@l yst € %@M@ﬁt%ﬁwaﬂtesahrng

e ‘gaseous waste streambeing inhput to the catal yst
esca@hamhﬁnn4ﬂﬁa Fxergh ar y enbodlnents for the cross heat
exchan er ﬁlz are descri bed belo E%ence

o et G E AR et e ke faS8  PAERNSn. Bue

thlﬂdW§&£HbB@@ £24 pl yti gt ehanber1 41696 od abpéesBazaedapbing
gases in the gas stream If_the waste streamis

fluikbatfeer arrmpbateatshst BURPEAM Why Bheorpelesyiaged
wateg?f or & '4%63 (SETHD eg apdsgxbausted; nLn §HP§ 3g?e?aseous

a cooling systemsuch as a co
wasﬂhuﬁtiémg sysmemt(h@&sth@mm)emhedlm@nhysthelﬂlm@ﬁer to
cool , t he, abat ed gas strean1na

ed. The a ﬂ
ST St cm Gte R e e R FRE oI TR T et egpaBBLEn is

courﬂ:?é‘ré’m;ef@nﬂ heo achdli £1 8Bt 6¢i @hs. i npyhecabatedcgasequs it
waste stream are di ssolved in a solvent, such as for

n@ml@mt@t l@@stoanp@hta@ndpé sbeufien LRaini g nore
dlre é# §4&9€%ﬁ@1a9£ 8§fgg gHé'g %kggrag ection of
the c nber

it ehent 'S pr ytic c
the 4mﬁwvﬁhe pesense oThtE anr&hgegaséoailmmstéostgeanﬂty
may pose safethconcerns and hanglin ultie

and Je ot S EST o e R tR den o R aRaE FnPE EBRERRRT

prodidils skid éQQMﬁlQnéiiYcoﬁFdi§xmaghb¥r€96£@§|Mﬁd HF, into
particularly at elevated tenperatures and in the

the mmn‘b& of hbternzblupdyox§gen CNrERBE- BasedtaPnoyay be
useJF” rénggggﬂéél gg?anc 68§tigkgll pB?XbQSVlded

exce n £ COI‘I‘OSI on resi s at a
withahaiefend £rva r onoeassand mayebEaEIoabbyhseapabkéngné97,
for éﬁgééghtptgs {gvggtcgggggéegeiﬁets or granules of
differing sizes, such as for example PVC balls, for
increasing the surface area of water/gas contact in the
column and thereby encouraging various destruction reactions.

The gaseous waste stream passes through the third
scrubber 424 and travels to the fourth scrubber 428. The
fourth scrubber 428 may include a spray nozzle 498 for
dispensing scrubbing fluid, for example by spraying water,
from the fresh water line 483 countercurrently into the
waste stream. Alternatively, a co-current direction and/or
recirculated water may be used.

The fourth scrubber 428 may further have surface
area increasing material or packing 499 similar to packing

of the other scrubbers within the system 404. The fourth

scrubber 428 provides yet another level of scrubbing of the
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escape fromthe system As the gaseous waste stream

passes through the third scrubber 424, a water nozzle
wadd®eds®penses scrubbing fluid, for exanpl e waPE&r/PS2006/023061

supplied via the recircul ated water |ine 446 (or via a
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and t hereby, encoura in ri ous des ruct| reactions

The ga eSﬁét g?@ &s $ES ﬁé% $"to
cont 861 ubperad24nand Pch@valbattealetnfte sfy@tretzm 43r4r ubbeye 428.

The fourth scrubber 428 may include a spray nozzle 498

contre} lar spehdl ngnserdsbiong Plrumref al@mﬁmcas‘ﬁprs,
micrSPERYLHY1 AL er 4 Ht am the f &%%%I%@Eﬁ dfﬁ% 4%?comblqatlon

countercurrently into the waste stream At &r nativ
theraoéo eucr enindakedersn an@/emﬂuﬁmmwﬂjaﬁm@\anyrdHMer C
ourth scrubber ,428 ha ve

further
15 2GS RRo LI REe T NP BT AG e BY (3P BP padimg 40F example,
when sa ntdaslyoipapkcRgaek the eabher cschyhbers \@Mgt&ﬂg}ﬂe

Odea fégn;§g€emThghgoggagroller of the oxidation system may
be programmed to control operation of the catalytic backpack
(e.g., via additional programmable logic controllers or
suitable hardware).

FIG. 5 is a schematic diagram of an alternative
embodiment of the abatement system 404 of FIG. 4, referred
to as abatement system 504 in FIG. 5. The abatement system
504 of FIG. 5 is similar to the abatement system 404 of FIG.
4, but includes a number of additional features. For
example, in at least one embodiment, the abatement system
504 includes an additional cross heat exchanger 506. The
cross heat exchanger 506 is positioned within the transverse
section 464 of the cooling section 442 of the oxidation
chamber 410 and is adapted to recover heat generated at the
output of the thermal oxidation reactor 450 and use the

recovered heat to pre-heat any gaseous waste stream
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scrubber 428 provides yet another |evel of scrubbing
of thegaseous waste stream wth fresh water, and

wo aoobhai91serves to transport reaction product SP€DUS1IE6/023061
sunp 432. The bl ower 430 may be used to create a draft
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exchangear 506r @ay G0 priocdssons, Uhéﬁﬂtﬁ@trhbberéxchanger 422,
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heataBxBRRhEREaLekY dBEEHR BBREHAMbG! QRAPCEES U reddd to FIGS.
exanpl e, when a catalytic backpack is enployed with an

6~ 10exrst|ng oxi dati on system the controller of the

oxi dat ian g 8$§t%e Ca%m?ﬁtgro gg? n(¥1wéﬁefcrubber

operation”o0 ytlé
508, addchi apak hﬁggr@ﬁﬁabheel@gmobbemtrobbeme(Hmpmdy@mle
' chena ic dia ranlof an

hard . FIG 5 a
befoagtr E\Fl\lggf%i)lﬁteﬁﬁoblpl?l@%t 16f Phetipal L 1QPs (566 WM 46 -
For Ekgmpﬂe EﬁEe%é%dsEQuB§e§}b@b@”ﬁﬁg S¥Rl1eMeo Q4 ﬂlrhﬂ:all@tﬁ

. Batenent systen1504 of 5is simlar to
Spraarbapéﬁéﬁﬁ éy@teﬁhawn oRdRpted4to l@lll?tealtlﬁda.ld‘@g:%f mmﬁaln

f.a onal fe s. . Eor _ex

e L R E s R R

(notaddbtvhpnalf chesmheat:rebbbanges bR§. bEherraskediesd as to
exchanger 506 is positioned within the transverse

direggcei g Sﬁéﬁsowaﬁﬁg éBS??WgaQ@EPFéWa$$§KﬁtqQQ?ntlally
alon@Xhfat hABr surface of the water scrubber 508. Such an

arrangement increases the residence time of gaseous waste
streams within the wet scrubber 508 thereby increasing the
effectiveness of any water scrubbing process performed
therein. Other inlet/conduit configurations may be used.
Water and/or other gases and/or fluids may be
dispensed radially into an inner cavity of the water
scrubber 508 via spray nozzles (not shown). The spray
nozzles may be atomizer type spray nozzles and may dispense
a high pressure mist of water droplets. In some embodiments,
spray nozzles may dispense water droplets of a diameter of
about 10 to 100 microns, and more preferably about 50
microns or less. Larger and/or smaller water droplet sizes
may be dispensed. In at least one embodiment of the wet

scrubber 508, atomizing water nozzles are employed to
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chanber 410 and is adapted to recover heat generated
at the output of the thernmal oxidation reactor 450 and
wae@oi1B1r ecovered heat to pre-heat any gaseouBCTVES1086/023061
streantraveling into the catalyst chamber 416. The
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variBEhaNgeLs A ¢ dener iad Delow i L LeLe(SRCE L0 HIS 0

enbodi nment’s nalme SCru

to p&@&en$u@bp@slalbmgbfppe&&dtalsteubberth&a¢ e r&rplaay.ed
before_the first scrubber 412 of the gxrdatron syst em
406. FOR ECHEpEEPOAHBEREE /s KphBhe AroBs gy Ftrerhgeh PY

spraf! Hoakilky %B@a%en%4€5%§o@%9%l%QQWQ)eﬁﬁ@ﬁb%@ t orgRatliEs,
a water curtain through which a gas waste stream

blaSpagsééecAmoﬁ@Bemﬁ@o@@amge(waﬁeghdwnpl@tStﬁesmemsed by

r..5 n 0 iect a _daseous
sorafobiaRTeectt Bbvahimt Yol slodiBraty Sheh, 2T
Othesus@amem@fahmeowamethad@uhbeboﬁaaolswaheandabpa@gemmﬁe,

i ngreases the resrdence ti me of gaseous waste streamns
diregtiRin Othé rgels c pREBEr §@§m€ﬁéPébVaNn@Feﬁ@?ﬁ@yﬁﬁeln wet
scrubbbeckipgeness of any water scrubbing process perfornmed

therein. Qher inlet/conduit configurations may be
used. VWAGer 6andlostoeles ga§@@emndﬂchﬁewid§ ey st

n [ intgQ a o avrt t he wat er
appascru%béﬁ%Sggqv%aaéﬁrgy%no?§ﬁ gg% éhowﬁ as ﬁe spr ay

catamgzzleaamb¢rbelatomrresstypessppawvmaéales aﬁdoﬁﬂﬁnce
pense a hi pressure m st of water droplets In
w1th36 Qﬁﬁgapﬁegpgentlon With reference to FIG. 6, the
first apparatus 600 includes a heat exchanger 602 inside of
a reactor pipe 604 adapted to convey a waste stream (e.g.,
process by-products) entering in the direction shown by an
arrow 606. The reactor pipe 604 may also have an abatement
bed 608, such as a catalyst bed, in a portion of the reactor
pipe 604. In this embodiment, the abatement bed 608 may be
disposed about an inner pipe 610. As shown in FIG. 6, the
inner pipe 610 may be coupled to the heat exchanger 602.
The heat exchanger 602 may also be coupled to an exhaust
pipe 612 through a wall of the reactor pipe 604 at an
interface 614. The exhaust pipe 612 may be coupled to a
quench 616. For example, the quench 616 may be the
scrubbers 424 and/or 428 of catalytic backpack 408 of FIG. 4.
The quench 616 may be coupled to a waste pipe 618 adapted to
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spray nozzles may di spense water droplets of a

di aneter of about 10 to 100 m crons, and nore
w@e@basabl y about 50 microns or |ess. Larger ardI/ug2006/023061

smal l er water droplet sizes may be dispensed. In at

displo%%s.tofp'%%ee'q}% it%%ptwa%ftet @%f’geatnl; S@er%b.tlertosg:%’e Sénmg 432
atom zi ng water nozzles are enpl oyed t'oproduce “dr ops
of Fafs.aldout a 10 to 100 micron dianeter so as to create

an approximately 0.1 tqQ 5 second, and preferaply about
25 o TS cigit, WHREAT (HHD BEaeart s Y5 1 GIees toT

heat2Rd chlte ;GRS QUS NRSR o3t @M 1 PALN WA RS M/ @actor
ot her water dispensers may also direct a water curtain

pipealo@idg t Ae wandwsus is ilCacds dhe eaaheer heafiary 630 tane!
the W5 IGHUNP %rzfz5 B YRy 19eRARILI on, Qf; o%[arx}i'e%%'.at &>
on tUhese surraces . n sone errbo& ment’s, "Wat er

waster gplrets diesprens &d bywasphay dierdsesi Ay iR the reactor
ctrostatically nhancgd. That_is, biasing

Pipe§:6§ét-roa’ HRY teh Sge A tER tito P26t L3 SFerddplisy to a

powePEAYpNYZZes to prevent the water droplets from
coal escing. OGther systens and/or nethods to control

wat er @heplhe tsiexehagigeacttilen mefy teavelcoidmdl ripe of a

for 6] e _eml d.i t..scrubher 508 . .FIG 6
Stee|l| F@t%&a{% gs%ga%cﬁe@tc%)cé%v-ib&%e\gf aéL |yr’s?% éfpr?%ra&p&se 600
Incohell B@at iong 62 Scattal)y stvaiaGblsudroas T Catrglofsttion in

chanber 416 of FIGS. 4-5, provided in accordance with
AuntipgdtoPesdfth MéftifdR, Whoveherdic Y 5aPlE sbapet he
and/bkl 8htapRANALES B0 hpaliydes amsat @xeangen t8ddqgn a

inside of a reactor pipe 604 adapted t0 convey a waste
coilssheam freygbe prvdeysdoynpitbdueirs)eatt emboglimenthe in the

directi an.arrow 606. .The r.eactor pipe 604
Samerrﬁ;% E:i’;lrllst%Q %\%g\ya%n a ggé%nlgﬁgsbgd%;l sf{'} SA§PY E“p ag st
usedhedAlisp, a ther magrraflt hayr @actor pupea®l4. mbretriiag

enbodi nent, the abatenent bed 608 may be di sposed
adapgfGut-Caf2rRe? PRE 6 EETCAT SRGWY TRRSERE heat Préween a

regi%ggshsgﬁgetﬁ%oh@%x R&cFaVRLed 602 Lhe ReakBSXehaneek de
the heat exchanger 602. In some embodiments, the waste
stream temperature may be about 800 to about 900 degrees
Celsius although higher or lower temperatures may be present.
Similarly, the reactor pipe 604, the inner pipe
610, the exhaust pipe 612, and the waste pipe 618 may be
formed from Inconel 600 or 625 (TM), although any suitable
material may be used. For example, in some embodiments a
less expensive stainless steel alloy may be employed in the
exhaust pipe 612 when the properties (e.g., corrosiveness,
temperature, etc.) of the waste stream are not detrimental
to the stainless steel. Although the reactor pipe 604, the
inner pipe 610, the exhaust pipe 612, and the waste pipe 618
may be round pipes, in general, any suitable shape and/or

sizes may be employed. The temperature of the waste stream
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The heat exchanger 602 nmay al so be coupled to an

exhaust pipe 612 through a wall of the reactor pipe
woebeassdan i nterface 614. The exhaust pipe 612PCEHYSIHE6/023061

coupled to a quench 616. For exanple, the quench 616

. 424 and/ 42 [
carrf B B s e i B N dishar R Te ThEY 1 Toitiea
exhatu® ta pdast & 12, pentil & hadaptsaet todgies fdse nafy trieerder eatoed

waste stream (e.g., ,to the s 432 of FIG. 4 ._.Ihe
abouft ST TERRIE 50 G e SO TR S SRk haddiough
high®20 ANd AR neRL 1622 HasPeeedh e the react or

pi pe 604. A s shown in FIG 6 , the reactor heater 620

and t h&henngeattorr 622 tare éhimereds @ GoPnisedigadpr
Vi . te stre ter, ' e ;
eronf 5, SRS UL SALTIIBD e dasiante
fronb#htmaw 02 rooupltedn dra SwarowsiEplMi 26 r iThe ltdatugh any
..exchanger 602 ma pi.pe of a .,steel alloy

suitehin ALoray fed brespiatias. Tl Shrlie Hasan o the

reac®or5ZatEY) @\AAPR S IR GRIRAAHIN | Mo provide
Huntington, West Virginia, although any suitable shape
addigridiner rutserliadlioray e dmFudypdr Fe2 edamilve,swl taivifgh

. i a |l o I e

s G, B S SR o (R HAE T Sl et %

previant iirnfiur it rpe dea dise hndd o, ddnteryaretoe rédcal 1 pimgn the
any syitable material, adapted to carry _a waste stream

As sHOYTY Adndi- PeattNretiiedh af e divn Tiavs iffe WH@RfEh2round
the %%'&{é&efhe%%xaf@oa NeHAMYP WS} 48, 1the ke aloréchangerion

. I'n sone enbodi ments, the waste stream tenperature
of timy tsecdisoutheiG ¢ Zdbautd OB deudes aBelugnad thfough

emp lgy%:?:\e e qo rhel atQ:h\A@:rhet et!(;%%;\gcﬁtaotﬁs:'l . g%&”jé’o Atb ﬁaen%{ &3 aste & ’e am.

arly, € rea | Nnher pipe

t he eximaustwapitee Gkdamankdtdeer st engpi v GlS alryetheic
heat;iglirgtn%%\;eirc%mal lr%%%%eg}h 6&31% %ruiqtzzask)l(eTl\IQea{tia}llgt hdoel'{r%.hc ear}[}/ay be
employed. As shown in FIG. 6, the waste stream heater 624
may have a portion inside the reactor pipe 604 so as to
contact the waste stream inside the reactor pipe 604.
Although FIG. 6 depicts the waste stream heater 624 as a rod,
other configurations may be employed in the same or
alternative embodiments. The waste stream heater 624 may be
at a temperature that is higher than the temperature of the
waste stream. Accordingly, the waste stream heater 624 may
heat the waste stream around the waste stream heater 624 to
a desired temperature. The waste stream heater 624 may heat
the waste stream by using electricity supplied by the power
supply 626 although any suitable power source may be
employed.

In operation, the waste stream may enter the

reactor pipe 604 as depicted by the arrow 606, and flow
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materi al nmay be used. For exanple, in sone enbodi nents
a | ess expensive stainless steel alloy may be enpl oyed

w0 poobhasdexkhaust pi pe 612 when the properties (BCQUS2006/023061
corrosiveness, tenperature, etc.) of the waste stream

aboud! %h%m qzeetxr 'slm_ﬁfta e oof tt}ﬁ% $e aa'tnlegist%ag%o_geegt (ﬂ t h%@hﬂlll

the reac t he 1 nner e ‘exhaust
be epiple itk kmrldmt hethmétea’qmep&:lﬁl&em;ﬁdﬁe nraq,urh:é @tpes,
ener al any sui t abl e shap nd/or SI
CemEA Gy L Se kel GO (G AR ey s

wast@ys%@%a&?acﬁ$ﬁbd¥d¥%dﬁgﬂ 1ﬁ§§%|1ﬁﬁﬂiréﬂé¥%ﬂ¥gh £ the
exhaust pipe 612, and the waste pi pe 618 nmay range

heatf egphalbQgr r&@&nttOerﬁi@r aapte tﬁmttcgowaiegtﬁ@agvaste
streg?nl si 3 o al taréocléq@gt]:l i}hea o lgy 0pas %rath%raecs e%ﬁal?l%er

present. e Teac be a ceram'c
602 beat ehef maptdf ot eaanleatdrhes2eier anmies heatiar sarmmct
l'ine_avail able from Watl ow Corporation in St. ui s,

heatgrs S6dr MaYat¥hiight hifRtict % Medtser Tha! e Heat
exchileayedo BN LERIGHIh Pl 18] e d RAGHY

may provi de sone i'nsulation. To provide ad t| onal

emp lioyedl-at T, vta|$ete @ne@tnome@z.zerbﬁ%nyna%lh@m é:he waste

nsul ati ov e tar. 62 al so
Strear e\L/éé)nta I%Il":ej ari es 0 odgerziéer s%argd/’ odra abaq%%“en'at)s

Subseqwem&rﬁ, tAeS Wy d it dalrGmaty fﬂ]h%n nﬂiﬂcﬁig;\f 2 may

wr apped around the reactor heater 620 altho%g;h any

abat§mepgb|b@dcm8. JGr-&-iroradr e RS
Durihle thisulraton 622 me he 8Pl ewed Qnaq;eageg&e f£act or

pipe 604 and the waste stream The waste stream heater
chemgz4 Ly k@éIY@nC@IJém,r |ed:d1éatw1rt@1 dde e adianroigbeghyp08 so

sui t abl e at i ng evij & .e A s .;shown in
as tp gha gge %e vvastmgL &y ecghn%ga l%f%yﬁ:gqye g G Stream to

a moper blle@ﬂﬁa@ﬂjede:}iehﬁdaaaeioarpd@mo@m Th AT da @ acty
the waste streaminside the reactor pipe 604 .
OCCUK| Pho@gh SRIFE2 16 IR e Svast e stream heater 624 as

a rod, xeither eanf I.guraldens A e EMIHY e dtt 8 ean is
heatzgh%yolhe heat exchanger 602 prior to being heated by
the waste stream heater 624. Accordingly, the heat
exchanger 602 may use the heat retained in the waste stream
after the reaction with the abatement bed 608 to preheat the
incoming waste stream.

After filtering through the abatement bed 608, the
waste stream may flow through the inner pipe 610 into the
heat exchanger 602. Because the waste stream may cool
during the filtering, it may be at a temperature that is
slightly less than the abatement temperature. However, the
temperature of the waste stream after abatement is generally
higher than the temperature of the entering waste stream.

Accordingly, as discussed above, the heat exchanger 602 may

heat the incoming waste stream. The abated waste stream may
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alternative enbodi nents. The waste stream heater 624
may be at a tenperature that is higher than the

wo eospas@iure of the waste stream Accordingly, P€HES2006/023061
wast e stream heater 624 may heat the waste stream

£10vh %%% Efceh‘_’&a%e%été{%{ﬁs 2f e ?%%&O%Q%dm51ﬁeatp%%% 612

eam eater
towaww ezlﬂi reasndly aIsé n@e s ectsdrulblyestippl 4 ea;lndi)yor h&28 of

the R e o=l URErat | Be- Che wecht SEFRdm oy may

furt@l%trercdcﬂe dRBGOra e 604 Bst e ctzedubey hAet &r §OMeam.
6, and fl owabout the outer surface of the heat

Subsemmw@ie/r 60 WwRstapipdd Bk phay rfébﬁ@féﬂf@\/\@fth}eeh‘é@t?te
nger 602 t t et t a
streBien e 1 el byt T Theete A Foans MTbEAT TS

exchhie@terl s(d rga.n,sfaejsraot fioan ddea hesit lﬁe@ham@yerbéoasé@ fbe
wast e streamto heat the waste stream The was

the deadar® P 190w P 10% HXHERE L Fk chahge? 602 %dF%%e
wast e siream heah el 624« The-nasie Styeam beal efeb2dq

may be at a tenperature higher than the heat exchanger
appa@@zlm tHdudghrmneasuinabl ecaeresathed nsycheaenpheyed.

te.stre heat 24, may h S £

cata a/ &}sa%} edr t@%per%t%fr%ses'( 4 n? J_Qc%lc%&? X\Q %?cé &gf’{‘g%

w1thSUtbﬁeeqii:@Hdryc drhveevEisdre. stWﬂ&m :r@cryezfertctertct hroegh7t hehe
abat enent bed 608 (e.g,, catalyst chanber 416 in FIG

secopd) aPRRF3 T t TS If@hétl%@dehénmeeeéeglepéam%foﬁeacte 9.
a ca(t%lgfst e caldy mAhysd C@iﬂti’laﬁt%)t%ti‘bii‘&mnt bed 608

abat'enent bed 608 so as to change the chem cal
of t@@rniasqst‘q arwfrathes Webl e sis eslhowo B nbke. dési tladl eecond

ch sitian react i on .my. occur a
wparGiE St ahEr Are o e Lt oS AP e P BreeRo
the vvasntne e drs, ttﬁ@éewbwet@terémtm@(cﬁmtgeﬁuﬁﬂzar to
prior _to being heated by the waste stream heat er 624.
as d&(,sé:&r qug|as}oo*\{q1ém|.fré'htre erence to FIG. 6. The waste

stream flows through the second abatement bed 608’ along a
path that is longer than as described with reference to FIG.
6. Accordingly, the waste stream may have greater reaction
and/or residence times with the second abatement bed 608’.
Accordingly, the chemical composition of the waste stream
may be abated more extensively. A similar heat exchanger
(e.g., absent the catalyst bed) may be used for the heat
exchanger 506 of oxidation system 406 of FIG. 5.

FIG. 8 illustrates a schematic view of a third
apparatus 800 for heating a catalyst bed, such as the
catalyst chamber 416 of FIGS. 4-5, provided in accordance
with the present invention. With reference to FIG. 8, the
third apparatus 800 may include an external pipe 802 coupled
to the reactor pipe 604 and the heat exchanger 602. The

third apparatus 800 may also include some components of the
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exchanger 602 may use the heat retained in the waste
stream after the reaction with the abatenent bed 608

wo o00pnadsent the incom ng waste stream After fPCT/E8100¢023061
t hrough t he abat enent bed 608 the waste stream nay

secoéégﬁgﬁg%%ﬂggzﬁ%% 'nﬁﬁﬁxp' ]éﬁéréé)ﬁﬁﬁ gf@tls ?oupled

Because t Feam may
to tder rergctbe biillpkerdOdy, iAs rmyovb'e al HGE@,eratprtidmtof

is slightly |ess than e abatenent te rature.
the RSGETERL PHES Bger Bl oL T SAstE Sl e ai & ferctor
plpeal@@ﬁeﬁ?x@t b'e%w@%‘?qert%Jé Vi fhed ot NeYD they teRder & & 8r Of
the entering waste stream Accordingly, as discussed

heatabov80 eAshoagh erchanvgerallo? eeylimatathen imeynbag
wast.e stream__The abated SINCR sIream flo hr ough
empLB{EYR 5 Fody SHAD o ST e S L O

€16 an raust pipe
extetrawar gspkhe oquenrgh kﬁl@:u(@cgsed S@éﬁmt@r[ StHiR4r et 6f HeSter
of the catalytic backpack 408 of FIG 4 ) ., The guench
620 g1g FR§ FEPCHEr &J1S &t or %t%ﬁ@rﬁ%m%% 397 ey be

51mJ.WQ§t € oStheamn naybsagely. dé%i’l@éﬁ SbRe Hiln ”Pé(fe¥ence

di spose of the waste stream (e.g., to the sunp 4
to FEGG 64). FAJCsuematrrmxleheaiheemmvgea“l (Bire ,8Gbseny pédenade

of 20 DT ey medoe o e (B @ TP ki ke

matealaghematl c view of a second apparatus 700 for heating
a catal yst bed, such as the catal yst chanber 416 of
FI GS. 4n5°P|§F@\F|ld>é’d i WA e MintdY t et PR eskemfough

the FBYERLLO 1;73\4’ e, eft@ﬁ%?%% tiﬂlézlé%agemeﬁ‘{:%éc?cg@éj an

apparatu 00 may i nclude an abat enent e.g.,
entea theakyserbed) ptilpst 8ty die agi ml@ratteﬁttt@nmm’emt The

bed 608 of .the first par at us hown_in. FlG
a8 A8 LA e i B O 1Y (o LS e heb the 802
betwkBREENPI peatldr heaaRrer d30mnknd hﬁzmsa;:satmﬁn@my

flow simlar to as descri bed above with reference to
therpepy hgatipfe Ofa e SETEdH f‘q%tqmﬁ%q@}fmﬁeoge%%dwaste

stre8hat gment Red 6081 @i0 2. Ssubsequently, similar to
the first apparatus 600 and the second apparatus 700, the
abated waste stream may flow into the heat exchanger 602 to
heat the heat exchanger 602 to a temperature higher than the
temperature of the incoming waste stream. Accordingly, the
heat exchanger 602 may preheat the incoming waste stream as
described above with reference to FIGS. 6 and 7. A similar
heat exchanger (e.g., absent the catalyst bed) may be used
for the heat exchanger 506 of oxidation system 406 of FIG.
5).

FIG. 9 illustrates a schematic view of a fourth
apparatus 900 for heating a catalyst bed, such as the
catalyst chamber 416 of FIGS. 4-5, provided in accordance
with the present invention. With reference to FIG. 9, the

fourth apparatus 900 may include a pipe 902 in addition some
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path that is | onger than as described with reference
to FIG 6 . Accordingly, the waste stream may have
w@e@atiai91r eact i on and/ or residence tines wth PEBEUS2006/023061

second abatenent bed 608 . Accordingly, the chem ca
of tﬁgmgﬁPEhgﬂtgf d%@%rﬁ@éhe a%(r%a!}!?%%w x‘%efe%téq{é‘ed i{)@rﬁe.
ext enstvel A'sim[ar heat exchanger .g., absen

The ph@ecaoalmsy bedylisppskd maedhEOEUHtEMGﬁH et yeinside

506 of dat 406 of FIG 8 \
the FPRGEPF aPaEon B0AnaE: BhgMBuaBr T Gonitrd (5 B R Bhok®

dlspB@%dhQébkaglﬁa%éﬂgsbéhtégd1n3@ﬁ€ @%dﬂ@%éﬁ%fﬂéﬁﬁ608
hanmber 416 of FI rovided i n accordance with

althphghppageatiiicabdnt &@ﬁatwnhmaaff BeerE® oy .G, 78 RontHieon

ot chll Eo@PBREaLSA08 My chickyde a0 external. pioe 4380 o

€ react or “pipe anger
reg16ﬁZofThhetheadtampg&péusanannpyowrmiUyuﬁaukheMHnthe
onents of thggecond ap ar at us 700 Not e that the

waSt&ugEEﬁa@lént§rEo FeaeFStP ePFBECI? -pi pe 604. As

shown irReFhGpe8902amBgr be0R Akakhe ¢ %rl'%'ﬁm{b‘kpearﬁpz
g be di sposed outside the reactor pipe 6
suitpbtaedavihe magubet empéerednd Fhe ﬁecampdxe,hé‘dtearplam 902

nay Bkl 0048180V SUL! Abke GonEi quration. mmy diceml oxcd.

exanple rna r've e e ex rna

1n51ﬁEDEh808eﬁﬁypbpedlSthedebetp&pB ttheireactyori hgaidey a
620 and,the reactor pe 604. The external pipe 802

Workggpg %éuéfijPSP &8 Fﬁ@uFﬁHePrﬁﬁﬁéréw’ac‘f@éfcrl%&F%ve

solvéhth, rﬁﬁﬁ&ﬁ@ﬁe tech! Ga16houbRr aB¥2RRi@atiRe X8 Ry be
pi pe 802 nay be madée of a nickel -all oy such as Incone

emplOYRH . or ThAOPhRE 802t mbﬁ/ebﬁatsemélar tion tdyge matiegriala of

the pﬁﬁougﬁg%ge agg§8%é2¥3 b&d® %gggan%%gn%%$§tﬁ%ugiﬁgrggﬁl

althpuge 862 ahlaabebematedlhewmayaburemplb@eahatadlwamae 9,
be conyeyed by_the external pe 802

m ma
the BéPﬁe%Hz ﬁé Pea&tépdﬁéat éﬂtégegana%émﬁﬁmlﬁ chagre may
be employed.

In operation, a first region of the pipe 902 in
the reactor heater 620 may increase to an abatement
temperature (e.g., a temperature of the waste stream within
the abatement bed 608, which may be, for example, a catalyst
bed). Consequently, the heat pipe fluid may raise in
temperature throughout the heat pipe 902. For example, a
portion of the heat pipe fluid may become gaseous and rise
to a second region in proximity to where an incoming waste
stream enters the reactor pipe 604. Because the heat pipe
fluid is at a temperature greater than the temperature of
the incoming waste stream, the heat pipe may transfer heat
to the waste stream. The temperature of the incoming waste
stream may increase, and the heat pipe fluid may condense

back to a liquid form and flow back to the first region. A
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thereby heating or preserving the tenperature of the

waste streamin the external pipe 802. Subsequently,
w@Rmwbl13391t 0 the first apparatus 600 and the sePCHUS2006/023061

apparatus 700, the abated waste streammy flow into

vt r 2.to h e ngery 60
i AU LR R e e S
be uisedoifiong tives he ast eeaimangecobdibnglfy oxtidetheat sesdtkandedl6

602 may preheat the incom ng waste stream as descri bed
of F&ﬁovg?mﬁth reference to FIGS. 6 and 7 . A sinmilar heat

exchangelz.(@.094s absenknbiteccatabysih bedhnmeych@1used
for the heat exchanger 506 of oxidation system 406 of

crosp| Geas pxchengerg L00Qushpst Bgvabechertlt feryitdy bleat

f h par. for.h [ aLyst, be
excnzde BRPRE R Ratea T BRI TR0y e o e i
heataexehdagee WB0Bh otffthe hpr eseds tibvestisaem WOHh ofeffd@Gencel -5.

to FIG 9 , the foyrth apparatus 900 i nclude .a
SuchpPpde§i2 SHTIEAEE o §&Wégﬁrt e &3ﬁﬁsﬂ3%§§ra ?%rﬂﬁbd
prevaBoMe Wihh refeheree ul @ Fbrebt. nbhe epigpe, 908 .may be

di sposed in the abatement bed 608 inside the reactor

pi pe 604tharedleawmcienthl GIGY 10yhe gipecggvieste stream

[ appr oxi nmat.el.y ter_.J £ t d_60
co of) SASIE T TR, SO Lol Y. BRLAIBIL 8008 1G5,
4-5)penticarns ahet heopispcd@2 ecexhendsrbapondathe dhatsendnilet

bed 608 into a regiqon of the reactor pipe.6Q4.in
1002y, gRchilty HSERRSEE. LS onds e rSt: 85 it E%glﬁéer shagels

1004RI PanbQ4a Eie RIsPe Q2R . Be  arheal tRePexabbhauan any
sui tabl e devi ce may be enpl oyed. For exanple, the pipe

cham@ez Hay badd dolthewchéatl ypiige chrbes Haal phperl dile

heatd%§%%§%%ekn%%8% %%ﬁo%%aﬁnﬁ%%e1oﬁ%e %%a'spbegggfgéélyﬂ@o
i ncl"ude "a worki'ng T1urd such as reduced pressure

a sewahel scacetfonrl tiplleerhannaneonioas ehdch akkthadgh st

suitable fluid my be enpl oyed. The pi,pe 902 _nay be
and gepgPae of ftReNFeeerinye Heat to the Tirst multi%le

channels 1004 that carry the gaseous waste stream to be
abated. Heat from the abated gas stream thereby is
transferred to the gaseous waste stream to be abated. An
insulating material 1010 may surround the heat exchanger
1000 to prevent the loss of heat to the atmosphere and to
increase the efficiency of the heat exchanger 1000. The
heat exchanger 1000 may be made of a corrosion resistant
material such as a nickel-based alloy (e.g., Inconel®), or
another sultable material.

The combination of oxidation, post oxidation
scrubbing, catalysis and post catalysis scrubbing provides a
total abatement solution for deposition processes such as
chemical vapor deposition, etch processes, cleaning
processes (e.g., NF3 cleaning) and numerous other

semiconductor device manufacturing processes. For example,
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the i nner pipe 610 descri bed above with reference to
FIG 6 although any suitable material may be enpl oyed.

WO 20061185910 , the pipe 902 is a cylinder, althorpghyus2wge/023061
sui t abl e shape may be enployed. In operation, a first

HAPs! §9LOR0RE & RiPeHR%ddn bé)“ 18864, hedl£pR20 JMRY any
i NnCrease to an abatenent teénperature (e.qg., a
rematiefiper #RAPse aoid VIOE swastye bet reaovwict biyn dalte 1atsdtsemedicid

be 8, .whi ch be, for exanple, a catalyst be
and BouRd e R O o S e SRE ket Sy b o
993 Leapemahyr @ fifaugheuib ft e ahadt aRi1Pe A2 onRictramRl1fted
a

portion of the heat pipe fldid may beconme gaseous
gasegig P& ooycassdderiddieg dABsn YOSs mindy BEE swiveve ban
achiig@gning waste streamenters the reactor pipe 604.
Bécduse the heat pipe fluid is at a tenperature
gr eat enst han eaamptlenpdrasite aVDt s ambeamadlg andsice
stream the heat pipe may transfer heat to the waste
procgpeggmt Y& tldnp SeRedad Sof e fileesniaty GRdst & 280 e &8

and/%@’y oit'?l‘érz:e@gi%esse%nd(ré he h R pe Jluid JRYCEPRISBSEchamber,

ack to aliquid formand flow back to the first

1.5 pégi 63FcApien Icheripeat agxcRafgeln €F¢. peabsdmmbelre . The
catal yst bed), ma u far. th eat__exchanger .

soacGbflY Siaai, R B ikl S, Dl B B R 510 o

for geleaBbitemdnagfan dh-an texevpl ahymbeds £ 1keat neX changer

. .1000 that may be used for the heat exchanger 422 of
simidRE PAPELFSESbacKPadle AG8S&n@FGr SFEP e eatthe

oxid8%¢RangeL»e8 afpst ke Oordali-en 3¥shan 46+, Flleduiring
4-5. Such a h h I th

. eat exchanger Is simlar to ose
no fdederi Bed siuchpreayicobsidirienter §¥PatPéd BLS.tePamndénimalo be
6,824, 748, Wth reference to Fl 1Q, a _gaseou t
pex GE RS ol oGy Loy - RN L RE S ARy | §uEeheE

the ebafkeent4l6yefehl GB0402) cthicer sibbhenenhdss iieas
exchanger 1000 at a first inlet 1002, and is dispersed
descirapgdaneredn gy &e ﬁ&@@ﬁﬁ@ebﬁhéﬁﬁQQ§lttlng an existing

oxidation chamber with a catalysis chamber/scrubber
“backpack” as described previously with reference to FIGS.
2-5. Such a configuration has little or no impact on CVD
performance or throughput, minimal risk for requalifying
existing fabrication facilities and low cost when
retrofitted to existing systems for PFC abatement.

Exemplary gasses and/or chemistries that may be
effectively abated with the above-described abatement
systems include B2H6, BCl1l3, BF3, Br2, C2H4, CCl4, CH4, CHC13,
cl2, CO, COF2, dichlorosilane (DCS), diethylamine (DEA),
dimethylamine (DMA), ethanol, F2, GeH4, H2, HBr, HCl, HF,
N20, NH3, 03, octo-methyl~cyclic-tetra-siloxane (OMCTS), PH3,
SiBrd4, SiCl4, SiF4, SiH4, S02, tetra-kis-dimethyl-amino-
titanium (TDMAT), tri-ethyl-borate (TEB), tetra-ethyl-ortho-
silicate (TEOS), tri-ethyl-phosphate (TEPO), T1Cl4,
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1004. An abated gas stream (e.g., fromthe oxidation
chanber 410 and/or the catalytic chanber 416) enters

w0 b@cha®tl exchanger at a second inlet 1006 andPCBHUS2006/023061
di spersed into a second set of mul ti pl e channel s 1008

[ r dj Eerr hegt.d4 0
trln}mhﬂl ?slt%n%ul %@}é ?ﬁ;%dne t%ia?ﬁ:ar ryd4trtﬁbe’ Wi,
CF4,0asiedys NIast S%t aeaimtthe kilecea.batcnﬂheri—lemssfersomrtd}’@r

abat ed ga trea t her eh s transferred to the
h Sl DA
¢ emd§§§&l?§ -abat ed. An insul ating

materi a s&%%Qf&%n%urlwmfetﬂ@@qai HRX R &b AR 0

prevent the |oss of heat to the atnosphere and to
alsq meedse tehd lefl divernopbom iee %éjtatéﬁhé\i@ercalmo/sw-

h f
For ex%m 91at exc daatg ! ]aqo%en'%ryagpn dﬁgﬁ: Un 2 oy t?.gl.gg.a’

reS|§?aﬁt na erla SUC ase

sindgllrec emehnficl). , HokweaRat, ham mﬂcmtﬂlesmaﬂmmhw;c m'lélye suffer
conbj natj on of OX|dat|on post .oxi dati.on scrubblng

Erome gealupsids akd SPESE SHTAHFFGICYs driu BBt hggbegs are

abatlef.al I%b%h%lﬁe%ﬁnb%‘%ﬂl%r@% fQ:rhéjeaQRﬁ'ttl'oQP et %C%Sa?cea%y%ifd“
as chem cal vapor dep05|t| on, etch processes, cleaning

champegcessas /( Pagkpaai3 cﬂaeamnﬂy)tla/hdnmmsm@mﬂ@rent
capac(?L %?2%};? ag%\{rl\p@menucf aCtalHdﬂ:% QLSS ci‘?attals)}151s

exa e renove by OXl

chamBes rand 1&1@)tera%léalfﬂjd¢gnhl‘§3$arﬁhd:h\l@ﬁ&n?§i)aﬂm:dn%ﬁived by
cat al ?!DLYbS' Aci d and sol ubl e byproducts pay be renoved

capagy tyc b Bisn 1 Bp 3o APIdpIeh athiferROTBRASG diftPrordatean y

alondl.! sem conductor-rel ated gaseous byproducts including
HAPs, VOCs and PFCs may be achieved. A s an exanpl e,
i n-si t dsC¥bodharbexagipdani ng m@e@é@diycmru%ﬂrl ythe
. nerat e hi hfI ws qf, CF4, C2F and/ or oth
OXLd%E: S c?xéa.mb% ur(J)%t’ 4 O 1§ &abgﬁzg pearbaC 109 & aBa out g
11 teHs @t ep it @hmrlﬁw-o%r&a&]ﬁmr@:‘%amre Q:ftamwcr)quhean

apaiihALENENL systoms described herein my he used gs &
the catalyst chamber 416, an increased abatement capacity of
about 4 liters/minute may be realized. That is, in some
embodiments, the capacity of an abatement system that
employs both oxidation and catalysis is approximately
doubled when compared to the use of oxidation alone.
Likewise, use of an oxidation chamber with a
catalytic chamber may significantly increase the performance
and/or lifetime of the catalytic chamber. For example, any
process that generates particles that may coat catalytic
material within a catalytic chamber may degrade performance
of the catalyst chamber (e.g., such as SiF4, a known
catalyst poison). Use of oxidation before catalysis removes
harmful gaseous waste stream products and/or by-products

before the waste stream enters into a catalysis bed.

Catalysis bed lifetime and efficiency thereby is improved as
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for PFC abatement for in-situ CVD chanber cl eaning
and/or simlar processes. In at |east one enbodi nent,

w0 b@ensxisdnt i on chanber 108 may be el ectri cal | ypeivasmde/023061
requiring no fuel. In such an enbodinent CvD PFC

the ERFRTTR SRt RlAL R il B B e

Furtoemgr cattatlgneir beys tidrfe tdesc ldre ¢ ffdreigndpy deimproved
WCreated ret;oflttlng an eX|st|ng oxi dati on chanber

"REER OF LAY & SONGRSe thSe s B £k (EIeo U waste to
be a@%%‘é@' bed oor, e\HyOléﬁﬂﬂédﬂlt\}%lryefa?fa%‘h% v Pd CSrocs 0 etc.

Such a configuration has |i'ttle or "no |npact on CVD
Tablgepf @:ermwce Sttmect@c}hwtpecr‘nem naicndasesd gm abatement

r i.fyi | rlcatl n fa ilities and | ow
2D L e TP o0 0 68 S arehe T or  PrC

abat enent . Exenplary gasses and/or chenistries t hat

may be effectively abated with the above-descri bed

abat enent systens incl udéBBEHA BC13, BF3, Br2, C2H4,

CC14, CH4, CHClS Cl2, CO COF2, dichlorosilane (DCS)

H, NH3

oct & et iyl (REET S0 ALER o pxpn ST Sl A8 ot o,

GAgeM"yi NN 7@A§@E’ngr°m”'€ O S b ac Ty

CFanra,klc dInPLhEB aninot i tanium ( TDVAT) ’126

C35§ i et hyl - horat e2@TER) , tetra-ethyl-orthodOPicate
C4HBTEQS), tri-ethyb5phosphate (TEPO) ., 110

c25%1014,trinethyI558ane_LTNS), W6, C2F4, C2E6p6 C3F8,

NF&AFG, CAF8, CF4» €HF3, NF3, SHb and the | bke34O her

cHrgAsses and/ or chegystries also nmay be abateq3aA

SFg! gNi Ticant T MpLoggnent in harjogen abaremgny 3gi so ey

beTealTzed by conbimngoxidatiomand-—catatysts.—Fot

exanpl e, oxidation alone nay sufficient for abating a

singl e chanber. However, an oxidation chanber may

suf f er Nﬁlm@ﬂ‘blue;d Jesdcabahenent cekhiciteney infaymle i pl e

re abated. In such enbodinents, the _addition

effes 1ge Xtﬁ 9F ¢ using either oxidation or catalysis.
When such gasses and/or chemistries are abated within the
combined oxidation and catalysis system of the present
invention, a large improvement in overall abatement
efficiency, capacity and lifetime of the abatement system is
realized. Exemplary gasses and/or chemistries for which
such benefits are realized include C2H4, CHC1l3, CO, COF2,
dimethylamine (DMA), GeH4, H2, NH3, 03, PH3, SiCl4, SiF4,
and the like.

The foregoing description discloses only exemplary
embodiments of the invention. Modifications of the above
disclosed apparatus and methods which fall within the scope
of the invention will be readily apparent to those of

ordinary skill in the art. For instance, any number of

scrubbers may be used after the oxidation chamber 108, 410
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chanber (e.g., backpack) may greatly increase
abat enent capacity. In sone enbodi nents, addition of a
weawal1y®is chanber may i ncrease fluorine and cPCDUB2086/023061
abat enent capacity by as nuch as doubl e when conpared
i [ a e xanple,, in so
and Ao e PRaba st BaRRER e 1R U0 Y < i & 4
etc.of. abating about 2 liters/mnute of a
fl uorine-contai ni ng te streamw.th an abat ement
ef 11 ci GNGP I WRET 2t/ Q9oF AT bugh BeRFt PEANBRIERE may
pe Rl ySio £ harfs) &16:08eh PE] 828860 ahal ENBRLL SARALE YN
. of about 4 liters/mnute may be realized. That s, in
whiap e tergrodi Feois, withl e apacli nye of t wpe abad eoehd gyst Bhows
v qlhat_ e xj. dat |, on_an atalysis Is
ot e o P o e v Bngal by P rahBievags as may
gas-d-dadd dresd onechdndewd se, use of an oxidation chanber
with a catal ytic chanber may significantly increase
the per¥brifitcmhf oretts et ertihettat ahgpber 416 may

be ﬂﬂyﬂﬂgﬂedFngf%%“ﬁH@ériﬁﬁbﬁ%pceﬁﬁetfffsgeﬁgaﬁ%ﬁéﬁ %ﬁter

particles that may coat catalytic materia
the eattal Wliic ciianerr Bl6 deyy doe pecdocmanert ofcthieber, and

t alyst nb . g. h Si F4 k t al yst
cho GV SIcSIAIRETa 464 .41 SUER28 L L Bukne L o

courf@yrdil rigase aisrwsisd €. St PEOUELdsr 20UA0E may be used.
an b%/-_pr,oducts before the waste streamenters into a

i pekecdtenly sSPECIRRETT RAY RE anRP@f ¥ Ehbhcyhe
catdiffieblodciod B ONEY BSIAE, CALAINL L R Aok Pa 008 water

egraded by such contam nants Further, catalysis bed
fron itfhet iswr ik ef)fi ci ency is inproved as "pre-oxidation"

educes e AT Lol 930cete veste Lo b, A0S b

disclldelown Iddistd@tiam axingc techpcd BASash ddi rbat eMBid reof,
, capacity by conbi ni n% oxi dation and catalysis. TABLE 1
it should be understood that other embodiments may fall
within the spirit and scope of the invention, as defined by

the following claims.

35



10

15

20

25

30

Nurmer ous gasses and/or chemi stries may be effectively
abat ed using either oxidation or catalysis. Wen such
w@awsassoand/ or chem stries are abated within tP€r/US2006/023061
conmbi ned oxi dation and catal ysis system of the present

THE TRYVERTTON éiﬂfMéﬁef§provenent in overall abatenent
——*—eﬁfrt%eﬁtyr—tapatrfy—and lifetime of the abatenent
systemli.s real istetk enteretd @ 3r Hass esompcl ©f ng :
chem stries for whjich such benefits %re realize

d
incl ude C2HAT LR WEF2, 2@ Rt hyt ant Pec{ TRAFD
eff1RM sHde MiEFri8.a i dfddet S Fevard ﬁ#ﬁuf55€urﬂhg

foregoi ng description discloses only exenplary
chamgeisedi ments of the invention. Mdifications of the

above di scl osed apparat us and t hods, whi ¢h f al
o the et P RPN SR i sl co
receappar@nst AT Idase Ofrdndi Nedny 1S | dxidet hen arhit Fosnd

i nstance, any nunber of scrubbers may be used after
the oxi dati ¢h et s 081 Y ARl =9 tepcehee the

efF1680h3! ¥t GhamMein I ﬂ]%ot{ &dker lseridbpes unft: €tc.
). Oh unmber of

er types and/or n heat exchangers may be
used. For exanple, concentric tube heat exchangers in

whi ch hot gas fl within an inner tube and col d gas
flove art i f i BT e Vhrek g phefe8n
oxidampbayed.i tas ST gaed C@aseiesd EXRHHPErBOCE NEBOHELhe
enbodi nents, the catal ytic chanber 416 may be
efflpngell at&€@2and/ or water-tight. The first scrubber after
the catal ytic chanber 416 nay be a co-current

scrubber, and the final scrubber after the catalytic
chanbep .416 Tiey dbe tersountappatarentoSorlbber? Wiéeein

configurations may b sgﬂ. An addi ti I t er, heat
the SRERANGES WAy the LCSRRMThI 1 LHATCLT A yeF o PUEKHACk
eff1408t(ergeanf.or cooling recirculated water fromthe
scrubbers)
4, The abatement apparatus of claim 3 wherein
the first water scrubber unit is adapted to remove acid

byproducts from the effluent stream.

5. The abatement apparatus of claim 1 further
comprising a second water scrubber unit adapted to receive

the effluent stream from the catalysis unit.

6. The abatement apparatus of claim 1 wherein
the abatement apparatus has an overall abatement capacity
that is greater than an abatement capacity of the oxidation

unit or catalysis unit alone.
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Accordingly, while the present invention has been
di scl osed in connection wth exenplary enbodi nents

WO bheoasf11 it shoul d be understood that other PCT/US2006/023061

enbodi ments may fall within the spirit and scope of

the i nyenti i_ned t followng clains, THE
| WENTT o e APVED L EeRE 2Bbd el e 0eE £ et
for eohpilbgengcoanadxiidat werstunist mdapt ethd aseoamare: an
| uent streanlf%gg1a sem conduct or devi ce
r

f .
appa%ﬁ%ﬁ?a far PRg°YR& abatemedyt \GRRACHSY JokR: imigreater

thanadapkedtbRechecebyacihe eff lugnto stdsam.f ramt he
oxidation unit; and a catalysis unit adapted to
receive the effluent streamfromthe first water
scrubbegr uni.t., . ba nt, appar at.us. of, claimJl
mhereig‘oxigé?i%ﬁaﬁéﬁgn%s%§§§%ﬁﬁf cﬁgéﬁ%vgldmﬂé%ﬁ%ﬁn
for ¥ORslbpem-thatefhiugnivasticeamrcshn, e ahaiwmmnit
aratus of claimz2 wherein the catalysis unit is

appagggﬁﬁeaaﬁoaPeﬁB@éaﬁ’ﬂ:@b@F@n‘ﬁet% EHAUnt hated af least
doubIaeaababgﬁgmén@peapaw%yofofc'@géﬂ&mﬁﬂ%m &xg@c.f irst

wat er scrubber unit is adapted to renpve acl
byproducts fromthe effluent stream 5 . The abatenent

| aj f h | Si . [
Cr abbgr unfTCaRRBEEHCLS PEREEIhE o Uahi SUFEaH

the hbemembRtcapphyaiasulibk. ab. oWke Aabatermdnapparaids
claim1 wherein the_abatenent apparatus has an overa
per YpateNehtTEapacreyethat thadr d&t Sraia@¥r dhagbarenent

abatERBAE LY¥poEithepeXi dat oy Hiide Jr %%1%1 i IS didye

al one. 7 . The abatenment apparatus of m 1 wherein
catatpsia halbgen-contai ning waste stream the abatenent

10. The abatement apparatus of claim 9 wherein
the abatement apparatus has an overall abatement capacity
per unit volume of catalyst that is at least double an
abatement capacity per unit volume of catalyst of the

catalysis unit.

11. The abatement apparatus of claim 1 further
comprising a heat exchanger adapted to heat a waste stream

before the waste stream enters the catalysis unit.

12. The abatement apparatus of claim 11 wherein
the heat exchanger 1s adapted to heat the waste stream
before the waste stream enters the catalysis unit using a

heated waste stream from the oxidation unit.

13. The abatement apparatus of claim 11 wherein

the heat exchanger is adapted to heat the waste stream
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apparatus has an overall abatenent capacity that is
greater than an abatenent capacity of the oxidation
wairiob/13¥11 The abat enent apparatus of clai m 7 MBEUS1006/023061
for a hal ogen-containing waste stream the abatenent
pef RPN IS 125 A QKEAle, A0 QTRAL 3309 L {hals 4.8, A
I'east doubl e an abat enent capacity of the oXidation
heatnl was@e sTheaabdtrementheappardtsd sofundltai m 1 wherei n
t he abatenent apparatus has an overal | abatenent
capacity per unit volunme of catalyst that is greater

than an sabatreRent, ¢RRGI ﬁpﬁ%@l&a%ist o¥OluE 1011 £ahad ¥sin
of the catalysis unit. 10. The abatenent apparatus of

the dlegitmex cilaaugesizn com ralsase ge fubgp pasatisivas wirt verizie
£ nt. .capaci_t r.unit vo of .catal yst, that, is
Catagg%ﬁ%ggpagoﬁ% ésa%ogggfé%gﬁtacgéggftft o1 urfl t%ﬁﬂ
wastef statealy phselst htreaighl wsicatanyst ¥ithihe @hatemeysis
_.apparatus of claim1l further conprising a heat

uniteychanger adapted to heat a waste stream before the

waste streamenters the catalysis unit. 12. The

abat enent apparatus of claim 11l wherein the heat

exchangér i §hadapredemnesthegpatrhé usastfe staiean heflrrein

th st.e str.eam enters the catalysi ni_t uysi a

the aldd ks R 5t rEam RS 8 DX GALEOR Tt S % e

oxidakdtenent tappakat s @roelidied tirwhiekeiarddys eatat least
exchanger is adapted to heat the waste streanbefore

the dli&saépdest SEAMPORTeM8ithe catal ysis unit using a
heat ed waste streamfromthe catalysis unit. 14. The
abat enent apparatus of claim 13 wherein the heat
exchangdér. caimer iedescacntbeppesitizoned wiltehion 1t Heirther

talysis _unit so as to_receive_a waste é%; §¥1after

C I
compite1nEe fe P EPES D ASIBS A ERPBugR VA CEal Gt (eut
of teat abysiement apparatus and adapted to create a draft or
negative pressure that draws a gaseous waste stream out of

the abatement apparatus.

17. The abatement apparatus of claim 16 wherein
the pressure regulation device is adapted to regulate

exhaust moilsture.

18. The abatement apparatus of claim 16 wherein
the pressure regulation device is adapted to dilute the

gaseous waste stream.

19. The abatement apparatus of claim 16 wherein

the pressure regulation device is a blower.

20. The abatement apparatus of claim 16 wherein

the pressure regulation device is an eductor.
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unit. 15. The abatenent apparatus of claim 15 wherein
the catalysis unit is adapted to nove relative to the
w@00dasioon unit so as to provided service acceBGT/US2086/023061

| east the first water scrubber unit. 16. The abatenent
apparatus of claim1 further conprising a pressure

regul ati on device coupled to an output of the

abatenéﬁt afhar abus canach ta daplhed thie @Eeaﬂaim dr ahkrerin

rre that draws g gase e stream

the %éﬂ?’ﬂgresijéﬁe@@r Odr &t G T tl? ﬁ&le& at¥méRp and

the aa@awttli% ohi¢l ais Qt\M&r &l @etcla%dp%%%%%Ea%nrtewls%&nor&hat
device is adapted to regul at e exhaust noi sture:

1s re¥pecibatedenc ipsafdarss ebadlesiemtlsvwiierei n t he
pressure regul ation device is adapted to dilute the
gaseous waste stream 19. The abat enent apparatus of
cl ai m 26 .whaneiabat:ktepre apiae at@@ulcatipet sdagi:ce i s a
bl ower. 20. The abat enment apparatus of claim 16
wher ei n t he 3pr 88dGR& 108gunatti 6HaBE¢dc &0 segRive an

effl@@HQt@%r%%m Ehemabal:efB RbndRRRLA WS vekeCha@hiirl JMhen & gn

he oxidation unit is part of a first abatenent syst
Chamhﬁd ehe @@tabwﬁectﬁﬁlﬁfoUQattS@teansecond abat enent

system t hat i rofitted to he fi bat e
System 23, SIS SAGRE. SERLPREGs CEomPraPhen AR
recemxr'edah'eoefmmtenadamtre@&mt @ roac ehee ogl datfibuenh i st kaadM:o

om a sem conduct or devi ce manufacturing chanber and
Scru?otgﬁa?éfﬁﬁénéfﬁﬁ&@ﬁpfstrean1 a first water scrubber

uni t adapteg E%cb%%ehé%eth%c%ﬁ%%%%nhnﬁErgéEbEES”the

OX|dat|on unit and to scrub the effluent stream
receive the effluent stream from the first water scrubber

unit and to scrub the effluent stream;

a catalysis unit adapted to receive the
effluent stream from the second water scrubber unit and to
abate the effluent stream;

a third water scrubber unit adapted to
receive the effluent stream from the catalysis unit and to
scrub the effluent stream; and

a fourth water scrubber unit adapted to
receive the effluent stream from the third water scrubber

unit and to scrub the effluent stream.
23. The abatement apparatus of claim 22 further
comprising a heat exchanger adapted to heat a waste stream

before the waste stream enters the catalysis unit.

24. The abatement apparatus of claim 23 wherein

the heat exchanger is adapted to heat the waste stream
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a second water scrubber unit adapted to receive the
effluent streamfromthe first water scrubber unit and
wWo 000sa8391 t he ef fl uent stream a catal ysis uni PCHUSIINE0R3061
to receive the effluent streamfromthe second water
r e it 0 ffl t. S
berodfl HHRLAURE FIHaLD Bt e S SRS fi lnstn
heatefif huent stream ffrom tthe oxtialaydich wmitt.and to scrub
the effluent stream and a fourth water scrubber unit
adapted to receive the effluent streamfromthe third

vat er serubbet WRkkeaRe t ApPehdl e fdiluent St eam: n
23. The abatenment apparatus of claim 22 further

the benapr egichgngehiedts edelpirgetcadgpttedteo Wesdte & twestre
stream bef gre the_wast tream enter.s t.he catalysis

oetofst B0, s ¥o o B A R b, S e B e s Wit

heatthewheat exekangerons tadaphkedliyeikeanitthe waste
streanbefore the waste streamenters the catal ysis

unit using a heated waste stream fromthe oxidation

uni t. 2%. Thecahabenkih ABPRLALIS Of 1Al S MhEsdin
the heat exchanger is adaptfed to heat the waste stream
the befterlestise unast e sstdegheehtter siotvise redtadliyssi § aurtihte
, L,usi,ng a_heated waste _streamfromt.he catal ysi,s uni
oxidg2i 0, AnlEobd afr o oo SAe SHRRE 1, Whhaeast
the €atakyshs deicbnds wadapt edru@beavenielsati ve to the
oxidation unit so as to provided service access to at
| east the first and second water scrubber units. 27 .

The ab%b?”E%&eaQB%%%h%%tOEP%%%%%M%Zcﬂh%ﬁ%hﬂlt wherein
oxidation unit, first water scrubber unit and secon

the watdrtdonubbért,udiitsdr @apart sofrudbinr sinidbarehericond

wate%ﬁ%%%ghgggobgsﬁcg&%l%%E% %%Ig’fEQ%%da gf%ﬁé% r%%%%%m and

the catalytic unit, third water scrubber unit and fourth

water scrubber unit are part of a second abatement system

that is retrofitted to the first abatement system.

28. A method of abating a gaseous waste stream of

a semiconductor device manufacturing system comprising:

receiving the gaseous waste stream;

abating the gaseous waste stream in an
oxidation chamber;

scrubbing the gaseous waste stream after
abating the gaseous waste stream in the oxidation chamber;

abating the gaseous waste stream in a
catalyst chamber; and

scrubbing the gaseous waste stream after

abating the gaseous waste stream in the catalyst chamber.
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wat er scrubber unit are part of a second abat enent
systemthat is retrofitted to the first abatenent
wWGey®whasio128. A nethod of abating a gaseous wasPET/BE5108@mM3061
of a sem conductor device manufacturing system
conpr|§@qg:T%gcgkxhg%,g&ecggggpg%_w%%g%i§}re bbing the
abati ng 't he 'gaseous waste Streamin an oxl dation
gaseohaniyars;es srtukbinng fithe ghseduy Wast gastaramuwaidtey stream
ating the gaﬁgp s waste streamin the oxi dation

, b

in tgﬁa%é atapnt © fr& ggg@m_lwasﬂoes&w@amen g Seous

wastedlal sl ¢RaTheh 2aNd SGHURRINGtRe RIS Mast e
stream after abating the gaseous waste streamin the
cat al yst chanber.29. The nethod of claim 28 wherein
scrubbi,ng t gasequs te streamafter. abati .t he
gaseoug%WasﬁﬁesFF%gﬁ¥%ﬁﬁfﬁga&§ﬁ2§tw% %ﬁ%ﬂﬂﬁﬁrdg%lng the

gasecoRPkiaSitRg spassng fithe gaseans was! gasidoRamuidy gt Mdan

. | east two wat er scrubbers. 30. The nethod of claim 28

in t%ﬁe@@¢ﬁ1§@ﬁuE@@ﬁ&eﬁh§°@§§é§&§gw§§ﬁél@@k@&@;ﬂﬁﬁﬁous waste

stre@RAknRG Re 1923 AUs WRS! §aglheamiBrhe catal yst
chanber conprising passing the gaseous waste stream
t hrough at | east two water scrubbers. 31. The net hod
of claim 28 _furth cO i §i_n l.oyi a heat . .
oxchangar ¢ 8 et tPRE. S sare el ¢ hP oA B it
emploFSeQUS Wasie exichaaifeantcer feklte that gaysion ey ,stdbam
The nmethod of claim 31 wherein enploying the_heat

befogge FAfgdR P Ufedtatlife HoEBUSHERES She cGAfabHplEsEhamber.

enpl oying a heated waste stream fromthe oxidation
chanber to heat the gaseous waste stream 33. The
met hod 3@8f. cllaienm@thalerodi ©ladpl Gyt mhetded ntheatploying the

exchanger to heat .the gaseous waste stream conprises
heat e A IREared Ak T PEARPONCERE SAtAIVSi & EHAa
emplb®ing a heated waste stream from the oxidation chamber

to heat the gaseous waste stream.

33. The method of claim 31 wherein employing the
heat exchanger to heat the gaseous waste stream comprises
using a heated waste stream from the catalysis chamber to

heat the gaseous waste stream.

34. A method of forming an abatement system
comprising:
providing a first abatement system having an
oxidation chamber and at least one scrubber;
providing a second abatement system having a
catalysis chamber and at least one scrubber; and
configuring the first and second abatement

systems so as to form a single abatement unit in which a
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heat the gaseous waste stream 34. A nethod of form ng
an abatenent system conprising : providing a first
wa@babasmnt system havi ng an oxi dati on chanber PeTUS1006/023061
| east one scrubber provi di ng a second abat enent
wast%y%ttb%@apna\i'sn %lecslush Q%?ent]ﬁrrs%n% tteJIf?eQ'ISct s%}%etem and
scrubber guri ng st an second
thenabzattenmmttk&yssteejmﬁmms:dn@rftorsp&tm .ngl e abat enent
unit in which awaste streamis abated within the first
abat enent system and then within the second abat enent
syst emss35. tHe iRl o Qlaain33d Auprdier CagRiilsSidg
configuring the first and second abatenent systens so
confagurd ngr died e ismrtvicgsl assesyl e dyenenthe stess & as to

prov%%%o%der%q%teergecnctesssysct *Toth the first and second

abatement systems.
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