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[ 0007] Despite inprovenents in the art, the need
remai ns for apparatus and nethods to efficiently and
safely di spose of hydrogen generated from fl uorine
generators, especially in the presence of HF and
aerosol electrolyte, and especially when an active
ignition source is not avail able or not enpl oyed. 3
Summary of the Invention [0008] In accordance with the
present invention, apparatus and nethods of use are
presented which reduce or overcome nany of the

I revi usI nown f.l uorine enerat i O
R T ARG 0008y i tRieelis BERELE tsPl ppgscumulate in
| highntéaRbet flsalieis at@rﬁﬁglﬁpg%@raﬁfd@n%ﬁidﬂoﬁrﬁ&e%%ﬁ@&%s that are
of hy drogen ina fluid conprisi ngq hydr ogen, and

r Baxpaerd-a Fblightof shesppreplemadt basdieer lné@qsm}r'] ¥ glaindain a pilot light
t appar at us
oA ETBATb oL et b O AT o 50

conponfn5¢ oy, PandNArs, mmﬂlsélﬁﬁ&\/aﬁ ro6ERTOg| dnl élébtrolytlc cell
referablg a, bed_ of soda Ilme sodi um Tl uori de, heated

afori (gt rrgdugtion; o fesndie, Asidqdiopn @ither dwebleimsk die patent mentions

CTSA I AR G BOOE S Sy,

scnf@te pastet obfledtine) sn@l eheokffect fodr ﬁmshmgo nyieghich intiéedsol of the
tgl]% f%rced convection duct flui.dly connected to
013

t he
er RFORSP CRBAWEh AR fluariee gasippd 1y Higposited on'the walls of
Cpipehipild 6@kidy tl"i’é: Ed1y Qﬁ@eé&ﬂ%%?és%t&ﬁg Bﬁ&gv&ﬂ@ﬁw B18ckages in

conbust the hydrogén in xygencontai ning str
t thei mmwc}rkal (Dna)streanhausngeg adjesent mnjrel aiode and haf Iﬂuumag entrained
ion

Ut PSR B b o SR 866 i
piefah alihy REsARDIRd e ﬁﬁﬁ%génh %r@%ﬁ@é’eﬁﬁ&ﬁll)nﬁgpﬁ&ed from their

installed in one |ocation and then transfe
aresperdive| sireamisonf, elsictrolyte. | (Thehpatsatetaiss athét, floprine and hydrogen

I AL T N TN —

C edrahiyit doen el FiFt - passeb15rmm@si1, 1pnefweakhd/ tHie IV 3Rk Ybe removed to a
nmount ed, on top of a fluorine generatlon unit. [0011 ]

d%fdeﬁ%béq e apsgdﬁ%sttw B¥/9) i knawe stjoganig techninyes
y\,her e' fﬂ V\’pﬂ%? ﬂate'il&edlgﬁfs%ﬁgl upﬁgg \aéﬁ{lj lhg&%%a{ﬂ %rr]otdulcaon include

in bed , as a
ahToS pPaf Noabh;ﬂﬁﬁ)ll Bf 4j188d4%t 4425 AP BTURE2;r 3BG2,603; 3,707,457,

LAt 00cho BhOUL200C WL e Gol Sy S MY pec. 10,
p[?f 187 BRhyh abat! @85t 2 2pAt0630Q0b1ikiie MRS S 4Bl alREdn Patent
ﬁb%|188962 published 2003-02-20; U.S. Patent publication nos. US2003098038,
published May 29, 2003, and US2003121796, published July 3, 2003; and Patent
Cooperation Treaty published application number W003056066, published July 10,
2003. In addition, platinum has been used to combust hydrogen generated from nitric
acid generation plants, but to our knowledge has. never been suggested for use in
applications where HF or electrolyte is present.
[0007] Despite improvements in the art, the need remains for apparatus and
methods to efficiently and safely dispose of hydrogen generated from fluorine
generators, especially in the presence of HF and aerosol electrolyte, and especially

when an active ignition source is not available or not employed.



[00l 2] Yet other preferred are apparatus of the

invention are those wherein the catalytically

activated conbustion surface conprises one or nore

| ayers of wire 4 screen, wherein individual wres of

the wire screen may be the sanme or different in
conposition, dianeter, and orientation. [00l 3] A

second aspect of the invention are nethods for

di sposal of hydrogen in a fl Uic?d conpri si ng hydrogen,

and residual anounts of HF and aerosol electrolyte

froma fluorine genergtor, on t hod conprising the
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is preferably perfar y.heating the support

structure h@efﬁogd"lilﬁlénﬁ’@éf“é‘ii mdéaqegyo eRntackadndd
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t her eby ﬁsﬁﬁaﬁﬁﬁg"%gt%ﬂgﬁg‘g @gﬁﬁ“tg'? ‘SOhn %gﬁbﬁyg%@ﬁ d inside of a

under any cfoncididonmectiontlact, thei fdroed domesdtion dactrfhsdlly conyected to

-al so be heafed separately. [0015] Fluorinpe generation .
apparatus a aﬁ’é’lsﬁlgrﬁgloi"ﬂ(ﬂoﬂ{ﬂoﬁﬁnttWea ¢qnduit, %}% Ga@é@ﬁ?\lg&’ activated

aspects, regqgbistibh sWrfad Sdptdaclo SRRkt zh@fl¥c£rgg%n g} an oxygen-

invention. [0016] Further aspects and advan
t he i nventiemtaping peesometyppedyenir oty exbmisevgases tchmprising air

Br i of Descr ot ESHER A ERATROE ot Fi G 1
i1 lust{eoleg a Rippatatdh agr@Mivfenfoneird Qrlefendly2BRALREUSnd more
of the invention; and '
preferably portable, so that the apparatus may be installed in one location and then
transferred to another location, either in the same plant, or different plant. Other
preferred apparatus are those wherein the electrolyte aerosol removal component and
catalytic unit are mounted, preferably removably mounted, on top of a fluorine
generation unit.

[0011]  Other preferred apparatus of the invention are those wherein the
wherein the aerosol removal component is in bed form, that is, as a bed of granular
material, and preferably maintained at a temperature ranging from about 0°C to about
200°C, while the catalytic unit is maintained at a temperature of at least 70°C,
preferably at least about 200°C, for reasons explained herein.

[0012] Yet other preferred are apparatus of the invention are those wherein

the catalytically activated combustion surface comprises one or more layers of wire



5 [0018] FIGS. 2 and 3 illustrate schematically two
appar at us and net hods of the invention. Description of
Preferred Enbodi ments [0019] The phrase "catal ytically
activated", as that termis used herein when referring
to a conposition or surface, nmeans functioning to
initiate and/ or accelerate a chem cal reaction,

wi t hout the conposition or surface being itself
consuned in the reaction. [002p] The phrase
"catalytically activated conbustion surface" neans a

c ' ] ctivated surface that initiates and )
p?cg%or%ysh%g%?%%@}qﬂgﬁ ‘glfresh?/’g{j’ﬁgvgﬁe SEET PR ey the Seme or different in
Carmhpubition, Qiag@idragaid oMentatiodr ogen and oxygen. [0021 ]

The term "bed" as used herein refers to a nass of
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aglpatrayteSrorh atfluerih® yareritor) oaé thefAohipeisR th steps of:
standardi zed units and di nmensions for flexibility and

variety i¥ tlewing thgoiindtheoughcaeplectrolytenadresel remayalscomponent
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schemmat i cal VOW%’ deaieh atixeedh A BigHmo pxides finelyi digided nickel, or
genen oL o PARSRHAS IR W ALkl emovs
whi ch will senpesitian theteby foratieg & fleidhiefif@ddntaepspleatd

of the inyention. ectrolytic fluorine generator 2 .
i s provi g’ﬁdfoﬁ?%%% t%h“ r?qo“ﬁg‘ﬁ im@ctoselayith 7 catalvically gctivated
CUSt OMBr pr g&iREstidn MfAc@HoSHBAYS ing@S of! £FWRd %ﬁbgdrﬂl?gn duct,

8. (The fluorine clean-up train, custoner process,
exhaust gaswbileangaspcosymtsing exygendlowotisougr e fasqgedctmvection

of the presgnt j,nvention.)..Also illustrated are an
aerosol r en@@%ﬁ h]lfﬁei%ty W%Hn%%%%bﬁ‘%‘r%?’b “Gﬁ'i pxygsn m the oxygen-
Fl uori ne gesaitaihidg sdetthl | have an el ectrol yte,

typi cal Io)r{ hydrogen fluoride (HF) and electricity as
i nput s|00d &by e Fapterablip jher Juidhepdueed i gproseli flewy threugh a conduit

A Syt AT SO SR b gpptusin
roufaee, whichuighprafecabiyl biedte@6 Tids depestolably Performed by heating the
support structure holding the catalytically activated combustion surface in the forced
convection duct, thereby ensuring spontaneous ignition of hydrogen under any
conditions. The fluid reduced in aerosol may also be heated separately.
[0015]  Fluorine generation apparatus and methods including the first and
second aspects, respectfully, are other aspects of the invention.
[0016] Further aspects and advantages of the invention will become apparent

by reviewing the description of preferred embodiments that follows.

Brief Description of the Drawings

[0017] FIG. 1 illustrates a block diagram of a method and apparatus of the

invention; and



renoval unit 10. The electrolyte is typically
avai |l abl e in batch node. Fluorine generators of this
nature are well-known in the sem conductor art, and
require no further explanation herein. One such
fluorine generator is the on-site nodul ar fluorine
generati on cabi net known under the trade designation
"CGeneration-F 80", avail able from Fl uorogas, a

di vi sion of The BOC G oup, Murgay Hll, NJ, which is
an on-demand el ectrolytic fluorine generator having

compr oRbh &St apEaaiieLe ReRdficd(Ria HParas and methods of
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9 [0032] Fluid flowrate for the fluid conprising
hydr ogen may range from about 1 standard cubic
centineter per mnute (sccm of hydrogen up to flows
exceeding 3 standard liters per mnute (slpm
hydrogen. Hi gher flow rates may require a slightly

di fferent enbodi nent having nultiple channels 111 and
ports to ensure proper distribution of
oxygen-cont ai ni ng gas and hydrgogen. [0033] Anot her
enbodi nent of the present invention conprises placing

t osal empval ni,t. and t.he,cata i ¢ conbusti on )
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2880y | 3:0tm3/min of Exhiadstcaimpontsinig wxpdedh splrovkhydasgen and 0.1 slpm
in 'Fated by arrows 206) through a forced convection

d 212. [0034] The arrangenent illustrated in FIG 3
reduceioRept NCorduitNIBCRSRA e fIR6riRIGi HARR] (LAY MEAE an-up train
an inportant consideration for sem conductor

f 4bproducingre pusfied fluarige pameamewhish cie droutedveiat 2 @ondhit 20 to the

n y .0 naintain the r flow rate .
e SRR T R BB REBR, el Syt  vis o
r esHdaitiZY) OBhduit2P réut&Osl Blehhdiexthtkt dallfo AGtheMpkdcessing or to the
renove HF for sone significant period of tinme. If It
i ampsphehanged out, however, HF will pass through the
aer oso Vv, Al i || fect th eratign
e 2 clogR Bl i Bl BB e o FEL 8L o
aemid $Q the eperation afiwhichiis furthet exdajued Berethgoatifu b reduced aerosol
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thereof. 6. The apparatus of claim1l wherein the

conduit that fluidly connects the aerosol renoval unit

and the catalytic unit is selected fromthe group

consi sting of a nickel tube and a nickel-lined tube.

7. The apparatus of claim1 wherein the aeroso

renmoval unit is maintained at a tenperature ranging

from about 25C to about 200C. 12 8. The apparatus of
claim1 wherein the catalytic unit is maintained at a
tenperature of at |least 70C. 9. The apparatus of claim

1 wherein the alytic unit i.s maintain at, a

L S0 it 30 e iz sy g ot s Paaised ot the same
Clafd MdLrover iohch Rendat 803/t TRAhydko G dreaked afs%@@%%&’ With HF,
surface is maintain at a tenperature of at |east :

1a8long Hathap pery dfingseletrodytaianiosdl thateisaiarriadhia the hydrogen-rich stream.
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oxygen-containing stream flowing through duct 112.
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180 atell- hblefdn 6rfack0B9 reduces the ignition temperature of the hydrogen
significantly and mixes the hydrogen with the fluid comprising oxygen passing

through forced convection duct 112.

[0031] To ensure spontaneous ignition under any conditions, metallic block
108 must be heated to at least 70°C, preferably at least 200°C, by heaters 107 that are
preferably embedded in nickel plate 114. Heated nickel plate 114 heats the gas and
the mesh to a temperature sufficient so that when the gas exists channel 111 it spreads
across a significant portion of catalytically activated combustion surface 109 and a
flame is formed. To ensure complete combustion of hydrogen, the flow (designated
at 106) of oxygen-containing gas through forced convection duct 112 is preferably
maintained at a velocity equal to or greater than 2 meters per second. Minor
departures from this flow speed are acceptable, as long as the departures are very
temporary. This ensures that the “air” will saturate catalytically activated combustion
surface 109 so that it will meet the hydrogen-rich, substantially aerosol-free stream

exiting channel 111 as it emerges and combustion will occur in the vicinity of surface
109.
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about 1 standard cubic centimeter per minute (sccm) of hydrogen up to flows
exceeding 3 standard liters per minute (slpm) hydrogen. Higher flow rates may
require a slightly different embodiment having multiple channels 111 and ports to
ensure proper distribution of oxygen-containing gas and hydrogen.

[0033] Another embodiment of the present invention comprises placing the
aerosol removal unit and the catalytic combustion unit very near, preferably mounted
on top of and within the footprint of, the fluorine generator cabinet. This embodiment
is illustrated in FIG. 3, at 200. Fluorine generator 201 produces a fluorine-rich
stream, which exits through conduit 202, and a hydrogen-rich stream that exits
through conduit or tube 203, conduit 203 feeding directly into an aerosol removal unit
204 mounted directly on top of fluorine generator 201. A nickel or nickel-lined tube
205 feeds channel 211in metallic head 208. Head 208 has nickel plate 214, through
which channel 211 is drilled or otherwise shaped, allowing reduced aerosol,
hydrogen-rich fluid to contact catalytically activated surface 209. Electrical heaters
207 heat the reduced aerosol, hydrogen-rich fluid to the temperatures herein discussed
(at least 70°C, preferably at least 200°C), while a fluid comprising oxygen flows (as
indicated by arrows 206) through a forced convection duct 212.

[0034] The arrangement illustrated in FIG. 3 reduces footprint necessary for
additional equipment, an important consideration for semiconductor fabrication
plants. A separate forced convection duct may be necessary to maintain the proper
flow rate within the conditions outlined herein. If the aerosol reduction unit has a
soda lime bed, the bed will remove HF for some significant period of time. If it is not
changed out, however, HF will pass through the aerosol removal unit but will not
affect the operation of the catalytic combustion unit. Therefore, the aerosol removal
unit will not require change-out, although it may be desirable for very long term
operation of the apparatus of the invention. For a long duration operation, soda lime
could absorb enough HF to become soft and start plugging channels 203 and 205. An
activated aluminum oxide bed heated to a temperature ranging from about 100°C to
about 200°C by a heater, illustrated at 215, would maintain its granular nature longer
than soda lime after the HF has fully saturated the bed particles.
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1038fesf) methed 4 db¢s nok@équire a pilot light or ignition source to ensure that the
hydrogen ignites, although these may be supplied as redundant back-ups. Whenever
hydrogen is present, it will ignite, based on experimentation performed so far using
the apparatus and methods of the invention. This will ensure that hydrogen will never
be present as long as the forced convection flow, typically an air stream, and the
catalytically activated surface are maintained in the conditions described herein. It
appears that only minor maintenance may be required for long term operation. The
HF vapors may condense forming some corrosion on the catalytically activated
combustion surface and other features of the metallic block. The corrosion and HF
deposits do not seem to affect the operation of the inventive apparatus, however. The
10-ply platinum/rhenium wire mesh used in testing does not appear to be affected by
the presence of HF. The apparatus and methods of the invention reliably remove the
potential hazard of pooling hydrogen completely without affecting fluorine generation
or requiring other gases such as natural gas to maintain a pilot light or electricity to

maintain an ignition spark.
[0036] Although the foregoing description is intended to be representative of

the invention, it is not intended to in any way limit the scope of the appended claims.
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What is claimed is:

1. An apparatus useful for disposal of hydrogen in a fluid comprising
hydrogen and residual amounts of HF and aerosol electrolyte from a fluorine
generator, the apparatus comprising:

a) an electrolyte aerosol removal unit comprising an aerosol removal
composition therein through which the fluid is adapted to flow;

b) a catalytic unit comprising a catalytically activated combustion
surface, the catalytic unit adapted to be positioned inside of a forced
convection duct, the catalytic unit fluidly connected to the aerosol
removal unit by a conduit, the catalytically activated combustion
surface adapted to combust the hydrogen in an oxygen-containing
stream, typically air or exhaust gases comprising air flowing through

the forced convection duct.

2. The apparatus of claim 1 wherein the apparatus is modular.

3. The apparatus of claim 1 wherein the apparatus is portable.

4, The apparatus of claim 1 wherein the aerosol removal component is in
bed form.

5. The apparatus of claim 1 wherein the aerosol removal composition

comprises a composition selected from the group consisting of soda lime, sodium
fluoride, heated activated aluminum oxide, finely divided nickel, or combination
thereof.

6. The apparatus of claim 1 wherein the conduit that fluidly connects the
aerosol removal unit and the catalytic unit is selected from the group consisting of a

nickel tube and a nickel-lined tube.

7. The apparatus of claim 1 wherein the aerosol removal unit is

maintained at a temperature ranging from about 25°C to about 200°C.
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¢ appdratus of claim’l wherein the catalytic unit is maintained at a

temperature of at least 70°C.

9. The apparatus of claim 1 wherein the catalytic unit is maintain at a

temperature of at least 200°C.

10. The apparatus of claim 1 wherein the catalytically activated

combustion surface is maintain at a temperature of at least 70°C.

11.  The apparatus of claim 10 wherein the catalytically activated

combustion surface is maintain at a temperature of at least 200°C.

12. The apparatus of claim 1 wherein the aerosol removal unit and

catalytic unit are position at a distance from a fluorine generator.

13.  The apparatus of claim 1 wherein the aerosol removal unit and the

catalytic unit are mounted on top of and within the footprint of a fluorine generator.

14, The apparatus of claim 1 wherein the catalytically activated
combustion surface comprises one or more layers of wire screen, wherein individual
wires of the wire screen may be the same or different in composition, diameter, and

orientation.

15.  The apparatus of claim 14 wherein the catalytically activated
combustion surface is a 10-ply layer of 95 percent platinum, 5 percent rhenium alloy

screen.

16. A method for disposal of hydrogen in a fluid comprising hydrogen and
residual amounts of HF and aerosol electrolyte from a fluorine generator, the method
comprising the steps of;

a) flowing the fluid through an electrolyte aerosol removal component

comprising an aerosol removal composition, wherein the fluid
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through the forced convection duct, thereby combusting the

hydrogen with oxygen in the oxygen-containing stream.

17. An apparatus useful for generating fluorine, the apparatus comprising;
a) a fluorine generator adapted to produce a hydrogen-rich fluid; and
b) the apparatus of claim 1, wherein the aerosol removal unit is fluidly
connected to the fluorine generator and adapted to accept the

hydrogen-rich fluid.

18. A method for generating fluorine and disposal of by-product hydrogen
in a fluid comprising hydrogen, residual amounts of HF and aerosol electrolyte from a
fluorine generator, the method comprising the steps of:

a) generating a fluorine-rich stream and-a hydrogen-rich stream, the
hydrogen-rich stream comprising minor amounts of electrolyte and
hydrogen fluoride;

b) routing the fluorine-rich stream to a cleanup train to produce a purified
fluorine stream; and

¢) routing the hydrogen-rich stream to the apparatus of claim 1, thereby
substantially reducing the aerosol content and combusting the

hydrogen.



