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SELECTI VE FLUCRI DE AND AMVONI A REMOVAL BY
CHROVATOGRAPHI C SEPARATI ON OF WASTEWATER BACKGROUND

wo/Rvg/063260st ri al operations utilize fluoride, BPET/@R2088043259

hydrofluoric acid or as fluoride salts such as
amoni um fl uori de. For exanple, alumna and silica
etching, cleaning, etc. and sem conductor production

Bl LG o e

wast ewat er generated needs to be processed for
fluoride ion renoval. Additionally, when using
hydrofluoric acid (HF), BaAGKGROIDIOr nmanufacturers
often require an ultra-pure hydrofluoric acid. The
typi cal sem conductor manufacturer nmay produce an

aver d\gm)oﬂnmir@@mnymﬂomsutwe Hugrids, offsveds doidgefuoric acid or as

slgptil safty A8 B, Aot B Tor Sl SR i e ctching

citiafigs elc. Rh@ lﬁblﬁiﬁﬁndlﬁitéioﬁﬂoﬁﬁctw&ﬂ&ealaﬁgebﬁﬁ@ﬁﬂt@ @f hydrofluoric acid,
subj ect _to_ increasi ngI y strl ngent envi ronnent al

and othey) fuoride ao glement i Wetey diseberge, for reasons

G B S B e i o

rémevall i dditistallyawkén Ghing hﬁ@bﬂﬁaﬁé acid (M), seidiéonductor manufacturers
i ncreased use of fluorine as_a chanber cl eaning gas,

often regiingrAnlse-pureydrefluoricgsikt ed to i ncrease. The
state-of-the-art practices for fluoride treatnent have

cal o1 ik RS FEuRQhB? Bl d8of prBues"3F | Afelske of 10,000
gallbeaper dﬁytdi' meiked e¢idid fhestideomdsts. MheMrodwtioflofadeh vas m;uantmes of

or formng calciumh drOXI de by additiogn
ﬂ(é’é?F‘éP PR &apf@r hergevesaRrtesontsy t dispral probleans rﬁ&@lgdc wastes are

T U4 ) G, S O Sl e

dispesale dintlusiry, most thextfore greajiyt reldasa the flvoride! aottpnt wﬁwadte solutions

ntain ly 45%.cal ci ym f Il uor e bal.ance

1 i ooy 21y Mo rogied e the pmbihad ot opO e,
suffers from several dravvbacks Sol ubility of
(Ca( Qtn) the increased use of fluorine as a chamber cleaning gas, the volumes of

waste are expected to increase. The state-of-the-art practices for flnoride treatment have

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

‘ treating the dilute streams with either direct calcium hydroxide addition (Ca(OH)z) or

forming calcium h&droxide by addition of calcium chloride (CaCl;) and sodium
hydroxide (NaOH).

The reaction proceeds as follows:

2Ca(0H); + 2HF + H,S0, = CaF; + CaS04°2H,0 + 2H0

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

only 45% calcium fluoride (CaF5), the balance being relatively benign CaSOs;.

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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in water is approximately 1,600 ppm Therefore,

addition O Ca(OH) 2 typically results in |the injection
w@boos/06d266 ry of Ca(OH) 2. The slurry has 10-15 PETDSI004/043259

size particles of Ca(OH) 2 that act as the seed for

cal ciumfluoride (CaF2) precipitation. The sulfates

present in the water al so precipitate since cal cium

sulfate (CaSOt) is not very soluble. Al so as CaSC'4

has two nol ecul es of water attached to the salt
the'Tﬁ{ 8&idnCof Bfk?urP}‘ REI(OA)ed TFied smrnyshasew-IStmndwn smdpamcles of

gs not filter well in the filter press.

Ca(oHt)ae thaprast 9s db@smd &fsca%ﬂyrm Sugride, (QéFZQtRSﬁ‘BBHatmn "t sulfates

or BRSSO A MG Rl 1 19 ey sl

Aléd h4CaBe hhd fVd ﬁfoldéﬁle@foft\ﬁmtﬁym&mhb aslt hméecuﬁdf; dhe precipitated
[ evel of fluoride ion concentration_that the

solid li$ oy, stitkyi aw dees not fier gyall p gqekijﬂtqrrfge.ﬁH Xs 25 result filter press

ot o] ey ]

OPE%%F’%%%UE?% %&?%&%@2&&%#&@2?&1&%3} ¢ osage I 'gé,er%sulhng i

exOfssiRaghamits of 9hsREIré bejng! feft hﬁlt]@é uakeandy dlithadri hmi'tytion of these
source, lower levels of 10-12 ppmaof fluqgride ca

systeims ias bieer-badevst of ﬂnoxwmnma@tr@mﬂ@ s G ac igvs. Typically,

at dﬁ%glﬁ{a@g%esprﬁ Eﬁﬁ}alt&FmHe ﬁﬁ't d?xﬁ(ﬁ*)ﬁ‘)\%f €49F] R stilXoluble in

th@\GhataY eAl Bteidiee dusage fovelst ofa'eaatmnhl,a&spsamldbu thet Q:alcm_qm and alkalinity
o b o o2 S s S iy s s
of[%gg Yok, ﬁxlg%lsg:hh':gf: 'liﬂﬁtr% f Ahodidd ﬁre%ﬁ@qﬁleﬁa&o 8BS D-ppRElbvels. This

cause’ cake uori de al so contains high
levélneanist bé tashinicaliy asbieved byahe pregpitationding¢hapism dug to the lower
separate, fr fluoridé. As silica has adverse effects
quﬂnhﬁﬁyngéﬁggghductor manuf act uri ng processes, its
presence in the caked cal cium fluoride negates its

value as a raw naterial. Therefore, all of th

f | uoki eddifiomrit csommﬁf@nmfox theoventeondHRioR gl@ygcgﬁgr tasrecycle the

unusa seni c ct ot ]
SRS DG e I 1 B ML A cali AR ol conins
high @nfRuco RN Bilich/ Which dsidiffigultiesiepemteafromyfluanide. As silica has

I'solate and treat the waste str%?ms contai nin it i th
adsentsneToats ORSmaTy SPRHONdueioE JRANKIEIINE PEIFEISSysits Presence in the

agcregl %.g‘tnﬁtal élufo'nld flfagatg@%tg bﬂﬁg%‘ gtﬁ\g%&%ﬂgggl:ﬂegé%%%lme fluoride

ﬁdﬁﬁ@d@%ﬁﬁo@l fiRbHae ciling symeme mmalsablndvypswmlmr@@lﬁtoﬁ magrufacturers,

subst anti al | all the fluoride ions contained in a
beggpe it snunayatlahle fos gegickaprgecovery.

Tn 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 solution containing greater
than 10 parts per million (ppm) ﬂuc')ride jon, a mixture of other anions, silicon in the form
of a fluorosilic acid, silicic acid, silicates, or silicon tetrafluoride, and optionally also
containing complex metal fluorides, to produce a hydrofluoric acid.
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than 10 parts per mllion (ppm) fluoride ion, a
m xture of other anions, silicon in the formof a
w0 bwseRs3d i ¢ acid, silicic acid, silicates, orPGI/USM04043259
tetrafluoride, and optionally al so containing conpl ex
metal fluorides, to produce a hydrofluoric
aci d. SUMMARY A process for treating a wastewater
streamis provided, which includes renoving
substantially all fluoridgUMMARYNtained in the
‘'wast ewat er stream and conprises exchanging cations in
the Wb ENe Féiircaling AN AMWaIENHFRBER droNBcd vilER Hidkiles removing
t he Stewat er streamthrough a strong aci'd cation
subgtaitinllyr altofiuogdd dews Iconteieid| irc dhe swistomatethetream, and comprises

wast ewat er, stream by passi ng.the wagt ter stre .
exehAgIR, AlIGRS MGG YeSENFSh HeaF Tiih JURaRER fogs by passing the
WAL ol bl 18 L RO RSl RS RO Mlcates from
thdrovastowyates streamn py passing the owastewiaterfstream ibroagh aistronghase anion resin

. renovipng hydrofluorjc acid fromthe St ewat er stream
in 51 e O TETHRY NG SEISHTER 125 MESIRVEIRT SHEAM & YRasking. (B wastewater
strathQRrduehl I whik H4se AnfRs festh MaVing tBAIAGE SdirkProh s fréJbase form,
a wastewater streamis also provided ‘which 1 ncludes
andaemwiving bydreflaoric a¢id \from [thé mastewatsr istram dynpassingcthe (wastewater
t he ste water, strea and conpri ses exchangi ng
St‘ﬁ?&r‘ﬁ%éﬁﬁiao‘ﬁ 'l?"i's%\a%‘?{p&"r?b“ gct?%e%??w.r esi n contai ni ng
hydrogen ions with alum numions by passing a solution
of alum numsalt through the strong acid cation resin, .
ri nsnprochss §urr reajingca dwastewaler sloeAoy i alsp meevdded ayhuch includes
rempvi ng hydraf | uort c id fro S
refp Vs STl R e oo SBRip 460RE! RaStE  Plef Mleam, and
codiprides aktipmgiShydro@l fohis BEaGRiong| 4o EXtiohHesiRANtAGiRg hydrogen
_Fig., 1is_a flowchart, of the process, according to one .
ionswidy staminunpions hysmssirgeriottioneflwmningg salt thpugh the strong acid
b | GaRlG A" 1%t ifh QiR $ing hydrofluori
coliBp 36 RN 08 Sgbne ALUIROR FIRNE vl 9L Bl R Fing hydrofluoric
acidi fiohe the MdisRivate|stream oy passingoilip| wastéwaterestuaany througla kthe strong
[(iegul ations. The process segregates the renoval of
acq eASIONFESBNd f | uorosilicate ions, fromthe totality of
ions in the waste water stream thus inproving

treatment ef f ik RROHpSPRIFPAIE UITHBBRAWINGS X Change

chromat ography 1s used to renove

pd ¢

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

DETAILED DESCRIPTION

The subject process is applicable for fluoride removal from wastewater streams
produced during industrial operation for further industrial use or to comply with
environmental regulations. The process segregates the removal of fluoride and
fluorosilicate ions, from the totality of ions in the waste water stream, thus improving
treatment efficiency and reducing costs. Ion-exchange chromatography is used to remove
the fluoride 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 column and is then collected for removal or use in other processes.
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the fluoride by passing the wastewater streamthrough
one or nore columms that contain a charged resin which
W@ 0080632021 y bi nds cations/anions in the strearCT/Ukm®04/043259
fluoride is washed fromthe colum and is then
coll ected for renoval or use in other processes.|In one
enbodi nent the fluoride (F ) waste is separated from a
m xed acid waste stream by flowi ng the m xed acid
wast ¢q shé eABbliMa d Audriie (F wake (£ 8dparaidd B a mixed acid waste
chromat ogr aphy exchange separation process. The first .
stresmurhy Sowing the miyed atidswaste Sieany theawgh @ fave stage (column) ion

r di i ds_by.. [ j h .
oA PR RGeS SR E PO ROCET dhe bt AHpR daRRE: apesplts in the
S TD 1he| Refebp@iding acay €yt Bchapiak | ¢hioAS ishtls akefmmonium with

(SiFe), while the third colunn renoves the acids-

hydrogpte Kk%l%sd (Hﬂml)siecwemrém@litipn@mos@;qmmy geleetively i gemoves the
iAol Uisa R Piret il AR CohlRTEChOT e acids +aitg agia a0y,

aédticy desr GHOMe),i hiydedcHlofioF)acidT N{HCY) @@ds suffast | atidt g31,5S0,) by

the treatnent of a concentrated streamas a batch, . .
chiomatogiaphic sepayation, o he) fowthpriumastemavesionkit hydyoflperic acid (HF).

t \ i . s
T b 588 I B L AR B N ACO B4R, tining oty
flapadatompounds, éiisindtingthe erirysindgé pencrated byatlfates tnd averdosing of
is treated by a strong acid_cation resin with sulfonic
calgiugn hyirexide {CalQiR21due g|cpuinioBs @PERABRRY | nked wi t h

di -vinyl benzene, an exanple of such aresinis

Pur ol;i - urQl i . . ]

ol e R UL o Ry BB Srong acid caon i
with swlfonice acidsmoiztibsl sbih ks polystyrdnki crogsliaked svithTHi-sinyl benzene, an

col um exchanges all_ cations in the wastewater strea
e¥amplen ofir SigBn 3 gesdn isp Rupelide €110 (Buko {ePmpaRe RAla Cynwyd,

. a4 . _ o L o] ] ]

PR i SRR ), B8 O M i b ud n i
pycdso f This colanmosxdhanpds Al atiansiih the wastewaler Stteancwithiydrogen ions. .

LS equipped with either ap.a iumion noniter oL a .. . .
it PR Pl P oo R o e SRR P o fro EgRe acid, itric
abi, URBb agid, qgkﬁ&m&{c ABD Ntiydrofiuefie hdldi &Rt TRofdMIitI® acid. The

exhau.sti on and the colum can be regenerated with a .
celurmanig egeipped with cither ancangnoninm ion maeritos or & diffaentinl pHrgonitor. If

regeneration its decided hy t e f the us
ﬁ?%% Rt J°8n8 f eijsr 'gsgegh & %%&%aéq g%r? wéu%loﬂ%ﬁ%mlh%lg%tes column
elBausige Afd ahe doMinil calibé wedepeatdddwithhi efroge acidat The ahoice of the
ammoni um sul fate salt solutiaqn that coul d _be sold t

straeg pdid pped during segensrgtion is decided b the yser.j Hihe pesd 18 tlined to ship
ﬁ&gﬁﬁ&mﬁtggas&ﬂ{ﬂg LA oo PeregbdiPate® W i fiicRid, which generates

regener a
an ammonium sulfate salt solution that could be sold to the fertilizer industry. If the user

ok 7=

=D

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 nitrogen gas through the mono-, di~, and tri-
chloramine 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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hydrochl oric acid, and the regenerant waste treated in
an el ectrolytric chanber under the influence of DC

w@osee2est 0 change the chlorides to hypochl orP€EDUS2004/043259

whi ch then reacts with the anmonia, to eventually
convert it to nitrogen gas through the nono-, di-, and
trichloram ne reaction process. In the second col um,
the acidified wastewater streamis treated with a

B}kﬁ)’%ﬁ%ﬁﬁeyg@%ﬂ@oﬁ% 1% 19%( QuaLs ?ﬁﬁxg%{xl o neicﬁéﬁ%gﬁéethe resin in

Y sudfatdfolng, Afther fhdh i the ﬁidﬂe—kt&nd%im %fdﬁo&xd‘é— f&ﬂﬁ, I0¢hofitdB¥noted that

(Purolite Corrpany Bal a Cynwyd, Pennsylvania). This
appdyPpe iof trosgt basevulfates aironr fesingcthet can |dissoeiateh saliseiriton acids by

refa g e B At P e d Pl b Toh LRGSR R o8 usea. The

distaleaid Guifiats foris\PrEwving ady b the dhdrimidnldh EaWasdbw e stadatn from being
salts_into acids by renoving the cation and repl acing

abgorbgd Byhiharissian exeapt (fopiapions rihatshavesy highey ¢smivalend. weight. An
e;l'l” mﬂ Sfacln%trk%cﬁ %{oﬁtvsm%l& 'i)% éﬁé@ﬁﬁ#ﬂr ros; bc% golﬂe sorg Tom )}he silicon

ons rea

ot' fsﬁldoﬂdexxde)pwﬁﬁnsf@I th%nsmﬁeoﬂdheﬂor veafer and)tighpresence of HF. The
equi val ent  wei npl e of one such ani on woul d

ea‘@vmt weight of 3%&11‘6. a?tlecqmmreé i B dor selatese The irpein pxchanges

ﬁ)s{okgﬁ%@gg &hce g}goﬁl—ﬂr@he eqL};% en m.%ﬂ"g‘{a‘ﬁﬁgﬁecﬂm

cﬁn be eqmpﬁﬂ:d evdttpasditatmonitorffor momitbrhg silichleeakdisiongh, signaling the

SJFe for sulfate produci ng sul furic, aci .
neef ?ﬂrar geNG at’Pﬂe qg&a%%wr 2y e 2chP-St9BR DROGESS FATPRS t adding

h@OcRRER HWid, hfcﬁlo%&eh' sUIRi¢ Qbidl {) tﬁ@%ﬁ% Q96 bi&kPanion. The

reakthrough si gnal |ng the need tor regeneration.
r@gem;’r mstons realledied, candvineatadaigea pnmﬂdmsclnumm spgtem  with very

o B B e eco 2! SN SR Bt cvom)

M@Sécﬂnta‘@e & Ghix@frt A caRiten islIRAteC@ AST0S, Sitieh, arﬁa(f}ﬂ"'k The sludge can

treatnment systemw th very slow addi'ti on of cal cium
thepchepreered and disppsedihi chl ori de and sodi um hydr oxi de
(Na()—|) to precipitate a nmixture of calciumsilicate

pr os daate i sokm 3R seed woplilin AR R e stage contains

allr et Rids\sthena cafiors hfdMd hemflubfosHRaRd ThisUfastewater stream is.
contains all the acids with no cati ons, and no

tigated fonismeial pEagidsotherthan FFS : Theresin useddn thg @olume as agveak base
t d

il bftRNe Ry Spik BSop AR Wl i Med SRAMRET, Thit is,  the

eachiangedble tpion ohathe f¢sin ishyldi@dddine tHusrfree H&se,t sun&, nd étﬂuble cation

is associated with it. The only cation is the insoluble ion exchange resin. An example of

such a resin is Purolite A-845 (Purolite Company, Bala Cynwyd, Pennsylvania). It

should be noted that most weak base anion resins, whether with partial 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 effluent has very low conductivity,
(deionized quality water), indicating that substantially all acids are being absorbed. This
low conductivity condition persists until 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
5
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exchangeabl e anion on the resin is hydroxide ion, thus
free base, since no soluble cation is associated wth
WO 2005/0626Nl y cation is the insol uble ion exchedmyEs2004/043259
resin. An exanple of such a resinis Purolite A-845
(Purolite Conpany, Bala Cynwyd, Pennsylvania). It
shoul d be noted that nost weak base anion resins,
whet her with partial strong base groups or not, can be
theiseids nidhtipned aliave ab Icwnixigfnomdhe secopd atageoésit lreatment, HF becomes

S s B o i e 4 Bt b B s i e

trebfd whadtw SePEHGH éﬁn‘éﬁétm% AP LAk 1R bfﬁﬂuee@tpr To detect when the
i ndicating that substantially all acids are being

resihds ﬁbmmteﬂr(us Whm tho nextonostilogsetypheldtipn thaneHFiis thsing displaced),

tnf G iemuCapay oy, & Salpbgh o A puE0G 65 PErredaael of cblpside fons in
th€ @eflyehk 8ftbaei THY cibrid&iong ihdiBatk AWASthe TTRRM REn A6/ lgﬁ%er produce
menti oned above as com ng fromthe second stage resi

exclustvehie it cfifuenb cwhish sigsqjas dbedead fonaegrngtation of the resin. The
| ent ht Thi | t
refiti FafBualh ¥ 0hm R PR Pt o b BB g ai oot

exclusively of dilute HF. To detect when the resin is
exhausted (ie, when the next nost | oosely held ion .
t harRmnmtl@emglpas@opmmz a yery dilmte, MaOkhgolntigr through the third

I de t f . g .
s A1 Al bS] ¢ SR L SFARF o, oichiomeni
vah sequir@tl Chiir econfslétet ieplae hbiitn withnhiddrokidegidh. PrId@Ukaste from the

excl usi vel HF effl uent, which signals the need for

regagEAtonainchides mosdy sadigm  saitp of aligtes; ﬁb‘oﬂé% clitrates, and can be
di%glg i1 603% S9nddr Aefef v}aXtetdb%ufaﬁ Hold S5RAE. It should be noted that

er at conprises a very
acetid acidpwhichrieayeryt weak imld dwﬂl mgﬂelﬂfased hefoﬂ'dﬁﬂllanmsﬁiy the column if

.. NaCH n? roximately 110% of the stoichionetric
115 presen é’c}BF?” eFlerconpl et e repl acement with hydrexi de
ion. The waste fromthe regeneration includes nostly

sodiumsalts of sulfates, chlorides, nitrates, and can
be fcmr@:e@lumnanng@saHHaﬁ@nathe waammer stream by using any weak

neutralj N.4S ho d t
bef¢ Hhfof efil h HyatiAe Bral ineB R yftoltfe, A4S oL PRIEE 163 urotite
Chipaiye Pl Tyndlsd, Pb!mis? aﬁﬁb wmich fcan el @seﬂffaﬁ ik prébe%@e Another
wast ewat er. The fourt colum renoves HF fromthe

example fE seqh aresn s e Reilley 40P pelymenaieillyadnstrios; fndianapolis,

. . ; .
gL L By BB I A PP B
perllitahvalame b watadsihas dupphed (g 9s.1.6weqlihdbr other weak base anion
resins). The resin would initially produce deionized water, as it absorbs substantially ail

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 neutralization system.

Regeneration of this column can have different configurations, based on user
needs. If the user wants to reuse the water, then a conductivity monitor is installed at the
effluent port, which signals the need for regeneration, by measuring the electrical
resistance of the water, which is controlled by the total number 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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exanpl e of such a resin is the Reillex 425P pol yner,
(Reilly Industries, Indianapolis, Indiana). This resin

whamstdesrenst rat ed very hi gh HF absorpti on capakCT/yS2004/043259

(2.5 equivalents per liter volume of wet resin as
supplied (eg/1) vs 1.6 eq/1 for other weak base anion
resins). The resin would initially produce deionized

water, as it absqrbs substantiall [.I acetic agid
%.wewrgﬂwas% of dhe fser gle rtergdtod jn Jhs fepse pf) vigter, and wants

i
bl QU EinovR il 15 b R ppdPuliff S MhoridéSon monitor to
sighdll thenheeslt furaxregmdrinom nimiertherc easec tlaac ragenéi’atmn shayebendone with

ﬁgn gﬁgpzt%?;%%tto&rwfﬁewam d (ﬁ’aﬁi—ffe sﬂgﬁé;{, o | On}}@’)ﬁ (teon}egenerate the
ré&ﬁ{‘fdr%lé %%éﬁ@rc‘ahoﬁ%ﬁq)e%n‘ésﬁﬁh AR RaOH, tﬁ?véiéﬁaﬁ)ﬁ%ﬁ mixture.

to reuse the water thenacon uctivity tor Is
Wheent the HHC abtiddwaed i‘slsammteﬁ,dhe waste colnsisisgnadtly ofiH#F.n&hel HF waste

e coRRER 7 o il Ak R GRehoY %o CaPHECRt s eqpggntation below

teCCR{ORY BSUb Rty 1268, itD zilfc‘ﬁv mt ‘éﬁlcmg‘ ‘fﬁmﬁﬁe' crystals to grow

exchange resin 1s exhausted, it can no | onger abso
viithost Ca(@H}: aystelseeds | A;tembnvﬁgecalcmmmmmm(ﬁaéﬁs)asm be added in

S B 5B Pine, e 3835l o o
sﬁqyimfedn%h{é @nbddiRkhtd the GYH mawet%um%eswwaén hb&ut 4 to about 5.
need or regener ation. | n either case, t he

The dia¥e rcaystals th@yfome@ erecextentely) yas}b@hﬁl@m andhthiecshedge is effectively
rod a foll owed by NaCH to
$ ﬁ' egt%ﬁﬁg%é‘gl %lgw?gé}? egeneration can be done

W|th only NaOH, to glve a NaF/ NaOH m xture. \Wen the

HO elution wave is separated, the wast e, consi sts
m)st |19 ene jgmbodipaenty amssteén vimplopme. a| ¢akien cekchange regi with all

NPl SORRY sk BRI S50, © uRg QISR bblohter srcams

comhmuugmmondendﬁ ( ThE2esiarig sused sfot selgctmwlywrtﬂmvﬂag ﬂuonde ions in
w@gﬁgg}er S agil seeétl gcﬁng tgtiqrﬁa%hé{eqx{ ctf aiwmnsal o urrgoggm!wg Ifﬂ?oride ions,
wiftn B Rz%bﬁ&le At bEthe! Bn'@:bﬂéx?ger}eﬁﬂ Offid W&mable for use in

solubility. sone enbodi ments,” the pH val’ue woul d
nbﬁta&mnsl@xﬂyt alkaling pif ovasteSyatain sudn A it fomdadtshe hhl&charge end of a

renel eas to filter, and the sludge is
°8‘F‘feg’59P€‘eff‘§PfEf§rP6%W tﬁ@ it contains very little

water. I n one enbodi ment a system enpl oying a cation

exch efdlﬁ;%h eftitoBirAldt RYABAChAoRAAIRNS BRP&AEE ¥ produce lower

filled by aIu numions, 1s used to purify wastewater
lmeisemmmrmet i the w@stelwatm d&leupmeass fiivdudes sisingiasstxomgacid cation ion
ex&angg lrgsﬁltm | with cettain emb AR men S Ia%’%glaolrl]nslfolnr'}l 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,

_Pemnsylvania); Purolite C-100, (Purolite Company Bala Cynwyd, Pennsylvania).

Examples of resins with uniform bead size resin are Purolite PFC-100, (Purolite
Company Bala Cynwyd, Pennsylvania); Marathon series, (Dow Chemical Company
Midland, Michigan); and Amberjet series, (Rohm & Haas, Co. Philadelphia,
Pennsylvania).
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wast ewater by facilitating the conpl exation reaction
of alumnumions with fluoride ions, within the

WO e@se3zes matri x of the ion exchange resin. ThECEYS10841043259

is suitable for use in neutral or slightly al kaline pH
wast ewat er, such as is found at the discharge end of a
conventional fluoride precipitation system The
foll owi ng enbodi ment descri bed bel ow al |l ows the user
to produce lower |evels of fluoride in the wastewater.
The process includes using a strong acid cation ion

h ' ' Ak | et s hayi L
ani o Ao aror et i AGe LRGN RR TR ke jgps is subjected
td ®5dTatio6f utle alualiviit RN suthles htmis@fthiorideicr Alunintig sulfate. It

reactive matrix of the resin. |n other enbodjnents, L
shawld begiotedithat anyrrolhimpaliophilpeinpm icaw be peetplreeny pmbodiment, the
SFEBRT 4 b R0 1 DR RS, of Bubilm per s of

1S, Ol hother ddibodimeniy tet Andimvesutd BalthatGyhiok dvould be very close to
Pennsyl vani a). Exanpl es, of resins with uniform bead

the; testefl ggsin capacityyfop jaiunainppeouyently pefiraated @t &k pauiyalents per liter.

TR LA SERUBRAAE R ApplRiSuiny o B Bk  stong acid

wgﬁrd €1$g|ht (réidunl I&f mmm Bilt isogtmkpitedias the egﬂuent". from the column.

ennsyl vania). 1l n_one odl t, strong, aci catl on |

In @ag mb%m?q et @%bﬂ?‘g?élmg of @&%aw%%gwon will be used.
- Ll ]

TR PAbinalls Sen Rl MBS odo b (T R o LU P lter

any soluble salt of alum num can be used. In one

enbodihersral white fiefDiheisolbld aldirmino silt dolttborppazséd through the strong
aeigui val ents of _al um nun} as alumnumper liter qf,
¢

SaHon resiny Apd Agipnigad J@lcrdbat rinspd the#ime Gaan gesie i fhe column is
éwcﬁqm:ﬂe@ﬁlé’ﬁﬁﬂ cl.ose to the tested resin capacity
or

alumnum currently estimated at 1.2 equival ents
per liter. The hydrogen ion fromthe resin is

exch ed with t.he al um numion,. an strong I d .

& n Chtertpied pifitrafabid, PomFonting M, pS Ao of e aluminum sal
pafeg iabigh A sfhﬁﬁ% atildl cafen rdsiPi2d86d Pt EBInbld al@M®hum salt solution

enbodi ment, a volune of one bed volunme of alum num

whigh passedithronglnithe stienguacidl cativre resan @nd deionizedwaien slaat rinsed the

i T AR5 P B MAETAF L o o 1
weidht! iARnmiaaapik, ifilemitin fldofide Bnged as thewsalt] ylrocioric acid would

and dei oni zed water that rinsed the strong cation
be asgd-as ayegerera| unm i s col | ected and saved in a tank.

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)

/per 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 precipitz;tion system for
processing with either calcinm hydroxide, or calcium chloride plus sodium hydroxide,
as previously described, to precipitate a mixture of calcium fluoride, aluminum
hydroxide, and calcium aluminate salts. To repeat the process, soluble aluminum salt

solution is added to the strong acid cation resin.
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Concentrated mneral acid, corresponding to the anion
of the alum num salt passed through the strong acid

W@ ai05065268si n i s added to the sol ubl e al um nuUNPGHIUS2004/043259
sol uti on which passed through the strong acid cation
resin and deioni zed water that rinsed the strong
cation resin in the colum is regenerated using a

t i d i f 6%.Db i ght.. As | :
Tt araneR DR pfl oL vy vt e fairgoberty, Y i podiment, the
c@efighritiv KhsRBre $6MnAS of sréMLAGA dhlon s LM@&Fy-Polisher-Standby

stream containing fluoride Tons is passed through the i
desipunmPuaing dhe strvige cyele, thetwastgwaierosireanslpws ﬁysﬂtgmgh the Primary

r _ho or, roughl | 1o er, | nut.e [ per
oL Y sspSt R o Rk PPt A TuBHUE sbSf ol the efftuent
fioh iRl Prigrycednatia tah@ %g@falst EatHonoF thd ik &YLBRINAN At this point,

waste is collected and sent back to the precipitation

theywasteivator stypamds shanmgled te pass throngh dhe Bolishengelnoningst, followed by

ar ' hl Qrd I ym_hydr oxi p
o SERARL PP A B e AR R b iR, g Primacy coluonn
isRdgendtatell byopinising athe BoriveAtrityd meikeAP acid ébriegpdridii to the anion of
alum nate salts. To repeat the prqcess, solubl®e

the alwmiownsalt pastad threneh theasterng cid (ation rewig " ABeryregeneration is
8Mm. G # wHser

cHRbRP SeaRphoiE BELARTC T PG, R8RS T

three colums of strong acid cation resinina

Pri mah Vinb\akt siBoditientr) dhy co@Sh@ition s feb tlaihs (BhY Uf Service, one in

cycle, the wastewater streamflows first through the

sendbdraf tys|colmnsrack.cridh ane pelsmbeing:a Pomasy,and thei ather.a Polisher
c@u];nﬂ OGS HifoRagis GRBLES ﬁ)? Jﬁﬁoﬁéef aHERD II{ %@e ent of the Primary
rimary col'um and Sighal's exhaustion o e Primary
cohintiymthe Abstewater Aownis swilchedvsthevetdiadby stais,cuindi the exhausted train is
channel ed.t o pass through _the Polisher colym next, . .
f?&?F‘F‘@%‘é‘d‘"E}b coheenge €620 agifh 25 Apvcaibed fEevigas e, it mineral acid
& h s 8 polibifer Rol Ol Thel Prim
(lr%gg%ﬁ‘?#t?at ellgl b plljl}rr&g{g%m t ﬁgﬁ%&%ﬁg&h@%iﬁéﬁ, m nereizlalsthrggglé the ay
celummespondi ng to the anion of the alum numsalt passed
through the strong acid cation resin. After
regeneration is conplete, the regenerated Primary

col URignkE8 COMRRrhiRS the Wemdral fR)te&0bf Bl dnibodifédieWherein an acidic
enbodi ment, the configuration has two trains (one i

n
wagtewiatas, migitarei gontaining baf) leest soms b thanfellavdag iong: tsulfatee chloride,

TN L e S——
s6dinar; tpdtaskion, eghiid lantids, eétranieghyPamfionium 4k Untloducbe into the first

wastewater flowis switched to the standby frain, and |, .
cplypne kh abher wastewaier,passes through the first column’ where a strong acid cation

resin removes substantially all cations such as, ammonium, sodium, potassium,
tetramethylammonium and replaces the cations with hydrogen ions, making the exiting
wastewater strongly acidic 2. Resin exhaustion 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.
Exhaustion 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.
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25

regenerated with concentrated m neral acid as

descri bed previously. The mneral acid (regenerant) is
w@ooosees2eihir ough t he Polisher colum first, andP€TEs2004/043259

through the Primary columm. Figure 1 illustrates the

general process of one enbodi nent wherein an acidic

wast ewater m xture containing at |east sone of the

followi ng ions: sulfate, chloride, fluoride, acetate,

amoni um hydrogen, nitrate, phosphate,

hexafl uorosilicate, silicate, sodium potassium

organi ¢ am nes, tetranmethylamoniumis introduced into

t he Tlid Bhirdc eblufR femoVee substarsiatiyenll paiosse o tgive Uigitialkye deionized

first colum where a straqng acid c?%ﬂ.on resin remﬁtsareinfree

watebly 8sing &l Weakabase agionJRYN SORIAMEE TeTHRRY ATIRE SIS
25333 4! h! @ @ @G6#s, (4d8itional anions will
bag%&?%é Wi ﬁgtr‘]@egf%%‘e% | on@gﬂem‘?ﬂgd :“ﬁgﬂ exiting one anions .WI
dispsdecampt Mioriderthitgk wbsuebell an the Wsini Thexeffluenticonsisty aftsubstantially
first colum is signaled b

S . . No pH.drop, bet ween. e
ondy F4F AGG2050G 363 £ AR FFREL 1 The PR AP B bll thereislittle or no

vast A& iohs Wil passdiidugh in addition
abé%@ﬁﬁﬁm%@réﬁ%%éesi}gf ugﬁigigﬁegg?%ﬁand sgma_ phosph,atge}:l .
tol the 2eBRLEhdHIF ihdicating aresin lexbaustiono il eoHF dions.rapd if present acetic
quaternary amne resin in sulfate form 3.  JExt ' .
acel frore T SeRt pactravase S et e 128 AL Gl s sing any
wald Béée‘i?ﬁcﬁﬂ%%ziﬁ %H%xﬁdbqoﬁﬁfﬂ. UR Muoride |anélybé mag bel wsed to monitor
except for sone phosphate, pass through with the
themsitimgatohrtiondo determine mcheodheresinTip exhawsted- col umm

renoves substantially all anions to give, initially,

dei oni zed water by using a weak base anion resin

cont g4pi gt tSMkinAEah BErERNSfRMP Vithhailfuficeadid 6, rvelsich zpaerates an
form 4. Owcetneresinis.corjcPIeterIoaddvvith ed 7
amniomitsy salfotetsald palhydrochlosiovicid. dhe seeond “zﬁ’ﬁ'}}"?’l Gy P EeBenerat
t.hat is absorbed on th ' : : t lISWed by sulfuri
ugE &SR PTy SAmyriips Bk odkaoRhICNAR ack TEIUE by sulfric
afiﬁ,eﬁ,lecﬁ& stréng hﬂ%’tdl’bdks)é aaiﬁomlssi?v\nbgmeraﬁm df thérthizd Godumn 8 comprises

ittle or no absorbed_ HF t on.the resin. As i S . _
piwmpiss 0w e NoDB 9luion trensd thr, Ao e festit; T, fegegeration of
th etate a el BSHE HitnD ShiBri€ el 86 ipeéducthan acidic HF
ﬁﬁF??%ﬁlsfcg@% ?Smgfebgeﬂéﬂeggéﬁ gy(ggi d, rlf rom-t helﬁ,effl uent .
somtibeVfallowed by DalQH o tegemaratarthe rasino v the regenstatian ¢ag he done with
usi_ng any weak_b ian . resin in hydroxide formb5. A
0?1YLM@@HJ%§XF??@%WB%‘XB§E@ to monitor the exiting
solution to determ newhen the resin is exhausted. The

first colum can be regenerated with sulfuric gcid 6,
whi cHt geiflebatunderstood that the embodiment(s) described herein is/are 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 disclosed are not mecessarily in the alternative, as various

embodiments of the invention may be combined to provide the desired characteristics.
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amoni um sul fate salt or hydrochloric acid. The second
columm, can be regenerated 7 using a two-stage process

wa@omsieehg first addi ng hydrochl oric acid, foP¢DUSINObY43259

3.

by Pefig

sulfuric acid, to the strong sulfate base anion resin.
Regeneration of the third colum 8 conprises punping a
very dilute NaOH solution through the third stage
resin. The regeneration of the fourth columm 9 may be
done with hydrochloric acid to produce an acidic HF

solution, followed by Na regenerate the resin, or
the regenerati on can be dqgafésth only NaOH, to give

éa{:%{: NaCOH m xture. It will be understood that the
enbo

iments) described herein is/are nerely exenplary,
and that one skilled in the art may make vari ations

ratons

modijoFat i@ oRtainddth BRAREstewatbestioani, comgrisinghi n t he

scope of the invention as described herei nabgve. .

Fur taher afxchanpinglicationss injithe | wasawaiere sieam WHB sRydrpgsp ions by

in the alter.native,  as ' i B0t S Qfeati .

i nvent i orpmg%}lf sty ?%rggt{eg&pr oV (%51 qevﬁ‘é‘?i"f‘*égffes‘n’
changct erfeffoviip KéxAiliEro¥idicates ffom the Wagtewates stream by passing the
treating a wastewater stream including renpvi

n

subst ant i wistgwatel stepmdhranghiasHong Has esiQ 1p ilfate form;

wast ewat er stream..c T aloh bV $asdhé RS wastewater
in the \Aﬂ?%ge?&g% (rﬁerggﬂmﬁ\?\né t(k&’s ﬁ?f’gfeg)g%egr%%:&ong]%by pgass.i ng ]
the wast eyphff thdughodnwicak Gughamios resimchavinigiteriarycamine groups in
resin; b. renoving hexafluorosilicates fromthe

wast ewat eﬁe%baﬁéi?ﬁﬂﬁy passi ng the wastewater stream S

t hr oyigh oéﬁ}{ghﬁﬁéﬁ? | 54 681 tHe WasRWaieR kRedrR bYpassing the
rerm(\&/{i ngaléeg]% sTromt (g{yv\%g ewat e? stream by_pasg}png s

t he wast ewastewatst stemm thioughohwealnlonsk ahignaesin infiee baseform.
having tertiary am ne groups in free base form d.

renovi ng hydrofluoric acid fromthe wastewater stream

 PRRSpRGAIE IR IOWRLEIn (e BGATLIRY s hydrofitalolaidearo selected
anion resin in free base form 2. process of claim

The
1 whfromi the grompaonsisting GEHANO:aHOAg BEH 05 Quei d are

selected fromthe group consisting of HNG3, HOAc, Hd,
andH2SO4.

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

. Zﬂg @%E%gr{t?%%g\gé\%#%ﬁ&% retaiéﬂ;gﬁéléa tﬂéﬁm%i}ig; % stantially all

moieties.

The process of claim 1 further comprising monitoring the wastewater stream
passing through the strong acid cation resin to test for ammonium ion

breakthrough.

The process of claim 4 wherein said monitoring comprises monitoring the

differential pH of the wastewater stream entering and exiting the resin.

The process of claim 1 further comprising regenerating the strong acid cation resin
by passing through the strong acid cation resin, at least one of sulfuric acid or

hydrochloric acid.
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3. The process of claim1 wherein the strong acid
cation resin contains sulfonic acid noieties. 4. The

w@e@smeRedf claim 1l further conprising nonitorP@USINE4/043259

7

8

wast ewat er stream passing through the strong acid
cation resin to test for ammoni umion breakthrough. 5.
The process of claim4 wherein said nonitoring
conprises nonitoring the differential pH of the

wast ewat er streamentering and exiting the resin. 6.

The process of .clai further copprising regeneratin
tho dtearpespielea | orera ik Spsg B R RFBToR AR Auarormary
S”o%iﬁ'ié%ugéti on resin, at |east one of sulfuric

ydr

acid or chloric acid.7. The process of claiml
wherein the strong base anion resin contains

quat et nary am groups. .8. T rocess .of claim1l

ahor QI PEGeES B St f betsit it b dutied cPRBFRghpRoTng the

wast eyitedfatst st AT pAskHT thoodph R Shorefhss hhidA YeshfPtest for silica
anion resin to test for silica breakthrough. 9. The

pr ocdseaktifrouglai m 1 wherein part b further conprises

regenerating the strong base anion resin by passing
t hrough the strong base anion resin, hydrochloric acid

of ol | aeGrévess o i ¢ wietdin pAPb fAliRrRORPERS &%ﬁ%rﬁiﬂ@ the strong

19

1

1

1

1

1

wherein part c further conprises nonitoring Th o
wast ®asg axonsresahy passivg thyongh heghrong basstanionyresing bydrochloric acid

ani o i est_for chloride breakthrough. 11. The
JaliSied e} b o

proc érein parts ¢ and d further

conpri se regenerating the weak base anion resin having
tertiary am ne gir_ouPs in free base formw th a sodi um
ydr dhie@eocsss of ¢laim | wherepmparp ¢ dasthes compeisesi momitaring the n

C T o afeeictlroffl PRt Byl Ok Yol i ULt or htoride
t est birenktlebegh.ri cal resistance. 13. The process of

claim1 further conprising nonitoring the wastewater
stream

1.  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.

2.  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.

3.  Theprocess of claim 1 further comprising monitoring the wastewater stream

passing through the strong base anion resin to test for fluoride breakthrough.

4.  The process of claim 1 further comprising regenerating the weak base anion resin

by passing hydrochloric acid through the weak base anion resin.

5.  The process of claim 1 further comprising adding to the removed hydrofluoric

acid, at least one of Ca(OH): at a concentration below solubility limits or CaCla.
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passi ng through the strong base anion resin to test
for fluoride breakthrough. 14. The process of claim1l
wo ewosleer26Tonpri si ng regenerating the weak basePEnUS2IV04/043259
resin by passing hydrochloric acid through the weak
base anion resin. 15. The process of claim1 further
conprising adding to the renoved hydrofluoric acid, at
| east one of Ca(OH)2at a concentration bel ow
solubility limts or CaCb.16. A process for treating a

, . I
167 uelf BB ho R BNkt e PR PR il Bl gboBanatty an
CONMiioBidB JonsPeonfulfddain thé) &alty Ha0G Sereh ) %:ohiﬂ»rfém’gt rong

acid cation resin containing hydrogen ion§S w th

al uri numaxohwlgb;g hydmigey imns oinuti eimong asidindatiom maint containing

TN TR N t—

hydr of | uqmoggggieogufohgqb{dtb@hwﬁ;ﬁlwat er stream by
passing the wastewatéer streamthr ough the al um num i on

exclbangedlmmgihgsmmgjawhcamnrﬁmmth‘&ﬂtel‘,The pr ocess of

claim 16 where al.um.num

o1 0t numSRpepE Ry R AR RS sl Bt §fatn B asBing the
COr I S PORHsAvalér st ard tRrol il fRGMEniHhPiondS cRinged efr@;ggeibld cation
sul fate respectively. 18. "The process of claim1l

further derising.collecting the total runoff from

sai d exchanging and rinsing in a tank. 19. The process

of cl ai m 16 furtherconprising addi ngt hem xture

170f MTRpRbcsls biclaing 16 ahateid thealimihunr8attdk dt R¥stoa6 0f Alkminum
and rinsing to the strong acid cation reS|n 20.. The

pr oclosidgror alumippmsylintgand the casresponginga @lied\wea ghloride
wast t hrough the strong acid

ani (?E\ﬂ?e@{gﬁﬁ%‘g&?g}sétgﬁ?%fwgg’fuori de breakthrough. 21. The
process of claim 16 further conprising regenerating

182? ?ﬁljpge qssefﬁ §§P}?rn regégeg e %3&%0 3 t%?ﬁam said

COT IR ERARH §pGin @l thil, num saI t passed t hrough the
strong acl t|on resin.

19.  The process of claim 16 further comprising adding the mixture of minerat acid

and total runoff from said exchanging and rinsing to the strong acid cation resin.

20.  The process of claim 16 further comprising monitoring the wastewater stream

passing through the strong acid anion resin to test for fluoride breakthrough.

21.  The process of claim 16 further comprising regenerating the strong acid cation
resin by passing through the strong acid cation resin, a concentrated mineral acid

corresponding to the aluminuni salt passed through the strong acid cation resin.
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