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Sem conduct or manuf acturi ng processes generally
i nvol ve the use of Chem cal Vapor Deposition during
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the removal and collection of fluorine.
BACKGROUND OF THE INVENTION

[0003] 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 perfluorinated 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.



i ndustrial processes, and in sem conductor
manuf acturing processes in particular. [0005] Current

wa zobnognyi es for fluorine renoval focus on scramkb$2005/000598
the fluorine gas with sinple air scrubbers to produce
a constant bleed of hydrofluoric acid (HF), which is
generally sent to a manufacturing facility's Acid
Waste Neutralization (AW) system for processing and
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[0006] 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 present invention is directed to meeting these needs.
SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide a new and useful method

for removing fluorine gas from a selected environment.
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apparatus for renoving and collecting fluorine and/or

fluoride in selected manufacturing processes. [0010]
waseaobh72as¥ urt her obj ect of the present i nventiBIT/US2003000598

provi de an apparatus which generates a concentrated

fluoride end-product that can be econom cally

di sposed of and that does not require excessive sludge

haul i ng. [0011] Yet another object of the present

invention is to provide a systemthat renoves

fluorine gas fromindustrial manufacturing processes
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cording to the ent inven Jon a nmethod is
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envi ronnment. The nethod conprises the steps of

contacting the fluorine gas fromthe environnment with
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selected1ons therein for fluoride ions in the

solution when in contact therewith. A continuous
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environnent includes silica particles, the nethod may

dispegastiel anbthat deesmot requite expesavesindas Baulisig.
hydrofluoric acid through a porous strong base ani on
resin thereby to renove silica particles disposed in
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solution wth the ion-exchange resjn may

remyGsdlucsingHas,remdaduyiriakaa dlegiuring WPCﬁW%?”%BFQVédesa
d,glﬁbéjaﬁ@léﬂg auétgﬁéﬁ%\fessel in which the ion-exchange

resin i e ion-exchange resin may be a 3
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B BB 5l 4 BB Al e Zoatesips the
sl rR6f hytioflisrid 86id with an ion-exchange resin having an active state
operative to exchange selected ions therein for fluoride ions in the solution when
in contact therewith. A continuous stream of water may be contacted with a
continuous stream of fluorine gas, such as by injecting the fluorine gas into the
water. Where the selected environment includes silica particles, the method may
include the step of filtering the solution of hydrofluoric acid through a porous
strong base anion resin thereby to remove silica particles disposed in the

solution.

[0013] The step of contacting the solution with the ion-exchange resin may be
accomplished by passing the solution of hydrofluoric acid through a resin vessel

in which the ion-exchange resin is disposed. The ion-exchange resin may be a
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exchange resin with a salt of the catal yst and

thereafter contacting the ion- exchange resin wth an
woiosihz4sey agent. [0014] The ion-exchange resirCTES200%000598

capabl e of chem cally shifting between the active

state and an exhausted state operative to exchange the

fluoride ions in the ion-exchange resin for the

sel ected ions contained in a regenerant solution, such
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regenerant waste product may be collected in a storage
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therein for fluoride
[0015] The solution of hydrofluoric acid may be cooled, such as by use of a heat-

exchange apparatus, prior to the step of contacting the solution with the ion-
exchange resin. A reducing agent may be added to the solution of hydrofluoric
acid prior to the step of contacting the solution of hydrofluoric acid with the ion-

exchange resin.

[0016] The present invention also relates to an apparatus for use in removing
fluorine from a selected environment. The apparatus comprises an inlet in
communication with the selected environment and operative to provide fluorine
gas therefrom, a conduit in communication with the inlet and adapted to receive

fluorine gas therefrom and operative to transport an aqueous solution
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ions in the aqueous solution when in contact

therewith. [0017] The inlet may include an injector,
WG2ON0ZIs$A vacuum punp or an eductor, that i SPCT/US2005/000598

operative to inject the fluorine gas into the conduit.

The resin vessel may receive the aqueous solution in

a fluid conpartnent thereof and further include a

chanber proximate to the fluid conpartnent that is
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active state and the exhausted state, the apparatus
may i nclude a regenerant source vessel adapted to
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thatisioperatieelo injasct irefluannegasinte the-eondyit, Bh@wsare vesgel may
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resin vessel. A regenerant waste outlet in flui d

gaso SRS NG, sisnased 1n He paueols,2Qlulion tnsenrrataitierefomand
er{tgpﬁﬁ' éhdhib %PWh‘?d‘ﬂ %a&%elﬂ g’?ﬁ%uﬂﬁ:ﬁhgn %\{?ﬂh“é's fubber operative to
cont ai n

ning fruoride rons. regenera e VeSS
lenawehbeﬁpmﬁhnnthmchémbdnconnunlcatlon with said
regenerant waste outlet to receive a selected quantity
of the regenerant waste solution. A heat-exchange
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thabfotwise.in the Erdalboahgf trmgemenmnurwanrtheommucmmge)resm |s

e condyi electl el y .intrqduc duci
cotgbl S S SaL) bl SR S SRR, o AL S tate
thg LPRERRAy RIRIE 5‘ &mt souféd 3@93@1 Q4284 to receive the
US2005/ 000598 9] The present invention also
regenamamt splutian. ér;tpanegeusra‘rxblsouw vessebisdnifluig compumieadion with
froma sel

thg L8R RSR SagoRages PR SERet L oS Ie Reaisidih, Bittion to
thEiresih iiddel eA finde sefitidn\RRFEd M fluid \cBMAunication with the resin
vessel may selectively provide a rinse solution to the resin vessel. A regenerant
waste outlet in fluid communication with the resin vessel may be adapted to
receive therefrom a regenerant waste solution containing fluoride ions. A
regenerant waste vessel may be further in fluid communication with said
regenerant waste outlet to receive a selected quantity of the regenerant waste
solution. A heat-exchange apparatus may be disposed proximate to the conduit
and operative to transfer thermal energy away from the conduit. A reducing
agent source in communication with the conduit may selectively introduce a

reducing agent into the conduit, such as via a positive displacement metering

pump.



systemincludes a plurality of valves associated with

a plurality of fluid pathways interconnecting
waenmlogoe12egk ones of an inlet, a conduit, the fi rmstT/asm05/000598

second resin vessels, a regenerant source vessel, a

rinse solution source and a regenerant waste outlet.

The val ve systemincl udes various val ve states

permtting fluid flow A controller nmay be operative
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|rrent o the present 1 nvention whéen taken
theoesin/ezgeR PCT/ USZOOS/ 000598 together with the
acconmpanyi ng drawi ngs, in which: BRI EF DESCRI PTI ON OF
THE DRAW NGS

[0021] Finally, the present invention is directed to an apparatus for use in
removing fluorine from a selected environment, comprising a scrubber in
communication with the inlet and adapted to receive fluorine gas therefrom. The
scrubber is operative to contact the fluorine gas with water thereby to form a
solution of hydrofluoric acid. The resin vessel receives the solution from the
scrubber, and the ion-exchange resin disposed in the resin vessel exchanges
selected ions in the ion-exchange resin for fluoride ions in the solution when in

contact therewith.

[0022] These and other objects of the present invention will become more readily
appreciated and understood from a consideration of the following detailed
description of the exemplary embodiment of the present invention when taken
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[0023] FIG 1a is a diagrammatic view of the nethod
according to the present invention; [0024] FIG 1 b
WO Ros0Tdugegr anmmat i ¢ vi ew of optional steps of tHE/UE0ORE0598
of FIG | a; [0025] FIG 2a is a diagrammtic view of
a first enbodi nent of an apparatus according to the
present invention, show ng the service cycle in
operation; [0026] FIG 2b is a diagramatic view of
r ' : ; i~h- Showi ng a
toé%@gﬁg}rﬂgttﬁ%n%%g?ﬁfb%ﬁ?h@gdpﬁgglgﬁsgm @,F\.O(;&?] FIG 2c is a
di agrammatic view of the apparatus of FIGS. 2a and 2b,

' ' ' j n.operation; [0028] FIG
Bé%%@?@&ﬂémthtiéwﬂéﬁgecond enbodi nent of an
apparatus according to the present invention, show ng
a service cycle of a first resin and a regeneration
[0093) FelGof1adis sediagrhmensitin vigw 0P tie method3acdasdiag to the present
. diggranmatic view of the apparatus shown in FIG 3a,
'“%‘ng&ﬂ”ng a service cycle of the first resin and a
rinse/refill cycle of the second resin; [0030] FIG
3c is a diagrammatic view of the apparatus of FIGS. 3a
[0874] BIG. 1bsisaiagrameatioiviaw efeptonsdl staps efdbernaethediaf FIG. 1a;
and a regeneration cycle of the first resin; [0031]
FIG 3d is a diagrammatic view of the apparatus of
[0628F |G 24 iBraogigfratimatis visw bfa dirstasmbedinnt bé anfappaeatus
second resin and a rinse/refill cycle of the first 7
aosorging 4¢ HeresseptinvestionsyNaYIsg the pRiGe CYCiR EPPPatoNY
is a diagrammatic view of a third enbodi nent of an
apparatus according to the present invention; and
[0D2613BIG. PbGs sbdiagramihiatig viewraf the apparatus acdoodingHo FIG. 2a,
emhodi nent of an apparatus . according to the present
shoy/ae i r6AeNeEHaN WHISHRSBRMBHITN OF THE EXEMPLARY
EMBCODI MENTS [ 0034] The present invention provides an
efficient nethod, apparatus and system for renoving
[00RTFiIGh @cjas dingrammetis tvievabf thernageratusi ofd-| iSo Casarek 2D,

It sh d : , .
showirs19 %urllnses)r%flll cycle in operation;

[0028] FIG. 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;

[0029] FIG. 3b is a diagrammatic view of the apparatus shown in FIG. 3a,
showing a service cycle of the first resin and a rinse/refill cycle of the second

resin;

[0030] FIG. 3c is a diagrammatic view of the apparatus of FIGS. 3a and 3b,
showing a service cycle of the second resin and a regeneration cycle of the first

resin;

[0031] FIG. 3d is a diagrammatic view of the apparatus of FIGS. 3a through 3c,
showing a service cycle of the second resin and a rinse/refill cycle of the first
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under st ood, however, that the present invention may be
utilized in virtually any situation in which fluorine
w@nos/or12481 uori de col l ection and renoval is desrCELS®05/000598
[0035] Generally, fluorine in use in sem -conductor
manuf acturing processes is mxed in a vacuum punp
Wth a carrying gas, such as N2 or other inert gases,
preferably in aratio of 40 liters of N2 per 1.5
re'[s'nt ers F2. In the method of the present invention,
's gas mixture is injected into an aqueous sol ution
thereby to generate HF, which is believed to occur

0B55°58 Hnerampramiatieiob Hid SebadiRens of a1 apeaptus
ad:c‘éﬂlhgrto tﬁfpfe%eﬁt WRRKti@Si #hg Wi th a pKa of 3.16.

Accordi ngly, | ow pH val ues, the transformation of
F2 to HF is d| scouraged Adj ust nent of pH, such as by

1OBRALF I = ndBrslie Vv oF PR bR Bh R ABbaratus
add;@?&hg%lﬂ@é bRehOMehtions according to reaction Il as
follows: F2+HCF; zeOF2+HF (I111) 8 WD 2005/ 072482

PCT/ US2005/ 000598 [0037] Accordingly, in order to

DELEICEE SR TN o TREEREMIARY Rt MENTS

reduci ng agent, and to keep a pH environnment

Breferably of between 5 and 7. Further, because the

0P34k Thepregentinvgntian \F)&‘P‘é@e%Q efficientanatho appafatygand system
t

o R A A A B PR g0

uritizrstoed, h{)\@@@@i thist thapNsserm wﬁde@tloﬁ naay bdaentlllzémm V|rtuaIIy any

general neth 10 of res I.nvention i S
sitigtion é%WM olrme A/ ehﬁlﬂ‘ﬁ' e@tecat'ﬁp @@fi.rﬁ@qyé aieﬂr@%'e
preferably provided by an inlet 14, into a water
stream 16, which is preferably a recirculating, or
[OOBﬁ]s@dnémﬂp, fledrineaim usk iolsesecdndaptaaimavedaétoringipgbegsses is

ow rates and accordingly nmore efficient o eration,
el reia BUTRyiha ERind re.ctickas Ny ohSfier derf Gases,
preéferab |ﬁ férr‘éﬁefbf a0 Ilté’r'% P BEIOE 5 TiRsTS rp:229, th‘é"’l’héihddsof the present

prefe ably disposed in a resin vessel F th
ineenticag this igas mixturesis inecjed intsian 2queous solutlon thereby to

generate HF, which is believed to occur according to the following reactions | and
[

Fo+H,O~HOF+HF 0
HOF+H,0~H,0,+HF (1)

[0036] Further, HF is a weak acid, with a pK, 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 undesirable OF>
which can be produced under alkaline conditions according to reaction Ill as

follows:

Fo+HOF~OF 5+HF (i



under goes i on-exchange such that fluoride ions, F, are
captured by ion-exchange resin 20. Alternatively, F2
w@aws/a24smy be injected directly into contact RET/0OS20031600598
exchange resin 20 when the resin is of a type, which
has a high water volunme percentage and is stable to
oxidation by F2. In this case, F2 gas 12 reacts wth
the noisture in the ion-exchange resin 20, thereby to
generate HF 18 which wundergoes ion-exchange with the
functional groups of ion-exchange resin 20. [0039]
[00375] Acedrdingdyd in ordemto lopege ramd:ptuhsmdicnmwjail/abatdament device

4-vi nyl r|d|n esi rivatives, there
t Bighirabla RuisBURRMA SR NS ReRIIps Arigieinasgem, and to

PR RRL TR P 1,000 e ithouse the
repgtiordohE, withevaten maygva)emhefmlch i sefurther mgsmablertbgiiﬂg'vpate
si st ant tack X zi,ng and, redu
el Geniaced ieraby s A inCoR it o p SEatpRchai .
these resins resist oxidation by hydrogen peroxide,

H202, postulated to be formed by the reaction of HOF
[068@] Ashown i8 FdG! aabtéenuthmmaﬁauneﬂmﬂe%of thenpresenthiavention

AR R EsRR Tl Boddar phinbie B Th R RRTanN,

proGideattyodn irtetM e nitoad Ratdredieasm 6! Whizhvie pkefefsisty ani on
functionality, such as those having terti arx am nes

regiscytaling fanfieseshivopgpisedd. Ardosad lkep aélpWSe‘ﬁé tgher flow rates
A G BRI IR R BICH 208 560088 oy MAC LRI of F,

res I'nventi o

withe giater |b®‘als§©d ghroagh @ngomeham\g@reé’m 20t wmw is tprefesatsii
as those havi ng quaternary. am ne tﬁ@ mai n  function I

digpesaskinghteséh Vagsel 22y HEnbabeontasts) '%@K%@f&e resin
ur@é‘? L 2oh- % ?@Ss%chalﬂé G |6g§$955 1§ e?‘l{i/ ion-exchange

res ns I nc hose nmanu acture

rekinc20.AlternatBadlyy, Foygesy t nizey. be aumttedshrebﬂay i@ 6ontakt @4t ion-
SRNADEE EIBGY WheR fiskresin o 2 bing. AhisRarup SR BeHdr volume
pér@@nt%?%l%ﬁﬂﬂlg sﬁ@&é@é ox{d%%mby@d!ﬁ tiahde, théb% ” ?éé%!?é with the
I nventi on contenplates the Use of resins which have
mbsmedo;breenoreexc;hamgegaamem tlmanelbyeto genaratetHfi 48 which
crease the rate 0@“ Co F2,to F, . The

58 Pry gnafigh b tESERELAA Sl A8 icaGe 188in 20.

condltl ons favor F2 in the F2 2F" equilibrium such as

under | ow pH, for exanpl e,
[0039] The preferred ion-exchange resin is a crosslinked poly-4-vinylpyridine

resin and derivatives thereof, such as those manufactured by Reilly Industries,
Inc., 1500 South Tibbs Avenue, indianapolis, Ind., under the tradenames
Reillex™ 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,
H,O,, postulated to be formed by the reaction of HOF and HzO. It should be
understood, however, that other ion-exchange resins may be utilized in
accordance with the present invention. In particular, the present invention
contemplates resins with a weak base anion functionality, such as those having

tertiary amines as main functional groups and either styrene or acrylic
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or when a scrubber is not present in the system The
preferred catalyst is an electron donor, such as
w@zlok/atkdgem or titani um netal, which accel er at eCT/6$£2005/000598
conversion of fluorine to fluoride. A resin may be
doped with such a catalyst by, for exanple,
contacting the resin with a palladiumchloride salt
solution and thereafter contacting the resin with an
r t i i
oAbhas: AL TRl Qe AR R TblAt BT hging o
stidmat basesamion fumctiopiatity; stch exitiizsd laving gohtaraatyhamines as main
crossl i nked inNs an

RS B iRe" R A SRR e Re Sy S el wgak base
arﬁb‘r') Eﬂ 8E§rbé%%tﬁldﬁ?e§9§irféﬂjdebﬂﬁotsg'rﬁarﬁtﬁ’h@@x‘ﬂed bQ®tkbiite®,

e appreciated that other types of nedia nay
Iot@edurbﬂalla CyadytpPa. tshehmrthe%eﬁﬁﬁ,g%—&‘iésﬁﬂw AH183, A-870, A-

soﬁ)g%f’ggé,,é%@”“ﬁ(ﬁgp,t&g% L&, %pgﬁy‘-ﬁﬂ@@f ArBIA B30 Burolite®

ioRRERShde Rssimy drof luoric acid, such as |inestone or
ot her cal ci um conpounds, nay be enpl oyed. However,

such nedia are less preferred relative to nedia such

OB ARSI B iy 6 oGS b i kans whicn
halel heredopddrimipheshaiéd tiieh Areaspst toiinsreateé dine raty of
addi ti onallilol ncl ude a regenerat| on cycle 24 and a

canveesien ef Fefo Eyclle uaa of aLatdysimay bﬂcthIrfbba wirga the system

re ener 0 n dj
O BR 3a p Pedacost ooutBEL T ikt Lo ety fos gxample.
orMI@érﬁé@él‘%lfér%"h@t bl%@ﬁ?fnatﬁb s?@t@n@eméiﬁéfen%% catalyst is an
Preferably, the enerant is ammoni um hydroxi d

eleoirarosipnann gueh Iédluammmammrnymtak ivich %e@erates the

oHYBHI0T Bt e 1 RATREL 2Rt R b PRPR M ERen @ catalyst by,

fopea@pis contdttingake résin \A&bhaa‘r'pbﬁadnu@Dd‘tlo@di@aalit gglution and
processes. By using the waste NHAOH o

th

thBFQ?cf@é sentaching the r@%@ Y3t PYHIZSF ﬂw@by o pés&&mﬁﬁa dhe
pagﬁaldgg g}ié}ﬁ Msﬁ&cﬁwn?éﬁhﬁhiré_\ﬁ@ E | %u{oﬁl?% a?éﬁé&:&é‘?ﬁ@ that resins
resisdrd to @x&jatnoaeﬁmreaptrmjumssllmmalye-stu\l/mylpyhéme resins and

conversion of 't NHACH t o] duct .is .

%W@F'Y%%FP@H?Q{ dicuspeaiabove, 17 Bodalaty GoableRoratvst ring
by Method.l @bi ity once the waste is used as

f eedst oc?<, and is economcally efficient. Regenerant

[0041] It 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.

[0042] When an ion-exchange resin is utilized, the method of the present
invention may additionally include a regeneration cycle 24 and a rinse/refill cycle
34, as shown in FIG. 1b. The regeneration cycle 24 includes providing a
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solution 26, is passed into resin vessel 22 and into
contact with ion-exchange resin 20. |on-exchange

WO z®5/M7228 under goes i on- exchange w t h regener artT/US2005/000598
solution 26 thereby to forma regenerant waste 30
contai ning concentrated fluoride ion, F. Wien NH4CH
is used as the regenerant solution 26, regenerant
waste 30 contains NHA4F salt. Regenerant waste 30 is

REBHSPEGHBOY SR i o PR gegsiey

Prdéetiabbt, ¢ re:gmvewrltes ammosiarnt hytiraxide (MHQt) antl/or waste

col | ectl 0 M51][|_00431]ﬁ f] H nse/refi | cycle 34 .
AT RONHIBEYBrR i MPT A s bl dhasGRnarant s sl aigronium
hyfokiB8 it s‘@%ﬁ@ﬁate& H%ﬁh?ltwleﬁ%lﬂ%r%@eé’@ess 46Bh @8, for example,

water in Ri nse solu I s passed through
pcrsésleamf@pmceSSesmBymslng)tMea&astwNHMG)Idmf éb@EMﬁ@rmGﬁﬁSﬁS in

thE Seqengatsg bf Morasith Bt LB e Ve SHEURIE the npeg for
se‘iﬁa'ré'tb' A8pdhl bptHedable NHIOHNENH &S tum\RRvetts e Wastd taﬁa
passed to regenerant source vessel 28, thereby

use@rqle pradsighnAs @nesyiuihecanygedion omwaﬁedﬂﬁdauet@@useable

I t
pratib EivOR Tt “BR Rl RRE e BENERIrE G wasiepf abitty
orffedtherwagie i ué&ﬂ%féédét@ékndrfdas edenbmichlly edficientarRegenerant
solution 26. [0044] The nethod 10 of the present

sqlylia26.0R Pagsed P tresinaessel ¢ pndintg ﬁ@nact withrignwsixchaage
SRS PSR SRR 25 ot R I ARyt pasendie
solmtivrt 26 rthf@*ebmao tomdatregeneradhw’asterﬁ(pod)ruatmwg couﬁcewataied

fquglrdggrgn{]fl § é@a%h&%@?} | gt sislfp eg%;%g §o utlonr2e6a regenerant
wEE SCAAMEA0R25 saR REGENCI 8T @L50 RANEAPSSEAS Faste outlet

wat er, renoving carrying gases provid
33| vwingrebiy régériergaswagteblo mayehe githermotiectedi agcrpalsﬁroa dedicated

i ndi cation I 0 esi,n.22 i s exhausted,
C%t@'ﬂﬁrlq{gs &BOY"H@ B%%' fﬁdnﬁ’q'SF{'%a@ﬁ%r ation cycle 24,
noni toring the concentration of regenerant solution 26

and adjusting the concentration of regenerant
[0848BLThennge/refdl q:;@@aénmlu@es peviding aginse sadutign 36, preferably

d%@:@%qnog\ggf)er}l 8%{1%?@%%%8{1 %Slrgg{ égsﬁrg%@ﬂnffg{] ﬁ@gé%‘alutlon 36

is Gbafsgé& kyrouh Qe§ifSicd sEESS 8hd A2 cofitact With e er@tyarigectesite20,
further step of hydrating ion-exchange resin 20

thgmbm@ rigeamieremyaingglregesa@nt gelution 26 from resin vessel 22.
Regenerant rinse solution 40 formed by rinsing resin vessel 22 may then be

passed to regenerant source vessel 28, thereby to refill regenerant source vessel
28 with an aqueous solution whose concentration may thereafter be adjusted,
such as by addition of concentrated NH,OH and/or waste NH4,OH to form the

desired regenerant solution 26.

[0044] The method 10 of the present invention may additionally include one or
more of the steps of cooling the water stream 16 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
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by providing de-ionized water to resin vessel 22 to
repl ace water used in reaction wth F2, or by

w2y THsy noi sture, such as in vapor form toPCEE$2005/000598
vessel 22. [0045] A general enbodi nent of the
apparatus 100 according to the present invention is
shown in FIGS. 2a-2c. Here, apparatus 100 includes
inlet 114, preferably a vacuum punp or eductor, resin

o $538 Sohed ol e A 1900y 2099 g

rb@ﬂ@ﬂ%@ﬁ%w:tﬁcﬁztgdsom by tnlgi spaneAitdrtRy gHMor &h isdcation that ion-
source 13 erative to provide a rinse  solution, and

exghenge sesinél? isBxhapsted, sigpahngforihe begiining ohegenesatian cycle
24 5550 gl ERERFRRANETbE ckiord Bl 20 55 pBMTR e

comedntratid® ob ridetierdiSoutiorf 268italiegeneratizni ledelsy sectndsiibly
142, which is adapted to receive a water stream, Punps
pumBingreneapirated saldissbip rwen@@mtﬁqurqmzeS%ﬁ%§8edeﬁhe case

wiEREF Ao BhHOLOSRIHy i16 Yo 8h< o8BSI, NE TIdnBY May include

roug urt and an 0 St ate erern

a tdr&wrdtemot hydrapng lan- dxchmigeeresmSZD dumﬁg seick cﬂcﬁ@ 11, such as
158, gﬁGO and 16 are di sgosed E ggg 142 . and c{]
byoproviding ge-ippjz R EsseD 28 30 tblpee Balsrfredip reaction

oA o oy sk ot .

service cycle for apparatus 100 Here, F2 gas 112 is

op25 K sEterd AT diGent o ine a1 GRRIRG Y B Pidkent
md«é%tmiﬁg%wo% hFIE IR ZHerd) gﬁaf@tuham ineluges sileenmn,

in conduit 142. Val ves 15 and 162 are open,
praferablytsheacusmaipbimyoneduater, esin vesselst?2 having duneghange

b SpSh TR Pl SO AP g v

sdlgio 1312 Qispoeed Qfﬁ@’@irv,rm%@ts@mdbﬁN@oﬁ@ﬂﬁv&/@w‘b&l&v:de arinse
PCT/ US2005/ 000598 stream 116 flows through resin

sajetingeandowasts amletih32 hrleshoud a%A coptaing #priad to receive
BBt 10 e R BT B3 Bes
128)iribBefsatiree 188 candwast dlﬁt'etdaﬁ&bééluuﬂy abhoedtad by conduit 142,

carryin as 164 to te f th tr
whigh i€ aRERERTD rEgaive ReNae SHPRRL FURS 46 2NG 4R B disposed in
oI BRERER o, 61 e NS 0 ook PG i i

threggnesraduitotd 2 giod an off state wherein they do not pump fluid. Valves 150,
152, 154, 156, 158, 160 and 162 are disposed in conduit 142 and are operative
to move between a closed state preventing fluid flow therethrough and an open

state allowing fluid flow therethrough.

[0046] FIG. 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 closed-
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 valves 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

12



begins as shown in FIG 2b. Here, valves 150 and 162
are closed and punp 146 is turned off. Preferably,
wO miogb72192 i s al so closed or turned off as apE@pPU$A03000598
Val ves 160, 152 and 154 are opened and punp 148 is
turned on. Regenerant solution 126, preferably
anmoni um hydr oxi de and/ or waste ammoni um hydr oxi de,
is punped fromregenerant source vessel 128 and

stﬁe%w% ﬂwfs't rodéﬁﬁ%%'in %@% mzﬁm HH%W%H@B&@’@QW%

on-exc resi t hereby roduc
eXfpegdeer anfluidizet erekdDbedh Carymggas! ﬁﬁ&hysimbuasj b, sislramoyed at

top @Y eAn ARESEICIZA RN R 2 HReyhkims 6B sapalle Al ouing camying
gds1 8P{ & Aatd 1?§mrtﬁ8 Wéﬁ@ﬁrea\ﬂ’ﬁﬂﬁ% mré ﬁsdﬂntt'hﬁﬁ be @ifdcted to

regeneration i on- exchange resin .

a loatiemforfuitber prsessing, ssch as by@fscrﬂbbw t hrough resin
vessel 122, of regenerant solution 126 is preferably
adjusted according to the concentration of regenerant

[OMHtWhé%QoﬁJé&bhaﬁgéiﬁéém 9do is Bf Rill&yapBkity of Fy@negankration cycle
wast e 30 is a concentrated stream of anmmoni um

befgingas abownhatFlezbai-la@ hikenieQd and 12 arewslosedjand pHpp 146

o UGB P 5. L SO B S8t

Valses hedM 51 ahd 35424re dgehed anal piaap a8 iemerned4mrRegenerant
cl osed and val ves 156 and 158 are opened, while punp

solufipn £26.rrateially aMmPAREN E‘mei%aflcyef wgsks, aanererHym
hfd'r&ﬁ&e |§3Ju‘f1zpéld3ﬁon1° ﬁérérﬂ 1¥§§@ﬁltnﬂcﬁ@ﬁr@sin

I NSé"an mal ni ng generan ut| on rom
végeglem ahich umdergees idn- emh%@et\hlﬁn idn-exehange resm_ 120, thereby

regener ant source ves 8, where, regenerant rinse
touPAGRFPIRIG ARtV aRte 1 35::9&%@6 ARG By UdE @%ﬁpd/or
wiidle B by SRATICS LR e cBR e R 3l 1a2r?df”}m°”'“m
fl umsiegcmnmnis darméy ds dé degertevantagasteridf resuliingdramessel

a desired re 5 tion concentration
reBRRRIPR A BRI BT L20, 118 oncerEadrE asppelps rate of
PRS0 R85 32000 607 AHR ATHHTRAORO MN5erably ddjosted

dinafily skilled artisan, a concentration
ageonding to tumcententelionef uegenarant wastentaq that is/desifasst

B ol LR SISt b s
sy hsaedar ey O omgidmsporalrel

[0048] Once ion-exchange resin 122 has been regenerated, a rinse cycle begins,
as shown in FIG. 2c. Here, valves 160 and 154 are closed and valves 156 and
158 are opened, while pump 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 and/or waste ammonium
hydroxide, to regenerant source vessel 128 until a desired regeneration

concentration of regenerant solution 126 is achieved. To the extent understood
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cl osed and val ves 150 and 162 are opened, punp 146 is

turned on,

and i f

wopenetigs appropri ate,

cycl e agai n.

necessary inlet 114 is turned on or

thereby to begin the BeENU$WES/000598

states of valves and punps during the

cycles for

[ 0050] The various on/off and open/cl osed

operati on

apparatus 100 is sunmarized in Table 1

bel ow. Table 1 Service Regeneration Rinse/Refil

e et o e Ergsel R et eI

autBmhstiCRIENadjBethiheldohcehtoafidn OPEN,OHI8EBgeRergtiohd6vels by
CLGSED CLCSEﬁEﬁPE . Pu
PUrBRING “SBEEN!

i nvention is shown in FlIGS.

158

iy e

e R SR B e

[0051] A nore preferred enbodi ment of the present

3a-3d. Here,

appar at us

[0049] Oncé thesnse/defill cyckshas semotetedvhai‘@snwzvm 56and 158 are

oS S0d Rahed TRAIE 164

A, 85¢ RS0 Bhme

lized s ch th

Tho70 B ol ane it

nédé%sgimretqﬁ 41i8 Qurnel oSGt £S5 hPiSropfgRy, Qﬁ@‘ébghé begin the

regeneration and rinse/refil
savice cysieaagaino i nterrupt

renoval / abat enent process,

be 14 WD 2005/ 072482 PCT/ US2005/ 000598

cycl es.

Thus
the fluorine
because a service cycle can

econes

conti nuously

[096®1Dh@?dnéwsbh&ﬁﬁmﬂﬁbﬁémeséﬂ%&ﬂksAPPQWSE@&d%ﬂﬁnpsdunngthe
214, which is operative to

i nc udes a vacuum punp

ORAIBYPH CY¢Hes fRfsARParatus Wissummanzed ipn| able 1
i nt erconnects vari ous conponents of the
200. Preferably,

1 below:
appar at us

a heat exchanger 268 is disposed in

Tablerimal connunication with conduit 242 i medi ately
—downstream-o unSCérlTllllrcee =40 "A'hl‘ségeneration Rinse/Refill
Cycle Cycle Cycle
Pump 146 ON OFF OFF
Pump 148 OFF ON OFF
Pump 150 OPEN CLOSED CLOSED
Pump 152 CLOSED OPEN OPEN
Pump 154 CLOSED OPEN CLOSED
Pump 156 CLOSED CLOSED OPEN
Pump 158 CLOSED CLOSED OPEN
Pump 160 CLOSED OPEN CLOSED
Pump 162 OPEN CLOSED CLOSED

[0051] A more preferred embodiment of the present invention is shown in FIGS.

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 rinse/refill cycles. Thus, it becomes unnecessary to interrupt

the fluorine removal/abatement process, because a service cycle can be
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F2 gas 212 is injected into a water stream 216

circulating through conduit 242. Additionally,
wappsnauges 200 preferably includes a reduci ng BUB0O$2005/000598

source 272 in fluid comunication wth conduit 242

and operative to provide a reducing agent 274 which

i s capabl e of reducing HOF which nmay be forned by the

reaction of F2 and water. To the extent understood by

n, the addition of

m#@ﬁﬂg g%§H?h¥e§§Qubggﬁ@ Eglng agent source 272 into

wat er stream 216 is preferably controll ed by an

oxi dation-reduction potenti al %E nltor

loeﬁar&marﬁms 2%@@!%@8@@&@7 pHRisR s Ppsmt've to supply

217 EREAR 2P e ol BRRgER VRHL ORI R e

aqcpramaﬁudad)Ot dDr@pﬁQnabtyl layheat exceange b Sig etis pased inrlhermal
wat er , s%ream 216. nder tood .hat

oofRgBisE PR Y STR UARN St BLely HEVRSECSR of By £g0 where
fg:azst 21 B¥CRRRES i@ advater 8fréafn 6 &%ﬁlélﬁ\gatfﬁd)ugwbénddh 242,

art, such that heat exchanger 268 and m Xxer
Addagvormilydappm 200 prefergiphy msiudes a\m;duqmgqagenyt sq;urgﬂzn in
nitor .278 is ref r,ovi de eb he
D Rpirahumi&ion &k sSpFURAAY A RS R e 0GR 4, 54Hhg agent
2754 WRRA 2 t8pabid cTRedadihy $10P wHisH ids Be forgiedl b ebbion of F,
pH decreases bel ow a Sel ected threshold. [0053] First

andewpiery dostbe extentamndessioad dyrtheioidinagkekilegarisan, the addition
orBEA g Bok L4 b, ETBIRLSGA R éa%%ﬂ“?&%étﬁ?%%amﬁ

préfskably eppeotied elyan dXidstorsmductor pdterttial (DRPYmMaritor, which

fluid communi cation_with conduit 242, and is operativ
signals fereducing-agsnt 284 taRedumpes frometrdysingrager fosece

w%&@ag loxgaeafﬂohjﬁﬁﬂ t)éfl%nhgl |Qro%‘(é %d OAXME}&"%%\%EB preferably

e anmon
prowtjbe!tto 2pAmatly onirratiucing agent Eualnte wmpstreamfzwﬁorlt dhould be

o855 2 e b B0 8 ot e

oS4 AR SO T 8t

26ancdimixer Zttamaythe gisppsdd in ehe appanatuss oAdditionaliyz a ptd monitor
T T
pt§ BREHd \R/a?e‘ff%tre\é% ¥¢6 aRdGpdratpiedid prediderLsighaPehes thé pH

condU|t 242 and are
decreases below a selected threshold.

[0053] First resin vessel 222 and second resin vessel 223 are provided in fluid
communication with conduit 242, and each resin vessel contains ion-exchange
resin 220 and 221, respectively. Rinse source 238 is further in fluid
communication with conduit 242, and is operative to provide de-ionized water
236. Regenerant source vessel 228 is operative to provide dilute ammonium
hydroxide and/or waste ammonium hydroxide 226. Waste outlet 232 is operative
to receive ammonium fluoride regenerant waste 230 resulting from regeneration

of either of ion-exchange resins 220 or 221.
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operative to nove between a closed state preventing
fluid flow therethrough and an open state allow ng

wd 2005/0726820w t her et hrough. [ 0055] As shown i n FITAS2083000598
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 FIG 3a, punps 244, 246 and

O A oS i o e

ar269|sta1600 @lfmmm?j;dahllabrl]xglr;gsnmiuitrzﬂg@Uyslngjl(r?lme(uradre;teTOMdbat pump
irs

288 68 e Sanissahel PRmedig provites Sidiehf i Eafen Broven

Ut 242 OV 5ivBs QfSOfthfo'ﬂghrm BreVdi§888e2ibooriddit3 dddare

from vacuum punp 2 is inected into water stream
opzeretlvmtmmo&erhau\waeeg leemgtiate praventing duid law therettmough and
th i on- exchange resin

arb%en SE%?%?PWH‘%@"Q%' atﬁ%éeét Pay be renoved at free

vol unme 265. Concurrently, dilute NHACOH and/ or waste
NHAOH 226 from regenerant source vesse|l 228 is

ed
[089Shhashows i @S Raraasi 3b. feslgepimessehdddsan wdgrgrgpa service
c;{cgeg@ﬁgé g%?oﬁ@ Fkt\sﬁgég?é]%ﬁlﬁ?de'?ggg%béﬁ é Pé '_gth%r? c¥cle and a

rirdd2refill @0Ie] |Apastivular, as s‘ﬁb(&n |BkFIGOBaepmmps@4@fh84§®nd 248 are
resin 221 i s_regenerated rinsel/refill I%;%Ie beglns

tupied:@r.orRivee30 4Rk 20, 263 anﬂtﬁfi%a'ierf@%d\ﬁ valyes go1, 252,
2EERNST, 290 o) 5308 nd 6o R g i

in2i6st rebimseessBb222 and edregenerat@dcyicteoim second resinnessel333.
throu h sec nd,_resin, vessel 3 _t her 0

Wih 188 %&339 U SERRE OIS R HHL ISRl VEE561 220 Fogen g rom

vefc'uU?r?pé %14’@ |§j@9té€sh|h€chwb&rps?f%%‘ﬁ¢ 246 Wkﬁ&?&i‘?&tﬂ&fes through first

source v sse for reuse in formng t
resigeessehi??2 sot wrideng@&ssion@&xcbange artlédon&emqaagellresm 220.

YRGS e B e AR e ety
difued RO bn8 R Wdsts N?%@)H 296415 ?@gj’enéﬁnt"%tﬁ@@@é%&@% is
PCT/ US2005/ 000598 [ 0057] Once t rinse/refill cycle

putaBed biFuse d48 Jhnough resin vessel mtmebsawereg@neata i@
e{?ﬂgpﬁsirr%%@ezﬁyt%lfgrrﬁ QI R n@Pardt Watte 238! Whikf 7 §éntdb vaste

outlet 232.

[0056] As shown in FIG. 3b, once ion-exchange resin 221 is regenerated, a
rinse/refill cycle begins on second resin vessel 223, while the service cycle
continues on first resin vessel 222. Here, pump 248 is turned off, valves 257 and
259 open and valves 255 and 261 close. De-ionized water 236 from rinse source
238 is passed through second resin vessel 223 thereby to rinse away any excess
NH4OH and to form regenerant rinse solution 240 which is passed to regenerant
source vessel 228 for reuse in forming the NH;OH regenerant solution 226.
Concentrated NH,OH and/or waste NH;OH 267 may be added to regenerant
source vessel 228 to adjust the concentration of NH;OH regenerant solution 226

as desired.
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exchange resin 220 is exhausted, as indicated by a
signal from pH nonitor 278 when the pH of water
waoearu@l6 decl i nes bel ow a sel ect ed t hr eshol rRCT/b&20e33400598
i ndicating that HF is no | onger undergoi ng
i on-exchange with ion-exchange resin 220. [0058] At
this time, as shown in FIGS. 3c and 3d, second resin
vessel 223 wundergoes a service cycle while first
resin vessel 222 undergoes regeneration and
rinse/refill cycles. In particular, as shown in FIG
[0867] Qnop sherdse/Bfil otk hasiSompletedyrvaihe o259 \283/arsd 251 are

cigsss! apBHie SaYICSKTe Sainuss N stiroRs Varee 235 s h
e%cﬁ%ﬁgétreélﬁ 2‘2'0% e’iﬁéMét‘é@ 8Y rlBcdtld ‘W@m ﬁﬁpﬂﬂ&nrpﬂ-"f'nﬁbmtor 278

VeSS gas fron1vacuun1 punp I nj ect ed
when thenplt ef vmte:eatmezm@hﬁm!&ﬂhnes belqvaamlecrte@ uyﬁsbelddhqreby

iR fiTTe 22 anoss bRt o e G FHE GG a8 resin
241 renoved at free volume 266. First resin vessel 222

undergoes regeneration as dilute NHAOH and/ or waste
NH4()—I IS punped by punp 248 from regenerant source

[025§§E Ehéggexcﬁ i FIGEC3L Ank O Sechd rddif L8BYe) 723

ange~ Wi ange’resl

uﬁdéré@éeﬂa Wcé eykﬂé eVttt firsbisth vetsel 20D Qjmdeﬁgcwﬁegteﬂeratlon
waste outlet 232. [0059] As shown in FIG 3d, an

ancomnes/eatilliryelase dn papticyiars ap shewsrind@; 35ua~¢mp22é4p 346 and
24265%%% d?ézcggnv@éh‘/@éz@? %gggggé ﬂd%@%% NESalves

are opene resin vess
250 A53NAB6S, 2561570268, 253@6/“ @ad@6a are dlesed.oWitherdspect to the
wat er 236 froggjrzrl nse source 2?&@ ses phrough first
senése cygledbEugnsecanddesin vasse QEECUNAY BYEMP 214 i
.nfe%oe.fni@watewréaw@@srméh &iraﬂste%qhw %&fdﬁd reSin Rel 223
assed to regenerant source vessel ere it Is
themnyallmiergomguere-eo(ohamgﬂ@im n@genemange rsinu22 bn Czeyjng gas

the cgncentration ICh A
sughens No RaB pedETetat e Vhiriok: 4 o tetaes Borsing) 272 undergoes
retjensitidATEN kit W@Wéhg%r%fa%te NA, O @&%P@a‘!ﬁ%ump 248 from
CT/ US2005/ 000598 0060] Once rinse/refil
regengilant saurogatesss! 22Bthroagh fired resis vgsgela%mre@nundeerOIng

|0@%&%bgﬁ%§¥vctb§ﬂ§onéh£wge ré8in 236 %]?loﬁ RI'I—UF rgaéﬁéra%?s(/aste 230

which is sent to waste outlet 232.

[0059] As shown in FIG. 3d, once ion-exchange resin 220 is regenerated, pump
248 is turned off, valves 254 and 260 are closed and valves 256 and 258 are
opened. Second resin vessel 223 continues undergoing a service cycle. De-
ionized water 236 from rinse source 238 passes through first resin vessel 222
thereby to rinse any excess NH4,OH therefrom. The regenerant rinse solution 240
is then passed to regenerant source vessel 228 where it is recycled for use in
NH4OH regenerant solution 226, the concentration of which may be adjusted by
addition of concentrated ammonium hydroxide and/or waste ammonium
hydroxide 267.
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resin 221 is exhausted, as indicated by a signal from
pH nonitor 278 when the pH of water stream 216
walmos/h2e® bel ow a sel ected threshol d thereby ir@i/cs0INW0598
that HF is no | onger undergoing ion-exchange with
I on- 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

0336135 PrePeud RS eifete s 9545567 89 20 ro ciosed

arapthiedervice ayclecsoritinues pmesetions r2did vesselP2Auntilidniaxchange
Tabl e 2 below Table 2 Fld‘r:ti);gresi n_First resjn

r d
repiEsE 4] Sheck 3% Ingptacbdy SNl OBk pLABENLR s Bhen the
pHF YF Wert SR 18! RIHRES BEIoW & selddté P thrE¥Itd18/théredl indicating

resin regen. resin rinse resin regen. resin rins
that/ElFas oypdbegeryehdergginigdon{exahange withl igNe@sha@nge Feaip220. At

246 . ON ONON,P 48 .ON OFF OF Val 50
thi R TP VALY S RiED (oS N Se I P2 IR A aP AR tuskle on

4B re a1 252> SHERD JIFEED AN IDPRY, 3l ve 253
OPEN OPEN CLOSED CLUSED ™ Val ve 254 CLOSED CLOSED OPEN

CLOSED Val ve 255 OPEN CLOSED CLOSED CLOSED Val ve 256

0B EkF FtRenorlont 918 ShpeotB %R behBEael ihane during the

opérhtién 2p8e 4PEfoN 20008 e invRdive 2680w OSED

CLOSED OPEN CLOSED Val ve 261 OPEN CLOSED CLOSED
CLOSED Val ve 262 OPEN OPEN CLOSED CLOSED Val ve 263
TE%I%ED CLCSED OPEN OPEN

First resin First resin | Second resin | Second resin
service service service service
cycle/second | cycle/second cycleffirst cycleffirst
resin regen. resin rinse resin regen. 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
Valve 253 OPEN OPEN CLOSED CLOSED
Valve 254 CLOSED CLOSED OPEN CLOSED
Valve 255 OPEN CLOSED CLOSED CLOSED
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
Valve 261 OPEN CLOSED CLOSED CLOSED
Valve 262 OPEN OPEN CLOSED CLOSED
Valve 263 CLOSED CLOSED OPEN OPEN

[0062] A third embodiment of apparatus 300 is shown in FIG. 4. Here, service,

regeneration and rinse/refill cycles operate similarly to the dual resin embodiment

of FIGS. 3a-3d. FIG. 4 shows operation that corresponds to FIG. 3a for the
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[0062] A third enbodi nent of apparatus 300 is shown in

FIG 4. Here, service, regeneration and rinse/refill
wayoberigperate simlarly to the dual resin erf@UUsot/000598

of FIGS. 3a-3d. FIG 4 shows operation that

corresponds to FIG 3a for the 18 WD 2005/ 072482

PCT/ US2005/ 000598 second enbodi nent of the apparat us,

showi ng a service cycl e of first resin vessel 322

sé&%b%b@n@m b# mé%gom §@Hneé1§y<g§g)fﬁ%we§n

regenerati ecén n vesse avi ng
vasssl 822 havigg mma-saxnhslige tbsip 82@ dlispdseddhereinjoel a regeneration

nbod t Vi | f f
el S SEapRgER e vess oLy 28 pdving oS AdBeS hindad ditpasen
th¥AGH U N 3A4hidi rR6ddivhdr i durirg 8 seRAddIc R oPBn?'Eﬁ rédin

the ot her of 1on-exchange resins 320 and 321
veesaels 32dat 323, F gad 2 ipiejested tige \vEcunm eunyr 314 directly into

oBSH ) o GRRBETIO U AR GshaBbR e RSRBR 2P b oac

caMtAHRSvolEHE paBehtiye GFVese bNiRfe@BlyyagbrokinyatBh 42N Again,
resins manufactured by Reilly. The pyridine resins

thernsefesied resitbise msicentaining pyédiae Aunctiofal grawps, Aueh as the

t F
ory3SeP e 4Ry vEiths Byt SF RRIRE e pytdihe
reginsairba’ry stdbesheh tremFafgededilyakill nes harttasis stract?e by

and 323, respectively, and valves 350 and 351 direct
oMigatids 312 to either resin vessel. In this enbodinent,

there is sufficient water in the ion-exchange resins

320 and 321, respectively, for the reaction of F2 and
[0088As shatvnfinFiG. #HFonttets 346 guided onem‘tmrmbUmp stbhreng

attgc%@p:{attgg ggﬁgg’sgf% r eéég%gze%tsg\g?,#%ggé %gﬁepe@&ecywly, and
vaﬁlve%SB@@Eﬁd amy dIRRt Fgg%fﬁtz% dithel R&sik %@ élorln Phis Fe@n@c{)tﬁment

Agai n, exceSs carrying gas, suc as N2,
themmdfuaentt\hatef iretheviohtarebaBgé resins 320 Gndi &Ibbsreslpectlvely, for

thegredianaraand satd Hab otms HB IS ke oidte. o ReSEta raaolng
Jaék&ts GOt 881 GRS RaPE 'cth?el? QEHIREAPrexinfals lt@ﬁesu@ BSEels 322

hat the regeneratlon cycle 1's an aqueous cy cle.
anebm gherelty ta chssnpaheeam yeas gﬂner@tgd yctbatraaﬂtmn of F2 and water.

A AL ol 5 St e p{ BBSSh RNl %y BB ilines scs
aritE866 ARpHska in PESIY vESséls Sepainat 323 ﬁé@{)@bﬁ%él?n cycle to

ei ther of ion-exchange resins 320 and
[0064] The ion-exchange resins 320 and 321 will become rehydrated during their
respective regeneration cycles, given 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 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. Alternatively, 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.
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321 during their respective service cycles by

provi di ng de-ionized water 336 from rinse source 338
wa tosorphsval ves 358 or 359. Alternatively, noiEITUS2008000598

be injected in vapor formfroman external source

into resin vessels 322 and 323 during their

respective service cycles, thereby to provide

sufficient water for the reaction. 19 WO 2005/ 072482

PCT/ US2005/ 000598 [0065] The various on/off and

open/cl osed states of valves and punps during the
[Ooasyﬁhéoan@u$bﬂkﬁﬁmmjam@ddasads&ﬂésbﬁvsweunnﬁanﬂnpmduﬂngthe

Tabl e 3 w. Tabl e irst resin First resin Second
onasaion Sy P apmErAis A 1 Susthanithd Botaies oy ce

cycle/second cycl e/ second cycle/first cycle/first

resin regen. resin rinse resin regen. resin rinse
Tablel3e cycle cycle cycle Punp 348 ON OFF ON OFF Val ve

350 r\PE!\I "DEI\I ClLOSED CLrY:Er\ \al va 351 CL%L_F\ CLmED -
OPEN OPEN|  Viish E5518 > | Ce¥resNaosEDe UFegRY| SqEgnaesin
353 OPEN OPENGHIESBED |CLCBRMCOVa| Ve SE6IVIE§ OSED (RRHED
OPEN CLOSERYClo@egendseygiatsecqndsED ayclediret cl oseysle/first
Val ve 356| CeSBHPIENOSEDESINABER OPERSINVEDe8. 35 TeSiNaRED
OPEN CLOSED Cc@8eD \al vecy8B8 CL{OSEDCIESED |CLOSBEDe
Oh¥e 34% Ve 350NCLOSED OPORFCLOSED CLORED  Val veQB60
VhiveE3CLUSELDPERN CUOSERPERI Ve[ SIELOBED CLUSEPOSED
}S_*EIVB'% 1CCOSEE] HRERPI [T CIEBES PF GRPPEN ar 60 THPENT
YANE 250 f TerOSED S BTOSEnS 1O TGRRKP_ ™ qPEN
Valve, a3 \ Al (;QE’E& 77 TOPEN - [ CLOSED T CLOSED
Valve 354 CLOSED CLOSED OPEN CLOSED
Valve 355 OPEN CLOSED CLOSED CLOSED
Valve 356 CLOSED CLOSED CLOSED OPEN
Valve 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

[0066] It should be appreciated that in this embodiment, it is possible to remove
the T-shaped portion of conduit 342 shown in FIG. 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 valves 352, 354 and 356.

[0067] As shown in FIG. 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 typically 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 416 from the scrubber is then cooled with heat

exchanger 468, and a reducing agent 474 from reducing agent source 472 is
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355 and 357, such that the apparatus only utilizes-for
the regeneration and rinse/refill cycles of both

WO mefmrnessel s-the T-shaped portion of condui tPGHES200M00598
i ncl udes val ves 352, 354 and 356. [0067] As shown in
FIG 5, a fourth enbodi nent of the apparatus 400
according to the present invention may be seen as an
attachnment to existing conventional scrubbers, such

B RIS Uei kot 358 Db SRMSBIITLPHOF, g er
mtxyrlg' nwylt;e piovitbdby MmixerdY.6l ®péramnaff the serwvz:mlrdgemaeratlon
jnto a sc[]ubber ner.ate HF th

andLauss flyeies Qiibe ApperalsobiTe Smiara IBAr it issa W
regﬁé%igg%e' apphPfils 999'cﬁ¢l@5t BalRAt HeRX GRS bé%te@ﬂfét resin

uci ng gent 474 Trom reduci ng agent source 472 1S
veaBela 20064 23 462dret/ingade Bhy 6EsI®lumejfec terdoving @arrylng

tregm 416 0. assure de 05|t on_of HOE, .and
O aHER SR IR BECh oBoP s SR rpipBled py rundEi 482 ana
cdPBé &ahspordéd fdiﬁfuﬁﬁél\/pr@%esélﬁgem@élaké@ lbo ration of water
rinse/refill cycles of the apgaratus are simlar
&

strapne 446 islipsfaredawhichrallowssfipe bighes floweratgstraugls theogcrubber

el PEoa ity ind S SHicibly T Har Cac any 1ree val ue

for renmoving carrying gases such as N2, given that
uch gases 464 are renoved bg scrubber 482 and can be

[Wﬁ%h@@k@r@aoﬁmeﬁt@m He PiassebEwPAON. Al BrRYLISSITRBI;to remove

oSS oSREElgSLy SAR 10 BeStREnE Tl ingg i i

thel’sénacclmu!wbtmglhxdusmy & @sdd extenslvelyrfobbnllom wab@6&thing, and is
enbodi rrth s of the present_invent

al
a'a%. nraewa qfdhe spBIRPING AL SSESS Forgasy 'ﬁéhe &Bﬁmamiea& process,
thekd s aﬁwgldga%waoﬁ{err%ﬁl@b cgg?ﬁodn?is |ﬁ'tl‘ﬂ<f ﬁ/a?{:e étrr‘e hh®ue to

sem C ct or stry i's used extensive or SI icon
thadéwrpkettbesmgomndndsforai gelatinpu dalixts, of coﬂmdabslhnﬂolgeg\erally

f F2 nb |
inicongerEatnts oA n @Rt hERcE prrEle Siebuiinrany AitiglE ©
re\“ﬁkﬁieeusﬁﬁé %Bmerm&\d ﬁltraﬁlbﬁ rﬁé’tWoBE' AQ:BS%Q]? r@%ﬁfbileféﬂdﬁ‘ silica

gel atinous solids, or col silica, generally
partidlesnn tha waste sifeamoth@(mep@mh m&n;tmrpmntemp@eaﬁr@e use of a

enerally diffi.cul ve usj 0 I

St paed FRCharhB Mo phRRY G S RCPUGRIL BF R and <.
edavalbRl @Sirs) td fkevalifdLpatitR8rorh ife BOIREEA! Thekenesins have a

contenpl ates the use of a
"filtration" functionality in view of their porosity, but also have the advantage of
capturing silica 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 silica
containing solution is passed; in such case, the resins can be regenerated with

the same regenerant solution used to regenerate the HF removal resin.

[0069] Accordingly, the present invention has been described with some degree
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strong base anion resin of high porosity, such as the
Purolite 501-P and equivalent resins, to filter
wasros/eor4grarti cl es fromthe sol ution. These resr@EBU$ZA000598
a "filtration" functionality in view of their
porosity, but also have the advantage of capturing
silica particles on account of the anion-resin charge.
Such resins can be used as a first step in the
of FRFRAIEY ERRRPED Bl rimpilty SEBOerk 88 i pRoserinRiiton.
showttk be tappdedistat, thoaighi tiat poe peasent investion isdefimad by the

rol RaiHba s Consbrupa TR (ot 5 1l BipufCatdfis or changes

m&§Bedhade o HtLexdRplary ShiRidiAEhvE the préseii®lention without

porosity resins can be disposed in resin vessels
deparing fromhthehinventive ¢ansgpteentainedrhered ution is
passed; in such case, the resins can be regenerated
with the same regenerant solution used to regenerate
the HF renoval resin. [0069] Accordingly, the present
i nvention has been described with some degree 21 WO
2005/ 072482 PCT/ US2005/ 000598 of particularity
directed to the exenplary enbodi nent of the present
invention. It should be appreciated, though, that the
present invention is defined by the follow ng clains
construed in light of the prior art so that
nodi fications or changes may be made to the exenplary
enbodi nent of the present invention w thout departing
fromthe inventive concepts contained herein. 22 WO
2005/ 072482 PCT/ US2005/ 000598 What is clainmed is: 1
1. A nmethod for renoving fluorine gas froma sel ected
environnent, 2 conprising the steps of: (a)
contacting the fluorine gas fromthe 3 environment
with a selected quantity of water, thereby to generate
an 4 acidic solution of hydrofluoric acid; and (b)
contacting said acidic solution of 5 hydrofluoric
acid with an ion-exchange resin having an active state
6 operative to exchange selected ions therein for
fluoride ions in said acidic 7 solution when in
contact therewith, 8
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9 wherein said ion-exchange resin is capable of
chemcally shifting 1o between said active state and

woamsarhanst ed state operative to exchange 11PCiAIS2005/000598

10
11
12
13
14
15
16
17
18
19

fluoride ions in said ion-exchange resin for the

sel ected ions contained 12 in a regenerant solution
when in contact therewith, and including the step of
13 regenerating said i on-exchange resin by contacting
sa/nat iotidmelddsge 14 resin with the regenerant
solution thereby to forma sel ected regenerant 15
wast e product containing the fluoride ions, and 16 17

orbup. ot RATAFOR AU B0 £ anFLAEERE i,

washrpraimpihelstepy df:¢a) dentadihg tieufluarine gasdframythe

conbj nation tnere f. é 2. A meft hod aﬁcordi ng to claim

1 SANEPRTRN Wih EeRIRGRd fiash el waler dhe el RS AL
%@fo@é“s&%tiéﬁ{?ﬁg\y@%ﬂuéri@acﬂ; %ﬁﬁgggc&ﬁ efitly | Sidl it 2bltibn of

h
wherein the € ammoni um oxi de solution iIs
gdwdrafluedcfacithwith @ndonrexcbapge cesis davingsat activedstae

wth the fluorine ga roma,selected environnent. 1 ...
s oPRrA e cieheRde Sekelsd in? SRl 5T A BBHF I Patpig acidic
S%bﬁﬁfbﬁ%r?er?ﬁ%drﬂﬁ&ﬁtﬁérevﬁ@ﬂp“ SI ng: (_a) an inlet in
communi cation with the selected 3 environnent and
operative to provide fluorine gas therefrom (b)

Commun TP PesHH iR e saatls & risinipdul fing

f lbeenedre sgidsactive hestefdarenan srhsusted diite opeeitiviel toexchange
transport an aqueous solution 6 therethro

: ou. . ugh; (c) a
r 8¢ fluQids; ignsiip spidion-LEhANae casin der Khﬁtﬂ@'%cgﬁé iQinertained
7. ' . i . ot i
{ IER BB A0t KBbitn e i oty HRIBANR, 871 Hcifing the step of
| megenatating saidviessichange askin by dontaatingtsaid ichaexthahge
aqueous. sol uti on, said 1Ion-exchange resin having an
adesipvith thed eGEE%’f\”it selutiop therepy ¢¢ ﬁ‘ﬂﬁéaﬁgﬁfé@é Egesiesant
t ' £ ' i id ueous solution 11
1 {FsEE Bradilet CoRAIAE e idorde RRSTARA 0N ©0
wherein said regenerant solution is selected from the group
consisting of ammonium hydroxide solution, waste ammonium hydroxide

solution, and any combination thereof.

2. A method according to claim 1 wherein the regenerant solution is

waste ammonium hydroxide solution.

3. A method according to claim 1 wherein the waste ammonium
hydroxide solution is generated from one or more processes associated

with the fluorine gas from a selected environment.

4. 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 conduit
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13 wherein said ion-exchange resin is capabl e of
chemcally shifting 14 between said active state and

w@moeRTeagest ed state operative to exchange 1s RGEEUS2005/000598

10
11
12
13
14
15
16
17

19
20
21
22
23
24

25

fluoride ions in said ion-exchange resin for the

sel ected ions contained 16 in a regenerant solution
when in contact therewith, said apparatus including

17 a regenerant source vessel adapted to receive the

r . L ut.i .. ' . el

| FPERT R e e Baid et B Ao et e RN RET
omlia"rafrbme shid @mdcﬁwdpab%qotmwmkfpdrha% Bvggenes a%nion
solution to said resin 20 vessel, an 21 2 erein .
sm%e%@%r(sh? f%%!UrV&éS%'éﬁ§'é’FdSP%meJé‘t'%ﬁtic\’ﬂé’_V'56 said conduit
SShgGple¥tive to%%c@i‘b@.‘{hé’%qﬁeé?@%&ﬁiiéﬂ%hé‘é‘fr&&h&;géhds@z%ﬁtisﬁ-
fromthe group consisting of 24 anmoni um hydr oxi de,
wextearyenmsirudisppsedin skd resid vesgelcantbadaptedris coftact said

t her eof . . _An .apparat.us according to claimi4 .
WRBNERY SRR BT RLtgR A havind aacdd staieiopprative
hysle e Ay eS80 | 8éte@Tonsl tHereiTfo AMBSH Y iohs & S8iddhdLidu8 solution
claim4, "wherein the waste amonium 2 hydroxide is

gehan acistic pHomhem & eentacktherawitlesses associated with

the 3 fluorine froma selected environnent. 24

wherein said ion-exchange resin is capable of chemically shifting
between said active state 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, 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, and

wherein said regenerant source vessel is operative to selectively
provide a regenerant solution selected from the group consisting of
ammonium hydroxide, waste ammonium hydroxide, and any combinations

thereof.

5. An apparatus according to claim 4 wherein the regenerant solution is

waste ammonium hydroxide solution.
6. An apparatus according to claim 4, wherein the waste ammonium

hydroxide is generated from one or more processes associated with the

fluorine from a selected environment.
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