20

25

30

COVBUSTI VE DESTRUCTI ON OF NOXI QUS SUBSTANCES The
present invention relates to the conbustive
wale@sneastd on of noxi ous substances, in parti cuPEr/GB2008/050190
gl obal warm ng gases, contained within a gas stream
and finds use in the treatneqt. of a gas exhausted from
a process tool used in the sem conductor or flat panel
di spl ay manufacturing industry. Perfluorinated (PFC)
gases c SMBUSTIVE BESTHUCTION OF NGKIOUS'SUBSTANLES

suppl i
and fl at panel display manufacturing industry for, for

| e, diel ' hi [ or. chanb
The Rl s isg el b et B A Rliol B AgRious
su(@)%tﬁflﬁééé‘,gn PaffRHE, glob&NRarising Yaked! dontaine@Withidh gI¥stRdam,

_ gas supplied to the process chanber contalned
anfl findpaisgan the traatment afrogas REhIded front parpesss tppbused in the

o f | ' j k
soffLBidIRYEY RERAURER EENGR AL kroun 1o
t hese species fromthe exhausted gas prior to venting

the gas into the atnospher - A- 0 694 7 d i b
Pl e b e ToRRNeIe, P Q088 L0 dosctibesy
su%ﬁl{@&:‘e’ﬁ) Mé@é‘§h§MB§Fsaﬂ§d&\i;’vilnItﬁ@{Eﬁ%i8@§dl§ét6|e§m fléppd}ﬁlél_‘?)ﬁ‘splay

gas I's pre-m xe e gas stream before i
mansifactjisng éndustnydag Homexarmplee dieleania layenietaiting andmnehamber
that is |ater surrounded by the exit .surface o :
cleapisnipeRes. Tl b8 Peatasiuhihyilednat pifs Ingte is
typdictaly Drssidnd amduriof tisé Pﬁé bapgitiotherptéssictiamber contained
_ &Ienum surroundi ng the toram nous burner to effect
in

ex0as exaustes from he rroceseceambesul ba perflugringtedgompounds
méHiRWRY v@'a[re%%Wnntg 5&9@%“095@ ﬁ%%?,rﬂ é@it@é‘ﬂ@&f'able to
el ng sutfrcrent to consune not ofly t'he Tuel supplied
rerhové¢ litedauspemie biromathee xlausted gasepriomtousntinhdike igastitte the
m xture injected into the conbustion zone. The bottom
atrgesRNYRd of the conbustion zone is connected to a
cooling colum having an inner surface which is coated
with a streamof water to cool the gas stream | eaving
ER-A0 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
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
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

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



conbustion zone. The gas streamis subsequently
separated fromthe cooling water and passed through a

W@ erahest9 bef ore being vented to the PCT/GB2008/050190
at nosphere. Prenmi xing the gas streamwith a fuel gas
prior to the entry of the stiheaminto the conbustion
zone was found to i nprove the PFC abatenent efficiency
of t he apparatus. Wil st good results were obtained

T B R e s o e

combnptimraizume \Atdsafbumd$o anpmivedbe &RG ahatendrd ectiin‘rbmm; ofcthe

angRiatis HAEhoes le e s ARGt TSt dhe
technRucRbs 838 applicRdIR tSthehiRRbR@nt Bf OF), BiBe a6 el fidx@um
zone through a nozzle that is concentric with a |ance

teraperatyretthativas attaingie withingthereembuatiognezonet ore i t
enters the conmbustion zone. Using this technique, good
results were achieved for all PFC gases, including

A robdificétioniof ther atvoai tfeichai‘qiueﬂs ideschitsat inlieR-A-0 802 370, in which the
in

06/ 0 13355, h |
preg UW%fﬁt?ié”S;ﬁaé Sfeam is Wﬁ%t‘%%? mfgé%'%Pbgﬁ'grg§%”€f thrgugh a
nok3lk §RAE cBHEin‘nE%ﬁPHW?&e’ Pat FARURES Bm?%ﬁwt Qﬁ‘étﬁé H‘r‘)&me

as opposed to pre-mxing the gas strea fuel .
befggie jti argershibercambustion zdne. ddsing thik dechnigus; gaeid result@were

oc2 Bl PRE SRS, RS TR B SO Sesornea

W@INQODSMTBBGB |nT\JVh|%hQﬁ@fnbgzlléa§ a0 Qﬁﬁomﬁm tEyOal Blbcve foe
particularly effective at treating a fluorin

en@ﬂﬂ)g 2 dvelgasitadeyiniecied uenthe eomRESHPRZERM éf.ltatth@ gagfstream, as
sd%%‘ig%ﬁregmﬁhﬂsé)ggg’ﬁfr%HWﬁﬁ fueTh %lngfthgmﬁfré Rt he

appar endent st others, on the
gasm)tmﬂ ané sﬁppllledgusbcstbnbé larcbet and 'rma sﬁleemnm[an'@engmoxwus
gue whi ch has use

t
subsfanEes ra Bettanion S8 o SnGIS Piasl S HaMELg T Siiguration
ha§ %@H‘fa%@ tdLE %ﬁicm éﬁé’éﬂv@%jq%tlhetﬂlﬁ&ﬁ]ev@gtiegnl@fnmg gas

pl enum surroundi ng the burner, and uantities
str@amf\uktzmo@atbe @ﬁdeéﬁtlontfﬁa@l:m@%a qomtwtl@npbp’rpr uel t he
plenumto effect flaneless conbustion at the exit
surface of the burner. The exit surface of the

The@ostbhowaeBhipner swoh asparatusiiselépeadeat, afionyst others, on the
amacl)sl’JSnlt %% fc’uell 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

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
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
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mai ntai ning a high tenperature within the conbustion
zone. However, relatively cool conditions prevai
W@ owanzks14 he bottom of the foram nous burner dRET/G82008/050190
reduced radi ati on exchange. As the length of the
burner is decreased, the prp@qrtion of the burner at
whi ch these relatively cool conditions prevail is
i ncreased. It has been observed that when the aspect
- j I f
ciofihb A B R BEEReC BRI b Rlg S SRRl of CO and
nomgbabusbed tued gas Wthgathe\/\gamshneamea)@asus’@tdfwmtha lappatasds

fromthe apparatus ,starts, to . ncrease, and t
StaiE gD R RES DAL RETRTATER o BrhRadaiyg starts t
de&@ﬁé@ams 35 SpdtstmaRe s BRG Lalt@sutbe & 1 inchérderibroportion
the increased proportion of the burner that operates

of the kurner that veepiateoat asalabively lew tempesattre; affpchyely iplaping a

S e e S
redigedaf f ected the cost of ownership of the gas

abat enent apparatus has been the increase in the size
of sem conductor and flat panel process chanbers.

Anbr{?ﬁerr?aétﬁr Whidreuk AffedtBS tﬁ'@BHéta&tdWr%rgﬁl D1the 8% IbR%erhent

conduct processi ng on |ncreaS|ng Yy er substr at es
apparatied has been tha incesassf indbealsize of sdmichadgcibsandflat panel

oSS B R S E] lE BTMAA
corﬁdﬁtﬂ 'p’r@ébeﬁ:il on ﬁﬁ:réaélﬁglyﬂ Iérgefr Y] bﬁ’drél%sQB delige PscurRmsies of
nbers an | ow rates of 9ases suppl i ed

SCQ'ﬁ eWéh dhe auast@t@é@mmcw L&qﬁlaﬁm@@ IpP 6F Bie Brmceﬁ%me steps to
pr@d gflt@gégg ﬁo@éﬁ@%ﬁ@%@ dtfife! r%(ﬁ@?erd ﬁg@sﬁrsaa{ fesult, the

processing r € i ncrease
S|zerbf11|hl@ pmtcmfnms apatthe lflng/ ftalbees gtatheagaﬁesrmlpplled thereto, and

appar at us be ated by.increasjng both th
subEhientexalieed DRR, HEHSY INTEasls grnmodate the
E,lp@d S@,{qﬂ vol une
Iarggﬂpﬁg‘?ﬁ%t%géﬁﬂ ombusti on zoﬁ’g rhag‘l'gfeasons
di scussed above, the increase in the volume capacity
Thgﬁr&(%rg%g ?{gﬁ‘tqi%mngég r@qscgn ré%g l?he E;Sg la'b%?edmg% apparatus may be

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
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

consumption of the apparatus.
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di ameter of the foram nous burner alone (in order to
accommodat e the increased nunber of inlets required by
wo b@siizest®eased fl ow of exhaust gas) w t hout deP€T/GBRG08/050190

to the performance of the abatenent apparatus.
Consequently, the Iength of_yhe conbustion zone, and
thus al so both the I ength of the foram nous burner and
the vol une of the plenum surroundi ng the burner, nust
R B B o R e A e Bl Do Prp e oas
abatenmmippparatos irnchediag pdoetmmolis gas tannar andfvhith |Ise§a?®able of

weghiio Bioas e RABa GUAtMeDy biah s ats i B By tow

fuepgégl%ngy}q pheihch is capable of treating a gas stream
ving a relatively high flowrate with only a

relatively |ow fuel gas consunption. The present

nvent [.QVi t
ol B INREN 57038 85 Bh0s 0k MorfABRYB ptfucton of
noXieud eabstanc@s sonwpriding adaeinthystiohezoe éurmurf@det)y()meaéxn surface
i nwar dl K/ fi red forani nous burner, the foram nous

of gy nwardivfired Joramippus bemer: HiedesmipausiPunesayirg agrppen end
thrg%@‘fj%ﬁcri 8 ORI Prodd R HE@h&@@&%r‘n%? £8hfustiBA8ne,

Injecting a gas stream contai'ning at [east one '
meaoslfoumjamlbgtaagasesiraam ¢dndaiomgoaldeasironeoneions anlsstaoee into

su in fuel S d oxidant. to the fora
thegiReetd e crea it supai i uehad S fng BfA e fominous
bueRiGetBE! SHfibltion SarerKitiuiaes, 40d cRgrictéHberlby §astond

t he open end of the foram nous burner. Providing a

burnet derchentingeat least the apendgenst of thaderarmaoupEHMaNd of t he
foram nous burner can significantly reduce the
tenperature differential between the open end of the

PrcijiﬁgimmrMI?]umer torchetatiagrat east des opén tehdtof e feaminous
uring use, This can enable the as atiq of the
buingr s RS ieAT e dige B raRRat BelidsiealiaLhehsdgn the open end
of lfh% ofArARL E BRELYESY %&re"i‘ﬁ‘%n&er Y thanﬁrrﬁe'r gakihg %Bt IBhis can
uc:| ng the abatenent perfornmance of the apparatus.
enableahe @spbct raﬁlbe)fm@forgann@mbwmﬂpf n@beaedmm bglpwr avalkie of 1,

fortq%(@n‘ggj%r egvi/J Cefjo.véf l‘ft wqﬁou S|gn| |cetar?tI3; Pe%u%?nrgft%%n%a?emgnt
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

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
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.
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In addition, the dianeter of the apparatus may be

increased in order to accommpdate an increased nunber
W@B008n2281s or ot her such neans through which tPEr/G82008/050190

streamis injected into the conbustion zone, and

t hereby increase the capaci t¥ _.of the apparatus,

W t hout detrinment to the pertormance 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
The pestntemientiohealse poviddriapearatenfor tsesombustivendestiyction of

fired {)oram nous bur.ner surr und by. bot h t he
NOXiAYEFHPSEFP B BT RG0S ST ioR oD iqungigd by an
exif S Shfacd B?aﬁmﬁér@? re8BRIrhiRbIS bﬁﬂ?é}saﬁérsu%gﬁhmg% exit

gas and oxidant to the outwardly fired foram nous

sum:renef arThetyardlydiredifaraminoys barmes, meansdesinigtino gas stream

for .th i Ve S f...n0oxi n ,
coniGfping 81 RASEHRE RKTICLS pSEIeR o wBRE R B ARLE 38 means
for&Xxipplying furt ga@fandrbxldmﬁrtd ltiye foraevinduy buineesito dffsn @ombustion

and surrounding an exit surface of an outwardly fired
at therexi $19{ACSur ner, neans for injecting a gas stream

contai ning at | east one noxi ous substance into the

conbustion zone, and neans for supplying fuel gas and
Thexnekamg fdrcsupbbrirfg)hmhgas aadbmid&nt $o the Eramditousdmirosts may be

arghatalo Sipely Bt sAES mpd i 08 e hnd oRBML BPadtidhitinous

bufrfers Upeihdtivens m@nfaahts%es@éplinnglfuaa@am exideato the
bot h foram nous burners. Alternative he neans for

foramimoug ln@mememagetze ananesd tasUPRy atfﬁéel Mty ¢fdus! gas and
OX'?ue Fo%e“&)i ‘?n\ﬁédrroﬂpﬁrt%% f%ﬁarﬁH%'s%Lﬁnér' %ﬁg a{%%gdﬁojn%ure of fuel
0 1 1V F 1T 6

gas an "OXI1 e outer I hwa

ga$ aharoxidurit, ditferat fromm thefise otxidreyi tytthe énner, éml&larglgsflred
and oxi dant glfferenlﬂ fr}g‘mthe first m xture
forapwapus BunREr Foy example. fidhgreavird g @wgaentrv@ﬁomnﬁ?@an be

att!\%{nteﬁn@ﬂf §90WEESy R &ﬂﬁﬁ SRS f08 BS§ r‘é@r\ntk? %I'p@'rﬂ%gr per

ower sur ustion neasu
sqlareceantipestrdolibumer ssqaae)eatdbetelxrtrsurfecefof the immer burmer, then
the proportlgn o{ fuergas contamercI w%ﬁm%etrrl?&turg %%E)p e 5 the |1r:1|rqgrn burner
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,

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

the longitudinal axis about which the annular combustion zone extends.
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the proportion of fuel gas contained within the
m xture supplied to the inner burner may be | ower than
W@ b@s/1208thi n the m xture supplied to the outerP@UGB103/050190
t hereby reduci ng costs. The foram nous burners may
each have a porous layer of geram c and/or netal
fibres. The outer burner may have a different
conmposition than the inner burner, or the two burners

Eagﬁ rOGY Bt hBSIS& xS T @@%ﬁbégﬂjraﬁﬂleome%sflgéea%aja%%yggg

as streaminto-t I on“zone may rovi
redpective buisabitendiof sgbelansially palel wsaridspacgdeiromnbetitragitudinal
as reaminto the c ustion zone. These groups, of
aflo3of SRR B Pelit SHETAR IV astisentn sogodh AR Re
lorRjtQtinal BRis! ek bHAURR CombustiaRo8heWhi ch the annul ar
conbusti on zone extends. Each group of nozzles nay

conprise a plurality of nozzles |ocated about a

. . F . |
cRPREL ke HESPEAER ABRAFPLAS b it o
beraayarigedsabizat ainé Icaigitudiealiaxis soathtit thesmerzies fboud fitshgubset of
AR Ty S LR GRS A 83 A o
no2»8s foded hea sEBYNA Fadihl GBLRLEFIRIH thathiid. OEe ta?éﬁbfb%s may be

axi s spthat the nozzles forma first subset of _
provided with|ad deast down graups 10f norzds apretirablyraidedstein groaups. This

X nd a secon ubset. of, ngzz]l es ] ocat ed at :
ca BBl TR e e e BcPTpVishe AT BLBRst SRl Rk yinich can
endBle the flpordtaledthw s stredmdanto theHppair@uB 3o B 410823teR0 litres
preferably at |east six groups. This can enable the

Peppai&i us to be provided with at |east eighteen
nozzl es, which can enable the flow rate of the gas
streaminto the apparatus to be at |east 900 litres
Eapbmozrzieunay heaela respetiveniayca prejeating tpreinte forl suppying one of

o AT e BB s B2 58 ool B33
noPASS TS rdb HaytddaéndaBslitthe 188cd ¥ i8 ﬂ?@ﬁé,rﬁ%l?%ﬂgstantially
about the | ance, and is preferably substantially

cogegrddawithdhgilamca.he | ance.

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.

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
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.
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Each nozzle may al so have a respective sl eeve
ext endi ng t hereabout for supplying one of a fuel gas
w@easarsexi dant to the to the portion of the gBSI/&EBR@aNH0190
passi ng through that nozzle. This sleeve may be
substantially concentric with the nozzle, and the
nozzle may termnate within the sl eeve. The provision
of both a lance and a sleeve for each nozzle can
A &R @0 LE’ﬁ EP&F?&?BQFOW mlﬁ,\ﬂltll I BniABnie ey HithQRe
zone”to be opt’im a particular noxious
combbsllemzene),ralsm@mthnneanstmtraalntaimwgtmilmwtolﬁwa@asalong the inner
rea For .exanple, th n selectively, injegt
sudae ! el o0l RE GO At 8 PRI R HRL HobBsttedth TR bottom
of ﬁfél @flimnelhis BhR ehaBlef el coniistioRreasctsdticemMealinifthed
fuel, an oxidant or both a fuel and an oxi dant can be
comhpeieredondiabe seolpswhilst eaabling seme ofdke iagidic apsgs contained
n f I
wifip AR e LBl Hed o s S ERE oL water
flowrcoating dhe inmar suefatée of thvé cdslutdme andrdmmlng olid particalatag to be
with means for intaining a flow of water along the
caplyreg b%m'ﬁé{\(?éebga\t’he cooling colum, and a gas-Iliquid
separator connected to the bottom of the columm. This
can enabl e the conbustion product stream | eaving the
The resesitiioventionalso ptm/idema enethhd Ifert thermwhbwﬁgivscde@tr@btion of

the acidi c gases contain as .strea
ot RUbREHeER. CaBP NG ANE I # §o8 SarE HomG iAE B ieBef tne
noiubQngaatdnaa 51081 EONBUSEOH F66E sOfoliNge by t@exi@Bdrface of an
ena solid partlculatesto be captured by this

mwﬁbrflregdwarmne% PUEATthaVIG:R PBAN @lngo S\emawnaégebgas and
oxﬁﬁbpfbdthf CfBrérH‘ﬁoﬁQ 'Bt&'r‘r?érj t).’)eef%%f%ﬂﬁﬁhb%h af %Héoé()hf)é{ﬁface and

ances
dischatgima ar@natbudtneasﬂroduet fmltbelsomblmstnann zene mhmugh the open end

ustion e rounde he exit r an
of RIS AT o CRATARSRSISL IR ha\arey bt B B Teriminous
bu@l,éqpé Mbﬁfédfweé s8asn@bdryi dant to the foram nous

rner to effect conmbustion at the exit surface, and
di schargi ng a conbusti on product fromthe conbustion

g e sertan e i BRE- R Sh abe B R R RLP Hestruction 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 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.

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

example only, with reference to the accompanying drawings, in which
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burner is heated by a second burner. The present
i nvention further provides a nethod for the conbustive
waele@sneastd on of noxi ous substances, conpri si ngPCT/GB2008/050190
injecting a gas stream containing at | east one noxi ous
substance into an annul ar cogbustl on zone surrounded
by the exit surface of an inwardly fired foram nous
burner and surrounding the exit surface of an
: § [
Fiife g ateh 2o r S SRS ottt A erpBRAlus AR ittt
destoudtitst ofaroxddud tbstamdessantlaces. Feat ures descri bed
above in relation to the apparatus aspect of the
invention are equally applicable to the nethod aspect,
FI@Q 2V||I8§ré48§$ﬁ’e aﬁéﬁ%@r‘h@ﬁ%f ﬁé‘iil’é@ﬁ)r%je&hfq Qrg%§esﬂﬁeam into the
vention wll now be described, by way exanpl e
comblugtiomizohe péﬂaematus Qfodgatﬁcbrrpanyl ng draw ngs, in
whi chFigure 1 illustrates a cross-section through an
apparatus for the conmbustive destruction of noxious

Wit st romeedirstxo Figuin@Uut,&h@ applkts ebatprisbs agsluriigeokintets 10, in
of nozzles for injecting a gas streamintqg the

thig GYBIDIG B IDIGHe foft FERIINGR SREIS2H PRMpEFdrom agariconductor
or fl? u;?%rﬁl?@s%éy PFcTctegs 'ﬁicgtﬁ)ﬁméaﬂg Bﬁa%eﬁpﬁ'nt Mﬂnﬁ?}ﬁpégs% Xhe

I's exanple 'six
gaé strenatsi convgyed fram sacle mtetplOvveal réspimtme geonx ohoozzles 12,

fl I [ . tool . of
whih-f Y B sTes 8t Bl B PRERE RuO82pag A4 dhdB i RePle: SN
gr(ﬁib?Bf hétAds 10 cbmprises HMRetnozRled Whieh Qire RPrFIgea abdut a

whi ch inject the gas streaminto a conbustion zone 14

resneqtlhe @X@(‘eﬁrpr@ndw@cw@t@mallwpam@tei tethellpngiudinpkays 18 of the

1}
colf88R956% 53, 1 16,7 AL BT ABRL R RPN, ray
sph@étgfrbgﬂirfeabn@mdnélg?)dé ﬂ&bandca’rbtﬁ?clkﬂembly Glnbsthﬁmgﬂ'wle?leally

axes 16 ar a su ntially e !
a”EHE&'é&WF@ﬁ@E’HHW gt n e aon drotnane fares 12 hay be
arlﬁbgéﬁra%tﬁé‘sn%ﬂbéﬁo%mmé} J:(% ﬁ%‘\aéilé’ 18NeH |ﬁriﬁre‘f@ﬁé erangement

a hat axis 18. Wthin each group e nozz
illusaytdmbmdﬁgawg%@nawf dless noedeahmlwcateideatra ticstratiabolistante,ry from
the %ngL Udl%a%)%];el%r gg\d%é 3 erq\?vgtnozzles are located at a second, greater

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
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.
The six oxidant inlets 24 may be conveniently connected to a shared oxidant

source.
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illustrated in Figure 2 one of the nozzles is |ocated

at a first radial distance » fromthe |ongitudi nal
W@2008/12819 and t he ot her two nozzl es are | ocat eRCEGB2008/050190

second, greater radial distance r2 fromthe

| ongi tudi nal axis 18. Each pgz_zl el2 is located within

a respective bore fornmed in a ceramc plate 20, which

defines the upper (as shown) surface of the conbustion

Ea?!t? Aahog 1A s o}ﬁoﬂﬁ%@rrb{ﬁd{cﬁg Hg ﬁséécgﬂdce&ﬂie{ﬂg‘r?@ goﬂlé,hé)f‘sleeve,

he conbus e optinis
26 pedidh ofulvhichnslocatesd sithsi @ nespectinée bor&aﬁ)rmdtihehg@iate 20. Each

slegyh SPmITaNy & Gepentva 6o5e 12 svendhakPB Uil ogm the nozzle 12
is IBEQI%H‘W%F} tige! Q@elée @6 a/(‘ f@'d&%%let QQ%UEES%@E fudt 1das '(Uaﬁm

an oxi dant i nl et ) | I"'ustrated in gure I, each
anotlat pas passage 20 d@;f;eed |b@tmlerwthehowtﬁe sndacze ebthexnerzley 12 and

in e SRR D BB SR B ey P Yoy gne. o
be ROn0EYYE MtE fid YortBUSESH 26nd ¢4avm1”mbejhs<mredﬁﬁfand any oxidant
sour ce. Each nozzle 12 is optiagnally surrounde

that bagrheendbiestast inte theogas étre@m by beJanceg2. é\?dﬂu%fated in Figure
1 P P S5 EAD 1S RURGR P IRAGHALE 8 1 BL o8 et 10
maydzez bepr.‘lmedswrtﬂn fuel giastviee aamonraon fuelrgashieleh @8z | Tdnelsix ifgel gas
ted within the sl eev A fuel qas, i
m'%fﬁ;% may be ?wen&ﬁ'ytcengﬁdéﬁﬁa%?hﬁsgqﬁﬁ's%afg%%ee
defi ned between the outer surface of the nozzle 12 and
the i nner surface of the sleeve 26 to enable the fuel

A qpadroliennad sheping mast baipeovided tnecoiral é'y@delaﬁveaamwnts of fuel

oof BB A e et I RREoRL KPR ALA A BRbdAes 24

to bptiasedhe odenbustioatof ah@doxmuEIsgbslanﬂ:e(sE)@ohtahﬁed Irethe gas
sl eeves 26 associated with the nozzles 12 of a sin

SHrGR. | FTEPATOP Rl D25 SOBBIPRE SPRRTTATAIO! Gagans alape. Sxygen is
|nj§&HH%oftH8 agaﬁre'aﬁ firod thTeh b§ obueds Sﬁétp F?%@g@ for the

be conveni ent con ecte to a shared
comtnushvae abatcomem alf IFer/ Nﬁhc&pwr&smgntanpdble the gas dhfelam; fuel gas is

..caontrol the relative a ts of nd ox

nigetay idipahe GasIatEaT rone’ Pissay ReSTH  BEPilie fig necessary
redudiktp8becids e Optidfally, 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
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
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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to optimse the conbustion of the noxi ous substance(s)
contained in the gas stream For exanple, for the
w@owbusasive abat ement of organo-silane, oxygenPCBEGB2008/050190
injected into the gas streamthrough the |ances 22. As
anot her exanple, for the cqr%J_stive abat ement of F2 /
NF3 species contained in the gas stream fuel gas is
injected into the gas streamthrough the gas passages
shﬁn)t& tﬂ[e%\éh%sttugﬁ %ﬁ%eﬁfsﬁ %%%%FOW'(VI%%B&SUOH products to be
t1onally, en may al's e injected Into the gas
output ram iHerznn@hM he Iances 22 to produce conbustion
conditions that result in |Iow residual hydrocarbons
and | ow carbon nonoxi de eni ssions fromthe apparat us.
Duﬁﬁ lt'fsB' He &%t §U|%Heeof3{he'dﬂltérrlb§m8¥52@nﬂt§ infrafeRIRdtidwhich
e 14 is annular, and is surrounded by the exit
assa%flamalotalmng @uhigh temmtdrq/wmnIﬂébefC@msmugonarHer|n order

o e PGPS A8 B AN, 8T8 T o enc o
theadwtep bueird2, bi sha"c@ﬁddﬁl@l@éﬂ is@dovided 6or I&éatm@mdeaﬁ thampen end
annul ar screen pl enum vol une 38 is

of fhet qutenbyumer Ser rlerth@@fx(@grpl%éhwogﬁ\d&urnﬁaﬁ re;rav'dsét%yran inner,
outirhly ff f”rgd 1Oyt bHE Bugxerfziéeéurﬂﬁﬁ'ldeﬂgf}h %rﬂlal@%ncentnc
or a-’h ced into

rocar bon, air isintro
with| mﬂnnmammnﬁsstwrazmmﬂr Similar torthetouterzxiresr 83othe inner
sho so that, durin t.he nj xtur f uel, .gas
buied 42 57 PRI VG AGLES B ¢t Bbresanigl fray have
eit§ei tha G coMPosiibArastHERITodL layER 84| g1 \wes ofittd burner 32 ora
(asshown) of the conmbustion zone 14 is open to allo

di ftelﬁ@ntmmmmth@ndbabp@r% l@xeermAthsifram ip fdgyrenk the,porous
44%5@?3??; QSF g@ieataﬁ%é %ﬁr Lﬂ"fdetdr@y fH‘ét EmBYSS zotfe 14, and

&S 0N assi’sts 1n mai ntalning
an&nki wall 48 wriclatloses thé Bnd of tiee Toweb batnerd2z ofiee ibérodsriayer 44 is

order to avoid problens as iated with reduced
dopsiias 93 HRUHL Rgeea S0 NEKBRAI MR BrICHEACR BRImAle 52 o
thegﬁme?bﬁﬁ%‘?rh bAIRNSurd f RI? bge&éhoés Hﬁfﬂrélr@sabr ﬁ%&fmcarbon,
the open end of the outer Burner In this exa
and iirsis srtcagutelinteethis alepuwvademet@e ala inleh &4, sodbateiuding use,
nous lgjur ner

fired fo 42 su nd
i €101 8181 588 Snget WS il Yele ime Biog. it syface of
thezipner bdmePigd. | Rie bfixtliReoPlileega®uha&lir WhRichti® euppIRa 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.

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

noxious substances within the combustion zone 14.
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burner 42 has a porous |ayer 44 of ceram c and/or
metal fibres, which may have either the sane
wW@09p038t9 on as the porous | ayer 34 of the outRCT/BBRINSI50190
32 or a different conposition than that porous |ayer.
As illustrated in Figure 1, {fie porous |ayer 44 has an
annular sidewal | 46 surrounded by the conbustion zone
and an end wall 48 which closes the end of the

An rﬁ@ﬁ{i%?}%ﬁﬁum@?% OJ i @Fﬁﬂltﬁi@efhe%téﬁaﬁﬁmr%&@ R, 42.

screen nes cylindrical plenum
The gilatleus2r odayt be of amenveotiorel tyjk ha\/m«g at spagkiof flugfor igniting a
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miftits oftiEbeds ang ot SRBnisH (Eel HIURERR1 S8 BT, Siigh  sice
to theaiozARY 1 2andiso lodhfedind bR &ltehdinl tBRRIGANHe *efamic plate

W ll burn without visible flane at the exit surface of

201 e illusteatedn frigure 2, thenpilefiburpeemay breueralgdoraxiinaieto the
inn&p? 'bﬁghérséhfqu aémﬁrg%ﬁ% fnhgr p%er en? g\l?rlrcrprlnqgm‘?r%\‘rﬂleé”ﬁ?e éﬁter

xture
bufnmISZQaBItandtr‘aely, akéecdnd prlcsiltmnhererﬂaycbet dnevmedereximate to the

oulgy AT (R B0 1S o afor herdit e adf piidaded sgRY for
theeﬁlﬁ‘r?ééé dt rﬁlﬂirﬁ?ﬁ%ﬁ@r SR8 GRS bdrﬁer%‘*ﬂ"z&e@nﬁ%ot r'ﬂﬁy be

Fuel gas and oxidant Is added to the gas
emeLesrmqlasnc@mﬁsredwrbyrst B2 42ahavssbeen zgmieﬂh Assalsevibsstaged in

Figfnd. /0ErBaRt 310 a6 Red Mo hiReBRrts Al FoRest: "
| ayers of the burners 32, 42 achieves the conbustive
destructi on of the noxi ous substances w thin

Thedemgatbtaf dhe ines buunend? (agmenfdresiindoe S'UP%Q” P&the longitudinal
axr%z‘@ﬂ,f.ﬂggbét?n rélgpt'h'é' Ot B8 tﬁé'tt(?rthé”&@térrmﬁne %.nm%gé%xample,

urner may be a conventiona
eablaburrmr@apahkis raglepgth'goffapprogmatélrygﬁ imchest withe thef inhae burner 42
s and oxi dant, su i onal, ,nozz|

nadiigiamouieh ciametef o BparatinsteBle Shdties SRd 4 BEtef biirmar having
an@nisY @afet&net dHprokirRHan 1t2|1ﬁcﬁ@§ athie dﬁrﬁérﬁatﬂ@the“épparatus to

ilTustrated in Figure 2; the pilot burner ma
belpsevided withowp tmi 8 noazlesdor injratingihe gas srenpt mt@ thq apular

col sl SanB 0 Syt LBaDe e AN Rhsrlhe! spo es
pePhfvitdest gaisoXh m@hdrigohh 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

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
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



outer burner 32 for igniting this burner. The pil ot

burner(s) is provided solely for the purpose of
WO gooBt1228¢0 t he outer and i nner burners 32, 42, BCHGBR008/050190

may be extingui shed once these burners 32, 42 have

been ignited. As also illustyated in Figure 2, a

viewi ng port 3la nay be provided adjacent to this

nozzle 3 1. The length of the inner burner 42 (as

r I

coffBASHEEPrddicl podt A1 beAl o0 R Sl R oty BepBaited on
the3gurfdae ofrtlaeemlmg eplugarc62b In additian, any heidicacarapgnéntsiof the

coRRTREE TR PR o On s Pt o ot o
the2dhrhb&r 60 hily thal s8It diptd %mﬂ@e ithnes) aba@n@émtpﬂrfo@ffnance of the

approximately 12 inches. is can enabl e the apparatu

appayalies. pridwei GrREISiRAM ang watet are gisghatgeddhroughaibe aiglet ﬁ@ of the
ondiifethOTHD bAeake Y BheBRTANELIAR PR7 bt vater

nowi dongsinjoey sotidpériicategamd acidicapeaidass oom the gdeestream. The
exanpl e stated in EP-A-0O 694 735, the (single -
025 AUBRE GOV hgbPGORNE HATBUSH Bovela b B e oV remaining
acighc |e§‘ﬂ9n'ﬁthle% $irim bedraGhie ventdtfrLPRIAAIRPhbY. 2
much | ower volu capacity. In view of the heating of
the open end of the outer foram nous burner 32 by the
i nner burner 42, good abatenent performance with | ow
CO and fuel gas em ssions can be achieved with a fue
consunption in the range from40 to 50 litres per
m nute. The open end of the conmbustion zone 14 is
connected to a cylindrical postconbustion chanber 60
conprising a water-cooling colum 62 for receiving the
conbustion product streamflowi ng fromthe conbustion
zone 14. Water is supplied to an annul ar trough 64
surroundi ng the cooling colum 62 through a pipe (not
shown) so that the water overflows fromthe top of the
trough 64 and streans down the inner surface of the
cool i ng colum 62. The water serves to coo
t heconbusti on product stream and prevent solid
particul ates from bei ng deposited on the surface of
the cooling colum 62. In addition, any acidic
conmponents of the conbustion product stream nay be
taken into solution by the water. The |ength of
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the chanber 60 may be selected to optimse the
abat enent perfornmance of the apparatus. The gas stream

W@rwsmzasey are di scharged through the outl et GBCDEGBRIVE/050190

chanber 60 may be conveyed to a separator (not shown)
for separating the water, noygcontaining solid
particul ates and acidic species, fromthe gas stream
The gas stream may then be conveyed through a wet
scrubber to renove remaining acidic species fromthe
gas stream before it is vented to the

CLAIMSsphere. CLAIMS 1. Apparatus for the conbustive

destruction of noxious substances, conprising a
conmbustion zone surrounded by the exit surface of an

. i nwar dl yappaefiud firand BeHbustive eestridtorf 6 foRio\fISubstances,

burner having an open end through which a conbustion
product f@MarsieE® eRMPHSIIN ZoRe switpwrRdedbhy mexit aedaee of an
for inj eﬁ\%d??lg%lrga?or%%ﬁﬁu@ Qe tﬂqurﬁﬁlnbﬁé%hn?é} aving an
noxi ous su nce into the co 'on zone, mneans

suppl yi ngpénehddaughdwvtaizh @mﬁmbusttquarbduahsmﬂn&rarged from the
burner to egf ect conbustion_at the exit Sl,tlr ace,

char act eFPBEHSERN Z0RIBRAND (R HAIFCHRE 21085t W@”APOP@%?Q at

the openc@afofé NbRBUEYLBBIAMRESNIRUhBRomRistioNRABaEans for
according to aim1, wherein the second burner |s at

| east pasyprlying fgalr@atﬁmakédmblﬁmt tecthedpearhinous bioenerdp effgct

tne' cocordnpAs it &) 88 e, Anf oogtSMieq oY §eRgRd bumer
f or ami nofes Heatingrat lehst tHpppeRend claisefathmindus Bumer.

preceding claim wherein the second burner conprises
an outwardly fired foram nous burner surrounded by

o both thep &Part% )Sc ﬁg;ptfood‘:%mw nIOV\?ﬁek?é‘lﬁriﬁé s@Bgna B mer is at

3.

conbusti o zone aratus ¢onprising nean

suppl yi n@afstjpartlgﬂy; sarrduodedihytthe tnrahnnamﬂ lwaméry f| red
foram nous burner. 5. Apparatus for the conbustive
destructi on of noxi ous substances,

Apparatus according to Claim 1 or Claim 2, wherein the second

burner is substantially co-axial with the foraminous burner.

Apparatus according to any preceding claim, wherein the second
burner comprises an outwardly fired foraminous burner 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 for the combustive destruction of noxious substances,
comprising an annular combustion zone surrounded by an exit
surface of an inwardly fired foraminous burner, and surrounding an
exit surface of an outwardly fired foraminous burner, means for
injecting a gas stream containing at least one noxious substance into
the combustion zone, and means for supplying fuel gas and oxidant

to the foraminous burners to effect combustion at the exit surfaces.
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conprising an annul ar conmbustion zone surrounded by an
exit surface of an inwardly fired foram nous burner,

waemssasioundi ng an exit surface of an outwar dPGT/GBRE@E/050190

8.

10.

11.

12.

foram nous burner, neans for injecting a gas stream
containing at |east one noxifys substance into the
conbustion zone, and neans for supplying fuel gas and
oxi dant to the foram nous burners to effect conbustion
at the exit surfaces.6. Apparatus according to any
Caim4 or Aaim5, wherein the neans for supplying

. fuel gasApparatis decdrding torwyf@laam%mﬁlalﬁurﬁwv@rekm the means

arranged, to supply, the sa n xture,of fuel

ox! dant o5 SHEPRMEILEN 5 AR SR 16 1 rogiBindluhers i
accor di ngrrhfgdd & SupbIPth&Ch @@ RixtyHBT fiid) ddiearitPaxigahto both
suppl yi n‘g fuel gas and oxidant to the foram nous

bur ners oga@mmgtwnets supply a first m xture of fuel

gas and oxidant to the inwardly fired foram nous

burner, and a second m xture of fuel gas and oxi dant,

.differ enApbal@mlé Aecdrdirgf tonChaim Keor Clairh e mmemrtdéyneans for

of O al nEURPYBGTukih 81BN Br B RSB AUTRETa s Aranged
b 5 P9 A 8465 AhagBraTLe) AR oRBhl ] By o
fired fofcaainimaus burnesranides secatid fm»rteret olcfurpgas andwxidant,

than the rdI fif. foramn
nopar at (At e bR RYRPECBANG U ARty fiilispmarpinous
t he neanpyfrer. 1 nNj ectl ng a gas streaminto the

conmbustion zone conprises a plurality of groups of
nozzles for injecting the gas streaminto the

combust i Rﬁgé&@&s &éordﬁﬁ;g@ramwa CRFAE A B, Wherb R i ¥8raminous

wherein t annurar co
burners each have a porous layer of ceramic and/or metal fibres.

Apparatus according to Claim 8, wherein the inwardly fired
foraminous burner has a different composition than the outwardly

fired foraminous burner.

Apparatus according to any preceding claim, wherein the means for
injecting a gas stream into the combustion zone comprises a plurality
of groups of nozzles for injecting the gas stream into the combustion

zone.

Apparatus according to Claim 10, wherein the annular combustion
zone extends about a longitudinal axis, and wherein the groups of
nozzles are substantially equidistantly spaced about the longitudinal

axis.

Apparatus according to Claim 11, wherein each group of nozzles

comprises a plurality of nozzles located about a respective axis



10

20

25

zone extends about a |ongitudinal axis, and wherein
the groups of nozzles are substantially equidistantly
W@ pasazksabout the | ongitudi nal axis. 12. ApparB€T&B2008/050190
according to Claim 11, wherein each group of nozzles
conprises a plurality of nozgl es | ocated about a
respective axi sextendi ng substantially parallel to and
spaced fromthe longitudinal axis. 13. Apparatus
accor di n@xtteﬂdﬁ@ysu%fsteﬂtl%'llg?ailﬁleq & dhd s @éc?fren?ﬁw“ehongiﬁudinal
group of nozzl & conpris at | east three nozzles. :
Appar at uaxiaccording to any of Cainms 10 to 13,
conprising at |east four groups of nozzles. 15.
Appar atus according to any of Clains 10 to 14, wherein
138ach nozghgaladds AcéSARRAbL! MY SfADRMS N 0It8 AL, Wherein each group
thereinto for supplying one’of a fuel gas and an
oxi dant e@lnezrepeempdseat lenst taee sordas passi ng
t hrough that nozzle. 16. Apparatus according to Caim
15, wherein the nozzle extends about the |lance. 17.
14 Appar at uApparaisiacepriimgloainy dfClaim&i18iten1B86 comipeisiignat least
the nozz]Je is substantially concentric with the | ance.
18. Appalosf GEOURSHIMZHES 0 any of Cainms 10 to 17,
wherei n each nozzl e has a respective sl eeve extending
t her eabout for supplying one of a fuel gas and an
150xi dant Appatatus acedrdingdotarynofdflairhe 1§de 14t mdamein each nozzle

assin hrough t hat nozzle. 19 . a accordin
Pasd ol ohag 8 Tehad IRk 1858 bitieding weRSHEThr BuaRF fo‘oor a uel
concent r g&s Bhl lantd)edarnae ltise paﬂiorﬁémﬂé%falésstm pels&ielg tiRrough
Claim18 or Caim19, wherein the nozzle

that nozzle.

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

17. Apparatus according to Claim 15 or Claim 16, wherein the nozzle is

substantially concentric with the lance.

18. Apparatus according to any of Claims 10 to 17, 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 or Claim 19, wherein the nozzle

terminates within the sleeve.
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termnates within the sleeve.2 1. Apparatus according
to any preceding claim wherein the aspect ratio of

wo b@sitzesay dly fired foram nous burner has a vaPCEGBR008/050190

| ess than 1. 22. Apparatus according to any preceding
claim conprising a cooling §9lum below and in fluid
comruni cation with the conbustion zone, neans for

mai ntaining a fl ow of water along the inner surface of
o¢t he cool I i i
c onnect eé kéj EE%?I?O %f&ﬁ%rleg gHtw%ncﬁﬁPrﬁ Vﬁ%} %rg]t tlt?g dalSpeCt ratio
for the obmeuswravcﬂyﬁem fargmirmusdfurexhasig valis oblese ghan 1.
conprising injecting a gas stream containing at | east

one noxi ous substance into a conbustion zone

2asurr Oundﬁépbbatwac@drutngswérﬁppre@édmg cmwrdajnyprfsmged cooling
n

foram nous burner having an open e %/ fuel

gas and esiughbelow Q%'Wf&'@ﬁpm@ﬁ'@@ﬁ'%wltgé %Pp@@ustlon zone,
conbust i f

combust i eoe R0 ERtehiRy h BREL REE: SISHEEShAG Qriace of the
t he opencedslthgéoluimg, hod angasslicuit wepearatorc benresxtied tosmé bottom
in that tpg" o&gn end of the foram nous burner is

heat ed b§' BeECYME- burner. 24. A nethod according to

G aim 23, wherein the open end of the foram nous

burner is heated by an outwardly fired foram nous

23bur ner sérmethadider bie eerabushiver dwnfqtlped)fmxwm@stances

suppi i caconPapHRLfieclng dasiRed 4aRhyfiib e Rast gne noxious

t her eof . s@bstafcamitb@dcdrobudtion mwwmmw thecéxmsurface of
of noxi ous substances conprising injecting a
st r eam c8AtRVAIdyfirad fogarainoys durdRs hdng @Bsqp&ﬁ‘&!‘q sueplying

an annul TR RiRSEIb et S eff¥dticombustion at

surface g¥ ?% [ nvva?ﬁ@?/rﬁ???%%@%r am nou@%gur ngr Cé)m ustion a

sur r oundihegexihsurface, and discharging a combustion product from the
combustion zone through the open end of the foraminous bumer,
characterised 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 burner
surrounded by the inwardly fired foraminous 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 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.



exit surface of an outwardly fired foram nous burner,
and supplying fuel gas and oxidant to the foram nous
whensae2s19 o ef fect conbustion at the exit surfRCEEB2B3/050190
A net hod according to daim24 or Caim?25, wherein
the sane mxture of fuel gasyand oxidant is supplied
to both of the foram nous burners. 27. A nethod
according to Caim24 or Caim25, wherein different
m xtures of fuel gas and oxidant are supplied to the
foram nous burners. 28. A nethod according to any of
26C ai ns 2A rhethdd, acsoeding ho @Eno24 ar Qlam gaswhertirathe same

oxi dant is ,su ied to the s.streampr.iQr . to .

Thi et ot St el aemand oy 3 aits taHoth Rgte foraminous
accordi ngyferany of Clainms 23 to 28, wherein the gas
streamis discharged through an open bottom of the
conmbustion zone into a colunm having an inner surface

27f'le ong mhcrnef'?\ofdl é’c‘@o?éin&% %Vlaih%ﬂ'%ir @Igii’rpﬁg; wherein different
mixtures of fuel gas and oxidant are supplied to the foraminous

burners.

28. A method according to any of Claims 23 to 27, 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 any of Claims 23 to 28, wherein the gas
stream is discharged through an open bottom of the combustion
zone into a column having an inner surface along which a flow of

water is maintained.



