FLUORINE RECOVERING APPARATUS AND METHOD FOR RECOVERING FLUORINE FIELD
Embodiments described herein relate generally to a 5fluorine recovering apparatus configured to
recover fluorine existing in water, and a method for recovering fluorine. BACKGROUND In recent
years, effective use of a water resource 10has been required for industrial development or increasing
population. For that purpose, reuse of discharged water such as industrial discharged water is very
important. In order to attain the reuse, it is necessary to purify water, that is, separate other
15substances from the water. Various methods for separating the other substances from a liquid have
been known. Exam f&otg?&%ofé%cgl%q]%dgnembrane s%)aration centrifugal separation, activated carbon

absorption, ozonization processing, an reimoval of § ’s“b’éna“é%%&i‘%@ yF &cﬁ%@%ﬁgﬁg%ethods

can remove chemica syhstapces significantly affecting environment such as phosphorous and
nitrogen contained in the water, and can remove oil and clay or the like dispersed in the water. Of
these, the membrane separation is one of 25methodssmesigenerally used to remove insoluble
substances in the water. In views of protecting a membrane and increasing the flow rate of water
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BACKGRCUND
In recent years, effective use of a water resource
10 has been reguired for industrial development or
increasing population. For that purpose, reuse of
discharged water such as industrial discharged water is
very important. In order to attain the reuse, it is
necessary to purify water, that is, separate other
15 substances from the water. Various methods for
separating the other substances from a liguid have been
known. Examples thereof include membrane separation,
centrifugal separation, activated carbon absorption,
ozonization processing, and removal of suspended solids
20 by flocculation. The methods can remove chemical
substances significantly affecting environment such as
phosphorous and nitrogen contained in the water, and
can remove oil and clay or the like dispersed in the
water. Of these, the membrane separation is one of
25 methods most generally used to remove insoluble

substances in the water. In views of protecting a

membrane and increasing the flow rate of water



- 2 - containing a hardly dehydratable substance, a method for using a filter aid is often used. The
method is referred to as a precoat method or a body feed method. On the other hand, as a method
for removing fluoride ions from water, a method for precipitating the fluoride using calcium fluoride, a
method for adsorbing the fluoride ions using polyaluminum chloride, and a method for recovering the
fluorine ions using a polymeric flocculant have been known. 10For example, conventionally, a method
for mixing precipitated calcium fluoride with a polyméric flocculant to form large flocs, and recovering
the flocs has been known. The method disadvantageously results in reduced purity of the calcium
fluoride 15recoveredbwggch complc_iicage Qe recavery ofttgg E%gldu@ Sf[éjgrrlide as a valuable resource.

)
The method disadvgn{ége:bﬁé ygcausegliée Yncorp fation ‘of the Sglymerlccf%’ccﬁIalﬁ?itohfﬁcrease a

sludge amount. A mefhod forreturning apartqfprecipiiated:calcium 20fluosidgdeferm acrystal
nucleus, and recovering large particles having grown from the crystal nucleus has been known. Since

the method may not ase the:pgolymeric fogetantathemmethod sotves thedbaolreementiartediproblem.
However, the method 25disadvantageously returns a part of the calcium fluoride to reduce processing
efficiency, and disadvantafBoliél§ réddifes &b foR Yréwimig thec 3 0 Ealciiltf iubHde to a crystal

havingasugficient%' e Fru,rg1ermor , & method for recavering flupride ions in water_ysing an aluminum
salt (polyaluminum c loride or the %%ef)afﬁc%n b"ééﬁ Known. ﬂ%r%éeﬁ, Re diuminum salt %g%/ery hardly
separated from the yyaier: I #s €asasit ignecessanmtorusedheauminum saliangdthe polymeric

flocculant in combination.
adsorbing the fluoride ions using polyaluminum
chloride, and a method for recovering the fluorine ions
using a polymeric flocculant have been known.

10 For example, conventionally, a method for mixing
precipitated calcium fluoride with a polymeric
flocculant to form large flocs, and recovering the
flocs has been known. The method disadvantageously
results in reduced purity of the calcium fluoride

15 reccevered, which complicates the recovery of the
calcium fluoride as a valuable resource. The method
disadvantageously causes the incorporation of the
polymeric flocculant to increase a sludge amocunt. A
method for returning a part of precipitated calcium

20 fluoride to form a crystal nucleus, and recovering
large particles having grown from the crystal nucleus
has been known. Since the method may not use the
polymeric flocculant, the method solves the above-
mentioned problem. However, the method

25 disadvantageously returns a part of the calcium

fluoride to reduce processing efficiency, and

disadvantagecusly requires a time for growing the



As described above, the fluorine recovering treatment in the water has a plurality of steps and is 10
troublesome. Examples of the cause include difficult separation caused by a small particle diameter of
the calcium fluoride to be produced, and difficult removal of the aluminum salt added into the water.
SUMMARY 15An object of the present invention is to provide a fluorine recovering apparatus and a
method for recovering fluorine which can effectively remove fluorine in water by using a filter aid
capable of removing particles of calcium fluoride or aluminum salt 20such as polyaluminum chloride

which are hard to be separated. In general, according to one embodiment, a fluonide recovering
apparatus mcludesgaerglclpltagtf dew&:e, amixin tan L& flggr aid feede%PfSOHd- 25liquid separator,

a cleaning mechanism, a séapara w?éﬂfaﬁ?k, anda re Hrsning mechaniént The prle%f“p‘aft%ﬁn ueVice is

o e
filter aid comprisingsparticles of momagneficmatenalsa1t (polyaluminum chloride or
the like) has been known. However, the aluminum salt
5 is very hardly separated from the water. In this case,
it 1s necessary to use the aluminum salt and the
polymeric flocculant in combination,

As described above, the fluorine recovering
treatment in the water has a plurality of steps and is

10 troublesome. Examples cf the cause include difficult
separation caﬁsed by a small particle diameter of the
calcium fluoride to be produced, and difficult removal
of the aluminum salt added into the water.

SUMMARY

15 An object of the present invention is to provide a
fluorine recovering apparatus and a method for
recovering fluorine which can effectively remove
fluorine in water by using a filter aid capable of
removing particles of calcium fluoride or aluminum salt

20 such as polyaluminum chloride which are hard to be
separated.

In general, according to one embodiment, a
fluconide recovering apparatus includes a precipitating
device, a mixing tank, a filter aid feeder, a solid-

25 liquid separator, a cleaning mechanism, a separating
tank, and a returning mechanism. The precipitating

device is configured to allow fluoride ion-containing



5and having a primary particle diameter of 0.5 to 5 Rm with a dispersion medium to produce slurry.
The filter aid feeder is configured to feed the filter aid to the mixing tank. The solid-liquid separator is
provided with a filter, and is configured to receive the slurry 10to deposit a layer made of the filter aid
on the filter and to receive water containing precipitate to deposit the precipitate on the layer of the
filter aid. The cleaning mechanism is configured to remove the filter aid and the precipitate from the
solid-liquid 15separator. The separating tank is configuréd to"separate the filter aid and the precipitate.
The returning mechanism is configured to return the filter aid separated in the separating tank to the
filter aid feeder. ZOI%R[CEF DéES%RIPTIONE OA: :IC'HE DRA%/VIN,G%2 gIG. 1 is a schematic view of a
fluorine recovering af)lpgr%tus? acgoraﬁ]%atoeexarﬁplée_[%c Eid 2 ¢4 SEHBmAGE Uicty 8F4 #ibrine

recovering apparatis, aceording o xample 2 25F1C ¢3 is,a sehemalic view pf 2 fuogne recovering

apparatus according to example 5; FIG. 4 is a schematic view of a fluorine -5 - recovering apparatus
according to exampte €¢1ipiEEG.h is & lewnchattef watek to be dreafad;hyethefluoting recovering
apparatus according;ggg?mapigléggd o ciel . O ferial
prising particles of a magnetic materia
5 and having a primary particle diameter of 0.5 to 5 um
with a dispersion medium to produce slurry. The filter
aid feeder is configured to feed the filter aid to the
mixing tank. The solid-liquid separator is provided
with a filter, and is configured to receive the slurry
10 to deposit a layer made of the filter aid on the filter
and to receive water containing precipitate to deposit
the precipitate on the layer of the filter aid. The
cleaning mechanism 1s configured to remove the filter
aid and the precipitate from the solid-liquid
15 separator. The separating tank is configured to
separate the filter aid and the precipitate. The
returning mechanism is configured to return the filter
aid separated in the separating tank tec the filter aid
feeder.
290 BRIEF DESCRIPTION OF THE DRAWINGS
FIG., 1 is a schematic view of a fluorine
recovering apparatus according to example 1;
FIG. 2 is a schematic view of a fluorine
recovering apparatus according to example 2;
25 FIG. 3 1is a schematic view of & fluorine
recovering apparatus according to example 5;

FIG. 4 is a schematic view of a fluorine



5FIG. 6 is a schematic view of a fluorine recovering apparatus according to example 7. DETAILED
DESCRIPTION Hereinafter, the fluorine recovering apparatus and a method for recovering
fluorine according to one 10embodiment will be described in detail. In this embodiment, a filter aid
comprising particles of a magnetic material and having a primary particle diameter of 0.5to 5 Rm is
used. Here, the primary particle diameter is measured by a laser 15diffraction method. Specifically,
when the particles include primary particles of the nfagnetic material, the primary particle diameter can
be measured by means of, for example, a SALD-DS21 type measuring device (trade name)
manufactured by Shimadzu Corp. When ttg:e 20partic|e§,are flocculated, ihe Er_imary particle diameter
can be obtained byl”ﬁues(fr?gV SEM 8bs&fation %‘?\d%rcn%%lé [L)Lr%(%’essci)nge i cémbinafion. When the primary

particle diameter is larger than 5 Rm.gthe distapcebetweerrtheparticles is exeessively ingreased,
which 25may cause the pass of fine precipitates in water to be described later. When the primary

particle diameter istSmeallel than 05 Ray;dhe particlepprerdensely: cGdlodtulated: Adthoughalensely
flocculated particles

1; and
5 FIG. & is a schematic view of a fluorine

recovering apparatus according to example 7.

DETAILED DESCRIPTION
Hereinafter, the fluorine recovering apparatus and

a method for recovering fluorine according to one
10 embodiment will be described in detail.

In this embodiment, a filter aid comprising
particles of a magnetic material and having a primary
particle diameter of 0.5 to 5 pm is used. Here, the
primary particle diameter is measured by a laser

15 diffraction method. Specifically, when the particles
include primary particles of the magnetic material, the
primary particle diameter can be measured by means of,
for example, a SALD-DS21 type measuring device (trade
name) manufactured by Shimadzu Corp. When the

20 particles are flocculated, the primary particle
diameter can be obtained by using SEM observation and
image processing in combination. When the primary
particle diameter is larger than 5 pm, the distance
between the particles is excessively increased, which

25 may cause the pass of fine precipitates in water to be

described later. When the primary particle diameter is

smaller than 0.5 pum, the particles are densely



can remove the fine precipitates in the water, an effective water flow rate cannot be obtained in some
cases. 5A ferromagnetic substance can be generally used as the magnetic material. Examples thereof
include iron, an alloy containing iron, magnetic iron ore, titanic iron ore, magnetic pyrite, or a ferrite
compound such as magnesia ferrite, cobalt ferrite, nickel ferrite, 10and barium ferrite. Of these, the
ferrite compound having excellent stability in the water is more useful. For example, magnetite (Fe304)
which is the magnetic iron ore is inexpensive, is stabiliz€d as the magnetic material in the water, and is
safe also as an element. 15Thereby, since the magnetite is likely to be used for water treatment, the

magnetite is prefer%glgﬁ%t%gg%@zhe wgﬂ&pq}%%ﬁ@ rﬁvcgec\éqﬂ%e@%%;ﬁu&feass_a spherical

shape and a polyhe e an indefinite shape, the shape thereof is not particularly limited. 20A
desirable particle disgnetesandshape of anRagnetic samier 05 using maywke-suifably selected in view
of a manufacturing cost or the like. In particular, a spherical shape or the polyhedral structure having
round corners is préfekalsiel fnecessaryf tuseZBmagasticahatedialdinayrdsulijeseddo usual
plating such as Cu plating and Ni plating. The fluorine recovering apparatus according to -7 this
embodiment includgg?ﬁé:' following two types. (First Fluorine Recovering Apparatus) A first fluorine

recovering apparatus useg, aggchnique refereddo;as.a sacalled precoal methed-y used as

the magnetic material. Examples thereof include iron,
an alloy containing ircn, magnetic iron ore, titanic
iron ore, magnetic pyrite, or a ferrite compound such
as magnesia ferrite, cobalt ferrite, nickel ferrite,

10 and barium ferrite. 0f these, the ferrite compound
having excellent stability in the water 1s more useful.
For example, magnetite (Fe304) which is the magnetic
iron ore is inexpensive, is stabilized as the magnetic
material in the water, and is safe also as an element.

15 Thereby, since the magnetite is likely to be used for
water treatment, the magnetite is preferable. Although
the magnetic material can have wvarious shapes such as a
spherical shape and a polyhedron or be an indefinite
shape, the shape therecf is not particularly limited.

20 A desirable particle diameter and shape of a magnetic
carrier for using may be sultably selected in view of a
manufacturing cost or the like. 1In particular, a
spherical shape or the polyhedral structure having
round corners 1s preferable. If necessary, these

25 magnetic materials may be subjected to usual plating
such as Cu plating and Ni plating.

The fluorine recovering apparatus according to



5The first fluorine recovering apparatus is particularly effective when the concentration of a
fluorine-containing precipitate (such as a precipitate of calcium fluoride and polyaluminum chloride
including fluoride ions) precipitated in the water is low. 10First, the filter aid comprising particles of a
magnetic material and the dispersion medium are mixed to prepare a suspension. The filter aid
comprising the particles of the magnetic material can be constituted as described above. Although
water is mainly used as 15the dispersion medium, the other dispersion medium can be suitably used.
The concentration of the filter aid in the suspension is not particularly limited as long as a precoat layer

can be formed by th ?bfollow%_% C?Eeratlon FOE eé%?ptl;% th% c%centratlo is ad&ysted 20to about

10,000 to about 20 00 M enltrﬁe suspension is made’to | tﬂro g‘f’l the filter, to filter the

filter aid in the suspgpsion tofeaue the.filker.aid opsthe filtsy, Eg_r;gttggljeby a filter layer obtained by
depositing the filter aid, 25that is, the precoat layer is formed. In this circumstance, the suspension is

made to pass through themlténmaderﬁjmssuﬂee I theooaseiofa filbgringa =8 geviceshaving a filter

disposed in a direction perpendicular to the ground, the precoat layer may collapse during filtration,
which may complicafe- FBICINRE BRAB6UiRTeNt Sa filtsfg deviCelwhigroat method.

5 The first fluorine recovering apparatus is particularly
effective when the concentration of a fluorine-
containing precipitate (such as a precipitate of
caicium fluoride and polyaluminum chloride including
fluoride ions) precipitated in the water is low.

10 First, the filter aid comprising particles of a
magnetic material and the dispersion medium are mixed
to prepare a suspension. The filter aid comprising the
particles of the magnetic material can be constituted
as described above. Although water is mainly used as

ib the dispersion medium, the other dispersicn medium can
be suitably used. The concentration of the filter aid
in the suspension is not particularly limited as long
as a precoat layer can be formed by the following
operation. For example, the concentration is adjusted

20 to about 10,000 to about 200,000 mg/L.

Then, the suspension is made to pass through the
filter, to filter the filter aid in the suspension te
leave the filter aid on the filter, and thereby a
filter layer obtained by depositing the filter aid,

25 that is, the precoat layer is formed. In this
circumstance, the suspension 1s made to pass through

the filfter under pressure. In the case of a filtering



5makes water pass from the top to the bottom in the direction perpendicular to the ground, and has a
filtration surface parallel to the ground is preferably used. Since the precoat layer is formed and held
by the 10action of an external force as described above, for example, the filter is disposed so as to
close the opening of a container. The filter aid is left on the filter thus disposed, is arranged, and
deposited. In this case, the precoat layer is formed and held by an 15external force from the wall
surface of the container and a downward external fofce gravitational force) caused by the weight of
the filter aid located above. The thickness of the precoat layer varies according to the concentration of

a liquid to be treateg. The 20kt1hickness m?ﬂ)g abocy,t 0.1to %bOnglt 10 mm. t_{I’hnen, the treated water
having a precipitateae fludtide 18 made o pass ﬁﬁouglﬁ G& Srec%)at I%lyer formed as described above, to

remove an insoluble mafter. The {reated, water ig generallysmade Q. pass 25thyeughythe precoat layer
under pressure. At this time, the fluoride is adsorbed on the surface of the precoat layer, specifically,

the filter aid - 9 - canstituting:théuprécgatfiayer; andqs removed.. lhthe magpéticataterial having a
controlled primary particle diameter of 0.5 to 5 pm is used to trap the insoluble substance, a sufficient
water flow rate can B&Scttained: " “Re HGRde it the Wé‘teﬁsl%)éjréﬁlo@%ﬁ,iéﬁd ‘t’ﬁ_‘@rﬁkihe precoat
g/grt I‘IIS(; ?illigre;?deciislgri ggj?:seé%%sr%lrmgglggn. f'I;:h%eQ)r/fethg OL)Egecc%at é (ETIS g%%mggs%% Into the filter aid,
direction perpendicular to the ground, and has a
filtration surface parallel to the ground is preferably
used.
Since the preccat layer is formed and held by the
10 action of an external force as described above, for
example, the filter is disposed so as to close the
opening of a container. The filter aid is left on the
filter thus disposed, is arranged, and deposited. In
this case, the precoat layer is formed and held by an
15 external force from the wall surface of the container
and a downward external force (gravitaticnal force)
caused by the weilght of the filter aid located above.
The thickness of the precoat layer varies according to
the corncentration of a liquid to be treated. The
20 thickness may be about 0.1 to about 10 mm.
Then, the treated water having a precipitated
fluoride is made to pass through the precoat layer
formed as described above, to remove an insoliuble
matter. The treated water is generally made to pass
25 through the preccat layer under pressure. At this

time, the fluoride is adsorbed on the surface of the

precoat layer, specifically, the filter aid



10cleaning may be performed in the container in which the filter is set, or in the other container. When
the cleaning is performed in the other container, the precoat layer is decomposed into the filter aid
using means such as cleaning, and the filter aid is then 15transported. Although water is generally
used for cleaning, the cleaning can also be performed using a surfactant or an organic solvent.

Then, the cleaned filter aid is recovered using magnetic separation. A method for the magnetic
20separation is not particularly limited. Examples th&reof incfude a method for putting a permanent
magnet or an electrical magnet in the container containing the filter aid to recover the filter aid, and a

method for recovering the filter aid using a metal mes? or the 25like magnetized with agnet and
releasing a magnet%gﬁleslg 1t(% ?é&&o%rsﬁ%%iéfé:s? T ?ﬁe iref filiorine’ éec:ios\’/gﬁre1Igjﬂ%1‘{575%{1\;atu%,Etﬂlhteq153 10 -

precoat layer is preMiQ@'%’thB“ﬁ_g@é‘rt@fi'tﬁ&\ﬁ%tha?”cg}?t‘é/@tﬂ@&P'b@i_@ﬁzﬂﬁgriﬁﬁé%ﬂ@f_’@ to pass.
Thereby, the amount of the fluoride adsorbed on the surface of the filter aid with a processing time is
5increased. As a resuklrthesparticularly excessively aslsorzed flunridedils wpsthenaidsibflthe filter aid,
substance, a sufficient water flow rate can be
5 obtained.
The flucoride in the water 1s thus removed, and
then, the preccat layer is dispersed in a dispersion
medivm. Thereby, the precoat layer is decomposed into
the filter aid, and the filter aid is cleaned. This
10 cleaning may be performed in the container in which the
filter is set, or in the other container. When the
cleaning is performed in the other container, the
precoat layer is decomposed into the filter aid using
means such as cleaning, and the filter aid is then
15 transported. Although water i1s generally used for
cleaning, the cleaning can also be performed using a
surfactant or an organic solvent.
Then, the cleaned filter aid 1is recovered using
magnetic separation. A method for the magnetic
20 separation is not particularly limited. Examples
thereof include a methed for puitting a permanent magnet
or an electrical magnet in the container containing the
filter aid to recover the filter aid, and a method for
recovering the filter aid using a metal mesh or the
25 like magnetized with a magnet and releasing a magnetic

fieid to recover particles.

In the first fluorine recovering apparatus, the



which reduces the water flow rate. Therefore, as described above, the first fluorine recovering
apparatus is effective when the concentration of the 10fluoride in the water is low. (Second Fluorine
Recovering Apparatus) A second fluorine recovering apparatus uses a technique referred to as a
so-called body feed method. As described later, the second fluorine recovering 15apparatus is
effective when the concentration of a fluoride in water is high. Also in this recovering apparatus,
first, a filter aid is mixed with a dispersion medium to pré&are“a suspension. However, water to be
treated is used as 20the dispersion medium in this case. That is, in the method, a filter aid is directly

put in the water to be ter%atgig, io E){(%pa{e th%g%%%ension.gg%r%)ncgntrggon gf. %h[e filter aril%in the
suspension is not pgﬁlcu?ary limite as“cl’oﬁ)g asa fﬁtserYayer can beTormed bth eez%ToI?owmg

operation. For example nthecgoncentration jis-adiysied terahout 4 000:toahout 200000smg/L. Then, the
suspension is made to pass through a filter, to filter the filter aid in the suspension to leave the filter

aid on the filter, andr'therelya fittee layer formedtby Hecdulatingithe filtes arbisdormed.iEhe suspension
is made to pass through the filter under pressure. Since the filter layer is formed and held by the

action of an external f6rE8 &% ddscribed abbver fot exatipté! the FifeFRTLPSsE 85 as fo close the

opemngofgconuug%éggggggramkgIgﬁEQQQEt’ the particularly excessively

adsorbed flucoride fills up the voids of the filter aid,
which reduces the water flow rate. Therefore, as
described above, the first fluorine recovering
apparatus is effective when the concentratiocn of the

10 fluoride in the water is low.
(Second Fluorine Recovering Apparatus)

A second fluorine recovering apparatus uses a

fechnique referred to as a so-called body feed method.
As described later, the second fluorine recovering

15 apparatus is effective when the concentration of a
fluoride in water is high.

Also in this recovering apparatus, first, a filter

aid is mixed with a dispersion medium to prepare a
suspension. However, water to be treated 1s used as

20 the dispersion medium in this case. That is, in the
method, a filter aid is directly put in the water to be
treated, to prepare the suspension. The concentration
of the filter aid in the suspension is not particularly
limited as leng as a filter layer can be formed by the

25 following operation. For example, the concentration 1is
adiusted to about 1,000 to abeout 200,000 mg/L.

Then, the suspension is made to pass through a



10 filter thus disposed, is arranged, and deposited. In this case, the filter layer is formed and held by
an external force from the wall surface of the container and a downward external force (gravity)
caused by the weight of the filter aid located above. 15The fluoride in the water is removed as
described above, and the filter layer is then dispersed in a dispersion medium. The filter layer is
decomposed into the filter aid, and the filter aid is cleaned. This cleaning may be performed in the
container in which the 20filter is set, or in the other Contamer."When the cleaning is performed in the
other container, the filter layer is decomposed into the filter aid using means such as cleaning, and the

filter aid is then trangpﬂt%g Alctgo%qq *\C/vegligeq: eqepg&%lé/rus%g C[ori %Sgé(lﬁlgn@gséheengl%gmg can glso be
performed using a surfactarit or an organic solvent. Thén, the cleaned filter aid is recovered using -

12- magnetic separatigR<A methed of dhe magnetic sepanationds not particylarlydipited. Examples
thereof include a method for putting a permanent magnet or an electrical magnet in the container to
recover the Sfilter aitl, Binda fretkad forreedvérningitheditter aidinsing memétal nseshadcthedike
magnetized with a magnet, and releasing a magnetic field to recover particles. Since the filter aid

constituting the filtef RARF40is CotRtaifietFiRRd SUsgendiGifreparéd asingthevdter e

5 filter under pressure.

Since the filter layer is formed and held by the
action of an external force as described above, for
example, the filter 1is disposed so as tc close the
cpening of a container. The filter aid is left on the

10 filter thus disposed, is arranged, and deposited. 1In
this case, the filter layer 1is formed and held by an
external force from the wall surface of the container
and a downward external force {gravity) caused by the
weight of the filter aid located above.

15 The flucoride in the water is removed as described
above, and the filter layer is then dispersed in a
dispersion medium. The filter layer is decomposed into
the filter aid, and the filter aid is cleaned. This
cleaning may be performed in the container in which the

20 filter is set, or in the other ceontainer. When the
cleaning is performed in the other container, the
filter layer is decomposed into the filter aid using
means such as cleaning, and the filter aid is then
transported. Although water is generally used for

25 cleaning, the cleaning can alsoc be performed using a
surfactant or an organic sclvent.

Then, the cleaned filter aid is recovered using



to be treated in the second fluorine recovering apparatus, the filter aid is always fed with the water
containing the fluoride which should be removed. Therefore, the water containing the fluoride and
15the filter aid are simultaneously fed in the second fluorine recovering apparatus. Thus, even when
the amount of the fluoride in the water is particularly high, the excessively adsorbed fluoride does not
fill up the voids of the filter aid, unlike the first 20fluorine recovering apparatus. Consequently, a
filtration rate can be maintained for a long time. As a re%élt, the second fluorine recovering apparatus
is effective when the concentration of the fluoride in the water to be treated is high. 25Next, a

precipitating method_and a methad for. measuring flugride ions in the fluqrine recovering apparatus
according to one er%%gaier%érﬁ will'be - ésgdes%b}g%j&%ogn%%g%n o%l eﬁl%e%v(go threshold values (a

first threshold values&pa 88€98d thresheld yalue B;where 4 2 B) pf the comsentrstion of fluoride ions
in water 5are set. When the concentration is higher than the first threshold value A, the fluoride ions

are reacted with caldiumeWheimthelcncentrationds Highepthiahithe secpadtiareshsldvidue B, the

fluoride ions are reacted with polzaluminum chloride (hereatfter, referred
or an electrical magnet in the container to recover the

5 filter aid, and & method for recovering the filter aid
using a metal mesh or the like magnetized with a
magnet, and releasing a magnetic field to recover
particles.

Since the filter aid constituting the filter layer
10 is contained in the suspension prepared using the water
o be treated in the second fluorine recovering
apparatus, the filter aid is always fed with the water
containing the fluoride which should be removed.
Therefore, the water containing the fluoride and
15 the filter aid are simultansously fed in the second
flucorine recovering apparatus. Thus, even when the
amount of the fluoride in the water is particularly
high, the excessively adscorbed fluoride deoes not £ill
up the voids of the filter aid, unlike the first
20 flucrine recovering apparatus. Consequently, a
filtration rate can be maintained for a long time. AsS
a result, the second fluorine recovering apparatus is
effective when the concentration of the fluoride in the
water to be treated is high.
25 Next, a precipitating method and a method for
measuring fluoride ions in the fluorine recovering

apparatus according to cne embodiment will be



10to as PAC). Although the threshold value includes various values depending on the design of the
apparatus, the first threshold value A which is a criteria for reacting the fluoride ions with the calcium
may be set to be equal to or higher than about 15500 mg/L. The second threshold value B for adding
the PAC may be set to be equal to or less than a wastewater standard value or a self-management
standard value. The second threshold value B may be set to about 5 mg/L. Any methods can be used
as a method for 20detecting a fluoride ion concentratiort as néeded. For example, industrial simplified
fluoride ion concentration sensor HC-200F (trade name, manufactured by HORIBA, Ltd.) can be used.
Examples of a caIcig{ren sou cgcpsed for reacting the 25fluoride ions with the calcium include calcium
hydroxide (slaked Iime%, calcium chloride, calcium carbonate, and calcium sulfate. The calcium source

s e e L e
may be 5reacted ort theesuirddce, te fenefate the ealeiuin fluordé ohdheslifacé of Weeeaicium
carbonate. The .
A > B} of the ceoncentration of fluoride ions in water
5 are set. When the concentration is higher than the
first threshold wvalue A, the fluoride ions are reacted
with calcium. When the concentration is higher than
the szecond threshoeld value B, the fluoride ions are
reacted with polyaluminum chloride (hereafter, referred
10 to as PAC). Although the threshcld value includes
various values depending on the design of the
apparatus, the first threshold value A which is a
criteria for reacting the flucoride ions with the
calcium may be set to be equal to or higher than about
15 500 mg/L. The second threshold value B for adding the
PAC may be set to be egual to or less than a wastewater
standard value cr a self-management standard value.
The second threshold value B may be set to about
5 mg/L. Any methods can be used as a method for
20 detecting a fluoride ion concentration as needed. For
example, industrial simplified fluoride ion
concentration sensor HC-200F (trade name, manufactured
by HCRIBA, Ltd.) can be used.
Examples of a calcium source used for reacting the
25 fluoride ions with the calcium include calcium

hydroxide (slaked lime}, calcium chloride, calcium

carbonate, and calcium sulfate. The calcium source is



calcium fluoride generated on the surface of the calcium carbonate may be stripped from the surface,
to be dispersed in the water. In any case, the calcium 10fluoride is dispersed in the water as very fine
particles. The PAC used as a flocculant for usual water treatment is used. The PAC takes in the
fluoride ions, and is precipitated as hardly dehydratable flocs in the 15water. The amount of the PAC
to be added is about 1 to about 5 times higher than the fluoride ion concentration depending on the
design condition of a plant. It is very difficult to recover fife calcium 20fluoride thus precipitated and the
PAC precipitate. Heretofore, a cationic polymer or the like has been added, to form flocs. As opposed

to this, it is not nec%ssarﬁ%ggrf%mvggrgger %%eratlons |r]Cth err}lbodlment. This |$,f ecause the

calcium fluoride can 25B& directly removéed by d&?/%?é:t?on in the embodiment. e fiuiorine

recovering apparatds £ap be-alae used:as:a pretreaiment apparatus: for discharged water in - 15 -
which the water to be treated is allowed to react with the calcium without providing the threshold value

of the fluoride ion cencentratiorpanrd igmowesthe prEcipitated-calciunafiboride-esing thédlter aid.
Since the processing is not completed by only the pretreatment apparatus in this case, the fluorine

removal is completed 55 1&g the! preb@athEntapraatiRand thel Gth8R afertiéatmefit apparatus in

5 reacted on the surface, Lo generate the calcium
fluoride on the surface of the calcium carbonate. The
calcium flucride generated on the surface of the
calcium carbonate may be stripped from the surface, to
be dispersed in the water. In any case, the calcium

10 fluoride is dispersed in the water as very fine
particles.

The PAC used as a flccculant for usual waterx
treatment is used. The PAC takes in the fluoride ions,
and is precipitated as hardly dehydratable flocs in the

15 water. The amount of the PAC to be added is about 1 to
about 5 times higher than the fluoride ion
concentration depending on the design condition of a
plant.

It is very difficult to recover the calcium

20 fluoride thus precipitated and the PAC precipitate.
Heretofore, a cationic polymer or the like has been
added, to form flocs. As opposed to this, it is not
necessary to perform further operaticons in the
embodiment. This is because the calcium fluoride can

25 be directly removed by dehydration in the embodiment.

The fluorine recovering apparatus can be also used

as a pretreatment apparatus for discharged water in



combination. Since the PAC is not used when the 10fluorine recovering apparatus is used as the
pretreatment apparatus, advantageously, a time required for reproducing the filter aid is extremely
reduced. Since the purity of the recoverable calcium fluoride is increased, a high addition value can be
also applied to 15the calcium fluoride. Next, examples will be specifically described in detail.
(Preparation of Filter aid) The following filter aids are provided: 20(Filter aid A) Magnetite particles
(mean patrticle diameter: 2 pm); (Filter aid B) MagnétitéBartiEles (mean particle diameter: 0.5 pm);
and (Filter aid C) Magnetite particles (mean particle 25diameter: 5 p.m). The following

AR T S S R e e
diameter: 26 Rm). tne calcium without providing the threshold value of

the fluoride ion concentration and removes the

precipitated calcium fluoride using the filter aid.

5 Since the processing is not completed by only the
pretreatment apparatus in this case, the fluorine
removal is completed by using the pretreatment
apparatus and the other aftertreatment apparatus in
combination. Since the PAC is not used when the

10 fluorine recovering apparatus 1s used as the
pretreatment apparatus, advantageously, a time reguired
for reproducing the filter aid is extremely reduced.
Since the purity of the recoverable calcium fluoride is
increased, a high addition value can be also applied to

15 the calcium fluoride.

Next, examples will be specifically described in
detail.
{(Preparation of ¥Filter aid)

The following filter aids are provided:

20 (Filter aid A) Magnetite particles (mean particle
diameter: 2 pm);

(Filter aid B) Magnetite particles {mean particle
diameter: 0.5 pm); and
(Filter aid C} Magnetite particles (mean particle

25 diameter: 5 um).

The following magnetite particles are provided as

comparative examples:



5(Example 1)  FIG. 1 shows a schematic view of a fluorine recovering apparatus according to
example 1. Reference number 1 in FIG. 1 designates a precipitation tank (precipitating device)
provided with 10a fluoride ion concentration sensor 2 and a stirrer 3a. The precipitation tank 1 is
configured to receive fluoride ion-containing water to be treated, slaked lime, and polyaluminum
chloride (PAC). In the precipitation tank 1, the water to be treated may react 15with calcium to
precipitate calcium fluoride. A pipe 4a is configuredto fé&d thie water to be treated to the precipitation
tank 1. A fluoride ion concentration sensor 5 is provided in the pipe 4a, to detect the fluoride ion

concentration in the y@&r to be tcge%t)ed. 1%ORefe;Crg@%e numberJGT in FEB. 1 deséqpa%ec a first mixing tank
. [ 0

provided with a stirr(er Thefirst mixing fank has a fﬁﬁcﬁi%%c Tixi Héeaa ey aia with a dispersion

medium. Here, the filteraid-contains particles gha magnetic material. The particles 25contained in the
filter aid have a primary particle diameter of 0.5 to 5 Rm. A filter aid tank (filter aid feeder) 7 is
connected to the mi¥ing tank 6 toiféed the £17dilter aid-todie maigingttank 6pApipe 4bsfrom the
mixing tank 6 is connected to a pipe 4c which in turn connects the precipitation tank 1 to a filtering
device (solid-liquid §8parat8A 8- ThesilRtiAtevice & & Pblided with a filter 9 disposed in a
horizontal 'rectione’ Q%%%I@ ta the ground. The filter aid will be deposited on the filter 9. The filter aid
is obtained by filtering slurry produced in the mixing tank 6.

FIG. 1 shows a schematic view of a fluorine
recovering apparatus according to example 1.
Reference number 1 in FIG. 1 designates a
precipitation tank {(precipitating device) provided with
10 a fluoride ion concentration sensor 2 and a stirrer 3a.
The precipitation tank 1 is configured toc receive
fluoride ion-ceontaining water to be treated, slaked
lime, and polyaluminum chlorilide (PAC). In the
precipitation tank 1, the water to be treated may react
15 with calcium to precipitate calcium flucoride. A pipe
4a is configured to feed the water to be treated to the
precipitation tank 1. A fluoride ion concentration
sensor 5 is provided in the pipe 4a, to detect the
flucride ion concentration in the water to be treated.
20 Reference number 6 in FIG. 1 designates a first
mixing tank provided with a stirrer 3b. The first
mixing tank has a function of mixing a filter aid with
a dispersion medium. Here, the filter aid centains
particles of a magnetic material. The particles
25 contained in the filter aid have a primary particle
diameter of 0.5 to 5 um. A filter aid tank (filter aid

feeder) 7 is connected to the mixing tank 6 to feed the



10A cleaning mechanism (not shown) is provided, which has a function of removing the filter aid
deposited on the filter 9 of the filtering device 8. The cleaning mechanism includes a pipe 4d which
connects the bottom part of the filtering device 8 to a 15portion of the filtering device 8 located above
the filter 9, and a pump and a switching valve (not shown) or the like provided in the pipe 4d. The part
of the filtering device 8 located above the filter 9 is connected to a separating tank 10 via a pipe 4e.
Here, 20the separating tank 10 is provided with a m“agr?e? 11"and a stirrer 3c. The separating tank 10
has a function of separating the filter aid from the calcium fluoride. The separating tank 10 and the
filter aid tank 7 are connected vi ipe 4f. Here, a returning mechanism 25includes the pipe 4f, and a
pump and a switchi%’gliv%?vre nio?as%é)w%%%r It%lexlﬁ?eg pf%oa\l}i](i(ed%lh thczébpl?plep g efe%lrjlé%%e Ttrllkl}f?zber 4gin
FIG. 1 designates gpiperwhiel 1% coanects the potom-part [%EEIS‘@ filteripg dayice8 1 the mixing
tank 6. Reference number 4h in FIG. 1 designates a pipe which connects the bottom part of the
filtering device 8 to thensepamtingdanik 201 pNext; thenopenation of theafluorinesretoyeray apparatus of

FIG. 1 will be described with reference to the flow chart of FIG. 5. ~ The fluoride ion concentration in
the fluorine-containintfwatkT té Beitfb i@ i< Mty Measuteé§ byl ltering device 8 is
5 provided with a filter 9 disposed in a horizontal

direction in parallel to the ground. The filter aid
will be deposited on the filter 9. The filter aid is
obtained by filtering slurry produced in the mixing
tank 6.

10 A cleaning mechanism {(not shown} 1is provided,
which has a function of removing the filter aid
deposited on the filter 9 of the filtering device 8.
The cleaning mechanism includes a pipe 4d which
connects the bottom part of the filtering device 8 to a

15 pertion of the filtering device 8 located above the
filter 9, and a pump and a switching valve (not shown)
or the like provided in the pipe 4d. The part of the
filtering device 8 located above the filter 92 is
connected te a separating tank 10 via a pipe 4e. Here,

20 the separating tank 10 is provided with a magnet 11 and
a stirrer 3c. The separating tank 10 has a function of
separating the filter aid from the calcium fluoride.
The separating tank 10 and the filter aid tank 7 are
connected via a pipe 4f. Here, a returning mechanism

25 includes the pipe 4f, and a pump and a switching valve
{not shown)} or the like provided in the pipe 4f.

Reference number 4g in FIG. 1 designates a pipe which



10the fluoride ion concentration sensor 5 (S1). It is determined whether or not the concentration is
equal to or higher than the second threshold value B (S2). When the concentration is less than the
second threshold value B, the water to be treated is directly drained 150ff without performing a
fluorine-recovering treatment described below. The water to be treated having a fluoride ion
concentration equal to or higher than the second threshold value B is fed to the precipitation tank 1.
20Then, it is determined whether or not the fluoridejon 'ddncéntration in the water to be treated in the
precipitation tank 1 is equal to or higher than the first threshold value A (S3). When the concentration

is equal to or higher than th@sfirgkgrg%Q%]gﬂY]agjgr%, %%Ihggflaakgg Ii%q__iig(? %%I%'jyggs%urgg is put in the
wi

precipitation tank 1c(gﬂﬁq,ea%d IS mixe e water to be treated. Atter a’certain time elapses, the -
19 - fluoride ion conrgantiRtioNSENSER R is Usedda meastie tedioriderion copgentration in the water
containing calcium fluoride to determine whether or not the concentration is equal to or higher than the
second 5threshold salsedd £S5k When tive filidride ioprconcentration helasoredoilnrss isfedidia to or
less than the second threshold value B, the water is sent to the filtering def{vici%S to subject the water to

solid-liquid separatioh: Note itat WWRERThe coficdritfatiorindadurdd tan .

5 Next, the operation of the fluorine recovering
apparatus of FIG. 1 will be described with reference to
the flow chart of FIG. 5.

The fluoride icn concentration in the fluorine-

containing water to be treated 1s initially measured by

10 the fluoride ion concentration sensor 5 (81). It is
determined whether or not the concentration is equal to
or higher than the second threshold value B (S8Z). When
the concentraticn is less than the second threshold
value B, the water to be treated is directly drained

15 off without performing a fluorine-recovering treatment
described below.

The water to be treated having a fluoride icn
concentration equal to or higher than the second
threshold value B is fed to the precipitation tank 1.

20 Then, it is determined whether or not the fluoride ion
concentraticn in the water to be treated in the
precipitation tank 1 is equal to or higher than the
first threshold value A (83). When the concentration
is equal to or higher than the first threshold value A,

25 the slaked lime as a calcium source is put in the
precipitation tank 1 {54), and is mixed with the water

to be treated. After a certain time elapses, the



10in the S3 step is higher than the second threshold value B and less than the first threshold value A,
the S4 step is omitted. When the fluoride ion concentration measured in S5 is higher than the
second threshold value B, PAC is put 15in the precipitation tank 1 to mix the PAC with the water
containing calcium fluoride (S6). Then, the fluoride ion concentration sensor 2 is used to measure the
fluoride ion concentration in the water contained in the precipitation tank 1. These operations are
20repeated until the fluoride ion concentration meaSure s equal to or less than the second threshold
value B. Also, in parallel to these operations, a layer made of the filter aid is formed on the filter 9
of the filtering devi((:flS a%{c()ﬂeows. First, the filter gid 25is sentOto tgegix@getgnlég from the filter aid

tank 7. The filter aid is Thixed witl a pcaorptc):Fa {Fé:aﬁae Water from fﬁterlng device 8,10 6{}88385 filter aid -

20 - slurry. The filte aidl Slurry.is sent to filtesingdevica 8 i form thedayermade of the filteraid on the
filter 9. After the layer is formed, the water contained in 5precipitation tank 1 having a fluoride ion
concentration equaktolariless tharthedseconddbiesthold value Bisded ta theofilterig device 8 under
DT T SOy o (L A P L, e Y eV g
5 threshold value B (85). When the fluoride ion
concentration measured in 85 is equal to or less than
the second threshold value B, the water is sent to the
filtering device 8 to subject the water to solid-liquid
separation. Note that, when the concentration measured
10 in the 83 step is higher than the second threshold
value B and less than the first threshold value A, the
S4 step is omitted.
When the fluoride ion concentration measured in 55
is higher than the second threshold value B, PAC is put
15 in the precipitation tank 1 to mix the PAC with the
water containing calcium flucride (S6;. Then, the
fluoride ion ccncentration sensor 2 is used to measure
the fluoride ion concentration in the water contained
in the precipitation tank 1. These operations are
20 repeated until the fluoride ion concentratiocn measured
is equal to or less than the second threshold value B.
Also, in parallel to these operations, a layer
made of the filter aid is formed on the filter 9 of the
filtering device 8 as follows. First, the filter aid
25 is sent to the mixing tank 6 from the filter aid tank

7. The filter aid is mixed with a part of treated

water from filtering device 8, to produce filter aid



10formed and made of the filter aid. A filtrate is a weak alkaline treated liquid from which the fluoride
has been removed, and may be drained off as it is. However, the filtrate can be also used as cleaning
water of the filtering device 8, cleaning water of the 15magnet 11 of the separating tank 10, and a
liquid in producing the filter aid slurry in the mixing tank 6. After the filtration of the water treated in
the precipitation tank 1 is completed, a cake made of the filter aid and the precipitated fluoride (mainly,
20calcium fluoride) has been deposited on the filter 9 irthe filtering device 8. In order to clean the
cake, cleaning water is fed from the side of the filter 9 to collapse the cake, which is fed to the
separating tank 10. %(i)nc% the sgpara 'ng tank 1%15 rlovided with %@% %S%t(i)rr%r. ct%r%q_ magnet 11,

the separating tank’T ué:er}la'rates the ﬁte?%llfd from the fluoride Sduring mixing. The separating tank 10

recovers only the -2+ filterqid ysingthednagnetdl: Thediguickfremeswhich:the filigraigkhas been
recovered is discharged as fluorine-concentrated water containing a high-concentration fluoride. The
filter aid is cleaned With 5the fed cféaning water, and is then returned to the filter aid tank 7. Thus, the
returned filter aid is fed again to the mixing tank 6 and is reused. In example 1, a hygroignen fluoride

aqueous solution containiftf 56 nd/E%of fiibfife IohsS WAL providdiF ag Fe ™ containé

5 precipitation tank 1 having a fluoride ion
concentration equal to or less than the second
threshold value B is fed to the filtering device B
under pressure., The solid-liguid separation
(filtration) is performed using the layer previously

10 formed and made of the filter aid. A filtrate is a
weak alkaline treated liguid from which the fluoride
has been removed, and may be drained off as it is.
However, the filtrate can be also used as cleaning
water of the filtering device 8, cleaning water of the

15 magnet 11 of the separating tank 10, and a liguid in
producing the filter aid slurry in the mixing tank 6.

After the filtration of the water treated in the
precipitation tank 1 is completed, a cake made of the
filter aid and the precipitated fluoride (mainly,

20 calcium fluoride) has been deposited on the filter 9 in
the filtering device 8. In order to clean the cake,
cleaning water is fed from the side of the filter 9 to
collapse the cake, which is fed to the separating tank
10. Since the separating tank 10 is provided with the

25 stirrer 3¢ and the magnet 11, the separating tank 10
separates the filter aid from the fluoride during

mixing. The separating tank 10 recovers only the



10water to be treated. The first threshold value A was set to 100 mg/L, and the second threshold value
B was set to 10 mg. Since the fluorine ion concentration was higher than the second threshold value
B, the water was fed to the precipitation tank 1. Since the fluoride 15ion concentration was less than
the first threshold value A, the PAC was added so that a solid content thereof was 250 mg/L without
adding the slaked lime (calcium compound), and was stirred for 10 minutes. As a result, white
sediments were precipitated, and the 20 fluorine ion contentration in the water treated in the
precipitate tank 1 was 8 mg/L, which is less than the second threshold value B. In example 1, a filter

aid A was used as filter aid. ;The filter aid was fed from the filter aid . ixing tank 6
té"ﬁtﬁ% AT I Flavas o e THead piank Eledh b

and then water was sup eretozfg%roduce ilter aid slurry. This was the filtering device 8 to

deposit a filter aid laygr £22+davingian averagethickness okd mra on thenfiltes &4 Then, the water
treated in the precipitation tank 1 was fed to the filtering device 8 from the precipitation tank 1, to filter

the water to be treafédidt cowld benSeorifirmeethat98% ardriglermthedluaridé g reaction product
between PAC and fluorine ions) contained in the water treated in the precipitation tank 1 is g%covered.

Cleaning water was RIF RO 1AE Sl SFHARTIRT 9 of tHE fittérhig dedits si&rsrtha Hittation

5 the fed cleaning water, and is then returned to the
filter aid tank 7. Thus, the returned filter aid is
fed again to the mixing tank 6 and 1s reused.

In example 1, a hydrogen fluoride aqueous sclution
containing 50 mg/L of fluorine ions was provided as the
10 water to be treated. The first threshold value A was
set to 100 mg/L, and the second threshold value B was
set to 10 mg. Since the flucorine ion concentration was
higher than the second threshold value B, the water was
fed to the precipitation tank 1. Since the fluoride
15 ion concentration was less than the first threshold
value A, the PAC was added so that a solid content
thereof was 250 mg/L without adding the slaked lime
{calcium compound), and was stirred for 10 minutes. As
a result, white sediments were precipitated, and the
20 fluorine ion concentration in the water treated in the
precipitate tank 1 was 8 mg/L, which is less than the
second thresheold value B.
In example 1, a filter aid A was used as the
filter aid. The filter aid was fed from the filter aid

25 tank 7 to the mixing tank 6 and then water was supplied

thereto to produce filter aid slurry. This was fed to

the filtering device 8 to deposit a filter aid layer



10processing. The layer formed on the filter 9 was collapsed, and was fed to the separating tank 10.
Then, after the filter aid was separated from the fluoride by operating the stirrer 3c in the separating
tank 10, the magnet 11 was operated to recover only the 15filter aid, and a fluoride-concentrated liquid
was discharged. Then, the magnetic field of the magnet 11 was released, and cleaning water was fed
to produce the filter aid slurry. Then, the filter aid slurry was returned to the filter aid tank 7. Then, the
filter 20aid slurry was fed to the mixing tank 6, and the gdme operations were performed. The filter aid
slurry could be reused without any problem. (Example 2) A test was performed in the same manner as

in 25example 1 usig \tfhlenaargg a{\p?%tug a&tﬁg}(%%arg ell I%}?\ceé)rg ti@{[éh%jfijltgégid B was used in

place of the filter aid A. As’a resu ecovery ratio of - 23 - fluoride was equal to or ﬁi’gher than

99%. In the case ofeyamplerss the vwaterflaw fale ofa filtesingdavice was peg thisd f thatof example
1. The apparatus could be driven without any problem. 5(Example 3)
fed to the filtering device 8 from the precipitation
tank 1, to filter the water to be treated. It could be
5 confirmed that 99% or higher the fluoride {(a reaction
product between PAC and fluorine icns) contained in the
water treated in the precipitation tank 1 is recovered.
Cleaning water was fed from the side of the filter

9 of the filtering device 8 after the filtration

10 processing. The laver formed on the filter 9 was
collapsed, and was fed to the separating tank 10.
Then, after the filter aid was separated from the
fluoride by operating the stirrer 3¢ in the separating
tank 10, the magnet 11 was operated to recover only the

15 filter aid, and a fluoride-concentrated liquid was
discharged. Then, the magnetic field of the magnet 11
was released, and cleaning water was fed to produce the
filter aid slurry. Then, the filter aid slurry was
returned to the filter aid tank 7. Then, the filter

20 aid slurry was fed to the mixing tank 6, and the same
operations were performed. The filter aid sliurry could
be reused without any problem.
(Example 2}

A test was performed in the same manner as in

25 example 1 using the same apparatus as that of example 1

except that the filter ald B was used in place of the

filter aid A. BAs a result, the recovery ratio of



A test was performed in the same manner as in example 1 using the same apparatus as that of
example 1 except that the filter aid C was used in place of the filter aid A. As a result, the recovery
ratio of 10fluoride was about 97%. In the case of example 3, the water flow rate of a filtering device
was roughly double of that of example 1. The apparatus could be driven without any problem.
(Comparative Example 1) 15A test was performed in the_ same manner as in example 1 using the
same apparatus as that of example 1 except that the filfet aid D was used in place of the filter aid A.
When fluoride was recovered in the case of comparative example 1, water could not be made to

20pass on the way.(Compaative Example 2). oA estas performedin the gamenanagy as in

example 1 using the same apparatus of example 1 except that the filter aid D was used in

place of the 25filtersid A«Mher flugride wasJseeeveredsn the: eassrobcamparstive exasple, a part
of the fluoride was contained in the filtrate. Then, a filtration flow - 24 - rate was remarkably reduced,
and water could nobe ntade topask. ¢Exaimple 4f example 1. The apparatus

could be driven without any problem.
5 {Example 3)
A test was performed in the same manner as in
example 1 using the same apparatus as that of example 1
except that the filter aid C was used in place of the
filter aid A. As a result, the recovery ratio of

ic fluoride was abocut 97%. In the case of example 3, the
water flow rate of a filtering device was rcughly
double of that of example 1. The apparatus could be
driven without any problem.

{Comparative Example 1)

15 A test was performed in the same manner as in
exanple 1 using the same apparatus as that of example 1
except that the filter aid D was used in place of the
filter aid A. When fluoride was recovered in the case
of comparative example 1, water could nct be made to

20 pass on the way.

{Comparative Example 2)

A test was performed in the same manner as in
example 1 using the same apparatus as that of example 1
except that the filter aid D was used in place of the

25 filter aid A. When fluoride was recocvered in the case
of comparative example 2, a part of the fluoride was

contained in the filtrate. Then, a filtration flow



FIG. 2 shows a schematic view of a fluorine 5recovering apparatus according to Example 4. The same
members as those in FIG. 1 are represented by the same reference numbers, and the descriptions
thereof will be omitted. The recovering apparatus of FIG. 2 is different from the recovering apparatus
of FIG. 1 in 10that a pipe 4i which connects the filter aid tank 7 to the precipitation tank 1 is provided,
while the first mixing tank 6 and the pipe 4g are not provided. Therefore, not only water to be treated,
slaked lime, and PAC, but also the filter aid can be fed %&the’lSprecipitation tank 1 in FIG 2. In the
same manner as in example 1, a fluoride ion concentration in fluorine-containing water to be treated is
initially measured by _the fluoride ion concentration sensor 5, When, the concentration is_ 20equal to or
s than the secont el Joh B AP Aler 1o Batrethih LATTecty Sramen SH wihou
performing the fluorigisecayeringdreatment described below. The water to be treated having a higher
fluoride 25 ion concentration than the second threshold value B is fed to the precipitation tank 1. When
the water to be treat€d ras eehigher fluoride ion concentration than - 25 - the first threshold value A,
the slaked lime as a calcium source is put in the precipitation tank 1 and mixed with the water to be

treated. After a certain timé ‘éfapsess & fuGridé entrafidh 8&ndor2 BRULEY to measure the
ﬂuo“de'Om§oncen¥g@@%g}ing apparatus according to Example 4. The same

members as those in FIG. 1 are represented by the same
reference numbers, and the descriptions thereof will be
omitted. The recovering apparatus of FIG. 2 is
different from the recovering apparatus of FIG. 1 in

10 that a pipe 4i which connects the filter aid tank 7 to
the precipitation tank 1 is provided, while the first
mixing tank 6 and the pipe 4g are not provided.
Therefore, not only water to be treated, slaked lime,
and PAC, but also the filter aid can be fed to the

15 precipitation tank 1 in FIG 2.

In the same manner as in example 1, a fluoride ion
concentration in fluorine-containing water to be
treated is initially measured by the fluoride ion
concentration senscr 5. When the concentration is

20 equal to or less than the second threshceld value B, the
water to be treated is directly drained off without
performing the fluorine recovering treatment described
below.

The water to be treated having a higher fluoride

25 ion concentration than the second threshold value B is
fed to the precipitation tank 1. When the water to be

treated has a higher fluoride ion concentration than



the water in the precipitation tank 1. When the concentration is equal to or less than the second
threshold value B, the water to be treated is send to a filtering device 8. Note that, when the
concentration 10measured in the S3 step is higher than the second threshold value B and less than
the first threshold value A, the S4 step is omitted. When the fluoride ion concentration in the water
mixed with the calcium is higher than the second threshold value B, the PAC is 15put in the
precipitation tank 1 and mixed with the water. Then thefluoride ion concentration sensor 2 is used to
measure the fluoride ion concentration in the water contained in the precipitation tank 1. These
operations are repe%g%d %lrﬂtljlst@e er%Sng?t élu%igg io 20%%ncegiraﬂg%ir1the water contained in the

precipitation tank 1 i$ équal to orﬁess than the ‘Second threshold Vaiue B. mﬁxgr%p?e 4 is different

from Example 1 in that thefilteraid isdirectly sentto the precipitation fank1 2ofrom theyfilter aid tank 7
after the above-mentioned operation to produce slurry. The slurry is fed to the filtering device 8 under

pressure, to form atayeranade h 26eofvtheditter @id on thesfilterd. and fa filterathespreeipitate. After the
filtration of the water from the precipitation tank 1 is completed, a cake made of the 5filter aid and the
mecmﬂmedfMOHdéﬂﬁ@Mﬁ&apses' the fluoride 1on concentration senscr 2
5 is used to measure the fluoride ion concentration in
the water in the precipitaticn tank 1. When the
concentration is equal to or less than the second
threshcld wvalue B, the water to be treated is send to a
filtering device 8. HNote that, when the concentration
10 measured in the S3 step is higher than the second
threshoid value B and less than the first threshold
value A, the 54 step is omitted. When the fluoride ion
concentration in the water mixed with the calcium is
higher than the second threshold value B, ths PAC is
15 put in the precipitation tank 1 and mixed with the
water. Then, the flucoride ion concentration sensor 2
is used to measure the fluoride ion concentration in
the water contained in the precipitation tank 1. These
operations are repeated until the measured fluoride ion
20 concentration in the water contained in the
precipitation tank 1 is egqual to or less than the
second thresheold value B.
Example 4 is different from Examplie 1 in that the
filter aid is directly sent to the precipitation tank 1
25 from the filter aid tank 7 after the above-mentioned

operation to produce slurry. The slurry is fed to the

filtering device 8 under pressure, to form a layer made



calcium fluoride) has been deposited on the filter 9 in the filtering device 8. In order to clean the cake,
cleaning water is fed from the side of the filter 9 to collapse the cake, which is fed to the separating
tank 1010. In the separating tank 10, the filter aid is separated from the fluoride while stirring the liquid
containing the filter aid and the fluoride by the stirrer 3c. The separating tank 10 recovers only the filter
aid using the magnet 11. The liquid from which 15the filter aid has been recovered is discharged as
fluorine concentrated water containing a high-concéntra%i"én of fluoride. The filter aid is cleaned with
the fed cleaning water, and is then returned to the filter aid tank 7. Thus, the returned filter aid 20is fed

again to the precipitation.tank 1.and is reysed. In le 4, a hydrogen. fluoride aqueous solution
containing 200 mg/E%f ?ﬁ}? flgt%r]f%ee ﬁ)naslvaag Broii/}i1 edEalfsfl %Eé;rwgte?rfg b][éogre%; é{%.&Fhet %%St threshold
value A was set to 10Q mg/k+-ard the second threshold value B 25was set to 10 mg/L. Since the
fluoride ion concentration was higher than the second threshold value B, the water to be treated was
fed to the - 27 - precipitatidhttamk ih8incelthedlubrineddn thrcemration fxasrhigher than the first

threshold value A, 5000 mg/L of the slaked lime (calcium compound) was added. Since the fluoride ion

concentration meastf&F 5afte R Saffitieht Etirrihg Was OBk S 125 tngle 'bf PR Rasladded, and they
were furthef mixed. gtwleti:eelsug@pcg fluoring,ion QQEE?H%@ n.g the V\éatt(i%gon(t%%elqlig ’the precipitation
tank 1 was 8 mg/L, which is less than the second threshold value B.
calcium fluoride) has been deposited on the filter 9 in
the filtering device 8. In order to clean the cake,
cleaning water is fed from the side of the filter 9 to
collapse the cake, which is fed to the separating tank
10 10. In the separating tank 10, the filter aid is
separated from the fluoride while stirring the liguid
containing the filter aid and the fluoride by the
stirrer 3c. The separating tank 10 recovers only the
filter aid using the magnet 11. The ligquid from which
15 the filter aid has been recovered is discharged as
fluorine concentrated water containing a high-
concentration of fluoride. The filter aid is cleaned
with the fed cleaning water, and is then returned to
the filter aid tank 7. Thus, the returned filter aid
20 is fed again to the precipitation tank 1 and is reused.
In Example 4, a hydrogen fluoride aqueocus solution
containing 200 mg/L of the fluorine ions was provided
as the water to be treated. The first threshold value
A was set to 100 mg/L, and the second threshold value B
25 was set to 10 mg/L. Since the fluoride ion
concentraticn was higher than the second threshold

value B, the water to be treated was fed to the



10Two percent by weight of filter aid A was added to the water contained in the precipitation tank 1 to
produce slurry. The slurry was sent to the filtering device 8, and then, filtration was performed. It could
be confirmed that 99% or higher of the fluoride 15(calcium fluoride, and a reaction product of PAC and
fluorine ion) in the water from the precipitation tank 1 is recovered. Cleaning water was fed from the
side of the filter 9 of the filtering device 8 after the filtration processing. The layer formed on the filter
209 was collapsed, and was fed to the separating tank 10. Then, after the filter aid was separated from
the fluoride by operating the stirrer 3c in the separating tank 10, the magnet 11 was operated to

recover only the filt rr%igi Qqglagégq(;%%ggoment&gggéiqHirg?\évgﬁggg@ gar%?gl. Then, the magnetic

field of the magnet 11 was released, eaning water was to produce filter aid slurry. Then, the
filter aid slurry was co28:eretimned:to thediltef gicktankni T henetheifilter ajd, skisryonas fed tosthe
precipitation tank 1, and the same operations were performed. The filter aid slurry was reused without
any problem. 5(Exdmple®)C nHEG. 3ishows & seli@iatic wiew! stthe fluprigerecoveting-@sparatus
according to Example 5. The same members as those in FIG. | are represented bé the sag1e reference

numbers, and the d&Sefitions tharéof Wil be' HoTmitied’ The FEabvering Hpharatlis ot FiE™3 is
different from the recpyeting apparatug of £1G .1 in,the following points. Fist, g precipiaing device 23

is provided, which includes an adsorption column 21 filled with calcium carbonate particles and a
second was added, and they were further mixed. The resulting
fluorine ion concentration in the water contained in
the precipitation tank 1 was 8 mg/L, which is less than
the second threshold value B.

10 Two percent by weight of filter aid A was added to
the water contained in the precipitaticn tank 1 to
produce slurry. The slurry was sent to the filtering
device 8, and then, filtration was performed. It could
be confirmed that 99% or higher of the fluoride

15 {calcium flucride, and a reaction product of PAC and
fluorine ion) in the water from the precipitation tank
1 is recovered. Cleaning water was fed from the side
of the filter 9 of the filtering device 8 after the
filtration processing. The layer formed on the filter

20 9 was collapsed, and was fed to the separating tank 10.
Then, after the filter aid was separated from the
flucoride by operating the stirrer 3¢ in the separating
tank 10, the magnet 11 was operated to recover only the
filter aid, and the fluorine-concentrated ligquid was

25 discharged. Then, the magnetic field of the magnet 11
was released, and cleaning water was fed to produce

filter aid slurry. Then, the filter aid slurry was



15mixing tank 22 provided with a stirrer 3c, in place of the precipitation tank 1. Next, the pipe 4a is
connected to the adsorption column 21 and the second mixing tank 22. The adsorption column 21 and
a pipe 4c are connected via a pipe 4j in which a fluoride ion 20concentration sensor 2 is provided. In
FIG. 3, a pipe 4k branched from the pipe 4j is connected to the second mixing tank 22. Therefore,
the adsorption column 21 and the second mixing tank 22 are configured to receive fluoride ion-
25containing water to be treated. PAC can also be fed tothe second mixing tank 22. In Example 5, a
hydrogen fluoride aqueous solution - 29 - containing 200 mg/L of fluorine ions was provided as the

water to be treatgd.f% iﬁlgggs@gd&@lu%ﬁ%@sf set 1o %%]{igﬁ/l?,_anq: es&gogﬂéhrgﬁgl&value B was

set to 10 mg/L. Since the fluorine ion concentration was 5 er than the first threshold value A, the

water to be treated yvas sentte $hevadsarpion sotien g diled withrthercateium carbanatetpasticles,
and the calcium carbonate particles were reacted with fluorine. The liquid discharged from the
adsorption column 2EWaso@e 106patise liguid nawinkrafigsride ecdrickhtration &f SO

Therefore, the liquid was sent to the second mixin%tank 22, and 250 mg/L of PAC was added. The
fluorine ion concentt&tfort i theWater Wasredlide® 57 THFIL. 150n the other hand, a filter aid was fed

to a first 5 (Example 5)

FIG. 3 shows a schematic view of the fluorine
recovering apparatus according to Example 5. The same
members as those in FIG. 1 are represented by the same
reference numbers, and the descriptions thereof will be

10 omitted. The recovering apparatus of FIG. 3 is
different from the recovering apparatus of FIG. 1 in
the following points. First, a precipitating device 23
is provided, which includes an adsorption column 21
filled with calcium carbonate particles and a second

15 mixing tank 22 provided with a stirrer 3c, in place of
the precipitation tank 1. Next, the pipe 4a is
connected to the adscrption column 21 and the second
mixzing tank 22Z. The adsorption column 21 and a pipe 4dc
are connected via a pipe 47 in which a fluoride ion

20 concentration sensor 2 is provided. In FIG. 3, a pipe
4%k branched from the pipe 43j is connected to the second
mixing tank 22.

Therefore, the adsorption column 21 and the second
mixing tank 22 are configured to receive fluocride ion-

25 containing water to be treated. PAC can alsc be fed to
the second mixing tank 22.

In Example 5, a hydrogen fluoride agueous sclution



mixing tank 6 from a filter aid tank 7 filled with a filter aid A, and water was mixed with the filter aid to
produce filter aid slurry. This slurry was fed to a filtering device 8 to form a filter aid layer having an
20average thickness of 1 mm on a filter 9. Then, the water treated in the second mixing tank 22 was
fed to the filtering device 8 from the second mixing tank 22, and then filtration was performed. It could
be confirmed that 99% or higher of the fluoride (calcium 25fluoride, a reaction product between PAC
and fluorine ions) in the water treated in the second’mix?r?g tank 22 is recovered. - 30 - Cleaning water
was fed from the side of the filter 9 of the filtering device 8 after the filtration processing. The layer

formed on the filter 9 was collaps nd was fed to-the separating tank 10. %‘g en, %{tegsthe filter aid
was separated fromy t ne% J‘or}fdggbeﬁggeﬁna%i% tﬁg sgrlfé%é %%nethleoéqespavfgt%‘né) tan 16:; the magnet 11

was operated to recaver palythediltes aid, andctbe fluosing-concentiatestisuid was discharged. Then,
the magnetic field of the magnet 11 10was released, and cleaning water was fed to produce filter aid

slurry. Then, the filteeaidtsturg wes/fetumed to tise filtercaid hals ZoTHev 2he 4iltBr aRisslady was fed
to the first mixing tank 6, and the same operations were performed. The filter aid slurry 15was reused
thoutanyrwoMeﬁﬂ%E&%nﬁﬂé%) Since the fluorine ion concentration was
5 higher than the first threshold value A, the water to
be treated was sent to the adsorption column 21 filied
with the calcium carbonate particles, and the calcium
carbonate particles were reacted with fluorine. The
liguid discharged from the adsorption column 21 was an
10 opague liguid having a fluoride ion coencentration of
50 mg/L. Therefore, the liquid was sent to the second
mixing tank 22, and 250 mg/L of PAC was added. The
fluorine icon concentration in the water was reduced to
7 mg/L.
i5 On the other hand, a filter aid was fed to a first
mixing tank 6 from a filter aid tank 7 filled with a
filter aid A, and water was mixed with the filter aid
to produce filter aid slurry. This slurry was fed to a
filtering device 8 to form a filter aid layer having an
20 average thickness of 1 mm on a filter 9. Then, the
water treated in the second mixing tank 22 was fed to
the filtering device 8 from the second mixing tank 22,
and then filtration was performed. It could be
confirmed that 99% or higher of the fluoride (calcium
25 fluoride, a reaction product between PAC and flucrine
ions) in the water treated in the second mixing tank 22

is recovered.



FIG. 4 shows a schematic view of the fluorine recovering apparatus according to Example 6. The
same members as those in FIGS. 1 to 3 are represented by the 20same reference numbers, and the
descriptions thereof will be omitted. The recovering apparatus of FIG. 4 is different from the recovering
apparatus of FIG. 2 in the following points. First, a precipitating device 23 is provided, which includes
an adsorption column 21 25filled with calcium carbonate particles and a second mixing tank 22
provided with a stirrer 3c in place of the precipitation tank’1. Next, a pipe 4a is connected - 31 - to the
adsorption column 21 and the second mixing tank 22. The adsorption column 21 and a pipe 4c are

connected via a pipe 41 inayhich 4 fluoride jon concentiatan. sensor 2ip proyded, STherefore, the

adsorption column 21 and the second mixing tan are configured to receive fluoride ion-containing

water to be treated sPAE eatebe alsasfed-ig the seeend mixing tank 22 finlkxanplerd, a hydrogen
fluoride aqueous solution 10 containing 200 mg/L of the fluoride ions was provided as the water to be

treated. A first threghold ealsieny wasidet t6 $Pang/ioanedd secordethfashoit valuedswas set to 10
mg/L. Since the fluoride ion concentration was higher than the first threshold value A, the water 15to

be treated was senffothRERRorptiSH csiBfn S filkéd With 178 Bakim 2&rbdHate particles, and the
calcium carbonate %réiglgsa%@rreg%edf\ﬂlg fluoride, Since the g%g discharged from the adsorption

column 21 was an opaque liquid having a fluoride ion 20concentration of SO mg/L. Therefore, the
liquid to be treated Wassentito the secongmixing tenk22; and:the PAG of 260 srg/hwsad added. The

fluorine ion concentration in the water was reduced to 7 mg/L.
tank 10, the magnet 11 was operated to recover only the
filter aid, and the fluorine-concentrated liquid was
discharged. Then, the magnetic field of the magnet 11
10 was released, and cleaning water was fed to produce
filter aid slurry. Then, the filter aid slurry was
returned to the filter aid tank 7. Then, the filter
aid slurry was fed to the first mixing tank 6, and the
same operations were performed. The filter aid slurry
ih was reused without any problem.
{Example 6)

FIG. 4 shows a schematic view of the fluorine
recovering apparatus according to Example 6. The same
members as those in FIGS. 1 to 3 are represented by the

20 same reference numbers, and the descriptions thereof
will be omitted. The recovering apparatus of FIG. 4 is
different from the recovering apparatus of FIG. 2 in
the following points. First, a precipitating device 23
is provided, which includes an adsorption column 21

25 filled with calcium carbonate particles and a second
mixing tank 22 provided with a stirrer 3c in place of

the precipitation tank 1. Next, a pipe 4a 1s connected



On the other hand, a filter aid was fed to the 25second mixing tank 22 from a filter aid tank 7 filled with
a filter aid A to produce slurry. Then, the slurry was fed to the filtering device 8, and then - 32 -
filtration was performed. It could be confirmed that 99% or higher of the fluoride (calcium fluoride, a
reaction product of PAC and fluorine ions) in the water treated in the second mixing tank 22 is
recovered. 5 Cleaning water was fed from the side of the filter 9 of the filtering device 8 after the
filtration processing. The layer formed on the filter 9 wag]collépsed, and was fed to the separating tank
10. Furthermore, after the filter aid was separated from the fluoride by operating 10the stirrer 3c in the

separating tank 10, the,iggnel 1L, was gperaledip resovsronly theiter aid enchthe cani

fluorine-concentratéd liquid was discharge en, the magnetic field of the magnet 11 was released,
and cleaning waterywas feghto produeg filteraidsluiiy. I5Thend the Bltereaid sluipewas returned to the
filter aid tank 7. Then, the filter aid slurry was fed to the second mixing tank 22, and the same
operations were petformedt Fhe filter aidesiory Wasireusad withaut any picttier?20(Example 7)

FIG. 6 shows a schematic view of a fluorine recovering apparatus according to Example 7. The same

members as those fPRIEET T 1§ 3%Ute FEBEEnted By tHe YarE feference numbers, and the
descriptions thereof 25willhe omitted, The recoyering apparatus ofFIG 6 is differeat rom-the

recovering apparatus of FiG. 4 in that the recovering apparatus of FIG. 6 is used as a
mixing tank 22 are configured to receive fluoride ion-

containing water to be treated. PAC can be alsc fed to
the second mixing tank 22.
In Example 6, a nhydrogen fluoride agueous solution
10 containing 200 mg/L of the fluoride ions was provided
as the water to be treated. A first threshold value A
was set to 50 mg/L, and a second threshold value B was
set to 10 mg/L. Since the fluoride ion concentration
was higher than the first threshold value A, the water
15 to be treated was sent to the adsorption column 21
filled with the calcium carbonate particles, and the
calcium carbonate particles were reacted with fluoride.
Since the liguid discharged from the adscrption column
21 was an opague liquid having a fluoride ion
20 concentration of 50 mg/L. Therefore, the liquid to be
treated was sent to the second mixing tank 22, and the
PAC of 250 mg/L was added. The flucrine ion
concentration in the water was reduced to 7 mg/L.
On the other hand, a filter aid was fed to the
25 second mixing tank 22 from a filter aid tank 7 filled
with a filter aid A to produce slurry. Then, the

slurry was fed to the filtering device 8, and then



- 33 - pretreatment apparatus focusing on removal of calcium fluoride precipitated in a reaction of
fluoride ions with calcium carbonate without using PAC, and roughly removing fluoride in water to be
treated. 5In Example 7, a hydrogen fluoride aqueous solution containing the fluoride ions of 200 mg/L
was provided as the water to be treated. First, the water to be treated was sent to an adsorption
column 21 filled with calcium carbonate 10particles, and the calcium carbonate particles were reacted
with fluorine. The liquid discharged from the adsorpﬂon%%lumn 21 was an opaque liquid. The liquid
had a fluoride ion concentration of 50 mg/L and had dispersed calcium fluoride. On the other hand, a

15filter aid A was fe cond mixin 22 from a filter aid,t 7 f|IIed W|th th er.aid Ato
produce slurry. Theén]I F}‘ne slu%r?/nwgsalse % erlﬁ% dS\;lJEe a(lj%g Fation \ Was percﬁ)rr'tr'%eé It could be

confirmed that 99%9@r%h|gQemfgt}kgglﬂugfldg@(@qlgmggorl(q%)lg {hewatercontained in the second
mixing tank 22 is recovered. Cleaning water was fed from the side of the filter 9 of the filtering device 8

after the filtration prozessingnThe tayer formfed 8 the diltérl S wasroollapsed, and was fed teethe

25separating tank 10. After the filter aid was separated from the fluoride by operating the stirrer 3c in
the separating tank™¥ ¥ thé thdghet 1% WaSoperdlecft®s tank 22 is recovered.

5 Cleaning water was fed from the side of the filter 9 of
the filtering device 8 after the filtration processing.
The layer formed con the filter ¢ was collapsed, and was
fed to the separating tank 10. PFurthermore, after the
filter aid was separated from the fluoride by operating

10 the stirrer 3c¢ in the separating tank 10, the magnet 11
was operated to recover only the filter aid, and the
fiuorine-concentrated liguid was discharged. Then, the
magnetic field of the magnet 11 was released, and
cleaning water was fed to produce filter aid slurry.

15 Then, the filter aid slurry was returned to the filter
aid tank 7. Then, the filter aid slurry was fed to the
second mixing tank 22, and the same operations were
performed. The filter aid slurry was reused without
any problem.

20 (Example 7)

FIG. 6 shows a schematic view of a fluorine
recovering apparatus according to Example 7. The same
members as those in FIGS. 1 to 3 are represented by the
same reference numbers, and the descriptions thereof

25 will be omitted. The recovering apparatus of FIG. 6 is
different from the recovering apparatus of FIG. 4 in

that the recovering apparatus of FIG. 6 is used as a



- 34 - recover only the filter aid, and a fluorine-concentrated liquid was discharged. The
fluorine-concentrated liquid had a high concentration of calcium fluoride, and was easily Sreused.
Then, the magnetic field of the magnet 11 was released, and cleaning water was fed to the separating
tank 10 to produce filter aid slurry, which was returned to the filter aid tank 7. Then, the filter aid slurry
was fed to the second mixing tank 22, and 10the same operations were performed. The filter aid slurry
was reused without any problem. The treated watef obtiihed from the filtering device 8 from which the
fluorine had been roughly removed was transported to an after-treatment step. 15While certain

embodiments have he nde |beq1 thesee badiments have bee e !?y V. ample
only, and are not intent edeto it t ggope ofltﬁegl]ﬁ\%}‘r%tlon I%%de% earr?m(/%e é/\%i (?jrrl]%e%(nts

described herein may be-embogdied dn @i ariety of ather ferms; Mr&f@rmga\@f@mlssnons,
substitutions and changes in the form of the embodiments described herein may be made without

departing from the spitit of-thecihventions, Thetgcconiganyingclaings &Ad theingquivalentsyare
intended to cover such forms or_25modifications as would fall within the scope and spirit of the
inventions. removing fluoride in water to be treated.

5 In Example 7, a hydrogen fluoride aquecus solution
containing the fluoride ions of 200 mg/L was provided
as the water to be treated.

First, the water to be treated was sent to an

adsorption coilumn 21 filled with calcium carbonate

10 particles, and the calcium carbonate particles were
reacted with fluorine. The liquid discharged from the
adsorption column 21 was an opaque liguid. The liguid
had a fluoride ion concentration of 50 mg/L and had
dispersed calcium flucride. On the other hand, a

15 filter aid A was fed to a second mixing tank 22 from a
filter aid tank 7 filled with the filter aid A to
produce slurry. Then, the slurry was fed to a
filtering device 8, and filtration was performed. It
could be confirmed that 99% or higher of the fluoride

20 {calcium fluoride) in the water contained in the second
mixing tank 22 is recovered. Cleaning water was fed
from the side of the filter 9 of the filtering device 8
after the filtration processing. The layer formed on
the filter 9 was collapsed, and was fed fo the

25 separating tank 10. After the filter aid was separated
from the fluoride by operating the stirrer 3¢ in the

separating tank 10, the magnet 11 was operated to



- 35 - WHAT IS CLAIMED IS: 1. A fluorine recovering apparatus, comprising: a precipitating device
configured to allow fluoride ion-containing water to be treated to react 5with calcium source and/or
polyaluminum chloride to form fluorine-containing precipitate; a mixing tank configured to mix a filter
aid comprising particles of a magnetic material and having a primary particle diameter of 0.5 to 5 Rm
with a 10dispersion medium to produce slurry; a filter aid feeder configured to feed the filter aid to
the mixing tank; a solid-liquid separator provided with a filter, the solid-liquid separator being
configured to receive 15the slurry to deposit a layer made of the filter aid on the filter, and to receive
water containing precipitate, to deposit,the pragipitate.op the layer of {he filter aid;
concentrated ligquid was discharged.
The fluorine-concentrated ligquid had a high
concentration cf calcium flucride, and was easily
5 reused. Then, the magnetic field of the magnet 11 was
released, and cleaning water was fed to the separating
tank 10 tc produce filter aid slurry, which was
returned to the filter aid tank 7. Then, the filter
aid slurry was fed to the second mixing tank 22, and
10 the same operations were performed. The filter aid
slurry was reused without any problem. The treated
water obtained from the filtering device 8 from which
the fluorine had been roughly removed was transported
to an after-treatment step.
15 While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are nect intended to limit the scope of the
inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms;
20 furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the gpirit of the
inventions. The accompanying claims and their
equivalents are intended to cover such forms or

25 modifications as would fall within the scope and spirit

of the inventions.



a cleaning mechanism configured to remove the 20filter aid and the precipitate from the solid-liquid
separator; a separating tank configured to separate the filter aid and the precipitate; and a
returning mechanism configured to return the 25filter aid separated in the separating tank to the filter
aid feeder. 2. The fluorine recovering apparatus according to - 36 - claim 1, wherein the calcium
source is calcium hydroxide. 3. The fluorine recovering apparatus according to claim 1, wherein
the magnetic material is selected from 5the group consis ing of iron, an alloy containing iron, magnetic
iron ore, titanic iron ore, and magnetic pyrite. 4. The fluorine recovering apparatus according to
claim 1, wherein t.he magngtic materia[ isaf gj{@ 19§°&BQE§ED ES;S. The fluorine recovering ‘
apparatus according to claim 4, wherein the territe compound is selected from the group consisting of

magnesia ferrite, cobalt ferrite, nickel fewitecandbarumfeditepparatus, comprising:
a precipitating device configured to allow
fluoride ion-containing water to be treated to react
5 with calcium source and/or polyaluminum chloride to
form fluorine-containing precipitate;
a mixing tank configured to mix a filter aid
comprising particles of a magnetic material and having
a primary particle diameter of 0.5 to 5 um with a
10 dispersion medium to produce slurry;
a filter aid feeder configured to feed the filter
aid to the mixing tank;
a solid-iiguid separator provided with a filter,
the solid-liguid separator being configured to receive
15 the slurry to deposit a layer made of the filter aid on
the filter, and to receive wafer containing precipitate

to deposit the precipitate on the layer of the filter

aid;
a cleaning mechanism configured to remove the
20 filter aid and the precipitate from the solid-liquid
separator;

a separating tank configured to separate the
filter aid and the precipitate; and
a returning mechanism configured to return the
25 filter aid separated in the separating tank to the
filter aid feeder.

2. The fluorine recovering apparatus according to



156. The fluorine recovering apparatus according to claim 1, wherein the magnetic material is

magnetite. 7. The fluorine recovering apparatus according to claim 1, wherein the separating tank
comprises a device configured to generate magnetic field. 208. A fluorine recovering apparatus,
comprising: a precipitating device configured to allow fluoride ion-containing water to be treated to

react with calcium source and/or polyaluminum chloride to form fluorine-containing precipitate, and
configure to 25mix a filter aid comprising particles of a rﬁégne‘tic material and having a primary particle
diameter of 0.5 to 5 pin with water containing the fluorine-containing - 37 - precipitate, to produce
slurry; a filter aid feeder.configured to feed the filter aid to the mixing tank;. a solid-liquid
separator provided (\:/\/flt‘iﬁlgE fil%ér, %ﬁ?ergél?d-%tﬁd %aé%cé?"a}i%r gé:iﬁé %%nﬁ§ur%%rit%lrlé%neive the slurry to
deposit the filter aichgRgd-thei precipitate on the filter; a cleaning mechanism configured to remove
the filter aid and the precipitate from the solid-liquid

3. The flucrine recovering apparatus according to

claim 1, wherein the magnetic material is selected from

5 the group consisting of iron, an alloy containing iron,
magnetic iron ore, titanic iron ore, and magnetic
pyrite.

4, The fluorine recovering apparatus according o
claim 1, wherein the magnetic material is a ferrite

10 compound.

5. The fluorine recovering apparatus according to
claim 4, wherein the ferrite compound is selected from
the group consisting of magnesia ferrite, ccbalt
ferrite, nickel ferrite, and barium ferrite.

15 6. The fluorine recovering apparatus according to
claim 1, wherein the magnetic material is magnetite.

7. The fluorine recovering apparatus according to
claim 1, wherein the separating tank comprises a device
configured to generate magnetic field.

20 8. A fluorine recovering apparatus, comprising:

a precipitating device configured to allow
flucride ion-containing water to be treated to react
with calcium source and/cr polyaluminum chloride to
form fluorine-containing precipitate, and configure to

25 mix a filter aid comprising particles of a magnetic
material and having a primary particle diameter of 0.5

to 5 pm with water containing the flucorine-containing



a

10separator; a separating tank configured to separate the filter aid and the precipitate; and
returning mechanism configured to return the filter aid separated in the separating tank to the 15filter
aid feeder. 9. The fluorine recovering apparatus according to claim 8, wherein the calcium source

is calcium hydroxide.

10. The fluorine recovering apparatus according 20to claim 8, wherein the

magnetic material is selected from the group consisting_of iron, an alloy containing iron, magnetic iron
ore, titanic iron ore, and magnetic pyrite. 11. The*fluorine recovering apparatus according 25to

claim 8, wherein the magnetic material is a ferrite compound. 12. The fluorine recovering

apparatus accordi

consisting of magnesi

te, cobalt ferrite, nic

recovering apparatus acc{ding:5te.claimi8 rwhaeein theymagnetici maserialds magnetitel ter

10

15

20

25

aid to the mixing tank;

a solid-liguid separator provided with a filter,
the solid-liguid separator being configured to receive
the slurry to deposit the filter aid and the
precipitate on the filter;

a cleaning mechanism configured to remove the
filter aid and the precipitate from the solid-liguid
separator;

a separating tank configured to separate the
filter aid and the precipitate; and

a returning mechanism configured to return the
filter aid separated in the separating tank to the
filter aid feeder.

9. The fluorine recovering apparatus according to
claim 8, wherein the calcium source is calcium
hydrexide.

10. The fluorine recovering apparatus according
to claim 8, wherein the magnetic material is selected
from the group consisting of iron, an alloy containing
iren, magnetic iron ore, titanic iron ore, and magnetic
pyrite.

11. The fluorine recovering apparatus according
to claim 8, wherein the magnetic material is a ferrite
compound.

12. The fluorine recovering apparatus according

ngxg?l%gﬁ-im{%g im 1 i}%r&%@esfﬂm% gmpound is selected from the group

el ferrite, and barium ferrite. 13. The fluorine



14. The fluorine recovering apparatus according to claim 8, wherein the separating tank comprises a
device configured to generate magnetic field. 15. A method for recovering fluorine,
comprising: 10setting a first threshold value and a second threshold value lower than the first threshold
value as two threshold values of a fluoride ion concentration in a fluoride ion-containing water to be
treated; measuring the fluoride ion concentration in the 15water to be treated and determining whether
the fluoride ion concentration is higher than the second ifiresfiold value; introducing the water to
be treated to a precipitating device if the fluoride ion concentration 20is determined as equal to or
higher than the secggdéqreshoflvalug eS%%rirpetheﬂgoriderglon cogc;%nstregtiop igéh% yvater to be

LI
treated introduced inthe péFéLénlpl atingw g\ﬂgé? 2 preC|p|t51?|:ﬁLg ﬁugr?nézggrrﬁamlng p?ecelplta%e in the

precipitating devicefyreacting dhe watertode regtedyrithna galcium seurgs if dhe flugride ion - 39 -
concentration is determined as equal to or higher than the first threshold value;
ferrite, nickel ferrite, and barium ferrite.
13. The flucrine recovering apparatus according
5 to claim 8, wherein the magnetic material is magnetite.
14. The fluorine recovering apparatus according
to claim 8, wherein the separating tank comprises a
device configured tc generate magnetic field.
15. A method for recovering fluorine, comprising:
10 setting a first threshold value and a second
thresheld value lower than the first threshcold value as
two threshold values of a fluoride ion concentration in
a fluoride lon-containing water to be Lreated;
measuring the fluoride ion concentration in the
15 water to be treated and determining whether the
fluoride ion concentration is higher than the second
threshecld value;
introducing the water to be treated to a
precipitating device if the fluoride ion concentration
20 is determined as egual to or higher than the second
threshold wvalue;
measuring the flucride ion concentration in the
water to be treated introduced in the precipitating
device;
25 precipitating fluorine-containing precipitate in
the precipitating device by reacting the water to be

treated with a calcium source if the fluoride ion



precipitating fluorine-containing precipitate in the precipitating device by reacting the water to be
Streated with polyaluminum chloride if the fluoride ion concentration is determined as equal to or
higher than the second threshold value and lower than the second threshold value; measuring the
fluoride ion concentration in the 10water to be treated in the precipitating device and determining
whether the fluoride ion concentration is lower than the second threshold value after the
fluorine-containing precipitate is precipitated; mixing a filfér aid comprising particles of a 15magnetic
material and having a primary particle diameter of 0.5 to 5 pm with a dispersion medium to produce

slurry; feeding the slurry to.a solid-liquid separator provided with a filter toqéa osit a_layer of the
filter 20aid on the fii?grr? Cenllénrt\récftdlu%{lnglt%egv%t%}f o %%%e%?ef %ut%\g pggci%ﬁaﬁr%g §\§icé% %he

solid-liquid separatet,thereby:depositing, thejpregcipitate on the layer of the filter aid if the fluoride ion
concentration in the 25water to be treated in the precipitating device is determined as lower than the
second threshold value; remeving the filtecaif landthesprecipitaterfiory precipitate in

the precipitating device by reacting the water to be
5 treated with pelyaluminum chloride if the fluoride ion
concentration is determined as equal to or higher than
the second threshold value and lower than the second
threshold value;
measuring the fluoride ion concentration in the
10 water to be treated in the precipitating device and
determining whether the fluoride ion concentration is
lower than the second threshold value after the
fluorine-containing precipitate is precipitated;
mixing a filter aid comprising particles of a
15 magnetic material and having a primary particle
diameter of 0.2 to 5 pum with a dispersion medium to
produce slurry;
feeding the slurry to a solid-ligquid separator
provided with a filter to deposit a layer of the filter
20 aid on the filter;
introducing the water tTo be treated in the
precipitating device tc the solid-liguid separator
thereby depositing the precipitate on the layer of the
filter aid if the fluoride ion concentration in the
25 water to be treated in the precipitating device is
determined as lower than the second threshold value;

removing the filter aid and the precipitate from



- 40 - the solid-liquid separator;

separating the filter aid and the precipitate through magnetic

separation; and reusing the separated filter aid. 516. The method for recovering fluorine according to

claim 15, wherein calcium hydroxide is used as the calcium source.

17. The method for recovering

fluorine according to claim 15, wherein the magnetic material is selected 10from the group consisting
of iron, an alloy containing iron, magnetic iron ore, titanic iron ore, and magnetic pyrite.

method for recovering fluorine according to claim 15, whé

10

15

the sclid-liquid separator;

separating the filter aid and the precipitate
through magnetic separation; and

reusing the separated filter aid.

16. The method for recovering fluorine acceording
to claim 15, wherein calcium hydroxide is used as the
calcium source.

17. The method for recovering fluorine according
to claim 15, wherein the magnetic material is selected
from the group consisting of ircon, an alloy containing
iron, magnetic iron ore, titanic iron ore, and magnetic
pyrite.

18. The method for recovering fluorine according
to claim 15, wherein the magnetic material is

magnetite.

18. The

rein the magnetic material is 15magnetite.



