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Field Of The Invention
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This invention relates to an apparatus and process for abatement of fluorine in gases

containing same, as for example in effluent gas streams produced in semiconductor

manufacturing operations.

15  Description of the Related Art

The trend of recent years in the semiconductor industry has been to optimize reactors
that use perfluorinated compounds (PFCs), as an approach to minimizing the presence
of PFCs in the effluents of such reactor systems.

20

Despite the pervasiveness of this approach, there is also emerging a renewed effort to
resolve the problem of PFC emissions by treatment of effluent gas streams from such
reactor systems, to remove high concentrations of fluorine gas and other fluorinated

organic gases from the effluent gas streams that are discharged from the reactor or other

25  process tool.

In December 1997, over 160 countries of the world negotiated the Kyoto Climate
Protection Protocol. This global agreement is intended to encourage immediate efforts
to reduce the emission of greenhouse gases. Perfluorinated gases and sulfur

30 hexafluoride (SFs) were listed among the six gases specifically targeted under the
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optimization, alternative chemicals, recovery/recycle, and abatement. Process
optimization was recognized by industry leaders as the preferred choice to reduce PFC

emissions; abatement fell last on that list.

Process optimization involves adjusting the operating conditions in the reactor to
achieve enhanced PFC conversion within the tool. Existing non-optimized conditions
result in PFC utilization that vary depending on the specific gas and process used. For
instance, oxide etch using a combination of CF; and CHF; ranks lowest with 15%
efficiency. Tungsten deposition processes are reported to utilize up to 68% of NFs.
Recent developments in optimized plasma clean technologies were proven to provide
up to 99% NF; utilization within the tool (Proceedings of the Global Semiconductor

Industry Conference on Perfluorocarbon Emissions Control, Monterey, CA. April 7

and 8, 1998).

High PFC conversions result inevitably in the formation of hazardous air pollutants
(HAPs). Breakdown products include mostly fluorine (F3) and silicon tetrafluoride
(SiFy4) gases and to a lesser extent HF and COF,. Destruction of fully fluorinated gases
generates considerably augmented HAP yields compared to the initial PFC volumes

delivered to the tool. For instance, assuming stoichiometric conversion of PFCs nto

) and
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of (POU)) abatement devices in order to minimize potential dangers and to prolong tool

operation. Out of all fluorinated inorganic gases, fluorine gas, Fz, poses the higher
15  challenge for its abatement and the ensuing description addresses existing alternatives

for its abatement.

Current fluorine abatement alternatives include dilution, dry, thermal and wet

techniques.
20

In dilution treatment, non-reactive gases are added to lower the concentration of

fluorine and other hazardous materials in the effluent stream being treated.

At high concentrations, fluorine reacts exothermically with all elements except Oz, Na,
25 and noble gases. Consequently, a reasonable approach to F, abatement is to remove
this highly active gas using naturally occurring reactions without adding energy to the

system.

In the dry abatement methods for F, removal, the fluorine gas stream is flowed through
30 adry bed filled with a reactive material. Alumina has been used in the past for this
purpose (J.T. Holmes et.al. I&EC Process Design and Development, Vol 6, No.4, pg

411 (1967)). In this approach, suitable dry chemicals convert F; into innocuous solids



system In the dry abatenent nmethods for F2 renoval, the fluorine gas
streamis flowed through 30 a dry bed filled with a reactivmsgaterial.
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efficiency of most acid gases decreases as a function of increasing temperature. In
addition, containment of hot concentrated acids requires expensive materials of

15  construction to prevent temperature-enhanced corrosive attack on lines, vessels and

fittings.

In wet abatement methods, the fluorine is reacted with H,O. The main products of the
reaction between water and F» are HF, O, and HyO;. (Cady, G.H. I. J. Am. Chem. Soc.
20 57, 246 (1935). Objections to using water scrubbers include concerns over the
formation of unwanted OF,, and the large water consumption necessary to achieve

) acceptable removal efficiencies at high fluorine challenges.

It therefore is apparent that all of the conventionally employed approaches to abating

25 fluorine in effluent gas streams have associated deficiencies, which limit their

commercial viability and amenability to economic and practical use.

It correspondingly is an object of the present invention to provide an improved
apparatus and method for the removal of fluorine and fluorine-containing gaseous

30 compounds from gases containing same.
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It therefore is apparent that all of the conventionally enpl oyed approaches
to'abating 25 fluorine in effluent gas streans have aSSOCiﬁtﬁd T 4
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econom ¢ and practical use. It correspondingly is an object of the present
invention to provide an inproved apparatus and nethod for the renoval of
fluorine and fl uorine-containing gaseous 30 conpounds from gases
containing same. 4 1 5 OCT 2 094 It is another object of the invention to
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the invention will be nore fully apparent fromthe ensuing disclosure and
appendefiom|samipendSimnmre fetuEORCREIRTI ON 10 The present invention rel ates
to an apparatus and nethod for abating gaseous fluoroconpounds (such term
bei ng used herein to include gaseous fluorine and/or other

fl ud i nethepdbRERI Aad Ghasaps cbtpdundsionewifl. be Fdrafdly hpparémdromdhecal s, from
gases 15 contajning such fluoroconpounds. In one aspect, the present

I nvent i @uing|diclosuiesng aBP%’é‘éiglaFB%— abat ement of gaseous fluoroconpounds in
a gas containing sane. Such process conprises injecting a fluoroconpound
abat enent nediuminto the fluoroconpound-contai ning gas, wherein 20 the

fl uoroconpound abat enment medi um conpri ses at | east one of steam nethane

and hydrogen, optionalli in furthgr c tLhation.wth a catal yst effective
to enhance the abatenestM Y T&fﬁigﬁgg : .M!ANWnen t he fl uoroconpound
abanenent nedi um contai ns nethane and/ or hydrogen, the injection of the
fl uoroconpound abatenent mediumis conducted under non-conbustion

condi ti ons.
The present invention relates to an apparatus and method for abating gaseous

fluorocompounds (such term being used herein to include gaseous fluorine and/or other
fluorine-containing gaseous compounds, e.g., F, and fluorine radicals, from gases

15  containing such fluorocompounds.

In one aspect, the present invention relates to a process for abatement of gaseous
fluorocompounds in a gas containing same. Such process comprises injecting a
floorocompound abatement medium into the fluorocompound-containing gas, wherein
20  the fluorocompound abatement medium comprises at least one of steam, methane and
hydrogen, optionally in further combination with a catalyst effective to enhance the
abatement, with the proviso that when the fluorocompound abatement medium contains
methane and/or hydrogen, the injection of the fluorocompound abatement medium is
conducted under non-combustion conditions.
25
In another aspect, the invention relates to a process for abatement of gascous
fluorocompounds in a gas containing same, said process comprising injecting a
fluorocompound abatement medium into the fluorocompound-containing gas, wherein

the fluorocompound abatement medium comprises at Jeast one hydrocarbon gas and the



25 I n anot her aspect, the invention relates to a process for abatenent of
gaseous fluoroconpounds in a gas containing sane, said process anpnh§jng
injecting a fluoroconpound abatenent mediuminto the R

fl uor oconpound- cont ai ni ng gas, wherein the fluoroconpound abatenent nmedi um
conprises at |east one hydrocarbon gas and the 5 injection of the ‘
fl uor oconpound abatenent nmediumis conducted under non conbustion
conditions. 5 A further aspect of the invention relates to a steam

i njection fluoroconpound abatenent apparatus conprising: an elongate fl ow
passage; r t i 0 | (o] (%0) wHad ypng&ntminhi N as
theretJnggﬁgﬁf?fgﬁgeﬁ%n?ﬂ%¥%gﬁafg%ﬁ%P%% ?&?ggghﬁt%gﬂ?ﬁbm/passage nenge? 10
to a segisBbsehamsend thereof; a heat source for heating the

f I uor oconpound-containing gas during flow through the elongate flow
passage nenber to a reaction zone at an internediate portion of the

el ongate fl ow passage nenber between its first and second ends; and 15 a
steam source arranged to inject steaminto the reaction zone of the

el ongate flow passage nenber. O her aspects, features and enbodi nents of

t he 5| nv& ffitritlen aspelct oftbe iroeatidrutelajesdp pastaant injeztion floptorpraparsiabagmenscl osur e
and appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a top

pl an viappamfusaompppagat us for steam inj ection abatenent of fluorine 25
according to one enbodi rent of the invention. Figure 2 is a side elevation
view of the apparatus of Figure 1. 6 1 5 OCT 2004

an elongate flow passage member adapted for introduction of fluorocompound-
containing gas thereto at a first end thereof for flow through the flow passage member

10  to a second discharge end thereof;

a heat source for heating the fluorocompound-containing gas during flow
through the elongate flow passage member to a reaction zone at an intermediate portion

of the elongate flow passage member between its first and second ends; and

15

a steam source arranged to inject steam into the reaction zone of the elongate

flow passage member.

Other aspects, features and embodiments of the invention will be more fully apparent

20  from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top plan view of an apparatus for steam injection abatement of fluorine

25  according to one embodiment of the invention.

Figure 2 is a side elevation view of the apparatus of Figure 1.



Figure 3 is a graphical representation of the product distribution for the
reaction between nethane and fluorine gas. Figure 4 is a graph of fluorine
destruction as measured by effluent fluorine 5 concentratipsg, irTE at

t he exhaust of the treatnent facility, as a function of hydroggrq W«N
rate, in standard liters per m nute. DETAILED DESCRI PTI ON OF THE | NVENTI ON,
AND PREFERRED 10 EMBODI MENTS THEREOF The present invention relates to the
di scovery that injection of steam hydrogen, and nethane nay be
efficiently and advant ageously used to abate fluorine and fluorine-
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E.l. dubg%énﬁ@ﬂ%mﬁuoriﬂaggas,to abate fluorine gas in chem cal process
plants was described in 1954 (Smley, S.H and Schmtt, C.R Ind Eng.
Chem, 46, pg 244 (1954)) and in a follow up paper in 1962 (Streng A G
Conmbustion Flanme, 6, pg 89 20 (1962)). The present invention is a departure
f rom t hFigufer i4oris worgeaptand finotine elesteiatiam as npepstiedn bpas@lgensn flupeng peci fi ¢
requi rements and conditions of point-of-use abatenent of fluorine and

f1 udy i neoncenttationj mppyasietheienhawstitba teamment Seflituase fondtioned hydiege? certain
conditions, steamreacts with a preheated flow containing fluorine gas to
25 f or nfl¢4F ratedi inlstanderdditere per winufhe reacti on bei ng hi ghly dependent on the
initial concentration of fluorine in the fluorine gas stream the gas
tenperature, and the ~volune of steaminjected. Figure 1 is a top plan view
and Figure 2 is a side elevation view of a schematically 30 rendered steam
i njection apparatus 10 according to one enbodi nrent of the invention, 7 for
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The present invention relates to the discovery that injection of steam, hydrogen, and
methane may be efficiently and adiantageously used to abate fluorine and fluorine-
containing compounds from gases containing same.
15

Steam injection has been employed in prior efforts to treat gas streams. An apparatus
built by E.I. du Pont de Nemours, Inc. to abate fluorine gas in chemical process plants
was described in 1954 (Smiley, S.H. and Schmitt, C.R. Ind. Eng. Chem., 46, pg 244
(1954)) and in a follow-up paper in 1962 (Streng A.G. Combustion Flame, 6, pg 89

) 20  (1962)). The present invention is a departure from this prior work, and utilizes steam
injection based on the specific requirements and conditions of point-of-use abatement

of fluorine and fluorine-containing gases in semiconductor effluent streams.

Under certain conditions, steam reacts with a preheated flow containing fluorine gas to
25 form HF, with the extent of the reaction being highly dependent on the initial
concentration of fluorine in the fluorine gas stream, the gas temperature, and the

volume of steam injected.

Figure 1 is a top plan view and Figure 2 is a side elevation view of a schematically

30 rendered steam injection apparatus 10 according to one embodiment of the invention,



Referring now to Figure 1, the system consists of a gas preheating stage 6,
in-which the 5 fluorine-containing gas 12 is flowed into the gas flow
passage 24 bounded by passage wall 22 in al um num bl ock 14. %‘ﬁ’e%ﬁliu&ﬂﬂr’um
block 14 is fornmed in two half-sections 16 and |IS. Each of the half
sections has respective channels therein that upon mating of the half- 10
sections fornms a first throughbore for passage of a water |ine 26

t her et hrough, and a second throughbore for installation of a cartridge
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mechani cal fasteners, hinges, clasps, set screws, keying or |ock
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steam tpen,d g i ntroduced to the gas flow passage 24 at steam entrance 30,

at an internedi ate section of the passage. The steamthen m xes and reacts
25 with the fluorine constituent(s) of the gas stream The heat of the
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di scharge tenperature and exhausted ) fromthe passage at the exhaust 9.
8 1 5 GetorDMoighborpidr dnstallativnl éfivg catridgs iafanrikh therein.t dhgudwainunhe gas
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use of suitable means (not shown in Figures 1 and 2) for disengageably engaging the
respective half-sections to one another. Such means may for example comprise

15  mechanical fasteners, hinges, clasps, set screws, keying or lock structures, integrally

formed connectors on each half-section, etc.

The pre-heat stage 6 thus includes an extended length flow path through which the gas
stream flows to the reaction stage 7 of the apparatus, while the water line 26 carries
20 water from a suitable source (not shown) for heating by the cartridge heater 20 to

generate stream.

The thus-generated steam then is introduced to the gas flow passage 24 at steam
entrance 30, at an intermediate section of the passage. The steam then mixes and reacts

25  with the fluorine constituent(s) of the gas stream.

The heat of the reaction then is dissipated by heat exchange cooling coils 32 helically
circumscribing the cooling stage 8 portion of the passage 24. The gas stream during its
flow through the passage is cooled to a suitable discharge temperature and exhausted

30 from the passage at the exhaust 9.



acconplished in a nunber of ways, such as using the cartridge heater/netal
bl ock conmbination illustratively shown, or by any other suitable neans. 5
St eam can be generated using the sanme heating source used to 9§ BcQgqdseigshe
tenperature of the gas stream or using an independent steam generator. The
guench region may be desirable if the effluent gases are delivered into an
addi tional scrubbing system requiring the streamto be cooled. 10 The
following Table 1 sumari zes experinmental results injecting superheated
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requiring the stream to be cooled.
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The following Table 1 summarizes experimental results injecting superheated steam
(300 F, 60 psig) to a varying concentration of a heated stream containing fluorine gas.
These results were generated by delivering the steam into the oxidizer of an EcoCVD™
electrothermal oxidizer abatement device, commercially available from ATMI Ecosys
15  Corporation, San Jose, CA. Table 1 below summarizes results for the abatement

(destruction and removal efficiency, % DRE) of F.

Table 1. F, abatement injecting steam into the oxidizer of the EcoCVD™ Unit

Tot Proc N2 TotF2in F2 inlet HF Out F2 Out F2 % DRE
slpm slpm (ppm) (ppm) (ppm)

220 2.5 11364 252 1041 90.84

190 2.5 13158 365 694 94.72

130 2.5 19231 379 128 99.34

130 3 23077 533 128 99.44

130 4 30769 462 67 99.78

20
Table 1 shows the DRE levels for F, to be at least 90% in all runs.

It is to be recognized that steam injection can be used in combination with a catalyst to
enhance the destruction efficiency of the fluorine gas and fluorine-containing gaseous
25  constituents of the gas stream. Such catalysts can include (among others) metals, spark
generating devices, glow plugs, hydrogen, ammonia, hydrogen peroxide, reducing

agents, bases, or any catalytically active organic compounds.




generating devices, glow plugs, hydrogen, ammonia, hydrogen peroxi de,

reduci ng agents, bases, or any catalytically active organikp;;c_qgrpomqg 9
1. The fluoroconpound abatement process of the invention may~betcafried out
at any suitable process conditions, with the proviso that when hydrocarbon
gases (e.g., nethane) and/or hydrogen are used as the fl uoroconpound

abat enent nedi um such abatenent conditions do not enconpass or nedi ate
conmbustion of the fluoroconpound 5 abatenent nedium The choice of

approprj ate progess condi ti ons w | | on Lfice fl conpound
abat ement  nedicuHARSITRAER aﬁﬁtamﬁ%typnge%fgégg}el 1{/“’%13{%&%%%% CL‘%\F r%ﬂ?\ 1?he skil |
of the gftsuitdblt 1Rodess BEBLGIP SRThNBB thadviaN that Whef ¥BR) carboa UgBes@E.,

conbusti on abatenent conditions may include a tenperature i.n the range of

f r om apoethanc) 20diop hydoeen 25 wegesi the Aarocpapayrd abpiracd JRHYRy 8¥QY t hat

st eam i - 1. i L+SOP n organic
compourtpeelt dheBiohs B8 b8 ey e itpo N GBRu R o B EOBBwET 2" Do
I N genebalemehh@icdionc eMhe ahdion od hpprapridty ptoces deditioablwillidepéreon tlenge of 2

to 15% by vol ume, based on the volume of water (at stangdard tenperature 15
and pr spetifie lueiegempery dptemsnt medium emplgrsth s H&wé?srﬁ%‘ggf %é%g&dl vely),

and mrvﬂt}{ilﬁ rtﬁJ gl%lﬁﬁ(%fy th-(ll3 Mm%tel{oapgﬁd&f e rﬂeﬂfﬂeﬁ‘t@tﬂb’ﬁ. Fop éxgwg\%(?ghchm{% )y vol une,

based on e Vv e foregoing results s at the use of

st eam icombastnndhicarRnidriditéons atiydnclade 2 Englekamelin thesahgit dDffomaibbutghl y

efficacious to reduce the fluorine content of the effluent gas stream

cont ai A2Ad B9QBri ne or ot her gaseous fluorine-containi ng conpounds. Met hane

i nj gcti on is anot her nethodol ogy that may be enployed in the practice of

the invention to abate fluorine constituents of effluent gas streans

cont ai mxperimeantel re2bltsT havendérhanserated ythitestean eloped] witht o Ja3theatvett miwe to abate

t f [ .

a st e%?m%en Es!o%?gﬂypglcg}?(i’(ag E)rgtagi% compound) and water abated 2.5 slpm F, in 220
slpm N to less than 1 ppm. In general, the concentration of catalyst is desirably in the
range of 2 to 15% by volume, based on the volume of water (at standard temperature

15  and pressure conditions of 25°C and 1 atmosphere pressure, respectively), and more
preferably in the range of from about 2.5 to about 7% by volume, based on the volume

of water.

The foregoing results show that the use of steam in combination with an aqueous
20  alkanolic solution is highly efficacious to reduce the fluorine content of the effluent gas

stream containing fluorine or other gaseous fluorine-containing compounds.

Methane injection is another methodology that may be employed in the practice of the
invention to abate fluorine constituents of effluent gas streams containing same.
25
The methane may be injected into a heated zone to abate a stream of fluorine gas, or the
fluorine or fluorine-containing gaseous compounds of a gas stream containing same.
Existing methods of abatement which utilize methane to generate heat (via combustion
with oxygen or air), utilize 50 times the volume of methane used in a representative
30 embodiment of the present invention. In accordance with this aspect of the invention,
methane behaves solely as a reaction catalyst while heat is produced using electrical

means (not combustion). This distinction is an important one, inasmuch as the cost of

10




fluorine or fluorine-containing gaseous conpounds of a gas stream
contai ning sane. Existing nethods of abatenment which utilize neth

generate heat (via conbustion
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25

30

determinable without undue experimentation, by stoichiometric and thermodynamic

analysis for the specific gas composition being treated in the abatement process of the

invention.

It therefore is to be recognized that, while the described invention was successful in
destroying fluorine using methane, small volumes of other organic species (other than
methane) would behave similarly. These organic species could include other
hydrocarbon gases (ethane, propane, butane, etc.) in addition to organic liquids, and
solid organic sources. In general, however, because of cost and “cleanliness” of the

reaction involved, methane is highly preferred.

Hydrogen injection may be employed in another aspect of the invention for the

abatement of fluorine and fluorine-containing gas components in a gas composition

containing same.

This aspect of the present invention involves the injection of hydrogen to a heated
reactor to convert fluorine to hydrogen fluoride. This method has the advantage over
the use of methane, in that it does not generate organic fluorinated species. The volume

of H, introduced is highly dependent on the overall gas flow rate of the stream to be
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solid organic sources. In general, however, because of cost and
"cl'eanl i ness" of the reaction involved, nethane is highly preferred. 25
Hydr ogen injection may be enpl oyed in another aspect of the iy eBET otbftor
the abatenent of fluorine and fluorine-containing gas conponents in a gas
conposition containing sane. This aspect of the present invention involves
the injection of hydrogen to a heated 30 reactor to convert fluorine to
hydrogen fluoride. This nethod has the advantage over the use of nethane,

in that aﬂattedjé}ﬁ:ﬁﬂﬂ indIERNEIR LGRS 9RNtFealt], UPIhRAL @S RGEH&Sthe AQNOLIME  of H2
i ntroduced 1s highly dependent on the overall gas flow rate of the stream

to be 1HydrogeneCTssanOw abrvedompiited Fudasitngiaonthmse resiutthivere penesaledeam
Fi gure 4 denonstrates the. vol une,.of dr pRcessary to, achi gve conplete
F2 dest Piid D3frossh dYecomsim &@ %é‘ihéerg%aé gt%gﬁ{h)usi %ﬁ‘%ﬁﬂ}%’@&%ﬁxﬁ Ai'%tion in

the oxidizgf cﬁéuéﬁgecﬁ%@(@am @i@;ﬂ{aﬁmﬁmﬁakwm g, iaﬁdMsE))‘rﬁFﬁm chal | enged
with 160 or ‘220 sFpm N2 m xed with 1, 2.5, and 4'slpmF2. 5 In the

i njéction of hydrogen gas for the abatenent of the fluorine and/or

fluorine- _caontaj.ning,c onents. of, a .process S £0NDOS] t.j he hydrogen
is rea ﬁwwmfﬁ“?még19%3%??&@S§8%ﬂ§h‘%?2“ d%ggﬁgﬁpgﬁﬁﬁﬁé?ﬁgH“%%ﬁai¥iong,
as agai dbn@%ng%oﬁl?éﬁédté/%f £8tRELY AaRbMpYAitidi, Nhd hpdrskdd Is redciédheithrbe Wi t hout

undue experinentation, he expedi ent 10 of storchionetric and
t her modfjraimic c cempdnesiss undendnemearnprstion pranidiions.aes againTeayr b ueedilof Fi gure

4 indicate th e I- IS I I’ when.the J.niti nge
cont ai rfggqr@é@%;q %Wﬁ@ﬂ%@ ,%Q}%Cfﬁa?ﬁf‘%gl\}\@ggureeeé S éé\lglgta{tl(lmr’rtgg Qﬂ(‘%?)gz{%girehgver al |
flay ratsesdhiohbrid@ad kierabllyase snalpadabetentifie sk patzhdnoationas achi eved when
using between 5 15 and 8 sl pm of hydrogen gas. It should be recognized

t hat hydrogen can be either provided froman external source or generated

I n-situp s g dye HE&E HRRRLAL MG SR ®©§arogHt Ns 38qffaCvReh R Mhiiel hydr ogen
challenge contains less fluorine gas, and at lower residence times (higher overall flow
rates). In nearly all cases, complete destruction was achieved when using between 5

15 and 8 slpm of hydrogen gas.

It should be recognized that hydrogen can be either provided from an external source or
generated in-situ using hydrogen generating sources such as an electrolytic hydrogen
generator, or a chemical generator of hydrogen.
20
The present invention thus provides a simple and effective approach to the problem of
F, and fluorine-containing compounds reduction in gas streams or gas volumes
containing same. The approaches that may be employed are: addition to the fluorine-
containing gas of methane, wherein the methane is used to abate the fluorine-containing
25  gas or to form certain perfluoro compounds; low flow introduction of hydrogen to the
fluorine-containing gas, under non-combustion conditions; contacting the fluorine-
containing gas with alternative atomic hydrogen sources; contacting the f{luorine-
containing gas with steam in the presence of a chemical “catalyst” (any of a variety of

species); injection of a “chemical catalyst;” and the use of oxidation catalysts to oxidize

30 the fluorine content of the gas.

12
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generator, or a chem cal generator of hydrogen. 20 The present invention

t hus provides a sinple and effective approach to the problemof F2 and

fl uori ne-contai ni ng conpounds reduction in gas streans or gas volz S
cont ai ni ng sane. The approaches that may be enployed are: additio @fdﬂihgﬂu
fluorine- containing gas of nethane, wherein the nethane is used to abate
the fluorine-containing 25 gas or to formcertain perfluoro conpounds; | ow
flow i ntroduction of hydrogen to the fluorine-containing gas, under

non-co stion i.tions,: 1 [ . iqNe= il W th
alter ngﬂ‘j ev}éleaoggngﬂg’ﬁf d rsglgtelﬁg%glgrﬁgltéggagéﬁ Oachialﬂﬁ%hg ﬁrénq‘c?%ﬁoﬁqr{r%&ég%cfgn ai ni ng
gas W ténsdoafing sdhe ap¢ eisenbR wofabateglyerphosits dmipflahyable doasytuafts i vari ety
of species); injection of a "chem cal catalyst;" and the use of oxidation
cat al ysthe ged vwiwepdiressnt thoraime Fpmpias id sueh patopheric, fhpangalle copstiteenticT 200 The
”EthOd%n&LdéBEmB£$ﬁ8 idenygntion in addition to abating fluorine conponents
of the gas contdinirng sane, are also able to abate pyrophorics and

fl aBmabl e constituents in the gas when present therein. Exanples of such
pyropharic, flamuab]le %HSti uents .include silanes @50 phine, . etc. 5 The

appar at L 2mparats Huigmshod of the geseht ’Pﬁ‘??é‘ﬂf‘i“ﬂ)‘?? PRGCe SRUUPEARRITAPE o o
appr Oaﬁﬁgﬁgraé%rp%gﬁ)tgﬁg}igggg frGih ohl Wk odAhifd Sgas streams containing

sarne. t nt media of the present iInvention are steam
hydrogen and 10 met hane. These injected agents nay be used singly or in
ment fashion foll owed by conbi natori al

conmbi nations, or in single {reat
t r eat mere prefggred Wtff%‘?rgifﬁﬁh%t‘ga%i MPEQE iBFENtOR G¥§ SHat- JYy IEFTB hydr ogen
andpne i F t i 1 iRjsBeld on | ocus
B I e e L B e R
pr ef er tedtnant feshmpiotywed by combinabratad eatmeof (efd. Uy imatgal steam injection,
followed by combined hydrogen and methane injection at a downstream site from the

steam injection locus in the flow path of the gas stream).

15  Further, while the invention is preferred to be employed in the abatement of fluorine
and gaseous fluorine-containing gaseous species in a gas stream containing same, the
gas treatment may be directed to a static volume of gas, so that the treatment is carried

out in batch or semi-batch fashion.

20  Although the invention has been variously disclosed herein with reference to
illustrative embodiments and features, it will be appreciated that the embodiments and
features described hereinabove are not intended to limit the invention, and that other
variations, modifications and other embodiments will suggest themselves to those of
ordinary skill in the art. The invention therefore is to be broadly construed, consistent

25  with the claims hereafter set forth.
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and gaseous fluorine-containing gaseous species in a gas stream contai ning
sane, the gas treatnent nay be directed to a static volunme of gas, so that

the treatnment is carried out in batch or sem -batch fashi oq. 20 Aﬁuldgugh
the invention has been variously disclosed herein with refer encdeli

illustrative enbodi nents and features, it will be appreciated that the
enbodi nents and features described herei nabove are not intended to limt
the invention, and that other variations, nodifications and ot her

enbodi ments will suggest thenselves to those of ordinary skill in the art.
The invention therefore is to be broadly construed, consistent 25 with the
clainms hereafter set forth. 13 15 0 CT NOdains 1. A process for abatenent
of gasegumsf | Uoroconpounds in a gas 5 containing same, said process
conprising injecting a fluoroconpound abatenent nediuminto the

f I uor oconpound- cont ai ni ng gas under conditions effective for said

abat enent erein the flyoroc b i C Lses at | east
one of 'sup heﬁﬁ%ﬁss{g awaqﬁﬂeﬂgﬁoagg%o%ygpgé%ﬁnwpgmnh%pgégnbi nati on

Wi t ‘aﬁgﬁh tsophd €Shid’ rbfes ngSdiNg idjectihgt & mBudrocuinpbuntie provi so
tha%1 en ﬁ\dgﬁ uor'ocorrpg)urnd abat errentﬂgerre%i um i s_conduct ed under

non- coalatetieph aoedivm oo  2he A fioreeosapaikbeeptalNg SR8 HNHP€ wherei n t he

gaseous_fl.uoroc und, cq i uQpine- c Al | ected from
the gr “&%ﬁsi 1 ﬁeoforngml?%:azgﬂF%org{Hgg&Pa icg?@'eg‘?'g'-%?\ﬁgr ocess
accor diflefnent hitidiin  constistisnattlbastf dneoobsupgrbeatbd stbare meethanedi um

conprises superheated steam 20 4. A process, agcordin o clgimil, wherein
the flanstbydsegenia fuaw@mhmammm%%@%e Sifbveriarhnance the

10. abatement, with the proviso that when the fluorocompound abatement

medium is conducted under non-combustion conditions.

2. A process according to claim 1, wherein the gaseous fluorocompound
comprises a fluorine-containing gas selected from the group consisting of F2

15 and fluorine radicals._

3. . A process according to claim 1, wherein the fluorocompound

abatement medium comprises superheated steam.

20 4 A process according to claim 1, wherein the fluorocompound

abatement medium comprises methane.

5. A process according to claim 1, wherein the fluorocompound
abatement medium comprises hydrogen.

25
6. A process according to claim 1, wherein the fluorocompound

abatement medium comprises at least two of steam, methane and

hydrogen.

14



5. A process according to claim1, wherein the fluoroconpound abatenent
medi um conpri ses hydrogen. 25 6. A process according to cl ai mﬂ-’b WA Stk
t he fl uoroconpound abatenent nedi um conprises at |east two of steam

met hane and hydrogen. 14 15 OCT 2004 7. A process according to claim1,
wherein the fluoroconpound abatenent nedi um conprises superheated steam
nmet hane and hydrogen. 8. A process according to claiml, wherein the
catalyst is selected from 5 the group consisting of nmetals, spark

generat i devj ces | ow pl drogen i a,4.hy i de,

r educi ngn-g'genté, deaqu‘g, a&ﬁﬂ'%%igat@ﬂ% IT’y%q%]e ﬂc}ggghﬁg’%@o ouﬁ?réljds. 9. A
process agREMNd micdlivhajompriseghriperinedtbe stingl methdrne and Bydkageh. 10 10. A
process according to claiml, wherein the catalyst conprises isopropyl

al cohol . 11. A process according to claim 10, wherein the fluoroconpound

o O R Dol aRg SRR NG B kakdyst i BERERRPRARCOT A 19 1

claim1l, enent” nmedi'um conpri ses super heat ed

st eams anflet hRoupatodngiting Sof endlaty eshbark genoratiagt davices, afow rplogsbout 2 to
about 15% by vol une, based 20 on the,volunme of water in the fluoroconpound
abat enenthyésegem amynonjap, bydregen ceeoxidey feduUSing AIENtSnLRESS:

fl uorocor%qglvgcalﬁ%;cté@gg)?é%ﬁ@ghwo%%yi ses superheated steam and the

catalyst TS np ntration of fromabout 2.5 to about 7% by
vol une,
9. A process according to claim 1, wherein the catalyst is an alkanol.
10

10. A process according to claim 1, wherein the catalyst comprises

isopropy! alcohol.

11. A process according to claim 10, wherein the fluorocompound

15 abatement medium comprises superheated steam.

12. A process according to claim 1, wherein the fluorocompound
abatement medium comprises superheated steam, and the catalyst is
employed at a concentration of from about 2 to about 15% by volume, based

20 on the,volume of water in the fluorocompound abatement medium.

13. A process according to claim 1, wherein the fluorocompound
abatement medium comprises superheated steam, and the catalyst is
employed at a concentration of from about 2.5 to about 7% by volume,

25  based on the volume of water in the fluorocompound abatement medium.

14. A process according to claim 1, wherein the fluorocompound-
containing gas comprises effluent from a semiconductor manufacturing
facility.

30
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25 based on the volune of water in the fluoroconpound abatenent nedium 14.
A process according to claim1l, wherein the fluoroconpound- containing gas
conprises effluent froma sem conduct or manufacturing fac;LLa-i bm ?19”15 15
OCT 2004 15. A process according to claim1, wherein the abdat nt of
gaseous fluoroconpounds is conducted in an oxidizer zone of an effluent
treatnment facility conprising said oxidizer zone. 5 16. A process
according to claim1l1, wherein the fluoroconmpound- containing gas is heated
before injection of the fluoroconpound abatenment nediumthereinto, wherein
the fl yaroc @W E%(ﬂ'h | 0 17. A
proces?gacc%p@%gg%%%ﬁal 50 urme?ﬁ%lgnmpﬁi)?ﬁgtﬁ?ﬁﬁggﬁ%}on%d reaction
pr oduc flsoricbarpouhds i conducteh duiraa- oxidizer aong ofah efflacnt traatrhenthe

fl uoroconpound abat enent nedi umthereinto. 18. A process according to claim
1, confAsitegompriging saKLeXEReEZeRE-t he 15 range of from about 120 to 300F.
19. A process according to claim1l, wherein the fluoroconpound abatenent
medi um conpri ses net hane and the abatenent is conducted at a tenperature
in $het6angk pfodesemaedmrdingl26 thairB0ar. whéredd. the Jlueapcampaaid-on

fl uoroconpound abat enent apparatus, c I Sj NQg: I te fl
Tenber COABINEIR S heRted RRIRECRIGHHoR ol Ps JWRIRAARERAI BPAIEMFtas t her oto at
a 11 Shefitfh LREIGiRb, [Bhefdir? ik idbRitondiird QiicRAREROmEBRIAF s 0 & second

di scharge en
hydrogen or methane.

100 17. A process according to claim 1, further comprising colling formed
reaction products after the fluorocompound-containing gas reacts with the

fluorocompound abatement medium thereinto.

18. A process according to claim 1, conducted at a temperature in the

15 range of from about 120 to 300°F.

19. A process according to claim 1, wherein the fluorocompound
abatement medium comprises methane and the abatement is conducted at

a temperature in the range of from about 120 to 300°F.

20
20. A steam injection fluorocompound abatement apparatus compﬁsing:
an elongate flow passage member adapted for introduction of
fluorocompound-containing gas thereto at a first end thereof for flow through
the flow passage member to a second discharge end thereof;
25 a heat source for heating the fluorocompound-containing gas during

flow through the elongate flow passage member to a reaction zone at an

intermediate portion of the elongate flow passage member between its first

and second ends; and
a steam source arranged to inject steam into the reaction zone of the

30 elongate flow passage member.
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25 a heat source for heating the fluoroconpound-containing gas during flow
through the el ongate fl ow passage nenber to a reaction zone at an

internediate portion of the elongate fl ow passage nenber-between i ts first

and second ends; and a steam source arranged to inject steaminto the
reaction zone of the 30 elongate flow passage menber. 16 15’ COT 4 21,
An apparatus according to claim20, further conprising a cooler
operatively thermally coupled to the elongate fl ow passage nenber between
the reaction zone and the second end of the elongate flow passage 5
menber. 22. An apparatus according to claim20, wherein the heat source
conprises a cartridge heater. io 23. An apparatus accordi ng ltgo cl aim 20,
wher ei @1t heAal apgrratust hovordyes t@gdaime @k rfurtbet GeMMTENE @ &89&" t hr oughbor e

passage in a bl ock nber. 24 appar at us C ' t Im 23, wherein
the bl QﬁkfaweFhe@@“?gF?%FgcmwgﬂPs.ggory%t Q&Ef ﬁég\/é#ea@ne@g%gr ation
pass?gg?thﬁé%%& redARnSdheSHPthEAdeRont €PN oFitRe Blgrjate Abvpaspagsage |
term nates at a Steam entrance conmunicating with the throughbore passage
at % hemessbddri on zone. 25. An apparatus according to claim23, wherein the

bl ock nmenber 20 further conprises a cartridge. heater passage therein, and
a cartridge heater installed in the cartridge heater passage 26. An

appar aj4ls 6o @Bé}?‘ﬁso HebSiding 3o HRANEI20, kel clhenbisatrsource t her
T

conprisés a wa ow steamTgenerati on passage therein, wherein 25 said
wat er donaprissisemcaniyidyer Bedten passage terminates at a steam entrance

10 23. An apparatus according to claim 20, wherein the elongate flow

passage member is constructed as a throughbore passage in a block

member.

24. An apparatus according to claim 23, wherein the block member
15 further comprises a water flow steam generation passage therein, wherein
said water flow steam generation passage terminates at a steam entrance

communicating with the throughbore passage at the reaction zone.

25. An apparatus according to claim 23, wherein the block member
20 further comprises a cartridge heater passage therein, and a cartridge heater

installed in the cartridge heater passage.

26. An apparatus according to claim 23, wherein the block member
further comprises a water flow steam generation passage therein, wherein
25 said water flow steam generation passage terminates at a steam entrance
communicating with the throughbore passage at the reaction zone, and
wherein the block member further comprises a cartridge heater passage

therein, and a cartridge heater installed in the cartridge heater passage.

17



comuni cating. with the throughbore passage at the reaction zone, and
wherein the bl ock nmenber further conprises a cartridge heater passage
therein, and a cartridge heater installed in the cartridge heater passage
17 1 5 CCT 2004 27. An apparatus according to claim 23, wiey )T t2084 bl ock
menber conprises two nmatably engageabl e hal f-sections. 28. A process
according to claiml1, wherein the fluoroconpound s abatenent nedi um

conpri ses superheated steam at a tenperature in a range up to 300C. 29. A
process for abatenent of gaseous fluoroconpounds in a gas containing sane,

sai d pracess conprising injecting a:fla0r | bafepipyt nmediuminto
the fl rocz\’i‘p@gﬁﬁ[ai%%éﬁcﬂ*(ﬁbd JQSCIﬁlrr]'f'jeéftg %%ﬁ'?ﬁ@%sb%fcsective for said.
abaten%pn neBE e étggyfehgg%@émmmyéctthenent medi um conpri ses at | east
one of sté)am met hane and ydrogen, in further conbination with a catal yst

effective to enhance the "abatenent, with the proviso that when the

fl uor ocgnpound abat enent |.s di cont ai Nfudrod bndr ogen, the

i nj ect ¥8n oft tAKECESH) lﬂ?PBE‘{Wﬂ)o nfvﬁa%nﬁlﬁﬁ@gﬁﬁ% ﬁg coé%}gte under

nons Coﬁgg%@éig mEGNA cbRipriskS Hupitiated tsteara at ur terhperaturanigeaof from about

120°to 0. A process for abatenent of gaseous fluoroconpounds in a
gas Zfbngerumicrﬁ{l{ﬁCsane, sai d process conprising injecting a fluoroconpound
abat enent nediuminto the fluoroconpound-containing gas under conditions
effective for said abatenent, wherein the fluoroconpound abatenent nedi um

conprisgs ah hReess doe datehenimof ngadeuns finorochyghongds, inviat Bashe provi so
t hat when the fl uoroconpound abat enment 25 nediumc l?grgw%pgsagane and/ or

hydr ogeantaining isamest Sa grogess comprising injecting a
10 abatement medium into the fluorocompound-containing gas under
conditions effective for said. abatement, wherein the fluorocompound
abatement medium comprises at least one of steam, methane and
hydrogen, in further combination with a catalyst effective to enhancé the
abatefnent, with the proviso that when the ﬂuqrocompound abatement
1s medium contains methane and/or hydrogen, the injection of the
fluorocompound abatement medium is - conducted under non-combustion

conditions including a temperature in a range of from about 120 to 300°C.

30. A process for abatement of gaseous fluorocompounds in a gas
20 containing same, said process comprising injecting a fluorocompound
abatement medium into the fluorocompound-containing gas under
conditions effective for said abatement, wherein the fluorocompound
abatement medium comprises at least one of steam, methane and
hydrogen, with the proviso that when the fluorocompound abatement
25 medium contains methane andfor hydrogen, the injection of the
fluorocompound abatement medium is conducted under non-combtsstion

conditions comprising temperature in a range of from about 120 to about

300°F.
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fl uoroconpound abatenent medi umis conducted under non-conbustion
conditions conprising tenperature in a range of from about 120 to about
300F. is ABSTRACT OF THE DI SCLOSURE Apparatus and process for the
abatement of fluorine and fluorine-containing conpounds frﬁﬁ'@@ﬁe?mH
contai ning sane, such as effluent gas streans from sem conddc

manuf acturi ng operations, wherein a fluoroconpound abatenent nediumis
injected into the fluoroconmpound-containing gas. The fl uoroconpound
abat ement medi um conprises at | east one of steam nethane and hydrogen,

with the proviso that xpeprler ODFUpHERINTIUOSURIPAt enment  medi um cont ai ns
met hane and/or hydrogen, the rnjection of the fluoroconpound abatenent
medi um i s conducted under non- conbusti on conditions.
Apparatus and process for the abatement of fluorine and fluorine-containing
‘compounds from gases containing same, such as effluent gas streams from
5 semiconductor manufacturing operations, wherein a fluorocompound abatement
medium is injected into the fluorocompound-containing gas. The fluorocompound
abatement medium comprises at least one of steam, methane and hydrogen, with the
proviso that when the fluorocompound abatement medium contains methane and/or

hydrogen, the injection of the fluorocompound abatement medium is conducted under

10  non-combustion conditions.
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