WD 2006/ 013355 PCT/ GB2005/ 003033 -1 GAS ABATEMENT The present invention
relates to gas abatenent. The invention finds particular use in the
abat enent of gases exhaust froma process tool used in the sem conductor s

or flat pangl fdcnssay manufacturing industry. Cr4, C2F6,pNV@pRbdhostzd 2ar e
commonly used in the sem conductor and flat panel display nmanufacturing

I ndustry, for exanple, in dielectric Ia¥er etching and chanber cl eaning.
Fol Il owi ng the manufacturing or cleaninyg'process there is 1o typically a
residual PFC content in the effluent gas punped fromthe process tool. PFCs

are difficult to renove fromthe I and their release into the
envi ronnment i s undesirabl e becau wn to have relatively high
greenhouse activity. 15 The object of abatenent is to convert the PFCs into

one or nore conpounds that can be nore conveniently disposed of, for
exanpl e, blhaepresentinventionsietaiedimgas abatament. PH® ityentiome finds patiicllgueises t o

techni qua 147G abRerEENF ghctd Rt holabitet ool B BB G fey " °
W th asni terdaepasélrdispiayg nrnafavtuinginBasiry.and that gas stream mxture is

conveyed into a conbustion zone that is laterally surrounded by the exit
surface of a foram nous gas burner. A fuel gas and air are simultaneously

supp! | ed LoFL REFL NIPJRRPSF, BRI dthrioRyldeh the SHRICBRAUERIANE HaPPard) the exi !

surface, w e anount of air passi'ng through the foram nous burner being
25 suf fi cidisplay omanvfastuinghiotdustiy,for éxanple] ingdigpttrie dayes etdhindander but al so

B em x ng TG HRECeh EORGT e ok Bk R Bink oS PR nt o ¢ ne
conbusfy onygieally aassidul FFC eonteninatie efilentgas pumped fiom tHespridEesaat.ement .

Good results_were '{bet ?i ned wwth C2F6, SF6 and NF3,  but the techni que was
not appl i dAfrearediffieuit 1o serapye tropy themiflupmt gas, and gk relgasaMP tadper at ur es

att ai nabl &nrbAint ReurREhASIbILRBades they are known to have relatively high
greenhouse activity.

15 The object of abatement is to convert the PFCs into one or more compounds that

can be more conveniently disposed of, for example, by conventional scrubbing.

A known PFC abatement technique is to use combustion to remove the PFCs from
the effluent gas. An example of this technique is described in EP-A-0 694 735,

20  wherein a fuel gas is mixed with a nitrogen stream containing a PFC, and that gas
stream mixture is conveyed into a combustion zone that is laterally surrounded by
the exit surface of a foraminous gas burner. A fuel gas and air are simultaneously
supplied to the foraminous bumer to effect flameless combustion at the exit
surface, with the amount of air passing through the foraminous butner being

25 sufficient to consume not only the fuel supplied to the burmer but also all the
combustibles in the mixture injected into the combustion zone. Premixing the PFC
with a fuel prior to the entry of the stream into the combustion zone was found to
improve the efficiency of the PFC abatement. Good results were obtained with
C2oFs, SFe and NF3, but the technique was not applicable to the abatement of CFy

30  due to the maximum temperatures attainable within the combustion zone.



WO 2006/ 013355 PCT/ GB2005/ 003033 -2 A nodification of the above techni que
I's described in EP-A-0 802 370, in which the gas streamm xture is conveyed
into the conbustion zone through a nozzle that is concentric with a |ance

t hat i ntroduoe®msnidgsen i nto the m xture before it enter ecrieB20@moinast i on
zone. Using this technique, good results were achieved for all PFC 5 gases,

i ncluding CF4. Recently, chanber cleanigg has noved away from PFCs such as

C2F6, CF4 to plasna dissociated NF3. asma di ssoci ation of NF3 produces
hi gh concentrations of extrenely reactive atom c and nol ecul ar fluorine,

Tuori dee A alifchubiBe §ePbcve Botflabafy MBSd if RETRY a0 oS AT el 7o
with the dgdedteedn niiktargisaoassyachiabdtire canlilsustiohfzZone throsigh eamdzethat ke

roce chanber,k cont ai I e ntities of toxic.and reactive fluorine,
vl | acaraRIE kN Aga et niedtres mpeacte Pariflia Bt sharmite  the
af or ement | QipslistieA %hey%ir@mimbhﬁrﬁu&ﬁ@&i felitd Merebakievd@Mor @l FEh an is

effluent stream as prem xing a fuel into an effluent stream contal ning
fluorime @eseBdinclidiNnaCFa a spont aneous exothermc reaction. Furthernore,
for large area sem conductor cleaning, the effluent fluid streamfrom the
process chanber typically contains not only very high concentrations of PFCs
20 such asR&entlgnchambéreledning hhs maviegriwdycfeorh REGasuch a8 CoR, OFJ t6€1 2 as

oxidants fqor achievjn Lgh_chamber cl eani ates and hjgh fractjonal
i1 sati dPemadsorkihig BEBER drsoqiaianal WhsrPaness wohizpeomfuaps
m xtures tg sxfrbirelypfdative fh%\eﬁﬁb %ngﬁﬁgﬁeulgﬁmdr%h%ma%w m_ddémﬁiwgh as

pre-m xi ng a hydrocarbon ] | uent st ream cont ai ni ng
concentor atthe psocsissehambgr o prosiuse welatileflusirigess sushras 36 4+ iAslonly afsmalhback and

quencni ng elbTtade PSR reBied vl tnbideBAP i iEdrobds SHfifher, B2
| eadi ng t ceffluentatreteniieorh tied praviess chambehbortainedangel quantities eftoxicardayers are
moving t O\Ar%;c |Sve l}oerlrnie%g wve\'iltag sli\c_(ljr\'i\flacran(ii iqﬁlear?t?tltegi o(i un-reacted NF3. In view of this,
the aforementioned techniques are not suitable for the abatement of such an
15 effluent stream, as premixing a fuel into an effluent stream containing fluorine

would result in a spontaneous exothermic reaction.

Furthermore, for large area semiconductor cleaning, the effluent fluid stream from
the process chamber typically contains not only very high concentrations .of PFCs

20 such as SFg and/or CF4 but also significant amounts of O, and Cl, as oxidants for
achieving high chamber cleaning rates and high fractional utilisation of the
cleaning gases. It is not possible to abate these mixtures to satisfactory levels
using the techniques described above, as pre-mixing a hydrocarbon fuel with an
effluent stream containing high concentrations of O, and Cl, produces a significant

25 risk of flashback and combustion within the exhaust piping. In addition, the free
radical quenching nature of Cl, further suppresses the reaction of the PFCs,
leading to low abatement efficiencies.

More recently, dielectric layers are moving towards materials with lower dielectric
30 constants (“low-k materials”). The precursors for these materials include 3MS

(trimethylsilane (CHs)aSiH), 4MS (tetramethylsilane (CHa)4Si), DMDMOS

(dimethyldimethoxysilane (CHz0)2Si(CHa),), TMCTS (tetramethylcyclotetra-



30 constants ("lowk materials"). The precursors for these materials include
3M5 (trinethylsilane (CH3)3SiH), 4M5 (tetranethylsilane (CH3)4Si), DVDMOS
(di met hyl di met hoxysi |l ane (CH30) 2Si (CH3)2), TMCTS (tetranethylcyclotetra WO
2006/ 013355WPCT06@BHRDNS5/ 003033 -3 sil oxane (CH3(H) Si O 4)pc@EAnNCB0D8HD5H33

(oct anet hyl cycl osi | oxane ((CH3)2Si O), which are organo-silanes with a
significant carbon content. These chenigals can often be difficult to abate
as they tend to be flamuable in conpariSon to silane, which is pyrophoric.
They are al so nuch | ess reactive, and so precise conbustion s conditions are

often ”eeﬁ.‘?lﬂ%ér?e ?ﬁ%}ﬂi Sn@) féHd‘@f\A ik gincéélégﬁgfcﬁ/glogﬁoia% F@ILIQES% O)CRARMSL I on,

whi ch products can Yom so oans |sa almof at
| east the are@ﬂ’mrlcedilamlsmitm&lstgndicanfmrpoaesement nVikeerd chenioalsealk aften provi de

abat enent .a ra t _has fi rat| WhICh e i.0 a ar at us
to be useab&f)g 'Cgt\lﬁ 8@3 a?r“g X?erbcfg)ctégﬁa'ﬁﬁ? AR S 'SPH t§% ZM] r};\gb t he
present i mieasHdIe. plr Iaiessumbmes% reQstivie; aad sag)r@as@&éﬂnbaaion fluid st ream
froma process. tool exanpl e a sem conduct or rmanuf act ur i ngle process

tool, the GARghions @se eﬁﬁwegd%tqaa%iqma iemahpreducts of gcamp 15
i nj ect | ng Mf'ﬁo&fntahuﬁﬂfchjatrw@dﬁb @Qﬁogﬁ% e déﬁ&’ clshgidghs, means for

sel ectively 1njecting rst an eam; |ntothe ef fl uent
stream upstream fromthe conbusti | on chanber; the injecting means conprising
the first.fluid stream

a |lance prpjecti.n to t 4 conveyi.n

"nto e AP ik eh ftdSa tie pRae e L e Y P ledant int o seekitty
conveyi ng grb@de edatinéntitiphasdtis eist hak @ ddifigfatibd avHicténatilésti® and control
means for receiving data i ndicative of the conposition of the effluent

strearﬁoancﬁﬁpéfataﬁf‘%gﬁluﬁ@ for & WidsgRage ohBracess gas Mi¥sieone of (i) the rate of
injection of at |east one of the first and second fluid streans into the
effluent streamand (ii) the conposition of at |east one of the first and
second f| Une first aspest, the peentipyantioruprovidestappacaius faydreating aneafiiigrd t he

conbustio ucf gl trhgﬁ)zn éop $%eéss%§ls org%%mp?e a BeREdndtt? maef'IJfaclfﬁrrllllig stream  For

exanpl e,
process tool, the apparatus comprising a combustion chamber; a nozzle for

15 injecting the effluent stream into the combustion chamber; means for selectively
injecting first and second fluid streams into the effluent stream upstream from the
combustion chamber; the injecting means comprising a lance projecting into the
nozzle for conveying the first fiuid stream into the effluent stream, and a sleeve
extending about the nozzle for conveying the second fluid stream into the effluent

20 stream; and control means for receiving data indicative of the composition of the
effluent stream and for adjusting in response thereto at least one of (i) the rate of
injection of at least one of the first and second fluid streams into the effluent
stream and (i) the composition of at least one of the first and second fluid streams.

25 The apparatus is thus configured to enable the combustion conditions to be
optimised for a particular effluent stream. For example, at least one of the first and
second fluid streams may comprise a fuel, and/or at least one of the fluid streams
may comprise an oxidant. In one example, the lance projecting into the nozzle
can selectively inject an oxidant into the effluent stream, and a sleeve surrounding

30 the nozzle can selectively inject a fuel into the effluent stream. Thus, a fuel, an
oxidant or both a fuel and an oxidant can be injected into the effluent stream as
required by simply switching on and off the fluid flows to the lance and the sleeve.



second fluid streans may conprise a fuel, and/or at |east one of the fluid
streans rmay conprise an oxidant. In one exanple, the |l ance projecting into
the nozzle <can selectively inject an oxidant into the effluent stream and
a sl eeve suwoawwaialss 30 the nozzle can sel ectively inj edcTacE20e30080380 t he
effluent stream Thus, a fuel, an oxidant or both a fuel and an oxi dant can
be injected into the effluent streamas, _required by sinply swtching on and
off the fluid flows to the | ance and the sl eeve. WO 2006/ 013355

PCT/ GB2005/ 003033 -4 Were injection of both a fuel and an oxidant is
required, this configuration enables the fuel and the oxidant to be
supplied individually to the effluent stream thereby avoiding pre-m xing
of a pot entvihatd ipjectiamofibbth & fd)iand taincaxidsmt fsureiquiked, thisoodnfigutatioRur t her nor e,

the locatig of I T ' he N e_can enabl e
good i xi ri Bt e s ot By REe AV EN. B ot 82l oatcr <
wi t hi n t hethemsbyusoldimg preamiddng opa potentialy faramabkosdmibination oBuebdhdist i ng at

| east one of ,(l) the rate of "n%ection of at least one of the first and io
second ¥ | uP¥daitty EYRBEMRS, thiulosationsiithe ancg @angdiibe glaeyeralative e ti on of at
| east O_r‘en&fz}et@f\ éﬁébﬁ? rg%B(El n%i%@’lﬂ'tﬁé Skidarst! fURRBludrt g?@%ﬂﬂ%ﬁ?&s%nt he
conposition of the effluent sti"feam the conbustion a conponent of the

ef fl uent shy-praductarwithin thepcombusglibn chamber aproorddibgelagdnecamluygtionf di f f er ent
effluent streans to be treated wusing a single inject stoichionmetry. The
process tool may supply the data t5 indicative of the conposition of the

ef fl uent sy adjosting éﬂéaﬁtdn&bﬁl@ the g#te of fjecdion dfRY |d28t bR of Bfé fikt dndd a
conduit system for conve%/j néJ t he effl uent Stél'ﬁ@m to the __.nozzle, with this
sensor 1hei $850RE AHidgirRANS HtQ the effluentstigamandriiia the,cerpesifigmotat Ieadt first and

second 1 Uirth G4h& AR ahd SCBRETHRIY strealid!H 8ébdriueABe UARABLEHIERSABN dithe

conposition of t uent stream For exanple, e con nmeans nay be
conf i gur eceftléerd stream, theneormhpstian ofp earapenant of thepsfiluentestieam ¢an bael and t he

the. ol ceveriifead s BRGribie §8arot B afblaTk efluehi fuodtfp 0B e8Ram - 1
contal ns using a single inject stoichiometry. The process tool may supply the data
15 indicative of the composition of the effluent stream. Alternatively, a gas sensor
may be located within a conduit system for conveying the effluent stream to the
nozzle, with this sensor being configured to supply the data.

The composition of the first and second fluid streams is preferably adjusted in
20 dependence on the composition of the effluent stream. For example, the control
means may be configured to control the injecting means to supply one of the fuel
and the oxidant to the lance, and to supply the other of the fuel and the oxidant to
the sleeve, when the received data indicates that the effluent stream contains
ammonia. In a preferred embodiment, the control means is configured to control
25  the injecting means to supply fuel at a rate of between 1 I/min and 10 I/min to one
of the lance and the sleeve, and to supply oxidant at a rate of between 5 and
20 I/min to the other of the lance and the sleeve, when the received data indicates
that the effluent stream contains between 0.5 I/min and 2.5 I/min of ammonia.

30  The control means is preferably configured to control the injecting means to supply
oxidant to the lance, and to supply fuel to the sleeve, when the received data
indicates that the effluent stream contains an organo-silane, such as 3MS or 4MS.



amonia. In a preferred enbodi nent, the control neans is configured to
control 2s the injecting neans to supply fuel at a rate of between 1 |I/mn
and 10 I/mn to one of the lance and the sleeve, and to supply oxidant at a
rate of betweeanos®mizsssi 20 | /min to the other of the | ancerc@ngpiohsoosdgeve,
when the received data indicates that the effluent stream contains between
0.5 Vmin and 2.5 I/mn of ammonia. 30 The control neans is preferably
configured to control the injecting meals to supply oxidant to the |ance,
and to supply fuel to the sleeve, when the received data indicates that the

effluent s [ - S|
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contains between 0.5 I/mn and 2.5 | /mn of gfano si | ane. aﬁéél nj ecting
means pf ef efflugntsticanpeeniainsrheiwsen 8:S Wainand 2/5 Iynip of veganegsitane. of  t he fuel
and the oxidant fromthe source thereof into the effluent stream upstream
fromthe nozzle. 10 The control neans nay be configured to control the

i nj ecting mnqedtmganwpremanyonmmistebméaausder seiectwtedy semvelyingfored off Nt o t he
ef f |l uent sﬁﬂﬁeam urpit[wr ea nozz) e, q\ﬁh%n t he_received data indicates
that the 1THekR So?““fq ‘iE‘SFq dnte dhe gifMeRLSTERAM sReteams o
exanpl e a pemfthdabegar bon such as CF4, NF3 15 and SF6. Alternatively, the
control neans nay be configured to control the injecting neans to supply
oxi dant0into the effluent streamupstreamfromthe nozzle, and to supply

fuel t o 2t The BBl Mieals fAF pbRA At 1 USRS et Inblfs 1f Skl o0 data

i ndi cat es Strearh cont Srns 'a e- con
conponent . oﬁdant&dmmlaecetduai tcosﬂppb} fuekinbes thessfflient stehmupstbano froontheol  t he

t2 gel nj ecti gzzle W en tﬂesrebsltg)éJ vé/d 8a{a mglca egttl'?atttpne eﬁ[uen%l gtrrlctean%tcro%?a% ug stream from

fluorine-containing component, for example a perfluorocarbon such as CF4, NF3

15 and SFs. Alternatively, the control means may be configured to control the
injecting means to supply oxidant into the effluent stream upstream from the
nozzle, and to supply fuel to at least one of the lance and the sleeve, when the
received data indicates that the effluent stream contains a fluorine-containing
component. For example, the control means may be configured to control the

20 injecting means to supply oxidant into the effluent stream upstream from the
nozzle, and to supply fuel to both the lance and the sleeve, when the received
data indicates that the effluent stream contains a fluorine-containing component
and chlorine (Clp). In the preferred embodiment, the control means is configured
to control the injecting means to supply fuel at a rate of between 5 I/min and

25 15 l/min to at least one of the lance and the sleeve, and to supply oxidant at a rate
of between 5 and 20 I/min into the effluent stream upstream of the nozzie0, when
the received data indicates that the effluent stream contains between 1 I/min and

5 I/min of a fluorine-containing component.

30 The injecting means preferably comprises variable flow control devices for varying
the supply of the fuel and oxidant into the effluent stream upstream from the



nozzle, and to supply fuel to both the |lance and the sleeve, when the
received data indicates that the effluent streamcontains a

fl uori ne-contai ning conponent and chlorine (012). In the preferred

enbodi nent ,wob@somass ol neans is configured to control pchaB25@050850g Neans
to supply fuel at a rate of between 5 1/mn and 25 15 I/mn to at |east one
of the lance and the sleeve, and to supBLy oxidant at a rate of between 5
and 20 Vmn into the effluent stream upstream of the nozzl eOQ when the
recei ved data indicates that the effluent streamcontains between 1 I/ mn

and 5 I/ My thke faneeranaethéerae%nfh@%o%gepmgsﬁé ben%@ aF Vdealts%lel&a ans

preferably conprises vari abl | ow cont evl ces aryli ng Ke supply
of the fuetordrolithexvariable flow contiel devidegdmresponsa to tlmneneamﬂfdatanthe WO

2006/ 013355 PCT/ GB2005/ 003033 -6 nozzle, the lance and the sleeve, the
control neans being arranged to selectively control the variable flow

contr ol dewna:apparatumpms!ﬂy bomﬁnees mn\sﬁdr igatting thd effiipRESIPSAIS aptaher abl y
conpri ses rre ns . for n|t|n t he ent streaghandthe S fluids injected

t her ei rit o.flui 5?1%1%4 @9t 1 SRt ?rﬁbo‘éﬁm%‘ﬁ B 2PPBAlYS SYBPHSES 8r ani nous
gas bur nerfoﬁmrﬁoeggggﬁhm ﬁ@%@ﬁ%us‘%h%ﬂahﬁb%éh%ﬂ%kﬁl %%%Pld? | g@ﬁe exi t

surface of e bur t he' a Earat us conprising ans or supplyihg to the
burner a rexitsurtacefof #he bwnenritie appasateseempiising meansdonsuppiding ta thet he

pr esent o treating an effluent fluid stream
froma segrﬁﬁéhgﬁpgpﬂﬁgﬂgﬁl2PH§|ndggg%gess tool, the nethod conprising the
steps of providing a conbustion chanber having a nozzle through which the
ef fl uent strean1|s injected into the, combustion ch gg sel ecti
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stream a second fluid stream through sl ee ext endi ng about the nozzle,
and adj usmqwr:ﬁlng thesatepmef poviding a lkembusiien ehambgrdwvingha spzze threagh one of

e o ol 57 Slatd ho R P B BharBbE BBy ) 1

injecting into the effluent stream a first fluid stream through a lance projecting into

15 the nozzle, selectively injecting into the effluent stream a second fluid stream
through a sleeve extending about the nozzle, and adjusting at least one of (i) the
rate of injection of at least one of the first and second fluid streams into the effluent
stream and (ii) the composition of at least one of the first and second fluid streams,
in dependence on the composition of the effluent stream.

20
Features described above in relation to apparatus aspects of the invention are

equally applicable to method aspects, and vice versa.

By way of example, an embodiment of the invention will now be further described
25  with reference to the accompanying drawings, in which:

Figure 1 illustrates schematically an apparatus for treating an effluent stream;

Figure 2 illustrates schematically a first example of a control system for controlling
30 the supply of a fuel and an oxidant to the apparatus of Figure 1; and



I n dependence on the conposition of the effluent stream 20 Features

descri bed above in relation to apparatus aspects of the invention are

equal |y applicable to method aspects, and vice versa. By way of exanple, an
enbodi nent wo 2006@13855venti on wi Il now be further descri bedT/GB2oosiovdosy ef er ence
to the acconpanying drawings, in which: Figure 1 illustrates schematically
an apparatus for treating an effluent stream Figure 2 illustrates
schematically a first exanple of a control systemfor controlling 30 the
supply of a fuel and an oxidant to the apparatus of Figure 1; and WO

200610133 @ﬁg@é} Qﬁ%}ﬁ i Fd ' .cally a
second exgﬁn%rrgl% a cgéltgro g‘&"sai"g%%%Phafgﬁwﬁﬁig&ﬁ%%ﬁ%ﬁ*ydrm a fuel and
an oxi dantcontrolling thep papply ofa diel Ringuarcoxidardia thevdpparatiserfdrigerefi;ramd t o Fi gure

1, apparatus 8 for treating an effluent stream5 conprises one or nore
inlets 10 for receiving the effluent stream punped froma sem conductor or

flat panelyph s@bmncarfwmw(ijgmh, apﬂms r tReating Wnnafiueiisngantyst em The
effluent streamis conveyed fromthe inlet 10 to a nozzle 12, which injects

the ef Bl uSAMPIIERE HRRIARTEOTS Inlgts L for secaivingie effiyent siraare PHMPES!TFam ad |
enbodi ”E”%Fmigﬁnﬁﬁ%r&%féﬁgéméﬁaﬁpfo%%s tddy S%%é'a‘ﬁls cg%%cfuﬁh ﬁ&ﬂp%' ng an 10

ef fl uent stream punped from-a respective too y a respect vacuum
punpi ng ssystem. Fhe effuent steéam is benvelybt drom thetinleh it dabanozzlel t2ywhiclpr ocess

tool may.bhe "split: | t r [ freans., eagh lch g conveyed to
a respect ilmgctsﬁﬁ?gﬁ'ﬂujg@%ti%ar\égr&tﬁ %%E‘ésfst?nic am(%teiéd lraniqe\n,\{nHStéatFaspect I ve bore
16 for ned gnibatliment e afilsadcnpricds fodii ialetsied,i gaeh foheonueiig 4ms shown)

sur face of the,con%ust?%ﬂmcha erpr14.s Thle conbusti on charrberg 14 i s bounded

at t heOsi @Blan) TiuKStEBaM PUTIPPA bR rasPactya kBl @ GEPRRINEIASHIM 20 such as
t hat descrp'uw?ié (Q:ﬁilgm“ thé%tﬂé”lg;rthé efﬁlﬂ%é?i? SRl kPR uErdm o BFOEEQS i ween the

burner 20"a ndrical out she
may be “split” into two or more streams, each of which is conveyed to a respective

inlet 10.

15 Each nozzle12 is located within a respective bore 16 formed in a ceramic top plate
18, which defines the upper (as shown) surface of the combustion chamber 14.
The combustion chamber 14 is bounded at the sides by the exit surface of a
foraminous burner element 20 such as that described in EP-A-0 694 735. A
plenum volume 22 is formed between the burner 20 and a cylindrical outer shell

20 24. A mixture of fuel gas, such as natural gas, or a hydrocarbon, and air is
introduced into the plenum volume 22 via one or more inlet nozzles (not shown) so
that, during use, the mixture of fuel gas and air will burn without visible flame at the
exit surface of the burner 20. The lower surface (as shown) of the combustion
chamber 14 is open to allow the combustion products to be output from the

25 apparatus.

To enable the combustion conditions within the combustion chamber 14 to be
optimised for a particular effluent stream, the apparatus includes means for
selectively injecting first and second fluid streams into the effluent stream

30 upstream from the combustion chamber 14. Injection of the first fluid stream is
effected by means of lances 26, each of which is substantially concentrically
positioned within a respective nozzle 12 to enable the first fluid stream to be



20 24. A mxture of fuel gas, such as natural gas, or a hydrocarbon, and air
Is introduced into the plenumvolunme 22 via one or nore inlet nozzles (not
shown) so that, during use, the mxture of fuel gas and air will burn
wi t hout vi si@dbope/bi3asse at the exit surface of the burnepc2@s2d0s@odossner
surface (as shown) of the conbustion chanber 14 is open to allow the
conbustion products to be output fromthe 25 apparatus. To enable the
conbustion conditions within the conbustion chanber 14 to be optimsed for
a particular effluent stream the apparatus includes neans for selectively
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of the sl dmnettitBnezdl®oati¢ththat &3 eithel the efftllent steamtor domixture\v tiesl effluent an
inlet port 32 into, th ui,d exhaust, fromthe nozzle outlet, that is,

ei ther t hSUEAM ﬁ%‘ﬁfh%ﬁrrs{eﬁ Stregmpniectaddrom ﬂt"‘ﬁ%“@?é%uent stream and the
first fluid streaminjected fromthe | ance 26. 1o In preferred enbodi nents,

each of the first and second fluid streans conprise one of a fuel and an
oxi danto. An greferrediambadimgniss eacts9kthedirstandesaeond fiuidhgfraanes gerpprise epe f uel

e B e T B e o LA R
and/ or f| duel anat exiddnttto¢hebpparatus &t Treroontfal isysteemporaprisdeca cohtealler 49 gases
gir gufgpg! Ifgrﬂrgtcgwg]géégﬁélg%%Z%Spn?enr?‘lmg)ecirataolfnd}cgﬁvg E)P &%Sgongggs!ition%sn&/cl)rl ng rated in
rate of the effluent stream, for example, when cleaning gases are supplied to a
15 process chamber of the process tool. As illustrated in Figure 2, the signals 42 may
be received directly from the process tool 44. Alternatively, the signals 42 may be
received from a host computer of a local area network of which the controller 40
and the controller of the process tool 44 forms part, the host computer being
configured to receive information from the controller of the process tool 44
20  regarding the chemistry of the gases supplied to the process tool and to output the
signals 42 to the controller 40 in response thereto. As another altemative, the
signals 42 may be received from a gas sensor located between the outlet of the

process chamber and the apparatus 8.

25  In response to the data contained in the received signals 42, the controller 40 may
selectively control the relative amounts of fuel and oxidant supplied to the lance 26
and sleeve 28 of the apparatus 8. In this example, the system for selectively
injecting the fiuid streams into the effluent stream comprises a source 46 of a fuel,
for example a hydrocarbon such as methane, and a source 48 of an oxidant, for

30 example oxygen. Conduits 50, 52 and 54, 56 are associated with each source 46,
48 respectively for conveying the fuel and the oxidant to the lance 26 and the

sleeve 28. A variable flow control device 58, 60, 62, 64 is provided within each



be received directly fromthe process tool 44. Alternatively, the signals 42
may be received froma host conputer of a |local area network of which the
controller 40 and the controller of the process tool 44 forns part, the
host conputwo 2eeioregss configured to receive i nformati on fpcaras206s/00533 r ol | er

of the process tool 44 20 regarding the chem stry of the gases supplied to
the process tool and to output the siggals 42 to the controller 40 in
response thereto. As another alternative, the signals 42 may be received
froma gas sensor |ocated between the outlet of the process chanber and the
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oxygen. Conduits 50, 52 and 54, 56 are associated with each source 46, 48

respectd ve®Xjdddr conveying the fuel and the oxidant to the lance 26 and the
sl eeve 28. A variable flow control device 58, 60, 62, 64 is provided within
each WD 2006/ 013355 PCT/ GB2005/ 003033 -9 conduit. These devices may be
butterfly The cdritellec 40tcanlcontrbhthe cendicthnse oftha controtivalvesmsethiathat can be

be 6s. ToohTedaRTyEl: ofiri 1188 el e e BRREhP el Rienfbd DEHE Tngerad' O
orifice fla meridele ZPus essuiEto bPtimiRLhb Gofiistioh of the difigyntaluid uel and /
or 5 oxidant. The controller 40 can control the conductance of the control

val vesi®o §ifeam. Eenexampledinsrsuaranaemesi éordhe cembugtive ahatemest ki dant are
oo or B B RRE Ao Ren h PRS0 ol ar dmmgiar 3¢ Ll
for the cmitarscombustion dhenelative sizegand pssitians of the-hozziet €2 and thelapgen i s
| nj ected Vé@ ertlshuere Ig%BSemi%%gtoq tl% g)?yg%%?gfﬂuent gas and combustion by-products
within the combustion chamber 14. If required, supplementary fuel can be injected
15 via the sleeve 28. On the other hand, for the combustive abatement of F5 / NF3
mixtures exhaust from the process tool, fuel is injected via the sleeve 28 to provide
the necessary reducing species. Optionally, oxygen may be injected via the lance
26 to give clean combustion with low residual hydrocarbons and low carbon
- monoxide emissions.
20
Table 1 shows the results of various tests to abate ammonia from a gas stream
comprising the ammonia in a nitrogen carrier gas, with varying amounts of
methane (CHjy) as fuel gas and oxygen added to the gas stream. In the further set
of data, 4MS was added to the ammonia. The figures are indicative of the
25  emissions of the various gas species immediately downstream from the
combustion chamber. The first set of data was obtained using an arrangement
similar to that known from EP-A-0 802 370, in which the gas stream is pre-mixed
fuel and conveyed into the combustion zone through a nozzle that is concentric
with a lance that introduces oxygen into the mixture before it enters the
30 combustion zone. The second to fourth sets of data were obtained using
apparatus as described above, in which the lance 26 and sleeve 28 were used

interchangeably to convey fuel gas and oxygen into the chamber 14.
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370, in whi dimit)he| gdiminst feam i s dr@pmi xedpm uel () ¢onveyed into the
conbusti opn_zdhe throl@gh nozzle [t B4B0 is &®ncent856c (with all ance that
i ntroduces_o#pgen| inth the nmixturle #efore24¢t ent@7s tthe 30 c¢onbustijon zone.
The second to fourth sets of data were obtainhed using apparatus as
descri bed| above, in which th@'kéﬁ A J@BJ&EEﬁFve 28 were used
i nt er changeahty—tp—egnvey—ivef 685 T the—charher—14— WO
2006/ 013355 gﬁﬁYGB%9§§5033033 - 10pond 2 p! 1l fopMyn|NH3 in|50 Vmin N2,
. (. NI (/11 1) i L. P!
prem x (fpelyglance {PXygen) CHET02 4NHB K 4gg! 1T VT
4.5 16 8 38 172
3. 1 1/min NH; in 50 /'min N,,
sleeve (oxygen) lance (fuel)
CH, (o)} NHa CcO NOx
(/min) (Vmin) (ppm) | (ppm) (ppm)
45 11 2 24 285
4.5 16 3 41 359
4. 1.7 /min NH; + 1.1 /min 4MS in 50 Umin N,
sleeve (fuel) lance (oxygen)
CHy O, NH; (00) NOx 4MS
(Vmin) (Vmin) (ppm) | (ppm) | (ppm) (ppm)
0 0 49 336 67 227
4.5 11 22 207 187 1
4.5 18.5 11 96 227 1
4.5 16 6 62 239 0
5  Asindicated by the above data, the levels of the ammonia emissions were
significantly reduced for the tests performed using the apparatus illustrated in
Figure 1.
In a modification of the example described above, both the first and the second
10 fluid streams may comprise a fuel. It has been found that by pre-mixing oxygen
with the effluent gas upstream from the lance 26, and adding fuel via both the
lance 26 and the sleeve 28, good abatement of very high concentrations of PFC
gases in the presence of high concentrations of Cl; can be achieved. Figure 3
illustrates schematically a modification of the control system of Figure 2 for
15 controlling the additional selective supply of fuel and oxidant into the nozzle 12



0 012460 18 856 4.5 11 43 24 647 2. 1 Vmin NH3 in 50 Vmn N2, sleeve
(fuel) lance (oxygen) CH4 02 NH3 CONOX Vmn Vmn mmm 4.5 11 4 48 190
4.5 16 8 38 172 3. 1 Vmin NH3 in 50 Vm n N2, sleeve (oxygen) |lance (fuel)
CHA 02 NH3 v@o2d0dex13385min I/min mmm 4.5 11 2 24 285 4perB2e0540830369 4. 1.7
Vmn NH3 + 1.1 Vmin 4M5in 50 Vmn N2, sleeve (fuel) lance (oxygen) CH4 02
NH3 CONX 4M5 /min VmMn mmmm O Q139 336 67 227 4.5 11 22 207 187 1

4.5 13.5 11 96 227, 1 4.5 16 6 62 239 0 5 As indicated by the above data,

the |l evel s of the ammonia emi ssions were significantly reduced for the
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12. Additional variable flow control devices 78, 80 are provided within conduits 74,
5 76 respectively, the conductance of which are controlled by signals 82, 84 output
from the controller 40. Consequently, fuel may be conveyed to both the lance 26
and the sleeve 28, with oxidant being supplied to the nozzle 12 upstream from the
lance 26, or conversely, oxidant may be conveyed to both the lance 26 and the
sleeve 28, with fuel being supplied to the nozzle 12.
10
Table 2 shows the results of various tests to abate SFg from a gas stream
comprising the SFe in a nitrogen carrier gas, again with varying amounts of
methane (CH,) as fuel gas and oxygen added to the gas stream, but also with
varying amounts of Cl, added to the gas stream. As can be seen from this table,
15 the % destruction rate (DRE) of the PFC was highest when the fuel was added via
both the lance 26 and the sleeve 28 and the gas stream was premixed with
oxygen, and the negative effects of high flow rates of chlorine on PFC abatement,
which have been previously encountered using the arrangement of EP-A-0 802

.370, can be reversed by using such a configuration.

20
Table 2
3 /min SFg in 50 Umin N, on one inlet of a 4 inlet combustor
CH, O, Cly SFg
flow position flow Position flow DRE
(Ymin) (I/min) (/min)
6.3 lance 11 Premix 0 94.1%
8.9 premix 16 Lance 0 99.2% '
8.9 lance + 16 Premix 0 99.9%
sleeve )
6.3 lance 11 Premix 5 88.6%
8.9 premix 16 Lance 5 95.3%
8.9 lance + 16 Premix 5 99.6%
sleeve




| ance 26 and the sl eeve 28, good abatenent of very high concentrations of
PFC gases in the presence of high concentrations of 012 can be achi eved.
Figure 3 illustrates schematically a nodification of the control system of
Figure 2 fovo1®6omass ol | i ng the additional sel ective supghcBbosfomss and
oxidant into the nozzle 12 WD 2006/ 013355 PCT/ GB2005/ 003033 -11 upstream
fromthe lance 26. In this nodificatiaqn,the control systemadditionally
conprises a conduit 74 for conveying fuel fromthe fuel source 46 to the

nozzle 12, and a conduit 76 for conveying oxidant fromthe oxi dant source
48 to the &hows t é\‘i'é’élht's%?%im'vérrtéﬁé BARL g4 sthsarh 68 80 are
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can be reversed by using such a configuration.

20 Table 2 311nmin SF6 in 50

1/ min N2, The iabte indicatesdhatthis abdtemeobiechsigue extends to very high flow rates,
and makes possible abatement of CF4 to commercially significant levels of

performance.



CHO02 CI12 SF6 flow position flow Position flowDRE I/mn I/mn I/mn 6.3
| ance 11 Premix 0 94.1% 8.9 Prem x 16 Lance 0 99.2% 8.9 lance + 16 Prem x
0 99.9% sleeve 6.3 lance 11 Prenmix 5 88.6% 8.9 Prem x 16 Lance 5 95.3%
8.9 lance+ 16 Premix 5 99.6% sleeve WO 2006/ 013355 PCT/ GB2005/ 003033 -12
Table 3 shows the results of simlar tgsts performed on a gas stream
containing both SF6 and CF4. 3 1/mn SF6 and 21/mn CF4 in 501/ mn N2, on
one inlet of a 4 inlet conbustor CH on | ance and sl eeve 02 prem x N2 Cl12
DRE I/ m rcuAIimh SF CF4 50 0 100% 79.5% 40 0 100% 95.7% 30 0 100% 96. 3%
50 5 99.9%68.9% 40 5 99.9%89.1% 30 5 100% 94.6% 5 The tabl e indicates
that this abatenent technique extends to very high flowrates, and nakes
Bgffg?'ﬁgnggat eqent  afy £fhrats FOMREItRiga ¥mabads' GAsdim kguehs of

semiconductor manufacturing process tool comprising: a combustion chamber; a

nozzle for injecting the effluent stream into the combustion chamber; means for
selectively injecting first and second fluid streams into the effluent stream
upstream from the combustion chamber; the injecting means comprising a lance
projecting into the nozzle for conveying the first fluid stream into the effluent
stream, and a sleeve extending about the nozzle for conveying the second fluid
stream into the effluent stream; and control means for receiving data indicative of
the composition of the effluent stream and for adjusting in response thereto at
least one of (i) the rate of injection of at least one of the first and second fluid
streams into the effluent stream and (ii) the composition of at least one of the first

and second fluid streams.

2. The apparatus according to claim 1 wherein the injecting means
comprises a source of a fuel, a source of an oxidant, means for selectively
conveying one of the fuel and the oxidant from the source thereof to the lance as
the first fluid stream, and means for selectively conveying one of the fuel and the
oxidant from the source thereof to the sleeve as the second fluid stream, the
control means being configured to control the selection of the fuel and the

oxidant in dependence on the composition of the effluent stream.

3. The apparatus according to claim 2 wherein the injecting means
comprises variable flow control devices for varying the supply of the fuel and
oxidant to the sleeve and the lance, the control means being arranged to
selectively control the variable flow control devices in response to the received
data.

4. The apparatus according to claim 2 wherein the control means is

configured to control the injecting means to supply one of the fuel and the oxidant



-13- CLAIMS 1. An apparatus for treating an effluent gas streamfroma

sem conduct or manufacturing process tool conprising: a conbustion chanber; a
nozzle for injecting the effluent streaminto the conmbustion chanber; neans
for selectively injecting first and second fluid streans into the effluent
stream upstream fromthe conbustion _ghamber; the injecting neans conprising
a lance projecting into the nozzle for conveying the first fluid stream
into the effluent stream and a sl eeve extending about the nozzle for

conveyi ngtd {he |8660aAdTtb SuPplythé eBrioftie fuekald tHeu®ndam!th 2ReTslea0d contr ol
means for receiving data 1ndicative of the conposition of the effluent

st r eam anWheBthergaeiteddata indieaips that the,effluest siream sgatainsamaionia.) the rate
of injection of at |east one of the first and second fluid streans into the
effluent streamand (ii) the conmposition of at |east one of the first and
second fluid sbreanthe appdiatusaggrarding $o alato ddvimereinothel controllmekhas @& n t he

I nj ecti ng neans onprises a.source of a fue|, a source an oxj dant, neans
for sel ecf"?'\‘/'?qlﬂ?ed f%%%gfﬁﬁ?f ByRE158 "f'?@s_ftﬂesluPHIYJu?'l“@ %%ﬁﬂgﬁ{’etﬁ"fa@r’ﬁ he source
thereof t gmfidignd 204MniRto oh8®f tHe mhcé hHE the§le8dN ar N JTRPRBoi@antHelaect i vel y
conveying one of the fuel and the oxidant fromthe source thereof to the

sl eeve asrataof betwaen $ hod @0dtmigdenthe piber obtiverlanceraath thebsleave, shdritered to

composi 1 BieefEdiia dfyfHieh Mar HE e i SSRERR odheBREFEIRIFEREC, LT, 5
wher ei n t RS VMjnesftan@oR@ans conpri ses variable flow control devices for

varying the supply of the fuel and oxidant to the sleeve and the |ance, the
control neans being arranged to selectively control the variable flow

control deviceg in ; ' ; S
according to c?'ai mEﬁ%ggéﬁﬁdfﬂé&ggﬁgg&;Fi\éﬁnﬂazn\gﬁ%%m @gnﬁggfgﬁ%gq%ont rol the
i nj ect i ngcanfigwed to sotpdl the imgedaingtrhearisutel suppty axidant o deentance, and to

supply fuel to the sleeve, when the received data indicates that the effluent

stream contains an organo-silane.

7. The apparatus according to claim 6 wherein the control means is
configured to control the injecting means to supply fuel at a rate of between 1
I’/min and 10 I/min to one of the lance and the sleeve, and to supply oxidant at a
rate of between 5 and 20 I/min to the other of the lance and the sleeve, when the
received data indicates that the effluent stream contains between 0.5 I/min and

2.5 l/min of organo-silane.

8. The apparatus according to claim 2 wherein the injecting means
comprises means for selectively conveying one of the fuel and the oxidant from

the source thereof into the effluent stream upstream from the nozzle.

9. The apparatus according to claim 8 wherein the injecting means
comprises variable flow control devices for varying the supply of the fuel and
oxidant into the effluent stream upstream from the nozzle, the control means

being arranged to selectively control the variable flow control devices in response



-14- to the lance, and to supply the other of the fuel and the oxidant to
the sl eeve, when the received data indicates that the effluent stream
contai ns ammoni a. 5. The apparatus according to claim4 wherein the control
means is configured to control the injecting neans to supply fuel at a rate
of between 1 I/mn and 10 I/mn to Qg%_of the | ance and the sleeve, and to
supply oxidant at a rate of between and 20 I/mn to the other of the

| ance and the sl eeve, when the received data indicates that the effl uent
stream cofd metecdiotqgsa. 0.5 I/mn and 2.5 I/mn of anmonia. 6. The
apparatus according to claim2 wherein the control neans is configured to
control the injecting neans to supply oxidant to the |lance, and to supply

fuel to the slggve, rylgnodifd SESIARGS B BIMGRITRe!dAlol ARARLH uent
stream cont ai ns'an or gano-si1-ane. /. € apparatus according to claim®é
wher ei n t benfigunéd td corttrohshe imjectingmeansead supplyaxidant té Hee langecdridi neans to

supply fuel at_a rate of between 1 I/mn_and 10 I/mn to one of the | ance
and the s PuRll oo fus SBBN SERRR ARBIERM 41O 1o A2 YIRS GHED0 1 i
to the ot H?fal iRfichiel thaMnne e?f'ilﬂan?tQﬁe%ﬂne&\ﬁ‘t‘ainy"affmloﬁiﬁé-cohﬂagﬁhg%gnﬁ?hénﬂ. ndi cat es

that the effluent stream contains between 0.5 mn a m n of
organo-silane. 8. The apparatus according to claim2 wherein the injecting

ox Gant from e SO0 aeSmlREcerdifete FEM B TR Be HonhSimebRa it fr om t ne
nozzl e. 9corfitRiréP RAERItHE tRE BfEdtling IndansCbIUPpl MiRirtiintotthe effliie@€t | Ng neans

conprises variable flow control devices for var%(/)ir nﬁ?t he supply of the fuel
and oxi dalgamipstream feam the ppzae r anghiosiprheiigl forieastionsfihe lancge control

means bebpg iy §|@89§qﬁrﬁo_é_% tih%' rt%EéiW& hxtacmgrcggéts athQFth\éaeffh@éHt"strfeEm"’ control

devices in response - e recel ve
contains a fluorine-containing component.

12.  The apparatus according to claim 11 wherein the control means is
configured to control the injecting means to supply oxidant into the effluent
stream upstream from the nozzle, and to supply fuel to both the lance and the
sleeve, when the received data indicates that the effluent stream contains a

fluorine-containing component and chlorine (Cl,).

13.  The apparatus according to claim 11 wherein the control means is
configured to control the injecting means to supply fuel at a rate of between 5
I/min and 15 I/min to at least one of the lance and the sleeve, and to supply
oxidant at a rate of between 5 and 20 I/min into the effluent stream upstream of
the nozzle, when the received data indicates that the effluent stream contains

between 1 I/min and 5 I/min of a fluorine-containing component.

14.  The apparatus according to claim 10 wherein the fluorine-

containing component comprises a perfluorocarbon.



10. The apparatus according to claim8 wherein the control neans is
configured to control the injecting neans to supply oxidant to the | ance,
and to supply fuel into the effluent stream upstreamfromthe nozzle, when
the received data indicates that the effluent streamcontains a
fluorine-containing conponent. 11. Thqgapparatus according to claim38
wherein the control nmeans is configured to control the injecting neans to
supply oxidant into the effluent streamupstreamfromthe nozzle, and to
supply fuel tol&t |Eesépparatusfadcbedih@tcelainn@dviidreinstheduel,comyrisestze recei ved
dat a |nd|ca es %hat the effluent stream contains a fluorine-containing
conponent’ hydrecampB. apparat us according to claim 11 wherein the control means
is configured to control the injecting neans to supply oxidant into the
effluent streamupstreamfromthe nozzle, and to supply fuel to both the

| ance and the 1&| eelhg apparatustaccoedied teclaa avherdindhe exidanacompeses f | uent
streamcontains a fluorine-containing conponent and chlorine (CIA). 13. The
apparatusogﬁﬁﬂrding to claim1l wherein the control neans is configured to
control the injecting nmeans to supply fuel at a rate of between 5 I/mn and
15 1/mn to at | east one of the lance and the sleeve, and to supply oxidant
at a rate of bbfweeHeapparatus ageerding f gaimd vdrareinghe nogrleat ream of

t he nozzlg o%ﬁﬁ@kﬁgﬁ recei ved data indicates that the effluent stream

cont ai ns % ween [/mn and 5 I/mn of a fluorine-containing conponent.

14. The apparatus according to clain110 mherein the fluorine- containing
conponent conprise erfl uorocar The apparatus according to
clai m 2 wherei {lét ZT%EIPP%B qcee gg t%?‘ﬁ%éé’\‘hﬁfﬁ'n thg. rPo?ﬁ@ Bppar at us

accor di ngs&&t&rht?dumcan&\é}ﬂhewnhtthe lgdhdedant conprises oxygen. 17. The

apparatus according to claim 1l wherein the nozzl e extends
19.  The apparatus according to claim 1 wherein the sleeve is

substantially concentric with the nozzle.

20. The apparatus according to claim 1 wherein the nozzle terminates

within the sleeve.

21.  The apparatus according to claim 1 wherein the combustion
chamber is laterally surrounded by the exit surface of a foraminous gas burner,
and wherein the apparatus further comprises means for supplying to the burner a

mixture of a fuel and an oxidant.

22. A method of treating an effluent fluid stream from a semiconductor
manufacturing process tool comprising the steps of: providing a combustion
chamber having a nozzle through which the effluent stream is injected into the
combustion chamber; selectively injecting into the effluent stream a first fluid
stream through a lance projecting into the nozzle; selectively injecting into the
effluent stream a second fluid stream through a sleeve extending about the
nozzle; and adjusting at least one of (i) the rate of injection of at least one of the
first and second fluid streams into the effluent stream and (ii) the composition of



about the |l ance. 18. The apparatus according to claim21l wherein the nozzle
is substantially concentric with the lance. 19. The apparatus according to
claiml1 wherein the sleeve is substantially concentric with the nozzle. 20.
The apparatus according to claim1 wherein the nozzle termnates wthin the
sl eeve. 21. The apparatus according tqyclaim 1l wherein the conbustion
chanber is laterally surrounded by the exit surface of a foram nous gas
burner, and wherein the apparatus further conprises neans for supplying to

t he bur negt I8astronetofrtRe fifstantiuglcond duidrst@antaiit depehdefice®inthd of treating an
effluent fluid streamfroma sem conductor manufacturing process tool

conpri si ngeropesiiarpkthgefliyand$irealy a conbustion chanmber having a nozzl e

t hrough which the effluent streamis injected into the conbustion chanber;
selectively injecting into the effluent streama first fluid streamthrough
a |l ance projec23.ng Thet methoal aceording te elaen 22weiereinngrecofl amfuel ahd anhe  ef f | uent
stream a second fl ui tream t hrouygh a sl eeve_extendi ng about the, nozzle;
2nd ad] usoTigas seEsdT,REnRYeps Heianodas T A K S Brrand ofedt: one o
the firstheaDsl sRCBBGxidaHt (s SdleEEly cdiveybdfo el 16 aStHeesuBonldiud 1) the
conposition of 17 at | east one of the first and second fluid streans, in

dependencstreamthe setasiipn of theofweband pyidant baieg dependenhonabe compositionod

accordi ng led| erein one of a fuel and an oxidant is selectively
conveyed ?%tﬂ?%ﬂeﬂgéeé@'the first fluid stream and one of the fuel and

the oxidant is selectively conveyed to the sleeve as the second fluid

stream the selection of the fuel and oxi dant bejng degengent on t he
conmposi tion o4t helhg Methast acgordingito slaim 2ewhgreineneetihedugliandthel ai m 22

wher ei n opgq &t i& BEppiIlke toBRE 1418, and the other of the fuel and the oxidant is

supplied to the sleeve, when the effluent stream contains ammonia.

25. The method according to claim 24 wherein the fuel is supplied at a
rate of between 1 I/min and 10 I/min to one of the lance and the sleeve, and the
oxidant is supplied at a rate of between 5 and 20 I/min to the other of the lance
and the sleeve, when the effluent stream contains between 0.5 I/min and 2.5

I/min of ammonia.

26. The method according to claim 23 wherein oxidant is supplied to
the lance, and fuel is supplied to the sleeve, when the effluent stream contains

an organo-silane.

27. The method according to claim 26 wherein the fuel is supplied at a
rate of between 1 I/min and 10 I/min to one of the lance and the sleeve, and the
oxidant is supplied at a rate of between 5 and 20 I/min to the other of the lance
and the sleeve, when the effluent stream contains between 0.5 I/min and 2.5

I/min of organo-silane.

28. The method according to claim 23 wherein one of the fuel and the

oxidant is conveyed into the effluent stream upstream from the nozzle in



oxidant is supplied to the lance, and the other of the fuel and the oxidant
is supplied to the sleeve, when the effluent stream contai ns ammoni a. 25.
The net hod according to claim?24 wherein the fuel is supplied at a rate of
between 1 I/mn and 10 I/mn to one of the |lance and the sleeve, and the
oxidant is supplied at a rate of betwggn 5 and 20 I/mn to the other of the
| ance and the sleeve, when the effluent stream contains between 0.5 |/ mn
and 2.5 |I/mn of ammnia. 26. The nmethod according to claim23 wherein

oxi dant i gepgamgiehtednithe compokiionaf tinéffllest stisansuppl i ed to the sl eeve, when
the effluent streamcontains an organo-silane. 27. The method according to
claim26 wherein the fuel is supplied at a rate of between 1 I/mn and 10

|/mn to one ofgthernettibdoffing1Elkin 287Uhdrbf thB ot i quppies! | ed at a

rate of between 5 he ot her ance ém the sl eeve,
when t he w®fthe lane, and denfusdist cinveyedinte e effloent stieanapngstPedm fiohmihe of

or gano- si | ar}g% ZnS. t-ﬁhe ] t og accor i.ng tff) cl ai mﬁg wherein one of the fuel
and the B%afaftnes 8&{&&’8& EAMCATNR A UREAE-COPIAURP GRERCESR f r om t he
nozzle in -18- dependence on the conposition of the effluent stream 29. The

met hod according to claim28 wherein the oxidant is supplied to the |ance,
and the fuel i¥0.conthgmethastacaordingte rlasn28wheraim the sxjaeatis eaveyed nozzl e,

when t he e r i iLbe- { hln 30. The
et hod aciis HeEiaFARRF el rBy! 3o, ATV RIeTk SRERERT, [
ef fl uent kbskeans ofthtnamge dndthet dieeve) xtlen, thardfiucne sfre@in domtasinppl i ed to at
| east one, of the |l ance and the sl eeve, when the effluent stream contains a
f1 uori ne- BEHINSr SAVRNGROTRAMNEN.31. The net hod according to clai m30 wherein
oxidant is conveyed into the effluent stream upstreamfromthe nozzle, and
fuel is supplied to both the

31.  The method according to claim 30 wherein oxidant is conveyed into

the effluent stream upstream from the nozzle, and fuel is supplied to both the
lance and the sleeve, when the effluent stream contains a fluorine-containing

component and chlorine (Cly).

32. The method according to claim 30 wherein the fuel is supplied at a
rate of between 5 I/min and 15 I/min to at least one of the lance and the sleeve,
and oxidant is supplied at a rate of between 5 and 20 I/min into the effluent
stream upstream of the nozzle, when the effluent stream contains between 1

I/min and 5 I/min of a fluorine-containing component.

33. The method according to claim 29 wherein the fluorine-containing

component comprises a perfluorocarbon.

34. The method according to claim 23 wherein the fuel comprises a
hydrocarbon.

35. The method according to claim 23 wherein the oxidant comprises

oxygen.



| ance and the sl eeve, when the effluent streamcontains a

fluorine-contai ning conponent and chlorine (Cl2) 32. The nmethod according
to claim30 wherein the fuel is supplied at a rate of between 5 IInmn and
15 I/mn to at | east one of the lance and the sleeve, and oxidant is
supplied at a rate of between 5 and 2Qgl/nmn into the effluent stream
upstream of the nozzle, when the effluent streamcontains between 1 1/mn
and 5 I/mn of a fluorine-containing conponent. 33. The nethod according to

clai m 29 wher eg@. t ehd hietiodN@cco?BingitdicRim 220MRereaNtheCsuibistion a
perfl uorocarbon. 34. The nethod according to claim23 wherein the fuel

conpr i sesChamBGS dataralypurrogndenh oy ke AYHSHERS ofi hipraminqusidAsABIrdBier ei n t he
oxi dant CaRP Wi AANKARE of alidel i arl Bﬁidgﬁfig%glpgﬁ&ﬂ]odfh@% lgS! &l M 22 wherein
St ed by

t he conbu on chanber 1s laterally surroun e exit Surface of a
foram nous gas burner, and wherein a m xture of a fuel and an oxidant is

lied to the_ b . 37..Th tus. di | aim 10 wh inth
F1'tor i ne- cont i nENe BARHALIY SORRG SoEmim JONISIBIBR BBANS] ect ed 1 om t he

group COBéﬁt%Hi%c&ﬁ&Eﬂent%%pﬁ&@s %Frferﬁu"&oaér’bbws%%dt&ﬂr@ﬁfthe?Sothe appar at us

as in claim15 erel n the hydrocarbon conprises nethane. The net hod
accor di ngcorsigting oh Oféy, Mre@adrBhdandimixturestheredlt ai ni ng conponent conprises a
per fl uorocarbon selected fromthe group consisting of CF4, NF3 and SF6 and
m xtures thereof. 40. The nethod as in claim 34 wherein the hydrocarbon
conprises netB@ne. The apparatus as in claim 15 wherein the hydrocarbon comprises

methane.

39. The method according to claim 29 wherein the fluorine-containing
component comprises a perfluorocarbon selected from the group consisting of
CF4, NF3and SFg and mixtures thereof.

40. The method as in claim 34 wherein the hydrocarbon comprises
methane.





