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FLOURINE REMOVAL BY ION EXCHANGE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
60/168,962, filed December 3, 1999, and U.S. Provisional Appiication No.
60/177,827, filed January 25, 2000.

FIELD OF THE INVENTION

The present invention generally reiates to the removal and coliection
of undesirable wastes produced as byproducts of industrial processes. More
particularly, the present invention is directed to converting fluorine gas in
chemical vapor used in semiconductor manufacturing processes to a
disposable form thereof. In particular, the present invention is directed to a
method and apparatus for use in removing and collecting fluorine that is
produced in industrial processes. Additionally, the present.invention includes
a system using the method and apparatus of the present invention in
industrial processes requiring the removal and collection of fluorine.

BACKGROUND OF THE INVENTION

Semiconductor manufacturing processes generally involve the use of
Chemical Vapor Deposition during processing of dielectrics and metals,
Certain parts of the manufacturing process also etch semiconductor
components with chemical vapor, which typically consists of perflucrinated
compounds (PFCs) and fluorine gas. The steps of the manufacturing
process are typically achieved by specific tools, which are generally cleaned
after a number of cycles. In many industrial processes, such as
semiconductor manufacturing, some amounts of fluorine gas remain
unutilized.

Fluorine gas is highly corrosive, and both elemental fluorine and the
fiuoride ion can be highly toxic. Accordingly, it is desirable to safely and
efficiently remove and properly dispose of fluorine and/or fluoride used in
industrial processes, and in semiconductor manufacturing processes in
particuiar.
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hypofiuorous acid (HOF), which is also formed during the reaction of F, with
water. Additionally, despite operating at maximum allowable concentrations
of HF in the scrubber, the HF reaching the AWN is generally too dilute for
optimai operation of fluorspar (CaF») precipitation systems. Further, large
amounts 6f chemicals are consumed in conventional CaF, precipitation
systems. Additionally, the sludge volume is very high due to the high level of
hydration, requiring excessive CaF, siudge hauling.

Accordingly, there remains a need to provide a new and improved
method and apparatus for removing and collecting fluorine and/or fluoride.
There further remains a need for a system for removing fluorine which has a
low operating cost and which generates a concentrated end product that can
be hauled away economically. The presant invention is directed o meeting
these needs.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a new and useful
method for removing fluorine gas from a selected environment,

it is another object to provide a low operating cost method for
removing and disposing of undesirable byproducts of industrial processes.

it is yet another object of the present invention to provide a new and
useful apparatus for removing and collecting fluorine and/or fluoride in
selected manufacturing processes.
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The step of contacting the solution with the ion-exchange resin may be accomplished by
passing the solution of hydrofiuoric acid through a resin vessel in which the fon-exchange
resin is disposed. The ion-exchange resin may be a weak-base anion exchange resin or a
strong base anion exchange resin, and is preferably a crosslinked poly vinylpyridine resin or
a derivative thereof, and more preferably a ReilleXTm 402 or ReilleXTm 425 resin. The
method may include doping the ion-exchange resin with an electron donor catalyst, such as
palladium or titanium. The step of doping may be accomplished by contacting the ion-
exchange resin with a salt of the catalyst and thereafter contacting the ion-exchange resin
with an oxidizing agent.

The ion-exchange resin may be capable of chemically shifting between the active state and
an exhausted state operative to exchange the fluoride ions in the ion-exchange resin for the
selected ions contained in a regenerant solution, such as an ammonium hydroxide solution,
when in
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The inlet may include an injector, such as a vacuum pump or an eductor, that is operative to
inject the fluorine gas into the conduit. The resin vessel may receive the aqueous solution in
a fluid compartment thereof and further include a chamber proximate to the fluid
compariment that is sized and adapted to permit a gas, such as N2, disposed in the aqueous
solution to separate therefrom and enter the chamber, which may be in communication with
a scrubber operative to receive the gas from the chamber.
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states permitting fluid flow. A controller may be operative to move the vaive
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The present invention further relates to an apparatus for use in
removing fluorine from a selected environment, comprising an inlet operative
to provide fluorine gas from the environment to the resin vessel, in which is
disposed an ion-exchange resin containing a selected volume percentage of
water. The ion-exchange resin exchanges selected ions therein for fluoride
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to exchange selected ions therein for fluoride ions in said aqueous solution when in contact
therewith and an exhausted state operative to exchange the fluoride ions in said ion-
exchange resin for the selected ions contained in a regenerant solution when in contact
therewith. (e) a second resin vessel in fluid communication with said conduit and selectively
operative to receive the aqueous solution therefrom; (f) a second ion-exchange resin
disposed in said second resin vessel and adapted to contact said aqueous solution, said ion-
exchange resin having an active state operative to exchange selected ions therein for
fluoride ions in said aqueous solution when in contact therewith and an exhausted state
operative to exchange the fluoride fons in said jon-exchange resin for the selected ions
contained in the regenerant solution when in contact therewith; (g) a rinse solution source in
fluid communication with said first resin vessel and said second resin vessel and operative to
selectively provide a rinse solution respectively to said first resin vessel and said second
resin vessel; (h) a regenerant source vessel adapted to receive the regenerant solution, said
regenerant source vessel in fluid communication with said first resin vessel and said second

resin vessel and operative to selectively provide the regenerant solution respectively to said
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provide fluorine gas therefrom to said resin vessel; (¢) an ion-exchange resin disposed in
said resin vessel, said ionexchange resin containing a selected volume percentage of water
and having an active state operative to exchange selected ions therein for fluoride ions

generated by contact of said fluorine gas with said ion-exchange resin.

In accordance with a fifth aspect of the invention, there is provided an apparatus for use in
removing fluorine from a selected environment, comprising: (a) an inlet in communication
with the selected environment and operative to provide fluorine gas therefrom; (b) a scrubber
in communication with said inlet and adapted to receive fluorine gas therefrom, said scrubber
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in accordance with a ninth aspect of the invention, there is provided a method for removing
fluorine from a selected environment, comprising contacting an ion-exchange resin with
fluorine gas, wherein said ion-exchange resin contains a selected volume percentage of
water and has an active state operative to exchange selected ions therein for fluoride ions
generated by contact of said fluorine gas with said ion-exchange resin.
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i n which. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 a is a d@agrﬁﬁnatic
view of the nmethod according to the present invention; Figur ngglPd o

di agrammatic view of optional steps of the nethod of Figure la; Figure 2a
is a di aw@‘{mgﬁi,c view of a first enbodi nent of an apparatus according to
the present 1T nvention, showing the sgrvice cycle in c}f)(é";ﬂa‘ﬁol 26 i gure 2b
Is a diagrammatic view of the apparatus according to Figure 2a, showing a
regeneration cycle in operation; Figure 2c is a diagramatic view of the

appar at us of Fi gEiges 3bds arlhg?immahe it i ' ; le in operation;
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resin and aresggeneration cycle of a second resin; 3 June 2004 WD 01/40117
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removi ng fluori pgueass fig dia@;qﬁﬁ Lal . manuf act uri ng processes. It should
be understood, @wever , ﬁwnat t e&%{r'_%svén O:fn%efﬁ’t'?%n‘gwg‘ip?'ﬂﬁmuf’flapzed in
virtually a?rWaQt‘E%%ﬁqc’tﬁingWfﬂhpfﬁﬁeﬂﬂlu‘(ﬂﬂtine. and/ or fluoride collection and
renoval is JBETAIRE® DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
The present invention provides an efficient method, apparatus and

systemn for removing fluorine gas from industrial manufacturing processes. It

shouid be understood, however, that the present invention may be utilized in

virtually any situation in which fluorine and/or fiuoride collection and removal

is desirable.

Generally, fluorine in use in semi-conductor manufacturing processes

IS mixed in a vacuum pump with a carrying gas, such as N, or other inert

gases, preferably in a ratio of 40 liters of N, per 1.5 liters F2. In the method of

the present invention, this gas mixture is injected into an aqueous solution

thereby to generate HF, which is believed to occur according to the following
reactions I and II:

Fz2 + HO = HOF + HF 1)
HOF + HeO == H,0, + HF (I

Further, HF is a weak acid, with a pKa of 3.16. Accordingly, at low pH
values, the transformation of F, to HF is discouraged. Adjustment of pH,
such as by addition of alkali, poses the additional problem of generating
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is preferably disposed in a resin vesse! 22. HF that contacts the ion-

exchange resin 20 undergoes ion-exchange such that fluoride ions, F, are
captured by ion-exchange resin 20. Alternatively, F, gas 12 may be injected
directly into contact with ion-exchange resin 20 when the resin is of a type
which has a high water volume percentage and is stable to oxidation by Fo.
fn this case, F» gas 12 reacts with the moisture in the ion-exchange resin 20,
thereby to generate HF 18 which undergoes ion-exchange with the functional
groups of ion-exchange resin 20.

The preferred ion-exchange resin is a crosslinked poly-4-vinyipyridine
resin and derivatives thereof, such as those manufactured by Reilly
Industries, Inc., 1500 South Tibbs Avenue, Indianapolis, Indiana, under the
tradenames Reiilex™ 402 and 425. The pyridine functional groups of these
resins are highly resistant to attack by oxidizing and reducing agents and
have an unusually high capacity for HF. Further, these resins resist oxidation
by hydrogen peroxide, Hz0,, postulated to be formed by the reaction of HOF
and H:0. It should be understood, however, that other ion-exchange resins
may be utilized in accordance with the present invention. in particular, the
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or titaniummetal, which accelerates the convetrsion o eto
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vi nyl pyr G e 3 B o o Bhalhic RomeSiiatng desaimut apalRdigmShisTd; o
parti cul ar ISgit solution and thereafter contacting the resin with an oxidizer thereby to
precipitate the palladium metal in stoichiometric amounts. |t should be
appreciated that resins resistant to oxidation, such as the crosslinked poly-4-
vinylpyridine resins and derivatives thereof discussed above, are particularly
suitable for catalyst doping by this method.
[t should be appreciated that other types of media may be substituted
for the ion-exchange resin of the present invention. In particular, acid
absorption or neutralizing media that sacrificially hydrates or neutralizes
hydrofluoric acid, such as limestone or other calcium compounds, may be
employed. However, such media are less preferred relative to media such as
ion-exchange resins, which may be efficiently regenerated.
When an ion-exchange resin is utilized, the method of the present
invention may additionally include a regeneration cycle 24 and a rinsefrefill
cycle 34, as shown in Figure 1b. The regeneration cycle 24 includes
providing a regenerant solution 26, preferably from a regenerant source
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concentrated NH,OH to form the desired regenerant solution 26.

The method 10 of the present invention may additionally include one
or more of the steps of cooling the water stream 18 to dissipate heat
generated by the reaction of F, with water, monitoring the oxidation-reduction
potential of water stream 16, adding a reducing agent to water stream 16 to
assure decomposition of HOF formed during the reaction of F, with water,
removing carrying gases provided along with F; gas 12 by inlet 14,
monitoring pH for an indication that ion-exchange resin 22 is exhausted,
signaling for the beginning of regeneration cycle 24, monitoring the
concentration of regenerant solution 26 and adjusting the concentration of
regenerant solution 26 to regeneration levels, such as by pumping
concentrated solution into regenerant source vessel 28. In the case where
F2 gas 12 is pumped directly into resin vessel 22, the method may include a
further step of hydrating ion-exchange resin 20 during service cycle 11, such
as by providing de-ionized water to resin vessel 22 to replace water used in
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receive reg Plert "\Aé%cﬂé’el@@emmn*eyvammw eslnletv‘eislserlesmﬂ\?esselr ggener ant

sour ce vesseégér%i’antrslouﬁ;@ "RYEICRal 3 e et 13 fluidy
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state wher not . Va ves
and 162 ar Sdhg egrbﬁ'ég@r? ﬁpgaﬁmnq%tpumﬂ%&wrw@ enpait#R and anmb‘\mtbet ween a
cl osed st amélemlmﬂmytdmgoﬁ‘;bum&l flbidoVW Ay %&rﬁéghsﬁn%é’“ﬁs%p?@? %bé‘t e allow ng

fluid flow e 2a shows the service cle appar at us

100. Here, gggf'fs&'gé '%C?rfﬂ%g(??@@”ﬁra&?r?l??f%‘fe tplmovaqbejwm erclosed eam 116,

which is a Pt preventingrigid flow trereatigh @RE,anSdg: éﬂBﬂ@%ﬁv} pPerative to
1 alves 150 and

pressurize gadhif) late water stream 116 in con U|t
162 are open, V\ﬁof"gHt he remaining valves are closed. HF | aden water in

wat er stream 116 igurev2a shows the service cycle for apparatus 100. Here, F, gas
112 is injected from inlet 114 into water stream 116, which is a recirculating,
or ciosed-loop, stream. Pump 146 is operative to pressurize and circulate
water stream 116 in conduit 142. Valves 150 and 162 are open, while the
remaining vaives are closed. HF laden water in water stream 116 flows
through resin vessel 122 where it undergoes ion-exchange with ion exchange
resin 120. Preferably, water stream 116 flows through resin vessel 122 in an
up-flow direction, creating an expanded, or fluidized, resin bed. Carrying gas
164, such as N, is removed at top of resin vessel 122 which has a free
volume 165 capable of allowing carrying gas 164 to separate from the water
stream 116, where it can then be directed o a location for further processing,
such as by a scrubber,
When ion-exchange resin 120 is at full capacity of F, a regeneration
cycle begins as shown in Figure 2b, Here, valves 150 and 162 are closed
and pump 146 is turned off. Preferably, inlet 114 is also closed or turned off



t hrough resin vessel 122 where it undergoes ion-exchange w %rhui,]gr} @Lchange
resin 120. Preferably, water stream 116 fl ows through resin vessefJ 22 in
an up-flow direction, creating an expanded, or fluidized, resin bed.

Carryi ngwifsgefif4 such as N2, is renoved at top of resin vessel 122 which
has a free volune 165 capabl e of al ligwi ng carryi ng ga®“Hé#"Y¥%&epar at e
fromthe water stream 116, where it can then be directed to a |ocation for
further processing, such as by a scrubber. Wen ion-exchange resin 120 is

at full capasiappraphiafe. , ValveSJ80eH8L A 154G ' oy Ln Figure 2b.
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12 PCT/ USO0p@Bpat fraem epenapni surce Vabser 286 IdiiBshiksatepened and
punp 148 iswhchrLrﬂ-?dlr . Ith_geenerant ﬁol_ution 126, g?e erably a ni um
hydroxi de, I's  punp r STFERIGE, With ieRgrehangesiosin 128 theebyhtoough r esi n
vessel 122 PHRhehregadergoesste d80.eWHRARGENHILR HyBRXRICCIRNBA ('f G 120,

t hereby to a@{}@%g&é&g&g&fﬁmg@t‘ ¥vaste 130,. When "amrmoni um hydr ox1 de sol ution
is used as the regenarant el SAMBEM fioHda soiion sdpmaed sthet i on i s
formed as tiRgeneragiementai8o vassitieg 96h regenéraiiogof DABKERBRBESH i1?@. of

I on- exchan ' T oncentratjon, as well as rate of flow through
resin ve'ssgﬁe;%g{’&g%% ?négaesl'rqlg’regn% g%? u‘?i '!69’!” 1HRugh resinsvasse)| §22d9fust ed

accor di ng t'§9enrsaniapiinn 126 ioprefertbly adiastedatormgits tHedtbricBAlatios desi r ed.
Pref erably, offrgisa | S centrated stream of ammoni um
fluoride that 1s g%{gp{aﬁ}%fésogggsﬁg d(%)a?wecgm. '?r%geﬁ?eg]’f'é'aﬂ?rﬁr"f‘ﬂj Wasle 333 e sl udge
haul i ng. Oft &neaaiach shgam rdsammonih disotinee that eig egusilt @shosad Téfnse cycl e

begi ns, as wituhrelDirifh Kéeksid6 | ves 160 and 154 are cl osed and
val ves 156 and 5eg ar% opened,ﬂsuﬁléﬁgu%%lﬁp 148 is turned off. Rinse solution

136, provi ded by PP AYkexdEPge res8, 128akasbeerh ragephratedi 0 rines $9tle 122 to rinse
any renmai nineginse g€ RBGWA N & ben e enerant .rinse solution
o T e oo L 1A b 89 3% EBgh e

140 then floyvs tg reggnerant source ves t rinse
sol ution 148"RRy°Band 42§ arepengdswhile rurmreide is demed afit Rirmewolution 126, such as

by adding dG6cpvired e rhegeoatants ikeo b alIPRIN RATAY A, hyds o de, to
era

r egener ant aﬁg%’ % vsssel elazrg U"l}t'l I 36 esired regen i o &®ntration of
regener ant “sol Ut T 091 3%>1e5a SAIUEQR 426 Hierefrun.c Kegeneranidinsstsobutioly t he
140 then flows to regenerant source vessel 128, where regenerant rinse
solution 140 may be recycled to form a new regenerant solution 126, such as
by adding concentrated regenerant 167, preferably ammonium hydroxide, to
regenerant source vessel 128 until a desired regeneration concentration of
regenerant solution 126 is achieved. To the extent understood by the
ordinarily skilled artisan, a concentration monitor/control may be used to
automatically adjust the concentration of NH4OH to regeneration levels by
pumping concentrated solution to regenerant source vessel 128 as desired.
Once the rinse/refill cycle has completed, valves 152, 156 and 158 are
closed and valves 150 and 162 are opened, pump 148 is turned on, and if
necessary inlet 114 is turned on or opened as appropriate, thereby to begin
the service cycle again.
The various on/off and open/closed states of valves and pumps during
the operation cycles for apparatus 100 is summarized in Table 1 below:
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Table 1 Servilce Regenerat MC8/ Ref | REY At c| e BiesedRedilinp 146g\IG:ECNJ:F
Punp 148 OFF [eN 150 Whiy: inady 2 DOPENGP

Val ve 154CLOSE %&ED val v&™N 56CLOSEDCRNSEDOPEN Val

158CLOSEDCLQ>ED@EIN) ’lﬂiﬂ ve 160@)%EDCP _NCL_O&@N) val'vie "o \Ibi_ Ell::)lc:léﬁgg) Q\a
re preferr At-of e—nres
[TDSd. pHere, appar a‘ié LStE i ncPERYE a2 {ualClQSER setupCLQﬁEDel n| two

i on- exchange [resiahe 82 uti | CLe$ERUCh| T halo@Eg 0f [ Ne pPEREXTANge resins

Valve 154 CLOSED OPEN CLOSED
Valve 156 CLOSED CLOSED OPEN
Valve 158 CLOSED CLOSED OPEN
Vaive 160 CLOSED OPEN CLOSED
Vaive 162 OPEN CLOSED - CLOSED

A more preferred embodiment of the present invention is shown in
Figures 3a — 3d. Here, apparatus 200 includes a dual resin setup, wherein
two ion-exchange resins are utilized such that one of the ion-exchange resins
can be in the service cycle while the other of the ion-exchange resins
undergoes the regeneration and rinsefrefill cycles. Thus, it becomes
unnecessary 1o interrupt the flucrine removal/abatermnent process, because a
service cycle can be continuously performed by the apparatus.

Apparatus 200 includes a vacuum pump 214, which is operative to
supply F2 gas 212 to a conduit 242 which interconnects various components
of the apparatus 200. Preferably, a heat exchanger 268 is disposed in
thermal communication with conduit 242 immediately downstream of juncture
270 where Fp gas 212 is injected into a water stream 216 circulating through
conduit 242. Additionally, apparatus 200 preferably includes a reducing
agent source 272 in fluid communication with conduit 242 and operative to
provide a reducing agent 274 which is capable of reducing HOF which may
be formed by the reaction of F, and water. To the extent understood by the
ordinarily skilled artisan, the addition of ‘reducing agent 274 from reducing
agent source 272 into water stream 216 is preferably controlied by an
oxidation-reduction potential (ORP) monitor, which signals for reducing agent
274 to be pumped from reducing agent source 272 when an oxidation-
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Pumps 244, 246 and 248 are disposed in conduit 242 and are
operative in an on state to pump fluid through conduit 242. It should be
understood that pump 244 may be unnecessary if pump 246 provides
sufficient circulation through conduit 242. Valves 250 through 263 are
disposed in conduit 242 and are operative to move between a closed state
preventing fluid flow therethrough and an open state allowing fiuid flow
therethrough.

As shown in Figures 3a and 3b, first resin vessel 222 can undergo a
‘service cycle while second resin vessel 223 undergoes both a regeneration
cycle and a rinse/refill cycle. In particular, as shown in Figure 3a, pumps
244, 246 and 248 are turned on, valves 250, 253, 255, 261 and 262 are
opened and valves 251, 252, 254, 256, 257, 258, 259, 260 and 263 are
closed thereby to work a service cycle in first resin vessel 222 and a
regeneration cycle in second resin vessel 223. With respect to the service
cycle of first resin vessel 222, F, gas 212 from vacuum pump 214 is injected
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closed and the service cycle continues on first resin vessel 222 until ion-

exchange resin 220 is exhausted, as indicated by a signal from pH monitor

278 when the pH of water stream 216 declines below a selected threshold

thereby indicating that HF is no longer undergoing ion-exchange with ion-

exchange resin 220.

At this time, as shown in Figures 3¢ and 3d, second resin vessel 223
undergoes a service cycle while first resin vessel 222 undergoes
regeneration and rinse/refill cycles. In particular, as shown in Figure 3c,
pumps 244, 246 and 248 are turned on, valves 251, 252, 254, 260 and 263
are opened and valves 250, 253, 255, 256, 257, 258, 259, 261, and 262 are
closed. With respect to the service cycle through second resin vessel 223,
F2 gas from vacuum pump 214 is injected into water stream 216 which
circulates through second resin vessel 223 thereby undergoing ion-exchange
with ion-exchange resin 221. Carrying gas such as Np can be removed at
free volume 266. First resin vessel 222 undergoes regeneration as dilute
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278 when the pH of water stream 216 declines below a selected threshold
thereby indicating that HF is no longer undergoing ion-exchange with ion-
exchange resin 220. At this point, a service cycle on first resin vessel 222
and a regeneration cycle on second resin vessel 223 begins again as shown
in Figure 3a.

The various on/off and open/closed states of valves and pumps during
the operation cycles for apparatus 200 is summarized in Table 2 below:
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222 agglwg%?%%le—'zneration cycle on secpnd resin vessel 5&@%@5’9@ agai n as
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and punps during the operation cycles for apparatus 200 is summarized in
Table 2 below. 3 June 2004 WO 01/ 4@adé 217 PCT/ US00/ 32726 Table 2 Fir st

-Second-

resin First ges+h-Secqond- ! Service service resin resin c_cle / cycle /
servi ce serice secong ;FgéUﬁa'”C) clFsyrepin g+ Soeqnd / It Becondesi n regen.
resin rinse |resin reggn. SP¥&en (i n§&VISc| ¢ cy@Bicycli ecykesiy Pulp 2440N
ONON-_ ON Runp 2460N 'Purp SYBEK OFFCRRWICeVal v e SOTSBEPEN
OPENCLOSEDCLOSED Val vd 283%9"8sED CBEIBBOPENISIEN figsll | ecyeieadiretsED
L OSEDCPENCHEN resin regen. | resinrinse | resinregen. | resin rinse
cycle cycle cycle cycle

Pump 244 ON ON ON ON

Pump 246 ON ON ON ON

Bump 248 ON OFF ON OFF

Valve 250 OPEN OPEN CLOSED CLOSED

Valve 251 CLOSED CLOSED OPEN OPEN

Valve 252 CLOSED CLOSED OPEN OPEN

Vaive 253 OPEN OPEN CLOSED CLOSED

Valve 254 CLOSED CLOSED OPEN CLOSED

Valve 255 OPEN CLOSED CLOSED CLOCSED

Valve 256 CLOSED CLOSED CLOSED OPEN

Valve 257 CLOSED OPEN CLOSED CLOSED

Valve 258 CLOSED CLOSED CLOSED OPEN

Valve 259 CLOSED OPEN CLOSED CLOSED

Valve 260 CLOSED CLOSED OPEN CLOSED

Vaive 261 OPEN CLOSED CLOSED CLOSED

Valve 262 OPEN OPEN CLOSED CLOSED

Valve 263 CLOSED CLOSED OPEN OPEN

A third embodiment of apparatus 300 is shown in Figure 4. Here,

service, regeneration and rinse/refili cycles operate similarly to the dual resin

embodiment of Figures 3a — 3d. Figure 4 shows operation that corresponds

to Figure 3a for the second embodiment of the apparatus, showing a service

cycle of first resin vessel 322 having ion-exchange resin 320 disposed

therein, and a regeneration cycle of second resin vessel 323 having ion-

exchange resin 321 disposed therein. However, in this embodiment, during a

service cycle of one of resin vessels 322 or 323, F, gas 312 is injected from

vacuum pump 314 directly into the resin bed of one or the other of ion-
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CLOSEDOPENCPEN A third enbodi nent of apparatus 300 is shown in Figure 4.
Here, service, regeneration and rinse/refill cycles operate simlarly to
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generated by the reaction of F; and water. Again, excess carrying gas, such
as Nz, may be removed at the free volumes 365 and 366 disposed in resin
vessels 322 and 323 respectively.

~ The ion-exchange resins 320 and 321 will become rehydrated during
their respective regeneration cycles, given that the regeneration cyt:le is an
aqueous cycle. However, if a selected type of resin contains insufficient
water for the HF reaction to take place until the resin is exhausted with F, it
may be necessary to provide a separate rehydration cycle to either of ion-
exchange resins 320 and 321 during their respective service cycles by
providing de-ionized water 336 from rinse source 338 through valves 358 or
359. Altematively, moisture may be injected in vapor form from an external
source into resin vessels 322 and 323 during their respective service cycles,
thereby to provide sufficient water for the reaction.

The various on/off and open/closed states of valves and pumps during

the operation cycles for apparatus 300 is summarized in Table 3 below:
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Valve 356 CLOSED CLOSED CLOSED OPEN

Valve 357 | CLOSED OPEN CLOSED | CLOSED

Valve 358 CLOSED CLOSED CLOSED OPEN

Vaive 359 CLOSED OPEN CLOSED CLOSED

Valve 360 CLOSED CLOSED OPEN CLOSED

Valve 361 OPEN CLOSED CLOSED CLOSED

it should be appreciated that in this embodiment, it is possible to
remove the T-shaped portion of conduit 342 shown in Figure 4 that includes
valves 353, 355 and 357, such that the apparatus only utilizes—for the
regeneration and rinse/refill cycles of both resin vessels—the T-shaped
portion of conduit 342 that includes vaives 352, 354 and 356.
As shown in Figure 5, a fourth embodiment of the apparatus 400
according to the present invention may be seen as an attachment to existing
conventional scrubbers, such as are currently used by the semi-conductor
manufacturing industry. Here, the F; gas 412, again typicaily mixed with a
40:1 ration of N, would be brought into a scrubber 482, thereby to generate
HF by reaction with water. The water stream 418 frofn the scrubber is then
cooled with heat exchanger 468, and a reducing agent 474 from reducing
agent source 472 is injected into water stream 416 to assure decomposition
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,ngafggdgcgﬁgh ugl § t : sﬂé ﬁﬁég@fs[;l-i)e(tle%cwpwsﬁwm gelatinous
solids, or collo:dal siiica, generally in concentrations of 300 — 400 ppm. Such
particles are generally difficult to remove using conventional filtration
methods. Accordingly, to remove such silica particles in the waste stream,
the present invention contemplates the use of a strong base anion resin of
high porosity, such as the Purolite 501-P and equivalent resins, to filter silica
particles from the solution. These resins have a “filtration” functionality in
view of their porosity, but also have the advantage of capturing sifica particles
on account of the anion-resin charge. Such resins can be used as a first step
in the treatment process, prior to removing the fluoride ion in the solution by
ion-exchange. It should be understood that the high porosity resins can be
incorporated in disposable cartridges that can be replaced as necessary with
fresh cartridges containing the resin. Alternatively, the high porosity resins
can be disposed in resin vessels through which the sifica containing solution
is passed; in such case, the resins can be regenerated with the same
regenerant solution used to regenerate the HF removal resin.

Accordingly, the present invention has been described with some
degree of particularity directed to the exempiary embodiment of the present



chanber clean process, there is generally Si Q2 and ot her si Iéme ounds
in the waste stream Due to the |low pH, these conpounds form gelatinous
solids, or colloidal silica, generally in concentrations of 300 - 400 ppm
Such pamtig@hkeg7zare generally difficult to renove usi i onal
filtration methods. Accordingly, to2lenove such sili 2‘}13‘%2’%{’?@%%5 in the
waste stream the present invention contenplates the use of a strong base
anion resin _of high porosity, such as the Purolite 501-P and equi val ent
resins, to FVERON. s|t|shedld baepprsciated, tooaghh ehatcthatpresent Thestos @i Ns have a
"filtrationg Ciby} nbYinl AVANS) | L. porosity, but al so have the
advant age ofe@ggt I?Jyr ?%S*déli&mnggc l%!g-lrst %q%&géé‘ﬁ] “gﬁtc8ﬁﬁle él‘[xort% Sanﬁié’n- resin
char ge. Suchopificatiess @& ahangegJeay be madpite $te etomplary enbugirkérRak RNt  pr ocess,
prior to repRY¥emint I ' j ' S .Qn_ b ion-exchange. It
shoul d be umdéer stooﬂﬁfﬁa\'*tm{ohfeieﬁ?%ﬂn%g?kgﬁeya&gétiv scocf'éﬁptﬁem”%por ated in
di sposabl e ®&P¥ridges that can be replaced as necessary with fresh
cartridges containing the resin. Alternatively, the high porosity resins
can be disposed in resin vessels through which the silica containing
solution is passed; in such case, the resins can be regenerated with the
sane regenerant solution used to regenerate the HF renoval resin.

Accordi ngly, the present invention has been described with sone degree of
particularity directed to the exenplary enbodi nent of the present 3 June
2004 WO 01/40117 21 PCT/USOQ 32726 invention. It should be appreciated,

t hough, that the present invention is defined by the follow ng cl ains
construed in light of the prior art so that nodifications or changes . nay
be made to the exenplary enbodi nent of the present invention wthout
departing fromthe inventive concepts contained herein. 3 June 2004 22 |
claim 1. A nethod for renoving fluorine gas froma selected environnent,
conprising the steps of, (a) contacting the fluorine gas fromthe
environment with a selected quantity of water, thereby to generate an
acidic solution of hydrofluoric acid; and



(b) contacting said acidic solution of hydrofluoric acid w t3hJu g%b&)n-
exchange resin having an active state operative to exchange sel'&éted i ons
therein for fluoride ions in said acidi Cn?? ution when in contact

therewith. 2. A nmethod according to clai wherein the step of contacting
the fluorine gas with said selected quantity of water includes contacting a
continuous streamof water with a continuous streamof fluorine gas. 3. A
met hod accor di ai@imo claim 1 wherein the step of contacting .the fluorine

gas with said selegted quantity,of water i.s acconplished i nj echi sai d
fluorine gas into said tﬁ\e.thé@ k’rmwl%cglpaﬁﬁ tg?scl{ﬁ(% Ia\/\ﬁgﬁ%qq%dt he

sel ected envighonemment, %Hﬁ%ﬁdgﬁﬂei StapPerticles, and including the step of
filtering said solution of hydrofluoric acid throu%ahga porous strong base

ani on resin therebya) t ocostastingsthe chugrine igasedrams fos eenviroraent swithut 2on.
5. A nethod accprdi to.claim 1l wherein the ste cont in 1.d

2ol ut 1 on i t hSSRCIR] el G a78G T WierBokcfo e TRcisy ) 4L $ghdBng of
sol ution of hygdaRifpAtisRiREnd t hrough a resin vessel in which said ion-

exchange resin’is disposed. 6. A nethod according to claiml wherein said
i on- exchange resin(b) s sontasting Faidecidie sgiuiop of dnsirefivoris aeidvwith aminn-

according o eXbiand il hedE P 58 SRl RpBree g X FrBp aden e BhE e
group consi st itingreld fof flasrte dredinzlid adidic sollition wiiendn coagaat thenedith,
derivatives of crosslinked poly-4-vinylpyridine resins.

) [ 8. A nmethod .
according to clai m&7 whé 818thed agcraling fe ielaige 1 ruhkerein the §E§Fbg$§9“'f9r%‘ﬁ9t he

June’ 2004 wo (19 JEprie. AL, £ 996088 bty cf ater diciucs Conthlaing &,
i ncl udi ng t he cohtinuoids siogamafsatdr withra cotitinuogs streamofdindrirengas.ect r on

donor catalyst. 10. A nethod accordi to claim9 wherein said_catal yst is
sel ected from the %roupt @WQP&@Q?B"@%Q ;S*am(f nverein E%i of con hod

CErr ek 10" 2a e M BSE 0t i ectba Ay ot Ao busSBidte by
injecting said fluorine gas into said water.

4, A method according to claim 1 wherein the selected
environment includes sitica particles, and including the step of filtering said
solution of hydrofluoric acid through a porous strong base anion resin thereby
to remove silica particles disposed in said solution.

5. A method according to claim 1 wherein the step of contacting
said solution with said ion-exchange resin is accomplished by passing said
solution of hydrofluoric acid through a resin vessel in which said ion-
exchange resin is disposed.

6. A method according to claim 1 wherein said ion-exchange resin
is selected from the group consisting of weak-base anion exchange resins
and strong base anion exchange resins.

7. A method according to claim 6 wherein said ion-exchange resin
is selected from the group consisting of crosslinked poly-4-vinylpyridine
resins and derivatives of crosslinked poly-4-vinylpyridine resins.

8. A method'according to clair 7 wherein said ion-exchange resin

is selected from the group consisting of Reillex™ 402 and Reillex™ 425.

SUBSTITUTE SHEET



catal yst and thereafter contacting said ion-exchange resin V&Mﬁ ahoa
oxidizing agent. 12. A nethod according to claim11l wherein sai q
i on-exchange resin is capable of chemcally shifting between said active
state andygn J,g[?ﬁ])austed state operative to exchange the fluoride ions in
said i on-exchange resin for the sel exded i ons contai n®§TU§NB2F26gener ant
solution when in contact therewith, and including the step of regenerating
sai d i on-exchange resin by contacting said ion-exchange resin with the

regenerant sol ut9.on theethoy dcoordfngrtoncruirs @l igd i & Product
cont ai ni ng ti&‘rﬁe)fch'eiﬁ’éé' g@inivﬂ{ﬁsa %gc.;gA tthooll accggg g{%ﬁ%&fg@ﬂ(ﬁ%ﬁﬁfg wherein
S S M

sai d regener ant of utron ”HFrFﬂ?'bﬁtoxi de solution. 14. A method
according to clal@n 12 inathbd diccrdingeo 8tafp 9Qfherdin Shidatahait 6 éé?é'ét&?;(:hange

resin with | | 1 L fet he step of regenerating sal

i on- exchangzmir:detg;éﬁf@#hﬂ%aﬂggh%{%%loﬂi'ﬁg'“ﬂb claim 14 wherein said rinse

solution is de-1loni Aetethaticaccotng #® cmirhodviRa6iaree g Bf Sb@ﬁg‘.ism i ncl udi ng
i

the step of acdspmiSheP Bl "bridiify " nerant solution with sal nse sol ution
after the ster?i}'@%cl ri ngr%g sa'ﬂ%lsi - CXEIPAAGE 18U With 7 pathef rRsitt accor di ng

to clai m 12°3tA¥FLANchierades cepadingcuaid potexogangeaiedin’ WEEBR RISt € Product
in a storagggemssel . 18. A nethod according to claim1 including the step
of cooling said _ solution of hydrofluoric acid prior to the step of
contacting sai d '$ol ufiresined acasydingtd alaini t wheieth Wit fors@ictlah@irechange
resin. 3 JuBeagild o? . r.gl .to claim18 ereln the step
of cooling is aaccongﬁ'%@ﬁ%l? é@@ﬁ?@%%’?ﬁ%ds I &g elﬁ'?ra)?f‘ gxhakptadof | uori c
acid with a>'REAPCrAVEHa fyehangpdhadiuerideions A maitition esctengeliragn e ¢l ai m 1

i ncl udi ng tthe sdlepedfiomddoRBirRd HERUG said sol ution of
hydr of | uoritﬁe%cgtg %H'or to the step o dag‘ggag't?gécot@tﬁa %Vh?'al Bofefteehn of
hydr of | uori c-aci o Reluding theyste,af regrperatiog isaid ipd-exdmnappesiatoys for use in
renmovi ng f lagotactieg Saidnoa-eseHaRgt Gdsin G 1H2 ot fid: an inl et
in. com*runifglqltl' ola i th the se?ect ed envi r(?gﬁe%?ra@n%g?u%%e\?%ﬁb&g%t 0 provide
fluorine gas ther gﬁlsagr;?generant waste product containing the fluoride ions.
13. A method according to claim 12 wherein said regenerant
solution is an ammonium hydroxide solution. |
14. A method according to claim 12 including the step of rinsing
said fon-exchange resin with a rinse solution after the step of regenerating
said ion-exchange resin.

15. A method according to claim 14 wherein said rinse solution is
de-ionized water.

16. A method according to claim 14 including the step of
replenishing said regenerant solution with said rinse solution after the step of
rinsing said ion-exchange resin.

17. A method according to claim 12 including the step of collecting
said regenerant waste product in a storage vessel.

18. A method according to claim 1 including the step of cooling said

solution of hydrofluoric acid prior to the step of contacting said solution of
hydrofluoric acid with said ion-exchange resin.



(b) a conduit in communication with said inlet and adapted téhudé ve
fluorine gas therefrom said conduit operative to transport an ag eous
solution therethrough; (c) a resin vessel24n fluid conmunication with said
conduit and operative to receive the aqueous solution therefrom and (d)
an ion-exchange resin disposed in said resin vessel and adapted to contact

sai d aqueous sol ut Iﬂge S;al d o -exc {r{gfoe %ﬁ.ﬂgwe?gn e&‘é@ldfecoﬁnﬁb

oper at ive to excha U0rl I on Sal

aqueous sol ut taklinehegid Bokgibhaeh hydreflaviit raci@vitha heat-
appar at us acc'aegﬁ'"?\1 “iﬁgéﬂgpgdén@ﬂ \I/\dﬁgerel n said inl e? I ncludes an injector

operative to eupMﬂgaam&mhﬁl ne gas into said condwt 23. An apparatus

according to claim 2 er ei aid i
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claim 21 whergj auaﬁ%%défﬁ'te $GRS 8blutioRc ef \rﬁ@r@fam#lcaaoebmiosdbuthe)rstep\ of
fluid conpartnent thereof, said resin_vessel furt he | ncI g a chanber

proxi mate to mntaotmgaald:wlph@m of hydeofigorig jagichwith (;a a gas
di sposed i n said aqyeous, sql a e nge
chanber. 25. An ap ratu g’gfﬁﬂﬁg&roag‘?ghm@&aﬁ rg‘ﬂ%% ﬁ)r@h%n%ee'?a!le? I n

communi cat i on apvirBnim sifgeer ative to receive the gas fromsaid
chanmber. SUBSTI TUTE SHI':'ET June 2004 VO 01/4Q

1Z 00/ 3272§lt23§1d An
appar atus accor di ndal o @minebn GaERYHCaLeY Wi '@(@’F‘f GYEPHME,
selected fromt 0 e ani on exchange resins and
strong base arﬂpﬁa@@#o%@g%e@drﬂ%% n aag)’ng atus according to claim 26
wherei n sai d ion- exghange cordsitnin sorehenication rwith t $aid giniatpandnadaptedgtaf
crosslinked pol y-4-vinyl pyridin

pol y- 4- vi nyl pyecaivee ﬂH@Bﬂ‘hsga§8ﬁ"eAﬂ S';’B‘;Z?% Sﬁﬁah ?tab%% ' fﬁaﬂ?ﬁ#f{#\/\h%? ein
302 and Rer |1 GO R A RFe By {0 ot oo Claim 28 wherein caid
i on- exchange () a resin vessel in fluid communication with said conduit and
operative to receive the agueous solution therefrom; and
| (d) an ion-exchange resin disposed in 'said resin vessel and
adapted to contact said aqueous solution, said ion-exchange resin having an
active state operative to exchange selected ions therein for fluoride ions in
said aqueous solution at an acidic pH when in contact therewith.

22.  An apparatus according to claim 21 wherein said inlet includes
an injector operative to inject the fluorine gas into said conduit.

23.  An apparatus according to claim 22 wherein said injector is
selected from the group consisting of a vacuum pump and an eductor.

24.  An apparatus according to claim 21 wherein said resin vessel
receives said aqueous solution in a fluid compartment thereof, said resin
vessel further including a chamber proximate to said fluid compartment and
sized and adapted to permit a gas disposed in said aqueous solution to
separate therefrom and enter said chamber.

25.  An apparatus according to claim 24 wherein said chamber is in
communication with a scrubber operative fo receive the gas from said

chamber.
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resin is doped with an el ectron donor catalyst. 30. An apparfj&h%ﬁbﬁo_rdi ngf
to claim29 wherein said catalyst is selected fromthe group Consisting o
pal |l adiumor titanium 31. An apparatus according to claim 21, wherein said
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' aratus accordjng to claim 31 incl Ya rinse
ot on - sasrd pfeRRRRRCLR sl ot srossinied B9 nabirand
i ' erhti i ' aid resin vessel.
operative to’eslseEB@t:lemdtlyeqomfcwmswnIébdrpdlyslﬁ-vﬁ'@lipgn)ﬁdgg?erésfri}}s?]Se esin vessel.

ar at us,gccoydi claim 3 ere drin
.33 oégrglto Pve to %?bvi é’ghg&r%@'ﬁiafgﬂg]{ﬁgﬁg\rm\"ﬁ 22 whereipsa 'OB%@T'E!"QQSi An
appar at us ade¥inds rsglectedciram thd Jrourc bordistipg aof rRRIRIXET a0P anteRbRePYt | et in
fluid conmmunjsgation with said resin vessel and adapted to recei \éeJ 2004
therefrom a regenerant waste sol ution containing fl uoride ions. une
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' i . in fluid conmunication wmth said
including a réﬁﬁ%p%ﬁ%nth%l&g%@éc%ﬁé% ddlay

[ d
t waste outle H%{pt ed to receive a sel ectet
aﬁgﬁ?ie[ snof t he P@gerfdl aRParakist accortingutd olaim 2. whereap paitiadaigtysicigor ding to

: ; ; ' to said conduit and
clai m 21 i ngblédieddrom MR R9Rg o RIBLARYS: iRt e to
operative to trapsfer t;&ér energy avvayFrFroﬁ“ﬁ[né'ﬂT’d conduit. 38. An

apparat us accor dfhg ! SIPAHIPACIORDNGt ¢lgiTa2t, echecsin gaiddembxchaags ce | n
conmuni cat i egsimiig lap@blél of WhHiidalR hirdRP bRhesh Lfd SRHGS S ahg Lt roduce a
reduci ng agggrtlauispetdostgt%lo%e?a?i\r}g ltJ<|) Iaicchange the fiuoride ions in said ion-exchange

resin for the selected jons contained in a regenerant solution when in contact

therewith, said apparatus including a regenerant source vessel adapted to

receive the regenerant solution, said regenerant source vessel in fluid

communication with said resin vessel and operative to selectively provide the

regenerant solution to said resin vessel.

32.  An apparatus according to claim 31 wherein said regenerant
source vessel is operative to selsctively provide an ammonium hydroxide
solution to said resin vesset.

33.  An apparatus according to claim 31 including a rinse solution
source In fluid communication with said resin vessel and operative to
selectively provide a rinse solution to said resin vessel.

34.  An apparatus according to claim 33 wherein said rinse solution
source is operative to provide de-ionized water to said resin vessel.

35.  An apparatus according to claim 31 including a regenerant
waste outlet in fluid communication with said resin vessel and adapted to
receive therefrom a regenerant waste solution containing fluoride ions.



39. An apparatus according to claim38 wherein said reducing Jiigesyg4sour ce
IS operative to inject said reducing agent into said conduit  via a
positive displacenment netering punp. 40. An apparatus for use in renoving

fl uori ne woeim@aissel ected environnent, conprising: (a) ' in

communi cation with the sel ected envir@&dmrent and operatp?\?gjswg%%?ovi de
fluorine gas therefrom (b) a conduit in comunication with said inlet and
adapted to receiye fluorine gas therefrom said conduit operative to
transport an aquibusABoRRRAIEHS tasepling: buglaim (35 irciiding reg@eheraessel in
fluid comunivagtei s ih MukPé ' : [ vel erative to receive
t he aqueous sol ution theref rﬁnmﬁﬁi?lg%ﬂi&g \?Wg?la?gﬁgﬁeé){%@a%%&g roé'g?tnarlﬂ sposed in
said first rﬁ'é?cﬁ aogsag@Pteﬂrfﬂ regRi v fetplecied grantty of dhel regemecams wasteut i on, sai d
first ion-exstlaliupe resin having an active state operative to exchange

sel ected ions th%rfai n,for fluoride ions in said aqueous sol ution when in

contact ther ewi t P’and®8/APERiHSAcearding tor claignat includingt @ heatedxehareet he
f1uoride i onappanatasprbxinete wgélaaammﬁﬁidrbﬁe?étivettl@?raﬁ?flef(:’ﬂeﬁﬂali S cont al ned
o (e) a resin

in a regener n#%j on_when in contact therewt seC
vessel ‘in flﬁpécyf(?:%h 'Hicc?ﬁ?lf' n wth said conduit and selectively operative

to receive the a@BeouAnapbmimmcbbﬂr®ftb%im32ﬂMeﬁdi%g%r W@ciﬂé/aﬁ 17 27

PCT/ US00/ 327, r(‘(ef ]n %oﬁ}‘?rﬁ%ﬂ-t% .(i)on-.ﬁjxch%ngeraj esin disp _se(f I'n Sard second

resin vessel and adapted oot Ha&fids sonsiul e ppesativet foonelegively

i on- exchangenireducke @ rdvdimpagent intd said condilite operative to exchange sel ected
' ueous sol ution when in contact

lons therein foraqfl ugri Lons.in said a

therewith and an- ex hglfjsa?@a}ag%aggco ﬁ'&pg‘ﬁ ‘3@‘"% &8 VORI Baith Eedueiner i de i ons

in said i on-29RBhIAMCE israperativé tw injdebsaie rettichy AgeRBintOsdidicHRaLit via & he

regener ant %HP&B@PI‘%QH% r?netgr‘?rg};?frﬁ%t herewith; (g) a rinse solution source
I cat h sai 1'rs

in fluid comunicatl on wt t resin vessel and said second resin
vessel and oper afPve A agparatusi toel yse v carmaldngy AubsE oM W eIBcteg@spect i vel y
to said firshvk@fhéhtV@rifking"d sai d second resin vessel;

(@ aninlet in communication with the selected environment and
operative to provide fluorine gas therefrom; '

(b) a conduit in communication with said inlet and adapted to
receive fluorine gas therefrom, said conduit operative to fransport an
aqueous solution therethrough;

(c)  afirst resin vessel in fluid communication with said conduit and
selectively operative to receive the aqueous solution therefrom;

(d)  afirst ion-exchange resin disposed in said first resin vessel and
adapted to contact said aqueous solution, said first ion-exchange resin
having an active state operative to exchange selected ions therein for fluoride
ions in said aqueous solution when in contact therewith and an exhausted
state operative to exchange the fluoride ions in said ion-exchange resin for
the selected ions contained in a regenerant solution when in contact
therewith,

(e}  a second resin vessel in fiuid communication with said conduit
and selectively operative to receive the aqueous solution therefrom;



(h) a regenerant source vessel adapted to receive the regen%r%m%zoégl ution,
sai d regenerant source vessel in fluid communication with sai I'Tst resin
vessel and said second resin vessel and operative to selectively provide
t he rege%ﬂ% gol ution respectively to said first resin vessel and said
second rest WW8sel: (i) a regener anpywast e outl et in PELPVHOEHAHUNI cation
wth said first resin vessel and said second resin vessel and adapted to
selectively receive fromsaid respective first and second resin vessels a

regenerant wast df) sokuddcond GeHbnah iN Yid ek P Semid | val ve system
conpri sing \?e S%IuracLi tg of val ves asgs%éié%?lgﬁlédviﬁg?%%}aﬁ( ﬁ%caﬂ%fjt Vs@f fluid
pat hways i nfBreonneAPpigd da) caiasy sgisk 3augousasaution) said ipaietchangedui t, sai d

first resirresiedsaing srabctiveatas bpeRiivd 1o 8%&Eh ' [ sour ce
vessel , Sai@oﬁ!ﬂ?% - sol uti.on sourpce and saiccl-fcii‘1 ?eeég’r?gtregﬁ?ﬁg\)\g‘gﬁemsﬂt | et
varv

wher eby sai'dvar V&S5 £ FerHs Solutien rwhery jny pentpelt thareyvitheamd @ni ng f | ui d

flow throughagsied statmdpsratiend ckiiidg@hng aiiclidel b in'BRi BnXESHfle @ second
ow from sai d regenerant g6urce vessel

fluid pat od ttjng fluid f
t hr ough sapggxsfggéﬂ%tsygggﬂ '\98%5"8['!&5}?& INhiNguiggererRtt selytionemien mast e outl et , -
a third fl Hoatachterand; permitting fluid flow fromsaid rinse solution
source through I d Lon-exchange resin and to said regenerant
source vessel, ggaf out ?Iﬁgg%ﬂw}"gpﬁg‘c"ﬁﬁd?gfﬁ‘éd APTMURtsation, withf saidy firsir ough sai d
condui t ande%ifrvasgel sad daidseecomd resi Veyes Seld ogelfa'tif/é ho fddiddiiy@pt hvay
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perm tting ghdvideda §i 1.d..3. . June.2004 VO :

r egener ant p];QUI’ c%ilbgéé\gcgiit%tnhrré%eg:ﬂ§e§¥itéd5%’$8@f resEYassYl s saidsREondr ough sai d
regener ant "g@Vessglit | et, a sixth fluid pathway permtting fluid flow from
said rinse sol ghi oy SRHAK fd. fir | on-exchange resin and to
said regene an&m s_our?g v‘g@gtte%&%%g?%%g?wt%ﬁq W§?"’9§ﬁ‘%éeg%l"§faé“fl ui d may
f1 ow al ongSOYLY sid wgeneranisayErshvesgeldn diusiaicnmeicatidniviti shidaispway, in a
second val veirs tvdkssl Add)isHid " BYeohHO I i ' fluid pathway and said
thi rd flui g gathuay, @n ST oond s v_gggﬁeg{aaé‘gf{’%’gﬁ‘ﬁaﬂ’ Ay sai d
fourth f1uP Vlﬁ}ﬁt AESFCHRERNS seldtian espectively talsaid fitsheasin wasdel andesdipur t h val ve
state fl ui desond résiavesdepng said fourth fluid pathway and said sixth fluid
pat hway. 41. Artnappar atus according to claim40 wherein said val ve system

i ncludes a fift'H vaPvVEBILISEY Wieie ewietin fliid communicationmity saicfrgt sai d first

fluid resin vessel and said second resin vesse! and adapted to selectively receive
from said respective first and second resin vessels a regenerant waste
solution containing fluoride ions;
t)) a valve system comprising a plurality of valves associated with
& pluraiity of fluid pathways interconnecting selected ones of said inlet, said
conduit, said first resin vessel, said second resin vessel, said regenerant
Source vessel, said rinse solution source and said regenerant waste outlet,
whereby said valve system defines a first fluid pathway permitting fluid flow
through said conduit and through said first resin vessel, a second fluid
pathway permitting fluid flow from said regenerant source vessel through said
second resin vessel and through said regenerant waste outlet, a third fluid
pathway permitting fluid flow from said rinse solution source through said
second ion-exchange resin and to said regenerant source vessel, a fourth
fluid pathway permitting fluid flow through said conduit and through said
second resin vessel, a fifth fluid pathway permitting fluid flow from said



pat hway, and a sixth valve state whereby fluid may flow only; glQng g{ai d
fourth fluid pathway. 42. An apparatus according to claim40 including a
controller operative to nove said valve systeminto its respective states.
43. An appghpleys according to claim42 including a pH nonitor operative to
generate a signal when said pH nonitozg measures a tar g@ETHEPVGREue of the
aqueous solution, said controller being operative to nove said valve
systeminto its respective states in response to said signal. 44. An

appar at us f degareeantsouersovassgl fhroughi s fiFRPedinSRIsEST &5y tFBYIH QQFENt .
conpri si ng: | el ;. .an inlet in comunication Wth the
sel ect ed enéjég%]ﬁ?raér{%?@ g%d&ﬁ%gi%s'?‘é'ghﬁ%‘bg’éy Peyaiting fiic flow formsaide t o
provi de fl udhPaesofdiont snuresf tomugto sail Grst riesieRcheRgs Clesin Ghadp L9g- exchange

resin dispo | | | | ,. saj.d ion- exchange resin containing a
sel ect ed vo?ﬁ%bﬁg %g%tc éggé%#'\(@faet?%w 'Br?d#'rﬁ%\\’éi%s‘a%f“ﬁ@ﬁa}/eﬂoﬁ alpag oper at i ve

t ]9 expgaplge saifiedt fluigl nadiveaytanelrseiichsdoond Ehid(pfa’t!ﬂﬁay!, mz%&ﬁg%% %gt@%/ cont act

of sai uen VIS i elosd :00F ange resip. 45. An apparat us

accor di ng to.fglnﬁeilm 44\%0&%85@#%3 f@%@%ﬁ‘i"%&gﬂ%ﬁa@ tﬂ’é‘?)ﬁ‘éfﬁd{aﬂﬁf\’%yrtﬁb@rmte to
sai d resin YWss@veasiatedis may fiowt along said fiaurttt figd athwagneloaidway from said
conduit. 3 @& %Q%, .according to claim45 wherein said
heat - exchan ©gppar é%ﬁjsiﬁ%nfg%r(‘jgé)'g%g%%éjoﬁlf'ﬁ&a}ya{mgogg s@ie fourth fithpt ed to
contact a Hgtﬁﬂﬁyﬁﬁ‘i’ﬁ@%ﬁ’xﬂfﬂl&fﬂlp@fbwev. surface of said resin vessel. 47. An
apparatus accordiing he a WhES LSl S Len- exchan resin is
resistant tg fo | da jgn éti)))b #almusgérjcicne gd;g).CI%g.! Q%W%E%%F%'ad%ﬁﬁﬂysfﬁ% I n

removi ng fl I&SPE?ﬁeaffm MeiYesBig whasebyeliid maaynfiow onlycaipmg saiggirst(fRlg an i nl et in

| cat i pathwét, harddhe d ' , erative to provide
1(‘: Iotrjncﬁ)nrJ imne g;.g;tgg%fglsg rag‘m@?'g?ﬁg@ssg?%\%g?@?ﬁq@bﬁﬂu%ﬁi @(g i°<'3'bfI AP seld g inlet and

adapted to "rine gas therefrom said scrubber operative to
contact said fHlgoriAe gasratid ceslafy tO&ISRY 4b0ink ap acidic sol ution of
hydr of | uor i ¢ ah 8o (e 3ESJ 1 vessel in feﬁuié c'omR*r'IE}ir?? cgtg%w th said
scrubber a né(jj (o] e said valve system into its respective states.
43.  An apparatus according to claim 42 including a pH monitor

Operative to generate a signal when said pH monitor measures a térget pH

value of the aqueous solution, said controller being operative to move said

vaive system into iis respective states in response to said signal.

44.  An apparatus for use in removing fluorine from a selected
environment, comprising:

(a)  aresin vessel;

(b)  an inlet in communication with the selected environment and
said resin vessel, said inlet operative to provide fluorine gas therefrom to said
resin vessel;

(¢)  an ion-exchange resin disposed in said resin vessel, said ion-
exchange resin containing a selected volume percentage of water and having
an active state operative to exchange selected ions therein for fluoride ions
generated by contact of said fluorine gas with said ion-exchange resin.

45.  An apparatus according to claim 44 incliding a heat-exchange

apparatus proximate to said resin vessel and operative to transfer thermal
energy away from said conduit.



operative to receive said acidic solution therefrom and (d)3§QHe2004
| on-exchange resin disposed in said resin vessel and adapted 10
contact.said acidic solution, said ion-ef8hange resin having an active
state operative to exchange selected ions therein for fluoride ions in
said acidic solution when in contact therewith. 49. A nethod accoding to

claiml wherein sajd acjdic i A6k 0 r uE aghdtelrs sdidahebitof
% AL Sodfll Bl ot us, anelc

between 5 and 7. uoride froman acidic solution
cont ai ning f 'éi{&hhﬁge ia%?éraﬁud irfdllidezna pavling jazket sizegrand adppted o contastigng
said acidic.solution through a porous stro base anion resin thereby to
renove sil i canajarpodiarsofoars putes $urface of §aIREINVE i€t i on; and (b)
contacting said acjdic sol uti i : i n&kaid od-exchah

resin or derivati \/‘t 't heé'é@%b?ﬂ%}"gﬁi?g?@!@ﬁgﬁé@k@g@gﬁd ions ther eignef or
fluoride i onsydsfh isaddistsitd oxitationibyrfludbihe gesret hod according to claim 50

wherein said silica particles exist in said acidicasQl-uti a
fluorosilicates, a#8 whBneRpPIAIUS SO 456 Ut Fﬁ'ﬁ'&wr@a‘g’ﬁhﬁ% oﬁgrrneéi sotected

preferentially absorbs f .Q6i.l i cates over fluoride ions. 52. A method
according to %ﬁ“él(%'%ﬁ»ﬁé‘b@f'ﬁﬁ‘gai d porous strongh base anion resin.is_ in
he

the chloride form gy or ghdnlehdn sSommanicatibn ewitm dhe sgtasted envigneantsand
June 2004 53. A nethod according to clgi mf60 Wherein said crosslinked Poly-
r to the stopemtivedo proNapflupaneg gasdieoTOMyeri vative thereof is in the .

O form P110 cont agﬁi 9 S3LALBEH h CooiniihicellohNRtievedid -infet| and @daptal] o

nmet hod for renovin luorrde troman acidic containi ng_fl uori de, i nsa.d
conpri si ng: m}}@c@wimm igas- therefiome $aidi acrubbar Hpesplive on 9B said.
catal yst, erein said jon-exchange .resin_is ' [ iat e
operative to flugrige igéﬁc‘,”‘ﬁbWﬁﬁrgHeRﬁ%@r{oef@% ﬁ&r%ci&ggpg}éiog‘gﬁ?gr@ dgir%e?ér:é’f or
fluoride ions in Wen o Tégh JR8BEW Rhid apmnturieatibri withesaidasgrubberiand

(b) contacting saié acidic solution wit: 55. A npethod according to Cl aimb54

wher ein said iopy@tjwwweeiye@id\acwicasduti@@iherﬁﬁre"b@m’- 4-vi nyl pyri di ne
resin or derivati Ve(ds heraenOfi'cm-excl'namge resin disposed in said resin vessel and
adapted to contact said acidic solution, said ion-exchange resin having an
active state operative to exchange selected ions therein for fluoride ions in
said acidic solution when in contact therewith.
49. A method accoding to claim 1 wherein said acidic solution of
hydrofiuoric acid is at a pH of between 5and7.

50. A method for removing fluoride from an acidic sofution
containing fluoride ions and silica particles, comprising: |

(a) filtering said acidic solution through a porous strong base anion
resin thereby to remove silica particles disposed in said acidic soiution; and

(b) contacting said acidic solution with a crosslinked poly-4-
vinylpyridine resin or derivative thereof thereby to exchange selected ions
therein for fluoride ions in said acidic solution.

51. A method according to claim 50 wherein said silica particles
exist in said acidic solution as fluorosilicates, and wherein said porous strong
base anion resin preferentially absorbs fluorosilicates over fluoride ions.

52. A method according to claim 50 wherein said porous strong

hase anion resin is in the chioride form prior fo the step of filtering.
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56. A nethod according to ¢ . [aim54 wherein said catalyst ‘%ﬂme%oﬁm ed
frompalladiumor titanium 57. A nethoggaccording to claim wherein the
step of doping is acconplished by contacting said ion-exchange resin with
a salt of said catalyst and thereafter contacting said ion-e.xcha"nﬁ resin
with an oxidizing agent. 58. A netho fﬁéimrgﬁr%é?ginwaidrdrd@elmkg Y-aci di ¢
sol ution contai gmg fAuoethad aceR 8940 & agent sel ected frgm RO ¢ | gf zi ng
agent and a reducin agent ﬁg{{@éﬁ@tﬂ@réﬁmﬁ acthenQHstara RRGT PARE ISR Fon
wth an ion-4ﬂmfw{§gn&@§‘q1 £ I ncl ude_ishsa functional group resistant to
attack by oAdizi blidiondghetewitisai d i on- exchange resin having an
active stat ﬁo%"ﬁﬁﬁ'gg ?@@ eE"E(;(“ﬂg>(§)(lc:)-hange sel egéecﬁubﬂaé float ean f6idig | ﬁgl“ﬁ‘a‘é i ons
in said acidic sghuti gn method HOEoFRMY™Pherew th. 59. A nethod according

to claimb58 wherein said.i on-e&%}%g;r esin includes pyridine functional
groups. 60. Aontsiniog fERER XMy 0 el ai'm 59 V\,herﬁ'bn iﬁi&tﬂoﬂ”d@f’f@‘hmbﬁt'r esin
i's selected fromcrosslj apoion-ekchange gesindy LSS and derivatiyes
thereof . 61. A meBhod BECOT di ng to cI@gb%% ghractiviedstate eperatyeulq on
contai ns an agRefeirs ehittiondexohenderESihip: . SUBSTI TUTE ﬁg‘f@uﬁﬁn%&me
2004 62. An appar at usgcéordbﬁ%tﬁ?em ﬂjrrﬂu@ﬁd‘m'mgmsgg geidsn "% Change

resi n i ncl udesxghanggi e,tptqu ‘onal’ groups. 63. An apparatus according to

cl aim 62 whergin LGkt heeimdnge resin is selected fromcrosslinked

pol y- 4-vi nyl pﬂmﬁgﬂpgﬁlgﬁand der i Vﬁfc' Jftstiort Witheald ioheexchaneefga"y or
renoving fiuorine {ppm zoptacpg &AERAY\"onment,  conpri si ng%iﬁo%a@*dmg@

i on-exchange resin wt hm baea&&ﬁ'dinghm ailaims §dd FileX2hange resin
contains a sel ected®¥ol %@rcent age of water dQawvatios theredfie state
operative to exg %E%ecrﬁgélﬁﬂieﬂcbOIMSVIUVI@V@‘ij‘Heer?ﬁ'fqﬂ-uor| de ions,, geparated by
contact of sai'f {9’1 dorine gas wéhﬁg&; ﬁin'goqﬂeaghﬁnaé wherein gaid WY%OEQ
according to cl ai m¥bg. whér etheg,; SHTEx C ange resinis resistant to

?)(;inflg;i:ﬁgngg fggigtr:{e%efr&%ﬁ:iallg@iurr?‘oFﬁtdmld'naccor ding t _l:) c | aihrg g{z ] V\gfe(rjg‘i)iﬂgsi%i g
rding to claim 54 wherein ‘
BT, A s s esin with a salt of said

exchange n

. ing said ion- e
accomplished by contacting n-exchange resin with an oxidizing

catalyst and thereafter contacting said io

agent. |
i 58, A method for removing fluoride from an &

ons and an agent selected from an oxidizing agent an.d a
said acidic solution with an ion-
nal group resistant to attack by
active

cidic solution

containing fluoride i |
reducing agent, comprising contacting

| ’ includes a functio
nge resin that inclu . | .
o aid ion-exchange resin having an

e . s S .
oxidizing and reducing agents, " ‘ B o
state operative to exchange selected ions therein for fluoride

acidic solution when in contact therewith.

59. A method according to claim 58
n includes pyridine functional groups.

60. A method according to claim "
resin is selected from crosslinked poly-4-vinylpyr

wherein said jon-exchange

- 59 wherein said ion-exchange

dine resins and derivatives

thereof. in said acidic solution

61. A method according fo claim 58 where

contains an agent selected from OF2 and Hz20:.
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resin includes pyridine functi
66 wherein said ion-exchange ional groups. 67. A nethod accoy

. I | ai m
A i . . resin is sel,ected fromc gzotogc
pol y-4-vinyl pyridine resins and derivati \%‘S t her eof . rsangr: ?%JT[% SHEET

62. An-apparatus according to claim 47 wherein said ion-exchange
resin includes pyridine functional groups.

63. An apparatus according fo claim 62 wherein said ion-exchange
resin is selected from c;rossiinked poly-4-vinylpyridine resins and derivatives
thereof. |

64. A method for removing fluorine from a selected environment,
comprising contacting an ion-exchange resin with fiuorine gas, wherein said
lon-exchange resin contains a selected volume percentage of water and has
an active state operative to exchange selected ions therein for fluoride ions
generated by contact of said fluorine gas with said jon-exchange resin.

65. A method according to claim 64 wherein said ion-exchange
resin is resistant to oxidation by fluorine gas.

66. A method according to claim 65 wherein said ion-exchange
resin includes pyridine functional groups.

67. A method according to claim 66 wherein said jon-exchange

resin is selected from crosslinked poly-4-vinylpyridine resins and derivatives
thereof. |
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