1 INTERLAYER ION REPLACING METHOD FOR HYDROTALCITE-LIKE SUBSTANCE,
REGENERATING METHOD, AND INTERLAYER ION REPLACING APPARATUS Technical Field
5[0001] The present invention relates to an interlayer ion replacing method for hydrotalcite-like
substances, and an interlayer ion replacing apparatus. Background Art 10[0002] Hydrotalcite-like
substances have a main backbone which is an element present in nature abundantly, such as
magnesium or aluminum, and because it can be synthesized relatively easily, various kinds of
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Technical Field
5 [0001]
The present invention relates to an interlayer ion replacing method for hydrotalcite-like

substances, and an interlayer ion replacing apparatus.

Background Art
10 [0002]

Hydrotalcite-like substances have a main backbone which is an element present in nature
abundantly, such as magnesium or aluminum, and because it can be synthesized relatively
easily, various kinds of synthesizing techniques have been proposed. For example, there are
proposed a technique of producing hydrotalcite in a water solution using magnesium

15 hydroxide as a magnesium source (see, for example, patent literature 1), and a technique of
causing magnesium ions and aluminum ions to react with each other in a water solution under
a presence of alkali (see, for example, patent literature 2).
[0003]
It is also known that hydrotalcite have a negative ion exchanging effect. It is expected
20 that in the fields of safeness improving techniques for waste substances and detoxification
environment improving techniques, improvement of the water quality of polluted water,
suppression of any elution of harmful substances, improvement of soil, and promotion of
stabilization of harmful substances at a waste substance disposal field, etc., can be
accomplished if arsenic, fluorine, boron, selenium, hexavalent chrome, nitrite ion, and other
25 negative ion harmful substances are immobilized through the foregoing negative ion exchange

effect.



causing magnesium ions and aluminum ions to react with each other in a water solution under a
presence of alkali (see, for example, patent literature 2). [0003] It is also known that hydrotalcite have
a negative ion exchanging effect. It is expected 20that in the fields of safeness improving techniques
for waste substances and detoxification environmentzimproving techniques, improvement of the water
quality of polluted water, suppression of any elution of harmful substances, improvement of soil, and
promotion of stabilization of harmful substances at a waste substance disposal field, etc., can be
accomplisHE@‘?f] arsenic, fluorine, boron, selenium, hexavalent chrome, nitrite ion, and other

25negative ion harmful substances are immobilized through the foregaing negative ion exchange
effect. 2 [000 4F0nversely, hydrotalcite-like substances immobilizing harmful Substances require

selective desorption of the immobilized harmful substances, or recycling usage of the
hydrotalcite-like substances having undergone desoprtion of the harmful substances, so that it
5 is necessary to replace an interlayer negative ions which are the harmful substances

immobilized by the hydrotalcite-like substances with substituent negative ions.
[0005]

Conventionally, replacement is carried out by supplying substituent negative ions having
a higher affinity with hydrotalcite-like substances than that of interlayer negative ions which

10 are the immobilized harmful substances, or by putting in a solution containing a large amount

of substituent negative ions even if the affinity is low.
[0006]

Patent Literature 1: JPH06-329410A

Patent Literature 2: JP2003-26418A

15
Disclosure of Invention
Problem to be Solved by the Invention
[0007]
According to the conventional techniques, however, desorption of harmful substances

20 captured in hydrotalcite-like substances is difficult or desorption requires a lot of time and

costs.

[0008]

Therefore, it is an object of the present invention to provide an interlayer ion replacing
method and an interlayer ion replacing apparatus which can efficiently replace interlayer

25 negative ions in hydrotalcite-like substances.



Conversely, hydrotalcite-like substances immobilizing harmful substances require selective desorption
of the immobilized harmful substances, or recycling usage of the hydrotalcite-like substances having
undergone desoprtion of the harmful substances, so that it 5is necessary to replace an interlayer
negative ions which are the harmful substances immgbilized by the hydrotalcite-like substances with
substituent negative ions. [0005] Conventionally, replacement is carried out by supplying substituent
negative ions having a higher affinity with hydrotalcite-like substances than that of interlayer negative
ions which 10are the immobilized harm¥{gaisistapriéns sy sRRir in a solution containing a large
amount of substituent negative ions even if the affinity is low. [0006] Patent Literature 1:
JPHO6-328P08A

Conventionally, when interlayer negative ions in hydrotalcite-like substances are
replaced with substituent negative ions, only an affinity between the hydrotalcite-like
5 substances and negative ions is taken into consideration. However, the inventors of the
present invention found out that it is insufficient if only the affinity between the
hydrotalcite-like substances and the negative ions is taken into consideration, and it is
necessary to adjust the amount of positive ions which chemically-react with at least either
interlayer negative ions or substituent negative ions to facilitate desorption of the interlayer
10 negative ions adsorbed by the hydrotalcite-like substances into a solution, or to make the
substituent negative ions easily adsorbed by the hydrotalcite-like substances.
[0010]
That is, an interlayer ion replacing method according to a first aspect of the present
invention replaces an interlayer negative ion of a hydrotalcite-like substance in a solution
15 containing a substituent negative ion, the method comprising: a positive ion adjusting step of
increasing an amount of positive ion which chemically-reacts with the interlayer negative ion
in the solution.
[0011]
An interlayer ion replacing method according to a second aspect of the present invention
20 replaces an interlayer negative ion of a hydrotalcite-like substance in a solution containing a
substituent negative ion, the method comprising: a positive ion adjusting step of decreasing an
amount of positive ion which chemically-reacts with the substituent negative ion in the
solution.
[0012]
25 An interlayer ion replacing method according to a third aspect of the present invention

replaces an interlayer negative ion of a hydrotalcite-like substance in a solution containing a



Patent Literature 2: JP2003-26418A 15 Disclosure of Invention Problem to be Solved by the Invention
[0007] According to the conventional techniques, however, desorption of harmful substances
20captured in hydrotalcite-like substances is difficult or desorption requires a lot of time and costs.
[0008] Therefore, it is an object of the present inve4ntion to provide an interlayer ion replacing
method and an interlayer ion replacing apparatus which can efficiently replace interlayer

substituent negative ion, the method comprising: a positive ion adjusting step of adjusting an
amount of positive ion which chemically-reacts with both of the interlayer negative ion and
the substituent negative ion in the solution so that a desorption amount of the interlayer
negative ion increases.

5 [0013]

In those cases, it is appropriate if the hydrotalcite-like substance has a crystallite size of
equal to 20 nm or smaller. The positive ion may be a hydrogen ion. It is preferable that the
substituent negative ion should have a higher affinity with the hydrotalcite-like substance than
an affinity of the interlayer negative ion. The substituent negative ion may be a carbonate

10 ion or a chloride ion. Furthermore, it is preferable that the hydrotalcite-like substance should
be kept in a moistening condition after adsorbing the interlayer negative ion until replaced
with the substituent negative ion.

[0014]

A regenerating method according to a fourth aspect of the present invention is of

15 replacing an interlayer negative ion of a hydrotalcite-like substance with a substituent negative
ion to regenerate the hydrotalcite-like substance, the regenerating method comprising steps of:
replacing the interlayer negative ion of the hydrotalcite-like substance with a carbonate ion
through the foregoing interlayer ion replacing method; and replacing the carbonate ion with a
chloride ion in a sodium chloride solution having pH between equal to 3 or higher and equal

20 to 7 or lower.

[0015]

A regenerating method of a hydrotalcite-like substance according to a fifth aspect of the
present invention comprises a step of replacing an interlayer negative ion of the
hydrotalcite-like substance with a chloride ion in a sodium chloride solution having pH

25 between equal to 3 or higher and equal to 7 or lower.

[0016]



25negative ions in hydrotalcite-like substances. 3 Means for Solving the Problem [0009]
Conventionally, when interlayer negative ions in hydrotalcite-like substances are replaced with
substituent negative ions, only an affinity between the hydrotalcite-like 5substances and negative ions
is taken into consideration. However, the inventors of the present invention found out that it is
insufficient if only the affinity between the hydrotalcite-like substances and the negative ions is taken
into consideration, and it is necessary to adjust the amount of positive ions which chemically-react with

at least either ift8iRigEarEGaVENRSESARDREIASEpretiRgile dohsha Tk shgdserpiion hiirn

interlayer
Y replaces an interlayer negative ion of a hydrotalcite-like substance with a substituent negative

ion in a solution, the apparatus comprising: positive ion adjusting means for adjusting an
amount of positive ion which chemically-reacts with at least either one of the interlayer
5 negative ion or the substituent negative ion.
[0017]
In this case, the positive ion adjusting means may adjust a concentration of hydrogen

ion.

10 Effect of the Invention
[0018]

As the amount of positive ions which chemically-react with at least either interlayer
negative ions or substituent negative ions is adjusted to facilitate desorption of the interlayer
negative ions adsorbed by hydrotalcite-like substances into a solution or to make the

15 substituent negative ions easily adsorbed by the hydrotalcite-like substances, the desorption
ratio of the interlayer negative ions (the ratio of the amount of interlayer negative ions having
undergone desorption relative to the amount of interlayer negative ions prior to desorption and

adsorbed by the hydrotalcite-like substances) can be improved.

20 Brief Description of Drawings
[0019]
FIG. 1 is a graph showing a relationship between pH and a form of boron,;
FIG. 2 is a graph showing a relationship between pH and a form of carbonate ion; and
FIG. 3 is a flowchart showing an example of a regenerating method according to the

25 present invention.



10negative ions adsorbed by the hydrotalcite-like substances into a solution, or to make the
substituent negative ions easily adsorbed by the hydrotalcite-like substances. [0010] That s, an
interlayer ion replacing method according to a first aspect of the present invention replaces an
interlayer negative ion of a hydrotalcite-like substancg in a solution 15containing a substituent negative
ion, the method comprising: a positive ion adjusting step of increasing an amount of positive ion which
chemically-reacts with the interlayer negative ion in the solution. [0011] An interlayer ion replacing
method according to a second aspect dMede fidsaryingéidholremaees an interlayer negative ion of
a hydrotalcite-like substance in a solution containing a substituent negative ion, the method
comprising: B])sitive ion adjusting step of decreasing an

An interlayer ion replacing method of the present invention will be explained below.
[0021]

5 The interlayer ion replacing method of the present invention is an interlayer ion
replacing method of replacing interlayer negative ions of hydrotalcite-like substances with
other negative ions in a solution, and comprises a positive ion adjusting step of adjusting the
amount of positive ions which chemically-react with at least either one of the interlayer
negative ions or the substituent negative ions so that the desorption ratio of the interlayer

10 negative ions (the ratio of the amount of interlayer negative ions having undergone desorption
relative to the amount of interlayer negative ions prior to desorption and adsorbed by the
hydrotalcite-like substances) increases.

[0022]
In the present embodiment, a hydrotalcite-like substance is a kind of non-stoichiometric

15 compound, and is a layered double hydroxide expressed by a chemical formula:

M* M (OH)2(A™)ymH,0.  M*" represents a divalent metal, such as Mg*", Fe*", Zn*",
Ca®™, Li*", Ni*", Co*", or Cu*". M’" represents a triad metal, such as AI’", Fe’", or Mn®".
Moreover, A" represents an anion (where n is the valence of anion). Note that x is a numeric
value equal to 0 or greater and equal to 1 or less, and is 0.25 < x < 0.33 for general

20 hydrotalcite-like substances.

[0023]
An interlayer negative ion means a negative ion adsorbed or immobilized by
hydrotalcite-like substances, and is one kind or plural kinds in some cases.
[0024]
25 Furthermore, a substituent negative ion means a negative ion for being replaced with the

interlayer negative ion of hydrotalcite-like substances through the interlayer ion replacing



amount of positive ion which chemically-reacts with the substituent negative ion in the solution. [0012]
25An interlayer ion replacing method according to a third aspect of the present invention replaces an
interlayer negative ion of a hydrotalcite-like substance in a solution containing a 4 substituent negative
ion, the method comprising: a positive ion adjusting step of adjusting an amount of positive ion which
chemically-reacts with both of the interlayer negative ion and the substituent negative ion in the
solution so that a desorption amount of the interlayer negative ion increases. 5[0013] In those

cases, it igngHpRe e FrasenhyRireriRie-feasupeiad cheHab HiRISa ARRAtYIQ doBfag QARSA20MIN or

smaller. The pasitive ion may be a hydrogen ion. It is preferable that the substituent negative ion
should ha{8 %f%ideeYVﬁﬁiW@r Wﬂi‘f’fﬁéﬁﬁﬁdﬁﬂﬁf@ﬁ Rﬁcillﬁs%aﬁﬁt;@élﬁf?a‘ﬁ%cé?ﬁ3&%9&??8 tE¥ayer

negative i?elfil.-heltsllé %srg%r%@ien&l%?gveesiu L EHEh r?ega%%reb%rﬁastﬁould have a better affinity with
hydrotalcite-like substances than that of interlayer negative ions, and for example, carbonate
5 ions can be used appropriately. The kind of substituent negative ion is not limited to one, but
plural kinds of substituent negative ions can be used.
[0025]
The positive ion adjusting step is for adjusting the amount of positive ions which
chemically-react with at least either one of the interlayer negative ions or the substituent

10 negative ions in order to facilitate desorption of the interlayer negative ions adsorbed by the
hydrotalcite-like substances into a solution or to make the substituent negative ions easily
adsorbed by the hydrotalcite-like substances. In this case, the kind of positive ion is not
limited to one, but plural kinds of positive ions can be used.

[0026]

15 In order to facilitate desorption of the interlayer negative ions adsorbed by the
hydrotalcite-like substances into a solution, it is appropriate if the amount of positive ions
which chemically-react with the interlayer negative ions is increased in a solution containing
the hydrotalcite-like substances. For example, H;BOs; and B(OH)4 in a solution are in a
balanced relationship as shown in FIG. 1 in accordance with the amount of positive ions

20 which are hydrogen ions. Accordingly, when B(OH), is adsorbed in the interlayer of the
hydrotalcite-like substances, if it is adjusted so that the concentration of hydrogen ions
increases, H;BO3 is more likely to be present than B(OH), regarding boron, so that desorption
of B(OH), adsorbed by the hydrotalcite-like substances is facilitated. Moreover, H,CO; and
HCOs™ in a solution are in a balanced relationship as shown in FIG. 2 in accordance with the

25 amount of positive ions which are hydrogen ions. Accordingly, when COs- is adsorbed in the

interlayer of the hydrotalcite-like substances, if it is adjusted so that the amount of hydrogen



10ion or a chloride ion. Furthermore, it is preferable that the hydrotalcite-like substance should be kept
in a moistening condition after adsorbing the interlayer negative ion until replaced with the substituent
negative ion. [0014] A regenerating method according to a fourth aspect of the present invention is of
15replacing an interlayer negative ion of a hydrotalcite-like substance with a substituent negative ion to
regenerate the hydrotalcite-like substance, the regenerating method comprising steps of: replacing the
interlayer negative ion of the hydrotalcite-like substance with a carbonate ion through the foregoing
interlayer ISRSTEISESERSS Heti{ddis aneredieleing tre@easpbihat Goh with Bitfssrietion M @Qodium
chloride solution having pH between equal to 3 ar higher and equal 20to 7 or lower. [OOl{giié A
regeneratifRethG BrErRyaroeTaitsa e sAbORd s o A W Ak aspRipatahs Hedisied
invention 38@9 ises a step of replacing an interlayer negative ion of the hydrotalcite-like substance
with a chloride’ion in a sodium chloride solution having pH

In order to make the substituent negative ions easily adsorbed by the hydrotalcite-like
5 substances, it is appropriate if the amount of positive ions which chemically-react with the
substituent ions is reduced so that the amount of substituent negative ions present in a solution
containing the hydrotalcite-like substances becomes large. For example, as explained above,
H,COs;, HCO5, and CO32* in a solution are in a balanced relationship as shown in FIG. 2 in
accordance with the amount of positive ions which are hydrogen ions. Accordingly, when it
10 is adjusted so that the concentration of hydrogen ions decreases, HCOs- is more likely to be
present than H,CO3, and when the concentration of hydrogen ions further decreases, CO5> is
more likely to be present than HCOs-, so that HCO3- and Cngf which are substituent ions
increase, and are likely to be adsorbed by the hydrotalcite-like substances. Note that it is
appropriate if negative ions which react with positive ions are supplied in order to decrease the
15 positive ions.
[0028]

When the positive ions are ones which chemically-react with both interlayer negative
ions and substituent negative ions, it is appropriate if adjustment is carried out so that the
desorption ratio of the interlayer negative ions becomes highest.

20 [0029]

The hydrotalcite-like substances which replace the interlayer negative ions with
substituent negative ions as explained above can be regenerated as chlorinated
hydrotalcite-like substances by further replacing the interlayer negative ions with chloride ions.
For example, when the interlayer negative ions of the hydrotalcite-like substances are replaced

25 with carbonate ions through the foregoing interlayer ion replacing method, if the carbonate

ions are replaced with chloride ions in a sodium chloride solution, chlorinated



25between equal to 3 or higher and equal to 7 or lower. [0016] 5  An interlayer ion replacing
apparatus according to a sixth aspect of the present invention replaces an interlayer negative ion of a
hydrotalcite-like substance with a substituent negative ion in a solution, the apparatus comprising:
positive ion adjusting means for adjusting an amount_of positive ion which chemically-reacts with at
least either one of the interlayer 5negative ion or the substituent negative ion. [0017] In this case, the
positive ion adjusting means may adjust a concentration of hydrogen ion.
hydrotalcite-like substances can be regenerated. At this time, carbonate ions which are the
interlayer negative ions are in a balanced relationship as shown in FIG. 2 in accordance with
the amount of positive ions which are hydrogen ions as explained above. Therefore, when
pH decreases, H,COs is more likely to be present than COs>, so that the desorption ratio of the
5 carbonate ions can be improved. However, if pH decreases too low, as hydrotalcite-like
substances are dissolved, it is preferable to set pH to 3 to 7, preferably, 3 to 5, and more
preferably, 3 to 4.
[0030]
When chloride ions are used as the substituent negative ions, it is preferable because
10 chlorinated hydrotalcite-like substances can be regenerated simultaneously with replacement
of the interlayer negative ions.
[0031]
Next, an explanation will be given of an illustrative regenerating method when boron,
fluorine, arsenic, chrome, sulfate ions, etc., are adsorbed by hydrotalcite-like substances
15 having a crystallite size of equal to 20 nm or less with reference to the flowchart of FIG. 3.
[0032]
<Step 1>
After various substances are adsorbed by hydrotalcite-like substances, the
hydrotalcite-like substances are collected in a moistening condition.
20 <Step 2>
When the adsorbed substances are boron or arsenic, the process progresses to step 6, and
when the adsorbed substances are a mixture of various substances, the process progresses to
step 3.
<Step 3>

25 The collected hydrotalcite-like substances are mixed with a carbonate ion solution. An

example of the carbonate ion solution is an Na,COj; solution or a solution in which carbon



10Effect of the Invention [0018]  As the amount of positive ions which chemically-react with at least
either interlayer negative ions or substituent negative ions is adjusted to facilitate desorption of the
interlayer negative ions adsorbed by hydrotalcite-like substances into a solution or to make the
15substituent negative ions easily adsorbed by the )édrotalcite-like substances, the desorption ratio of
the interlayer negative ions (the ratio of the amount of interlayer negative ions having undergone
desorption relative to the amount of interlayer negative ions prior to desorption and adsorbed by the
hydrotalcitiaikésistskitanlyed) can be improved. 20Brief Description of Drawings [0019] FIG. 1 is a
graph showing a relationship between pH and a form of boron; FIG. 2 is a graph showing a
relationshﬁjsﬁ%i\ﬁﬁen pH and a form of carbonate ion; and FIG. 3 is a flowchart showing an example of

a regenerating Wﬁéﬁ%ﬂea&%%{gﬁ% stgdts%?b% %r}(? ﬁ%”fl;'y ¥§tgig&'-like substances are mainly boron, pH

is adjusted to near 7, and the solution is agitated. When the adsorbed substances are a
5 mixture of various substances, the solution is agitated without adjusting pH or with pH being
adjusted to 11 to 12.

<Step 5>

The solution containing the hydrotalcite-like substances is subjected to solid-liquid
separation, and a liquid phase is collected at a high concentration and is reused or disposed.

10 The solid-phase hydrotalcite-like substances are rinsed well by a distilled water, etc., is
subjected to solid-liquid separation again, and is collected.

<Step 6>

The hydrotalcite-like substances are mixed with a solution containing sodium chloride
and hydrochloric acid.

15 <Step 7>

After the solution containing the hydrotalcite-like substances is subjected to solid-liquid
separation, a liquid phase is subjected to pH adjustment by the concentration of sodium
chloride or hydrochloric acid, and is reused as a solution in the step 6. The solid-phase
hydrotalcite-like substances are rinsed well by a distilled water, etc., and is subjected to

20 solid-liquid separation again, thereby terminating regeneration.
[0033]

An explanation will be given of examples of the interlayer ion replacing method of the
present invention below, but it should be understood that the present invention is not limited
to the examples. In the examples, hydrotalcite-like substances adsorbing boron or fluorine

25 were subjected to replacement and regeneration.

First Example



6 Best Mode for Carrying Out the Invention [0020]  An interlayer ion replacing method of the present
invention will be explained below. [0021] 5The interlayer ion replacing method of the present invention
is an interlayer ion replacing method of replacing interlayer negative ions of hydrotalcite-like
substances with other negative ions in a solution, anﬁz{ comprises a positive ion adjusting step of
adjusting the amount of positive ions which chemically-react with at least either one of the interlayer
negative ions or the substituent negative ions so that the desorption ratio of the interlayer 10negative
ions (the rE}f5 b the amount of interlayer negative ions having undergone desorption relative to the

amount of interlayer negative ions prior to desarption and adsorbed by the hydrotalcite-like
substances) in¢ thod ot Producing Adsorbing Sample>

As hydrotalcite-like substances, one having a crystallite size of equal to 20 nm or less
and represented by a chemical formula [Mgs 33Al5.67(OH)6[Cla.674H,0] was used.
5 [0035]
Adsorption of boron to the hydrotalcite-like substances was carried out through
following procedures.
(1) A special grade sample boron (H;BO3) was dissolved in distilled water of 1000 ml,
and a solution having a boron concentration of 18.56 mg/L was prepared.
10 (2) NaOH having a normality of 1 N was dropped in the boron solution, and an
adsorbing solution having solution pH adjusted to 9 was prepared.
(3) 1.0 wt% (10 g) of powder hydrotalcite-like substances were added to the adsorbing
solution, and the solution was stirred for 60 min by a magnetic stirrer.
(4) After the stirring, the solution was subjected to solid-liquid separation, and some of
15 the adsorbing hydrotalcite-like substances having undergone solid-liquid separation were
dried by an electric furnace, and a moisture content was measured. At this time, the moisture
content was about 5.6 %.
(5) When the boron concentration of the filtrate having undergone solid-liquid separation
was measured through an ICP emission spectrophotometer (CIROS CCD made by RIGAKU),
20 it was 3.454 mg/L, so that the adsorbing amount of boron by the hydrotalcite-like substances
was 1.511 mg/g. When the moisture content (about 5.6 %) of the hydrotalcite-like
substances used for an adsorbing test and a contained salt content (NaCl: about 6.0 %)
measured by a salt concentration rafractometer (IS-28E made by ASONE) were taken into
consideration, because pure hydrotalcite-like substances (dried and solid content) contained in
25 1 g of powder hydrotalcite-like substances were 0.88 g, the boron adsorbing amount of 1 g of

the pure hydrotalcite-like substances was 1.709 mg/g.



[0022] In the present embodiment, a hydrotalcite-like substance is a kind of non-stoichiometric
15compound, and is a layered double hydroxide expressed by a chemical formula: M2+1 x1\43+(011
)2(An ),./n.mH20. M2+ represents a divalent metal, such as Mg2+, Fe2+, Zn2+, Ca ,Li Li2+, Ni2+,
Co2+,0orCu. M 1 2+3+ represents a triad metal, such as Al3+,
Fe3+, or Mn3+. Moreover, An represents an anion (where n is the valence of anion). Note that x is a
numeric value e&al to O or greater and equal to 1 or less, and is 0.25 x 0.33 for general

20hydrotalcite-like Hifhadserbaag foohatalcigr i sHbSaRers gueRsekris ihaanaledsegiiveritreadsorbed or

immobilized by hydrotalcite-like substances, and is one kind or plural kinds in some cases.
moistening condition, and used as a sample for recycling test.

[0036]
Adsorption of fluorine to hydrotalcite-like substances was carried out through following
5 procedures.

(1) 2.210 g of special grade sodium fluoride (NaF) was dissolved in distilled water of
1000 ml, and an adsorbing solution having a fluorine concentration of 998 mg/L was prepared
(no pH adjusted).

(2) 1.0 wt% (10 g) of powder hydrotalcite-like substances was added in the adsorbing

10 solution, and the solution was stirred by a magnetic stirrer for 60 min.

(3) After stirred, the solution was subjected to solid-liquid separation, and some of the
adsorbing hydrotalcite-like substances having undergone solid-liquid separation were dried by
electric furnace, and a moisture content was measured. At this time, the moisture content
was about 5.6 %.

15 (4) When the fluorine concentration of the filtrate having undergone solid-liquid
separation was measured through an ICP emission spectrophotometer (CIROS CCD made by
RIGAKU), it was 405 mg/L, so that the adsorbing amount of fluorine by the hydrotalcite-like
substances was 59.3 mg/g. When the moisture content (about 5.6 %) of the hydrotalcite-like
substances used for an adsorbing test and a contained salt content (NaCl: about 6.0 %)

20 measured by a salt concentration rafractometer (IS-28E made by ASONE) were taken into
consideration, because pure hydrotalcite-like substances (dried and solid content) contained in
1 g of powder hydrotalcite-like substances were 0.88 g, so that the fluorine adsorbing amount
of 1 g of the pure hydrotalcite-like substances was 67.1 mg/g.

(5) The adsorbing hydrotalcite-like substances were kept in a sealed container in a

25 moistening condition, and used as a sample for recycling test.

[0037]



[0024] 25Furthermore, a substituent negative ion means a negative ion for being replaced with the
interlayer negative ion of hydrotalcite-like substances through the interlayer ion replacing 7 method of
the present invention. Examples of the substituent negative ion are ones having an affinity with
hydrotalcite-like substances, such as carbonate ion (CO32-) or chloride ion (CI-). It is preferable that
the substituent negative ion should have a better affinity with hydrotalcite-like substances than that of
interlayer negative ions, and for example, carbonate 5ions can be used appropriately. The kind of
substituent negakiverieyerd eibRieniredgol65te, but plural kinds of substituent negative ions can be used.
[0025] The pasitive ion adjusting step is for adjusting the amount of positive ions which

chemically-reactiitRISHAESPestHERIRRSSH e ARRYEGEP ARSI TSR o tHiCsHbstrDET

adsorbing boron or fluorine were replaced through following procedures.
(1) Respective solutions were produced by dissolving special grade sodium carbonate
5 (Na,CO3) in distilled water each 100 ml at 0.848 g (COs> conversion: 8 mmol) and at 1.696 g
(COs> conversion: 16 mmol).

(2) HCI having a normality of 1 N was dropped in one of the solutions prepared in (1) to
adjust its pH to 7.

(3) 1 g of Hydrotalcite-like substances adsorbing substances were added in the solution

10 having pH adjusted to 7 and the solution having undergone no adjustment (pH =11 to 12),
respectively, and those solutions were stirred by a magnetic stirrer for 30 min.

(4) After stirred, the solutions were subjected to solid-liquid separation, the boron
concentration of respective filtrates was measured through an ICP emission spectrophotometer
(CIROS CCD made by RIGAKU), the fluorine concentration was measured by an ion

15 electrode (F-2021 made by TOA DKK), and pH was measured by an pH electrode, and the
desorption amount of boron from the hydrotalcite-like substances and that of fluorine
therefrom were measured.

Table 1 shows a result of replacement of the hydrotalcite-like substances adsorbing
boron, and table 2 shows a result of replacement of the hydrotalcite-like substances adsorbing

20 fluorine.



10negative ions in order to facilitate desorption of the interlayer negative ions adsorbed by the
hydrotalcite-like substances into a solution or to make the substituent negative ions easily adsorbed by
the hydrotalcite-like substances. In this case, the kind of positive ion is not limited to one, but plural
kinds of positive ions can be used. [0026] 15In order. to facilitate desorption of the interlayer negative
ions adsorbed by the hydrotalcite-like substances into a solution, it is appropriate if the amount of
positive ions which chemically-react with the interlayer negative ions is increased in a solution
containindﬂQéaiydrotalcite-like substances. For example, H3B03 and B(OH)4 in a solution are in a
balanced relationship as shown in FIG. 1 in accordance with the amount of positive ions 20which are
hydrogen ions.M&E@r&ﬂngly, when B(OH)4 is adsorbed in the interlayer of the hydrotalcite-like

substancss, if it is acjusteddc,o that the concentration of hydro en ions incrgag,,es, H3%03, ig more likely
- T SOorptio SOINP{1I0
to be present than B{OH)4 Ygarding boron, %8 that desofptioR 6'B(OH] A SHES ot By 2
hydrotalcite-likegubstances ist.fac litated. Moregver, H2G0O3 and HCOB2 in a §0Iution are inla
balanced felationship as s ng\a;vlr%nln F i cor e Mifﬁntelé%%oélmou?]nf%l ositive ions Which are
a _ e i3 BRCOTEANEE i POFILIVE 10
hydrogen fions. Accoydingly, wien|CO3 is adsotbed in the intgrlayer of the hygdrotalciteyljke
substances, ifitis arjuqud so that the amount of hyrlmg =Ya)
B-1 8 mmol 11.35 11.33 14.60 1.46 85.4
B-2 8 mmol 7.07 7.98 17.50 1.75 102.4
B-3 16 mmol 11.43 11.44 14.26 1.43 83.4
B-4 16 mmol 7.07 8.00 16.76 1.68 98.1
[0039]
[Table 2]
CO, pH Fluorine Desorption | Desorption
CASE Concentration concentration amount ratio
Initial solution Filtrate
(100 ml) (mg/L) (mg/g) (%)
F-1 8 mmol 11.27 11.02 622 62.2 92.7
F-2 8 mmol 6.82 8.09 285 28.5 42.5
F-3 16 mmol 11.31 11.18 661 66.1 98.5
F-4 16 mmol 6.80 7.89 272 27.2 40.6
5 [0040]

10

As is clear from table 1, the lower the pH is, the more the desorption amount of boron

from the hydrotalcite-like substances is.

This is because it seems as shown in FIG. 1 that

when pH is high, born has a large abundance as B(OH)4, and is likely to be adsorbed by

hydrotalcite-like substances, but when pH is low, boron has a large abundance as H;BO;

increased, and is likely to be desorbed from hydrotalcite-like substances.

[0041]

Conversely, as shown in table 2, the higher the pH is, the more the desorption amount of



8 ions increases, H2CO3 is more likely to be present than CO32 , so that desorption of CO32 which is
the interlayer negative ions adsorbed by the hydrotalcite-like substances is facilitated. [0027] In order
to make the substituent negative ions easily adsorbed by the hydrotalcite-like 5substances, it is
appropriate if the amount of positive ions which chemically-react with the substituent ions is reduced
so that the amount of substituent negative ions present in a solution containing the hydrotalcite-like
substances becomes large. For example, as explained above, H2CO3, HCO3 , and CO32 in a solution
are in a bdlaatias Femribydieigladeshbowithstrnaesdsn abesrgdiseaunstt ssenzmierirthehighsitithe s which
are hydrogen ions. Accordingly, when jt 10is adjusted so that the concentration of hydrogen ions
decreasedSHEOROE MEAPHRERMS BEFPasert ﬁ%%@%?%ﬁ&%ﬁ@ﬁ%f%‘dﬂﬂ&éﬁ%?aﬁ% 9JJ‘“?CHQ}?)erogen
ions further decre?ﬁerc, tC(gSgl is $o(rleflikelx tg btelgre_ nt thEr} HCO3 , so that HCO3 and CO32 which
are substitdent'ions i r8as‘.3e,easﬁr Srefkenio vé ef&%olr fet %/atﬁ(ée?iydrotalcite-like substances. Note
that it is appro;gi% Hﬁg%%yg ions which react with positive ions are supplied in order to decrease
the 15positive ions. [0028

5 [0042]
The hydrotalcite-like substances adsorbing boron in the first example and
hydrotalcite-like substances adsorbing fluorine in the first example were individually dried by
a drying furnace for 24 hours, and were made as powders, and a replacing test of interlayer
negative ions were performed on respective powders like the first example. Table 3 shows a

10 result of replacement of the hydrotalcite-like substances adsorbing boron, and table 4 shows a

result of replacement of the hydrotalcite-like substances adsorbing fluorine.

[0043]
[Table 3]

CO, pH Boron Desorption | Desorption

CASE concentration concentration amount ratio

Initial solution | Filtrate

(/100 ml) (mg/L) (mg/g) (%)
B-1(Drying) 8 mmol 11.38 11.06 5.57 0.56 32.6
B-2(Drying) 8 mmol 7.02 7.66 3.34 0.33 19.5
B-3(Drying) 16 mmol 11.46 11.20 5.20 0.52 30.5
B-4(Drying) 16 mmol 7.05 7.89 2.62 0.26 15.3




When the positive ions are ones which chemically-react with both interlayer negative ions and
substituent negative ions, it is appropriate if adjustment is carried out so that the desorption ratio of the
interlayer negative ions becomes highest. 20[0029] The hydrotalcite-like substances which replace
the interlayer negative ions with substituent negativel' ns as explained above can be regenerated as
chlorinated hydrotalcite-like substances by further replacing the interlayer negative ions with chloride
ions. For example, when the interlayer negative ions of the hydrotalcite-like substances are replaced
25with carlS®ftate ions through the foregoing interlayer ion replacing method, if the carbonate ions are
replaced with chloride ions in a sodium chloride solution, chlorinated 9 hydrotalcite-like substances
can be regener[élf%l.e&ﬂ this time, carbonate ions which are the interlayer negative ions are in a
balanced relationship fas shown in FIG. 2 in accordance yith the amount of positive ions whijch are
hydrogen fions as explained &bove. [Thereford’ When pH decreasds, H2CO3 M Phord KB 1g be

present trjan %QSQEZI , 50 Ctgln%g lg;a : gles;orp.tlon ratio pf the 5 agg%gl%aeﬁ!)gln.s C%ﬂopn?t improys 19' However, if
pH decregses too low| as hydrotalcjte-like '\ . | po o
(/100 ml) (mg/L) (mg/g) (%)

F-1(Drying) 8 mmol 11.48 [ 1124 38.1 3.81 5.7

F-2(Drying) 8 mmol 7.15 8.29 20.8 2.08 3.1

F-3(Drying) 16 mmol 11.55 | 11.49 47.5 4.75 7.1

F-4(Drying) 16 mmol 7.12 8.10 19.8 1.98 3.0

[0045]

When table 1 is compared with table 3, and when table 2 is compared with table 4, once
5 hydrotalcite-like substances adsorbing boron or fluorine were dried, the desorption ratio of
interlayer negative ions largely decreases. Accordingly, it is preferable to keep
hydrotalcite-like substances in a moistening condition without causing it to be dried until the
interlayer negative ions are replaced after the negative ions are adsorbed.
Third Example
10 [0046]
<Regenerating and Re-adsorbing Test>
Next, hydrotalcite-like substances replaced from a chlorinated type to a carbonated type
were regenerated as chlorinated type hydrotalcite-like substances again through following
procedures, and adsorbing tests of boron and fluorine were carried out.
15 (1) 5.0 g and 20.0g of respective special grade sodium chloride (NaCl) were dissolved in
respective distilled water of 100 ml, and solutions having a sodium chloride concentration of
5.0 % and 20.-0 % were prepared.
(2) HCI1 having a normality of 1 N was dropped in respective sodium chloride solutions,

and regeneration solutions having pH adjusted to 3 were prepared (see table 5).



substances are dissolved, it is preferable to set pH to 3 to 7, preferably, 3 to 5, and more preferably, 3
to 4. [0030] When chloride ions are used as the substituent negative ions, it is preferable because
10chlorinated hydrotalcite-like substances can be regenerated simultaneously with replacement of the

interlayer negative ions. [0031]

Next, an explanatign will be given of an illustrative regenerating

method when boron, fluorine, arsenic, chrome, sulfate ions, etc., are adsorbed by hydrotalcite-like

substances 15having a crystallite size of equal to 20 nm or less with reference to the flowchart of FIG.
3. [0032] <Sted A1 .0 wt% of carbonate hydrotalcite-like substances (1.0 g: in dried and solid content

10

15

20

conversion) were added in the solutions prepared in (2), and the solutions were stirred by a
magnetic stirrer for 30 min.

(4) HCI1 having a normality of 1 N was dropped in the solutions being stirred to adjust
pH of the solutions between 3.0 and 5.0.

(5) After stirring, hydrotalcite-like substances having undergone solid-liquid separation
and collected were rinsed well by distilled water, and sodium chloride contained therein were
eliminated, and the hydrotalcite-like substances were subjected to solid-liquid separation
again.

(6) Regenerated hydrotalcite-like substances collected were put in a drying furnace set to
100 °C=5 °C for equal to 12 hours or longer, and used as samples for a re-adsorbing test.

The sample for re-adsorption was kept in a sealed container.

(7) A re-adsorbing test was carried out through the same scheme as that of the first
example (method of producing adsorbing sample). Table 6 shows the result. Note that a
regeneration rate was acquired on percentage from the adsorbing amount of boron by
hydrotalcite-like substances after regeneration and that of fluorine with reference to the boron

adsorbing amount of hydrotalcite-like substances in the first example which was 1.511 mg/g

and the fluorine adsorbing amount thereof which was 59.3 mg/g.

[0047]
[Table 5]
Solution amount NaCl pH Added 1 N HCI
CASE
(ml) wt% g Initial solution Filtrate (ml)
1 1000 5.0 50.0 3.04 4.45 54.0
2 1000 20.0 200.0 3.02 4.08 54.0




After various substances are adsorbed by hydrotalcite-like substances, the hydrotalcite-like
substances are collected in a moistening condition. 20<Step 2> When the adsorbed substances are
boron or arsenic, the process progresses to step 6, and when the adsorbed substances are a mixture
of various substances, the process progresses to ste[g 3. <Step 3> 25The collected hydrotalcite-like
substances are mixed with a carbonate ion solution. An example of the carbonate ion solution is an
Na2COa3 solution or a solution in which carbon 10 dioxide is dissolved. <Step 4>

[0048]
[Table 6]
pH Solution Adsorbing
Regeneration rate
CASE concentration amount
Initial solution |  Filtrate (%)
(mg/L) (mg/g)
B-5% 9.03 8.38 3.24 1.56 103.5
B-20% 9.03 7.67 5.99 1.29 85.3
F-5% 7.03 10.08 459 55.1 92.9
F-20% 7.03 9.98 420 59.0 99.5
[0049]

As is clear from the result shown in table 6, even hydrotalcite-like substances once

5 becoming a carbonated type is regenerated as a chlorine-type hydrotalcite-like substances with
an NaCl solution of 5 % concentration, almost 100 % of a boron adsorbing ability and 90 % of
a fluorine adsorbing ability are regenerated, and when it is regenerated as a chlorine-type
hydrotalcite-like substances with an NaCl solution of 20 % concentration, 85 % of a boron
adsorbing ability and almost 100 % of fluorine adsorbing ability are regenerated.

10 Fourth Example

[0050]

In the first and third examples, hydrotalcite-like substances were once made as a
carbonated type, and regenerated as a chlorinated type, but in this example, an explanation
will be given of a case in which hydrotalcite-like substances adsorbing boron were

15 simultaneously subjected to interlayer negative ion desorption and regeneration.
[0051]

In this example, hydrotalcite-like substances adsorbing boron were processed in a

solution having pH in an acid region and having a sodium chloride concentration of 25.0 %

(CASE B-5), 5.0 % (CASE B-6), and 0 % (CASE B-7), and in a solution having pH in an



When the substances adsorbed by the hydrotalcite-like substances are mainly boron, pH is adjusted to
near 7, and the solution is agitated. When the adsorbed substances are a Smixture of various
substances, the solution is agitated without adjusting pH or with pH being adjusted to 11 to 12. <Step
5>  The solution containing the hydrotalcite-like syhstances is subjected to solid-liquid separation,
and a liquid phase is collected at a high concentration and is reused or disposed. 10The solid-phase
hydrotalcite-like substances are rinsed well by a distilled water, etc., is subjected to solid-li(guid

separatiort Bkghine e beta a stdiygchloridpcpyerptatg 9kéSsQbsEmaE BrdnirddWith a
solution C%Pjt[zilisr%n]g g?dium chloride and hydrochloric acid. 15<Step 7>

[0052]
<Method of Producing Adsorbing Sample>
5 As hydrotalcite-like substances, ones having a crystallite size of equal to 20 nm or less
and represented by a chemical formula of [Mgs 33A15.67(OH);6][Cla.674H,0] were used.
[0053]

Adsorption of boron to hydrotalcite-like substances was carried out through following
procedures.

10 (1) Special grade boronic acid (H;BOs) was dissolved in distilled water of 1000 ml, and
solutions having a boron concentration of 19.3 mg/L (CASE 5t 07) and of 18.9 mg/L (CASE
8 and 9) were prepared.

(2) NaOH having a normality of 1 N was dropped into the boron solution to prepare an
adsorbing solution having pH adjusted to 9.

15 (3) 1.0 wt% (10 g) of powder hydrotalcite-like substances were added in the adsorbing
solution, and the solution was stirred by a magnetic stirrer for 60 min.

(4) After stirred, the solution was subjected to soli-liquid separation, and some of
adsorbing hydrotalcite-like substances having undergone solid-liquid separation were dried by
an electric furnace, and a moisture content was measured. At this time, the moisture content

20 was about 5.6 %.

When the boron concentration of the filtrates having undergone solid-liquid separation
was measured through an ICP emission spectrophotometer (CIROS CCD made by RIGAKU),
it was 3.50 mg/L (CASE B-5 to B7) and was 3.56 mg/L (CASE B-8, B-9), so that the boron
adsorbing amount of the hydrotalcite-like substances was 1.58 mg/g (CASE B-5 to B-7), and

25 was 1.53 mg/g (CASE B-8, B-9). When the moisture content (about 5.6 %) of the powder

hydrotalcite-like substances used for the adsorbing test and a contained salt content (NaCl:



After the solution containing the hydrotalcite-like substances is subjected to solid-liquid separation, a
liquid phase is subjected to pH adjustment by the concentration of sodium chloride or hydrochloric
acid, and is reused as a solution in the step 6. The solid-phase hydrotalcite-like substances are rinsed
well by a distilled water, etc., and is subjected to 20sglid-liquid separation again, thereby terminating
regeneration. [0033]  An explanation will be given of examples of the interlayer ion replacing method
of the present invention below, but it should be understood that the present invention is not limited to

the exampieaulf-theobreafyres, e rathranrsaikeatgpsedredengisobing’ Borsd b YIdaYRE sirsee

subjected to replacement and regeneration. First Example 11 [0034] <Method of Producing Adsorbing
Sample> taken into consideration, because pure hydrotalcite-like substances (dried and solid content)

contained in 1 g of power hydrotalcite-like substances were 0.88 g, the boron adsorbing
amount of 1 g of pure hydrotalcite-like substances was 1.787 mg/g (CASE B-5 to B-7) and
5 was 1.730 mg/g (CASE B-8, B-9).
(6) Adsorbing hydrotalcite-like substances were kept in a sealed contained in a
moistening condition, and used as a sample for a recycling test.
[0054]
<Interlayer lon Replacing and Regenerating Test>
10 (1) 5.0 g and 25.0 g of special grade sodium chloride were respectively dissolved in 100
ml of distilled water, and two solutions having a sodium chloride concentration of 25.9 % (for
CASE B-5, B-8), two solutions having a sodium chloride concentration of 5.9 % (for CASE
B-6, B-9), and a solution having such concentration of 0 % (for CASE B-7) were prepared.
(2) HCI1 having a normality of 1 N was dropped in the solutions for CASE B-5 to B-7
15 prepared in (1), and a regenerating solutions having pH adjusted to 3 were prepared.

(3) Hydrotalcite-like substances after the adsorbing test and adsorbing boron were added
in the solutions prepared in (1) and (2) by what corresponds to 1.0 g (1.0 wt%) in a dried and
solid content conversion, and the solutions were stirred by a magnetic stirrer for 3 0 min.

(4) During stirring, HC1 having a normality of 1 N was dropped into the solutions for

20 CASE 5 and CASES® to adjust pH of the solutions between 3.0 and 5.0. Moreover, no HCI
was dropped into the solutions for CASE B-7 to B-9 during stirring, only any effect by only
initial pH was checked.

(5) After stirred, the solutions were subjected to solid-liquid separation, the boron
concentrations of respective filtrates were measured by an ICP emission spectrophotometer

25 (CIROS CCD made by RIGAKU) and respective pHs were measured by an pH electrode,

thereby calculating the desorption amount of boron from the hydrotalcite-like substances.



As hydrotalcite-like substances, one having a crystallite size of equal to 20 nm or less and represented
by a chemical formula [Mg533AIl267(0OH)16[0267.4H20] was used. 5[0035] Adsorption of boron to
the hydrotalcite-like substances was carried out through following procedures. (1) A special grade
sample boron (H3B03) was dissolved in distilled water of 1000 ml, and a solution having a boron
concentration of 18.56 mg/L was prepared. 10(2) NaOH having a normality of 1 N was dropped in the
boron solution, and an adsorbing solution having solution pH adjusted to 9 was prepared.  (3) 1.0
wt% (10 gBQQﬁéﬂ)wder hydrotalcite-like substances were added to the adsorbing solution, and the
solution was stirred for 60 min by a magnetic stirrer. 4) After the stirring, the solution was subjected

to solid-liquid sepIGicRONNE SomE Yrretpringdbs by aHSelksEU R e AL RIBIE BAMRT undergone

solid-liqui%&%%jration were dried by an electric furnace, and a moisture content was measured. At this
013

time, the re content was about 5.6 %.
[Table 7]
5
NaCl pH Boron Desorption Desorption
CASE | concentration concentration amount ratio
Initial solution Filtrate
(%) (mg/L) (mg/g) (%)
B-5 25 3.00 3.88 18.3 1.83 102.4
B-6 5 3.09 4.28 18.6 1.86 104.1
B-7 0 3.07 6.62 2.53 0.253 14.2
B-8 25 8.06 9.83 14.5 1.45 83.5
B-9 5 7.65 9.61 12.5 1.25 72.0
[0057]
As is shown in table 7, in the cases of CASE B-7 where the amount of positive ions
(hydrogen ions) only was large and substituent negative ions (chloride ions) were little and
CASE B-8 and CASE B-9 where the substituent negative ions (chloride ions) were large but
10 the positive ions (hydrogen ions) were little, the desorption ratio of boron was low.
Conversely, in the cases of CASE B-5 and CASE B-6 where sufficient substituent negative
ions (chloride ions) were present and the amount of positive ions (hydrogen ions) was
adjusted so as to facilitate desorption of interlayer negative ions, the desorption ratio of boron
became 100 %.
15 [0058]

<Re-adsorbing Test>
Using hydrotalcite-like substances (CASE B-5 and B-6 in table 7) having undergone boron

desorption and regenerated to a chlorinated type, an re-adsorbing test of boron was carried out



(5) When the boron concentration of the filtrate having undergone solid-liquid separation was
measured through an ICP emission spectrophotometer (CIROS CCD made by RIGAKU), 20it was
3.454 mgl/L, so that the adsorbing amount of boron by the hydrotalcite-like substances was 1.511
mg/g. When the moisture content (about 5.6 %) of t S hydrotalcite-like substances used for an
adsorbing test and a contained salt content (NaCl: about 6.0 %) measured by a salt concentration
rafractometer (IS-28E made by ASONE) were taken into consideration, because pure hydrotalcite-like
substancediRiEdakergBEP ISR contained in 251 g of powder hydrotalcite-like substances were
0.88 g, the boron adsorbing amount of 1 g of the pure hydrotalcite-like substances was 1.709 mg/g 12

(6) The adsorbird Hydretlicit ke subplenhsedssrireicddoin hlaay L omeiRay ned 5 ing

condition, sa})rll%-llllsq%?dasséga?a%rgg [aan cgor g t(e:l(in\getr%srghggegg\’ggll by distilled water, contained sodium

chloride was eliminated and the hydrotalcite-like substances were subjected to sold-liquid
5 separation again.

(2) The collected hydrotalcite-like substances were put in a drying furnace set to 100
°C+5°C and dried for equal to 12 hours or longer, and used as a sample for re-adsorbing test.
The sample for re-adsorbing test was kept in a sealed container.

(3) The scheme of the re-adsorbing test was carried out through the same scheme of the

10 first example (method of producing adsorbing sample). Note that the solution concentration

of boron for the re-adsorbing test was set to 20.5 mg/L. Table 8 shows the result. Note that
a regenerating rate was acquired on percentage from the adsorption amount of boron by
hydrotalcite-like substances after regeneration with reference to the boron adsorbing amount

of hydrotalcite-like substances before adsorption which was 1.58 mg/g.

15 [0059]
[Table 8]
NLDH added Solution Solution Adsorbing Regeneration
CASE amount amount concentration amount rate
g ml (mg/L) (mg/g) (%)
B-5 0.685 68.5 5.02 1.55 98.0
B-6 0.819 81.9 5.08 1.54 97.6
[0060]

As is clear from the result shown in table 8, hydrotalcite-like substances adsorbing boron
had a boron adsorbing capacity which was regenerated almost 100 % by a sodium chloride
20 solution having pH adjusted.

[0061]



Adsorption of fluorine to hydrotalcite-like substances was carried out through following Sprocedures.
(1) 2.210 g of special grade sodium fluoride (NaF) was dissolved in distilled water of 1000 ml, and an
adsorbing solution having a fluorine concentration of 998 mg/L was prepared (no pH adjusted).  (2)
1.0 wt% (10 g) of powder hydrotalcite-like substanc%was added in the adsorbing 10solution, and the
solution was stirred by a magnetic stirrer for 60 min = (3) After stirred, the solution was subjected to
solid-liquid separation, and some of the adsorbing hydrotalcite-like substances having undergone
solid-liquid separatoransdabase By @@ém@wrﬁ‘agw,laﬁ@ ignhyistchekonter Xveatheabrelgastt this
time, the mojsture content was about 5.6 %. 15(4) When the fluorine_concentration of the filtrate

having ung&R§EARCitRSiGHIRI AU SRR R0 St A6 USSR RS Tr P AMis A8 E5d it photometer

(CIROS CCD m?de b R'%ﬁ%’éﬁéwﬁs 405 mg/L, .s0 th %tr(lﬁo%gsorbf’ angount of fluarine by the

hydrotalcitee-?l‘f(%3 SUBSEAREESwas 583 %Xﬁygn. 83% A Moisture c%lrtl eh (5 oslﬁ'iug.?(%ﬁn ot the

g Uit SR
5 [0062]
Next, an explanation will be given of an interlayer ion replacing apparatus of the present
invention.
[0063]
The interlayer ion replacing apparatus of the present invention replaces the interlayer
10 negative ions of hydrotalcite-like substances in a solution with substituent negative ions, and
mainly comprises a mixing tank for mixing the hydrotalcite-like substances with the
substituent negative ions, and positive ion adjusting means for adjusting the amount of the
positive ions which chemically-react with at least either the interlayer negative ions or the
substituent positive ions in the mixing tank.
15 [0064]

The mixing tank is not limited to any particular one as far as it is formed of a substance
other than a substance which reacts with a solution supplied in the mixing tank, and for
example, formed of a resin, such as polymethylmethacrylate (PMMA) or vinyl chloride, a
metal, a wood, etc..

20 [0065]

An example positive ion adjusting means comprises equal to one or greater number of
reservoir tank retaining positive ions and negative ions which chemically-react with the
positive ions, supply means like a pump which supplies the positive ions in the reservoir tank
to the mixing tank, and mixing means like a mixer or a magnetic stirrer which mixes

25 hydrotalcite-like substances with the positive ions.

[0066]



consideration, because pure hydrotalcite-like substances (dried and solid content) contained in 1 g of
powder hydrotalcite-like substances were 0.88 g, so that the fluorine adsorbing amount of 1 g of the
pure hydrotalcite-like substances was 67.1 mg/g. (5) The adsorbing hydrotalcite-like substances were
kept in a sealed container in a 25moistening conditiqn, and used as a sample for recycling test. [0037]
13 <Interlayer lon Replacing Test>  The interlayer negative ions of the above-explained
hydrotalcite-like substances adsorbing boron or fluorine were replaced through following procedures.
(1) Respective Eolsisppigerepidbepesi byedrsoiy dpracaligpads ssilsal i ohateasitNa2CO3) in

distilled water each 100 ml at 0.848 g (CO32 conversion: 8 mmol) and at 1.696 g
solution 1s retained 1n the reservoir tank, and is supplied to hydrotalcite-like substances by the

pump by what corresponds to a predetermined amount, and is mixed with the hydrotalcite-like
substances by the mixer to adjust the hydrogen ion concentration.
5 [0067]
The interlayer ion replacing apparatus having the foregoing structure can appropriately

replace the interlayer negative ions of hydrotalcite-like substances.



(CO32 conversion: 16 mmol)  (2) HC1 having a normality of 1 N was dropped in one of the solutions
prepared in (1) to adjust its pH to 7. (3) 1 g of Hydrotalcite-like substances adsorbing substances
were added in the solution 10having pH adjusted to 7 and the solution having undergone no
adjustment (pH = 11 to 12), respectively, and thosed§ lutions were stirred by a magnetic stirrer for 30
min  (4) After stirred, the solutions were subjectedto solid-liquid separation, the boron concentration
of respective filtrates was measured through an ICP emission spectrophotometer (CIROS CCD made
by RIGAKUO)Lasfluorine concentration was measured by an ion 15electrode (F-2021 made by TOA
DKK), and pH was measured by an pH electrode, and the desorption amount of boron from the

hydrotalcite-like Sib&MFLEEHIRN thRlsIMBSHethERithorsPlners Hndalsiiagr negativyg ing 9fshows a
result of replagsmant pkéhptisketalciedike substanaas adsoing Rt eBddlaiendpsRaws a result

of replacement of the hydrotalcite-like substances adsorbing 20fluorine.

a positive ion adjusting step of decreasing an amount of positive ion which chemically-

5 reacts with the interlayer negative ion in the solution; and

a positive ion adjusting step of increasing an amount of positive ion which chemically-

reacts with the substituent negative ion in the solution;
in which the positive ion is a hydrogen ion.

2. The interlayer ion replacing method according to Claim 1, wherein the hydrotalcite-

10  like substance has a crystallite size of equal to 20 nm or smaller.

3. The interlayer ion replacing method according to Claim 1, wherein the substituent
negative ion has a higher affinity with the hydrotalcite-like substance than an affinity of the

interlayer negative ion.

4. The interlayer ion replacing method according to Claim 1, wherein the substituent

15 negative ion is a carbonate ion or a chloride ion.

5. The interlayer ion replacing method according to Claim 1, wherein the hydrotalcite-
like substance is kept in a moistening condition after adsorbing the interlayer negative ion

until replaced with the substituent negative ion.

6. A regenerating method of replacing an interlayer negative ion of a hydrotalcite-like
20  substance with a substituent negative ion to regenerate the hydrotalcite-like substance,

comprising steps of:
replacing the interlayer negative ion of the hydrotalcite-like substance with a carbonate
ion through the interlayer ion replacing method according to Claim 1; and

replacing the carbonate ion with a chloride ion in a sodium chloride solution having

25 pH between equal to 3 or higher and equal to 7 or lower.

7. An interlayer ion replacing apparatus which replaces an interlayer negative ion of a

hydrotalcite-like substance with a substituent negative ion in a solution, comprising:



26

positive ion adjusting means for adjusting an amount of positive ion which chemically-
reacts with at least either one of the interlayer negative ion or the substituent negative
ion, in which the positive ion adjusting means comprises adding an acid solution or a

basic solution to increase or decrease a concentration of hydrogen ion.



