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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 int%rlayer ion replacing method for
hydrotalcite-like substances, and an interlayer ion replacing apparatus.
Background Art 10 [0002] H drotalmte like substances have a main

INTBEREKDERE WA RSP %T&QR FPRHYOREUA LA duldHasUBSTANCE,
ma neS|um or aluminum, and because it can be synthesized relativel
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example there are proposed a technique of producing hydrotalcite in a
water solution using magnesium

Technical Field
[0001]
The present invention relates to an interlayer ion replacing method for hydrotalcite-like

substances, and an interlayer ion replacing apparatus.

Background Art
[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
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
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
negative ion harmful substances are immobilized through the foregoing negative ion exchange

effect.
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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
[000éhvironment improving techniques, improvement of the water quality of
polluted water, suppression of any elution of harmful substances,
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sele 1ve desorption o € 1mMmon1l1ze PI‘II%U bu stancets or.recyc la%?ﬁ%%ez é
uorme, boron, selénium, hexavalent chrome, nitrite ion,”’an @E

hydrDEAGHVAQ @JB%[@%@sﬁ%é%@@%ﬁ@&%@%@?o%%m%ﬁﬁlf&[ﬁ&?ﬁ'égs, so that it

negative ion exchange e
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
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

Disclosure of Invention
Problem to be Solved by the Invention
[0007]

According to the conventional techniques, however, desorption of harmful substances
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

negative ions in hydrotalcite-like substances.
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[0004] 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 sybstances, 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] ConventionMiganefraceohvéig BecBiellgBut by supplying
substituent negative ions having a higher affinity with hydrotalcite-like
[000Q],hstances than that of interlayer negative ions which 10 are the

namobll{zed armful su s}ances 0%9&’ ft())uttln in a%qlutl ] coni)al |r51

a
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repla%@tie\{)}tf\'g%%%& n%@ﬂ&%’%%gﬁ&gé an affinity between the hydrotalcite-like
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
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
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
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]
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
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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

subspisar A Wi dene A ErfEiOALRP FIAEIE M EABRE 29N ReljtiiRg AR ff adjusting an
hydrotalcite-like substances, 3 . . ..

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.

[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
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
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
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

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

[0016]
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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 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 '
it BBeIderdnnAcRlne e sPRYeEESaOLd agjinst st atbesi Otthe Hitpsent invention
ions which chemically-react with at least either interlayer negative ions or )
replagih afitii g ArvatyR O Pttt Blabtis T U tREGH IR geubefituent negative
ion i 5Ea1Ye o adsorbed b the hudrotelcite ke sybstances inig.a SO0 an
of'to mare the “Chpst uentmr%ga Felions easﬁy aHlsorrfﬁelal%y the" adusting
amo tch?Jaz)l&'ttl%é'@%%Wgﬁgﬁic@g}l%agﬁ%i{ﬁ’a%@e%&eé*%?%wyoﬁecﬂ@ﬁl&glayer
met according to a first aspect of the present
negative ion or the substituent negative ion.
[0017]
In this case, the positive ion adjusting means may adjust a concentration of hydrogen

ion.

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
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.

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

present invention.
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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 ke MasirdercearanbRioncbhtention a substituent

negative ion, the method comprising: a positive ion adjusting step of
[Oozglecreasmg an amount of positive ion which chemically-reacts with the

S P}IStIEeﬁ‘g] ter}e gc?%’ Ellg{r]lm th%o%O ﬁ%g Qsoe1 lfnzesn"?i‘(r)]nl %el er I? ied below.
replacin ccoraing pec the presen mve ion
[0 2|i<i)places an mterlayer negatlve ion of a hydrotalcite-like substance in a

lution contalnlng a
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
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
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
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]

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
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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 is appropriate

if the hydrotalcite-like substance has a crystallite size of equal to 20 nmor
methgeh aff e PrRS PSRN m Ay BERl asyefr BtgetipsHUEHS PrefErgHRN A Qhes having

bstituent negative ion should have a higher affinity with the , o
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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
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]

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
which are hydrogen ions. Accordingly, when B(OH)4 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

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
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[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
. acarbonate ion through the foregoing interlayer ign replacing method, 5
ions gderssratlelg PrdscaMsD HEEYIdM RRifcacrhibrtE @5n-ifra s dierorBhrs I Os™
. solutjon having pH between equal to 3 or higher and equal 20to 7 or | .
whiclyisdheriqagyar RegaH¥rdaRY %%{ﬂ%?& BY dhayhidraipitaekkstsianees is facilitated.

(002 cording to a fifth aspect of the present invention comprises a step of
replacing an interlayer negative ion of the hydrotalcite-like substance with

%N@@ R 'R ﬁué@?ﬁ%ﬂ%&'ﬁ\oﬁ&%‘%t?&é‘iHHé‘JA%ViﬂQdE&b%ﬁ B MERD LRI TR 1ike
3 or higher and equal to 7 or lower.

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
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
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.

[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
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
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[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 5 negative ion or the substituent negative ion. [0017] In this
hydretdeiterekpsuhpieniss eatjstisganriates matabitisme corbamtatons gfhich are the

hydrogen .ion. 10 Effect of the Invention [0018] As the amount of positive

mterl&?ﬁ%rW&HV&‘@Hﬁééﬂﬁnréé’éE%&?P&ﬂ%’é%‘ﬂ thar ﬁ]i’t%Wﬁy}BrF G. 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
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
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
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.

<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>

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
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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-lik?osubstances, 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
dioxidedn gigsehedative ions prior to desorption and adsorbed by the
hydrotalcite-like substances) can be improved. 20 Brief Description of
<Ste®f‘§wings [0019] FIG. 1 is a graph showing a relationship between pH

a2, oo poton F1G, 2 5.0 qraph showino g elationshie betveen o, i

a form of carbonate ion; a iS a flowchart's owing an

is ad@?%?éﬁ%en%&a{e&%'}%a}mf&ﬂ'&Qgiﬁ?&i’.rd LR 1HE 242 MES S IYRRUGR: o
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.
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.

<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
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
were subjected to replacement and regeneration.

First Example
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Best Mode for Carrying Out the Invention [0020] 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 repﬁcing 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

[003f8ns which chemically-react with at least either one of the interlayer
n?elﬁllative ions or the substituent negative ions so that the desorption ratio
0

ehRtkohldie e SA0EPIB8 S MB!I Ftio of the amount of interlayer
AR R R s B R A or s
and {OPEQIRCHS KE RURRIAEES NGRS R IIO0&S ) 4 [C1, 7-4H,0] was used.
[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.

(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
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),
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
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.
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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: Mz+ M3+ (OH)2(A"-)~, mH20. M~~
represents a divalent metal, such as Mg~~, Fe~~, Zn~~ Cat+, Lie+, Nit+,
Coe+, or Cue+. M3+ represents a triad metal, such as A13+ Fe3+ or
Mn3+ Moreover, A"- represents an anion (where n is the valence of
difbhicRateritiag kydatalstelikevakibaastaMa Okep gt atsa - eraidoin a
_orless, and is 0.25 < x:5 0.33 for general 20 hydrotalcite-like substances.
moisigaBg RAdHeRR W&aﬁﬁfesﬂmﬂ%e@%eﬁyﬁ@ﬁgﬁ%'ion adsorbed or
[003i mobilized by hydrotalcite-like substances, and is one kind or plural
tnds in some cases. [0024] 25 Furthermore, a substituent negative ion

R LSO A DI A o
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
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 %.

(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 %)
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

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

[0037]
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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 (Cl-). It is preferable that the
substituent negative ion should have %)etter 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
negieneyiia8 Replasied &5tGne, but plural kinds of substituent negative
ions can be used. EOOZS] The positive ion adjusting {Bte is for adjusting

tHOGINGTIAY o rsditive i Hig APENEeASL AT oRHCACIEXSURABP Bive

f.the interlayer negative ions, or the substituent 10 negative ions in order
adsoBi N SR e 6T NS D RSO 18R PERGEILEY by the

RS R AR LRI S o
(Na,€&5%) 81 ML PHRRSILYEHIPDIHI%k 0.848 g (CO;> 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
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
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

fluorine.
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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 chemicglly-react with the interlayer
negative ions is increased in a solution containing the hydrotalcite-like
substances. For example, H3BO3 and B(OH)4- in a solution are in a
[003Bhlanced relationship as shown in FIG. 1 in accordance with the amount
of positive ions 20 which are hydrogen ions. Accordingly, when B(OH)4- is
281ped in the interlayer of the hydrotalcite-like substances, if it is

adjusted so that the{concentration of hydrggen jons increases, H3BO3 is
tCOE) . Boan De%%rg?on Desorption
more l|kely {0 be present than @?OHM- regarding boron,| SO
cdsgorntion, of B{QH)4- adsorbed by the hydrgtalgite;lke substances is .,
fac:|||_ta ed. Moreove',lmgaq:scgﬁt%gc HGO3 2rina §ofut|on are in a balanced
relatiopshjp @g,ghown in FIG. 2 in accordance m;%)@e 25 amount of (o)
positive ions which are hydrogenlions Accordingly whep CO3 is
pdsorbed in thgimol 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
[0040]

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

amount of hydrogen 8 ions increases, H2CO3 is more likely to be present

than C03 2-, so that desorption of C032- 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 5 substances, it is appropriate if the amount of positive
fluonpsdrgmdly dioersidaikecabspnectis. sUbatitabreanps iisseemsdbat seethigher the pH

the amaount of substituent negative ions present in a solutjon  containing

is, thi MRS ARIARE Qi in X B Ebhib S THRYE AR U4l ngEeases, and fluorine

. explai da?ove H2C0O3, HCO3 ,.and C03 2- in a solution are in a
fons B e S e e B e o o e ot

o§ %ﬁi&l Il é/vhich are hydrogen ions. Accordingly, when it 10 is
ad%stetﬁs‘o%ﬂ%t the concentration of hydrogen ions decreases, HCO3 is

[oo4more likely to be present than H2CO3, and when the concentration of
hydrogen ions further decreases, CO32- is

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

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
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more likely to be present than HCO3 , so that HCO3 and C03 2- 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
[004dbgative ions, it is appropriate if adjustment is carried out so that the
desorption ratio of the interlayer negative ions becomes highest. 20 [0029]
ﬁ@%ff&ﬂotalcite-like substances which replace the interlayer negative ions

with supstituent negative ions as explainefl abgve can e regenerated as
. CO . . ]1:; uorine Desorﬁtlon Dlesor tion
chlorinated hydrotaldite-like substances by furtfier feplacing the inteflayer
Megative ions vyit chloride ions. For example, when the interlayer :
L concen fat I1’]011 H . i t cohcentration arrcllou t ratio
negative ions of the hygretalgiteslikesyhstances are replace
(/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
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
[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.

(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).
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20

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 9 hydrotalcite-like substances can be
regenerated. At this time, carbonate i 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

ip bt ad ardvarbanatedordrasmheiie-pke gubstrses (H@ e O dsipdaredinedig ggntent
be present than C03 2-, so that the desorptign ratio of the 5 carbonate

ConVﬂﬁg’%W‘HS s vathaselvboas RFRArEidasantdhqspiuggns were stirred by a

tdro alcm—% Illg?)t substances are dissolved, it is preferable to set pH to 3 to
mag 1&8 eraply , c')nén and more preferably, 3 to 4. [0030] When chloride
I
SRS 20U U R0 ISR PSS 1
pH oty E@R%%'Me%bﬁeﬁ@mﬁt

(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
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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
[004§1vullected in a moistening condition. 20 <Step 2> When the adsorbed
substances are boron or arsenic, the process progresses to step 6, and
e adsorbed substances are a mixture of various substances, the

rocess progresses to step 3.
P brog pH P 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

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.

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
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
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<Step 3> 25 The collected hydrotalcite-like substances are mixed with a

carbonate ion solution. An example of the carbonate ion solution is an

Na2CO3 solution or a solution in which carbon 10 dioxide is dissolved.

<Step 4> When the substances adsorP d 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 5 mixture of various
alkalgngyeeaivpeydha B itisadiaitasilosonrsentafinsting 2o or WithPHDbEmand 5.0 %

adjusted to 11 to 12. <Step 5> The solution containing the hydrotalcite-like
(CA3E&3hces is subjected to solid-liquid separation, and a liquid phase is
[005§?||e0ted at a high concentration and is reused or disposed.

<Method of Producing Adsorbing Sample>

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.

(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.

(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
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
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:
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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 apd 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 b
aboufrfe yndaeeatieshtof %@ﬁﬁﬁﬁn@%ﬁwcmﬁmﬁm@% > Adiesbre E) were

as a solution in the step 6. The solid-phase . hydrotalcite- Ilke substances

take%fatﬂﬁgea%@rlsg} DeRHIE BRI S g&]%ﬁ@aféa terise aptlatidifentent
o R R R S SO PR en
amount of 1 g of pure hydrotalcite-like substances was 1.787 mg/ g (CASE B-5 to B-7) and
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>

(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
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
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
(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.
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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 11 |

34] <Method of Producing
Adsorbing Sample> As hydrotalcite-like substances, one having a

crystallite size of equal to 20 nm or less and represented by a chemical
[005fdrmula [Mgs.33A12.67(0OH)16[C12.6r4H20] was used. 5 [0035]
Adsorption of boron to the hydrotalcite-like substances was carried out

HASUgH ARG HbeEEREs a 1% Epdalgisdice shhsianser arsqiapegron.

gﬁas dissolved in distilled water of 1000 ml,

[005
[Table 7]
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
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 %.

[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



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 hydrotalgjte-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
througlyiépligiitng dpesedigns-and some of 15 the adsorbing hydrotalcite-like
substances having undergone solid-liquid separation were dried by an

BRI A RO R i ETBA T A FUABRAGH P ARG tiierzone

. moisture content was gabout 5.6 %. (5) When the. boron concentration of .
ol B e TGRS S AR LA A R Lp Gl odium

R4 I T BT GIEOR SR e i

sepabXitheaBydlrotalcite-like substances was 1.511 mg/g. When the moisture
content (about 5.6 %) of the hydrotalcite-like

(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
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.

[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
solution having pH adjusted.

[0061]
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substances used for an adsorbing test and a contained salt content (NaCl:
about 6.0 %) measured by a salt concentration rafractometer (1S-28E

made by ASONE) were taken into consideration, because pure

hydrotalcite-like substances (dried an 3"50|Id content) 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.

15s @pipied aBersirg Rigroreraited m%&m@%%%mﬂvé@@amh at least

container in a moistening condition, and used as a sample for re ﬁd % "
(S €

eithegpe phdR% AT LTSI YRS é"”téhﬁ)?b‘hn“rféﬂé‘?fé ﬁﬁ%a’é‘éf ppRsded
deso&?trrled OUt thr h foIIqWInIgn 1%elgrlfsr% Ih(ggrofa cite- ero%qaes?al raglrel be

or| RCHILSS ved mnais water o
1ncre%‘ré’é§g’;$ﬂ%%§e048£%%‘&'i‘ga?e floring cROGRIILAGRD s%?t?lﬁc'é‘sgé&n‘%%ﬁmpmved
[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
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.

[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..

[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
hydrotalcite-like substances with the positive ions.

[0066]



(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, a gsome of the adsorbing
hydrotalcite-like substances having undergone solid-liquid separation

were dried by electric furnace, and a moisture content was measured. At
thir gprenpife MigsttherasHisationmaabydi@ denis o selition fusrhsic
concentration of the filtrate having undergone solid-liquid separation was

solutioads firkungth gt e b ksiBR ISP SHRRISHbI et IR Dscckpstances by the
ade RIGAKU), it was 405 mg/L, so that the adsorbing a nf o o
P S e S L e U 6 5 TS T ot tke
bsfRISLSE ROUTAL(EPONLA AN e BRI, substances uecd

> Slf%)]rr?an a%sor%ﬁ‘ng test gi](?t a con@flrn%drjgpg% contentr Na%:l: about 6.0 %) 20
[006|7]easured by a salt concentration rafractometer (IS-28E made by ASONE)

were taken into

The interlayer ion replacing apparatus having the foregoing structure can appropriately

replace the interlayer negative ions of hydrotalcite-like substances.
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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 ipg/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] 13
<Interlayer lon Replacing Test> Th@hﬁt@\&yer negative ions of the
above-explained hydrotalcite-like substances adsorbing boron or fluorine
were replaced through following procedures. (1) Respective solutions

1. Mere praguced by dssolving shecal rads sodlum carhonale o (Ne2C0R)

er e conversion: mmo and

hydrg{a%cﬁg%ge Q%Q?ﬁ%c&m{%rﬂ%n (?OHEMHg a substituent negative ion, comprising:

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

with the interlayer negative ion in the solution.

2. Aninterlayer ion replacing method which replaces an interlayer negative ion of a
hydrotalcite-like substance in a solution containing a substituent negative ion, comprising:
a positive ion adjusting step of decreasing an amount of positive ion which chemically-reacts

with the substituent negative ion in the solution.

3. Aninterlayer ion replacing method which replaces an interlayer negative ion of a
hydrotalcite-like substance in a solution containing a substituent negative ion, 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.

4.  The interlayer ion replacing method according to any one of claims 1 to 3, wherein the

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

5. The interlayer ion replacing method according to any one of claims 1 to 3, wherein the

positive ion is a hydrogen ion.

6. The interlayer ion replacing method according to any one of claims 1 to 3, wherein the

substituent negative ion has a higher affinity with the hydrotalcite-like substance than an
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(2) HCI having a normality of 1 N was dropped in one of the solutions
prepared in (1) to adjustits 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
affiniiy)iof ok iatedpraaniegnttne iBBron 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

7 e]t%%tgr?t(:j E{F 2021 m a%? by T '(A)\dDaié and H W%%em uredtlb}y ﬁglerem the
Gtrod eso ioh amoun NSorof s (I:Pro alcite
b ﬁ{.ﬁ% Iﬂﬂ g)mgtaocf (JH !R (;(El%lie% &r@ easured. Table 1 shows
> Sa resu %%replacementa of&é; eeh rotalcite-like suqﬂstances adsorbing

boron, and table 2 shows a result of replacement of the hydrotalcite-like
substances adsorbing
8.  The interlayer ion replacing method according to any one of claims 1 to 3, wherein the

hydrotalcite-like substance is kept in a moistening condition after adsorbing the interlayer

negative ion until replaced with the substituent negative ion.

9. A regenerating method of replacing an interlayer negative ion of a hydrotalcite-like
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 any one of claims 1 to 3; and
replacing the carbonate ion with a chloride ion in a sodium chloride solution having pH

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

10. A regenerating method of a hydrotalcite-like substance comprising a step of replacing an
interlayer negative ion of the hydrotalcite-like substance with a chloride ion in a sodium

chloride solution having pH between equal to 3 or higher and equal to 7 or lower.

11. 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:
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.
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12.  The interlayer ion replacing apparatus according to claim 11, wherein the positive ion

adjusting means adjusts a concentration of hydrogen ion.



