FLUORI DE | ON CLEANI NG METHOD BACKGROUND OF THE | NVENTI ON Thi s invention

rel ates generally to systens, nethods, and apparatuses for fluoride ion

cl eani ng,wendivmsig3specifically to in situ generati on amdTaspiognel10d
hydrogen fl uoride gas used to cl ean conponents, including conponents
conprising superalloy material. Fluoride lon Cleaning (FIC) is used to
renove oxides fromfield-run hot gas path conponents in preparation for
subsequent braze repair operations. Current FlI C techniques either suffer
fromreduced effectiveness due to the limted availability of HF gas in the
process or are burdened by hi gh equi pnment and mai nt enance costs stenm ng

fromthe use of bottled IﬁEUg)@{qul@oﬁdL%gN[ﬁ@tMEﬁ.}(merm ally avail abl e
dynam ¢ FlI C equi pnent currently uses bottl ed HF gas as the source naterial.

Because HF i s e X] use requires expensive, relatively
conpl i cat e@%ﬁ‘gﬁﬁﬁym) 5&%‘% rVElr"J Nt el y handle the HF. In addition, since
HF nust be used in excess in the cleaning process, the effluent stream al so
cont ai ns HRhiyigeantion refptes gsoeralbite sysonsst athedrdand dppamesderdiupridnion| | ari es.

Thi s conbi 'lfe%ixi%@ tﬁtﬁlg%% %Fgflﬁ&hg‘?o HFs‘?tLgl :}e?au%ﬁ%@% € 8ftlyd F‘o%% RUGHYe which s

segr egat ed cess C N Sorte conony of scale
Wi th the gasshwdd élerg camdortemeaUMttg eoprporents compaeing pupgialloy inatenpalul d be
desirable to have an effective cleaning nmethod w thout the associ ated

downf al | s ofiydriae 16 €1@hinB QF id) @6l uddlt 16 @6V eSHxilles EroffRfi@aindl hotfds phar, it woul d
be desirable to provide an effective cleani neg, met hod tha redéﬁgs or
el i mi nat es SPRBORALSH Nt BFPARNOR HQF Spbsequept Wz PP (W5 Sy o ess HF from:

the ef f| uentchsiqneaditheBRiterfrodr Seduk&dTd iRl vehest ldie tINMENHi €Mavailability of
HF gas in the process or are burdened by high equipment and maintenance costs

stemming from the use of bottled HF gas as a reactant.

Commercially available dynamic FIC equipment currently uses bottled HF gas as the
source material. Because HF is an extreme toxin, its use requires expensive,
relatively complicated equipment in order to safely handle the HF. In addition, since
HF must be used in excess in the cleaning process, the effluent stream also contains
HF, requiring a scrubber system and it’s necessary ancillaries. This combination
tends to drive users to employ larger equipment which is segregated from the normal
process cells to obtain some economy of scale with the gas handling and treatment

systems.

Accordingly, it would be desirable to have an effective cleaning method without the
associated downfalls of the use of bottled HF gas a source material. Further, it would
be desirable to provide an effective cleaning method that reduces or eliminates the

need for a separate scrubber system to remove excess HF from the effluent stream.
BRIEF DESCRIPTION OF THE INVENTION

The above-mentioned need or needs may be met by exemplary embodiments which
provide a process for in-situ generation of HF within a cleaning retort and removes

excessive HF before releasing an effluent stream from the cleaning retort.



The above-nenti oned need or needs may be net by exenplary enbodi nents which
provide a process for in-situ generation of HF within a cleaning retort and
renoves ewoesniosel7BIF bef ore rel easing an effluent streamrcirruseooioeliad eani ng
retort.In an exenplary enbodi nent, there is provided a nmethod conpri sing
generating hydrogen fluoride (HF) gas in-situ in a cleaning retort;
contacting a part in need of cleaning with the generated HF gas; scrubbing
an initial effluent streamin-situ to substantially renove residual HF gas
therefrom and passing the scrubbed effluent gas stream out of the cleaning
retort. In an exenplary enbodi nent, there is provided a nethod conpri sing:

i ntr oduci ngsa,] eﬁmpﬁr,oremg&ﬁﬁausth@él QYRR 8008 ORlid ! Qetrfihgant ng
retort; i nt roduci ng y rogen gas i nto acleanln retort; eatln%the

cl eani ng r dwéiogen 6u0a'd@éﬁﬁbsaét'msxéug\m‘m%ftet%cw?@%@@aw Beed 9fn-situ

through a rgaging Mthohe lBgerfi@P At QAGKscABBink R iRiyielr SFaedht Q!@&m AGuUbi | 1 zi ng
only HF gas gener ted I n- S|%¥H%ron1th reaatlon of tQ@ stock and the
hydr ogen ga¥0sntglyssmey S5t fgaﬁ-ﬁberﬁ @I 4hs 5 ?etdlf 13t 8- situ
reconst it utseeankbutionthe RRagihgarng retort. BRI EF DESCRI PTI ON OF THE DRAW NGS
The subject matter which is regarded as the invention is particularly

poi nted out %n%%]lepﬁrk %%tbf)éllm%tat?@;%qs 8%\/ {418 a Q@e@lﬂg%%bggs@%rﬁt{o%tgkg

speci ficati on y reference
to the fol llowidmy sdeeoey hqdngeoaned fgkdstock rmt@emjegmg Fegert; wittddudi hghedregsnpanyi ng

draw ng fi 95‘4% fito h%léﬁ'ﬁﬁh%'}'etof | eatinkg !hé cRafiff PRt tFa rtﬁrga{/ ﬁ%ﬁ@%ﬂﬁfx% @f a high

tenperatur€ furnace containing a cleaning retort 8’ east a cleaning
regi on and gsnreseaHbsany-vedhorgh Fetiop of he feedderkipad the ydosenseastandi on of a

hi gh terrper@t.%g ohlY HRGEs Béridtahed inlsRu GRAT Ak NedoBSPBEINE fEQsibliEadd!fi@ace shown
in FIG 1 and including a vacuum pu
hydrogen gas or a combination of HF gas generated in-situ and in-situ reconstituted

HF in the cleaning retort.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is particularly pointed out and
distinctly claimed in the concluding part of the specification. The invention,
however, may be best understood by reference to the following description taken in

conjunction with the accompanying drawing figures in which:

FIG. | is a schematic representation of a high temperature furnace containing a

cleaning retort having at least a cleaning region and a scrubbing region.

FIG. 2 is a schematic representation of a high temperature furnace similar in certain

respects to the furnace shown in FIG. 1 and including a vacuum pump.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein identical reference numerals denote the same

elements throughout the various views, FIG. 1 shows an exemplary system 10

including a high temperature furnace 12 including a cleaning retort 14 into which

parts or components 16 in need of cleaning are placed. Cleaning retort 14 is capable

of containing the appropriate cleaning gasses introduced by gas stream 18. The

cleaning retort 14 includes at least two regions. A first region 20 is sized and
2



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to the draw ngs wherein
identical reference nunerals denote the sane el enents throughout the

vari ous wWews10/Bi@3 1 shows an exenplary system 10 i ncl edirnig2@9losgho
tenperature furnace 12 including a cleaning retort 14 into which parts or
conponents 16 in need of cleaning are placed. Cleaning retort 14 is capable
of containing the appropriate cleaning gasses introduced by gas stream 18.
The cleaning retort 14 includes at |least two regions. A first region 20 is
si zed anddi nensi oned to hold parts and conponents 16 in need of cleaning. A
second region 22 is operable as an HF scrubbing unit (fluorine getter). In

an exenpl arde&fsBﬁ@dst% hom&mrs%h@ecsmﬁeﬂemss1@&%@@5@&@% paug&s@h Whioh, for
exarrpl e, Ther eaf ter, a f eedst ock a non-hazar dous

f1 uori ne- c@gt'%?ﬂ?f‘ﬁb’ aééf'rﬁ’cfdﬁﬂ‘b?'ﬂga'i*i&i(“h's?'él‘?eo‘ﬁéﬁ)g!i'sa“%efm"é'ylﬂﬁ?cﬁﬁfdﬂl‘éed into the
retort 12. rJB@lﬂsHQéHeE\t@d GRNSuRkedivith, fb@@%‘ﬁtﬂhdaﬂ’ eRACTIfer@ted 8FRAGSKWFe W th

hydr ogen to forH1 L\(?(r:!as strean118é H %he reh t 14. T g HF gas then
acts to cl &af°t %Zaiﬁi&' sﬂ Be-FINRIN B\ FRTEP 6 B °5§e8 §¥ni-°vlFatil e
fluorides whtddbcanfo erretord 2 aThy/flforiaercértenip@tdSpodid eaapanenpesatd® by t he

flow n as amin_a fluoride ion ani n cess. In an exenpl ar
embod nent ERERLOIR e B e VT PRETRI LT ol et 1 uont strbam 38 i s

scrubbed of fluorine in the second region 22 (fluorine getter) such that
t he scr ubbdde & gasehren astsite aleaBhe @riitst Vimthetcheverssanoeftoxidss trugssianlatilal |y free of

fluorine, apd;idigly ¢Jh%@c4neéﬁwm§zf?ohﬂmy§a&s%¢@oﬁ, ,{eﬁ@%w%%méd i de ion

cl eani ng processes t1ona eaning retort may 1 nc ude a Lhird
regi on 32 (sweamin getupady 'Qﬂp‘é?f\at?BG)f@CGSSr e'r?o%e’%@"wﬁfbﬁ‘i"b%@ﬁm{ preorrigt al s f ound

in the initegihg @ letdRNihe ShiliNAM R S46R 2855 Mrurded oﬂ'lué?ﬁ\edh geussmd bel ow. In
an exenpl ary enbodlnent illustrated in FIG 2, a simlar system 100 is

utilized. Sseienesd dloorinengettensuchdhathssorbbsdeathient %’eﬁfﬂﬁi‘)ﬁé’é‘“&f’? 1981 udi ng a

cl eani ng r g{ Qiistahdidlly free of fluorine, and therefore less hazardous then in traditional
fluoride ion cleaning processes. Optionally, the cleaning retort 14 may include a third
region 32 (metal getter) operable to remove a majority of the metals found in the

initial effluent stream 28 such as Al and Cr as discussed below.

In an exemplary embodiment, illustrated in FIG. 2, a similar system 100 is utilized.
System 100 includes a high temperature furnace 112 including a cleaning retort 114
into which parts or components 116 in need of cleaning are placed. The cleaning
retort 114 includes at least regions 120 and 122 operationally similar to regions 20,
22. Optionally, retort 114 may include region 132 as a metal getter, as described
above. In an exemplary embodiment, the scrubbed effluent stream 130 is connected
to a vacuum pump 140 operable to pulse or modulate pressure in the retort 114 to help
evaporate semi-volatile fluorides from the surface of the parts 116 and to provide
fresh HF gas 118 into cracks on the parts. A dessicant 142 may be placed in the
effluent stream 130 to prevent moisture contamination of the vacuum pump.
Alternately, a liquid ring type vacuum pump could be used to provide vacuum

without the dryer.

In an exemplary embodiment, hydrogen fluoride gas (HF) is generated and
subsequently destructed in-situ, thereby eliminating some of the hazards associated

with prior fluoride ion cleaning (FIC) processes. A non-toxic, fluorine-containing
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into which parts or conponents 116 in need of cleaning are placed. The
cleaning retort 114 includes at |east regions 120 and 122 operationally
simlar tworegvsng320, 22. Optionally, retort 114 may i RCTA$eompgilon 132 as
a netal getter, as described above. In an exenplary enbodi nent, the
scrubbed effluent stream 130 is connected to a vacuum punp 140 operable to
pul se or nodul ate pressure in the retort 114 to hel p evaporate

sem -volatile fluorides fromthe surface of the parts 116 and to provide
fresh HF gas 118 into cracks on the parts. A dessicant 142 may be placed in
the effluent stream 130 to prevent noisture contam nation of the vacuum

pump. Al t erQahelng: suéh dsiFfond 344 mrahmsetme}symeaugrpfée@s%cd aR€mdseMyt 0 provide
vacuum wi t hout the dryer. In an exenpl ary enbodi nent, hydrogen ?Iuorlde gas

(HF) is gerf@?‘?i‘ﬂfé’éedaﬁfiﬁ’%‘U‘H%‘t?ﬁb‘ﬁ‘tdf%%e'&i@sf?fmﬂfed in-situ, thereby elininating
sonme of the hazards associated with prior fluoride ion cleaning (FIC
processes. AHIRN- SHXI>C4HHA + BOH} ne- qandi@iHA gegeangyund such as Freon 134a
(tetrafl uoroethane) is used as a feedstock and thernally deconposed after

mxing wit tﬂ%e{éﬂérgteé Riit&'in g:FHoFéle ll'ién %h%m?ng pé&'&%ﬁ& 2.CH4 (insitu HF

generation) us generated Is utl uoride lon C eaning
process: 6HF + AI 2C -> 2AIF3 + 3H20 6HF + Cr20 -> 2Cr ki + 3H20 (cl eani ng)
H20 + CcH4 -SHFDALOp ZME: 5#HIQent streamis treated to remove HF prior to
exhausting fromthe retort. The process has an optional step which renoves
t he maj ori t6HFOf Ct,De->n2Crl 8 3HaINd i(leddigg)i nitial effluent stream such as Al
and Cr. The netal fluoride conpounds may be substantially stripped of their
netal contgpl seyt hacg eponstituted HE may be recycled

The effluent stream is treated to remove HF prior to exhausting from the retort. The
process has an optional step which removes the majority of the metals found in the
initial effluent stream such as Al and Cr. The metal fluoride compounds may be
substantially stripped of their metal content so that reconstituted HF may be recycled
to the cleaning process. Alternately the reconstituted HF may be more readily

removed in a subsequent scrubbing unit.

These elements exist in the effluent stream as fluorides, and can be removed by
reducing them to a metal alloy by combining them with a pure sacrificial metal such

as iron:
2AlF; +2Fe + 3H; -> 2AlFe + 6HF  (and)
CrF; + Fe + H; -> CrFe + 2HF (metal getting)

In the fluorine removal step, a packed bed is used to contact fluorine- containing
species with a sacrificial high melting temperature material. The reactions result in
formation of stable, high melting point fluoride compounds which may be
subsequently disposed of after the retort has been returned to room temperature. In
the preferred embodiment, the fluorine scrubber contains a fluorine getter such as
CaO:

2HF + CaO -> CaF; + H,0 (fluorine getting)



to the cleaning process. Alternately the reconstituted HF may be nore
readily renoved in a subsequent scrubbing unit. These elenents exist in the
ef f| uent woneswmsas3fl uori des, and can be renoved by redecirng2aomitd a
nmetal alloy by conmbining themwi th a pure sacrificial metal such as iron
2AIlF + 2Fe + 3H2 -> 2AlFe + 6HF (and) CF2 + Fe + H2 -> CrFe + 2HF (netal
getting) In the fluorine renoval step, a packed bed is used to contact
fluorine- containing species with a sacrificial high nelting tenperature
material. The reactions result in formation of stable, high nelting point
fluoride conpounds which may be subsequently di sposed of after the retort

has been r ehHENees drRomBRRRdnS BPENE Y fepldcChOE FRT Rbaple@dombhasingnt , the
fluorine scrubber contains a fluorine q_g%’:@’r such as CaO 2HF + CaO -> CaF2

+ H20 (f 1 udrihandydet| mgy dien@ixed ariths Sior HFAEBHIE HEUELMRY HBY repl ace

CaO For exapgundaley GANBE Mt HENtObe Gafoad rdiaCthengid  Riaih X delavated Si . This
fluorine-getter nixtyre nQ% aIIOM/subEta%tiaIIX al.| on)th dHF to be renoved
fromthe gdSMRYF WS (NG PrOFeay B EA1P RERIZATRYS Sadilh A snas el d St at es

non- hazar doths,gaseeadhy-prodiicsrosatd @nbodtedinubsiuance Aheogasadtirg ibyQpr oduct s may
be conbusted,in the furnace hot zone resulting in CO2 and water vapor
enissions.afﬂ@“?é%ﬁ?fﬂg?“?ﬁis conbi nation of in-situ generation and
destruction of HF allows for tailoring the cleaning processes to the

conponent s Theqesultiof ghiceamebinatign of it s genertien rthAsHEctien of Al alovsfafon cycl e
for all pardiforingdRe sty Bloctst& @ithd t&Hbdn¥ni®lredel B@MIQGing EFatIRE ManoMPONENt S.

running a single common cycle for all parts regardless of the difficulty of cleaning

certain components.

Thus, the exemplary embodiments disclosed herein provide an effective cleaning
method without the associated downfalls of the use of bottled HF gas as a source
material in situ generation of HF. Further, in situ removal of excess HF from the

effluent stream reduces or eliminates the need for a separate scrubber system.

Embodiments disclosed herein present systems and methods of fluoride ion cleaning
in which HF gas is generated in-situ in the cleaning retort using a liquid or gaseous
halogenated feedstock combined with hydrogen at high temperatures such that no HF
precursor material is required to be placed in the cleaning retort prior to initiation of

the cleaning cycle and no HF gas is employed as a feedstock

This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to make and use the invention.
The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural elements that do not differ
from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal languages of the claims.



Thus, the exenpl ary enbodi nents di scl osed herein provide an effective

cl eani ng net hod wi thout the associated downfalls of the use of bottled HF
gas as a wounoesmeBerial in situ generation of HF. Furtrer/Uus2onsstiu9 r enoval
of excess HF fromthe effluent streamreduces or elimnates the need for a
separate scrubber system Enbodi nents di scl osed herein present systens and
nmet hods of fluoride ion cleaning in which HF gas is generated in-situ in
the cleaning retort using a |iquid or gaseous hal ogenat ed feedstock

conbi ned with hydrogen at high tenperatures such that no HF precursor
material is required to be placed in the cleaning retort prior to
initiationwhatrhe celageppg:- cycl e and no HF gas is enployed as a feedstock
This witten description uses exanples to disclose the invention, including
t he best node, gnd also ta .enable any person skilled in the art to make and
use the inJentigﬁ?“ﬁ#@;%ﬂ&?@ﬁ%able scope of the invention is defined by the
clains, and may include other exanples that occur to those skilled in the
art. Such aehesatingadiesesilueride (Hif) gadiadite m ddeapingiétortt he scope of the clains
if they have structural elenents that do not differ fromthe literal

| anguage ofsubdegueni t@'éz_ﬂj!seon&rctiﬁéaﬂaHﬁNnée@%k‘bl@ﬁilﬁ,%'tMﬁE B&eratddriiCtadr al el enents
with insubstantial differences fromthe literal |anguages of the

cl ai ms. WHAT | S.CLAI MED .| 1. A nethod, conprising: gener.ati hydr ogen

[l tor de ( REYPYSE e NG TPyl siefaaning Pavar iy Stmeiunte 08 o)

cont acti ng teergfamt; antdh need of cleaning with the generated HF gas; scrubbing
an initial effluent streamin-situ to substantially renove residual HF gas

therefrom aach-NRShbEed HButEaRES &t bF ME Bleai@SreRti €am out of the cl eani ng
retort. 2 . The nethod according to claiml wherein in (a), the HF gas is

enerated insit : . o . .
g 2. Lf‘he method according to claim | wherein in (a), the HF gas is generated in-
situ from at least one of a liquid or gaseous halogenated feedstock combined with
hydrogen at a temperature of about 1500 to about 2200 °F (about 816 to about 1204
°C).

-

3. The method according to claim 2 where the feedstock comprises at least one

of a chlorofluorocarbon (CFC) or hydrofluorocarbon (HF C) compound.

4. The method according to claim 3 wherein the feedstock comprises

tetrafluoroethane (HFC-134a).

5. The method according to claim 1 wherein in (c), scrubbing the effluent stream
comprises passing the effluent stream over a packed bed reactor comprising a material
capable of forming a stable, non-volatile, high melting temperature fluoride
compound upon reaction with at least one of HF gas, aluminum fluoride (AlF3), or

chromium fluoride (CrF3).
6. The method according to claim S wherein the matenal comprises CaO.

7. The method according to claim 1 wherein generating the HF gas in (a),
cleaning the part in (b), and scrubbing the effluent stream in (c) are accomplished at
temperatures of between about 1500 to about 2200 °F (about 816 to about 1204 °C)

for between about | to about 8 hours.



fromat |east one of a liquid or gaseous hal ogenat ed feedstock conbi ned
with hydrogen at a tenperature of about 1500 to about 2200 F (about 816 to
about 120%0@p10/@31173he et hod according to cl ai m 2 wher e pChast@edstior k
conprises at |east one of a chlorofluorocarbon (CFC) or hydrofl uorocarbon
(HFC) conpound. 4 The method according to claim3 wherein the feedstock
conprises tetrafluoroethane (HFC- 134a). 5 The nethod according to claiml
wherein in (c), scrubbing the effluent stream conprises passing the

ef fl uent stream over a packed bed reactor conprising a material capable of
formng a stable, non-volatile, high nelting tenperature fluoride conpound

upon react igon Wrhéimsthod &R6idingne clgim Hur@aSomghiym:.num fl uoride (Al F3), or
chromum fluoride (CF ) . 6 The method according to claimb5 wherein the
material conprjses CaQ 7. The nethod according to im1l wherein
generating ¥ glaﬁlﬁgﬁgi?ssiuﬁe 'f'g)e,CFeg 'a%ﬁe.°gﬁ¥‘ﬁéa§§ar5?al"ﬁ‘ ‘?JB  and scrubbing the
effluent streamin (q(::c? are acconplished at tenperatures of between about
1500 to abdut 220eethgd aAWSKPE 816 to about 1204 "C) for between about 1to
about 8 hours.8. The method according to claim1 further conpri sing

nmodul at i Ng iArdALE6S WTiguill Br §49€ue h@agunngd feedstick inds!s tidghimt relopast a part of (b).
9 A nethod conprising: introducing a |iquid or gaseous hal ogenat ed

f eedst ock int. cl eani n e . during at | east a. part of (a),
i ntroduci ngﬁhﬁ%géﬁagna ‘gg]"gsoqi(aht'hgééugﬁnéﬁﬁérﬁ%nrgést 'Srota; c fea irgntén’t he cl eani ng
retort to a tenperature sufficient to generate HF gas in-situ through a

reacti on ofhepthig thecipaping KetPrttp ddigegerature sulicien do taseerpty dffogeningd® i nt r oduced
through a reaction of the feedstock introduced in (a) and the hydrogen gas introduced
in (b); and

utilizing only HF gas generated in-situ from the reaction in (¢) or a combination of HF

gas generated in-situ and in-situ reconstituted HF in the cleaning retont.
10.  The method according to claim 9 further comprising:

forming metal fluoride compounds by contacting a part in need of cleaning with the

HF gas generated in (d).
11.  The method according to claim 10 further comprising:

converting the metal fluoride compounds to HF plus metal by reaction of the metal

fluoride compounds with a non-volatile alloying agent.

12. The method according to claim 11 wherein the non-volatile alloying agent is

iron.

13. The method according to claim 9 wherein the feedstock in (a) includes at least

one of a chlorofluorocarbon (CFC) or hydrofluorocarbon (HFC) compound.

14. The method according to claim 9 wherein the feedstock includes
tetrafluoroethane (HFC-134a).



in (b); and utilizing only HF gas generated in-situ fromthe reaction in
(c) or a conbination of HF gas generated in-situ and in-situ reconstituted
HF in thewolzenmsmqwetort 10. The met hod according to ecaiuse@oeriiher
conprising: formng metal fluoride conpounds by contacting a part in need
of cleaning with the HF gas generated in (d). 11. The nethod according to
claim 10 further conprising: converting the netal fluoride conpounds to HF
plus netal by reaction of the netal fluoride conpounds with a non-volatile
all oying agent. 12. The nethod according to claim 1l wherein the

non-vol atile alloying agent is iron. 13. The nmethod according to claim?9
wher ei n t hesf eedrt AGtod RecbRingtHBhinAefird@br doR@asingne of a chlorofi uorocarbon
(CFC) or hydrofl uorocarbon (Ig’iFC) conpound. ﬁ\? éI)'he met hod according to
claim9 wherein. thef.{afe tock incl.ude Etraf uorget hane lel 34a) 15. The
met hod accdaﬁa‘?’htﬁ‘gtao‘ Si"HFY SHEAT Fr‘é?"&:‘gﬁﬁ PUPHEFIOTEAY At Sﬁé‘”‘éy [fal effl uent
st ream exi tdf F, Fhenddluedns-dogtaingigompblids. | s substantially free of HF, F2 and
f1uorine-containing compounds. 16. The method according to claim 15 wherein
i n (€) genefat i e hidfiod hBhadal bl s SRR CehiRfeliR il b ubdi ng. of
an initial effluent stream b passing the initial i | uent stream over a
packed bed streae inshudenmpsiusicbbiag phae il e&h}ﬁatbqt@albfbymaﬁs'ﬁgn@e #iwdlapl e,
non-vol at i | @puenfi@hm bitd mkéd%@%%u&ﬁnanlsmgralnsiﬁferrapmawadf téRMiAg heact i on
with at | east one of HF gas, alum numfluoride (AF ), or chrom um fl uoride
(CrFj). 17.5%pifenefsrdeide: é‘t&f‘d?ﬂi'%‘et"ae’é‘l”éﬁ fiiotide porBPavRd éi"i"afleacctz‘é'ﬂn‘)’r“?‘ses CaO

at least one of HF gas, aluminum fluoride (AlF3), or chromium fluoride (CrF,).

17.  The method according to claim 16 the material comprises CaO.



