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Field Of The Invention

10

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



gases, with global warm ng potentials (GAPs) 3 and 4 orders of magnitude
hi gher than CO2. Moreover, they are extrenely stable nolecules with
lifetimes in the atnosphere of thousands of years. 5 The el et @rmcs;ﬁ?;%
industry uses PFCs in a nunber of plasma processes to generate highly
reactive F2 and fluorine radicals. These in situ generated species are
produced to renove residue fromtools or to etch thin filns. The nost
commonly used PFCs include CF4, C2F6, SF6, C3F8, and NF3. Chanber cl eans
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abat enent ast on that list. Process optim zation involves adj usting
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silicon tetrafluoride 30 (SiF4) gases and to a | esser extent HF and COF2.
Destruction of fully fluorinated gases generates consi derably augnented

HAP yi ehgRionReaafd 18 tdiict NPRCalenfifsfony Qbwi@salldelity efRe tRefdifest 0ol . For
i nstance, assum ng stoichionetric conversion of PFCs into
optimization, alternative chemicals, recovery/recycle, and abatement. Process

15  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

20  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

25 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
30  (SiFy) 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



215 CCT 2004 F2, a 1 liter per mnute (Ipm flow rate of NF3 could
potentially produce 1.5 | pmof F2. The conbined exhaust streahoofGTodf04
chanbers could potentially generate up to 6 I pm of fluorine gas resulting
in a post-punp effluent concentration of 3% F2 (50 | pm ballast N2 per
punp). These estimated val ues double wi th hexafl uorinated PFCs (conpared to
5 NF3) and are likely to increase in the future with the projected
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include dilution, dry, thermal and wet techniques. 20 In dilution
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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
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purpose (J. T. Holnmes et.al. |&EC Process Design and Devel opnent, Vol 6,
No.'4, pg 411 (1967)). In this approach, suitable dry chem ca,ig convert F2
into innocuous solids 3 1 5 OC T 2004 or benign gases without 2g8kdr 20éng
excessi ve heat, an inportant condition since heat generation can be a
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i 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.



apparatus and nethod for the renmoval of fluorine and fluorine-containing
gaseous 30 conpounds from gases containing sane. 4 1 5 OCT12 0@6 |%ﬂﬂl S
anot her object of the invention to provide an inproved appar a§u gn rzﬁet hod
of such type that is adaptable to inplenentation for the treatnent of

effl uent gas streanms from sem conductor manufacturing operations. 5 O her
obj ects and advantages of the invention will be nore fully apparent from
the ensuing disclosure and appended clai ns. SUMVARY OF THE | NVENTI ON 10
The present invention el 10 Fng

gas eousﬁ ¥ Fﬁ%ﬂ%rc%bﬁ%cg &R ctl]ge ?ﬂtsvglg%éri ©r Obe?%ﬁgla}%@ Z%V%H%P g?‘%ﬂ]?g‘n?%?tg%gbgas eous
fluori n@cﬁﬁ%ﬂ@ﬂhaﬁi&:*ﬁﬁﬁptaiﬁlbb!@lirhpl%nﬁﬁﬁtiail fibbe gasterusof cffipentrghs streargs , F2 and
fluorine radicals, fromgases 15 containing such fluoroconpounds. In one
aspect , fremecpieosdugion MympARGYNG AHETSt 0 a process for abatement of gaseous
fl uoroconpounds in a gas containing sanme. Such process conprises injecting
a fluoroconpound abatenent nmediuminto the fluoroconpound-contai ning gas,
whemei nO#Rr bbRcfs! dndr akenpgesnef dbdhentinh widldbaumotoifighi sgmratt ftamashe one of
steam nethane and hgdr ogen, optionally in further conbination with a

cat al ysinsuing disclogareray SRPANEL ChaHBS. apatenent, with the provi so that when
the fl uoroconpound abat enent nedi um contai ns nethane and/ or hydrogen, the
i njection of the fluoroconpound abatenment nediumis conducted under

non- conbusti on conditions. 25 In another aspect, the invention relates to a

process for abatenent of gaseou fl Li_ &g&w in a gas containing sane,

sai d process conpri si ngﬁwél"lr F-EFOF-OG0H nd abat enent nmediuminto

t hgqf | uor oconpound- cont ai ni ng gas, wherein the fluoroconpound abatement
k)rre i'um conprises at | east one hydrocarbon gas and the

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



5 injection of the fluoroconpound abatenment mediumis conducted under non
combustion conditions. 5 A further aspect of the invention relates t@}§
steam i njection fluoroconpound abatement apparatus conpri sing:” an ‘el“6hgat e
fl ow passage nenber adapted for introduction of fluoroconpound- containing
gas thereto at a first end thereof for flow through the flow passage nenber
10 to a second discharge end thereof; a heat source for heating the

fl uor oconpound- contai ning gas during flow through the elongate flow
passage nenber to a reaction zone at an internediate portion of the

el ongat g, d gy Qiascﬁ@ggu ouRft WEABmEAS rlddiuth Andos@esdd waes noand 15 a
st eam sOur cé arrange ject steaminto the reaction zone of the

el ongat & mifisQ¥h PARSRGR. nenber Q her aspects, features and enbodi ments of
the invention wll be nore fully apparent 20 fromthe ensuing disclosure
and appended cl ai nrs. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a top
pl an vi ew of an apparatus for steaminjection abatenent of fluorine 25
according to one enbodi nent of the invention. Figure 2 is a side elevation
view of the apparatus of Figure 1. 6 1 5 OCT 2004 Figure 3 is a graphical

r epibes ehtfarthio nsmit oftbe prvsoticr rethitest tialstaanoimjdetipn flheropempeynsibatsatofiben

met hane and fluorine gas. Figure 4 is a graph of fluorine destruction as
measur egpphptusfcbiapeisingf | uori ne 5 concentration, in ppm at the exhaust of
the treatnent facility, as a function of hydrogen flowrate, in standard
liters per mnute. DETAILED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED

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.



10 EMBODI MENTS THERECF The present invention relates to the discovery that
i njjecti on of steam hydrogen, and nethane nmay be efficiently and

advant ageously used to abate fluorine and fl uorine- contain?gg gﬁnﬁ nds
from gases contai ning sane. 15 Steaminjection has been enp oyg i ﬂg i or
efforts to treat gas streans. An apparatus built by E.I. du Pont de
Nemours, Inc. to abate fluorine gas in chem cal process plants was
described in 1954 (Smley, S.H and Schmtt, CR Ind Eng. Chem, 46, pg
244 (1954)) and in a follow up paper in 1962 (Streng A . G Conbustion

Fl ame, §; 8R 2 62)rkpreddhatPhese e brAMBRL deRibubom fOEMRS keuc@od rom this
prior vf)ri‘gllg&ggnﬁ U%Tﬁhges rs]'f[)rgam i njecti oir)1 based on the specific

requi r epaRks ARthaROR flh@ie gak. poi nt-of -use abatenent of fluorine and
fluori ne-containing gases in sem conductor effluent streanms. Under certain
conditions, steamreacts with a preheated flow containing fluorine gas to
25 formHF, with the extent of the reaction being hi gh!g%l dependent on the

i ni ti al Figarcentis af i graptofoff fAuornmnelestuctior A¢ voedsnedghs pertmflupriae gas
tenperature, and the volune of steaminjected. Figure 1 is a _top plan view
and Fi gumeeRrdtionaingipie abtheveabaushof/the weatineat feiisrs pdanqtipn odbydiogeer ed st eam
injection apparatus 10 according to one enbodi nent of the invention, 7 for
abat emefiow odtefih gendard ligers poumingdhst i t uent (s) in a gas stream 12 contai ni ng
such constituent(s). Referring nowto Figure 1, the systemconsists of a
gas preheating stage 6, in which the 5 fluorine-containing gas 12 is
flowed into the gas fl ow passage 24 bounded by passage wall 22 in al um num
bl ock 14. The al um num bl ock 14 is fornmed in two half-sections 16 and IS

~yEach of the hal ect | aspect | G i upon mati ng
)of t he haIMﬁWM DF ?W@iﬁﬂ?ﬁ. l&ﬁﬁb of a water

| 26 therethrough, and fghalal for installation of a
cartridge heater 20 therei—...%‘.ﬂbﬁgsﬁ.u P*afGF

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,



bl ock 14 therefore forns an assenbly that is readily assenbl ed and
di sassenbl ed, by wuse of suitable neans (not shown in Figure and 2) for

E

1
di sengageably engaging the respective half-sections to one iﬁbﬁﬁérfﬁ tich
means may for exanple conprise 15 nechani cal fasteners, hinges, clasps, set
screws, keying or lock structures, integrally fornmed connectors on each
hal f section, etc. The pre-heat stage 6 thus includes an extended | ength
fl ow path through which the gas streamflows to the reaction stage 7 of

the appara [ |.L e | ter {diamnd Suhtable
source %%H%ﬂgﬁgagfksg%nﬁzg@%ﬁgs89H§W§gggf?{?§%%%ﬁgater %d{ton%generate

st ream cdix€itndeht(sy: generated steamthen is introduced to the gas fl ow passage
24 at steam entrance 30, at an intermedi ate section of the passage. The

steamthen m xes and reacts 25 with the fluorine constituent(s) of the gas

stream R-gﬁ?rixlgxgcgw ﬁJe][:i:;gg%| {,3@&%{3&% L8R & a?a? ;ﬁéﬁ@&t’ﬂ% e 3t waxahaege

cool ing coll rcunscri bl n e cool1ng stage 8 portion of
t he %Hasfagine2ntaihiag gas 13 iy Bawedlunto ty gasdlow bansageh2bbgmdeth dy paswgge i s

cooled to_a_suitahle dischar t eratyre d exhayst ed fromthe
passageVatl 2Hg 2 ﬁﬁ§ﬂﬂ@§:§L%ﬁ§ Hﬁ@%ﬁ#ﬁhggdﬁﬁVﬁﬁ anﬂ%p%%§m§¥3§e 8
functiopg,pprguench the gas streamto suitable tenperature after the

reaction. Pre-heating the gas streamfor the steamreacti on can be
acconplished in a nunber of ways, such as using the cartridge heater/netal

bl ock onbi nation ilJustratively shown r by.any other suiftable nmeans. 5
St eam céﬁ‘f’hbgntg%hég SPLET SPhEFPF Y’% &ﬂ@“‘ﬁ[@a"ﬁ?ﬁﬁy@f’)ﬁg@& e ?%tth]e R’@&éase t he
t emer aldfins Rbmt RerSPRrSihBHD RF ]pH%thQ o R WhdeRents Mer&hRaph gaides at or . The
quench region nay be desitable if the effluent gases are delivered into an
addi t i oszabnds trolgdhibng: By sheatlatiogefi 4 cantridgeehestar hthersibe Thsoil eminung

block 14 therefore forms an assembly that is readily assembled and disassembled, by

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.
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The follow ng Table 1 sumrari zes experinental results injecting superheated
steam (300 F, 60 psig) to a varying concentration of a heated stream
containing fluorine gas. These results were generated by deli §eQ(g20dse
steaminto the oxidizer of an EcoCVDIM el ectrothernal oxidizer abatement
device, comercially available from ATM Ecosys 15 Corporation, San Jose,
CA. Table 1 bel ow sumrarizes results for the abatenent (destruction and
renoval efficiency, % DRE) of F2. Table 1. F2 abatenent injecting steam

into t oxi.di zer of th NP : i i t HF Qut F2
aut P of e Srhacbl Aty € R Pl Tisben o £ AEels 0 gg g serkale
1902. 51345336 5634i%¢h. 72PA3W2tibd AIR3 1RiE9 32899 . (B4 th808280 71268312899 . b4
1304307694626799. 78 20 Table 1 shows the DRE |evels for F/Z t? e at | east
90:{% i n asepmplished inta pymber Bk WaEs oY 28 MsiNathes sERIASF HjcRCE P c,hg?f*be used in
combi natj gn ction efficiency of the
fluoring “’8"&%& é’hgll'%t%g&%#éﬁi%% 5Pﬁ?ﬁggg’gg%dgﬁgg(§§é%g'nsti tuents of t%e gas
stréam Such catalysts can include (among others) metals, spark generating
devi cesS gl ow El ugs, hydr.ogen, ammonia, hydrogen peroxide, reducing
?lgent s, SteRiB 680 b gengrafed uting {fieisale hgatig o edisg(im C?B?Fptgﬁﬁ%?eréuﬁ? The

uor oc t r; J i I ut at
any Suicﬁﬁﬁ?%&ﬁs}%@@g@@%@%ﬁ tll %‘%g?dﬁ[ts hg}?hggmf;lr%g%/i ggegﬁgchgﬁ%ﬁﬁ% roegar bon
gases (desigable ifrehdafift)enanghbor atey delbgesd ante ws eddidionalhsecriibhing Gysiepound
abat enment nedium such, abatenment conditions do not enconpass or nediate
conbustrF‘&iHrlwﬂFﬁge?mﬁ%P%E und 5 abatement medi um The choice of
apppopri ate process conditions will depend on the specific fluoroconpound

abat enent nedi um enpl oyed, and may be readily determ ned
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.




within the skill of the art, w thout undue experinentation. For exanple,
sueh non- conbustion abatenent conditions may include a tenperature in the
range of from about 120 to 300F. 10 Experinental results have‘denoristrated
t hat steam doped with a 1:36 volune ratio between isopropyl alcohol (an
organi ¢ conpound) and water abated 2.5 slpmF2 in 220 sIlpm N2 to | ess than
1 ppm In general, the concentration of catalyst is desirably in the range
of 2 to 15% by vol une, based on the volune of water (at standard
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abat orSHETRATS RO, 1 e Sy R el O or Al B R
oxygen c@fnbaétion, abdichlehz €onl@idnis My ihdledy o tamerairere thanegaistfiommbaut
representative 30 enbodi mrent of the present invention. In accordance with
this adgBé@ 3Tt he i nvention, nethane behaves solely as a reaction

catal yst while heat is produced using electrical nmeans (not conbustion).
This distinction is an inportant one, inasnuch as the cost of 10 1 5 OCT
2004 mpxbameewalsakedhive gemarstraret! thet steame dopedweath anl : 36 spbme ragior educed by

fifty E)E:hnhgsen iisrg)prc;[pr)]/?alacfof(ljcl)’le(ar’rlga g;giar?lrc]:%%mrp%ﬁrruf)sa%gt\:\?z;[térva a%&thqg islgglnlr-'j 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
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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

11

of

| uori de.

does not
is
1116 O



abated and fluorine content within the stream Figure 4 denonstrates the
vol'ume of hydrogen necessary to achi eve conplete F2 destruction.

results were generated

EcoCVDTM el ectrot hermal oxidation system challenged with 160 or
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25

30

rates). In nearly all cases, complete destruction was achieved when using between 5

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.

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
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

the fluorine content of the gas.

12
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12 15 OCT 200 The nethods of the present invention in addition to abating
fluorine conponents of the gas containing sane, are also able to abate
pyrophorics and fl ammabl e constituents in the gas when present tﬁied&
Exanpl es of such pyrophoric, flamuable constituents include sila , 200
phosphi ne, etc. 5 The apparatus and nethod of the present invention thus
provide mul ti ple approaches for the abatenent of fluorine gas from gas
streans contai ning sane. The preferred abatenment nedia of the present

i nventi.gn ar hydr.ogen . h Wl ts may be
used siﬁ%ﬁyegpaéﬁﬁg% %%%Fggﬁggﬂg?a%%ugﬁkb%%ﬂPgéggﬁﬁ%%ﬁ%égﬁﬁgﬁﬁ?§$lomed by

conmbi nagMRrdodtaidineadmEnire fi8o @ble tbyabhteigyr@hositeam flaheablcannstithaitt awed by
conbi ned hydrogen and nethane_ injection at a downstreamsite fromthe
st eam i 1 88 iden | sesest theraime Fpmpics afisush pyweheas flammpably conslitesnts ner |

whil e the Loventl g)ﬂo's&jf-r%r gf.erred to be enployed in the abatenment of
fluorine and gaseou uori ne-cont ai ni ng gaseous species in a gas stream

contai ning sane, the gas treatnment may be directed to a static vol ume of

gas, sq_that the treat t is carried out jn batch or .semnm -batch fashion.
20 Al ¢ BUSGHPPEREIS VEREIER o dBe BEsFItRYSHOI B amOuITg SR iRl anpFOARich

ref er engeknall LSl RkEYE RO AP U S nlighlii%, 1t wi 1 be appreci at ed

that the enmbodi nents an eat ur descri b el nabove are not intended
tolimt the invention, and that other variations, nodifications and ot her

enbodi nents will suggest thenselvyes to those .of ordinary skill in the art.
The i nvid¥t P@fﬁﬁﬂe?‘@g@@ti@e‘il% %Ce%Berﬁ%ﬂn? IRGREPR i StaBh JIYdressn with the

cl gpns ft : Sudell NRFoRiBorhbinAiOe83S sigle abat ement
4T AR Sl ey 00T AR oo g
treatment fashion followed by combinatorial treatment (e.g., by initial 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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5 contai ning sane, said process conprising injecting a fluoroconpound
abatenent nediuminto the fluoroconpound-containing gas under conditions
effective for said abatenment, wherein the fluoroconpound abatenent, _nedi um
conprises at | east one of superheated steam nethane and haoﬁo%%ﬂ,zal
further conbination with a catalyst effective to enhance the 1o abatenent,
with the proviso that when the fluoroconpound abatenent nediumis
conduct ed under non-comnbustion conditions. 2. A process according to claim
1, wherein the gaseous fluoroconpound conprises a fluorine-containing gas
selected fromthe group consisting of F2 15 and fluorine radicals. 3. - A
process according to claim1l, wherein the fluoroconpound abatenent nedi um
conpri gggmsuper heated steam 20 4. A process.according to claim1, wherein
t he fluoroconpound abatenment nedi um conprises nethane. 5. A process
according to claim1l1, wherein the fluoroconmpound abatenent nmedi um

conpri ses hydrogen. 25 6. .A proc r @i Mgl ein the

fluoro omo‘énﬂr&ﬁﬁﬁtéﬁeﬁ?atﬁg%ngrﬁefigﬂ%% segbgg’ﬁt‘)&a@@tﬁp\g\;*o?v@tgéam net hane
ands - hygkaminy skind.5 sBidl p108dss’ -copitishas Shjeatingr di figorooompaimd 1, wher ei n
the fluorocorfpound abatenment nedi um conprises superheated sieam nethane
and hyabaigment 8 medipmocintde dhe orfliionecanapeyngd-eentainipeer 8pf (W& at al yst i s

sel ected from t he grou ISk o] Al S 8LAd1 Ng devi ces,
gl ow p?ﬂ'ﬁbfoq?ycﬁ?f(?&ﬂﬁ? Mﬁ@%@%@@%nhﬁ%ﬁu ?ihe? @Z‘Su&&ﬁ' agents, bases,
and  calzbmieht Mddiur WonvsrisesOatleastommpolisgiserheated steam, methane
and hydrogen, in further combination with a catalyst effective to enhance 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



9. A process according to claim1, wherein the catalyst is an al kanol. 10
10. A process according to claiml, wherein the catalyst corrprﬂsﬂesgﬂ 2004

i sopropyl alcohol. 11. A process according to claim 10, wherein the

fl uoroconpound 15 abatenent medi um conpri ses superheated steam 12. A
process according to claim1l, wherein the fluoroconmpound abatenent nmedi um
conpri ses superheated steam and the catalyst is enployed at a
concentration of fromabout 2 to about 15% by vol une, based 20 on

t he, vol u of ter in the fluorpcao un i process
accor di ng]; to aPHQCESSMﬁQESEJWQOh@ fqr@& oﬂo%gﬁeqhggﬁ glr)renorrr?}godjlr@m

conpr i sesaisatBRIeRE AlcRiurb tdipristiGupeehadbasiedm, mettriniel anHydrogen.
concentration of fromabout 2.5 to about 7% by volunme, 25 based on the

vol une of water in the fluoroconpound abatenent nedium 14. A process

accordingg,to clai r el . or - -aLof conpri ses
ef fl uent ‘roméﬁ%&#&g}éﬁhg t%ﬁ%ﬁa@tWﬁ?@%g?ﬁaﬁgy%@b%#ﬁﬁmw 2004
15. A spr ahes arafc @odksiting oot Imétals] , spdkr geneiaingabavieegniglod plagsous

fl uoroconpounds is conducted in an oxidizer zone of an effluent treatnent

faci lity fshpgernsi agraana. orydipgen peiaides RAUCHIG RGeS REE8%diAN to claim
1, Wnerel&télgg%%h;h%igg%?@bﬂﬁ%%m ng gas i s heated before injection of

t he fluoroco abat um'thereinto, wherein the fluoroconpound
abatenent nediumis hydrogen or methane. 10 17. A process according to
claimi, d‘.urt h/ﬂ)ré:c%ggreicséiop ng(]: (H:-aglrﬁ 1f, Cv)vrhré?gln 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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reaction products after the fluoroconpound-containing gas reacts with the
fl uor oconpound abatenent nmediumthereinto. 18. A process according to claim

1, conducted at a tenperature in the 15 range of from aboﬁyé é%ﬁ? {h300F.
19. A process according to claim1l, wherein the fluoroconpbtin abat ement

medi um conpri ses nmet hane and the abatenent is conducted at a tenperature
in the range of fromabout 120 to 300F. 20 20. A steaminjection

fl uoroconpound abat ement apparatus conprising: an elongate flow passage
menber adapted for introduction of fluoroconpound-containing gas thereto at

af1 " stysend o beiceal obiOly LRIAUS WLl HhOUbBRIASICoNBERRISt 0 @ Second

e
di schargé end ereo eat source tor heating the
f | uor oflooreontpounds as conduded inlani oxdizét aone lof angeffiukst teetpente 1 ow
passage nenber to a reaction zone at an intermediate portion of the
el ongafacility sQmpHEIeg aideHgicet BRGween its first and second ends; and a
steam source arranged to inject steaminto the reaction zone of the 30
el ongate fl ow passage nenber. 16 15 OCT 2004 21, An apparatus according to
claim 26, fAr phwessoapeordingg ta clairhert, wherein i thel Yluohecanapoyndoupl ed to the

el ongat e f] ow passage r between the yeaction zope d the second end
of t heCUNBRING 82§ !soa?‘ﬁgg%e 15) %&f_tngﬂuomwrg{]agggagﬁﬂdi ng to claim
20, i oot t 3 ORiRbicdMm I tbafReRE Fh8dium Gs23. An
appamégiuﬁccﬁggﬁ'ﬁg't%ﬂ%{e&?# Om%er elélbtlﬁﬁ'ete{el onggte flol\?v pgssage menber

i s conwtdrogeredr methmnehr oughbor e passage in a bl ock

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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menber. 24. An apparatus according to claim23, wherein the bl ock nenber

15 further conprises a water fl ow steam generation passage therein, wherein
said water flow steam generation passage ternm nates at a steam entrance
communi cating with the throughbore passage at the reaction.zone. 25. An
apparatus according to claim23, wherein the bl ock menber ‘29 {uf t4gh
conprises 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 menber further conprises a water flow steam
generation passage therein, wherein 25 said water flow steam generation
passage term nates at a steamentrance conmunicating. wth Itphe t hr oughbore
passag@iat Aheapgaratisoaczarding mdiainh&lei furthee ceryyIsNg: mEPOELr t her

conprises a cartridge heater passage ,therei a ropi heat er
i nst al Pperativelynth Vi eﬂé‘ﬁﬁ@a %rt?'gafé%[bqg’t‘i7ﬁqw5B%i‘éiiQ%Orhégg’.%m appar at us
accordw - L SRtioR e.szrﬁ;im teohliRFl sraRbelongateflowyassage matably
engage e atﬁ%?éée%@ozr@(.@ 8. X process according to claiml, wherein the
fl uor operssednd s abat ement nedi um conpri ses superheated steam at a

tenperature in a range up to 300C " 29. A process for abatenent of gaseous
fl uoroconpounds in a gas containing sanme, said process conprising

i nj ecting aufd | HOLOGRARP ARGy ABACRIMNR0MEWheNIA Nthe heat source

fl uoroconpound-'contal ni ng gas under conditions effective for said.

abat ensomhpriselsea eantriddechédteor oconpound  abat enent nedi um conpri ses at | east
one of steam nethane and hydrogen, in further conbination with a catal yst
effective to enhance the abatenment, with the proviso that when the

f I gor ogp PR hpeRbteEeaécording 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.
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I s medi um cont ai ns net.hane and/ or hydrogen, the injection of the

f:l uoroconpound abat ement nedi umis conducted under non-combustion
conditions including a tenperature in a range of from about 120 to 300C.
30. A process for abatenent of gaseous fluoroconpounds inid oqpET 2204
contai ni ng same, said process conprising injecting a fluoroconpound
abatement nediuminto the fluoroconpound-containing gas under conditions
effective for said abatement, wherein the fluoroconpound abatenent nedium
conprises at |east one of steam methane and hydrogen, with the proviso.

hydr oot tAD PRPGERFOACEPRINE 107 PR o5 whEreit TREr B mefarine and or

hydr ogefi; uor ocadnpoun atenment nediumis

conduc REE bwd ALtSS bh&dble Balfdcctions conprising tenperature in a
range tgﬁﬁ}‘#om about 12%% gbout 300F. is ABSTRACTgO: 'rIUI.iIE DI SCLOSURE

Appar atus and process for the abatenent of fluorine and fluorine-containing

conmpounds from gases contai ni ng 4 S X I eans from
sem co?_@ucf{&r Hﬁg?ﬁﬁsa(ﬁcﬁpfq%@ O{S)erciqqﬁ'gn%, %er%@i ‘rilﬁé F?%ﬁgcgmgﬂnd abat enent
”Edkumabéte'rﬁ&rg% uhi eBrpiitet |supefaiad steampat @ fimpemahwe ifha

f 1 udr oconpoun abat enment nedi um conpri ses at | east one of steam nethane
and hyctrmajptwﬁﬂ Cthe proviso that when the fluoroconpound abat enent
medi um cont ai ns et hane and/ or hydrogen, the injection of the

fl uoroconpound abatement nediumis conducted under non- combust i on

condi tgNs. A process for abatement of gaseous fluorocompounds in a gas

containing same, said process comprising injecting a fluorocompound
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 fluorocompound abatement
15 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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