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:COUNTAI NI NG CALCluUM—IYDROGEN CARBONATE | N HI GH CONCENTRATI ON Fi el d of the

Art: 5 The presentG @\‘“;lon relates to a net E od for renmoving cal ciumfrom

wat er cont ai m\ oncentration of cal mmmm ate. Mre
specifically m VI ng cal ci umfrom

ion relates to a net
defl uori nate wast-e-mat er by nmeking the 10 wastessgher containing fluorine
react with cal cium carbonate. In sem conductor device manufacturing plants,
a large quantity of water such as uItragure water or the like is ii~Pd for

washi ng i nMBAHPDi BF B@MPNENéggﬁlng?UcﬁR Y Wﬁ@FBf FOBNTRINENE, amoni um

fluoride. Reuse of the wa ry and i ortant problem
Backgr ound SPLFFFBMNFPRPIGEB'r Fﬁ&%@&"‘gﬁeﬁf‘sﬂéﬁﬁsG%HEFHRQTEEW conduct or devi ce

manuf acturing plant are wasted with a large quantity of wash 20 water 1n
general this waste water is processed with hydrated |inma. Nanely, fluoride

mﬁ% 9 éﬁ ol uble calciumfluoride, and water is drained out in a
I 5pp P fie8§ éntration of fluorine. Recovery of fluoride has been

exam ned f’fﬂé“ ng§¥h%WRgeh%b§bAg5&s;EEEVQ r gSQUERGA" @SQV?F%OQEH wast e

reducti on. Z00sS n or er to recover UOFIng as cal cium

fl'uor bg.g ?ilmr Eféﬁbsbétgfaédﬁﬁ’alr?lr@'&Vﬁ%hoé‘&icé)d‘&%@ﬁorp)bfnéﬂléibiuzat ion with
hydr ate ime results 1n producing too fine particles of calcium

bicarbonate.
More specifically. this invention relates to a method for
removing calcium from defluorinated waste water by making the
10 waste water containing fluorine react with calcium carbonate.
In semiconductor device manufacturing plants, a large
guantity of water such as ultrapure water or the like is used
for washing in addition to the agents such as hydrofluoric acid,
ammonium fluoride. Reuse of the water by recovery and is an

15 important problem.

Hackground of the Art:
Fluorinated agents consumed in a semiconductor device
manufacturing plant are wasted with a large quantity of wash
20 water.
in general, this waste water is processed with hyarated
Tima.
Namely, fluoride is wasted as poorly-soluble calcium
fluoride, and water is drained out in a 15ppm or less
25 concentration of fluorine.
Recovery of fluoride has been examined [rom the viewpoints

of effective resource recovery and waste reduction.



fluoride to separate, handle, and dry them and the process is 5 tdbs MAY 2003
‘difficult to be put into practice. In order to obtain calciumfluoride of
reusabl e quality as cue of resources, it is necessary to use cal cium
carbonate as a source of calcium Calciumcarbonate reacts with fluorine
and is converted into calciumfluoride wi thout change in its 10 origi nal
shape and sine. Nanely, by using cal cium carbonate having a 50um aver age
particle dianmeter, calciumfluoride of approximtely a 50 N-m aver age
particle dianeter can be obtainec7, and this process erates Wth good

ef ficienci &8 iaFdeghylP alfiesRvVaRd %’éﬁh‘?ldﬁ ofiS ;E’ElB‘}uF'e 9%ide uefi ne by
nmeans of the above-nentioned neutralization nmethod using cal cium carbonate,
the fFOYFAR S BIRRELYr & TP YA leBHEEES E FYappt bxi bt et yospditiand cl eaned
treated water. can be obtai ned. Noreover, accordi n to this pneutralization

met Bo&Y drgted HW%M&%Q“@&PE toof ipe Partdeles ek §alghaMym

Ca
car bonat e BLECLE! LALERaRs larldle | Ll teb S8 ORRCRRE doldited 35gn detai
exsam Q%tol ?ﬂ%ﬂ ]{y %ft%%a?ﬁqc%tt%r é)r’f‘al 3 S been found out that there is a

quite Targe armu fumr inthe treated water . Nanely )

It has .bee *c'og oub Bﬂéﬁiﬁr@éfci&n%ldﬂﬁthé:@f:'fé@s%bieeﬁﬁﬁgﬂ't 75ppm i n
al kal i ni ty 3; Oppm in hardness (CaCQO, ) specified as o s MAY

zoa3 the yal 8 9é§uhi¥u§taﬁ@%!é’%ef:%%sh&?%éfﬁé’é dSRB1dalubha®el €ason as a
result of zealous search into the cause , the applicants of the present

i Nnventdson feyeceE GBS icadkadnt. Nes1€abm idaPvotvEieNge 8666 ayitH @& ublankol | owi ng
reason . Nanely, 5 carbon dioxide is by-produced by the reaction between

cal ci g arhevaverard Apdoothloihm Atudride shioviouin dhendeolilnovitisg reacti on
formulae. CaCO + 2HF -' CaF, + CO2 + H2O. . . ( 1)

10 original shape and size. Namely, by using calcium carbonate
having a 50u4m average particle diameter, calcium fluoride of
appLoximately a S04 maverage particle diameter can be obtained,
and this process operates with good efficiencies in dehydration
and separation.

15 By removing fluorine by means of the above-mentioned
neutralization method using calcium carbonate, the fluorine in
the drain ocan be reduced to approximately Sppm and cleaned
treated water can be obtained.

Moreover, according to this neutralization method,

20 calcium is removed as CaF, . Also, since excess calcium
carbonate precipitates as 1t 1s, it has been considered that
Ca is not contained in the drain watar after treatment.

Nevertheless, through detail examinations of this treated
water, it has been found cut that there is a quite large amount

25 of calcium remained in the treated water. Namely, it has been

found out that there 1s as much calcium as excecediny 75ppin iu

alkalinity (CaC0,) and 120ppm in hardness (CaCO0,) specified as



Car bon di oxi de produced here is dissolved in water to 10 produce 0.6 Mavnasa
~acid. O+ C2 -a HC3 . . . ( 2 ) It is considered that cal cium

bi carbonate is relatively soluble) therefore, calciumremains in the drain
water after treatnent. 15 The applicants of the present invention have
confirnmed that after de-fluorinating Waste water of about 500 - 1000pm
fluorine concentrations with cal ciumcarbonate it contains about 200 -
500ppm cal ci um di ssol ved therein. Thus , water of high cal cium
concentrations cannot be reuse

2Q even as %ggii jdeVat er as it is, because
it cadrse yatedygulidic 5 En S n§OFt IPEUREEEE4arT t 0 reduce its alkalinity
(CaCQO,) and hardness ( CaCO2) to about 75 d ified by the
wat er quaFPgLy L&‘ﬁé‘n&&?é?“f’ofisi ﬁdh??‘r‘?gl O%ggg@%ﬁ%ﬁﬁ&g Eer hée{irﬁ, as
met hods for reduci t he al Lnj | SadEiods such
cl assaHe -nﬁpﬁoﬂguggcangﬁgoa{ ghﬁgﬁ %ery%%g% g,%ngl?ﬁsgﬁ’%?\&pr ocess, an
activated carhon \4 b Hd 10 WATRC 88850l (Namelig, a
i on- ST F%ﬂ%?gﬁgn%r%%@p iogl slg%s rrlerrbr;n%g prggess,anétc. have been
provi deg, . HoieNalae bk ﬂf—%iéﬁ&@h ol OB Y IXMUE IS  BEteekhf@ béiwqui prent and
i Os ruhni ng coSts to treat a large quantity of 5 water of cal cium

Conce‘%‘éfﬁéﬁ% 28ahi g9aas£#Q6r1c588pamasTihowuriposthef fohkowtrgent
invention 1s to provide a method for renoving cal ciumfrom water containing

a hi gh.£OPESAL £8LA@Nael cal ci um bi carbonate, permtting to reduce cal ci um
bi car bonat e equi valent to 200 - 500ppm as calciumto the level 10 in

accor dance:y¢d.h + herrwet eramual icoy st@edar.ds (ldr i ndustrial use by nmeans of
a sinple chemcal treatnent and not by neans of using nuch hea\(: and power
for heati ngapinsh deéhexadeoproBusefiobere 3/ tHESAvE jgh water to
10 produce a carbonic acid.

H,0 + CO, = H,CO, ... (2)

Yt ie coneidered that calcium bicarbonate is relatively

soluble, therefore, calcium remains in the drain water after

treatment.
15 The applicants of the present invention have confirmed that
after de-fluorinating waste water of about 5UU - 1U00ppm

f£luorine concentrations with caleium carbonate. it contains
about 200 - 500ppm calcium dissolved therein.

Thus , water of high calcium concentrations cannot be reused

20 even as cooling water as it is, because it causes troubles such
as scaling.

T+ is necessary to reduce its alkalinity (CaCO,) and
hardness (CaCO,) to about 75ppm and 120ppm specified by the water
quality standards for industrial use.

25 On the other hand, as methods for reducing the alkalinity
and harduess, various methods such classical methods as a

degassing process, distillation process, an activated carbon



Thi s, i nvention provides a nethod for renoving calciumfrom 15 wat grs MAY 2003
‘contai ning a high concentration of cal cium bicarbonate, characterized in
renovi ng cal ci um by addi ng cal ci um hydroxi de to waste water r_-nntaining a
hi gh concentrati on nn of cal ciumformed as cal ci um bi carbonate, making the
waste water react with it, and imobilizing cal cium as cal cium carbonate.
20 Actions . 'fns applicants of the present invention have tested and
exam ned the nmethod for reducing the dissolved cal ci um bi carbonate not by
usi ng such physical nethods as heating and deairing, but by using, what is
cal | e;sbsougicivcprogetho®t@5 dhé ackdr+exchasynt merdbasne gproicemsyi car bonat e
can be renoved by converting it into a poorly-soluble calciumsalt . As
poor | yisglyshil e remibisane gharesrs § | vorge ddhhaMEafen qadosiiiadd 0 6 MAY 2Q03
carbonate ( CaC03 ) , hydroxy-apatite ( Calo ( P04 ) a ( OH) z ) . etc .
can be nentloweyer .Eath 46l ddindited afrem nyianpoinfpercdt ik elifea®shown in
Table 1 , and any of themis |less than | OQppm as concentrations of Ca . 5
Tabl e SHUGRRRN ofansh | ktso I iing CstsnkentFadt od ¥3r9§ aHantiihy of
fl yorideO. 0%%91/ 18Ca) ci um car bonat €0. 0%/ 15Apat i tg 2" gBBOOlZBM 1S As a

i A

mePhod'F T VAT FHY" cCAPRFRN R TR s &5 v BPMinto a

bach et hod S REEREE poFhe g28epg 4R g Es oo il BV O e s
| ci fl i d + P - ~ .t ey O In thi

Ceact 1oF, ey ihg Salel R 2rbaty s & Wontdabidhy o pafnitebnpadiley 11 (118

hydr OfA#Oféslgfhﬁl | §i2ddednheg, wgggﬁﬁlkagi\%@t en UNdeig ddecat B iRy be

i ncreased In _concent ration. I'n S a C_ase, 1t S_ necessary to renove
f 1 uor igec oSO & & hBF DRAt §6apbbly s0bppal &6 WA NV kb0Ehe (1edrd1 A Met hod

for renoving cal ciumas cal ciumcarbonate Ca ( HO03 ) , + Ca( OH) z ~
2G9C03%n actotddhce with the water quality standards for industrial
use by means of a simple chemical treatment and not by means
of ucing much heat and power for heating and deaeration.
Disclosure of the Invention :
This invention provides a method for removing calcium from
15 water contalining a high concentration of calcium bicarbonate,
characterized in removing calcium by adding calcium hydroxide
to waste water containing a high roneantratian of calcium formed
as calcium bicarbonate, making the waste water react with it,
and immobilizing calcium as calcium carbonate.
20 Actions
I'ne applicants of the present lnvention have tested and
examined the method for reducing the dissolved calcium
bicarbonate not by using such physical methods as heating and
deairing, but by using. what is called, a chemical method.
25 The calcium dissolved as calciumbicarbonate can be removed
by converling it into a poorly-soluble calcium salt.

As poorly-soluble salts. calcium fluoride (CaF2). calcium
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Cal cjum carbonate is precipitated by adding cal cium 20 hydroxide . In't
‘reaction ( coexisting HCO3' - iScLISUt'CIIU V~(3. as cal cium carbonate at
the sane tinme, therefore, it is very reasonable for purifying the water. S
s gar 2003 (3) A nethod for renoving calciumas apatite . | UC a(HC03)Z +
6H, P04 Calo(PO)6(OH)a ~. + ZOCQZ T t 18HZO Hydroxy-apatite is

preci pitated by addi ng phosphoric acid, however, this reaction is
considered to be conditional on a 5 hydrogen ion concentrations (pH) or the
like, and it is difficult to select the conditions and the exam nati ons
by t h€aghamnatgnt! G A3he BWQ§QFW'PH@‘@&FPoﬁcﬁliOépon)ot(Oﬁéslﬂ €% £afost
anything like precipitation. Fromthe above ) as a nethod for fixing and

r enovitfg MERCERARY0 di ssol ved as cal ci um bi carbonate, such a nethod is nost

reasonable_, as calcjumis fixed and renoved as, cal cium car te having a
very poor §6‘Fg‘b"fq’f‘f‘§/1 t%&&i%ﬂ"fﬂ?@%&ﬂ“rﬁd&&ﬁedﬁs BRI l'?’ﬁlpag’%reeacti on
does not require ting or cqolin b a i clent e achi eved
at an ‘or '%a??yt%ﬁp it arse&e?ﬁe£$%§ciqp(?lr€% ia§ %8%?8?‘%%&%@6%%“ ng, and
ei ther, a%eeof an palindrom c systemand a continuous systemw ||l do A

sc EITB.’]%IC di'agram of a continuous treatnent flowis shown in Fig, 1. 20

Si ncq t h&Kimgixctatorsals conpl et edolusidht¥neoud| yWJaiconcemiotapkeesgary to
takela long tinme for it but only 30 m nutes gre enoudbpm}in the gase of the

cont ijnu@slSc simt eMiotWaet rieat i Nngot ankg/havi ng ja residenge tine of jabout 30
M NUtETITRE JIE CABaa® T/0r preyepisggia shorft pass. 2 Al'so 1n the case

showT—n I—I%jatd.tiebf tTeqtTng tamis 2 and—a 2o treating tank 3-are arranged
in sdries. ARwmste water tankoldo%lczgwlled tq the 1st treating tgnk 2 via a

f | ow leont+rolter

As a method for converting calcium bicarbonate dissolved
in water into a poorly-soluble calcium salt, the following
reactions can be mentioned, and each method has been examined.

. 10 (1) A method for removing calcium as calcium fluoride :

Ca(HCO,), + 2lIF = caF,{ + 2c0,T + 2H,0

In this reaction, CaF2 is precipitated and Ca concentration
is reduced. If hydrofluoric acid is added too much, the water
under treatment may be increased in F concentration. In such

15 a case, 1t is necessary to remove fluorine by adding a proper
quantity of calcium hydroxide.

(2) A method for removing calcium as calcium carbonate :

Ca(HCO,), + Ca(OH), = 2CaCO,} + 2H,0
Calcium carbonate is precipitated by adding calcium
20 nydroxide. In this reaction, coexisting HCO,”” 15 also removed
as calcium cAarbanate
at the same time, therefore, it is very reasonable for purifying

the water.



6 Qs MAY zoo3 5. The waste water in the waste water tank 1 roWsswtjaaa
'the bottomof the waste water tank 1 , and flows into 151 treating tan
fromthe top of it. Calciumhydroxide is added into the 1st treating tank 2
fromoutside. The liquid overflowng fromS the 1st treating tank 2 flows
into the 2nd treating tank 3 fromthe top of it . A precipitation tank 4 is
coupl ed downstream fromthe 2nd treating tank 3. The liquid overfl ow ng
fromthe 2nd treating tank 3 flows into the precipitation tank 4, and
solid-liquid separation is performed in the precipitation tank 10 4 . The

| i qui d over i BowAngmetizodr et premevbngt aakcjunsas gt for reuse as
supernatant liquid. Slurry containing solids precipitated in the

prcci pitati N CRAHKO4) j & fedhRay dedCan (BodalpHn ali ng266pal atrol8HDe treati ng
tanks 2. 3 each are provided with respective 15 stirrers 6, 7) which stir
and ni x up Hiérpgyur@atife imprechalspteddibaddingpbgsphegicacidim

hydr oxi de. The products of the reaction are separated into solids and

| i qui d heeed nd e Ffiviam i iohFonskdfsed Ba &e ondidionalyd an dui d

sep raé_)ié{on_, it is preferable to conanéSate thrgeeZR_ reci ic{a_tes by using
" QEET oo afERPRIFARSRS ) (B (& | 1. LiBPeoAld L £ s case,
Ehg gtrq '.I%nt gn cg vm'tq a s ) C p; ity by acceFOr.atin t.he > oaee
or ecel FURERIE R SRAMKS R, SR ELofeL 3 tnd - RRaRATaR Py

sol i d-1 q-}mjf%uag. L p2eSARCLLANRL 81 ehYE AL 0P SAPAAIKYy Such as

<
25 a centri al” separator nmachine, a vacuum filter, press are

used. TGpoy '%MYlg%&%ﬁtéjl?:?&{j ption of the Drawing: Fig. | is a
T’fJT ew d1|' agram o

Schenmat 1 C: a continuous treatnent in accordance with the

present invedhiofhe ERRNE, 8BS iPReholit MR kShg ol reMéot fg\WWIR¥idmaNk, 2
1st treating tank, 3: 2nd treating

10 dissolved as calcium bicarbonate, such a method is most
reasonable, as calcium is fixed and removed as calcium carbonate
having a very poor solubility by adding calcium hydroxide
thereto.

This reaction does not require heating or cooling, but can

15 sufficiently be achieved at an ordinary temperature.

The reaction is performed while stirring, and either one
of an palindromic system and a continuous system will do. A
schematic diagram of a continuous treatment flow is shown in
Fig.1l.

20 Since the reaction is completed instantaneously, it is
not necessary to take a long time for it butr only 30 minutes
are enough. In the case of the cantinnous system, two treating
tanks having a residence time of about 30 minutes may be cascaded
for preventing a short pass.

25 Also in the case shown in Fig.1l, a lst treating tank 2 and
4 2nd treatling tank 3 are arranyged in seLies. A waste water tank

1 is coupled to the 1lst treating tank 2 via a flow controller



tank, 4: precipitation tank. 5: Flow controller, 6, 7 : Stirrer, 8:08Cﬂf%i2m§1
Hydr oxi de addi ng equi pnment, and 9: pH neter. Best Mdde for Enbodying the

I nvention.. The method of the present invention is disclosed in details 10
by show ng enbodi nents in the follow ng. (Enbodiment 1) Treated water of pH
- 7 containing 4ppm F and 240ppm Ca has been obtai ned by maki ng waste wat er
cont ai ni ng 5000ppm HF pass through a cal ci um carbonat e packed tower. \Wen
one liter 15 of this treated water WAs sanpled and a cal ci um reduction
effect was exam ned varying an adding rate of cal ci um hydroxide, the

resul Bs Thpewastai Wetehsin Hdvh wastramhser. tamkbl & Lows\a@itngEr she of pH of
treat edConcentrati onXRD of solidscal ci umnat erof Ca

( ppm) 8BT&PAeBRY BRBXYHRSDH B FEOC Sir népﬂegb‘q“!ﬁ Vidt ehtlwilt hrpebkugf w

. CaC0375~ of 8. ~6coi nci desequi val ent wi t eak, of wt . CaC03100%

of 1d. G?E&‘oifﬁemdég‘@qﬁppa%n%%tﬁa %Ja‘k‘“c;f%-‘p o¥ifgydfgdded into the

it SR A b, L SR B G
O£ L2008 348 T SS! 2CAL ST RIVRL! Ak TSRk pGOLLAL b sghal ned wnen

an adding rate O carcliu e was equi va e ca crum

ConCeRt it giks h@ﬁgkagﬂatt% edhies £2kel mad&ﬁ{@exeeéﬁ BR) -

(Enb0|mant 2) Drain“wate was obtai ned by maki ng waste water

cont aicieNgna0LPRRELEE Pask i hr ayeh 13 qRaakedet PYOKiNyG trdhn kheSBh@al Ci um
carbonate | ayer height and def | uori nat| ng the waste 10 water, exhibited p =

~ . StréatifiyPnamed3CE rowd Oppto Enemp&laalpartaanahysua&mswnanalter of
this drain Water was sanpled; 0. 53 (Ca equival ent) cal ci um hydroxi de of

95% putoiliiya -Adsnededpheathienviad ey forrmedsis rtaatpre i Sk iomukak; and
solid-liquid separated and anal ysed, the results were obtained as shown in
150 Taldl.eTBe Ikphid Dyet ffowinenthdpreeipi tad ton\rranit 4 gfsXBDppfliedl i dswat er of
Ca (ppm sol i dsobt ai nedobt ai ned (g)9_9211. 20coi nci des wi t hpeak of CaCO,
(Enbodiorertew8de as supernatant liquid. Slurry containing solids
precipitated in the prcoipitation tank 4 is forwarded to a
dehydrating separator.
The treating tanks 2, 3 each are provided with respective
15 stirrers 6, 7, which stir and mix up the liquid, the waste water,
to be treated, and calcium hydroxide.
The products of the reaction are separated into solids and
liquid according to a conventional method. Prior to the
so0lid-liguid separation, it is preferable to concentrate the
20 precipitates by using the precipitation tank, a thickener, or
the like. Moreover, in this case, the equipment can do with a
smaller capacity by accelerating the preacipitation nsing a
small quantity of a polymer coagulant. For solid-liquid
separation, a conventional use dehydrating separator such as

25 a centrifugal separator machine, a vacuum filter, a filter

press are used.



10 liters of drain water exhibiting pH = 7.5, F = 4ppm 20 and Cal$ M40
by maki ng waste wat er containing 5000ppm HF pass 9 0 6 MAY 2003 through
a packed tower with calciumcarbonate of 1.5 layer height. While making
this drain water pass through the 1st tank of one liter capacity and the
2nd tank of two liters capacity 5 arranged in series as showmn in Fig.l at a
treating rate of two liters/hour) the drain water was continuously treated
for 5 hours by adding 0.23g (Ca equival ent) cal ci um hydroxi de of 95% purity
into the 1st tank 2 at 30 mnute intervals, and anal yzed and neasured by
sanpl iBniefhecdeseriptiiomtef herBrawingr from 10 the 2nd treating tank 3 at
every prescribed hours, to obtain the results as shown in Table 4. ( Table
4 ) El apsed 19 epFiconechatiz hi¢ FIXRODIERYSH| PfsoChipBHY diftted ied

hour s8. 922coi nci des wi t hpeak of CaC033 hour sl 0. 118coi nci des wi t hpeak of
CaCO, AdfeordanespliHe the BFesent -InBIHIABF- CaCO, Ca was stably reduced

to 30ppmor smaller also by a 15 conti nuous treatnent system and cleared
the watRFSERAP TP sPhnthE darkEhbodi nent 4) Waste water cont ai ni ng 5000ppm

HF def I uoy i nat i b i ng th ked
L R T e S e
H=6 F = - : : .
st PR 05 DR e g e St vt

cal ci “@yg({;?é.}.?]gul?{&??é%iﬁér&&Hiﬁ&eé Homdde, A b WliPmdias Separated into

solids dri then tiles analysis exhibited the results as shown in

Tabl e T sol i ds
Tobt i D (85 B BRI PR | o —

The method of the present invention is disclosed in details
10 by showing embodiments in the following.
(Embodiment 1)

Treated water of pH = 7 containing 4ppm F and 240ppm Ca
has been obtained by making waste water containing 5000ppm HF
pass through a calcium carbonate packed tower. When one liter

15 of this treated water was sampled and a calcium reduction effect
was examined varying an adding rate of calcium hydroxide, the

results were obtaincd as shown in Table 2.

(Table 2)

Adding rate of | pH of treated |Concentration | XRD of solids
calcium water of Ca (ppm) obtained
hydroxide

50% of 7.9 110 coincides
equivalent with peak of
wt. Caco,

75% of B.3 b6 coincides
equivalent with peak of
wt. CacCo,

100% of 10.0 18 coincides
equivalent with peak of
wt. Caco,

125% of 11.1 66 coincides
equivalent with peak of
wt . Caco,




5 (Enmbodi ment 5) Four liters of waste water treated through the chB&AYn2gg3
‘car bonat e packed tower exhibiting pH = 6.8, F = 3ppm and Ca - 270ppm were
treated by addi ng cal ci um hydroxide thereto so 10 as to obtain prescribed
pH val ues, and the analysis perfornmed according to each pH val ue exhi bited
the results as shown in Table 6. (Table 6) pH88.59.51010.511Ca
(ppm 2003&26202565 15 As shown in Table 6, it can be seen that a renpval
rate of Ca is significantly inproved in the range of pH = 8 5 - 105.
—wat-er—treatett +=re—ee] cui m
car bgn % ked t ower ex |5|t|ng QpH 57 = 3p nﬁﬁge 270ppm
wer e t?%%&%%lﬁ?taddlng thereto 5. 4qg caIC|un1hydro‘ga oPe§E@°§ur ty so
-t hat{ ¥+ val ue” of the water beconmed 10, and Tabl e| $® §Row%“?H% repul ts of
the analysis by sanpling the water [at each el apsetdIBRRELtY19f gepay~ {Tabl e
7) Reaction5153060120t i me(ni ntCa (gpm) 3328272323 ASaéRBUA in Table 7, the
reactjon is conpleted within a shordt time, and theCRgKagtss sufficiently
treated in 15 - 30 5 minutes. It can be seen fromthe table that the
treatment is prererably carried out in 15 - 30 m nutes because the effect
I's saturat egh &\t fcalltcl%mp%eaac%%m BEEEst ddiustd dbthihklt Whefccor ding
to the present invention, he case of 10 effectively recover cal ci um

fluorige Bwatinhgatrdie féﬂoeamemm hydroxide was equivalent to the

T

calcium concentration.
S The solid obtained was calcium carbonate (CacCo,).
(Embodimcnt 2)

Drain water, which was obtained by making waste water
containing 5000ppm HF pass through a packed tower with a 1.5m
calcium carbonate 1layer height and defluorinating the waste

10 water, exhibited p = 7.5, F = 4ppm, and Ca = 270ppm. From such
an analysis as one 1itar of this drain water was sampled; 0.53
(Ca equivalent) calcium hydroxide of 95% purity was added to
the water; it was treated for 30 minutes; and solid-liquid
separated and analyzed, the results were obtained as shown in

{5 Table 3.

Table 3
pH of treated |Concentration |Amount of XRD of solids
water of Ca (ppm) golids obtained
obtained (g)
9.9 21 1.20 coincides with
peak of CacCoO,

(Embodiment 3)
10 liters of drain water exhibiting pH = 7.5, F = 4ppm,.

20 and Ca = 240ppm by making waste water containing $000ppm HF pass



contai ning waste cater drained out of, for exanple a sem conduct o g MAY 2003
‘manuf acturing.plant with cal cium carbonate, it is possible to reduce Ca
concentration to a level to clear the water quality standards for

i ndustrial use by such a sinple 15 chem cal treatnment as cal ci um carbonate
is added to waste water dissolving calcium bicarbonate with 200-500ppm

cal cium concentration and is just stirred and reacted at ordinary
tenperatures , and this contributes to reuse of water resource . 12 06
MAY 2003 What is clained are: 1 . A nethod for renoving cal ciumfrom water
cont ai tirapgh W gipagkadfowal ol gl caldiumandmisditate lcHarkadeast i zed in
addi ng cal ci um hydroxide to waste water containing a high 5 concentration
of call@i@itn a form of cal cium bi carbonate, naking the waste water react
wi th cal ci um hydroxi de, and removing the calciumby fixing it to cal cium

carbonat e. ¥hile MY LS SFdimyaLtErcPaRTT ERRPWER ekP@ ohthi ¥y a hi gh
concentration of cal ci um bi carbpnat |.ai med according to 10 claim1,

char a(ﬁfer‘:i“fegiitr?rt FEP3ag TPt gg%ff%%ltﬁﬁoﬁyﬁ?’fix HE‘%E% HPIAE ranges 75
- 1L25% of t he.equi val.ent _weight to | ci 3., A t_ hod r e in

ca cid%????ﬁﬁQWﬁlﬂ5253ﬁ¥h?ﬁi%8°%pﬁyb%%éﬁggg%t? Eﬁ%§¥1ﬂ§'53&§i3%1qﬁ%;rgonate

claingg! i t | & r e '&ﬁﬂ.' t Luapt 4 »f cal cium
hyerX|d§£€%y€%@%é gﬁ%egfggégégggg ?g%;%éo t+éP%€€f5a ent_ﬁg%%ht to
cal i Uufs vy BRUHRY 60%35 MY ikt 16ahehm &4 D8 IR HfarCiladl BENgs@ hi gh
concentration of calcium bivarbonatc claimed according to any of clainms 1
to 3 ,pePREPGiAd ZRE 1idt thak Sakdaaghareat BitdSvaBs! anwedei1gedd uori nat ed
by add?ng cal cium carbonate to 20 prinmary waste water containing HF. 5. A
met hodah@rmé ££0ré A0 ad AmpI g Orohsatteie atedt @abengode Hf Dowindg cerdriat i on of
cal ci um bi carbonate cl ai med according to

10 the 2nd treating tank 3 at every prescribed hours, to obtain

the results as shown in Table 4.

(Table 4)
Elapsed time pH Concentration | XRD of solids
of Ca (ppm) obtailned
2 hours 8.9 22 coincides with
peak of CaCO,
3 hours 10.1 18 coinclides with
peak of CaCoO,
4 hours 9.8 23 coincides with
_ peak of CaCoO,

Ca was stably reduced to 30ppm or smaller also by a
15 continuous treatment system, and clearcd thc watcr quality
standards.
(Embodiment 4)
Waste water containing 5000ppm HF was defluorination-
treated by making the water pass through a packed tower with
20 calcium carbonate. Thc analysis of the drain water exhibited
pH = 6.8, F = 3ppm, and Ca = 480ppm.

After one liter of this drain water was stirred for 30

10
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any of clains Zto 4, characterized in that the water contains said

cal ci um bi carbonate of 200ppmor nore. 25 6. A nethod for renoving cal cium
fromwater containing a high concentration of cal ci um bi carbonate cl ai ned
according to any of clainms 1 to 5. characterized in that a quantity of 13

~ 6 MAY 2pp~ cal cium hydroxide is to be added so that pH of the waste water
ranges from8.5to 10 . 5. 14 _.Al.AAAA A3 A . .AAQA 3. AQA@.A . A
-.456TUZ[ "adv4r (i DM~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] cal] cal] caU] caU] cal] cal] caU] cal] caU] ca] ca] ca] ca] c@ ORO0o

~yt oj emfii¢akcsy} adBdiapch]4d calcahniydajocddead £ abe gwaiff abkratoa] cal] cal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2=AC] "n8ORY"eno- |

~yt 0] etBe~gralp yafea weFakp8ait afich) calsedlick] sadl] TadfiodUtdwl the)] cal] cal] c
a] ca] ca] ca] ca] ca] cal] calU] cal] caU ca U c*aU ca]ca]calca _ &f

3_EP| vprelYFiyt exiviblidad] dhe cgopdipcas| shoposaithciabds] 8aU] ca) calUl cal] cal] ¢
aU] cal ca U%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] caO1ln4Z"bj }~:;

B3t {vql @E&EJ{J]IQJ] au] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] c&aU
]c&a] ¢ rcajcal ¢aj cqg ;ﬁﬁ‘)lcal El C@lcéﬁ%]m XRD of_ solids
*x?GPKJ} Xr nhc"YSI gy ] ajcalc ca] cal aU] cal ca ca] ca]&a]‘_lc_ﬁéga] ca] ca] ca] callc
ay cal;*]—ea-]—cigf]gaU] ca H] cal] catdtcatcajcatt cajLal calch

#1 16HK| \ WohctU] ca] cal] ca] cal)] cay ca]caU] ca gf ca] cal] ca
]CalJ] ta_’_sa_loq_gaq_ea_lﬂlh al[lhalﬂhalll Lealleallleal -~ F§ 'IQ 9 xll

ras!l11"}xsnid_ZU] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] caU] ca] ca] ca] ca] caU] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$a] cal] ca] ca] ca] ca! "" B""" " ##[ #####H#* S SR

&&&&&' KEmbodifenigpki)a\ W d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca

] ca] ca] ca] c$al] c$a] cal] cal] cal] cal] ca] cal] ca] cal] ca] ca] ca] ca

((q)Vv)))))) Feup* piters. of+yaste+rwater+Frpated] Werauahd the) dpdedpmal] cal] caU
cal] cal] ca] cal] caU] ca] cal] ca] ca] caU] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

o] ca] GO hpacked tpaer an]m‘t”&ng‘%aaﬂa 3/ GhOLUTOBL b IRS: d] cal cal

el a C%&»‘é?&%é“?%]gghce ghealcald cals et salsadsalcau call ca

ca?ééieéﬁl%lZzéﬁeiiﬁ%’%ﬁ%ﬁ%‘?ca] il Vel 28 88 BN SRR L O e

1L {E88
]gg] gg] caq:ghga 7‘] Z] (Z:% ca Zb? ?/ﬁ}cai cai cai c% ﬁ ca Lgl]alzgﬂ:gﬂg?
caj ca] cl?qu_aE] @! J9Y9’\9h9rr9999999 K
M\ e; oo <O=<<{vpkfa\VcU] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] g@im]ecad ra] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca! <<<<<=>======

=>>>># i >>>’?Y’?’?’?@_@§MW@L¢ 1 r‘;ﬂ f";l] Pa] Ca] Ca] c

a] ca] dal cBHca] taU] &aUl cla] c&} Ba] da] SalPcal cal d] callcal®afcal calical ¢ AbAAABI B

BBCECECDADBDD 100 36 26 20 25 65

EYEEF @ FREE0G) G}xsrrh]czupke [Vc] ca] calkc]lcal caVlca] ca] ca] ca] calcd] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca4dvbCS10%& () -!
-#10%& ()-110%& ()- S109& () - 310%& - Pl -

ofi () PO T (7 Rapfggt 3 %9{%)#&%% PR o1 @ 100

- MO . 7)< o
10%4| Ei??%g%/g‘(yﬁ%@@ﬂ@a{f&ﬁ ﬁf’pﬂo%é&iﬁ)tﬂé'%%g& bE-HQR.6) - 11:¢sL0%: () - ObC

(Embodiment 6)

Four liters of waste water treatcd through thce calocium
carbonate packed tower exhibiting pH = 6.8, F = 3ppm, and Ca

20 = 270ppm were treated by adding thereto 5.4g calcium hydroxide
of 96% purity so that pH value of the water becomes 10, and
Table 7 shows the results of the analysis by sampling the water

at each elapsed time.

11
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10" @L10%& () - &10%& ()-910% () - ROJELC3S! 10%}| & ()- " 10%}| & () -, - 10%}| & (

1 10%1] & ()-M 10%1] & ()- :!10%| & () - 00

2dEbCF39&! 10%4| & () - @H#10%4| & () - 39! 10%4| & () - s#10%4| & () - 3! 10%4| & () - 33&! 1
0%}| & () - 2n80dEbC 010%4| & ()-1.110%}| & () -, #10%}| & () - * MLOY| & () - Y( 10%}| &
()-Y ' 110%| & ()-o- | dE:/ 104

104, >10%| & ()- 9! 10%}| & ()- 8! 10%4| & () - &6#10%4| & () - YY4' 1 10%4| & () - y2109%}|

& ()- & xY:/ 104 F@10%& ()-f!10%& ()-M 10%& ()-
1092 & (LabQ%& & )() - 9409 & () - 104| 3 dE;/ 104| G
100/1&| YA 1_‘3_{;(21?: () 1Gn/ &4(}'LJ.U/ 4r\r\/ nl 1_\ {&7#4 aYaVASuol] D= /[

¢ 1 = 6.1%/1& \) = E

104| & 'R o 160z & (|) - ##1 t%z&' 3 1004 & A% !15%& 8{-:10 @& ()-01n
dE: / io4|fs’f_ﬂ%%ép ()- .10%& () - #1001&' ()-*10%z& ()-*&10%& ()-L é

10% &) {mag: / 1102
10z>10%= (pPmbd! 1098 () -lF8&! 3Bz &l() - 63A0% & () -2B410%z& (33
S2L!10%& () - "bBxV4/ 10! F! 10% h h& ()- | @10% h h& ()-s10% h& ()- 10% h& () -
& 10% h& ()-%0% h& ()- 10z3ts 24/ 10! FYl % !10% h& ()-t!!y#10% h

h&' () - F310%ph&shbwh! 18%ras16) 7Y#LER% Réaét 1br Y dledivBHin Y FS810%
h& ()-2#10% h& () -! p2#10%h& () - 0& 10% h& ()- .s10% h& ()-, mL0% h& () - *xbC
10! F short time, and the water is sufficiently treated in 15 - 30

5 minutes. It can be seen from the table that the treatment is
preferably carried out in 15 - 30 mlnutes because the effect
is saturated even if it exceeds 30 minutes.

Industrial Utility:
According to the present invention, in the case of

10 effectively recover calcium fluoride by treating fluorine-
containing waste water dralned out of, for exdample, a
semiconductor manufacturing plant with calcium carbonate, it
is possible to reduce Ca concentration to a 1level to clear the
water quality standards for lndustrial use by such a simple

15 chemical treatment as calcium carbonate is added to waste
waler dissoulving calcium bicarbonate with 200-500ppm calcium
concentration and is just stirred and reacted at ordinary

temperatures, and this contributes to reuse of water resource.

12
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