WD 2006/ 083356 PCT/ US2005/ 042201 SAFETY, MONI TORI NG AND CONTRCOL FEATURES
FOR THERMAL ABATEMENT REACTOR 5 The present application clains priority
fromU. S. lication Serial No. 10/991, 740, fil 8, 2004
and titledﬁatgg@éotsy%gl\/bni toring and Control Features for%gggfr%\rfr@lm 2gll}errent
Reactor” which is hereby incorporated by reference herein inits entirety.
10 FI ELD OF THE | NVENTI ON The present invention relates to a thermal reactor
apparatus used to treat industrial effluent fluids, for exanple effluent

gases produced i n SAFEPYIMONITORING ANDICONEROL FEATRIRES manuf act uring
processes. Specifically, the Eresent I nvention relates to inproved 15

safety, reliability, nof@RoFH ABATEMENLREALTQRY components for said
thermal reactor apparatus. BACKGROUND OF THE | NVENTI ON The gaseous
effluents fromthe manufacturing of sem conductor materials, devices, 20
produsts and nenory articles involve a wide variety of chem cal conpounds
used and produced in the process facility. These conpounds incl ude
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Sem conduct or manufacturing processes utilize a variety of chemicals, nmany
of whi clenlEsle extrenely | ow human tol erance |evels. Such materials include,
but gpe not limted to: gaseous hydrides of antinony, arsenic, boron,
germargi um nitrogen, phosphorous, silicon, and selenium silane; silane

m Xt ur es;FIEYIr OPAME INYBNQ3ONanes; hal osi | anes; hal ogens; acid gases;
organonetal I'1cs; oxidizers such as 03, NF3 and CLF3; 30 and other organic
conpounds suchlhesprasesbinyertionyelatesriora themmal peastsir appasatus msedsorirest industria
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15  safety, reliability, monitoring and control features and components for said thermal reactor

apparatus.

BACKGROUND OF THE INVENTION

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

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

25 Semiconductor manufacturing 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 O3, NF; and CIF3;

30 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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WD 2006/ 083356 PCTI US2005/ 042201 their effluent streans, the technol ogy
enployed in these facilities is subject to failure and inefficiencies and
as such, Rpd r@lslosiaqi ¢ or otherw se unacceptabl e inpurit pegaRbfsiossspyed.

Poi nt - of - use abat efment systens add a | evel of redundancy, reliability, and
capability by renoving pollutants froman effluent stream before the

ef 1 uent gleg dhbetiQetes s, tle ?ecﬂﬂaag{ SMplOYEEin MUSE BiRIitEe E@éd%jéw t@fmufy drddt 1 ng
effluent streans int ouse syStem 1S di sadvant ageous for several reasons
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present s tantla azards to the personne facility,
envir ﬁmrmritouseT#umd:bepsystofCanﬂnmaganda diduting dﬁs&ﬁmﬁeaxom tiechcmse $ystemeishouse
scr ubbi n%és&ést em adds a | ev
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critical YANAZERUS, r58¥erﬁfé"t?§‘?‘l§e‘§ mtghg ts'é‘?r}l uBH cre E?,IF‘&F? thg
i ndust ry efildi&ic ?ﬁiue rigand @Jrgpadlﬁltédﬂcélmg R YniR@ bB Gred®ad ah® uﬂ:‘i‘é%@ﬁx?sns‘f(f 4f uent

wast e streans decoifpose the toxic materials, converti ng themto | ess
t oxi c fomnwantE(brmdp(aeqotlens t peeticle rfprmatiea, tahdr comtosiomaint aohousei scrabiber dosted i n

co-pendi ng U. S. _Pat en licati,on No. ,.10/987,921, file 2004
o Do e s B ok Hpueq SbBIng JEeHngIoey pretsnt AUORATIRL PR n ¢ o
Redugg Pahidr&d & @ﬁpﬁékéd&[‘ fkility) Sanll! 6 &3 9irdAE R T Phus, pofiRERSe Abatbast 95%

preferably at [east” 99% of waste effluent conponents i|ncluding, but 20 not
limted tysterfi¥4pmbitfed, wilikethe GRfge sGAbBing GYFeM adis4, leBl3of BidandBeyicandB5H9,

NH3, PHS3, H4, SeH?2, F2 C12 WE6G, . H2 hol
o i zer SeHARU SeomBtent Noih ot rastets SpRRYs, RRUEEL TNy arpienducld o o

gases, Orrx%ﬂ&%tdrﬁ@%&us ?ganomet allics, and halosilanes. Inportantly, the
deconposi tion renpval ficiency (DRE) of the inproved thernmal reaction

unit is great &rhenmdrrem@tsatmjmcteasmglyelquwestdtto preatss effluent Wastelsppemng foon of
unwa %ed reacti on roduct uch as SI|ICO

th the th |
e b o deiigposadnd s Maeialy dpfring dtne TS 8T 8B§SI dior exampley, e

necessit mefbﬂrediﬁtl{&hﬁﬂ)'r%bnoﬁaﬁﬁi Wisclddkd QE'JoLﬁeYldldﬁoU'S Opatagt ApPlicaPioh "Qb.
features for said thermal reactors. Safety features are especially

i mport antlQ@@&ﬁQ#eﬁhﬂé\TmM@t 2004 af fHeumame mﬁH{oeMan Reaimey iGhiB 6t alyeandal
Gas ands SpiteRead Deyet o RebiaPaiisDepiog, Dufine Rbriss APIBRGaci on
therein. aphes fi 184kt 95%, preferably at least 99%, of waste effluent components including, but
20  not limited to, CF4, C;Fg, SF¢, C3Fs, C4Fs, C4F30, SiFy, BF3;, BH;, B,Hg, BsHy, NHj, PH3,
SiH,, SeH,, F,, Cly, HCl, HF, HBr, WFg, Hy, AI(CH3);, alcohols, oxidizers such as Os,

NF; and CIF3, primary and secondary amines, acid gases, organosilanes, organometallicls,

and halosilanes. Importantly, the decomposition removal efficiency (DRE) of the
improved thermal reaction unit is greater than 99% and it is designed to reduce the

25  deposition of unwanted reaction products, such as silicon oxides, within the thermal
reaction unit.

As the art of thermal abatement develops, so has the necessity for developing
safety, reliability, monitoring and control features for said thermal reactors. Safefy
features are especially important because the abatement of effluent waste streams in

30 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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tenperature generated by the conbustion of said fuels assists in deconposing
the toxic nmaterials of the effluent streamtherein. Cearly, nonitoring and
control cqﬁB 5'6%3 re 2 WD 2006/ 083356 PCT/ US2005/ 0422 Moy to
m nimze t %I % ignition and deflagration within thg%reactor or reactor
housi ng due to fuel |eaks, as well as making sure the reactor efficiently

abates t . t us to
abates  RcBELAUE o ER" e Tl 228 360 Lombate WISl (e Eacsalfadep
react or s Housippslue & firl fakg)ek welll Stryaldnglsuretheaeactoheffiefehilg abatey/the effluche

abat enent process. SUVMARY OF | NVENTI ON The present invention relates to

i nproved ¥#%$tiEaMapni t ori ng and control features 10 for thermal reactors
and ot her abat Of | at es
fo an appar a L PAInBYOE SEREFbe {VaReRE ReBlovide 1RpRIVERRREY, ERbHABRAE 21 BS
conpr issi n@ntrobfeatardsior thetmilaasdtons th ansungparsdrinel safdty raadmrhpme theetielency b) at
| east one fuel inlet in fluid comunication with the thernmal reaction 15
chanber frthe 2hatMEM PFASESS- f uel gas therein: (c) a pilot flame device
positioned at or within the thermal reaction chanber; (d) at |east one
burner jet positioned at or wwthin the thermal reaction chanber, wherein
the at | cSISMMARYIQEINVENSIONs in fluid communication with the at |east one

burner jet; 20 (e) at |east one waste effluent inlet in f|UId conmmuni cati on
with the ther e Preseat inveRtiom Zelpes tq B?PTPYﬁdrﬁf’E‘t‘I& mgniforipgsand eqntiol, &gptureher et o;
(f) A0 OMYef flb ovctshs (Y oty hisASheBocRgh L | onal component sel ected from

the group consisting o f afve sen a flammbl e gas sensor, and a fuel
booster. 25 | rinyme aspent,the p&fspmqnvermba relaes emtn appaeatus Gor re&ioatrgspoﬂlmamat hod
for sequ f([gtlalIe%eéﬁperatjng the start-up of a thermal reactor having a

t her mal riEQBYas uaphsald @Q?@Wﬁﬁ’&lm’éorrprl sing: (a) verifying the
operabi [ i ty of 2Pt lae@léﬁnﬁr?gz}c?drq{am g%] a( @act‘fcﬂ?cﬁ{%hﬁﬂ .a vol une of
u

recirculation Water in a cir tan
(b) at least one fuel inlet in ﬂu1d commun1cat10n with the thermal reaction

15 - chamber for introducing a fuel gas therein;
©) a pilot flame device positioned at or within the thermal reaction chamber; |
(d at least one burner jet positioned at or within the thermal reaction chamber,
wherein the at least one fuel inlet is in fluid communication with the at least
one burner jet; .
20 (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.

25 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

30 positioned downstream of the thermal reaction chamber, wherein the

| volume of recirculation water is between a minimum volume and a

maximum volume;



30 positioned downstream of the thermal reaction chanber, wherein the
volune of recirculation water is between a m ni mum volune and a maxi num

vol une; 3‘%&2@%}3%39 3356 PCT/ US2005/ 042201 (c) neasuri ngglrﬁﬁy(ﬁ)%&ﬁﬁ in a

headspace e Wwater circulation tank, wherein the tenpératuré nust be
bel ow a threshold tenperature prior to start-up; (d) purging the thermnal

o A . . ¢ Pl . . Cangi o]
enove f1 ammbie spisirdihe AhberiR 08 s adeBla B ok ey GRuRMGE ALK % Y
fl ame device positiwkefsin dhe @mperitiienmuftebd Belbwed threshold Gmpesitardoprior (o0

flowng fuel into the thermal reaction chanber; (g) igniting the fuel
flowing into the tB@FWA; reacti on chamber; 10 (h) verifying that the pilot

flame device has iqpited.t I QW into the. lon
chanber: and (D) 1 POt ol ermE reachBlichnbet i A L BATRY SLERRRY Bhgh anver
for ag least parti@butieadaboriiove Tlahihedbii shecieh Eaeinay b résbe therein; eact or
safely and effectively rempves pollutants fromthe waste 15 effluent. O her

aspects and ad®ant agbing e nilet flamgednviesnpagitianed at op vathin the, theppalr wactionr om t he
ensui ng di scl osurecgnrgbea}ppended cl ai mrs BRI EF DESCRI PTI ON OF THE DRAW NGS 20
Figure 1 is a cut a\/\%y View of the thermal reaction unit, the inlet adaptor

and the | owerfychafin@fiebing the thémahfattivtedhai®er; Figure 2 is a
t hree-di nensi onal view of the inlet adaptor and the flame sensor according

to the inventi®n. muitirgthe fue) flowing inkovthy theramal rerctionechamber; adapt or and t he
fl ang,sensor corqing: t | N EDNELRE: hed ' vi ew of
t henggt uat or g]%c) t hgeﬂﬂér\ét@g%seo& ?%Eccoréalhél\g&t stt %gftgcli ﬁ@eﬁ%} gﬂ%\ﬁn@\r@%ﬁ t he
actuator is cl osedthdringlifeactia dhambef;dhd away vi ew of the actuator of the
fl anme sensor according to the ) .

(i) flowing a waste effluent into the thermal reaction chamber for at least

partial decomposition therein,
wherein the thermal reactor safely and effectively removes pollutants from the waste
15  effluent.
Other aspects and advantages of the invention will be more fully apparent from the

ensuing disclosure and appended claims

BRIEF DESCRIPTION OF THE DRAWINGS

20 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
25  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.
30 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.



I nvention, wherein the actuator is open. 30 Figure 5 is a schematic diagram
of the conponents of the intrinsically safe flammble gas sensor according
to the in | jgure 6 is a schematic diagram of the f the
fuel boos;(’g(?%co?)ra%ﬁlgé according to the invention. 4 WO 2562%8@%@5623010

PCTI US2005/ 042201 Figures 7A-7F represent a flow chart illustrating an
enbodi nent of coNt tf ol Walek ' Yx?egxtti?'}h Gl e 8
illustrates t f gelftﬁ'&utﬁg#epﬁ%g&i;n Par%%ﬂ@%ﬁ%bﬁ%o%ﬁ ?%‘0% etoectﬁr ng&@st em

5 DETAI Lphatfbmsesiordinghd Hednpentisrnt i nvention rel ates generally to a thernal

reactor apparatus used to efficiently and contro]l ecaonpose pol lutants
contai ned in ¥§“F‘h§Hf“sgﬁ'ieég}?s‘?“t%rogthes‘bégﬂ theamppile aﬁﬁi‘ba@g@ SY8®nt i on
relates to i nproved safety, nonitoring and control features for said
thermal reactor apparatus to ensure personnel safety and inprove the 10
ef fi c§ enDETAILEDEDESERIPPION esses. U.S. Patent Application No. 10/987, 921,
filed Novenber_ 12, 2004 in . the nanmes of Ho- Man Rodney Chiu, Daniel O
Clark, Shaun \ine @fessibinyentiey relates gegerally dpa themal 130t ARRARBISHESEH to

ver meul eBercEAbly tdateorROAGHIY ddBRLER hANREAY EEnEREL if | EEER BRAMON MENT | NG
Process atenent,” 1s hereby 1ncorporated by reference herein inits
entiretyspetHidaily) thenpresént ciavantion fetatesbat adprowyd isafetyy daosiperiigesnd)eomttait ed by

a sem conductor, process End/or speci es that were delivered to and (élgressed

from t he feaBifet &ratid dierprbesastor apparABStio GRENF RErsoaneletalsty And Ipredcetither ei n,
t he E@r%ff&%ggp%&%m@;&%@sﬁ" Is intended to be broadly construed to
I ncl ude any and a processing and unit operations in the nmanufacture of
sem conduct or UpS.dRitexit A pphidation W& q98ycHRdt fledaSoweriter 42, 2004 ok mmesnst 20
i nvol vi ng_treatpent qr,.prQcessing. o terjal s used in qr_produced a
sem condg@r%{f"n Ré’rﬁjg‘%ld}]l H‘Hﬁhpag‘tlﬂi‘i gga%méw,sforgs T3ef J‘E‘S’ if’?n%?)gat i ons
carried i ty P S 3 r njggcpbfs uring
facili tyq*r(}g(ti alﬂ(rilvo vi%ﬁgvgg}te}(y\l/ég’ r?%ttrllu aclgigffbﬁgg&?éelﬁg)n%@gé&i %Agﬁgge ongﬁli oni ng
of pr ocePariag PreoeenAbatpment,’hiy hefeby veorpoadted by refereycd herein in its eptiretyar at i on of
oper?éi on, et cleang\rg ofh%)roce(f)s t Qol. chanbers, abatenent of toxic or 25
hazaldous gas&&yenbfireamy tacht abgiecd By dBcluge sRrsies avneraie st » seraisardictarcD
manuf act ?fdc@ﬁ antAt 'sbéctiéé’thﬁt&er): de]@\feré@t%danﬁ Rpfls&bd fréth thed \@Ric SHdLEBFBrocéld
waste streans’ are I ntended to be

without chemical alteration. As used herein, the term “semiconductor process” is intended

to be broadly construed to include any and all processing and unit operations in the

manufacture of semiconductor products and/or LCD products, as well as all operations

20  involving treatment or processing of materials used in or produced by a semiconductor

and/or LCD manufacturing facility, as well as all operations carried out in connection with

“the semiconductor and/or LCD manufacturing facility not involving active manufacturing

(examples include conditioning of process equipment, purging of chemical delivery lines

in preparation of operation, etch cleaning of process tool chambers, abatement of toxic or

25  hazardous gases from effluents produced by the semiconductor and/or LCD manufacturing

facility, etc.). As used herein, “effluent streams” and “waste streams” are intended 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

30 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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synonynmous terns. A generalized thermal reactor having a thermal reaction
unit 30 and a | ower quenching chanber 100 is shown in Fig. 1. The thermal
reaction j j.acl udes thermal 30 reactor walls 34 dgfi-Ri r mal
reaction c a%ﬂé@siﬁ? and an inlet adaptor 10, including g%@g%ﬁ@?%ﬁq8 at

| east one waste streaminlet 14, at |east one fuel inlet 20, burner jets 22,
a pilot 16 apt | I at | east._one oxidant inlet, 12. Thg inlet adaptor
i ncl udesofﬁgu\ﬁ?fgtf C%éﬂnag&glxil%gﬁt w6§§ Shﬁ%t sP"t 8 %?%Vfﬁee%ébotjdﬂre’?ﬁ’r |ﬁlé° h&ﬁ%alm xture
to the syst@mwalls 34hee demtruoet ifyin ayelifll A0 BB i3RateRall sLBR O EGHRE  of

pol lutants contained in the waste stream In a preferred enbodi nent, the

t her mal alugned. ofrefgaably, the fugl useddneludesmabialigasm a reticul ated ceranic

mat eri al, suc i ' P . f i.ncl udes

nat ural gas. ths%F t3’;{1‘%-:‘3‘6 iwca gt,ecg\%g%g% e@{e}r"{eﬂgﬁexg@ ggra%{lﬁgh%{%éegélz ‘j@ééff‘%ﬁ CRanber

32 from alaste8@64m oulet pﬁvM@&ﬁrﬁﬂﬁﬁﬁl@ﬁéﬂaﬁtﬂrQD, Ridome desl/oixidahh@ixtodeintegighgt or 10,
e

and the fuel/oxidant m xture enters t t hermal reactjon chanmher 32 from at
| east onthepnplreactjoatchamberrpd frgm astleasboneburnerast 22. pThopilots |6ineludes - pilats used
toignit [d . t i t 0 C Ln
reacti on%ﬁ{rrl‘?tew ‘gfé‘rggr“%%“ﬁ?"zl | r?otfge rgglgrbeé%t?ozr%agﬁ%t {%O{‘,ﬁ%ha 8%‘&%@3’6‘81 The
hi gh t erqaetigd whitStempetabiréatie adeageniamm tabout §60°Chey peddtL20D0LE, CTHe highed in
the waste streans that 10 enter the thernmal reactiqn chanmber 32. Foll ow ng

deconpos tampsrrtesabasdlitagrdecomposition olthe pgHutarts sartgined in the Wasipstregmstbadr 100
wher ein gpﬁgr rtaln:.10 Y, 95 used to cool the walls of the | ower
cha %r g?]t |ﬁ%e§%?[&8§b%nséhonr¥ particul ate matter thereon. Further

downst r eam of FbhewikgldetorpdsitidriicomBusiibi, tie Sl gagespasste the bwerchdiber
positioned within the | ower chanber 100 to cool the 15 gas stream and renove

the part i8¢ Mhereimaaigr eafginEidemay be ypdetogiool tigwallseofghe dower chamber a9dssi ng

t hrough t . I . d tnatively
may be it FURsi R Rkl REnbThERAE Flitndr WoRhIBER o0 BhePHIRRET,
to, |iquiadidtéraiprayingmiesiio] 020mayp by posibneatinithin thd &we dhamdeo1(l toool theal

traps, electrostatic precipitators, and cyclones. 20 During conbustion
st ar 43 up gasstregm andyrgmsverthe partigulgte mattes\and gvaier slyble er eractivegasesn Gases

C i ted o e ; h
ool 11 opss e e el st By BUFEESSA 1) e U bigEre U alBhai Blyay] 17,
gener at e bt hdirddtedhtd aditioailutrestmene @RS dndludifig,d B MO Ienitdde @i, eliquidiiguids CF4

Unfortunately, if the pi]lot does not ignite ) o
scrubbing, physical and/or chemical adsorption, coal traps, electrostatic precipitators, and

cyclones.

20 During combustion start-up, a low flow of fuel, e.g., flowing at a rate of 5-8 slm, is
ignited at the pilot 16. Following successful ignition of the pilot, the fuel flow is opened
to the burner jets 22 at a flow of about 30-90 slm to generate the high temperatures
necessary to decompose species such as CFs. Unfortunately, if the pilot does not ignite
during start-up and this failure goes unnoticed, the increase in fuel flow to the burner jets

25  concomitantly increases the risk of deflagration in the thermal reactor.

In one embodiment of the present invention, the ignition and combustion processes
are monitored using a flame sensor, which may be incorporated into the inlet adaptor.
Referring to Figs. 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

30 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

6



during start-up and this failure goes unnoticed, the increase in fuel flow
to the burner jets 25 concomtantly increases the risk of deflagration in

t he t her r’rwo Eﬁgﬁ%ﬁéﬁi I n one enbodi nent of the present i nifﬁ%gﬂﬁsmbgﬁ

ignition and co on processes are nonitored using a flane sensor, which
may be incorporated into the inlet adaptor. Referring to Figs. 2 and 3, a

{he ot ¢ 91 SHE bindi, The i et A o B0 GR & RSl BBl & ek oy 507

react i onjtGhagrbe appreciatedciynend £1611éd BMeQlrt thRethpi strdbtuidandl Bénstraetici oOthe condui t
50 is preferably in fluid communication with the thermal reaction chanber
so that Hapeseresoyapparatys gescribed ihgrainmayehe readily padificdgies use iz eny systemy f | ow

continuo | atl conduit 50 to reduce particul ate cl oggi ng
and backu%%l?‘éfa&ﬁs)%enﬁ%% Fﬂaﬁe %h%f%;r at the bottom 6 WD 2006/ 083356

PCT/ Us52005/ 04 A2f3diatien Gefdor tSBEIs Go8itiohéd tol RlidtiveFecaaurioie iwith uiethemedn dry
air (CDA), air, nitrogen or argon. It is to be appreciated by one skilled
in the aFeaciomtchambestyiacther dadigor ovpndpiicfP.on A8 fefeneds harpin,s Erpdintive

whore o rimanichFE AESd, Bl Reionc PG, b i) ElbReniiel B AN iTERCE™

radi at i Veéth!ctédeB(?Jﬂi&Qicﬁat%d RerdsOf t MR¢ rradiati6e achdo NisCh@trietitally dedlé ahddi ation
conduit 50. As defined herein, "radiative communication" neans that

r adi at i omethasigallligesibient epd incdudesiagiadiatiompell with aawiagtzias sppphiredenss @dampy t he

r adi i o .- r. radi atiaon nsSor i [ i :

roohih oNiIARE popt SRl bR ) APieBER embfy. DR fBlatet B BefoR A e

sapphi r ehbE8sctortatmdsheld) The dpettddlRankRVIBT the WadihtiorAdedscr plefeRblyosoraspaidel y. The
| ens isolates the detector fromthe hot reactor atnosphere. The spectral

range foto theeultraviokatiranges and sraypbe fieraatinge deam abpeind@ nm do tabeuty#eG am, ol et

v angerey T ofee B0 Rindc SO 05 SAR, 2P Rabgrael y one Bl s

ski |l ed id the taft@hdrthe fad@dtiohRendoréiayteniploy & A reiiRPeizParge depindirgy dinthe
spectral range depending on the 15 fuel used in the thermal reactor. For

exanpi e, fushusediin gher themmal seagtaru Far expample,twhendhg Sl ismapral gani tbe ewission ofhe O
o oo o S B T St T-BR e g, B
Techni quBsyanstonTrass ®J.C DRARlePUPST BRI 6" Bympositm Gas dfdesrimndediipriaahi nes,
Canbri dge, UK, Sept. 2002, pp. 1-7). An exanple of a suitable radiation
sensor | sramenicsd Superaonit ddevrie Casgades anddy ines, Cambridgerlids Sept. Oni o) .
2002, pp. 1-7). An example of a suitable radiation sensor is the UVS 6, manufactured by
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The radiation sensor may be communicatively connected with a controller, which
monitors the input from the radiation sensor and in response, generates outputs to the
various components (to be discussed in more detail hereinafter).

To'ensure that the radiation sensor 56 does not detect false readings, an actuator 54

25 may be incorporated into the flame sensor apparatus. The actuator provides a self-check
to determine if the radiation sensor 56 is operating correctly. In operation, when the
actuator 54 is closed (see Fig. 4A), the radiation from the thermal reaction chamber is
blocked 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

30 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
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flammable gas sensor are preferably positioned within a main enclosure 120, wherein the
flammable gas sensor 150 is positioned exteriorly and proximately to the thermal reactor
20  and in close proximity to the main enclosure vent 148.

In general, a main enclosure 120 includes an electrical enclosure 125 and a
exhausted enclosure 122. The electrical enclosure is isolated from the exhausted enclosure
and is continuously purged with N;, making it substantially impervious to flammable
gases. In contrast, the exhausted enclosure, which is where the thermal reaqtbr, the fuel

25 panel and other devices are installed, corresponds to the location within the main
enclosure where flammable gases would be readily detected and reactable in the event of a
fuel leak. “Substantially impervious,” as defined herein means that less than 0.1 %,
preferably less than 0.05 %, of available flammable gas molecules are detectable in the
specified region.

30 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



fl ammabl e gas sensor 150 is positioned exteriorly and proximately to the
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sensing element is highly sensitive to the flammable gas to be sensed. Two intrinsically
safe barriers, which are preferably located in the electrical enclosure 125 (see, e.g., Fig. 5),
20  are used to isolate the elements of the flammable gas sensor. For example, intrinsically
safe barrier 1, e.g., a Zener diode, may be used to provide energy to the heating element
while intrinsically safe barrier 2, e.g., a potentiometer isolator, may be used to monitor the
resistance of the sensing element. The sensing element generates an analog signal that is
proportional to the concentration of flammable gas detected.
25 An embodiment of the electronic schematic of the flammable gas sensor of the
present invention is illustrated in Fig. 5. The flammable gas sensor 150, including the
heating element and the sensing element, is positioned within the exhausted enclosure 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
30 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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20 ignition. It is to be appreciated by one skilled in the art that the intrinsically safe

oo

flammable gas sensor of the present invention having two intrinsically safe barriers may
be utilized with any apparatus or method where the concentration of flammable fuels must

be safely monitored.
In yet another embodiment of the present invention, the stability of the fuel flame
25 is controlled to maintain stable combustion within the thermal reactor. In practice, fuel
enters the thermal reaction chamber at burner jets 22 (see, e.g., Fig. 1). As the fuel
egresses from the burner jet, it is ignited, releasing substantial quantities of heat. The high
temperatures facilitate decomposition of the pollutants contained in the waste streams that
enter the thermal reaction chamber 32. A significant problem associated with the thermal
30 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,
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di sconnection, is sensed, an alarm may sound, the fuel flow nmay be halted
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of the t¥iehlerdpwnereemopresspree r Boostaripaurips spntsmplates heseinpnglode puapt powared

pressur epneumatically, electrically or hydraulically having a centrifugal, regenerative or

20  diaphragm pumping means.
Typically, without a booster pump, the fuel is introduced to the burner jets at less
than 1 psi and may continuously fluctuate. When the fuel booster pump is incorporated
into the fuel circuit, the fuel pressure is boosted in a range of from about 1 psi to about 3
psi and then stepped down at the regulator to less than 1 psi prior to passage through the
25  burner jets. Importantly, in the latter embodiment, a stable and consistent fuel pressure
flows from the burner jets and changes in exhaust draw and/or static pressure within the
thermal reaction chamber do not readily affect the stability of the flame.
In addition to maintaining the flame stability in real time, the fuel booster pump,
MFM and regulator may be communicatively connected to the controller whereby the
30  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



of the fuel (see, Fig. 6). In operation, the punp 202 draws in fuel fromthe
fuel source (e.g., when fuel line pressure is |ow) or drives fuel
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The present invention overcomes the deficiencies of the prior art hardware

20 interlocks by utilizing a control platform which includes at least two controllers to monitor

and control all critical operations and processes of the components in the thermal reactor

apparatus. The controllers are programmed to systematically follow a sequence of

operations to verify that each particular component is working properly before proceeding

to the next step of the sequence. The control platform sequentially monitors start-up of the

25  thermal reactor and continues to monitor the reactor during abatement to ensure that a
negative condition has not occurred.

If it is determined that a component is not operating properly during start-up,
alarms and warnings will be enabled and start-up will be halted until the negative
condition is cleared. If the control platform determines that a component is not operating

30 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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fuel source and the burner jets, for exanple, pressure regul ating val ves,
check val ves, shut-off valves, isolation valves, over-pressure relief
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cont {1 Uefhofsfh FRRr Shelhlls KRENHRA B GaOSS, SHREN hAVR LR HiRrhd]hasd and CTaL i ve

condi ti on has not occurred. I's determ that a conponent 1s no

oper at i nmaybepentizuchstyi cupladt duringipbateradra rhyspassidg fhiidii eags GIIA | thomgbrthbl ed and
start-up will .be halted until the negajive conditipn is ¢leared. |f the
cont r ol BTG Phit HBUS: Ui s TaPOUAbNER! eclhetigar B Beveitper |y
duri ng ahgREERL (it ARod e ROSdNdbvnRri6a A fimand the ¢ her mal

react or an” ee t)rogglht 0t ojja safe state, erng, shut-o?f ‘of fuel-fl ow,

i gni tion sourAsdtrodasedined fdregoing paregraph, ithe YentR() pbdtOBB3mEIuBETAUSR0 08 042201

Sur pyJj si ngl the control platfo di scl.osed herejn enabl es an imediate hot
shut{gdovxﬁ’f’ Pligfse Preferanty pF {’\%} £ le¥sest9d’ﬁ&P‘tWeéngqoﬂgoﬁéusFW& amage

to the reaciihs aRlPBRICBENS ?W&in{ Bhitg b ttH&{qWéa‘éﬁy ' s 3t derigs | owi ng
a hot shﬁ?}éowﬁ, aﬁﬁi rectoli:I |cat|ﬁ(;)§ o? t[ﬁh(e3 proal emtﬁa"{l B}i}?ﬁggere% lsﬁut down
of the appeinateontrotltys” tchatrolaat leastcmerautormagd Bystene smdfor guodessredraprietayy  Thi s
dest 0N 1 & fBvare Drograms may b used o Taterface the cnfzoller 1o the automated system and/or

process using transistors, switches, relays and other circuitry. Controller channel
20  specifications include a total number of inputs and ‘outputs. Contemplated inputs for a
controller include, but are not limited to, DC, AC, analog, thermocouple, resistant thermal
device (RTD), frequency or pulse, transistor and interrupts. Contemplated outputs for a
controller include, but are not limited to, DC, AC, relay, analog, frequency or pulse,
transistor and triac. Software programming languages commonly employed include, but
25  are not limited to, IEC 61131-3, sequential function chart (SFC), function block diagram
(FBD), ladder diagram (LD), structured text (ST), instruction list (IL), relay ladder logic

(RLL), Flow Chart, C and BASIC.
The two controllers are preferably arranged to operate independently of one
another to ensure proper operation of the thermal reactor apparatus. Controller 1
30  (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
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generations of thermal abatenent reactors, which frequently becanme unsafe or
unusable for future operations following a hot shut down (e.g., due to an

unplanneqwaqwﬁ%mgg age or an energency power off) becaQQﬁﬂﬂ%kaﬁ% I
i nduced darmage t o downstream equi prent. An imedi ate restar of e therma
reactor described herein is possible in part because the 10 thernmal reactor
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are not limted to, DC, AC, analog, thernocouple, resistant thermal device
(RTD), fRefeummgdg Fig. 7dulthesstantupsequenes inghides yardicatipn that ths MR lemeegenenit put s
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Fli agr am( ¢hegljed @ltmakq Hiedit tignot above thiérmwm@m akoweds fevel. I theeater |l?/@he[) |

ogi c 0 rt, . ongr er efera
ar grganged% %édgp{eirc a&%ﬂ%’pé&dgﬁgﬁr% gk 1 (l)sn-é';B 8 ré’h%@ﬁ@r g{ljgggglrjfs u?‘é‘%{’)‘?%lgfé’r tgé[’)er a%/i on

of the tdequémres digel6iedrin D IAadre a1l nidiitoredl dndrcontrolfd Hyh€TRLMAf ter "CTRL 1 ")
Is intended to nonitor_ and control the start-up and operation of the
appakiat us andRefpeingdn Fig 7B CTRLdetemingsdkthe leavpRoDwyter in e sirgiHetipn tankenabl e
the critic hieag,: 1 NC ' I TR enal. D, :fuel flow
and ¢ ne 800y e BphAredse? bhE aid 1 Hor NnsBlks wlFRAPCIKGED (CHE |

| f CTRLIwiteglevteisSabaveé @i aiigifiun® &ec1uir3d W&02R) @ 10838 9811 T ehifhlO Watdd 4R20 1
operational failure, the control platformis directed through a specific

hol di ng §iegetibisrnop peeded) ICTHuk then daterraivenifithyleypl afwateninibneteulatinn tarlage of
operati B, 'abénte tﬂ%’l‘i%irﬁﬁg'é&u@{eﬁ athount. Ifit is not, the circulation tank is filled to above

20  the minimum level. Importantly, the water would not be available to flow into the

Q)

circulation tank if CTRL?2 had not enabled water flow in the earlier step.

Once the level of water in the circulation tank is appropriate, water circulation is
activated and water flow switches checked. The temperature of the headspace 145 in the
circulation tank (see, e.g., Fig. 1) is then rechecked. If the headspace 145 temperature is

25  greater than a pre-determined threshold value, e.g., in a range of from about 50°C to about
80°C, preferably about 65°C, CTRL1 will not proceed to the next step. CTRL2 then
rechecks the temperature of the headspace 145. Thereafter, pilot ignition is started. Prior
to ignition, the reactor must be purged using an inert gas, such as nitrogen, to substantially
remove any residual gases remaining following the most recent shut down of the reactor.

30  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
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conponent or operational failure, the control platformw Il not enable the
operation of the conponent and the control platformwll exit to critical
al arns ed shutdown. 5 It should be appreci apegysintod961 t he
criti ca%‘?é@gﬂ%&%u should identify that the conponent is
non-operational. However, if CTRL1 fails to identify such non-operation,
CTRL2 vwghies REOMnsRell *a%nagqﬁe H&r%@h%% rts&t&%ay Bt gﬁf%eHRvﬂ{ aE&RtS'Orb‘tkﬁiﬁ ard ,
operation. Referring to Figs a best of the control platformis
di scl osditers tcReHfoat 20(hstandard-liters Rinext Iges, :et@,rm&ugrns prefierably abnut 10fetandard
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€.9. . Fiignitel) wiISCIRED GABRCRKPthd biasterehi0A0AAmpb £ IPRES oty 6t 25

greater han a pre-determ ned threshold value, e.g., in'a range of from
about 5@ctively &sown thgficw Qﬁ@ﬁb@@)ﬂhy vellsteLtTe@B @p tETApropsi4te inlets, toatberd to the

next .ste he ks the te ture of the headspace 145.

Theﬁéaf teg?blespﬁré{“tl 't(bﬁ‘\r?PB °‘§i}3’B?fé%P n&r}ag to ignition, the reactor nust
be purged usifigerfifig & €1, W%Tlﬁypthe%ﬁs Helrh QS8FS sul re%bi@ﬁtaé‘wcia@écﬂ with fignOVE any
resi dual gases remal ning follow ng the nost recent shut down of the reactor.

30 Thi s downstsgaer serublymgnpcansanfttm fappdratus.e dbereaftorashe mqondlowgemdngletshe EMD,
V\/nereby t|c ite uch.as W, . Was ef fluent .fl ow and t he

oni 1 o DA 0 Bl gt PReche ity a5italf o8 eCisabt R, Lot Biretor ect ca
during fhraﬁrnbt VBt EXiterRROh& th&hal Q&C%ffof"ﬁgatgﬁéﬂ' fherein, Sll*?ﬁ)tralsﬂt\k’ﬁké ¥ffhehpve”
means that at’least 95% preferably at |east 99% of the residual 14

20  introduction, the pressure of the exhaust egressing from the end-of-the line must be

compared relative to the pressure entering the thermal reactor to ascertain if the interior of

the system is clogged, e.g., SiO; buildup at inlets, etc. Preferably, the pressure in should

be approximately equal to pressure out, signaling that no significant clogging is present.

For example, the change in pressure is preferably less than 2 inches of water, preferably in
25  arange of from about 0.25 inches to about 0.50 inches.

Referring to Fig. 7E, the burner jets are ignited and checked, e.g., using the flame
sensor, to verify that the pilot flame properly ignited the burner jets. If the pilot fails to
ignite the fuel flowing from the burner jets and/or the flames of the burner jets are
extinguished thereafter, a potentially dangerous situation exists within the thermal reactor.

30 This check is accomplished by igniting the burner jets, tuning 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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WD 2006/ 083356 PCT/ US2005/ 042201 gases are renoved during the purge. The
reactor may be purged with about 50 standard liters to about 200 standard

liters o wb%ﬁéosg%%, e.g., nitrogen, preferably about 1 Stdocktfashor! iters
The T f
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o oper | yngpndet ool deATisoRRRRRY ek BuitEid ookl sl Gyl BTE
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20 that will enter the thermal reactor over a given period of time. Prior to this invention, it

was not possible to determine, in real-time, how much waste effluent was to be treated by
the thermal reactor. Real-time information such as this would be highly advantageous
because the critical items of the thermal reactor may be responsively adjusted to optimize
abatement performance as well as lower operating costs.

25 An essential combonent of the smart abatement embodiment includes a detector
system, for example the infrared thermopile (TPIR) detector disclosed in U.S. Patent No.
6,617,175 issued September 9, 2003 in the name of Jose Arno, which is incorporated by
reference herein in its entirety. It is to be appreciated by one skilled in the art that the
detector system is not limited to the TPIR, but may be any type of electromagnetic

30 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 ﬁow much waste
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stage, assum ng all previous steps are positively verified, the pilot is
reignited, the burner jets are extinguished and the systemis ready to
process “WJols ‘306?({ Jdent. 15 WO 2006/ 083356 PCT/ US2005/ 043¢Qys Gifeasd0k N9 t O
7F, an'u reamtool requests abatenment, the burner jets are reignited

and the waste streamfromsaid tool is introduced into the thermal reactor
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si gnal en preventive naintenance a particular conponent necessary.
The sequenoplefthe flaﬂ)éloe\namb.‘oamadantrﬂd%v gmy belaleFed écpmdmgtdlathet\rmdmnhef mal

react or rates effjcient and safe Saf et chi eved
by s he. oV SRR EeBea i An TaushuE seruenares e el B SEB wesie he
therypl fede OF watedd ploBesd®gl operation and the other enabling operation of
critical itens only. In still another enbodi nent, the t hermal abat enent

reactor is nodfiekifisdlly,orthe neontrollehanayehet pragrammet] yo am”ng\{afetrheUén@odi ment
gquantifies the of .was ge ef fl uent ent er }he the

2 at
ot o Bpuorte: Foll gt < SARE St NBhes,. o e e RIE payohd o
possi bl e%rbgraﬂﬁﬂéﬁrtmlﬁ@emhﬁ‘t ifseebukt” %maﬁl@% TUGKENRS tl"PH?vaitég%rBquii%xée‘édpe

treated the thermal reactor. Real-tine information such this.woul d be
hi ghl y advermlagelwsegbeb@m&eﬁ& Nefarrd specidic periedwofdime, geg. ,thennwtb, mdatbcmr may

be r si vel a\hed to t| m ze abatenent performance as well as | ower
oper %B%got a é‘&%ﬁi’ conponent of the smart abatenent enbodi nent

i ncl udes a derlﬁfét @He_ c&ﬁﬁiuﬁféhh&?hf QK@V‘DMI@ BP@quilEﬁ’tr fdrdoReWIRRY téhtkollet R)
detector disclosed in U S. Patent No. 6,617,175 issued Septerrber 9, 2003 in

t he nanepepiit§ cgmrthabatsmentti whereby thecthnpmlaneegmbmay_r@f edjosted ingeaitimé toits
entirety. fﬁc1ent'ly ancf’sa?ﬁy%%%%v%'s,t%te‘?ﬁue%}’. one skilled in the art that the

20 Although the invention has been variously described herein with reference to
illustrative embodiments and features, it will be appreciated that the embodiments and
features described hereinabove are not intended to limit the invention, and that other
variations, modifications and other embodiments will readily suggest themselves to those
of ordinary skill in the art, based on the disclosure herein. The invention therefore is to be

25  broadly construed, consistent with the claims hereafter set forth.
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detector systemis not Iimted to the TPIR but may be any type of

el ectromagnetic 30 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 nunber of square waves equal s the nunber of wafers
processed. Knowi ng how nmuch waste 16 WD 2006/ 083356 PCT/ US2005/ 042201
effluent is generated per wafer, and the total nunber of wafers processed,
it is possible to calculate the total anobunt of waste effluent generated by
an upstream process tool over tinme. The nunber of wafers processed is
directly proportional to the anmount of waste effluent generated and

t r eat ed THE MNENEIQN ICGLAIMED B5h nay be communi catively connected to a
controller. In practice, the analytical signal generated by the TPIR or

ot her anal Htsysteim demipdeings captured by the controller, which adjusts the
operation of the_thernpl reactor accordingly. For exanple, the fuel flow
and/ or oxi dant f® @D "ve altered dependi ng on the volune of waste

ef fl uent gener at g¢herfifal Bb SR e atioRhahbRARESPENGD B dBRYroled By gdul ed
based on 10 nunber of wafers processed. Specifically, the controller may be
programred t o CopiaRr wafers using appropriate logic that "counts" square

waves. For exanp : tr O increment its
"count" vari abl e‘J" ggnqmﬁwgogn}ehtgghrﬁ,%Ié%?rﬁggter@égﬂrﬁgﬂ%ﬁggeds a certain val ue,
e. g., about 0. 253 ¥iloffftime devies idisposee at adirstfentdi ofehe €oduit withinnké e, and t hen

15 drops to a specified baseline value. Thus, the comrunication of the TPIR,
or equi val ent thejard gbatefnen reactignghambar; pernmits smart abat enent wher eby

the thermal reac A 'd =t | FESTHit safely
abate waste effl%rgHpmg%&mg@g%ﬁo?t%@%f%@gh?}sgg‘&%ggn%ggﬂ%rI Otl}squ?}g'geescri bed
herein wi th ref¢hetheembbabateimest resdctive chainbdr, menpledaodhé eantwoles, and wi | | be
appreci ated that the enbodi nents. and , features descrjbed herejnabove are not
P ended to | Baeplatiio HAVERBJRGICIRN tGE COTeeT Wimthet Meiior RIABT T cat ! ons

and ot her enbodi,p@ns ft-Wny! readily suggest thenselves to those of ordinary
skill in the art, based on the disclosure herein. The invention therefore is

to be 25 broadl §n actustaroperakie tspperand wlask théeonduit.ns hereafter set forth.
17

2. The system of claim 1 wherein the controller is adapted to operate the thermal
abatement reaction chamber based on the indication from the sensor.

3. The system of claim 1 wherein the actuator is adapted to prevent radiation from
the flame from reaching the sensor when the conduit is closed.

4. The system of claim 1 wherein the actuator is adapted to cycle the conduit
between an open state and a closed state.

5. The system of claim 4 wherein the controller is adapted to test the sensor by
comparing an actual state of the conduit with the indication from the sensor.

6. The system of claim 5 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.
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THE I NVENTION CLAIMED I'S: 1. A systemconprising: a controller; a thermnal
abat enent reaction chanber adapted to be controlled by the controller; a
conduit into the thernmal abatenent reaction chanber; a pilot flame device

di sposed at a first end of the conduit within the thernmal abatenent
reaction chanber; an ultraviolet |ight sensor disposed at a second end of
the conduit outside of the thernal abatenent reaction chanmber, coupled to
the controller, and adapted to provide an indication to the controller

whet her the pilot flame device is |it; and an actuator operable to open and
close the conduit. 2. The systemof claim1l wherein the controller is
adapted to_operate the thermal abatenent reaction chanber based on the

i ndi cat i’on ereustem &f slairgdl whereimhe system of claim 1 wherein the actuator is

the condui t 1 o cf5angfa de3fbnETeatitsy enfilfer hATHES BFer st A80B03F" S
adapted to cydrevitidéual ttthe therral atetemant repetiors tlidrabanahditcchoRpitedbgt e. 5.

The system of clajm4 wherein the controller is adapted to test the sensor
by conpari ng théPiekflame deyee a1 t he conduit with the indication fromthe

sensor. 6. The &Héﬁe‘ﬁﬂt@s&s@?@édﬂ@ﬁé@éﬂ?& W%%Fd@é@fndﬁc%tigg??iﬁed to cycle

the conduit between an open state and a closed state at a ned rate known
to the contr @ohtrollerMhetheMthe mysergatscdredgriiedh 1 wherei n t he t her mal
abat enent reaction chanber includes burner jets adapted to provide fuel to

t he ther, abatenent  reaction.chanber and to _be janit b the pilot flane
dovi ce. S RarET! CinSoHbEriT H TRt s aplad B3 Bortane arfiel Cat i on
to the conhpaehrint véRitidAChRfbeP basEd ohWH?’eth’r’érQhé%ilrﬁeﬁets?areqzﬁeayﬁem of
claim7 wherein the controller is adapted to shut down the thernal

9. A system comprising:

a first enclosure including a thermal abatement reaction chamber;

a second enclosure associated with the first enclosure;

a sensor within the first enclosure and adapted to detect flammable gas
within the first enclosure;

a heater within the first enclosure and adapted to maintain the sensor at
a defined temperature;

a first barrier within the second enclosure, coupled to the sensor, and
adapted to limit an amount of energy provided to the sensor to a level below
a flammable gas ignition energy level; and

a second barrier within the second enclosure, coupled to the heater, and
adapted to limit an amount of energy provided to the heater to a level below

the flammable gas ignition energy level.

10. The system of claim 9 further comprising:
a controller adapted to receive a signal from the first barrier and to shut
down the thermal abatement reaction chamber if the signal indicates that a

concentration level of flammable gas exceeds a defined threshold.

11. The system of claim 10 wherein the controller includes a voitage comparator.
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abat ement reaction chanber based on whether the burner jets are ignited. 9.
A system conprising: a first enclosure including a thernmal abatenent
reaction chanber; a second enclosure associated with the first enclosure; a
sensor within the first enclosure and adapted to detect flamuable gas

within the first enclosure; a heater within the first enclosure and adapted
to maintain the sensor at a defined tenperature; a first barrier within the
second encl osure, coupled to the sensor, and adapted to limt an anount of
energy provided to the sensor to a level below a flammble gas ignition
energy level; and a second barrier within the second encl osure, coupled to
the heater, and adapted to limt an anount of energy provided to the heater
to a | evdl Thel systen péclaimSriunereingthe firgirendasure instugesianexhausbventhe syst em of
claim9 further conprising: a controller adapted to receive a signal from
the fir rd g t] hamber
if the :l?.gnaeél)ﬁgﬁngg 83%?}'2%%6@@\3@8&%??{%&?85 °S§§|?’t’§’¥m‘%?eam§|éé‘ﬂg‘é§ exceeds
a defined themshol d. 11. The system of claim 10 wherein the controller

i ncludes a voltage conparator. 19 12. The systemof claim9 wherein the

first englasure jncludes an exhaust vent. 13. The system.of claim 12 wherein
the senddr 1€ wyetatokalaip Ayheiel g secend sAclhsyre 1s Blioccliieo it ag inetin of
claim?9 vvhe?gg_n the second enclosure is purged filled with an inert gas.

15. The systemof claim9 wherein the sensor includes a thermal resistance
sensor. 16. The systemof claim9 wherein the first barrier includes a

pot ent i dfetlde systaraohelaim Bavheargln theseagpoinclidas mtheunalresistanse seasend

barrier includes a Zener diode. 18. The systemof claim9 further conprising

hird L : . _
conpr | sitgy: TS yysferf 8F Cir o Wndeaf thfffbe oaich REGARE! e Aheter iedfhrort Yot oM
chanber ;

17. The system of claim 9 wherein the second barrier includes a Zener diode.

18. The system of claim 9 further comprising a third enclosure containing the first

and second enclosures.

19. A system comprising:

a first enclosure including a thermal abatement reaction chamber;

a second enclosure associated with the first enclosure;

a sensor within the first enclosure and adapted to detect flammable gas
within the first enclosure;

a barrier within the second enclosure, coupled to the sensor, and
adapted to limit an amount of energy provided to the sensor to a level below
a flammable gas ignition energy level; and

a controller adapted to receive a signal from the barrier and to shut down
the thermal abatement reaction chamber if the signal indicates that a
concentration level of flammable gas exceeds a defined threshold.

20. A system comprising:

a shared fuel source;
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a second encl osure associated with the first enclosure; a sensor within the
first enclosure and adapted to detect flanmable gas wthin the first

encl osure; a barrier within the second encl osure, coupled to the sensor, and
adapted to limt an anount of energy provided to the sensor to a | evel bel ow
a flammabl e gas ignition energy level; and a controller adapted to receive a
signal fromthe barrier and to shut down the thernal abatenent reaction
chanber if the signal indicates that a concentration |evel of flamuable gas
exceeds a defined threshold. 20. A system conprising: a shared fuel source;
20 a fuel circuit coupled to the shared fuel source and adapted to provide a

stabl e flow of faflel cwbeit eoupled e theedhated fudl bourteldndesdapted®i Srovide et er m ne
an amount of pressure within the fuel circuit, a punp to create pressure

within the fudstatie fleyiaf fuelnwhareinthe febeiraud inelydes: the fuel pressure to a

defined pressure; | r ; > reuit and
adapted to recei %g?e? gre@rljaéggnln%bg%gﬁég%%ntﬁ]?gpés‘:sgré ?’(‘)tﬁlgetp %ggér%ﬁcg at ement
reacti on chanbera ptp fdhorestegiresswé within theX0eMdieudj and he fuel circuit

further includes a caontroller oypled to at |least one of the neter, punp,
and regul ator . ahdedinar agist E8ileidressis koadehned BressHes: ik and

regul at or based i dygﬁg i t : [ 0
wherein the shargﬂlr?euta odriogjg!ggtggggﬁe C{rgﬁgag%_?ga?tﬁgltgrﬂ%%&\éé’%{élugg ity of

systens. 23. Theupplyteafus tehdheni) abhtenedn reactiomethambes. a mass fl ow neter
adapted to provide a signal indicative of a quantity and a rate of fuel

punp 1 ndaadte e o8 & Ve s el et RhRE R B S Al har ed Tue
source. 25. cdlisled Yo beleast ond &f thie2Reteh pumip) andeegularor] 86d Hdgsted t6 onpr essor
adapted to pressurize fuel within the fuel circuit. 26. The systemof claim

20 wherei n EPRIrQI@§{nast ene iohtheupieap angregulatas baged Patasignal from the meter.
22. The system of claim 20 wherein the shared fuel source is adapted to supply fuel

to a plurality of systems.

23. The system of claim 20 wherein the meter is a mass flow meter adapted to
provide a signal indicative of a quantity and a rate of fuel flowing through the

fuel circuit.

24. The system of claim 20 wherein the pump includes a fuel booster pump adapted

to draw fuel from the shared fuel source.

25. The system of claim 20 wherein the pump includes a compressor adapted to

pressurize fuel within the fuel circuit.

26. The system of claim 20 wherein the regulator includes a pressure regulator
adapted reduce the pressure of fuel supplied from the shared fuel source down
to the defined pressure.

27. The system of claim 20 wherein the regulator includes a pressure regulator

adapted to provide fuel to the inlet adaptor at the defined pressure.
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adapted reduce the pressure of fuel supplied fromthe shared fuel source
down to the defined pressure. 27. The system of claim 20 wherein the

regul ator includes a pressure regulator adapted to provide fuel to the
inlet adaptor at the defined pressure. 21 28. An apparatus conprising: a
fuel circuit coupled to a shared fuel source and adapted to provide a
stable flow of fuel, wherein the fuel circuit includes: a neter to determ ne
an amount of pressure within the fuel circuit, a punp to create pressure
within the fuel circuit, and a regulator to adjust the fuel pressure to a
defined pressure. 29. A systemconprising: an abatenent systemincluding a
thermal reaction unit; a first controller adapted to nonitor conponents of
t he t her®al AR @RBATAdHS CMPEiSiNgnd a second control | er adapted to nonitor

conponents of t i P r%qP AL st
controller, WneEf%&??[géﬁé&t&oﬁ%&&%{épgﬁd&kI S ﬁ?gﬁ@%héa@gttgﬁ?\é&%%bl e the
nonitored corstablefiow df duelpwherin the fogl ditoitfinclsdessontrol ler i f one or nore

defined operatin onditions are verifiable by the secgnd controller, and
Sheroin the.t i <8 el BASEMIG BPao o dissute waREBS el TRWLoni £ or eq
conponents if th i i ihkl i ifiable by the first
controller and tﬁ@fgggg%@gfﬁ@%ﬁgﬁﬁgﬁf%gg lf%%h?b%ﬁ{)perati on %/he noni t or ed

conponents. 30. dhegulgtet tmadjtistdtheaifuel 29essuse &0 a defivedrpressureed conponent s
i nclude an energency nmachi ne off conponent. 31. The system of claim 29

wher ei n ,;he I tor onents include a circulation tank and an

associ atzgd ﬁgg@WFg@Pﬁ%ﬁgbnent . 32. The systemof claim29 wherein the

noni t ored conpongmhbatentdnt dgstanpincliding &tfermabigatton anitt er and an associ ated
air flow conponent. 33. The system of claim29 wherein the nonitored

conponent s i ncl ud#rsi cpnirelferradapted tozmonitor components of the thermal reaction

unit; and

a second controller adapted to monitor components of the thermal
reaction unit independently of the first controller,

wherein the second controller is further adapted to enable the monitored
components for operation by the first controller if one or more defined
operating conditions are verifiable by the second controller, and

wherein the first controller is further adapted to operate the monitored
components if the defined operating conditions are verifiable by the first
controller and the second controller has enabled for operation the monitored

components.

30. The system of claim 29 wherein the monitored components include an

emergency machine off component.

31. The system of claim 29 wherein the monitored components include a circulation

tank and an associated water flow component.

32. The system of claim 29 wherein the monitored components include a pilot flame

device igniter and an associated air flow component.

33. The system of claim 29 wherein the monitored components include a pilot flame
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sensor and an associ ated fuel and waste stream fl ow conponent. 34. The
systemof claim?29 wherein the first and second controllers follow a
predefi ned sequence to start operation of the thermal reaction unit. 35. The
system of claim 34 wherein the predefined sequence includes: (a) verifying
operability of an energency shutdown systemusing the first controller; (b)
re-verifying operability of the energency shutdown system and enabling the
first controller to proceed with systemstart-up, using the second
controller; (c) proceeding with systemstart-up using the first controller;
(d) verifying a volune of recirculation water in a water circul ation tank
posi ti oned downstream of the thermal reaction unit using the first

control | er; sensgy and-apcassogiated fuedandwaste sifeana flowceareponemtwat er and enabl i ng
the first controller to flow water into the water circulation tank if the

vol une @f i I t i I 1.1 , i g the second
contr ol :%gi ;fh%%%’s%l%}fF%gn}t%eﬁéx%ﬂte@rmgifﬁ%vu gﬁ%ﬁ%a@ﬁﬁgb% f?'(@%? above the
m ni mum vol preglefifed bequeriaente stdrt bperation lofthecthemnaleeactiorbahiow t he m ni mum

volune using the first controller; (g) proceeding with systemstart-up

sing t first controller; (h erifying a tenperature jn a headspace of
'ltjhia \g/]vat -th%%nsgﬁwﬁc Hﬂl@"i‘&hgrﬁéwlﬁ/%@%@gtﬁﬂ epe ; re pri orpto

start-up using (s Jeriifihg &PBIdLAlY 6f an Emergéndyadiufadidsidiem emgiafise 1n 2

headspace is below the threshold tenperaturé and enabling the first
controller tooontsekasrd with systemstart-up, using the second controller; Q
proceedi ng with stem st.art-u ing.the first controller: (k) purging the
Phermal reacti onBirenanyind srefanlRy B Faerobiy FRMURRNsFhiem o |
subst anti al | y ghabmygtHel fehedHtRlIePRCHBEeéd @ith gﬂtemsﬁw%in@ﬂh@%ewm first
controller; 23 (1) verifying clean dry air (CDA) flow using the first

control l er; (r@Pntelleferifying CDA flow using the second controller and

enabling the Tijsty6onldinh Lih dy8id98laEusulhhMe histBBnfirce posi ti oned

within the ther
(d) verifying a volume of recirculation water in a water circulation tank

positioned downstream of the thermal 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
recirculation water is below a minimum volume, using the second controller;

(f filling the water circulation tank to a level above the minimum volume
if the volume of recirculation water is below the minimum volume using the
first controller;

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

(h) verifying a temperature in a headspace of the water circulation tank is
below a threshold temperature prior to start-up using the first controller;

(i) re-verifying the temperature in a headspace is below the threshold
temperature and enabling the first controller to proceed with system start-up,
using the second controller;

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

(k) purging the thermal reaction unit with an inert gas for sufficient time
to substantially remove flammable species that may be present using the

first controller;
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reaction unit, using the second controller; (n) igniting the pilot flane
device using the first controller; (o) verifying ignition of the pilot flane
device using the first controller; (p) re-verifying ignition of the pil ot
flanme device and enabling the first controller to flow fuel flow, using the
second controller; (qgq) flowng fuel into the thermal reaction unit using the
first controller; (r) igniting the fuel flowng into the thermal reaction
unit via the pilot flanme device; (s) verifying that the pilot flane device
has ignited the fuel flowng into the thermal reaction unit using the first
controller; (t) re-verifying that the pilot flane device has ignited the
fuel flowwng into the thermal reaction unit and enabling the first
control l er to fl@wvarifying deardry aefeDAhflowusing thefireticon&rallen on unit, using

LR seoond cont bl FgBiihd ShA AL 88e e SRR icEBhe AR e
control l er. 24irst controller to ignite a pilot flame device positioned within the thermal
reaction unit, using the second controller;

(n) igniting the pilot flame device using the first controller;

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

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

(q) flowing fuel into the thermal reaction unit using the first controller;

(r) igniting the fuel flowing into the thermal reaction unit via the pilot
flame device;

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

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

(u) flowing the waste effluent into the thermal reaction unit for at least

partial decomposition using the first controller.
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