METHOD OF TREATI NG WASTEWATER CONTAI NI NG FLUCRI DE | ON BACKGROUND OF THE

J NVENTION 5 1. Field of the Invention The present invention relates to a
nmet hod for treating a wastewater containing fluoride ion, and nore
particularly, to a nmethod of an advanced treatnment of various types of
wast ewat er such as industrial wastewaters from sem conductor production
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production processes, glass production processes, etc. 2. Description of

the Prior Art In electronic industries for the production of sem conductors
such as LSI, various chem cals have been used in the production processes.
Therefore, the 15 wastewater fromthe production processes nmust be treated

to renove BRESEZROAMNTADTE THE INVENFCEN the wastewater often contains
fluoride ion derived fromhydrofluoric acid that is frequently used as an

et chant f or, Bkld 60theBivemtion Therefore, the fluoride ion nust be renoved
fromthe wastewater. The current effluent standard for fluorine is 15 ng/L

or |ower. HoweVEie piedenitiAvestion 8614 edsniong MaHb& Jorfrea B Owhetewiter NMUCh
stricter effluent standard, likely to 8 ng/L or |ower. The renoval of

fluori de icontamigg flerozide/ionndad myorehearsiddidnlpntoaf methedbf htadvane@kner ati ng
substance such as cal cium chloride and cal cium hydroxide thereby to allow
fluoride itveatnoentrgfstaaliduy typestof amstaw giermuchusrindastroal R asteeEaers from

Usual |y, after the crystallized calciumfluoride is floccul ated and

preci pi t atsemiconduetpr production apparatuses, syrface treatwent pratasses i theroved
with the addition qof an alum num based inorganic flocculant such as

al uni A@m SFPfycdon (9?eh-‘r?tl‘%ﬁPB%eWPh%‘ﬂQﬁHlféﬂflP?ﬁc%ﬁﬂh&ﬁmaé peweaPlanien (111)
chloride to ensure solid-|iguid separation. (gﬁlv\e.ver, It has been difficult
to reduce lgss ggrbpraduetionprasesses asRPTSHICHonNece et kSt er to 8 my/ L

concent r ath HFSPPHOR A HRPHORAE il d be reduced by difution wiih a
fluorine-free yagifMHi€indGtfies for the production of semiconductors such as LSI,
various chemicals have been used in the production processes. Therefore, the
15 wastewater from the production processes must be treated to remove these
chemicals. For instance, the wastewater often contains fluoride ion derived
from hydroﬂuoric acid that is frequently used as an etchant for silicon wafers.
Therefore, the fluoride ion must be removed from the wastewater. The
current effluent standard for fluorine is 15 mg/L or lower. However, many
20 self-govefning bodies are going to set a much stricter effluent standard, likely
to 8 mg/L or lower.

The removal of fluoride ion is generally made by the addition of a
calcium ion-generating substance such as calcium chloride and calcium
hydroxide thereby to allow fluoride ion to crystallize out as calcium fluoride for

25 separation. Usually, after the crystallized calcium fluoride is flocculated and
precipitated, fluoride ion still remaining in the wastewater is removed with the
addition of an aluminum-based inorganic flocculant such as aluminum sulfate
or an iron-based inorganic flocculant such as iron (III) chloride to ensure

sohid-liquid separation. However, it has been difficult to reduce the




Oné of alternative approaches is to renove fluoride ion fromwastewater 5
«=Using a reaction colum packed with granul ar cal ci um carbonate such as
calcite (JP 5-170435 A). In this method, however, the granular cal cium
carbonate is dissolved away when the wastewater has a | ow pH Wen the
wast ewat er has a high alkalinity due to ammonia, etc., the pH becones high

and the elghédiitrafion af BusMdeddnlor eHe Witk 3t 318 FRVEE % eis
i nhibited, 10 thereby naki ng tﬁe reaction bet Weenﬁjc?al ((:)lyum ?{)EQEQE fluoride

i on i nsuf tidditicu of suélecRéMicals.t MEhaYePRnes A praididtiealteAtatd ¢ System
for accurately measuring and controlling Phe acidity and the fluoride ion

concent r aflvonidef iohfshould b eedtierd bddubion PithrofadriaRHéatasts wadet, @@t t he
di ssociated fluoride ion with ion exchange resins or chel ate resins.

Al t hough t hese Qureopioalternativenspprodehey & tofreanivieVvibtudride icadftohne astvateror i de
I on concentration in the wastewater to several mlligranms per liter, the
facilily HsHisazeactioreelump packed wathegtimilar Thlehwhmagbomd tepnehers , t hese
met hods nust  be used in conbination wth the chem cal addition nethods
descri bedcalsied JPdy 1304RRAY. O this maktEdy however, thevgranuldrcaloiowe

ci rcunstances, an_ oljec 8f the present invention is toIpIrovi de a net hod
for treat fMPoRaiR s disseied aravmhiendhbel wastewatenhas adpwipHne ther be
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fluoride irRprefofd thid§ {JRQQLQI Rﬁtﬂo@ﬂ?ﬁ%% E%oﬁtroy\@'}f&@%zg}ﬁﬁ%ﬁlfﬂg]\ mer

optionally together a water-so e organic ctrol*yte having

const i t ut ifaRslrity 450 86hir¥Bthd ARMAARItYCARE tIRBUSHIAR L coﬁé‘ein@laéﬁ&xfﬁf from
ce ul 0s

t he group consisting of mannuronic acid, glucuronic acid an e
gl ycoli c waktbwdiee. presethér propoaéd appheschbiRens tAeaae! disfreated flforide basis

of this finding. Thus, the present I nvention provides a nethod for treating
a wast ewatosr with ion exchange resins or chelate resins. Although these proposed
15 methods are effective for reducing the fluoride ion concentration in the
wastewater to several milligrams per liter, the facility costs and treating costs

are high. Therefore, at present, these methods must be used in combination

with the_chemical addition methods described above.

20 SUMMARY OF THE INVENTION
In view of the above circumstances, an object of the present invention is
to provide a method for treating a wastewater containing fluoride ion, which
method can be performed in inexpensive facilities and surely meets strict
effluent standards.

25 As a result of extensive study in view of the above object, the inventors
have found that the concentration of fluoride ion of a wastewater can be surely
reduced to 8 mg/L or lower in inexpensive facilities without using expensive
ion exchange resins and chelate resins by adding a calcium-containing

compound to a wastewater containing fluoride ion, and then, adding a specific
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cohtai ning fluoride ion, conprising: adding a cal ci umcontaining conpound

~to the wastewater; and then adding a water-soluble terpolyner conprising
constitutional units 10represented by the following forrmulas I, Il and IIl1l=
RRR CH2- i(CH_iCH -C CH3 C=0C=0C=0 a NH2 XO NaNHC CH2 SOS N CH3

(rycrr)ycrrr) wherein Ris hydrogen or nmethyl, and xyz is 99.8:0.1:0.1 to

60: 30: 10. warterohilitgiolpdes BPHEhARY toLithbh it ¥ & te®ohiihlw@kganie0! ubl e
organi c polyelectrolyte having constitutional units derived fromat | east
one or ganipolyelectaoiyde havind eshstitasiobbt uaiteuleriedsireii stdeabt 6B BEga1E C aci d,
gl ucuronic acid . and cellul ose glycolic acid nmay be further added. By
treati ng acwhs¢levitldirom the grospenmnbistingpsfanaaalndiie apid, \ghecumhiescidt r eat i ng
fluoride ion with a cal cium containing conpound, the concentration of
fluoride iamd ¢edlulpee glysokivacidr Thespreseyt moention has Bearmatcomplishedronusi ng
20 facilities w thout using expensive ion exchange resins and chel ate

resi nsb Dithabees etberfindimgy OF THE | NVENTION In the method of the present

i nvention, a te\/\%er containing fluorjide ion is first treated by adding
a cal ci um cont aitHsaghe prprantdnveniaon psayidena mothog; for treading a wastewater

cal ci um cont ai.ni ng.conpoynd i s cqonducted by known nethods using 3 cal cium
chl ori de, ‘8% %Pmﬁgﬂya%ﬁil%,,coamlsrnge pH of the wastewater is adjusted to

7 or higher, nmorg.preferably 9 to .about 14 by the additiaqn of e
cal ci um cont ai ﬁ#ﬁgﬁ%aﬁﬁiﬂ}} .C%tﬁé‘?mtgﬁé’%‘lqyﬁ’nt%w??@wﬁﬁﬂﬂé&ﬂﬂ ai ni ng
conmpound, the ter, i.s preferabhy stirred. at 15 to 35C for .10 to 30
e ro ensur SOPREFR T Lrer oBI BEARYmRE cbimgisthg sonstutiie MRS oo

10 represented by the following formulas I, II and III: ‘

R R i \
CHz_(lj CHz_IC CHZ_(IJ
(|3=0 | (!3=0 ('JHa
AR R — o\
NHg i O Na v NH ? CH2 SO3N8. .
)

CH;
Im I
wherein R is hydrogen or methyl, and x:yz is 99.8:0.1:0.1 to 60:30:10.

In a preferred embodiment of the invention, a water-soluble organic
polyelectrolyte having constitutional units derived from at least one organic
156  acid selected from the group consisting of mannuronic acid, glucuronic acid
and cellulose glycolic acid may be further added.
By treating a wastewater with a specific water-soluble polymer after
treating fluoride ion with a calcium-containing compound, the concentration of
fluoride ion in the wastewater is surely reduced to 8 mg/L or lower using

20 facilities without using expensive ion exchange resins and chelate resins.

DETAILED DESCRIPTION OF THE INVENTION
In the method of the present invention, a wastewater containing fluoride
ion is first treated by adding a calcium-containing compound. The treatment

25  with the calcium-containing compound is conducted by known methods using
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Thé amount of the cal ci um containing conpound to be added is preferably a
~Stoichionetric equivalent anount or larger with respect to the anount of
fluoride ion in the wastewater to be treated. For exanple, when the
fluoride ion source is hydrofluoric acid, the stoichionetric equivalent 10
amount of cal ci um hydroxide is cal cul ated according to the foll ow ng

reaction chtviom ehloZide, ¢alca@ylroxideak. + THEPH oftBe avaNtBl afdr fshe

cal ci um cont ai ni ng conpound to be added is preferably 1 to 10 tinmes the
st oi chi oneidjustedcpoi Vet highezmiont préferhblyad teabbutcTt ByahotadditisRbethen i s
al ready present in the wastewater, the wastewater may be, in place of
addi ng t heabaiui-contaoming conmppuohp cAfter theredditionoefibe calléiangoomdaiaiig agent
such as sodium hydroxide to adjust the pH to the range described above.
Such a tr sampenndothe shistevater ialpraferablysstirred at tletov@iCofoatlér ta 30 oria of
the enbodi ments of the present invention., However, 20 with only the
treat nBnt tORNSHIR Hee eonversionsefiucmdesinn ivto calcawmfleanidei ni ng ~ conpound or
t he treatnent ?‘ﬁ}é‘dj usti ng the pHwith the alkali agent, it is difficult
to reduce the aimopat ob the ealcrum;idogsaingng componpd (to be adsledris Accor di ng
to the pr ese%% Lﬁvenbiiolﬁ@ t he. concentration of fluoride ion is reduced to
8 ng/ L or PIBHRERPHA Fiehremetrc aquialent amosind padaresr wibogeregideithec 25
terpol ymer, _repr.e ted,by the . followng foronula: 4.'r R | | Cll12-C
co U amgintgtiluciiagion g heastewater g pe freated. | Forexample, when
the fluoride ion source is hydrofluoric acid, the stoichiometric equivalent
10 amount of calcium hydroxide is calculated according to the following reaction
formula:
2HF + Ca(OH), - CaF, + 2H,0.
The amount of the calcium-containing compound to be added is preferably 1 to
10 times the stoichiometric equivalent amount.
15 If a required amount of calcium is already present in the wastewater,
the wastewater may be, in place of adding the calcium-containing compound,
merely added with an alkali agent such as sodium hydroxide to adjust the pH
to the range described above. Such a treatment of adding the alkali agent to
the wastewater is one of the embodiments of the present invention. However,
20  with only the treatment of adding an excessive amount of calcium-containing
compound or the treatment by adjusting the pH with the alkali agent, it is
difficult to reduce the concentration of fluoride ion to 8 mg/L or lower.
According to the present invention, the concentration of fluoride ion is

reduced to 8 mg/L or lower by further treating the wastewater with the specific

25  terpolymer represented by the following formula:




+ NHCCH2-SO3 Nal )-- | UH3 (I1l) J, after the treatnent with the cal cium
~-contai ni ng conmpound. In the above fornmula, R is hydrogen or nethyl. As
shown by the forrmula, the terpolyner is a water-soluble polynmer conprising
constitutional 5 units (D derived from acryl am de or nethacryl am de,
constitutional units (11) derived fromacrylic acid or nethacrylic: acid
and constitutfonalgpuni{s (/111) glerived fAfom g
2-acryl am do{2-net hyl phopanesul foni c [
2-met hacryla Ho—Xme yTip anesu &3l Qerrimg the sunroft—t
nol ar ratios|of W ad(lll)gﬁ%‘ 1 the 2l I §h4y0 of the uni
eiablfy ©8: 1:1 0 B0 JH35 1 the

(|
is 99.8:0. 1: .1,to‘|3'6. 0:\10, préfe
rati o of the unitl D exgeeds %%— the fAuori né\IHreaT(DTr@}ﬁgrSﬁ};erJ'e of the
terpol ymer is* | owerédx Even if ardratio of t unit U D extreds 10,
the fluorine treating perfornmance of the terpol yner 753no | onger enhanced,
rather resulting{Din increased{f)oduction costs. 15 TH® terpol ynmer

menti oned gbove has been al ready produced and nmarketed, and therefore,
CONMET Ci aP?tfrégg-itF%Pt&%%tl‘ﬁﬁhe‘he ey pentapingaeynpdmdr oduced by the

met hods described,in JP §1-2722 and JP 56-41285 B. Examples of the

comercial |y avRithg@beve derspn E‘Sh geme or methyk| o8s showadby the Aron Fl oc
R T B S R S Bl o
a1 1o a0 SO B BRrR nfde ¥ Bhethe S5 Tamant. coneliRRaRal Vit Tl at o
Pl accul antenyed R ackffio B8R ASRORlorphl hoid o LSRR R Wil o 1
derived fgefvagvdmy- mﬁé@tﬁéﬂ{yg%ﬁl??&?sﬁ’ﬂgm‘d cidoperived fromacrylic

acid or nethacrylic acid. However, ng to the inventors' experience,

such a copahytiicriRni®e-2ii&bllpropanesulfonic acid. Letting the sum of the
molar ratios of (I}, (II) and (ITI) be 100, the molar ratio of the units, (I):(ID):(IID),

10 18 99.8:0.1:0.1 to 60:30:10, preferably 98:1:1 to 80:15:5. If the molar ratio of
the unit (II) exceeds 30, the fluorine treating performance of the terpolymer is
lowered. Even if the molar ratio of the unit (III) exceeds 10, the fluorine
treating performance of the terpolymer is no longer enhanced, rather resulting
in increased production costs.

15 The terpolymer mentioned above has been already produced and
marketed, and therefore, commercially easily available. The terpolymer may
be produced by the methods described in JP 51-27228 B and_JP 56-41285 B.
Examples of the commercially available terpolymers include "Aron Floc N-202",
"Aron Floc N-208", "Aron Floc A-218" and "Aron Floc A-268" all available from

20 Toagosei' Co., Ltd.

In the treatment of wastewater containing fluoride ion by adding
calcium hydroxide, a polymer flocculant is generally used in addition to an
inorganié flocculant such as aluminum sulfate to flocculate precipitated sludge
for easiness of solid-liquid separation. The polymer flocculant usually used

25  for this purpose is a copolymer comprising units derived from acrylamide or
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on*treating fluorine, whereas, the terpolynmer nentioned above is found to
~particularly enhance the fluorine treating performance. 5 The anmount of the
terpolynmer to be added to the wastewater is 1 to 100 ng/L, preferably 1 to
20 mg/L. No additional effect is obtained even if the amount exceeds 100
ng/L to make the process | ess econom cal. Wen the terpolyner is used in
conbi nat i anetlidctyntilecind ahital deriveddRemCadd9liy aRESr RleYh&cr§UeRIcid N
constitutional units derived fromat |least 10 one organic acid sel ected
from the ddowpvenmsitaiding tothetmventors' experidnceylsuchmotpolyaaerhastocdtdet! ose
glycolic acid, the fluorine treating performance is surprisingly inproved.
Speci fi ¢ @vatrehtngdludiige \whereasothibterpolyyani meptiopet ebiove iy feuriditd ude
conpounds produced by substituting sodiumfor the carboxyl hydrogen of 15
conpounds Rashistiaingnhance thie fAupsideftreating pexfosmance. or gani ¢ aci d sel ect ed
fromthe group ,fonsi sting of mannuronic acid, 3I ucuronic acid and cel |l ul ose
€

gl ycol Pc aci d, Theamodwdiof the tegnelymen teibe addead tothe mastewatartedyteel 0|
cellul ose, w.th sodi | gi_nat e _being preferre Al t hough sodi um al gi nate
and the %gﬂulurnrgérﬁﬁg‘} ?&%3§d¥§#et rl?r)‘P agém(maé eshiscofained pvrmidhe

floccul ati ng 20, assi st s, functions.thereof .on the renpoyval of fluoride
ion from ﬁ’?@‘)“%%’ff&ﬁaﬁ grf}béf‘ghng% Dﬂ!@%@v&h? Prreesslgsmecasomigal. or gani ¢

pol yel ectrol yt Q dded. to t.he stewater ..is 1.to 100 1 . preferably
o %20 oy L NShandRe ey it BsP T SRR RiArOLvart Rrvates ShiBAL exceods
100 ng/L S, : ). . the er=sol e pol yner
L0 L BB RAR ol i RAREE o Sl FqU 60 08 DA

cal cl 4o CoReArdhR: SATRAMP P thé ko oAATRIRE oPRAMA LRI ddaS ™! |
portions. If the alum num or ion-baSed" norgani occul'ant” 1's™” optional Iy
used, the glaéwoni©held sn P81 BEe BRN:0RE agidd ekl AubSInetreaihBiPelfRaRIREYsW th
the addition of the inorganic flocculant. Alternatively, a6 portion of the
wat er - sol gorpripitiglyemprévéd.r st added to the wastewater treated wth the
cal ci um cont ai ni ng conmpound, and then, the rest is added after or

si mul t aneousl| y Specifid &rearaphtistdfahe ofateraolubde gagrrmic Pobededtaslyte Tvtude gani c

polyelectrolyte, if used in conbination with the 5 water-soluble polyner,
may be addethpoundspradycediby substipating edodiuin fon theecarboxyl hydrogen of

15 compounds comprising units derived from at least one organic acid selected
from the group consisting of mannuronic acid, glucuronic acid and cellulose
glycolic aicid, 1.e., sodium alginate and a sodium salt of carboxymethyl cellulose,
with sodium alginate being preferred. Although sodium alginate and the
sodium salt of carboxymethyl cellulose have been known as flocculating

20 assistanfs, functions thereof on the removal of fluoride ion from the
wastewater are not known.

The amount of the organic polyelectrolyte to be added to the wastewater
1s 1 to 100 mg/L, preferably 1 to 20 mg/L.. No additional effect is obtained
even if the amount exceeds 100 mg/L to make the process less economical.

25 The water-soluble polymer (terpolymer) is added to the wastewater
treated with the calcium-containing compound either all at once or gradually
in small portions. If the aluminum- or ion-based inorganic flocculant is
optionally used, the water-soluble polymer may be added after or

simultaneously with the addition of the inorganic flocculant. Alternatively, a

6




water-sol uble polyner, i.e., either before or after the addition of the
~wat er-sol ubl e polyner. Alternatively, the water-sol uble polyner and the
organi ¢ polyelectrolyte are m xed with each other prior to the addition,
and then, the mxture is added to the wastewater treated with the 10
cal ci um cont ai ni ng conpound. If the inorganic flocculant is optionally

used, t hepg¥tionigRthenyate-addel pHlyaer 95 fisdtatldeROome WadleWhatbPereatich ti on
of the inorganic flocculant. Alternatively, a portion of the mxture is

first addeslithothetdadcionscengiining crap@hdydi tHa, ¢hb ¢bstisG@idedi AFtd10or
compound, and then, the rest is added after or sinultaneously wth the
addi ti on cimritanevmsifawith flie ddditiom efithe ifbezamic dlotculaht.o of the

wat er - sol ubl e pol ymer and the organic polyelectrolyte is preferably 1:5 to
1: 0. 2, nore prefke apganie pplyadectraye,fibnsel iheombineieepatathe addi ti on or

t he sinultaneous_addition as a m xture. The water-sol uble polyner, the
option@l Jvatearselpbleyralemer omaydeaddadi theowastematar sépazagelyi froml thecul ant
are added to the stewater preferably at 15 to 35C under stirring. After
conpl et nd”?‘??é"%‘\é\gllei ,mteﬁe‘-%vaélttgﬁhbéﬂor? gr affeaithe addytien pfthel for 5 to 30
mn at 15 to 35C1]Fﬁ:9ter finishing the stirring, wast ewater is all owed

to stand anaberHe PAYmEE] Alterpalively. the w 'Fé?lglﬁﬂm]ﬁ’mﬁfe‘iﬂd e ai ning a
| over 11 REER BB BB OHE B A ReE R bOReBALh SR PEIRY g the BBRIER M | t he
above. . mithed P Bkl A R EpBikeapstirale Bhell WHE oo vt or 15

| mexpags o3 JSpLER Rl (iR, IO SbORIRE R Ml N3

chel at e r ghiMfiixtu¥é enHOHE aAHER IFRD é)efsi&hmﬂegﬁslb%itﬁfthb%diﬁéh%ﬁh@r i s

sufficiently reduced by the nethod of the presént 1nvention. IT necessary,

the wast edabffaric fvcedaby. t AbteiBA1IG6lyDh pofoR VSRS mix bR s fiYdt Xaded %0
further treated with a 5 cationic organic polyner flocculant such as, but

not |im t dHetvastetvaterctrpatedwith thaf caciqmericontidning csmponsld Qind then, the
di met hyl am noet hyl nethacrylate or dinethyl am noethyl acrylate with
acryl am deesk isrtdescafenor damulvanedudly withithe eddjticdof tie imorgatigacr yl am de
or pol grret hacryl am de, and quaternary
1 flocculant.

The weight ratio of the water-soluble polymer and the organic
polyelectrolyte is preferably 1'5 to 1:0.2, more preferably 1:2 to 1:0.2 for either
the separate addition or the simultaneous addition as a mixture.

The water-soluble polymer, the optional organic polyelectrolyte and the

20  optional inorganic flocculant are added to the wastewater preferably at 15 to
35°C under stirring. After completing the addition, the wastewater is
preferably stirred for 5 to 30 min at 15 to 35°C. After finishing the stirring,
the wastewater is allowed to stand and the floc formed is removed by
separation, thereby cbtaining a treated wastewater having a concentration of

25 fluoride ion of 8 mg/L or lower.

It has been confirmed that the concentration of fluoride ion in the

wastewater is surely reduced to 8 mg/L or lower by the method described above.

Thus, the concentration of fluoride ion in the wastewater is reduced to the

intended level by the method of the present invention using inexpensive




corpounds thereof. 10 The present invention will be described in nore
Jdetail by reference to the follow ng exanples, but it should noted that
the exanples are not intended to limt the scope of the invention thereto.
EXAMPLES 1-4 A wastewater of pH 3.0 having a concentration of fluoride ion
of 320 15 ng/L which was discharged froma sem conductor factory was

treated. |faeimimebsoeitnbuohsiﬁgeemrsmwexcﬁaﬁg@%@iﬁ@laﬁataleﬁ&éﬁgsm L) of
n

cal cium hydroxide wth respect to fluoride ron were added under stirring,

and the treat neftie v@scenteitiomofubdde 3h bf the WakRwadHidguflciwritnpm sul fate
i n an anount of 200 ng/L (anhydride basis), each of the terpol yners having

di f f er ent reduicebbpfthmethodtdfithe presintlinvefitivas Hiskedsédryathewmgbiwfferl0
ng/ L. The treatnment was continued for 15 min. Thereafter, the treated
wast ewat erftreateddiyl theenhethod of thedpfesent tnvemtionTinay hepfrrtiad ratre a taabswithag ur ed
for the concentration of fluoride ion by a |anthanumalizarin conpl exone
absor pbPi ofatigai exgemae pakymer Recculantrspchoas) bet mot diznitad shexetpotopoisneersed
were acryli.c polyners in which 25 R.in the fornula was_hydrogen. The
resul ts aéasHytgraaryregsnpound of dipethylamanesihyhmethatrylatezari o of
Concentrat,j.on of. fl.uori del ion1 con%i tu iorJ;JB units after  treatnment

(1 M &OH) y Bazylage with goxylamidegy mpthacrylamade,jMannich

3C93.2:4.4:2,.45.,9 4090, 7: 4. 8: 4. 56. 8. EXAMPLES 5-9 The ocedure of Example 1
was r epeatné%dl?‘(?d_é%?gﬁgﬁ@ ‘Etﬁ@%@cf"é ‘TWHYP@W% mige, gnd quaternary

wat er - sol I r rpolymer) and the water-soluble 5 organic

pol yel ect lrd%Il togl?ldﬁsr{ﬁfﬁéaotfewat er-sol ubl e polyner, the terpolynmer C was used.

o oot s ool Yok SR RTINS RLPH
| ess) the following examples, but it should noted that the examples are not intended
to limit the scope of the invention thereto.
EXAMPLES 1-4
A wastewater of pH 3.0 having a concentration of fluoride ion of 320
15 mg/L which was discharged from a semiconductor factory was treated. Into
150 mL of the wastewater, 2.5 equivalents (1550 mg/L) of calcium hydroxide
with respect to fluoride ion were added under stirring, and the treatment was
continued for 30 min. After adding aluminum sulfate in an amount of 200
mg/L (anhydride basis), each of the terpolymers having different ratios of
20 constitutional units was added in an amount of 10 mg/L. The treatment was
continued for 15 min. Thereafter, the treated wastewater was allowed to
stand for 10 min. The supernatant was measured for the concentration of
fluoride ton by a lanthanum-alizarin complexone absorption spectrophotometry

according to JIS K0102. The terpolymers used were acrylic polymers in which
25 R in the formula was hydrogen. The results are shown in Table 1.




and sodium salt of carboxynethyl cellulose (esterification degree of 1.1)
~were used. The water-sol uble polynmer and the water-soluble organic 10

pol yel ectrol yte were added at once after the addition of alum num sulfate,
or added in two portions after the addition of cal cium hydroxide and after
the addition of alum numsulfate. The results are shown in Table 2. Table

2 Exanpl es Anounts added after additl gkl €b1 cal ci um 4ydroxi de (rrg/ L) Sodi um
55

salt of Terpolyngr UUI U at g Le Cal u )\ym:‘ fry
855 955 15@35%% &2 (cont%d"g addgaii‘ﬁ?l? IHBdﬁfﬁWIQﬁl% umi num
sul fate (ng/L) Exanpl es Sodi f9RsHERGeNa 1I“i“t%f Ter poP¥fgE freatmentnat e
carboxymethyl ~ cellul ose Concent IMHMJ Bf  fluoride i ofmg/Ler treatment

(ng/ L) 510%GuBples610- 104. 6 755-1.9 85-54.6 5--2.5

1 A 94.4:4.7:0.9 75
2 B 87.6:11.4:1.0 6.5
3 C 93.2:4.4:2.4 5.9
4 D 90.7:4.8:4.5 6.8
EXAMPLES 5-9

The procedure of Example 1 was repeated to examine the effect of the
combined use of the water-soluble polymer (terpolymer) and the water-soluble
5 organic polyelectrolyte. As the water-soluble polymer, the terpolymer C was
used. As the water-soluble organic polyelectrolyte, sodium alginate (block
copolymer having a mannuronic acid/ glucuronic acid molar ratio of 1.5 or less)
and sodium salt of carboxymethyl cellulose (esterification degree of 1.1) were
used. The water-soluble polymer and the water-soluble organic
10 polyelectrolyte were added at once after the addition of aluminum sulfate, or
added in two portions after the addition of calcium hydroxide and after the

addition of aluminum sulfate. The results are shown in Table 2.

Table 2

Amounts added after addition of calcium hydroxide (mg/L)
Sodium salt of

Examp.les Terpolymer C Sodium alginate carboxymethyl
cellulose
5 - ~ -
o _ _ -
7 5 5 -
8 5 - °
9 5 5 —




COMPARATI VE EXAMPLES 1-3 The procedure of Exanple 1 was repeated except for
~Lomtting the use of the water-soluble polyner. In Conparative Exanple 2, a
copolymer E 5 (polyner flocculant) conprising 93.5 nol % of acrylam de units
and 6.5 nol % of acrylic acid units was added after the addition of

alum num sulfate: In Conparative Example 3, the addition anmobunts of

cal ci um hydroxi de and al um num stiable & (gprtd ) ncreased. The results are
shown i n Tabte 3 Tabie -3 Caghum Al ommum Copcent rat+-on—of —Conparati ve
Copol yner E fluoride MQtingE added o Fé‘éd}%‘g‘f 8&5@@%”?%@,{@&9}&61{@& ment
11550200012, 4 2.15502001012.0 33% Jepsl 10 The resulghgrafe iLRbiesy 1. 2
and 3 show Examplefe concentration 8f gifLyor i Mediuimsalspft he Wa&er i S
difficult to be redulspolynem/ L i oner daybdtyan&thon tr@%ﬁ%%fl usi ng
only cal ci um hydroxi de, al um num SHBYH'® and enhilggal |y an ‘08

acryl am de/acrylic acrd cpolynmer, byj, Surely reduced 10 8 rgphL Or Tower
by 15 the nethod of the esent invention. EXAVRPLES 10- 13 Thg_ wast ewat er
of pH 4.1 havipg a concent?ation of fluoride ionYof 1140 10 rhPL which was
di scharged from a plating“ actory foP the production of el eckPonic parts
was treated. If8to 150 nL 8f the wastewater, 2.5 f&quivalents 4.6550 ny/L) of
cal ci um hydroxBde with refpect to fluoride ion were added undep stirring,
and the treatnment was continued for 30 mn. After adding the 5 terpolyner B
(Exanpl e 10) or adding the terpolynmer B and sodiumalginate wused in

e, SOOMRRII IR e T LT 1 1 T e
super natani_asriegeye el OF B, A0754RS oot ShedshREL ASCASP RV iRl

4-5 the water-soluble polymer. In Comparative Example 2, a copolymer E

5 {(polymer flocculant) comprising 93.5 mol% of acrylamide units and 6.5 mol% of
acrylic acid units was added after the addition of aluminum sulfate. In
Comparative Example 3, the addition amounts of calcium hydroxide and

aluminum sulfate were increased. The results are shown in Table 3.

Table 3

. . Concentrati f
Calcium Aluminum eniration o

Comparative . Copolymer E  fluoride ion after
Examples h}Ei:o/JE;i € ?;1;73 (mg/L) treatment
€ (mg/L)
1 1550 200 0 12.4
2. 1550 200 10 12.0
3 3100 400 0 10.6

10
The results of Tables 1, 2 and 3 show that the concentration of fluoride
ion of thé wastewater is difficult to be reduced to 8 mg/L or lower by the known
treatments using only calcium hydroxide, aluminum sulfate and optionally an
acrylamide/acrylic acid copolymer, but, surely reduced to 8 mg/L or lower by
15 the metﬁod of the present invention.
EXAMPLES 10-13

The wastewater of pH 4.1 having a concentration of fluoride ion of 1140

10




Thé& procedure of Exanples 10-13 was repeated by omtting the use of the
Jterpolymer B and sodi um al gi nate or by using only the copol yner E used in
Conparative Exanple 2 in place of the terpolynmer B and sodium al gi nate. The
results are shown in Table 4. 15 Tabl e 4 Sodi um Concentrati on of Terpol yner
B al ginate Copolymer E fluoride ion after (nmg/L)(nmg/L)(ng/L)treatnent

(ny/ L) Bagll ehidddAEWHschakkd $ord i ve
Exanpl es 40%%111.(1) 500101?L. 2 The res&lﬁgl%%@%gﬁg¥%5g%o§vrﬁ{aﬂt%ﬁ{ et1

concent r ateleutradic faty wae tradteds [HQABEEIL 6f €heWhbtcWatbPVEE didiitdlents
treating nethod of the present invention wthout adding alum num sulfate

after the (558Qmmg/hd oficaleiwm/Iidroxidedwitkirdepect to MIAAd BDnGr&tMEIdSunder A
met hod for treating a wastewater containing fluoride ion, conprising:

5addi ng a sbar@igian taéatimen ttwap comtinued fire30asine wafesr, addithgtthen addi ng a
wat er - sol ubl e _t er pal Yrrer conprising constitutional units represented by the
f ol | owp ng texmolyimez B (Examplri19) or-adding the terpolymer B and sodium alginate

used in Example 5 (Examples 11-13), the treatment was continued for 15 min.
Thereafter, the treated wastewater was allowed to stand for 10 min. The
supernatant was measured for the concentration of fluoride ion by ion
chromatography. The results are shown in Table 4.

10 COMPARATIVE EXAMPLES 4-5

The procedure of Examples 10-13 was repeated by omitting the use of

the terpolymer B and sodium alginate or by using only the copolymer E used in
Comparative Example 2 in place of the terpolymer B and sodium alginate.
The results are shown in Table 4.

15
Table 4
. Concentration of
Terpolymer B So@mm Copolymer E  fluoride ion after
(mg/L) alginate (mg/L) treatment
(mg/L)
(mg/L)
Examples
10 ' 10 0 0 7.4
11 5 5 0 4.0
12 5 10 0 3.3
13 10 5 0 3.8
Comparative Examples
4 ' 0 0 0 11.0
5 0 0 10 11.2

The results of Table 4 show that the concentration of fluoride ion is

reduced to 8 mg/L or lower by the treating method of the present invention

without adding aluminum sulfate after the treatment with calcium hydroxide.




/| RRR CHCH2-C 2CH2-1 CH3 C=0 NH2 X O-Na y C-CH2-SO3 Na (1) (11)NHCH3 z
A1l'l) wherein Ris hydrogen or nethyl, and x:y:z is 99.8:0.1:0.1 to

60: 30: 10. 2. The nethod according to claim1l, wherein the anount of the 10
cal cium cont ai ni ng conpound added to the wastewater is a stoichionetric
equi val ent anount with respect to the amount of fluoride ion or larger. 3.
The met hoOWTADISICIQAIMBID 88m 1 or 2, wherein the anount of the

wat er - sol ubl e terpol ynmer added to the wastewater is 1 to 100 ng/L. 4. The
met hod accordirlg tA ntéthiothfor @feaZing/h Hadtéw atedbBtaindh ¢ AuBrilis i8hgani ¢

pol yel ectrol yte conprising constitutional units derived fromat |east one
organi ¢ acothpeediagt ed from t he group consisting of mannuronic acid,

gl ucuronic acid and cellulose glycolic acid is added to the wastewater
after adding tadsdinghadalcmovnoiamimg cmpoimblto the whetewitesichwd €sli ng to
claim4, wherein the anmount of the 20 water-soluble organic polyelectrolyte
added o0 t he wasidengaarates-spluble tecpotymer compriging rehstithtimedndiitsy to clai m

4 or 5, wherein the wejght ratio of _the water-soluble terpolynmer and the
wat er - sol GBP’@SSPQ%QG;W t%@ Qllowing forpdas & g FIE 1: 0. 2. 7. The net hod
according to glaim1 qr 2,

after the trdatne

wherein asconcentration of 25 quoride\ion
CHZ—(IJ

]
Y o — —a7.+
- NH /. NH—(—CH,—S03 N/
CH,4
D (I (11

wherein R is hydrogen or methyl, and xy:z is 99.8:0.1:0.1 to 60:30:10.
2. The method according to claim 1, wherein the amount of the
10  calcium-containing compound added to the wastewater is a stoichiometric
equivalent amount with respect to the amount of fluoride ion or larger.
3. The method according to claim 1 or 2, wherein the amount of the
water-soluble terpolymer added to the wastewater is 1 to 100 mg/L.
4. The method according to claim 1 or 2, wherein a water-soluble
15  organic polyelectrolyte comprising constitutional units derived from at least
one organic acid selected from the group consisting of mannuronic acid,
glucuronjc acid and cellulose glycolic acid is added to the wastewater after
adding the calcium-containing compound.
5. The method according to claim 4, wherein the amount of the
20  water-soluble organic polyelectrolyte added to the wastewater is 1 to 100 mg/L.
6. The method according to claim 4 or 5, wherein the weight ratio of
the water-soluble terpolymer and the water-soluble organic polyelectrolyte is
1:5t0 1:0.2.
7. The method according to claim 1 or 2, wherein a concentration of

25  fluoride ion after the treatment is 8 mg/L or lower.
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