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— (57) Abstract: A method for removing fluorine gas from a selected environment comprises contacting the fluorine gas with water to
generate a solution of hydrofluoric acid and contacting the solution of hydrofluoric acid with an jon exchange resin having an active
state operative to exchange selected ions therein for fluoride ions in the solution. The apparatus (200) may include a dual resin setup
(222, 223} such that one of the fon-exchange resin can be in the service eyele while the other of the ion-exchange resins undergoes

the regeneration and rinse/refill cycles.
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[ [ t he
FI ELD OF THBoHIXYENT| bl Jdifia £5epgp.i nvention generally relates to
removal and coll ection of tj”ndesi rabl e wastes produced as byproducts of

i ndustrial processes. Mre HEFPQUTHEINVENTIONr esent invention is directed
to converting flTe preee@afvdniion generally relates 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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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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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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and

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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valve system includes a plurality of valves associated with a plurality of fluid
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and a regenerant waste outiet. The valve system includes various valve

states permitting fluid flow. A controller may be operative to move the vaive

system into its respective states, and a pH monitor may generate a signal

when the aqueous solution reaches a target pH value.

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 fiuoride



second resin vessels, a regenerant source vessel, a rinse scﬂ%i Oi;) ?ource
and a regenerant waste outlet. The val ve system i ncl udes varidli§ Qve
states permtting fluid flow. A controller may be operative to nove the
valve systeminto its respective states, and a pH nonitor nay generate a
signal . when the aqueous solution reaches a target pH value. The present

i nvent i 6NSF9R"ERERd gé cabiast efdhe fuerisisgast with therionrexchange resimhavigg theuwlime
froma ket SFVALEL . | S ' L Ve OV

1 o | N g e om he anyeat-exeRAYS ShPRatls id) 6% JBBBIE bXSindid e in

di sposedfeg?? i on-exchange resin containing a selected vol une percentage of
wat er. The ion-exchange resin exchanges selected ions therein for fluoride
3 June 2004 6 ions generated by contact of the fluorine gas with the

i on- exchiiRY¥ thedreserhinvagtians direrterdo apapparatusgior use watearoving flusdine éochange

appar at gsletRY é@ﬁir@ﬁrﬁm?&ﬁnﬂ{émq A8teibb& ih Q@mn{ﬁfdg?on WRR 3 né rrn(iad%\ﬁﬁ'r#gd%megg& i ne

present invention is directed to an apparatus | use i
froma resivectyiingrgasy baraliom. Thenperubbergs ppsmtive Be reontact drenfludrinet gasnwith t h

the inl %t@ﬁﬁer@ﬁ?@é Rt & solL 8GR LY ﬁy&rbﬂlﬁrib{%i(ﬂ%etrgﬁb ﬁ/fg%é;é&eégci}fefsgtﬁ%n %gfb%ni S

operatiye to contact the fluorine gas wth water
sol ut i oHOB¥ tey asrybberoand theiian-exehange siesinydigeesedr pcthievkesint essebleuthamges f r om

the scryblegted i8R it iR IRDRRSIGB&iA & ludlidsRBSEsh "uﬁbogﬁ'lﬁpér?%Jhgn"iﬁséo%al‘cﬁ ‘he

exchanges selected ions in the iIon-exchange resin uori de 1 ons

sol uti of"&f@¥HY i n contact therewith. In accordance with a third aspect of
the invention, there is provided an apparatus for use in renoving fluorine
froma selected environment, conprising: (a) an inlet in comrunication

wi th t he 8eqosdanss vatha thidmskectefdhe fveation dhare ispiovided anl apparates fraisise in

t her ef r pafoviny fidorfiRNAsthta sbRCEANSIHILARABAO %owpﬁglniza@{)’dn“ihféft irf”&gmm%taﬁgn to
receive fhuorl ne gas therefrom said conduit’ operative to transport an
aqueou swg !tlgﬁ ﬁgﬁctgﬁ@p&fanqﬁm |qznd @ppragive it gfqv;d@sﬂqq:no@ggg !thq'refmmmbal a conduit
conmuni peddrRAumibAtionSdtis @ Nk éndaélférpféﬂ RGkbYeL Hudth! gts tHS:effrBH{, o) c}bgdhi?e
aqueous soluytion therefrom (d) a first ion-exchan resin drsposed In
sai d fi PRYIEMES IS IPBSRAT aprdAusdtptsstitiop thetsifiraeah; Ss) @ Biglicenin vessaltindtuid sai d
first | esmexaRBNASEWItE Shld EeHIul BrANselsdilie opbfiGe W FE@&iefio éc{?xe‘éii&\%ﬁﬁﬁ&h
sel ect egl uﬁﬂs therein for fluoride ions in sald agueous sol ution enin
cont act MefHELA A Tpdomexehangaseen dtnased dpenigtiirgieresin wassploansbadamed to
f1 uori deoritatiSaidiagigiots ls@lﬂtior%%mﬂg?ioﬁ—%ﬁbﬁ‘aﬁg‘érreiﬁh%a%ﬁbea?ﬁ&%vé Qtate gﬁ%ﬂb@ed
in a re&)en)%{_lant solution when in contact therewith. “(e) a second resin
vessel PrPfPaee sdRAGA IR thensindor Huatidedons iteaid aguepusesoligionudien insotast i ve
to recelhérevithe addl usOERhARIY bR toRBFRTE B exXchinde 37E MdridL Mo aR@ehes! N
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



di sposed in said second resin vessel and adapted to contact $Jd ggeous
solution, said ion- exchange resin having an active state oﬁF

exchange selected ions therein for fluygride ions in said aqueous sol ution
when in contact theremﬁth and an exhausted state operative to exchange the
quorid lons. in Ld I,on- xchan e resin for_the selected ions contained

in the r‘?éﬁ"aﬁ?s% ae i T vﬂ?@ﬂn fegignyesgel: thed sgpenprantgyvaster putisd igofiuid i on

sour ce Icﬂmrridrlpﬁadoﬁqmﬁiué‘m@fmét%sw VeasslRhrl ShiiSdecoRE i rBsiM GRIEL ?rfbd %dté'd ggcond
resin veSéPLq?nd o erative to selectively provide a rinse solution

respect i°¢ Yoresalve fran seidrrespeptive disdjandriecond dede vesrels pasoenareriswaste ( h)

a regengbrBbn scuntmngem@ﬁhe aidﬁé)t of 4 QalvRCejtemt B@mPﬁﬁﬁ@eJ aeraﬁt?' Y 'vélﬁ}es sai d
regener ant saqurce, vessel uid conmmunication with said first resi

vessel ZfsPEAed W§E@owafa"§vé§ |ﬂH'd\/l~?;%%‘é¢ySdHt9rQﬂ5@Pﬁtﬂ9\/@1QQ§e%@m@c@f’ spdd yﬂqu,rsmt de

t he regeorduat)baid Girdtrém veRen a6l éé%bb{d P@sﬁ@éé@eﬁ sQHW@g&%@é‘nt%ch‘erv%Esél ez?dlc?
vessel and said second resin vessel tWé %jeq regenerant waste outlet in fluid
8

conmruni £8%§ SPUIRN PR NG $9id regepsian Uﬂ&hd‘lhﬁﬁm’ seict iR system definesed  and

adapt edfits flukP ba®ivay Permithiehivia dve hroads s%t%ﬁe&?édntv&d‘ raé @@Qldsg?r%f)?é’sl esin
vessel s aﬁﬁfgener ant _waste ~ solution containi ng [ uori a va

system ¢8 | 3iSREeY Pvidr Rathway ermyiflingciiuid Jewotrpmt aaid wﬁgﬁﬁl%&lrﬂl spuste vessst
fluid pmrbu@vsa|ur§e%bﬁ@m@§ﬁt\feege| deHIRGhOORS r@éen%?érﬁ WAt toutiS@iainird ORI € -

said firsy resin vessel, said second resin vessel, said regenérant source

vessel , PBWGY herpting Hid: figw Teosnirsaid singe sefulion cypuien Airpuginseid sesanet ion-
wher eby eﬁ(ﬂ'laﬂgé absne ahd $8 Sa fﬁ@éérfé%t%oulfcbrv%fssél' Hﬁ&rﬁ?ﬂdﬁﬂ‘@éfth%g?emﬂttﬂg f]cdldJI d

flow thro nduit and through said first resin ves econd
fluid pi{ br%ﬁ' tqqaau'h&lmﬂdthfqn&n pRidnFeeNd Tesie Messght a JHitir fieid veasBway

t hr oughpémmdmg qRRMbw %mnsél@%gﬂne?d?@ sbbfc@‘%&@sé%ﬂaubﬁ%%lﬁeﬁ@ﬂFesYP@?és%ePéﬁd et,

athlrdflwd gathwa ermtting fluid flow fromsSaid rinse solution

source (P, RRId 4pge ifépste Quilely a bl dluid Bathwan permitting Buid dlgwniserarraid
Source WASS eblun@ E@M&é rﬁhr‘i)hgl’h daidefirBt Y- e&@ﬁéﬁqet ie@ih éﬁdJ 'tcEi saltjI %@éﬁ&%ﬂ%r@@' d

conduit and, t second resin vesse

per m t t VERek WIS iBVf‘r‘ 'i%l‘f?'é’%us@ﬁt? gﬁgﬂ@?&ﬂPWsﬁimgzéa'déﬁ%télwq ﬁafbwgm a@dﬁ@l@ i rst
resin vessad flamtbatﬁ»l?é)oirg@s%rﬁ vaRBeRaE @I[]id MasfiGv Ql;éh% Qhid flistSluid &tifnh

pat hway rm | ui m sai d_rinse solufion source roug sai d
first ﬁg&@é‘t‘iﬁga&@@y '"a%g“rldo" VG %fatee%%ﬁaé{rﬂO%B\QF‘Qéa'dvf@g%IﬂU'dvmfﬂ‘wy in
afir st amalsaid fisthatuRy ﬁétuwsy e ih lz0f0UuAh QB Sitd ﬂmdr;ﬁéy hb\wa%r@aéé}y%nﬁ%os ai d
second f 5% P @ @cond valve state fluid may fl ow al ong said
first fPd Wa}S B ﬁ%\@ ShARuid RREWEN: rd 1 uid pathway, in a third valve state
fluid may flow along said fourth fluid pathway and said fifth fluid

pat hway, and jn_a fourth valve s e fluid may flow along said fourth fluid
pat hway MRfFOLRNGE E’i‘tﬁF‘Ffo‘f’rﬂh%"eﬁét?ftr.‘ﬁﬁwver'ﬁolaé’&!%’?d%mﬁ@é'%fitaw apPaEivs for 4splict of

t he i nvenidving fiuohine grofsa Beleviet &MvidhrAdRAEGH :rngr(a)l@Reslimvesrsé | d¥infek WO i ne
froma sel ected. envj r% r? gorrprl Si ng & a resin 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 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



comuni cation with the selected environnent and said resin sel aid
inlet operative to provide fluorine gas therefromto said & nﬁng sel ;
(c) an ion-exchange resin disposed in aid resin vessel, said ionexchange
resin containing a selected vol une perg ntage of water and havi ng an

active sta%ﬁ operative to exchange selected ions therein for fluoride ions

gener at &FeRliVe dacapacheaid fuaring gas vl waier thierebystai farm Ens@ylignapiglydrefiioric | n
accor da@i@:ﬁl )t rasird vedde ﬁfﬁﬂlﬂ&tcoﬁfmﬁﬁ'@atlbﬁ‘éﬁmt 4 scrruBSérea 060 rQWed{%dre%QNe

apparatus or use . in renovi n luorine froma selecte I ron
conpr i siSAl: sqldionathersirog; and rﬁmﬁﬂrﬁéﬁhwe Wﬁmhdlﬁmeden@@tdeaesewesaehaem

and operahpia tb @oﬂé@ﬁ’éeﬁ@sélhﬁtﬁf 'sBi% |&§~§X&H&§b€ frés‘ﬂﬁrha\ﬁu\?geaﬁ aﬁfF\feuQQféro&e'ré’hve to

comrunlcatlon with said inlet to recel fluori

t her ef r S¥fhageSelectasdypey thsr%f% ﬂg@mﬁ IGBS tﬁ‘rﬁ@tcb%qhﬁ@nt\fﬂ?e@dnFa@ttactsfhe!&withuor i ne
gas with water thereby to forma solution of hydrofluoric acid; (c) a
resin vessel in fluid conmunication with said scrubber and operati ve to

recei ve In saédidsleUlitPa sthﬁéé?:fercPB‘ﬂ the wVehlon QHersc?ég gﬁi@fa@a%gr‘ﬁe{h%gif& qérﬁg\ﬂﬁgd i n

said resin vessel and adapted to contact sal tion, sard Ion-exchange
resi n h#yehide Hamacan vacidic sohitiopeoatainiag fluoridexivharaye sikideeparticles,ocsnpriséngei n

wth o S @BEdd 38l e Mt B RIS, sPus o bubtdnch heehsdofamove

removi ngilicé banicled&jlépb@mj ansa&idiadidic s6ILiGiN; @Rd cenfasiiny naid |d¢Rlid SaulicinwitRng
silica partjcles, conprising; fllterlng said acidic solution through a

porous St§ el a S8l UnYIRMEING Fosiy ehgerative tnreof thereby do gxehangeessletteposed
in sai dtc'ﬁ%'tﬁ'érﬁmsfﬁ}ﬂﬁdri%l r%ﬂﬁsgﬂ%ﬁﬁééd?@no%a' d acidic solution with a

crosslinked poly-4- vi n pyridine resin or derivative thereof thereby to
exchange sel ected ions thereln for fluoride ions in said acidic solution.
| n accofrlancerdaiaeh with seweverith aspecit ofofhet imeerhtlwnemméreris drovded | & pedodded a

et hod, FeouPIHAS A UREAR, LA AR BB bh Las BB N B
cat al ysexchange gesinsuithl anogleasarhdonme catalyst, whesire saidamnmcmn@qteisveis_smé e
i di o 1oy B AR AR BpBRhEE 13 BRI shlediesdons ekt i iR ks e

sol ut i oAcidictgpluiohdviiein eontdvh thprewitsiand dantanting seidnatdisvsdlation eiith saky mepect
of the bg‘?fﬁﬂpép& there is provided a nethod for renoving fluoride from an

acidic on containing fluoride ions and an agent selected from an
oxi di zing agent and a redu0|ng agent, conpr|5|ng contactlng said acidic

sol uti o, Moy r nctl 0 rou

resistant to 5?‘?30 é ?cr:\tgoqztlﬁéd]m&%@ cli ﬁ‘% ¢ %g’i%‘f' % ?qg#r? g%?\@ e

resi n hByaride &emamnt | ﬂ@dIQtSIJtlléIOOp@r@nmg ftuoné«cdiresngm el sgEne deleatesl frtbnhearel n

for fluggkigs ere

accor dance wgt%%aﬁt érllrﬁt’nté ﬁécgjsﬂ’@ ‘{ljde%f sct%ht&' g Wﬁ E%ﬁdq?efiggéﬁic 9 Lf"8{7|“6 oa'hloﬁet hod

for renexahagge resin that includes a functional group resistant to attack by oxidizing and reducing
agents, 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.

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.



fluorine froma sel ected environnent, conprising contacti ng£€ ie%)-ogxchange
resin wwth fluorine gas, wherein said ion-exchange resin c

sel ected vol une percentage of water agd has an active state operative to
exchange sel ected ions t her ei n for fluoride ions generated by contact of
said fl ai ex han e re June 2004 6c¢ These and

ot her Oglﬁ{esg%nga&q% zss% 3 pﬁ?lséaﬁ'ff"(yﬁ tign wi B@EBWE Wﬁdeﬁg'é’o‘i’%?e‘aﬂﬁg @0fat ed
a][]d hundmdstsrbcmdi fmmga%mmsraienafbﬂ the Riloking ﬂ@tblléﬁl\ﬂdégcr\%ﬁbﬂldfeﬁedé% mkl on
of the 0 nt o resent invention en taken to

it e TRt RS hdion wheRiifia oppiEr vt G FopmeRneRo Hrings,
DRAW NGhhivhighre 1 a is a diagrammtic view of the nmethod according to the
present invention; Figure 1b is a diagrammatic view of optional steps of
the nethod of Figure la; Figure 2a is a diagrammatic view of a first

enbodi MBRIESTDESCRIFTIONIOR THE@QRAWINGS0 the present invention, show ng the
service cycle in operation; Figure 2b is a diagranmatic view of the
apparatus according to Figure 2a, showing a regeneration cycle in

oper at i Giigur&ilgus & dagramsmatichieg bhtheahétbod aeyraihg tdeapesrminentin; Fi gures 2a
and 2b, showing a rinse/refill cycle in operation; Figure 3ais a

di agrammatic view of a second enbodi nent of an apparatus according to the
pr esent Figurenb iisomdiagramwhatis e ef yptiodarstepLofihe ttthdSér Fi g%fré ngand a
regeneration cycle of a second resin; 3 June 2004 WD 01/ 40117 7

PCT/ US00/ 32726 Figure 3b is a diagrammtic view of the apparatus shown in
Fi gure Fgure Qhawmglag:aﬂ&ha/tlocﬁewxﬁ@fn@f ehib@dimertt tof @Sapgharitds %céérarnﬁl toahé! |

cycl e of resin: ure |s a_di agrammtic view of
appar at L%és%s“ b 'PESS'?&"%@‘? Sgg"ces‘r‘y ‘H@pﬁrail@?m ce cycle of the second

resin and a regeneration cycle of the first resin; Figure 3d is a
di agra .r:.% i ew o%athe par atu f FIF%!I'HGS 3a throu h 3c, show ng
servi ce Et’{/lc &€%F Fn %rg@ r %WrPa U3 /acEprding tq Jiguee e, tSHBW!nQrgt

resi n; regeneration cycle in operation;

Figure 2¢ is a diagrammatic view of the apparatus of Figures 2a and 2b, showing a rinse/refill
cycle in operation;

Figure 3a is a diagrammatic view of a second embodiment of an apparatus according to the

present invention, showing a service cycle of a first resin and a regeneration cycle of a
second resin;



Figure 4 is a diagrammatic view of a third enbodi nent of an marzgws
according to the present invention; and Figure 5 is a di agr?} Fi<V Vi ew of
a fourth enbodi mrent of an apparatus according to the present invention.
DETAI LEDyJ¥ieR 77! ON OF THE EXEMPLARY EMBODI MENTS  The &L esent jnvention
provi des an efficient nethod, apparat@s and systemfcﬁa fluorine
gas fromindustrial manufacturing processes. It should be understood,
however, that the present invention may be utilized in virtually any

situation in whiEburel3bas ardtagiadmatic LibWast kiteafRirdies kh&h A ,Ergg%val IS
desirabl e. g@&’ﬁf@l Qé T uo[glé}e in use in sem -conductor MEAUT &Gt ur | ng
processes | BFSTYCECNGIRRIINg Bshipsin and & riese/iefill ayrle abtheseconds N2 or

ot her inertresgmses, preferably in a ratio of 40 liters of N2 per 1.5 liters
F2. In the net hqg tfr]; 30tihe (EJr esent inyention, this gas mxture is injected
into an aqueous soraticon & PRYPMTIALC yieye Abingrapppratusaf Ciguies Jsetnceved t o
occur accor dp.reowing deerviokloyeieng the Wanaﬁn!ana@re'gleﬂe for el HOF + HF
(1) HOF + H%(Rr’trg%rqz + HF (11} Further, HF is a weak acid,” wth a pKlerr]
of 3.16. Accordslng y, at low pH values, the transformation of F2 to HF is

di scour aged. AdjRigireeitt isof dikbramsustic vew i wedi da@élu@fon*igl%é: poses the
addi ti onal ﬂp,;&%h ol 8 gﬁ.{qeé%rew}% 3 %ng 2004 01/40117 ¢ PC'IS/_aUSOOI 32725
undesirabl e OF e?sﬁ’ _Wﬁl CH 2aRTiE PYSQENE Berpar gpwaanthe rdsaaefill ons
accordi ng %¥slerefdieq finshresint as fol l ows: F[err] +HOF=OF[err] +HF ((11)
Accordingly, inpyees; : | um F2 renoval / abat ement device it
i s desirabl e toﬁb:aducégé)ﬁgaﬁ@ﬁgtéﬁ%ﬁggawrdﬁé et d0@PRYal§Sent, and to
keep a pH ef¢Piditnierihe pieseririasnyiomfandbet ween 5 and 7. Further, because the
reaction of F2 waLer hermec, it is further desirable to

di ssi pate heat geérlljger at ed 1 @é yr,ngfs&gé}’r]\e%‘éggft%rf8ﬂﬁiﬁ FRRORENGPT Aheat
exchange deARPEEIUSACCOFHiRghtojthe Pragantdnyerntionhen, the general nethod 10 of the

pr esent DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The present invention provides an efficient method, apparatus and
system for removing fiuorine 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 flucride 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 Fz. 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 + HyO == H,0, + HF (n

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



i nvention conprises service cycle 11, which includes inject isc\ﬂmléﬁzoggs 12,
preferably provided by an inlet 14, into a water stream 16, I C |sII
preferably a recirculating, or closed-loop, stream A closed |oop allows

for hi ghq{,%{,ll,‘ﬁ , rates and accordingly nore effici enéI ?%%%82% HF 18

ener at ed the reaction of F2 withgwater is passed _
?on-exchangg resin 20, which is preferably disposed in a resin vesselh22.
HF that contacts the ion- exchange resin 20 undergoes ion-exchange suc

f1 uor i diadésimble GF, ahieh canpie\predlicBl unadr AKAMBUBRCIGN Bedling
fAIh?ternagivelé/ E 522 may be iLﬂnjected directly into COﬂtaCthIth
ion-exchangé lteggl?{gg(fs\]/{ﬂ’!aoﬁ’%/he resinis of atype which has a high water

' ' ' ' F2 gas
ercentage and is gt Lgyexidation by F2.  In this case,
\{(2)I ;”ergcfs W th ?he noi stufaeéPP%t héb’i%ohggxchange (ﬁéy n 20, thereby to

hEDi 1+ Q0 : | e functional groups of
on- exchange racs oo e BLBLE AnPHARRRER: Ml bR deREine ] f nked
pol y- 4- vi nyfsp‘gﬁsfraglﬁéo reduep ihey HPFd sketv as by edding erredecing agéntaand kose

L i v e S P IS s

' i the "tra
oy o e el A e s gy st 531 2
: ' or
by oxi di zi ndissipater RettChéribrA88 NtheredPd subf VR oﬁtﬂ'xu fal oy by ggphact Ly
H>Ié. Furtherg thﬁese res?ns resi st O)SZI dation ﬂﬁy y?ir ogen pe%oQP%‘g, H202,

post ul ated PEMBE9Y8ME by the reaction of HOF and H2O. It shoul d be

under st ood, howeAseshowrhiat FiglileeTa, itRéh, aké RRRGR! hfaw a1r9 %F%heéjgre%ﬁlel 5804| {/]\D

.t t invention. I'n particular, _ ,
01/ 20117 o PERRBREE SriBeiitls RienbibrinduisinAcive Frass 18 wi th a veak
base ani on Prafecalilopmividest by apubt B inthasRitdraticas fG?WHli(c%riél g?é}é%ﬁ@l ??ogi Iny
Lhe. pr acont > SBSat of Lt cop HERT & ci&adoom aliaws for diahendaw ant on
t he present v ent | con el%’Pa _é%a”?'e Qs & & age anion
functi onal ifﬁy%s @nd:acqsdmgmsnorehefﬂciegt qpaaﬁ)man-u: aglxge@glrag?d rg\%letgﬁ unetional
I Bt ong. fERbRAor T Wit is pRETeK oyl R e Rl deanoR BN . WHED! [ (1)
?gcatsegnign IBArefe@Phviisposed irs actesinasedser 28- 86 tHat &dptaoks W jorA- 870, A-600,

. - A-850 Purolite(r
A-510, A-SQfxchaigeOdbin 2y dWbrgds féﬂ%xcﬁbén%gos%ch%a%of?dorigg clions, F, are (r)
[ on-exchangce resins., . ] .
aptured 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 undergoeé 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



Addi tionally, the present invention contenplates the use ofé,),rfsi rb?) 4v\,hi ch
have been doped, or inpregnated, with a catalyst to increas Y& Qte of
conversion of F2 to F. The use of a catalyst nay be desirable when the
systemc “ﬂqzs favor F2 in the F2 - 2F equilibrium_such as under |ow
pH for exén‘g , or when a scrubber gs not present i TEHEWem The
preferred catalyst is an electron donor, such as palladiumor titanium
metal, which accelerates the conversion of fluorine to fluoride. A resin
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of nedi a ma\é rgcﬁu%t'tm&ed for the ion-exchange resin o e present

i nvention. PR Ea 91RO | FXROIPIRTY Wl PRRe @on ane sleng HRse anign resifisa t hat
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20. lon. exchange resin 20 undergoes I on-exc Wi ant sol ution

26 thereby fopetamplesometgenesaubbebashet pHOserP iH Mk B 'c%c&ggéﬁed fl uori de
o ut'1on o8 egener ant

ion, F. We tM{'gte:Er Qb used as the regenerant = S 3
wast e 30 coér‘)ﬁ al ns d'—"[ gPPHee 53’??’2 Skl 8n dalipdiumagt ttagigm metathwhichassed t o
wast e out | erccRratestheaopvareige e fiddtineuB SLcHd0 ARSIy BblddBsd Gh! ect ed, such
as In a de%uﬁﬁ%%ta?ﬁ%ﬁ'fgreéXamoprle,Sc%rqt%ctcljn%m{?ne?egﬁ gvlitﬁ%tpeaﬂadium chloride
salt 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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solution 36, preferably de-ionized water, froma rinse source uch as a
water inlet. R nse solution 36 is passed through resin vessel 22 and in

contact wddiuhae- exchange resin 20, thereby to rinse remai ni ng
regener ant soPution 26 fromresin vesgsel 22. Regenera]%?‘ynﬁnwygigol ution 40

formed by rinsing resin vessel 22 nmay then be passed to regenerant source
vessel 28, thereby to refill regenerant source vessel 28 with an aqueous
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t he concentrati on of "regenerant SoOlU dtdedicatesvel s, such
as by punpi fRjleciiriaint r at ed sol ution into regenerant source vessel 28. In
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reaction with F2 or by providi ng nholsture, suc i BUPe%Srm to resin
vessel 22. %Cag'}ﬂﬁ Eﬂs"bﬁ%o'ﬁf’f?éﬁttodﬁ‘s?@Yafﬁpwrémgjsemerm(somdbmgeto t he
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gpggﬁt g?’ﬁerc%nca{t%\(ibrgem%yr fereafter Do %rc]ijus?ed, such as by addition of
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 hydr;lting 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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Figure 2a 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
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Oncé ion-exchange resin 122 has been regenerated, a rinse cycle
Punp 148 _

begins, as shown in Figure 2c. Here, valves 160 and 154 are closed and
valves 156 and 158 are opened, while purnp 148 is turned off. Rinse solution
136, provided by rinse source 138, passes through resin vessel 122 to rinse
any remaining regenerant solution 126 therefrom. Regenerant rinse'solution
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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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-

1%
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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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regenerant source vessel 228 through first resin vessel & 8
under goi ng i on-exchange with ion-exchange resin 220 to form NH4F

regenera 230 which is sent to waste outl et gwn i n Fi gure
3d, onceafoon e&?hange resin 220 i s regenerated, purrp%fé[%%’wurned of f,

valves 254 and 260 are closed and val ves 256 and 258 are opened. Second
resin vessel 223 continues undergoing a service cycle. De-lonized water

236 from ri NEROSDisIpenRAbyRARTE2ds MoMEderldra solRSivBssel 898 RhoRgR (hereby to

rinse any e ss .NH4 he regenerant rinse sol uti

t hen passedﬁsg r?%'&é’ﬁé?e&r#% @ﬁ?ege\é eegoingiog-axrlangs; yith on-pxahapged for use
in NHACH r egesire2Mito &oinUliHMreg@herahh@ase eaRnikioh ke fo V\)é(@iec&xt@y be

adj ust ed byF dition of concentrated amoni um hydroxi de 267. Once

rinse/refil 'ycl e has conpl eted, val ves 258, 252 and 256 are closed and
the service cycl#s sbown muEgueBd @moador-emhanyesastl 2202% #gbhératdan- exchange

(oo 2ot BB et B DS Y o L0 ARV ERS B 2 "
i ndi cati ng gmare-ﬁperm_dnoseamgeresmn@es@cﬂ%gcunﬁﬁu@(ﬁﬁtwmngvhtébnhé& exchange
regener at i ool Pl @it ual 2 o fp8 Safio3 338 paStesshydh i amoun n
Figure 3a. emsehaaa &wsewdpofrfsem epest NHeBHdhscibes The r@ev;@@nand punps
bel on 3 o on e BT 15D Frer BRb B 50 e e e ' eain i r st
resi n Secon@cygedier use in NH;OH regenerant solution 226, the concentration of
which may be adjusted by addition of concentrated ammonium hydroxide
267.
Once rinse/refill cycle has completed, valves 258, 252 and 256 are
closed and the service cycle continues on second resin vessel 223 until ion-
exchange resin 221 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 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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OPENCLOSEDCLOSED Val ve 254CLOSED CLOSEDOPENCLOSED Val ve' 2550PEN
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resin regen. | resinrinse | resinregen. | resin rinse
cycle cycle cycle cycle
Pump 244 ON ON ON ON
Pump 246 ON ON ON ON
Pump 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 CLOSED
Vaive 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 CLLOSED CLOSED CLOSED
Valve 262 OPEN OPEN CLOSED CLOSED
Valve 263 CLLOSED CLOSED OPEN OPFEN

R

VaI ve 2500PEN OPENCLOSEDCLOSED Val ve 2
Val ve 252CLOSED CLOSEPOPENCPEN Val ve 2

Val ve 261 0PEN

DSED
n Figure 4.

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-



service, regeneration and rinse/refill cycles operate siml _asr%}{}et 0hhe dual
resin embodiment of Figures 3a - 3d. Figure 4 shows operati©
corresponds to Figure 3a for the second enbodi nent of the apparatus,

show ng gvéﬁmhge cycle of first resin vessel 322 hav%(%}g%ég@g%?change

resin 320 disposed therein, and a reggneration cycle _ resin
vessel 323 having ion- exchange resin 321 di sposed therein. However, in
this enbodi ment, during a service cycle of one of resin vessels 322 or
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as N2, nay BEcpenipiaially, qoeng jassetsddaimensd 365haﬁedeé1fe&tichlyslal3 eg%dng g Sil \r/]\n |

l's 322 pagxkin r ectdyvel The Lon- nge .r esi ns _
\l;gizreresr ehygr at ea;tggtgr ﬁ%g] 9%_%%& g?%s%gc?%eﬁé%ggn%r QFP’B#"CWY g‘??t gi ven t hat
the regener SPNRSALCE RYIthe feactien Ofalf:gﬂmipgateyo@\mm,mmem_armrig @fﬁhmf :get ﬁﬁ?i Ff
resin cont aa@if,i may el BrB0d aV'ieGfed \%ufgg@sgg aﬁ&%%%'c{?%o (?)%\anafggi te
the resinis exrausted with F, it nay De necessary 5 separa
rehydr at i onVRSPEISS R AN FREPSRSEtivEbh- exchange resins 320 and 321 during

. £] ; | bdi -iopi 336 from
/i nse ;iﬁfigeéégﬁggﬁgﬁ;‘j“gﬂif"%%° O o RS T IS, e oy e

injected in gﬁ{ﬁpqc Befation eygles, giyen that the regeneration cycle 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 Fit
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:



Into resin vessels 322 and 323 during their respective,
i;g{gg, thereby to provide sufficient water for the reaction:
on/of f and open/cl osed states of valves and punps during
cycles faovompmgarat us 300 is summarized in Table 3 bel oyqy
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Valve 353 OPEN OPEN CLOSED | CLOSED
Valve 354 | CLOSED | CLOSED OPEN CLOSED
Valve 355 OPEN CLOSED | CLOSED | CLOSED
Valve 356 | CLOSED | CLOSED | CLOSED OPEN

Vaive 357 | CLOSED OPEN CLOSED | CLOSED
Valve 358 | CLOSED | CLOSED | CLOSED OPEN

Valve 359 | CLOSED OPEN CLOSED | CLOSED
Valve 360 | CLOSED | CLOSED OPEN CLOSED
Valve 361 OPEN CLOSED | CLOSED | CLOSED

enbodi nent ,
hown in
appar at us
both resin
es 352, 354
atus 400

to existing

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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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



incorporated in disposable cartridges that can be repl aced ary
with fresh cartridges containing the resin. Alternatively,%iﬁggﬁﬁ§a
porosity resins can be disposed in resin vessels through which the silica
cont ai ni M @AAQbLYIi on s passed; in such case, the regﬂﬁnﬁ%@sﬂ?ﬁ regener at ed
with the sane regenerant solution ufdd to regenerate the removal resin.
Accordingly, the present invention has been described with sone degree of
particularity directed to the exenplary enbodi nent of the present 3 June
2004 WD 01/ Htyention 1 It ebpuldSmnapprre@tada ougho that | the shessrtl ih@ngepieci at ed,

t hough, thay ' QN 1 f by..the fol |l ow ng clains
construed i neﬁé;gh@’ ?ﬁg%@}’;?ﬂégh@r ?&'Egu?cﬁérﬁ rﬁsﬁtbaf%/mecﬁ??ro% S6r thg’nanges . may
be made to MREIfEsORE 04 Ehangeas oM Madp to the exemasaptenbodrnérit@n thd t hout
departing fpeBah i {3 i aj . herein. 3 June 2004 22
claim 1. I‘jmegfits ﬁggvéfdglpﬁ?gmrr\ggf Egﬁ%ﬁﬁ%?ﬁoﬁgm&agogﬁgﬁ cé{mgﬁflr’]t@c‘i"é' n&thvi r onment ,
conpri sing Y#8Msteps 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 with. an ion- exchange resin having an active
state operative to exchange selected ions therein for fluoride ions in
said acidic solution when in contact therewith. 2. A method according to
claiml wherein the step of contacting the fluorine gas with said sel ected
gquantity of water includes contacting a continuous streamof water with a
continuous streamof fluorine gas. 3. A nethod according to claim1 wherein
the step of contacting the fluorine gas with said selected quantity of
water is acconplished by injecting said fluorine gas into said water. 4. A
met hod according to claim| wherein the selected environment includes
silica particles, and including the step of filtering said



solution of hydrofluoric acid through a porous strong base %”Juﬂgzbﬁa?i n
thereby to renpove silica particles disposed in said solution. 5. met hod
according to claim1l wherein the step of ntacting said solution with
sai d ion-exchange resin is acconplished by passing said solution of
hydrof l uoric acid through a resin vessel in which said ion- exchange resin
I s disposed. 6. A nethod according to claim| wherein said ion-exchange
resin is seléctdd: fromthe group consisting of weak-base ani on exchange
resins and strong,base ,ani on exchange resins. 7.. A nethogd accordin
claim6 wherein sai1d [ oﬁ‘- e QFEe"]QFesﬁ%WO\f'%Q s@“gﬂf‘%d Q‘qson&?'ﬁ‘e ér&%&éa
consi sting of sRyRSHMEAK Dnitisingthe stepPyfi dine resins and derivatives of
crosslinked poly-4-vinylpyridine resins. 8. A nethod according to claim?7
wherein sai d i on- exghangentasting thes fudrinet cghs rfoomt the geoviporunert withgaof
Rei |l | exTM 402 and i1l exIM 425  SUBSTI TUTE, SHEET 3. June [ 40117
55 PCTI US001530Rte %‘qﬂﬁmo@zé{@%diﬁ?ﬁ{e& 19 ﬁ?ﬂﬁ%ﬁ%ﬁﬁgf&t ?gg"gig’é‘p%if
doping said hoBroTKOABRERS;'amdI N With an el ectron donor catalyst. 10. A

met hod according to claim9 wherein said catalyst is selected fromthe
group consi sting ofb)pal Icantagingrsaid agidic selution of histrefipriccgeidawity anvicft-ai m

on- exchange EatTengR [ i an "SAPRP e BRoBInETE RiaRei &eied ione, g
sai d i on- exchngreir fof floondé oraninesid bzidiosolationwhehdn obntart iiesreadthor ding to
claim1 wherein said ion-exchange resin is capable of chemcally shifting

bet ween sai d acti v@- st ateMathod aceprting te elaim A whersin the sten of soplacing t he
fluoride ionsy ldoi QN h ' . 3 ' i ped
"ot egenor aihe SERHfle SHE BAR"SRECSAIEER GfHntsy o AeE thAlided RorkadiY BCT
of r ege_neL at ihrmnﬁmh@hs sineamadi aveter maimcdg}tinms}samhngf ﬁnlacbrthé gd;as.exchange
resin wt t he regenerant sojution t ereyt,o orma selecte re ner ant
wast e product cont A ni nd\ mﬂl\ww&ﬂn%ﬂ&la@hﬁ \ﬂ\{‘ﬁ'ﬁrh Eﬁég%%i%g&%ﬁ'"a ai m
12 wherein saiife '{QFHS" 885 with said selected quantity of water is accomplished 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 so!ut.ion 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



solution is an ammoni um hydr oxi de solution. 14. A nethod accfrlme%otllo claim
12 including the step of rinsing said ion-exchange resin w artinse
solution after the step of regenerating said ion-exchange resin. 15. A

nmet hod acggr, gm?, to claim 14 wherein said rinse solution is de-ionized
water. 16 CA'Hethod accor di ng to claigg 14 i ncl udi ng t h&CEfUSH/3T26

repl eni shing said regenerant solution with said rinse solution after the
step of rinsing said ion-exchange resin. IT A nethod according to claim 12

including the st®p ofA methodaictording®aichirh 4 IRNGdi ¥h"@é;:f ??,E’ql gl n a
storage VGSW-excf"lgn éﬁegﬁtvﬂ d a‘%cotrdiqpog1 to cl aiﬁnﬁlléi nc gfdtlﬁgg %e‘dstep of
cooling said S0l dtion of ﬁv"& PrRYGR0RER @Y i or to the step of contacting
sai d sol ution of10-hyd¥méihudtabcor&mbdoWatdﬂg&ﬂie%ihgﬁrd%ﬂ?@?%es&&?é&" 3 June

0

2004 24 19. i HmR ing t | ai m 18 wherein the step cooling is
acconpl i shed by %gﬁﬂggct%ﬁ%%tﬂ{ aclg'(ﬁ’ag%fﬁldﬁ’ioéﬂtaﬂ\“"hydrofl uoric acid with a heat-

exchange apparatlis. Z2omefodedeortiimcwoeidinng witsrihah8sled BFHHﬂh@%the step of
addi ng a r gehphdighad gt | d. solution of hydrofluoric acid prior to the
step of cont actpﬁng sgpdc@gﬂcﬁﬁ ¢ (c)gr??ogforh%hﬁ'ﬁg%6¥§"& with @ onlt ef s%ilfg

i on- exchang€AlAWE] #nd thereafier eprpastimgumid on-axskarige feEIRONHEN foi@sidgre from a

sel ected egydrtonment, conprising: (a) an inlet in. communication with the
sel ected environnment and operative to provide fluorine gas therefrom (b)
a condui t in con'uni 8dv¢taerd apaordisgiaiclain whareih salapreskchangd Refi ve Tl uorine
gas ther ef rigroapsiaé df 6KUMSIEAI ' frapnsport an, aqueous sol ution
ther et hr oughy, ?c% a. resin {yesglggrlq&%]twg?ﬂ?%’Hcagﬂ?ﬁ?ﬂtﬁiea?qdo?ﬂ fixtavstes 0 conduit
and oper at 798 F5T3tive dp pEchange dhe doardes ohsiin saidtibveeedhange redd 1¢d) an

i on- exchangier sdédied i s BAtaidzdS#H & &S ssel. and adapted to contact
i éﬁ%égBFa\égi%?tﬁggi WgeRJin” gatacte st at e

2 g;‘rja??\‘j:Oﬁﬁe%%itﬁ,;%{ggfng@&égtﬂé%QQeg)r(@é regReeEting fseid ibh-eschahgeiresia byn  sai d
aqueous  solesnizolingibaidrioneksHangh He¥RaMtH theCRPLAS ant SR trhgfeby to
form a selected regenerant 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 ion-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.



22. An apparatus according to claim 21 wherein said inlet ingl % an
I njector operative to inject the fluorine gas into said con uf%eggm An
apparatus according to claim22 wherein s24dd injector is selected fromthe
group consisting of a vacuum punp and an eductor. 24. An apparatus
according to claim 21 wherein said resin vessel receives said agueous
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therefrom and entef said Chanber. 25. An apparatus accordin [
_ _ ‘ _ . 25 g toclaim24
wherein sai d ekahdmge appamtusconmuni cation with a scrubber operative to

receive the gas fr sai d hanber . I ;

01/40117 25 PCTI U@D) 32 2B 180 Avoarding 36 AetEa Jkeling B Rt of ddding 2,
sai d 'On-exch%é&fcin¢%éht'ﬁ> saideebRAiohr MHydeofiuioviep acishgirist i fogthe steplotbase
ani on exchange resTns and strong base anion exchange resins. 27. An
appar at us acceodtaofingsaid solution Oghléd@ﬂﬂoﬁﬁiaﬁlq with gqg@(c?}@gpﬁﬁgl.

sel ected fromthe %OUp n?(%spb&%tﬂﬁk@a ﬁ%‘?siﬁl H}hggpgshué_ -é/iffafhpargggg@dm

resins and derivatives y-4-Vviny rirdine resins.
appar at us accrilirBament, dompfisiigwher ei n sai d i on-exchange resin is

! Soparatuaceor o ik 0 e 5 sBRUGE Db i 20
20 aherei n oo Perayus frolle Are!dts 1kt gy, 2000 Ot 8 ST Cr g or
P b or 1 Lanifey, 3. colutppmcommusication Wl | e e e ¢
:; ?é 'ei gg?eigh f@ﬁﬁié(&stﬂél_ari'ﬁe agas o@'@i’%‘{‘]‘?% ?@geﬁeﬂg\'\%eo_ﬁﬁ'@%f’fugq |tg§1'§booﬁg élulrge
%Oé{ﬁfs?@'gﬁee?ée%@%rﬁm ed ions contained in a regenerant

sol uti on when C _ “said apparatus. including a regenerant
source vessel adapt@) toa resin vessel in fluid communication 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 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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[ he regenerant solution, said regenerant source vessaeJu eerI uid
(r:gﬁfrljx?c;t ?on \g/]mth said resin vessel and operative to sel ectlvq 8r0\é| de
the regenerant solution to said resin vessel. 32. An apparatus according
to cl ai m®donriei n said regenerant source vessel is QR4 Bd&%ﬁto I
sel ectively provide an amoni um hydro?ﬁde solution to said resin vesscreCé
33. An apparatus according to claim31 including a rinse solution sou

[ [ | ectively
d communi ggtion with said resin vessel and operative to se
:oPoI/! gle aCri nse %%r ut Baﬁppgraggl FPepriigitociaimed ! whersingaichippemaharsgeaccor di ng

to clai m 33 nskierisi suladed fromnHe @r@bp”cbﬁélstm%ob‘fr #Bal-BaPShiBh! & \fcgh%ff rovide

de-i oni zed resin vessel . 35" An apparat us accor g toclaim

31 incl udi ng ?%i%?é‘agﬁﬁf’%?as%‘?'be’@ﬂﬁlﬂgﬁ resisf | ui d communi cation with said

resin vessel and2XdapAedpparatusewebiihgl tBIAh 23 W er Eﬁ%%g%{??%g $220|3g[ ! 2\2

WO 01/40117
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fluid commirresias o deiitaltivesofbrossyerearin-4-ylpgridHé kainsand  si zed and
apted to a uantity o e’ regenerant waste solution.
g(;lap;\edat Oa; gf ﬁ!s‘égccoélﬁ:aﬁﬁér?% g’\cﬁ?rﬁi"@fo CI?(‘IPL?JIW"%'“W@&'OB%W appar at us
pr oxi Rat gpt deginiigl setextbg flrorarttle goaupatonsisting df rRAIRHET 40D eriPRef gy away
fromsaid copguit. 38. An apparatus according to claim?2l including a

d operative to
reduci ng agent source in comunication with said conduit an
sel ect | 8e| 3 i nt #8duc appagatus iangoreipg o claith @8seHedein @AUbA-exdfangdN appar at us

accordi ng thQh%‘dBp%ﬁMﬂ%{n é}:{tr%ﬂ'c:%né%j%%lg%}” agent source is operatlve to

t
d reducl 0 sal via a positive displacenen
Inrrrs”t g?;[ ngs:ja:ourrp 480 Arﬁrapplaaratuasadcordmgsm claim @®owheird kaiardatgydtrigm a

sel ected enrgietRATRM theg?&gféoﬂslﬁﬂn 6%:@8.@%% l.n_comruni cation with the

sel ected envi ronrrent an er at provi de qlﬂB’l’l ne gas therefrom
. An apparatus accordlng to cla:m 21, wherein said ion-exchange

resin is capable of chemically shifting between said active state and an
exhausted state operative to exchange 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.



(b) a conduit in communication with said inlet and adapted tsoJunre%%hve
fluorine gas therefrom said conduit operative to transport an aqueous
solution therethrough; (c) a first resin vessel in fluid comunication with

sai d condwbloi/gath sel ectively operative to receive the ol ution
therefrom (d) a first ion-exchange ré&8in disposed in s"g’?ﬁgﬁ’?’s’? resin

vessel and adapted to contact said aqueous solution, said first
I on- exchange resi:%| having an active state operative to exchange sel ected
i ons therein for 38 uoANd@PPaArYHS achomsliigd toaglabro 35 smdludingoia whyenerant cont act

ther evi th andasm vsbeun i odihlficaRR i Yaq! BoEAIANGSA NG, L] yor i de i ons

in said ion-exccﬂan e resin for the selecte regener ant
sol uti on wheR<f aegrﬂdréetted PHEFRYR anselgdgd quaniiy il the ségeneess elasten f | ui d
comuni cat i osolidnh sai d conduit and selectively operative to receive the
aqueous sol utionr?g‘uergfror% June 2004 WO 01/.40117 27 PCT/ US00/ 32726 (f) a
second i on- exchage r€8i3P riagﬁo%%’erq‘ﬂg ©613ims2t sludingsa heatvaxsbaigeand adapt ed

to contact sapphraigsprxBnge taisa; | ghd Y ' an active
aphratgsip Ai@ Bonduil Shd @ér&%ha%aﬁséf?F ﬁ@ffﬂan g@}g

state operat} xghange sel ected ions therein uori ions in
said aqueous“\s{ |%@T§ﬁ"a\fa‘?8§”'¥-n contact therewth and an exhausted state

operative to excl@8ngeAn hppratisracderding® didimse ﬂpiham\-%h%&*aﬁaﬂ& agér‘ﬁSi n for the
en I n - contact

selected io i ' he regenerant. sol ution W

therewi th; (g ”?%nﬁ'?r?gﬁ’q%dé'%&}'%ﬁ”@oﬁ?’ eCONAURt) andy apsrative teaselestivalyt h sai d

first resinn ela radecingragbns itmsald cesduit. vessel and operative to
ectively to said first resin

sel ectively progpde rJ ol.utign res s

vessel and said gg'con dtpgéﬁﬁésvgg%oéﬁlpg(tﬁ)83‘"? e WORtEiN sasufadcingssel

adapt ed to rageel sauresis apetptive tainfect saidl wedueing fRhntinteSAa bR viPHT ce vessel
in fluid corﬂwm&agb@ee%ﬁtpne%?#%% t resin vessel and said second resin

vessel and operative to se ‘provi de the regenerant sol ution
respectively to 4&i d An eppanatusi forvemsil removisqifidorise dons ¥ esieienessel ; (i)
a regener antenNiasinferR Wonirising; 1 ui d communi cation with said first

(@ 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;



resin vessel and said second resin vessel and adapted to Selﬁﬁﬁwie Q%
receive fromsaid respective first and second resin vessels @ re er ant

waste solution containing fluoride ions; (j) a valve systemconprising a

pl urali Uﬁm?{uﬁ L7ves associated wwth a plurality of fluid pathways
i nt er connectr § sel ected ones of saidyinlet, said conBel/PS00EaRE fir st

resin vessel, said second resin vessel, said regenerant source vessel,
said rinse solution source and said regenerant waste outlet, whereby said

val ve system def(f)neSaasdcbﬁéﬁoﬁ-é*&hﬁné@tr@é’iﬁ‘ydi%%gg%! il 13 Eééé@% oW through
ssel

sai d condui d_through said first resin v a sedond f1%i"d pat hway
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second resimsmankig amdoterstiglopsriide ke aRHRNGE seltBRliGo bl o i rd f1 Ul d
sol ut’i

pat hway perfm’o‘ih%n fluid flow fromsaid rins on sour c%f?rhr ough said
second i on-exc H‘g’és LSRI0 2QHEFOrD Solutian ipenisy sentaeiohetawithesnblan a fourt h

fluid pat hvepapsteditats ogeriiivei 19 ckkigamge e HEbHdeabk fﬁ%ﬁ!ﬁw-e %qtggr ough said
ul

second resi feq; fifth fluid pathway permtting T ow fromsaid
3 June 20015%%6?%1?%?"%5 850 2ioEier egenviaRh solutian wendasel t hrough -
sai d first qogtdchthesaydidf and t hrough said regenerant waste outlet, a sixth

fluid pathway pgpm tting fluid flow fromsaid rinse solution source
through said fi @t i%rﬁ'ﬂg‘?(csﬁ@hg% SP%@PH"J[Bédsf:ﬁmﬂ‘é‘i"@at"?’é@éthe?%tflf%our ce

vessel , whép¥byvasaelaand rssid watone sdsiri eebdali shaveperatioy 1@l Qiktivegi d first
mmy £ 1 bw ol s8R R e A Rl esi e peland i Aasopdt hwey, [ n 4
third val vé®¥R ¥e%8ef| uid may flow al ong said fourth fluid pathway and said
Fourth 11uid ooty Sooraft S lodtel Buafed I inlohe dhe' egenaisonr at us - -
accor di ng FB‘Uﬁg%i%ﬂ%@gma@ﬁ gouses eseell in duslyrenunicatiohueessad filsit h val ve

st at e wher ediyn fvebssl /Yy 0 y 0 id first.fluid t hway, and a
sixth val ve state uher ebsgz}idf%i_dhrr'éeyg/lnf_logsvﬁ%grﬁq? é‘?%h‘é"es § seRivaln s

pat hway. 4BTOVIGs 193 FegeRerant selelinngepredtively kasaid At rasirt vesisalgarml st 1 ol | er

operative secomdvgsif@ksheral ve systeminto its respective states. 43. An

appar at us accorcii ng to claim42 including a pH nonitor
( a regenerant waste outlet in fluid communication with said first

resin vessel and said second resin vessel 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



operative to generate a signal when said pH nonitor rreasurtejss %%E?C%mﬁ)t/ep?ai 4
val ue of the aqueous solution, said controller being operfadl ve 0 move sal
val ve systeminto its respective states in response to said si gnn'ent .
appar at Usy§gfso¢se i n renoving fluorine froma sel ect ed'ngfglj\ééPrﬁth e
conpri si ng: (a) a resin vessel; (b) agsinlet in commni eth

sel ected environnment and said resin vessel, said |n!et oper at Lo nae
provi de fluorine gas therefromto said resin vessel; (c) an ion-e g
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communi cat i BAWRY AN raid Sixtrefiuidatbway.r onment and operative to provide

. ' i ' ith said inlet and
fluorine gas therief r aRlapbRdand %6%{0 élé‘im@@%%'reiri%%iﬁﬁ@ﬁeéﬁtgm ive to
adapt ed 10 LR ¥ it e elate et o iy o darstdiug Sol ution of
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scrubber a operative to receive sal cirdi c soluti et dn![o
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State oper ALy Lo exchaiae ae oo e RIS, FERor R bIMaRS one | 1
i e
state oper gfdayfivk % GS0 RIS RE system into s respective states.
43.  An apparatus according to claim 42 including a pH monitor
operative to generate a signal when said pH monitor measures a target pH
value of the aqueous solution, said controller being operative to move said
valve system into its 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.



sai d acidic solution when in contact therew th '

claiml wherein said acidic solution of hydroflﬁg}ié ggfgog% a qgk%% g?
between 5 and 7. 50. A nmethod for renovi 8§ fluoride froman acidic solution
containing fluoride ions and silica particles, conprising: (a) filterin
said acidic solution through a porous strong base anion resin thereby ?o

renove silica par 363: gs%rg: %ﬁ@%ﬁﬂﬁ: t c%m{ngglggl Elafif! U Giheralid sdidd) heat-

contacting said a a cr i nked [

_ _ _ pol y-4 vinyl pyridi ne

resin or der 'éséhaﬁge?lpgamsummamommges&eum&mamaaytoE%ate&t@ for
uoride ions in said acidic solution. 51 A nethod according to claim50

wher ei n sai d major partjc of 2n euter surface of saig reSULY&RSE sol ut i on as

fluorosilicates, apd wherei ' RM%Q. [ :
preferential |y absorbs V%@B@Eﬁpggggés 0 gdrE%ﬂﬂ;lﬁg@?%ﬂ;@%;@imnﬁnhg:d
?ﬁcord' ng to @sﬁ‘i i raGisilift 6 onidatiod bydlunripesgasong  base anion resin is in

e chloride formprior to the step of fi|tering. SUB SIaE
June 2004 53. A ne4Bod AdcepRRES Sor 1uaerins GeTREING -H”gﬁbgﬂg%‘ssl %L%ge%ol y-
d—lrfto t he St%’&‘fi%@dfﬂvhgébﬁgm (_:il ne resin or derivative thereof is in the .

orm P110 L (R D% dic solution therewith- solution 54, A

met hod for renovi ngf | ugniidfet fin cooremuaiciation withibai seleeied) @¥anmen},and

conprising: (a) doping an ion-exchan resin with
cat al yst, \/\hepeﬂaﬁveé‘i)@“?\dﬁe@%Qﬂﬁ%gég%‘%ﬁeﬁo }. one ﬁg\/ielngc;:]ogctcl?\r)grst ate

operative o 1d aghdicosghiibbgr iNSInmekcaaBE Swhle | suid ciriet caved taideptsch toor
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Bl D 2 Hamrive coa el hereby o TR Bl e brhaomichag, |
oor e Yo ol 2 Bl i fedif YesBel i durogrnhiicatiomuifiysaid eenibar end
operative to receive said acidic sotution therefrom; and

(d) an ion-exchange 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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acconpl i shed by contacting said ion-exchange resin with a s%J{ n%fzo?)ﬂi d
catal yst and thereafter contacting sai d3gon-exchange resin w Heh
oxidizing agent. 58. A nethod for renoving fluoride froman acidic
solution containing fluoride ions and an agent sel ected from an oxidizing
agent and a reducing agent, conprijsi 38 gaqn\t?@ngemaéaldazmaﬁl@k@glﬂﬂiY’on
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pol y-4-vi nyl pgx¢h&inge selefipd | erivatives. thereof. 64. A nethod for
renoving fluorin -gghided environment, conprising contacting an
i on- exchange %@%ﬁgém%ﬁ?eﬁﬁg*or.i ne gas .dg\%"ﬁ’ﬁdh aahdaid om-exahedgderlsi n
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57. A method according to claim 54 wherein the step

exchange resin with a salt of said

. 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

cidic solution

containing fluoride i |
reducing agent, comprising contacting

| resin that includes a functions | | |
zi?c:zagge and reducing agents, said iorj-exchang‘;e res: :ﬂa:;n?c) :;n i:c::;
state operative to exchange selected ions therein for flu
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 is selected from ' i i
derivatives thereof. crosslinked poly-4-vinylpyridine resisnim%%m

31

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
ion-exchange resin contains a selected voiume percentage of water and has
an active sfate 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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