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WRRINAONER REMOVAL BY CHRO11hATOGR4T'HIC SEPARAKION 23250

WASTEWATER 5 BACKGRGUNg) Many industrial operations utilize

fluoride, often as hydrofluoric acid or as fluoride salts such as ammonium

fluoride. For example, alumina, and silica etching, cleaning, etc. and

SeECHIVEBL BOREOEOANIIAR IRIOsaMRUNR A Ry dsef E‘?ﬂ&ﬂgfg#?(}mm(j

and other fluoride comBRIUR ARSI eguiMad elewmgntER water discharge,

for reasons well known in the art, the wastewater generated needs to be
processed for fluoride ion removal. Additionally, when using hydrofluoric
acid (HF), semiconductor manufastUreaR oftegrsequire an ultra-pure
hydrofluoric acid. 15 The typical semiconductor manufacturer may

produgg. ENfoelel of 10 00 gallans per day of mixed acidic fluoride
waste. Tar%g product(l?]cl)no(g)fe s%c n“:’/ausi REUS: Afievics idwdpativeric acid or as

fh&né%eﬁalﬁrﬁéhtgﬂsmﬁmlﬁposébpr(miemﬁmﬁblerldﬁxﬁﬁﬁt%ﬁ@rﬁhca etching,

REERARBINGSURIEC ent environmental controls for
treatment and dlg)%é%ﬁ%@%p%y mus% eree{‘IZ Bie GreadPramitathydradiuesc acid,

408 AL JU0ES R oPeTRds 2B eforetiaisb hlhmmmmywla&xﬂ‘timﬂmﬁ@@ O reasons

Wl Rioeipalmater disPead) J d use of fluqrin
a cha§1 § %(%Iea a(j]g gas, thee\s}%éﬁﬁegyg%m Wtzaﬁ]s%thégagrge ox ee%’f%%efgef#g a%é‘mde lon
at

TTHR" e p‘?’é&ﬂd@é%hmr@ﬁh@m amde@%wnfmmoo muanufacturers
qitecipiaiio arohitopide RedesksiURIg: calcium fluoride (CaF2) salt by 25

treating the dilute streams with either direct calcium hydroxide addition
(Ca( ).0r. fglrmeng cal |um h droxide by addition of calcium chloride
(CaC1 A Sa0i SRR mﬁ’?e A SPdYrscerdavarage of 10,000

a’dlmwsveraw@é@eg@ mﬁwmmiasaésfeoﬁfezpto@ﬁi@& Al vat §Rmtities of
f t tb the slud Id
RHANIBE 3861 R@é{)&ﬁfﬁe@ 0 %’%‘%%‘fh‘g aS|s e sludge wou

contain only 45% calciu GO Eﬁ’é -rElgATER wastes are
D5eRgRaCsdisat 35 W@mﬁﬁemggbammuiﬁaméﬁw GaNAIR! for trcatment and
dikgoniioCliaiuB et Bilet B4R 1caf%/’c$}8£ % murf.noxrkm ate%n]f 69 Waste sohltmns

p qch re, addition of Ca(OH esult
efore the solutions may be mtro uce into the municipal water disposal system.

With the increased use of fluorine as 2 chamber cleaning gas, the volumes of
waste are expected to increase. The state-of-the-art practices for fiuoride treatment have

focused on precipitation of fluoride as an insoluble calcium fluoride (CaFy) salt by

- treating the dilute streams with either direct calcium hydroxide addition (Ca(OH),) or

forming calcium hydromde by addition of calcium chioride (CaCly) and sodium
hydroxide (NaOH).

The reaction proceeds as follows:
2Ca(OH), + 2HF + HySO4 = CaF, + CaS04+2H,0 + 2H0

As can be seen from the reaction, on a dry weight basis, the slndge would contain

only 45% calcium fluoride (CaF,), the balance being relatively benign CaSO;.

This treatment scheme suffers from several drawbacks, Solubility of (Ca(OH),)

in water is approximately 1,600 ppm. Therefore, addition of Ca(OH), typically results in
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@{;@jm%ggggsof a slurry of Ca(OE)2. The slurry has 10-15 micron size

particles of Ca(OH)r that act as the seed for calcium fluoride {CaRkRo04/043259
precipitation. The sulfates present in the water also precipitate since

calcium sulfate (CaSO4) is not very soluble. Also as CaSO4 has two
molecules of water attached to the salt molecule, the precipitated 5 solid is
very sticky, and does not filter well in the filter press. As a result, alter

tpresgedperationsmay REEChiO; StopRedRIeMAkIel. ISR BIPSBIIS , vicies of

&%{k@ﬁjﬁu e %gén%i excessive amounts of moisture being left in the

cake. jg) further limitation of these™ Sy aFepEerf thaotevistifnoridse sulfates
Hm%ngdhﬁ?lﬁﬁﬂh%tWQﬁﬁmﬁiE&cﬁiﬂiﬁﬁ%ﬁﬁﬁgﬂgﬁf% I{gaﬂgg‘%lij soluble.

roxi arts per millio m) . of CaF?2 is still soluble in 10 the

e R e S SR ARG i leeatoichn Emeipitaca
SAHARRIKFTE Stirde, loweddevelstdilt-s21pimibé filtoside-gan be achigMedsiter press
JOWEHES ik SUVEs orld, the discharge limits for flyoride are =
being Iowere% to Sl?itr)@;f%p% %g}/g IS 8? egglénﬁo?f?ésfgghh%%a resulting in
SHERTEVEFRPIRESpRE cipfstion PricRdanndiie todhe |yl DB of these
596tk Bad Belth 6iti08: drignssadiffic sempiconductor - :
manufactuyrer, to recycle the quoﬁ%ﬂéﬁa%élrt IS E]r%%reﬁgg & t‘):"éxéﬁcé?éeé’&; Typically,
o) Shghity ol CHeiBPRTS BRSO RetRaersilbraroate GhBiisaniAsoluble in

thdioavurhich ixetiioul dosaepasaln emdaride R allen HBYAINEISEL icuinity
Se%ctﬁgnegng% s_eﬂ qndgctor manufacturing processes, Its presence in

He5p SR LERIig U iR 84 Shusritle gan beaachiximBlewater, in some areas
of e sforl, dieafishhafigo Htttsiformiaenue Ao Bal i RRARHakIBg,SY. ' ~
1&@{5@&4&0@%5% it icor:!l uct%#rg‘ggu{l?éc%ers, because iﬁ%%%z%%%%% fs. This
recycle or recovery. n adarion o t REPRIBRRs ek MR pe to the lower
sglithity i pféaidlate and treat 25 the waste streams containing

ammonium ions. Current state-of-the-art employs biological filters which

require much maintenance and are not very efficient. U.S. Patent Number
5,876,%’85‘13@%8’é§5a"l%tﬁtﬁ%k tfee tbenesvaicamduporificatidacatrer to recycle the
Auiianifeiyial hedberids inns capkined R selliongentaiing.greater
h%%}‘than 10 pz%r%i;ﬁper millign (ppm) fﬁ%ﬂde ion, g%gn%(t%%e&gi% %?I%dr%ons‘s‘? contains
St aR TR MO 2 EHrds kit diffesuls ssemeecsonr fbilaiie. As silica has

agbtenshu efittets ana aptionsdividtsainctor manufacturing processes, its presence in the

caked calcium fluoride negates its value as a raw material. Therefore, all of the fluoride

from conventional fluoride caking systems is unusable by semiconductor manufacturers,

because it is unavailable for recycle or recovery.

In addition to the above problems, the industry desires a way to isolate and treat
the waste streams containing ammonium ions. Current state-of-the-art employs

biological filters which require much maintenance and are not very efficient.

U.S. Patent Number 5,876,685 discloses a method for the removal and
purification of substantially all the fluoride ions contained in a soltion containing greater
than 10 parts per million (ppm) ﬁuéJride ion, a mixture of other anions, silicon in the form |
of 2 fluorosilic acid, silicic acid, silicates, or silicon tetrafluoride, and optionally also
containing complex metal fiuorides, to produce a hydrofinoric acid.
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containing complex metal fluorides, to produce a hydrofluoric acid. 7
WUBSHFPSTE SHEET (RULE: 26) WO 2005/065265 PCTIUS2004/043250

PCT/US2004/043259 SUMMARY A _process for ireating a wastewater

stream is provided, which includes removing substantially all fluoride ions

contained. in the wastewater stream, and comprises 5 exchanging

cations in the wastewater stream %Ii/ﬁkéﬁi{ﬁ%en ions by passing the

wastewater stream through a strong acid cation resin, removing

hexafluogaslicates o e WAGHRICL USRI IYRRSSIAC, e removing

wastewater stream through a strong base anion resin 1 sulfd
sSYRRRIY acils FepridRcionsseRmaRes danthy Yasisingi¢theswasteWalke r comprises
esHRAPH 046 WeakhbasaRninmre iR DaVingel mine grqups in .

free base form, 10 and removing hydrofluoric acid r%%g e was e(\-;)?/ t&Fesme the

VEAEITARY SHseTiny TN A StERsar S ratinn isrdugivmanisel Seatanisiticates from
tﬁemwwmp&@ﬁ@qﬁéﬁvméﬁﬁ@gpﬂﬁéﬂgﬁﬁﬂ%% S X IS%& resin

SPro 'ateedﬁ/)vhich includes r,em%ving substantially all fluoride ions containe

VoS AT LS AT IS O B e ek TeAi Yy HyRsaieg Fhtowestewater
S pasS Aol of Al Sol troeal i et ot e e fo
a.solution of aluminum salt throu e strong acid cation
a%{s%?ﬁ”érﬂlg i (ér%{tfr%)r%c ggllg] %?%n%%sWWfﬁWﬁt@??ﬁﬁogVe%% the wastewater
shyerbthrorieh acitftopasthanivastesivabe fistzdans Mypassing the wastewater
stream through the strong acid cation resin, 20 BRIEF DESCRIPTION OF
THE DRAWINGS Fig. i is a flow chart of the process according to one
embodinfERESS5IPEFRIED D WSGRIBT GhicEine isUiectypeotss ishich inciudes

réRpiaabledesiiveride Myl domasisvalel streams Jproduced durin
industrial operation for further industrial use or to ;(l:t‘o%rlgly wai?f%3 wagr Sﬁ"’g”’ and

SR B AT SRS A IFRE IOt dB s Siserg crgieention resiovantfifingrigetrogen

iamchahihlarobitiopieno by, esmihe Bialibh i ansdhile WRHENAYe srong acid
cggggrp ;Qus rgnrg rm@'}ng é{)eatmegt efficiency and reducing costs.™ ) '
|qn-exg?1ahge ChromatograpHiyie CRHPEEFERTER WREH dBA JemyviREs Bvgofiuoric
ahé Westclhvatersitreater thiroaghbyneassingotisecotistenarthaiamaiitshgh the strong
29 esi, which selectively binds cations/anions in the stream. The
fluoride is ”

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart of the process according to one embodiment.

DETAILED DESCRIPTION

The subject process is applicable for fiuoride removal from wastewater streams
produced during industrial operation for further industrial use or fo comply with
environmental regulations. The process segregates the removal of fluoride and
fluorosilicate ions, from the totality of ions in the waste water stréam, thus improving
freatment efficiency and reducing costs. Ion-exchange chromatography is used to remove
the fiuoride by passing the wastewater stream through one or more columns that contain a
charged resin which selectively binds cations/anions in the stream. The fluoride is

washed from the columm and is then collected for removal or use in other processes.

~

i
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wwashesfsem the column and is then collected for removal ogfﬁ%om%m
processes. 35 3 SUBSTITUTE SHEET (RULE 26) WO 2005/0 04325

PCC/CS2004/043259 in one embodiment the fluoride (F-) waste is

separated from a mixed acid waste stream by flowing the mixed acid

waste stream through a four stage (columns ion chromatography

exchahtyesepabationeptdbe fbucrive 5} sokiniy coparattsl @rynsaltsinethecid waste
m%rwgﬁgg@ &?&j%v%éﬁ%‘%& ing cations such as . .

ammonium with 5 hydrogen ions. The seco%%gp%%%%iﬁoﬁgéldr S fcolumn) ion

SERBARSTRRY b Ao e AR PORHeatSEIESIES ) caviite: thenthing colBalts in the
Jiesaves the a&mﬁ?mm e Andi ENG3) ic.Aci - hydrochloric, .

acid ('rICl),and sulfuric agd (ﬁzssdgg g@%%ﬁ%ﬁ%%%%%ﬁi%%&%%aﬁgﬁ%h@ with
7 . FoldAR -remtBfeSeraghy aretrmshtonst (FRYmThisairotesty removes  the
Hegitilatessilieatee atimebafi R GRNGRRITARASIEADVAS RDalS C%Et%%“a'gﬁz (HNOs),

only 10 fluori ompounds, eliminating the extra sludge generated b
S gtegcéndmgsi%&%%ﬁﬁm rdxigd) (Ccad |- Piivdee weid  (FLSO4) by
dontivingrephjesepiontitn. theii soeatumsuthe W%ﬂﬁ%ﬁ&@dﬁ&ﬁ%ﬁ (HF).

,P%fa sf;)rgerggﬁgﬂt&%}’i%lergsi?mwi%h ulfonic acid moieties such as .

polyStyrene crosslinked with givi gf‘ﬁé’ﬂ%%‘ﬁfe%‘%% syeamy as Ratshspemaining onty

fagiide cmmued@-qm@i(ﬁmmmmmwgae@ﬁ@mﬂ sﬁ@%@_&ﬂ?}@ﬂﬁ}dﬂsmg of
e fion resins could be used in this

%}%ﬂéﬁéﬁ? This colél?r%{r?ﬁz h‘glégé]sgg%%%?gﬁg iR ﬁ%‘é”\}vastewater stream with

hydrogen ions. The resulting wastewater stream contains dilute

concentr Sifofisorobimuribamastawetsraticara detiteateid biyyal xahig ricid cigtion resin

witdrefienic acigd apskHuorasiicic %81%%@%9&%@ SHH %?—fﬁjzé\frﬁitgenzene, an

either an ammanium ion monitor or a differential pH monitor. |

iUt B nifsHs dSeduEPiiaKsgaSr ARFGH oRRandicBals Cynwyd,
Raiusyivaaid)austinoud bsheea 4 £ARPeQEeBaiBLe WD &IHONY used in this

gg.sgh%ﬁgm%ﬁ:&]: teggh%r%n%ga .used during regeneration is decided _

%y tﬁe'us_er. Hthe LSaraiRcliRed TRoME B the Yagsratantirastevilidhydrogen fons. .
‘Ebturasiiiing IFeasiewetaer sitedny ithmseilfuridiacionbiahr-generates Kb acid, nitric
aqamepiyn syifate Sal jop that, could. be sold to the, fertilizer. industry
if the user iiéiig’clined %ﬁ%&%r%%eh mr%q(i)urﬁﬁrcn %Cﬁii?édth u@éﬁﬂﬁﬁ“&aﬁ"? The
TRUEMRFARSITRES Wikl Fssior: aseRnTinT ion reyetneram: diksetmh e ironitor. If
0 elesinhdsicishamhsiorndeidhe dnflignce oF DS GURERT 195N AR98 108 i

chlorides to Hyglochlorite, which then reacts with
exhaustion and”the column can be regenerated with a strong acid. The choice of the

strong acid used during regeneration is decided by the user. If the user is inclined to ship
the regenerant waste, the colummn can be regenerated with sulfuric acid, which generates
an ammonium sulfate salt solution that could be sold to the fertilizer mdustry, If the user
is inclined to destroy the ammonium on-site, the column can be regenerated with
hydrochloric acid, and the regenerant waste treated in an electrolytric chamber under the
influence of DC current, to change the chlorides to hypochlorite, which then reacts with
the ammonia, to eventually convert it to niirogen gas through the mono-, di-, and tri-
chioramine reaction process.

In the second column, the acidified wastewater stream is treated with a strong base
anion containing quaternary amine groups, such as polystyrene crosslinked with di-vinyl
benzene. An example of such a resin is Purolite A-400, or A-600 (Purolite Company,
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the ammonia, to eventually convert it to nitrogen gas through the mono-,

WHZ'BAE:30 chloramine reaction process. In the second cettmmsAhe/ 43250

acidified wastewater stream is treated with a strong base anion
containing quaternary amine groups, such as polystyrene crosslinked with
di-vinyl benzene. An example of such a resin is Purolite A-400, or A-600
E%?ur lite Cé)r‘?gggg, 4 SUBSTITUTE SHEET (RULE 26) WO 2005/065265
&'I(?[Yg% 4 Byasiah &%W&l PR Brith)suthisaesid is freatethe resin in
tiithu Stfuticracidite-deaueiiha s asireiatda.sliateSom Haihef han in the .
agogaefjgsetanéj%{%g%déomde r,. It shogld be noted that _any type o strong 1
as AN PAS: AR RiSERm B arannsnsiatchyalte nimvirgids by

ult%lte ani

rteTatbianatiepiadineplbyiid ibydtb g arion SOHTRLSHS) £ 88 ¥88Hed. The
dlPg-adiyaient gﬁjslfatevg%n%lpr%\% éa% of the other anions in the ,

wastewater stream Trom bemg. absorbad BT dtdsasieuptefeswergom being
afartred & igiteriaquivedenfureighinA e Xample ofigRe SHENARON weight  An

t If ion, farmegd from the silicon_of silicon .
e poor ) LB o R e e B sioon

o8 difivare stigrisishpeRtions Si-bus semisompmier wafB tordstiiaiesschbe . The
equBhaach - IF B tiey atee HaEIt SiUle agilin Plage of e

fluorosilicic arid. The column can be equipped wi SSICA mofftdFigr exchanges
(ROt T s DRt Ry Airisiheddiimy nlase didlicf Shwegsiiekatiol. The column
cRegengiipnimamhbe AHMRIALS FRCASRiEYMRriSing ding, . ..

HQX&” chloric acid, followed by sulfuric acid, to the Lgtrong%%j%gfg éeSIgnaImg the

anion. The fagenerantsraSi R e d, BivdYREsemhews somepiisitgtfirs: adding

mmmﬂsygiémfmm&gr)bi&ﬁéﬁm@dﬂi(ﬁiﬁgﬂ&gglg&gﬂ?gﬁggg@dﬁaé%r amign. The
> and.sodium hydroxide to precipitate a mixture o

S R, TR e sall S eiem e with very

siresicitiandodisplobud by dnmtive. o ¢aiciumohlbe dseaie dommsienaiRkide (NaOH)

SteaT) REiSRE ' O.all.the acids with ng cations

tand no fk%)%%uorosjI?cggggﬁ?g%ﬁ;%%%ﬁg?gﬁ%%& t?‘%é&%%r e Slagee can

Arpposadfefresin used in the column is a weak base
anion containing tertiary amine groups that are in free base form. That is,

the eishhngaableRmien 8O HRakasiieMroXde ioaih l{ﬁef'é%g%lﬂgss?age contains

ince noigsol%kﬂﬁ C%’[IOH. is assaociated with it. The only cation Is the

a?}]sofu 0N exc SN SR PBS P IS AP EFoRlicates. o Alisn wasiemslite Stream is.
Ra8450P neviitwaC ofrppidyotBal aby BIFY ATIREAREY W& e column is 2 weak base

anion containing tertiary amine groups that are in free base form. That is, the

exchangeable anion on the resin is hydroxide ion, thus free base, since no soluble cation

is associated with it. The only cation is the insoluble ion exchange resin. An example of
such a resin is Purolite A-845 (Purotite Company, Bala Cynwyd, Penmsylvania)., It
shouid be noted that most weak base anion resins, whether with parfial strong base groups

or not, can be used.

HF is initially absorbed in place of the hydroxide ions on the resin, along with all
the other acids. Therefore, initially, the column effiuent has very low conductivity,
{deiomized guality water), indicating that substantially all acids are being absorbed. This
low conductivity condition persists wntil all of the hydroxide ions are essentially replaced

by the anions in the waste stream.  Since the equivalent weight of HF is the lowest among

X
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should be noted that most weak base anion resins, whether with partial
WEShY' B8R groups or not, can be used. IF, is initially absorkediinplaces2so
of the hydroxide ions on the resin, along with all 30 the other acids.
Therefore, initially, the column effluent has very low conductivity,
(deionized quality water), indicating that substantially all acids are being
thabserbednfibifed asesendustvity sapdiion persists untl all of the
.h r(%ﬁide ions are essentially r%p!aced by t%gégénﬁaogwesr?ﬁ%%e\%gﬁﬁt’ HF becomes
USHASH. Bifte m%h@ﬁﬁﬂ}ﬁ]@llﬁr\ﬁ/@i@mmﬁsi@m@r |tvwestiamongThis results in the
rSiit8 S/bktdwheSited] (fRbbE2 8N T T }1;8 r%e%ﬁcét when the

reb 14 135200, &432 9 the acids mentioned above as coming

Second stane resin TERE et EpElciersly dielsidendas #B Migharg displaced),
%mmm@waﬂm@ temhieeOUm ThlAIS 1BYlS ﬁeg&ﬁcérgﬁgﬁjoﬁde ions in
my@%%ﬁtg&g%a%ogﬂstuég almost exclusively of dilute HF. To detect

when the “resin is exhauste (i’é’,”%vmcﬂé Higki Hroseiemacighatd innednamoduce
e?@ggggg@;eﬁgg)s?ﬂbih; rq;ﬁiﬁﬁiﬁf??ﬁ%ﬁggﬁﬁgg%sm The
e ) | u :

chloride ions indicate t é%t eélgg u?ﬁ{r?)géﬁe mgsé?%?roduce exclusively

HF effluent, which signals the need for regeneration of the resin. The

resultiRganasigwals ' reated_ by the fourth stage. 10 )
tRegetrq\,%agration comp#s%?%%ﬁgﬁ % E\‘/E’r?/r}aiﬁ%t?\l?g@ S?EWth%’éﬁﬁké third
S8R 4= %géﬁ’&sﬁ@% ShiaRPorma O# anpsphizaprroxltately thi Qeiefiometric
vdlse StoehtametiCond it eaMias cormp! cement,with hydroxide
reion. ‘I?gfﬂwasﬁééom the re%ni%%% incﬂ:lug)é%i£ rﬁ%gfylsogdiuﬁﬁ%awgs{ﬁ trom  the

SUATES CRISHISS, HRFe SOdieP caith o fiminpge ditioridey, stamatasd asidcan be
disehsteerictraly atinmaystend WaRoushRginalRsh t%%{elé a&eé'ﬁ?oﬁi?ddbé’vﬁlé‘tgd that -
acsif YQB k(l%cgdvgvnl“tf)ee elei?sed efore chlorides by the column if "Itis .
“present’in the wastewater TR follth RoRsHirsrdrRe{REe Haforiden biahe column if
1t o peeaqpsiatbamasiawaigsing any weak base anion resin in hydroxide form

such as Purolite A-845, or Purolite A(r)103 (Purolite 20 Company, Bala

Cynwyd, Pennsylvania) which can be used for this process. Another

exampié STt Rolwes; Frenes FEl BRmobP wolteverctRedydngusitias any wea
balediaiapalisn 1Ad iddigresin demanstrated-veryhigh HF, .
c gﬂk&so‘r%ti ca aci?g%(%.S equivalgeari}'?sés per Iitgré v§§§15é %ﬁ gvh%‘%%égiﬁgg 3 (Purolite

d%(%‘&/l VAYE: ech RSy iR Tehieth 538 BRigseddomtisTiveassin Another

exaopld irftsaich pracsinei dieriunbyatesPasol ARSONEAHPSIANIALY A &Bnaporis
Inﬁ:%%gf agjigl which,might be present, a%lyvell as substantially all the'lF. ’
H()_Wéver, § 1ooif) fiasdem ted very migh HF absorption capacity. (2.5 equivalents
per liter volume of wet resin as supplied (ea/l) vs 1.6 eq/l for other weak base anion
resing). The resin would initially produce deionized water, as it absorbs substantially all
acetic acid which might be present, as well as substantially all the HF. However, as more

HF contacts the resin, the acetic acid will be replaced by the HF, and the effluent stream

will contain acetic acid. This stream can be sent to the acid waste nentralization system.

Regeneration of this column can have different configurations, based on user
needs. If the user wants to reuse the water, then a conduciivity monitor is installed at the
effluent port, which signals the need for regeneration, by measuring the electrical
resistance of the water, which is controlied by the total numbef of ions in the water. Once

an ion exchange resin is exhausted, it can no longer absorb ions so the conductivity of the
6
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Hagts the resin, the acetic acid will be replaced by the IIF, and the
W%ﬁii@\?ﬁfeam will contain acetic acid. This stream can be %%ﬁ@% {43259
and waste neutralization system. Regeneration of this column can have
different configurations, based on user 30 needs. If the user wants to
~reuse the. water ;he@fa condsurct]ilgitx rponitor its installed at the effluent
Sort. Which Sighats the Reed fr FegShe PSRty Thels FHtFtRE Slakicad wants
nresistancivofitherarateni whichosunontraliest by theptat al i BAGARIORS Wonitor to

r, Once_an ion exchange resin is exhaysted, it can no longer )
o e o Rty of (O S e UHERSI R R P done with
nPSPVDTR068( BSIBEIRE TIFASBRO G0 IRGae Xiflivatel HCIRmSESol fdbéherate the
ri t ' water, nts maximum fluoride .
o ot L B S S b AR OFF mitare
Wisadhtne Pedutior fegenisamemind citiser ss eptinistegmatyat iR BhBEIF waste
e vl ducinahigiic AR e piedics 80 aridic HE Splian, (olowed by
e

NaOH to regenerate the 5 resin, or the régeneration can be dona i only 2elow

g2y RRIUPHA igaitsH iy, prheslamenHDiasideidRaFayerigstals to grow

vAERARENOHE Wise ensiStamesiak i Ralthe Bwasiemihb ;
llected in a tank. and hatch treated byi’_lagding Ca(Ol-i)2 ;EE a 12)"¥in be added in

CcQ
SEAHEEHFES BB (TEE 2151HHE SBRIBRiGAmTIRS (8 aMSHR R catciopfimum  CaF,
stinbiidky.(Gafsajmer esiblsdiengrhesy i P e Vi CRSRNEEHSbout 4 to about 5.

lternatively, calcium.chloride (CaCl2) can be added in 10 stoichiometric
A B i Crat 0 e P o A S  efctively

cophebiligjednas otmemanrodimydi: thegqH value would be between about 4

to about 5. The C aF2 crystals thus formed are extremely easy to filter,

and the sludge is effectively concentrated, as it contains very little water.

15 in dReBfnisEaBmeTE. s feieam slopinyiag ati st kanpmpesirsijtiwith all
aokdyalabie:CalpR RARRRY ok AMMBHIT B 4SI RRAAP Ul earer stronmms
wastewater streams containing fluoride ions. The resin i usxggj for
COBIATHDE I PO iMPHuoHRR TBHE #5 Wrsdidwatatasiivabiixemayitige fiuoride ions in
v@ﬂﬁ]&lﬁ?&ﬁﬁ@rﬁ[ﬁm&f rﬁﬁg%@ﬁﬂﬁiﬁ%ﬂﬁﬁr_ Eﬂ_f_ﬁ%&ﬁ’@f‘gﬁfﬂ Bﬁm_%g%' Qvﬁf Hofuoride ions,

reactive matrjx of the ion exchange resin. The system is suitable for use in ]
R e B G A B T AR S LS SRR Ffidle for wse in
ngigichlary skkgidlpf dlksipmy it onetduardespehcipitatinusy stetle TiRharge end of a
J&@gm&@ﬁgﬂ@g%ﬁéggﬁgﬂgg low allows the user to produce lower ‘

levels of fluoride In the Wastewater. The process includes using a strong
acid cation ion

The following embodiment described below allows the user to produce lower

levels of fiuoride in the wastewater. The process includes using 2 strong acid cation ion
exchange resin, with certain embodiments having 2 wniform particle size, as a chelating
agent for the formation of the aluminum fluoride complex within the reactive matrix of
the resin. In other embodiments, the resin has a non-uniform bead size. Examples of
resins with non-uniform bead size comprise: IR 120, (Rohm & Haas Co., Philadelphia,
Pennsylvania); Purolite C-100, (Purolite Company Bala Cynwyd, Pennsyivania).
Examples of resins with wmiform bead size resin are Purolite PFC-100, (Purolite
Company Bala Cynwyd, Pennsylvania}; Marathon series, (Dow Chemical Companyv

iMid}and, Michigan); and Amberjet series, (Rohm & Haas, Co. Philadelphia,
Pemnsyivania),

i
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25 exchange resin, with certain embodiments having a uniform particle

WE 2804 R Ehelating agent for the formation of the aluminum floonigeos/o43250
complex within the reactive matrix of the resin. In other embodiments, the
resin has a non-uniform bead size. Examples of resins with non-uniform
bead size comprise: JR 120, (Rohm & Haas Co., Philadelphia,
Pennsylvania); Purolite C-100, (Purolite Company Bala Cynwyd.
Pennsylvania). 30 Examples of resins with uniform bead size resin are

Purolit PFC Purolite_ Company.Bala Cynwyd, Pennsylvania);
Marathﬁ())n Senes” ? e Or'rff’caﬁ]% %lﬁgﬁffuﬂ/l?&%%ﬂu gs is subjected
A mbEraesefi estumim&xmaaslmcﬁ hiatielphige Bﬁxsﬁwb&aﬁ@mum sulfate. It

E 2005/065 65 PCT/U52004/043259
sﬁ%%%%%éggfgﬁ%&?éﬁg%&cé Pg)éé:\l/cg] reo iR BRI hy R cnsishediment, the

azppestedl! teraabontiotooftspitiBleaivaleumatadinmiohas RIUMIAERAM per fiter of
sebieride shainaualiaienl aould henated fat anysolible sall o

aluminum can be used, In 6ne embodiment, the BcY&f)iCIOSe 1o

ths deed ?@ﬁu?@ﬁi@ﬁﬁ’sﬁf AvemBgm, svrstutyirstimperditer O kesiivalents per Hiter.
BROWErRDRIIMER! ﬁ@%m%%k&@ﬂg&@%@%@ Would;be pd L1988 e acid

to _the tested resin cagﬁ ity for aluminum, currently esti mm?eé’a’[‘?
e R ARERSTRRifReL pT PRI PRk i BeRemmtedoast the eﬁmangsmmﬂia column.

Tihena!embaidimian, ﬁﬂﬁhﬁrﬁr@"&l@%‘gd withvaeshgRhrasidualat TSQ)%.\ e used.
,ﬂglt slgmner ed as % luent from the column. 10 In one embodiment,

avotimeo STSRImehous bed NRIBRaST Beickiaad Wher.

column is then rlnsed with approximately one bed volume of deionized
water. Thvedatatases feofrothetbeiubi ulbieiium iRINGa GOBMSRIRARIEA the srong

Aroughthe siong ﬁ%%gg%aggsmﬁ%ﬁ% ge éégf ﬂ‘\évgiter that rinsed the

.strong cation resin in the column is CRACH iFEsdphe column is
ccHeriengadaa vaiiaratandid, corresponding to the anion of the aluminum

salt passed through the strong acid cation resin is added to the soluble
aluminum salt solution Whlrﬁé%assed through the strong acid cation resin

and déCREBE Rt PRt tREEORSRERg datide resiprinafidisohinmiiem salt

pegeneiasaghUsin ghansiang aaidseluEion %&%t@%@ﬂ%@%ﬂﬁﬁﬁ%ﬁowﬁm
if allﬁmmun& %oréwg used as the salt, hydrochloric acid would be used

"85 a régenerant, 1 SHRRE AL SARED TESIRI AG 1 d6iaERsh &/ dBskansed the
stpogghative cetianin tieacdfrolinvegiadatedoidho ut kevhe vl WSIREREET 6% by
\D&gﬁtor}&@ %Q%ﬁgnﬂn a%u?:nmmm%o{‘ﬂi% 15) used as the salt, hydrochloric acid would

be used as a regenerant.

A wastewater stream containing fluoride ions is passed through the column at a
volumetric rate of about 16 bed volumes per hour, or roughly 2 gallons per minute (gpm)

fper cubic foot of resin. A fluoride ion detector may signal the exhaustion of the column,

The regenerant waste is collected and sent back to the precipitétion system for
processing with eifher calcium hydroxide, or calcium chioride plus sodinm hydroxide,
as previously described, to precipitate a mixture of caicium fluoride, aluminum
bydroxide, and calciom aluminate salts. To repeat the process, soluble aluminum salt

solution is added to the strong acid cation resin.

§
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/per cubic foot of resin. A fluoride ion detector may signal the exhaustion
WHINE/ ¥Ghen. The regenerant waste is collected and sent back/tatha 43250
precipitation system for processing with either calcium hydroxide, or
calcium chloride plus sodium hydroxide, 30 as previously described, to
precipitate a mixture of calcium fluoride, aluminum hydroxide, and calcium

aluminstéisaleonfipurepenst the yrocessh selieyaimmiaemn alboltiotifen: e

: ; id cation resin, s. SUBSTITUTE SHEET (RULE 26)
S OLIOLseh BOTMCACHOSAE ST Bb P GEFaonE diherSiandby

SpaigPwithHer heosrdpseniciritone srsbatimentaih 8 ©oBf AR H2fe Primary
Jhescaldnmns i cation resin in a,Prgma. y-Polisher-Standb ;

design. During%gﬁg%%%éﬁeg (%))gieg,l%%e&vilas S Adts é%rﬁe,’ﬁ&r/v?ﬂ@t‘m the effiuent
TP g TREneTRaiymE sHnti aats sedumetion auighatReiRatishebaatimantis point,

tHoende-sens et HmiBaaiflyents imany.column and
tﬁ%ggg%g %ha stion of the Primary(i]'c%(%luir“t(nﬂf?lj,iQ it |spp%ﬁ%/ﬁtﬁ%%%t%%%\t@ﬁowe‘i by
Str

AR IPANB 5T JRE T AT E e THE Toliéhpresotl o weixt e Rywea oyoiumn

isheBtandty bolymipifleidenanianalshifiiaR I:i3 BARSSIINIONIN HC.pion of
ﬁ%‘fﬁ&@{iﬁo'um IS rege erat dﬁ%y pumping the concentrated mifiera acid"

Corresponding o%séegin%f%@t = iR AGIS ate B segith rofifirtregeneration is
- compriefadits oatimeraesiPrifitey ceGenerpianNs:s H2 AR RIS olumn,

regenerated Primary column becomes the new Standby column. In

anothey, embediment .the copfiguration has two trains (came in service, '
one in standby) o twdé?:e&%n%r?gcgg%ﬁﬂ %r}?éscg’i'lﬁ’nﬁ?ﬁéiﬁ‘g“é PripRERAge, one m

standinie iy soloishercicolifh mod/bsintin beile is Peteste draytBeMaEIe Polisher
cdatestorymthemmifiseni-ofdas.ErimaLy o colu he.wastewater flowis _
switched to the standby train, ané thedg% gﬁs%%#%iﬁn ign?e%}(gﬁg?éfé%%ﬁ“mm
CRbERN G aRTIRHES DRstias viiceibte hrevinsdily v middre! adidusted train is
régegenaedniiis PBRRGHT naReRalshaLcolymn i d th ' :
(}Qrg]lilgrh t([}e Prima% é@gluaﬂ 20 I;igure 1 iIIustrates%é%%gr%r’éI grﬂoe'cg’slrsm(l)."“r‘l acid
Ofte ErBodinTamEReH SPEre e BiRbsher rolvae  Gktans temtetinionghtthe Primary
delagtisome of the following ions: sulfate, chloride, fluoride, acetate,

ammonium, hydrogen, nitrate, phosphate, hexafluorosiiicate, silicate,

sodium, potassium, organic amines, tetramethylammonim n is introduced

into thE!ERSe Edllpsrratest iPheonestepratespasans: torasighine fitpiGolan acidic
g%ﬁzwgﬁ%% iﬁ:ﬁ; Eﬁj%f:t’%?{&“é” a}gxfs?tlgx??atseljccgk?ﬁde,
, , R, X sphate, -hexaflnorosilicate, silicate,
sodium, potassium, organic amines, teramethylammonium is introduced into the first
column 1. The wastewater passes through the first columm where a sfrong acid cation
resim removes substantially all cations such as, ammonium, sodium, potassium,
tetramethylammoniom and replaces the cations with hydrogen ions, making the exiting
wastewater strongly acidic 2. Resin exhanstion in the first column is signaled by no pH
drop between entrance and exit from the first column. The wastewater from the first
column enters the second column wherein hexafluorosilicate and some phosphate is
removed using a strong base anion containing quaternary amine resin in sulfate form 3.

Exbaustion of the resin in the second column is measured by using a silica analyzer on the

effluent. All other acids, except for some phosphate, pass through with the wastewater to
the third column.

9
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tetramethylammonium and replaces the cations with hydrogen ions,
WHhAKIHe tRE exiting wastewater strongly acidic 2. Resin exhadatiomindiesso
first column is signaled by no pH drop between entrance and exit from the
first column. The wastewater from the first column enters the second
column wherein hexafluorosilieate and some phosphate is 30 removed
using a strong base anion containing quaternary amine resin in sulfate
form 3. Exhaustion of the resin in the second column is measured by
using a silica analyzer on the effluent. All other acids, except for some
phosphateéhinpsstireugheith thervasiawatel tanihe thirdiee)umilially, deionized
SU%STITUTE SHEET (RULE 261 WO 2005/36?265 : e
BETI) T84/ 5435 58 K T e e8I TR PEIRE ER &t BTaRt oy Wi dhab AL m free
basedivey iditidlipcedionized iwateniiyteisingdaicakibastaniaddiRinal anions will

.containi i ine gro that.are in freg, base form 4. Once.th )
O b S oy P g e amtially
omny i orid etitn isidbSanpésinoestheinetin iitial afislewnicpneistshefe is little or no

apddpntaniRlys QB RN dacalicagisif Jﬁ&é?&%\%ﬂgﬁeﬁ%éﬁgﬁﬁ% iy, addition

W

wastewater, until there is little or no "absorbed HF left on
tohBsrsisiatshmddBlo Ardigaling s sulpustiaaditide 1 thenscandtéf amdsem; acetic -
adRgligRtinentasinexhausianer e dhifnshARGE REERALAG LA dofiOBing any

the effluent wastewater of column three are removed in ,column four using ™
WA N WEARDESE I BT PR o xftl S PO IAL RS TRRY difatpsérto monitor

tHe i ieslismctith MORitaimie WwidineSALIGR deiiatesmine when the resin is
exhausted. The first column can be regenerated with sulfuric acid o, which

generates an ammonium sulfate salt or hydrochloric acid. The second
colunithcdnsheshgeneratdd ipsrirged twiths tadfnit 0R88 SECONMEISIBEnerates an
first adding hydrochlori id,; followed. by, sulftttic acid, to the stron
sui?a%uglagueﬁé?ﬁosr#e%r% fé@ﬁ‘éf‘ﬁ‘é‘r“aﬁ%’rﬁl ‘of the Third" g(ﬁ?}mn %aélmﬁrlsegsenmmd 7
upnEp P esiage pdilcss Ner@Eisioffiost tading hydeothiatistagd, redinwEhdy sulfuric

abREeDBhRlianHY hedowst saluma.d may he done Vit AYAIoCHINS 281 fRnrises

produce an acidic HF solution, followed by NaOH to regenerate the resin, -
PEFREE dgumE e EarHeehsfen ey da iNebttrenraive alkemsmoation of
t:u_ie/ixmﬁ% |w;({ihhﬁ gnelleysaeodgﬁftm Q@Eﬁb@dﬁmﬁﬁ h(%kﬂeﬁprfbs&f@rsﬁw acidic HF
is/are m e ,.and that one skilled in the art may make )
SO L e BT R R S VARG dp ity T FREBTARSR 2L Bp 4 Wit
otfie M@ o givdt sFMs@Hanixard. modifications 25 are intended to be
included within the scope of the invention as described hereinabove.

It will be understood that the embodiment(s) described herein isfare merely
exemplary, and that one skilled in the art may make variations and modifications without
departing from the spirit and scope of the invention. All such variations and modifications
are intended to be included within the scope of the invention as described hereinabove.
Further all embodiments disciosed are not necessarily in the alternative, as various

embodiments of the invention may be combined to provide the desired characteristics.

10
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1.stream fhradgha weak hase anion,

~__Further all embodiments disclosed are not necessarily in the alternative, LLOYD wsE
WasN&Hi3cembodiments of the invention may be combined tq,pYOVIdE, e < |

desired characteristics. 10 SUBSTITUTE SHEET (RULE 26) WO
2005/065265 YCTAJS2004/04325? CLAMS We claim: 1 1. A process for
treating a wastewater stream, including removing substantially all 2
fluoride ions contained in the wastewater stream, comprising: 3 a.
exchanging cations in the wastewater stream with hydrogen ions by 4
passing the wastewater stream thrétighBvitrong acid cation resin; 5 b.

WweBKing hexafluorosilicates from the wastewater stream by passing the

6 wastewater stream through a strong base anion resin in sulfate form; 7
removing acids from the wastewater stream by passing the wastewater 8

sin, having tertiary amine, groups in .
9 free base form; 10 d. rémoving hygg%ff’l‘irgﬁ%:n a%ﬁqﬁéa%ﬁsni}f? e antially all

streaf By §suiosin gahainet ivdbrewastrsiieasireamuginarieaak base anion
resingn free hage.fpam.- &@D&h%pmge? fclaim | wha%ei%e.a

cids i
other than hydrofluori¢ acid are selecte fom the group Cons Fhﬁgﬁl lons by
11N03, HORESTRE i razsEier soRanhibwgie s swbazinid sutiereissthe

strong, acid catiRiesiscomabgnionie acid 2 mojeties. 1.4, The
process of claim 1 fgrther comprising m(l%}%r?gs the kﬁg’ggfwg?tg%rg&ﬂaﬁmg the
passing thro‘ﬁ'@ﬁ?ﬁ’é@ﬁﬁﬁ’g’*@é&@%ﬂ prometbasssaiTarerincini sobfFe F @ m;

brealghroughdoRind 8dMeCRSH Ohe! A A-WhsIein sl gonitorin
comprises monitorinég1 the 2 differential pH o%%ﬁgé%véa%}[le\ﬁ%tg?sssffle%% © Wastewater
entering andF &5 TR g A ek bage prire sssit,chairing fortiaey amine groups in
comprising egeBasaipathe strong acid cation resin 2 by passing through

the strong acid cation resin, at least one of sulfuric acid or 3 hydrochloric
acid. 41 removing hydrofinonc acid from the wastewater stream by passing the

wastewater siream through a weak base anion resin in free base form.

The process of claim 1 wherein the acids other than hydrofiuoric acid are selected

from the group consisting of HNOs, HOAe, HCI, and H,S0,.

The process of claim 1 wherein the strong acid cation resin contains sulfonic acid

moieties.

The process of claim 1 further comprising monitoring the wastewater stream

passing through the strong acid cation resin to test for ammonium jon
breakthrough.

The process of claim 4 wherein said monitoring comprises monitoring the

diffgrential pH of the wastewater stream entering and exiiing the resin.

The process of claim 1 further comprising regenerating the strong acid cation resin

by passing through the étrcng acid cation resin, at least one of sulfuric acid or
hydrochloric acid.

11
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Wa 200peSProcess of claim | wherein the strong base anion resig-£@Q5aing 43250

quaternary 2 amine groups. | 8. The process of claim | wherein part b

further comprises monitoring the 2 wastewater stream passing through the

strong base anion resin to test for silica 3 breakthrough. 1 9. The process

of claim | wherein part b further comprises regenerating the strong 2 base

anion resin by passing through the strong base anion resin, hydrochloric,
7and 3Hetipwedsby Seliimid adirdrliie Bherns daes aaba!Alm! dARIRIN Rafbmary

c furthﬁ{lﬁ%lgﬁgj%%g monitoring the 2 wastewater stream passing through
the strong base anion resin to test for chloride 3 breakthrough. 1 11. The
process of claim | wherein parts ¢ and d further comprise regenerating the

2 wea 008 tertiary, amipe groups,in free base form
R R L PR 5 e
part dViAiseEESHEeRIe PRRBn i dhing ghaiR sianiebate naltRARERARSIEE for silica
through base anion resin to test for electrical 3 resistance. 1 13.
The process of claim | further comprising monitoring the wastewater
stream 2 passing through the strong base anion resin to test for fluoride
gbreak rQRESS; im.| further comprising regeneratin
the ngflgg%eéasi%ﬁ-%ﬁsli% 2 by p%%%ﬁ\%%%ﬁﬁ?&lg%ﬁ?ﬁ fiifigthe strong
weak BEESINR Red by passing aprabdbe wiwigitaddunivaresmyiiginghioric acid
addingomothedrsinaiadiRydigfluoric 2 acid, at least one of Ca(OH)2 at a
concentration below solubility limits or CaCh. 12 SUBSTITUTE SHEET
(RULE 26)

10.  The process of claim 1 wherein part ¢ further comprises monitoring the

wastewater stream passing throngh the strong base anion resin to test for chloride
breakthrough. '

11.  The process of claim 1 wherein parts ¢ and d further comprise regenerating the
weak base anion resin having tertiary amine groups in free base form with a
sodium hydroxide solution.

12, The process of claim 1 wherein part d further comprises monitoring the

wastewater stream passing through the weak base anion resin to test for electrical
resistance.

13.  The process of claim 1 further comprising monitoring the wastewater stream
passing through the strong base anion resin to test for fluoride breakthrough.

14, The process of claim 1 further comprising regenerating the weak base anion resin

by passing hydrochloric acid through the weak base anion resin.

15, The process of claim 1 further comprising adding to the removed hydrofiuoric

acid, at least one of Ca(OH): at a concentration below solubility limits or CaCl.

12
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