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of the Invention [0001] The invention

related to the field of fluorine generatifics* More
specifically, the invention relates to apparatus and
met hods for disposal of hydrogen generated from
fluorine generators. 2. Rel ated Art. [0002] Fluorine is
the nost reactive of all of the elenents, the nost
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[ 0003] To generate fluorine (F2) electrolytical I y from

hydrogen fluoride (HF), hydrogen (H2) is a necessary
by- product. U.S. Pat ‘BausgrodnB bf feABvehsausses t he

Wflrpiglag) ‘t'lleeltn%fen% uorine by electrolysis of m xtures of

fluori uorine being derived, for exanple,
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anode. d?ﬁ fneétures of hydrogen and fluorine give rise
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tQpits combustible and explosive nature, contr
conbustion of hydrogen for disposal is preferred. In

this cees] howeygtneratt rfﬁlo%gr@?)eg e§{r 1?@8?,1% o bmgeéen fluoride

cg éal ns sone HF and sone el
shydegenc@t isa henesofy hy-groden mmam@ 43'5 lflf440Ucl1§cusses the

R L N T I
L S B e T S8 Lo
ple in U.S. Pat. Nos. 3,773,644
and 4,139,447 and in British Pat. No. 852,369. Hydrogen is evolved at the cathode
and fluorine, with perhaps varying_a.mounts of oxygen and other impurities, at the
anode. As mixtures of hydrogen and fluorine give rise to violent explosions, such
fluorine cells customarily have a diaphragm or partition, also referred to as a "skirt"
designed to prevent mixing of the gases evolved at the two electrodes.

[0004] Due to its combustible and explos'ive'nature, controlled combustion
of hydrogen for disposal is preferred In this case, however, the hydrogen stream
“invariably contains some HF and some electrolyte aerosol, which makes the =
combustion of hydrogen much more difficult. In add1t1on due to the reqmrernent to
 start .and stop the fluorine generator, the system must be able to complete the
combustion of hydrogen without an active ignition source. Typically, fluorine

generetors simply vent hydrogen into an air stream, usually below the lower explosion
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generators sinply vent hydrogen into an air stream
usual Iy bel ow the | ower expl osion 2 limt (LEL) of
4 percent in air. However, hydrogen .is known to poo
or accumulate in high areas because it is a very

i ght gas, and can cause downstream problens that are
unexpected. In I'ight of these problens, it has been
necessary to maintain a pilot hight of natural gas,
or provide electricity to maintain an ignition source.
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Cooperation Treaty published application number WO003056066, 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.



[ 0007] Despite inprovenents in the art, the need

remains for apparatus and nethods 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 enployed. 3

Summary of the Invention [0008b In accordance with the
present invention, apparatus ard nethods of use are
present ed whi ch reduce or overconme many of the

probl ens of previ ousl ySunkmawynofftheiveméorgener at'i on _

appar at and. met hods. [0009] A first aspect of the
i nvent i[gﬁoﬁe! g}:@%cofcga_l’%?ltvétgptg‘% RAVENUBRIHO | Bpparaps prys ppethods of
Ofusé g ?&%Bntbdﬂ vehidH Wdthc€ QRRIVeRdoRd BUAY Q981 p?(ﬂfiems of previously
resi dual anounts of HF and aerosol electrolyte, as

wEiPwndhignae etfarginnapphuatisiand mhatsat or, t he appar at us

conpri ShR: Q) 2| ectrolyte.aerosol .renpval
con‘ponjggk%gonp[rx?@risﬁﬁwgﬁ tﬁbesgfven?%%ﬂes K AP FPPRsags, useful for
prdedpesif Yyaropedinof fisidtbdnlprithhg 186 daM fddUREiHER amounts of HF and
heat ed activated al unmi num oxi de,” finely divi ded

ni%eIsPl elsetrelyii sfatiosldl emapGofromaai Bhoritiee ghharatdr,i the apparatus
adgpiedinko contact; and b) a catalytically activated
conbusti 6n surface positioned inside of a forced

convect i oa) ductlectrbigtef aeoesl eanvast éoxmhodest chinphigh¥ an acrosol
connected to the aerosol renoval conponent by a _
‘condui t, t hdé®®aY2lIspmpesitiey, prefarstly ecbedfrieds timsn sodium fluoride,

surface ad a%@t@d%@ti@a‘?@ﬂ%ﬁﬁm olydr cgil\jgdteg?li%)ég 3E Combination

contai ning stream typic y alr or'e

conpri si ng ahereoff whwihrthye flhidois gBaptdtetofonted ag@nvect i on

duct. [001Q0] %g r'atICJS of the invention are preferably .
modul ar, d 1caPye peltvaltd) CpRPRsiion esuriase tnosttionpd inside: of a -

appar at us megrda@ cometabn &kt! the 90t8ed QRRLL:
transferred to another |ocation, e %@r %ﬁc?ﬁgﬂég%comeaedto

pl ant, or dith¢ arespl rgpheval compprant by r ebrduie theapprytidaliy activated

are those in-th | ectrol yte aerosol renoval .
conponent \g’t@ ¢ gt 4 g ¢t Lﬁ%a{’tegrt% CﬁH{?ﬁfte{E‘? By, E185PdBI 3 oxygen-
removabl y nohtagiing Ostreb@p 19pically | d#0Tdr Nexhal&NGhALT B¥nprising air
unit. [0011] Ot her preferred apparatus of the

i nvention arfPWiRS dEOoygthe fercedeonvection duct.

{0010] Apparatus of the invention are preferably modular, and more
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 -mouhted, 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 forfn, that is, és a bed of granular
material, and-preferably maintained at a temperature fanging from about 0°C to about
200°C, while the catalytic urﬁt 1s maintained at a temperature of ‘at least 70°C,
preferably at least about 200°C, for reasons explaiﬁed 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



wherei n the aerosol renoval conponent is in bed form.

that is, as a bed of granular material,

and- preferably maintained at a tenperature ranging

from about OC to about 200C, while the catalytic unit

Is maintained at a tenperature of at |east 70C,

preferably at |east about 200C, for reasons expl ained.
herein. [0012] Yet other preferred are apparatus of

the invention are those whereifi the catal ytically
activated conbustion surface conprises one or nore

| #yefs, Bherginripdiyidugt watep of dikrewdrke rsciaguinvdydba thensaness orodlifferent in

t i L2 SCf: g same or different in
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second [a8jgct of sblundi mpeitt bOMALBeABONAES hfods for disposal of

di sposal of _hydrogen in a fluid conprising hydrogen,
arorragsn dr & Ty wiertrsisere hydregea. sed oesudual amsentsodfyHE and -aerosol

f i d conpri.sing t
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renoval conposition, the aerosol renoval conposition
preferably COMPFFEBNED 259! JFMeBYa compesitiar dihgnaerosol removal

fluoride, heahfdsideh! ¥ak&eshial MR OX fi-nel . .
di vi ded ni ckelﬁl?) ?)lr cg I nati %Br?l%%yf ,q)eev\hé)lrfe?%rﬁigt Hgl?’ sodium
fluid contadtwriheheated sctvatednaiumlinune axpdes i firiedn divided nickel, or

thereby fornming.a fluid reduced ig erosol ; and b)
cont act i ng tREVMAHCE PEGe TN 487 LB canteptsathe aerosol removal

catal yti cal lognpekitivatisebycorbins s flld ?%{c?cgﬁua&ggégi;‘aﬂﬁed

inside of a forced convection duct,
conpri si ng eygenng thenfuidhredugpd inheerdsol odth aavadwidalin activated

duct, thereby conbusting the.hydrogen with oxygen in _
the oxygen- Sf?flgtil‘?ﬂ ﬁ&rr% °r %%%W(}/I{eéol%ﬁ‘?‘e F’?tlef*efrgéé yCqiygetion duct,
fluid. reducadld o gaercesplisiht Viggdhfiows _rthﬂ)ugﬁrlﬁlé‘ térced convection
conpri sed of nickel netal before entering the

cat al yt i cal I9pchdhsehy cambssingsthe diydregenf with oxygercn ithe oxygen-

preferably heat.edns dls, i s preferably perforned by
heati ng t he suppo%t structure holding the

cat al yt[0¢H]l y Botferabiyethe chuiibusdiced iauidréd fiowd fiough a conduit

forced. convection duct, thereby ensuring spontaneous .
i SRS & fﬂic)fﬁ‘ dB%tﬁPL??ﬁ@é"r RN 18R diatalgirally Tarsiveted | gpmbustion

SR o RO ka0 RS by s
| rfEPREIT piguatkre holding thenaditalytically 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 aspe'cts, respectfully, are other aspcdts 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



second aspects, respectfully, are other aspects of the

i nvention. [0016] Further aspects and advant ages of

the invention will beconme apparent by review ng the
description of preferred enbodi ments that foll ows.

Brief Description of the Drawings [0017] FIG 1
illustrates a bl ock diagram of a nethod and appar at us

of the invention; and 5 [OOlg] FIGS. 2 and 3

illustrate schematically two apparatus and net hods of

the invention_ Description of Preferred Enbodi ments
[0019] JphFEze 2 agh hillpsiratgl scheratidallated 'appast}lf had methods of
t - ed herein when referring to a conposition
o?kgﬁ?%ggé means functioning to initiate and/or

accelerate a chemcal reaction, wthout the

conmposi tion or surface being itself consumed in the
reaction. [0020] The phrase "catalytically activated
combust i on surf aclemafth & peALAbYEhEAY,aCt i vat ed

surface that initiates and pronotes coO I on of

hydr ogé®019)pdhhd piﬁaﬁuicﬁabelcabﬁ‘aagvaltm OaLiBid 8k isMised herein when

" " d
hé%rgrrﬁ]%ntgggc‘?oggﬁ( 103 qg,%g a%c(]éf n;egﬁq émi:g]erggg goa@?t;atg z?ned/or accelerate a

grcBé]car rdXBl & | WSt ad @&n%@ﬁp&f b8 shitdle ﬁ@WseQF‘?ﬁrﬁgﬁled in the
of fluids there through used heéetein e

t épatioRodul ar" means t hat preferred apparatus of the

t truct.ed |n. standardi zed unlts and
R e A g A e means 2

Thetaprieslen tacti vated sin@ate! ﬁhtahﬁﬁ ate® a8l 3&5&8{&’ tdoﬁlfbfulstﬁﬁ{ bf%ydrogen

generation, nore specifically, to disposal
hy@esgersu %%ﬁll@@ igtarconigetew sl bydiogen endooxggenst i on of

_ : b :
1T ost Mo OO, &5 S 1 B Redin fugenk 1 gmas? i solid, preferably
f asdviubem naatéﬂla_leha\nﬁe gemecistiznallowpasaby st atds Rt ®ugh

in.a_ commercial senrconductor

br i AP TRERrRerein i GHTCROdRIar” seshigreted apparats of
| Ihighv BRI ér@%onghfcte%rlﬁrﬁanﬂﬁﬂﬁfeﬁsmﬁtfs l %nﬁlgﬁl 180 of gﬁAp)lhty and

el ectrolytic fluorine generator provi
mﬂ@hﬂalﬂhﬁprlne cl ean- up traln 4 a custoner process
6, and 8&3?)( ueslt)re n% mventlon relates to electrolytic fluorine generation, more
specifically, to disposal of the hydrogen generated during electrolytic production of
fluorine.
[0024]  Referring to FIG. 1, there is illustrated at 1 schematically in block
diagram fashion a fluorine generation apparatus and method which might appear in a
commercial semiconductor fabrication facility, and which will serve to illustrate the
different aspects of the invention. An electrolytic fluorine generator. 2 1s provided,
along with a fluorine clean-up train 4, a customer process 6, and an exhaust gas clean-
up system 8. (The fluorine clean-up train, customer process, and exhaust gas clean-up
system are not considered aspects of the present invention.) Also illustrated are an
aerosol removal unit 10 and a catalytic unit 12. Fluorine ‘generator 2 will have an
electrolyte, typically hydrogen fluoride (HF) and electricity as Inputs, represented by
14 and 16, respectively, a fluorine-rich stream routed through a conduit 18 to fluorine

.. clean-up tfa’irr 4, and a hydrogen-rich etrearn'routed through a conduit 26 to aerosol - |



up system 8. (The fluorine clean-up train, customer
process, and exhaust gas clean-up system are not
consi dered aspects of the present invention.) Also
illustrated are an aerosol renoval unit 10 and a
catalytic unit 12. Fluorine generator 2 wll have an
el ectrolyte, typically hydrogen fluoride (HF) and

el ectricity as inputs, represented by 14 and 16,
respectively, a fluorine-rich streamrouted through a

conduit 18 to fluorine clean-up train 4, and a _
hyeReyR it ¢ sTheglecirelyteets tymicaliyhavailablndnibatdg magle.  Fluorine
agkn I ' ( e. electrolyte is :
t)e/g%i ca“’f{/ﬁ og\t/}ggﬁl\aé r%lé%gngvggt c O%Dglekheﬁeﬂ]é?l getor art, and require no
. gerikeraexplanatibn t idrein natue esuhe flubtine: lsBiMtor s tthE on-site modular

semi conductor. art,, and require no further expl anation
hel"OrRS SEREraLNR [FPIREof e yarer heoradesdasigmaien $(Oeperation-F 807,
Mo le A .abi b ROWR,HNdR, W 1
trade desi gnat !i)ﬂggagaaﬁé?gftl ?gr?h g@%@ ,br&%vm%?@“r Ngm‘”hwh 15 an
Flonetentpad, clactolyiisiforrint JérerBGC haviay pintddtedyiddrnk , production,
NJ .&s,hitch is an .on-denmand el ectrolytic fluorine ) _
gRBFS ﬁ%WPWéS‘?%P‘Eg?t%‘PSG 17 p GERPHE, YRBHR gngkpsure. This system
PWiab hirgRl ioQfhut 60 BPERSSIr@ Mitds agey | SRR !
vent i Irat ed tg)rl1lcl osure. Trhi S s?/)seltsré%[r’ %gjséa% %gtged OEC% %’8tkg of high
ofPugily Huemntarad dey teey eustrenertroprocesarteblc Ihe deit bpeatiteypntan electrical

3. hi ity fluori t
2 e M, 2RO L AR REL TR, {8k, and cxiauss
elabotir 1CRm3/ heest hakPaid e t4@id88p YO BSsip gg ggéthfo%%gg&h 0.1 slpm

and_cool i ng wat er hook-ups, and exhausts
n®fHh of exhaust air, containing up to 1.3 sl pm of

hyd d 0. . HE [ 0025]. duit 18 routes .
o030 CobasLikols 4 A 08REk RN o Reh o wan

4.4, produntngng purffiedi flo@the §treron iwigiclstis eamedRiLh Ednduit 20 to the
routed via a c ndg‘i‘:ﬁﬁf 20 to the custonmer process 6, .
WHNEATICE PTOFERS P WalNIE Pl GORNssted XA 4he exlaist g9 syster 8 via a

Vidnduit 22NdHndur 24 (60RHYI dedidd reQH%tE? g ! ﬁﬁﬁgrd r%é@s%ﬂi%t or to the
gas to further processing or to the “atnosp ere. ‘
[ GoRe§phersnduit 26 routes the hydrogen-rich streamto

t he aer r val . unit 10, the operation of which ' '
is fur t[ﬁggé]ex%dﬂlé&6ﬁ8}1@? #‘e BY&%WQ@C%S?"@&U%H’G aerosol removal

aem@sKy, thd Wb ARRLITWIGE SUGARE LHBMindShdrGHE Gt
condui t 28%% catal ytic unit 12&& fur‘tgﬁ’ergat}ggg‘? feduced acrosol

hdveragendishatspamcthins routpd visre vendwsts toacrtalgtic ynialll. os further

| [ t] ,
R T O
exhalgice domdastiondpated davate@ndUivkstS4gas Catdhy tht HAY!be safely

w || have an electrical input as. _
exhausted, as indicated by conduit 34. Catalytic unit will have an electrical nput as.

well as an input ofa gas comprising oxygen, typically.air or a modified air stream (air
having impurities therein). The electrical inpu't is necessary to heat the gases and
ensure combustion of the hydrogen.

[0027] FIG_. 2 illustrates schematic’:ally-an embodiment of the inveritién, 100,
where the aerosol removal and catalytic units are not mounted on the fluorine
generator. A fluorine generator 101 has two outlets. A fluorine product line, 102,
routes a fluorine-rich stream comprising fluorine and residual HF and is typfcélly

routed to one or more purification units before it is routed to the customer’s process



well as an input of a gas conprising oxygen, typically

air or a nodified air stream (air having inpurities

therein). The electrical input is necessary to heat

t he gases and ensure conbustion of the hydrogen.

[0027] FIG 2 illustrates schematically an enbodi nent

of the invention, 100, where the aerosol renoval and

catalytic units are not nmounted on the fluorine

generator. A fluorine generator 101 has two outlets. A

fluorine product line, 102, routes a fluorine-rich

st(fleta%ué%ﬁﬁ)l e fsemsrtime aahbﬂrbgtm velabtréd gnproidsced at the same

I I 0 urlf catlo units

bafisefunct Ath i RPN SRS aBEen SsF Bt cclsd Snpisg witn B,

ore |

i I dlarst with edberv Ahe eRersigteadrbd thad 1@&%}[’1@&%'{1{6 I?Jlir%eﬁerﬁm stream.
| produced at the same rate and routed through

uPgreergage %Eyqﬁ%ﬁﬂog‘eﬁﬂ%tsﬁéﬁm Thay singe &ver ur hitced concentration
rﬁll?oe""%rom s L trhc@nth%% flg 3 &c%‘f ﬁ lexﬁ%ﬁe t%l%}rﬁ:gﬁy ranges from

that“7s carrie rogen-

peboen?igeaboht 98/phrome hydmgeﬂnldh SUeIeRNbARY. TABUYIRYEE-riéh stream
bro d concentration range, from | ess than 1 percent

upVlo?69 cempHES: érff‘lnobl?Flor\’BP Of tipirkusl elgctraliigedn peronel form. The
atb@é&ro e LRd @ﬁo%u%ﬁg %Qtprg%q{ 99?1{;' an?d?m? 0| umf?‘rom about 0.1
n W al So CO

basi s. "The hydroge st ream
mi pesdenawp torgboof 5 blﬁcgitus el ectrol yte, in aerosol form

Th F [t 1y b esent in
i amod S andoRg S e hraitn treghBroagemeb a6 aseapo! removl
S et cent haviliiD 28] ackpd %ﬁm\lﬁ%cﬁﬁwsﬁ?ont fferdiy dr ?H@ rflslefrosglhremoval

streamto an aerosol renoval unit havi ng
acioBPesition 1o pesifereblypo sgramudar béveforing and' he pmfemlsl&l selected from the
nis pref r

F O g R 7 el SoRuRL B pesk P B lopmgiim oxide, inely

CO;hSlIdel Inmgeloﬁ)r sexiBinkii 6 thesdddl \80dh |1 (C€S:806608-8) is a mixture of
vat ed. al um num oxi de, finely divided nickel, or

HROXE Wil sedrmapuiEoTifener P@&Sl%d@dzau® ang imtypically used
m A0 OXI d
pot as sﬁet’ﬁ%fbﬁr?qr%t%‘g% gglr%(g& %Hc% gaﬁgg%‘w used "% Oef an da lime has the
alrsided edtantage of aeinovingisoxieds’ mdmve&eelevecaaobe &Eb@lu@ eaction of

of sod advanta e of renoving sone
orsobtreot e Fi B satfe s T Cilnmgn gna o defen pruBT Muerates although
0fthIsh§n6iFaéM1éthecﬁﬁfEﬁ1 egf the calciumoxide to form
calciumfluoride), although this is not a strict

r equu r éﬁ*@?ﬁ] [OO@Q]hecgaeepasm tgmgbahsaeroedsirmugiwt heit 104, a gas
uni t 104 reduced or no

aer olsn(% refhécng c?ﬁtng derogels Eglftﬁﬁi Vi PE%\tF“a Qgt aqfiypieq combustion surface
C Oru9ysdlsitidRed iHsfd@ @€ a forced convection duct 112. Forced convection duct 112 i 1s

filled with a flowing oxygen-containing stream, typically air or a flowing gas stream
comprising air and other residual waste gases. In many semiconductor production
facilities, for example, nitrogen is used as a purge gaS, and then vented to the exhaust
system. Carbon dioxide, carbon monoxide, perfluorocarbon compounds, and some
unreacted chemical precursors may also be present. Duct 112 is fluidly connected to
“aerosol removal unit. 104 by a conduit 105, preferably a nickel or nickel-lined conduit.
Catalytically activated combustion surface 109 is adapted to combust hydrogen in the

oxygen-containing stream flowing through duct 112.



109 positioned inside of a forced convection duct 112.
Forced convection duct 112 is filled with a flow ng
~oxygen-contai ning stream typically air or a flow ng

gas stream conprising air and other residual waste

gases. In many sem conductor production facilities,

for exanple, nitrogen is used as a purge gas, and then
vented to the exhaust system,Carbon dioxide, carbon

nonoxi de,  perfl uorocarbon conp%unds, and sone

unreacied hem cal precursors may al so be present.

Duct 1190305 f|45@s9 Eawvaktrl 106 andesasaplicallynastistted combustion

URjteacel ' f Ly, nigkel .or .

R e —

c oerivast awyoscd wiréan éndi0 Bompridag fogdationt 99 f@blﬁdut by él‘g%rhydrogen,
g through duct

in éhe. ogﬁgen- containing streamfl ow n .

1184 residuppiEhntaahgad 0%, svfacars ametalliologls preferably a nickel block
Cathye HaR ' | rface 109 are

T e kST RE RS Ry R 4fif DB Bomponents o
r batdescrited. Thduedukedesamsol fMitid oWy IOBLEDART isXithDut through a
froma 95.t o about .99 percent hydrogen, and

r SBABRET e eita” AW aomnaic i oue st a4 of head 108
blogdide f Gt PAY 1347 el i - '

machi need to a?getpt t ﬁeﬁllr&ggtﬁgecg& er %@2?“@ Eﬁdg& ieftgtﬁedlog’ preferably
otfyare methp orferdatalyecallyaciesed ¢dnauhistidn eurfad peeferaBsr @&®rises one
fluid flows through and exits out .through a_. _channe

1 25 Rt A b e R B B gl e oo may be the
syshace différah ieasnpétion, Qbkdbde Bid %H%Kt%ﬁox?.lgaf?&‘ @%nple, the

is nmounted catalytically activated surface 109,

piRF ey Wiresor fiess may he arpegedatoatyndarallyl suchas iiv atmdrk screen, or
c ' - erabl onnr i .one. or e S
U 4L 0 AL L Y R SR TRy tver o

t 3¢ pseepeplatimym b péraent rhatiemainiodiséreer, eMfiost individual wires are each
co OSJtI%ﬂ, dlaneiﬁer0 Snd orientation. For exanple, )

t REPTORITAICHY qthege Jiilse 40993 flp%kérg.OQ%@; s ai sbageqter.  Catalytically
NQB A0S thdustioH Ghrfade & tELhE G Aoy

such as in stsctelel wool . Mgnge%éesf @?ﬁggﬁggttglm?%@pe 8Pt hydrogen
syehiwently sind kel thel aydeogenf witd5Sthpefleidntomprdind) WRkygdn passing
percent .rheni um al |l oy screen, whose individual wres
a(rﬁe]ro‘é%}k e pcﬁpg%%}?ﬁt%‘pyf?hr ee mls (0.003 inch,

0. 007620631} | Tio haiFe S¥ntarfedh Aghitionalny ' i
conbus?i%ﬂlsurface 1d§ﬁ1educegﬁtﬁ% ignﬁ?ﬁgﬁhﬁﬂkﬁgrnaﬂthkmk
t dAP &St be Beasgd tonas 1eas? UG nreferailyiat leaar200§Cabylheitore$ 07 that are

t o) ith the flui onprisin Xyge ssin
B 0aR A Ty bR U \SORELS N SR RSELA v and
S it vheghero Uisteing Biatir® Buffid Al soathkt WhAhE g8 &is@%ﬁaa{éllrsggll 1 it spreads

bl ock 108 pust be heated to at |east 70C pref
aicl0gs, & tS12npiaxant BYTtiREaelepatalytically Hastivated 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 cétalyticaﬂy activated combustion
surfabe 109 so that it will rheet the hydrogen-rich, substantially aerosol-free stream

-exiting channel 111 as it emerges and combustion will occur in the vicinity of surface
109.



preferably enbedded in nickel plate 114. Heated nicke

plate 114 heats the gas and the nesh to a tenperature
sufficient so that when the gas exists channel 111 it
spreads across a significant portion of catalytically
activated conbustion surface 109 and a flane is

formed. To ensure conpl ete conmbustion of hydrogen, the

fl ow (designated at 106)'of.o§ygen-containing gas

t hrough forced convection duct”112 is preferably

mai ntai ned at a velocity equal to or greater than 2

met er s [@&2] se&bnd flow rate fordbp £huidicempfisioghhtylifoget Ingay range from

spee re acceptable, .as _|ong as the departyres are _
VARG £ TRREr AR e Bhuci BY PRt RERRERT Hoifasih “up 1o fows
Saktdeding Sataldiid Gekd Yerdfiihval @HnOOMRISE0N HighH: T 868 rates may
109 so that it will neet the hydrogen-rich, :

sayBErsm plaghtly didlessolenbodiment rhaging ewitiple gharinalsnkel ! aridl ports to

as._.| rge c ustiaon wil.l occur,.in the

o Eathe BePE S BRRE T §0n e P A BRLEh, 1 at e

for theod3zqi dAaetpr tBbalmehty 6if g QResdRYink &R doh@fses placing the
about 1 standard cubic centinmeter per mnute (sccn of

hyp s ARGk Wik gndyibe catrlyiie sompustian wrti¥em nept, prafergbly mounted
m . 0. - OW_ - v . T L r :
g TP e R RORH B AR bR, AP, Y ehBodiment
chanthetratedi1ih BIE Poatt 300 0 Fletrsns enpraper0tipgbdidesita @dorine-rich

e T SO P (B e EPRn A0t PO - BHPPESBbcl epmgthat cxits
t hirouSeEARRE Jr SRVA)3, Emtl?.:it% fE&ﬁxéé: ﬁ%ﬁétl%&tih& Q%E%!;ﬁ b bval unit

unit~ very near, preferably nmounte op o
Wi20Hinmounitesl dioestipronrtop of flubdnee fenevaton20igeAaricitedbr nickel-lined tube

cabinet. This odinent . isdlluystrated in FIG_ 3, at
S5 Tedsshinee SAhEmetae 2ad 0By s %Q%fhaa SHGkgbPlatechl4, through
S twitetn chahh et h2 B ik Sdrillgdo be NoheREYd tsh%}@e')d,, ﬁfb@viﬁg reduced aerosol,

hydrogen-rich streamthat exits through conduit or
t Updroggn-rich dhddite comactfcatadiytingllyl activated surnface 209. aleotiohl heaters

r %9\@%“ g 5%1110%9 é"ergg%lij g{yﬁgo rg%'n-rneﬁ%tettll%{fl I(t)%n’gxta (%?rﬂﬁq&atfulg% reirer%r? discussed

gener at or A i ck ni c

f dedisatt aPOgpreRtdbly at RestalOOPC), hatdtt 208id ddeastisaiBo@sn flows (as
nLckeIa?Iate 214 through whi ch channel 211 is :
dripqicated By agpwe L )through g derced coungchen Aeddédd aer osol

it aea 0d. EearineeRerOaE L Bl Elhcal sARbHH Gy for

aexddsohal leydipoger- ai dmpbitantd considdratidre fpe rsemivo@8uctor fabrication

herei n di scusse (at least 70C, preferably at | east
2008YS- finPeparale ?qraqcﬁc%ﬁg}qnsgyx@ B8y, Be Reqes T tq gruntain the proper

| 0P 8418 doiikn 6 CHRIIAAHR) ok I QU BRE e, T R 166 oG8 REEURR unit has 2
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 éatalytic 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 temperatﬁre 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.



[0034] The arrangenent illustrated in FIG 3 reduces

footprint necessary for additional equipnent, an

i mportant consideration for sem conductor fabrication

pl ants. A separate forced convection duct nmay be

necessary to maintain.the proper flowrate within the

conditions outlined herein. If the aerosol reduction

unit has a soda linme bed, th (ped will renmove HF for

sonme S|gn|f|cant peri od of tlne If it is not changed

out, Emgﬁf HF wi |l pass through the aerosol renpval

unit bUYY3FT | |Onogoal 8f ff@d%re%qmé I§BHGR S6f pmvldqqzerehable combustion
c ro
ﬁI tl'rrFe&l?}ol(?ﬂJHlﬁscfdeQ ﬁ%tt Ilé {élé% Ia;[;li]lg{ ﬁ%ngg’l t1(?on &1% eotgg nsure tbat_.t.he |

' rThydxbgeId esiites bilthofigh theer saly dregsubplicth asoeéiirftahOBadkfugsheWhenever

Eg&ratus of- the |nvent|on For a | ong duration

TREFHI, PIEE IF MHE 2RIk Dasethen FRP MR OB er (oTBed Sordar using
S @fd apRafh ot Rl tmhSBHf
act |a{/p2t ed al ur?nn nu&rﬁggix?ﬂee&%e pﬁﬁegég%tllg&gsut%één%teﬁgrﬁ%en will never
r dagirergnt po ﬂm@bwthel@@@dt oonvabidert 1280 Gpisally dreair estream, and the
woul d maintain its %ranular nat ur.e

I Sﬁtalé&lcgq)ﬁgﬂwg é 2SUiaRe ag mamnteingd pEtheco fifjjopy described ‘herein. It
Sapptand Bt bHIS RREr PRidtbedn@s maPoe A3 f@]@n'g?é}}n Oferation. The

the present invention is to provide a reliab
céﬁbwgmr@rmdj/ ypoé@nse nfetthog somae qdmasonoctn rti@q uatakynaauy activated
p| i ht ourc tha _
sombie e % Slier At L4k REG BT etippiTh dogesion and HF
r aéptm@tardb nb&W%ffe%&i&%‘{:@fatmhﬂﬂ%ﬁﬂeﬂtﬁ/e Fﬂf)ﬁ:ﬁ'@ﬁ% hdwever. The
| . ignite, based on experinentation perfornmed so far
uépmjy ptaﬁ@uwbamamu\glramsms%ustesﬁngt dnss inpianperDP, be affected by

{%ﬁ%énce ® f of o%’&i) ¢ onv%%rlngkrﬁo V\}?’\étl?/vpelngg? F‘i}“%ﬁv remove the

alpbt&ﬂtlaldaalzmdarfdmbhmg hydrd gdrydompiblely witiow affestinguiifcR generation

are mai.ntaipned in t condi ti ons described herein. It

aOp &R, gthep gpsgs ﬁ?‘ﬁ“o?s PRI @A BN Beilob dight eelectricity to

f faihi@Rhinl iSh#MoRRFARE | ON. The HF vapors, may condense

form ng soime corrosion on the catalytically activated

conb ust[D@ThS] s u&?x]’tlmehalmjfomcgmmc flesatipti@sis mrﬂtemch:d tonbt aépresentative of
bl The. corrosjo HE deposits do t seem .
PER R PSR RBesFo0R Ay AR S s o L appended clams.
however. The 10-ply platinun rheniumw re mesh used

in testing does not appear to be affected by the

presence of HF. The apparatus and net hods of the

invention reliably renove the potential hazard of

pool i ng hydrogen conpletely w thout affecting fluorine

generation or requiring other gases such as natura

gas to maintain a pilot light or electricity to

mai ntain an ignition spark.



[ 0036] Although the foregoing description is intended

to be representative of the invention, it is nat

intended to in any way limt the scope of the appended.LQOYDWISE
claims. LLOYD WSE 11 Wat is clainmed is: 1. An
~apparatus useful for. disposal of hydrogen in a fluid
conprising hydrogen and residual anounts of HF and
aerosol electrolyte froma fliuori ne generator, the
apparatus conprising: a) an electrolyte aeroso

.@gnnva$. %t conpri sing an aerosol renova

ﬁb@§EWW8 St herein t hrough which the fluid i s adapted

to flow, b) a catalytic unit conprising a

catalytically activated conbustlon surface, the

cat al ijt. c ORi appawRyst Beetlofasedisngsilt ¢fokeogss inje Bid omprising
.f\(/)cﬁgc?ed Cé) ”‘lsgﬁélo&n%&% ' of Ii-ﬁ: Cak azle¥c§sof égéﬁutol&leug%ya fluorine
connec e aerosol  renoval y a tonduit,

- bdirraad, ﬁiey;ipp@xa’cds)coaxphsit@t ed conbustion surface
- adapted to conmbust the hydrogen_in_an

oxygen- COneRiSAcFgLYIS tackuf} TRBAYH it FRBRASIEE cAtf afreeq) removal
convecti on [
f he appar a tc%gﬁgsnl&i %1-%13%1 ﬁﬂggﬁf\%@h ﬁfe fgdrlg tl{%clagmet ?10@
wher ei n ¥)he apppLiat usiti sorpptitiapl €. caéhlvtTdaelyafapﬁwaédJS;oﬁfousnon
claim1l mhereln t he aerosol .renoval conponént is

bed for m suriagse theppriplaie gt adeptad i pe pRaInOPRd fside "o 2 forced

aerosol T eBNAloiGR HRS! bR SRidR EAHRORK e ssrosol
selected fromt groudp consi sting of soda Tineg,

sodi um fl wehowka, mheaiyed ecthduvia ttieel catalyticalin acxivalied combustion
finely divided nickel, or conbina thereof. 6. The . .
appar at us dHriatepAgpIedie reammp ‘Fh@‘ CBYFE'BE?I‘ thaAD PKYFPropianme

connects the a 0so0l and the,catalytic
unit is sel g@?‘é‘ 18%@’8@@%8&%‘38%5%%6 t|1°nngd‘%)?1

ni ckel tube and a nickel-lined tube. 7. The apparatus
of claim| wherein the aerosol reanaI unit is
mai nt ai ned at a tenper; ure rangin from about 25C to
about 200C. Th9 BPEF n 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 whetein 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 unmit 1s

“maintained at a temperature ranging from about 25°C to about 200°C.



12 8. The apparatus of claim1 wherein the catalytic

unit is maintained at a tenperature of at |east 70C.

9. The apparatus of claim|l wherein the catalytic unit LLOYD WISE
is maintain at a tenperature of at |east 200C. 10.

. The apparatus of claim1 wherein the catalytically

activated conbustion surface is maintain at a

tenperature of at |east 70C 1&2 The appar at us of

claim10 wherein the catalyticatly activated

conbustion surface is maintain at a tenperature of at

| east 200C.. 12. The apparatus of claim 1l wherein the

aer osol 8.r enolizd apmirdtuaogdclaicat ablyréia thaichtaBiie Sk @itained at a
at,_a di stance fr fluorine generator. 13. The
apﬁﬁgﬂpgﬁaﬂge&gatcl ﬂb%'wher ein the aerosol renoval unit

and the catalytic unit are nounted on top of and

within ¢ he f ' u ner al

appar at%s ofﬂgelt EIIIS ﬂa?%tu%é?lgﬁﬁﬁ h(»}grégeu?‘? g’t F)Pmt is Mintain at 2
acteimpertadule oCairibass 20@HC. sur f ace conprii ses one or nore

| ayers of wire screen, wherein individual wres of

the wire screen may be the same or different in

conposi t4 on, TR APREAtUS Hd clam entwhetein the. cathlytically activated

SRR, ALIEL MAGIASL BBiS SRA L LY | oo

percent platinum 5 percent rheniumalloy screen. 16.

A met horl. f orTigH sappakusofof hydir9e0 iwhereid | thed catalytlcally activated
' conpr|3| ng hégro gen and residual amounts of BF

- aTRUSHOE B EACE & PRIAtAR Bl IEMPETAITE 106 alglenss 2A0%C ., the

nmet hod corrpr|S|ngthe st eps of a) rovmngthequid _
through;.an electrol val conponent

conpri sifg Zi;l éf % @fewﬁ@ %@F’t iR, acigiel ssmovahgmit and
fl mdythdeﬂY&rV\bSEtxoﬂ 3t coBtaacd ﬁoﬁ)"heﬂlﬁﬁfr{ésg(éhex’faﬁﬂov al |
conposition thereby forming a hydrogen-rich fluid

reduced in aerosol; and b) contacting the
hydr ogeh® r i chbe PRRagathe @f cladmi h vehereis ghe wietdsolaremoval 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



catal ytically activated conbustion surface positioned
inside.-of a forced convection duct, while a gas
conpri sing oxygen flows through the forced convectiqm
duct, thereby conbusting the hydrogen with oxygen in
t he oxygen-containing stream 17. An apparatus usef ul
for generating fluorine, the apparatus conprising: a)
a fluorine generator adapted %ﬁ produce a _
hydrogen-rich fluid;- and b) the apparatus of claim1l,
wherein the aerosol renoval unit is fluidly connected

to the fluori prutgféhethat asroseld reminpi esbnipwsimme phertte forming a
hydrogen-rich_fluid. .18 t had for generating

f1uorine and %¥§§%%5PC%P“QVQEP%%JBPﬂﬁ§ r@§£n in a

f1ui d -conpru)stdigaditdr Qﬂﬁ'hydfc%@h%ﬁ' AP YR @ inHErBRY with a
aerosol electrolyte froma | uori ne generator, the '
met hod conpr i SHAYUEHE aetefgecdotombystign nwirfats pgsidoned inside of a

fluorine-rich a rogen-rich stream the
hydr ogen-ric hfoé%érdg g?nh\g%gxﬁ?i %‘%/C?fg wglfelﬁ ot SMoiHrsge oxygen flows

el ectrol yte atiiouglydhegfcdd Wohvétfion PiiudtOUhéreBy t fiftnbusting the

. e

fluorine-rich streamto a cleanup train to produce a
purified fluBY{rREeswithysemin thy oxygsniqogtaiting stream.
hydrogen-rich streamto the apparatus of claiml1,

t here supstantially .reduci ng the, aerosol content o
and c?r?bust‘?lrl}ﬁplfaﬁaéms H‘%}cﬁ\notﬁ%ﬁ?n @ngﬂﬂémé‘ﬁp 4PRAgalY$ compnsing:
claim 1 whef)elubfife Q¥NGRBr SO BIpRsit 2 9 gen Hch fiuid; and
20. The apparatus of claim1 wherein the ~ ~ ’ _
- oxygen- cont®li Hierippatatusaahciam bwiwosn thyareessot oompoviabimgis fluidly

air.
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- 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 elecirolyte from a
fluorine generator, the method comprising the stepé of: | |
-a) generating a fluorine-rich stream and 2 hydrogen-rich stream, .the
hydrogen-rich stream comprising minor amoumts of electrolyte and
hydrogen ﬂuoridé;
b) routing the fluorine-rich stream to a cleanup tréjn to produce a purified
fluorine stream; and | |
c) routing the hydrogen-rich stream to the apparatus of claim 1, thereby
substantially reducing the aerosol content and combusting the

hydrogen.

19. The apparatus of claim 1 wherein the oxygen-cohtaim'ng stream is air.
20. The apparatus of claim 1 wherein the oxygen-containing stream is

exhaust gases comprising air.



