METHOD AND APPARATUS FOR THE REMOVAL OF FLUORI NE FROM A GAS STREAM
The present invention is concerned with the renoval of fluorine from
a gas stream and finds particular use in the renoval of fluorine.
fromfluorine containing gases exhaustll ng froma process tool used in
the sem conductor or flat panel industry. CF4, 02F5, NF3, SF6 and
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f | uori nat eflatpanst ingigly.| uori nated reacti on by-products nust be
renoved (abated) fromthe chanber exhaust gas m xture prior to its
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In most cases excited fluorine species such atomic fluorine are formed in situ,
or upstream of a chamber, to react with unwanted deposits and form volatile
ﬂuorinated compounds that are easily pumped away. However, gas use
during these steps is often inefficient and so the effluent gas stream from the
tool can have a residual amount of either the fluorinated pre-cursor gas or a
range of other gaseous fluorinated reaction by-products.

Due to their toxicity andfor extremely high global warming potential any
unused fluorinated gases and fluorinated reaction by-products must be
removed {abated) from the chamber exhaust gas mixture prior to its release to
the atmosphere. At present abatement is commonly carried out by combustive
techniques, in devices such as inwardly fired burners, electrically heated
burners, open flame burners or plasma abatement devices. In these devices
the exhaust gases from the process chamber pass to a reactive zone where
there is sufficient energy and reactive species, in the form of heat and
fuelloxidant gases respectively, io effect the conversion of the fluorinated
gases to hydrofluoric acid (HF).



2 To neet stringent em ssion targets the hydrofluoric acid nmust then
be renoved fromthe gas stream which is often achieved wth wet
scrubbers. These require | arge volunes of water to dissolve the HF,
whi ch is subsequently renoved fromthe water by reaction with cal cium
salts as a calciumfluoride precipitate (CaF2). The precipitate is
separated fromthe water by settling and "caking" allow ng the water
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tetrafluoride (CF4), hexafl uoroethane (C2F6), silicon tetrafluoride
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In the first aspect the invention provides a method for the removal of a
fluorinated gas from a gas stream comprising the steps of: conveying the gas
stream containing the fluorinated gas to a combustion region, decomposing
the flucrinated gas in the combustion region, entraining a calcium salt capable
of reacting with the flucrinated gas decomposition products into the gas
stream to react with the fluorinated gas decomposition products to form
calcium fluoride ,and then removing the calcium fluoride salt from the gas
stream.

This provides a new method for the removal of fluorinated gases such as
molecular fluorine (Fz) and perfluorinated gases (for example nitrogen
trifluoride {(NFs), carbon tetrafiuoride (CFj4), hexafiuoroethane (CzFg), silicon
tetrafluoride {SiF,), and sulphur hexaflucride {SFg)} from a gas stream. The
method advantageously reduces the requirement for expensive multi stage
water treatment methods or inefficient dry bed reactors to remove the
fluorinated decomposition (abatement) products from the gas stream on
exiting the combustion region,



The conbustion region is preferably, but not Iimted to, that of
devices such as inwardly fired burners, electrically heated burners,
open flane burners, DC plasmas and m crowave plasma reactors. Such
devi ces, already w dely used for the destruction (abatenent) of
fluorinated gases, could advantageously be retro fitted with cal ci um
fluoride entrai nment devices, thus allow ng the user to save energy
w thout the need for |arge additional capital expenditure. The
calciumsalts may be entrained into the gas stream containing the
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The calcium salts may be entrained into the gas stream containing the
flucrinated gas using many of the methods know fo the skilled persen such as
air blown powder techniques, atomising spray techniques, simple spraying
techniques and vaporisation techniques.

A cartier gases may be also used to entrain the calcium salt into gas stream
including air, nitrogen, hydrogen, oxygen, methane, butane. The use of either
a reducing or oxidising carrier gas can advantageously improve the reaction
between the calcium salts and flucrinated decomposition products,

The calcium salt or its decomposition products must be able to react with the
fluorinated decomposition products formed in the combustion region to form
calcium fluoride, preferably without producing substantial gquantities of
undesirable additional gaseous by-products such as acids or NOx that would
require further expensive scrubbing techniques. Examples of suitable calcium
salts include, for example, CaO (Lime), CaCOj;, Ca(OH), (Slaked Lime), and



organo-cal cium salts such as Ca(CH3CH2CO2) 2. H20. The cal ci um
fluoride, which can then be renoved fromthe gas stream by one or a
conbi nation of filter, cyclone and el ectrostatic precipitator
devices. In apparatus where an atomisijng, or sinple spraying
technique are favoured it is pref erabl e to use cal cium acet at e,
Ca(CH3CH2CO2) 2. H20, as it readily fornms a concentrated aqueous
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schematic illustrated in figure 1 Figure 4 illustrates a second
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Figure 5 illustrates at rratlc he renoval ori nat ed
gas from angiy by ra4gevice local to the combustion device or by a scrubber unit
situated remotely from the combustion device, which allows the calcium
fluoride from several combustion devices to be removed in a centralised area
thus minimising the risk of particuiate contamination of the ultra clean

semiconductor processing areas.

Preferred features of the present invention will now be described by way of
example with reference to the accompanying drawings, in which:

Figure 1 illustrates a first schematic for the removal of fluorinated gas from a
gas stream.

Figure 2 shows an embodiment of the schematic illustrated in figure 1

Figure 3 shows a further embodiment of the schematic illustrated in figure 1
Figure 4 illustrates a second schematic for the removal of fluorinated gas from
a gas stream.

Figure 5 illustrates a third schematic for the removal of fluorinated gas from a

gas stream.

The drawings are not to scale



Like parts in different Figures are referred to bel ow by the sane
reference nuneral. Figure 1 illustrates schematically an apparatus
for the renoval of fluorinated gas froma gas stream The apparatus
conprises path 1 for conveying gas stream or streans containing
fluorinated gas, for exanple, punped froma sem conductor or fl at
panel display process tool by means of a vacuum punping system (not
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burner, oppomgl#ine burner, DC plasnma or mcrowave plasma reactor,
wherein the fluorinated gas is converted (abated) to HF. Conbustlon
region 2 also corrpri ses inlet 4 for entraining a calciumsalt, for
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gas stream exiting the conbustion re to cal ciumfluoride
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to path 6 V' uch 'a ' eatnr8blc>\.wn powder methods, atomising spray methods and
vaporisation methods. The calcium salt can be directly entrained into the gas
stream in the combustion region or alternatively first entrained into an
additional carrier gas stream, which is then supplied to the gas stream in the
combustion region 2 via inlet 4. The calcium salt, or its decomposition

products, reacts with the HF in the combustion region to form calcium fluoride.

Path 6 conveys the calcium fluoride-rich gas stream exiting the combustion
region 2 to calcium fluoride removal device or devices 10 in which the calcium
fluoride is removed from the gas stream, with a calcium fluoride lean gas
stream exiting the removal device 10 via path 12. Removal device 10 may be,
for example, a cyclone, filter and electrostatic precipitator, or combinations
thereof.

in order to both remove heat from the gas stream exiting the combustion
region 2 and ensure that the calcium fluoride remains airborne, and is



Figure 2 shows a preferred enbodi nent of the abatenment section of the
schematic apparatus illustrated in figure 1. The apparatus conprises
one or nore inlets 14 for receiving an effluent gas stream or streans
containing fluorinated gas. The efflugnt gas stream or streans
containing the fluorinated gas are conveyed along paths 1 to nozzles
16 fromwhich the effluent streamis injected I nto conbustion region
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upstream inlets 14.

Each nozzle 16 is located within a respective bore 18 formed in a ceramic top
plate 20, which defines the upper (as shown) surface of the combustion region
2. The combustion region 2 is within the bounds of the exit surface of a
foraminous bumer element 22 such as that described in EP-A-0 694 735. A
plenum volume 24 is formed between the burner and a cylindrical outer shell
3. A mixture of fuel gas such as natural gas, or hydrocarbon, and air is
introduced into the volume245 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 burner element 22.

In order to optimize combustion conditions to achieve abatement of the
particular fluorinated gas contained within the effluent gas stream it is
preferable to supply additional fuel gas and/or oxygen to enrich the effluent
stream prior to its entry into the combustion region 2, Therefore the apparatus
includes means, by way of a lance 28 substantially concentrically positioned
within the nozzle 16, for introducing oxygen into the effluent strearn upstream



7 of the conmbustion region 2, simlar to that described in EP 0 802
370 A2. Additional fuel gas may be added by any suitable neans (not
shown) to the effluent gas stream at any conveni ent point upstream of
t he conbustion regi on. However, for reasons of flanmability, the
oxygen and fuel gas should not be piesent in the effluent streamfor
any appreciable length of time prior to their injection to the
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Fluorinated gas + Fuel + Oxygen - HF + CO/CO; and H,O (1)

The apparatus also comprises one or more calcium fluoride entrainment
devices 30, preferably an atomising spray device although other entrainment
devices are also suitable, located within ceramic top plate 20. The calcium
fluoride is entrained into the gas stream in the combustion region, by any of
the aforementioned means, via inlet 4. The entrainment device/or devices 30
and their corresponding inlets 4 are positioned such that sufficient mixing of
the entrained calcium fluoride and effluent gas stream occurs in the
combustion region 2 without inhibiting the flame extending from the nozzle 16
into the region 2. Upon entrainment into the gas stream in region 2 the
calcium salt, or its decomposition products, reacts with hydrofluoric acid from
the abatement of the fluorinated gases to form calcium fluoride by the general
formula:

HF + Calcium salt > CafF; {(2)



The gas stream and cal cium fluoride then exit the abatenent apparatus
via exit 32 and are conveyed to one of the aforenentioned device or
devices 10 for the renoval of the calciumfluoride fromthe gas
stream Figure 3 shows a further prefgrred enbodi nent of the

abat enent section of the schematic apparatus illustrated in figure 1.
" The apparatus conprises one or nore conbustion nozzles 34 connected
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48 conprises second apertures 52 surrounding the first apertures 46
fromthe first plenum chanber 40. The second apertures 52 allow the
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chanber 2. oxidant, for example, a mixture of methane and air, providing a combustion
gas for forming combustion flames within the combustion region 2, and a
plurality of outlets 48 from which the combustion gas exits the plenum 40 into
the combustion chamber 2. As illustrated in Figure 3, the combustion nozzle
34 is mounted in the first plenum chamber 40 such the nozzle 34 passes
substantially co-axially through a respective outlet 46 and that the first
combustion gas mixture is conveyed into the combustion chamber 2 about the
combustion nozzles 34.

As also illustrated in Figure 3, the first plenum chamber 40 is located above a
second annular plenum chamber 48 having an inlet 50 for receiving a second,
pilot gas mixture of fuel and oxidant, for example, ancther mixture of methane
and air, for forming pilot flames within the combustion chamber 2. As



The first conmbustive gas m xture exiting apertures 46 is ignited by
the pilot flame, formed fromthe second pilot gas m xture exiting
apertures 52, to forma conbustion flane extending into the
conmbustion region 2 concentrically suwrounding the path of the
effluent gas streamexiting the nozzle 34. The effluent gas stream
conveyed through the nozzle 34 enters the conbustion region 2 via
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figure 1, hovvever the inlet for entraining calciumsalt into
fluorinated gases are abated according to the general formula (1) above.

The combustion chamber 2 is within the bounds of a substantially cylindrical
conduit 54. The conduit 54 has a plurality of apertures 56 through which gas
can pass from plenum chamber 58 formed between the conduit 54 and an
outer shell 60. A suitable calcium fluoride entrainment device, preferably an
air blow powder device or atomising spray device (not shown), although other
entrainment devices are also suitable, is used fo entrain a calcium salt into a
gas stream, for example air, which is fed into the plenum chamber 58 via inlet
4. The calcium salt enriched gas enters combustion region 2 via apertures 56.
The calcium salt, or its decomposition products, then reacts with the HF to
form calcium flueride according to the general formula 2 above. The effluent
stream and calcium flucride then exit the combustion region 2 via exit 62 and
are conveyed from the abatement device to one of the aforementioned device
or devices 10 for the removal of the calcium fluoride from the gas stream.

Figure 4 illustrates schematically a second apparatus for the removal of
fluorinated gas from a gas stream. The apparatus is substantially similar to
that illustrated in figure 1, however the inlet 4 for entraining calcium salt into



the gas streamis positioned in path 1 so that the calciumsalt is
entrained into the gas streamcontaining fluorinated gas prior to it
bei ng conveyed into the conbustion chanber 2. In use of the apparatus
shown schematically in figure 4 an efid uent gas stream containing a
fluorinated gas is conveyed along path 1 wherein a calciumsalt is
entrained into the gas stream using any of the aforenenti oned neans,

via inlet 4 e st . Ikl t ' : :

cai ci um 11 (5T 3t bER B 130! 57 thegRsirE seR £ Erdipa imo

f1 uori nat etheggss istiea!haicenhiningfftnmmalédvgés:briaretadt beingt donveyed irlto ithen
salt or |tsd 0 o%@ roductstoformcalciumfluoride. The gas
st ream confd ﬂgjp“c um fluoride is then conveyed fromthe

conmbustion region 2, along path 6, to one of aforenentioned cal cium
fluoride rermval deV| ce or devices 10, wherein the calciumfluoride

i s renovedntyssholithe agraratys eaownachamatically ndigwe dan eBlent 9as SRR de
removal deaérﬁsmmggae PRbAndtéd q‘és%%h@éy&pﬁenf? ahtrpar wﬁar@in FEAlciupx¥gIen

and nitrogen nay opti onal @!ﬁeadded via in to the gas stream
conveyed aismrqmmmm the gar slieameusing apyiof mﬁraioremenfwer:ldngaw via
ai rborne u | I I re
5 illust rai'lt}llgaést 4sgtr|1-' en@?sc %g%lﬁ%ﬁ @itﬂé‘%gg&g}%mgg a{\ ﬁ:éé'rlcgtr?}rgvaong?%'
f 1 uori nat ecbnyayed rtommwlostnegwmn ZWmeremptlueaﬂtumMaheds gbstiarabated o

ont & ni nefouR HF e rpSes it ERIkiGR, SIERL € asBRBYSTioh Briduds R°°
so that thfarmadm[um fardridel S'hergaeaatmm cohtaininethgacalcumeiuoridei is |mg1
combusti on chanb . In use .he a ar apus ,shown i}cg tlcaII

figure 3 aCYWEYE ré’&fﬂ Bt aﬁ°ﬁ? ‘Q“ff PR ndt RO sPR %y@ﬂea

path 1 to smHekidHedr @abitm ﬁuoﬂ&éeféi‘hévdl R vick Ut déViderd 10aWheReim B ed
The gas stream containing the fluorinated gas decorrp05| tion products

i s conveyeepleiwayfiyaride ie samaued Gam K ane straam whighrthen gxits dhe calcium
cal ci um safioride r@H{oﬁin d b Patilhigp0as streamvia inlet 4, enabling

the calciumsalt or econposi tion products to react W|th 11

A carrier gas, for example, air, oxygen and nitrogen may be optionally added
via inlet 8 to the gas stream conveyed along path 6 to encourage the calcium
fluoride to stay airborne until it reaches caicium fluoride removal device 10.

Figure 5 illustrates schematically a third apparatus for the removal of
fluorinated gas from a gas stream. The apparatus is substantially similar to
that illustrated in figures 1 and 4, however inlet 4 for entraining calcium sait
into the gas stream is positioned in path 6 so that the calcium salt is entrained
into the gas stream exiting combustion chamber 2.

In use of the apparatus shown schematically in figure 3 a gas stream
containing a fluorinated gas is conveyed along path 1 to combustion region 2,
wherein the fluorinated gas is abated. The gas stream containing the
fluorinated gas decomposition products is conveyed away from combustion
region 2 via path 6 wherein a calcium salt is entrained into the gas stream via
inlet 4, enabling the calcium salt or its decomposition products to react with



the fluorinated gas deconposition products to formcal ciumfluoride.
The gas stream containing the calciumfluoride is then conveyed
further along path 6, to the calciumfluoride renoval device or

devi ces 10, wherein the calciumfluoride is renoved fromthe gas
stream whi ch then exits the cal ciumfluoride renoval device via path
12. A carder gas, for exanple, air, oxygen and nitrogen may be
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fluoride removal device 10. The carrier gas may also be added with the
calcium flucride via inlet 4.



3. A nethod according to Claim2, wherein the perfluorinated gases
are one or a mxture of nitrogen trifluoride (NFQ carbon
tetrafluoride (CF4), Hexafl uoroethane (C2F6), Silicon tetrafluoride
(Si F4, Sul phur hexafl uoride (SF6). 4.1 met hod according to Caiml,
wherein the calciumsalt is one or a mxture of CaQ CaCl3, Ca(OH) 2,
Li me, Sl aked Linme and Ca(CH3CH2CO2) 2. H20 5. A net hod according to any
preceding claim wherein the calciumsalt is entrained into the gas
stream downst ream of the conbustion region 6. A nmethod according to
any preceding claim wherein the caldaili® salt is entrained into the
gas streaminside the conbustion zone 13 7. A nethod according to
any preceding claim wherein the calciumsalt is entrained into the
gas stream upstream of the conbustion zone

1. A method for the removal of a fluorinated gas from a gas stream
comprising the steps of. conveying the gas stream containing the
fluorinated gas to a combustion region, decomposing the flucrinated
gas in the combustion region, entraining a calcium salt capable of
reacting with the fluorinated gas decomposition products into the gas
stream to react with the fluorinated gas decomposition products to form
calcium fluoride and then removing the calcium fluoride salt from the

gas stream.

2. A method according to Claim 1, wherein the flucrinated gas is one or a
mixture of molecular fluorine (F2) and the perfluorinated gases.

3. A method according to Claim 2, wherein the perfluorinated gases are
one or a mixture of nitrogen trifluoride (NFa), carbon tetrafluoride (CF.),
Hexafluoroethane (C2Fs), Silicon tetrafluoride (SiF,), Sulphur

hexafluoride (SFg).

4, A method according tc Claim 1, wherein the calcium salt is one or a
mixture of Ca0, CaCO0as, Ca(OH),, Lime, Slaked Lime and
Ca(CHg,CHz'COz)z.HzO

5. A method according to any preceding claim, wherein the calcium salt is

entrained into the gas stream downstream of the combustion region

6. A method according to any preceding claim, wherein the calcium salt is

entrained into the gas stream inside the combustion zone



8. A nethod according to any preceding claim wherein the cal cium
salt is entrained into the gas stream by an air bl owmn powder
technique 9. A nethod according to any of Clains 1 to 7, wherein the
calciumsalt is entrained into the gag stream by a sinple spraying
techni que 10. A nmethod according to any of Clainms 1 to 7, wherein the
calciumsalt is entrained into the gas stream by an atom sing spray
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that of an electrically heated burner. 13. A nethod according to any
of Clains 1 to 10, wherein the conbustion region is that of an open

flane burngr. 14 mého8LBeskdmyan hlyiBedatifd ¥laith, Wherelibthé dafidil salt is
wherein the conbustion region is that of a plasnma reactor,
entrained into the gas stream by an air blown powder technique

9. A method according to any of Claims 1 to 7, wherein the calcium salt is
entrained into the gas stream by a simple spraying technique

10. A method according to any of Claims 1 to 7, wherein the calcium salt is
entrained into the gas stream by an atomising spray technique

11. A method according to any preceding claim, wherein the combustion
region is that of an inwardly fired burner.

12. A method according to any of Claims 1 to 10, wherein the combustion
region is that of an electrically heated burner.

13. A method according to any of Claims 1 to 10, wherein the combustion
region is that of an open flame bumer.

14. A method according to any of Claims 1 to 10, wherein the combustion
region is that of a plasma reactor.



