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SAFETY, MONI TORI NG AND CONTROL FEATURES FOR THERMAL

ABATEMENT REACTOR The present application clains
weeioensys from U. S. Patent Application Serial MNOI/US2005/042201

10/ 991, 740, filed Novenber 18, 2004 and titled

"Safety, Monitoring and Control Features for Ther nal

Abat enent Reactor" which is hereby incorporated by

reference_herein in its entirety. FIELD OF THE
| NVENT! SAFETY , MOMITORING ANB CONTRQs FEATURES ma)

react or appm%@e%]}g‘g&fﬁﬂmwﬁéb% ffluent

fluids, for exa uent gases produced in
sem conductor and liquid crystal display manufacturing
processes. Specifically, the present invention rel ates
to inproved safety, reliability, nonitoring and
COMhé BleséRAppli@BoR BRiIKRS Totn U, mginfl AbPEREAIRh Serial No.
react or apparatus. BA D OF THE | NVENTI ON The
10/9§ hdé@fdedNpyenabard 8f 2Qih andditled i afaty, Manigriag and Control Features
for T AODLNGH S RIBLEF @hSh (RYGEReorBLHU &y S AR IBIREY n it
articl’es’involve a w de varlegy oF PRem dar conpounds
entiréged and produced in the process facility. These
conmpounds include inorganic and organi ¢ conpounds,
oxi di zers, breakdown products of photo-resist and

FHﬂH@hﬁfT%Egﬁﬁﬂﬂ@TKﬁ@d a wide variety of other gases and
suspended partrculates that nust be renoved fromthe

ef Thepresergtinemtvn badhtes @ bdiengaveattedafpacitost used po tregtsiadustrial

facjlity.into the atnosphere. B Seni.conductor _
efflusi pided i engmple BN otk rpdued it gppisoydigfor and liquid erystal
displah SRAre®d cburinpeptsc@be VS sdihaN e, @ piaR! MvéivneABA to improved
tol erance | evels. Such materials include, but are not

safetyj reliplidityt, snonifaring ard enndiol fratures angrompongnts &rseid thermal reactor

apmﬁﬁpgn, ger mani um nitrogen, phosphorous, silicon, and
selenium silane; silane m xtures; hydrogen;

hal osi | anes; hal ogens; acid gases;

oxidizers such as O, NF3 and d F3;

ENHEMds such as al cohols. A

Hp Oy Li
%s%@ﬁ‘st efﬁ.ﬁ%g fBhCthe Pﬁgmri?l g H&ﬁﬁ[)ﬁl&lﬁ?dﬁl%{té(riﬁé%evices,
e of these

e consi stent and ective renova

si gk
been
prodoets enid ahendnyoartitlee iefolveue mids vasatywf il vompoaidsyused and

sem condugct or nufacturigg.f?c'llties
¥ inelide

all, U S ; ;
prodyeed i the Hrofess FacIBp- s THES G rCOmPRHY e HiokgARic and organic

com?cfdnﬂ@,i dxidikérk UaBikddWngRbBucts HEpHoRS-RIRRE 28 oBBPleaY& s, Iafld a wide
hese facilities is subject to failure and

variqty,ef pther gareb end apspendedspasticulates that mustdye rwmoved filoar thesadfluent
srlARETER S AR5 SR g
r eBeliohdvictor Magufacturing processes utilize a variety of chemicals, many of
which have extremely low human tolerance levels. Such materials include, but are not
limited to: gaseous hydrides of antimony, arsenic, boron, germanium, nitrogen,
phosphorous, silicon, and selenium; silane; silane mixtures; hydrogen; organosilanes;
halosilanes; halogens; acid gases; organometallics; oxidizers such as O;, NF3 and CIF;;
and other organic compounds such as alcohols.
A significant problem of the semiconductor industry has been the consistent and
effective removal of these materials from the effluent streams. While virtually all U.S.

semiconductor manufacturing facilities utilize scrubbers or similar means for treatment of
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capability by renoving pollutants froman effl uent
stream before the effluent is diluted in a house
W@ e0oalokssse syst em Conbi ni ng and dil uti ng ef fl uRet/US2005/042201
streans in the house systemis di sadvant ageous for
several reasons including, but not limted to,
theirddfinad streagng bl eoentlogf émplopettin tHese faclhtlbﬂslsabjget, to failure and
i.luted vyolunmes that nust he treated rldlncreasn
incfijgiencicsand 43 shiihe Rotchlldeic 21 offerise Upakcentable imBYTES A moved.
anfomRbi-Ofd ABatefheRt ROUSRs SaddURD&ve WH r&MAARIY, rellablhty, and
Further, failures of "the house scrubbing technology
capapiliéy by tersening antlutants seoire oy effluent tecamcbefone tb@ eHlyantels diluted in

a ol 3 Bl AT Nng SR, SERAPS R By systom is

disadafta@EORA@S savdralvehsdb ificadingatngynod Nimitedl toaldedredsing abatement
consistent with critical saf eté standards practices of

efficieney sluprite dhralaegco dilteduvodenes thagmustube tregted Tandy ingreasing risk of
unw£r§€:rtsﬁfe5re%§ods[‘§>'éﬁf’c§é B9natiBh] B8 YoRHsibR 1Hr£’%%§§e scrubber duct
e uent waste’streans to deconpose the tox
systamit efurthes , fadaey eftthe @otu’reemrﬂbbuhgesﬁerhhdmgyc p&csemssublétantlal safety
the i Qve reactio n|t dis

e,
hazafds oot RGeS B DABBY G TP BOPEE UG Abatement
systefnﬁ.J, esmbipvg K i ho@&ogcrhl")bl g%yﬂé‘lﬂea&fs memrbfa‘égﬁl?déncy and
Chiu et al., and entitled eact or Design to Reduce
rehabﬂéutx |Q§>lnelsu§e§oosnth i @iticBursafety Ptanclerts Ataatleqse of , the agrmiegnductor
attla east 5% preferably at | east 99% of waste
mand ?tfuﬂg%fn tﬁ%onents i ncluding, but not limted to,
CFFherdlF eactdrd areGaERasihAll Heinghls8®to Prdedss eﬂﬂﬁent%te streams to
B2H6, B5H9, NH3, PH3, SIH4, SeH2, F2, O 2,
decopgose Yieptoxipmajetialsgprverting Bies & lesx itetie deranss uEﬁr @sample the
lmpr%Bed Hl:&mﬁmeagn ﬁ Wid BREMs@Nth %Sgalgﬁ&kﬁéyU%mdﬂ?&t Afiiftation No.
or ganosi | anes, or ganonet i CS, an
10/9&’3,9@BI filadh é%vehibpnﬂﬁ,al’ﬁ%ym ﬂhh madxeomﬁ‘ﬁo&i’[iﬂ Rndneynﬁhml et al and
.effjciency (DRE) ther ction
entit e§l eéaﬁ{Oé % t@g@% Fl&ﬂgzﬁg GORESS tement
abat&eﬁQG%SE %, 9feféfﬁl‘ﬁ§rbtt ?&s{ Wﬁt d)f%a@é Qﬂ}%ﬁtscon%lﬁl@n@%ncludmg, but
l'icon oxides, within the thermal reaction unit. As

not ltlhléech'iot CBi, GfierSFal CeﬂxaC&’mﬁth@e\‘pﬁmBEs, B, Balls,(Bukls, NH;, PH;,

sitig SKfEar e ol TR Weadts e alitholyBpidggers such as 0

NF; k@ CIPY Brim@Bf &idysebodiary @Mirhackh paes,alrbahosiiges ! étinometallics,
because the abatement of effluent waste streanms In
and thglosHanesy e dmpertantlys thacqquPmﬁt)@taorwemﬁ&alu afficsmgy t (QYREDof the

1mprfo ﬁ’hn‘ﬁalg eactiil NAREs %‘@&t ﬂjoan%’@% 32[}1(&/ is I'Bégfgtﬁgc? o tbfluce the

ermal reactors f ust’ion an
depdshmnemmunWhtEedllrgetmtlb&rmedla:its,lrsach]eiseinh(tcfrdohylei hwithin the thermal
corrbustl on of said fuels assists in deconposing the
reacioRWYt naterial's of the effluent stream therein.

G aarihy ’artr@ﬁ'tl{e%hlngba@é'igcrﬁ%%lgbs COMRANER! fecessity for developing
arenecessary to mnimze the risk of ignition and

safetae{rq:lg@rlgm oronitpripg angd heontreh deatures rfor saidt thermal reactors. Safety

features are especially important because the abatement of effluent waste streams in
thermal reactors is facilitated by the introduction of fuels, e.g., methane, natural gas and/or
hydrogen, to the thermal reactors for combustion and oxidation therein. The high
temperature generated by the combustion of said fuels assists in decorhposing the toxic
materials of the effluent stream therein. Clearly, monitoring and control components are
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housi ng due to fuel |eaks, as well as making sure the
reactor efficiently abates the effluent waste stream
waewengizagl y, it woul d be advant ageous to provPCBEUS2005/042201
i mproved safety, nmonitoring and control features for
thermal reactors to ensure personnel safety and
neceissaoy & enitineze fifei dskeofignisfont dnd deflagratieon twithio ¢les seactor or reactor

housTR U B o dF Ay S WE BAKIG Bt AP e e e eftuent
wasfeRgedfl reactors and ot her abatenent processes. In one

aspect, the present invention relates to an apparatus,
f oAceerdingldt woulil be advantagspystadrevide prewed sadety gnonitoring and

con IR SRR o, s DAL UGS BN iciny

of therabfitenient grogessini cati on with the thermal reaction
chanber for introducing a fuel gas therein; (c) a
pilot flanme device positioned at or within the thernal
SUMBRRY OF fiaseefon(d) at |east one burner j et
~ positroned at or within the thermal reaction chanber,
whdheiprestiteing¢ntioaastatesrie ifpaived shfety, insonitorihf ahd control features
0 nicatio ith the at | east one burner jet; (e) at
for eyl regf{ers g obhe APHERE. MTAFSES: n 1 ui d communi cat 1 on
W T ohd 8spbie tHEBbre e B five Ao RBREH aanfplphﬂaqugH%rﬁ}Q/iﬁ’% pollutant
waste effluent thereto; (f) a controller; and (g) a
from wasie clblwentaspid apranetis eunpiotiedit sel ected fromthe group
consi st f I .Se fl. gas sensor,
angﬁa fﬁgl?e r‘glglo%? é??ﬁ%%ﬁﬁgygﬁgéﬁzg? ﬁ%klggggge% efr’ t he present
I n@gnt i anleast edecfuel dnlerih ddid oompmedicatidr alithythe plémial rgaction
the start-up of a thermal reactor having a thernal
react i oRhanRRERARTINtredicing & fasbersdbefsi si ng: (a) |
Verd! ¥l BRibiea RO ddsibn8d aflr i85 thcARemBh ALl P Akinber,
(b) “checking a volume of recirculation water 1n a
waf®dr carleadtané bnmeajek pposoncdden ed withinthe tleamabfea¢tiom chamber,
t hermal reactjon chanber, erei.n.the volune of .
oot 1 culBERGhiRat EARRe sl TS ot YHTaRe ifihgat teast
Maxi NUNMLNObHBY je§) Measuring tenperature in a

headspace of the water circulation tank, = .
(e) at least one waste effluent inlet in fluid communication with the thermal

reaction chamber for introducing a waste effluent thereto;

® a controller; and

() at least one additional component selected from the group consisting of a

flame sensor, a flammable gas sensor, and a fuel booster.

In yet another aspect, the present invention relates to method for sequentially
operating the start-up of a thermal reactor having a thermal reaction chamber, said method
comprising:

(a) verifying the operability of at least one alarm means;

(b) checking a volume of recirculation water in a water circulation tank

positioned downstream of the thermal reaction chamber, wherein the
volume of recirculation water is between a minimum volume and a

maximum volume;
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wherein the tenperature nust be below a threshol d
tenperature prior to start-up; (d) purging the thernal

WO e@6e8Bm chanber with an inert gas for suffi cPenusionsres2201
to substantially renove flamuabl e species that may be
present therein; (e) igniting a pilot flanme device
po&it i on@dsmmgotenmetmm ihe lhhad"spale pEabe¢ | water caabletion tank,

() ot L Rl Rt SRR prir o

reacti ogaphgyber; (h) verifying that the pilot flanme
devi ce has |gn|ted the fuel flowing into the thernal
r eéBt i opuxgingnthe rthergali reaction chambey vathwars insrtegas | fop sifficient time
into th n r..fo
L0 o SlbSta Ly RV AR PRa b OlaRhal BOBlesR AL,
sa{gl y amikigf & @ilbt ey deelteviesitioakd i antnsthfrrﬂmmhmw reaction
waste effluent. O her aspects and advantages of the
i nvent i 6% be nore fully apparent from the ensuing

gs' 03%ﬁ%ﬂﬂeﬁﬁmgﬁ%nﬁhﬂeﬁwﬁ%ﬁﬁbs@%m‘ PTI ON OF

Figure 1 1s a cut away viéw of the

th@)mal 1gwa(gtiholﬁlahﬂpw;ng_ m) uhnttIMrmaU:amtmn chauibehe | ower

o R ST AR sl it s s 1B Ge Tupcn Pioe imto the

fI ane sqmmr@mi@h@hﬁgb&oaﬁ&e invention. Figure 3 is a
cut avva§ view of the inlet adaptor and the flane
€

sefisor Hewsiedp st effient e rthe dhermp] geactom Ahpmber fagtat least
away Vi f the flanme sensor
accor di E%I?fdecﬁﬁpgﬁééﬁih%eﬁg wherein the actuator is
wheliD $ieed theFrhgluteectéB shfelya anditeffavenely iremowds pdlkutamtd f@irothe waste
of the flanme sensor according to the invention,
efﬂ%%rel n the actuator is open. Figure 5is a schemati ¢
di agra ts' 4R 2QPATRANRE BF h &di® 'vﬂlrbi edre #hi Fﬁﬁfe%tfr th
f I ammab ISekfcgsas é‘enso%}accoreglfl%g o eel nvren |% om the
ensuinigylisdoshiré andeappetdedatidims di agr am of t he conponents of
the fuel booster circuit

BRIEF DESCRIPTION OF THE DRAWINGS

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

lower chamber according to the invention.

Figure 2 is a three-dimensional view of the inlet adaptor and the flame sensor
according to the invention.

Figure 3 is a cut away view of the inlet adaptor and the flame sensor according to
the invention.

Figure 4A is a cut away view of the actuator of the flame sensor according to the
invention, wherein the actuator is closed.

Figure 4B is a cut away view of the actuator of the flame sensor according to the
invention, wherein the actuator is open.

Figure 5 is a schematic diagram of the components of the intrinsically safe
flammable gas sensor according to the invention.

Figure 6 is a schematic diagram of the components of the fuel booster circuit

according to the invention.
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according to the invention. Figures 7A-7F represent a

flow chart illustrating an enbodi nent of the control
w@b@bhgasss accordi ng to the invention. Figure 8PCT/US2005/042201

illustrates the output of the infrared thernopile

(TPIR) detecting system DETAILED DESCRI PTI ON The

pr Bgares 7AEntepmsented ﬂpwsclgméiuaﬂratmgtm ambhdiment of the control

eact or at.u sed to efficiently and controll ably
Platfra’é%%%‘é‘sgg {hFd‘?‘éFHt]g ‘contai ned in effluent streans.

MOFRusd® Aidsirses the outp oPthe $8tdred theaRbhi R TIPER pdetécting system.
i nproved safety, monitoring and control features for

said thermal reactor apparatus to ensure personnel
[ e the efficiency of abatenent
DETAL D DASERIITH atent Application No. 10/987, 921,
f i ITBﬂ pﬁ‘k:s\%ﬁtfmﬁ/énﬂcﬁx relfied giemerhlﬂl)e t TRl H@etb/hlapﬁkrdﬂueymed to

Dani el ark, Sha Jun
efﬁCLeéSﬁé}“é @ntrvaaiay %?BOIRB‘??S@?Q Srr%‘?ﬂt@ﬁeJ F]fft}eéa strdams.” More
t r t I
e 501 6 R Iat AR UG e PSS, I 4R con
features foremack theemali reactor iapparans ito @hsure Befsonaaltsafty @adsmpoove the

be abated may incl ude species generated by a
efﬁc?é‘ﬁ%’n?gﬁ%g@?#pmc%%%s and/ or species that were

de{)l 9 g2t WGpAOHI BN E A9 7T Mileh NS RFIbEP M WDDAfin the names of

process w thout chem cal alteration. As used herein,

Ho- Mhlé Radney ‘G Remeluet Glarlr SeasasW. i Grawfiardndpyal. tlngeLeonard B.
Tod&) ! g&“ﬂ%{b&g L\z%rﬁ}%ﬁf%nt ntt tﬂ:ﬁl Lige%cf%pfy[)e%[g% %l kgﬂfcg Cﬁ%ﬁél@ gbeposmon
Dunﬁg FraxessiAbdtenent ds ha’eBy amdfp@ratém pfadietiereinin etdtires.
al | g[f peg{ gttrql i}gésdonsto: &V%a\t%i? %aitjr ltldgsgptgcgé ggéeg%giixyg? se?rtlconductor
roc@ﬁ%&for (TR FACL YR tBGhd 'e%ﬁéssea?ro\ﬁ?hﬂe s@midhnbiuctor process
operations carried out-1n connection wth the
witheetrchemiml el ayatiem dA ouset GEremm thef won (fsénmigoriductolr iprocesstis intended

i nvol yi n ctive facturi,n exanpl e ncl ude
to b iond'y GHnsTEee 10 MEREE &0 iR,k REOCeREG ARG Mt Wivapiopgin the
man@@RbuHEbY sérhid68ductor ProMREAhAPH REDOPREALE, 04 well @B all operations
cl eani ng of process tool chanbers, abat enent of toxic

invobyingh reaimgaler geosessingr ofmateriplgaised ipop duedvged Py tahgemiconductor
and/értelgt?%]%;ﬁ?%:glgl aghntg(rzlglfyn %Wgﬂ?? ﬁfé %ﬁér&{lb&gca;r?e% (])dé iy COnntectlon with

reans

the seinf@adtctoauel/omnt €D drthufatiringsHeitiny netUavleingtctife manufacturing

general i zed thermal reactor having a therpal reaction
(exa@ﬁleﬁ ingudnepnditioniie OfRresRSh .eﬂ@pewawgfglq&ef fhenyipal\delivery lines

in prr%%éa}%ttl m of\:ll_\gre[r%tfb Sz‘rglgh fc[egﬂﬁ:l o?'ﬂrcﬂ:gkst togpcﬁa%eysd %ﬁat&rﬂﬁ%tg}? toxic or

I nin rmal reaction c
haza&R)us gamts dironi cﬂﬂetntaﬂapmmd H)Ot;he |scmicudduugoreantl@p I@Ditnandﬁcturing
fac1l1t¥f| eé? ;tésq.{%ﬁ(} ﬁgrrse}rie ti'lr § strgams ar:ll'd waastte lst?eaa%ts e 1nten%ed to be
synonymous terms.

A generalized thermal reactor having a thermal reaction unit 30 and a lower
quenching chamber 100 is shown in Fig. 1. The thermal reaction unit 30 includes thermal
reactor walls 34 defining a thermal reaction chambér 32, and an inlet adaptor 10, including
a top plate 18, at least one waste stream inlet 14, at least one fuel inlet 20, burner jets 22, a
pilot 16, and optionally at least one oxidant inlet 12. The inlet adaptor includes the fuel
and oxidant gas inlets to provide a fuel rich gas mixture to the system for the destruction
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pilot 16, and optionally at |east one oxidant inlet

12. The inlet adaptor includes the fuel and oxi dant
w@amoeiogd3ed s to provide a fuel rich gas m xtur eP¢DUSI05/042201

system for the destructionof pollutants contained in

the waste stream In a preferred enbodi nent, the
of pbihetamm|contamiloin thal WastS4treane, clans tpiefeired efubodingent, the thermal

reticulated cerami¢c material, such as yttria-doped .
reactgF iaflndd 9t STSIHERG o8k e ritsulatememicanaigrel suah feaytria-doped
alumBRS - PrefRrdbi R Ghd AR uga@mu&e%@ﬁ;% ggater the thermal

reaction chanber 32 fromat |east one waste stream

i nlneprapticey iwdeld siream$ entemnthe tthexokapteactidriOchagrhgr 8Adrom at least one

fuel /oxi.dant .mi xture.enters the the | .reaction
wastt AR STy B I of et ot 1 dnd s Brer B SAERG By pters the
therrd&l reatGilod @88mBerB2 Hmfdt #daBt MR Kifindr SetIE ATHeOpil@NbLiACIEAS a pilot
burner jets 22 of the inlet adaptor, creating thernal

flame eighich d usadi to tearp dhabumes joth 22 ofathgeinfet gdapipb Lareatipg gliermal
: e T ' e s, facili .
reactifh, QO ULmBRING, i’ Herah? RohE TRGUEINOE o Bl H0BBE,  The hieh
tempetaterasbacilitate decdrepositivm dfithae pallutieacontaned atheevasXtreams that
Fol | owi ng deconposjtign/ conbustion, the effluent gases
ente'ptgggleﬂ‘aag‘ﬁécq%‘\gﬁmgﬁa}ﬁoer 100 wherein a water curtain
104, 1M3WinB GettifshsitRnfdf bubtish, We! drfudit chits tp%l%\’\!% thIRMIP B amber

and I nhibit deposition of particulate matter thereon.
100 wheteirez wataesttaipal®d ohayt beeusedtte coelutht avabls of thealomver chamber and

. L Sprayin ans. 1 e, ositiogned within t | ower .

inhitiFAHEsS 08 DR3icuRh: et erBOR: Pl St ey b fiamatS curtain,

a wamrsbfa@iﬂgﬁeam%aﬁwﬁmﬁ@fedaﬁkmb g RAvek @RhbAFE100 to cool the
gases. ses passing through the | ower chanber may be

gas stepmaandoremeve e partieidpin anasicn endimatar isatublecpryrepetivergases. Gases
ir
pss s LB o BEFUR BEPlpt BE UL L bind BELUS) Bty may
be diredtedr toc hdditicsd] @ehsmemt uoits, imbaling, r byxs note ligdted ost diguid/liquid
recipitators, and cyclones. During combustion ..
SCIUSHAS- (P ﬂgalgmcgplawagzpfspggop, %Oaé TT%P?’IC%@&&%‘{ prgcipifpiors, and
cycl@es>-8 slm is ignited at the pilot 16. Follow ng
successful ignition of the pilot, the fuel flowis
opPredg tembbstiobstanteup, jadow R afi fuel, £lgovilcofing boaitatSok B8 slm, is

. t he high t t .
ignitf g a0 T PO Es hk s BRI s, RIGTE S Yot i s opened
to thel biherdRES22Qk ai AOWLSF Aot B0-9Bt Ahi td)Berdste tthé hidhAtdnmiefatures

goes unnoticed, the increase in fuel flowto the o
necepsgrh &y dgcempops presies tsieh by Chnc Ubsderéunatedy if fthecpidgt does not ignite
. i i r aa.c: | i .
S0 Bl S0 SO STREHL e

concpmianthsmsreasss thorisk off dedlagiatiogiratht lsetmabeasor., whi ch

may be incorporated into the inlet adaptor. Referring

to wr&s@mrhodgﬁaﬂ f the prezenbinyeRiohs HigUBRIUSE 214 coBRyStipp RERFesses

thOniRASS ubil WAL NendoPPwhich ifay! 8 %\fﬁ Yrell NRtoP@E AR adaptor.
e endl of tuhleér adr ati 0?1 c’ondlﬁit B0 s locat gg V\}Otﬂﬁl n {‘1’}13 apror
Refetrirey todligs. 2 and 3, a radiation conduit 50 is positioned to pass through the top plate
18 whereby the bottom end of the radiation conduit 50 is located within the thermal
reaction chamber and facing the flame of the pilot 16. The radiation conduit 50 is
preferably in fluid communication with the thermal reaction chamber so that a purge gas,
e.g., as introduced at a purge gas inlet 52, may flow continuously down the radiation

conduit 50 to reduce particulate clogging and back diffusion within and/or at the bottom
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reaction chanber and facing the flane of the pilot 16.
The radi ation conduit 50 is preferably in fluid
W@ ooongE3s@t i on with the thermal reacti on chanbeeT/B882005/042201
that a purge gas, e.g., as introduced at a purge gas
inlet 52, may flow continuously down the radiation
end cftthe oondui0 Tthe pmghgas npgrin¢clade elban diyairgiCGiA R Aot witrogen or argon.

1 s g b appreeinl B prsSlE e acipabe R BGpd Sifstruction of he
flamé GE¥Nor a@ﬁzfratuﬁ“d%&ﬂ)@@ hefei b9 be fehdily nodifRd P @15@% ahPdystem

by one skilled in the art that the 'structure and
whersanamaengeds to lof senprl. f | ame sensor appar at us descri bed

it iR siof 208 by TRE e baltosly "t e SURLER' thermal

reactdén | chapidst tvienett tradiatieti adondeity 56.0MARI defirkdwheReird, h€radiative
t her nal N eacti on chanber via the radiation conduit 50.
COMMNIGARPH cRACHSY @Phradlq«tl@au fremthe dhermahreastion g arﬁ’e%rns able to be
t f he
dotelifRtoy’ 36 Hdilfnd SO0 THE GhdBtior SBfor 39 SUAERENLY Sealed and
mechamiliadly iresilien aad indlsdel arraéiatimabélywa;thal aqohrtarvd sapphire lens, a lamp

R UL T
hot SARGH AmBSshefe. ARl Oikal 3HTRTHE the rg—diﬁldned%ﬁsdrﬁé@ﬁaﬁﬁf &J'i‘x%sponds

detector fromthe hot reactor atnosphere spéctr al

to theanlgr@vmlﬁt rehge pRd| lnmyu b i @nrapge Froat @bawl w ot ﬁ@@b@'ﬁdéoo nm,
prefer &Pr? 7 dfl:lr%‘g:naf\[”rg | %ul,tl tl@gglgm ﬁo rﬁ%ogfée/ dél(r%gblqty 1s|ur1]1 e%gd %g one skilled
in thf: aftithahbifadifion REAsOe mAh @uUipl G28 differert tspdcirall EAQE ﬂémdm@bn the

one skilled in the art that the radiation sensor
fuel uspd|ip yhesthermal ssastor. Epeetample. ey dheriisk ﬁdﬁahﬁalc&asattheemlsswn of
mtergﬁeis ﬂlﬁe@H*n extnli’s%lotnhecBH@s oﬁgﬁ%tw A=56Y nﬁi< ggg_:l el"lm\f‘ft@ﬁan B.H.,
I's natural gas, e-em Ssion i nt er est

Brymnen@iserﬂ Js,sDcunkle;z,oPr e’@haohﬂ’l Sgmbasihm:300 Meosiriee Techntques in
Bryanst on- Cr o . Dunkl ey, . P.

Trante a0 RV VG Y S RSB PG TYehaiiticligd Gambndge; UK, Sept.

2002%9%@5" AnaRAmPRAST S QiaBle ThAWid s AGGRURSUFRM, manufactured by

Tur bonmachi nes, Canbri dge, UK, Sept. 2002, pp. 1-7). An

Kroraschmples log. (Hudssins @bid. r adi ati on sensor is the UVS 6,

[ a EIH% ?a%t(l)aﬁlrogldseg or m K ongcggrgrglgrrncamve? ccg HUd ed (\)Aﬁhhe% %tr% Swhich
monRo ahé ligput Gﬁom\/thd: e&dlm idmé@r irhi%ui ftﬁpdinsﬁ:,r pfekdi&s outputs to the
radi ati on sensor_. and jn response generates outputs to

variqus §omRPRES(te Bagisrussedinmmerestadibsraiaadies)- i n nore det ai |
hesei
o8 et Gial the FUERAOId 8! ade Dol AR E ke REHBC by Ahyator 54
may ibeanequporated dntorthe ﬂaime sthsmappaaear Tap ;aauuatousrodetEs a self-check
act uat ogﬂprowdes a self-check to determ [

if the
to delErmiRe it fHies BAIATON S§030E 61,5y SHETFHTEERTECHY | yin gpgration, when the

actuaz&esmig eRsed}28 Fih m@ptth@mﬁa&ﬂ fr&nqh@%eqlmaﬁ Bicfibif) chamber is
, the radiation fromthe thermal reaction chanbe
block from passing through to the radiation sensor 56, which should detect that the

flame signal has been lost. Thereafter, the actuator is reopened (see Fig. 4B) and the
radiation from the thermal reaction chamber will pass through to the radiation sensor 56,
which should detect that the flame signal is on again. The timing of the actuator closed-

actuator open cycle may be readily determined by one skilled in the art. Preferably, the



10

15

20

25

30

bl ocked from passing through to the radiation sensor
56, which should detect that the flanme signal has been
wo o®b/083Bher eaft er, the actuator is reopened (SPET/BEsTN5/042201
4B) and the radiation fromthe thermal reaction
chanmber will pass through to the radiation sensor 56,
actuasbi ig loperh futlablogte30esetoridsand thged foraBowti alboutsS serordsasdid cycle
The t|n1ng of the_actuyator closedactuator open f cle
OCCURRRE GRRUIPERRFTY Jureneheitinngartip apd epsiefion ebthe therma thpgtor.
t g C
VP8 oty 1RE RalR! Shock I BRRe, B scRe ML PROhGE a0 Fadiation
prodocing flaimegwitlnint the ttemshlyrea¢tiomugtaoiber, tsael Same tvelmfy ignthat the pilot

nas (RBE A< BBy et e Eerpd, Sl Mg e g PRipet % may

be staf@ll 2t If ORP kA oS odlcMER fldink Nis NYetditedt &ﬁﬁﬂglabtaﬁa@c tthé®Qontroller
chanber, said flame verifying that th eug been

shouédm@g@fam 4lgrmi el haduifuel flow e nfinigniee the risktod deBagrationewithin the
mam% -flow to the burner jets nay be started. If no
radlatlon producing flane is detected during start-up,
t hEn amﬁtmsxo ltd etie BhguHadcaof sstaing e fidngd @ aaﬂ-dpaltlte fladk sensor

to mnimze the risk of deflagration wt t he
shou}%setoafsratqdnthgwhwtoﬁhe t32tEMENG FSSFSARCSHE B8 hftSh%ot been
1nad{/4h y %;(tl Lﬁﬂkau Bimb1Retof étzﬁ{rﬁ% Si# PRCHam b Qetlsdr 9ﬁe&? AR lame
roughout™ the abatement process to ensure the flame
has been hDs’t (dvesmme time vatherethah ydueing i thewicsiated. sefi-chieblgy the controller
art-up, if the fl ensor_.det.ect.s that e fl.ane.,.
shoufd: &sateing lart agd haf 1 FERGOGHREHES Mk skt deSghucH Within he
reactdgt uat ed sel f-check), the controller should activate
the alarmand halt fuel flowto mnimze the risk of
defn arptheri embadimpntroft the presgut wvention, andntiasicalit safe rilammable
gas %%FISOI'I}I%:BPIB &5 egétgéle EXSHM n)ggn%@% n&tgl#'ntg a{hg%{nag?%actor aéld in close

proxﬂﬁ@( itTeieenyint éndlddard hit nH{eféxemgtto rFignd, the tﬁérﬁﬁﬁé reactor and the
ximty to the pain enclosure vent. Referrin
ﬂammaele gas SEIeT pRcRTRiErable: Retidened vithine maip eReleswe 20 wherein the

flammab o%as %El?sogégt) \A%g@sllt:forfgg%'x{e? ggz]%gg”ptr&lﬂlaélm fhe thermall reactor

encl osure 1 n the I'e gas sensor 1
and jpadoseiporauhity e teimaih gnengdirpretildBt el y to the thermal

Vel 8t o, g eReips R o0 etk sl Fe sl Fikioirod oarend 2

exhaﬁét@@ thdlSstke EC| TiEI & trlelD efi’dlgsu?e Brinated adnfime kRIsdisRd enclosure
22. The electrical enclosure is isolated fromthe

and o;sxnémgmewslje rmergsduweth AN makieg it subssotislly pupgeipugite Hlammable
gaseg\.|2 In @%{’a@g tf'lé )ﬁl%g?tggg#lggdr V{/ﬂ?ﬁ V{V%Ir% the tﬁerﬁmﬁgﬁgr, the fuel
gases. I'Ch1I’s

B> cohf enclosure

paneWmddeothbe detieésrake iesadlled cofrbspohdelto padelbcaivt Olithér the main
devices are installed, corresponds to the | ocatjon

enclogupehere flammatie gases Wewlddeprdily defestrdd acagipblsindge pyent of a
fuel B&KT €8GhdYanH&liF GhBEvRRE, T K28 HA RefeihNRe¥eMRht REs Fhan 0.1 %,

preferably less than 0.05 %, of available flammable gas molecules are detectable in the
specified region.

Within the exhausted enclosure 122 are numerous components which use electrical
energy for operation, the energy of said components exceeding the minimum amount of
energy needed to ignite gaseous constituents that may be present. As such, it is imperative
that a flammable gas sensor be positioned within the exhausted enclosure to detect fuel

8
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fuel leak. "Substantially inpervious," as defined
herein neans that less than 0.1 % preferably | ess
wo ban/088306 % of avail able flammabl e gas nol ecedBESBNE042201
detectable in the specified region. Wthin the
exhaust ed encl osure 122 are nunerous conponents which
leakd1a/d ab@ov¢ iatlapossiths gyurteyr oDpgifbh qelecttiosl emeg@ywhén a leak is
said conponents exceedi ng the m ni nrum anount of energy
dete¢igtbded to ignite gaseous constituents that may be
pr $Hifina V, 1ol s
gagﬁggﬁg%éﬁke posﬁ%%%%iﬁhaﬁgﬁ?gkt théﬁgﬁé&gg qantities of
electeinall esarge, ti e , déiepcmay uted |thalkssumadof dpmitien aifl a pgrssidakeoccurs.

sour.ces of nition (electrical, energy). when a leak is
AIiGRIT BucSouhy Biatisih SR ArifiRdOb sttt AZACOHE B psits are
bulkPah® Ex;%n’swb's El“h@l‘éhﬁ& ablvoald Keuafbhitic&i a@aRk 86 tHel 840 provide an
ener%e e., they may be the source of ignitionif a
imprguesd mmacb&: ga% sensgrlthel daslal smalp fentpmnt] ys affeidabledand is a low
ned for use in hazardous environnents are
enm%%l@%n]c%F eharve. Therefore, it would be a

si gwi d‘eﬁﬁacn hexadﬂ NG ehdtgh RensdFt relflePtoOvendmgadevicap tigw @élize an
fl ammabl e gas_sensor that has a smal| footprint, is

energy MppHWBIck caﬁ&e ipEovidaddy %W@Frggswallwfp airies| and cahfbg maintained

belo§/9cH§ 1t1&§e%?éi 8efhe élq{s@d Qi@’ﬁﬁ@c?ﬁ&¥1ns eﬂl%l‘i)ﬁswailgh s@fe®3elates
to se si ng i ces that uti ze an enerqgy i nput I'ch

to a pawerlianip rasingdfedelbgtraaicsiused innei ea@lldsyvesmffhnhmhle: emviroamgnt. An

«._.can he i ntaipned below the ignitio e
intefr ety siR meGo R SReR A eV APl d die YyRusgbd Snclosure, or
equiVAR el OisBbeRAVEIAL hécmsfarmtlgm th@fuehiRedihoni cs used

|n an exp rOSI ve or fl anmabl e environment. An

'i hhe ﬂn@m@ld gASSQRSOr nétmesen’eawsntmahaSttWe edereeryy positioned in
n .t austed,encl os oF equiva
the %%glrlséecf ,enclos yre, Ihl%vzv tahhhaet tin Cetleesnéea{lrt yan o Is%rhsll f # e he heating

elemlehieis @is¢d toﬁh@mfdnﬁtﬂmbhﬁng A meANAQN te@betaife PpEMmENfor sensing. The
i nvention has two el enents_positioned in the_ exhausted
sensiggSlRentds hizhly senpigiye i frecilasmable £a8 o be sensedhg Two intrinsically

safe S!il%lggnthfhl hcl‘?e Et%%rhlﬂg 15T hd SedtiEd eha é nﬁg& te}% Fig. 5),

sensi hg el tenperature opti nal or s
are ubhe ts eoftn gheeélemems of shehflghingbls epas istnsoe For bkmnple intrinsically
bl e sensgd Two intrinsical

safe BT &y &2 KT Sio0epinaY BF 41010 KB FoFiy (phe Resting clement

whil€iREhdiE AR saRNGAAGU, @. g1285pcft§fﬁ%me‘€ergsolat5f ShayDe used € HD8Hor the
to isolafe the el enent’s of the flanmabl’e gas sensor.

resispgee e&ﬁwmeesmg plemients i Eh mmgafeéenmrf geraratgs ag agalog signal that is
pr.ovi d nergy to the
prop Igas{ll ntg te %drrrlé:er:r:iﬁ}(at o%lﬁlgm{nr l¢! ﬁa& gf: egteg

Safe barrier 2,

€. 8n, ensbdairh et c'bfouhietecwctﬂoﬁml s&héthatldfaf/ tlﬁeﬂa&ﬁﬁﬁbleogmﬂdi) rof the
the resistance of the _sensing elenent. The sensing
presqa)t diemtion dh dfustraisd dn Figal-od 1§ flpmimatlegas sepsor 150, including the

heat@é?%ﬁggg Q84he sQnstlﬁheel&ﬂQ&t,eﬁtﬂo@ftloﬁgh Rhthid BITRRLStedMclosure 122

near the exhaust vent. Intrinsically safe barrier 1, for example a Zener diode, provides a
low amount of energy to the heating element. Intrinsically safe barrier 2, for example a
potentiometer isolator, monitors the resistance of the sensing element, wherein the
measured resistance is proportional to the concentration of flammable gas. Intrinsically

safe barrier 2 sends an analog signal to a voltage comparator.
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An enbodi nent of the electronic schematic of the
fl ammabl e gas sensor of the present invention is
wo bdoassBat ed in Fig. 5. The flanmabl e gas senspeT/LISIN5/042201
including the heating el enent and the sensing el enent,
is positioned within the exhausted encl osure 122 near
t hEf thx lrane@ntragort of Fatmabl gasl deyecsal B dmemiimd tb, bd @wio high, the

emegGEORmaRta: T RGML ReRl ey PiAcBRR s AP T afbalty

wherlefH alf$RR! QeciriON BRIpbRIRS Ricated Ghadddthe MBS ncldifire are shut-
resi stance of the sensing el enent, wherein the

dowprsamediately.derludimg denition spwises; tfiedrfiaws, exidiger flows, waste effluent

flo w%ga?l Iegz{térgﬁéﬁsn O1O fpofﬁtlagm l frdasid tlo{1 EM(? %c"ot?\{%lglaé may correspond to

Sen g signal
the confaRBEAbONicdelsat® igAie tiatiuéltdas, rhowevéﬂ @fefa’ab@ tB@threshold is less
detected is determned to be too high, the emergenc

thanr?é’étﬁuﬁ’éefoﬁef?@%b) leF%th&étqnGéWé’éFleﬂEﬁéﬁ@’é‘n‘@?“%c‘}ﬂnﬁ@t ipn. For
p@/Q e tyi cal

exa orfp})lﬁetﬁrtegh ocat e(fn? nsgg C%Jg;(%g%tsa%gg Jnﬁg ]%s%?em éPgO ppm,

whlcéhmm*redmndsnmmdowdeetryuon mbbﬂmfn@elo@ncdntmnosmmndﬂsh methane is
flows, OX|d|zer ix : ste efflgent fl ows,

read%tlgpltefd' M tﬂg%?[h sfhapldEmultanequsly be

subsff&ﬁﬁél\é%hél{‘tor}ﬁﬁﬁuﬁ% 'bﬁ@l&?&gldt dfekfie concentration
necessary to ignite the fuel gas, however, preferably

t hglmlhrée g Bamng sme@s, they acpoode)uqmt(fash c0pd1étbe} abthg flammable

ess n one tvve th o niti
gos soBR ol 0k PR StERV - chofbordloding AOREAIRE. and i a fault g ga cable
disc@mectilal &Cienddd, an dladnanay sRindptheaél dw Mb?cbeplﬁmﬁed\&ﬁd @hdelayed
corresponds to a concentration |/50 th t he

shutdoypeisnpitiater o ha flagmable sassersaeisinsefeebli onylingeentivgoyshy.
al fpe LAY rﬂa%fl‘h&l%e g‘ég] Bloﬁl%ﬂ?dﬁlg]glsﬁggtqv@qﬁwr&cally safe barriers
a oug

si mul t aneo esu antl to mni
provhigs lag radfondh béf ﬁmt tﬁnpafélt ImmeementI bver ffhei renseg devices dfethe prior

. SRR L £ R Lo oL L1 STTRELE (9t ks

becaﬁ&nﬂhé FHahfhabl@Bss sdnséy, bAWNK as®clited GntRRkAts, cannot be a source of
di sconnection, is sensed, an al arm may sound, the fuel

ignitfanowltrisy th e tapptesihteth &y songeskilfed i ot @gwhat ghe intrinsically safe
ated. Th enso

flami3blel &3 Shsof OF il BISRhen BRVRE b SnPhSHEL" B bypicrs may

be utilived WatihghyadpphRastortiy@hddWvhérd Shec@nkeyntfatibs of @amin@ibke fuels must
provi des an affordable and conpact inprovenent over
be S#‘ﬂ&lm%’étﬁéqdng devices of the prior art. Once installed,

f ug f%eaﬁgﬁgnﬁﬁh%ﬁﬁéﬁpgg}(esggtl 1ﬁ9§n‘?i ¥, ﬁgg{aﬁ)ﬁ{tg%gfd%[ félel flame

ecause t gas sensor
is coagshed &t mtdlmajnpmbtmtmnbusanm otithie t}a: therniad @eadtorl gl priactice, fuel

It is to |aed one, skilled in the t that
entersfae Torehdrchp gla%%r 7 Briebiets é%ésf‘seeﬁs%w B ehs' B fuel
egreﬁé@ﬁ@ﬂtthé Byiget jef3 "it i3 ‘?g’rhﬁg JeYZ!ﬁth Lt Py lntiB el @f heat The high

barriers may be utilized with any apparatus or od

tempgiradures fagditeto deeampasitiamofdhe politanip bentdined m mnsztasts:estreams that

enter tﬁf %1e¥‘rnnprre]:|alct:t9ornecq1amber 32. A significant problem associated with the thermal

reactors of the prior art has been the maintenance of a stable combustion flame from these

burner jets, said flame being readily affected by deficiencies in distribution of fuel in the

manufacturing facility and changes in static pressure within the thermal reaction chamber.

For example, the fuel line usually feeds other fabs within the facility and as such,
10
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In yet another enbodi nent of the present invention,

the stability of the fuel flanme is controlled to
wOor0asa3ne st abl e conbusti on within the thermal PCPES1005/042201

In practice, fuel enters the thermal reaction chanber

at burner jets 22 (see, e.g., Fig. 1). As the fuel
distréhgitios ©€ fudl tothet thernivdl rrexstor] fhictuatds dver hgi’e'l t@dhngeseineths iquglity of

ubst uantities of heat. The hig erat ures
the [3a¢ | fet Mo HRRIASTE FAchvves iitin s PRk EoChT ahifuer which

conc'ontaHﬁy ‘é’ﬁ‘é@t? 1%l 6fﬁ@i‘5§c} BAle S/ g%ﬁltl'bﬁ QfRenaRE sfr@eﬁﬁttl'lé?ﬁn Prior
chanber 32. A signifi‘cant problem associated with t

art ﬂah@rsmllzem ovailable, htvweysr thoy ane verfiaspdnsivng. Thesefore, 1t would be

« g Rur AFaee FLUR 4% PSrOnaRRALY ety o pRP e omance of

the @efnhdli r@AGHEDy icBn@dlfihg it Fiied Feddf prekl.@lh'e hAd thBfice the stability of the
manufacturing facility and changes in static pressure

ﬂathhl n the ther mal reaction chanber. For exanple, the

b 254U, 1 SESIRALDTR APRBHIA SR oo
booslte&emltntp’ 202 mmm& swnhne thet fuscirditasegeceni the i squik iahy the inlet

t he msafect et.e erature achiev W t hi
adapfcﬁelot ?feffh P?ta?tBﬁ fmi BROSESS B f@bwm the pressure
of tHef fuBC{see, IHIE. @f flncéﬁ%%nofheW@? Hfdv%nin%elt £36m"@s &l source

stream thefei'n. Prior art flanme stabilizers are
(e.g. a\wéleh dbkle]inh pwesvwre is Hey) ar alrives \fuelxgmovnsiream. Thellefing epassage

uldb ni ficant adv edn.t rt t .
throlin W8 Rofe 707 486 FHBLENERTHmBfet 2D, thilistaBy s misfho 206 s @ mass
ﬂowtrﬁ&eﬁ d’MFMﬂ whi€B &teaburby the sk, drlnhd16r duaatifyyief gdsefslving through it

pressure and hence the stabi T ty of the flane. Towards

per yktime gd pEoVidesbwelinga oubut arapeeianal womassellow irgtey iRownstream

e
and Addpines (e’h@h dieltlne dikteibowb fliedactadleastvbugy Burei je€) dndehmaintains a

boost er 202 poosts the pressyre of the f (see,
Stablﬁld@wnet)reanr ggéﬁ’é? -aPPOHEr RURPSFORS e hegi gl fLi'ae}lmP% Bivered

pnetﬁﬁh%cfil‘ﬂsel eReHIGRY (6 ShydrMIRAL Fyt URlvidd Ne &'hﬁ*ﬁﬁgile fe ex{e‘i’éﬁ’}ve or

or drives fuel dovvnstream [ owm ng passageé thr
dlaphﬂagmmmppnzg)meamme fuel enters a neter 206. Preferably,

e SRR o & £Bod R g, R ¥ Ol s Pugmgr s at tes

thantlhpsa 488 mdy eaftinidsly fludmateNAVREDHeRSl BoosRk pas) i9 Whdddborated
pro ort| onal to mass flow rate, Downstream of the

into thetfuel cipwit; thefuelagessuteos boosted i enge P& Fomiehayt € ipsi to about 3
u r f
psi IR e doRASRIAC b p M BharE e R b BB RGLN he
burnanjttsralmpatandy ainstha bhteer oo iniemm ptrab&sanﬂeconEi@mat fifel pressure
nps cont enpl ate erein includ power ed
ﬂOWgLﬁl ‘Tryetsangég?‘?g?éllil yxla?mh@fawa%n (AU PiEIsUFRgWithin the

thenﬁﬁ%idﬂ%%ﬁémb&%% Ee’&tiily ffedt ek gmn@mnwmyg reans.
Typically, w thout a booster punp, th 'S

i nhr adfligend ta maintanipg the flaine tstabdity Ines®l tlme the fuel booster pump,
MFM and regulator may be communicatively connected to the controller whereby the
pressure, and hence flow, of the fuel may be controlled to maintain a constant flow of fuel
to the burner jets. For example, if the fuel line pressure upstream of the fuel booster pump
is low, the rpm of the pump may be increased to draw in fuel from the fuel line.
Analogously, if the fuel line pressure upstream of the fuel booster pump is high, the rpm

11



10

15

20

25

30

than 1 psi and may continuously fluctuate. Wen the

fuel booster punp is incorporated into the fuel
w@R006083356 t he fuel pressure is boosted in a rargeUsf005/042201

fromabout 1 psi to about 3 psi and then stepped down

at the regulator to less than 1 psi prior to passage -
of thehpionyy imdyhlee Henreemsed jtetdsive Ifogladdvantream. | Impohentlygttherpm of the

enbodi nent,, .a stabl e, and consi stent fuel - ssur )
boofdt UGN e onip e S Be e pireiampeisam et ieslitarisahvays
greaéﬂq{aﬁrthesmgu& RIEREELR o‘f"tﬂe%?ult&tﬁﬁ thermal reaction

chanber do not readily affec e stability of the
f | Emthe dligrmatide,t wien the pressweanrtha (el hipe fis high, egalgré¢aterythan 15

.inreal tine,.t el _booster pu nd.r | at or
psi, 4 g o safiEitiet AFF By netfiat ooy Be pfistthERE f AkthoRRF pump
202, whe tiRiyFV20@r essure, and hence flow, of the fuel may

be controlled to maintain a constant flow of fuel to

t hE ipneted that arseriesefrvadies apd ether gontrpdlers gy b¢ piguated between the

f I m, i
fuct BEGRE B8 P SUERPTRE! (o "Ealf, oPIARE Tep R Vivef Upeck Falves,
shutfofie vilued, i$alaon Alats) @oersprgssurd rdlie€ vialveb, mhasseflw aatiok valves,
pstream of the fuel booster punp js high, the rpnof
flashbi PR gl 178 rseéiele/égge@aﬂiee biyroms sk 7 e st cam
| MRPS e embolEnd /B e praSer? AR2HE6n, PHEBRAUSHAY bR & operation
controlled so that the pressure upstream of the
using eplehstttvio Gomtrallevayfer spfesditredundangy ishhsqbosed orr @ thermal abatement

downstream of the.requlator., In the alternativ en
reacipp APpRESurE HH e st oty Pud RRYRY S ot i S Fproved
sequbitedl &dePsf opaatiisk AdtAwhgaNtd Mehigsl AdkRen®redtesl! But may be

val ve may be substituted for the booster punp 202, and
apprepréatolipitongd fon ysejvgthsherabatementtoglsr j es of val ves and

ot I By i fuat ept

sogquéreﬁgnmg P@%lel%%cat? ner tﬁgg%rg ,r&#@ r&g}i%?r%\fi\%f Q‘ﬁ'ﬁ 2@%% pgérds, ete., for
all safegineiionks. vVEbweser, hdrdwhreviatevieeks ehuiie odriphatededectrical wiring

i sol tion_valv%s ver-pressure relief val ves,

., OVer .
and ¢ARQt 9 e Brofiitse of apRike, to @P)éeﬁsbmpllafﬁl%t ors, etc.,
asThegskdedt IRYAKiITh NG rddnRNtheSUiAdiGHlidsNof R 3fifor 4D Hrdware
further enbodi ment of the present iInvention, ‘a
interkelisiby tifilizingra dentod] physEratwhich insiudgs at least &we conmrwllers to monitor

control,l er.s .for safety,redundan is disclosed for a
and ol i <G ciberiorE 4 BPCABREPEe mppRGHE i heijBéml reactor
appagdtily. eCTIa! eshtkdllee@res pidgr/imed thhestidaticABE fOIMBY a sequence of
I mproved sequential node of operation is not linmted )
opergtipns e verfy thtfnaehrparticnlaneqrapanenpigtwarkipg psoperly before proceeding

to th§l gg%tggpl:g?.ttﬁé %gﬁ%r{c% r q‘ﬂe fc?ﬁt;éef ;&t%rﬁeﬁééﬁgﬂlfp@hﬁéﬁ {g{eaat-tg)nof the

ior art therna or co ers r
therrhalr €aetoe and continue e k@ yndnitar de, reaitor dufing abdtémestf ©t ghsure that a
i.nterl ocks. However, hardware interlocks require

nega&‘éﬂ?rﬁ?‘}_dété‘%”e@séﬁ%%‘_{cﬂlpég'l wiring and cannot be easily
B
alarmy japd warningarelillabe enabled and start-up will be halted until the negative
condition is cleared. If the control platform determines that a component is not operating
properly during abatement, alarms and warnings will be enabled and the thermal reactor
will be brought to a safe state, e.g., shut-off of fuel-flow, ignition sources, waste effluent,

etc.
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interlocks by utilizing a control platform which

i ncludes at |least two controllers to nonitor and
wa@oenwbngddsal | critical operations and processesPOf/Us1005/042201

conponents in the thermal reactor apparatus. The

controllers are programmed to systematically follow a

sefumpnisiaghf, tlepemabl plhsotn diselroiseEQ/hctrhiat enableh ap ammediataa]not shut-

co nent is workin bef roceeding to . th
dowf SRR st iR OBl oGl SPUBrECPBRy 16 the Feactor
appaSR6 @5Wh@ldath. MR JtrSwelda! immBdiafelyt F&lIdWARE MBhot! &€ ddfwn, and
and continues to nonitor the reactor duri ng abat enent

rectlﬁcﬁt@nsxfrtbe prodleny thae gragdered shohdown of theaappargtusothetherawl reactor
may pbreo F%tﬁéd g%%lmeﬁlg € ¥e g;[:h?sﬁéfs?ggl fé:g)ngu%gﬁl tlalsl nqgve%e%t eqt\/erbgrewous

gencediidb od tikitthab bbdtémert réhdtbrs P@hival ﬁ@ﬁiexhﬂ}t bécah{wuﬁsa@adm Mtisable
condition is cleared. If the control platform

for fumrecpnerations follawing 8 dabdnedewn ée. Brofusi9dnanpENE BRwsn qptage or

| an e%ﬁ@e?%/eﬁ‘?aéerf@f)eca@gea&me rﬁ%ﬁ%ﬂr g%g?g@ fol ddfhst leﬁglpment.

reactor w to a sa
An isinaddénte e:sgrn ofsﬂwthenﬁzﬂ rezfctcfruiekc-rfoled \h/ereugis ipossible $10 pm bacause the

efflu et.c. ri.sin ont r ol at f.orm
thermgg e Uac N arieHo U et e, AT SiEh FoYe & Ry BeBudl Tfls and
maytﬂ'éecc;nhﬁﬁémly E&51Ed Qﬁrlﬁ\g tabﬁ%eﬂtﬂ%" %@ﬂngm& £, kutﬁﬁuﬁﬂr&%h the

he reactor appara us dOMﬂSth&ﬂ]
porehadbs atirech atletty UHoimBRVAG hermiel resr hlan e reventive

R SR A bR BRSNS o, v,

I maedhwddricyd inlhifsregsiag §hrapph, thel baﬁtwtplafommwemmlkast two
over preV|ous generations of thermal abatenent
contyodlges; giraferaphy grogrpegable contpdicsretoumeaiter gpd uiamirabladl critical

oper%t‘i)(fns b g)?]@cegﬁsa;i:tﬂlneo Or\gl\e%lg %h RS Bt SR o ggWQtl{se élgs defined

unpl anned I outage or an energency
heremf &orbmd:lau@ ecoafrol h]le}easal oneritmeated aysgre and/ot roxssss. eMprletary

‘H% ment . glate estart of the thermal react
softwiple proesFuRs ﬁ’@wéaeﬁm? topl&gfg agf the; Gonpglier g dhe,artamated System and/or
procEs@eﬁﬂH% t&ﬁﬁs@t&g kRatdeselafd 208! hed chehial ¢ @eHtloHled%hannel

ave a | ow thernal nmass and may be conti nuously

specfsatient olidng @Eﬁét@nﬁm otiwmlassmdngutpml oCoréergplatectDAputs for a

contfolleP bk 5B 55 8histd Bl AT bbb MFFngeRlue, ERERHSHermal

devidd (TR MELqaOdySOr RAGR taasistbeakd Ditereld) P6fiefRHldt&d outputs for a
mnimal. As introduced in a fo;ﬂSO|ng par agr aph, the

contgodgE Fltﬂlu% :bpf @fermphbmfeésto,apq 1 Telad a@ewgr éqeﬂ@frr@y or pulse,
trandNt & ﬁ{ %{I oft t | ma?mﬁ tlﬁ% a ésscontnﬁo {)%e%tniﬂ(élude, but

COﬂth op era roc
are oo hipoted o SIHG 61 1 -3 Imqmmlltlak ﬁmcmcm clamip@Fﬂ)uﬁmcﬁm block diagram

efi ned herei controllers ont r ol t on .
<FB§M% arkeiegh frm, SR epeas Mo GoRdish A casf dasider logic
mypgﬁ@cﬁmq&ymggggggg to interface the controller to

he autonmted system and/ or
The two controllers are preferably arranged to operate independently of one

another to ensure proper operation of the thermal reactor apparatus. Controller 1

(hereinafter “CTRL1 ) is intended to monitor and control the start-up and operation of the

apparatus and the Controller 2 (hereinafter “CTRL2”) is designed to enable the critical

items, including water flow, pilot flame operation, fuel flow and the circulation pump,

during start-up and operation of the apparatus. If CTRL1 registers a component or
13
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process using transistors, swtches, relays and ot her
circuitry. Controller channel specifications include a
wo edoalosizecber of i nputs and out puts. Contenpl ap@rius2005/042201
inputs for a controller include, but are not limted
to, DC, AC, analog, thernocouple, resistant thernal
operdeoriat ai(urd,Dhe contecjustarfornois ditdesd, thidughsi §ieoificadding pattern or

Fll 5 i e o g o glaepel opesstpbl T2 registers a

comB&Enf8r opdrAstHaN U, tHRchEol paaDth Wil hoPéithble t'h@%peratlon of the
of t ware programm ng | anguages commonly enpl oyed

compensing died thmonaplepkatfonn iwiltesd to orititE@ldms vaith 8 delayed shutdown.

SR O B e RS By e e

com &Téht id fsi-opeaitional | H%sze(zérL)f CTRL ¥ail @d@ENtifHFuEh ©Bh-bperation,
ow Chart, C and BASIC. The two controllers are

CT%%WJ&I&@WI@ éherbmbw Cbeclbtpéxabtts@rﬁ-mwmaemd gpeFtionne
f
CCSeStind TSR FAPONF hefPRLRL' R WAL ciglosed

Referng tot Bigded, the steig sequared imdimtes @Ienﬁlib&loattbittthe.lﬁm (emergency
and the ntroIIe

oper ati.on of the apparatu
mactﬂﬁ@ro ﬁafpf@eﬂmﬁﬁt& ? qnd tfa\étsﬁha r?é‘él‘ci‘ P AHLRtE %%lomng properly.
The QEvel ifFakatbd ?d"?ne LR M N@nWRERT efgl, OFY @' lré}terem:eaﬁﬁmber 140) is

operation, fuel flow and the circulatio unp, during
checkedite -makeasuge @tptsrmtlazbnvc)ﬂhet h@xmpparazhlpmd lb‘fel CTlRithe water level

regi.sters.a co one erational  failur t he
excepi Bt fhaidufio e Eoter Tl 3 nr il i | Hwortandy, the
sequefdediditgloned trﬂrlg DA afellll] mShitired o coh@REed b TRL 1L he
conponent and stage of operation. If CIRL2 registers a

coRsrerg tOdFlgol%r Rl determaines if éhe leyad of sigtar én thslcircplgtian tank
is aﬁlgvlelth@ 1n or WI la?r[b%'h?%\ﬁc? i¥ 19cft %&%lﬁ%oﬂ%}gpﬁg&l ai?ﬁtaf)gf, if the

contro exi o crifica ar ns
watet dévay e alsduet ttle wmininhim Shquited atmommp@’ERLatvexd:l fidianable rwater flow

the criti ' .. CTRLI shouyld identify that the
Slnc%Bﬁi)B‘ﬁé]‘FF&?aHs GERED srierrompes et ok pe cfrgplaton tank

is alJer e YmSeG R PR ARR! 3 it Wnot%@lc?rcﬁ\ﬂa{lbn RIRUL #8ed Rfabove
back-up check to halt start-up or conti nued operat | on.

the Réfimum heyet.o IEipgstanthy.- the, watehasuldrodie befavailable dotftaoy into the

e By Y ST AR oLt P Bl et e e

(emmegarciverasgthivaier @f the cirsulfiiPRihk s apropadtedwateNirculation is
that the critical alarns are functioning properly. The
activiagadeand gyatopaflew switchesecheskedy | THiei temperatwe o5 the, heédsgvace 145 in the

mrcdﬂltgm t;.!lnk gs%ft: &, g 2%& Y Pfkn ]’é‘c%?l{eﬁ qp l?e%igp%fcgqthﬁ é&%e‘?ature is

maxi mum al | owed [ eve

greawat}e.lh a| v-eetetnitiee disresHodd valié, BET) intah@nyedfefioth @Bt 30SC to about
appropriately adj ortantly, the sequences

80°Cyi nsefesblby abeyt Fq5g& ¢K%1ewglo notyBifcedsk t thenpexd gepr 0 OTRA.2 then
rech@&%fl( (al:[eve peES?ﬁr@ fdf! tﬁ‘cghéa(ats@cg 144 Bs Ihgtg%)t% ? 1rgH}t1%S§s Elfarted Prior

water I n e Cclrcu
to ighttienjrihaireactor magptibe drgadrosing aaiwkri dasnaich ae nﬂhigeﬁ, mhﬁtannally

remJ\JeoaVr\lly r[c\gél?a? lg%s’esirfemgufrll?ng following the most recent shut down of the reactor.

This is especially important if the reactor was shut down using the EMO, whereby critical

items such as fuel flow, waste effluent flow and the ignition, are immediately stopped

because of a negative condition detected during start-up or operation. As defined herein,

“substantially remove” means that at least 95%, preferably at least 99%, of the residual
14
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water | evel is above the m ni mumrequired anount,
CTRL2 will not enable water flow since it is not
woemdoes3sCCTRLI then deternmines if the | evel of PAEUSI005/042201
the ci rcul ation tank is above the m ni mum required
anount is not, the circulation tank is filled
gases &f%ffé‘%ﬁé’efi rdé“lﬁg rherDwigE e Vide reactronexihe ipyreed hveitiwataait SO standard
t he
literg ) 00001200 Ao KEHIE0int ahe, S ey Brsirpbiy pBOUY0 standara
literg af Baser The epctoDic prefdrebly euededobithetieedpprdpriatamount of purge gas

on tank is appropriate, water circulation is
for &}t SR ApPibirial OISR g Teant 3 BrovRB ! B avitin the reactor,
preféraPRak fastr Prugfovelte headspace 145 in the circul ation

tank (see, e.g., Fig. 1) is then rechecked. If the
heRebprine t Big. 76mpbuliawing e checkyoktht €IDA Heleam dry air) ﬂow CTRL2

r hreshol d .v n a.ran
veriflsC e, PR ol SRR o Chting; efiting lgupB wegilor The
configlititionvfot lignitidn, Ak @EEE1dd0byt OERNE X{s c&b@xﬁﬂen%ﬁ%&ﬂé@ the thermal
rechecks the te erature of the heads ace .
reactpR APBAPIEr CABFIsothei Biei of onyaes @trtfhﬁdadur G‘PEAD fOD the combustion
ni usi
rockGNURN, R SALEL S LIRS LR Sf i s
in theegilotuatepg aﬁmeafter;&hﬁ Iﬂlaglefrﬁhdtwdhgcﬁehﬁo WRfify 1@ of the pilot,
of the reactor. This |s especiall nport ant ‘

c.8. e {B° AlyBinstioned Lo Stbtin Qb ¥ Be BNl bageieerspecesstully
ignited ivkill QIR L2 QABbIS Y6 AR Whikd sﬂ‘rtl:a‘?ﬂ"’ﬂowshﬁgﬁft{)nlﬂge @TI{LZOH\ées not

and the ignition, are imedi ately stopp ause of
activglygiair oe tl@oﬂm{*’toif Gl @9(1 dlost wastel smrﬂ:wlg testharappropriate inlets, but rather

def i erei "substantially renove"

enab?reggfnﬁftlﬁg tuf t% Owé enﬂpgffogfl?é\tﬁl y at least 99% of
t hRefeﬁﬁigdﬂcb&F 1ga$]BSCiERE1 rcBBaRé QR FdistE shipifteRiIRsoctted w1th the

reactor may be purged with about 50 standard liters t

downyiisain ssopbiigameansiof theeapparstus nEBhareafies, the sgeqnd stage and inets
CDAn%erG@@Pare Qﬁgél&‘)ﬁaq %ﬁ{}; aﬁ&lgsesgg%m (%ﬂh? ﬁel'éciutggéq‘f’ 6lbe|, ng:%ee stream

reactor 1s pre
has motoren tentefedo thegethe s Ifea)d’toﬁfdreib@tehle@f theréTB. APRSTOR! Walte effluent

rnovers of gas within the

e at eas
inrop Eo e BRSPU | o4t RS etErSsigr Hawelrs, RbpLiveiling wast be
comﬂ"_alré]i reldfave ft@iHe%d@Qreaen@é?ﬁl?Khﬁ{hehH? rE8o (5 | aS@Rafll ¥ tl?eI n)erlor of

| ow, CTRL2 verifies e pl Ignitor 1sre
the sy%¢m|l$ gleeeety e.enSibh ibugdupyal inletsy etf  Rraferahily,ahe pﬂasaue in should

on.for ignit ontrolle CTRLI,. is
bea ep eng%?fgé)uaﬁ]\}\%gf%% E %ﬁ%?ha; Qﬁcgf%lfd‘é‘ﬁgﬁ‘oggﬁ‘g 1s present.
For elxemple[ 3753 chb)@edﬁ@r@ﬁmﬁxy ﬁl@férﬁﬂfl 1EHeHAnD 1hcl(eg:e@‘)wafté}r plteﬁ‘f'e(l:laly in
stion process. Notably, i1gnition wll not procee

arangﬁ Phisem aéq‘F(LOﬁ%Wﬁb?Séﬁ@h@m&ﬁth@he@{ | ot | gnl tor in the
e t be checked .t
Vg?%t?l?/{ | 3?} ﬁi’ W ?ﬁee?t&{l&r p]Je a?ce %nt%f?n(g:l? ef 68> Using theYlame
senscaf or emiy thad tiedpil dtefivenes properly idaitey tief birher ﬁéﬁ piflted piléiStails to

ignit been sg;}foessf #qug&,thg it edd#ﬁ:%}l %_Flztlﬁéﬁag%glsg f ueLuriQrdJets it
extin@@§hedehdredftbrNa 9&eﬁt’i‘(ﬁlyfdaﬂﬁér9% s §iHBl 101I‘i|l Bt R R Skt Sla® 8% tor.

to the appropriate inlets
This check is accomplished by igniting the burner jets, turning off the pilot flame and

using the flame sensor to verify that a flame, e.g., the burner jet flame, is detected. At this
stage, assuming all previous steps are positively verified, the pilot is reignited, the burner
Jets are extinguished and the system is ready to process waste effluent.
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enables CTRLI to turn on the flows when appropriate.
Referring to Fig. 7D, CTRLI checks the noisture

WG po0gBsSé on associ ated with the downstream scpaibbsIngs/042201
nmeans of the apparatus. Thereafter, the second stage
and inlets CDA (or OEA) are checked. Inportantly, at
t hRefestingieo digt e, seqparaa tddhaeqursiseathtenssmm thasbummdr jets are

. yet e red the ther.nal actaor .for_ abatenent .t herein.
reighfec i e st tesenn, FEm said 90 d datrasiveed HEo phecthemal rgpctor for

prock§in S XRAMA! mﬁ)&%ﬁd}g WABMNstrBin eficly Ovad *}ﬁedlbmy r@d&tsle@qn the
conpared relative to the pressure entering the thernal
sequencech o TR 2dsese e igaifing.i AC)t Ade rermaningrsegiench éncdydss ebaterment and

cl ogge e. d. ' buj l dup at .inlets, etc .
shur JQRFE et B Bhiocs ot Byoons Sl dus gre that the
ther@gluabatérRei REGHF EeRtibed he@NRmayJabafaivabe stedhisfdisSchatged from
clogging is present. For exanple, the change in

multiple 3@k Precgsgpioatser R¢kpp|aligmaterppintoofiuse Abajementigels: |

oL P A R O o {050 o

procest csm&bbseiqgmote dncladidg che @behhmted t, logis topainiein theawater level in
erify that  the ot flanme properly
the figgiatisy il bt Pe-detetmiech @ASimR and) ey {fmsk dogic to
monﬁtale thd! @pefabiy rHEf {HeOMhB &R NSd 1&iS BN ﬁft?] sage of all
anmes of the burner jets are extinguished t erea]l1 g
comaormtsecvft the [theymdhregeton trs signal wehienge extis e samitehrnge ohie particular
mh he[rn{ral reactor. This check is acconplished by
co p%rhe fsﬁlﬁc?sﬁ%rybur ner jets, turning off the pilot flane

an d’ thSé nédef itb}ﬁd’@nﬁ%@d irt PigV €TAT7¥, thiate thaf ttRMBermal reactor
e burner jet flane, is detected. At this

operg&eagéﬁm%@uaﬂdn@f%lyl Sty |r@43§1d§tcefp§ aghigvqsbby theyutiljzation of two
inde S{deflf c?o‘i’ltroil%@ dJ %tlloﬁlr{ &hd rtﬂetrrﬁgl reg&&i B%Hf End Sf)eia and the

ui she rea process” was
otheeéﬁdbhﬂglbp&eﬁ@f of dirglchbtdﬁnsgonl)? F an upstr eam t ool
e at enenf. bur ner et s are reignit nd
S Fudiber Enbedinen 3}5 Wore |dbpiemeRt FaBigE &jmlo(a&’é’atfﬁé smart

abatérﬂ@t{t ”Ql}edéﬁﬂlﬁlts?éaﬁn% thE Qﬁlﬁéélh{éﬁt &ﬁkﬁl‘hﬁb?t gl \Wﬁ@l‘h& %@twa}ite effluent

wast e streamflow was previously enable
that S\elq gBieC Shebthe@TRIrgactaam/er @ given pétngd of @me. TPheorr terthlsnnvugmon it

en. udes abat nt, an ut do when
was FECIEERE o WEIHRER, B BaCRE n el Sy Hacnt NP aqrby freated by
the thBEnartadiiat REA1&irhd @ifSEhatRJURA R tthis OREHIA bedBERNy R dntageous
herein may abate waste streans di scharged from -
becaps the griicaldteats qfithe thegmalgeacorgnay e kagporsivedy adiveted to optimize

abat Bl eflbrktagc B0RER AL Mhwe: 8kt o fo ost® noted that ‘many

I catlon I'ncorporated into

t hAnpﬁfs@a‘mmls c@mpmr&mt of elgpuanare abi’teﬂneudl digbodimtntnidtludes a detector
i.c to rmlntallrl]the wat er | in the

vel

syStaEh oL PRI T ap5g gtopie s T RIR) leisetar s as i dhgent No.
6, 6117”1 05 RdnRd §¥ﬁbmbér0§4'2‘%)o§ Gn MR AR of e PRRE 2R Cl’ltly 1rﬁgrﬂopﬁed by

| ame sensor and OgIC to nonitor the US& e of
refercmwphmelntls itsfentinetyt He sl ber appeeadated by ging rskilled/herthe art that the
dete®OF \s/)(fesrt]ér}l Vi n%?llpr}n gty %heOtFPﬁ{ pglrtt rlng)lfJ 0 any type of electromagnetic
radiation detector available for the analysis required.

The TPIR output includes a square wave change (see, e.g., Fig. 8), wherein each
square wave recorded indicates that one wafer has been processed. Thus, the total number

of square waves equals the number of wafers processed. Knowing how much waste
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conmponent is necessary. The sequence of steps
enunerated in Figs. 7A-7F, ensure that the thernal
wo emehga3soperates efficiently and safely. Saf epgr/US2005/042201
redundancy is achieved by the utilization of two
I ndependent controllers, one controlling the thernal
effluentistgsnersted et patancamdipbe &utalominabred of nafars hercessadybt isrmpssible to

ration, of cr.itdcal i s, only. still, anot her .
calo JRE A 1R Shofl' ol AR Ehtved Budh ypsr @M biiErsscigol over
timef OThe RmberadRWalERN prockR B iAHINCtRPERLbMGnall tB&he amount of waste
enbodi nent quantifies the volunme of waste effl uent
efflueptgengfatqd anditesatedhe t her mal reactor over a given

pe | DRy PT o.this .invention, |j
Dot 2 pelerds! Srent Tl bé ooyt KRR Rlieclel H°goQroter 1n
practiéd, theeatalytizal digndd getioratad g tiey TPIReoit btlér@lalytiealcdedice is captured
eal -ti igfgrmatio such as this would be highly
by ¢ %G%H%Egow it theneperation; fathei themal graciereaccpishingly. For
exanffl&.Cthe fudl®Yowk Gndl/BF BRIAGAY LW rﬁ%‘ Hé%ﬁ&e& AePAdiY & the volume of
abat enent perfornmance as well "as [ ower operati ng -
waste géfluent genesated and plevesatpeneaintenindeyckesrmady wishedmet based on
nmn8"Q$dH%EQt Ancl des a detector system for exanple the
PHIT ared° PREFHEhi | e (TPIR) detector disclosed in U S,
PaBpevifidddly, 6th61dontbdlel SabiedbeSepbeiaRiedd to 20Q3ntM Wdters using
name of Jose Arno, which is incorporated by reference
appre@iiale fogin thek “eounty esquarg waves.t oF tecxaspirlecthst eenttsjienmeay be
progﬁfﬁr#q%cg g) i{ngre gt %fclswghvtahﬁglg %Eglexgzh%r rth§ %ﬁg’tlﬁ(;gvoitggen&}tput exceeds
a cedinomhenagnebout 0.28 Vattbroa sgkeifecpeatodasfairhad.@, 1 efintildeand then
d analgsis riguired. The TPIR out put includes a square
Top§iiR, 2 SREHISY E@E@)@%@g., Fig. 8), wherein each square
WayRud, GRO cHRhunt AR loFStht PEIROBE W@l Efent BRrddEERith a controller
processed. Thus, the total nunber "of square waves
permatgusihast abasememtbwhereby wef thesmplr mactos athy beradjusigd howeal-time to
mugh steeftluent | enerated per wafer, and the
efﬁc{egﬁgflr\i\%fﬂ@é’rafbgﬁe V\‘?@é?eeqsfgg ocessed, it is possible to
cal cul ate the total anount of waste effluent generated
by an upstream process tool over tine. The number of
WahhSudl AeCawBRtidnS hal be&t WiriRIsBPQELdHBP&® heldin t»{;‘iﬂjr reference to
_amobunt of waste effluent generat’ed and treated. The
illusigasivecerobodimente randefpatbess c s rwilinbe appreeihted gbatnthe teatbodiments and
ontrol.l e In practice,. the .analyti. si gna
reatsf QUSSR porefipBO o ot P T iyt Mo, iR, ondgthat other
varia€iafd, wiTifiitioh end 61 Ohbedimeri willl rREdiHSSuB gt fhemselves to those
operation of the thermal reactor accordingly. For ] .
of ordingrgkall 1y the afty based pp hedisglosure herginntThelipventiay thesefore is to be

broaégg%Sﬁ&lqleg,ecg)glgigieﬂgwﬁﬂ He it Q PG AOS s B§e ef T | uent

t
nerate preventative naln?enance cycles may be
schedul ed based on nunber of wafers processed.
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Specifically, the controller may be programmed to
"count" wafers using appropriate logic that "counts”
WwWGEouwangs3daves. For exanple, the controll er mayP@BUS2005/042201
programmed to increnment its "count” variable by 1 when
the TPIR vol tage out put exceeds a certain value, e.g.,
TH @1MENQI(Z§%AIMED:1 specific period of tinme, e.qg., 1
L m nute, and.then drops to a specified baseline val ue.
ATﬁﬁ@ CHRPTESMETUNi cation of the TPIR or equival ent
t hecembolled th a controller permts smart abatenment
wher eby the thermal reactor may be adjusted in
r edFeaciipmechamber paritechto) by can@olé@flm the goutrdlepast e
ef ention has been variously
deécrrﬁgﬁtdnger eger?gpoélﬁ’ re }é’r ence to illustrative

enbpilordsgcsedunch fisagnd efthe ¢dndultiwithireth@ppaction @hadbdrhat .
t he enmbodi nents and fea res descri bed herei nabove are
nof SFHePRHaRRFed 8t 2 parppd endbofi the epndugPutsiderlithafeapigpeshamber,

coupt @ igAh, AolIEE fhd RER PPN # Al BHREIPEONCOIRY Mhpther
the pilot isH#; andt , based on the di scl osure herein. The
i nvention therefore is to be.broa construed,
coftbRebaE ST Rebesrant RloShRSBRtuY cor forth. THE
| NVENTION CLAIMED I'S: 1. A system conprising: a
controller; a reaction chanber adapted to be
2. Theaysten peelainy 1 twhereip hercsinireHer isadaptaditpoperategthe peaction chamber
ot disposed at a first end of
base %ﬂ%éﬁ ?M?ﬁth@tseﬁlsbrr eact i gn chanber; a sensor
d| sposed at a second end of the conduit outside of the
reacti on_chanber, coupled to the conieﬁgl | er, and
3. The systesy of slaim éw*&éelaﬁlq SRBSOE &% 3o trayoleh BERFERIB | er
whether the pilot is |lit; and an actuator operable to
open and cl ose the conduit. 2. The systemof claiml
4. Thieystémm of bleine @ rwheodih e aicmaaliézpacta@tedoo ppoeattredinhen from the
a rgﬁctio .chanber imollont ication fromthe
AME SELICACENS TSRS g qop V‘Hl Wi8rein the sensor is
an ultraviolet light sensor. 4. The systemof claim1

wherein the actuator is adapted to prevent radiation
5. The systanhef elabmnd Wheenin theaashiatny ig #raptedie eyclohercongeit between an

d. 5. The systemof claim1l wherein
Opent‘%ﬂg%(%%g cs)!?‘d&ggadapt ed to cycle the conduit between

an open state and a cl osed state.
6. The system of claim 5 wherein the controller is adapted to test the sensor by comparing

an actual state of the conduit with the indication from the sensor.

7. The system of claim 6 wherein the actuator is adapted to cycle the conduit between an

open state and a closed state at a defined rate known to the controller.

8. The system of claim 1 wherein the reaction chamber includes burner jets adapted to
provide fuel to the reaction chamber and to be ignited by the pilot, and
wherein the sensor is further adapted to provide an indication to the controller

whether the burner jets are ignited.
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6. The systemof claim5 wherein the controller is
adapted to test the sensor by conparing an actua
WGeL@b®sBs6 t he conduit with the indication fronPeh®s2005042201
sensor. 7. The system of claim6 wherein the actuator
is adapted to cycle the conduit between an open state
9. Thndysterebbslaiin tveteeeinthescongbllereisl adaptel torsbuirdaven thieeaction
ontroller st.em of. clJajm 1 wherein the
Chamc@éi’??egr? Wéeﬁlbeé}h‘?el?}ﬁffd% ab"u'lgﬂ’é‘?‘i jets adapted to
provide fuel to the reaction chanber and to be ignited
by the pilot, and wherein the sensor is further
10. édaﬁﬁéuxmﬁﬂﬁﬁdV|de an indication to the controller
h ited.9. The system of
g&g§§n£ gggﬂﬁﬂgLéiggﬁfrﬁ}? ﬁﬁ%% adapted to shut down
t he sécdad ehelosied assbelatehaﬁeﬂthe firspeaé1bare;t he bu r ner jets
are ignited, 10.. A system conprisin
endsersor withinche frsh gnelosusnand asfapted wg%tﬁct ﬂaﬁng@%t&ﬁ gas within the
first SRQbQRYr € associated with the first enclosure; a
sensor within the first enclosure and adapted to
det dedterf Walnmahd Brsgersclasiutehand ddapted ko mbintaic Klessensor atia defined
heater within the first enclosure and adapted to
eMAIA€ai n the sensor at a defined tenperature; a first
bap firfbaMer Withird e se@maARHcIBRGEIDUPRA t&ﬂié%leﬁs%r taﬁhdtahﬁpted to
sensor, and adapted to |limt an anount of energ
limitgmameind of energieproEided to the sensortaed lewell bslovaa ﬂlamm@lﬂ gas ignition
nition energy level; and a second barrier within
enﬂgﬁﬁwegg%%d encl osur e, coupled to the heater, and
adapésdd barrler Withirtthe 3660t en€lbsi@6|ogyled tthie dﬁdtet, @nd Béapted to
heater to_a | evel below the flammble gas_ ignition

imitmermpipnf el energyiarovidag s the heseioio adpysl beleyy the demapable gas
q&m@k 1 a controller adapted to receive a signal
igni ﬁﬁgggirst barrier and to shut down the reaction
- chanber if the signal indicates that a concentration
|.anm as exceeds a defined threshold.

I
11. i g%@ﬁ@ng g?@hﬁghﬁggﬁFﬂmﬂﬂgmﬁerein the controller

l nskmaﬂleaamtédafaee&waoaaﬁgﬁa@ fromltBe fiFiDaiies M Péhut H&WAthe
10 wherein the first encl osure includes an exhaust

reactjernghambgr if theosignad indicasds thata epnetigtion &ival efiftansmatdogas s
emwg¢§§@§§%d¥%8§hﬂPte to the exhaust vent. 15. The system

erein the second enclosure is purged
filled with a nonconbusti bl e

12. The system of claim 11 wherein the controller includes a voltage comparator.

13. The system of claim 10 wherein the first enclosure includes an exhaust vent.

14. The system of claim 13 wherein the sensor is disposed proximate to the exhaust vent.

15. The system of claim 10 wherein the second enclosure is purged filled with a non-

combustible gas.

16. The system of claim 10 wherein the sensor includes a thermal resistance sensor.
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gas. 16. The system of claim 10 wherein the sensor
i ncludes a thernmal resistance sensor.17. The system of
w@tmsms3ss wherein the first barrier includes aPCT/US2005/042201
potentionmeter isolator. 18. The system of claim10
wherein the second barrier includes a Zener diode. 19.
17. THesysiysitcfeladh 10 whereihGhd first batiecipobesi pgedtidnidtérdsolator.
encl osure containing the first and second encl osures.
20. A systemconprising: a first enclosure including a
18. T é‘&}ste‘ﬁ{‘oﬁaﬁﬂ?% wh@reﬁ%@@gcoﬁa%laﬂ§gffchﬁﬁ§9 eﬁér‘%ﬂod@ th
e first encl osure; sensor wthin the first
enclosure and adapted to detect flannable gas MAthIn
ncl barr.i er t he se
19. Bhepster ot ey OF Biten S s it sl apR e ot frtand
samg@eﬁﬂgﬂﬁk_of energy provided to the sensor to a | evel
bel ow a fl anmabl e gas ignition energy level; and a
controll er adapted to receive a signal fromthe
20 R%g&e m} shut down the reaction chanber if the
' |ca &s that a concentration |evel of
fl ambhaogﬁslrﬁhmﬁfgcksreﬁctﬁﬁgdl?ﬁﬁlet hr eshol d. f21 I A
system conpri sing: .a share ue source a fue
ci ?é%ﬁ%geeﬂafr%a%semﬁmveﬁlaiheéra*s@q OR¥gir ce and adapt ed

t 0, RERYS Qﬁhllfﬁ utg d ARk Endld Q¥ Hd 4 gﬂed 1Y BEE& A1 o\ylthm the

circulrt 1nc a neter to term ne an anoun
first pnadesux; e vvithi n the fuel ci rcuit, a punp to create

t he . f it I
b et mahinfor stspad etifosfe GUnied DA sras s B0etlsdsd Jimit an
amohrﬁ'o?%nﬁrgﬁ BEVidedQd PheednéR? 16 R eevklBdloWialffairhaA® HasidAibiba @nergy
to receive fuel and to supply the fuel to a reaction

levelgpadrber . 22. The systemof claim2 1 wherein the fue

C1 L StV RRLS GRS e OB AL b HPLoSSyf 8ol e

| ea
reactidibghagtbet I tlOdigmad hncﬂdatésahata dDﬂéemxfatlbllﬂ ﬁ:vBLtb'ﬂﬂa&ﬂﬂable gas
ulator based, on a signal fromthe neter.23. The
exce@‘sﬁs‘i detingtl theeshiold- 2 1 wherein the shared fuel source is
adapted to supply fuel to a plurality of systems. 24.
The systemof claim2 1 wherein the neter is a nmass
21. Alsgstemeoerpriathgpt ed t o provi de a

a shared fuel source;
a fuel circuit coupled to the shared fuel source and adapted to provide a stable flow
of fuel, wherein the fuel circuit includes:
a meter to determine an amount of pressure within the fuel circuit,
a pump to create pressure within the fuel circuit, and
a regulator to adjust the fuel pressure to a defined pressure; and
an inlet adaptor coupled to the fuel circuit and adapted to receive fuel and to supply

the fuel to a reaction chamber.
22. The system of claim 21 wherein the fuel circuit further includes a controller coupled

to at least one of the meter, pump, and regulator, and adapted to control at least one of the

pump and regulator based on a signal from the meter.
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signal indicative of a quantity and a rate of fue
flowing through the fuel circuit. 25. The system of
w@b@b03Bsd wherein the punp includes a fuel bopsTL/E82005/042201
punp adapted to draw fuel fromthe shared fuel source.
26. The systemof claim2 1 wherein the punp includes
23. @heonpnespdainadhphedit the shass firel gqurédiie ladaptedionsupbly fuel to a
fuel _.circuit. 27. The systemof claim2 1 wherein the
plurglity of $¥StsMS: ncl udes a pressure regul ator adapted reduce
the pressure of fuel supplied fromthe shared fue
source down to the defined pressure. 28. The system of
24. Thasysten of clhier 21 whetein the gndtextina niam:ﬂmrelseter golaptsd to provide a

signd] SR o A CRRAGT abd PO S BRI RitSing Brobilf eyl cifEDt O

a fuel circuit coupled to a shared fuel source and
adapted to provide a stable flow of fuel, wherein the

25. Tb%qsystqm eli¢laim Ak Mhawin thg PhEpdncludesaduel hropier pymB Adanied to
dra“PfuePerﬁ%Hé a]\g\écff&%;ﬂs g fuel circuit, a punp to create
e

ressure w uel circuit, and a regulator to
adjust the fuel pressure to a defined pressure. 30. A

stem comri s an batenent stem i ncl udj
26. ?E%&SF%OEQ 2QW#1F SHIPANGl W swmpéssswoa%%ﬂ%r

presé%ﬂf%@‘fﬁk@%ﬁur?fhetfﬁa c'ir@f’i‘i@“ on unit; and a second "
control |l er adapted to nonitor conponents of the

reaction unit independently of the fIrSt

ntrolle t he.seco i s further
27. SREkGm Bhelte ekt hE AT oGP yR ety fpbialbe adapted
redu@PBe PrdsOiire RY fildN Sufplied fFroaPihk sRArk@ fuel Eol@Bed®im the defined
defined operating conditions are verifiable by the

pressgeond controller, and wherein the first controller is
further adapted to operate the nonitored conponents if
the defined operating conditions are verifiable by the

28. The sytstamonf ¢lainl 21 whedir the remiandncladés Opressurdw@gulatoabligded to

for rat| ed. conponents. 31. The system
va&’f%fe Pe\yvﬁéﬂ'pé‘?rrf‘tﬂﬁéi% # PSPV -conponent s i ncl ude
an energency machi ne of f conponent. 32. The system of

cl aim 30 wherein the nmonitored conponents include a
29. Ahmppham$compaﬂkgand an associ ated water fl ow

ORI &l c1rcu1t coupled to a shared fuel source and adapted to provide a stable flow
of fuel, wherein the fuel circuit includes:
a meter to determine an amount of pressure within the fuel circuit,
a pump to create pressure within the fuel circuit, and

a regulator to adjust the fuel pressure to a defined pressure.

30. A system comprising:
an abatement system including a reaction unit;
a first controller adapted to monitor components of the reaction unit; and
a second controller adapted to monitor components of the reaction unit

independently of the first controller,
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33. The system of claim 30 wherein the nonitored

conponents include a pilot ignitor and an associ at ed
W@R06H81%6 conponent. 34. The system of cl ai m 3BCMIsI005/042201

the nonitored conponents include a pilot flane sensor

and an associ ated fuel and waste stream fl ow

c ompereenthe s&wnd Tortralies iefurthér alapiethtd Gnabiethe imnitored

firs nd second controllers follow a predefined..
comBRRES {BLOREA LTt D PEY APRGH e61 ARt PIAk EPGIOERIng g
condltibhsA¥ST&Ma8fe ) BE Rrcdad WbsESlieR, dnde predefined sequence

includes: (a) verifying operability of an energency

shwhersunthe Yisstennieliands furider ddapted ¢o aperate|tee mopiggred components

it g Gt o3 SRR cht Yol SRR PR Yo P p g i geone

contillehha3ynhbled Sérasperatipn thishogitdré@cappamreiscont rol ler; (c)
proceeding with systemstart-up using the first
controller; (d) verifying a volune of recircul ation

31. 8 HoieDofeith 50 WLl P ilolANrRBk BRARe ap emergency

mackioabffebinponerte) re-verifying the vol unme of
recircul ati on water and enabling the first controller
to flow water into the water circulation tank if the

32. YRS $W¥RnPbf Qfint 50! WAt thd@l ditoled RRIpRHers HcRid@WBirculation tank
vol une, using the second controller; (f) filling the

and gpaseecieted pateaflopicomponento a | evel above the ni ni num
volume if the volunme of recirculation water is bel ow
the m ni mum vol unme using the first controller; (9g)

33. PhoSeesh 6fcliint B0 sheieihs hvnitottd dogipdgerithtchideSitpilot ignitor and
controller; (h) verifying a tenperature in a headspace

an agspciated aigflody CoMpigtat i on tank is bel ow a t hreshol d
tenperature prior to start-up using the first
controller; (i) re-verifying the tenperature in a

34. Thassmacef ¢lsinh2) ehertehetht mastheddompopentainghele amdlot flame
enabling th Lrst contraller.to proceed with system

Sens%ftaéﬂ%tan S,O"E?E"r‘{@wfﬂ@ WY § ‘PB?{“’“?-J' ) proceeding
with systemstart-up using the first controller; (k)

urging the reaction unit with an inert gas for
35. Ehﬁ $ysteineof clainn30 whersirbibe dinstiangd bgcond nolwteoltgemfﬂ&am agpredefined

soquiREt Sard dpRlaclBR Y R RUFRE Thictst N0 the First

36. The system of claim 35 wherein the predeﬁned sequence includes:

(a) verifying operability of an emergency shutdown system using the first
controller;

(b) re-verifying operability of the emergency shutdown system and enabling
the first controller to proceed with system start-up, using the second
controller;

(c) proceeding with system start-up using the first controller;

(d) verifying a volume of recirculation water in a water circulation tank
positioned downstream of the reaction unit using the first controller;

(e) re-verifying the volume of recirculation water and enabling the first
controller to flow water into the water circulation tank if the volume of
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controller; (1) verifying clean dry air (CDA) flow
using the first controller; (m re-verifying CDA flow

wasiongsshe second controll er and enabling the PCT/E$2005/042201

controller toignite a pilot positioned within the
reaction unit, using the second controller; (n)

i gni ti ngecirbelagior watet! i bedow Benihiniuih velakiel adih@the seajnd
verifying ignition of the pilot using the first
cont r ol PIMOLEH) re-verifying ignition of the pilot and

lin

engy! | NBIkAGHE Walh o€ cﬁansﬁcﬁi ‘l“@f %otwéjlﬁgél%‘fyo{'é@% b Y8 if
reacti othetmilmnmsf mglrwimdnl water is balomotht erininfun) volymietusing the
t he fuel 0 into the reaction unit via the pilot;

(s) verﬁf%’ ﬂ‘\g‘ﬂ%&t the pilot has ignited the fuel

fd&&é&xﬁ ®ith @ fdtérh Qfrtiy ﬁsm%ﬂhe Qirit"é@ntfrd)lle?t
con roIF re-verifying t has

i gt edV@rﬂfélrfglﬁeﬂemﬁ)ﬁmWrﬁ & R heerdspire qfébmwf@hcmﬂlaﬁoart@nk is
enabl i ”Beﬁ)&e @esﬁéld?&ﬁfw&%ﬂe n%rl(%r(t)o Halqul ? ﬁ?{t Icln%_?cmer,
C ,  USlI O ntro er,

into the reaction uni
and) (u) rd-Veaiflying thdrempasitere ¢ ﬁ|h¢@dl§pa¢eniﬁ <belohfethe eaestolh

unit for at |east partjal deconposition using.the

first ckﬁmne&tvr@rané?na%ngwg lﬁgﬁorfﬁocesg SHbcsiemgiart-
t ool ; tAé s&BHRL&frdiRrt he processing tool and
adapt ed nerate an I ndi Cation whether a process

haQ) bee proeﬂﬁhmg withisystethstapruresig thg firscbntrellad; a
troller.co ed.to t. etector and apted to

Golbr o R R pGiO DRl il ah S b 30 SRR Bl B

gener at gghshwtihINereRidve TRfinbld §Rtich aHeha9Be (ph&ent using the first

indication fromthe detector. 38. The systemof claim -

37 wher e9mirall§s controller is further adapted to

def1 g ?r: nelﬁ?{n%o%%t% (R;' aﬁg@?ﬁfg@&? {Pc%ﬁﬁﬁ?%on the

‘geqay at mslvé:yfym@ecmcfmssslmthe @édond%@ntrdltte aﬁ& siiabiingfthe first

cl ai m 38 rein contr I 1'ing operatjon of the
abat eneﬁ?n@@f @mgmﬁecw ostiioned WHEmath? L?épthr}w ugipg the

Wi t hin &cBH@ESEﬂolFeFaCt or. 40. The system of claim 38
wherein controlling operation of the abatenent system
(n) igniting the pilot using the first controller;

(o)  verifying ignition of the pilot using the first controller;

(p) re-verifying ignition of the pilot and enabling the first controller to flow
fuel flow, using the second controller;

(@ flowing fuel into the reaction unit using the first controller;

() igniting the fuel flowing into the reaction unit via the pilot;

(s) verifying that the pilot has ignited the fuel flowing into the reaction unit
using the first controller;

®) re-verifying that the pilot has ignited the fuel flowing into the reaction unit
and enabling the first controller to flow a waste effluent into the reaction
unit, using the second controller; and

(v flowing the waste effluent into the reaction unit for at least partial

decomposition using the first controller.
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i ncludes adjusting an oxidant flowrate within a
reactor. 41. The system of claim 38 wherein
W@ ewb/08d356 ng operati on of the abatenment systenP¢TUb2008642201
executing a preventive mai ntenance cycle. 42. The
system of claim 37 wherein the detector includes an
37. &lsystemovomymisinige radi ati on detector. 43. The system of
n the el ectromagneti c radiation

cl ai mc42Si V\/nter Ei
def 6 14@Pdes an infrared thernopile detector.
a detector coupled to the processing tool and adapted to generate an indication
whether a process has been executed in the processing tool; and
a controller coupled to the detector and adapted to determine an amount of waste
effluent that will be generated by the processing tool based on the indication from the

detector.
38. The system of claim 37 wherein the controller is further adapted to control operation
of an abatement system based on the determined amount of waste effluent that will be

generated by the processing tool.

39. The system of claim 38 wherein controlling operation of the abatement system

includes adjusting a fuel flow rate within a thermal reactor.

40. The system of claim 38 wherein controlling operation of the abatement system

includes adjusting an oxidant flow rate within a reactor.

41. The system of claim 38 wherein controlling operation of the abatement system

includes executing a preventive maintenance cycle.

42. The system of claim 37 wherein the detector includes an electromagnetic radiation

detector.

43. The system of claim 42 wherein the electromagnetic radiation detector includes an

infrared thermopile detector.
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