GAS ABATEMENT The present invention relates to gas abatenent. The invention
finds particular use in the abatenent of gases exhaust froma process tool
used in twe s@miszsaduct or or flat panel display manuf actPomiGER00IUBESETY .

CF4, C2F6, NF3 and SF6 are commonly used in the sem conductor and fl at

panel display manufacturing industry, for exanple, in dielectric |ayer

et chi ng and chanber cl eani ng. Follomﬁhg'the manuf acturing or cl eaning
process there is typically a residual PFC content in the effluent gas
punped fromthe process tool. PECsa g E LWeHl t to renove fromthe
effluent gas, and their release onment i s undesirabl e because
they are known to have relatively high greenhouse activity. The object of
abatenent is to convert the PFCs into one or _nore conpounds that can be
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735, swhesrdiat panbléibpgsmasufaiciethgintibsiy.ni t rogen stream contai ning a PFC,
and that gas stream m xture is conveyed into a conbustion zone that is
laterally surrounded by the exit surface of a foram nous gas burner. A fuel
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supplied to the burner Héﬂt also all the conbustibl.es in the,m xture
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efficien E} of” the PFC abatenment. Good results were obtained with

PFCs are difficult to remove from the effluent gas, and their release into the

environment is undesirable because 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 burner to effect flameless combustion at the exit
surface, with the amount of air passing through the foraminous burner being

25  sufficient to consume hot only the fuel supplied to the burner 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
CoFs, SFs and NFa, but the technique was not applicable to the abatement of CF4

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



C2F6 SF6 and NF3, but the technique was not applicable to the abatenent of
CF4 due to the maxi num tenperatures attai nable within the conbustion zone. A
nodi f i catworro@foisdse above techni que is described i n EP- R¢DG2205308033i n

whi ch the gas streamm xture is conveyed into the conmbustion zone through a
nozzle that is concentric with a | ancethat introduces oxygen into the

m xture before it enters the conbustibﬁ'zone. Using this techni que, good
results were achieved for all PFC gases, including CF4. Recently, chanber
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techni ques are not suitable for the abatenent of such an effluent stream
as premxing a fuel into an effluent stream containing fluorine would
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reactive fluorine, as well as significant quantities of un-reacted NFs. 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 CF, 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 (CHzs)sSiH), 4MS (tetramethylsilane (CH3)4Si), DMDMOS

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



radi cal quenching nature of C 2 further suppresses the reaction of the
PFCs, leading to | ow abatenent efficiencies. Mdxre recently, dielectric
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material s"). The precursors for these materials include 3VM5
(trimethylsilane (CH3)3SiH), 4M5 (tetranethylsilane (CH3)4Si), DVDMOS

(di met hyl di et hoxysi | ane (CH30O) 2Si (CH g)'Z) , TMCTS

(tetramet hyl cycl otetrasil oxane (CH3(H)Si O 4) and OMCTS
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froma process tool, for exanple a sem conductor manufacturing process
tool, the apparatus conprising a conbustion chanber; a nozzle for injecting
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effluent stream and a sl eeve extendi ng about the nozzle for conveying the

second fluid streaminto the effluent stream and control neans for
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fluid stream from a process tool, for example a semiconductor manufacturing
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 fluid 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 (ii) 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.



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 flwDaostmemas. The apparatus is thus configured PoTEBR2DIS08(38
conbustion conditions to be optimsed for a particular effluent stream For
exanple, at |east one of the first and,second fluid streans may conprise a
fuel, and/or at |east one of the fluid streans nay conprise an oxidant. In
one exanple, the lance projecting into the nozzle can selectively inject an
oxidant into the effluent stream and a sleeve surrounding the nozzle can
selectively inject a fuel into the effluent stream Thus, a fuel, an
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| east on€ of (1) the rate of injection of at [east one of the first and
second fluid streans into the effluent streamand (ii) the conposition of
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optimised. This can enable the range of different effluent streams to be treated

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.



nozzle, with this sensor being configured to supply the data. The
conposition of the first and second fluid streans is preferably adjusted in
dependencwoanoditiasssonposi tion of the effluent stream FecTasmE/®3038he
control nmeans may be configured to control the injecting nmeans to supply
one of the fuel and the oxidant to th§5l ance, and to supply the other of
the fuel and the oxidant to the sl eeve) when the received data indicates
that the effluent streamcontains amonia. In a preferred enbodi nent, the
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stream contajns between 0.5 I/mn and 2.5 I/ mn of organo-silane. The

I njecti rféorﬁébﬁé‘oﬁf’-l@f erably conprises neans for selectively conveyi ng one of
the fuel and the oxidant fromthe source thereof into the effluent stream
upstream fromthe nozzle. The control neans may be configured to control
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nozzle, when the received data indicates that the effluent stream contains a
fluorine-containing component, for example a perfluorocarbon such as CF4, NF3

15 and SFg. 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 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 nozzle0, 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



fl uori ne-contai ni ng conponent, for exanple a perfluorocarbon such as CF4,
NF3 and SF6. Alternatively, the control nmeans may be configured to control
t he i nj ecwOngoaaasss to supply oxidant into the effl uent PstrrGEmUP3E3Beam
fromthe nozzle, and to supply fuel to at |east one of the |ance and the
sl eeve, when the received data indicates that the effluent stream contains
a fluorine-containing conponent. For exanple, the control neans nay be
configured to control the injecting neans to supply oxidant into the
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The apparatus preferably conprises neans for igniting the effluent $tream
and the fluids injected thereinto. In a preferred enbodi nent, the apparatus
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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
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 illusirates 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



fluid streamfroma sem conductor manufacturing process tool, the nethod
conprising the steps of providing a conbustion chanber having a nozzle

t hrough wWoDchodithassef f | uent streamis injected into the ecmambIo03GHRanber,
selectively injecting into the effluent streama first fluid streamthrough
a lance projecting into the nozzle, sg%ectively injecting into the effluent

stream a second fluid streamthrough a’sl eeve extendi ng about the nozzl e,
and adjusting at |least one of (i) the rate of injection of at |east one of
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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 burer 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



punpi ng system Alternatively, the effluent stream exhaust from a process
tool nmay be "split" into two or nore streans, each of which is conveyed to
a respectwoeoian1s3ss10. Each nozzlel2 is |ocated within acreseactioss3ibore 16
formed in a ceramc top plate 18, which defines the upper (as shown)
surface of the conbustion chanber 14. The conbustion chanber 14 is bounded
at the sides by the exit surface of a toram nous burner el enment 20 such as
that described in EP-A-O 694 735. A plenumvolunme 22 is forned between the
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i s substan 'y concenttically positioned within a respective nozzle 12 to
enabl e tdimdm resid thedirst fuid emeatoinfeested fohethedianee®6y i nto t he ef fl uent
stream Injection of the second fluid streamis effected by neans of
concentric nozzles, or sleeves, 28, each of which is |located within a
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nozzle outlet Is [ocated wthin the sleeve 28. An annul ar gap 30 defi ned
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sl eeve zfﬁeﬁflullg \éf)s(idtarﬁ?to the apparatus 8. The control system comprises a controller 40

for receiving signals 42 containing data indicative of the composition and/or flow
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 sighals 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 alternative, 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 fluid 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



second fluid streamto be conveyed froman inlet port 32 into the fluid
exhaust fromthe nozzle outlet, that is, either the effluent streamor a

m xt ure olothe/mEBfssuent stream and the first fluid strea&oTiGgeetm®so3Br om t he
| ance 26. In preferred enbodi ments, each of the first and second fluid
streans conprise one of a fuel and an_gx_i dant. Figure 2 illustrates a
systemfor controlling the supply of fuel and oxidant to the apparatus 8.
The control system conprises a controller 40 for receiving signals 42

cont ai ni t ard ndi Jyve of | fl I . t he

ef fl uent&gloﬁ@tamﬂ%ger 8%?3%%%%” %QH‘Y@@%&%@&G@@@!’ g’?!%’feéﬁé\gﬁf‘ﬁéag"ﬁaa process
chamber @nduttaneoitas sah &l varisl inldepshtehes ohprafgrity i, propertngeals 42 may
be received directly fromthe _process tool 44. Alternatively, the signals

42 may bEespeelve/aignl s &8.nis 7 2deRpNEd frog the rertipllerdds RlteiBalively, whi ch
the contgold (‘?nrifg%?ﬂ&(?@ohﬁ?b 8&%{@@%&&3&&% Q&%ﬂ%ﬁe tﬂBwrc())f;’fqﬂ?lféHd’FoPa” , the

host conputer being con ure ecelve Informtion he controller
of the poxidasts tool 44 regarding the chem stry of the gases supplied to the
process tool and to output the signals 42 to the controller 40 in response
thereto. As another alternative, the signals 42 may be received froma gas

sensor "ﬂ@é‘ESHtr&?ér}[’XﬁgeaJﬁaBSnﬁ&tthéFcoHEI EBRCBIP U8S SoktigiestdSlitdle appar at us

u
8. In response to ta contained in the received signals 42, the
cont r ol | entedledmmeentecifions of thefisel sindithe axidantiare irjeciedtistodheflaate 26d

oxi dant supplied to,the |lance 26 apnd.slgeve 28 of the,apparatuys.8. In this
exanpl e,2q ﬁ"es g?\é?r?‘%agﬁ’s IEQUY E’%%’P mi'?ﬁ g‘&‘?%ék‘%&m}?ﬁhﬁ e&ﬁ‘r’%ﬁ#@'&nto t he
ef f | yentsifddrRaPof @XBRIEIE Sn dretakatjchemifoptidiedmblistiveciatehfeng oy dr ocar bon
such as nethane, and a source 48 of an oxidant, for exanple oxygen.

Condui t sorgenosilanadowk mekerialcoxgends injeeted ia thalance A& to0ive goad
respectiygely cbbusBY SYhE Pelbfite EUEL aRBD IO b ARB ALl {Eah@EE 1rieBNd the

26 ensure good mixing of the oxygen, effluent gas and combustion by-products
within the combustion chamber 14. [f required, supplementary fuel can be injected

15 via the sleeve 28. On the other hand, for the combustive abatement of Fo / 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 (CH,) 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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in one arrangenent for the conbustive abatenent of

organo-silane lowk material —oxygen i s injected via the lance 26 to give
good cl pan conbustion. The rel qy ve gand positions of the nozzle 12
and the| |l ance 26 ensure goo Ay %a %V@en, effluent gas and
conbust "CX "'“ S g et H4—H—regur€d,
suppl errentl%“}{) lel(,/ncﬁﬁt)n be i nj ect|e i a t )sl ee(\sgm)’ZS On the ot her |hand,
for thercompustiive goatjement of [F4,40 NFS @I XU[UT g5 exXiTaust fjonr thie |pr ocess
tool, fuel 5 TNegyed via the Jiegye 28440 Pprosufde fhe necegssary rjeduci ng
speci es[ Optional Iy, OXygen nay be injected via the lance 26 to give clean
conbustjon with | ow residuap. hy¢micRRDABS VaieiNl,ow car bon nonoxi de
em ssions. Table 1 shows t heslea@iueh lavice \axygen)s tests to abate ammgnia from
a gas sfre&hconpriGi ng the ammgniNk:i n aCli t rlog&@xcafri er gas, w tH varying
anount s|_ofl/miet hand/mi@H ) as fuel| @as) andePra¥ydeneeided to the gas stiream In
t he furthet5et [of 1dat ANB vwas added t @8t aff®nia._ The figures lare
i ndi cat Lve4éf t he dfi sslions of tlhe8vardi 038 gas é‘ﬁ&hi ps | mediatel y
ngstreamfromthe conbust | On1f/m| nﬁﬁrmsglﬂ%mhr st set of data was gbtained
g an arrangenent
sleeve (oxygen) lance (fuel)

CH4 02 NH3 CO NOx

(Vmin) (Vmin) (ppm) | (ppm) (ppm)

4.5 11 2 24 285

4.5 16 3 41 359

4. 1.7 I/min NHs + 1.1 /min 4MS in 50 I/min N,
sleeve (fuel) lance (oxygen)
CH, O, NH3 CO NOx 4MS
(min) (Vmin) (ppm) | (ppm) | (ppm) (ppm)
0 0 49 336 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 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



simlar to that known from EP-A-O 802 370, in which the gas streamis
pre-m xed fuel and conveyed into the conbustion zone through a nozzl e that
I S concerwoi2o0oniisdssa | ance that introduces oxygen into trhe/GE2axma03Bef ore
it enters the conbustion zone. The second to fourth sets of data were

obt ai ned using apparatus as described 1a.P_ove, in which the | ance 26 and

sl eeve 28 were used interchangeably to convey fuel gas and oxygen into the
chanber 14.Table 1 As indicated by the above data, the levels of the
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descri begbrapayess alkohbuit 18 bt csivedish fuee froae thediukl sorcet4eR beZZkONR! | S€ a
fuel. It has been found that by pre-m xi ng oxygen with the effluent gas
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schemat | P& rdgpeativeig) thieaaindoucianfcet dfevitiontare conirsliehbp Eigriaisi82, &4 batput
controlljng %he addj tional sel ective_supply, of fuel and oxiga t in% t he
hozzl o 1RBNPSRRIrPIRHAG nEORSRRWERY; Tyl Ay b soRVeYedia BAh thadaremepol

system z%ﬁ%yefﬂeébazsqw@?ﬁ%@b%ﬂ%%ﬁn{% 7té(?|:je ﬁ%Ei’l@WZ‘“QpétPé‘dmgfdPﬁ‘t de fuel

sour ce e nozzle or conveying oxidant fromthe
oxi dant lance €6, dBconvearbelyaddaet may bedehnveyad(io bath s knte @6 awhtheol

devices 78, 80Q_ar rqyi ded w thi ndui_t 4, 76 respectively, the
conduct a'-?l%%"eogf‘vwﬁ%ﬁ“f‘aﬁé'%ﬁ‘m%ﬁo@t&%ﬁ? rquﬁﬁaﬁs 82, 84 output fromthe
contypol l er 40. Consequently, fuel may be conveyed to both the lance 26 and

the sleeve 28, with oxidant being supplied to the nozzle 12 upstreamfrom
t he | ancEakle 2 ghowsihediesulty of vatiekmtesimte aeateciiei@n a gapsirhafihe | ance 26

and the ésoln%t)fﬁngfﬁﬁe QF% tfh g%ﬁlro&'ﬂ. Egrr%'f%@s,i g&aiﬁ%i{m\?a&ﬁfgzérﬂoﬂlﬁts 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 I/min SF; in 50 I/min N., on one inlet of a 4 inlet combustor
CH, O, Cl, SFg
flow position flow Position flow DRE
(¥min) (//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




Table 2 shows the results of various tests to abate SF froma gas stream
conprising the SF in a nitrogen carrier gas,
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The table indicates that this abatement technique extends to very high flow rates,

and makes possible abatement of CF4 to commercially significant levels of

performance.



adjusting in response thereto at |east one of (i) the rate of injection of
at | east one of the first and second fluid streans into the effluent stream
and (ii) wbeowonpsssiti on of at | east one of the first amrdTsmoesdoBd3ai d
streans. 2. Apparatus according to Claim1l, wherein the injecting neans
conprises a source of a fuel, a source,gf an oxidant, means for selectively
conveyi ng one of the fuel and t he OX|d$ﬁt fromthe source thereof to the

| ance as the first fluid stream and neans for selectively conveyi ng one of
the fuel and the oxidant fromthe source thereof to the sleeve as the
second fluid stream the control neans being configured to control the

sel ecti oQLAMIMS e fuel and the oxidant in dependence on the conposition of
the effluent stream 3. Apparatus according to Claim?2, wherein the

i nj ecting means conprises variable flow control devices for varying the

supply of the fuel o Bgra‘?ﬁféﬂﬁ ee{ti‘ﬂPte{?'?eﬁlhgﬁr&%tﬁgﬁeéﬁﬁr%ﬁ?ﬁem%ﬁdﬁefgrrOl

means being arranget fo selectiveFy contro e varia ow control
devi ces in responsmanofadierimgpeicesd tdalf the(laprz@*a&:ad:mmprisingrajmmgbumdﬁ aim2

Claim3, wh in th trol t th
io:lj ec?: nmg rreangrtegnlg%mgﬁfl%g'ﬁézo%? fﬁﬁlsePh@gﬁ%n @' Fg’g@%gﬁﬁtnot%]et he Ieance and
to supply the ot hegofbusiiéh Enhbannbdies @F's@%&lvé@ ihjaRtisd ﬁ%\f%md"é@dbﬁohe

recei ved data indicates that the eéffluent stream dontal ns anmoni a.
Appar at us accor di nijuidstcamaintg theheffloent stmmamsn@amﬁamnstheyomh’mtgm ed to

St e L€t AR, Wb SEhu sty 21t pRIIRG T e one
10 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
15 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. Apparatus according to Claim 1, wherein the injecting means
20 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
25 being configured to control the selection of the fuel and the oxidant in

" dependence on the composition of the effluent stream.

3. Apparatus according to Claim 2, wherein the injecting means
comprises variable flow control devices for varying the supply of the
30 fuel and oxidant to the sleeve and the lance, the control means being
arranged to selectively control the variable flow conirol devices in

response to the received data.



to supply oxidant at a rate of between 5 and 20 |/mn to the other of the

| ance and the sleeve, when the received data indicates that the effluent

st ream combDavmibEssween 0.5 I /mn and 2.5 |/ mn of amDRCRIGERIOSAPPESat us
according to any of Clains 2 to 5, wherein the control neans is configured
to control the injecting means to supp oxidant to the lance, and to
supply fuel to the sleeve, when the recéived data indicates that the

ef fl uent stream contains an organo-silane. 7. Apparatus according to Claim
6, wherein the control neans is configured to control the injecting nmeans
to supply fuel at a rate of between 1 I/mn and 10 |/mn to one of the

| ance and the sleeve, and to supply oxidant at a rate of between 5 and 20

| /mn to the other of the lance and the sleeve, when the received data

i ndi cat e4 that t heARPaliatienaceardisgriioddaina Py Gleinmee wherein theiaeniie 2.5 | /min

of organosil ane. t rein
the injecting mean@epﬂ% 6@@@%@2@%5’@0! tﬂfeff@%écﬁ]; 9%6‘%38%“@"’3%%&@ t he
fuel sand the oxi dahe fﬁébéﬁdﬂ%@)ddametottheﬂﬁﬁe lanUQotan@pgiﬁhleuﬁhér ot theam
upstream fromthe nozzle. paratus according to Clajm8, wherein the

i nj ecting means cdwgt ﬁ%@@hQ/QNﬂQBT@mP&}@%‘@mWhﬂ” heveesiyedslaty indjcagst he
supply of the fuelt Pﬁ'neoé‘ﬂflgéﬂfsﬂ'é‘ﬁrﬂ ctoh 84 BhitgBhigSt r eam upstream from t he

nozzl e, the contro nmeans bel ng arrange to selectively control the
vari able flow control devices in response to the received data. 10.

Conf1 gurad to. contkRpaTaS RHpAERog Claimd: whekifghy coRIEEREaRa S he | ance.
and {o supply fuelcdntigRrddfo 86AthdI9RE irfbERRY MBBALtE80pply 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.
15
6. Apparatus according to any of Claims 2 to 5, wherein the control
means is 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.
20
7. 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
25 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 organo-

silane.

8. Apparatus according to any of Claims 2 to 7, wherein the injecting
30 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.



fromthe nozzle, when the received data indicates that the effluent stream
contains a fluorine-containing conponent. 11. Apparatus according to Claim
8 or C aiwon2poenhassei n the control neans is configured t@CtaR2e 008038
injecting means to supply oxidant into the effluent stream upstream from

t he nozzle, and to supply fuel to at |gast one of the |lance and the sleeve,
when the received data indicates that e effluent streamcontains a

fl uori ne-containing conponent 12. Apparatus according to Caim1l1l, wherein
the control neans is configured to control the injecting neans to supply
oxidant into the effluent stream upstreamfromthe nozzle, and to supply

fuel to goth the IApp@ramrsiabcbIﬂdMQele\(elanmmwrteln@nrtlaedrhjaelmgimmndi cat es
that the effluent stream contains a fluorine- co?t ai ni ng corrponi

chlorine (d2) . @m%%%? wariabla dowr eanitp! dvieesifon Marvmo es er ein
the control rneans i’g%l SR&%k@é{nfﬂltB‘?hégﬁygﬂr fff@gm' Lgis@l‘é%]rﬁ‘ﬂ'oﬁ?ﬂ%sné I§UPP! Yy

fuel at a rate of between mn an mn t east one the | ance
and tshe sl eeve, aritietaoritgh piganebelag arranged tatelestivélytonatnol teavatidte! / i n

into the effluent stream u[)gtream of the ngoé]lﬁef whe%({t%e recei veddat a
i ndi cates that the' ¥ FPOKRY IRYICRAIM 'ESRPETT WEEN®E 99'Fi n and 5 I/ nin of
a fluorine-containing conponent. 14. Apparatus according to any of C ains

10 to 13, wherein the fluorinecontaining conponent conprises a
per f | uor tar bon, f/eopp@amma@cqrdmgdb @rim 8 laiva 9smeraip. thaweairal us

according to any qf G aL8,ZidiRedfo cUFOIGhE ifiB&idd fleans to supply oxidant

10 to the lance, and to supply fuel into the effluent stream upstream
from the nozzle, when the received data indicates that the effluent

stream contains a fluorine-containing component.

11. Apparatus according to Claim 8 or Claim 9, wherein the control
15 means is 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.
20
12. 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
25 effluent stream contains a fluorine-containing component and
chlorine (Cly).

13. Apparatus according to Claim 11 or Claim 12, wherein the control
means is configured to control the injecting means to supply fuel at a
30 rate of between 5 I/min and 15 /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



conprises a hydrocarbon, preferably nethane. 16. Apparatus according to any
of Clains 2 to 15, wherein the oxidant conprises oxygen. 17. Apparatus
accor di ngvoao@amdpsecedi ng claim wherein the nozzl e extPemwB20d5008038 he

| ance. 18. Apparatus according to any preceding claim wherein the nozzle
is substantially concentric with the _I?Q(_:e. 19. Apparatus according to any
preceding claim wherein the sleeve is substantially concentric with the
nozzl e. 20. Apparatus according to any preceding claim wherein the nozzle

ot m wier el n t neaBBUERNE e bie SOBLT EaR TR ALE Pebladld ORI of:
surface of a forangiyaus og@snd:@jﬂr@eéomaihmgamﬂp@hm_conpri sing neans for

supplying to the burner a m xture of a fuel and an oxidant.22. A nethod of
treating an effluent fluid streamfrom a sem conductor manufacturing

process fgol, the | royvi di ng. ion
chanber 1rig'vi ng a n@é?@%%g%@ﬁmﬁ c#l{a%fzé@ﬁ%afgnttg @M&‘a%gfngthlgﬁmégtﬁ]tgd into
the combusti on chacdraainirsgtekiponehycomprsds ageirffuarotindosf fdrusaimslieraram a
first fluid streamft&&ot@p a | %}ce projecting into the nozzle, selectively
injecting into thelkeefs it 289 Sbsm a second fluid streamt hrough a sl eeve
ext endi ng about the nozzle, and adjusting at |east one of (i) the rate of
injection of at |east one of the first and second fluid streans into the
ef f | uent 15t r eam anfippaiiafus hecardingotoi ariyoof Glairas 2| tedst, whrereinf thelfaef i r st and

second fluid str ©8ptifes a hydrocarbon, preferably methane.

10
16. Apparatus according to any of Claims 2 to 15, wherein the oxidant
comprises oxygen.
17. Apparatus according to any preceding claim, wherein the nozzle
15 extends about the lance.
18. Apparatus according to any preceding claim, wherein the nozzle is
substantially concentric with the lance.
20 19. Apparatus according to any preceding claim, wherein the sleeve is
substantially concentric with the nozzle.
20. Apparatus according to any preceding claim, wherein the nozzle
terminates within the sleeve.
25

21. Apparatus according to any preceding claim, wherein the combustion
chamber is laterally surrounded by the exit surface of a foraminous
gas burner, the apparatus comprising means for supplying io the
burner a mixture of a fuel and an oxidant.

30



dependence on the conposition of the effluent stream 23. A nethod
according to Claim22, wherein one of a fuel and an oxidant is selectively
conveyed wo 200v01Bmace as the first fluid stream and oneCofGR2hes/dosmsB and
the oxidant is selectively conveyed to the sleeve as the second fluid
stream the selection of the fuel and jpxi dant being dependent on the
conposition of the effluent stream 24." A nethod according to Caim 22 or
Claim 23, wherein one of the fuel and the oxidant is supplied to the | ance,
and the other of the fuel and the oxidant is supplied to the sleeve, when
the effluent stream contains amonia. 25. A nethod according to C aim 24,

wher ei n gde fuel ignsatRBY ioftreating anddfRudht RAd weeamMlfrémE Sedibntictdrm n to
one of the lance and the sleeve, and the oxidant is supplied at a rate of

bet ween 5 and 20 |manufacturingsprecrss tedl, theanplieskcamprising the siaps ofwhen t he

effluent stream co ' ; l./m n ' 1:8,.26. A
nmet hod accordi ng t%Bmg%%ﬁﬁlga%h@g{%,h%\)\/ﬁﬂecf%?lﬁkél%tﬁgog{ghla\ém@ﬂgﬁpi ed to
the lsance, and f uedfflientssiam édlinjectéd ints ltiee combuistion chamdlel| sedattiveily eam

contains an organo-silane. 27. A method accqrding to C ajm 26, wherein the
fuel is supplied ipjeting fito 3ne BHluRIS iream ATHStAME SHeaTAnFoUgH BJRNGSr t he

| ance and the sle : : ' (g |k edh: 2t s 5
and 20 17min to ¢ MOSERS APIpRHER, sbolaRINEPNT ifo IE ErtlenPSh¥Ar
stream cont ai ns bed seeondflddisteam thrdugh 5 sléevenexiendingeaimodithanezza3. A

met hod according to any of Clajns 23 to. erein gne of the fuel and the
oxi dant is conveyéf‘qaﬂ%!ﬂs?%agkﬁﬁheﬂ? Og{'fé%ﬁ\giﬁgﬂ%ﬁion St at least one of
10 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.

23. A method according to Claim 22, wherein one of a fuel and an
15 oxidant is selectively conveyed to the lance as 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

oxidant being dependent on the composition of the effluent stream.

20 24. A method according to Claim 22 or Claim 23, wherein one of the fuel
and the oxidant is supplied to the lance, and the other of the fuel and
the oxidant is supplied to the sleeve, when the effluent stream

contains ammonia.

25 25. A 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.

30



fromthe nozzle in dependence on the conposition of the effluent stream
29. A nmethod according to Caim28, wherein the oxidant is supplied to the
| ance, amwtlot2hes/(f18355 i s conveyed into the effluent streamrcugR20&z08d380m t he
nozzl e, when the effluent stream contains a fluorinecontaining conponent.
30. A nethod according to O aim 28,,wherein the oxidant is conveyed

into the effluent stream upstreamfro'rﬁ'?’ﬁe nozzl e, and the fuel is supplied
to at | east one of the | ance and the sl eeve, when the effluent stream

cont ai ns fluoring- Il ; en . ing.to daim
30, V\/ner% n oxi dan?‘ 'ﬁgm@n#&ggaﬁgﬁgﬂyﬁiCA%M@E@%P@Q%@J@?%&@E&@ romthe
nozzle, and fuel isugiedltoale landeptndtibel ik 0pplicdtb tHeeslsbesghenten t he
ef fl uent stream contains a fluorine-containi nq conponent and chlorine (d 2)
. 32. A method acceiflypRpstrepraicentaing agrorgrae-#ilana. wherein the fuel is
supplied at a rate of between 5 |/mn and 15 |/mn to at |east one ofthe

| ance and the sleeve, and oxidant is supplied at a rate of between 5 and 20
| /m s i @A the effAurathodtaceardingtd Cisim 26, wherehn it fiel ishsupplibd atfef | uent

stream contains between 1 |/m nd 5 1/mn,. of a fluorinecontainin
conponent. 33. A nﬁt?ﬂ%bﬁ"d’\i‘%ﬁmﬁ@“'ﬂ@ngn{p 'rtioa‘i”h%og e['@“@‘?,""”aﬁg?e?n t he

LG RES" e SEHSEIB e IBANE SR TR ech Bt TP one
wherein the fuel c20pmiststhe diher ot theblance pindftbe stegvenuhieartbe effluent
stream contains between 0.5 I/min and 2.5 I/min of organo-silane.
10
28. A method according to any of Claims 23 to 27, wherein one of the
fuel and the oxidant is conveyed into the effluent stream upstream
from the nozzle in dependence on the composition of the effluent
stream.
15
29. A method according to Claim 28, wherein the oxidant is supplied to
the lance, and the fuel is conveyed into the effluent stream upstream
from the nozzle, when the effluent stream contains a fluorine-
containing component.
20
30. A method according to Claim 28, wherein the oxidant is conveyed
into the effluent stream upstream from the nozzle, and the fuel is
supplied to at least one of the lance and the sleeve, when the effluent
stream contains a fluorine-containing component.
25
31. A 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).
30
32. A method according to Claim 30 or Claim 31, wherein the fuel is

supplied at a rate of between 5 I/min and 15 I/min to at least one of



35. A nethod according to any of Clains 23 to 34, wherein the oxidant
conpri ses oxygen. 36. A nethod according to any of Cains 22 to 35, wherein
t he conbuwOi2006/aBsssber is |aterally surrounded by the epct/GRisawmsossf a
foram nous gas burner, and wherein a m xture of a fuel and an oxidant is
supplied to the burner. 19 -

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. A method according to any of Claims 29 to 32, wherein the fluorine-
containing component comprises a perfluorocarbon, for example one
of CF4, NF3 and SFs.

10 34. A method according to any of Claims 23 to 33, wherein the fuel

comprises a hydrocarbon, preferably methane.

35. A method according to any of Claims 23 to 34, wherein the oxidant
comprises oxygen. | |
15
36. A method according to any of Claims 22 to 35, wherein the
combustion chamber is laterally surrounded by the exit surface of a
foraminous gas burner, and wherein a mixture of a fuel and an
oxidant is supplied to the burner.

20



