- 1 - COVBUSTI VE DESTRUCTI ON OF NOXI QUS SUBSTANCES The present invention

relates to the conbustive destruction of noxious substances, in particular
gl obal wawoingg/gases, contained within a gas stream 5amrdTidBrd&s/0386®0i n t he
treatment of a gas exhausted from a process tool used in the sem conductor
or flat panel display manufacturing industry. Perfluorinated (PFC) gases,

such as CF4, C2F6, NF3 and SF6, are commonly supplied to process chanbers
used in the sem conductor and flat panel display iomanufacturing industry
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surrounded by the exit surface of a cylindrical, inwardly-fired foram nous
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scrubber ipéhegas isxhagstedritan the preresatchasiiesr d he perfluorinated compounds
mentioned above are known to be greenhouse gases, and so it is desirable to

15 remove these species from the exhausted gas prior to venting the gas into the

atmosphere.

EP-A-0 694 735 describes gas abatement apparatus for treating a gas stream to
remove noxious substances from a gas stream, in which a fuel gas is pre-mixed
20  with the gas stream before it is injected through a nozzle into a combustion zone
that is laterally surrounded by the exit surface of a cylindrical, inwardly-fired
foraminous gas burner. A fuel gas and air are simultaneously supplied to a
plenum surrounding the foraminous burner to effect flameless combustion at the
exit surface, with the amount of air passing through the foraminous burner being
25  sufficient to consume not only the fuel supplied to the burner but also all of the
combustibles in the mixture injected into the combustion zone. The bottom open
end of the combustion zone is connected to a cooling column having an inner
surface which is coated with a stream of water to cool the gas stream leaving the
combustion zone. The gas stream is subsequently separated from the cooling

30  water and passed through a scrubber before being vented to the atmosphere.



WO 2008/ 122819PCT/ GB2008/ 050190 - 2 - Prem xing the gas streamw th a fuel
gas prior to the entry of the streaminto the conbustion zone was found to
i mprove twe 2pBa2ah1at ement ef ficiency of the apparatus. VhTIGR20¢pa60M90esul t s
were obtained with C2F6, SF6 and NF3, the techni que was not applicable to
the abatement of CF4 due to the naxinum 5Stenperature that was attainable
within the conbustion zone. A nodification of the above technique is
described in EP—A—O 802 370, in which the pre-m xed fuel and gas streamis
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20  The cost of ownership of such apparatus is dependent, amongst others, on the
amount of fuel gas supplied to the foraminous gas burner. One technique which
has been used to reduce fuel consumption has been to reduce the length of the
foraminous burner, and thus reduce both the volume of the plenum surrounding
the burner, and the quantities of fuel gas and air that need to be supplied to the

25  plenum to effect flameless combustion at the exit surface of the burner.

The exit surface of the foraminous burner emits infrared radiation which assists in
maintaining a high temperature within the combustion zone. However, relatively
cool conditions prevail towards the bottom of the foraminous burner due to

30  reduced radiation exchange. As the length of the burner is decreased, the
proportion of the burner at which these relatively cool conditions prevail is

increased. It has been observed that when the aspect ratio (length/internal



WO 2008/ 122819PCT/ GB2008/ 050190 - 3 - dianeter) of the burner is decreased
bel ow a value of 1, the anobunt of CO and non-conbusted fuel gas within the
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abat enent perfornmance of the apparatus starts to decrease. This poor
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ent eri ng rétgcegns abat enent apparatus nmay be 20 accomrpdat ed by increasing
both the nunber of inlets through which the exhaust gas is injected into
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15  size of the process chambers and the flow rates of the gases supplied thereto, and
subsequently exhausted therefrom, have also increased to accommodate the

larger substrates and produce acceptable processing rates.

The increase in the amount of gas entering the gas abatement apparatus may be
20 accommodated by increasing both the number of inlets through which the exhaust
gas is injected into the combustion zone, and the volume capacity of the
combustion zone. For the reasons discussed above, the increase in the volume
capacity of the combustion zone cannot be realised by increasing the internal
diameter of the foraminous burner alone (in order to accommodate the increased
25  number of inlets required by the increased flow of exhaust gas) without detriment
to the performance of the abatement apparatus. Consequently, the length of the
combustion zone, and thus also both the length of the foraminous burner and the
volume of the plenum surrounding the burner, must also be increased when the
internal diameter of the burner is increased, thereby increasing the fuel gas

30  consumption of the apparatus.



30 consunption of the apparatus. WD 2008/ 122819PCT/ GB2008/ 050190 - 4 - It
Is an aimof at |east the preferred enbodi nent of the invention to provide
gas abat ewerrvosappapat us i ncl udi ng a foram nous gas bur n@CTaRLONENISCI0I S
capable of treating a gas streamhaving a relatively high flowrate with
only a relatively |ow fuel gas consunptjon. 5 The present invention

provi des apparatus for the conbustive destruction of noxious substances,
conprising a combustion zone surrounded by the exit surface of an inwardly
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f or am nous bur ner Provi ding a second burner for heating at |east the
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diff
romai nder TGPBRER As HER BRFTURS et M BB BN ABR TS, o o

the for amoRus @!b@@fce%oc&ﬁpflgdg@dochbbmmzm serrofinded bpthexgitpldadet ween
0.4 and 1, w.thout si gnl ficantly reducin the abateman}1 20p erformancg of
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through which a combustion product is discharged from the combustion zone,

10 means for injecting a gas stream containing at least one noxious substance into
the combustion zone, means for supplying fue! gas and oxidant to the foraminous
burner to effect combustion at the exit surface, and characterised by a second

burner for heating at least the open end of the foraminous burner.

15 Providing a second burner for heating at least the open end of the foraminous
burner can significantly reduce the temperature differential between the open end
of the foraminous burner and the remainder of that burner during use. This can
enable the aspect ratio of the foraminous burner to be reduced below a value of 1,
for example between 0.4 and 1, without significantly reducing the abatement

20 performance of the apparatus. As a result, the fuel gas consumption of the
apparatus can be reduced without detriment to the performance of the apparatus.
In addition, the diameter of the apparatus may be increased in order to
accommodate an increased number of inlets or other such means through which
the gas stream is injected into the combustion zone, and thereby increase the

25  capacity of the apparatus, without detriment to the performance of the apparatus.

The second burner may be at least partially surrounded by the foraminous burner,
and may be substantially co-axial with the foraminous burner. In a preferred
embodiment, the second burner comprises an outwardly fired foraminous burner

30  surrounded by both the inwardly fired foraminous burner and the combustion zone,
the apparatus comprising means for supplying fuel gas and oxidant to the

outwardly fired foraminous burner.



apparatus can be reduced without detrinment to the performance of the
apparatus. In addition, the dianeter of the apparatus may be increased in
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t hrough which the gas streamis injected into the conbustion zone, and
thereby increase the 25capacity of the gpparatus, w thout detriment to the
performance of the apparatus. The second burner may be at |east partially
surrounded by the foram nous burner, and may be substantially co-axial with
the foram nous burner. In a preferred enbodi nent, the second burner
conprises an outwardly fired foram nous burner 30 surrounded by both the
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15 gas and oxidant, different from the first mixture, to the inner, outwardly fired
foraminous burner. For example, if the required abatement performance can be
attained with a lower surface combustion rate (measured in kg-cal per hour per
square centimetre of burner surface) at the exit surface of the inner burner, then
the proportion of fuel gas contained within the mixture supplied to the inner burner

20 may be lower than that within the mixture supplied to the outer burner, thereby

reducing costs.

The foraminous burners may each have a porous layer of ceramic and/or metal
fibres. The outer burner may have a different composition than the inner burner,

25  or the two burners may have the same composition.

The means for injecting a gas stream into the combustion zone may be provided
by a plurality of groups of nozzles for injecting the gas stream into the combustion
zone. These groups of nozzles may be substantially equidistantly spaced about

30 the longitudinal axis about which the annular combustion zone extends.



20may be lower than that within the m xture supplied to the outer burner,

t hereby reduci ng costs. The foram nous burners nay each have a porous

| ayer of wenrass/i2&nd/ or metal fibres. The outer burner may/deves/@ownfferent
conposition than the inner burner, 25 or the two burners may have the sane
conposition. The neans for injecting a gas streaminto the conbustion zone
may be provided by a plurality of groups of nozzles for injecting the gas
streaminto the conbustion zone. These groups of nozzles may be
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Second_sURRE 5P o FRLES Ay PoieiBh o RS Rb TR, TRE A B ©

axi fs TBﬁoea@@aT@éwabmhbeod@wdﬁm}:@&& 80 tHataﬂti)? heaﬁés fomi agrramseg ohozzl es,
prefera a east six groups. This can enabl e the apparatus to
provi ded '%IZFE?SAPCW@Q@ aefi?réhfaé’éﬁ‘i %@EF%E’P%%I@X@aﬁ”Qﬁa ONArIBsebRf rat e of

the gas Sr{dzl%%@ Ib@ét%dteﬁ% SRRMGGaHR Hiﬁt&’?cé‘ﬁor‘n%é% aRe0 'I*Heta{pgy_%rgﬁxrs Ak Bee-
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enable the flow rate of the gas stream into the apparatus to be at ieast 900 litres

per minute.

15 Each nozzle may have a respective lance projecting thereinto for supplying one of
a fuel gas and an oxidant to the portion of the gas stream passing through that
nozzle. The nozzle may extend about the lance, and is preferably substantially

concentric with the lance.

20  Each nozzle may also have a respective sleeve extending thereabout for
supplying one of a fuel gas and an oxidant to the to the portion of the gas stream
passing through that nozzle. This sleeve may be substantially concentric with the

nozzle, and the nozzle may terminate within the sleeve.

25  The provision of both a lance and a sleeve for each nozzle can enable the
combustion conditions within the combustion zone to be optimised for a particular
noxious substance or substances contained within the gas stream. For example,
the lance can selectively inject an oxidant into the gas stream, and the sleeve can
selectively inject a fuel into the gas stream. Thus, a fuel, an oxidant or both a fuel

30  and an oxidant can be injected into the gas stream as required by simply switching

on and off the fluid flows to the lance and the sleeve.



20 Each nozzle may al so have a respective sl eeve extendi ng thereabout for
suppl ying one of a fuel gas and an oxidant to the to the portion of the gas
st ream pawoi20gp/2kg1ough t hat nozzle. This sl eeve may be PuabsirEnts/@hi9y
concentric with the nozzle, and the nozzle may termnate within the sl eeve.
15 The provision of both a |ance and a7sjeeve for each nozzl e can enabl e
the conbustion conditions within the conbustion zone to be optimsed for a
parti cul ar noxi ous substance or substances contained within the gas stream
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present invention also provides a nethod for the conbustive destruction of
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one noxi dire prelsehbingentiont alsa provides tai mathookfer the combdsiivebgesthectioniaf surf ace
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t hrough the open end of the foram nous burner, characterised in that the
open end ipwatchefirast igramineysturper hayng agtanengnd sspebing el 88 anthe present

i2(r)1ven_ti O idHt 86 th PE RSP iR PR é’@.&%&%’ﬂ‘éﬂw gxﬂgﬁﬁéb‘&térﬂf' of
Nnoxl ous substances, conprising Infecting a gas stream contal ni ng at | east
one nexi discragisyancembuostioraproaluctifram therdonst ustionzame thusughuiheespdryende

oxi t sur f9d6e GarainoiR BueYy-iaragTipes ARG BOFhERd CLARe SURRIHRY f uel
gas and gyjHans Héété@%yfaoéé%ﬂ@nﬂ%!ﬁngl‘!r ners to effect conmbustion at the exit
surfaces. 25
The present invention further provides a method for the combustive destruction of
20  noxious substances, comprising injecting a gas stream containing at least one
noxious substance into an annular combustion zone surrounded by the exit
surface of an inwardly fired foraminous burner and surrounding the exit surface of
an outwardly fired foraminous burner, and supplying fuel gas and oxidant to the
foraminous burners to effect combustion at the exit surfaces.
25
Features described above in relation to the apparatus aspect of the invention are

equally applicable to the method aspect, and vice versa.

Preferred features of the present invention will now be described, by way of

30 example only, with reference to the accompanying drawings, in which



Features descri bed above in relation to the apparatus aspect of the

I nvention are equally applicable to the nethod aspect, and vice versa.

Pr ef err eawbeatumness9of t he present invention will now bePdegaB206sad0190y way
of 30 exanple only, with reference to the acconpanyi ng draw ngs, in which
WD 2008/ 122819PCT/ GB2008/ 050190 - 8 - Figure 1 illustrates a cross-section
t hrough an apparatus for the conbustive destruction of noxious substances;
and Figure 2 illustrates the arrangenent of nozzles for injecting a gas
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respective axis 16 extending substantially parallel to the longitudinal axis 18 of the

combustion zone 14. These axes 16 are preferably substantially equally radially

15 spaced from the longitudinal axis 18, and are preferably substantially equally

angularly spaced about that axis 18. Within each group, the nozzles 12 may be

arranged as desired about their common axis 16, but in a preferred arrangement

illustrated in Figure 2 one of the nozzles is located at a first radial distance ri from

the longitudinal axis 18, and the other two nozzles are located at a second, greater

20  radial distance r, from the longitudinal axis 18.

Each nozzle12 is located within a respective bore formed in a ceramic plate 20,
which defines the upper (as shown) surface of the combustion chamber 14.
To enable the combustion conditions within the combustion chamber 14 to be
25  optimised for a particular noxious substance contained in the gas stream, each
nozzle 12 extends about, and is substantially concentric with, a lance 22 which
receives a supply of an oxidant, for example air, from an oxidant inlet 24. As
illustrated in Figure 1, each of the lances 22 associated with the nozzles 12 of a
single gas inlet 10 may be supplied with oxidant via a common oxidant inlet 24.
30 The six oxidant inlets 24 may be conveniently connected to a shared oxidant

source.
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species contained in the gas stream fuel gas is injected into the gas
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15 to optimise the combustion of the noxious substance(s) contained in the gas
stream. For example, for the combustive abatement of organo-silane, oxygen is
injected into the gas stream through the lances 22. As another example, for the
combustive abatement of F, / NF3 species contained in the gas stream, fuel gas is
injected into the gas stream through the gas passages 30 to provide the necessary
20 reducing species. Optionally, oxygen may also be injected into the gas stream
through the lances 22 to produce combustion conditions that result in low residual

hydrocarbons and low carbon monoxide emissions from the apparatus.

Returning to Figure 1, in this example the combustion zone 14 is annular, and is

25 surrounded by the exit surface of an outer, inwardly fired foraminous burner 32,
such as that described in EP-A-0 694 735. The outer burner 32 has a porous
layer 34 of ceramic and/or metal fibres deposited on, or attached to, an annular
screen 36. A plenum volume 38 is formed between the burner screen 36 and an
cylindrical outer shell 40. A mixture of fuel gas, such as natural gas, or a

30  hydrocarbon, and air is introduced into the plenum volume 38 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 outer burner 32. The lower end (as
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second bur@eutdrbuphenvdzledsdyoranbimeeis providearfal heatingdt lastiienspen bud ner 42
surrounded by, and subst anti al | y concentric 10with, the a cﬂéﬂ ar cqnbustion
zone 14. okithé prierbymersa3ad uindhisexaraplezthis speontRres is RV hﬁ@”é”'b%’r ous
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porous | ay@er ffe §8me composition as the porous layer 34 of the outer burner 32 or a
different composition than that porous layer. As illustrated in Figure 1, the porous
layer 44 has an annular sidewall 46 surrounded by the combustion zone 14, and
15 an end wall 48 which closes the end of the inner burner 42. The porous layer 44 is
deposited on a tubular screen 50 which defines a cylindrical plenum volume 52 of
the inner burner 42. A mixture of fuel gas, such as natural gas, or a hydrocarbon,
and air is introduced into this plenum volume 52 via inlet 54 so that, during use,
this mixture of fuel gas and air will burn without visible flame at the exit surface of
20 the inner burner 44. The mixture of fuel gas and air which is supplied to the
cylindrical plenum volume 52 may be the same as, or different from, the mixture of
fuel gas and air which is supplied to the annular plenum volume 38 of the outer
burner 32.

25  In use, a gas stream containing one or more noxious substances, for example a
halogenated species, is supplied to the inlets 10. Fuel gas and oxidant is added to
the gas stream as required by the lances 22 and the sleeves 26 before the gas is
injected into the annular combustion zone 14. Excess air exiting from the porous
fibres layers of the burners 32, 42 achieves the combustive destruction of the

30 noxious substances within the combustion zone 14.
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15 each burner 32,42 has a length of approximately 6 inches, with the inner burner 42

having an outer diameter of approximately 2.5 inches and the outer burner having
an inner diameter of approximately 12 inches. This can enable the apparatus to
be provided with up to 18 nozzles for injecting the gas stream into the annular
combustion zone 14, which can enable the apparatus to receive at least 900 litres

20  per minute of gas. In comparison, in the example stated in EP-A-0 694 735, the
(single) inwardly fired foraminous burner has a diameter of 3 inches, and a length
of 12 inches, and consequently a much lower volume capacity. In view of the
heating of the open end of the outer foraminous burner 32 by the inner burner 42,
good abatement performance with low CO and fuel gas emissions can be

25  achieved with a fuel consumption in the range from 40 to 50 litres per minute.

The open end of the combustion zone 14 is connected to a cylindrical post-
combustion chamber 60 comprising a water-cooling column 62 for receiving the
combustion product stream flowing from the combustion zone 14. Water is

30  supplied to an annular trough 64 surrounding the cooling column 62 through a pipe
(not shown) so that the water overflows from the top of the trough 64 and streams

down the inner surface of the cooling column 62. The water serves to cool the
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| ength of the chanber 60 may be selected to optin se the abatenent
performance of the 5 apparatus. The gas stream and water are di scharged
through the outlet 66 of the chanber 60 nmay be conveyed to a separator (not
shown) for separating the water, now containing solid particul ates and
acidic species, fromthe gas stream The gas stream may then be conveyed
through a wet scrubber to renove renmaining acidic species fromthe gas

stream before it is vented to the atnosphere.



- 13 -1 claim 1. Apparatus for the conbustive destruction of

noxi ous substances, conprising a conbustion zone surrounded by the

exit surface of an inwardly fired foram nous burner, the foram nous

bur ner having an open end through which a conmbust i on product is

di scharged from the conmbustion zoneT hans for injecting a gas stream
contai ning at | east one noxious substance into the conbustion zone,

nmeans for supplying fuel gas and oxidant to the foram nous burner to

ef fect conmbustion at the exit surface, and characterised by a second

burner for heatinglafaimsast the open end of the forantinous burner.

2. Apparatus accor di. Wpparatusafon the osdmbestive Hestaetmndobuorerus s at

| east partially S;Hbét%ﬁé'@@o ris’il?gﬁ%ﬁiﬁu@%ﬁzQHéé‘n%ﬁ*ounded% fpar at us

according to cl a'eﬁtls @é%! ﬁw%f&l?rnﬂﬁe zg)learmfn?) 1 Ptih%' Ly

co-axial with th rne rding to
claim 1, wherein Pmn%@eaﬁanmﬂwm&wm% FOBER Y Eh § SPPed

f or anmi nous bur nebustien preduet wdlﬁ@hﬁrquefrmdha|qnmbmsé@nf 6PB&i na s
burner and the conanstfoomjecimeg aghes’aﬁmmrca:uﬂmm@mleastr@ermans for
suppl yi ng fuel gﬁ’@usadiﬁ)s@ﬁc@@ﬁtbth@célhﬁu%ﬁ\@éﬁﬁ Ynndznk €6k o

bur ner . Isf%éésaﬁcﬁ'ixl &qmﬁgfdlﬁﬁoﬁﬁ%ﬁﬁﬁ&%%é& 8 'OUS

subst ances, COI'Tp% nnwl ar

exit surface of ZHF eI;"lltrﬁ 5 418@%25&?@83 rr%osescﬁ}lfloundl ng
an exit surface GPIGFF ?ﬁéﬂ&gyat ?gcf CHRER BFAMONSs f or

injecting a gas burmam containing at | east one noxi ous substance into
the conbustion zong, Agpdrataanschaling upptiwimdgl f wheregashangcoxddant to

the foram nous byhARESist &t %a%ﬁ%’ért%]@%ﬁ?ﬂo%ﬂdé@ By ehe fbfansiohigces.
6. Apparatus accg ‘qt g9 to claimb5, wherein the rieans for supplying

fuel gas and oxi 'tot e fora urners ranged tq supply
the sane nixture o §a§ﬁ‘arr86’>’<$38n$ e‘[w ?hefedPJﬁF?Fgﬁell‘gurners
7. Apparatus accb\ameﬁgs ﬁ@%mﬁiﬂ}‘scoﬂﬁ &¥ith theToraBrBoYLPURERp| vi ng
fuel gas and oxi daht Appatdias faocemiurr@tje dlann ek, swherean rthagedond suppl y
a first mxture B!ﬁme!ﬂ@bn fschnd cutivaedrly ﬁl@dtibmmmmrscﬂmléﬂ fed

f oram nous burne b?ﬁﬁ‘ﬂf@m%dfa}y e@lffoféiﬁin gpl gnt

di fferent fromtg ?g é’ eé am nous
burner. - - 11 ?’gbﬁ él i he

f or ani nous bur nePlé’”é% ga¥ and 0¥ kqé,éiﬁ 6¥ é’ ‘E:raﬁﬁBPB? met al
fibres. 9. Appabw@mgs according to claim8, wherei n the inwardly

fired foram nous biir Appatsss fordilfd eombustioenesiriciion tofamribes
outwardly fired {ifysafcROUSoRipi®ig an ABnuRPPAEbUSIAEeBhEI fig-to claim
5, wherein the neaiachafy almegﬁtswgce &% A AR HPLE 4 g, RaTbuUSt i on
zone conpri ses a@gwﬁ E?X“Pblﬁg ups nozz o LIS Tg t he gas
streaminto the {,é}pf:l g nexﬂ surface of an outy y

foraminous burner, means for injecting a gas stream contain-

ing at least one noxious substance into the combustion zone,

and means for supplying fuel gas and oxidant to the forami-
nous burners to effect combustion at the exit surfaces.

6. Apparatus according to claim 5, wherein the means for
supplying fuel gas and oxidant to the foraminous burners is
arranged to supply the same mixture of fuel gas and oxidant to
both foraminous burners.

7. Apparatus according to claim 5, wherein the means for
supplying fuel gas and oxidant to the foraminous burners is
arranged to supply a first mixture of fuel gas and oxidant to
the inwardly fired foramiinous burner, and a second mixture of
fuel gas and oxidant, different from the first mixture, to the
outwardly fired foraminous burner.



11. Apparatus according to claim 10, wherein the annul ar comnbustion
zone extends about a |ongitudinal axis, and wherein the groups of
nozzl es are substantially equidistantly spaced about the | ongitudi nal
axi s. 12. Apparatus according to claim 11, wherein each group of
nozzl es conprises a plurality of nozzl®s™|ocated about a respective
axi s extendi ng substantially parallel to and spaced fromthe

| ongi t udi nal axi s. 13. Apparatus according to claim 10, wherein
each group of nozzles conprises at |east three nozzles. 14.

Appar at us accor di nd. ApparatusatCordingrfar ¢laim§, ethekeashe foumigowps of

nozzles.  15. AgpahafsusacddCEMNE aNSorbas hpérbi erathRl Shdlof dedtanozzl e
has a respective 4 ]ﬁg ge projecti ng t herei nto for supplying one of a
XI

fuel gas and an o nt to the t| on 5 glas stream pasEvn
through that nozzl & P%at Gg tﬁ ngvhgem tepnpsrdher ei n
the nozzle extendiredlfommtmem m@has aldlffeﬁ@ptacrcanpemmndshmﬂ;p to
cl ai m 15, wher ei mutwerdlgZirbd foraminoss dotaal | y concentric with the

| ance. 18. Appar gug gg%qﬁgé&ﬂ)rg g WW@ ﬁlttl'leﬁl%(c_‘i zl e has
a respective sl eeve lp ;{é B one of a fuel
g s 51 ’?Dulsﬁa MR URRE

gas and an oxi da
t hrough that noz?® Iga 1ty g roN;Pﬁ &Pﬁ% ) Fllﬁqtﬂélott e graplEsams itgher ei n
the sleeve is subkeepmbublign goneentric with the nozzle. 20.

Appar at us accor di ngit Apghaitie é&soruh%r@aahﬂqmmﬁr&d%@nﬁams wi thin

t he sl eeve. 0, cla aspect
rati o of the mwarfﬁmg? z%ﬁ%g[éﬂrﬁ%% t ngjdq%md - f;gg ral ess
than 1. - 15 - "% m&b }ifsaﬁ.lr‘é %’iq{ C’P stap F‘qu“ MPM¥i ng a

cool i ng col um bePARHAAND tﬁhﬁ QR4 @é‘hﬁflﬁ%‘ﬂ%atl on with the conbustion
zone, means for nmalZtApparatnssaddondingf toveltien 1d| ergréieeachngoupur f ace

of the cooling cef HoPzledRdnd 1S d gﬁﬂa]@@s@f’ﬁbﬁﬁl% 1@@1@@%6& ko the

bottom of the co}ést cnvea)a'éext%l p%% ruction
I’lj ectl ng gas s ream contai ni ng

of noxi ous subst e 0
at | east one noxfBH’sﬁE&L}(E:f nﬁHg ¥ a conmbustion zone surrounded by
the exit surface of parmlsonwordmgdomlahﬂﬂowélemmre@chtgawmg an

open end, suppl ycnfncpizled c@aprizdeslabbeasiathred nozdles.f or am nous burner to

ef fect combust | on gf i ustion
product fromthe ?lggﬁ%fggsézg&géﬁﬁﬁggﬂ%ﬁgOzggﬁ{lgﬁ,%ﬂ%?t ?%&)
f or am nous bur n B ep in that the open end of the
foram nous burner 15 Anpgralys pcarding émelabay Hhwherein each nozzle

has a respecuve lance projecting thereinto for supplying one

of a fuel gas and an oxidant to the portion of the gas stream
passing through that nozzle.

16. Apparatus according to claim 15, wherein the nozzle
extends about the lance.

17. Apparatus according to claim 15, wherein the nozzle is
substantially concentric with the lance.

18. Apparatus according to claim 10, wherein each nozzle
has a respective sleeve extending thereabout for supplying
one of a fuel gas and an oxidant to the to the portion of the gas
stream passing through that nozzle.

19. Apparatus according to claim 18, wherein the sleeve is
substantially concentric with the nozzle.

20. Apparatus according to claim 18, wherein the nozzle
terminates within the sleeve.

21. Apparatus according to claim 5, wherein the aspect

ratio of the inwardly fired foraminous bumner has a value of
less than 1.




24. A met hod according to claim 23, wherein the open end of the

foram nous burner is heated by an outwardly fired foram nous burner
surrounded by the inwardly fired foram nous burner and to which a
fuel gas and an oxidant is supplied to effect conbustion at an exit
surface thereof. 25. A nmethod for~the Tonbustive destruction of

noxi ous substances, conprising injecting a gas stream contai ni ng at

| east one noxi ous substance into an annul ar conbustion zone
surrounded by the exit surface of an inwardly firegq forafam' nous bur ner
and surroundi ng th@le-ﬁfﬁpa%’ﬁlfs%éoﬂ'mifb e1es Uy J;i§i?1 Oy Affhous
burner, and supply and .aXI dant t'd i he T oram noys “bur ners
to effect conbggtcgbg%ggt%?ﬁggagl?l qﬂﬂﬁ gg@g_umgaﬁg&w%ﬁ ‘?ﬁ%‘@gﬁﬁ‘cordi ng
to claim25 wherEihZeie WEHRS Lepgrdalging adiowaf Halgr @J@%Hle is
suppl i ed to bot h Ren Eiacedithe soeling colwman, and 2gas-Hqmit $epdraccor di ng
to claim25, wheitet¢omtideted tntherbottam ef thé cblﬂ@ﬂm.gaz and O)c(l! dant are
supplied to the fongmn frRet : aceording to

cl gipm 25, wherein Q%'er ah(?%g?fé%sc%%gag%‘/éggﬁﬁgﬂﬁlqnsOi&B.b*qlgd to the
gas stream prior > lgs PRy e FPBIPTID INREN 2B AR SERm SRBIAININg A, A

met hod accor di nglftaétcﬂn&i ROEWUS WHbsENnget 80 gasonthustioni som swhar ged
through an open hutinded by theexit sntfact bban inwerdiptfired fogimimdulavi ng an

inner surface al butenia¢ihgdard bpen &d, WapElying it gAsdanA%kidant to
the foraminous burnerto effect combustion at the exit surface,
and discharging a combustion product from the combustion
zone through the open end of the foraminous burner, charac-
terised in that the open end of the foraminous burner is heated
by a second burner.

24. A method according to claim 23, wherein the open end
of the foraminous burner is heated by an outwardly fired
foraminous bumer surrounded by the inwardly fired forami-
nous burner and to which a fuel gas and an oxidant is supplied
to effect combustion at an exit surface thereof,

25. A method for the combustive destruction of noxious
substances, comprising injecting a gas stream containing at
least one noxious substance into an annular combustion zone
surrounded by the exit surface of an inwardly fired forami-
nous burner and surrounding the exit surface of an outwardly
fired foraminous burner, and supplying fuel gas and oxidant
to the foraminous bumers to effect combustion at the exit
surfaces.

26. A method according to claim 25, wherein the same
mixture of fuel gas and oxidant is supplied to both of the
foraminous burners,

27. A method according to claim 25, wherein different
mixtures of fuel gas and oxidant are supplied to the forami-
nous burners.

28. A method according to claim 25, wherein one of a fuel
gas and an oxidant is supplied to the gas stream prior to
injection into the combustion zone.

29. A method according to claim 25, wherein the gas
stream is discharged through an open bottom of the combus-
tion zone into a column having an inner surface along which
a flow of water is maintained.



