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HYDROTALCITE-LIKE PARTICULATE MATERIAL AND METHOD FOR

PRODUCTION THREOF
Technical Field
[0001] The present invention relates to a hydrotalcite-like granular material and a
method for production thereof.
Background Art
[0002] Hydrotalcite, which is a species of naturally occurring layered clay mineral,

contains, as the main skeleton, hydroxides of elements such as magnesium, aluminum, etc.
that naturally exist in abundance, and it is relatively easy to synthesize hydrotalcite.
Hence, various synthesis methods have been disclosed. For example, one of the
disclosed methods produces hydrotalcite in a water solvent by using magnesium
hydroxide as a magnesium source(e.g., see Patent Literature 1), and another of the
disclosed methods reacts magnesium ions with aluminum ions in an aqueous solution in
the presence of alkali (e.g., see Patent Literature 2).

[0003] It is also known that hydrotalcite has an anion exchange effect. If
hydrotalcite can work the anion exchange effect to immobilize arsenic, fluorine, boron,
selenium, hexavalent chromium, nitrite ion, and other anionic hazardous substances, it
can be expected to contribute to the technologies for improving safety of waste products
or the technologies for detoxifying and reforming the environment, by improving the
quality of contaminated water, preventing elution of hazardous substances, ameliorating
soil, promoting stabilization of hazardous substances at waste disposal sites, etc.

[0004] One method of immobilizing anionic hazardous substances may mix powder
hydrotalcite in a solution, in which hazardous substances dissolve, to immobilize the

hazardous substances, and then isolate hydrotalcite from the solution by pressurization
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Means for Solving the Problem
[0009] To achieve the above object, a hydrotalcite-like granular material according
25 to the present invention originates from drying of a material that contains at least a
hydrotalcite-like substance and water at equal to or lower than a temperature at which the

hydrotalcite-like substance is dehydrated of crystal water contained therein (a temperature



- Problemto be Solved by the Invention 15
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[[0015] A net hod for production of a hydrotalcite-like
granul ar material according to 4 the present

i nvention includes drying a material that contains at
| east a hydrotalcite-like subsance and that has a
wat er content of 70% or |ower at equal to or | ower
than a tenperature at which the hydrotalcite-Ilike
substance is dehydrated of crystal water contained
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[18Q12] The hydrotalcite-like granular material

according to the present invention is obtained by
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dehydrated of crystal water contained therein (temperature at which the hydrotalcite-like
substance starts to be dehydrated of crystal water contained therein).

[0020] A hydrotalcite-like substance is a nonstoichiometric compound having a
structural formula of M*' |, M*" (OH)2(A™)ywmH,0. M” represents a divalent metal,
and examples of M?** are Mg2+, Fe¥*, zn?', Ca®*, Li*", Ni**, Co**, Cu*, etc. M
represents a trivalent metal, and examples of M** are Al3+, Fe’*, Mn**, etc. A"
represents an anion. A hydrotalcite-like substance of any kind may serve, and, for

example, one that is produced by the following method may be used.



[0022] Any al um num source for providing alum numions
may be used as long as it generates alum numions in
water, so the source is not limted to a particular
substance. 5 For exanple, alumsna, sodium al um nate,
al um num hydr oxi de, al um num chl ori de, al um num
nitrate, bauxite, residue of alumna production from
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carbonate ions, it cannot efficiently have its ions
exchanged for the target anions if it contains
carbonate ions. Hence, it is preferred that the acidic
solution and the al kaline 20 sgl ution shoul d not
contain carbonate ions in order that the

hydrotal cite-1i ke substance can efficiently have its

i ons exchanged for the target anions. [0030]It is
Hydt®hleR &hat the mxing of the acidic solution and
the al kaline solution should not be followed by a
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will be colloidal by mixing.



tenperature at which the hydrotalcite-like substance

i s dehydrated of crystal water contained therein. In
ot her words, not the crystallized hydrotalcite-Iike
substance but 8 only the water is dried out.
Specifically, the hydrotalcite-like substance that has
a water content of 70%or |ower, preferably 65% or

| oner, or nore preferably 60%or |ower is dried until
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contained therein. In other words, not the crystallized hydrotalcite-like substance but



[0039]It is preferable that the hydrotalcite-Ilike
granul ar material produced in this 10 manner have a
hi gher amount of ani on adsorption. For exanple, it is
fine if its fluorine ion adsorgtion is at least 8 ng/g
or nore, preferably 8.5 ng/g or nore, or nore
preferably 8.7 ng/g or nore. Further, it is nore
preferred that the hydrotalcite-like granular materi al
aotptiei wagett ie driké opt. e Spatificallye thid lonratdisoe-bikamgbstance that has a water
I mmobi | i ze cations such as cadm umions, |ead ions,
adoatenT b 7086dosrdb ekt i prefetabkyet £ s tiawere onswde peferhblyid$e or lower is
material 15 will provide a higher ani on exchange
adfrfedaintiictrdranfbealla prodited aagdatgititolikofrahtilaomateeial tiashas a water
etc. as its crystallite size is smaller. Hence, a
hyoitent af tO% @r higdher snid3% e towsypeterable 1 9%t @lHigliee asd 28% or lower,
of 20 nmor smaller or preferably 10 nmor snaller nay
S5he beed padetably ba%e ormaligter alnd BEXang éswvét0 The water content of the
[ 0040] Exanpl es of the hydrotalcite-Iike granul ar
raidesthlalte-fikel geaniiki haderdadis pragdaiaéd anl % er édfheabecuugé Mgth a water
to the present invention will now be expl ai ned bel ow.
Honevieot loiee tHah 89e4) thd ipdesthlicne-like ghdbilak ntiikdriad wild abdoets @ater when
exanples. Since the hydrotalcite-Iike granul ar
naisesxpaded taacoludbigr the likeané dastitaly savell ipvonlineeshtil it can no longer
al nost the sane manner as the nethod descri bed above,
r&dg[-kﬂﬁiﬂﬁﬂ v thaathie AhtdrQionfnY isIHE BumBitEo 2hatpOtvith @kpect to the total
not be provided. [0041] The anount of adsorbed
10fduagfitynéf the s drcialoRasiké Sabstdhct ikat fohtainsl WaeMBNTIRS quantity of water
First, a 1000 m quantity of fluorine solution
&anuﬁﬁe@ldmt thehRWEBoRIcitk Uike | fi®staMitC @At midasdd HasedlOn LkPan Industrial
ng/l is prepared. Next, a 10g quantity of
Fotehidk @ Tdst BrettiolGoOw aBEE ieriTBE gdiisalJIgromosedoascor di ng
to each exanple is added to the solution, and the

NOB33Ar € | BheSdilyHge@miperati?d gndYobl ally tethpeR@ietak Goisd hd Itk equal to or
and filtered through afilter. The hydrotalcite-Iike

AbABEIMAN altBhpérhftve ASEKich Bethydpsialeie-ARE Yis@HcOisdichy &8 of crystal
of 2to 4.75 mMmm Anion 5 adsorption is let to occur

15WRhtk€cdi@néd #RFdine 1HQrddr t8iveSthddydedtA6itd-Rk@granular material a large
tenperature of 20C in a room having a constant
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tdisd1RASAr RhteP M @lce, 2RPedifi® ATRYMEmAra@d ANpreRYRAr ek 25°C or
per 1 g of the hydrotalcite-like 10 granul ar materi al
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t|c S er a ered Fou

Q nd i mobilization of cadn1un1|ons and | ead
|on§I§$%RF%? to occur while cadm um sol uti ons 20 and
I sol e [
a[%rag m hgtﬁengf rgtra%lt@?g(% ts‘ﬁ?&aﬁc@ & td %%&%%gl&?na%he@r%% b? sifted, so
the concentration of the cadn1un1so|ut|ons and Iead
solutions is neasured with the use of an
absorptioneter (a product No. LASA-50 nade by DR
LANGE) and reagents LCK308 and LCK306 speC|aIIy

o o . o



11 easy it is for water to flow through a cylinder
that is filled with the hydrotalcite-like granul ar
material when the water is let to flow under a
constant pressure. A hydrotal cigte-1ike granular
material that is norphologically stable shows a
constant water perneability, whereas a

hydrotal cite-like granular material that is

rmttn@ameg éé@hﬂated%hwa@ta*etcena%ebans@edeasy to fragnent
na es it gradually |less easy for water to fl ow over

toosW t hri ?Gnro@é}&teﬂlgké/@rzﬁ{ul&ehﬁ?@ﬁl | by - be“%ﬁfsfétin% grain size
to the presenf enbodi nent, the follow ng neasurenent

'a%c&‘anféut%tl?sdad BLatib er [PREBR0 hidn¥icipy@brat | 1t§7 Ose frl & §$lumn or the
a cylinder haV|ng a height of 250 nmand a flow path

l}lp%tefhr?g{ytaﬁg%l@{]% gf(% %%RP% t;ﬁm?f&i hﬂ%fgagﬁfe l?ag?%am 51ze of 0.24 mm
5 Iflﬂirtl er, WUr€ Bref&rabl ?r()t ﬂ?lrnmlgr MARerdratill e %ré?aaﬁﬁfslhnﬁllpor larger and

g openi ngs o mmdiameter. A1l Kg quantity

of niRY OF Ghal&! t €hé bken 912@'?1’15 He zﬁ?ﬁs@{d &l ari\Smflnrtet eﬂld'rﬂaypbe adjusted

the cylinder. The hydrotaIC|t I ke granul ar materi al
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aving a water ead erence
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nrﬁ%trglg a%)é/cofd n; qﬂ ahe abrgs% m 6\%%?85 aatdF(;rB ucegl%bm kcatiﬁw such as

ranu ar nateri a

Hl?ﬁm 1(§nsal %Qms et'cat %t: "ﬁg l%tal(}/;‘nolﬁ(% s%g.g‘rtgéﬁgt ds%@ a?ﬂ% base material

per nea change
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cont en COﬂ al ns a
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anulgr teri al produced in this manner is a sanple

2, whose adsorption and water perneability
change are shown in Tabl e 1gﬁ%00f6]8anple Material 3
A material having a water c Sof about 63% t hat

2@%@5??.%@‘““ Bt PR f%?a%ﬁwﬂaré%tgﬁeﬂieg@e grethod for
R tRGoR DEEe ST lagotpn%dséeﬁ%'t gniiph gl be CifiiRed below.
dr otalcite like ranular mat e é prod ced int . h
pyeyery dhg %rg?ﬁ&re B, aﬁ %Ot itﬂts d &as FS& .eéﬁmg ar Since  the

%‘i‘g}j‘ ?,%Fg glf@lgil frgt]ea}n shovvg‘ﬁ eXA esaarmcéiruced in almost the
content of about W hat contains a 10
HPAETPAITET 8.1 ws tstSTtRed Ve TR RdEPy Planptins fagjapy such same

of 20 ng]or snall and an average crystallite size of
25 JRPTHOR le@d”?ﬂ drying furnace having a

t rature of 100C for_ 24 _hours. The dr Qi :

JGHALct ed Hnameity R aganibed ﬂmmees@m lsotlet%'ée%dwﬁﬁéollowmg manner.
furnace is cl osed %f pl ace terior of the dry %
fiUFshat O ATaEAUARTRLM Biqripess Pt‘u HSi6fl thbaye a fopneoncentration of
hydrotal cite-1i ke granular material produced in this

manner is a sanple material 4, 15 whose adsorption and

wat er perneability change are shown in Table 1.
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[ 0048] Sanpl e Material 5 " A material having a
wat er content of about 63%that contains a

hydrotal cite-1i ke substance having a crystallite size
of 20 nmor smaller and an avejpge crystallite size of
10 nmis dried in a drying furnace having a
tenperature of 125C for 24 20 hours. A

hydrotal cite-like granular material produced in this

NMBBNRIg/I & BrepafdR! € NIRE &4 i @y QuanfiiPe I%Qﬁ&ﬁl@hé ‘Pille aftfhular material
wat er perneability change are shown in Tab

ﬁ@&%@@%&né@ &dch@karfiple GOARRE 38 th‘é%oﬁ&@ﬁpc{nﬁ)the mixture is stirred for

powder hydrotal cite-l1 ke substance having a

C(fn)ésﬁ(ﬁlrl by @ fagfetRf s@PerNMPTIRAR! Hebugdng I“f‘l'fbrav%@gﬁfdrotalcne like
crystallite size of 10 nmis mxed wth a binder and

%bﬂﬁéjr rﬂ?ﬁe?laii wRed Rhehhsah sd)aR&d ngthlkeS o@ ?%HDA S mm. Anion

teria whose adsorption’is shown I n

[&9&?] ibd fPlkeroldccus@iié theNRloRihk @bluhol‘?‘MJ@sté\‘hfoeJ ieﬁlper’%\ture of 20°C
e Material 3 Sanple Material 4 Sanple Materi al
Sfﬁrﬁpllo%n{\’ﬁéﬁﬁg 8lcofistant temperature of 20°C.  Change of the concentration of the
fluorine solution is measured with the use of an absorptiometer (a product Nb. LASA-50
made by DR. LANGE) and a reagent (LCK323) specially prepared for this
absorptiometer, and the amount of anions adsorbed per lg of the hydrotalcite-like
granular material is calculated as the amount of adsorbed fluorine ions.

[0042] Measurement of adsorption and immobilization of cadmium ions and lead
ions is conducted in the following manner. First, cadmium solutions that contain
cadmium (Cd) at 2250 ppm (high concentration) and 1.6 ppm (low concentration)
respectively and lead solutions that contain lead (Pb) at 885 ppm (high concentration) and
1.17 ppm (low concentration) respectively are prepared in a quantity of 100 mi each.
Next, powder hydrotalcite-like substance is added such that its amount is adjusted to 0.1
wt%, 0.5 wt%, 1 wt%, and 5 wt% in the respective solutions. The results of addition are
stirred for one hour by a magnetic stirrer and filtered through a filter. Adsorption and
immobilization of cadmium ions and lead ions are let to occur while cadmium solutions
and lead solutions are adjusted to a temperature of 20°C in a room having a constant
temperature of 20°C. Change of the concentration of the cadmium solutions and lead
solutions is measured with the use of an absorptiometer (a product No. LASA-50 made by
DR. LANGE) and reagents LCK308 and LCK306 specially prepared for this
absorptiometer for cadmium and lead ions respectively (see Table 2). Filtration residue
(hydrotalcite-like substance) is measured by XRD and SEM/EDS.

[0043] Further, water permeability is measured in order to observe the morphological

stability of the hydrotalcite-like granular material. Water permeability indicates how



5

10

15

20

25

13 Drying tenperature (O nat ur al drying (25C) 50C
100C 100C 125C - Ventilation - ventilated ventil ated
not ventilated - F adsorption

11

easy it is for water to flow through a cylinder that is filled with the hydrotalcite-like
granular material when the water is let to flow under a constant pressure. A
hydrotalcite-like granular material that is morphologically stable shows a constant water
permeability, whereas a hydrotalcite-like granular material that is morphologically
unstable and hence easy to fragment makes it gradually less easy for water to flow over
time with a decreasing water permeability. According to the present embodiment, the
following measurement is conducted for water permeability evaluation. First, a cylinder
having a height of 250 mm and a flow path inner diameter of 90 mm is bottomed with a
PMMA grating that has openings of a 5 mm diameter at a 7 mm pitch, which is further
underlain by a PP mesh 40 having openings of a 0.36 mm diameter. A 1 Kg quantity of
hydrotalcite-like granular material is filled into the cylinder. The hydrotalcite-like
granular material used here has an adjusted grain size of 2 to 4.75 mm. Next, water
having a water head difference of 4 m is poured into the cylinder bottom up for twelve
hours and the quantity of water flow is measured to obtain the water permeability. The
water permeability measurements obtained here are shown in Table 1 in a manner of
indicating higher ones as high, middle ones as middle, and lower ones as low.
[0044] Sample Material 1

A material having a water content of about 63% that contains a
hydrotalcite-like substance having a crystallite size of 20 nm or smaller and an average
crystallite size of 10 nm is naturally dried at a room temperature for one week. A
hydrotalcite-like granular material produced in this manner is a sample material 1, whose
adsorption and water permeability change are shown in Table 1.
[0045] Sample Material 2

A material having a water content of about 63% that contains a
hydrotalcite-like substance having a crystallite size of 20 nm or smaller and an average
crystallite size of 10 nm is dried in a drying furnace having a temperature of 50°C for 24

hours. A hydrotalcite-like granular material produced in this manner is a sample
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rate (% Initial concentration (ng/l) 116 116 116 116
116 116 Sol ution concentration (ne/1l) 18.6 19.3 10.9
29.0 8.9 46.0 Adsorption anount (ngig) 9.7 9.7 10.5
8.7 10.7 7.0 12

material 2, whose adsorption and water permeability change are shoWn in Table 1.
[0046] Sample Material 3

A material having a water content of about 63% that contains a
hydrotalcite-like substance having a crystallite size of 20 nm or smaller and an average
crystallite size of 10 nm is dried in a drying furnace having a temperature of 100°C for 24
hours. A hydrotalcite-like granu.lar material produced in this manner is a sample
material 3, whose adsorption and water permeability change are shown in Table 1.
[0047] Sample Material 4

A material having a water content of about 63% that contains a
hydrotalcite-like substance having a crystallite size of 20 nm or smaller and an average
crystallite size of 10 nm is dried in a drying furnace having a temperature of 100°C for 24
hours. The drying is conducted while the ventilator exit of the drying furnace is closed
to place the interior of the drying furnace under a humidity condition of near 100%.
A hydrotalcite-like granular material produced in this manner is a sample material 4,
whose adsorption and water permeability change are shown in Table 1.
[0048] Sample Material 5

A material having a water content of about 63% that contains a
hydrotalcite-like substance having a crystallite size of 20 nm or smaller and an average
crystallite size of 10 nm is dried in a drying furnace having a temperature of 125°C for 24
hours. A hydrotalcite-like granular material produced in this manner is a sample
material 5, whose adsorption and water permeability change are shown in Table 1.
[0049] Sample Material 6 (Comparative Example)

A powder hydrotalcite-like substance having a crystallite size of 20 nm or
smaller and an average crystallite size of 10 nm is mixed with a binder and molded into a

spherical shape. This is a sample material 6, whose adsorption is shown in Table 1.

[0050]  [Table 1]

Sample Sample Sample Sample Sample Sample
Material 1 Material 2 | Material 3 | Material 4 | Material 5 | Material 6




Water perneability low |l ow mddle high niddle -

[0051] [ Tabl e 2] Anount of hydrotalcite-like substance
added (wt% Cadm um concentration (ppn) Lead
Hi gh conceptration Low
concentration Hi gh concentration Low concentration O

concentration (ppm

(initial concentration)
natural
Drying temperature (°C) drying 50°C 100°C 100°C 125°C -
(25°C)

Ventilation - ventilated | ventilated not ventilated -

Initial concentration 16 16 16 16 16 116
F (mg/l? :
adsorption (5:]‘;;‘[‘)0" concentration 18.6 19.3 10.9 29.0 8.9 46.0
rate (%) Adsorption amount
orp 9.7 9.7 10.5 8.7 10.7 7.0
(mg/g)
Water permeability low low middle high middle -
[0051]  [Table2]
Amount of hydrotalcite-like substance Cadmium concentration (ppm) Lead concentration (ppm)
dded -
(a wl‘;b) High Low High Low
concentration concentration concentration concentration

0 (initial concentration) 2250 1.6 885 1.17

0.1 - 0.5 - 0.02

0.5 1880 0.02 288 0.04

1 1620 0.02 67.5 0.06

2 475 - 47.5 -

[0052] From Table 1, the hydrotalcite-like granular materials (sample materials 1 to
5) according to the present invention have a higher fluorine ion adsorption than that of the
sample material 6 formed into a spherical shape with a binder.

5 [0053] Further, from Table 1, the hydrotalcite-like granular material of the sample

material 4, which is dried under a relatively high humidity without ventilation shows the

smallest change in the water permeability and is hence morphologically stable.

[0054] From Table 2, it can be understood that the powder hydrotalcite-like

substance that constitutes the hydrotalcite-like granular material according to the present

10 invention reduces the concentrations of cadmium ions and lead ions, which are cations.

According to the XRD measurement, no other diffraction peak than that of the
hydrotalcite-like substance is detected from the hydrotalcite-like substance after the test
for adsorption and immobilization of cadmium ions. On the other hand, a diffraction
peak of lead chloride hydroxide (PbCIOH) in addition to that of the hydrotalcite-like
15 substance is detected from the hydrotalcite-like substance after the test for adsorption and

immobilization of lead ions. Further, lead chloride production is identified in the



2250 1.6 885 1.17 0.1 - 0.5 - 0.02 0.5 1880 0.02 288
0.04 1 1620 0.02 67.5 0.06 2 475 - 47.5 -

14

hydrotalcite-like substance after the test for adsorption and immobilization of lead ions,
while no cadmium-ion compound is observed in the hydrotalcite-like substance after the
test for adsorption and immobilization of cadmium ions. Accordingly, it can be
considered that the cadmium ions are adsorbed by the hydrotalcite-like substance while
5 the lead ions are immobilized as lead chloride hydroxide (PbCIOH) with a catalytic effect
of the hydrotalcite-like substance. From these results, it can be understood that the
hydrotalcite-like granular material according to the present invention adsorbs and
immobilizes cations such as cadmium ions, lead ions, etc.
[0055] From the above results, it can be understood that the hydrotalcite-like
10 granular material according to the present invention has morphological stability and a

high anion exchange performance and can be produced at a low cost.
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[ 0052] From Tabl e 1, the hydrotal cite-Ilike granul ar
materials (sanple materials 1 to 5) according to the
present invention have a higher fluorine ion
adsorption than that of the sanple material 6 forned
into a spherical shape with d5binder. 5 [0053]Further.
fromTable 1, the hydrotalcite-like ‘granul ar materi al
CLqESthe sanple material 4, which is dried under a
atively high humdity wi thout ventilation shows the

S 0t _ o L .
| orpharise 8 pRSulbn e WBkEGREIERAh Al aRRT, R ERGE
compnidmpgstrpiag atnatridl et pomtaias atlyakt athatioitd atd-likeesubstbsdedragimg a
that constjtutes the hydrotalcite-like granul ar :
crysiplPis S41 Stk gy e SCESHE FOOMSTBAD PO PRSEES Which
the &ﬂ:ﬁofﬁ%@ﬂﬂ&%ﬁbgté}ﬂ:@ iOdeHyaRAUN RS walkd chR@fhel Sein.
ich are cations. According to the XRD neasurenent,

no ot her diffractiogggﬁgk than_BEat of the

2. hydt 8tediad fpepiodRglion Aedalpide-tit gapdlar PRSRRk Hhe method
contPHRHRLRY ink bh8ndibkd i BSLARS &t 1REd hyil@aldiRShikd Qbstance having a
adsorptioh and inmobilization of ¢admumions. On the

crysvdlhes sinaof0 smdir fiakertand thap baka vhtet earderd vl 30Yode lower at equal to or
h i d PbCl Ny dit] tqQ that of .th
ow i GR ket i BB B Becalilisd’ MFusrastior st

watbydhnelimddchéeml | ke substance after the test for
adsorption and i nmobilization of |ead ions. Further,

| ead chl oride produyction is.identified.in th 14
3.y o eI aecrd e LBEY B 1R thh iEls pRgpriaed such that the
hydasi@1efilik® Praalidr iATeeR1 mbmedihChwakr L&aéht 0PN oMbidHRr.NO

cadm umion conpound is observed in the

hydyotal cite-Iike syhstance after.the test for o
4. adsomsikacsdinE RSt D 26 o o hichli drihegh Berformed at 90°C or
highfe GRA A1 7! & 1obtr.can be considered that the cadm um

ions are adsorbed by the hydrotalcite-like substance

while 5 the lead ions are .impbilized as |ead chloride
5. hydh S6thed acpiieinerp A Prrogdipaeiainytin gty B e tsrpéff%rmed under a
con{¥idh Y lafi bBicnt kEmRHH T 9 or hfghefn these results, it

can be understood that the hydrotalcite-Ilike granul ar

mat eri al according to the present invention_ adsarbs
6. and® st acrordinzdaeny Reccedin clagm da aviighihe dndrotalaigdlike granular

i S : a t b K . (
a2 b REFPL AR 0 AP RUBERULRS  30 mount o
mg/gair @idral wisanabe bydrgtatoitetitke gpanmitee mbatérial efithadquanéity is added to and

hol ogi cal, stabi lit d hi gh ' h .
sirisd fgrcl S TRarne o ol ceaity 211 B Etbsyhosd forine fon (F-)
confdr¥alibh js 16 rﬁ%/!@ﬁd"'&ﬂicﬁ%ad}lﬁs@é&%tm@@. of a

hydrotal cite-Ti ke granulaifi material, the nethod

conprising drying a materi.al that. cqontain t | east a
7 hy ghethod tegongdo ay presfiae Riaim g “ﬁﬂmsbghﬁlqomteslil@egranular
: m r at equal or lower than a
ma@éﬂ%@?ggﬁ&gcgﬁgh(ﬁgﬁgg?%@@ﬁﬁdrotalcite-like subst ance
i s dehydrated of crystal water_ contained therein

.2,
8. A mdimsdpdraseordingda@ny sreceding clayaristiieh he hydregalcite-like granular
ma@fiAUh R TRFGIR! the method comprising drying a
material that contains at least a hydrotalcite-like
substance having a crystalline size of 20 nmor
9. smeh imsthadagcending thany aragediag clabntianthigf the hydistal¢iteniéee granular
. 1€ t r lower than a tenperature at which the
Inmﬁégf%#a'gﬁggglike substance i s dehydrated of crystal
10wat er contained therein. 3. A nethod according to
Caim1l or 2, in which the drying is performed such
that the hydrotalcite-like granular material naintains
a water content of 10% or higher. 4. A nethod
according to Cdaiml, 2 or 3, in which the drying is
performed at 90C or higher and 110C or | ower.



155. A net hod according to any preceding claim in
which the drying is perfornmed under a condition that
an anbient humdity is 90% or higher. 6. A nethod
according to any preceding claim in which the
hydrotal cite-1ike granul ar mdferial, when prepared in
a quantity of 10g, adsorbs fluorine ions (F-) by an
10. anAndetlald d8conging tomnyrpreecdingnelaint,He whydr tht &y driotadeilet Ike granular
ranyl af material..of that quantity is added to and
mat%@é@ﬂ?‘?réﬁarf‘t‘rmr%‘%"weﬁlﬁ‘tcé‘gor?'n a fluorine solution of a
guantity of 1000 m, whose fluorine ion (F-)
11. conk erethoaitacosrding td by prpcediagdlaitiia vhich thdhyudoenditedike granular
209. 7. A nethgg %ccord'ng to any preceding claim in
matgial hgs g gEAIM §igF 8t GPE MR OT [KETgr anul ar material has a
wat er content of 10% or higher. 8. A nethod according
to any preceding claim in which the
hydrotal cite-1i ke granular 25material contains a
chloride. 9. A nethod according to any preceding
claim in which the hydrotalcite-like granul ar
material contains NaCl. 16 10. A nethod according to
any preceding claim in which the hydrotalcite-Iike
granul ar material adsorbs and i mobilizes a cation.
11. A nethod according to any preceding claim in
whi ch the hydrotalcite-like granular material has a
grain size of 0.24 mmor |arger.



